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1. Resumen 
 

Introducción. Los Ependimomas son tumores del sistema nervioso central que 

comprenden el 5% de las neoplasias intracraneales, con una esperanza de vida de 

5 años en el 43% al 50% de los casos diagnosticados. La Organización Mundial de 

la Salud clasifica a los ependimomas para la edad pediátrica en grado II y grado III, 

recientemente se ha aceptado dentro de esta clasificación a los ependimomas 

supratentoriales RELA fusión-positiva. Se conoce que la pérdida en 22q y la 

ganancia en 1q son importantes en estos tumores, así como el cambio de expresión 

génica de EGFR y NOTCH. Hoy en día se han tenido avances sobre estos tumores, 

pero aún falta mucho por conocer sobre la formación, establecimiento y 

mantenimiento tumoral, así como las características moleculares de los 

ependimomas. Metodología. Se colectaron muestras de tejido fresco y embebidas 

en parafina, para la realización de ensayos de microarreglos e inmunohistoquímica, 

respectivamente. Además, se consultaron bases de datos para la realización de la 

revisión sistemática y meta-análisis. Resultados. A partir de los ensayos de 

microarreglos se encontró que los genes: ASAH1, IPO7, IMMT, CISD3, ZWINT, 

GNAO1 son importantes en el desarrollo de los ependimomas. Con la evaluación 

de la expresión proteica se observó que ASAH1 y Ki-67 son sobreexpresadas; p53, 

Ciclina D1, GNAO1, IMMT e IPO7 están subexpresadas en un alto porcentaje de 

los ependimomas. Además, se encontró que algunos genes y proteínas reportadas 

pueden ser consideradas como características de lo ependimomas pediátricos y se 

sugiere que tienen potencial como biomarcadores. Conclusión. Las regiones 

cromosómicas 7q34, 14q32, 12p, 16p13.3 y 5p15.33 juegan un papel importante en 

la tumorigénesis, pero sólo las alteraciones 22q y 1q25 son características de estas 

neoplasias. Se sugiere que la sobreexpresión génica de hTERT, ERBB y la 

sobreexpresión proteica de EGFR, EMA, GFAP, NeuN y p53 son características de 

los ependimomas pediátricos. Las proteínas Ki-67, p53 y Ciclina D1 correlacionan 

con el grado histopatológico del tumor y la reincidencia. IPO7 e IMMT correlacionan 

con la sobrevida.   
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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 II and grade III, recently it has been 

accepted within this classification the supratentorial ependymomas RELA fusion-

positive. It is known that the loss in 22q 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 1q25, the gene 

overexpression of hTERT, 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. 
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3. Introducción 
 

Los tumores de sistema nervioso central (TSNC) son la primera causa de neoplasias 

sólidas. Cada año en el mundo se diagnostican alrededor de 4,000 casos nuevos 

en menores de 20 años, con una esperanza de vida de cinco años. Los TSNC son 

considerados especialmente problemáticos al localizarse en una región de difícil 

intervención. Hoy en día el diagnóstico del tumor es realizado con pruebas de 

imágenes obtenidas a partir de resonancia magnética o tomografía computarizada, 

posteriormente a la toma de biopsia el diagnóstico histopatológico es llevado a cabo. 

 

Los TSNC comprenden entre el 15 al 20% de todas las neoplasias ocurridas en la 

niñez y la adolescencia [1]; manifiestan una preferencia para determinados tipos 

tumorales, con diferencias en la distribución geográfica [2]. El registro central de 

Tumores Cerebrales de Estados Unidos (CBTRUS, por sus siglas en inglés) estimó 

que el promedio de la tasa anual de incidencia en la niñez ajustada por edad fue de 

5,26 por 100,000 individuos en la población [3]. En México los tumores 

intracraneales pediátricos son las neoplasias sólidas más frecuentes durante la 

infancia, con 540 nuevos casos por año, 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. 
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Actualmente, se desconocen los motivos del desarrollo del cáncer infantil, pero 

existe el conocimiento teórico suficiente, para poder afirmar que dentro de las 

posibles causas se encuentran la alimentación, los factores ambientales y las 

causas genéticas y epigenéticas [4]. 

 
3.1 Los tumores ependimarios. 

En la clasificación de los TSNC se encuentran los gliomas que son las neoplasias 

más frecuentes y representan casi la mitad de todos los tumores cerebrales. Los 

gliomas con base en los fenotipos patológicos y dependiendo del tipo celular 

predominante se encuentran divididos en: ependimoma (EP), astrocitoma, 

oligodendroglioma, glioma del tronco encefálico, glioma del nervio óptico y gliomas 

mixtos. El EP de acuerdo con su localización anatómica puede ser de dos tipos: 

infratentorial o supratentorial con una incidencia del 50.9% y 49.1%, 

respectivamente (Fig. 2); estos tumores presentan un índice de supervivencia del 

43 al 55% de los casos [5,6]. 

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

región supratentorial; en azul y café la región 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 ventrículo y en menor 

frecuencia del parénquima cerebral como resultado de la migración de las células 

ependimarias durante la embriogénesis [2,4,7]. La característica histológica de los 
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EP es la formación de rosetas o pseudorosetas, apariencia adquirida por la 

formación de células apiladas alrededor de vasos sanguíneos [8]. Es importante 

mencionar que la Organización Mundial de la Salud (WHO, por sus siglas en inglés) 

clasifica a los EP por variantes histopatológicas, para la edad pediátrica son: EP 

clásico (WHO grado II) y anaplásico (WHO grado III) [9]. En 2016 se incorporaron 

características moleculares a la clasificación del EP con objetivo de subdividir estos 

tumores, por lo que ha sido aceptado el ependimoma RELA-fusión positiva, esta 

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

 

3.2 Importancia de las Alteraciones Cromosómicas en Ependimomas  
La citogenética combinada con enfoques moleculares, incluyendo la preparación de 

cariotipos, hibridación fluorescente in situ (FISH) e hibridación genómica comparada 

(CGH), ha dado lugar a la identificación de regiones del genoma que contienen una 

variedad de genes supresores de tumores y oncogenes. Se conoce a la 

inestabilidad genómica como un sello distintivo del cáncer y acelera el proceso de 

transformación celular (Fig. 3). Este conocimiento puede conducir a la aplicación 

clínica de estrategias de tratamiento en pacientes con EP, tales como las anomalías 

genéticas específicas con relación a la ubicación anatómica del tumor (intracraneal 

o espinal) [11–13]. 

 

 
Figura 3. Modelo de progresión en cáncer colorrectal. Se observa que a mayor grado 

histopatológico mayor número de alteraciones cromosómicas (Tomado y modificado de Grade et al., 

2015 [12]). 
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Las aberraciones cromosómicas se relacionan frecuentemente en eventos de 

tumorigénesis y se han visto asociadas con la localización anatómica [14], estas 

alteraciones pueden ser de amplificación o de pérdida cromosómica principalmente. 

Algunas de las encontradas frecuentemente en los EP son: ganancia en los 

cromosomas 1q, 7p, 9q,12,15q y las pérdidas de los cromosomas 6q, 14q [5,14,15]. 

Con menor frecuencia, se han detectado pérdidas cromosómicas en 2q, 4q, 5q, 6q, 

7q, 9p, 10q, 15q, 16, 17p, 19p, y 21 [16]. Las aberraciones cromosómicas pueden 

ser las causantes de la pérdida de expresión de genes como EGFR y 

sobreexpresión de genes de las vías de NOTCH y Sonic Hedgehog en EP 

intracraneales [17,18]. 

 
3.3 Metilación 

La metilación es considerada una modificación epigenética que provoca un cambio 

fenotípico en las células con consecuencias funcionales; lo cual es importante 

durante los procesos biológicos como el desarrollo embrionario, diferenciación de 

células madre, expresión de genes tejido-específico [19]. El DNA metilado es un 

prerrequisito para la expresión de genes o diferenciación de tejido y un mecanismo 

significativo de silenciamiento génico [20,21]. La pérdida global de metilación de 

DNA es conocida como una aberración epigenómica asociada a carcinogénesis y 

progresión de cáncer que afecta predominantemente a elementos repetidos [22]. En 

estudios recientes sobre metilación en tumores cerebrales se definieron 

modificaciones epigenéticas, que afectan múltiples genes de regulación celular 

como reparación del DNA, migración celular y apoptosis [23]. 

 
3.4 Metilación en Ependimomas 

Actualmente, en la investigación molecular de los EP, como en muchos otros tipos 

de cáncer, se ha pensado que en la epigenética se puede encontrar las respuestas 

a las diferentes preguntas planteadas, así como entender la formación, el 

establecimiento y el mantenimiento tumoral, la búsqueda de blancos terapéuticos, 

factores pronóstico y respuesta al tratamiento, por lo que en los últimos años se ha 

tenido un creciente número de publicaciones que abordan los aspectos epigenéticos 

de los EP. Además del conocimiento sobre las características biológicas, se ha 

logrado proporcionar nueva información sobre la patogénesis para facilitar el 
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diagnóstico y contribuir a una mejor estratificación de grupos de riesgo durante la 

terapia [8]. 

 
En algunos trabajos de investigación se identificaron genes potencialmente 

importantes en la patogénesis del EP independientemente del subtipo clínico e 

histológico del tumor, entre éstos se encuentra RASSF1A que es 

transcripcionalmente silenciado por la metilación en la mayoría de los EP, sugiriendo 

que RASSF1A tiene función de gen supresor de tumor. El hecho de que la 

metilación es casi del 100% en todos los sitios CpG sugiere a la inactivación de 

RASSF1A como un evento temprano en la tumorigénesis. Por otra parte, CASP8, 

TFRSF10C, y TFRSF10D son genes implicados en la vía de la apoptosis por TRAIL. 

Lo anterior propone a la metilación de CASP8 como característica de los EP 

mixopapilares de bajo grado, mientras MGMT está implicado en la reparación del 

DNA en los diferentes subtipos de EP [8]. También se ha demostrado que la 

hipermetilación de genes como: HIC1, RASSF1A, CDKN2A, CDKN2B, MCJ MGMT, 

p73 y los genes relacionados con la vía de apoptosis TRAIL (CASP8, TNFRSF10B 

y TNFRSF10D) son un mecanismo importante en la patogénesis de EP pediátrico 

espinal y supratentorial. La hipermetilación de los promotores de BEX1, CCND2, 

BAI2 y CDKN2A se correlaciona fuertemente con la disminución de los niveles de 

expresión de estos genes, además BEX1 se considera un candidato a gen supresor 

de tumor en EP intracraneal [18,24]. Otros genes metilados comúnmente en EP son 

BLU, GSTP1, DAPK, FHIT, RARB, TIMP3, THBS1 [19]. Los tumores ependimales 

pueden compartir patrones de metilación 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 Expresión Génica en Ependimomas 
La expresión génica es el resultado de diversos procesos de regulación como son 

las alteraciones cromosómicas y la metilación, por lo que entre las anomalías 

cromosómicas, los investigadores comenzaron a identificar genes que mostraron 

expresión alterada en EP. El objetivo de estos estudios fue correlacionar la 

expresión génica alterada con la agresividad del tumor, se estableció a BCL-2 como 
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un biomarcador vinculado al comportamiento agresivo del tumor. Los bajos niveles 

de expresión de caspasa-3 en EP no están asociados con el comportamiento 

biológico o pronóstico de EP [26]. La pérdida de RAC2 en 22q13 o la amplificación 

de TPR en 1q25 se asoció significativamente con la supervivencia global en 

pacientes más jóvenes [27], se han reportado cambios en la expresión de los genes 

EGFR, CDKN2A, p16INK4A y p14ARF [28,29]. Además, el análisis de EP ha 

revelado un perfil de expresión genética anormal y rutas moleculares aberrantes 

que conducen al desarrollo y la progresión de estos tumores, dichos análisis pueden 

contribuir a la identificación de objetivos terapéuticos potenciales. La 

sobreexpresión de TNC en ependimomas pediátricos está asociada con el aumento 

de la vascularización tumoral, disminución del intervalo de recaída y un mal 

pronóstico general en otros tumores cerebrales [29]. Datos recientes muestran que 

la microinvasión tumoral en tejidos cerebrales adyacentes y la expresión tumoral de 

MMP2 y MMP14 son predictores significativos en la supervivencia libre de 

progresión en EP pediátricos [30]. Por otra parte, AIF1, múltiples alelos MHC de 

clase II (HLADMA, HLA-DMB, HLA-DPB1, HLA-DRB5 y CD74) y LILRB1 se han 

asociado con la actividad de microglia/macrófagos, los componentes celulares clave 

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

 

3.6 Biomarcadores tumorales 

En los últimos años se originó una cadena de estudios sobre perfiles moleculares 

que muestran anomalías genéticas únicas para los tumores cerebrales pediátricos 

para ayudar a un mejor diagnóstico. Se ha sugerido a los perfiles epigenéticos como 

una manera segura de categorizar a los tumores cerebrales y posteriormente la 

aplicación racional y correcta de la terapia específica. Se sugiere que los 

marcadores basados en la metilación son una buena estrategia de diagnóstico; este 

tipo de análisis puede proporcionar información relacionada con el diagnóstico, 

pronóstico 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, progresión 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 específico [32]. 
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La comprensión de cómo la arquitectura de la cromatina, la metilación del DNA y la 

expresión génica afectan el desarrollo del cáncer cambian la opinión sobre la 

carcinogénesis, así como la clasificación y estadificación del cáncer. Las 

modificaciones epigenéticas y genéticas podrían convertirse en biomarcadores 

útiles para el pronóstico y el tratamiento de la enfermedad (Fig. 4) [34]. 

 
Figura 4. Análisis integrado del genoma completo. Los datos integrados de diferentes 

plataformas conducen a una mejor comprensión de la base del cáncer y el camino hacia la medicina 

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

Los tumores de sistema nervioso central son un problema de salud pública, al 

considerarse la segunda causa de muerte infantil y la primera en neoplasias sólidas. 

Los ependimomas representan el 5% de los TSNC, estos tumores en algunos 

países llegan a ser diagnosticados hasta 200 casos por año, con una reincidencia 

del 50% de los casos después de 5 años al momento del diagnóstico. 

 

Actualmente, no se tiene el conocimiento suficiente para comprender el desarrollo 

de los tumores ependimarios y la posible identificación de genes candidatos a 

biomarcadores moleculares de pronóstico. De acuerdo con la literatura se sabe que 

las alteraciones cromosómicas, los cambios en la expresión génica y el patrón de 

metilación puede ayudar a comprender el desarrollo y la progresión tumoral. Este 

conocimiento permite postular genes candidatos a biomarcadores de pronóstico y 

en un futuro de diagnóstico. 

 

La generación de biomarcadores en ependimomas permitirá que los pacientes con 

esta neoplasia puedan acceder a un pronóstico más preciso, al conocer la 

esperanza de vida y el tiempo libre de reincidencia. Además, estos biomarcadores, 

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

 
3.1 Objetivo General 

Encontrar genes asociados a los ependimomas pediátricos y posibles genes 

candidatos a biomarcadores moleculares como factor, por medio del análisis de 

alteraciones cromosómicas, expresión de RNAs mensajeros y el cambio en el 

estado de metilación.  

 

3.2 Objetivos Particulares 
1. Identificar alteraciones cromosómicas y cambios en el patrón de metilación 

en ependimomas pediátricos.  

2. Conocer la expresión génica en ependimomas pediátricos. 

3. Relacionar las alteraciones cromosómicas, metilación y expresión de genes 

asociados a los ependimomas pediátricos. 

4. Conocer los cambios moleculares (alteraciones cromosómicas, cambio en el 

estado de metilación, expresión génica y proteica) con potencial para ser 

utilizados como biomarcadores de pronóstico en ependimomas pediátricos. 

5. Evaluar la expresión proteica por ensayos de inmunohistoquímicas en tejido 

tumoral de ependimomas pediátricos. 

6. Correlacionar la expresión de proteínas con la sobrevida y el tiempo libre de 

progresión de los pacientes diagnosticados. 
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6. Hipótesis 

 

• Si conocemos las alteraciones cromosómicas, los cambios en la metilación y 

la expresión génica entonces se identificarán los cambios moleculares 

involucrados en la tumorigénesis. 

 

• Si se realiza una revisión sistemática y un meta-análisis, entonces se 

conocerán los cambios moleculares ya descritos con potencial a ser 

utilizados como biomarcadores moleculares. 

 

• Si evaluamos la expresión proteica correlacionándola con la reincidencia y la 

sobrevida del paciente, entonces se determinará si estas proteínas pueden 

ser utilizadas como marcadores diagnósticos. 
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7. Diseño Experimental 
 

 
Figura 5. Diseño Experimental. Se muestra el proceso utilizado durante el desarrollo del proyecto. 

Los números 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 Duración del estudio 

El estudio se realizó en un periodo de 4 años, de agosto de 2014 a julio de 2018, en 

la Unidad de Investigación Médica en Genética Humana del Hospital de Pediatría 

“Dr. Silvestre Frenk Freud” del Centro Médico Nacional “Siglo XXI”, Instituto 

Mexicano del Seguro Social (IMSS), con colaboración del Servicio de Patología de 

Hospital de Pediatría “Dr. Silvestre Frenk Freud” del Centro Médico Nacional “Siglo 

XXI”, IMSS y con los Servicios de Neurocirugía Pediátrica del Hospital General “Dr. 

Gaudencio González Garza”, Centro Médico Nacional “La Raza”, IMSS y del 

Hospital Infantil de México Federico Gómez. 

