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Resumen

Introduccion: Se ha reportado que las variantes del VPH 16 tienen diferente
potencial oncogénico, algunos reportes muestran que las variantes pueden regular
la expresion de genes, sin embargo, no se ha analizado la expresién del
transcriptoma completo por efecto de las variantes del VPH 16. Objetivo: Analizar
el transcriptoma humano completo de células C33-A que expresan establemente a
E6 de las variantes AA-a, AA-c, E-A176/G350, E-C188/G350 y E-G350 del VPH
16 vs. E6 de E-Prototipo del VPH 16. Metodologia: Se transfectaron
establemente células C33-A con E6 de las variantes de estudio, se realiz6
extraccidon de RNA, se realizaron microarreglos de mRNA (Affymetrix GeneChip
Human Transcriptome Array 2.0 platform) que analiza la expresién de mas de
245,000 transcriptos, se validaron los microarreglos con 7 sondas mediante gPCR.
Resultados: La expresion de E6 de las variantes alteraron la expresion de 387
genes diferentes a los genes alterados por E6 de E-prototipo, de los cuales 229
genes son alterados por la expresion de E6 de la variante AA-c. Los genes que
alteran su expresion por la expresion de E6 de las variantes participan en
procesos celulares relacionados con el desarrollo de cancer cervical: sefializacion
(20.3%), transcripcion (16.7%), adhesion (14.6%), proliferacién (12.5%), apoptosis
(9.4%), Migracion (7.3%). Mediante un andlisis de “enrichment score” se encontro
que los genes que alteran su expresion por la expresion de E6 de la variante AA-a
se asocian con adhesién celular, vias de sefializacion tirosin cinasa y actividad de
proteinas cinasas; esta es la Unica variante capaz de alterar estos procesos.
Conclusion: Los cambios de aminoacidos en E6 de las variantes del VPH 16
modulan la transcripcion de genes especificos y cada variante parece tener su

propia firma molecular.
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Introduccidn

Los VPH son un grupo heterogéneo de virus de ADN, lo cuales difieren en su
potencial oncogénico. (Lazarczyk et al., 2009, Doorbar 2005). Los VPH son parte
de la familia papillomaviridae, son virus pequefios, no envueltos, presentan un
diametro de 55 nm, su ADN de doble cadena esta conformado de 8,000 pares de
nucleotidos que dependiendo del genotipo especifico del VPH pueden contener de
7 a 9 marcos de lectura abierto (ORF). EI ADN viral se asocia con histonas
celulares para formar “minicromosomas” y es empaquetado en una capside
icosdedrica que contiene 72 capsomeros (Lazarczyk et al., 2009).

El genoma del VPH se divide en tres regiones: region larga de control (LCR o
UTR), regioén de proteinas tempranas (E1 a E7) y regién de proteinas tardias de la
capside (L1 y L2). Cada proteina realiza funciones diferentes para llevar acabo la
patogénesis (Tabla 1) (Doorbar 2007, Mufioz et al., 2006).

Para que se lleve a cabo la infeccién, el VPH entra en las células del estrato
basal por ruptura de la integridad de la lamina epitelial (Doorbar 2007, Woodman
et al., 2007). El VPH se asocia con proteoglicanos de la membrana celular, asi
como con receptores secundarios que facilitan la captacion viral. EI acceso de los
VPH es mediante sitios donde las células del estrato estratificado y columnar se
unen (zona de transformacion cervical) (Doorbar 2007).

Después de la infeccion viral, el VPH replica su genoma en un bajo nimero de
copias, esta replicacion se lleva a cabo de forma episomal. La replicacién del ADN
viral se lleva a cabo con la maquinaria de replicacion celular, la replicacion del
ADN viral y la replicacion del ADN celular conllevan a la progresion del ciclo
celular a través de la fase S. Las proteinas que se consideran necesarias en esta
fase son E1 y E2, el promotor de diferenciacion (PL) modula la expresion de E1 y
E2 (Doorbar 2007).

El VPH necesita mantener la division celular y para ello, requiere retardar la
diferenciacion de las células pero no inhibir la por completo. Esta condicion
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Tabla 1. Funcién de las proteinas codificadas en el genoma del VPH

Proteina

Funcién

E1l

Es una helicasa que se une al origen del ADN viral y recluta factores
celulares del hospedero para la replicacion del genoma viral
(Sakakibara et al., 2011, Lazarczyk et al., 2009).

E2

Es un regulador transcripcional de la expresion de los genes E6 y E7.
E2 ayuda a que E1 helicasa se reclute en el origen y facilita la correcta
segregacion de genomas durante la division celular. E2 es requerida
para el ensamblaje de viriones (Sakakibara et al., 2011, Lazarczk et al.,
2009, Doorbar 2007).

E4

Se expresa en la superficie del epitelio y se considera que tiene
participa en la liberacion de virus por que se asocia con citoqueratinas y
con la sobre cornificacién. La contribucion de E4 en la oncogenecidad
es asociada con CDK'y con E2. (Doorbar 2007, Lazarczk et al., 2009)

ES

Evade la respuesta inmune, interfiriendo con el transporte del antigeno
por el MHC de clase | a la superficie celular, promueve el crecimiento
independiente de anclaje y disrupcién de uniones gap*. Estimula la
proliferacion celular dependiente de EGF (Suprynowicz et al.,
2010).Participa en la inmortalizacion celular (Lazarczk et al., 2009).

E6

El supresor de tumor p53 es su principal blanco, sin embargo, E6
puede interaccionar con varias proteinas (descritas mas adelante)
(Garnett et al., 2006, Doorbar 2005).

E7

Se asocia con pRB para de esta forma transactivar genes celulares
involucrados en la replicacion viral (ciclina A y E), permitiendo a las
células de la capa basal mantener la replicaciéon del ADN. También se
une a desacetilasas de histonas, componentes del complejo de
transcripcion AP1 y de los inhibidores de CDK, p27 y p21 (Doorbar
2007).

L1

Proteina menor de la cépside, realiza el ensamblaje de viriones
(Doorbar 2007)

L2

Proteina mayor de la capside que se expresa después de L1 y permite
el ensamblaje de particulas infecciosas en el estrato superficial del
epitelio, L2 se acumula en estructuras conocidas como cuerpos PML y
recluta a L1. (Doorbar 2007)

CDK: quinasa dependiente de ciclinas, MHC de clase I: complejo de histocompatibilidad mayor de
clase I, PML: proteina de leucemia promielocitica (se encuentran en el nucleoplasma), *uniones
gap: responsables de la comunicacion célula-célula, EGF: factor de crecimiento epidermal

puede garantizar la replicaciéon del ADN del VPH en la capa suprabasal y superior

granular. E6 y E7 son oncoproteinas cruciales para mantener la proliferacion en el

estrato superior del epitelio. E7 promueve la progresion a la fase S en células

diferenciadas, mientras que la proteina E6 evita la apoptosis. (Lazarczyk et al.,

2009).


http://es.wikipedia.org/w/index.php?title=Leucemia_promieloc%C3%ADtica&action=edit&redlink=1
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La proteina E5 puede asociarse con proton ATPasa y retardar el proceso de
acidificacion endosomal, para favorecer el reciclaje del receptor del factor de
crecimiento epidermal (EGFR) en la superficie celular. La consecuencia de esto es
el incremento en la sefalizacion del receptor mediada por EGF, esto se considera
gue contribuye al mantenimiento de la replicacion (Doorbar 2007).

Posterior a la amplificacion de ADN viral, en el estrato superior del epitelio el
genoma viral es empaquetado (Lazarczyk et al., 2009). Las proteinas que
conforman la capside (L1 y L2) son expresadas Unicamente en células que han
sido sometidas a la amplificaciébn gendmica y que contienen en su citoplasma a
E4. L1 y L2 son localizadas en los cuerpos de PML (proteina de la leucemia
promielocitica), la expresion de L2 precede a la expresion de L1 y el ensamblaje
de los virus ocurre cuando los capsdmeros de L1 entran al nucleo y son recluidos
en las estructuras PML por L2. La asociacion de L1 y L2 requiere de secuencias
hidrofébicas cerca de la region C-terminal de la proteina, esta region se inserta en
el centro del capsémero pentavalente L1, por uniones disulfuro se lleva a cabo la
interaccidn proteina-proteina la cual es estable en la capa superior epitelial, lo
anterior, contribuyen a la estabilidad de las particulas liberadas. La acumulacién
de altos niveles de proteinas estructurales del viribn es retardada hasta que la
célula alcanza el estrato superior del epitelio, para limitar la deteccion por el
sistema inmune del hospedero (Doorbar 2007).

El VPH se puede mantener en forma episomal o integrado (o mixto), la integracién
ocurre cuando el ADN viral se rompe en el gen E2, eliminando la expresion de la
proteina E2, de tal manera que al ser eliminado el regulador negativo de la
expresion E6 y E7 se favorece la sobreexpresion de las oncoproteinas E6 y E7
(Woodman et al., 2007). Varios estudios han mostrado una asociacion entre la
integracion y el desarrollo de LEIAG (Lesiones Escamosas Intraepiteliales de Alto
Grado) o cancer cervical (Theelen et al., 2010, Koskimaa et al., 2010, Jiang et al.,
2009) (Figura 1). La sobreexpresion de E6 esta asociada con el desarrollo de
cancer, E6 participa en el desarrollo de cancer debido a que puede interaccionar
con 1) proteinas que participan en la regulacién de la transcripcién y replicacién

del ADN, 2) proteinas involucradas en apoptosis y evasion de la respuesta


http://es.wikipedia.org/w/index.php?title=Leucemia_promieloc%C3%ADtica&action=edit&redlink=1
http://es.wikipedia.org/w/index.php?title=Leucemia_promieloc%C3%ADtica&action=edit&redlink=1
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inmune, 3) proteinas involucradas con la organizacion epitelial y diferenciacion, 4)
proteinas involucradas en adhesion célula-célula, polaridad y proliferacion, 5)
proteinas con motivos de union PDZ y 6) proteinas involucradas en la reparacion
del ADN. Por lo anterior E6 es una proteina indispensable para la carcinogénesis
(Garnett et al., 2006, Lee et al., 2004).

La oncoproteina E6 estd compuesta de 151 aminoacidos (aa) (Nomine et al.,
2006), presenta 2 dominios uno N-terminal (1-80 aa) y uno C-terminal (81-151aa)
unidos por 36 aa, cada uno de estos dominios esta conformado por tres laminas
beta (B1, B 2, B3), tres a hélices (a1, a2 y a3) y un dedo de zinc que contiene 1
motivo CXXC-X,o-CXXC, el zinc y las cisteinas estdn unidos por puentes
bisulfuros. Los dominios N-terminal (E6N) y C-terminal (E6C) son homélogos
excepto porque en la region E6C se presenta un bucle flexible (residuos 80-84)
denominado lamina B0, ademas el dominio E6C esta cargado positivamente,
excepto por una regién neutra que presenta zonas hidrofébicas y algunos puntos
negativos en las hélices a1y a2, por el contrario, EGN presenta regiones acidas y
basicas (Figura 2) (Wise et al., 2008, Zanier et al., 2012, Mischo et al., 2013).

La estructura de E6 del VPH 16 juega un papel trascendental para la unién de
E6 al ADN y a sus proteinas celulares blanco (Ristriani et al., 2000, Zanier et al.,
2012). Para catalizar eficientemente la degradacién de p53 es necesario que los
dos dominios de E6 se encuentren unidos (E6C-E6N), si E6 presenta una
mutacion F47R impedird que los domios de E6 se unan y afectara la degradacion
de p53, mutaciones en E6N afectaran la degradacion de p53 pero no la unién de
E6 a E6AP, debido a que E6N se une a p53 y E6C se une a E6AP (Zanier et al.,
2012).

Actualmente varios estudios in vitro han identificado el dominio especifico
mediante el cual E6 puede unirse a sus proteinas celulares blanco. Eliminaciones
o la presencia de polimorfismos en la secuencia de ADN que codifican para E6 y
gue se traduce en un cambio de aminoacido conducen a la pérdida de la
interaccion entre E6 y su proteina blanco (Tabla 2) (Liu et al., 1999, Park et al.,
2001, Patel et al., 1999, Gao et al., 1999, Mantovani et al., 2001). Un estudio in

silico sustenta que algunos cambios de aminoacidos en E6 podrian conducir a
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cambios en la funcion de E6. Se observd que existen conjuntos de aminoacidos
importantes para que E6 lleve a cabo funciones especificas; los aminoécidos del
10-14 son importantes para la union y degradacion de p53, ademas de participar
en la interaccion con celulas T y B; los aminoacidos del 25-29 son importantes
para la interaccion entre E6 y células T; los aminoacidos del 135-141 son
importantes para la transactivacion transcripcional de E6, union/degradacion de
p53 y para la interaccion de E6 a células By T (Tabla 3) (Pillai et al., 2009).

Cérvix normal Lesion intraepitelial Cancer invasor

Bajo Alto grado

Neoplasia intraepitelial

T T
Grado 1 . Grado 2 Grado 3

Particulas virales infeccinsas
Epitelio escamoso Rar AN

Zona superficial |:

Zona media :

Capa basal |: E@@U

Sotano de la membrana e —— —
Dermis |: _—

<" Nucleo con DNA viral episomal

&= Ndcleo con DNA viral integrado
<> Ndcleo normal
. Expresidn de genes tardios o
tempranos
+ Sobreexpresion de E6y E7

Episomal Integracion

Figura 1. Progresién a cancer cervical por infeccion con VPH. (Adaptada de
Woodman et al., 2007)



“Expresion global de genes por efecto de la oncoproteina E6 de variantes del VPH 16 en celulas de cancer cervical”
Zacapala-Gomez 2015 Introduccion

a) Dominio N-terminal (1-80 aa) Dominio C-terminal (81-151 aa)

Figura 2. Estructura de E6 del VPH 16. a) Estructura secundaria de la proteina E6 del VPH 16, b) dominio N-terminal PDB:
2LJX, ¢) dominio C-terminal, PDB: 2LJZ. Los numeros en verde denotan el nimero del aminoacido de acuerdo a la secuencia de E6.
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Tabla 2. Proteinas que interaccion con E6 (Adaptada de Narisawa-Saito and Kiyono et al., 2007, Mantovani et al.,

2001)
Proceso bolégico Proteina Funcion celular Efecto biologico de la Referencias
interaccion con E6
* EG6AP/p53 Regula la transduccion de Desregulacion de p53, inhibicion Zur Hausen et

sefales en células en
proliferacion, induce apoptosis y
es supresor de tumor

de la apoptosis

al., 2002

MAGUK (hDIg 1,
hDgl 4, hScrib)

Control de la polaridad vy
crecimiento celular

Participa en la polaridad de
células epiteliales en
diferenciacion.

Alteracion de la adhesion celular,
polaridad y proliferacion.

