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1. Resumen

Introduccion. Los Ependimomas son tumores del sistema nervioso central que
comprenden el 5% de las neoplasias intracraneales, con una esperanza de vida de
5 anos en el 43% al 50% de los casos diagnosticados. La Organizacion Mundial de
la Salud clasifica a los ependimomas para la edad pediatrica en grado Il y grado I,
recientemente se ha aceptado dentro de esta clasificacion a los ependimomas
supratentoriales RELA fusién-positiva. Se conoce que la pérdida en 22q y la
ganancia en 1q son importantes en estos tumores, asi como el cambio de expresion
génica de EGFR y NOTCH. Hoy en dia se han tenido avances sobre estos tumores,
pero aun falta mucho por conocer sobre la formacion, establecimiento vy
mantenimiento tumoral, asi como las caracteristicas moleculares de los
ependimomas. Metodologia. Se colectaron muestras de tejido fresco y embebidas
en parafina, para la realizacion de ensayos de microarreglos e inmunohistoquimica,
respectivamente. Ademas, se consultaron bases de datos para la realizacion de la
revision sistematica y meta-analisis. Resultados. A partir de los ensayos de
microarreglos se encontré que los genes: ASAH1, IPO7, IMMT, CISD3, ZWINT,
GNAO1 son importantes en el desarrollo de los ependimomas. Con la evaluacion
de la expresion proteica se observé que ASAH1 y Ki-67 son sobreexpresadas; p53,
Ciclina D1, GNAO1, IMMT e IPO7 estan subexpresadas en un alto porcentaje de
los ependimomas. Ademas, se encontré que algunos genes y proteinas reportadas
pueden ser consideradas como caracteristicas de lo ependimomas pediatricos y se
sugiere que tienen potencial como biomarcadores. Conclusion. Las regiones
cromosoémicas 7934, 14932, 12p, 16p13.3 y 5p15.33 juegan un papel importante en
la tumorigénesis, pero solo las alteraciones 22q y 1925 son caracteristicas de estas
neoplasias. Se sugiere que la sobreexpresion génica de hTERT, ERBB vy la
sobreexpresion proteica de EGFR, EMA, GFAP, NeuN y p53 son caracteristicas de
los ependimomas pediatricos. Las proteinas Ki-67, p53 y Ciclina D1 correlacionan
con el grado histopatoldgico del tumor y la reincidencia. IPO7 e IMMT correlacionan

con la sobrevida.



2. Abstract

Introduction. Ependymomas are tumors of the central nervous system that
comprise 5% of intracranial neoplasms. The World Health Organization classifies
ependymomas for pediatric age in grade Il and grade lll, recently it has been
accepted within this classification the supratentorial ependymomas RELA fusion-
positive. It is known that the loss in 22g and the gain in 1q are important in these
tumors, as well as the change in gene expression of EGFR and NOTCH. Today
there have been advances on these tumors, but there is still much to know about the
formation, establishment and maintenance of tumors and about the molecular
features of ependymomas. Methodology. The samples were collected of fresh
tissue and formalin-fixed paraffin-embedded tissue, for the microarray assays and
immunohistochemistry, respectively. the databases were consulted for the
realization of Systematic Review and Metanalysis. Results. It is found that the genes
ASAH1, IPO7, IMMT, CISD3, ZWINT, GNAO1 are necessary for the development
of ependymomas. With the evaluation of protein expression, we observed that
ASAH1 and Ki-67 are overexpressed; p53, Cyclin D1, GNAO1, IMMT, and IPO7 are
underexpressed in a high percentage of ependymomas. It is found that some genes
and reported proteins can be considered characteristics of pediatric ependymomas
suggesting that they are potential biomarkers. Conclusion. The chromosomal
regions 7q34, 14q32, 12p, 16p13.3, and 5p15.33 play an important role in
tumorigenesis, the chromosomal aberration in the 22q and 1925, the gene
overexpression of hnTERT, ERBB and protein overexpression of EGFR, EMA, GFAP,
NeuN, and p53 are features of pediatric ependymomas. Ki-67, p53 and Cyclin D1
proteins correlate with the histopathological grade and progression-free survival.

IPO7 and IMMT correlate with overall survival.



3. Introduccion

Los tumores de sistema nervioso central (TSNC) son la primera causa de neoplasias
sélidas. Cada ano en el mundo se diagnostican alrededor de 4,000 casos nuevos
en menores de 20 afios, con una esperanza de vida de cinco afos. Los TSNC son
considerados especialmente problematicos al localizarse en una regién de dificil
intervencion. Hoy en dia el diagnostico del tumor es realizado con pruebas de
imagenes obtenidas a partir de resonancia magnética o tomografia computarizada,

posteriormente a la toma de biopsia el diagndstico histopatoldgico es llevado a cabo.

Los TSNC comprenden entre el 15 al 20% de todas las neoplasias ocurridas en la
nifiez y la adolescencia [1]; manifiestan una preferencia para determinados tipos
tumorales, con diferencias en la distribucion geografica [2]. El registro central de
Tumores Cerebrales de Estados Unidos (CBTRUS, por sus siglas en inglés) estimo
que el promedio de la tasa anual de incidencia en la nifiez ajustada por edad fue de
5,26 por 100,000 individuos en la poblacion [3]. En México los tumores
intracraneales pediatricos son las neoplasias sélidas mas frecuentes durante la
infancia, con 540 nuevos casos por ano, de los cuales el 32% son astrocitomas,
19% meduloblastomas, 11% craneofaringiomas, 5% ependimomas y 4%

germinomas (Fig. 1) [4].

Figura 1. Frecuencia de tumores de Sistema Nervioso Central.



Actualmente, se desconocen los motivos del desarrollo del cancer infantil, pero
existe el conocimiento tedrico suficiente, para poder afirmar que dentro de las
posibles causas se encuentran la alimentacion, los factores ambientales y las

causas genéticas y epigenéticas [4].

3.1 Los tumores ependimarios.

En la clasificacion de los TSNC se encuentran los gliomas que son las neoplasias
mas frecuentes y representan casi la mitad de todos los tumores cerebrales. Los
gliomas con base en los fenotipos patolégicos y dependiendo del tipo celular
predominante se encuentran divididos en: ependimoma (EP), astrocitoma,
oligodendroglioma, glioma del tronco encefalico, glioma del nervio éptico y gliomas
mixtos. EI EP de acuerdo con su localizacion anatomica puede ser de dos tipos:
infratentorial o supratentorial con una incidencia del 50.9% y 49.1%,
respectivamente (Fig. 2); estos tumores presentan un indice de supervivencia del
43 al 55% de los casos [5,6].

Figura 2. Localizacidon anatémica de las regiones. En rojo se muestra el tentorium, en verde la

region supratentorial; en azul y café la regién infratentorial.

El tumor ependimario o EP es de crecimiento lento que se origina a partir de las
células ependimarias del sistema ventricular, plexos coroides y del canal central de
la médula espinal. Se forman principalmente en el cuarto ventriculo y en menor
frecuencia del parénquima cerebral como resultado de la migracion de las células
ependimarias durante la embriogénesis [2,4,7]. La caracteristica histologica de los
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EP es la formacion de rosetas o pseudorosetas, apariencia adquirida por la
formacion de células apiladas alrededor de vasos sanguineos [8]. Es importante
mencionar que la Organizacién Mundial de la Salud (WHO, por sus siglas en inglés)
clasifica a los EP por variantes histopatologicas, para la edad pediatrica son: EP
clasico (WHO grado Il) y anaplasico (WHO grado Ill) [9]. En 2016 se incorporaron
caracteristicas moleculares a la clasificacion del EP con objetivo de subdividir estos
tumores, por lo que ha sido aceptado el ependimoma RELA-fusion positiva, esta

variante explica el 80% de los tumores supratentoriales en nifios [10].

3.2 Importancia de las Alteraciones Cromosémicas en Ependimomas
La citogenética combinada con enfoques moleculares, incluyendo la preparacion de
cariotipos, hibridacion fluorescente in situ (FISH) e hibridacion gendmica comparada
(CGH), ha dado lugar a la identificacion de regiones del genoma que contienen una
variedad de genes supresores de tumores y oncogenes. Se conoce a la
inestabilidad gendmica como un sello distintivo del cancer y acelera el proceso de
transformacién celular (Fig. 3). Este conocimiento puede conducir a la aplicacion
clinica de estrategias de tratamiento en pacientes con EP, tales como las anomalias
genéticas especificas con relaciéon a la ubicacion anatomica del tumor (intracraneal

o espinal) [11-13].

Figura 3. Modelo de progresién en cancer colorrectal. Se observa que a mayor grado
histopatolégico mayor nimero de alteraciones cromosémicas (Tomado y modificado de Grade et al.,
2015 [12]).



Las aberraciones cromosdmicas se relacionan frecuentemente en eventos de
tumorigénesis y se han visto asociadas con la localizacion anatomica [14], estas
alteraciones pueden ser de amplificacion o de pérdida cromosdmica principalmente.
Algunas de las encontradas frecuentemente en los EP son: ganancia en los
cromosomas 1q, 7p, 99,12,15q y las pérdidas de los cromosomas 6q, 14q [5,14,15].
Con menor frecuencia, se han detectado pérdidas cromosdmicas en 2q, 4q, 5q, 6q,
79, 9p, 10q, 15q, 16, 17p, 19p, y 21 [16]. Las aberraciones cromosomicas pueden
ser las causantes de la pérdida de expresion de genes como EGFR vy
sobreexpresion de genes de las vias de NOTCH y Sonic Hedgehog en EP

intracraneales [17,18].

3.3 Metilacion
La metilacion es considerada una modificacion epigenética que provoca un cambio
fenotipico en las células con consecuencias funcionales; lo cual es importante
durante los procesos biolégicos como el desarrollo embrionario, diferenciacion de
células madre, expresién de genes tejido-especifico [19]. El DNA metilado es un
prerrequisito para la expresion de genes o diferenciacién de tejido y un mecanismo
significativo de silenciamiento génico [20,21]. La pérdida global de metilacién de
DNA es conocida como una aberracién epigendomica asociada a carcinogénesis y
progresion de cancer que afecta predominantemente a elementos repetidos [22]. En
estudios recientes sobre metilacion en tumores cerebrales se definieron
modificaciones epigenéticas, que afectan multiples genes de regulacion celular

como reparacion del DNA, migracion celular y apoptosis [23].

3.4 Metilacion en Ependimomas
Actualmente, en la investigacion molecular de los EP, como en muchos otros tipos
de cancer, se ha pensado que en la epigenética se puede encontrar las respuestas
a las diferentes preguntas planteadas, asi como entender la formacion, el
establecimiento y el mantenimiento tumoral, la busqueda de blancos terapéuticos,
factores prondstico y respuesta al tratamiento, por lo que en los ultimos afios se ha
tenido un creciente numero de publicaciones que abordan los aspectos epigenéticos
de los EP. Ademas del conocimiento sobre las caracteristicas biolégicas, se ha

logrado proporcionar nueva informacion sobre la patogénesis para facilitar el
6



diagndstico y contribuir a una mejor estratificacion de grupos de riesgo durante la

terapia [8].

En algunos trabajos de investigacion se identificaron genes potencialmente
importantes en la patogénesis del EP independientemente del subtipo clinico e
histologico del tumor, entre éstos se encuentra RASSF1A que es
transcripcionalmente silenciado por la metilacion en la mayoria de los EP, sugiriendo
que RASSF1A tiene funcién de gen supresor de tumor. El hecho de que la
metilacion es casi del 100% en todos los sitios CpG sugiere a la inactivacion de
RASSF1A como un evento temprano en la tumorigénesis. Por otra parte, CASPS,
TFRSF10C, y TFRSF10D son genes implicados en la via de la apoptosis por TRAIL.
Lo anterior propone a la metilacion de CASP8 como caracteristica de los EP
mixopapilares de bajo grado, mientras MGMT esta implicado en la reparacién del
DNA en los diferentes subtipos de EP [8]. También se ha demostrado que la
hipermetilacion de genes como: HIC1, RASSF1A, CDKN2A, CDKN2B, MCJ MGMT,
p73 y los genes relacionados con la via de apoptosis TRAIL (CASP8, TNFRSF10B
y TNFRSF10D) son un mecanismo importante en la patogénesis de EP pediatrico
espinal y supratentorial. La hipermetilacion de los promotores de BEX1, CCND2,
BAI2 y CDKN2A se correlaciona fuertemente con la disminucién de los niveles de
expresion de estos genes, ademas BEX1 se considera un candidato a gen supresor
de tumor en EP intracraneal [18,24]. Otros genes metilados comunmente en EP son
BLU, GSTP1, DAPK, FHIT, RARB, TIMP3, THBSL1 [19]. Los tumores ependimales
pueden compartir patrones de metilacion similares donde, generalmente, los
ependimomas supratentoriales y espinales tienen perfiles hipermetilados, similares
al fenotipo metilador de islas CpG (CIMP, por sus siglas en inglés) descrito en otros

tumores malignos [25].

3.5 Expresion Génica en Ependimomas
La expresidn génica es el resultado de diversos procesos de regulacion como son
las alteraciones cromosdémicas y la metilacién, por lo que entre las anomalias
cromosomicas, los investigadores comenzaron a identificar genes que mostraron
expresion alterada en EP. El objetivo de estos estudios fue correlacionar la

expresion génica alterada con la agresividad del tumor, se establecié a BCL-2 como
-



un biomarcador vinculado al comportamiento agresivo del tumor. Los bajos niveles
de expresion de caspasa-3 en EP no estan asociados con el comportamiento
bioldgico o prondstico de EP [26]. La pérdida de RAC2 en 22913 o la amplificacién
de TPR en 1925 se asocid significativamente con la supervivencia global en
pacientes mas jovenes [27], se han reportado cambios en la expresion de los genes
EGFR, CDKN2A, pl6INK4A y pl4ARF [28,29]. Ademas, el analisis de EP ha
revelado un perfil de expresion genética anormal y rutas moleculares aberrantes
que conducen al desarrollo y la progresion de estos tumores, dichos analisis pueden
contribuir a la identificacion de objetivos terapéuticos potenciales. La
sobreexpresion de TNC en ependimomas pediatricos esta asociada con el aumento
de la vascularizacion tumoral, disminuciéon del intervalo de recaida y un mal
prondstico general en otros tumores cerebrales [29]. Datos recientes muestran que
la microinvasién tumoral en tejidos cerebrales adyacentes y la expresién tumoral de
MMP2 y MMP14 son predictores significativos en la supervivencia libre de
progresion en EP pediatricos [30]. Por otra parte, AIF1, multiples alelos MHC de
clase Il (HLADMA, HLA-DMB, HLA-DPB1, HLA-DRB5 y CD74) y LILRB1 se han
asociado con la actividad de microglia/macrofagos, los componentes celulares clave

del sistema inmune han correlacionado con un buen pronostico en EP [31].

3.6 Biomarcadores tumorales
En los ultimos afos se origind una cadena de estudios sobre perfiles moleculares
que muestran anomalias genéticas unicas para los tumores cerebrales pediatricos
para ayudar a un mejor diagnéstico. Se ha sugerido a los perfiles epigenéticos como
una manera segura de categorizar a los tumores cerebrales y posteriormente la
aplicacién racional y correcta de la terapia especifica. Se sugiere que los
marcadores basados en la metilaciéon son una buena estrategia de diagnostico; este
tipo de analisis puede proporcionar informacién relacionada con el diagndstico,
prondstico y seguimiento [32,33]. Se debe de tomar en cuenta las condiciones
ideales para los procesos de descubrimiento y/o desarrollo de biomarcadores que
deben incluir: 1) la necesidad de tales biomarcadores, 2) el uso previsto (por
ejemplo, progresion del tumor o respuesta a tratamiento), 3) pacientes bien
caracterizados, 4) muestras conservadas en bancos o pueden ser colectados de

forma prospectiva y 5) un método especifico [32].



La comprensidon de como la arquitectura de la cromatina, la metilacion del DNA y la
expresion génica afectan el desarrollo del cancer cambian la opinidon sobre la
carcinogénesis, asi como la clasificacion y estadificacion del cancer. Las
modificaciones epigenéticas y genéticas podrian convertirse en biomarcadores

utiles para el pronéstico y el tratamiento de la enfermedad (Fig. 4) [34].

Figura 4. Anadlisis integrado del genoma completo. Los datos integrados de diferentes
plataformas conducen a una mejor comprensién de la base del cancer y el camino hacia la medicina

personalizada (Tomado y modificado de Nebbioso et al., 2018 [34]).



4. Justificacion

Los tumores de sistema nervioso central son un problema de salud publica, al
considerarse la segunda causa de muerte infantil y la primera en neoplasias solidas.
Los ependimomas representan el 5% de los TSNC, estos tumores en algunos
paises llegan a ser diagnosticados hasta 200 casos por afio, con una reincidencia

del 50% de los casos después de 5 anos al momento del diagnéstico.

Actualmente, no se tiene el conocimiento suficiente para comprender el desarrollo
de los tumores ependimarios y la posible identificacion de genes candidatos a
biomarcadores moleculares de pronostico. De acuerdo con la literatura se sabe que
las alteraciones cromosdmicas, los cambios en la expresion génica y el patron de
metilacion puede ayudar a comprender el desarrollo y la progresién tumoral. Este
conocimiento permite postular genes candidatos a biomarcadores de prondstico y

en un futuro de diagnéstico.

La generacion de biomarcadores en ependimomas permitira que los pacientes con
esta neoplasia puedan acceder a un prondstico mas preciso, al conocer la
esperanza de vida y el tiempo libre de reincidencia. Ademas, estos biomarcadores,

podran permitir conocer el tratamiento adecuado para el paciente.
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5. Objetivos

3.1 Objetivo General
Encontrar genes asociados a los ependimomas pediatricos y posibles genes
candidatos a biomarcadores moleculares como factor, por medio del analisis de
alteraciones cromosomicas, expresion de RNAs mensajeros y el cambio en el

estado de metilacion.

3.2 Objetivos Particulares

1. Identificar alteraciones cromosomicas y cambios en el patrén de metilacién

en ependimomas pediatricos.

Conocer la expresion génica en ependimomas pediatricos.

Relacionar las alteraciones cromosdmicas, metilacion y expresion de genes
asociados a los ependimomas pediatricos.

4. Conocer los cambios moleculares (alteraciones cromosomicas, cambio en el
estado de metilacidn, expresion génica y proteica) con potencial para ser
utilizados como biomarcadores de prondstico en ependimomas pediatricos.

5. Evaluar la expresion proteica por ensayos de inmunohistoquimicas en tejido
tumoral de ependimomas pediatricos.

6. Correlacionar la expresion de proteinas con la sobrevida y el tiempo libre de

progresion de los pacientes diagnosticados.

11



6. Hipotesis

Si conocemos las alteraciones cromosomicas, los cambios en la metilacion y
la expresion génica entonces se identificaran los cambios moleculares

involucrados en la tumorigénesis.

Si se realiza una revision sistematica y un meta-analisis, entonces se
conoceran los cambios moleculares ya descritos con potencial a ser

utilizados como biomarcadores moleculares.
Si evaluamos la expresion proteica correlacionandola con la reincidencia y la

sobrevida del paciente, entonces se determinara si estas proteinas pueden

ser utilizadas como marcadores diagnosticos.

12



7. Diseino Experimental

Busqueda de Biomarcadores
en Ependimomas

¥ '
| Coleccién de muestras | Revision bibliografica
1 | 2 | 3
Muestras en fresco Muestras FFPE Caracteristicas moleculares
n=6 n=30 ya propuestas
Extraccion de acidos Ensayos de Revision sistematica y meta-
nucleicos Inmunohistoquimica analisis de marcadores
moleculares
Ensayos de Microarreglos | Revisién de datos clinicos |
(CGH, metilacién y expresion)
| Analisis de Resultados | | Analisis de Resultados |

| Seleccién de genes |

Figura 5. Disefio Experimental. Se muestra el proceso utilizado durante el desarrollo del proyecto.
Los numeros indican el proceso para el cumplimiento de los objetivos. 1. Cumple con los objetivos
de 1 al 3; 2. Hace referencia a los objetivos 5 y 6; 3. Comprende el objetivo 4.

FFPE. Muestras embebidas en parafina.

7.1 Duracién del estudio
El estudio se realizé en un periodo de 4 afios, de agosto de 2014 a julio de 2018, en
la Unidad de Investigacion Médica en Genética Humana del Hospital de Pediatria
“Dr. Silvestre Frenk Freud” del Centro Médico Nacional “Siglo XXI”, Instituto
Mexicano del Seguro Social (IMSS), con colaboracién del Servicio de Patologia de
Hospital de Pediatria “Dr. Silvestre Frenk Freud” del Centro Médico Nacional “Siglo
XXI", IMSS y con los Servicios de Neurocirugia Pediatrica del Hospital General “Dr.
Gaudencio Gonzalez Garza”, Centro Médico Nacional “La Raza”, IMSS y del
Hospital Infantil de México Federico Gomez.
El proyecto fue aprobado por la Comision Nacional Cientifica con los numeros R-
2009-785-042 y R-2014-785-094.
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8. Resultados

Se identificaron las alteraciones cromosomicas, los cambios en el estado de
metilacion y la expresion génica en pacientes pediatricos diagnosticados con
Ependimoma. Se colectaron seis muestras de tejido fresco; este numero de
muestras se consiguié durante dos afnos de colecta, debido a la baja incidencia de
los tumores ependimarios. Se realizaron ensayos de microarreglos de Hibridacion
Gendmica Comparada, Metilacion y Expresion Génica en la plataforma Agilent,
lograndose identificar alteraciones cromosoémicas, genes hipermetilados e
hipometilacidén, genes subexpresados o sobreexpresados, se conocio la correlacion
entre los diferentes resultados y se identificaron las vias de sefalizacion
involucradas en los EP pediatricos. Estos resultados se describen en Pérez-
Ramirez et al., 2016 “Genomics and epigenetics: A study of ependimomas in

pediatric patients” (Articulo 1 y Anexo I)

Se describieron los cambios moleculares en EP pediatricos con base en la literatura
internacional. Se realizé una revision bibliografica en la base de datos PubMed de
NCBI de los articulos publicados de enero 1990 a junio de 2016. Las contribuciones
internacionales se presentan cronolégicamente, se hace referencia a las
alteraciones cromosdémicas, cambios en el estado de metilacion, microRNAs,
variaciones en la expresion génica y proteica. Los resultados se encuentran en
Pérez-Ramirez et al., 2016 “Pediatric Ependymoma: Molecular Characteristics and

Useful Prognostic Markers” (Articulo 2).