El proyecto fue aprobado por la Comisión Nacional Científica con los números R-

2009-785-042 y R-2014-785-094. 
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8. Resultados 
 

Se identificaron las alteraciones cromosómicas, los cambios en el estado de 

metilación y la expresión génica en pacientes pediátricos diagnosticados con 

Ependimoma. Se colectaron seis muestras de tejido fresco; este número de 

muestras se consiguió durante dos años de colecta, debido a la baja incidencia de 

los tumores ependimarios. Se realizaron ensayos de microarreglos de Hibridación 

Genómica Comparada, Metilación y Expresión Génica en la plataforma Agilent, 

lográndose identificar alteraciones cromosómicas, genes hipermetilados e 

hipometilación, genes subexpresados o sobreexpresados, se conoció la correlación 

entre los diferentes resultados y se identificaron las vías de señalización 

involucradas en los EP pediátricos. Estos resultados se describen en Pérez-

Ramírez et al., 2016 “Genomics and epigenetics: A study of ependimomas in 

pediatric patients” (Artículo 1 y Anexo I) 

 

Se describieron los cambios moleculares en EP pediátricos con base en la literatura 

internacional. Se realizó una revisión bibliográfica en la base de datos PubMed de 

NCBI de los artículos publicados de enero 1990 a junio de 2016. Las contribuciones 

internacionales se presentan cronológicamente, se hace referencia a las 

alteraciones cromosómicas, cambios en el estado de metilación, microRNAs, 

variaciones en la expresión génica y proteica. Los resultados se encuentran en 

Pérez-Ramírez et al., 2016 “Pediatric Ependymoma: Molecular Characteristics and 

Useful Prognostic Markers” (Artículo 2).  

 

Actualmente, no existen características moleculares específicas para los EP 

pediátricos con potencial para ser utilizados como biomarcadores de pronóstico, por 

lo cual fue de interés conocer las alteraciones cromosómicas, el cambio en el estado 

de metilación y de expresión génica que son candidatos a biomarcadores 

moleculares en EP pediátricos. Se realizó una revisión sistemática a partir de 

artículos encontrados en las bases de datos PubMed, Embase, Scopus y Medline. 

Se propone a la región 1q25 y al gen hTERT, entre otros como característicos de 

los EP pediátricos. La información se describe en el artículo enviado Pérez-Ramírez 
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et al., “Molecular characteristics of pediatric ependymoma: a systematic review” 

(Artículo 3).  

 

Se evaluó la expresión proteica y se correlacionó con la reincidencia y la sobrevida 

de los pacientes. Se evaluaron las proteínas GNAO1, ASAH1, IMMT, IPO7, Ciclina 

D1, P53 y KI67 en tejido tumoral de EP pediátricos, estas proteínas fueron 

seleccionadas por su importancia biológica. Se colectaron 30 muestras embebidas 

en parafina procedente de archivos histopatológicos; se evaluó la expresión proteica 

por medio de ensayos de inmunohistoquímica, los resultados se correlacionaron 

con la edad, género, grado histopatológico, reincidencia y sobrevida. Los resultados 

se describen en el artículo en preparación Pérez-Ramírez et al., “Pediatric 

ependymoma: GNAO1, ASAH1, IMMT and IPO7 protein expression and prognosis 

correlation” (Artículo 4 y Anexo II). 
 

Además, se identificaron las alteraciones cromosómicas, los cambios en el estado 

de metilación y la expresión génica en tumores germinales intracraneales 

pediátricos. Se realizaron ensayos de microarreglos en la plataforma Agilent. Se 

observó que estos tumores comparten algunos cambios moleculares con los EP 

pediátricos. Los resultados se describen en Pérez-Ramírez et al., 2017 “Pediatric 

pineal germinomas: Epigenetic and genomic approach” (Artículo 5 y Anexo III). 
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1. Introduction 

A BS T RAC T 

Object i ve : We id enti fy chro moso mal altera tions, the me thylation pattern an d gene expression changes 
in pediatric ependymomas. 
Merhods: CG H microarray, methylatio n a nd gene expression were performed through the Agilent plat
formo The results were analyzed with tbe software MatLab, MapViewer, DAVID, GeneCards and Hi ppie. 
Resulcs: Am plification was fou nd in 14q32.33. 2p22.3 and 8p22. and delerion was fou nd in 8p l1.23-
p ll .22 and 1 q2 1.3. We observed 42.387 CpG is la nds w ith changes in thei r methylation patte m , in wh ich 
we found 272 genes involved in signal ing pathways re lated to carcinogenesis. We fou nd 48 1 ge nes with 
a ltered expressio n. The genes IMMT,jHOMO I 0 , ASAHl , ZWINT, IP07. GNAO l and ClS03 were found to be 
a ltered a mong the th ree leve ls. 
Concfusion: The 2p22.3, 8pll .23-p l1 .22 and 14q32.33 regions were ide nti fi ed as the most impo rtant : the 
cha nges in the methylation pattern related to cell cycle and cancer genes occurred in M IB2, FGF18 and 
ITIHS. The IP07, GNAO l and ASAH l genes may p laya major role in e pe ndymoma development. 

10 2016 Elsevier B.V. AIl rights reserved. 

Hra in tu mors rep resent t he second mos t commo n pedi a tric 
m alignancy [1 ,2 ]. The numbe r of children , ado lescents a nd young 
adulrs (0- 19 yea rs ) w irh a brain tumo r diag nos is is approxima tely 

4350 per year. In Mexico. it has been reporte d that t here are 560 
new cases of brain tumors pe r yea r (3 [. The cause is unknown 
fo r mos t of the tumors, but it has been recognized t hat a re so rn e 
predisposing conditions t hat g ive ri se to certain tumor ty pes. 
Epe ndymo mas represenr approximate ly 10% of a ll p rimary tumors 
of the central nervous sys tem in ch ild ren 141. 

• Correspond ing author. Fax: +52 55 55885 174. 
E-mail addresses: norm.1ndg.1rcia@gmail.com. normandg.u cialiPy.1hoo.com 

(N. Carcia-Hernández). 

http://dx.doi.org/10.1 O 16{j.cI ineuro.20 16.02.041 
0303-8467/Cl 2016 Elsevier B.V. AII rights reserved. 

An epe ndymoma (EP) is a slow-growing tumo r that arises fro m 
ependy ma l ce ll s of the ventricul ar syste m. from the choro id p lexus 
or the cent ral canal ofthe spina l co rd [4 [. a nd less frequently fro m 
t he bra in pa renchyma as a resulr of ce ll mig rarion d u ring embryo-
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genesis [S). These tumors are considered to be of glial origin and 
may originate from ceJls derived during the transformatian of neu
fal stem cells, which contribute to (he initiarian and development 
ofbrain tumors; these cells share similar properties with the cen
tral nervous system (CNS). including se lf-renewal and proliferative 
capacity for the generatían of offspring cells [6]. Very young chil
dren have a tendency towards a less favorable prognosis than older 
children and even adults, which cannat be entirely expla ined by 
differences in resectability, loeation or adjuvant therapy (7] . 

Remarkably. the WHO c1assifies pediatric EP according to 
(he histopathological variants in Grade 11 (classic) and Grade 111 
(anaplastic). The classification is established by factors such as: 
ceU density, mitotic activity, proliferation, necrosis and microvas
culature [8] . It has been obselVed that chromosomal aberrations 
(deletion andfor amplification) thatcontribute to tumor events and 
[he anatomicallocation ofthe neoplasia are important for EPdevel
opment. Amplification obselVed at chromosomes 1 q, 7p, 9q and 
12 are chromosomal aberrations associated with a poor prognosis 
19]. An important epigenetic factor. methylation. is a unique and 
significant process involving covalent modification of rhe genetic 
material of a cell, which affects genes promoters leading to the reg
ulation of transcription [10] ; methylome studies of brain tumors 
have revealed epigenetic modifications that disturb multip le genes 
involved in ceUular regulation, DNA repair, ceU migration and apo
prosis 1111. 

Currently, hypomethylation of DNA in tumors of glial origin 
affects 10 million dinucleotide CpG islands of the genome, w hich 
appear to be associated with [he evolution of ceUular ma lignancy 
through oncogene activatíon. promotion of genomic instability and 
[he loss of imprinting genes (12]. At the intracranial EP, it has been 
demonstrated that the gene express ion for rhe Notch and Sonic 
Hedgehog (Sffff ) pathways is overexpressed; whi le in the medullar 
EP. involvemenr w ith [he DUG2. P13K and the HDX family genes 
has been identified (13,14]. DNA methylation and chromosomal 
abnormalities may influence gene expression; however, in many 
reports these approaches have been studied separately. Aure et al. 
obselVed thar chromosomaI amplifications and hypermethylation 
in breastcancer stimulated miRNA over-regulation. suggesting that 
miRNAs are also involved in the regulation of gene expression in 
ependymal tumors. A review tumor of behavior may facilitate a 
better understanding of the development. progression and main
tenance of turnors (15] . To identify and correlate the chromosomal 
alte rations, methylation partero and gene expression changes in 
pediatric ependymomas. 

2. Material and methods 

2.J. Samples 

The incidence ofependymomas accounts for 5-1 0% of all tumors 
of the central nelVous system. Because of this, sample coUection 
was established during the period of 2012-2013. The samples 
were collected from the selVices of the Pediatric Neurosurgery at 
General Hospital "Dr. Gaudencio González Garza" National Medi
cal Center "La Raza", Mexican Social Security Institute (1M SS) and 
[he Department of Neurosurgery at Childrenís Hospital of Mexico 
Federico GÓmez. Tumor tissue was removed by surgical resection 
of pediatric patients between O and 16 years old. A total of 50 
tumor samples were co llected and these tumors were diagnosed 
by histopathologic evidence and images, bu[ six samples were 
selected. beca use have confirmed diagnosis of ependymoma (Table 
51001: 10.6070fH4RN3sWP). The signingofinformed consentwas 
requested in writing by the parentfguardian. 

A control group (pool) was designed from lobotomy tissue from 
patients with epilepsy and the surround ing tissue (when neces-

sary). The Ethics Committee ofrhe National Commission approved 
the study for Scientific Research at IM5S under registrarion number 
2009-785-042. The data were kept strictly confidential and in com
pliance with national and international sta ndards for research on 
human hea lth. AII experiments were performed in accordance with 
the Declaration of Helsinki , and all subjects showed good under
standing ofthe process and had given their written consent for the 
procedures. 

2.2. Nucleic acid exrraction 

The DNA was extracted from tumor tissue with DNeasy Blood 
& Tissue (Qiagen), following the manufacturer's instructions. Total 
RNA was extracted from the rumor tissue [hrough RNeasy (Qiagen ) 
following the manufacturer's recommendations. Both nucleic acids 
were verified using the NanoDrop 1000 (Thermo Scientific) and 
2100 Bioanalyze r (Agilent Technologies, Santa Clara. CA, USA). 

2.3. Microarray-based compararive genome hybridization 

Chromosomal aberrations were evaluated through array com
parative genome hybridization (aCGH) using the Agilent platform 
with the (GH array chips G3 Sureprint Human (GH Microarray 
400K (G4448A Agilent). lmplementation ofthe recommended pro
tocol by the supplier was followed. 

2.4. Methylation microarrays 

Methylarion assays were performed with the Human CpG Island 
Microarray Chip l X244K (G449sA-023795 Agi lent). The protocol 
recommended by the supplier was performed. We used Feature 
extraction software (Agilent Technologies). 

2.5. Expression microarray 

Gene express ion ana lysis was performed using a two-color 
microarray based merhod (QuickAmp Labeling Kit. Two Color Agi
lent); cRNA was purified through the RNeasy kit(Qiagen). Human 
GE 4X44K v2 (G4845A) microarray chips (Agilenr Technologies). 
Data were extracted and preprocessed wirh the Agilenr Feature 
Extraction Software [16J and GeneSpring software (Agilent tech
nologies). 

2.6. Analysis oI results 

The data obtained from the microarray platform were uploaded 
to the ArrayExpress Archive of Functional Cenomics Data (http:// 
www.ebi.ac.ukfarrayexpress ) attheEuropean Bioinforrnatics Insti
tute (EMBL-EBI) with the access numbers E-MTAB-3846 and 
E-MTAB-38s0 (17]. Tables and and images generated as comple
ments we re deposited at the LabArchives Electronic Lab Notebook 
(http: //www.labarchives.comf). The aCGH results were analyzed 
with MapViewer de National Center for Biotechnology Informa
tion. The methylation and expression microarray data analysis was 
performed with rhe MatLab software (The MathWorks Inc.). Sub
sequently, we used DAVID Bioinformatics Resources 6.7 software 
(18] to identify the functionality of the modified genes as we ll as 
BioGrid version 3.3.122 1191 and GeneCards 1996-2015 1201. The 
databases Hippie (21] and STRING version 9.1 (22] were used to 
determine the biological importance. 
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Fig. 1. Ependyrnoma methylation pattern. The figure shows a cluster that represents the methylation pattern in the studied ependyrnal tumors; data were grouped according 
to their normalized value and analyzed fOf each chromosome (Chr). Hypermethylation values range from 0.5 to 3 and hypomethylation values range from -0.5 to - 3, according 
to the color scale. 

rabie 1 
Sample fea tures. The features ofthe patients from whom the Sdmples were obtained 
are shown age (Age), gender (Sex), and tumor location (Localizatían). Histop.1tho
logical grade classification was according to the World Health Organizatían (Grade) 
and wherher the tumor was de novo Of recidivism (Observations). 

Sample Ag. 5ex Grade Localization Observations 

EPI 15 M 11 Posterior fossa De novo 
EP2 15 M [11 Posterior fossa De novo 
EP3 13 F 11 Spinal cord (Ll-L5) Recidivism 
EP4 9 F 11 Posterior fossa De novo 
EPS 2 F Posterior fossa De novo 
EP6 15 M Posterior fossa De novo 

3. Results 

3.1. Histopathologic features 

The coJlected tumors were located in the posterior fossa and 
only one in spinal cord, as seen in Table 1; all the ana lyzed samples 
had the diagnosis of ependyrnoma. 

3.2. Chromosomal alterations 

In the aCGH results, amplifications and deletions for each ofthe 
samples were found, it is worth noting the 8p11.23-pll.22 regions, 
which was found, deleted in four samples and amplified in sample 
EP4, and the region 14q32.33 was found amplified in four sam
pies. In Table 2 are shown chromosomal alterations found in the 
ana lyzed samples. 

rabIe 2 
Chromosomal alterations. We show the chromosomal alterations found in over 50% 
ofthe samples. which inc\udeamplificationsat 1 q2 13, 2p22.2, 2p22.3, 3p22.2, 7p 13. 
7p 15.2, 8p22. IOq2l.1, 11 P 15.4 and 14q243. Also show deletions at 2p 11.2, 2p223, 
7q34, llql1 . 16q 12.2 and 17q 12. We observe thar chromosome 2p bdd the highest 
number of chromosomal alterations. 

CH' Size (pb) Deletion Amplification 

lp31.1 26625 EPI, EP2, EP6 EP3 
lq21.3 25495 EPI, EP2, EP4. EP6 
2p I1.2 148728 EPI. EP2, EP3, EP6 
2p22.2 63459 EPI , EP2, EP3 
2p223 32424 EPI , EP2, EP3, EP6 
2p223 22854 EPI , EP2, EP3 
3p22.2 5239 EPI , EP2, EP6 
7p13 6741 EPI. EP2, EP6 
7p15.2 48136 EPI , EP2, EP6 
7q34 15385 EPI , EP2, EP6 
8p22 20332 EPI. EP2, EP6 
8pI 1.23-pIl.22 1511 66 EPI, EP2, EP5. EP6 EP4 
lOq2l.1 18948 EPI. EP2, EP6 
11p 15.4 19765 EP2. EP3, EP6 
Ilql l 82634 EPI, EP2, EP3 
I2p1331 8 1523 EPI, EP6 EP3 
14q24.3 9884 EPI , EP2, EP6 
14q32.33 13454 EPI , EP2, EP3, EP4, Ers, EP6 
15ql1.2 1338278 EPI , EP2, EP4, EP6 
16q12.2 23189 EPI , EP2, EP6 
17q12 25109 EPI , EP2, EP6 

The analysis showed that EPI had 30 amplifications and 32 dele
tions; EP2 had 24 amplifications and 36 deletions; EP3 had 141 
amplifications and 18 deletions ; EP4 had 24 amplifications and 13 
deletions; EPS had 19 amplifications and 17 deletions and fi nally 
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EP6 had 57 amplifications and 42 deletions. Sorne of amplified the 
regions were shared in 33% ofthe processed samples: 1 q24.2 (EP2, 
EP4 ), 3q26.1 (EP4, EP6), 4p1S.1 (EPI , EP2 ), 7q33 (EPI, EP6), 7q34 
(EP3, EP4), 17q21.31 (EP4, EP6) and deleted regions: 6p21.32 (EPI , 
EP6 ), 7q34 (EP2, EP6), 7q3S (EPI, EP3), 8p23.1 (EPI, EP2), 9p24.1 
(EP2, EP6) and 19q13.42 (EPI , EP3). 