Kiyono et al.,
1997

ii:?;ﬁ's?;das en MAGI-1/2/3 Participa en la traduccion de Degradacion de proteinas PDZ, Glaunsinger et
S . sefial. Forma un complejo con B- pérdida de la polaridad celular al., 2000
aglhesmn .celula— catenina
g?(l:lji:cae’rag%ﬁndad y PTPN3 Participa en uniones entre la Degradacion de PTPN3 Jing et al.,2007
: T membranas y el citoesqueleto
mediante motivos . - Ty — =
de union PDZ CAL, Tip1 Protelnas de senallzac!on De;regulaaon Qel trafico  Jeong et al.,
involucradas en la adhesidon vesicular, degradacion de Cal y 2007, Oliver et
celular Tip via proteosoma al., 2011
Muppl Control de la polaridad vy Alteracion del ensamblaje de los Lee et al., 2000
crecimiento celular complejos de sefialamiento en las
membranas celulares.
NFX1-91 Inhibidor de NFX1-91 Degradacion de NFX1- Gewin et al.,
Inmortalizacion 9/activation of hTERT, 2004
inmortaliacion
Bak Induce apoptosis Degradacion de Bak/ supresion Thomas et al.,
Apoptosis de la apoptosis 1999
HIPK2 Gen antiapoptotico Resistencia a la apoptosis Muschik et al.,

2011
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c-MyC Induce apoptosis. Inhibicion de la apoptosis. Veldman et al.,
2003
FADD Activa la procaspasa-8 Degradacion de FADD, inhibicion Garnett et al.,

de la apoptosis

2006

Procaspasa 8

Activa caspasas efectoras.

Degradacion de procaspasa 8,
supresion de la apoptosis

Garnett et al.,
2006

IRF3 Factor transcripcional Inhibicibn de la  actividad Ronco et al,
R . transcripcional de IRF-3, 1998
espuesta inmune . N
inhibiendo la sefializacion
inducida por IRF3
CBP/P300 Coactivador transcripcional Desregulacion en la actividad de Zimmermann et
p53 debido a que CBP/300 es el al., 1999
coactivador transcripcional de
p53
hMCM7 Inicio de la replicacion del ADN Induccion de anormalidades Kukimotto et
Proteinas incluidas cromosomales al., 1998
en la regulacion de E6TP1 Activa la GTPasa, proteina Inhibicion de la sefial mitogénica Gao et al,
transcripcion y putativa GAP mediada por Rab. 1999
replicacion del Gps2 Coactivador transcripcional Degradacion de GPS2 Degenhardt
ADN and Silverstein
2001
Tuberina Participa en vias de sefalizacion Crecimiento acelerado Lu et al., 2004
de crecimiento
XRCC1 Participa en la reparacion del IBloqueo de la reparacion de Iftner et al,
ADN. ADN. 2002
Proteinas Paxilina Traduccion de sefiales. Ayuda a Interfiere en la asociacibon de Mattiussi et al.,

involucradas con la
organizacién
epitelial y
diferenciacion

estabilizar el
actina.

citoesqueleto de

paxiliana y la adhesion focal tipo
guinasa

2006

E6BP/ERC-55

Proteina de inion a Ca®*

Inhibicion de la diferenciacion
terminal de células epiteliales.

Chen et al.,
1995

Se ha observado que Muppl interacciona con E6 del VPH 18 y HIPK2 interacciona con E6 del VPH 23


http://www.ncbi.nlm.nih.gov/pubmed/?term=Degenhardt%20YY%5BAuthor%5D&cauthor=true&cauthor_uid=11119584
http://www.ncbi.nlm.nih.gov/pubmed/?term=Silverstein%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=11119584
http://www.ncbi.nlm.nih.gov/pubmed/?term=Iftner%20T%5BAuthor%5D&cauthor=true&cauthor_uid=12198176
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Tabla 3. Dominios de E6 del VPH 16 que interacciona con proteinas celulares (adaptada de Wise et al., 2008, Pillai

et al., 2009)

Aminoécidos de E6 que participan en la Proteina

Funcion de la proteina celular

unidon con proteinas celulares celular

A~ 1-36,4 95-131 *Gps2/AMF1  Inhibe la activacion de JNK, es represor de la
sefial mediada por las MAPK y por la proteina Ras
(de las siglas en inglés Mitogen-Activated Protein
Kinases) (Degenhardt et al., 2001)

A01-91 "hMCM7 Se une a RB e inhiben la replicacion del DNA
(Kukimoto et al., 1998)

4 100-147 p300/CBP2 Coactivadores transcripcionales de proteinas que
participan en remodelacion de la cromatina,
crecimiento y diferenciacion celular (Zimmermann
et al., 1999, Patel et al., 1999)

A 146-151 Proteinas con  Participa en la formacion de uniones adherentes,

dominios de adhesion célula-célula, polaridad y proliferacion
union PDZ celular (Nguyen et al., 2003, Mantovani et al.,
2001)
Cys-63 Arg/ Tyr 70 Cys/ Lys-72 Arg/ Thr-86 Ser, E6TP1 Presenta homologia con RAP GAPs, y participa en
Cys-103 Arg/Asp- 120 Gly/ lle-128 Met/Arg- 131 proliferacion y transformacién celular (Gao et al.,
Pro, 1999, Gao et al, 2001)
GIn- 90 Arg/Cys 111 Arg/Glu 113 stop
"C66G/C136G IRF3 Participa en induccion de la apoptosis (Park et al.,
L50G 2001)
L110Q, G130V, C 63R/Y70C/K72R/T86S E6AP El complejo E6-E6AP actlia como ubiquitin ligasa y
degrada a la proteina que se une a este complejo
(Liu et al., 1999)
/N 118-122, L37, L110Q, W132R, p53 Proteina supresora de tumor (Liu et al., 1999)
C63R/Y70C/K72R/T86S
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R10G, Q14H, L19N, L19N, D25N, D25E, 126V, - Epitope de celulas T (Pillai et al., 2009)
1271, 127R, E29Q, E29K, R48W, F69L, S71C,
Y76H, H78Y, H78C, L83V, L100S, H126Y,
G130S, R135G, C140R , C140V, R141K,

R141S

R10G, Q14H, L19N, L100S, R135G, C140R , - Epitope de células B (Pillai et al., 2009)
C140V, R141K, R141S, S142T, S142L, S143|

R10G, Q14H, Y76H, H78Y, E113D, H126Y, - Degradacion y union a p53 (Pillai et al., 2009)

G130S, R135G, C140R , C140V, R141K,
R141S, R141S, S142T,

S142L, S143|

K34N - Dominios de unién a Zn (Pillai et al., 2009)
F69L, H78Y, H78C, L83V, L100S, H126Y, - Transactivacion transcripcional de E6
R135G, R135G, C140R , C140V, R141K,

R141S

E113D, H126Y, G130S - Unién de E6 a AP (Pillai et al., 2009)
L83V - Degradacion de p53 (Pillai et al., 2009)

Se determin6 que estos aminoacidos de E6 participaban en la interaccion E6-proteina celular mediante la delecién de
aminodcidos o la insercién de polimorfismos en la secuencia de E6. *El estudio se realiz6 en VPH 6, sin embargo, los
aminoéacidos 1-36 y 95-131 son altamente conservados entre los VPH cutaneos y los de mucosa. ‘Las sustituciones
C66G/C136G disrumpe a los dedos de Zinc. ~ Se realizo delecion de aminoacidos del gen de E6. (-) No se conoce la
proteina con la que E6 interacciona, debido a que los resultados son obtenidos de un estudio in silio, el cual solo
determind la funcién afectada al presentarse el polimorfismo en E6.
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Los VPH que infectan queratinocitos de humanos pertenecen al género alfa
papillomavirus, estan asociados con el desarrollo de lesiones precancerosas Yy
cancer cervical (de villiers et al., 2004). El VPH 16 es el mas frecuente en cancer
cervical y adenocarcinoma, la infeccion por VPH 16 se relaciona con alto riesgo para
desarrollar cancer cervical (Ennaifer et al., 2015, Molijn et al.,, 2015). Existen
variantes del VPH 16, debido a polimorfismos presentes en E6 y LCR del VPH 16,
las variantes se agrupan en 4 linajes: Europea-Asiatica (EAS), Africana 1 (AFR1),
Africana 2 (AFR2), Norte Americana/Asiatico Americana (NA/AA). Las variantes del
VPH 16 presentan la siguiente nomenclatura: para las variantes Europeas, aparece
la abreviacion (E) de Europea, seguida de un guién, una letra y un namero, para
representar el nucledtido cambiado y la posicién especifica donde se llevé a cabo el
cambio del nucledtido, por ejemplo: E-G350, es una variante Europea que presenta
un polimorfismo en el nucleétido 350. El polimorfismo gener6 un cambio de
nucleétido de una T por una G. Para los otros linajes se coloca la abreviacion que
representa al linaje seguido de una letra que representa al sublinaje (Tabla 4)
(Huertas et al., 2011, Cornet et al., 2012)

Yamada et al., (1997), determinaron que las variantes del VPH presentan una
frecuencia en cancer cervical relacionada al area geografica de la cual eran
procedentes las mujeres con cancer cervical, las variantes Asiaticas son encontradas
principalmente al sureste de Asia, las variantes Africanas son identificadas en
tumores de mujeres africanas, en Europa y Norte América, las variantes Europeas
son las que preodominan. A pesar de lo anterior, en otras poblaciones existe una
heterogeneidad en cuanto a la asociacion de infeccion por variantes del VPH 16 y la
zona geogréfica en la cual se encuentran las pacientes que presentan la infeccion.
La distribucion geografica de las variantes de E6 del VPH 16 puede ser denotada por
varios factores incluyendo, persistencia, migracién de los individuos (Yamada et al.,
1997) y el que las poblaciones se mezclen sexualmente, ademas de que factores
genéticos pueden predisponer al establecimiento y/o persistencia de las infecciones
por determinadas variantes de VPH 16 (Xi et al., 2006).
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Tabla 4: Clasificacién de las variantes del VPH 16 (Adaptado de Huertas-Salgado et al., 2011, Cornet et al., 2012).

Linaje Sublinajes Clase Nucleotidos Aminoécido
g 11111111122222334445
; 333446788588809351043
127351838556 955009322
VPHI6R A AGTCGCTTGGCTATCTTAAA
E-Prototipo -
Europea E-T350 -
Europea/ E-G350 e L83V
Asiatica E-A350 I Y, L83M
As-blr - - - - AL D25E
As-alr e € T D25E
Asiatica As-c/r e -
AA-alr - - - - T - - - - - 4adag-T6G-- -1 Q14H/H78Y/L83V
Nort Asiatico Americana _AA-b/r - - - --T------8a@--6---uma4 Q14H/L83V
Ame‘r’iigna/ AA-CIr - - - - - T--G---ag-T1T6G- - -4 Q14H/I27R/H78Y/L83V
Ao NA 1-a - - - - - 1- - - @ag-T----—- Q14H/H78Y
. . NA 1-b/r - - - - -1 - - - - @ag-TG6---- Q14H/H78Y/L83V
Americana  Norte Americana  —a7-c ~ . . - T - - G- - -@ag-TG- - - -  QL4HI2TRIH78Y/LB3V
NA 1-d - - C- -T1-----“-"@ag-----—-- R10T/Q14H
Af 1-alr *C - C-G6T------ag-T---:--:- R10T/Q14D/H78Y
Af 1-blr - - C-G6T------"@ag-71T----" R10T/Q14D/H78Y
_ Af 1-cir ND G- - GT - - -C- - ag-T- - - - - RI0G/QIAD/E29Q/H78Y
Africana 1 Africana 1 Af 1-dir ND G- - GT - - - - - - ag-TG- - - -  RIOGQL4D/H78Y/L83V
Af 1-elr NO - - -BTG- - -T-agGTo.- - Q14D/Q20E;C£él\://D64E/H78Y
Af1-U/G419 +*C - C- GT - - - - - - - - - - G- C - RIOT/QL4D/C106C/E113D
Af 2-alr . - T-G6T- - - ---ag-T--4g-- R10I/Q14D/H78Y
Afficana 2 Afficana 2 Af 2-blr ND - - - GT - - - - - - ag-T- - - -- Q14D/H78Y
Af 2-clr ND - - AGT - - - - - Gag - T - - - - - L121/Q14D/A61G/H78Y

VPH16 R: Secuencia de referencia, las letras mayusculas indican mutaciones que se traducen a cambos de aminoacidos, las letras minusculas indican mutaciones silenciosas, las letras
mayusculas con un asterisco indican cambios de aminoacidos que no se consideran en la prediccién de aminoacidos modificados, (-) indica que no hay mutaciones, ND: no determinado, las
letras marcadas en gris indican mutuaciones caracteristicas para la rama filogenetica. La variante E-Prototipo no presenta cambios en comparacion con la secuencia de E6 de referencia, E-
T350 representa a una clase que no presenta cambios en el nucledtido 350, pero que presenta cambios en otros nucleétidos que codifican para E6. Los nucleétidos 143 y 145 codifican para el
mismo aminoacido (aminoéacido 14).

En la tabla aparecen los cambios de nucledtidos presentes en E6, sin embargo, Cornet et al., 2012 clasifica las variantes en base a E6 y LCR, en base a LCR la variante As-b pertenece a la
clase europea y existen 2 clases de AA, AAl y AA2 (datos no mostrados).
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Las variantes de E6 del VPH 16 difieren en su potencial oncogénico
dependiendo de la poblacién (Xi et al., 2007, Bhattacharjee et al., 2008), esto esta
asociado con el fondo genético. El polimorfismo del oncogen E6 de la variante E-
G350 puede interferir en la asociacion entre el antigeno leucacitario humano (HLA)
y cancer cervical, en pacientes con polimorfismos haploides en HLA-DRB1*0401-
DRB1*0301 and DRB*1101-DQB1*0301, la infecciéon por VPH 16 de la variante E-
G350 es mas frecuente en comparacion de cuando estos polimorfismos se
encuentran ausentes (de Araujo et al.,2008).

Las variantes de E6 del VPH 16 tienen diferente potencial oncogénico, la
expresion de E6 de las variantes del VPH 16 puede inducir la alteracion en la
expresion de genes celulares que participan en el desarrollo de cancer cervical. Se
ha observado que la expresion de genes a nivel de mRNA en células C33-A es
alterada cuando existe expresion de E6 de la variante asiatica (D25E), en
comparaciéon de cuando se expresa E6 de E-Prototipo, la expresion deE6 de la
variante asiatica des-regula nueve genes: ZMZ1, RPL23, MAPK4, RPL31, RARS,
LAMB3, HSPA14, AIFM2, IFRD1 y sobre-regula cinco genes: UBC, RPS, HLA-A, -
B, ROCK2, la modificacibn en la expresion de genes celulares favorece la
oncogénesis de E6 de la variante D25E (Jang et al. 2011) debido a que los genes
alterados participan en apoptosis, proliferacién, ciclo celular, entre otros
(Degenhardt et al., 2011, Kukimoto et al., 1998).

La expresion de E6 de la variante AA disminuye la expresion de las proteinas
YWHAZ y PARK7, pero aumenta la expresion de RAB 30, TKT y FUBP1, en
comparacién con E6 de E-Prototipo, cabe destacar que RAB 30 es un oncogen de
la familia Ras, lo que puede favorecer la oncogénesis de la variante AA,;
asimismo la variante AA es capaz de modificar la expresion de proteinas que
participan en las vias metabdlicas de los aminoacidos, acidos tricarboxilicos y
glicélisis (IDH1, IDH12, SET, PKM2, GAPDH, AKR1C y PGM2), sugiriendo que
estos cambios participan en la produccion del efecto de Warburg favoreciendo la
inmortalizacion y transformacion celular (Richard et al., 2010).