Actualmente, no existen caracteristicas moleculares especificas para los EP
pediatricos con potencial para ser utilizados como biomarcadores de prondstico, por
lo cual fue de interés conocer las alteraciones cromosomicas, el cambio en el estado
de metilacion y de expresion génica que son candidatos a biomarcadores
moleculares en EP pediatricos. Se realizdé una revision sistematica a partir de
articulos encontrados en las bases de datos PubMed, Embase, Scopus y Medline.
Se propone a la region 1925 y al gen hTERT, entre otros como caracteristicos de

los EP pediatricos. La informacién se describe en el articulo enviado Pérez-Ramirez
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et al., “Molecular characteristics of pediatric ependymoma: a systematic review”
(Articulo 3).

Se evalud la expresion proteica y se correlaciond con la reincidencia y la sobrevida
de los pacientes. Se evaluaron las proteinas GNAO1, ASAH1, IMMT, IPO7, Ciclina
D1, P53 y KI67 en tejido tumoral de EP pediatricos, estas proteinas fueron
seleccionadas por su importancia bioldgica. Se colectaron 30 muestras embebidas
en parafina procedente de archivos histopatoldgicos; se evalud la expresion proteica
por medio de ensayos de inmunohistoquimica, los resultados se correlacionaron
con la edad, género, grado histopatologico, reincidencia y sobrevida. Los resultados
se describen en el articulo en preparaciéon Pérez-Ramirez et al., “Pediatric
ependymoma: GNAO1, ASAH1, IMMT and IPO7 protein expression and prognosis

correlation” (Articulo 4 y Anexo ).

Ademas, se identificaron las alteraciones cromosoémicas, los cambios en el estado
de metilacion y la expresion génica en tumores germinales intracraneales
pediatricos. Se realizaron ensayos de microarreglos en la plataforma Agilent. Se
observo que estos tumores comparten algunos cambios moleculares con los EP
pediatricos. Los resultados se describen en Pérez-Ramirez et al., 2017 “Pediatric

pineal germinomas: Epigenetic and genomic approach” (Articulo 5 y Anexo IlI).
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Articulo 1
Genomics and epigenetics: A study of ependimomas in pediatric patientes
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Articulo 2
Pediatric Ependymoma: Molecular Characteristics and Useful Prognostic Markers
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Introduction

Ependymoma (EP) arises from the ependymal lining of the cerebral ventricles (infra- and
supratentorial) as well as from the remnants of the central spinal canal. These tumors can develop in
patients of all age groups; however, intracranial ependymomas occur more often in children, whereas
spinal ependymomas are most common in adults [1].

EP is the third most common pediatric tumor of the central nervous system (CNS), accounting for 6—
12% of brain tumors in children [2]. The prognosis is relatively poor for patients with this diagnosis,
with a 5-year overall survival rate of 24—-75%. Currently, these tumors are treated by surgical resection
followed by radiotherapy, as resection is the most consistent prognostic marker (up to 80%);
therefore, there is a pressing need to improve our understanding of the biology of these tumors and
to develop new therapeutic targets [2,3].

To improve risk-adapted treatment strategies for EP, clinical and histopathological diagnostic and
prognostic criteria are necessary. Potentially relevant factors, such as patient age, tumor location,
extent of surgical resection, and tumor grade, have been studied quite extensively, but the results are
inconsistent [4]. EP exhibits heterogeneous clinical courses that cannot be predicted accurately by
clinical, pathologic or molecular markers, with the noticeable exception of extent of surgery.
Nevertheless, several histopathology features have been investigated as prognostic markers in
different case series from multiple studies, for example KI&7 [5].

Several previous studies have suggested that epigenetic silencing of tumor suppressor genes is an
important mechanism in EP pathogenesis in supratentorial and spinal tumors. These analyses
allowed identification of candidate pathways and genes with potential methylation induced expression
changes that may play a role in tumor pathogenesis [2].

Currently, we do not understand the universal established characteristics of pediatric EP. Therefore,
in this systematic review, we aimed to establish the molecular characteristics of these tumors that

may establish tumor markers.

Material and Methods

Search strategy and selection criteria.

An electronic search was carried out in the Medline/PubMed and SCOPUS, Web of Science, and
Ovid/EMBASE databases and was restricted to articles published in English between January 2000
and December 2017. The intent was to identify chromosomal alterations and changes in the
methylation status and gene expression that are part of the molecular characteristics of pediatric EP
and that could be use as molecular prognostic biomarkers. These studies were examined based on
their title, abstract and keywords. The strategy used a combination of the following key terms:
“Ependymoma pediatric”, “Ependymoma children”, “Ependymoma molecular”, “Brain tumor molecular
ependymoma”, “Ependymoma biomarker” (Figure 1). We also examined the references in the

selected articles, looking for studies that were not selected in the initial query.



Included articles were based on an a priori selected set of criteria: articles published in English,
complete data of patients, complete text, cross-sectional studies, molecular data studies, and studies
carried out totally or partially in pediatric patients (under 18 years of age). Ifthe reviewed articles were
based on pediatric and adult patients, it was considered that the samples would be easily identified
through the codes or numbering that different authors granted for each of the samples. The patients
had complete clinical characteristics that included age, sex and diagnosis; in addition, the results
described were specific for each sample.

The primary outcome was data on changes in chromosomal alterations, methylation status, gene and
protein expression reported in pediatric patients, cross-sectional studies, molecular changes
associated with the patient's prognosis, frequency of appearance of molecular changes and values
of hazard ratios and odds ratios.

The exclusion criteria included case-controlled studies, studies without measures of association and

case series. No systematic reviews or meta-analyses on this topic were found.

Data Extraction.

Three reviewers participated in the review process. Two reviewers completed the initial review,
examined the papers, confirmed the inclusion and exclusion criteria, and completed the second stage,
extracting all data; a third reviewer independently examined the data to identify any discrepancies
between reviewers. Discrepancies in article selection were resolved by discussion among the
reviewers. A similar approach was used to determine which of these studies should be included in
the meta-analysis. Information about date of publication, country where the study was undertaken,
sample size, data relating to participants, a specific iliness, age, sex, histopathology diagnosis, and
tumor location was acquired from the included articles for full review. Odds ratios (ORs), and rate
ratios (RRs), with 95% confidence interval (Cl) for each chromosomal alteration, genetic, epigenetic

and protein expression were extracted when they were available.

Statistical analysis.

Thirty-two studies were selected and included for this systematic review. The number of studies,
analyzed by condition, varied from two to five. For each study and each characteristic, an event rate
and its Cl were computed from the reported numbers, considering the reference group. Review
Manager 5.3 was used for the analyses [Review Manager (RevMan) [Computer program]. Version
5.3. Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2014]. Random-effect
models were conducted, separating the studies into one analysis for those reporting OR statistics and
another for those reporting OR. Heterogeneity was estimated using the |2 statistic [6]. The 12 describes
the percentage of variation across studies due to heterogeneity rather than chance alone [6,7]. As
the |2 percentage increases, so too does the proportion of effect size variability that is due to between-
study heterogeneity. Finally, the frequency of chromosomal, genetic and epigenetic alterations was
analyzed.



Results.

Article selection.

Initially, we identified 3564 related articles. After evaluation, 32 studies fulfilled the inclusion criteria
as follows: 14 contained studies on chromosomal alterations, 4 had methylation data, 4 articles
contained information related to the expression of messenger RNA and 13 referred to proteins. Table
1 shows the studies included in the analysis with sample size, study design and the alteration
detected in the molecule of interest.

Chromosomal Alterations.

From the selected articles, 14 were related to chromosomal alterations to the EP. We considered a
total of 545 samples from the analyzed publications. According to this analysis, the alterations
oscillated up to 2% of the total data (data not shown). The most frequent chromosomal changes were
gains at 1q, 9q, 9p and 17q and losses at 1p, 3p, 6q and 13g. We found chromosomal alterations
(losses and gains) in several cytobands. From these data, we found that chromosomes 1q, 6q, 9p,
13q and 22q are features of pediatric ependymal tumors (Figure 2A). The alterations showed the
following statistical values: to 1q (Tau2=1.53, 12=45%, P=0.02 Chi?=9.13); to 9p (Tau2=1.27,
Chi?=6.84, 12=42%, P=0.24) to 6q (Tau2=0.00, Chi?=2.06, 12=0%, P=0.58); to 13q (Tau2=0.00,
Chi2=0.08, 1>=0%, P=0.14) and to 22q indicated perfect homogeneity (Tau2=0.00, Chi>=0.08, 1°=0%,
P=0.14). Over a wide-range, our model indicated heterogeneity with the following statistical values:
Tau2=1.72, Chi?=37.8, P=0.01, I’=0%. Therefore, chromosomal alterations in 1q, 6q, 9p, 13q and
22q are features of pediatric ependymal tumors. Additionally, HR values were considered. We found
that chromosome 1g25 is the best candidate for a prognostic biomarker in pediatric EP, and this
chromosome correlated with lower progression-free survival and overall survival (Figure 2B). Our

model was heterogeneous with the following statistical values: Chi?=4.76, P=0.03, 1°=79%.

Methylation analysis.

We assessed 4 related articles on methylation that included 237 patients, in which we found genes
with changed methylation status in the pediatric EP: hTERT, RAC2 and CHIBBY, with the following
frequencies 27.8%, 9.2% and 8.8%, respectively. These results suggested that un-methylation of
hTERT is associated with pediatric patients diagnosed with EP (Figure 3); however, the change in
the methylation status did not correlate with the prognosis. The model indicated homogeneity with
the following statistical values: Tau2=0.0, Chi2=0.02, 1?=0%.

Gene expression.

We selected 4 articles that met the eligibility criteria with 136 samples. It was observed that genes
with the most frequent expression changes were: hTERT (36%), ERBB (33%), ERBB1 (12%), ERBB2
(12%), ERBB3 (9%), STB (4%), SHC1 (6%) and TPR (9%). We observed that hTERT and ERBB

genes are features of pediatric ependymal tumors; but only hTERT correlated with a bad prognosis
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for patients with the following statistical values: Chi?2=3.31, P=0.19, I2=40%, which indicated that our

model was heterogeneous (Figure 4).

Protein expression.

We selected 14 publications that met the eligibility criteria with protein expression assays, with a total
of 697 patients showing different states of protein expression. We reviewed the frequencies of the
results, where it was observed that EGFR was found with 22.02% of the cases, with strong
expression, and with 18.75% with absence of protein expression; for Cav-1 with 12.35% had a strong
expression, and 13.54% had weak staining. With respect to YB1, the expression was weak with a
prevalence of 19.94%. EZH2 showed weak or negative staining with a prevalence of 19.35%. NCL
showed strong staining in 19.94% and weak staining in 10.86% of the cases (Figure 5).

Discussion

We found 3564 articles that were related to EP, but most referred to clinical aspects of this neoplasm
and some others did not meet the inclusion criteria, such as articles published in English, with
complete data of patients, complete text, cross-sectional studies, molecular data studies, and studies
carried out totally or partially in pediatric patients (under 18 years of age). Therefore, a total of 32
studies related to EP were included in this work. These papers were related to molecular studies in
EP and included complete data of patients and complied with the eligibility criteria.

The following alterations were reported: losses in 1p, 3p11, 3p12, 3p23-p13, 3p24, 3q23-qgter, 4933-
gter, 18922.2, 22, gains distributed along chromosomes 7, 12, 15, cytobands 6q14-q27, 9913, 9921-
g32, 9q33, 9934, 10925.2—9g26.3, 10925.2—q26.3 and 19p13, the loss at 18q22.2. These alterations
were significantly associated with patients over three years [21,25]; after data analysis, we found that
the most frequent and characteristic chromosomal changes of the ependymal tumors were gains at
19, 9q and 17q and losses at 1p, 3p, 6q, 13q and 22q. Furthermore, the regions 6q24.3 and 6g925.2-
g25.3 were defined as the regions with the highest number of deletions, and preliminary analysis of
genes in this region suggested that the genes NOX3, ARID1B, ZDHHC14 and others could play a
role in the pathogenesis and biology of EP [20].

Due to methodologies constantly advancing, becoming more specific and with better resolution, it is
not surprising that the main differences in the chromosomal alterations reported is due to the
methodologies used. Since the CGH array was used in the most recent publications and in the older
works, they still use conventional CGH in analyses. Despite these methodological differences, it was
possible to determine the most important chromosomal alterations, such as the chromosome 22 loss
was that found in 57.5% of the studied EP cases; more specifically, it was associated with 45% of
intracranial EP cases and 82% of spinal EP [1]. This is consistent with the idea that the loss or
mutation of NF2 is frequently involved in their development [10,21], ranging from 30% to 71% of the
patients [15]. Another important chromosomal alteration is a gain at 1q, which is one of the most



common regions with a gain in EP [21,22]. It has therefore been important to investigate the gain at
1q as a potential marker of a poor prognosis in a larger number of pediatric EPs treated in a standard
manner [12]. The cytoband 1q25 is associated with a bad prognosis for patients because of this
correlation with lower progression-free survival and overall survival [24]. We identified members of
the S700 family located within the commonly gained amplicon 1q21.3 and provide evidence of their
differential expression in clinical subgroups of pediatric ependymoma: S7100A4 is associated with
patients of a very young age at diagnosis and S700A6 with supratentorial tumor location [22]. S100
protein possesses a wide range of intracellular and extracellular functions, such as regulation of
calcium homeostasis, cell proliferation, apoptosis, cell invasion and motility, cytoskeleton interactions,
protein phosphorylation, regulation of transcriptional factors, autoimmunity, chemotaxis, inflammation
and pluripotency. Many lines of evidence have suggested that altered expression of S100 proteins
was associated with tumor progression and prognosis [38]. Finally, it has been defined that 9933-34
is the region with the most frequent gains and its occurrence correlated significantly with relapse [24].
We found a greater incidence at relapse compared with the initial diagnosis for a gain at 1q, 9934,
15q22, and 18921, and losses at 6q [24,27].

With respect to the genes reported to have changes in methylation, we found that the most frequent
genes were CHIBBY, RAC2, and hTERT, in 8.8%, 9.2%, and 27.8% of the cases, respectively. It is
possible that loss of RAC2 function has a greater impact in younger patients in which the central
nervous system is still undergoing development [19]. This gene plays an essential role in the
regulation of cytoskeleton remodeling, in the gene expression of oncogenes and endothelial cell
migration on specific provisional matrix proteins. RAC2 promotes tumor growth, angiogenesis and
invasion [39]. It has been reported in EP that the CHIBBY promoter has a high frequency of
methylation [19], and it has been found to activate endoplasmic reticulum stress and apoptosis in
breakpoint cluster protein/Abl kinase 1-positive human myeloid leukemia cells by inducing the
cytoplasmic accumulation of B-catenin. The downregulation of CHIBBY in cancer cells might provide
information regarding the use of CHIBBY as a therapeutic target and prognostic factor. It has been
identified to be an antagonist of B-catenin, and it binds to B-catenin in the nucleus. It exhibits a
negative requlating effect on the Whnt signaling pathway and the transcriptional activities of genes
downstream of Wnt. Mutations of CHIBBY have been associated with tumorigenesis [40].
Furthermore, the results suggested that apart from less aggressive molecular subtypes, hTERT
promoter hypomethylation might characterize ependymal tumors with a more favorable outcome [37].
It has even been suggested that hTERT and CHIBBY methylation changes are characteristic of
pediatric ependymomas, but they are not yet associated with the patient's prognosis.

In relation to gene expression, we found the hTERT, ERBB, ERBB1, ERBB2, ERBB3, STB, SHC1
and TPR genes were overexpressed. In several publications, a series of characteristic and prognostic

molecular markers have been suggested without reaching any consensus, but it has been reported
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that ERBB1, ERBB2, ERBB3, and ERBB4 are important in the development of EP and participate in
cell proliferation [13]. Currently, it has been proposed that inhibition of telomerase enzymes is
associated with an increased progression resulting in the lack of proliferation, self-renewal and
tumorigenicity; these findings provide novel insight into the importance of telomerase as a predictor
of outcome and as a therapeutic target in pediatric EP [31]. By exploring molecular mechanisms,
telomerase activity has been described as a characteristic potential biomarker, showing an
association of telomerase reactivation with a chromosome 1qg gain and RelA fusion [37]. According
to our analysis, the hTERT and ERBB genes are characteristic in pediatric EP; but only hTERT can
be correlated with the prognosis. The hTERT expression can be used to divide both totally and
subtotally resected tumors into good and bad prognostic groups because the EP lacking telomerase
activity are unable to maintain telomeres and proliferative indefinitely, suggesting that less aggressive
therapeutic intervention may be offered for children with telomerase-negative tumors. It has been
shown that hTERT plays an essential role in the Wnt/B-catenin signaling pathway by serving as a
cofactor in a B-catenin transcriptional complex. In addition, STAT Ill selectively stimulates hTERT
expression through the JAK/STAT signaling pathway, and several signaling cascades can contribute
to the control of A TERT gene expression, promoting telomere length or immortalizing cells in distinct

types of tumors [18,31].

About protein expression, several research groups have proposed different proteins as features of
ependymomas and as potential prognostic biomarkers. A previous study suggested an association
between the overexpression of PDGFR protein, mainly in tumor cells but also in the tumor endothelia.
Regarding patient outcomes, a hypothesis has been presented that overexpression of PGDFRs could
have a good prognostic role in EP [30]. It has been observed that EPs showed at least focal
immunopositivity for MDM2, and only some showed immunopositivity for P53. These findings are
consistent with previous reports describing ependymomas rarely have P53 gene mutations and that
neoplasms with MDM2 amplification typically lack P53 mutations that deregulate the cell cycle [8].
The proteins NOTCH-1, TN-C and Hes-1 showed a significantly higher expression in grade Il tumors
in comparison to grade Il tumors. NOTCH-1 showed increased expression with tumor grade and a
difference between grade | and grade Il tumors [32].

The general results suggest that protein expression plays an important role in pediatric ependymomas
and that it can be considered as a possible molecular biomarker of prognosis. Chromosomes 1q and
22q are features in pediatric EP, and the gain at 1q25 has a high probability of being used as a
prognostic biomarker. When considering the poor prognosis and survival rate of patients, the hTERT
gene changes in expression and methylation status may play an important role in the development
of pediatric ependymal tumors.

Nevertheless, the results should be interpreted with caution. Additional research is needed to assess

the true effect of protein expression to identify patients at risk.
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Table 1. Articles included in the systematic review

Reference Methodology Detected Alteration N

Suzuki et al., 2000 [8] IHC Protein 11
Lamszus et al., 2001 [9] PCR Chromosomal Alteration 10
Hirose et al., 2001 [10] CGH Chromosomal Alteration 14
Ward et al., 2001 [11] CGH Chromosomal Alteration 36
Dyer et al., 2002 [12] CGH Chromosomal Alteration 42
Gilbertson et al., 2002 [13]| qRT-PCR | Methylation 16
Jeuken et al., 2002 [14] CGH Chromosomal Alteration 5
Singh et al., 2002 [15] IHC Protein 10
Zamecnik et al., 2003 [16] IHC Protein 31
Waha et al., 2004 [17] MS-PCR Expression 27
Ammerlaan et al., 2005 [1] aCGH Chromosomal Alteration 19
Tabori et al., 2006 [18]| gRT-PCR Methylation 65
Karakoula et al., 2008 [19]| gRT-PCR | Methylation and Expression 31
Moronaru et al., 2008 [20] PCR Chromosomal Alteration 29
Pezzolo et al., 2008 [21] CGH Chromosomal Alteration 18
Rand et al., 2008 [22] aCGH Chromosomal Alteration 7
Snuderl et al., 2008 [23] IHC Protein 41
Puget et al., 2009 [24] aCGH Chromosomal Alteration 59
Rousseau et al., 2010 [25] aCGH Chromosomal Alteration 45
Andreiuolo et al., 2010 [26] IHC Protein 66
Korshunov et al., 2010 [27] aCGH Chromosomal Alteration 190
Alexiou et al., 2011 [28] IHC Protein 13
Modena et al., 2012 [5] IHC Protein 47
Hagel et al., 2013 [29] IHC Protein 25
Moreno et al., 2013 [30] IHC Protein 12
Barszczyk et al., 2014 [31]| qRT-PCR | Expression 97
Gupta et al., 2014 [32] FISH Chromosomal Alteration 19
Virag et al., 2014 [33] IHC Protein 16
Lietal., 2015 [34] IHC Protein 174
Araki et al., 2016 [35]| FISH, IHC |Chromosomal Alteration, Protein| 52
Chen et al., 2016 [36] IHC Protein 174
Gojo et al., 2017 [37]| qRT-PCR Methylation and Expression 24

Methodologies used in the differed articles: Immunochemistry (IHC), Comparative Genomic
Hybridization (CGH), Array CGH (aGCH), Fluorescence Hybridization In Situ (FISH), Real Time
Polymerase Chain Reaction (qRT-PCR), Methylation Specific-PCR (MS-PCR).