3.3. Ependyma / tumor methy larion 

We faund 42.387 ( pG islands modified in their methylated sta te. 
Five samples were considered, exc1uding EPS because the sample 
quali ty issues. We observed a similar methylaüon panern, shared 
a mong the ependymal tumors. The data were re presented via hier
archical clustering (Fig. 1 ). EPI , EP2 and EP6 methylation showed 
similar patterns. and EP3 and EP4 showed similarity in almost all 
chromosomes. The figure shows the generated cluster ror each 
chromosome; hypomethylation which is displayed as banding in 
dark hueso 

We found 272 altered genes, 106 genes were hypermethy
lated and 166 were hypomethylated (Table 52, DO!: 10.6070{ 
H4RN35WP). Hypermethylated genes were found involved in 
the foll owing pathways: endocytosis, axon guidance, neuroactive 
ligand receptor interaction and the phosphatidylinositol signal
ing system. Hypomethylated genes were found involved in : the 
TGF-¡3 signaling pathway, the Hedgehog signa ling pathway, can
cer pathways, Parkinson 's disease, the Wnt signaling pathway, 
inositol phosphate metabolism, ceU cycle, the MAPK signaling 
pathway, Fc gamma R mediated phagocytosis, glioma, RNA degra
dation, Alzheimer's disease, regulation of the actin cytoskeleton, 
rhe chemokine signaling pathway, the T ceH receptor signaling 
pathway, the phosphatidylinositol signa ling pathway, adherent 
junction and the GnRH signaling pathway (Fig. 51. 001: 10.6070/ 
H4W95763). According to published reports about methylation in 
other cancers and our results in EP, changes in the patterns and 
altered genes, which coincide with the literature (Table 53, 001: 
10.6070{H4RN3SWP). 

3.4. Gene expression 

We found 48 1 modified genes; 2 19 overexpressed genes and 
262 unde rexpressed genes (reported in Table S4, 001 : 10.60701 
H4RN35WP). These values were represented with a hierarchical 
cluster in which we cauld observe an expression pattern from 
ependymal tumors. We observed overexpression in EP4 of PKP3, 
KREMEN2, EPSBLI , SHOX and CDBB genes; in EP2 of AQP4, DPPlO, 
BHLHE22 and NIT02 genes; in EPS KCNC2, NEUROD 1, HSD 17B6, 
RGS7, CDKSR 1, CNRI , STYK1, SCN3B, SV2B, PRKCB, KIFSA, VSTM2A, 
SCG5 and SNAP25 genes (See Fig. 2). 

According to the literature, we correlated gene express ion 
reponed in other important malignancies. We also considered 
the methylation status found in EP (Table SS, 001: 10.60701 
H4RN35WP). From these findings, we determined the bialogica l 
function and participatian in regulatory pathways such as cancer 
pathways, primary immunodeficiency, transendothelialleukocyte 
mig ratian, ECM receptor interaction, the p53 signaling pathway, 
ceU adhesion molecules (CAMs) and the VEGF s ignaling pathway, 
which are known to be importanr in carcinogenesis (see Table 3 ). 

We identified eight genes that correlated among the three 
studies , t he methylation pattern, chromosomal alte ratio ns and 
expression profi les (see Table 4 ) 

4. Discussion 

Genamic and epigenetic studies contribute to the understand
ing of oncogenic processes and there have been many different 

Fig. 2. Gene express ion heannap. The figure shows a cluster representing gene 
expression in ependymal rumors. Data were grouped according ro rheir normal
ized value. OVerexpression was 0.5 ro 3 and underexpression was - 0.5 [O - 3 as 
shown in t!le color scale. 

Tablel 
Biological function and cancer parhways. Shows genes (Gene) with expression 
changes (Status) involved in a carcioogenesis pathway (pathway). 

Gene Pathway Status 

BID PathwdYs in cancer, p53 signdling pathwdY Under 
CBLB PathwdYs in cancer Ove< 
CCNB2 P5l signaling pcl thway Over 
COK! PS3 signJling p.1 thwJY Ove< 
FGF22 PathwdYs in cancer Under 
HSP90AA2 PathwdYs in cancer Over 
HSP90B I PathwdYs in cancer Ove< 
ITGA6 PdthwdYS in cancer Ove< 
KIT Pathways in cancer Over 
lAMA2 Pathways in cancer Ove, 
MAPKl 1 VEGF signaling pathway Under 
MOM2 Pathways in cancer. p53 signaling pathway Over 
PRKCB PathwdYs in cancer, VEGF signaling pathway Under 
PRKCG Pathways in cancer. VEGF signaling pathway Under 
P11<2 PathwdYs in cancer, VEGF signaling pathway Under 
RAQ PathwdYs in cancer, VEGF signaling pathway Under 
RA051 Pathways in cancer Ove, 
SFSNl 1'53 signaling pclthway Ove, 
STATl PathwdYS in cancer Ove, 
WNTlOB PdthwdyS in cancer Under 

Table4 
Correldtion between studies. Abbreviations: A. amplification. D. deletion. Hypo. 
hypomethyldtion. Hyper. hypermethyldtion. Over. overexpression. Under. 
subexpression. 

CH. Gene aCGH Methylation Expression 

2plL2 IMMr A Hypo Ove, 
7p13 FLJ35390 A Hyper Under 
7q34 JHDM ID O Hypo Ove, 
8p22 ASAHI A Hypo Ove, 
l Oq2 Ll 2WINT A Hypo Ove, 
l 1p1 5.4 IP07 A Hypo Ove, 
16q12.2 GNAOl O Hypo Under 
17q12 CISOl O Hypo Under 

genomic approaches to EP tumors that have discovered that struc
tu ral chromosomal rearrangements and epigenetic abnorma lities 
that contribute to tumor development 122]: in aCGH studies, it was 
realized that epe ndyrnal tumors have amplification in regians 1q, 
7p, 9q (9(, 12 (23( and Sp (24( and deletion in chromosomes 6q 
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and 14q (25]. We found amplificatians in 2pl1.2, 2p22.3, 3p22.2, 
7p15.2, 8p22, l Oq2 1.1 , 11p15,4 and 14q32.33 and deletions in 
1 p31 .1, lq21.3 , 2p22.2, 7q34 and 8pl1.23-plI.22. Olsen et a l. 1241 
faund that the 14qter region was deleted. This chromasomal regio n 
is proposed to be important in the development of ependymal 
tumors. It is also important to mention that chromosomal alter
ations and methylation vary according to the anatomicallocation 
of the tumor (26]. as displayed in sample EP3 showing the unique 
sample loca ted at the spinal cord. There is evidence that methyla
tion is a majar developmental mechanism more so in the EP due ro 
tumor development in 89% of cases [27 ]. Because its location makes 
them molecularly distinct, the medullar EP has a profile for more 
overregulation and hypermethylation campa red with thase located 
in the posterior fossa (22]. We visualized these ditTerences in sam
pie EP3. However, a similar pattern of methylation was observed in 
the other EPs, identifying merhylation as a characteristic marker. 

Currently, EP has been reported to have many hypermethylated 
genes. Those that are considered as tumor suppressors inelude 
CDKN2A, CDKN2B, HICl, RAS5F1J, CASP8, MGMT, TP73 19] and RBI 
1281; cel! cycle progression CDKN2/ p16/ MTS1; DNA repai r MLH1; 
ceH adhesion CDHl. E-Cadherin: and members ofthe Sonic Hedge
hog and Notch pathways (14]. We found methylated genes that 
were mainly related to apoptosis (MYC), ceU cycle (SESN2, MAD 1 L1, 
CUX 1, E2F8), neuronal ditTerentiation (EBF3), transcriptional activa
tion (GATA2 ) and the oncogene related genes TFGf3, p53 and c-myc, 
as wel! ascel!ulardivision (Tab le 52, 001; 10.6070/H4RN3SWP). We 
found hypomethylated genes that have been reported to be over
expressed such as: IGFBP5, WNT5A 1291 and CCND I I13] , suggesting 
that this could be due to changes in the methylation pattern. 

It is known that the number of abnormalities and changes in 
gene expression alter signaling pathways and may contribute to 
the development and progression of tumors. Stud ies have actu
ally reported expression changes in genes such as EGFR. CDKN2A, 
p161NK4A. and p14ARF, while others involved in tumorigenesis 
included CLU, IGF2, RAF1, MMP12, PSAP, MSX1 and BMP4 1301, 
We found overexpressed genes related to transcription (MAPKll ), 
cel! cycle (MDM2, CCNB2, CDKI ), proliferation (CBLB, KIT. SESNI ), 
tumor formation (HSP90B1). ce llula r adhesian (ITGA6 ). migration 
(LAMA2), DNA repair (RAD51) and underexpressed genes related to 
apoptosis (BID, PRKCB ). cellular adhesion (PTK2 ) and tumor growth 
(FGF22) (Table 54, 001 : 10.6070/H4RN3SWP). These changes sug
gest involvement with initiatian, progression and estab li shment 
of the tumor and possess that capability to evade cellular pro
cesses as was found in the downregulation of genes involved in 
apoptosis, ceU growth and cel! adhesion. While genes related with 
proliferation, migration and tumor formation were found to be 
overexpressed. Based on the methylation pattern and gene expres
sion, we observed genes already reported in glial and epithelial 
tumors that shared characteristics with the ependyma l tumor, 
suggesting potential importance during tumor formation and 
maintenance. 

In the carrelatian between genes with an altered methyla
tion partern and chromosomal abnormalities, we pro pose as a 
result of the chromosomal abnormalities that sorne found genes 
may have hypomethylatian or hypermethylation (Table 56, 001: 
10.6070fH4RN35WP). We found 156 genes from which approx
imately 50% were suggested to show this relationship such as: 
NEGR1, 1LF2, RPRD2, CHRNB2, EPBH6, BAG4, KIF26A and JAG2. It 
is known that the expression level depends on hypomethylation 
or hypermethylation, and this was corroborated with the com
parison between express ion and the altered methylation pattern; 
underexpressed genes were hypermethylated and overexpressed 
genes were hypomethylated (Table 57, DOI : 10.6070/H4RN3SWP). 
Regarding the comparison of expression changes and chromosomal 
abnormalities, \Ve observed 15 genes that correlated, under
expressed genes were deleted and overexpressed genes were 

ampli fied (Table 58, DOI: 1O.6070/H4RN3SWP). Eight genes corre
lated in the th ree studies; we assume that the methylation partern 
and chromosomal alterations have an impact on gene expres
sion. Thus. according to their biological function and the literature, 
we consider the IMMT, FLJ35390, jHDMID, ASAH1, ZWINT, IP07, 
GNAO J and CJSD3 genes important because they act during main
tenance and tumor formation. Because they interact with other 
genes related to growth fa ctors (A2M), tumor suppression (APC), 
neuronal plasticity development (PRNP), ce ll cycle and ditTerenti
ation (PTPNI 1). neuronal adhesion (APP) and anti-apoptotic genes 
(BAG3 ) 1201. 

The importanceofthese genes has been reported in several stud
ies. The ClSD3 gene was found underexpressed in ependymomas 
despite being considered necessary for tumor ce ll proliferation by 
preventing cell death [31], possibly as a result of chromosomal 
deJetion. The IMMT gene correJates with an aggressive pheno
type because it has been found to be overexpressed in gl iomas, 
ependymomas and oligodendroglioma and is related w ith cell pro
liferation and the promotion of angiogenesis [32J. This implicates 
their importance in tumor development. The ZWINT gene is related 
w ith kinetochore formation and it has been reported that its low 
expression causes mitotic arrest and its high expression promotes 
cell proliferation [33 J. 

These genes found in the EP have been reported in calo rectal and 
prostate cancer (34] , such as overexpressed IP07, a nuclear protein 
that is upregulated by c-Myc and p53; when IP07 decreases their 
expression trigge rs the activation of p53 and thus ceU arrest [35J. 
jHDMDl, anotheroverexpressed gene, has been seen mainly in neu
rons compared to other CNS cells such as astrocytes and microglia 
(36]. The histone demethylasejHDMlD is highly expressed in va ri
ous cancer cells in response to nutrient starvation, and subsequent 
suppression of sa lid tumor growth was associated with the down
regulation of several proangiogenic factors such as VEGFfJ. It has 
also been shown to be involved in neural development. but its role 
in tumor progression has not been elucidated (29]. 

GNAOl has been reported as an important signaling molecule 
in the CN5 and peripheral nervous system and is abundantly 
expressed in brain tissue. It cons titutes up to approximately 0.5% 
ofmembrane proteins and li kely serves an important role in brain 
function (37J. Although GNAOl was identified as part ofthe human 
plasma proteome, the high abundance of the GNA01 protein was 
suggested to promote cancer cell viabil ityvia pro-apoptotic protein 
interference (38 J. 

Finally,ASAH 1 (AC) has emerged as important based on the roles 
for ceramide and sphingosine in regulating cell growth, as these 
sphingolipids have became important targets in cancer therapy 
132] ; AC in addition to enhancing ce ll survival and resistance to 
programmed cel! death, stands as a critical regulator of cell pro
gression, migration, and invasion [39J, Multiple groups involved 
in sphingolipid cancer research have challenged the mechanisms 
of action of cammonly used chemotherapeutic agents. It is now 
widely accepted that most of these agents used in cancer treat
ments are also implicated in cancer cell death via activation of the 
ceramide pathways (40]. 

We suggest that the C/SDJ, IMMT, jHDMD1, IP07, GNA01 and 
ASAHl genes play an important role in the development of EP and 
are involved in cel! proliferation, ditTerent metabolic pathways, 
methylatian and other cellular processes. Furthermore, these genes 
may be used as possible ependymal prognostic markers beca use 
it was suggested that they favor maintenance and tumor forma
tion due to participation in cell cycle deregulation, ce l! migration 
and perhaps even metastasis. Currently, in the analyzed patients, 
it was not possible to know whether their genes were involved 
with metas tases. We believe that these genes deserve further 
study. 
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Abstrae' 

Ependymoma is a type ofbrain tumor that originates from ependymal 
eells In the ventricular system of the bra ln and the centra l canal 
of the splna l co rd . Ependymoma tumors remain a public heallh 
eoncern . Over the last several deeades. ependymoma tumors have 
been sludied al the molecular tevel. In pedialrie ependymomas, 
deletlons of chromosomes 6q and 22q as well as Ihe ampllfication 
of ehromosome 1 q have been observed. The MMP2, MMP14, PI3K, 
and MGMT genes have been proposed to be prognostie markers 
of ependymoma. Al Ihe epigenelie level, medutlary ependymoma 
has a different methylalíon pattern from inlra eranial EP. The EZH2 
and MGMT genes play an important role in cell eyele-related gene 
expresslon. 
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Introduction 

Central Nervous System Tumors (CNST) cornprise between 15 
and 20 percent of all neoplasms Ihat occur during childhood and 
adolescence (1). Accordi ng lO regional and global incidence reports 
of CNST in child ren, there is a considerable degree of variation 
among difieren! regions and counl ries. The Central Srain Tumor 
Registry of the United States (CSTRUS) estimaled lhat lhe average 
annual age-adjusted childhood CNST incidence rate was 5.26 pe r 
100,000 ind ividua ls in lhe populatio n [2}. Thus. CNST is a signiflcan t 
public health problem. Epcndymoma (EPl, a Iype of CNST. is a 
slow-growing tumor Ihal originales from ependymal cclls in the 
ven tricular system, choroid plcxus, and central canal of Ihe spinal 
cord, EP tumors Illainly forlll in Ihe fourlh vent riclc bul may olso 
arise less frequently in lhe brain parenchylllo aS a result of ependymal 
cell migration d uring embryogenesis [3}. 

Over lhe last severnl years, EP tumors have been studied at 
the molecular level to try to understand their developmen t and 
ma intenance (Figure 1). These studies have shown that althollgh 
inlracranial and spinal ependymomas are histopathologically similar, 
their molecular biology is very hete rogeneous, and they possess 
differenl DNA copy numbe r alterations, messenger-RNA expression 
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proflles, and geneli c and epigenctic aJtcrations as well as divcrsc 
transcriptional programs [4]. 

The fi rsl molecular study in EP tumors was published in 1992; the 
study argucd that cytogenetic analysis of EP tUl110rs was importan!. 
In fact, in most other neoplasias, cytogenetic abnormalities 
constilu le an importanl prognostic fac tor 15). A complex karyo type 
of sup raten torial pedia tric EP revealed a tra nslocation t(lO: 11: 15) 
(p12;q I3;pI2) and a breakpoinl al Il q I3(5). Anolher study reporled 
karyotypes froln two EPs. Predominanl ly well-diffe ren ti alion EP 
contai ncd several numc rical ch romosomc nberrations, includ ing 
mo nosollly 22, Anaplastic EP, howcvcr, had a loss of oncch rolnosomc 
22 homologue and a breakpoi nl in Ihe remai ning ch romosomc 22 
homologue. These find ings suggested the locat ion of a poten ti al 
ependymoma tumor suppresso r gene on chromosome 22 [6}. This 
report became lhe basis fo r considering the deletion of ch romosome 
22q as a characte ristic of EP. Fu rthermore, Ihe neuroflbromalosis 
type II (NH) gene, located at chrolllosollle 22q 12.2, is associated with 
a heredilary p red isposil ion fo r ependymomas; EP is causcd by a loss 
of lhe Merlín tumor suppressor pro lein encoded by the NF2 gene. In 
pat ien ts with NF2, EPs are Ihe most comlnon inlramedull ary spinal 
tumors, with a predi lection fo r the cervical region (7,SJ. 

Over the foUowing decade, studies began to identify other 
ch romosomal alterations in EP, slIch as gains on ch romOSOIl1C 9 
and losses of chrolllosome 6q 19). The frequenl gains and high
levcl alllpli fication of EGFR at 7pl 1.l 2 rcvca lcd that EGFR protein 
overexpression is correlatcd with poor p rognosis [101. A supe rvised 
tumo r c1assificat ion showed Ihal a gain of 9qter was associaled wit h 
tumo r recu rren ce, age older than 3 years, and posterior fossa location. 
Furthcrmore, thc study found an overexprcss ion of two potcnt ial 
oncogenes al the 9qler locus, Tenascin -C (TNC) and Notch l . The 
relevance of th is critical region led to the application of a candidate
gene strategy on 9q33-34 that includcs two oncogencs previously 
linked to brain tumorigencsis, Notch l and TNC [11 ). 