A pesar de que la variante AA es considerada una de las variantes mas

oncogénicas (Richard et al., 2010), tanto la variante E-G350 como la variante AA

15



“Expresion global de genes por efecto de la oncoproteina E6 de variantes del VPH 16 en celulas de cancer cervical’
Zacapala-Gomez 2015 Introduccion

son capaces de inducir la sub-expresién de p16'®¢*? (ciclo celular) e Integrina A4
(adhesion) y sobre-expresan a MMP1 y 2 (invasién), S100A4 (invasion y ciclo
celular), SERPINEL (invasion), FOS (proliferacion y diferenciacion) y MDM2 (ciclo
celular). La diferencia entre estas dos variantes es que la variante AA sobre-
expresa a IL8 y la variante E-G350 induce la sub-expresion de MAP2K1, la via de
las MAP juega un papel fundamental en la oncogénesis debido a que modula la
proliferacion, diferenciacion y ciclo celular, el aumento en MP2K1 podria tener un
papel importante en la oncogénesis inducida por E6 de la variante E-G350
(Sichero et al., 2012).

Los polimorfismos presentes en las variantes del VPH 16 le confieren diferente
potencial oncogénico; las variantes de E6 mas frecuentes en cancer cervical
modifican procesos oncogénicos para conducir al desarrollo de cancer cervical.
(Pillai et al., 2009, Zehbe et al., 2009, Sichero et al., 2012).

La variante E-G350 tiene una mayor capacidad para inducir proliferacion,
inmortalizar queratinocitos, degradar Bax e inhibir la apoptosis en comparacién
con E-Prototipo (Pillai et al., 2009, Lurchachaiwong et al., 2009, Zehbe et al., 2009,
Sichero et al. 2012). Sin embargo, E-G350 presenta la misma capacidad para
inhibir el arresto del ciclo celular y para disminuir los niveles de p53 que las
variantes Af (R10/L83V) y AA (Q14H/H78Y/L83V) (Zehbe et al., 2009, Sichero et
al., 2012).

La variante Europea (R10G/L8B3V) induce la desregulacion de la
diferenciacion de queratinocitos significativamente mas eficientemente que la E-
Prototipo y que la AA (Q14H/H78Y/L83V), por otro lado, la variante E-G350 induce
una mayor resistencia a la apoptosis en comparacién con las variantes Europea
(R10G/L83V) y AA (Q14H/H78Y/L83V) (Zehbe et al. 2009).

La variante AA induce que las células sean mas alargadas, hiperplasicas y
gueratinizadas en comparacién con la E-prototipo (Richard et al., 2010). Se ha
demostrado que la variante AA presenta mayor potencial metastasico, capacidad

de inmortalizacién y transformacion celular y que favorece la transcripcion de
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oncogenes E6/E7 en comparacion con la E-prototipo (Niccoli et al., 2012, Xi et al.,
2007, Bhattacharjee et al., 2008)

Se ha observado que variantes Europeas poco frecuentes en cancer cervical
(1.R8Q, 2.R10G y 3.R48W) en comparaciéon con la variante Europea mas
frecuente en cancer cervical (E-G350) presentan la misma capacidad para inhibir
el arresto del ciclo celular e inhibicion de la elevacion de p53 (inducido por
actinomicina D), sin embargo, las tres variantes poco frecuentes estudiadas y la E-
G350 presentan diferencias en su capacidad para desregular la
estratificacion/diferenciacion de queratinocitos, induccion de apoptosis e
hiperactivacion de la via Wnt (Zehbe et al., 2011).

Para la poblacion guerrerense las variantes mas oncogénicas son AA-a, AA-c,
E-G350, E-A176/G350, E-C188/G350 ya que con mayor frecuencia se encuentran
en pacientes que presentan cancer cervical, ademas las pacientes infectadas con
estas variantes presentan alto riesgo para desarrollar céancer cervical en
comparacion de pacientes infectadas con la E-Prototipo. Se han realizado estudios
con las variantes AA-a y E-G350 para determinar su potencial oncogénico. Sin
embargo, aun no esta clara la menera en como estas variantes del VPH 16
modula procesos celulares para el desarrollo de cancer, por otro lado no se han
realizado estudios para determinar cdmo pueden modular la progresion a cancer
cervical las variantes AA-c, E-A176/G350 y E-C188/G350. Se ha sugerido que la
expresion de E6 de algunas variantes del VPH 16 induce la alteracion en la
expresion de genes celulares, esto podria influir en el desarrollo a cancer cervical
debido a que los genes alterados participan en procesos relacionados a la
carcinogénesis, por lo anterior, el objetivo de este trabajo fue evaluar si la
expresion de variantes de E6 del VPH 16 (AA-a, AA-c, E-G350, E-A176/G350 y E-
C188/G350) altera la expresion del transcriptoma humano.
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Capitulo 1

Changes in global gene expression profiles induced by HPV 16 E6
oncoprotein variants in cervical carcinoma C33-A cells
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Abstract

We analyzed the effects of the expression of HPV 16 E6 oncoprotein variants (AA-a,
AA-c, E-A176/G350, E-C188/G350, E-G350), and the E- Prototype in global gene
expression profiles in an in vitro model. E6 gene was cloned into an expression vector
fused to GFP and was transfected in C33-A cells. Affymetrix GeneChip Human
Transcriptome Array 2.0 platform was used to analyze the expression of over 245,000
coding transcripts. We found that HPV16 E6 variants altered the expression of 387
different genes in comparison with E-Prototype. The altered genes are involved in
cellular processes related to the development of cervical carcinoma, such as adhesion,
angiogenesis, apoptosis, differentiation, cell cycle, proliferation, transcription and
protein translation. Our results show that polymorphic changes in HPV16 E6 natural
variants are sufficient to alter the overall gene expression profile in C33-A cells,

explaining in part the observed differences in oncogenic potential of HPV16 variants.

Key words: HPV 16 variants, HPV 16 E6 oncoprotein variants, C33-A cells, global

gene expression, cervical carcinoma.

Introduction
It has been widely shown that chronic infection by High Risk Human
Papillomavirus (HR-HPV) is the main risk factor for developing cervical carcinoma

(CC) and its precursor lesions (Minger et al., 2004). Genotype 16 of the HR-HPV is
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the most common in cervical carcinoma worldwide (Crosbie et al., 2013; Obeidat et
al., 2013), and its oncogenic potential is mainly related to the action of oncoproteins
E6 and E7. These oncoproteins have the ability to bind several cellular proteins and
interfere with fundamental processes which promote cervical carcinogenesis, such as
apoptosis, cell differentiation, adhesion, cell cycle, and immune response (Wise-
Draper et al., 2008; Narisawa-Saito et al, 2007; Pim et al., 2010; Moody et al., 2010).

Several studies have suggested that HPV 16 variants may contribute to cancer
development (Xi et al., 2007). Genetic studies have shown natural amino acid variants
of HPV16 that are classified according to the polymorphic changes in the E6 gene and
the LCR region (Cornet et al., 2012). The reference HPV 16 genome was sequenced
in 1985 (Seedorf et al., 1985) and many variants have been found since that time. HPV
16 variants have been classified into four major lineages (European-Asian, African 1,
African 2 and Asian-American/North-American) and nine sublineages (Cornet et al.,
2012). The presence of polymorphisms that generate amino acid changes in the E6
oncoprotein has been shown. T350G, a common polymorphism in European variants,
causes a leucine to valine change (L83V); T178G, common in Asian variants, leads
D25E; G145T, common in Asian American and North American variants, leads
Q14H; C143G, common in African variants, leads Q14D (Huertas-Salgado et al.,
2011). Polymorphisms frequency depends on the population studied (Xi et al., 2007,
Xi et al., 2006; Cornet et al., 2012; Tornesello et al., 2011; Pillai et al., 2009).

For example, some studies of HPV16 variants in Mexico have shown that even
in the same country its distribution is different depending on the region analyzed. Our

laboratory in southern Mexico has recently reported that the risk of developing
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cervical cancer in women infected with AA-a, AA-c, E-G350, E-C188/G350 and E-
A176/G350 variants ranges from 69.01 (AA-a) to 10.48 fold (E-C188/G350),
compared to women infected with HPVV16 E-Prototype (reference HPV 16 sequence)
(Ortiz-Ortiz et al., 2015).

Some studies have analyzed the effect of HPV16 E6 oncoprotein variants
overexpression in primary cultures of keratinocytes and found that variants differ in
their ability to induce serum/calcium-resistant colonies and down-regulation of p53
and Bax (Asadurian et al., 2007), affecting several important cellular processes,
including differentiation, apoptosis (Zehbe et al., 2011; Zehbe et al., 2009),
immortalization, transformation (Richard et al., 2010, Niccoli et al., 2012), migration
and metastasis (Niccoli et al., 2012). Thus, experimental evidence supports the theory
that intra-typical variations can affect the carcinogenic potential of HPV16, posed
several years before (Bernard et al., 2006). Even though the effect of HPV16 E6
oncoprotein variants on processes related to carcinogenesis has been demonstrated,
there are only a few studies that analyze their effect on the transcriptome at a global
level. Jang et al. (2011) reported that the Asian variant (D25E) increases the
expression of nine genes (ZMZ1, RPL23, MAPK4, RPL31, RARS, LAMBS,
HSPA14, AIFM2, and IFRD1) and decreases the expression of five genes (UBC,
RPS9, HLA-a, HLA-B, and ROCK?2). Even if the specific functions of these genes in
cervical oncogenesis remain to be elucidated, they conclude that E6 D25E might have
a unique oncogenic role in cancerous transformation. In another study, a panel of 84
selected cellular genes involved in transformation and tumorigenesis was analyzed in

primary human foreskin keratinocytes transduced with HPV 16 E6 and E7. They
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found that E-Prototype, AA, and E-G350 variants significantly affected the expression
of p16, MMP, MMP2, S100A4, SERPINE1, FOS, and MDM2. Furthermore, they
found that upregulation of IL8 and MAP2K1 were specifically detected in AA and E-
350G infected cells, respectively, independently of passages (Sichero et al., 2012).

To our knowledge, there are no studies that analyze the global gene expression
profile at the transcriptional level induced by the HPV16 E6 oncoprotein variants. We
have previously reported the frequency of HPV16 variants in southern Mexico and
found that the most common variants are E-G350, followed the E-Prototype, E-
C188/G350, AA-a, AA-c, and E-A176/350. Furthermore, the AA variants of HPV16
were 15-fold more prevalent than E-Prototype in cervical carcinoma. Therefore, the
aim of our study was to analyze the effect of E6 oncoprotein expression from AA-a,
AA-c, E-G350, E-A176/G350 and E-C188/G350 variants in global gene expression in
an in vitro model in comparison with the E-Prototype, in order to provide a better
understanding of the previously observed differences in their ability to promote
immortalization, transformation, and migration. We found that HPV16 variants altered
the expression of 387 different genes compared with the E-Prototype, and that there is
a differential profile of genes altered by each HPV16 variant in C33-A cells.
Interestingly, the altered genes are involved in cellular processes associated with the
development of cervical cancer such as adhesion, angiogenesis, apoptosis, cell

migration, tyrosine kinase signaling pathway, and proliferation.

Materials and methods

HPV16 E6 gene variants isolation from cervical samples
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The DNA biobank of the Molecular Biomedicine Laboratory at the School of
Chemistry and Biology of the Autonomous University of Guerrero in Chilpancingo,
Guerrero, Mexico, was searched for cervical DNA samples with E-G350, E-
Al176/G350, E-C188/G350, AA-a and AA-c HPV16 E6 variants, and HPV16 E-
Prototype. These samples came from cervical scrapings of women from southern
Mexico that had given prior informed consent PCR was performed to amplify HPV16
E6 gene region (nucleotides 48 to 622) with primers HPV16-F048/HPV16-R622
(Casas et al., 1999). To confirm the identity of each variant, each PCR product was
sequenced in automated ABI Prism 310 Genetic Analyzer (Applied Biosystems,
Foster City, CA). The sequences obtained were aligned with the reference sequence of
HPV16 E6 gene (NC_001526.2) as we have previously reported (Ortiz-Ortiz et al.,

2015).

Cloning HPV16 EG6 variants into pEGFP-N1vector

To construct the pE6/EGFP-N1 vector, the sequence of HPV16 E6 gene
variants AA-a, AA-c, E-A176/G350, E-C188/G350, E-G350, and E-Prototype was
amplified by PCR using the primer pair E6-beginHindlll and E6-endBamHI (Del
Moral-Hernandez et al., 2010) to include restriction sites and eliminate the stop. All
constructs were cloned in frame at the BamH1 site restriction of the pEGFP-N1 vector
(Clontech Laboratories, Inc). The E6 carboxy terminus was connected to the GFP
protein by a seven-amino acid peptide that resulted from the translation of the linker
sequence (21 nt) between the BamH1 site and the start codon of GFP (Del Moral-

Hernandez, et al. 2010). Constructs were verified by sequencing using a Big Dye
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Terminator Ready Reaction Kit in the ABI PRISM 310 Genetic Analyzer System

(Perkin-Elmer, Branchburg, NJ, USA).

Cell culture and stable transfection of C33-A cells

The cervical carcinoma cell line C33-A used in a previous report (Del Moral-
Hernandez, et al., 2010), was grown at 37 °C in 5% CO,, using MEM supplemented
with 10% fetal bovine serum (Gibco, Life Technologies, USA), 100 U/ml penicillin
and 100 pg/ml streptomycin. Cells were stably transfected using the standard calcium
phosphate co-precipitation method (Jordan et al., 2004). Briefly, cells were grown for
24 h, transfected with 10 pg of each DNA construct and selected in MEM medium
supplemented with 500 pg/ml G418 (Invitrogen, Corp.). After 4 weeks of selection,
GFP-positive cells were sorted by FACS (FACS Calibur, BD, Mountain View, CA,
USA) to obtain a purity of greater than 90%. The transfected cells were not cloned, but

each experiment was repeated in at least three different independent assays.