Figure 1. Flow diagram of process for identification of relevant studies.
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Figure 2. A) Forest plot of Chromosomal Alterations, B) Forest plot of Chromosomal

Alterations and prognostic.
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Figure 3. Forest Plot of Methylation Status.

Figure 4. hTERT and prognostic.

Figure 5. Frequency of protein expression.
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Articulo 4. Manuscrito
Pediatric ependymoma: GNAO1, ASAH1, IMMT and IPO7 protein and expression and
prognosis correlation
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1. Introduction
Even there has been great improvement on the treatment and prognosis of many pediatric brain
tumor, which are currently the major cause of mortality, as well as long-term morbidity in oncology,
the central nervous system (CNS) neoplasms remains constituting the most common solid tumors
of childhood [1]. Ependymomas (EF) are the third most common pediatric CNS tumors accounting
for 6-12% of all intracranial tumors [2] Mowadays, this tumors are treated by surgical resection
(one of the most consistent prognostic markers) followed by radiotherapy [3]; despite the advances
in multidisciplinary care in conjunction with chemotherapy to the brain tumors, gliomas and EP are
relatively resistant to chemotherapy, and patients with tumors refractory to surgery still have a poor
prognosis [4]. EP exhibit heterogeneous clinical courses that cannot be predicted accurately by
currently clinical, pathologic or molecular markers [5]. Consequently, new targeted therapies are
urgently needed for these patients [6] and are required for studies aimed at the identification of
molecular markers of clinical value [7].
The identification of genetic abnormalities responsibles for the generation and maintenance of the
malignant phenotype in EP are crucial [8], since the molecular-genetic profile of these tumors
remain poorly defined, in several studies has been proposed different prognostic markers for EP:
the proteins Ki-67, survivin, human telomerase reverse transcriptase, ERBB family members and
nucleolin [9], the high expression of: BNIP3, MRC1, TDG, EPHB3, GLIS3, CDK4, COL4A2, EBP,
MRCAM, CCNA1, ICAP-1A, ABLIM, ENPP2, and PTTG1IP; and low expression of: PMS1 and
PDX1 [8][10]. Actually, it has been tried to correlate clinical findings, such as patient age, sex, tumor
location, tumor grade, extent of resection and treatment regimens with tumor recurrence [11].
Advances have been made in the molecular knowledge of EP, considering that the molecular
classification is now critical for diagnosis, but molecularly guided trials are complicated by the
apparent molecular EP diversity [12,13], thus it is necessary to determine specific molecular
markers. In a previous work we have proposed the genes: GNAO1, ASAH1, IMMT, [POT as
candidate molecular biomarkers prognostic [14]. Therefore, the expression of the protein was
evaluated and correlated with the Progression-free survival and Overall Survival.

2. Material and Methods

2.1 Samples collection.

The ependymal tumors were collected from Formalin-Fixed Paraffin-Embedded (FFPE) tissue from
the Pathology Service from the Pediatrics Hospital "Dr. Silvestre Frenk Freud” from the Centro
Médico Nacional "Siglo XXI", IMSS. The histopathological records from 2010 to 2017 were
reviewed. The samples were collected from pediatric patients between 0 and 16 years with a
confirmed diagnosis of grade Il and grade Ill ependymoma and as a control group was used
cerebellar tissue adjacent to the tumor.
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2.2 Review of clinical records.
The clinical records of patients were consulted in the database and in the written archives of the
hospital. The following clinical data were obtained: histopathelogical grade, anatomical location,

age, sex, recidivism and survival.

2.3 Immunchistochemistry assays

Tissue sections of 5 ym were made and placed on adhesive lamellae (Santa Cruz Biotechnology).
The tissue was desparaffinized in the stove at 56°C for 30 minutes and rehydrated for 5 minutes in
#ylol, alcohol (with the following concentrations: 100%, 90%, 70%) and distilled water. The antigen
was recovered with target retrieval solution at 10% with microwave irradiation for 2 minutes. Tissue
cooled (room temperatura), washed witn PBS and peroxidase bloking for 30 minutes, washed with
PBS. Tissue sections were incubated in a wet chamber for 20 minutes with the primary antibodies:
GNAO1 (1:100, GTX114439, GeneTex), ASAH1T (1:100, GTX114267, GeneTex), IMMT (1:100,
GTX81949, GeneTex), IPO7 (1:100, GTX106408), Cyclin-D1 (sc-718, Santa Cruz Biotechnology),
ph3 (sc-126, Santa Cruz Biotechnology) and KI-67 (1:50, DAKOQO corporation, Carpenteria Ca),
following the manufacturer recommendations. Primary antibody was detected with a biofinylated
secondary antibody (sc-471863, Santa Cruz Biotecnolegy), incubated with streptavidin conjugated
(horseradish peroxidase) for 30 minutes, revealed with diamino-benzidine chromogen (abG64238,
Abcam) for 5 minutes and contrasted by hematoxylin. The tissue dehydrated with alcohols of lower
to higher concentration (70%, 90% and 100%) and xylol. The preparations were mounted with
entellan (107961, Merck Millipore).

For each antibody was included a positive control for GNAO1 and ASAH1 pancreas tissue; for IPO7
and IMMT esophageal tissue; for Ki-67, Cyclin D1 and p53 was used glioma. The quality of the

tissue was evaluated with tha expression of Ki-67, a positive marker in all EP.

2.4 Image capture

Immunohistechemistry results images were taken with 40X objective of Photo-microscope 6X31
{Olympus Life Sciences). These images were stored in TIFF format. The quantification was made
out with the ImageJ software (16).

2.5 Analysis of results.

The protein expression was considered qualitatively by the percentage of cells expression. The
following values were established: Negative (<1%), weak staining (1-15%), moderate staining (15-
30%), strong staining (>30%). The statistical analysis (Kaplan-Meier and Cox analysis) was
performed in the IBM SPS5 Statistics 24 Software. We considered statistically significant P-value
<0.05.
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3. Results
3.1 Collected samples
The samples collected were a total of 30, all the samples analyzed had a diagnosis De Novo and
infratentorial localization (Table 1). These samples came from pediatric patients diagnosed with EP
grade Il or grade lll (Fig. S1). The clinical features of the patients presented that 13 patients were
females anc 17 patients males. The 20% of patients was 7 years old and 16% had 5 years at the

diagnosis time.

3.2 Clinical data.
We analized a cohort of samples between the years 2010 to 2013, to know if in five years after
diagnosis patients have relapse and survival. Twelve samples with complete clinical file were

obtained. Teble 1 shows seven patients with relapse and seven patients with survival

3.3 Protein expression.

We performed IHC assays for the proteins: GNAO1, ASAH1, IMMT, IPO7, Cyclin D1, p53 and Ki-
67, on the following tissue: cerebellum, ependymal tumor and as positive control tissues accord with
methods (Fig. S1). Through a qualitative analysis, we found different percentages of protein
expression. We observed negative expression the following proteins: GNAO1 (60%), IMMT
(73.3%), IPO7 (90%), Cyclin D1 (60%) and p53 (76.6%), with positive expression the proteins:
ASAH1T (73%) and Ki-67 (70%) (Fig. 1, Table 2 and Table 51).

3.4 Correlation analysis between protein expression and age, gender or histopathological
grade.

The correlaion analysis between age and protein expression showed the following Chi-square
values; GNAO1=0.554, ASAH1=0.204, IMMT=3.033, IPO7=6.269, Cycin D1=0.011 (Fig 2A),
p53=0.037 (Fig 2B) and Ki67=1.725.

The correlation analysis between sex and protein expression exhibited the following values of Chi-
sguare: GMNAO1=0.252, ASAH1=0587, IMMT=0.156, IPO7=0107, Cyclin D1=0.088 (Fig. 2C),
p53=0.172 and Ki-67=0.019 (Fig. 2D).

The values of Chi-square results from correlation analysis between histopathological grade and
protein expression were the following: GNAO1=0.347, ASAH1=0.223, IMMT=0.118, 1PO7=0.205,
Cyclin D1=0.019 (Fig. 2E), p53=0.001 (Fig. 2F) and Ki67=0.085 (Fig. 2G).

3.5 Correlation analysis between protein expression and recidivism or survival.

The correlaion analysis between relapse and protein expression showed the following Chi-square
values: GNAO1=0.974, ASAH1=1.017, IMMT=0.389, IPO7=0.345 Cyclin D1=0.094 (Fig. 3A),
p53=0.013 (Fig. 3B) and Ki67=0.021 (Fig. 3C).
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The correlation analysis between survival and protein expression with the following values of Chi-
square: GNAO1=0103, ASAH1=1220, IMMT=0.007 (Fig. 3D), IPO7=0.019 (Fig. 3E), Cyclin
01=0.371, p53=1.069 and Ki-57=1.816.

4. Discussion
In a previous work related to pediatric EP we found ASAH1, IMMT and IPO7 genes overexpressed
and GNAO1 gene underexpressed [14] also, at worldwide papers we found expression changes in
Cychin 01, F53 and Ki-67 genes in EP [15][16]. According fo the reports these genes in EF
participate in the tumorigenesis process, therfore we determined through IHC assays if these
changes were reflected in protein expression and how is their behavior in Mexican population, to
analyze these we developed Kaplan Meier and Cox analysis to know the correlation between

protein expression and clinical features or prognostic.

The 30 samples collected were from children under 16 years old; the tumors were diagnosed De
Novo with infratentorial location, 12 samples had complete file and could be followed through 5
years after diagnosis, expected time in EF to arise the relapse (Samples were collected between
the years 2010 to 2013); starting from these data we generated a correlation analysis between

protein expression and relapse or survival.

We found P53 protein underexpression in 76.6% of analyzed tumaors, concordant to published by
Wu et al., [17] they reported the P52 gene inactivation in more than 50% of tumors. We found that a
P53 underexpression correlate with the age, probably at early age P53 is one of the main
deregulated proteins that favor cell proliferation. We did not found correlation between p53
expression and sex. We found correlation of P53 underexpression with the histopatological grade
lll, we observed that in the samples collected from Mexican patients the P53 protein decreases in
anaplastic EP; contrariwise Alexiou ef al., reported that in caucasian patients the high P53
expression comrelated with anaplastic EP [15]; possibly these differences are due polymorphisms,
mutations or epigenetic factors that influence protein expression among race. The P53
underexpression found correlates with the biological function of p53. It is know that P53 regulates
several cellular functions: apoptosis, cell proliferation and promote DNA repair [15] [18]; this repair
ocurrs when P53 bind to the p53-responsive elements, initiating transcription of p53 responsive
genes, and ultimately triggering the p53 pathway [19]; it is suggested that the P53 underexpression
favors the anaplastic development of EP. We found that p53 underexpression delay the relapse; it
has been reported that P53 is related to the patients survival and the aggressive biological behavior
[15]. We not found correlation between protein expression and survival. It is suggested that the P53
expression is a candidate to prognosis biomarker in pediatric EP, besides we found correlation
between P53 expression and histopathological grade or relapse, therefore P53 permit us to

distinguish the anaplastic grade of tumor and patient prognosis.
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We found that infratentorial EP had Cyclin 01 underexpression in 83.4% and overexpression in
16.6% of the samples, noticing contrary to Rogers et al, [16] they reported that the Cyclin D1
expression was significantly higher in supratentorial EP; the above shows that in Mexican patients
can be found the Cyclin D1 overexpressed in infratentorial EP. It i known that post-transcriptional
control dictates the overall accumulation of cyclin D1 in tumor cells and the association to neoplastic
transformation through the deregulation of the cell cycle; also, the nuclear Cyclin D1 overexpression
can inactivate p53 through PRMT5-dependent p53 methylation, thereby allowing tumor
progression. We observed on ten samples Cyclin D1 overexpression and P53 underexpresion, we
not observed correlation between Cyclin D1 and P53 expression (X2=0.776). It has reported that
Cyclin D1 deletion was noted to increase the migratory behavior [20]; posibbly Cyclin D1
underexpression plays the same role in cancer. Cyclin D1 suppresses the expression of Rho-
activated kinase Il (ROCKIl) and thrombospondin 1 (TSP-1); Cyclin D1 loss comrelates with
increased phosphorylation of the ROCK |l substrates, favoring the cell migration [20]; we found one
sample with Cyclin D1 underexpression and metastasis, it is suggested that Cyclin D1
underexpression favors metastasis. We found a tendency to overexpression in patients less than
seven years old and male patients; this may be influenced by clinical data, kind samples and
amount. We found that Cyclin D1 overexpression comrrelated wth EP grade lll, the Cyclin D1
overexpression favoring the neoplastic transformation. We found that Cyclin D1 expression
correlated with relapse; the Cyclin D1 overexpression in infratenrorial EF delay relapse, being
important to know the treatment prognosis; it has reporied that in patients with chemotherapy
treatment Cyclin D1 may play a more important mediator function in the residual EP to facilitate
tumoral DNA repair and promote residual re-growth [21,22]. We not found correlation between
Cyclin D1 expression and survival. We not found correlation between Cyclin D1 expression and
survival. Given the role of Cyclin D1 in mediating extracellular cuss with cell proliferation, it is not
surprising that directly contributes to neoplastic growth, nevertheless we observed possibly that
Cyclin D1 underexpression does not allow a correlation between Cyclin D1 and survival, it would be

interest to increase the samples number and correlate the Cyclin D1 with survival.

It has reported that the Ki67 index in intracranial EP is an independent prognostic factor and
accurate predictor of outcome in EP patients [23,24]; therefore, we evaluate the Ki-67 expression in
EP. We found Ki-67 overexpressed in all samples, the expression was higher in grade Il compared
to grade Il. We not found correlation between Ki-67 expression and age. We found that Ki-67
expression correlates with the histophatological grade, the Ki-67 expression increases according
with the progress of the tumaor, in concordance with the reported by Suri ef &5/, [25] and Alexiou et
al., [15] they reported that Ki-67 were significantly higher in grade |ll tumors; we found that high Ki-
67 expression favors early relapse, thus it is suggested that Ki-67 expression favors the anaplastic
phenotype, through the deregulation of cell cycle, it has demonstiated that Ki-67 affects cell cycle

progression in p21 checkpoint impact cell proliferation and cell cycle progression; the cells in early
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stages of cell cycle arrest have low levels of Ki-67 [26]. We not found correlation between protein

expression and survival.

In a previous work, we reported the ASAHT gene overexpressed in pediatric EP [14], so that, we
analized the protein and we found ASAH1 is overexpressed in 86.6% of the samples; it has been
shown that it is overexpressed in various human cancers, such as head and neck cancer,
melanoma, prostate cancer and breast cancer [25]. It has reported that ASAH1 overexpression
confers resistance to apoptosis and stimulate proliferation and invasiveness of cancer cells [30], it is
suggested that ASAH1 overexpression favor the tumorigenesis. ASAH1 participates in cell survival,
inflammation and angiogenesis through the sphingolipid pathway that metabolize ceramide into
sphingosine and free fatty acid, the Sphingosine serves as a substrate for sphingosine kinase
{Sphk) mcdiated phosphorylation to form mitegenic S1P; this protein has been shown to act as a
cofactor for E3 ubiquitin ligase TRAF2, which leads to the activation of NF-Kappa B, a direct and
indirect regulator of Mcl-1, which may represent yet a interplay between sphingolipid metabolism
and apoptotic pathways [27][29]. We found that ASHA1 does not correlate with age, sex,
histopathological grade, relapse or survival, so we think that ASAH1 may have other clinical
functionality; Lai ef al, [30] they reported that ASAH1 overexpression confers resistance to
radiation, impacting the treatment through altering the sphingolipid metabolism pathway and

Doan et al., [31] reported that in Glicblastoma ASAH1 is excellent drug target; it is suggested that
the protein overexpression may be important in the treatment response at EP. Besides, it has
reported that the cytotoxic actions of certain drugs (e.g. dacarbazine, anthracyclines) depend on the
ability of these agents to increase the intracellular levels of ASAH [31]; so it would be interesting to
know the expression of other proteins involved in the sphingolipid pathway as SP1 and other

ceramides that help determine the treatment response and the patients prognosis.

It has know that GNAO1 is abundantly expressed in neuronal tissue [32]; we found in a previous
work that GNAOT gene was underexpressed in pediatric EP [14]; we thought that this mRNA
underexpression could modify the protein expression. We found GNAO1 protein underexpression in
60% of the samples in accordanze with Zupancic et al,, [33] they reported GNAO1 underexpression
in GBM tissue; it is suggested that GMAC underexpression is characteristic in EP and other
gliomas. We thought that methylation play a important role in the regulation of GNAO1 expression,
we previously reported that this GNAO1 underexpression were consequence of a chromosomal
deletion and/or methylation [14], according with Xu et al, [35] and Pei ef al,, [36] they informed that
the change of GNAO1 expression in Hepatocelluar carcinoma cells might be regulated by its
methylation status. It is known that GNAO1 controlling signal transductions and it is deregulation
can promote oncogenesis, apart from the activation of second messenger molecules, Gao subunits
(GNAO protein gene) can modulate the activity of transcription factors and thereby regulate gene

expression [3538]. We not found correlation between GMNAO1 expression and age, sex,
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histopathology, relapse or survival. It is important to refer that we observed a tendency to correlate
the GNACT underexpression with increased survival, according to Liu et al., [36] they reported in
gastric cancer was the overall survival curves in relation to GNAO1 expression were statistically
significant; it is suggested that the GNAOC1 underexpression may be important for know the

prognostic patients

We found in previous work that [PO7 gene overexpressed in pediatric EP [14], we found
underexpression of IPCT protein on 90% of analyzed samples. We not found correlation of protein
expression with age, sex, histhopathological grade and relapse. We think that IPO7 overexpression
in pediatric EP favors cell proliferation according with Xue et al, [37] they reported that in
Glioblastoma IPO7 is part of the FOXM1/IPOT/GLI1 axis promoting the cell preliferation, migration,
and invasion. We found that the IPO7 overexpression favors the survival, ee think that IPO7 is
related to survival through P53, according to Golomb ef al, [38], they described that IPO7
transcription is repressed by P53 and IPOY depletion triggers P53 activation; it is suggested the
importance of expression change of these proteins, possibly favor cell deregulation and the patients
prognosis; we not found significant correlation between |PO7 expression and p53 expression
(X2=0.640) according to Golomb et &/, [38] they mentions that this feedback ocurrs in non-stressed
cells. It is necessary to know the signaling pathways in which IPO7 participates in tumorigenesis,
through the deregulation of cell proliferation. Possibly the post-translational changes actively
participate in the regulation of IPO7 protein such as the participation of miRMAs; in accordance with
Szczyrba et al, [39] they reported that IPO7 is target of miR-22 and the downregulation of miR-22
in cancer pancreatic corresponds to an upregulation of IPO7, also Xue ef al,, [37] they reported that
the specific knockdown of IPO7 expression resulted in reduced nuclear accumulation of GLI1,
indicating the dependence of nuclear import of GLI1 on IPOT.

Mitochondria are key organelles that contain double membranes and harbor their own DNA as well
as components of transcrptional and translation machinery, they are implicated in a variety of
processes, incluiding energy or free radical generation, regulation of apoptosis and modulation of
various signaling pathways. It is known that the structural integrity of mitochondrial cristae is crucial
for mitochondrial functions as structural integrity and biogenesis of mitochondrial cristae. It has
reported that IMMT to be involved in regulation of mitochondrial cristae morphology besides, IMMT
is a key component of MICOS complex, it was reported altered under several different pathological
conditions [40,41]). We found IMMT gene overexpressed in 100% samples of pediatric EP [14]; we
found IMMT underexpression in 73.3%. We not found correlation between clinical characteristics
{age, sex, histopathological grade) and relapse. We think that IMMT is important in mitochondrial
regulation according with Madungwe et al. [42] they reported that IMMT is indispensable for normal
mitochondrial function and has a functional impact on cellular activity. We found that the IMMT

underexpression promotes increased overall survival, in accordance with Sotgia et al [43] they
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reported in gastric cancer thal IMMT is associated with significantly reduced time to first
progression. It is suggested that IMMT is important during tumorigenesis; however, more studies
are needed for known the IMMT requlation during tumorigenesis. Possible the post-transcriptional
regulations participate in protein expression, but currently there arz no reports, also it has been
identified that Yme1L regulates the stability of IMMT [41].

5. Conclusion
In pediatric EP ASAH1 and Ki-67 have possitive expression in 86.7% and in 94% of the samples,
respectively. P53, Cyclin D1, GNAO1, IMMT and IPO7 have negatve expression in 76.6%, 60%,
60%, 73.3% and 90%, respectively.
The proteins: Cyclin D1, pb3 and Ki-67 correlate with grade histopathological and relapse. IPO7
underexpression correlate with lower survival and IMMT underexpression with high survival. Cyclin
D1 expression is not exclusive supratentorial EP in mexican patients. ASAH1 is overexpressed in

pediatric EP and can have an important at treatment response.

Highlights
s Cyclin D1, p53 and Ki-67 correlate with grade histopathological and relapse.
+ Cyclin D1 expression is not exclusive supratentorial EP in mexican patients.

s ASAH1 overexpressed in pediatric EP have important role in treatment response.
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Table 1. Samples feature. The patients feature from the samples obtained. Show the
histopathological grade (Grade), age (Age), sex (M.- Male or F.- Female), tumor location

(Localization), relapse and survival.