Ncverthcless, Ihe search conlinucs for which genctic factor 
promotes chromosomal instab il ity in EP; telomere alterations were 
proposed to be the promoters of ch romosomal abnormalities 112]. 
Genomic instability is a ha ll mark of caneer, and it accelerates lhe 
process of ceU transformation. This knowledge may Icad to clin ical 
applications oftreatment st ralegies in EP pat ients, such as therapeutic 
I'argels of specific genclic abnormalities (13,14) relative lo lhe 
anatomicallocation of Ihe tumor (intracranial or spinal) r 15). 

Among the chrol1losomal abno rmalities. researchers began 
to identify genes that showed altered expression in EP. The aim of 
these studies was to correlate altered gene expression with tumor 
aggress iveness, as eSlablished for BCL-2, a well -known biomarker 
Iinked lo aggressive tumor behavior. The low levels o f caspase-3 
expression in EP are not associated with lhe biological behavio r or 
prognosis of EP 116}. Furthermore, the loss of RA C2 at 22q13 or the 
amplificalion ofTPRal Iq25 \Vas significantly associaled \Virh shorter 
overal! survival in younger patien ts (17}. 

Addit ional genes have been associated wilh other malignancies, 
particularly in brain lumors, including COL4A 1, IBP2, HOX7, 
WEEl, GALI, WNT5A, and FNI [181. These genes are useful 
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Figure 1 Timel ine: The mos! significan! discoveries in EP are shown as well as !he year !ha! !hey were published. 

prognosti c markers that may be he\pful in stratifying patients for 
adjuvant treatments. Moreover, tumor microinvasion into adjacent 
brain tissues and tumor expression of MMP2 and MMP14 are 
significant predictors of overall and progression-free survival in 
pediatric ependymomas [19[. 

The P-AKT protein expression, indicating P13K pathway 
activation, was observed in 72% of EP tumors, and P-AKT expression 
was found to be an independent marker of poor progression-free 
survival. Another association was iden tified belween PI3K pathway 
activation and cel! p roliferatio n. PTEN protein loss was not associated 
with P-AKT staining and no mutations were identitled in PIK3CA 
[20]. Moreover, AIFJ, muhiple MHC class TI alleles (HLADM A, 
HLA-DMB, HLA-DPB1, HLA-DRB5, and CD74), and the leukocyte 
immunogJobulin- li ke receptor subfamily B member 1 (LILRB!) 
genes were associated with the activity of microglia/macrophages, 
the key cell ular componen ts of the innate immune system, and were 
found to correJate with a good outcome in EP [21]. 

Epigenetie studies of EP proposed that methylation correlated 
with genomie instability and may act as a driving force of 
tumorigenesis [22,23]. The methylation pattern of genes related to 
tumor development has been studied in tumor suppressor (RASSFIl, 
CASP8, MGMT, TP73), ceH cycle regulation (CDKN2, p1 6, MTS1), 
DNA repair (MLH 1), and Sonie Hedgehog and Notch pathway genes 
[15,24]. The insufficient response of children with a brain tumor 
lo oral temozolomide (TMZ) may depend on the repair-action of 
inducible MGMT. The DNA damage caused by TMZ is repaired by 
MGMT, and this mechan ism is Iikely efficient on combinations of 
TMZ with other antineoplastic drugs. The promoter region of the 
MGMT gene is unmethylated in mosl intracranial ependymomas 
and may confer chemores istant properties in gli oblastomas [25]. In 
addition, the let-7d, miR-596, and miR365 microRNAs at 14q32 are 
associated with time to relapse and life expectancy ofEP patients [26]. 

Rece ntly, new chromosomal alterations have been confirmed 
to contribute to EP epigenetics . Amplifi cation occurs on 
chromosomes 1 q, 1 q24.2, 3q26. 1, 4p 15.1 , 7p, 7q33, 7q34, 9q, 12, 
15q, and 17q21.31, while deletions occur on 4q33 -qter, 3q23-
qter, 6p21.32, 6q, 7q34, 7q35, 8p23.1 , 9p24.1 , 14q, 18q22.2, and 
19q 13.42, but less frequent ly on 2q, 4q, 5q, IOq, 15q, 16, 17p, Y 19p 
(7; 15; 27; 28). 

Ependyrnal tumors may share similar methylation patterns [7] 
where, generaUy, supratentorial and spinal ependymomas have 
hypermethylated profiles, simila r to the CpG island methylator 
phenotype (CIMP) described in other malignancies [27]. While 
posterior fossa ependymomas exhibit a very low mutation rate 
overall , their DNA methylation patterns separate them into 2 distinct 
subgroups; posterior fossa group A tumors exhibit a significantly 
increased methylation of CpG- islands within promoter regions 
compared to group B ependymomas [30] . CpG methylated genes 
showed a remarkable convergence on genes documented as being 
silenced in embryonic stem cells by the Polycomb repressive complex 
2 (PRC2). 

lhe identification of CIMP in EP led to the study of the enhancer 
of zeste hornoJog 2 (EZH2) gene, whieh is primarily responsible for 
chromatin remodeling through histone methylation. EZH2 converts 
dimethylated histone H3K27 (H3K27me2) to trimethylated H3K27 
(H3K27m3) to forrn the PRC2 complexo The downrcgulation of 
EZH2 inhibits cell growth and cell cyele progression. Furthermore, 
EZH2 maintains cancer cell s in an undifferentiated state, which 
mirrors the role of EZH2 in promoting tumorigenesis by maintaining 
the multipotcnt idcntity of stem cells. Thus, the EZH2 gene may be a 
potential therapeutic target in EP. 

As the search continucs for new therapies to treat EP patients, 
the mortality and relapse rates of patients treated with conventional 
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methods still remains high. Radiotherapy is a commonly utilized 
adjuvant therapy for the treatment ofintracranial ependymomas, with 
postoperative irradiation being utilized in patients with anaplastic 
tumors. EPs are generally considered resistant to radiotherapy. 

Conclusion 

Ependymoma analysis revealed abnormal gene expression 
profiles and aberrant molecularpathways that lead to the development 
and progression of these tumors. This analysis may contribute to 
the identification of potential therapeutic targets [25]. Despite the 
recent identification of driver oncogenes and molecular subtypes of 
ependymoma, the treatment of children and adolescents with the 
disease remains challenging. 

Overexpression of TNC in pediatric ependymomas is associated 
with increased tumor vascularity, decreased interval to relapse, and 
an overall poor prognosis in other brain tumors l25J. Recent data 
shows that tumor microinvasion into adjacent brain tissues and 
tumor expression ofMMP2 and MMP14 are significant predictors of 
both overall and progression-free survival in pediatric ependymomas. 
lhese resuJts are useful prognostic markers that may be helpful in 
stratify ing patients far adjuvant treatments r 19J. 

Drugs that target DNA CpG methylation, PRC2/EZH2, and/ 
or histone deacetylase inhibitors could represent the first rational 
strategies for PFA -CIMP+ ependymoma therapy. Moreover, the 
PRC2 camplex is upregulated in more aggressive ependymomas 
and may be a suitable target for tumors that require adjuvant 
therapy to treat the disease. Small molecule inhibitors of EZH2, 
such as 3- Deazaneplanocin A (DZNep) and decitabine (DAC), 
have already demonstrated pro mise in derepressing PRC2 target 
genes in several tumor models and in impairing tumorigenesis. 
These promising studies suggest that EZH2 is both a crucial 
mediator of ependymama proliferatian and an amenable 
therapeutic target. 

The investigatian of the molecular characteristics of 
ependymoma led to the conclusion that deletions of chromosome 
22q and amplifications of chromosome lq are the most important 
chromosomal alterations. At the epigenetic level, medullary 
ependyrnoma has a ditferent methylation pattern from intracranial 
EP. The EZH2 and MGMT genes play important roles in cell cycle~ 
related gene expression and in the immune system. A more detailed 
understanding ofthese various genetic aberrations may support the 
identification af additional specific prognostic markers as weJl as the 
development of customized targeted therapies. 
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Abstract. The prognosis for patients diagnosed with ependymoma is relatively poor, with a 5-year 

overall survival rate of 24-75%. Currently, 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. The present work was a systematic review ofthe current molecular knowledge of 

pediatric ependymomas. From January 2000 to December 2017, we carried out a search using 

"MeSH" (Medical Subject Heading) , and "free-tex!" protocols in the databases Medline/PubMed, 

SCOPUS, Web of Science, and EMBASE (OVID platform) , combining the terms chromosomal 

alterations, genetic changes, epigenetic changes and protein express ion changes. We selected 

articles with samples from pediatric patients and chose publications with trials . Only thirty-two articles 

met the criteria for a meta-analysis, suggested by the state of methylation and express ion of a 

characteristic marker of pediatric ependymomas. We found a chromosomal alteration and one gene 

associated with survival ; these are candidates for bad prognosis biomarkers. 

Keywords. Ependymoma; Molecular characteristic; Systematic Review; Pediatric patients 

1 



28 

 

 Introduction 

Ependymoma (EP) arises from the ependymal lining of the cerebral ventricles (infra- and 

supratentorial) as well as from the remnants ofthe 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-yearoverall survival rate of24-75%. 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 clin ical 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 KI67 [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 playa 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. 
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 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 illness , 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 (CI) 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 CI 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 forthose reporting OR. Heterogeneity was estimated using the 12 statistic [6] . The 12 describes 

the percentage of variation across studies due to heterogeneity rather than chance alone [6 ,7] . As 

the F 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 . 
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 Results. 

Article selection. 

Initially, we identified 3564 related articles. After evaluation , 32 studies fulfilled the inclusion criteria 

as follows : 14 conlained sludies on chromosomal alleralions , 4 had methylation dala, 4 articles 

contained information related to the expression of messenger RNA and 13 referred lo proteins . Table 

1 shows Ihe sludies included in the analysis wilh sample size , study design and the alteralion 

detected in the molecule of inlerest. 

Chromosomal Alterations. 

From the selected articles, 14 were related to chromosomal alteralions to the EP. We considered a 

lotal of 545 samples from the analyzed publications. According to this analysis, the alterations 

oscillaled up lo 2% ofthe total data (data nol shown) . The most frequenl chromosomal changes were 

gains al 1q, 9q , 9p and 17q and losses al 1 p, 3p, 6q and 13q. We found chromosomal alterations 

(Iosses and gains) in several cy1obands. From Ihese data , we found Ihat chromosomes 1 q, 6q , 9p, 

13q and 22q are features of pedialric ependymal tumors (Figure 2A) . The alterations showed the 

following stalistical values: lo 1 q (Tau2=1.53, 12=45%, P=0.02 ChF=9.13); to 9p (Tau2=1.27, 

ChF=6.84 , 12=42%, P=0.24) to 6q (Tau2=0.00, ChF=2.06 , 12=0%, P=0.58) ; to 13q (Tau2=0.00, 

ChF=0.08 , 12=0%, P=0.14) and to 22q indicated perfect homogeneity (Tau2=0.00, ChF=0.08 , 12=0%, 

P=0.14). Over a wide-range, our model indicaled heterogeneity with Ihe following statistical values: 

Tau2=1.72, Chi2=37.8, P=0.01 , 12=0%. Therefore , chromosomal alterations in 1q, 6q, 9p, 13q and 

22q are fealures of pediatric ependymal lumors. Additionally, HR values were considered . We found 

Ihal chromosome 1 q25 is Ihe best candidate for a prognostic biomarker in pediatric EP, and this 

chromosome correlaled with lower progression-free survival and overall survival (Figure 26) . Our 

model was heterogeneous with the following slatistical values: ChF=4.76, P=0.03, 12=79%. 

Methylation analysis. 

We assessed 4 related articles on methylation that included 237 patienls, in which we found genes 

with changed melhylation slalus in Ihe pedialric EP: hTERT, RAC2 and CH/BBY, with the following 

frequencies 27 .8%, 9.2% and 8.8%, respectively. These results suggested Ihat un-methylation of 

hTERT is associated wilh pediatric patienls diagnosed with EP (Figure 3) ; however, the change in 

the methylation slatus did not correlate with the prognosis. The model indicated homogeneity with 

Ihe following slatistical values: Tau2=0.0, ChF=0.02, 12=0%. 

Gene expression. 

We selected 4 articles that met the eligibilily criteria with 136 samples. It was observed Ihal genes 

with Ihe mosl frequenl 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 fealures of pedialric ependymal lumors; but only hTERT correlated wilh a bad prognosis 
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for palienls wilh Ihe following slalislical values: ChF=3.31 , P=0.19, 12=40%, which indicaled Ihal our 

model was helerogeneous (Figure 4) . 

Protein expression. 

We selecled 14 publicalions Ihal mel Ihe eligibilily crileria wilh prole in express ion assays , wilh a lolal 

of 697 palienls showing differenl slales of prolein expression. We reviewed Ihe frequencies of Ihe 

resulls , where il was observed Ihal EGFR was found wilh 22.02% of Ihe cases, wilh slrong 

expression , and wilh 18.75% wilh absence of prole in expression ; for Cav-1 wilh 12.35% had a slrong 

expression, and 13.54% had weak slaining . Wilh respecl lo YB1 , Ihe expression was weak wilh a 

prevalence of 19.94%. EZH2 showed weak or negalive slaining wilh a prevalence of 19.35%. NCL 

showed slrong slaining in 19.94% and weak slaining in 10.86% of Ihe cases (Figure 5) . 

Discussion 

We found 3564 articles Ihal were relaled lo EP, bul mosl referred lo clinical aspecls oflhis neoplasm 

and some olhers did nol meel Ihe inclusion crileria , such as articles published in English , wilh 

complele dala of palienls, complele lext, cross-seclional sludies, molecular dala sludies, and sludies 

carried oul lolally or partially in pedialric palienls (under 18 years of age). Therefore , a lolal of 32 

sludies relaled lo EP were included in Ihis work. These papers were relaled lo molecular sludies in 

EP and included complele dala of palienls and complied wilh Ihe eligibilily crileria. 

The following alleralions were reported : losses in 1 p, 3p11 , 3p12, 3p23-p13, 3p24, 3q23-qler, 4q33-

qler, 18q22.2, 22, gains dislribuled along chromosomes 7, 12, 15, cytobands 6q14-q27, 9q13 , 9q21-

q32, 9q33 , 9q34, 10q25.2--q26.3 , 10q25.2--q26.3 and 19p13, Ihe loss al 18q22.2. These alleralions 

were significanlly associaled wilh palienls over Ihree years [21 ,25]; after dala analysis, we found Ihal 

Ihe mosl frequenl and characlerislic chromosomal changes of Ihe ependymal lumors were gains al 

1q , 9q and 17q and losses al 1p, 3p, 6q , 13q and 22q. Furthermore, Ihe regions 6q24.3 and 6q25.2-

q25.3 were defined as Ihe regions wilh Ihe highesl number of delelions , and preliminary analysis of 

genes in Ihis region suggesled thal Ihe genes NOX3, ARID1B, ZDHHC14 and others could playa 

role in Ihe palhogenesis and biology of EP [20). 

Due lo melhodologies conslanlly advancing , becoming more specific and wilh betler resolulion , il is 

nol surprising Ihal Ihe main differences in Ihe chromosomal alleralions reported is due lo Ihe 

melhodologies used. Since Ihe CGH array was used in Ihe mosl recenl publicalions and in Ihe older 

works, Ihey slill use convenlional CGH in analyses. Despile Ihese melhodological differences, il was 

possible lo delermine Ihe mosl importanl chromosomal alleralions, such as Ihe chromosome 22 loss 

was Ihal found in 57.5% of Ihe sludied EP cases; more specifically, il was associaled wilh 45% of 

inlracranial EP cases and 82% of spinal EP [1) . This is consislenl wilh Ihe idea Ihal Ihe loss or 

mulalion of NF2 is frequenlly involved in Iheir developmenl [10,21), ranging from 30% lo 71 % of Ihe 

palienls [15). Anolher importa nI chromosomal alleralion is a gain al 1 q, which is one of Ihe mosl 
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 common regions with a gain in EP [21 ,22] . It has therefore been important to investigate the gain at 

1 q as a potential marker of a poor prognosis in a larger number of pediatric EPs treated in a standard 

manner [12]. The cytoband 1 q25 is associated with a bad prognosis for patients beca use of this 

correlation with lower progression-free survival and overall survival [24]. We identified members of 

the S100 family located within the commonly gained amplicon 1 q21.3 and provide evidence of their 

differential expression in clinical subgroups of pediatric ependymoma: S100A4 is associated with 

patients of a very young age at diagnosis and S100A6 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 oftranscriptional factors , autoimmunity, chemotaxis, inflammation 

and pluripotency. Many lines of evidence have suggested that altered expression of S1 00 proteins 

was associated with tumor progression and prognosis [38] . Finally, it has been defined that 9q33-34 

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, 9q34, 

15q22, and 18q21 , 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 CH/BBY, 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 pro motes tumor growth , angiogenesis and 

invasion [39]. II has been reported in EP thal the CH/BBY promoter has a high frequency of 

methylalion [19], and it has been found lo activate endoplasmic reticulum stress and apoptosis in 

breakpoint cluster protein/Abl kinase 1-positive human myeloid leukemia cells by inducing the 

cytoplasmic accumulation of [3-catenin . The downregulation of CH/BBY in cancer cells might provide 

information regarding the use of CH/BBY as a therapeutic target and prognostic factor. It has been 

identified to be an antagonist of [3-catenin, and it binds to [3-catenin in the nucleus. It exhibits a 

negative regulating effect on the Wnt signaling palhway and the transcriptional activilies of genes 

downstream of Wnt. Mutations of CH/BBY 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 CH/BBY 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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Ihal ERBB1, ERBB2, ERBB3, and ERBB4 are importa ni in Ihe developmenl of EP and participale in 

cell proliferalion [13]. Currenlly, il has been proposed Ihal inhibilion of lelomerase enzymes is 

associaled wilh an increased progression resulling in Ihe lack of proliferalion , self-renewal and 

lumorigenicily; Ihese findings provide novel insighl inlo Ihe importance of lelo merase as a pred iclor 

of oulcome and as a Iherapeulic largel in pedialric EP [31]. By exploring molecular mechanisms, 

lelomerase aclivily has been described as a characlerislic polenlial biomarker, showing an 

associalion of lelomerase reaclivalion wilh a chromosome 1 q gain and RelA fusion [37]. According 

lo our analysis, Ihe hTERT and ERBB genes are characterislic in pedialric EP; bul only hTERT can 

be correlaled wilh Ihe prognosis. The hTERT expression can be used lo divide bolh lolally and 

sublolally resecled lumors inlo good and bad prognoslic groups beca use Ihe EP lacking lelomerase 

activily are unable lo mainlain lelomeres and proliferalive indefinilely, suggesling Ihal less aggressive 

Iherapeulic inlervenlion may be offered for children wilh lelomerase-negalive lumors . II has been 

shown Ihal hTERT plays an essenlial role in Ihe Wntl[3-calenin signaling palhway by serving as a 

cofaclor in a [3-calenin Iranscriplional complex. In addilion , STAT 111 seleclively slimulales hTERT 

expression Ihrough Ihe JAKlSTATsignaling palhway, and several signaling cascades can conlribule 

lo Ihe conlrol of hTERTgene expression , promoling lelomere lenglh or immortalizing cells in dislincl 

Iypes oflumors [18 ,31] . 