Gene expression analysis

Total RNA was extracted from non-transfected C33-A cell cultures, stably
transfected cell cultures and cells transfected with an empty vector, using Trizol
(Invitrogen) and following the manufacturer’s protocol. Equimolar concentrations of
total RNA from 3 independent experiments were pooled, a total of 2 biological pools
(n=3) per condition were made. The RNA quality was evaluated by capillary

electrophoresis (Agilent 2100 Bioanalyzer, Agilent Technologies), only RNA samples
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with an RNA Integrity Number greater than 8.0 were further processed for microarray
analysis. 200 ng of RNA from each experimental condition were evaluated in the in
the Gene Chip Human Transcriptome Array (HTA) 2.0 (Affymetrix) to define the
whole transcriptome expression profiles according to the manufacturer’s protocol (See
list of the differentially expressed genes in GEO ID: GSE73761). Briefly, the cDNA
synthesis, amplification, and gene expression profiling were done with the WT PLUS
Reagent Kit for fresh samples (Affymetrix, Santa Clara, USA). Wash and stain
processes were performed with the Genechip hybridization wash and stain kit in the
GeneChip Fluidics Station 450 (Affymetrix, Santa Clara CA, USA). The probe arrays
were scanned using The GeneChip Scanner 3000 7G (Affymetrix, Santa Clara CA,
USA). Array signal intensities were analyzed with the Affymetrix expression console.
Briefly, raw data probes were normalized using robust multiarray analysis (RMA) for
the background correction and quantile algorithm. To define the differential expression
profiles within the different variants, a two-way Anova was performed in the
Affymetrix Transcriptome Analysis Console (TAC) software. Genes with a fold
change >1.5 or <-1.5 and with a p-value <0.05 were considered significantly altered
between the conditions. To remove the possible bias associated to the transfection
procedure, we removed those genes that were significantly altered between non-
transfected C33-A vs. C33-A transfected with the empty vector. To identify those
biological processes altered by the E6 variants, we used DAVID software
(http://david.abcc.ncifcrf.gov/summary.jsp), a bioinformatic tool for identification of
the most relevant gene ontology process associated with the altered genes. Any

process with an enrichment score greater than 0.5 was considered significant.
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Real time RT-PCR

Total RNA was extracted from cultures of C33-A non-transfected cells, C33-A
transfected with E6 from HPV16 variants, and C33-A transfected with empty vector,
using Trizol (Invitrogen) following the manufacturer’s instructions, then treated with
DNase I, and finally reverse-transcribed using oligo-dT primers. cDNA synthesis was
done as described according to the manufacturer’s instructions with SuperScript® 111
Reverse Transcriptase enzyme (Invitrogen). To amplify the E6 transcripts the primer
pair E6-F083 and E6R223 (Del Moral-Hernandez, et al., 2010) was used. PCR was
performed using 100 ng/ul of the cDNA and 0.5 uM of each primer. Real time PCR
experiments were performed using the Power SYBRGreen PCR Master Mix and a
Real Time ABI-PRISM 7500 SDS (Applied Biosystems). The amplification protocol
was 10 min at 95 °C, followed by 40 cycles of 15 s at 95 °C, 60 s at 60 °C for
annealing. We used the primer pair GAPDH-F0855/GAPDH-R1163 to amplify
GAPDH (Truong et al., 2006) as endogenous control gene. Samples were analyzed in
triplicate, and both negative and positive controls were included in each reaction.

For genes that were validated we used TagMan (R) Gene Expression Master
Mix (Applied Biosystems) probes [AMOTL1 (Hs00982921 ml), CDH2
(Hs00983061_m1), CDH6 (Hs01026788_m1), CDH9 (Hs00940349_m1), COL11A1
(Hs01097681_m1), NID1 (Hs00915876 m1), CALCR (Hs01016885 m1) and
GAPDH (Hs99999905_m1). Each gene-specific cDNA was quantified in triplicate and

MRNA ratios relative to the housekeeping gene GAPDH were calculated. The relative
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quantification of MRNA was analyzed using method 2%, and the means obtained

from the triplicates are shown.

Western blot

Cells cultures with 80-95% confluence were treated with 10 pM proteasome
inhibitor (Z-Leu-Leu-Leu-al) MG132 (Sigma-Aldrich) for 6 hours. Protein extraction
was performed using the ProteoJET Cell™ Mammalian Cell Lysis Reagent (Thermo
Scientific) kit following 2x PBS washes. Total protein (50 pg) was mixed with
Laemmli sample buffer, boiled, separated by 12% SDS-PAGE, and transferred to a
PVDF membrane (Perkin Elmer). Anti-GFP primary (Rockland) and secondary anti-
goat-HRP antibodies were used (Santa Cruz). Anti-B-actin and anti-mouse-HRP were
used as a loading control (donated by Dr. JM Herndndez, CINVESTAV-IPN).

Visualization was done on the MP ChemiDoc Imaging System (Bio Rad).

Results
Stable HPV16 E6 oncoprotein variants expression

The E6 oncoprotein gene of the HPV16 variants analyzed were cloned into the
expression vector pEGFP-N1 to generate a fusion protein E6M"GFP. C33-A cells were
stably transfected and selected by sorting to have greater than 90% purity (data not
shown). E6 mRNA was quantified by gRT-PCR to confirm the expression of the
transcript. We found that the level of E6 mRNA is similar in all the analyzed groups,
and despite the differences observed, no statistically significant difference in

expression was found when compared with the E-prototype (Fig. la). We also
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analyzed the expression of the E6 protein by Western blot using an anti-GFP antibody.
As shown in Fig. 1b, cells expressing the E6 oncoprotein of the variant E-A176/G350
express more than all other variants despite having similar levels of messenger. The

other variants showed slight differences in E6 oncoprotein expression.

HPV16 E6 oncoprotein variants differentially alter expression genes

To assess the global expression profile in C33-A cervical cancer cells stably
transfected with E6 oncoprotein of five different variants of HPV16, total RNA was
evaluated with the Human Transcriptome Array 2.0 platform (Affymetrix). We
defined the global gene expression profile induced by the expression of the E6
oncoprotein variants focusing our attention on the coding transcripts present in the
array (Fig. 2) The comparison of the specific gene expression profiles established by
the variants reveals that the most dramatic changes were observed in the AA-c and E-
G350 ones (229 and 132 respectively altered genes). The E6 oncoprotein expression of
the E-Prototype vs C33-A wild type alters the expression of 266 genes; additionally,
the comparison between the variants and E-Prototype overlaps with some common
altered genes but with a different expression magnitude reflected in a different fold
change (Fig. 2, supplementary Table S1). On the other hand, we found that 436 genes
were regulated exclusively by HPV16 EG6 variants of which 278 were upregulated and
158 were down regulated (Fig. 3). Of the 436 genes mentioned, 387 were unique
genes altered by E6 variants and 49 of them are overlapped between variants

(Supplementary Fig. S1, supplementary Table S2).
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Genes altered by effect of HPV16 EG6 variants expression are involved in cancer
related processes

To classify differentially expressed genes according to their function, we
performed an analysis using gene ontology. We found that the altered genes are
involved in several processes related to cancer such as adhesion, angiogenesis,
apoptosis, cell cycle, differentiation, migration, proliferation, and cell signaling. The
cellular processes with the largest number of genes altered were cell signaling
(20.3%), transcription (16.7%) and adhesion (14.6%) (Fig. 4). The genes were
classified according to their cellular process and fold change in relation to the E-
Prototype. We did not find a gene expression pattern characteristic of the phylogenetic
branch variants (AA or European). However, we found some genes (ARID5B) that
were upregulated by the expression of E6 from AA-c and E-G350 variants and IGF1R
and ROR1 by E6 from AA-a and E-G350 variants. Furthermore, we also found genes
such as EPHA5, CTNNAZ2, and SYNEL that decrease its expression by the effect of

the divergent E6 variants AA-c and E-G350 (supplementary Table S3).

Functional enrichment analysis

In order to highlight the most relevant biological processes associated with the
expression profile established by each E6 variants we performed an enrichment
analysis using the DAVID database, which allowed us to measure the relationships
among the different annotation terms. The enrichment analysis showed that AA-c, E-
C188/G350 and E-G350 variants were those that showed more enrichment in

processes such as angiogenesis, cell junctions, migration, immune response, apoptosis,
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cell division, proliferation, and activation of kinases; as well as in signaling pathways
TGF-beta and cell junction/cadherin/WNT. Genes of TGF-beta signaling pathway like
TGFBR2, BMPR1B, THBS1, and BMP5, were altered by AA-c variant while the
genes EZR, PVRL3, CDH2, NID1, PCDH9, ROBO2 and PCDHB15 of cell
junction/Cadherin/WNT signaling were altered only by E-G350 variant (Fig. 5,

supplementary Table S4).

Validation of the microarray data

To validate the microarray data we selected a group of genes involved in cell
adhesion (AMOTL1, CDH2, CDH6, CDH9, COL11Al1, NID1, NRCAM, and
CALCR), which were validated by qRT-PCR analysis. As shown in Table 1, the
results for most of the genes analyzed were consistent with the microarray data.
Among the analyzed genes, COL11A1, CALCR and NRCAM were the most up-
regulated. Expression of CDH2 (E-G350), CDH6 (AA-c), CDH9 (AA-a), COL11A1
(AA-a), NRCAM (AA-a) and CALCR (AA-c) was observed by gRT-PCR when the

oncoprotein HPV16 E6 variants were expressed in comparison to the E-Prototype.

Discussion

In this study, we used a global approach to analyze the effect of E6 HPV16
oncoprotein variants expression AA-a, AA-c, E-A176/G350, E-C188/G350, and E-
G350 in comparison with the E-Prototype transfected in the C33-A HPV-negative
cervical cancer cell line on the transcriptome. It has been reported that the C33-A is a

cell line containing mutations in pRB and p53 genes, so they do not need the
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carcinogenic effects of E6 and E7 of the HR-HPV oncoproteins (Scheffner et al.,
1991). Therefore, this model allows the study of the effects of E6 oncogene in an
established cell line.

The variants analyzed were isolated from HPV16-infected cervical cancer or
precursor lesions samples of women from southern Mexico. Our results indicate that
there is a specific gene expression profile of each variant, and that most of these genes
are involved in oncogenic processes such as adhesion, proliferation, apoptosis,
migration and cell projection. To our knowledge, this is the first study that compares
the overall transcription profile in cervical cancer cells due to the expression of the E6
oncoprotein of five variants of HPV16 and E-Prototype. Our results provide evidence
that could partially explain the different behavior regarding the oncogenic potential of
each variant, as has previously been suggested.

Epidemiological studies suggest that variants of E6 HPV16 have different
oncogenic potential (Mosmann et al., 2015; Qmichou et al., 2013; Tornesello et al.,
2011; Xi et al., 2007; Fontecha et al., 2015), mainly based on the distribution and
frequency in cervical cancer and precursor lesions. Moreover, some experimental
studies show that natural intratypic variability in E6 gene variants of the HPV16 are
sufficient to alter cellular functional activities induced by E6 such as resistance to
serum/calcium differentiation, extension of the life span of primary human
keratinocytes and reduction of the expression levels of p53 and Bax in human
immortalized keratinocytes (Asadurian et al., 2007), apoptosis (Zehbe et al., 2011;
Zehbe et al., 2009), and transformation and immortalization of human keratinocytes

(Sichero et al., 2012). However, the mechanisms responsible for these alterations, as
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well as genes involved in its regulation, have not been elucidated. Unlike the studies in
primary human keratinocytes that only allow the study of cell transformation events,
the C33-A model allows us to study the effects of E6 oncogene independent of p53 in
an established cancer cell.

All variants tested in this study have an L83V amino acid change (at the
carboxyl terminus domain of E6) compared to E6 from E-Prototype. Various in vitro
studies have reported that this amino acid change gives E6 greater efficiency in the
degradation of p53, Bax and binding to E6AP, higher ability to abrogate PHFKs
differentiation induced by serum and calcium, but less efficient binding to hDlg
(Asadurian et al., 2007; Stoppler et al., 1996; Lichtig et al., 2006), immortalization and
transformation abilities (Richard et al., 2010) and regulation of tumorigenesis by the
NOTCH and RAS signaling pathways (Chakrabarti et al., 2004). We have previously
reported that the E-G350 (L83V) is the most common variant in our region, but it is
not the most associated with the development of cervical carcinoma (Ortiz-Ortiz et al.,
2015). Interestingly, the expression of the E6 oncoprotein from E-G350 (L83V)
variant modulates the expression of more genes than other European variants and AA-
a in C33-A cells (Fig. 2). The modulation of many genes may confer some advantages
that relate to its high prevalence, however, the function of regulated genes is likely
also important to confer oncogenic potential.

In addition to the L83V change, four of the five variants studied show other
amino acid changes. In the branch AA, the AA-a variant has two more changes (Q14H
/H78Y), while the AA-c variant has three (Q14H/127R/H78Y) (Huertas-Salgado et al.,

2011). It has recently been reported that AA E6 has enhanced abilities over E-
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Prototype E6 in driving the infected epithelium toward tumorigenesis in a three-
dimensional keratinocyte model (Jackson et al., 2014). Our results show that
expression of the E6 oncoprotein of variant AA-c (Q14H/I127R/H78Y/L83V)
modulates expression of more genes compared to the other variants (Fig. 2). However,
E6 AA-a variant only modifies the expression of 22 genes, although the two variants
differ only in one residue (127R). Because the importance of this amino acid on
HPV16 E6 oncogenicity has not been studied, we can only suggest that its presence
regulates the number of genes compared to E6 from AA-a variant, but a possible
mechanism is not currently available in the literature. This result was unexpected since
AA-a variant shows the highest association with the development of cervical
carcinoma in our population (Ortiz-Ortiz et al., 2015), but it is possible that the small
number of genes altered by AA-a variant is enough to establish tumorigenic pathways.
The variants of the European branch E-A176/G350 that presents an extra amino acid
change at the D25N residue, and E-C188/G350 that has a modification in the residue
E29Q (both additional changes to L83V) compared to E-Prototype, also differ in their
ability to alter gene expression profiles. Our results shown that the E6 oncoprotein of
E-A176/G350 variant modulates the expression of few genes compared with the other
variants. It is surprising that only one gene is altered by this E6 variant and E-
Prototype, however it is hard to explain because there are no studies that analyze the
role of D25N on E6 oncoprotein function. However, in a previous study we found that
this European variant is the most closely related with the development of cervical
cancer in our region (Ortiz-Ortiz et al., 2015). Interestingly, we observed that cells

transfected with the E-A176/G350 variant expresses more protein than all others
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variants despite having similar levels of messenger. Although, it is difficult to explain
this phenomenon, we consider that post-transcriptional regulation mechanism, such as
alternative splicing, could influence this behavior, however this fact could be a
limitation of this study. It has been reported that mutations in a single nucleotide in the
HPV 16 E6 gene are sufficient to alter the splicing pattern (Lopez-Urrutia, et al.,
2012), and therefore may generate different amounts of messenger useful to be
translated to E6. Currently our group is investigating this hypothesis.

Our analysis show that there is not an apparent pattern in terms of
transcriptional regulation that identifies each phylogenetic branch (European and
Asian-American) since the behavior in the genes and the number of modulated
transcripts varies widely.

Our results identified a total of 436 altered genes by the expression of E6
variants. According to our gene ontology analysis, the cells expressing HPV E6
oncoprotein of E-C188/G350 variant mainly promotes the upregulation of cell
proliferation and activation of kinase activity, while the cells expressing the EG6
oncoprotein of AA-a, AA-c and E-G350 variants favor cell-cell adhesion, protein
kinase activity, and tyrosine kinase signaling pathway (Figs. 4 and 5).

This differential behavior might be responsible for the biological role of the
variants in cervical cancer. Previous reports have analyzed the functional activity of
the AA and E-G350 EG6 variants, indicating that both have more oncogenic potential
compared to the E-Prototype (Sichero et al., 2012; Zehbe et al., 2009; Jackson et al.,
2014). However, this is the first report describing the in vitro analysis of the effect of

E6 oncoprotein expression from AA-a, AA-c, E-C188/G350, E-A176/G350 and E-
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G350 variants in global gene expression profile in a cervical cancer cell line. Our
results indicate that the additional amino acid changes in E6 variants could be
sufficient to confer different oncogenic potential; this hypothesis can be validated with
functional analysis in future studies. However we can not overlook the possibility that
variations in other HPV proteins are likely involved in the oncogenic potential of each
variant, because it has been shown that the E7 oncoprotein is necessary for cell
transformation (Togtema et al., 2015).