SAMPLE | GRADE | GENDER | AGE | LOCALIZATION | RELAPSE | SURVIVAL
1 1 M 13 Intracranial Yes Yes
2 [l F 1 Intracranial Yes Yes
3 1l F 2 Intracranial Yes No
4 11 M 5 Intracranial No Yes
5 [l F 14 Intracranial Yes Yes
6 1l M 1 Intracranial Yes Yes
7 [l M 7 Intracranial Yes Yes
8 11 M 5 Intracranial No No
9 11 M 5 Intracranial Yes Yes
10 11 F 12 Intracranial No No
11 1 F 4 Intracranial No No
12 1 F 12 Intracranial No No
13 1 M 15 Intracranial No data No data
14 1 F 2 Intracranial No data No data
15 11 F 4 Intracranial No data No data
16 1l F 7 Intracranial No data No data
17 [l M 7 Intracranial No data No data
18 1 M 3 Intracranial No data No data
19 1 M 8 Intracranial No data No data
20 1 M 5 Intracranial No data No data
21 11 M 14 Intracranial No data No data
22 1l F 3 Intracranial No data No data
23 1 M 7 Intracranial No data No data
24 1 M 7 Intracranial No data No data
25 1 M 1 Intracranial No data No data
26 1 F 8 Intracranial No data No data
27 11 M 5 Intracranial No data No data
28 11 F 14 Intracranial No data No data
29 11 F 5 Intracranial No data No data
30 1 M 0 Intracranial No data No data

Table 2. Staining type of proteins. Show the percentange of sample for type staining.

ST%'{';'IE“G GNAO1 | ASAH1 | IMMT | IPO7 | CYCLIND1 | KI67 | P53
Negative 60% 133% | 73.3% | 90% 60% 6.6% | 76.6%
9 (18/30) | (4/30) | (22/30) | (27/30) | (18/30) | (2/30) | (23/30)
Weak 10% 733% | 3.3% | 6.6% 13.3% 70% | 10%
(3/30) | (22/30) | (1/30) | (2/30) (4/30) | (21/30) | (3/30)

16.6% | 13.3% | 16.6% | 3.3% 10% 16.6% | 6.6%

Modearate | 530y | (4/30) | (5/30) | (1/30) (3/30) (5/30) | (2/30)
Stron 13.3% 0% 6.6% | 0% 16.6% 6.6% | 6.6%
9 (4/30) | (0/30) | (2/30) | (0/30) (5/30) (2/30) | (2/30)
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Figure 1. Proteins expression by immunochemistry assay. Show the protein staining in
the tissue analyzed. The expression of: IPO7, Ki-67 and p53 were nuclear, expression of:
GNAO1, ASAH1 and Cyclin D1 were cytoplasmic, IMMT expression was cytoplasm and
mitochondria.
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Figure 2. Clinical feature correlation for Kaplan Meier analysis. The line color refers to
the staining type. On ordinates axis show the patients percentage survival. A). Cyclin D1
expression and age. On abscissa axis show the age patients. B) P53 expression and
age. On abscissa axis show the age patients. C) Cyclin D1 expression and sex. On
abscissa axis show the sex patients. 1.-Male, 2.- Female. D) Ki-67 expression and sex.
On abscissa axis show the sex patients. 1.-Male, 2.- Female. E) Cyclin D1 expression and
histopathological grade. On abscissa axis show the histophalogical grade. 2.-EP grade II.
3.-EP grade lll. F) p53 expression and histopathological grade. On abscissa axis show
the histophalogical grade. 2.-EP grade Il. 3.-EP grade lll. G) Ki-67 expression and
histopathological grade. On abscissa axis show the histophalogical grade. 2.-EP grade II.
3.-EP grade Ill.
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Figure 3. Pronostic correlation for Kaplan Meier analysis. The line color refers to the
staining type. On ordinates axis show the patients percentage survival. A) Cyclin D1
expression and relapse. On abscissa axis show relapse. B) p53 expression and relapse.
On abscissa axis show the relapse. C) Ki-67 expression and relapse. On abscissa axis
show relapse. D) IMMT expression and survival. On abscissa axis show the survival. E)
IPO7 expression and survival. On abscissa axis show survival.
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Articulo 5
Pediatric pineal germinomas: Epegenetic and genomic approach
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9. Discusion

Es primordial conocer a través de estudios moleculares los cambios genéticos y
epigenéticos que ocurren en las neoplasias al permitir dilucidar el mecanismo de la
tumorigénesis y la comprension de las caracteristicas especificas de cada
neoplasia. Sin embargo, hoy en dia se tienen pocos estudios moleculares sobre las
causas, el desarrollo y el mantenimiento tumoral de los ependimomas pediatricos;
la mayor informacion encontrada en la literatura hace referencia a los aspectos
clinicos y con respecto a los abordajes moleculares la mayoria de estos estudios
han sido realizados en ependimomas de adultos; ademas, no existen estudios

publicados en pacientes mexicanos.

En el analisis de pacientes pediatricos mexicanos con EP reveld ganancias en
2p11.2, 2p22.3, 3p22.2,7p15.2, 8p22, 10921.1, 11p15.4, 14q32.33 y pérdidas en
1p31.1, 1921.3, 2p22.2, 7934 y 8p11 .23-p11.22. Se considera que la region
14q32.33 juega un papel importante en la tumorigénesis; de acuerdo con Olsen et
al. [35] reportan a la regién 14qgter como perdida; cabe resaltar que en la region
cromosomica 14932.33 se localiza el miR-203, el cual exhibe expresion aberrante
en multiples tumores malignos. Muchos estudios han revelado que miR-203 juega
un papel esencial durante el crecimiento celular, la migracion, la invasion [36]; se

sugiere a la regidn 14932.33 como importante en EP pediatrico.

Ademas, se profundiz6 en la busqueda de las alteraciones cromosdémicas
caracteristicas de los EP pediatricos a nivel mundial, encontrando que las
alteraciones en 1q, 6q, 9p, 13q y 22q son caracteristicas de estas neoplasias y la
alteracion de la citobanda 1925 tiene potencial para ser utilizado como marcador
prondstico al correlacionar con una corta sobrevida libre de progression [37,38].

Otro de los factores importantes durante la tumorigénesis son los epigenéticos; la
metilaciéon es un mecanismo importante durante el desarrollo del EP en el 89% de
los casos [39], se conoce que las alteraciones cromosodmicas, asi como el patrén de

metilacion varian de acuerdo con la localizacién anatémica del tumor [40,41]. En el
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analisis de resultados se encontraron genes metilados relacionados con la
apoptosis: MYC, el ciclo celular: SESN2, MAD1L1, CUX1, E2F8, ASAH1, GNAO1,
proliferacion celular: IMMT, diferenciacion neuronal: EBF3, activaciéon
transcripcional: GATA2, IPO7 y los genes relacionados con el oncogén TFG: p53 y
c-myc, asi como la division celular. Se encontraron hipermetilados los genes TP73
y RASSF1, apoyando a lo reportado por Hamilton et al. [24] y Alonso et al. [39]. Los
genes MGMT, HIC-1, CDKN2B y THBS1 se observaron hipometilados,
contrariamente a lo reportado por Alonso et al. [39], Waha et al. [42] y Rousseau et
al. [43] posiblemente estos cambios se deban a que este estudio fue realizado en
poblacién mexicana, mientras que los anteriores fueron en pacientes caucasicos;

ademas pueden influir los factores ambientales y el estilo de vida.

Se encontraron pocos estudios sobre cambios en la metilacién reportada en EP, sin
embargo, se conoce que los EP espinales son epigenéticamente diferentes a los
intracraneales, se ha descrito la hipermetilacion de HIC-1 en el 93.8% de EP
intracraneal y en el 65.0% de espinal [44]. En este estudio se observd que, en EP
pediatricos, sin importar su localizacion anatdomica, el cambio del estado de
metilacion del gen hTERT es caracteristico de los EP y tiene potencial para ser
utilizado como biomarcador molecular de prondstico promoviendo la longitud de los
telédmeros o inmortalizando células en distintos tipos de tumores [45], posiblemente

esta diferencia se deba al numero de muestras y al analisis estadistico.

Las alteraciones cromosdmicas y la metilacién se veran reflejados en la expresion
genica. Por lo tanto, se han reportado cambios en la expresion de los genes EGFR,
CDKN2A, pl6INK4A, y pl4ARF [28,29]. Se encontraron genes sobreexpresados
relacionados con la transcripcion (MAPK11, IPQ7), proliferaciéon (CBLB, KIT,
SESN1, ASAH1, GNAOL1l), adhesion celular (ITGA6), migracion (LAMA2),
reparacion del DNA (RAD51) y genes subexpresados relacionados con apoptosis
(BID, PRKCB, IMMT), adhesién celular (PTK2) y crecimiento tumoral (FGF22). Se
encontraron sobreexpresados los genes: CD44, KIT, LAMA2, MDM2 y RAC2,
concordando con lo reportado por Hagel et al. [46], Zakrzeweska et al. [47], Zavalhia
et al. [48] y Araki et al. [49]; se sugiere que la sobreexpresion de LAMAZ2, KIT, CD44,

y EZH2 son caracteristicas de los EP pediatricos.
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Existe diferenciacion genética entre los EP espinales y los intracraneales, los
primeros se asocian con el gen NF2 y muestran una mayor activacion de ERBB2,
mientras que los segundos se asocian con EPB41L3 e HIC-1 [44]. Sin embargo, se
observdé que independientemente de la localizacion anatémica del tumor los
cambios de expresion de los genes ERBB y hTERT son caracteristicos de los EP
pediatricos, pero sélo hTERT correlaciona con una menor sobrevida del paciente.
Lamentablemente, un enfoque terapéutico dirigido a ERBB que incluye lapatinib,
inhibidor selectivo de molécula pequena de ERBB1/ERBB2, se reportd como

ineficaz en nifos con EP recurrente [50,51].

A partir, de los ensayos de microarreglos se propusieron los genes CISD3, IPO7,
IMMT, ASAH1 y GNAOQOL1, los cuales no han sido reportados anteriormente en EP.
De acuerdo con la literatura se sabe que CISD3 e IMMT estan relacionados con la
proliferacion celular y la promocion de la angiogénesis [35,52]. ZWINT participa en
la formacién del cinetocoro y puede promover la proliferacion celular [41]. IPO7 es
una proteina nuclear sobrerregulada por c-MYC y p53 [53]. GNAO1 es importante
en la sefalizacibn molecular en el sistema nervioso central y es altamente
expresado en el tejido cerebral [54]. ASAH1 tiene un rol importante en la

supervivencia celular y la resistencia a la apoptosis [55].

Se realizaron ensayos de inmunohistoquimicas para conocer la expresion proteica
de KI-67, P53, Ciclina D1, IPO7, IMMT, ASAH1 y GNAO1. Se observé que la
expresion de P53 y KI67 correlacionan con el grado histopatolégico y con la
reincidencia concordando con lo reportado por Alexiou et al. [56]. Ciclina D1 se
sobreexpresa en el 16% de los EP infratentoriales, contrariamente Rogers et al. [57]
reportan que Ciclina D1 es mayor en tumores supratentoriales. IPO7 no ha sido
asociado a cancer, sin embargo, se encontré que IPO7 es sobreexpresado en el
10% de las muestras, correlacionando con la sobrevida. ASAH1 se sobreexpresa
en mas del 80% de los casos, concordando con Doan et al. [58], ellos mencionan
que ASAH1 desempefian un papel significativo en la progresion tumoral. IMMT se
asocia al desarrollo de cancer gastrico [59], en este estudio se encontrd
subexpresado en el 73.3% de las muestras, correlacionando con la sobrevida.

GNAO1 se encontré subexpresado en el 60% de las muestras concordando con
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Zunpancic et al. [60], ellos reportan que en glioblastoma GNAO1 se encuentra

sobreexpresado.

Se sabe que la evolucion de los datos gendmicos y epigendmicos en EP pediatricos
muestra una heterogeneidad significativa de estos tumores basados en la biologia
molecular, esto ha comenzado a arrojar luz sobre la razén de la diversidad de
respuestas clinicas [51]. Se han hecho grandes esfuerzos para refinar los criterios
histolégicos y las categorias de riesgo clinico, no sélo con base en aspecto y
localizacion del tumor, sino también para incluir los hallazgos genéticos
subyacentes. Estos nuevos hallazgos moleculares, estan volviendo evidente que,
en el futuro, los criterios histolégicos pueden ser insuficientes para dirigir el
tratamiento y predecir resultados [61]. Tanto los aspectos gendmicos y
epigendomicos llevan a un cambio en la expresién proteica, por lo cual este
conocimiento puede ayudar a comprender el desarrollo tumoral y aportar
informacion para un candidato a biomarcador pronéstico; por lo tanto, se revisaron
estudios donde analizan los cambios de diversas proteinas en EP pediatricos. Se
encontré que EGFR, EMA, GFAP, NeuN y p53 son caracteristicas de estas
neoplasias y las proteinas: BCL-2, EGFR y NCL estan relacionadas fuertemente
con el desarrollo del EP pediatrico y tienen potencial para ser utilizadas como

marcadores de prondstico (Articulo en preparacion).
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10.Conclusiones

Las regiones cromosomicas 1925, 7q34, 14932 y 22q son importantes en los EP

pediatricos, considerandose a 22q y 1925 como caracteristicas de estos tumores.

Se sugiere que la sobreexpresidon génica de hTERT, ERBB y la expresion proteica
de EGFR, EMA, GFAP, NeuN y p53 son caracteristicas de los EP pediatricos.

La ganancia de 1925 y la sobreexpresion de hTERT tienen potencial para ser

utilizados como marcador prondstico.

Se sugiere que Ciclina D1 se puede encontrar sobreexpresado en EP pediatricos y

no es exclusivo de los ependimomas supratentoriales en pacientes mexicanos.

En EP pediatricos las proteinas ASAH1 y Ki-67 se encuentran sobreexpresadas en
el 86.7% y el 94%, respectivamente. P53, Ciclina D1, GNAO1, IMMT e IPO7 son
subexpresadas en el 76.6%, 60%, 60%, 73.3% y 90%, respectivamente.

Las proteinas Ki-67, p53 y Ciclina D1 correlacionan con el grado histopatologico del
tumor y la reincidencia. IPO7 correlacionan con una menor sobrevida e IMMT con

una mayor sobrevida.

11.Perspectivas

Evaluar la expresion del gen hTERT en ependimomas pediatricos en pacientes

mexicanos, porque es un fuerte candidato a biomarcador molecular.
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Anexo |
Genomics and epigentics: A study of ependimomas in pediatric patients.

Genomics and epigenetics: A study of ependymomas in pediatric patients.

Table $1. Sample features. The features of the patients from whom the samples were
obtained are shown age (Age), gender (Sex), and tumor location (Localization).
Histopathological grade classification was according to the World Health Organization
(Grade) and whether the tumor was de novo or recidivism (Observations). The
ependymomas is highlighted in bold.

Sample Age | Sex | Grade | Localization Observations
Medulloblastoma 1 i 1l Posterior fossa De novo
Ependymoma 15 M 1l Posterior fossa De novo
Medulloblastoma 1 F ll | Posterior fossa De novo
Ependymoma2 15 M 111 | Posterior fossa De novo
Plexus papilloma 0 E | | Posterior fossa De novo
Ganglioglioma 13 M | Posterior fossa De novo
Ependymomal 13 F 1 Spinal cord (L2-L5) | Recidivism
Glioblastoma mukliiforme | 11 M " | Posterior fossa De novo
Ganglioglioma 12 F | | Posterior fossa De novo
Ganglioglioma 11 M l | Posterior fossa De novo
Medulloblastoma 1 F 0] | Posterior fossa De novo
Ependymomad 9 F 1 . Posterior fossa De novo
Germinoma 11 M l Posterior fossa De novao
Astrocytoma B E In Posterior fossa De novo
Transitional Meningioma | 15 F | | Posterior fossa De novo
Medulloblastoma 9 ) v Posterior fossa De novo
Astrocytoma 12 F I Posterior fossa De novo
Astrocytoma 13 F | Posterior fossa De novo
Plexiform Neurofibroma [1 | M [ Posterior fossa De novo
Medulloblastoma 15 M v Posternior fossa De novo
Medulloblstoma 3 M v Posterior fossa De novo
Medulloblastoma 13 M v Posterior fossa De novo
Astrocytoma 4 M 1l Posterior fossa De novo
Sarcoma 6 F v Posterior fossa De novao
Astrocytoma 12 M | | Posterior fossa De novo
Germinoma 13 M 1l Posterior fossa De noveo
Ependymomab 2 F [ Posterior fossa De novo
Germinoma 11 M Il Posterior fossa De novo
Astrocytoma 16 F 1l Posterior fossa De novo
Ependymomab 15 M 1 Posterior fossa De novo
Germinoma 13 M 1l | Posterior fossa De novo
Astrocytoma 5 F i | Posterior fossa De novo
Astrocytoma 11 F | . Posterior fossa De novo
Cortical dysplasia 10 M | Posterior fossa De novao
Astrocytoma 5 F | | Posterior fossa De novo
Germinoma 7 E 1l | Posterior fossa De novo
Astrocytoma 1 F 1l Posterior fossa De novo
Oligodendroglioma 10 M 1 Posterior fossa De novo
Germinoma 15 M 1l Posterior fossa De novo
Plexus Papilloma 2 F | Posterior fossa De novo
Germinoma 12 E 1l | Posterior fossa De novo
Atrocytoma 11 F ll Posterior fossa De novo
Medulloblastoma 3 M v Posterior fossa De novo
Chordoma 1 M 1l Posterior fossa De novo
Astroblastoma 15 = v Posterior fossa De novo
Medulloblastoma 13 M A" | Posterior fossa De novo
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Schawnnoma 15 F | Posterior fossa De novo
Hemangioblastoma 15 M I Posterior fossa De novo
Astrocytoma 2 F I Posterior fossa De novo
Astrocytoma 13 M I Posterior fossa De novo
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Table S2. Methylated genes in Ependymoma. Show the genes (Gene) methylation
changed pattern, in log: value greater than 5 hypermethylation and less than -5
hypomethylation (Status), the percentage observed in samples (%) and the chromosomal
location of the genes (CHR) are indicated. Hyper. Hypermethylation, Hypo.
Hypomethylation

CHR Gene Status Yo
1p13.3 GPSM2 Hypeo | 100%
1p22.1 TGFBR3 Hypo | 100%
1p31.3 JAKT Hypo | 100%
1p31.3 NFIA Hypo | 100%
1p32.1 FGGY Hypo | 100%
1p32.3 SSBP3 Hyper | 100%
1p34.3 POU3F1 Hypo | 100%
1p35.3 SESN2 Hypo | 100%

1p36.11 CLIC4 Hypo | 100%

1p36.13 | ZBTB17 | Hyper | 100%
1p36.21 FLJ37453 Hypo | 100%
1p36.22 SHYPER Hypo | 100%
1p36.31 KLHL21 Hype | 100%

1p36.32 HESS Hypo | 100%
1p36.32 MEGF& Hyper | 100%
1p36.33 MIB2 Hyper | 100%
1921.2 | HIST2ZH2AB | Hypo | 100%
1g21.2 OTUDTE Hyper | 100%
1g921.3 CHRNB2 Hyper | 100%
123 3 KLHDCS Hypo | 100%
1932.1 NAV1 Hypo | 100%
1g42.13 SNAP47 Hypo | 100%
1943 GREM2 Hyper | 100%
1g44 FAM36A Hypo | 100%
1g44 HNRMNPU Hypo | 100%
1q44 ZNFB69 Hypo | 100%
2p13.3 AAKT Hypo | 100%
2pi4 AFTPH Hypo | 100%
2p16.1 PAPOLG Hypo | 100%
2p21 EPAS1 Hypo | 100%
2p23.2 PPP1CB Hypo | 100%
2p24.3 FAMS4A Hypo | 100%
2p25.3 TSSCH1 Hyper | 100%
2q21.1 TUBA3E Hyper | 100%
2q24.1 GPD2 Hyper | 100%

2q31.2 TTC30A | Hypo | 100%
2q32.1 NCKAP1 | Hypo | 100%

2g32.1 NUP35 Hypo | 100%
2q35 IGFBPS Hypo | 100%
3p13 PDZRN3 Hypo | 100%

3pi4.1 MAGIM Hypo | 100%

3pi4.3 WINTSA Hypo | 100%
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3p21.1 CHDH Hypo | 100%
3p21.1 NT5DC2 Hyper | 100%
3p21.31 ZNF187 Hypo | 100%
3p24.2 NR1D2 Hypo | 100%
3q21.2 ZNF148 Hypo | 100%
3g21.3 GATA2 Hypo | 100%
3921.3 ZXDC Hypo | 100%
3q24 HPS3 Hypo | 100%
3q24 PLOD2 Hypo | 100%
3g25.1 MBNL1 Hypo | 100%
3926.33 S0OX2 Hypo | 100%
3g27.1 KLHL24 Hypo | 100%
3929 HES1 Hypo | 100%
4pi16.3 DGKQ Hyper | 100%
4p16.3 PCGF3 Hyper | 100%
412 EXOC1 Hypo | 100%
4g13.3 | PAHYPER1 | Hypo | 100%
4g22.1 PKD2 Hypo | 100%
5p15.33 CEP72 Hyper | 100%
5q11.2 SKIV2ZL2 Hypo | 100%
5q13.2 OCLN Hypo | 100%
5q13.2 SERF1A Hypo | 100%
5q14.3 ARRDC3 Hypo | 100%
5g23.2 CEP120 Hypo | 100%
5q31.1 | CDC42SEZ2 | Hypo | 100%
5q31.2 MATR3 Hypo | 100%
5q35.1 FGF18 Hypo | 100%
6p22.1 HIST1H1B Hypo | 100%
6p22.2 HIST1H3EB | Hypo | 100%
6p22.2 | HIST1H3F | Hypo | 100%
6p22.2 TRIM38 Hypo | 100%
6p22.3 HDGFL1 Hyper | 100%
6p25.3 EXOC2 Hyper | 100%
6q14.3 | SNORDS0B | Hypo | 100%
6qg21 FOXO03 Hypo | 100%
6g23.2 AKAPT Hypo | 100%
6q24.1 CITED2 Hypo | 100%
6g24.2 PHACTR2Z2 Hypo | 100%
6g25.1 UsT Hyper | 100%
6q26 PARKZ Hyper | 100%
6926 QKl Hypo | 100%
6q27 PHF10 Hypo | 100%
7pi14.3 RPY Hypo | 100%
7pi5.2 TAX1BP1 Hypo | 100%
Tp22.1 TNRC18 Hypo | 100%
7p22.3 ADAP1 Hyper | 100%
Tp22.3 GET4 Hyper | 100%
Tp22.3 MAD1TL1 Hyper | 100%
7p22.3 PRKAR1B | Hyper | 100%

79



Genomics and epigenetics: A study of ependymomas in pediatric patients.