Aboul prolein expression , several research groups have proposed differenl proleins as fealures of 

ependymomas and as polenlial prognoslic biomarkers. A previous sludy suggesled an associalion 

between Ihe overexpression of PDGFR prolein, mainly in lumor cells bul also in Ihe lumor endolhelia. 

Regarding palienl oulcomes, a hypolhesis has been presenled Ihal overexpression of PGDFRs could 

have a good prognoslic role in EP [30]. II has be en observed Ihal EPs showed al leasl focal 

immunoposilivily for MDM2, and only some showed immunoposilivily for P53. These findings are 

cons islenl wilh previous reports describing ependymomas rarely have P53 gene mulalions and Ihal 

neoplasms wilh MOM2 amplificalion Iypically lack P53 mulalions Ihal deregulale Ihe cell cycle [8]. 

The proleins NOTCH-1 , TN-C and Hes-1 showed a significanlly higher expression in grade 111 lumors 

in comparison lo grade 11 lumors . NOTCH-1 showed increased expression wilh lumor grade and a 

difference belween grade I and grade 111 lumors [32]. 

The general resulls suggesl Ihal prolein expression plays an importanl role in pedialric ependymomas 

and Ihal il can be cons idered as a possible molecu lar biomarker of prognosis. Chromosomes 1q and 

22q are fealures in pedialric EP, and Ihe gain al 1 q25 has a high probabilily of being used as a 

prognoslic biomarker. When considering Ihe poor prognosis and survival rale of palienls, Ihe hTERT 

gene changes in express ion and melhylalion slalus may play an importanl role in Ihe developmenl 

of pedialric ependymal lumors. 

Nevertheless, Ihe resulls should be inlerpreled wilh caulion . Addilional research is needed lo assess 

Ihe Irue effecl of prolein express ion lo idenlify palienls al risk . 
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 Table 1. Arlicles included in the systematic review 

Reference Methodology Detected Alteration N 

Suzuki el al., 2000 [8] IHC Prolein 11 

Lamszus el al., 2001 [9] PCR Chromosomal Alleralion 10 

Hirose el al. , 2001 [10] CGH Chromosomal Alleralion 14 

Ward el al. , 2001 [11] CGH Chromosomal Alleralion 36 

Dyer el al. , 2002 [12] CGH Chromosomal Alleralion 42 

Gilbertson el al. , 2002 [13] qRT-PCR Melhylalion 16 

Jeuken el al. , 2002 [14] CGH Chromosomal Alleralion 5 

Singh el al. , 2002 [15] IHC Prolein 10 

Zamecnik el al. , 2003 [16] IHC Prolein 31 

Waha el al. , 2004 [17] MS-PCR Expression 27 

Ammerlaan el al. , 2005 [1] aCGH Chromosomal Alleralion 19 

Tabori el al., 2006 [18] qRT-PCR Melhylalion 65 

Karakoula el al., 2008 [19] qRT-PCR Melhylalion and Expression 31 

Moronaru el al. , 2008 [20] PCR Chromosomal Alleralion 29 

Pezzolo el al. , 2008 [21] CGH Chromosomal Alleralion 18 

Rand el al. , 2008 [22] aCGH Chromosomal Alleralion 7 

Snuderl el al. , 2008 [23] IHC Prolein 41 

Pugel el al. , 2009 [24] aCGH Chromosomal Alleralion 59 

Rousseau el al. , 2010 [25] aCGH Chromosomal Alleralion 45 

Andreiuolo el al. , 2010 [26] IHC Prolein 66 

Korshunov el al. , 2010 [27] aCGH Chromosomal Alleralion 190 

Alexiou el al. , 2011 [28] IHC Prolein 13 

Modena el al ., 2012 [5] IHC Prolein 47 

Hagel el al. , 2013 [29] IHC Prolein 25 

Moreno el al. , 2013 [30] IHC Prolein 12 

Barszczyk el al. , 2014 [31] qRT-PCR Expression 97 

Gupla el al. , 2014 [32] FISH Chromosomal Alleralion 19 

Virág el al. , 2014 [33] IHC Prolein 16 

Li el al. , 2015 [34] IHC Prolein 174 

Araki el al., 2016 [35] FISH, IHC Chromosomal Alleralion, Prolein 52 

Chen el al. , 2016 [36] IHC Prolein 174 

Gojo el al. , 2017 [37] qRT-PCR Melhylalion and Expression 24 
Methodologles used In the dlffered artlcles. Immunochemlstry (IHC), Comparatlve Genomic 
Hybridization (CGH), Array CGH (aGCH), Fluorescence Hybridization In Situ (FISH ), Real Time 
Polymerase Chain Reaclion (qRT-PCR), Methylation Specific-PCR (MS-PCR). 
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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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Abstrac!. Objective. Preoous ly, we proposed GNA01 , ASAHI , IMMT and IP07 genes as 

candidates lo e pe ndyrnom a molecul ar biomar1<ern that ma y be used jor prognostic. Therelore, the 

pmtein express ion was evaluated, correlating with din ical leatures (age , sex, h;,;lopa hological 

grade), el"'ndym al tumor recurrence and palient survival. Methods. Immunohistoche mistry assays 

were perlormed lor: GNA01 , ASAH1 , IMMT, IPOl, CycJin DI , p53 and KHi7 prole ins. Age, sex, 

histopathological grade , relapse and stlrvival correlaoon were made by Ka¡>an-Meier and Cox 

an alysis. Results. We lo und two prote ins Ih al correlate witlr histopalhological grade , one protein 

witIr relapse a nd one protein wilh survival. Co nc""sion. Our ",StJlts sugges l a protein assooation 

witIr survival, rela pse or hislopathological grade Ihat may be used as molecula r bioma rke rs lor 

prognostic 
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 , . Innoductlon 

Even Ihera has been greal improvemenl on Ihe Irealmenl and prognosis 01 many pedial"c bra in 

lumor. which are cUf1en~y Ihe major cause 01 mor1al~y. as we l as long-Ierm morbidity in oncology. 

Ihe cenlfal nervous syslem {CNS} neoplasms remains consliluting Ihe mosl common solid lumof5 

01 chidhood [1]. Ependymomas {EP} are Ihe Ihird most common pedialric CNS lumors aecounling 

lor &-12% 01 all intracraniallumof5 [2]. Nowadays, Ihis rumors are Irealed by surgical resection 

(one 01 Ihe mosl conmlenl prognostic markers) 1~lowed by radiol herapy [3]; despile Ihe advances 

in mullidiscipWnary ca re in conjunct'on wilh chemolherapy lo the brain lumOf5, gl'omas and EP are 

relatively resistanl lo chemolherapy, and palients with rumors reúactory to surgery sti ll have a poor 

prognosis [4]. EP exhib ~ heterogeneous dinica l courses Ihat cannOI be predicled accu rale~ by 

curren~y d inical. palhologic Or mole-cular markers (5]. Consequent~. new largeted Iherapies are 

urgent~ needed lor Ihese patlents [6] and are require<! lor sludies alme<! al me Idenliflcatlon 01 

molecular markers 01 cllnlcal value [7] 

The identiflcallon 01 genellc aooorma,lies responsibles lor Ihe generaüon and mainlenance ollhe 

maignant phenolype in EP are crucial [8]. since Ihe molecular-genelic profue 01 Ihese lumors 

rema in poorty define<!. in severa l sludies has been proposed dilferenl prognoslie markef5 lor EP: 

the proteins Ki·67. survivin. human Ieklmerase reversa Ifanscripl ase. ERBB lamily members and 

nudeolin [9] , Ihe high expression 01: BNIP3. MRC1 , TDG. EPHB3. GLlS3, CDK4. COL4A2. EBP. 

NRCAM, CCNAI, ICAP·1A, ABUM, ENPP2, and PTTGI IP; and Iow expression 01: PMSl and 

PDXl [8110]. Aclually, j¡ has besn tried to correlale dinica l findings, such as patient age, sex, tumor 

loealion. tumor grada, extenl 01 resection and treatm8f11 reg imens wilh tumor recurrenee [11]. 

Advances have been made in Ihe molecular knowiedge 01 EP, considering Ihat Ihe molecular 

classificatkm is now critical lor diagnosis , but moleculariy guided lrials are complicaled by Ihe 

apparenl molecular EP diversÍly 112.13], thus j¡ is ne-cessary 10 determine spocific molecular 

markers. In a previous work we have propased me genes: GNA01, ASAH1. IMMT. IP07 as 

candidale molecular blomarkers prognos~c [141- Therefore. the expresslon 01 Ihe proleln was 

evalualed and correlaled wilh me Progresslon·úee sUfVÍva l and Overa ll Survival. 

2. Malerlal and Melhods 

2.1 Samples cotlection. 

The ependymal lumors were coUeded Irom Formalin·Fixed Paraffin·Embedded (FFPE) tissue Irom 

the Palt!ology Service from the Pedialfics Hospilal "Or, Silveslre Frank Freud", from tha Cenlfo 

Médico Nacional "Sigio XXI", IMSS, The hislopamological raeords úom 2010 lo 2017 ware 

reviewed , The samples were collectad Irom pedialrie patienls between O and 16 yeaf5 w~h a 

confirmed diagnosis 01 grade 11 and grade 11 1 ependymoma and as a control group was used 

cere~ l ar tissue adiacenl 10 !he tumor. 
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2.2 Revlew 01 clinica l recorda. 

The clinic~1 records 01 patie11ts we re consuked in tI1e database ~nd in the written archives 01 the 

hospilal. The lollowing clinica l dala were obtained: hislopalhological grade. analomlcal IotalKln. 

age, sex, recidivism and s~ rvival. 

2.J Immunohislochemislry IIsuys 

Tlssue sections 015 ~m were made and placad on adheslve lamellae (Santa Cruz Bloleclm~ogy) 

Tlle tissue was desparaffinized in lhe slove al 56"C lor JO minules and rehydrated for 5 minules in 

xylol. alcohol (wilh the lollowlng concentratlons: 100%. 90%. 70"') and dlstil ed water. The antlgen 

WilS recoyerad with largel reloov~1 solution al 10% with mÍ(;rOWilve i"adialion for 2 minules. Tissue 

cooled (room temperatura). washed w~n PBS and perolddase bloking for 30 minutes. washed with 

PBS. Tissue sections were incubilted in iI wel chambar lor 20 minutes wilh the primary anlibodies: 

GNAOl (1'100. GTXI14439, GeneTex), ASAH1 (1' 100, GTX1I4267, GeneTex), IMMT (1'100, 

GTX81949, GeneTex), IP07 (1.100, GTX106408), Cyclin-Ol (sc·718, Santa Cruz Biolechnology), 

p53 (se·126. Santa Cruz Bioteclm~ogy) and 10-67 (1 :50, OAKO corporatKln . Carpenter>a Ca). 

following Iha milnufadurer raeommendatKlns, Primary anfibody was deladed with a biotinylatad 

seeondary antibody (se-471863. Santa Cruz BKltecnology), incubated wilh straptavidin conjugated 

(horseradlsh peroxidasa) lor JO minules, revaaled with diamino·banzidine chromogan (ab642J8, 

Abcam) lor 5 minutes and contrastad by hematoxylin. The tissue dehydratad with alcohols 01 lower 

to higher concenlration (IO'Jlo , 90% and 100%) and xylol , The PfeparatKlns wera mounled with 

entel an (107961, Merck MOI¡pore). 

For eaeh anlibody was indudad a positiva control 101 GNA01 and ASAHl paneraas lissue; lar IPOI 

and IMMT esop/1agea l tissue; lo< Ki-67 . Cyclin 0 1 ~nd p53 was used g iom~. Tlle quality 01 lile 

tissua was evalualad with tha eXPfession 01 Ki·61, a positiva marker in all EP. 

2.4lmage captura 

Immunohistoehemislry resutts images were taken with 40X objedive 01 Photo-mieroscope 6X31 

(Olympus Lile Sdern:es). Thase images were stored In TIFF formal. The quanlification was made 

out wi\t1 \he ImageJ software (16). 

2.5 An~ly 5 i 5 QI results. 

Tlle Pfoleln eXPfesskln was eonsklered qualitalively by the percentage of calls expresslon. The 

following values were eslablished' Negaliva « 1%), weak stainin9 (1-15'J1o), moderale slaining (15-

30%), sttong slalning (>30%). The statlstka l a nalys~ (Kaplan-Meler and Cox analysls) was 

per/ormad in lha IBM SPSS Slalistk;s 24 Software. Wa ~onsklerad slal;slÍ(;illty signir.~anl P·va l~e 

<0.05. 
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3. Re5Ults 

3.1 ColIK led samples 

The sample, collected were a tota l 01 30. all Ihe samples analy>:ed had a diagnosis D<l Novo and 

infratentorial localization {Table I}. Tnese samples came from pediatrtc pai ents diagnosed with EP 

grade 11 or grade 111 (Fig. SI), The c~nical laatures 01 lI1 e panents present~d that 13 patients were 

lemales anc 17 palients males. The 20% 01 patients was 7 years old and 16% had 5 years at Ihe 

diagnosis t~e , 

3.2 Cli nlca l dala. 

We anallzed a cohor! 01 samp es between 1I1e years 20 10 lo 2013, lO know ~ in rove yur. aher 

diagnosis patients have relapse and survival. Twelve sam pfes with cO J1 plete dinica l file were 

obtalned. T . ble 1 .hows savan patlanta with relapsa and seven paHenta witl aurvlval. 

3.3 Prote,n expression. 

We performed IHC 85sa)'5 lo, Ihe protein,: GNA01, ASAH1 , I"''''T, IP01 , Cyclin DI , p53 and Ki· 

61; on Ihe Idlowing tissue: cerebellum, ependymal tumor and as positive cent,ol tissues accord with 

memoda (F~. SI) , Through a qualilative analyal., we lound dilfe,ent percenlagea 01 protaln 

express",n. We observed negative exp,ession Ihe lollowing proteins: GNAOI (60"'), I"'MT 

(H.3%). IP07 (90%). Cyclin DI (60%) and p53 (16 .6%): with posltive expresalon tha protelns: 

ASAHl (73%) ilnd Ki--6l (70%) (Fig. ' . lable 2 and lable 51). 

3.4 COlfelallon analysls betwaan proleln exprenion and age, gend" or hlslop.lhologlca l 

grade. 

Tne correla:lon analysls betwean age and prolaln expruslon showed t,a following CI1 I·square 

values: GN .... Ol;0.554. ASAH1;0 ,204, IMMT;3.033, IP07;6.269. Cyc'in 01;0.01 1 (Fig 2A). 

p53;0.031 (Fig 26) and Ki67;1.725. 

Tila correlaion analysls belWeen sex and proteln expresslon exhlbiled the lo lowing value-s 01 Chl· 

squa,e: GNA01;0.252, ASAHI ; 0.53l , IMMT; 0.156, IP07;0.107, Cycln 01 ; 0083 (Fig . 2C). 

p53;0, 172 and KI·67;0,019 (F~. 20). 

The values 01 Chi-square resulls from correlatlon anal)'5is between histopalhological grade and 

protein expression w(!,(!!he lollowing: GNAOI;O.347, ASA H1;0.223. I M!\\T ~0118, IP07;0 .205. 

Cydin 01;0.019 (Fig 2E ), p53;0 001 (F~, 2F) ilnd Ki67=0,085 (F~. 2G) 

3.5 COlfela llon analYlls between proleln 8lpresslon and recldlvl sm or sUrYlval. 

Tlle correlaion anal)'5is belWeen relapse and prolein expression showed Ihe lollowing Clli·square 

values: GN,II,OI =0 974. ASAHI;I017. IMMT;0 .~9, IP07~0345 . Cycln OI~0094 (Fig. 3A). 

p53;0,013 (F~ 3B) and KJ67 ; 0.021 (F ig , 3C). 
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The eorrelalion analys<s between sufVival and prolein expression with Ihe lollowing values 01 Ch~ 

square GNA01 =O.I03, ASAHI =I .220, IMMT=0007 (f ig . 3D), IP07 =O.OI9 (fig . 3E), Cycin 

DI =0 .37 1 , p53=1.069 and Ki--67=1.816. 