Among the most important genes altered as a result of the expression of the E6
oncoprotein of variants is cadherin, which is involved in cellular interactions through
the formation of intercellular connections or adherent junctions (Takeichi, 1990).
Because metastasis begins with local disruption of cell-cell interaction, changes in the
expression of cadherins play a critical role in the progression of tumors (Frixen et al.,
1991; Vleminckx et al., 1991). We observed that the C33-A cells expressing the E6
oncoprotein of E-G350 variant increase the expression of cadherin 2 (responsible for
transendothelial migration), E6 of AA-c increase cadherin 18 and 6, and E6 of AA-a
increase cadherin 9 (Table 1 and 2). Aberrant expression of these genes could be a late
effect of the E6 oncoprotein in tumor cells enabling it to advance in their degree of
malignancy. Interestingly, cadherin 6 overexpression is associated with tumor growth
and metastases in kidney cells (Shimazui et al., 2004). On the other hand, we found
that factor receptor insulin-like growth 1 (IGF1R) is overexpressed by effect of E6
AA-a and E-G350 variants. Previous studies have shown a role for IGF1R in cellular
radio-resistance in cervical carcinoma cell lines (Kaneko et al., 2007). Moreno-Acosta

et al. (2012) found that in 34% of patients with HPV16-positive cervical cancer
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overexpression of IGF1R occurs. The overexpression of IGF1R is a predictive marker
for patients undergoing radio therapy because overexpression of this receptor confers
28.6 times greater risk of treatment failure.

It has been reported that high risk HPV E6 interacts with several cellular
proteins such as transcription factors, ubiquitin ligases, signal transduction proteins,
scaffolding proteins, calcium binding proteins, apoptosis inducers, among others
(Mantovanii and Banks, 2001). Therefore, amino acid changes in HPV EG6 variant
proteins may alter the binding with its target proteins, resulting transcription pattern
changes. On the other hand, we do not know if the binding with PDZ proteins could be
affected, because the E6 carboxy terminus was linked to GFP protein, which could be
considered a limitation of the study.

It is interesting that there are many differences between E6 HPV 16 variants
and the E-Prototype and it is still a big question how these differences will lead us to

understand the mechanisms involved.

Conclusion

In summary, our results provide evidence that polymorphisms in the HPV16
E6 gene that lead to amino acid changes in the protein are enough to modulate the
transcription of specific genes in each variant. For the first time, the comparison of
global gene expression profile modulated by the expression of E6 oncoprotein of the
five HPV16 variants more frequent in our region is reported. Each variant appears to
have its own molecular signature that may confer an advantage in some cell functions

but may limit it in others. Therefore, future functional studies based on the profile of
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genes altered for each variant are needed to analyze the mechanisms that are involved

and to determine their significance in tumor biology.
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Figure captions

Fig. 1. Expression of HPV16 E6 variants in C33-A cells. a) Relative expression of
E6 mRNA from HPV 16 variants compared to E-Prototype in C33-A cells (determined
by real-time PCR). Despite the differences observed, no statistically significant
difference (Student’s t-test) was found in the expression of E6. b) Expression level of
E6 protein of HPV16 variants in C33-A cells analyzed by Western blot using anti-GFP

antibody. Increased expression of E6 with variant E-A176/G350 is observed.

Fig. 2. HPV16 E6 oncoprotein variants differentially alter expression of genes in
C33-A cells vs. E-Prototype. The Venn diagrams show unique and common
differentially expressed genes (a fold change >1.5 and < -1.5) between cells expressing
the E6 oncoprotein of E-Prototype and E-6 variants. The p-value was calculated with

FDR, p-value cut off of <0.05 were used.

Fig. 3. Global expression profile induced by the HPV16 E6 oncoprotein variants
expression vs. E-Prototype. E6 oncoproteins from HPV16 variants differ in their
capacity to upregulate and downregulate genes in C33-A cells. The AA-c and E-G350

variants had the most genes altered (111 vs. 118 and 109 vs. 23 respectively).
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Fig. 4. Gene ontology-based biological process pathways related to cancer. The
genes that were differentially expressed by E6 of HPV16 variants were grouped
according to their function in biological processes for the development and
maintenance of cancer. Cellular processes more affected were cell signaling and
adhesion. Both upregulated and downregulated genes are shown. For the analysis were

not included the overlapping genes between E-Prototype and HPV 16 variants.

Fig. 5. Enrichment score of biological processes modulated by HPV16 E6
variants. Pathway enrichment analysis reveals over-representation or under-
representation of oncogenic pathways for the HPV variants based in the differentially
expressed genes. The plot shows enrichment scores and percentage of involved genes
according to the enrichment cluster analysis from DAVID. Upregulated (red),

downregulated (blue).
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Table 1. Validation on microarray data by RT-gPCR

Fold change” determined by :

Microarrays gPCR

Gene? AA-a  AA-c E-G350 AA-a AA-c  E-G350
AMOTL1 - 1.6 - - 2.72 -
CDH2 - - 1.65 - - 2.35
CDH6 - 1.69 - - 2.95 -
CDH9 1.9 - - 5.97 - -
COL11A1 6.01 - - 19.86 - -
NID1 - -2.28 7.6 - - 12.62
CALCR - 61.23 - - 120.88 -

4AMOTL1: Angiomotin Like 1, CDH2: Cadherin 2, CDH6: Cadherin 6, CDH9: Cadherin
9, COL11A1: Collagen, Type XI, Alpha 1, NID1: Nidogen-1, CALCR: Calcitonin
Receptor. The full names of the genes were taken from the GeneCards data base . (-) no
alteration in the expression when compared to HPV E6 E-prototype.

® The values shown are means of three independent experiments.

All comparisons were done between E-Prototype vs. E-6 variants.
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Supplementary Table S1. Genes modulated by both HPV16 E6 oncoprotein variants and E6 E-Prototype

Fold change Fold Fold Fold Fold Fold
Gene Cellular process E-Prototype change change  change change change
AA-a AA-c  E-Al76/ E-C188/ E-G350
G350 G350
ACO007091.1 - 1.55 - -1.7 - - -
AC133680.1 - 4.93 -4.26 -4.88 - -3.92 -4.47
AKR1C2 N/F -1.54 - - - - 1.69
ALDH1A1 N/F 2.69 4.78 1.88 - 4.81 2.84
ARL9 N/F 1.57 - - - - -1.64
BCO2 N/F 2.29 - 1.97 - - -2.16
BMP5 Growth -2.54 - 7.97 - - -
CEP170P1 - 1.54 - -1.89 - - -
CFH Immune response 4.95 - - - - -6.34
CUBN Endocytosis 6.44 -7.24 -8.79 - -6.06 -5.87
DCC Apoptosis and cell motility 6.76 - -9.76 - - -10.93
DSE N/F -1.52 - 1.56 - - -
EEAl Endocytosis 2.34 - - - - -1.95
FMN2 Cytoskeleton organization and cell 7.93 -10.95 -12.85 - -8.03 -6.25
cycle
GAGE10 N/F 2.5 - 3.88 - - -
GAGE12C Cellular defense 9.27 - 4.16 - - -
GAGE12J N/F 7.05 - 4.79 - - -
HIST1H2AE Packing of DNA 2.26 - - - - 1.53
IF130 Proliferation, post-transcriptional 1.58 - -2.01 - - -
regulation, antigen processing and
presentation
KCNH7 Transcription 1.84 3.97 15.38 - - 3.16
LPPR1 - 2.48 -2.67 -2.68 -2.56 -2.53
MAGEAL1 - -1.51 - - - - 1.97
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MARK1 Cell signaling and cytoskeletal -1.66 1.54 1.69 - - -
organization
MID1 Cytoskeleton organization 1.55 -1.77 -2.58 - - -
MUSK Regulation of transcription , cell 1.72 -1.79 -1.76 - -1.82 -
signaling and growth
NPFFR2 Cell signaling 2.28 - -2.64 - -2.13 -
PCDH7 Adherence 2.93 - -3.58 - - -
PLCB4 Cell signaling 1.95 - -1.81 - 5.69 -
PPP3CA Cell cycle -2.05 - 2.29 - - 1.62
PREX2 Cell signaling 1.88 - - - - -1.54
RARB Transcription, proliferation and 4.48 - -5.42 - - -
apoptosis
RP 11-13N12.1 - 1.68 -2.12 -2.38 -1.82 -2.27 -1.87
RP11-467120.6 - 2.42 -2.59 -2.89 - -2.62 -2.23
RP11-807H7.1 - 1.54 -1.64 - - - -
RP11-80B9.1 - 12.18 -21.29 -27.6 - -8.98 -7.49
RP11-80B9.4 - 6.51 -7.15 -8.22 - -6 -4.97
SNORAZ23 - 1.58 - 1.73 - - 1.83
SNORD115-15 - -1.9 - - - - 2.58
SNORD115-42 - -1.94 - -2.13 - - 2.65
SNORD115-6 - -1.9 - -2.36 - - 2.7
TBX20 Angiogenesis, transcription and 1.53 - -1.79 - - -
proliferation
TFPI2 N/F 2.34 - 5.97 - - -
TIMP1 Proliferation -1.73 - 1.52 - 2.35 1.74
TRDMT1 Epigenetic regulation of gene 1.64 -1.92 -1.62 - -1.78 -
expression
Total genes modulated 44 15 35 1 14 25

(-) There are no GOTERM_BP_FAT on the basis of data or no change in the fold change, N/F: No involved in cancer development
analysis.

according

to

the

55



AA-a E-A176/G350 AA-a E-C188/G350 E- G350

QDﬂ.QD

AA-c E-A176/G350 AA-C E-C188/G350 E-G350
E-A176/G350  E-C188/G350 E-A176/G350 E-C188/G350 E-C188/G350  E- G350

¢ ¢ €

Supplementary Fig. 1. Common altered genes between HPV 16 E6 variants. The Venn diagrams show comparison between
variants pairs (a fold change >1.5 and < -1.5). The p-value was calculated with FDR, p-value cut offs of <0.05 were used.
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Supplementary Table S2. Overlapped genes of HPV16 E6 oncoprotein variants.

Gene Cellular process Fold change Fold change  Fold change Fold change Fold change
AA-a AA-c E-A176/G350 E-C188/G350 E-G350
ARID5B Migration, signaling and - 1.65 - - 1.56
transcription
CTNNAZ2 Adhesion and migration - -1.73 - - -1.57
EPHAS Signaling - -4.37 - - -4.29
IGF1R Apoptosis, migration, proliferation 1.59 - - - 1.75
and signaling
KLF5 Angiogenesis, proliferation and - 1.69 - - -1.63
transcription
NID1 Adhesion - -2.28 - - 7.6
PDGFC Signaling - -2.18 - 5.43 -
ROR1 Signaling 2.5 - - - 1.98
SYNEL1 Apoptosis - -4.87 - - -2.02
TGFBR2 Angiogenesis, differentiation, - 2.93 - 2.3 -
proliferation and signaling
THBS1 Adhesion, angiogenesis, apoptosis, -3.92 1.99 - - -
cell cycle, migration, proliferation
and signaling
AC007740.1 N/F 3.81 13.5 - - 2.39
AC016716.2 N/F - -1.92 - - -1.79
AC017002.2 N/F -1.74 - - - -1.79
BCHE N/F - 1.57 - - 291
Cliorf88 N/F -1.74 2.13 - - -1.68
CRIM1 N/F - 1.56 - 1.64 -
IGHD3-16 N/F - 2.23 1.94 - -
MAP2 N/F - 1.52 - 2.16 4.98
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MDM1 N/F 1.9 7.79 - - -
MIR181B1 N/F - -2.3 - -2.06 -
RDH10 N/F -1.91 -9.63 - - -
RNASSP202 N/F - - - 1.52 1.93
RNF150 N/F - 1.85 - - 1.84
RNU7-76P N/F - -1.66 - - -1.54
RP11-11N9.4 N/F - 2.73 - 1.88 -
RP11-284A20.1 N/F - -4.43 - -4.02 -
RP11-642D21.1 N/F - - -1.71 -1.58 -1.78
SNORA11 N/F - - 1.67 - 2.07
SNORA37 N/F - - - 1.56 2.05
SNORA52 N/F - 1.63 - 1.51 -
SNORD115-10 N/F - - 1.71 - 2.92
SNORD115-11 N/F - - 1.88 - 2.8
SNORD115-12 N/F - -1.97 1.77 - 2.93
SNORD115-21 N/F - -1.76 - - 2.19
SNORD115-22 N/F - - 1.88 - 291
SNORD115-34 N/F - -2.15 - - 3.39
SNORD115-40 N/F - - 1.62 - 2.32
SNORD115-43 N/F - - 1.88 - 2.8
SNORD115-44 N/F - - 1.56 - 2.35
SNORD115-5 N/F - -1.97 1.77 - 2.93
TENM1 N/F 4.93 2.36 - - -
TRIM2 N/F - -2.06 - -1.72 -

(-) There are no GOTERM_BP_FAT on the basis of data or no change in the fold change, N/F: No involved in cancer development

according to
the analysis.
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Supplementary Table S3. Genes modulated by E6 HPV 16 oncoprotein expression of E6
variants vs. E-prototype in C-33A cells.