Tp22.3 UNCX Hypo | 100%
7q22.1 CuUXx1 Hypo | 100%
7931.33 | GHYPERS Hypo | 100%
7934 UBN2 Hypo | 100%
8p21.3 GFRAZ Hyper | 100%
8p21.3 SLC39A14 Hypo | 100%
8p22 EFHA2 Hypo | 100%
8p23.3 ERICH1 Hypo | 100%
Bq12.1 CHDT Hypo | 100%
8qi2.1 UBXN2B Hypo | 100%
8q12.3 BHLHEZ22 Hyper | 100%
8q13.1 MYBL1 Hypu | 100%
8q13.1 TCF24 Hypo | 100%
8g21.13 ZNF704 Hypo | 100%
8g21.2 REXO1L1 Hyper | 100%
8g21.2 REXO1L2P | Hyper | 100%
8923.1 EIF3E Hypo | 100%
8g24.21 MYC Hypo | 100%
Bg24.3 | ARHGAP39 | Hyper | 100%
8g24.3 MAFA Hypo | 100%
8g24.3 ZC3H3 Hyper | 100%
9q22.32 PTCHA1 Hypo | 100%
8g34.13 GTF3C4 Hypo | 100%
9q34.2 REXO4 Hypo | 100%
8g34.3 ABCAZ2 Hyper | 100%
8q34.3 CAMSAP1 Hypo | 100%
9g34.3 EHMT1 Hyper | 100%
2q34.3 EXD3 Hyper | 100%
10p13 SEPHS1 Hypo | 100%
10pi4 FLJ45883 | Hypo | 100%
10p14 ITIHS Hyper | 100%
10p15.3 ADARB2 Hyper | 100%
10p15.3 DIP2C Hyper | 100%
10p15.3 | ZMYND11 | Hypo | 100%
10g21.1 TFAM Hypo | 100%
10g21.3 EGR2 Hypo | 100%
10g23.2 GLUD1 Hypo | 100%
10g23.21 PTEN Hypo | 100%
10g24.1 TM9SF3 Hypo | 100%
10g24.2 HPSEZ2 Hyper | 100%
10g25.1 SORCS3 Hypo | 100%
10g25.3 GFRA1 Hypo | 100%
10g25.3 TRUB1 Hypo | 100%
10g25.3 WVAXA Hypo | 100%
10g26.3 EBF3 Hypo | 100%
11p11.2 CHST1 Hyper | 100%
11p11.2 PRDM11 Hypo | 100%
11pi15.1 E2F8 Hypo | 100%
11p15.1 GTF2H1 Hypo | 100%
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11p15.5 CDHR5 Hyper | 100%
11pi15.5 EPS38L2 Hyper | 100%
11p15.5 LRRC56 Hyper | 100%
11p15.5 MUcCs Hyper | 100%
11pi15.5 TALDO1 Hypo | 100%
11gi2.2 MS4A15 Hyper | 100%
11g12.3 | HNRNPULZ | Hypo | 100%
11q13.1 MARK2 Hyper | 100%
11g13.1 | RPS6KA4 | Hyper | 100%
11g13.2 PITPNM1 Hyper | 100%
11g13.2 | SUV420H1 Hypo | 100%
11g913.3 CCND1 Hypo | 100%
11913.3 FGF19 Hypo | 100%
11g13.4 | KRTAPS5-11 | Hyper | 100%
11g21 SESN3 Hypo | 100%
11923.3 HZAFX Hypo | 100%
11g24.3 FLH Hyper | 100%
11g25 B3GAT1 Hyper | 100%
12p11.21 YARSZ Hypo | 100%
12q12 TWF1 Hypo | 100%
12211 RAB21 Hypo | 100%
12q21.2 NAP1L1 Hypo | 100%
12923.2 ARLA1 Hypo | 100%
12923.3 CHST11 Hyper | 100%
12q24.13 DDX54 Hypc | 100%
12924.33 NOCA4L Hyper | 100%

Hypo 80%

12924.33 ZNF84 Hyper | 20%
13gi12.11 GJA3 Hypo | 100%
13g12.11 IFT88 Hypo | 100%
13q12.12 | C1QTNFS8 | Hyper | 100%
13g14.11 NAA1BE Hypo | 100%
13g931.3 GPCBE Hypo | 100%
13q34 F7 Hyper | 100%
13q34 GASSE Hyper | 100%
13934 | MCF2L-AS1 | Hypo | 100%
14g13.2 BAZ1A Hypo | 100%
14g23.1 PPM1A Hypo | 100%
14q32 32 EIF5 Hypo | 100%
14932.33 JAGZ2 Hyper | 100%
15g11.2 | TUBGCPS Hypo | 100%
15g13.2 FAM7A3 Hyper | 100%
15g24.3 LINGO1 Hyper | 100%
15926.3 DNM1P46 | Hyper | 100%
15g26.3 WASH3P Hypo | 100%
16p12.1 TNRCEA, Hypeo | 100%
16p12.2 POLR3E Hypo | 100%
16p13.2 Usp7y Hypo | 100%
16p13.3 | CI1QTNF8 | Hyper | 100%
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16p13.3 | CACNA1H | Hyper | 100%
16p13.3 CLCN7 Hyper | 100%
16p13.3 LMF1 Hyper | 100%
16p13.3 MAPKSIF3 Hyper | 100%
16g22.1 NFATC3 | Hypo | 100%
16g23.1 | TERF2IP | Hypo | 100%
16923.2 MAF Hypo | 100%
16q24.2 BANP Hyper | 100%
16824 3 ANKRD11 Hyper | 100%
16924.3 CDK10 Hypo | 100%
16qg24.3 CPNE7 Hyper | 100%
16g24.3 | FAM38A | Hyper | 100%
16q24.3 SPIRE2 Hyper | 100%

1725.3 BAHCC1 Hypo | 100%

17q12 PIP4K2B | Hyper | 100%

17q12 SLFN13 Hyper | 100%
17921.31 ASB16 Hyper | 100%
17g23.1 | RPS6KB1 | Hypo | 100%
17g23.2 | MARCH10 | Hypo | 100%
17923.3 | SMARCD2 | Hypo | 100%
17g25.1 | AHYPERG? | Hyper | 100%
17925.1 SRSF2 Hypo | 100%
18p11.21 PSMG2 Hypo | 100%
18g11.2 ZNF521 Hypo | 100%
18q12.3 PIK3C3 Hypo | 100%
18g21.1 CXXC1 Hypo | 100%
18g21.1 SMAD7 Hypo | 100%
18g21.31 | ONECUT2Z2 Hypo | 100%
18922.3 FBXO15 Hypo | 100%

18023 ATPSB Hyper | 100%
19p13.11 CRTC1H Hypo | 100%
19p13.11 KLHL26 Hyper | 100%
19p13.11 PLVAP Hyper | 100%
189p13.2 MAST1 Hyper | 100%
18p13.2 RAB11B Hyper | 100%
18p13.3 | ARID3A | Hyper | 100%
18p13.3 EEF2 Hyper | 100%
19p13.3 GRIN3B Hyper | 100%
19p13.3 LONP1 Hyper | 100%
19p13.3 PCSK4 Hyper | 100%
189p13.3 PTPRS Hyper | 100%
19p13.3 SAFB Hypo | 100%
18p13.3 SBNO2 Hyper | 100%
19p13.3 UHRF1 Hyper | 100%
19913.12 | CAPNS1 Hypo | 100%
19g13.2 | ARHGEF1 Hyper | 100%
18913.2 LTBP4 Hyper | 100%
19q13.32 | CD3EAP | Hypo | 100%
19g13.32 PRKD2 Hyper | 100%

82



Genomics and epigenetics: A study of ependymomas in pediatric patients.

19q13.33 NOSIP Hyper | 100%
19q13.33 FNKF Hyper | 100%
19q13.42 | CCDC106 | Hyper | 100%
19g913.42 FAM71E2 Hypo | 100%
19q13.42 TSEN34 Hyper | 100%
19q13.42 UZAF2 Hyper | 100%
19913.42 ZNFEB65 Hyper | 100%
19q13.43 | ZNF787 | Hyper | 100%
20p11.23 INSM1 Hypo | 100%
20p11.23 | SLC24A3 Hyper | 100%
20p12.2 MKKS Hypo | 100%
20p12.3 BMPZ Hypo | 100%
20p13 NOP56 Hypo | 100%
20p13 sSoX12 Hypo | 100%
20g11.23 ACTRS Hypo | 100%
20q13.12 NCOAS Hypo | 100%
20913.13 KCNGH1 Hyper | 100%
20g13.13 | MOCS3 Hypo | 100%
20q13.2 ZFPB4 Hypo | 100%
20q13.31 SPO11 Hyper | 100%
20g13.33 CDH4 Hyper | 100%
20q13.33 CHRNA4 Hyper | 100%
20g13.23 KCNQ2 Hyper | 100%
20g13.33 LAMAS Hyper | 100%
20q13.33 | PCMTD2 Hyper | 100%
20g13.33 S818L1 Hypo | 100%
21p11.1 TPTE Hyper | 100%
21922.2 HMGN1 Hypo | 100%
22q911.1 CECRS5 Hyper | 100%
22q11.21 GP1EB Hyper | 100%
22q12.2 NEFH Hypo | 100%
22913.33 PLXNB2 Hyper | 100%
Xp22.11 EIF253 Hypo | 100%
Xp22 2 TCEANC | Hypo | 100%
¥Yp11.32 PPFZR3B Hyper | 100%
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Table S3. Correlation of methylation in EP with reports in other cancer in NCBI. The
{Gene) genes were consistent with changes in the EP methylation pattern (Status EP) and
how they have been reported (Report) for other neoplasms (Cancer). The location within
the chromosome was indicated (CHR). The most important status of methylation is
highlighted in bold.

1

CHR Gene EP Status Y Status Reported Cancer
[ 1p221 TGFBR3 Hypo 100% Hyper16] Bladder
1p36.32 | HESS Hypo | 100% Hyper17] Rifimant
: Leukemia
| 1p36.33 MiB2 Hyper 100% Hyper[21] Melanoma
| 19321 NAWVA1 Hypo 100% Hyperi15] Breast
[ 2p21 EPAS1 Hypo 100% Hyper20] Colorectal
| 2p243 FAMB4A Hypo 100% Hyperj28] Breast
| 3pi14A1 MAGI1 Hypo 100% Hyperj14] Leukemia
| 3p14.3 VWINTSA Hypo 100% Hyper[1] Colorectal
| 3g21.3 GATAZ2 Hypo 100% Hyper23] Lung, Leukemia |
[ 5g132 OCLN Hypo 100% Hyper[8] Hepatocellular
| ogl4.3 ARRDCS Hypo 100% Hyperf25] Breast
| 5g31.2 MATR3 Hypo 100% Hypo[27] Leukemia
5035.1 FGF18 Hypo 100% Hypo[11] Gasrtric
6g26 PARK2 Hyper 100% Hyper[2] Leukemia
| 6926 QKl Hypo 100% Hyperf3] Grasiric
| 9q22.32 PTCH1 Hypo 100% Hyperf29] Gastric
| 10p14 FLJ45983 Hypo 100% Hypern13] Breast
| 10pi14 ITIHS Hyper 100% Hyper[13] Colon
| 10g25.3 WA Hypo 100% Hyperf19] Lung
| 10g26.3 EBF3 Hypo 100% Hyper[22] Leukemia
| 11p15.5 CDHRS5 Hyper 100% Hyperi4] Colorectal
| 11p15.5 Muce Hyper 100% Hyper[24] Colorectal
| 12q23.3 | CHST11 Hyper 100% Hypo[12] Breast
| 13g31.3 GPC6 Hypo 100% Hyperf10] Colorectal
| 169221 NFATC3 Hypo 100% Hyper[7] Cvarian
| 169243 | FAM3BA Hyper 100% Hypo[6] Gastric
| 18q12.3 PIK3C3 Hypo 100% Hyper26] Breast
| 20g13.33 CDH4 Hyper 100% Hyper[9] Nasopharyngeal
| 22q12.2 NEFH Hypo 100% Hyper[5] Breast
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Table S4. Gene expression in Ependymoma. Show genes (Gene) with expression
changes. Overxpression or underexpression (Status), the percentage in samples (%)
and the chromosomal location (CHR) are indicated. Over. Overexpression and Under.
Underexpression.

CHR Gene Status %
1p36.22 NPPA Under | 100%
1p36.32 MORN1 Under | 100%
1p36.21 AGMAT Under | 100%
1p36.13 CAPZB Under | 100%
1p36.12 ALPL Under | 100%
1p36.12 KIF17 Under | 100%

1p35.2 HCRTRA1 Under | 100%
1p32.1 MYSM1 Over | 100%
1p32.1 DAB1 Under | 100%
1p22.2 ZNF&44 Owver | 100%
1p21.3 ABCD3 Under | 100%
1p13.3 GNAI3 Ower 100%
1p13.3 ATANTLZ Under | 100%
1p13.2 PHTF1 Owver | 100%
1p13.2 DCLRE1B Over | 100%
1p13.1 CD58 Over | 100%

1pi12 FAM4&C Over | 100%
1g21.3 S100A1 Under | 100%
1g23.1 PYHIN1 Under | 100%
1923.3 LY9 Under | 100%
1g32.1 CHIT1 Under | 100%
1923.1 IFl18 Over | 100%
1g31.3 PTPRC Owver 100%
1g32.1 SLC45A3 Under | 100%
1g32.1 TMCC2 Under | 100%
1g32.3 BATF3 Under | 100%

1g41 CENPF Over | 100%

1g41 FAM177B Under | 100%
1g42.12 LBR Owver | 100%
1g42.12 TMEMB3A Under | 100%

1g42.3 B3GALNT2 Owver | 100%

1g42.3 ERCILB Under | 100%

o,

1943 RGS7 ModsrBan
2p25.1 PQLC3 Over | 100%
2p25.1 FLJ33534 Under | 100%
2p25.1 TAF1B Over | 100%
2p23.3 EFR3B Under | 100%
2p23.1 CAPN13 Under | 100%

2p22.1 THUMPD2 Over | 100%

2p21 LRPPRC Ower 100%

2p21 SIX3 Under | 100%
2p13.2 DYSF Under | 100%
2p13.1 ALMS1P Owver | 100%

2p13.1 MTHFD2 Owver | 100%
2p11.2 IMMT Over | 100%
2p11.2 cDsB Under | 83%
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Over 17%
2q11.1 MAL Under | 100%
2g12.3 LIMS1 Ower 100%
2913 ACOXL Qver | 100%
2q13 BCL2L11 Over 100%
Under | 66%

2q14.1 DPP10 e 34%
2921.3 UBXN4 Owver 100%
2g923.3 PRPF40A Over | 100%
2q24 .1 ERMN Under | 100%
2q24.2 IFIH1 Over | 100%
2024.2 LY75 OQver | 100%
2q24.2 RBMS1 Quer 100%
2g31.1 ITGAS Over | 100%
2g31.1 CDCAT Over | 100%
2g31.1 ZAK Over | 100%
20321 TFPI Over | 100%
2q32.2 SLC40A1 Over | 100%
2g32.2 STAT1 Over | 100%
29331 CFLAR Over | 100%
2q33.1 CLK1 Owver 100%
2g937.1 SP100 Over | 100%
2037.2 ASR18 Lindar | 100%
Under | 83%

2g931.3 NEUROD1 Over 17%
2q37.3 PASK Owver | 100%
3p25.3 CPNE9 Under | 100%
3p22.3 CMTM6E Over | 100%
3p22.1 MOBP Under | 100%
3p21.31 ZNF589 Over | 100%
3giz2.3 SENP7 Over | 100%
3qi13.11 CELB Owver 100%
3g21.1 PARP14 Over | 100%
3q25.32 MFSD1 Over 100%
3g25.33 SMC4 Over | 100%
3g26.2 MY NN Over | 100%
3q27.1 HSP30AASP Under | 100%
4p15.2 Pl4K2B Over | 100%
4g12 CEP135 Over 100%
4g12 KIT Over | 100%
4g21.21 ANTXR2 Over | 100%
4q21.22 MOP-1 Under | 100%
4921.23 HPSE Qver | 100%
49221 HERCS Dwver 100%
4924 DDIT4L Over | 100%
4925 SETP20 Over | 100%
4g931.21 SMARCAS Over 100%
4g31.3 KIAAQD22 Qver | 100%
49341 HMGB2 Over | 100%
4g35.2 DUX4 Under | 100%
Under | 50%

5p13.2 SPEF2 o £0%
5g11.1 EMB Over | 100%
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5q11.2 MIER3 Owver | 100%
5q13.2 OCLN Over | 100%
5q15 ERAP2 Owver 100%
5q15 GPR150 Under | 100%
5q34 HMMR Ovwver 100%
5g35.1 GABRP Under | 100%
5q35.1 NEURL1E Under | 100%
5q35.1 NKX2-5 Under | 100%
5q35.2 CPLX2 Under | 100%
5q33.3 CLINT1 Over 100%
5q31.3 DIAPH1 Owver | 100%
5q33.3 MIPAL4 Under | 100%
5q31.3 PCDHGA7T Under | 100%
5q31.3 RELLZ2 Under | 100%
6p24.3 S5R1 Over | 100%
6p24.3 DsP Owver | 100%
6p22.3 RNF144B Over | 100%
6p22.2 BTN3AZ Over | 100%
6p22.1 MOG Under | 100%
6p21.32 PFDN6 Under | 100%
6p21.31 GGNEP1 Under | 100%
6p21.31 IPEK3 Under | 100%
6p21.1 CDGCSL Over | 100%
6p12.1 ZNF451 Owver | 100%
6q13 cD109 Over | 100%
Under | 83%

6q15 CNR1 Over 175,
6g21 BEND3 Under | 100%
6g21 SESN1 Ower | 100%
6g21 SLC16A10 Under | 100%
6q25.1 NUP43 Over | 100%
6p22.1 UBD Ower | 100%
6g25.1 ZBTB2 Over | 100%
65g25.2 FBXO5 Owver 100%
6g923.3 BCLAF1 Over | 100%
6g14.3 SYNCRIP Over | 100%
6g22.31 MAMNTAT Dwver 100%
6022.31 MCMg Over | 100%
6g22.33 LAMAZ Ovwver 100%
6g25.3 ZDHHC14 Under | 100%
p21.1 SP8 Under | 100%
Tp14.3 CPVL Ovwver 100%
p14.3 WIPF3 Under | 100%
7p13 CCM2 Under | 100%
7p13 NACAD Under | 100%
Under | 83%

Tp11.2 VETM2A Over 17%
p11.2 CCTBA Over | 100%
7g21.2 SAMDSL Over | 100%
7g911.21 TYW1 Owver | 100%
7q22.1 ACTLGB Under | 100%
7q22.1 SH2B2 Under | 100%
Tg34 JHDM1D Over | 100%
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Tq34 PRSS1 Under | 100%
7gq36.1 ACCN3 Under | 100%
7g36.1 EZH2 Over | 100%
7g936.1 GIMAPZ2 Qver | 100%
7q386.1 ZMNF487 Under | 100%
§p23.1 FAMSED Under | 100%

8p22 ASAH1 Over | 100%
8p21.3 LOXLZ2 Over | 100%
8p21.3 LZTSA Under | 100%
8p21.3 LPL Over | 100%
8p21.2 BNIP3L Over | 100%
8g12.3 BHLHE22 Under | 100%
8q13.1 PDETA Over | 100%
8g22.1 INTS8 Over | 100%
8q22.3 DCAF13 Over | 100%
8g24.12 SNTB1 Over | 100%
8g24.12 TAF2 Over | 100%
892413 ATAD2 Over | 100%
8g24.13 FAMS1A1 Over | 100%
8g24.21 ASAP1-IT1 Over | 100%
8g24.3 FLJ43860 Under | 100%
8g24.3 MAFA Under | 100%
8g22.3 PABPC1 Under | 100%
8g24.3 PTK2 Under | 100%
g9p24.1 KIAA1432 Over | 100%
9p22.3 MGC24103 Over | 100%
9p13.3 ATPBBESP Over | 100%
9p13.3 ENHO Under | 100%
9p13.3 PRSS3 Under | 100%
gp11.2 KGFLP1 Under | 100%
9g21.11 PGMS5P2 Over | 100%
9qg22.2 SEMA4D Under | 100%
9g22 .33 TRIM14 Under | 100%