4. Discllssion 

In a previous work relaled lo pedialrie EP we lound ASAHI , IMMT and IP07 genes overexpressed 

and GNAO f gene underexpressed [14] also, al worldwide papers we lound expression ehanges in 

erc/in Df , P53 and Ki-67 genes in EP [15][16]. Aecording lo Ihe reports lhese genes in EP 

participale in Ihe lumorigenesis process, Iherlore we delermined Ihrough IHC assays iI 1I1ese 

ehanges were reflecled in prolein expression and how is Iheir behavior in Mexiean population, lo 

an alyze 1I1ese we developed Kapla n Meier and Cox analysOs lo know Ihe eorrelalion belwee n 

prolein expression and eWnical fealures or prognosl", 

The 30 samples eollecled were from ehildren under 16 years okl; lhe lumors we<e diagnose<! De 

Novo wilh inlrale nlori alloealion, 12 samples had complele file and eoukl be lol owed lhrough 5 

years alter diagnosis, expeeled time in EP 10 arise Ihe re/apse (Samples were collecled belwee n 

the years 2010 lo 2(13); slarting from Ihese dala we generated a eorrelabon analysOs between 

prolein expression and retapse or survival 

We found P53 prolein underexpression in 76 .6% 01 analyzed lumors, eoncordanl lo pubtished by 

Wu el al., [17] Ihe y reporte<! Ihe P53 gene in activalion in more Ihan 50% 01 lumors . We lound Ihal a 

P53 underexpression corre/ale with lhe age, probably al early age P53 Os one 01 1I1e main 

deregulaled proleins 1I1al lavor eell protileralion . We dkl nol lound eorrelation !>e1wee n p53 

expression and sexo We lound corretation 01 P53 underexpression wilh !he hislopalotogieat grade 

ttI, we observe<! 1I1al in Ihe samptes eollec1ed Irom Merican palienls Ihe P53 prolein deereases in 

anaplaslic EP; conlrariwise A1exiou el al., reported lhal in eaueasian patienls Ihe high P53 

expression eorretaled whh anaplaslic EP [15]; possibly lhese dffferences are due polymorphis ms , 

mutations or epigenelic la elors Ihal influence prolein expression among ra ce. The P53 

underexpression lound corretales w~h Ihe biologica l function 01 p53 . It Os know Ihat P53 reg utales 

severat eel lutar lunc1ions: apoplos<s, eell protiferalion and promole DNA repair (15] [18]; 111;'; repair 

oeurrs when P53 bind lo Ihe p53-responsive elemenls , initi ating Iranscrlplion 01 p53 responsive 

genes, and ultimalety trlggering lhe p53 palhway (19]; h is suggesled 1I1al Ihe P53 underexpression 

lavors Ihe anaplastie developmenl 01 EP. We lound Ihal p53 underexpress<on delay Ihe retapse; H 

has been reported Ihal P53 is re laled lo Ihe patie nls sufVival and 1I1e aggressive biotogieat behavior 

[15]. We nol lound corretalion !>e1wee n prole in expression a nd sufVival. 1I ;,; sU9gesled Ihal Ihe P53 

expression is a eandidale lo prognos<s biomarke< in pedialrie EP, besides we lound corretalion 

!>e1ween P53 expression and hislopalhologicat grade or retapse, 1I1erefore P53 permil us lo 

distinguish lhe an aplaslic grade 01 lumor and patienl prognosis 
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We found that inlratentoria l EP had Cydin 01 underexpression in 83.4% and overexpression in 

16.6% 01 the samples, nolieing eontrary to Rogers el al., [16] they reported that the Cydin 01 

expression was signifocanHy higher in supratentorial EP; Ihe aboye shows that in Mexican patients 

can be lound the Cydin 01 overexpressed in inlratentorial EP. It is knoWfl that post-transcriptional 

control dictates the overall aceumulalion 01 cydin 01 in tumor cells and the assoeiation to n"..,plaslic 

translormalion through the deregulation 01 the ceH cyde; aiso, the nudear Cydin DI overexpression 

can inactivate p53 through PRMT5.-dependent p53 methylation, thereby allowing tumor 

prog ression . We obse rved on ten sampfes Cydin 01 overexpression and P53 underexpresion , we 

not observed correlation betwee n Cydin 01 and P53 expression (X2=O .776). It has reported that 

Cydin DI deletion was noted to increase the migratory behavior [20]; posibbly Cycin DI 

underexpression play,; the same ro~ in eancer. Cydin 01 suppresses the e"l'ression 01 Rho

activated kinase 11 (ROCKII ) and thrombospondin 1 (TSP-l ); Cycin DI ioss correlates with 

increased phosphoryfation 01 the ROCK II substrates , lavoring the cell migration [20]; we lound one 

sample with Cyelin 01 under""pression and metastasis, it is suggested that Cydin DI 

underexpression lavors metastasis . We lound a tendeney to overexpression in patients less than 

seven yea rs old and male patients; th is may be influenced by elinical data , kind samples and 

amou nl. We lound that Cyelin 01 overexpression correlated wth EP grade 111, the Cycin DI 

overexpression lavoring the neo plastie transformation. We lound Ihat Cyelin 01 ""pression 

eorrelated with relapse ; the Cydin 01 ove rexpression in inlratenroria l EP delay relapse, bei ng 

important lo know Ihe treatmenl prognosis; rt has reported Ihal in palients wilh chemottlerapy 

treatment Cyelin 01 may play a more im portant mediator funeti"" in Ihe residual EP to lacilitate 

tumora l ONA repair and promote residua l re-growth [21 ,221- W. not found correlalion betwee n 

Cyelin DI expression and survival . We not found correlation between Cydin 01 expression and 

surviva!. Given the role 01 Cyd in 01 in medialing extraeellular eues wittl 0011 proliferation , it is not 

surprising that direcHy contributes to neoplaslic growth, neverth.less we observed possibly that 

Cyelin DI underexpression does not allow a corre lation between Cydin DI and survival , it would be 

interest to increase the samples number and correlate the Cyelin D1 with surviva!. 

It has reported that the Ki67 index in intraeranial EP is an independent prognoslic lactor and 

accurate predietor 01 ootcome in EP patients [23,24]; the relore , we evaluate the Ki--b7 expressio n in 

EP. We lound Ki-67 overexpressed in all samples, Ihe expression 'Nas highe r in grade 111 eompared 

to grade 11 . We not lound correlation between K~67 expression and age . We lound that Ki-67 

expression correlates with the histophatological grade , the Ki-67 expression inCfeases aceording 

wilh the progress 01 lile tumor, in concordance with the reported by Suri el a l., [25] and Ale><iou el 

al. , [1 5] the y reported !hat Ki-67 were s igniffcantly higher in grade 111 tumors; we lound that high Ki-

67 expression favors early relapse, !hus it is suggested that Ki-67 ""pression lavors the anapfastic 

phenotype, !hrough!he deregulation 01 ce . cyde, it has demons~ated !hat Ki-67 affeels ceN eyele 

prog ress ion in p21 checkpoint impact cell proliferation and ce . cyde progression; Ihe cells in early 
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slages 01 eell cycle a"esl have Iow levels 01 1<>-67 [2 61- We 001 lound eo"elaOOn belween p,olein 

exp<ess"ln and survival 

In a p,evious wort, we ,e ported 1t1e ASAHf gene ove,exp,essed in pedialric EP [14]. so Ihal , we 

analized Ihe prolein and we lound ASAHl is ove,exp,essed in 86.6% 01 Ihe samples; ~ has been 

shown Ihal it is ove,exp,essed in various human eanee,s, sueh as head and neck canee" 

me lanoma, p,oslale canee, ao<l b,easl canee, [251- It has ,eported Ihal ASAHl ove,exp<ession 

eonle,s ,esislanee lo apoplosis and s lim ulale p<olile,al.,n and invasiveness of eance, cells [30), it is 

suggesled Ihal ASAHl ove,expression lavo, Ihe lumo'igenesis . ASAH 1 participales in eel survival , 

inflammalion and angiogenesis Ihrough 1t1e sph ingo~pid palhway Ihal melabolize ee,amide inlo 

sphingosine and f,ee fally acid, Ihe SpI1ingosine serves as a subsl,ale fo, sphingosine kinase 

(SphK) rnedialed phoophorylalioo lo lorm m~ogenk SIP; Ihb prolein hao been oho"", lo act 00 o 

eolactor lo, E3 ubiquitin ~gase TRAF2, whieh leads lo Ihe activalion 01 NF-Kappa B, a direct and 

ind irecl regulalo, 01 Md-1, which may ,ep<esenl yel a inle'play belween spl1 ingolipid melaboism 

and apoplotic palhways [27129). We lound Ihal ASHAl does nol eorrelale wjtj¡ age, sex, 

hislopalhologieal graoo, relaps~ or survival, so we Ihink Ihal ASAHl may have ollle, dnieal 

lunelionality; lai el al., [30) they ,eported 1t1al ASAHl ove ,expression eonle rs resislance lo 

radiation, impaeling Ihe t,eatmer,1 Ih,ough aHering Ihe sph ingolipid melabolOsm palhway and 

Doan el a '., [31) ,eported Ihal in Gioblasloma ASAHl is excellent drug targel; it is suggesled Ihat 

Ihe p<olein ove,exp<ession may be important in 1t1e trealmenl ,esponse al EP. Besides, il has 

reported Ihal the cytotoxie actions 01 eertain drugs (e .g. daearbazine , anlh,acyelines ) depend on 1t1e 

abiity 01 1t1ese age nls lo ine,ea ,e Ihe inlracellula, leve ls 01 ASAH (31); so it would be inle ,esting lo 

know Ihe exp,ession 01 olhe , proleins involved in Ihe sphingol ipid palhway as SPl and olhe, 

eeramides thal he lp delerm ine It,e trealmenl ,esponse and Ihe palients prognosis 

It has know thal GNAOl is abll1danlly expressed in ne urona l ~ssue [32); we lo und in a previous 

wort Ihat GNAOI gene was II1dere><¡>ressed in pedia1ric EP (14); we Ihoughl thal this mRNA 

undefexI"ession could modify lhe prolein exI"ession . We lound GNAOl prolein unde,exp,ession in 

60% 01 1t1e samples in aecordan:e with Zu panek el al., (33) Ihey ,eported GNAOl unde,expression 

in GBM tissue; ~ is suggesled Ihal GNAOl unde,exp,ess.,n is eharaele,istie in EP and olhe, 

gliomas. We Ihoughl Ihal melhy!ation playa importanl role in the ,egulation 01 GNAOl exp<ess.,n, 

we p<eviously reported Ihal this GNAOl unde,exp<ession we,e consequenee 01 a ehromosomal 

delelion andlor melhylalion (14]. aeco,ding with Xu el al., (35] and Pei el al., (36) Ihey inlorme-d thal 

Ihe ehange 01 GNAOl exp,es.ion in He palocellua, ea,cinoma eells mighl be ,egulaled by its 

me\hylalion slalus. H is known :hal GNAOl controlling signal transdocOOns and it is deregulation 

can promote oneogenesis , apartlfOm \he actival.,n 01 second messenge, moleeules, Gao subunits 

(GNAOI prolein gene ) can modllate Ihe aetivity 01 Iranscrlplio n lactors and Ihereby ,egulale gene 

exp<ess.,n (35,361- We nol Iound correlation belween GNAOl expression and age, sex , 
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hisIOp~lhology. relapse or auMva l. II ia import~nl lO reler Ihal we observed ~ le ndency lO correlale 

the GNAOl underexpresslon w~h Increased aurvlval. Iccording 10 LIY l/l/l .• [36] Ihey reported In 

gaslric eaneer was the overa l sUMval curves in relalion lo GNAO l expression were slalisticalfy 

significan'; h is sugges,e<! Ihal Ihe GNAOl underexp<ession may be importan' lor know 'he 

p<ogMstk paÜen'a 

We lound in previous wolt Iha, IP07 gene over""presse<! in pediatric EP ]14]. we lou nd 

underexpression 01 IP07 prOlein on 90% 01 analyze<! umpjes . We nol lound correlalion 01 prolein 

eXp"ession with age , sex, hlsthopalhologlcal grade and relapse We Ihlnk Ihal IP07 overexpresslon 

in pediatrlc EP I~vors cel prolileralion according wilh Xue el el., ]37] Ihey reported !hal in 

Glioblaslom~ IP07 is part 01 Ihe FOXM111P071GlIl axis p<omoti ng Ihe cel l proliferalion, migr~Üon, 

and Invulon. Wa lound that lha IP07 overexpresslon lavors Ihe 9urvlval : aa lhlnk that IP07 Is 

relaled 10 survival Ihrough P53, according 10 Golomb 1/1 1/1. , ]38 ]. Ihey described Ihal IP07 

lranscripÜon is repressed by P53 and IP07 depletion trlggers P53 activalion; it is suggesle<!lhe 

importante 01 expression change 01 Ihse proteina. possibly lavor cel deregulalion and Ihe patienl' 

prognosis, we not lound slgnlf.c:anl corretallon bel",een IP07 expression and p53 axpresslon 

(X2=O.640) aceording lo Golomb e/el. , ]38] they mentions Ihal this leedb~ck oeurrs in non-stressed 

cells . H is necessary lo know Ihe signaling p~lhways in which IP07 part;,;ipales in lumorigenesis , 

Ihrough Iha deregulallon 01 cel prolifara~on . Posslbly Ihe po91-lransla~onal changes aetively 

partidpale in Ihe regulalion 01 IP07 prolein 5uch as Ihe part;,;ipalion 01 miRNAs; in accordance with 

Szczyrba el al., ]39] Ihey reported Ihal IP07 is largel 01 miR-22 and the downregulalion 01 miR-22 

in canter pimcrnlic conespond, lo an upregulation 011P07: also Xue el el., ]37J Ihey reportad Ihat 

the spKlfic knocli:down of IP07 eXp"ession resu~ed In re<!uce<! nuclnr accumulallon 01 GLll , 

indkaling Ihe dependence 01 nudear import 01 GLl l on IP07. 

M~ochondrla are key organetles 1nat cofitaln double membranes and harbor Ihelr own DNA u wetl 

as componenls 01 lranscrptiona l and lranslalion machinery , Ihey are imp~caled in a varia\¡' 01 

p<ocesses, induiding energy or free rad;';.1 gene,ation, regulabon 01 apoplosis and modulalion 01 

varlous sign~ling palhwaya. It Í5 ~nown Ihat the slruetur.1 inlegrily 01 milochondrlal crislae is crucial 

lor mllochondrlll fun~ons as s!ruclural Inlegrily and blogenesis 01 m~ochondnal crislae . II has 

reported Ihal IMI\1T lo I>e involved in re9ulalion 01 mitochondrial crislae morphology besides, IMMT 

i$ a key componenl 01 MICOS complex, it ",as reportad allerad under several differenl pal~logical 

condlllonl (40,41] . We lound IMMT gene overexpralsed In 100% samples 01 pedialrlc EP (14]. wa 

found IMMT underexpression in 73 .3%. We nOI lound correlalion belween clinica l cha ,aeterWics 

(age , sex, hislopalhoiogkal grade) and re lapse . We tI1 ink Ihat IMMT is importanl in mitochondrial 

regu lation ilccording wilh Madungwe el el., ]42J Ihey reported IhallMMT ia indispensable lor normal 

mllochondrtal funclion and has a lunctionallmpact on cellular aClivtty . We lound Iha, Ihe IMI\1T 

underexp<ession promoles increased overall su"';val , in accordance with Solgia el 81.,(43J tney 
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reported in gastric cancer tIIat IMMT is associatad with signrlcanUy reduced tima to first 

prog re5sion . I1 is suggesled !hat IMMT is importanl during tumorig~nas<s; howavar, more sludies 

are needed lor known Ihe IMMT regulalion during !umorigenesis. f\>ssible the post-transcrlptio nal 

regu lations participate in protein expression . bu! currenlly there am no reports, also ~ has been 

identified tha! Ymell regulates lhe stability 01 IMMT [411-

5. Condullon 

In pedlalrlc EP ASAH l and KI·67 have poss~l ve expresslon In 86.7% and In 94% 01 Ihe sam~es . 

respectiveiy . P53. Cycin DI , GNA01. IMMT and IP07 have negalve exprassion in 76.6%. 60%, 

60%, 73 3% and 90%, respective:y. 

Tlle proleinl : Cyclin DI, p53 and Ki-67 conelala wilh grade hislopalllological and relapse . IP07 

underexpression conelale wilh lower su",ival and IMMT underexpr8Sslon wilh high su",ival. Cyc~n 

DI expression is no! exclusive ""pralentonal EP in mexica n palien'S ASAHI is overexpressed in 

pediatrie EP and can have an im~ortanl al tre almenl response. 

Highlighls 

• Cydin DI , p53 and Kl·67 con~ate with g,ade hlstopathological and ,elapse. 

• Cydln DI expresslon is not exclusive supratenlorlal EP In mtxlca n pallenl5. 