Upregulated genes

Downregulated genes

Biological HP\./ 16 (Fold change) (Fold change)
process variant vs. E-Prototype vs. E-Prototype
CDH9 (1.9), NRCAM THBS1 (-3.92)
AA-a (4.11), COL11A1 (6.01)
PARD3-AS1 (1.55), SIRPA (-1.53),
ABL2 (1.59), CDH6 CTNNAZ2 (-1.73), THY1
AA-C (1.69), BMPR1B (1.7), (-1.78), CDH18 (-2.01),
THBS1 (1.99), CADM1 PCDHB3 (-2.02), ITGA6
(2.68), SRPX (3.37) (-2.09), NID1 (-2.28),
PKP2 (-2.29)
Adhesion E-AL76/ - -
G350
E-C188/
G350 i i
EZR-AS1 (1.52), CTNNAZ2 (-1.57)
ROBO2 (1.59),
PCDHB15 (1.61),
E-G350 CDH2 (1.65), CDK6
(1.81), PVRL3 (1.83),
PCDH9 (2.45), NID1
(7.6)
AA-a ANGPT1 (1.53) THBS1 (-3.92)
KLF5 (1.69), THBS1 ANPEP (-1.51), FGF9 (-
(1.99), TGFBR2 (2.93)  1.58), THY1 (-1.78),
_ _ AA-c HDAC?9 (-4.83)
Angiogenesis E-A176/
G350 ] ]
E-C188/ TGFBR2 (2.3)
G350 ]
E-G350 j KLF5 (-1.63)
AA-a ANGPT1 (1.53), THBS1 (-3.92)
IGF1R (1.59)
NR4AL1 (1.69), THBS1 SLC25A6 (-1.53), CD70
(1.99), CADM1 (2.68), (-1.64),CULS5 (-1.68),
AA-c PEG10 (3.43) CAMKI1D (-1.96),
HIPK2 (-2.66), EEF1A2
(-2.68), SYNEL1 (-4.87)
E-Al76/
Apoptosis G350 i i
E-C188/
G350 j i
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BMP7 (1.54), BNIP3

E-G350  (1.62), IGFLR (1.75) SYNE1 (-2.02)
AA-a  FAMSC(3.48) THBSL (-3.92)
PARD3-AS1(1.55), CULS (-1.68)
FBXO043 (1.58),
AAC  CyP26B1 (1.64),
THBSL (1.99)
Cell cycle E-A176/
G350 PROX1-AS1 (1.53) i
E-C188/ ] ]
G350
] BMP7 (1.54), CDK6 ]
E-G350 gy
AA-a NRCAM (4.11) -
AAC BMPRLB (L1.7), SMAPL (-1.77), THYL (-
TGFBR2 (2.93) 1.78), GLI2 (-1.99)
: - E-AL76/
Differentiation G350  PROXI-ASI (1.53) -
E-C188/ ]
G350  TGFBR2 (2.3)
EZR-AS1 (1.52), BMP7  RoB02 (1.59), EMPL (-
EG30 (154), CDKE (181) 11 7p) (1:59) (
AA IGFLR (1.59), NRCAM  THBSL (-3.92)
411
ARIDSB (1.65), CTNNA2 (-1.73), THY1
AA-c  THBSL (1.99), (-1.78), ITGAG (-2.09),
. HMGCR (3.17) HDACO (-4.83)
Migration E-
A176/G350 i i
E-
C188/G350 - -
.o ARIDSB(156), CDH2  CTNNAZ (-L57)
(1.65), IGF1R (1.75)
AA-a IGF1R (1.59) THBSL (-3.92)
KLF5 (1.69), THBSL  FGF9 (-1.58), CD70 (-
(1.99), TGFBR2 (2.93)  1.64), TIMP2 (-1.66),
CULS (-1.68), BMIL (-
AA-C 1.75), EMP3 (-1.77),
GLI2 (-1.99), EMP2 (-
fforat 2.08), PRKDL (-2.36),
Proliferation HIPK2 (-2.66)
E-A176/  PROXL-ASL (1.53) ]
G350
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ZNF542 (1.59),
ARID5B (1.65),

E-C188/  ADAMTSL (1.54),
G350 TGFBR2 (2.3) ]
BMP7 (1.54), IGFIR  KLF5 (-1.63), EMPL (-
E-G350  (1.75), CDK6 (1.81), 11.76)
MAB21L2 (4.75)
ANGPT1 (1.53), THBSL (-3.92)
AA-a  IGFIR (1.59), ROR1
(2.5)
OR2G3 (1.53), ARL8B _ ARRBL (-1.51), FGFO (-
(1.55), PARD3- 1.58), GABRE (-1.61),
AS1(1.55), ARIDSB KIAAL324L (-1.79),
(1.65), CYP26B1 GNAL (-1.84), PDGFC
(1.64), BMPRIB (L7),  (-2.18), PRKD1 (-2.36),
Aac  LRRN3(L8), FSHR  HIPK2 (-2.66), EPHAS
(1.86), THBSL(1.99), (-4.37)
RAB3C (2.06),
PLCHL (2.11),
Signaling TGFBR2 (2.93),
HMGCR (3.17), PEG10
(3.43), CALCR (61.23)
E-AL76/
G350 - -
OR12D3 (1.56),
PRKACG (1.6),
EE%F)%S/ SLC12A2 (1.7), i
TGFBR2 (2.3),
PDGFC (5.43)
BMP7 (L54), ARID5B  EPHAG (-4.29)
(156), IGF1LR (L.75),
B-G350  ROR1(1.98), SPRY?2
(2.31)
AA-a - -
AAc  DIO2(209) DNAJCI (-1.78),
EEF1A2 (-2.68)
Translation E-A176/
G350 - -
E-C188/
G350 - -
E-G350 - -
AA-a _ SERTAD2 (2.07) -
- HABP4 (1.57), PARP14 (-1.51), NPAS3
Transcription AAc  ZNF66T-ASL (158) (-1.53), ZNF607 (-1.6),

NCOA3 (-1.63), ZNF600
(-1.67), BMI1 (-1.75),
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NR4AL (1.69), KLF5
(1.69), RERE (1.85)

PDLIM1 (-1.77),
ZNF253 (-1.8), GLI2 (-
1.99), ZNF558 (-2.22),
ZNF91 (-2.22), ZNF83 (-
2.24), HIPK2 (-2.66),
ZNF781 (-2.98), HDAC9
(-4.83)

E-A176/  PROX1-AS1 (1.53)
G350

E-C188/
G350

BMP7 (1.54), ARID5B
(1.56), PLAG1 (1.56),

E-G350 CDCATL (1.57), TRPS1
(1.57)

BACHL-IT2  (-1.54),
EGR1 (-1.58), KLF5 (-
1.63)

Genes marked with bold letters means altered expression by two HPV 16 variants. (-) No altered
genes were found. Genes were grouped according to GOTERM -BP- FAT gene ontology databases.
Overlapping genes between the E-Prototype and HPV 16 variants were not included.
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Supplementary Table S4. Functional enrichment analysis of genes

AA-a AA-c E-A176/ G350 E-C188/ G350 E-G350
GO term VS. VS. VS. VS. VS.
E-Prototype E-Prototype E-Prototype E-Prototype E-Prototype
KIAA1949, FMN2, FMNL2,
Actin binding - LIMAL, SYNE1, MYH15, - - -

MYO1B

Alternative splicing

MUSK, PHF14,
TRIMY,
TRDMT1,
NPFFR?2

Angiogenesis

- FGF9, TBX20, ANPEP, THY1

PEG10, CADM1, THBSI1,

Apoptosis - ITPR1 - - -
Basement membrane - FGF9, NID1, TIMP2 - - -
e MAP2, SNTB1,
Calmodulin-binding - - - - PPP3CA
Cell junction/ EZR-AS],
Cadherin/ WNT PVRL3,
signaling PCDHB15,
" i i ) PCDHO9,
ROBO2, NID1,
CDH2

Cell membrane:
topology

CALCR, GCNT4, CADM1,
HLA-DRB1, MAOA,
TGFBR2, LRRN3, BET1,
FSHR, ITPR1, CDH6,
OR2G3, SLC1A3, SLC2AS,
RNF150, SLC30A1,
SLC16A9, KCNH7, HLA-
DPAl, BMPR1B, HLA-

63



“Expresion global de genes por efecto de la oncoproteina E6 de variantes del VPH 16 en celulas de cancer cervical”

Zacapala-Gomez 2015 Capitulo 1
DOA, CRIM1
HMGCR, ARID5B, THBS1 ARIDS5B,
Cell migration - - ROBO?2,
CDH2, BMP7
CALCR, DNM3, SLC1A3, IGF1R, EZR-
Cell projection i CADM1, MAP2 i AS1, MAP2,
BNIP3, CDKS,
ROBO2, CDH2
Cell projection DCC, LIMAL, SPAGS6, ITGAS,
organization i GLI2, CTNNA2 i i
Cell-cell adhesion NRCAM,
(NRCAM, CDH9, CDHO9, - - -
COL11A) COL11A1
Cell-cell adhesion PKP2, CDH18, PCDHB3,
(PKP2, CDH18, PCDH7, THY1, CTNNA2
PCDHB3, PCDH?7, ) ) )
THY1, CTNNA?2)
Cell-cell signaling - MUSK, FGF9, PCDHBS, - -
CD70, GLI12, CTNNA2
EGF-like domain - FBLN1, CUBN, NID1 - -
DNM3, AP1S2, LRRNS3,
Endocytosis - TGFBR2, LOC653653, - -
THBS1
Enzyme linked IGF1R,
receptor protein - - - ARID5B,
signaling pathway ROR1, BMP7
Glycoprotein - DCC, SLC38A2, FGF9, MUSK, CUBN,

Transmembrane
Receptor

LPPR1, LRRC4B, IFI30,
CD70, ANPEP, MUSK,

LPPR1, NPFFR2
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NPFFR2, PDGFC, OLFM2,
RECK, GABRE, KIAA1324L,
CUBN, PCDHB3, NID1,
PCDH?7, SIRPA, THY1,
ELFN1, EPHAS, FBLN1,
SEMAGB, ITGA6, CDH18,
CACNA1H, EMP3, EMP2
Immune response i CADM1, HLA-DRB1, HLA- i
DPA1, HLA-DOA
Oxidation reduction - ALDH1A1, SLC1A3, DIO2,
regulation of - HMGCR, MAOA, -
hormone levels CYP26B1, BCO2, ENOX1
N FMN2, TRIM2,
Phosph%?r:gteiln/ch- ) i MUSK, PHF14,
TRIM9, LPPR1
Positive regulation - PRKACG,
activation of kinase - - TGFBR2,
activity PDGFC
Positive regulation of DCC, CUL5, HIPK2, CD70,
apoptosis i RARB i
Positive regulation of FGF9, PDGFC, MDK
cell division i i
Protein kinase IGF1R, ROR],
activity MARK1 ) )
Regulation of cell MUSK, HDACY9, GLI2,
development i TIMP2, THY1 i
TGFBR2,
Regulation of cell PDGFC,
proliferation i ) ADAMTS],
TIMP1

Response to

CALCR, BCHE, TGFBR2,
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endogenous stimulus HMGCS1, PPP3CA, THBS1
IGF1R, BCHE,
Steroid binding - - - - PPP3CA,
BMP7
TGF-beta signaling TGFBR2, BMPR1B,
pathway ] THBS1, BMP5 i ] )
Tyrosine kinase IGF1R, ROR],
signaling pathway ~ ANGPT1 ] ) ] ]
. . HMGCR, MAP2, CYP26B1, IGF1R, MAP2,
Vesicular fraction ] PPP3CA, ITPRL ] ] PPP3CA

Upregulated genes (bold), downregulated genes (italic (-) No altered genes were found. GO term: Gene Ontology term
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Supplementary Table S5. Genes description modulated by E6 HPV16 variants expression

Gene

Gene function

Studies in cancer

ABL2

Non-receptor tyrosine-protein kinase that plays an ABL1-overlapping role in key
processes linked to cell growth and survival such as cytoskeleton remodeling in
response to extracellular stimuli, cell motility and adhesion and receptor endocytosis.
Coordinates actin remodeling through tyrosine phosphorylation of proteins
controlling cytoskeleton dynamics like MYH10 (involved in movement); CTTN
(involved in signaling); or TUBAL and TUBB (microtubule subunits). Binds directly
F-actin and regulates actin cytoskeletal structure through its F-actin-bundling activity.
Involved in the regulation of cell adhesion and motility through phosphorylation of
key regulators of these processes such as CRK, CRKL, DOK1 or ARHGAP35.
Adhesion-dependent phosphorylation of ARHGAP35 promotes its association with
RASAL, resulting in recruitment of ARHGAP35 to the cell periphery where it
inhibits RHO. Phosphorylates multiple receptor tyrosine kinases like PDGFRB and
other substrates which are involved in endocytosis regulation such as RIN1. In brain,
may regulate neurotransmission by phosphorylating proteins at the synapse. ABL2
acts also as a regulator of multiple pathological signaling cascades during infection.
Pathogens can highjack ABL2 kinase signaling to reorganize the host actin
cytoskeleton for multiple purposes, like facilitating intracellular movement and host
cell exit. Finally, functions as its own regulator through autocatalytic activity as well
as through phosphorylation of its inhibitor, ABI1.

Tissue of patients with hepatocellular
carcinomas and adjacent tissues (Xing
etal., 2014).

ADAMTS1

Cleaves aggrecan, a cartilage proteoglycan, and may be involved in its turnover (By
similarity). Has angiogenic inhibitor activity. Active metalloprotease, which may be
associated with various inflammatory processes as well as development of cancer cachexia.
May play a critical role in follicular ruptura.

Tissue of patients head and neck
squamous cell carcinoma (Stokes et al.,
2010)

ANGPT1

Binds and activates TEK/TIE2 receptor by inducing its dimerization and tyrosine
phosphorylation. Plays an important role in the regulation of angiogenesis,
endothelial cell survival, proliferation, migration, adhesion and cell spreading,

Tissue of patients with oral squamous cell
carcinoma (Jung et al., 2015).
Tissue of canine cortisol-secreting
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reorganization of the actin cytoskeleton, but also maintenance of vascular quiescence.
Required for normal angiogenesis and heart development during embryogenesis.
After birth, activates or inhibits angiogenesis, depending on the context. Inhibits
angiogenesis and promotes vascular stability in quiescent vessels, where endothelial
cells have tight contacts. In quiescent vessels, ANGPT1 oligomers recruit TEK to
cell-cell contacts, forming complexes with TEK molecules from adjoining cells, and
this leads to preferential activation of phosphatidylinositol 3-kinase and the AKT1
signaling cascades. In migrating endothelial cells that lack cell-cell adhesions,
ANGT1 recruits TEK to contacts with the extracellular matrix, leading to the
formation of focal adhesion complexes, activation of PTK2/FAK and of the
downstream kinases MAPK1/ERK2 and MAPK3/ERK1, and ultimately to the
stimulation of sprouting angiogenesis. Mediates blood vessel maturation/stability.
Implicated in endothelial developmental processes later and distinct from that of
VEGF. Appears to play a crucial role in mediating reciprocal interactions between the
endothelium and surrounding matrix and mesenchyme.

adrenocortical tumor and normal adrenal
glands (Kool et al., 2014).

ANPEP

Broad specificity aminopeptidase. Plays a role in the final digestion of peptides generated
from hydrolysis of proteins by gastric and pancreatic proteases. May play a critical role in
the pathogenesis of cholesterol gallstone disease. May be involved in the metabolism of
regulatory peptides of diverse cell types, responsible for the processing of peptide
hormones, such as angiotensin Il and 1V, neuropeptides, and chemokines. Found to cleave
antigen peptides bound to major histocompatibility complex class Il molecules of
presenting cells and to degrade neurotransmitters at synaptic junctions. Is also implicated
as a regulator of IL-8 bioavailability in the endometrium, and therefore may contribute to
the regulation of angiogenesis. Is used as a marker for acute myeloid leukemia and plays a
role in tumor invasion. In case of human coronavirus 229 (HCoV-229E) infection, serves
as receptor for HCoV-229E spike glycoprotein. Mediates as well human cytomegalovirus
(HCMV) infection

Tissue samples: tumour from patients
with  metastatic  prostate  cancer
(MPC), castrate-refractory prostate
cancer (CRPC) samples, lymph node
metastases (LNMs), cancer-adjacent
nonmalignant (AN) prostate tissues,
and benign prostatic hyperplasia
(BPH) samples. Prostate cell line:
LNCaP, DU145 and BPHI (Sgrensen
etal., 2013).