9q32 KIF12 Under | 100%
9g34.2 SARDH Under | 100%
9g34.3 LCN15 Under | 100%
10p15.3 TUBBS Under | 100%
10p14 UPF2 Qver | 100%
10p12.1 MYO3A Under | 100%
10g21.1 ZWINT Qver | 100%
10g21.2 CDEKE1 Over | 100%
10g21.3 JMJDAC Over | 100%
10g22.1 NPFFR1 Under | 100%
10g22.2 DUSP13 Under | 100%
10g22.2 NDST2 Under | 100%

10g23.33 KIF11 Over | 100%
10g24.1 RRP12 Under | 100%
10g24.2 ANKRD2 Under | 100%

10g26.13 NKX1-2 Under | 100%
10g26.3 MNKX6-2 Under | 100%
11p15.5 BET1IL Under | 100%
11p15.4 HBB Under | 100%
11p15.4 HBD Under | 100%
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11p15.4 HBG1 Under | 100%
11pi15.4 IPO7 Qver 100%
11p14.1 HSPaDAA2 Over | 100%
11p13 CD44 Over | 100%
11p11.2 PEX186 Under | 100%
11g13.1 MNEAT1 Owver | 100%
11g13.2 CNIH2 Under | 100%
11q13.2 SUV420H1 Over 100%
11g13.2 S¥YT12 Under | 100%
11q13.3 GAL Under | 100%
11g13.3 GAL3ST1 Under | 100%
11g21 MRE11A Over | 100%
11g23.1 IL18 Qver 100%
11g24.1 SCN3B Under | 100%
12p13.32 PARP11 Over | 100%
12p13.31 MNANOG Over | 100%
12p13.2 ETVE Under | 100%
12p13A1 ATF7IP Over 100%
12p13.1 GSG1 Under | 100%
12p13.1 PLBD1 Over | 100%
12913.12 WNT10B Under | 100%
12p11.21 FAMGOA Over | 100%
12q15 MDM2 Ower 100%
12g21.1 KCNC2 Under | 100%
12921.33 BTG1 Over | 100%
129231 TMPO Over 100%
12q23.2 DRAM1 Owver | 100%
12g24.13 NAA2S Over | 100%
12q24.22 RNFT2 Under | 100%
12923.3 HSP20B1 Over | 100%
12g924.31 B3IGNT4 Under | 100%
12q24.31 KNTC1 Over 100%
13gi12.11 SKA3 Over | 100%
13q13.2 RFC3 Owver 100%
13g14.11 MTRF1 Over | 100%
13g22.1 KLF12 Over | 100%
14q11.2 RMNASE13 Under | 100%
14913.2 SRP54 Over | 100%
14913.3 PAXS Under | 100%
14g22.2 WDHD1 Over | 100%
14923.2 SYNEZ2 Over | 100%
149241 DCAF5 Over 100%
149241 RDH12 Under | 100%
14924.2 PAPLN Under | 100%
Under | 83%

15q13.3 SCGS e 17%
15q15.1 CHACA1 Under | 100%
15g15.1 NUSAP1 Over | 100%
15q15.1 QIP5 Owver | 100%
15q15.1 RADS1 Over 100%
15g921.1 B2ZM Over | 100%
156g22.2 ANXAZ Over 100%
15q922.2 CCNB2 Over | 100%
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15q22.31 KIAADTO1 Owver | 100%
15q22.31 PLEKHO2 Under | 100%
15q922.31 SNX22 Under | 100%
15g922.31 ZWILCH Over | 100%
15923 FEM1B Over | 100%
15g24.1 CPLX3 Under | 100%
159241 SEMATA Under | 100%
15026.1 I1QGAP1 Over | 100%
15g926.1 Sv2B Under | 100%
15026.3 TARSL2 Owver 100%
16p13.3 HBAZ2 Under | 100%
16p13.3 HBM Under | 100%
16p13.3 HBQ1 Under | 100%
16p13.3 ARHGDIG Under | 100%
16p12.3 ACSMS Under | 100%
16p12.2 PRKCB Under | 100%
16p11.2 ZNF267 Over | 100%
Under | 66%

16g12.1 NETO2 Over 349,
16g12.2 GNAO1 Under | 100%
16g22.1 RLTPR Under | 100%
16g23.1 FAZH Under | 100%
16g24.1 ADADZ Under | 100%
16g24.2 KLHDC4 Under | 100%
16g924.3 DBNDD1 Under | 100%
17p13.1 ALOX15B Under | 100%
17p11.2 TRPVZ2 Under | 100%
Under | 83%

17911.2 CDK5R1 Sar 1,
17g11.2 EVI2A Under | 100%
17912 CACNE1 Under | 100%
17q12 CISD3 Under | 100%
17921.2 HSPB9 Under | 100%
17g21.31 ACBD4 Under | 100%
17g21.31 BRCA1 Over | 100%
17g21.32 ITGE3 Owver | 100%
17g21.32 NPEFPS Ovwver 100%
17g21.32 RPRML Under | 100%
17g21.32 SNX11 Under | 100%
17g21.33 LUCTL3 Ower | 100%
17922 FLJ44342 Over | 100%
17g25.1 AANAT Under | 100%
17g925.1 GALK1 Under | 100%
17g25.3 DNAHA7 Under | 100%
17g925.3 FMN3K Under | 100%
17925.3 TMCB Under | 100%
17925.3 TSPAN1D Under | 100%
18p11.32 NDC80 Owver | 100%
18p11.32 SMCHD1 Over | 100%
18p11.32 THOCA Owver | 100%

Under | 50%

18g11.2 AQP4 o 0%
18g22.3 CNDP1 Under | 100%
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18923 MBP Under | 100%
19p13.3 FGF22 Under | 100%
19p13.3 HCNZ2 Under | 100%
19p13.3 MADCAMA Under | 100%
19p13.3 MATK Under | 100%
19p13.3 MIR7-3HG Under | 100%
19p13.3 NFIC Under | 100%
19p13.3 SEMAGB Under | 100%
19p13.3 TMIGDZ2 Under | 100%
19p13.2 CLEC4G Under | 100%
19g13.2 PPP1R14A Under | 100%
189g13.2 SARSZ2 Under | 100%
19p13.2 FNFB823 Owver 100%
19p13.2 FLJ22184 Under | 100%

19p13.11 DDA Under | 100%
19p13.11 GTPBP3 Under | 100%
19p13.11 KCNN1 Under | 100%
19p13.11 YJEFN3 Under | 100%

19p12 ZNF208 Owver | 100%

19p12 ZNF254 Over | 100%

19p12 ZNF429 Owver 100%

19pi2 ZNF714 Over | 100%

19pi2 ZNF738 Owver | 100%

19g913.12 FFAR1 Under | 100%
19g13.12 MAG Under | 100%
19g913.12 ZBTB32 Under | 100%
19913.31 ZNF224 Over | 100%
19913.32 BLOC1S3 Under | 100%
19q13.32 DHX34 Under | 100%
19g13.32 RTN2 Under | 100%
19q13.32 SNAR-C4 Under | 100%
19q913.33 GLTSCR1 Under | 100%
19q13.33 MYBPC2 Under | 100%
19q913.33 SYNGR4 Under | 100%
19913.41 ZNF137P Over | 100%
19q913.41 ZNF200 Over | 100%
19913.41 ZNF432 Ower 100%
19q13.41 ZNF468 Over | 100%
19g913.41 ZNF&00 Over 100%
19g13.42 LENG1 Under | 100%
19g913.42 PRKCG Under | 100%
19g913.42 THNNI3 Under | 100%
19g13.42 THNNTA Under | 100%
19q13.42 ZNF525 Over | 100%
19q913.43 A1BG Under | 100%
Under | 83%

20p12.2 SNAP25 Over 1T%
20p11.23 SNX5 Over | 100%
20q11.23 DSN1 Owver 100%
20g12 PROOG28 Owver | 100%
20g13.12 ADA, Under | 100%
20g13.2 ZNF217 Over | 100%
20g13.33 HAR1A Under | 100%
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21g22.11 GART Over | 100%
21g22.11 GCFC1 Over | 100%
21g22.11 OLIG2 Under | 100%
21g22.3 AIRE Under | 100%
21g22.3 KRTAP10-3 Under | 100%
21g22.3 MCM3AP-AS1 Over | 100%
22g11.21 BID Under | 100%
22q911.21 GEC2 Under | 100%
22g11.21 SLC7A4 Under | 100%
22q12.2 SEC14L3 Under | 100%
22q13.1 GALR3 Under | 100%
22q13.1 RAC2 Under | 100%
22q13.1 SLC16A8 Under | 100%
22g13.1 SUN2 Under | 100%
22q13.2 MEI Under | 100%
22q12.2 MTFP1 Under | 100%
22q13.2 POLDIP3 Under | 100%
22q13.2 RRPT7TA Under | 100%
22q13.2 SCUBE"1 Under | 100%
22q13.2 TNFRSF13C Under | 100%
22g913.31 KIAADS30 Under | 100%
22g13.31 PRRS Under | 100%
22q913.33 MAPK11 Lindar | 100%
22g13.33 PANX2 Under | 100%
Xp11.21 ALASZ Under | 100%
Xpl1i1.4 CYBB Over | 100%
Xp11.4 MED14 Owver | 100%
Xp22.2 CA5B Over | 100%
Xp22.2 TXLNG Owver | 100%
Xp22.33 CRLF2 Under | 100%
Xp22.33 SHOX Over | 100%

Under | 50%

Xg13.2 XIST o 50%
Xg21.1 ATP7A Over | 100%
Xg22.1 RPL36A-HNRNPH2 | Over | 100%
Xg22.1 ZMATH Over | 100%
Xg22.3 RBM41 Owver | 100%
Xg23 TMEM164 Under | 100%
Xg24 DOCK11 Over | 100%
Xg26.3 FAM122C Over | 100%
Xg28 RENBP Under | 100%
Ypi11.2 PREY Owver | 100%
Yp11.2 TGIF2LY Under | 100%
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Table S5. Correlation between expression status and the literature. Genes with
expression change (Gene) in EP (EP Status) that were consistent with those reported in
other neoplasms (cancer) and how they have been reported (Literature). The locations of
genes within the chromosome are indicated (CHR).

CHR Gene EP Status %a Status Cancer
1p21.3 ABCD3 Under 100% Over[32] Prostate
1p13.3 ATXNTL2 Under 100% Overf46] Lung
1p13.3 GMNAIZ Over 100% Under[49] Hepatocellular
1p13.1 CD58 Over 100% Over47] Colorecial
1g42.3 | B3GALNT2 Over 100% Over25] Breast

Under[53 Prostate
2p21 LRPPRC Over | 100% Dverﬁ 7]1 By
2p21 SIX3 Under 100% Under[27] Lung

2p13.1 MTHFD2 Over 100% Over[20] Breast
2g21.3 UBXN4 Over 100% Over|[33] Colon
2g24.2 LY7S Over 100% QOver6] Ovarian
3q13.11 CBLB Over 100% Under[16] Gastric
4g31.21 | SMARCAS Over 100% Over]13] Breast

5915 ERAP2 Over 100% Over43] Gbm
5g31.3 DIAPH1 Over 100% Over19] Colorectal
5g35.2 CPLX2 Under 100% Over14] Neuroendocrine
6p22.2 BTN3A2 Over 100% Over][15] Owarian
6p21.1 CDCSL Over 100% Over[24] Osteosarcoma

6013 cD109 Over 100% Over[11] Pancreatic
6g25.1 ZBTB2 Over 100% Under[45] Gasiric
60253 ZDHHC14 Under 100% Overj29] Gasiric
6g23.3 BCLAF1 Over 100% Over[54] Colon

Over|26] Prostate
Over[34] Breast
8p22 ASAH1 Over 100% Over[28] Coloracial
Overf10] Ovarian
8g13.1 PDETA Over 100% Over[48] Endomeirial
Over[52] Cervical
892413 AlADZ Over 1004% Over|12] Hepatocelluiar
Over44] Ovarian
9p13.3 PRSS3 Under 100% Over[23] Owarian
12p13.2 ETV6E Under 100% Under[18] Lung
Gasiric
12g21.33 BTG1 Over 100% | Over[51] [22] Thyroid
12g23.2 DRAMA1 Over 100% Overj4] Gbm
13g13.2 RFC3 Over 100% Over]36] Owvarian
Breast
15q15.1 CHAC1 Under 100% Over(7] R
15q15.1 NUSAP1 Over 100% Over[9] Prostate
15g15.1 OIP5 Over 100% Over[8] Renal
15022.31 | KIAAD101 Over 100% Over[39] Hepatic
15923 FEM1B Over 100% Overf40] Colon




Genomics and epigenetics: A study of ependymomas in pediatric patients

16p11.2 ZNF267 Over 100% Over][35] Hepatocellular
Under 66%
16gq12.1 NETO2 Over 349 Over[30] Lung
Under{31] Hepatocellular
16g12.2 GMNAO1 Under 100% Over[21] Gastric
17g21.31 BRCA1 Over 100% Over[38] Breast
18p11.32 THOC1 Over 100% Owverl2] Prostate
Under 50%
18g11.2 AQP4 Over 50% Overi3] GBM
18g22.3 CNDP1 Under 100% Underis] GBM
Over1] Cervical
19g13.43 A1BG Under 100% [41] Pa iic
Over][50] Colorectal
20g13.2 ZNF217 Over 100% [37] Cashiae
21g22.11 ouG2 Under 100% Over[42] GBM
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Table S6. Correlation between chromosomal abnormalities and methylation in
Ependymoma. Genes (Gene) with methylation changes in EP (Status), correlated with
the chromosomal alterations (CHR), by region, are show for each of the samples (EP1,

EFP2, EP3, EP4, EP5 EP6) the percentage of samples is indicated (%). Hyper.
Hypermethylation; Hypo. Hypomethylation; A. Amplification; D. Deletion.
aCGH Methylation

CHR EP1 | EP2 | EP3 | EP4 | EP6 Gene Status Y
1p31.1 D D A D | STEGALNAC3 | Hypo | 100%
1p31.1 D D A D SRSF11 Hypo | 100%
1p31.1 D D A D NEGRA1 Hypo | 100%
1921.3 D D D D TCHH Hypo | 100%
1921.3 D D D D RPRD2 Hypo | 100%
1921.3 D D D D ILF2 Hypo | 100%
1g21.3 D D D D CHRNB2 Hyper | 100%
2p11.2 A A A A RPIA Hyper | 100%
2p11.2 A A A A RGPD1 Hyper | 100%
3p22.2 A A A GOLGA4 Hypo | 100%
7p13 A A A STK17A Hypo | 100%
7p13 A A A POLD2 Hypo | 100%
Tp15.2 A A A HIBADH Hypo 100%
7934 D D D ZC3HAWA Hypo | 100%
7934 D D D UBN2 Hypo | 100%
7q34 D D D EPHEBG Hypo | 100%
8p11.23-p1122| D D A D BAG4 Hypo | 100%
10g21.1 A A A TFAM Hypo | 100%
11p15.4 A A A MRPL17 Hypo | 100%
12p13.31 D A D TP Hypo | 100%
12p13.31 D A D LRRC23 Hyper | 100%
149242 A A A ENTPD5 Hypo | 100%
14932.33 A A A A KIF26A Hypo | 100%
14g32.33 A A A JAG2Z2 Hyper | 100%
14q32.33 A A A CRIP2 Hyper | 100%
15g11.2 D D D D TUBGCPS Hypo | 100%
17g12 D D D SNORAZ21 Hypo | 100%
17912 D D D SLFN13 Hyper | 100%
17gi2 D D D RASL10B Hyper | 100%
17gi2 D D D PIP4K2B Hyper | 100%




Genomics and epigenetics: A study of ependymomas in pediatric patients.

Table S7. Correlation between methylation and expression. This shows the genes
(Gene) with change in the methylation pattern (Status) that correlate with gene expression

(Status); is indicated the chromosomal location (CHR) and the samples percentage (%).

Methylation Expression

CHR Gene Status Y Status %
1p13.1 CD58 Hyper | 100% | Over | 100%
1p13.2 DCLRE1B Hypo | 100% | Over | 100%
ip13.2 PHTF1 Hypo | 100% | Over 100%
1p21.3 ABCD3 Hypo | 100% | Under | 100%
1p22.2 ZNFE644 Hypo [ 100% | Over | 100%
1p32.2 DAB1 Hypo | 100% | Under | 100%
1p32.3 TMEM438 Hypo | 100% | Over | 100%
1p36.12 KIF17 Hyper | 100% | Under | 100%
1p36.21 AGMAT Hypo | 100% | Under | 100%
1p36.33 MORN1 Hyper | 100% | Under | 100%
1932.1 SLC45A3 Hypo | 100% | Under | 100%
1g32.1 TMCC2 Hyper | 100% | Under | 100%
1932.3 BATF3 Hypeo | 100% | Under | 100%
1g41 CENPF Hypo | 100% | Owver | 100%
1q42.12 LEBR Hypo | 100% | Owver | 100%
1g42.3 EROI1LB Hypo [ 100% | Under | 100%
1g43 RGS7 Hypo | 100% | Under | 100%
2p11.2 IMMT Hypo | 100% | Owver | 100%
2p13.1 MTHFD2 Hypo | 100% | Over | 100%
2p13.2 DYSF Hypo | 100% | Under | 100%
2p21 LRPPRC Hypo | 100% | Over | 100%
2p21 SIX3 Hypo | 100% | Under | 100%
2p23.3 EFR3B Hypo | 100% | Under | 100%
2p25.1 PQLC3 Hypo | 100% | Over | 100%
2p25.1 TAF1B Hypo | 100% | Over | 100%
2g11.1 MAL Hyper | 100% | Under | 100%
2q11.2 LIPT1 Hypo | 100% | Over | 100%
2q13 ACOXL Hyper | 100% | Over | 100%
2g13 BCL2L11 Hypo | 100% | Over | 100%
2q14.1 DPF10 Hypo | 100% | Under | 100%
2g21.3 UBXN4 Hypo | 100% | Over | 100%
2024.2 IFIH1 Hypo | 100% | Owver | 100%
2g24.2 REMS1 Hypo | 100% | Owver | 100%
2g31.1 ITGAS Hypo | 100% | Over | 100%
2q31.1 ZAK Hyper | 100% | Owver 100%
2q31.3 NEUROD1 Hypo | 100% | Under | 100%
2q32.2 SLC40A1 Hypo | 100% | Over | 100%
2g32.2 STAT1 Hypeo | 100% | Over | 100%
2g33.1 CFLAR Hypo | 100% | Over | 100%
2g33.1 CLKA1 Hypo | 100% | Over | 100%
2g36.3 COL4A4 Hypo | 100% | Over | 100%
2q37.3 PASK Hypo | 100% | Owver | 100%
3p25.3 CPNES Hypo | 100% | Under | 100%
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Anexo Il
Pediatric ependymoma: GNAO1, ASAH1, IMMT and IPO7 protein expression and
prognosis correlation

Table S1. Culitative expression in Pediatric Ependymoma.

SAMPLE | GRADE | KI67 P53 GNAO1 | CYCLIN D1 | ASAH1 IPO7 IMMT
1 Il 2% Negative | Negative | 20.00% Positive | Negative | Negative
2 Il 2% 15.00% | Negative | 50.00% Positive | Negative | Negative
3 i 10% <1% Negative | 30.00% Positive | Negative | Negative
4 i 8% Negative | Negative | negativo Positive | 5% Negative
5 Il 5% <1% Negative | < 5% Positive | Negative | Positive
6 1 20% <1% Positive | 70.00% Positive | <1% Negative
7 Il 2% 40.00% | Weak 70.00% Positive | Positive | Positive
8 i 5% Negative | Negative | 10% Positive | Negative | Positive
9 i 5% 5.00% Negative | 30.00% Positive | <1% Positive
10 i 15% 30.00% | Positive |<5% Positive | Negative | Negative
1" Il 1% 20.00% | Negative | Negative Positive | <1% Negative
12 Il 1% Negative | Positive | 50.00% Positive | Negative | Negative
13 Il 1% Negative | Negative | Negative Positive | Negative | Positive
14 Il 3% Negative | Negative | Negative Positive | Negative | Negative
15 1 1% Negative | Positive | Negative Positive | Negative | Positive
16 i 1% Negative | Negative | Negative Positive | Negative | Positive
17 Il 1% <1% Negative | Negative Positive | Negative | Negative
18 Il <5% Negative | Negative | 90% Positive | Negative | Negative
19 Il 5% Negative | Negative | Negative Positive | Negative | Positive
20 Il 2% Negative | Negative | Negative Positive | Negative | Negative
21 1 20% Negative | Positive | Negative Negative | Negative | Negative
22 1 50% Negative | Negative | Negative Positive | Negative | Negative
23 Il 20% Negative | Negative | Negative Negative | Negativo | Negative
24 Il 10% Negative | Positive | Negative Negative | Negative | Negative
25 Il 1% Negative | Positive | Negative Positive | Negative | Negative
26 Il 10% Negative | Positive | Negative Positive | Negative | Negative
27 [ 50% <5% Positive | <1% Positive | Negative | Negative
28 1 1% Negative | Positive | Negative Positive | Negative | Negative
29 Il 3% Negative | Positive | Negative Positive | Negative | Negative
30 Il 3 % Negative | Negative | Negative Negative | Negative | Negative
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Figure S1. Histopathology and Positive Control. A) It show the H & E for the histopathological
diagnosis of the respective tumor grades. B) It show the positive controls of the antibodies used.
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Pediatric pineal germinomas: Epigenetic and genomic approach

Pediatric pineal germinomas: Epigenetic and genomic approach.

Table 51. Sample features. The features of the patients from whom the samples were

obtained are shown age (Age), gender (Sex), and tumor location (Localization).

Histopathological grade classification was according to the World Health Organization

(Grade) and whether the tumor was de novo or recidivism (Observations). The

ependymomas is highlighted in bold.