• ASAH I ovarexpressed In pedlalrlc EP have Imporlanl role In traalmant 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 II M 13 Intracranial Yes Yes 
2 II F 1 Intracranial Yes Yes 
3 III F 2 Intracranial Yes No 
4 III M 5 Intracranial No Yes 
5 II F 14 Intracranial Yes Yes 
6 III M 1 Intracranial Yes Yes 
7 II M 7 Intracranial Yes Yes 
8 III M 5 Intracranial No No 
9 III M 5 Intracranial Yes Yes 
10 III F 12 Intracranial No No 
11 II F 4 Intracranial No No 
12 II F 12 Intracranial No No 
13 II M 15 Intracranial No data No data 
14 II F 2 Intracranial No data No data 
15 III F 4 Intracranial No data No data 
16 III F 7 Intracranial No data No data 
17 II M 7 Intracranial No data No data 
18 II M 3 Intracranial No data No data 
19 II M 8 Intracranial No data No data 
20 II M 5 Intracranial No data No data 
21 III M 14 Intracranial No data No data 
22 III F 3 Intracranial No data No data 
23 II M 7 Intracranial No data No data 
24 II M 7 Intracranial No data No data 
25 II M 1 Intracranial No data No data 
26 II F 8 Intracranial No data No data 
27 III M 5 Intracranial No data No data 
28 III F 14 Intracranial No data No data 
29 III F 5 Intracranial No data No data 
30 II M 0 Intracranial No data No data 

 

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

TYPE GNAO1 ASAH1 IMMT IPO7 CYCLIN D1 KI67 P53 

Negative 60% 
(18/30) 

13.3% 
(4/30) 

73.3% 
(22/30) 

90% 
(27/30) 

60%  
(18/30) 

6.6% 
(2/30) 

76.6% 
(23/30) 

Weak  10% 
(3/30) 

73.3% 
(22/30) 

3.3% 
(1/30) 

6.6% 
(2/30) 

13.3%  
(4/30) 

70% 
(21/30) 

10% 
(3/30) 

Modearate 16.6% 
(5/30) 

13.3% 
(4/30) 

16.6% 
(5/30) 

3.3% 
(1/30) 

10%  
(3/30) 

16.6% 
(5/30) 

6.6% 
(2/30) 

Strong 13.3% 
(4/30) 

0% 
(0/30) 

6.6% 
(2/30) 

0% 
(0/30) 

16.6%  
(5/30) 

6.6% 
(2/30) 

6.6% 
(2/30) 

https://dictionary.cambridge.org/es/diccionario/ingles-espanol/of
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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 III.  F) p53 expression and histopathological grade. On abscissa axis show 
the histophalogical grade. 2.-EP grade II. 3.-EP grade III. G) Ki-67 expression and 
histopathological grade. On abscissa axis show the histophalogical grade. 2.-EP grade II. 
3.-EP grade III. 
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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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1. Introduction 

AB S TRAeT 

Objective: We ide ntify and corre late chromoso mal alteration s, methylation patterns and ge ne expression 
in pediatric pineal germinomas, 
Merhods: CGH microa rray, methylation and gene expression were performed through the Agilent plat~ 
formo The results were analyzed w ith MatLab software, MapViewer, DAVID, GeneCards and Hippie. 
Results: Amplifications were found in lq24,2, l q3 1.3, 2pl1.2, 3p22.2, 7p13, 7p1 5,2, 8p22, 12p13.2, 
14q24.3 Y 22q12; and deletions were found in lq21.2, 9p24, l , 10ql1.22, Il qll, 15ql1.2 and 17q2l .3 1. 
In the methylation analysis, we obsetved 10,428 (pG Island s with a modifi ed methylation status that 
may affect 11 ,726 genes. We identified 1260 overexpressed genes and 470 underexpressed ge nes. The 
genes RUNDCJA, CDC247, COCAn, ASAHI, TRA2A. LPL and NPC2 were altered among the three levels. 
Conc/usio/ls; We identifi ed rhe lq24.2 and Iq3 1.3 amplified regions and the lq21.3 and llqll deleted 
regions as the most important a ims. The genes NPC2 and ASA H J may play an important role in the 
developme nt, progre ss ion and tumor maintenance. The ASAN1 gene is an ideal ca ndida te to identify drug 
responses. These ge nomic and epigenetic stud ies may help to characterize the formation of pineal germ 
cell tumors to determ ine prognostic markers and al so to identify shared characteri stics in gonadal and 
extragonadal tumors. 

© 2016 EIsevier B.V, AH ri ghts reserved. 

Germ ceH tumors (GCTs) are ara re malignancy that are locali zed 
in gonadal or extra-gonadal sites, with an incidence of 2,4 per mil
lion and represents one percent of all cancers diagnosed in children 
less than the age of 15 years old [1 ]. rhese tumors arise from germ 
cell s from embryonic residues and share histologica l features with 
gonadal ge rm cell s [2 ,3]. rhe GCrs are histologica lly are divided 

into germinoma, teratoma, embryonal carcinoma, yolk sac tumor 
and malignant tumor of the germ ce ll s [2,4 [. In the central nervous 
system (CNS), these tumors are found in the pineal and suprase llar 
regions with an incidence of four percent of all brain tumors [5]. 

Studies have attempted to elucidate how the ge rm ce ll s reach 
the pineal region originating a tumor in the CNS [6], and to answer 
this question, two dominant theories have been postulated to 
describe germ cell development. rhe first propases that primordial 
ceHs are misplaced due to an aberrant migration during to fourth 
ges tation week and are loca ted in the brain midline. While, the sec
ond theory propases a widespread di stribution of ge rm cells during 
embryogenes is in the normal brain, thymus, liver and bone marrow 
to provide regulato ry functions in different sites [3 ). 

* Corresponding author. 
E-mail addresses: normandgarcia@gmai1.com. normandgarcia@yahoo.com 

(N. García-Hernández). 

http: //dx.doí.org/10. l016/j.clineuro.20 16.1 1.0 12 
0303-8467/© 2016 Elsevier B.v. A11 rights reserved. 
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Fig. 1. Chrol11osol11.Il.Ilter.Itions histogr.Il11. The .Il11plific.Ition Jnd deletions found in the gerl11inol11.Is .Ire shown through the histogr.Il11s generated frol11 the RAW files. 
Chrol11oso l11es .Ire indic.Ited.Ir the X-.Ixis, .Ind the fold ch.Inge at the Y-.Ixis corresponds to the chrol11osol11.Il alter.Ition. (Al HistogrJI11 ofthe GER 1 sJl11ple. (8) Histogr.Il11 of 
[he GER2 s.lmple. 

displayed, and we observed that chromosomes 1, 4, 7, 20 <lnd 22 
have a more similar methylation pattern (Fig. 2). 

The genes rhar showed changes in the methylation pattern are 
invo lved in signaling pa thways, such as Cel1 adhesion molecules 
(CAMs), Neuroactive ligand receptor, Gap junction, axon guidance, 
TGF~ signaling pathway, Progesterone mediated oocyte matura
rion, Wnt signaling pathway, Notch signa ling parhway, Nicotine 
and Nicotinamide metabolism, p53 signaling pa thway, cel l cycle, 
Oocyte meiosis, MAPK signaling pathway and GnRH signaling path
way. 

3.3. Germinoma expression 

In rhe express ion profiles, we observed 1730 modified genes 
as follows: 1260 overexpressed and 470 under-expressed. From 
these data, we generated a cl uster in which rhe GERl and GER2 

samples can be appredated. Two regions are displayed wirh lir
tle sign ificanr express ion changes, wh ich can tain rhe genes USP1B, 
E2F?, ROB02, MPPI, MI82 and WNT2B. These genes are related 
ro rhe immune system, cell cycle progression. axon guidance, 
cell migrarion and proliferarion. Both regions are high líghted in 
the de ndrogram (green and blue), where the major differences 
berween rhe samples are observed (Fig. 3). 

From rhese results, we esrablished genes rhar are involved in rhe 
following signal ing ways: (eH adhesion molecules (CAM); Natura l 
ki ll er cell mediated cy[Otoxic ity; cell cycle: Tcel l receptor signaling 
pathway; p53 signaling pathway; progesterone mediared oocyte 
maturation and B ce ll receptor signa ling pathway and othcrs. 

The correlatíon results indicate rhat eighrgenes coincide among 
the chromosomal alteratiolls, gene expression and methylation 
pattern analyses (Tabl e 1), and rhese genes are ¡nvolved in neurona l 
processes (RUNDOA), rhe immune sysrem (CDC247), apoprosis and 
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Fig.2. Gcrminoma mcthylation partern. Thc cluster shows (he mcthyli1tion partero from (he ¡malyzcd samplcs. For chromosomcs 4. 5. 6. 8. 13. 15 and 18. (he methylation 
paneros differ among the samples. The hypernlcthylahon from 0.5 10 J and the hypomethylation from - 0.5 ro - 3 are indicated in the color range. 

Fig.3. Germinoma gE.'ne t'xpression. (Al The cluster represents the gene exprt'ssion profiles from ¡he 1111110f5. The dM,l .1re grouped according 10 t he normalized va lur. The 
overexpression from 0.5 to 3 and rhe under-expression from - 0.5 ro - 3 are indic.ucd in rhe color range.11le most important diffcrenccs are indicated in rhe (010r5 by rhe 
dendrogram. (For interpretation of the references to color in the text, the reader is referred to the web version of this .miele.) 
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Table 1 
Corre!ation !x'lween srudies. 

CH' <>~ aeCH Methylalion Expression 

lq24.2 (0247 A Hypo Oyer 
7p lS.3 COCAn A Hypo Qyer 
7plS.3 IRAlA A I-Iypo Qyer 
8p2 13 lJ'L A Hypo Qyer 
8p22 ASAHl A Hypo Qyer 
14q24.3 NPC2 A Hypo Qyer 
17q21.l1 RUNDC3A o Hypo Under 
22q12.1 ASPHD2 A Hyper Under 

Abbrevialions: A. dmplific,¡tion: D. deletion; Hypo. hypomethyldtion: Hyper. hyper
methylation: Over. overexpression: Under. subexpression. 

cell cycle(CDCAlL,ASA H 1), miRNA regulati on (1RA2A)and fattyac id 
merabolism (LPL, NP(2). 

Through real-time qRT-PCR assays we analyzed th e ASAHI gene 
expression in five pineal germinomas, we found overexpression in 
all ofthe samp les com pared to the con trol (Fig. 4Ay B). 

A bioinform.ltics .1n.llysis was pcrformed ro id enrify rhe gene 
interactions within the CNS and gonads in view of rhe hypothe
sis of cell migration during the embryonic stage. We observed that 
the genes RUNDCJA and ASAH 1 might interact at the CNS with the 
ge nes RAPIA. RAP2A, TFPT, TSC22DI and SLC25A5 (Fig. 4D). While 
in the gonads . the genes TRA2A and NPC2 might interact with the 
SF3AI, PRPF6, SAP1B, EIF4A3, HNRNPU, TAF9, PPP1CC, CDC5L, SAM
RCB 1, MAP I LC3B, SEPT2 and PAXP I (Fig. 4C). 

A 

4. Discussion 

Currently, germ ce l! rumors of rhe pineal region have not 
becn broadly srudied ar rhe molecu lar level, and geno mic and 
epigenetic approaches enable us ro obtain information regarding 
genes involved in tumor deve lopment, maintenance and possi
bl y prognostic markers. According to our research, we reported 
amplificarions in l q, 12p and 21q and deletions in Sq, 11q and 
13q [19], Cerminomas located in the testis show duplications 
in 7p l S.2, 12p12.3-pll .1, 12p13.33-p 12.3 and 21q22.2 and dele
rions in 4pI6.3, IOpIS.3 -pIS.2, \3q21.1 -q2 1.2 and ISql 1.I -ql 1.2 
[20,21 J. Cerminoma s locatcd in rhe ovary present amplifications in 
chromosomes 1,6, 16, 19,20 and 21 [22], We want to spotlight the 
amplification reports from the pineal germinoma on the 12p, 8q 
.1nd lq regions and the dclctions in \3q, 18q, 9q <1nd llq [11 ], 

We observed regions considered characreristicofa pineal tumor 
amplified in Iq24.2 and Iq31.3. as we ll as in 7p lS.2 and 12pl3.2 
reported in the testis and pineal germ tumor [20,2 1 J. We .1 150 
found deletions in I q2 1.3 and 11q 11 , which were already reported 
for pinea l germ tumors, and lSq 1 \.2 was reported ror testic1e 
germ inoma [20,21], Thus, we suggest thar rhese alterations are 
characteri stics of germ tumors regard less of their location intra 
or cxrragonadal, correl.1ring with the histological sim ilarity wirh 
gonadal CCTs [23 ]. 

Ir is know rhar rhe epige neric process plays an imporranr 
role in pluripotency, cancel' formation and progression, incJuding 
CGTs, which are subject to epigenetic reprogramm ing. Epigenetic 
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Fig.4. ASAH! express ion in germinom,¡s dnd gene interactions. nle express ion dnd possible gene inter,¡ctions ,¡ re shown. (A) Crdphic ofthe ASAH! gene expression Jl110ng 
the germinomas. (B) Graphic of the ASAHl average gene expression compare<! to Ihe control. (e) Possible inlerilction al the gonads includes the genes NrG and 1RA2A. (D) 
Posslble inleraction at lhe eNS includes Ihe genes ASAH! and RUNDOA. lhe diamond shape indicates a gene of interesl, and lhe score signifies how likely lhe pal1nership is. 
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deregulation, through genetic and environmental processes, di s
rupts embryo physiology germ cell development [1 ,24]. Ir has been 
suggesred {he merhylarion parrern is associared wirh rhe ana rom
ical locar ion of rhe CIT, due ro hypomethylation in rhe gonada] 
tumor and hypermethylation in rhe extragonadal tumors [91 . In 
accordance with other reports, indicating the methylation status in 
GCTs. we found RUNX3 hypermethylation and SFRP2, RASSF5,SRFP5, 
HOXBS, SFRPI and APC hypomerhylation suggesting the methyla
tion pattern is a[so modified according ro the anatomical loea rion 
ofrhe tumor [1 ,25]. 

Furthermore, we found [har TCF4. BDNF. BMP3, WN12,APc'S0X2, 
NTRK2, NTRK3, TGF82 and WNT'I were hypomerhylared and Fzd9 
was hypermethylated, and these genes are highly relevan t since 
they are described in the human stem cell path in Gas, suggest4 

ing their involvemenr in tumor formarion [9[. These genes c-KIT, 
SALL4 and PDPN were .lIso overexpressed and have been reported 
as biomarkers for Gas [26-28[ . 

Correlations among the three studies show 18 common altered 
genes berween aCHG and expression (Table 52 DOI: 10.60701 
H4NV9G96 ); 97 common altered genes between aCGH and methy
lation (Tab le S3 DO[: 10.6070/H4NV9G96): and 755 common 
altered genes between methylation and express ion (Table 54 
DOI: 1O.6070/H4NV9G96). Only eighr genes were common in 
rhe expression. methylation pattern and chromosomal alrerations. 
and rhese genes were involved in neurona l processes (RUNDCJA), 
rhe immune sysrem (CDC247), apoptosis and cell cycle (CDCA7L, 
ASAH 1), miRNA regularion (TRA2A) and farry acid metabolism (LPL, 
NP(2). 

There is nor sufficient data for all these genes ro establish their 
relevance in ro rhe germinoma pineal neopl,lsic process; neverrhe4 

less, the gene TRA28 is overexpressed in breast. cervical, ovarian 
and colon cancer. contributing to their malignancy [29], and CD247 
is an essenrial molecule for natural killer cel! activarion that is asso
ciated with rhe tumor microenvironment and immunosuppression 
[30[ , [n addition, COCA7L is reported as a c-Myc rarget, and its 
overexpression was obselved in several types of cancer, inducing 
proliferation and cel! transformation in medutloblastoma [3 11. 

NPO can be detected in neurons and is associated wirh neu
rodegencrative diseases. When ir is secreted by pre-malignant lung 
tumors ir inrerferes wirh rhe tumor microenvironmenr through 
pa racrine mechanisms. In vitro and in vivo xenograft data demon
srrates rhar rhe expression of NPC2 influences cell proliferarion, 
migrarion and tumorigenesis through the regularion ofERKlj2 acti
vation, and its downregu lation accelerares cell proliferarion and 
tumor growth through rhe acrivation of ERKlj2. The data point 
ro a novel role for NPC2 in the regul,lrion of the pro-rumorigenic 
microenvironmenr [32,33[ . 

lastly, ASAH I (AC) is an enzyme in the cera mide metabolic 
parhway, and ir plays its role by metabolizing the pro4 apoproric 
cera mide to a proliferarive and tumor inducing metabol ire. The 
enzyme AC is constitutively overexpressed in several human 
cancers. The consequenceofsuch high AC expression is the mainte
na nce of low ceramide levels in tumor ce lls. High AC acrivity leads 
ro elevared level s of the downstream metaboHte, SIP, promoring 
ceU survival. Recent studies suggest thar the upregulation of acid 
ceramidase plays an essentia l role in the development of mulri 
drug resistance in cancer chemotherapy: and the consequences of 
AC inhibition cou ld be enhanced ceramide-mediated tumor kill ing 
and/or reduced drug resistance [34,35[, 

Therefore. we suggest rhar exrragonadal rumors share chromo
somal altera tions and similar gene exprcssion, proposing tha t the 
Iq24.2 and lq31.3 amplific,1tion and rhe Iq21.3 and llqll dele
tion are the mosr important in germ cell tumors. The NPC2 and 
ASAH I genes may play an important role in rumor development, 
progression and mainte nance. ASAH 1 may be a candidate to ¡den
tify a patient's response to therapeutic drugs, Fi nally, rhe gene 

ex pression pattcrn may hclp to elucidare a paticnt's prognosis. ro 
understand germ cell tumor formation in the pineal region an d to 
idenrify shared characreristics of gonadal and exrragonadal germ 
ceH tumors, 
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9. Discusión 
 
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 comprensión de las características específicas de cada 

neoplasia. Sin embargo, hoy en día se tienen pocos estudios moleculares sobre las 

causas, el desarrollo y el mantenimiento tumoral de los ependimomas pediátricos; 

la mayor información encontrada en la literatura hace referencia a los aspectos 

clínicos y con respecto a los abordajes moleculares la mayoría de estos estudios 

han sido realizados en ependimomas de adultos; además, no existen estudios 

publicados en pacientes mexicanos. 