Normal colorectal epitelial and invasive
tumor cells (Wiese et al., 2007).
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ARID5B

Transcription coactivator that binds to the 5-AATA[CT]-3' core sequence and plays a key
role in adipogenesis and liver development. Acts by forming a complex with
phosphorylated PHF2, which mediates demethylation at Lys-336, leading to target the
PHF2-ARID5B complex to target promoters, where PHF2 mediates demethylation of
dimethylated 'Lys-9' of histone H3 (H3K9me2), followed by transcription activation of
target genes. The PHF2-ARID5B complex acts as a coactivator of HNF4A in liver.
Required for adipogenesis: regulates triglyceride metabolism in adipocytes by regulating
expression of adipogenic genes.

ARLS8B

May play a role in lysosome motility. May play a role in chromosome segregation.

ARRB1

Functions in regulating agonist-mediated G-protein coupled receptor (GPCR) signaling by
mediating both receptor desensitization and resensitization processes. Acts as signaling
scaffold for MAPK pathways such as MAPK1/3 (ERK1/2). Acts as signaling scaffold for
the AKT1 pathway. Is involved in IGF1-stimulated AKT1 signaling leading to increased
protection from apoptosis. Appears to function as signaling scaffold involved in regulation
of MIP-1-beta-stimulated CCR5-dependent chemotaxis. Involved in attenuation of NF-
kappa-B-dependent transcription in response to GPCR or cytokine stimulation by
interacting with and stabilizing CHUK. Involved in regulation of LEF1 transcriptional
activity via interaction with DVL1 and/or DVL2.

The human breast cancer cell lines:
MDA-MB-468 and MDA-MB-231.
Patients with primary invasive breast
cancer and premenopausal breast
cancer patients with invasive stage Il
disease (Lundgren et al., 2011)

BACH1-1T2

BMI1

Component of a Polycomb group (PcG) multiprotein PRC1-like complex, a complex class
required to maintain the transcriptionally repressive state of many genes, including Hox
genes, throughout development. PcG PRC1 complex acts via chromatin remodeling and
modification of histones; it mediates monoubiquitination of histone H2A 'Lys-119',
rendering chromatin heritably changed in its expressibility. In the PRC1 complex, it is
required to stimulate the E3 ubiquitin-protein ligase activity of RNF2/RING2

Cell lines AGS (gastric
adenocarcinoma), NUGC4 (gastric
lymph node), COLO201 (colon; derived
from metastatic site), THP-1 (peripheral
blood) and HCT116 (colorectal
carcinoma) (Sugihara et al., 2013).
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BMP7

Induces cartilage and bone formation. May be the osteoinductive factor responsible for the
phenomenon of epithelial osteogenesis. Plays a role in calcium regulation and bone
homeostasis

Patients with urothelial carcinoma
and healthy transitional epithelium
(TE) of the urinary tract (Kuzaka et
al., 2015)

BMPR1B

On ligand binding, forms a receptor complex consisting of two type Il and two type |
transmembrane serine/threonine kinases. Type Il receptors phosphorylate and activate type
| receptors which autophosphorylate, then bind and activate SMAD transcriptional
regulators.

Glioblastoma cell lines U251, U87,
SF763. Glioblastoma cell line U-251
and normal human  astrocytes.
Athymic BALB/c nude mice (female)
(Liu et al., 2012).

Tissue of patients with primary breast
cancer tissue and non-affected normal
breast tissue. Breast cancer cell line:
MDA-MB-231 (Bokobza et al., 2009)
Tissue of patients with normal prostate
and prostate tumor (Penney et al., 2015).

BNIP3

Apoptosis-inducing protein that can overcome BCL2 suppression. May play a role
in repartitioning calcium between the two major intracellular calcium stores in
association with BCL2. Involved in mitochondrial quality control via its interaction
with SPATAL18/MIEAP: in response to mitochondrial damage, participates to
mitochondrial protein catabolic process (also named MALM) leading to the
degradation of damaged proteins inside mitochondria. The physical interaction of
SPATA18/MIEAP, BNIP3 and BNIP3L/NIX at the mitochondrial outer membrane
regulates the opening of a pore in the mitochondrial double membrane in order to
mediate the translocation of lysosomal proteins from the cytoplasm to the
mitochondrial matrix. Plays an important role in the calprotectin (S100A8/A9)-
induced cell death pathway

CADM1

Mediates homophilic cell-cell adhesion in a Ca (2+)-independent manner. Also mediates
heterophilic cell-cell adhesion with CADM3 and PVRL3 in a Ca (2+)-independent manner.
Acts as a tumor suppressor in non-small-cell lung cancer (NSCLC) cells. Interaction with
CRTAM promotes natural killer (NK) cell cytotoxicity and interferon-gamma (IFN-

NZB and C58 mice. Cell line: 6DT1 and
Mvt-1 (Faraji et al., 2012).

Tissue of patients with cervical cancer,
CIN1 and CIN3 lesions (Overmeer et
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gamma) secretion by CD8+ cells in vitro as well as NK cell-mediated rejection of tumors  al., 2008)
expressing CADM3 in vivo. May contribute to the less invasive phenotypes of lepidic

growth tumor cells. CADM1, together with MITF, is essential for development and

survival of mast cells in vivo. Acts as a synaptic cell adhesion molecule and plays a role in

the formation of dendritic spines and in synapse assembly (By similarity). May be involved

in neuronal migration, axon growth, pathfinding, and fasciculation on the axons of
differentiating neurons.

CALCR This is a receptor for calcitonin. The activity of this receptor is mediated by G proteins Biopsies of patients with normal
which activate adenylyl cyclase. The calcitonin receptor is thought to couple to the pancreas, pancreatitis, pancreatic
heterotrimeric guanosine triphosphate-binding protein that is sensitive to cholera toxin adenocarcinoma, pancreatic

adenocarcinoma metastases, and
pancreatic  neuroendocrine  tumors
(Bloomston et al., 2004)

CAMKI1D Calcium/calmodulin-dependent protein kinase that operates in the calcium-triggered Tissue of patients with primary breast
CaMKK-CaMK1 signaling cascade and, upon calcium influx, activates CREB-dependent  tumors, ductal carcinoma in situ and
gene transcription, regulates calcium-mediated granulocyte function and respiratory burst  normal. Cell line: MCF10A
and promotes basal dendritic growth of hippocampal neurons. In neutrophil cells, required  (Bergamaschi et al., 2008)
for cytokine-induced proliferative responses and activation of the respiratory burst.

Activates the transcription factor CREB1 in hippocampal neuron nuclei. May play a role in
apoptosis of erythroleukemia cells. In vitro, phosphorylates transcription factor CREM
isoform Beta
CD70 Cytokine that binds to CD27. Plays a role in T-cell activation. Induces the proliferation of Tissue of patients with renal cell

costimulated T-cells and enhances the generation of cytolytic T-cells

carinoma and adjacent normal renal
tissue. Cell lines: A498, ACHN, Caki-1,
Caki-2, 786-0 and HEK293T (Jilaveanu
etal., 2012).
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CDCATL

Plays a role in transcriptional regulation as a repressor that inhibits monoamine
oxidase A (MAOA) activity and gene expression by binding to the promoter. Plays
an important oncogenic role in mediating the full transforming effect of MYC in
medulloblastoma cells. Involved in apoptotic signaling pathways; May act
downstream of P38-kinase and BCL-2, but upstream of CASP3/caspase-3 as well as
CCND1/cyclin D1 and E2F1

CDH18

Cadherins are calcium-dependent cell adhesion proteins. They preferentially interact with
themselves in a homophilic manner in connecting cells; cadherins may thus contribute to
the sorting of heterogeneous cell types.

CDH2

Cadherins are calcium-dependent cell adhesion proteins. They preferentially interact with
themselves in a homophilic manner in connecting cells; cadherins may thus contribute to
the sorting of heterogeneous cell types.

CDHG6

Cadherins are calcium-dependent cell adhesion proteins. They preferentially interact with
themselves in a homophilic manner in connecting cells; cadherins may thus contribute to
the sorting of heterogeneous cell types

Peripheral blood samples of patientes
with renal cell carcinoma and normal
(Shimazui et al., 2004)

CDH9

Cadherins are calcium-dependent cell adhesion proteins. They preferentially interact with
themselves in a homophilic manner in connecting cells; cadherins may thus contribute to
the sorting of heterogeneous cell types.

Cell lines: TK173, TK188, TK163, A-
498, Caki-2, CRL-1611, CRL-1932,
CRL-1933, MZ-1257, MZ-1851, MZ-
1774, TW-33, BN-30, NH-99. Tissue of
lung, liver, kidney, esophagus, colon,
cérvix, brain, bladder, adipose, ovary,
placenta, prostate, skeletal muscle,
small intestine, spleen, testes, thymus,
thyroid, trachea. (Thedieck et al., 2007)
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CDKG6

Serine/threonine-protein kinase involved in the control of the cell cycle and differentiation;
promotes G1/S transition. Phosphorylates pPRB/RB1 and NPML1. Interacts with D-type G1
cyclins during interphase at G1 to form a pRB/RB1 kinase and controls the entrance into
the cell cycle. Involved in initiation and maintenance of cell cycle exit during cell
differentiation; prevents cell proliferation and regulates negatively cell differentiation, but
is required for the proliferation of specific cell types (e.g. erythroid and hematopoietic
cells).

Tissue of patients with carvical cancer,
high-grade  squamous intraepithelial
lesion, low-grade sguamous
intraepithelial lesions and normal cervix
(Arvanitis et al., 2008).

COL11A1

May play an important role in fibrillogenesis by controlling lateral growth of collagen Il
fibrils

Tissue of patients with pancreatic ductal
adenocarcinomas, chronic pancreatitis
and normal human pacreas (Garcia-
Pravia et al., 2013).

CTNNAZ2

May function as a linker between cadherin adhesion receptors and the cytoskeleton to
regulate cell-cell adhesion and differentiation in the nervous system. Regulates
morphological plasticity of synapses and cerebellar and hippocampal lamination during
development. Functions in the control of startle modulation (By similarity)

CULS

Core component of multiple SCF-like ECS (Elongin-Cullin 2/5-SOCS-box protein) E3
ubiquitin-protein ligase complexes, which mediate the ubiquitination and subsequent
proteasomal degradation of target proteins. As a scaffold protein may contribute to catalysis
through positioning of the substrate and the ubiquitin-conjugating enzyme. The functional
specificity of the E3 ubiquitin-protein ligase complex depends on the variable substrate
recognition component. ECS (SOCS1) seems to direct ubiquitination of JAK2. Seems to be
involved in proteosomal degradation of p53/TP53 stimulated by adenovirus E1B-55 kDa
protein. May form a cell surface vasopressin receptor

Cell line: HMEC, MCF-10A, MCF-7 and
MDA-MB-231.Normal and tumor tissue
of breast, uterus, colon, stomach, ovary,
cérvix, lung, kidney, rectum, small
intestine, thyroid, prostate and pancreas
(Fay et al., 2003)
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CYP26B1

Involved in the metabolism of retinoic acid (RA), rendering this classical morphogen
inactive through oxidation. Involved in the specific inactivation of all-trans-retinoic acid
(all-trans-RA), with a preference for the following substrates: all-trans-RA > 9-cis-RA >
13-cis-RA. Generates several hydroxylated forms of RA, including 4-OH-RA, 4-0x0-RA,
and 18-OH-RA. Esential for postnatal survival. Plays a central role in germ cell
development: acts by degrading RA in the developing testis, preventing STRAS8 expression,
thereby leading to delay of meiosis. Required for the maintenance of the undifferentiated
state of male germ cells during embryonic development in Sertoli cells, inducing arrest in
GO phase of the cell cycle and preventing meiotic entry. Plays a role in skeletal
development, both at the level of patterning and in the ossification of bone and the
establishment of some synovial joints.

D102

Responsible for the deiodination of T4 (3, 5,3°,5’-tetraiodothyronine) into T3 (3,
5,3 -triiodothyronine). Essential for providing the brain with appropriate levels of
T3 during the critical period of development

Cell lines thyroid carcinoma and normal
thyroid tissue (Arnaldi et al., 2005).

DNAJC1

May modulate protein synthesis (By similarity)

Tissue of patients with primary
cutaneous melanoma (Papalas et al.,
2010)

EEF1A2

This protein promotes the GTP-dependent binding of aminoacyl-tRNA to the A-site of
ribosomes during protein biosynthesis

Tissue of patients with tumours ovarian
and normal ovarian. Cell line: HLG0,
PEO4, PEO1, OAW?28, 41M, OVCARS,
OVCAR4, A2780, SKOV3, 59M,
OAW42, PEO16, PEO14, PEALl and
OVCARS5 (Tomlinson et al., 2007).

Cell line; DU-145, PC-3, LNCaP, LoVo
DX, HepG2 and 22Rvl. Tissue of
patients with prostate cAncer and normal
prostate (Scaggiante et al., 2012)
Patients with gastric cancer and normal
controls (Yang et al., 2015)
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EGR1

Transcriptional regulator. Recognizes and binds to the DNA sequence 5'- Patients with gastric cancer and normal
CGCCCCCGC-3'(EGR-site). Activates the transcription of target genes whose gdastric (Zheng et al., 2010).

products are required for mitogenesis and differentiation

EMP1

Tissue of pacients with colorectal
cancer and adjacent normal. Cell lines:
SW-480 (Sun et al., 2014a).

Tissue patients with oral squamous cell
carcinoma and adjacent normal (Zhang
etal., 2011).

Tissue of patients with breast carcinoma
and normal tissues (Sun et al., 2014b).

EMP2

EMP3

Probably involved in cell proliferation and cell-cell interactions

Four invasive and four noninvasive
mammary  carcinoma cell  lines
(Evtimova et al., 2013).

Tissue of patients with neuroblastomas,
gliomas and normal brain (Li et al.,
2007).

Glioblastomas and non-neoplastic brain
tissue (Scrideli et al., 2008).

EPHAS

Receptor tyrosine kinase which binds promiscuously GPl-anchored ephrin-A family
ligands residing on adjacent cells, leading to contact-dependent bidirectional signaling into
neighboring cells. The signaling pathway downstream of the receptor is referred to as
forward signaling while the signaling pathway downstream of the ephrin ligand is referred
to as reverse signaling. Among GPIl-anchored ephrin-A ligands, EFNA5 most probably
constitutes the cognate/functional ligand for EPHAS

Tissue of patients with high risk,
ovarian cervical and normal epithelium
cells (Pejovic et al., 2009).

Tissue of patients with hepatocellular
carcinoma and normal liver (Sun et al.,
2008).