Sample Age | Sex | Grade | Localization Observations
Medulloblastoma 1 F 1] Posterior fossa De novo
Ependymoma 15 M ] Posterior fossa De novo
Medulloblastoma 1 F ] Posterior fossa De novo
Ependymoma 15 M 1] Posterior fossa De novo
Plexus papilloma 0 F I Posterior fossa De novo
Ganglioglioma 13 M I Posterior fossa De novo
Ependymoma 13 F L] Spinal cord (L2-L5) | Recidivism
Glioblastoma multiforme 11 M v Posterior fossa De novo
Ganglioglioma 12 F I Posterior fossa De novo
Ganglioglioma 11 M I Posterior fossa De novo
Medulloblastoma 1 F Il Posterior fossa De novo
Ependymoma 9 F I Posterior fossa De novo
Germinoma 11 M L] Posterior fossa De novo
Astrocytoma B F ] Posterior fossa De novo
Transitional Meningioma 15 F | Posterior fossa De novo
Medulloblastoma 9 M v Posterior fossa De novo
Astrocytoma 13 F L] Posterior fossa De novo
Astrocytoma 13 F I Posterior fossa De novo
Plexiform MNeurofibroma 1 M | Posterior fossa De novo
Medulloblastoma 15 M v Posterior fossa De novo
Medulloblstoma 5 M v Posterior fossa De novo
Medulloblastoma 13 M v Posterior fossa De novo
Astrocytoma 4 M L] Posterior fossa De novo
Sarcoma &) F v Posterior fossa De novo
Astrocytoma 12 M 1 Posterior fossa De novo
Germinoma 13 M ] Posterior fossa De novo
Ependymoma 2 F L] Posterior fossa De novo
Astrocytoma 16 F ] Posterior fossa De novo
Ependymoma 15 M | Posterior fossa De novo
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Germinoma 13 M 1l Posterior fossa De novo
Astrocytoma 5 F ] " Posterior fossa De novo
Astrocytoma 11 F 1 Posterior fossa De novo
Cortical dysplasia 10 M Posterior fossa De novo
Astrocytoma 5 F | Posterior fossa De novo
Astrocytoma 1 F ] Posterior fossa De novo
Oligodendroglioma 10 M [l] Posterior fossa De novo
Germinoma 15 M [[] Posterior fossa De novo
Plexus Papilloma 2 F | Posterior fossa De novo
Germinoma 12 F [[] | Posterior fossa De novo
Atrocytoma 11 F 1l | Posterior fossa De novo
Medulloblastoma 3 M v l Posterior fossa De novo
Chordoma 1 M ] | Posterior fossa De novo
Astroblastoma 16 |F v | Posterior fossa De novo
Medulloblastoma 13 I v | Posterior fossa De novo
Schawnnoma 15 F | | Posterior fossa De novo
Ependymoma 6 F | | Posterior fossa De novo
Hemangioblastoma 15 L\t ] Posterior fossa De novo
Ependymoma 15 L\ ] Posterior fossa De novo
Rabdoide teratoide 2 F [[] Posterior fossa De novo
Ependymoma 5 F ] Posterior fossa De novo
Dysembryoplastic -

B 13 F | Posterior fossa De novo
Astrocytoma 13 M ] Posterior fossa De novo
Medulloblastoma 0 Y] v Posterior fossa De novo
Astrocytoma 15 M | Posterior fossa De novo
Ependymoma 9 W ] | Posterior fossa De novo
Astrocytoma 15 M ] Posterior fossa De novo
Ependymoma 1 F m Posterior fossa De novo
Plexus papilloma 10 F 1 | Posterior fossa De novo
Medulloblastoma 9 M v | Posterior fossa De novo
PTEN 5 ] 1 I Posterior fossa De novo
Medulloblastoma 9 F v Posterior fossa De novo
Medulloblastoma 2 F v | Posterior fossa De novo
Ependymoma 13 "] ] De novo

I Spinal cord
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Tabla S2. Correlation between chromosomal abnormalities and gene expression. In
table are show the genes (Gene) that comelated between gene expression and
chromosomal abnormalities, chromosomal region (CHR) and the gene expression
{Expression) are indicated. A. Amplification; D. Deletion; Under. Underexpression; Over.

Overexpression.

CHR Gene aCGH | Expression
19213 ATP8B2 D Under
1921.3 CHRNB2 D Under
1921.3 S100A14 D Under
1924 2 cDz47 A Over
1924 2 RCSD1 A Over
1g24.2 SELL A Over
2p11.2 GNLY A Qver
7p15.2 CDCATL A Over
7p15.2 TRA2A A Over

8p22 ASAH1T A Over

8p22 LPL A Over
10g11.22 | FRAMPDZ2 D Under
14924 3 BATF A Over
14g24.3 NPC2 A Over
14g24.3 VRTN A Over
17g21.31 | RUNDC3A D Under
[ 22q121 | cCDC117 | A Over
22q12.1 CHEK?Z A Over
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Table S3. Correlation between chromosomal abnormalities and methylation. It show
genes (Gene) with methylation changes in pineal germinoma (Methylation), correlated with

the chromosomal alterations

(aCGH), by chromosomal
Hypermethylation; Hypo. Hypomethylation; A. Amplification; D. Deletion

region (CHR),

CHR Gene Methylation | aCGH
1921.3 ADAR Hypo D
1921.3 ATP8B2 Hypo D
1921.3 FLAD1 Hypo D
1921.3 GATAD2B Hypo D
1921.3 HAXA Hypo D
1921.3 ILF2 Hypo D
1921.3 INTS3 Hypo D
1921.3 FBXIF1 Hypo D
1g21.3 PYGO2 Hypo D
1g21.3 SLC27A3 Hypo D
1921.3 SNAPIN Hypo D
1921.3 UBAP2L Hypo D
1213 uUBeE2Q1 Hypo D
19213 ZBTB7B Hypo D
1924 2 KIFAP3 Hyper A
1924 2 SCYL3 Hyper A
2p112 CAPG Hyper A

Tp13 AEEBP{ Hyper A

Tp13 BLVRA Hypo A

Tpi3 CCM2 Hypo A

Tpi3 DDX568 Hypo A

Tp13 MYO1G Hyper A

p13 TBRG4 Hyper A
7p15.3 RP52P32 Hyper A

8p11.22 ADANMI Hypo D
8p11.22 FGFR1 Hypo D
8p11.22 | PLEKHAZ Hypo D
8p11.22 TACCT Hypo D
8p11.22 TM2D2 Hypo D
8p11.23 BAG4 Hypo D
8p11.23 BRF2 Hypo D
8p11.23 DDHD2 Hypo D
8p11.23 | PPAPDCIE Hypo D
8p11.23 | RAB11FIP1 Hypo D
8p11.23 | WHSCTLY Hypo D

Hyper.
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8p11.23 ZNF703 Hypo D
8p22 NATZ2 Hyper A
9p22 3 NFIB Hypo D
9p24 1 AK3 Hypo D
9p24 .1 CDC37L1 Hypo D
9p24.1 KDM4C Hypo D
9p24 1 KIAA2026 Hypo D
9p24 1 RANBPS Hypo D
9p24.1 RLNT Hypo D
9p24 .1 RLNZ Hypo D
9p24 .1 UHRF2 Hypo D
10g11.22 | ANTXRL Hypo D
10g11.22 ZNF488 Hypo D
12p13.2 CLECTA Hyper A
12p13.31 | TNFRSF1A Hyper A
14924.3 BATF Hyper A
149243 LiN52 Hyper A
14924 .3 RPS6KL1 Hyper A
14g24.3 VRTN Hyper A
14932.33 ASPG Hyper A
14g932.33 | PPP1R13B Hyper A
1493233 TDRDS Hyper A
14g932.33 | ZFYVE21 Hyper A
15@11.2 NIPAT Hypo D
15q11.2 NIPAZ2 Hypo D
15Q11.2 | TUBGCPS Hypo D
15q11.2 UBE3A Hypo D
15q13.1 HERC2P2 Hypo D
17g21.2 STAT3 Hypo D
17g21.31 AARSD1 Hypo D
17g21.31 ARLITA Hypo D
17g21.31 ARLATB Hypo D
17g921.31 ARL4D Hypo D
17g21.31 AS5SB16 Hyper D
17921.31 | ATXN7L3 Hypo D
17g21.31 | CCDC103 Hypo D
17g21.31 DCAKD Hypo D
17g21.31 DHX8 Hypo D
17921.31 EFTUD?Z2 Hypo D
17g21.31 ETVv4 Hypo D
17g21.31 FZD2 Hypo D
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17q21.31| G6PC3 Hypo D
1792131 GJC1 Hypo D
17q21.31 | GPATCH8 Hypo D
1792131 | HEXIM1 Hypo D
1702131 | HEXIM2 Hypo D
1792131 | KIF18B Hypo D
1792131 | LSM12 Hypo D
17921.31 | MGC57346 Hypo D
1792131 MPP3 Hypo )
172131 NAGS Hypo D
1792131 NBR1 Hypo D
17q21.31 NMT1 Hypo D
1/q21.31 | RUNDGT Hypo D
17921.31 | RUNDC3A Hypo D
17921.31 | TMEM701 Hypo D
17qg21.31 | TMEM106A Hypo D
1792131 | TMUB2 Hypo D
1792131 UBTF Hypo D
1792131 VPS25 Hypo D
22q12.1 | ASPHD2 Hyper A
22q12.1 EITPNB Hyper A

110



Pediatric pineal germinomas: Epigenetic and genomic approach.

Table S4. Correlation between methylation and expression. This shows the genes
{Gene) with change in the methylation pattemn (Methylation) that comrelate with gene
expression (Expression); is indicated the chromosomal location (CHR). Hyper.
Hypermethylarion, Hypo. Hypomethyiation, Over. Overexpression, Under.
Underexpression

CHR Gene Methylation | Expression
1p11.2 FCGR1B Hypo Owver
1pi12 FAM46C Hypo Owver
1pi12 MANTAZ2 Hypo Over
1p131 CDb58 Hypo Owver
1pi13.2 DCILRETB Hypo Over
1p13.2 DENNDZ2C Hypo Over
1p13.2 NRAS Hypo Over
1p13.2 PHTF1 Hypo Over
1p13.3 GMNAI3 Hypo Over
1p13.3 VAV3 Hypo Over
1p22 1 GFiI1 Hypo Over
1p22 1 MTF2 Hypo Over
1p22 1 TMEDS Hypo Owver
1p22.2 ZNFG644 Hypo Owver
1p22.3 MCOLN2 Hypo Over
1p22.3 MCOLN3 Hypo Over
1p311 SRSF11 Hypo Over
1p31.2 DEPDCAH Hypo Over
1p31.3 LEPRQOT Hypo Over
1p32.1 OMAT Hypo Over
1p32.3 TMEM48 Hypo Over
1p32.3 ZYGT11A Hypo Over
1p33 STIL Hypo Owver
1p34.1 KIF2C Hypo Owver
1p34.1 NASP Hypo Owver
1p34.2 GUCAZ2B Hyper Under
1p34.2 MYCL1 Hypo Over
1p34 2 PPTH Hypo Over
1p34.2 YBX1 Hypo Owver
1p34.2 ZNF643 Hypo Over
1p34.3 CDCAS Hypo Owver
1p34.3 CLSPN Hypo Over
1p34.3 DLGAP3 Hyper Under
1p35.3 SNHG12 Hypo Over
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1p36.11 FUCAT1 Hypo Over
1p36.11 LIN28A Hypo Over
1p36.11 RCAN3 Hypo Over
1p36.12 E2F2 Hypo Over
1p36.12 LUZP1 Hypo Over
1p36.21 PDPN Hypo Over
1p36.21 TMEMS1 Hypo Ower
1p36.32 TP73 Hyper Under
1p36.33 GABRD Hyper Under
1p36.33 PRKCZ Hyper Under
19211 NOTCH2NL Hypo Over
19211 POLR3C Hypo Over
1g21.2 ANP32E Hypo Over
1g21.2 HIST2H2BF Hypo Over
1g21.2 HIST2H3A Hypo Over
1921.3 CHRNB2 Hyper Under
19231 GPATCH4 Hypo Over
19231 IQGAFP3 Hypo Over
19232 CADM3 Hyper Under
1923.32 NUF2 Hypo Over
1923.3 PCP4L1 Hyper Under
19242 CcD247 Hypo Over
1924 .2 CREGT Hypo Over
19251 KIAA004£0 Hypo Over
10252 CEP350 Hypo over
1925.2 RAI GPS2 Hypo COwer
1g25.3 EDEM3 Hypo Over
19253 NPL Hypo Over
19313 ASPM Hypo Over
19321 ELK4 Hypo Over
1932 1 FAM72D Hypo Over
19321 KiFi4 Hypo Over
10321 MDM4 Hypo Over
19321 NFASC Hyper Under
13321 ZC3HT1A Hypo Over
1932.2 CR2 Hypo Over
1932.2 HHAT Hypo Over
1032.2 TRAF3IP3 Hypo Over
19323 ANGEL?2 Hypo Over
10323 DTL Hypo Over
10323 NEK?2 Hypo Over
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1g41 GPATCHZ Hypo Over
1g41 KCTD3 Hypo Over
1941 MIAS Hypo Over
1g41 TAF1A Hypo Over
1g42.12 ILBR Hypo Over
1g42.2 TSNAX Hypo Owver
1g4d3 HEATRY Hypo Cwer
1943 MTR Hypo Over
1q44 HNRNPU Hypo Over
1944 PGEDZ2 Hypo Over
2p11.2 CD8A Hypo Over
2p12 HK2 Hypo Over
2p13.1 MTHFD2 Hypo Over
2p13.2 ZNF638 Hypo Over
2p13.3 MPHOSPH10 Hypo Over
2p14 ACTR2 Hypo Over
2p16.1 PNPTT Hypo Over
2p16.2 EMLE Hypo Over
2p16.3 FBXO11 Hypo Over
2p16.3 FOXN2 Hypo Over
2p21 LRPPRC Hypo Over
2p221 THUMPDZ2 Hypo Over
2p22 .2 CCDC75 Hypo Over
2p233 CENPA Hypo Over
2p24 .1 SDC1 Hypo Over
2p25.1 KCNFT Hyper Under
2p25.1 PQLC3 Hypo Over
2p25.1 TAF1EB Hypo Over
2q11.2 LiPT1 Hypo Over
2q11.2 MGAT4A Hypo Over
2gi11.2 PDCL3 Hypo Over
29121 IL18R1 Hypo Over
2q012.3 LIMST Hypo Over
2q12.3 RANBFP2 Hypo Over
2913 ANAPCH Hypo Over
2q13 BCL2L 11 Hypo Over
2913 BUB1 Hypo Over
2913 CKAP2L Hypo Over
2q13 TMEMSTEB Hypo Over
2q14 2 TRCP2L1 Hypo Over
20143 POLRZ2D Hypo Over
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2g21.3 UBXN4Z Hypo Owver
2q221 CXCR4 Hypo Over
2q23.3 PRPFL0A Hypo Owver
2q24 2 IFHT Hypo Owver
2q24.2 RBMST Hypo Owver
2q24 .2 TANK Hypo Owver
2311 CODCAT Hypo Owver
2q311 CIR1 Hypo Owver
29311 ITGAG Hypo Over
2g311 SPC25 Hypo Owver
2q311 ZAK Hypo Over
2q31.2 HNRNFPA3 Hypo Ower
29313 ITGA4 Hypo Owver
2q32.2 STATH Hypo Over
2q32.3 OBFC2A Hypo Owver
2q32.3 STAT4 Hypo Ower
2q32.3 STK17B Hypo Owver
2q331 CCDC150 Hypo Owver
2g331 CFLAR Hypo Owver
2q331 CLK1 Hypo Owver
2q331 NOP58 Hypo Owver
2q33.2 RAPH1 Hypo Owver
2q33.3 CCNYL1 Hypo Owver
2q34 IKZF2 Hypo Over
2q34 UNCEO Hyper Under
2q35 BARDT Hypo COwer
2q35 MREG Hypo Owver
2q36.1 MRPL44 Hypo Ower
2q36.2 DOCK10 Hypo Over
2q36.3 COL4A4 Hypo Owver
2q36.3 RHBDD1 Hypo Over
2q37 1 CAB39 Hypo Owver
2q37 A1 HJURP Hypo Owver
2q37 A1 PTMA Hypo Owver
2q37.3 KIF1A Hyper Under
2q37.3 PASK Hypo Owver
3p12.3 ROBO1 Hypo Owver
3p14.1 MITF Hypo Owver
3p211 GLYCTK Hypo Owver
3p21.31 CDC25A Hypo Owver
3p21.31 KIFi15 Hypo Owver
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3p21.31 SMARCCT Hypo Over
3p21.31 ZNF589 Hypo Over
3p22.3 CMTNE Hypo Over
3p223 CMTMT Hypo Over
3p22.3 TRIM7 1 Hypo Over
3p24 .1 EOMES Hypo Over
3p24.3 SGOL1 Hypo Over
3p25.1 OXNADT Hypo Over
3p25.3 ATP2B2 Hyper Under
3q11.1 DHFRL1 Hypo Over
3q12.3 SENPT Hypo Over
3q132 NAASO Hypo Over
3g13.33 GOLGBT Hypo Over
3g13.33 POLQ Hypo Over
3g13.33 TMEM38A Hypo Over
39211 PARP14 Hypo Over
39211 PDIAS Hypo Over
39221 CcDv3 Hypo Over
3g22 1 TOPBP1 Hypo Over
3g25.1 MBNL 1 Hypo Over
39252 MME Hypo Over
39252 PZ2RY1 Hypo Over
3g25.32 MFSD1 Hypo Over
3g25.33 SMC4 Hypo Over
3q26.2 GPR160 Hypo over
3g26.2 MYNN Hypo Over
3g26.31 FNDC3B Hypo Over
3q27.2 IGF2BP2 Hypo Over
39273 DNAJB11 Hypo Over
39273 STEGALT Hypo Over
3929 TMEM44 Hyper Under
3929 WDRb53 Hypo Over
4p13 BEND4 Hypo Over
4p152 SEL1L3 Hypo Over
4p15.31 NCAPG Hypo Over
4p15.32 CD38 Hypo Over
4p15.32 LAP3 Hypo Over
4p16.3 CPRLX1 Hyper Under
4p16.3 LYAR Hypo Over
4p16.3 TACLS Hypo Over
4p16.3 ZNF141 Hypo Over
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4qg12 CEFP135 Hypo Over
4q12 CLOCK Hypo Over
4q12 KIT Hypo Over
4912 REST Hypo Owver
49211 CCNG2 Hypo Over
4g21 1 NAAA Hypo Over
4g21.1 SDADT Hypo Over
4q21 .21 PRDMNME Hyper Under
4q21.22 PLACS Hypo Over
4q21.23 coQ2 Hypo Over
4022 1 HERCS Hypo Over
4922 1 HERC6 Hypo Owver
4q24 BANK1 Hypo Over
4924 CENPE Hypo Owver
4g25 CCDC109B Hypo Over
4925 ELovie Hypo Owver
4q27 CCNAZ Hypo Over
4g28.2 PLK4 Hypo Over
4g31.3 KIAAD922 Hypo Over
4g31.3 MND 1 Hypo Owver
40323 DDX60 Hypo Over
49323 PALID Hypo Over
4q34 1 HMGB2 Hypo Over
4q34.2 SPCS3 Hypo Over
40351 ACSL1 Hypo Oover
40351 CASP3 Hypo Over
5p13.3 sSuUB1 Hypo Over
5p15.2 FAMT05B Hypo Over
5p15.33 IRX4 Hypo Owver
5p15.33 ZDHHCT1 Hyper Under
5g111 EMB Hypo Owver
5q11.2 MIER3 Hypo Over
5q12.1 PDE4D Hypo Over
5q12.3 CENFK Hypo Over
5q13.2 GCNB1 Hypo Over
5q13.2 MCCC2 Hypo Cwer
5qQ13.3 F2RLA1 Hypo Owver
2q14.1 LHFPLZ2 Hypo Over
5q15 GLRX Hypo Over
23211 SLUCOSCT Hypo Over
50213 MANZ2A1 Hypo Owver
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5231 TNFAIPS Hypo Over
5q23.2 LMNBT Hypo Over
2q31.1 HSPA4 Hypo Qver
5q31.2 KIF20A Hypo Over
5q31.3 ANKHDA Hypo Over
5q31.3 WDRS55 Hypo Over
5331 CoCDCe9 Hypo Cver
5q331 GA2A Hypo Over
50331 RPS514 Hypo Over
2q33.2 FAM114A2 Hypo Over
2q33.3 CLINTT Hypo Over
5q33.3 PTTG1 Hypo Over
6p12.2 MCM3 Hypo Over
6p12.3 PLA2GT Hypo Over
6p21.1 CDC5L Hypo Over
6p21.1 NFYA Hypo Over
6p21.1 TMEM1518B Hyper Under
6p21.1 TTBK1 Hyper Under
6p21.2 KCNKS Hypo Over
6p21.2 Pihd1 Hypo Over
6p21.31 FKBFS Hypo Over
6p21.31 GRMZ Hyper Under
6p21.31 PACSINT Hyper Under
6p21.31 SHSF3 Hypo Over
6p21.32 KIFC1 Hypo Over
6p21.32 PShBO Hypo Owver
6p21.32 TAP1 Hypo Over
6p21.32 TAPZ Hypo Over
6p21.33 HLA-B Hypo Over
6p21.33 HLA-E Hypo Over
6p21.33 I TB Hypo Over
6p21.33 AMSHS Hypo Over
6p22.1 HISTTIHIB Hypo Over
6p22.1 HIST1H2AH Hypo Over
5p22.1 HIST1HZAI Hypo Over
6p22.1 HIST1H2AJ Hypo Over
6p22.1 HISTTHZAK Hypo Over
6p22.1 HIST1H2AL Hypo Qver
6p22.1 HISTTH2AM Hypo Over
6p22 1 HISTT1HZ2BK Hypo Over
6p22 1 HIST1H2BL Hypo Over
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6p22 1 HIST1HZ2BO Hypo Over
6p22 1 HIST{1H3H Hypo Over
6p22.1 HIST1H3I Hypo Over
6p22 1 HLA-J Hypo Over
6p22 1 uBD Hypo Over
6p22 1 ZS5CAN16 Hypo Over
6p22 2 HISTTHID Hypo Over
6p22.2 HIST1H2BD Hypo Over
6p22.2 HIST1H2BH Hypo Over
6p222 HIST1H3B Hypo Over
6p22 .2 HIST1H3D Hypo Over
6p222 HIST1H3G Hypo Over
6p22_2 HISTTH4A Hypo over
6p22.3 DCDC2 Hypo Owver
6p22.3 RNF144B Hypo Over
6p24.3 DSP Hypo Owver
6p24.3 TXNDC5 Hypo Over
6p25.3 IRF4 Hypo Over

6q13 CD109 Hypo Owver

6g13 MB21D1 Hypo Over
6q14.1 FAM4B6A Hypo Over
6q14.1 TTK Hypo Over
6014 .2 CYBaR4 Hypo Over
6q14.3 SYNCRIP Hypo Owver
6q16.3 ASCC3 Hypo COwver
6q16.2 LiN28B Hypo Over

6g21 Alhd1 Hypo Over

6q21 PRDAA Hypo Over

6q21 SNX3 Hypo Owver
6q22.1 FANM26F Hypo Over
6q22.31 MANTA Hypo Over
60g23.2 MED23 Hypo Over
6023.3 BCLAF1 Hypo Over
6023.3 MYB Hypo Over
6q24 2 UTRN Hypo Over
6q25.1 NUP43 Hypo Owver
60251 RMNDT Hypo Over
69251 TAB2 Hypo Over
60251 ZBTB2 Hypo Over
6252 FBEXQS Hypo Over
60253 S50D2 Hypo Over

118



Pediatric pineal germinomas: Epigenetic and genomic approach.