 

En el análisis de pacientes pediátricos mexicanos con EP reveló ganancias en 

2p11.2, 2p22.3, 3p22.2,7p15.2, 8p22, 10q21.1, 11p15.4, 14q32.33 y pérdidas en 

1p31.1, 1q21.3, 2p22.2, 7q34 y 8p11 .23-p11.22. Se considera que la región 

14q32.33 juega un papel importante en la tumorigénesis; de acuerdo con Olsen et 

al. [35] reportan a la región 14qter como perdida; cabe resaltar que en la región 

cromosómica 14q32.33 se localiza el miR-203, el cual exhibe expresión aberrante 

en múltiples tumores malignos. Muchos estudios han revelado que miR-203 juega 

un papel esencial durante el crecimiento celular, la migración, la invasión [36]; se 

sugiere a la región 14q32.33 como importante en EP pediátrico. 

 

Además, se profundizó en la búsqueda de las alteraciones cromosómicas 

características de los EP pediátricos a nivel mundial, encontrando que las 

alteraciones en 1q, 6q, 9p, 13q y 22q son características de estas neoplasias y la 

alteración de la citobanda 1q25 tiene potencial para ser utilizado como marcador 

pronóstico al correlacionar con una corta sobrevida libre de progression [37,38]. 

 

Otro de los factores importantes durante la tumorigénesis son los epigenéticos; la 

metilación es un mecanismo importante durante el desarrollo del EP en el 89% de 

los casos [39], se conoce que las alteraciones cromosómicas, así como el patrón de 

metilación varían de acuerdo con la localización anatómica del tumor [40,41]. En el 
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análisis de resultados se encontraron genes metilados relacionados con la 

apoptosis: MYC, el ciclo celular: SESN2, MAD1L1, CUX1, E2F8, ASAH1, GNAO1, 

proliferación celular: IMMT, diferenciación neuronal: EBF3, activación 

transcripcional: GATA2, IPO7 y los genes relacionados con el oncogén TFG: p53 y 

c-myc, así como la división 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 

población mexicana, mientras que los anteriores fueron en pacientes caucásicos; 

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

Se encontraron pocos estudios sobre cambios en la metilación reportada en EP, sin 

embargo, se conoce que los EP espinales son epigenéticamente diferentes a los 

intracraneales, se ha descrito la hipermetilación de HIC-1 en el 93.8% de EP 

intracraneal y en el 65.0% de espinal [44]. En este estudio se observó que, en EP 

pediátricos, sin importar su localización anatómica, el cambio del estado de 

metilación del gen hTERT es característico de los EP y tiene potencial para ser 

utilizado como biomarcador molecular de pronóstico promoviendo la longitud de los 

telómeros o inmortalizando células en distintos tipos de tumores [45], posiblemente 

esta diferencia se deba al número de muestras y al análisis estadístico. 

 

Las alteraciones cromosómicas y la metilación se verán reflejados en la expresión 

génica. Por lo tanto, se han reportado cambios en la expresión de los genes EGFR, 

CDKN2A, p16INK4A, y p14ARF [28,29]. Se encontraron genes sobreexpresados 

relacionados con la transcripción (MAPK11, IPO7), proliferación (CBLB, KIT, 

SESN1, ASAH1, GNAO1), adhesión celular (ITGA6), migración (LAMA2), 

reparación del DNA (RAD51) y genes subexpresados relacionados con apoptosis 

(BID, PRKCB, IMMT), adhesión 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 sobreexpresión de LAMA2, KIT, CD44, 

y EZH2 son características de los EP pediátricos. 
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Existe diferenciación genética entre los EP espinales y los intracraneales, los 

primeros se asocian con el gen NF2 y muestran una mayor activación de ERBB2, 

mientras que los segundos se asocian con EPB41L3 e HIC-1 [44]. Sin embargo, se 

observó que independientemente de la localización anatómica del tumor los 

cambios de expresión de los genes ERBB y hTERT son característicos de los EP 

pediátricos, pero sólo hTERT correlaciona con una menor sobrevida del paciente. 

Lamentablemente, un enfoque terapéutico dirigido a ERBB que incluye lapatinib, 

inhibidor selectivo de molécula pequeña de ERBB1/ERBB2, se reportó como 

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

 

A partir, de los ensayos de microarreglos se propusieron los genes CISD3, IPO7, 

IMMT, ASAH1 y GNAO1, los cuales no han sido reportados anteriormente en EP. 

De acuerdo con la literatura se sabe que CISD3 e IMMT están relacionados con la 

proliferación celular y la promoción de la angiogénesis [35,52]. ZWINT participa en 

la formación del cinetocoro y puede promover la proliferación celular [41]. IPO7 es 

una proteína nuclear sobrerregulada por c-MYC y p53 [53]. GNAO1 es importante 

en la señalización 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 inmunohistoquímicas para conocer la expresión proteica 

de KI-67, P53, Ciclina D1, IPO7, IMMT, ASAH1 y GNAO1. Se observó que la 

expresión de P53 y KI67 correlacionan con el grado histopatológico 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 cáncer, sin embargo, se encontró que IPO7 es sobreexpresado en el 

10% de las muestras, correlacionando con la sobrevida. ASAH1 se sobreexpresa 

en más del 80% de los casos, concordando con Doan et al. [58], ellos mencionan 

que ASAH1 desempeñan un papel significativo en la progresión tumoral. IMMT se 

asocia al desarrollo de cáncer gástrico [59], en este estudio se encontró 

subexpresado en el 73.3% de las muestras, correlacionando con la sobrevida. 

GNAO1 se encontró 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 evolución de los datos genómicos y epigenómicos en EP pediátricos 

muestra una heterogeneidad significativa de estos tumores basados en la biología 

molecular, esto ha comenzado a arrojar luz sobre la razón de la diversidad de 

respuestas clínicas [51]. Se han hecho grandes esfuerzos para refinar los criterios 

histológicos y las categorías de riesgo clínico, no sólo con base en aspecto y 

localización del tumor, sino también para incluir los hallazgos genéticos 

subyacentes. Estos nuevos hallazgos moleculares, están volviendo evidente que, 

en el futuro, los criterios histológicos pueden ser insuficientes para dirigir el 

tratamiento y predecir resultados [61]. Tanto los aspectos genómicos y 

epigenómicos llevan a un cambio en la expresión proteica, por lo cual este 

conocimiento puede ayudar a comprender el desarrollo tumoral y aportar 

información para un candidato a biomarcador pronóstico; por lo tanto, se revisaron 

estudios donde analizan los cambios de diversas proteínas en EP pediátricos. Se 

encontró que EGFR, EMA, GFAP, NeuN y p53 son características de estas 

neoplasias y las proteínas: BCL-2, EGFR y NCL están relacionadas fuertemente 

con el desarrollo del EP pediátrico y tienen potencial para ser utilizadas como 

marcadores de pronóstico (Artículo en preparación).  



69 

 

10. Conclusiones 
 
Las regiones cromosómicas 1q25, 7q34, 14q32 y 22q son importantes en los EP 

pediátricos, considerándose a 22q y 1q25 como características de estos tumores. 

 

Se sugiere que la sobreexpresión génica de hTERT, ERBB y la expresión proteica 

de EGFR, EMA, GFAP, NeuN y p53 son características de los EP pediátricos.  

 

La ganancia de 1q25 y la sobreexpresión de hTERT tienen potencial para ser 

utilizados como marcador pronóstico. 

 

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

no es exclusivo de los ependimomas supratentoriales en pacientes mexicanos. 

 

En EP pediátricos las proteínas 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 proteínas Ki-67, p53 y Ciclina D1 correlacionan con el grado histopatológico del 

tumor y la reincidencia. IPO7 correlacionan con una menor sobrevida e IMMT con 

una mayor sobrevida. 

 
11. Perspectivas 

 

Evaluar la expresión del gen hTERT en ependimomas pediátricos en pacientes 

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

Genomics a nd epigenelics: A sludy 0 1 ependymoma s in pedialric palienls 

T a ble 51. 5ample features. The fealures 01 the patients from whom Ihe s amples were 
obtained are shown age (Age). gender (Sex). and tumor Iocation (Localizalion). 
H istopathologica l grade classificalion w as according lo Ihe World Heallh Organization 
(Grade) and whelher the tumor was de nov o or reddiv;sm (Observalions). Too 
e pe ndymomas ;s highlighted in bold. 
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Genomics and epigenetics: A study of ependymomas in pediatric patients. 

Table 52. Methylated gene. In Ependymoma. Show the genes (Gene) methylation 
enangad panem. ;n lag, value greater Ihan 5 hypermethylation and less than -5 
h~pomethylation (Status). the percentage observad in samples (% ) and the chromosomal 
localion of !he genes (CHR) are indicated. Hyper. Hypermethylation. Hypo. 
Hypomelhylation 
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Genomics and epigenetics: A study o f ependymomas in pediatri c patients. 
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Table 5 3. Correl3bon of methyl abon in EP with reports in other cancer in NCBI. The 
(Gene) genes were ronsislenl with changes in Ihe E P melhylatiOfl pattem (status EP) aOO 
how !hey have been reporte<! (Report) for other neoplasms (cancer). The Iocation within 
!he chrormsome was iOOicated (CHR). The masl importanl status of methylalion is 
highlighled in 1JoId. 
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Table 54. Gene e"presslon In Ependymoma. Show genes (Gene) with e xpression 
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Table S6. Correlation between chromosomal abnonnalities and m ethylatio n in 
Ependymoma. Genes (Gene) with methylation changes in EP (Status), COITelated with 
the chromosomal alterations (CHR), by region. are show lar each 01 the samples (EP1 . 
EP2. EP3. EP4. EP5. EP6) the percentage 01 samples is indlcated ('!lo ). Hyper. 
Hypermethylation; Hypo. Hypomethylation; A. A mplification; D. Deletion. 
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Genomics and epigenetics: A study of ependymomas in pedialric patien ts. 

Table 51. Co"elatlon between m ethy lalion and e.pre •• lon. Th is shows the genes 
(Gene) wilh change in the methylation pattem (Stalus) that correlate w ith gene e~pression 
(Status); is indicated the chromosomal location (CHR) and !he samples percentage ('lo). 
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Anexo II 
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 IPO 7 IMMT 

1 II 2% Negative Negative 20.00% Positive Negative Negative 

2 II 2% 15.00% Negative 50.00% Positive Negative Negative 

3 III 10% < 1% Negative 30.00% Positive Negative Negative 

4 III 8% Negative Negative negativo Positive 5% Negative 

5 II 5% <1% Negative < 5% Positive Negative Positive 

6 III 20% <1% Positive 70.00% Positive <1% Negative 

7 II 2% 40.00% Weak 70.00% Positive Positive Positive 

8 III 5% Negative Negative 10% Positive Negative Positive 

9 III 5% 5.00% Negative 30.00% Positive <1% Positive 

10 III 15% 30.00% Positive <5% Positive Negative Negative 

11 II 1% 20.00% Negative Negative Positive <1% Negative 

12 II 1% Negative Positive 50.00% Positive Negative Negative 

13 II 1% Negative Negative Negative Positive Negative Positive 

14 II 3% Negative Negative Negative Positive Negative Negative 

15 III 1% Negative Positive Negative Positive Negative Positive 

16 III 1% Negative Negative Negative Positive Negative Positive 

17 II 1% <1% Negative Negative Positive Negative Negative 

18 II <5% Negative Negative 90% Positive Negative Negative 

19 II 5% Negative Negative Negative Positive Negative Positive 

20 II 2% Negative Negative Negative Positive Negative Negative 

21 III 20% Negative Positive Negative Negative Negative Negative 

22 III 50% Negative Negative Negative Positive Negative Negative 

23 II 20% Negative Negative Negative Negative Negativo Negative 

24 II 10% Negative Positive Negative Negative Negative Negative 

25 II 1% Negative Positive Negative Positive Negative Negative 

26 II 10% Negative Positive Negative Positive Negative Negative 

27 III 50% <5% Positive <1% Positive Negative Negative 

28 III 1% Negative Positive Negative Positive Negative Negative 

29 II 3% Negative Positive Negative Positive Negative Negative 

30 II 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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Anexo III 
Pediatric pineal germinomas: Epigenetic and genomic approach 

Pe<!iatric pineal germinomas: Epigenel ic and genomic appruach. 

Table 51. Sampte f .... tures. The features of Ihe p alienls lrom whom Ihe samptes w ere 

oblained are shown age (Age ). gender (S ex) , and tumor Iocalion (Localizalion). 

Hislopalhological grade d assifica llon w as according lo Ihe Woo1d Heallh O rganizalion 

(Grade ) and wOOlher Che lumor was de novo or reddivism ( O bservalions) . Too 

ependymomas is highlighled in bold. 

5ampte A,. , .. l lirade Locll liza t ion I O b .. e",ations 

Medunobla stoma , e " Posterior fossa 0.== 
Ependymoma " M " Posterior fossa De nov o 

Medulloblastoma , e " Posterior fossa 0.== 
E pendymoma " M 

'" 
Poste rior fossa 0. _ 

exus papilloma , , osterior fossa 10. _ 
G angliogtioma n M , Posterior fossa I LJenov o 

Ependymoma n e " Spinal cord (L2 LS) Reddivism 

Glioblastoma multiforme " M W Posterior fossa -
G anglioglioma " e , Posterior fossa 0. _ 
G angliogtioma " M , Posterior fossa 0.== 
Medunoblastoma , e " Posterior fossa De nov o 

E pendymoma , e " Posterior fossa 0.== 
Germlnoma " M " Posterior fo ...... De novo 

Astrocytoma , e " Posterior fossa I LJenov o 

Transitiona l Meningioma " e , Posterior fossa == 
Medulloblastoma , M W Posterior fossa 0.== 
Astrocytoma n e " Posterior fossa 0.== 
Astrocytoma n e , P osterior fossa 0.== 
Plexilorm Neurofibroma , M , Posterior fossa De nov o 

Medunoblastoma " M ,y Posterior fossa 0.== 
Medunoblstoma , M W Posterior fossa -
Medunoblastoma n M W Posterior fossa 10. _ 
Astrocytoma , M " Posterior fossa I LJenov o 

S arcoma , e ,y Posterior fossa De nov o 

Astrocytoma " M , Posterior fossa 0.== 
G enninoma n M " Po .. terior f o ...... De novo 

E pendymoma , e " P osterior fossa 0.== 
Astrocytoma " " osterior ossa I LJenov o 

Ependymoma " M " Posterior fossa == 
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Pedilltric pilll,al ge .... irIoma": Epigenetic ~nd genomic approach. 

Germinom .. " • " Posterior fos,." De novo 

Astrocytoma , e " Posterior fossa De =~ 

Astrocytoma " e , Poste rior fossa De =~ 

Cortical dysplasia " M Poste rior fossa ~=~ 

Astrocytoma , e , Poste rior fossa =~ 

Astrocytoma , e " Posterior fossa =~ 

OligodendrogiK>ma " M " Posterior fossa De =~ 

Germinom .. " • " Posterior fos,. .. De novo 

Plexus Papilloma , e , Poste rior fossa De =~ 

Germinom .. " e " Posterior fo,.,." De novo 

A trocytoma " " oste rior fossa ~=~ 

MeduRoblastoma , M OV Poste rior fossa ~=~ 

Chordoma , M " Poste rior fossa =~ 

Astrob lastoma " e ov Posterior fossa =~ 

MeduRoblastoma " M OV Posterior fossa De =~ 

Schawnnoma " e , Poste rior fossa De =~ 

Ependymoma , e " Poste rior fossa De =~ 

Hem angioblastoma 05 M " Posterior ossa De =~ 

Ependymoma 05 M " Posterior fossa =~ 

Rabdoide teraloide , e " Posterior fossa ~=~ 

Ependymoma , e " Posterior fossa ~=~ 

Dyse mbryopiastic 

" e , Posterior fossa De =~ 
ne uroepilhelialtumour 

Astrocytoma n M " oste rior fossa ~=~ 

MeduRoblastoma , M OV Posterior fossa De =~ 

Astrocytoma 05 M , Posterior fossa De =~ 

Ependymoma , M " Posterior fossa De =~ 

Astrocytoma 05 M " Posterior fossa De =~ 

t:pendymoma , '" oste rior rossa ~=~ 

Plexus pap~loma " e , Posterior fossa De =~ 

MeduRoblastoma 9 M OV Posterior fossa De =~ 

PTEN , M , Posterior fossa ~=~ 

MeduRoblastoma , e ov Posterior fossa De =~ 

Medulloblastoma , e ,v Posterior fossa De =~ 

Ependymoma " M " Spina l coro De =~ 
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Tabla S2. Correlation between chromosomal abnormal ities and gene expression. In 

lable are show !he genes (Gene) !hal correlaled belween gene expression and 

chromosomal abnormalilies. chromosomal region (CHR) and Ihe gene expression 

(Expression) are indicaled. A. Ampl ificalion; D. Delelion; Under. Underexpressiorl; 0Ver. 

OVerexpression 
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Pe<l i"tric pine"l lIerminom"s: Epillenetic "nd lIenornic appro"c h. 

Table S3. Correiation between chromosomal abnormalities and mettlylation. H show 

genes (Gene) with melhylalion dlanges in pineal germinoma (Methylation). correialed with 

!he dlromosomal aHeralions (aCGH), by dlromosomal reglOfl (CHR), Hyper. 

Hypermeltlylalion; Hypo. Hypomethy lation; A. Amplif icaliorl ; D. Deleliorl 
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Pe<li~tric pineal oerminom~5: Epioeneüc ~nd oenomic ~ppro~ch . 

Table S4. Correlation between mettlyl3tion and expression. TlIis shows lhe genes 

(Gene) with change in lhe methy lation pattem (Melhy lation) thal correiale YIIith gene 

expression (Expression): is indicated the chromosomal Iocation (CHR). Hyper. 

Hypem-oethytalioo. Hypo. Hypomethylation. OVer OVerexpression. Under. 

Underexpression 
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