6g25.3 wWTAP Hypo Over
Tp13 FLJ35390 Hyper Under
7p15.2 CBX3 Hypo Over
Tpi52 HNRNPAZ2BT Hypo Over
7p15.2 NFEZ2L3 Hypo Over
Tp15.3 CDCA7TL Hypo Over
Tp15.3 IGF2BP3 Hypo Ovwver
Tpl15.3 TRAZA Hypo Over
7p21.1 BZwz Hypo Over
7p22.3 AMZA Hyper Under
7p22.3 PRKAR1B Hyper Under
Tgti.21 TYW+? Hypo Over
fqi1.23 PHTFZ Hypo Over
T7g21.12 DBF4 Hypo Over
7q21.12 DMTF1 Hypo Over
7q21.2 AKAP9 Hypo Owver
7q212 FAM133B Hypo Over
7g21.3 BETH Hypo Over
Tg21.3 CASD1 Hypo Over
7g21.3 CcCcDGC132 Hypo Over
7q221 EPHB4 Hypo Over
79221 MCMT Hypo Over
7g221 TRINS Hypo Over
Tg22.1 ZNF394 Hypo Over
7933 TRIM24 Hypo Over
7934 JHDM1D Hypo Over
7934 KLRG2 Hypo Owver
7g34 MKRNT Hypo Owver
Tg34 PARP{12 Hypo Over
7g356.1 AGAP3 Hyper Under
7g36.1 ZNF467 Hyper Under
7g36.2 DPP6 Hyper Under
7g36.3 AT Hypo Over
7g36.3 PTPRNZ2 Hyper Under
8p11.23 PPAPDC1B Hypo Over
8p12 UBXNS Hypo Over
8p211 ESCO2 Hypo Over
8p21.2 BNIP3L Hypo Over
8p21.3 LOxL2 Hypo Over
&8p21.3 LFL Hypo Over
8p21.3 PHYHIP Hyper Under
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8p22 ASAH1 Hypo QOver
8p23.1 BLK Hypo Over
8q11.21 MCMA4 Hypo Over
8q11.23 SOXIT Hypo Over
8q11.23 TCEA1 Hypo Over
8qi2.1 LYN Hypo Over
8gi12.1 Pl AGH1 Hypo Over
8q13.1 MTFR1 Hypo Over
8qi131 PDETVA Hypo Over
8g132 ARFGEFT Hypo Over
8g21.12 Ly Hypo Over
8g21.13 IMPA1 Hypo Over
8q21.13 PAGT Hypo Over
8g212 REXO1L1 Hyper Under
§g22.1 CCNEZ2 Hypo Over
8g22.1 ESRP1 Hypo Over
8022 1 INTS8 Hypo Over
8g22 1 KIAAT429 Hypo Over
8q223 DCAF13 Hypo Over
§g22.3 PABPC1 Hypo Over
8g22.3 UBR5 Hypo Over
8q24.12 SNTB1 Hypo Over
8q24 12 TAF2 Hypo Over
8g24.13 ATAD?Z2 Hypo Over
8q24.13 FAMS1A1 Hypo Over
8q24 13 WDRE7 Hypo Over
892413 | ZHX1-CBORF76 Hypo Over
8qg24.3 ADCKS Hyper Under
80243 BAI1 Hyper Under
524 .3 MAFA Hypo Under
8g24 3 PTKZ Hypo Under
8g24.3 SCRT1 Hypo Under
9p132 MELK Hypo Over
9p13.3 GLIPR2 Hypo Over
9p13.3 RMRP Hypo Over
9p13.3 SIT1 Hypo Over
9p21.2 PLAA Hypo Over
9p22.1 PLINZ Hypo Over
9p24.1 CD274 Hypo Over
9p24 3 DOCKS Hypo Over
9q21.13 GCNT1 Hypo Over
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9g21.13 OSTF1 Hypo Over
9g21.13 TRENM2 Hypo Over
Sq22.2 CKS52 Hypo Qver
S22 2 SEMALD Hyper Under
Sq22 2 SYK Hypo Over
9g22 31 NOLS8 Hypo Over
aq22.32 BARXA Hypo Over
9q22.32 ZNF367 Hypo Over
9q22.33 CTSL2 Hypo Qver
9g31.3 TXN Hypo Over
q32 COL27A1 Hypo Qver
9g33.3 NRBEA1 Hypo Over
Sg34.3 LCNTS Hyper Under
9g34.3 PNPLA7Y Hyper Under
10p11.1 ZNF33A Hypo Over
10p12.31 DNAJCT Hypo Over
10p13 DCILRE1C Hypo Over
10p13 FAM1078B Hypo Over
10p13 AMCA10 Hypo Over
10p14 PRKCQ Hypo Over
10p13.1 IL15RA Hypo Over
10p15.3 ADARBZ Hyper Under
10p15.3 TUBBS Hyper Under
10g11.21 BMS1 Hypo Over
10g11.21 | CSGALNACT? Hypo Over
10g21.1 TFAM Hypo Ower
109211 ZWINT Hypo Over
10g21.2 CDKf Hypo Over
10g22.1 SAR1A Hypo Over
1022 2 PLAU Hypo Over
10g23.2 FAM35A Hypo Over
10g23.31 KIF20B Hypo Over
10g23.31 LiPA Hypo Qver
10g23.33 CEP55 Hypo Over
10923.33 HELLS Hypo Over
10923.33 KiIF11 Hypo Over
10923.33 MYOF Hypo Over
1024 .2 ABCC2 Hypo Qver
10g24.33 TAFS Hypo Over
10252 ZDHHCE Hypo Over
10g26.11 RGS10 Hypo Over
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10926.2 NMKIG67 Hypo Over
10g26.3 GPR123 Hyper Under
10926.3 KNDC1 Hyper Under
10g26.3 SPRN Hyper Under
10g26.3 VENTX Hypo Over
11p13 CD44 Hypo Over
11p15.1 E2F8 Hypo Over
11p15.2 PDE3B Hypo Over
11p15.4 IPO7 Hypo Over
11p15.4 NAP{LS Hypo Over
11p15.4 ZNF143 Hypo Over
11p15.5 BRSKZ Hyper Under
11p1ab IFITAT Hypo Over
11p15.5 IRF7 Hypo Over
11g12.1 SLC43A1 Hypo Over
11g131 CDCAS Hypo Over
11g13.2 RIN{ Hyper Under
119132 TBC1D710C Hypo Over
11913 .4 SNORD15A Hypo Over
119142 CTSC Hypo Over
11g14.2 RAB38 Hypo Over
11g21 FUT4 Hypo Over
11g21 MRET1A Hypo Over
11g22.1 ARHGAP42 Hypo Over
119231 PPP2R1B Hypo Over
11923.2 UsP28 Hypo Over
11233 ILTORA Hypo Over
11924 .1 HSPAS Hypo Over
11g24.1 UBASH3B Hypo Over
11g24.2 CCDC15 Hypo Over
11g24.2 NRGN Hyper Under
11925 B3GAT1 Hyper Under
12p11.21 FAMGOA Hypo Over
12p13.1 ATF7IP Hypo Over
12p131 PLBD1 Hypo Over
12p13.31 NCAPD2 Hypo Over
12p13.32 PARP11 Hypo Over
12p13.33 FOXM1 Hypo Over
12p13.33 SLCBAT2 Hyper Under
12p13.33 reALs Hypo Over
12g13.11 VDR Hypo Over
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12g13.12 CCNTT Hypo Over
12q13.12 FKEP{1 Hypo Ower
12q13.12 RACGAP1 Hypo Over
12q13.12 ThMBIME Hypo Qver
12q13.12 TROAP Hypo Qver
12g13.12 TUBATC Hypo Owver
12q13.13 CEBX5 Hypo Over
12q13.13 HNRNPA1 Hypo Qver
12q13.2 KIF5A Hyper Under
12q13.2 PTGES3 Hypo Cwver
12q14.1 CYP27B1 Hypo Qver
12q141 UsSPi15 Hypo Ower
12q14.2 RASSF3 Hypo Over
12q15 MDA Hypo Ower
12q15 MDAd2 Hypo Ower
12q921.2 E2FT Hypo Over
129212 PHLDA1 Hypo Ower
12g21.33 BTGT Hypo Qver
12q22 PLXMNCT Hypo Ower
12g23.1 GAS2L3 Hypo Ower
120231 TMPO Hypo Over
12923.3 H5PI0B1 Hypo Ower
12233 POLR3B Hypo Qver
12g24.11 GITZ2 Hypo Qver
12g24.11 PPTCY Hypo Over
12024.11 TCHP Hypo Ower
12g24.11 UNG Hypo Ower
12q24.12 BRAP Hypo QOver
122413 DX Hyper Under
1202413 NAAZS Hypo Over
1224 13 0OAS3 Hypo Owver
122413 RASALA Hyper Under
12q24.23 VSIG10 Hypo Qver
12024.33 S5TX2 Hypo Cwver
13g12.11 SKA3 Hypo Owver
13q12.12 BASP1P1 Hyper Under
13g12.12 CENPJ Hypo Ower
13g12.13 ATPBAZ Hyper Under
13q12.13 uspPiz2 Hypo Over
13q12.3 HMGB 1 Hypo Qver
13q13.2 RFC3 Hypo Owver
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13q14.11 EPSTI Hypo Over
13q14.11 MTRFT Hypo Over
13q14.11 NAATG Hypo Over
13q14.2 PHF11 Hypo Over
13q14.2 SETDBZ Hypo Over
13q14.3 HNRNPATLZ2 Hypo Over
13212 DIAPH3A Hypo Ower
13g22 1 KLF12 Hypo Over
13g33.3 MYOT16 Hyper Under
14g11.2 TEP1 Hypo Over
149221 EROTL Hypo Over
14q22 1 NIN Hypo Over
14g22 2 CDKN3 Hypo Over
14g22.2 WDHD1 Hypo Over
149231 PRKCH Hypo Over
149231 RTINT Hypo Under
14923 2 FLJ43390 Hypo Under
14923 2 SYNE2 Hypo Over
14023 3 ZBTB25 Hypo Over
14g24 1 DCAF5 Hypo Over
14924 3 NPC2 Hypo Over
1493211 RPSE6KAS Hypo Over
1493211 TDP1 Hypo Over
14q32.2 CCONK Hypo Over
14932.2 VRK1 Hypo Over
14q32.31 HSPA0AA1 Hypo Owver
15q13.2 ARHGAP11B Hypo Over
15q13.3 ARHGAP11A Hypo Over
15q13.3 CHRFAMTA Hyper Under
15q15.1 BMF Hypo Over
15g151 BUB1B Hypo Over
15q15.1 CASCS5 Hypo Over
15q15.1 NUSAPT Hypo Over
15g15.1 OIP5 Hypo Over
15g15.1 RADS1 Hypo Over
15q15.1 SNAPZ23 Hypo Over
15q21.1 B2M Hypo Over
15g21.1 SQRDL Hypo Over
15g21.2 GABPB1 Hypo Over
15q22 2 ANXAZ Hypo Over
15g22 2 CCNB2 Hypo Over
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15922.31 CLPX Hypo Over
15q22.31 KIAAGT 0T Hypo Over
15922.31 ZWILCH Hypo Over
15q23 FEMTB Hypo Over
15q23 KIF23 Hypo Over
15923 SENPS Hypo Over
15g24 .1 ISLR2 Hyper Under
15g25.1 CHRNAS Hypo Over
159261 BLM Hypo Over
150261 FANCI Hypo Over
15q26.1 IQGAP1 Hypo Over
15q26.1 PRC1 Hypo Over
15Q26.3 TARSL(Z Hypo Over
16p11.2 ASPHDA1 Hyper Under
16p11.2 SEPHS2 Hypo Over
16p11.2 ZNF267 Hypo Over
16p12.1 IL4R Hypo Over
16p12.3 SMG1 Hypo Over
16p13.13 GSPTT Hypo Over
16p13.13 LITAF Hypo Over
16p13.13 RSL1DY Hypo Over
16p13.3 BAIARP3 Hyper Under
16p13.3 LMFT Hyper Under
16p13.3 PKAMYT? Hypo Over
16p13.3 RP52 Hypo Over
16p13.3 S0ox8 Hyper Under
16p13.3 SYNGR3 Hyper Under
16p13.3 ZNF200 Hypo Over
16921 CNOT1 Hypo Over
16921 GINS3 Hypo Over
16g22.1 PDPR Hypo Over
16g22.1 RLTPR Hyper Under
16g22 1 SLCTA6 Hypo Over
16g22 1 SMPD3 Hyper Under
16g23.1 CHSTE Hyper Under
169231 MLKL Hypo Over
16Q23.3 PLCG2 Hypo Over
16g23.3 SDR42E1 Hypo Over
16g24 1 ADAD? Hyper Under
16g24 1 GINSZ Hypo Over
16g24 1 IRF8 Hypo Over
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16924.2 JPH3 Hyper Under
16g24.3 AFG3L1P Hypo Owver
16024.3 CcDTY Hypo Over
1624 .3 CPNET Hyper Under
16q24.3 CYBA Hypo Over
16q24.3 FANCA Hypo Over
17p11.2 SLCATAT Hypo Owver
17p13.1 ACAP1 Hypo Ower
17p13.2 GSG2 Hypo Owver
17p13.3 ABR Hyper Under
17g11.2 ATADS Hypo Over
17g11.2 MYOT1D Hypo Over
16112 SPAGS Hypo Over
17q12 IKZF3 Hypo Ower
17g12 SYNRG Hypo Ower
17g21.2 TOP2A Hypo Over
17g21.32 GOSR2 Hypo Over
17g21.32 IGF2BF Hypo Over
17g21.32 ITGB3 Hypo Over
17g21.32 TBX21 Hypo Over
17g921.33 DI X4 Hypo Over
17921.33 EME1 Hypo Owver
17g21.33 LUCTL3 Hypo Over
17q22 SCPEFP1 Hypo Owver
17g23.1 ViMP1 Hypo Over
17923.2 BRIP1 Hypo Over
17g25.3 B3GNTLT Hyper Under
179253 BAIAPZ2 Hyper Under
179253 BIRCS Hypo Owver
179253 DNAHAT Hyper Under
17925.3 RBFOX3 Hyper Under
17g25.3 TKT Hypo Owver
18p11.32 EMILINZ Hypo Owver
18p11.32 NDC80 Hypo Over
18p11.32 SMCHDT Hypo Over
18p11.32 THOCT Hypo Over
18q11.2 PSMAS Hyper Cwver
18q11.2 RBEFPS Hypo Owver
18q11.2 TAF4B Hypo Over
18g21.1 SKAT Hypo Over
18q21.2 MBD2 Hypo Over
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18g921.32 PMAIPT Hypo Over
18g21.32 SEC1i1C Hypo Over
18g22 1 CCDC102B Hypo Over
18923 MBP Hyper Under
19p12 ZNF682 Hypo Over
19p13.11 HAUSS Hypo Over
19p13.11 IFI30 Hypo Over
19p13.11 YJEFN3 Hyper Under
19p13.2 CLECAG Hyper Under
19p13.2 MASTY Hyper Under
19p13.2 SPC24 Hypo Over
19p13.2 ZMNF266 Hypo Over
19p13.2 ZNF443 Hypo Over
19p13.2 ZNF823 Hypo Owver
19p13.3 CO7o Hypo Ower
19p13.3 DIRAST Hyper Under
19p13.3 HCMNZ2 Hyper Under
19p13.3 S1PR4 Hypo Over
19p13.3 SEMAGB Hyper Under
19p13.3 THOP1 Hyper Under
19p13.3 TUBB2A Hyper Under
19g13.11 ZNF792 Hypo Over
19q13.12 ZBTB32 Hypo Over
19q13.2 ZNF780A Hypo COver
19913.31 ZNF224 Hypo COwver
19q13.32 VASP Hypo Over
19g13.233 CPTIC Hyper Under
19q13.33 FAM7TET Hyper Under
19q13.33 LMTK3 Hyper Under
19q13.33 SLC1T7AT Hyper Under
19q13.33 S5¥YT3 Hyper Under
19g13.41 ZNF137P Hypo Over
19q913.41 ZNF432 Hypo Over
19q13.42 ZNF331 Hypo Over
19q13.43 ZNF154 Hypo Over
20p11.23 SNX5 Hypo Owver
20p12.1 ESFt Hypo Over
20p13 NOFP56 Hypo Over
20g11.21 DNMT3B Hypo Over
20g11.21 HAT3 Hypo Over
20g11.21 TPX2 Hypo Over
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20g11.22 SPAG4 Hypo Over
20g11.23 DSN1 Hypo Over
20q11.23 FAMB3D Hypo Over
20q11.23 RPNZ Hypo Over
20q12 CHDG Hypo Over
20g13.12 MKRNTP Hypo Over
20g13.12 MNP Hypo Over
20g13.12 UBE2C Hypo Over
20g913.13 KCNGT Hyper Under
20g13.2 AURKA Hipo Over
20q13.33 EEF1AZ2 Hyper Under
21g21.3 BACH1 Hypo Qver
21g22.11 GART Hypo Over
21g22.11 IFNAR2 Hypo Over
21g22.11 MIST8A Hypo Over
21g22.11 SON Hypo Over
21g22.12 CLIC6E Hypo Over
21222 BRWDH Hypo Over
22q11.21 CDGC45 Hypo Over
22q11.21 GP1BB Hyper Under
22g11.21 TUBAS Hyper Under
22g11.22 RTDR1 Hyper Under
22q11.22 ZNF280B Hypo Over
22g11.23 IGLLT Hypo Over
22q121 ASPHD2 Hyper Under
22q12.2 EWSR1 Hypo Over
22g12.2 GAL3ST1 Hyper Under
22q12.3 EIF3D Hypo Over
229131 BAIAP2L 2 Hyper Under
22q131 CACNATI Hyper Under
22q13.2 ARFGAP3 Hypo Over
22g13.2 CENPM Hypo Over
22q13.2 MPPED1 Hyper Under
22q13.2 SEPT3 Hyper Under
22q13.2 5T13 Hypo Over
22gq13.31 GTSE1 Hypo Over
22g13.31 NUP50 Hypo Over
22g13.33 MAPK11 Hypo Under
22q13.33 ML C1 Hyper Under
22q13.33 QDF3E Hypo Over
22q13.33 PANXZ Hyper Under
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Xpi1t1.22 SMC1A Hypo QOver
Xp11.23 CLCNS Hypo Over
Xp11.23 Pih2 Hypo Over
Xpi114 MED 14 Hypo Over
Xp22 11 PRODX4 Hypo Over
Xp2212 RPS6KA3 Hypo QOver
Xp222 TMSB4£X Hypo Over
Xp222 TXILNG Hypo Over
Xp22 .33 PREX Hypo Over
Xqiz2 LASTL Hypo Over
Xg131 ERCC6L Hypo Over
Xg211 ATPTA Hypo Over
Xg211 MAGTT Hypo Over
Xqg221 SYTL4 Hypo Over
Xg221 TIMMSA Hypo Over
Xgz22.3 RBM4T Hypo Over
Xq23 TMEM164 Hyper Under
Xqg24 CuL4B Hypo Over
Xg24 DOCK11 Hypo Over
Xg24 WDR44 Hypo Over
Xqz28 HMGB3 Hypo Over
Xqgz2s MTAT Hypo Over
Xqg28 PNCK Hyper Under
¥p11.31 RPS4Y1 Hypo Over
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