EZR-AS1
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FAMS5C Inhibits neuronal cell proliferation by negative regulation of the cell cycle transition.  Tissue of patients tongue squamous cell
Promotes pituitary gonadotrope cell proliferation, migration and invasion, when carcinoma and normal tongue (Kuroiwa
overexpressed. May play a role in cell pituitary tumor development et al., 2009).
FBX043 Required to establish and maintain the arrest of oocytes at the second meiotic metaphase
until fertilization. Probably acts by inhibiting the anaphase-promoting complex/cyclosome
(APC/C) ubiquitin ligase. Probably recognizes and binds to some phosphorylated proteins
and promotes their ubiquitination and degradation (Probable) -
FGF9 Plays an important role in the regulation of embryonic development, cell Tissue of patients with multiple
proliferation, cell differentiation and cell migration. May have a role in glial cell endocrine neoplasia type 1 and normal
growth and differentiation during development, gliosis during repair and pancreas (Dilley et al., 2005).
regeneration of brain tissue after damage, differentiation and survival of neuronal Patients with non-small cell lung cancer
cells, and growth stimulation of glial tumors and non-cancerous lung tissues (Ohgino
et al., 2014).
FSHR Receptor for follicle-stimulating hormone. The activity of this receptor is mediated by G Tissue of patients breast cancer and
proteins which activate adenylate cyclase normal breast (Pleaneix et al., 2015).
Tissue of patients with sarcomas and
non-neoplastic (Renner et al., 2013).
GABRE GABA, the major inhibitory neurotransmitter in the vertebrate brain, mediates neuronal  Cell lines: H1299, A549, H520, H460
inhibition by binding to the GABA/benzodiazepine receptor and opening an integral and BEAS-2B. Tissue of patients non-
chloride channel smallcell lung céncer and non-
cancerous. Tissue of brain (Zhang et al.,
2013).
GLI2 Acts as a transcriptional activator. May play a role during embryogenesis. Binds to the -

DNA sequence 5-GAA-cCACCCA-3' which is part of the TRE-2S regulatory element that
augments the Tax-dependent enhancer of human T-cell leukemia virus type 1. Is involved
in the smoothened (SHH) signaling pathway.
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GNAL

Guanine nucleotide-binding proteins (G proteins) are involved as modulators or transducers
in various transmembrane signaling systems. G (olf) alpha mediates signal transduction
within the olfactory neuroepithelium and the basal ganglia. May be involved in some
aspect of visual transduction, and in mediating the effect of one or more
hormones/neurotransmitters

HABP4

May be involved in nuclear functions such as the remodeling of chromatin and the
regulation of transcription

HDAC9

Responsible for the deacetylation of lysine residues on the N-terminal part of the
core histones (H2A, H2B, H3 and H4). Histone deacetylation gives a tag for
epigenetic repression and plays an important role in transcriptional regulation, cell
cycle progression and developmental events. Represses MEF2-dependent
transcription Function: Isoform 3 lacks active site residues and therefore is
catalytically inactive. Represses MEF2-dependent transcription by recruiting
HDAC1 and/or HDAC3. Seems to inhibit skeletal myogenesis and to be involved in
heart development. Protects neurons from apoptosis, both by inhibiting JUN
phosphorylation by MAPK10 and by repressing JUN transcription via HDAC1
recruitment to JUN promoter

Tissue of patients with adenocarcinoma,
squamous cell carcinoma, large cell
carcinoma. Cell lines: G12, V12, H61,
Ab49, H358, H2087, H1819, H441,
H1299, HB820, HEK293T, LU130,
LU135, LU139, LU140, TKB4, TKBS5,
TKB6, TKB1, TKB2, TKB7, TKBS,
TKB14, TKB15, TKB16, TKB17 and
TKB20 (Okudela et al., 2014)

HIPK2

Serine/threonine-protein kinase involved in transcription regulation, p53/TP53-mediated
celular apoptosis and regulation of the cell cycle. Acts as a corepressor of several
transcription factors, including SMAD1 and POU4F1/Brn3a and probably NK
homeodomain transcription factors. Phosphorylates PDX1, ATF1, PML, p53/TP53,
CREB1, CTBP1, CBX4, RUNX1, EP300, CTNNB1, HMGA1 and ZBTB4. Inhibits cell
growth and promotes apoptosis through the activation of p53/TP53 both at the transcription
level and at the protein level (by phosphorylation and indirect acetylation). The
phosphorylation of p53/TP53 may be mediated by a p53/TP53-HIPK2-AXIN1 complex.
Involved in the response to hypoxia by acting as a transcriptional co-suppressor of HIF1A.
Mediates transcriptional activation of TP73. In response to TGFB, cooperates with DAXX
to activate JNK. Negative regulator through phosphorylation and subsequent proteasomal
degradation of CTNNB1 and the antiapoptotic factor CTBP1. In the Wnt/beta-catenin

Tissue of patients with actinic keratosis,
Bowen’s disease, keratoacanthoma,
squamous cell carcinoma and basal cell
carcinoma (Kwon et al., 2015).
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signaling pathway acts as an intermediate kinase between MAP3K7/TAK1 and NLK to
promote the proteasomal degradation of MYB. Phosphorylates CBX4 upon DNA damage
and promotes its E3 SUMO-protein ligase activity. Activates CREB1 and ATF1
transcription factors by phosphorylation in response to genotoxic stress. In response to
DNA damage, stabilizes PML by phosphorylation. PML, HIPK2 and FBXO3 may act
synergically to activate p53/TP53-dependent transactivation. Phosphorylation of RUNX1
and EP300 stimulates EP300 transcription regulation activity. Triggers ZBTB4 protein
degradation in response to DNA damage. Modulates HMGAL1 DNA-binding affinity. In
response to high glucose, triggers phosphorylation-mediated subnuclear localization
shifting of PDX1.

HMGCR Transmembrane glycoprotein that is the rate-limiting enzyme in cholesterol biosynthesis as -
well as in the biosynthesis of nonsterol isoprenoids that are essential for normal cell
function including ubiquinone and geranylgeranyl proteins

IGF1R Receptor tyrosine kinase which mediates actions of insulin-like growth factor 1 (IGF1). Tissue of patients with stage Il breast
Binds IGF1 with high affinity and IGF2 and insulin (INS) with a lower affinity. The carcinoma and postmenopausal
activated IGF1R is involved in cell growth and survival control. IGF1R is crucial for tumor  (Aaltonen et al., 2014)
transformation and survival of malignant cell. Ligand binding activates the receptor kinase,
leading to receptor autophosphorylation, and tyrosines phosphorylation of multiple
substrates, that function as signaling adapter proteins including, the insulin-receptor
substrates (IRS1/2), Shc and 14-3-3 proteins. Phosphorylation of IRSs proteins lead to the
activation of two main signaling pathways: the PISK-AKT/PKB pathway and the Ras-

MAPK pathway. The result of activating the MAPK pathway is increased celular
proliferation, whereas activating the PI3K pathway inhibits apoptosis and stimulates
protein synthesis. Phosphorylated IRS1 can activate the 85 kDa regulatory subunit of PI3K
(PIK3R1), leading to activation of several downstream substrates, including protein
AKT/PKB. AKT phosphorylation, in turn, enhances protein synthesis through mTOR
activation and triggers the antiapoptotic effects of IGFIR through phosphorylation and
inactivation of BAD. In parallel to PI3K-driven signaling, recruitment of Grb2/SOS by
phosphorylated IRS1 or Shc leads to recruitment of Ras and activation of the ras-MAPK
pathway. In addition to these two main signaling pathways IGF1R signals also through the
Janus  kinase/signal  transducer and  activator of  transcription  pathway
(JAK/STAT).Phosphorylation of JAK proteins can lead to phosphorylation/activation of
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signal transducers and activators of transcription (STAT) proteins. In particular activation
of STAT3, may be essential for the transforming activity of IGF1R. The JAK/STAT
pathway activates gene transcription and may be responsible for the transforming
ITGAG Integrin alpha-6/beta-1 is a receptor for laminin on platelets. Integrin alpha-6/beta-4 is a  Stage I, Il and VI breast cancer
receptor for laminin in epithelial cells and it plays a critical structural role in the patients (Klahan et al., 2014)
hemidesmosome

KIAA1324L - -

KLF5 Transcription factor that binds to GC box promoter elements. Activates the transcription of  Tissue of patients histologically normal

these genes. epithelium and breast cancer (Zubor et
al., 2015).
Cell lines: bladder (TSU-Prl) and breast
cancer (HCC1937) (Ge et al., 2014).
Ovarian cancer cell line SKOV3 (Dong
etal., 2013).

LRRN3 - Patients  with  pheochromocytomas
(benign and sporadic, benign and
hereditary, malignant) (Suh et al.,
2009).

MAB21L2 Required for several aspects of embryonic development including normal development of  Tissue patientes with early intestinal

the eye (By similarity) tumours  (human and  mouse
adenomas) and normal  bowel
(Segditsas et al, 2008).
NCOA3 Nuclear receptor coactivator that directly binds nuclear receptors and stimulates the Tissue of patients with breast cancer

transcriptional activities in a hormone-dependent fashion. Plays a central role in creating a
multisubunit coactivator complex, which probably acts via remodeling of chromatin.
Involved in the coactivation of different nuclear receptors, such as for steroids (GR and
ER), retinoids (RARs and RXRs), thyroid hormone (TRs), vitamin D3 (VDR) and
prostanoids (PPARs). Displays histone acetyltransferase activity. Also involved in the

(Burandt et al., 2013).
Tissue of patients with colorectal cancer
and adjacent normal (Li et al., 2012).
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coactivation of the NF-kappa-B pathway via its interaction with the NFKB1 subunit.
Interacts with PSMB9

NID1 Sulfated glycoprotein widely distributed in basement membranes and tightly associated Tissue of patient with benign nevi,
with laminin. Also binds to collagen IV and perlecan. It probably has a role in cell- primarymelanoma and normal skin.
extracellular matrix interactions HapMap CEU cell lines (Nan et al.,

2011).

Plasma and tissue of patientes with
ovarian  serous céncer (ovarian
carcinoma at early (1/2) and late (3/4)
stage) and healthy individuals (Li et
al., 2015)

NPAS3 May play a broad role in neurogenesis. May control regulatory pathways relevant to -
schizophrenia and to psychotic illness (By similarity)

NR4A1 Orphan nuclear receptor. May act concomitantly with NURRL1 in regulating the expression  Cell lines: MA-10, TM3, PLC, ILC,
of delayed-early genes during liver regeneration. Binds the NGFI-B response element MLC, 15P-1, MSC-1, TM4, Testis. CD-
(NBRE) 5'-AA-AAGGTCA-3' (By similarity). May inhibit NF-kappa-B transactivation of 1 mice (Robert et al., 2006).

IL2. Participates in energy homeostasis by sequestrating the kinase STK11 in the nucleus,
thereby attenuating cytoplasmic AMPK activation

NRCAM Cell adhesion, ankyrin-binding protein involved in neuron-neuron adhesion. May play a Tissue of patients with ovarian
role in the molecular assembly of the nodes of Ranvier (By similarity) carcinoma/primary peritoneal carcinoma

and breast carcinoma (Davidson et al.,
2011)

OR12D3 Odorant receptor (Potential) -

OR2G3 Odorant receptor (Potential) -

PARD3-AS1 - -

PARP14 Enhances STAT6-dependent transcription (By similarity). Has ADP-ribosyltransferase -
activity

PCDH9 Potential calcium-dependent cell-adhesion protein Tissue of patients with gastric cancer,

primary tumors, nodal, hepatic
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metastatic and normal (Chen et al.,
2015)

Primary gliomas and normal brain
(Wang et al., 2012)

PCDHB15

Potential calcium-dependent cell-adhesion protein. May be involved in the establishment and
maintenance of specific neuronal connections in the brain

PCDHB3

Potential calcium-dependent cell-adhesion protein. May be involved in the establishment and
maintenance of specific neuronal connections in the brain

PDGFC

Growth factor that plays an essential role in the regulation of embryonic development, cell
proliferation, cell migration, survival and chemotaxis. Potent mitogen and chemoattractant
for cells of mesenchymal origin. Required for normal skeleton formation during embryonic
development, especially for normal development of the craniofacial skeleton and for normal
development of the palate. Required for normal skin morphogenesis during embryonic
development. Plays an important role in wound healing, where it appears to be involved in
three stages: inflammation, proliferation and remodeling. Plays an important role in
angiogenesis and blood vessel development. Involved in fibrotic processes, in which
transformation of interstitial fibroblasts into myofibroblasts plus collagen deposition occurs.
The CUB domain has mitogenic activity in coronary artery smooth muscle cells, suggesting a
role beyond the maintenance of the latency of the PDGF domain. In the nucleus, PDGFC
seems to have additional function.

Tissue of prostate with tumor and
matastatic tumor (Chandran et al.,
2007)

PDLIM1

Cytoskeletal protein that may act as an adapter that brings other proteins (like kinases) to
the cytoskeleton

PEG10

Prevents apoptosis in hepatocellular carcinoma (HCC) cells through interaction with SIAH1,
a mediator of apoptosis. May also have a role in cell growth promotion and hepatoma
formation. Inhibits the TGF-beta signaling by interacting with the TGF-beta receptor ALK1.
When overexpressed, induces the formation of cellular extension, such as filipodia in
association with ALK1. Involved at the immediate early stage of adipocyte differentiation
(By similarity). May bind to the 5-GCCTGTCTTT-3 DNA sequence of the MB1 domain in
the myelin basic protein (MBP) promoter (By similarity).

Tissue of patients with hepatocellular
carcinoma and normal liver (Bang et al.,
2015).

Cell line HepG2 and normal liver (Dong
et al., 2009)
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PKP2

May play a role in junctional plaques

Bladder cancer cell lines: 5637, J82
and HUCs (Takahashi et al., 2012)
Tissue patients with gastric cancer and
tissue normal géstric (Demirag et al.,
2011).

PLAG1

Transcription factor whose activation results in up-regulation of target genes, such as
IGFII, leading to uncontrolled cell proliferation: when overexpressed in cultured cells,
higher proliferation rate and transformation are observed. Other target genes such as
CRLF1, CRABP2, CRIP2, PIGF are strongly induced in cells with PLAG1 induction.
Proto-oncogene whose ectopic expression can trigger the development of pleomorphic
adenomas of the salivary gland and lipoblastomas. Overexpression is associated with up-
regulation of IGFII, is frequently observed in hepatoblastoma, common primary liver
tumor in childhood. Cooperates with CBFB-MYH11, a fusion gene important for myeloid
leukemia

Patients with thyroid tumors (follicular
adenomas, papillary carcinomas, folicular
variants and folicular thyroid
carcinomas), tissue samples uterine
leiomyomas. Cell line of breast cancer:
MCF-7 (Klemke et al., 2014).

Placental  tissue  samples from
pregnant women with fetal growth
restriction and normal pregnancies
(Tang et al., 2013).

Adjacent non-neoplastic liver tissue of
hepatoblastoma patients, normal fetal
liver tissue of different fetal ages and
hepatoblastoma tumors.
Hepatoblastoma cell lines: HepTl,
HepT2, HepT3, HepT4, HepG2,
HepT6 and HUH6 (Zatkova et al,
2004).

PLCH1

The production of the second messenger molecules diacylglycerol (DAG) and inositol 1,4,5-
trisphosphate  (IP3) is mediated by calcium-activated phosphatidylinositol-specific
phospholipase C enzymes.

PRKACG

Phosphorylates a large number of substrates in the cytoplasm and the nucleus
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PRKD1

Serine/threonine-protein kinase that converts transient diacylglycerol (DAG) signals into
prolonged physiological effects downstream of PKC, and is involved in the regulation of
MAPK®8/JNK1 and Ras signaling, Golgi membrane integrity and trafficking, cell survival
through NF-kappa-B activation, cell migration, cell differentiation by mediating HDAC7
nuclear export, cell proliferation via MAPK1/3 (ERK1/2) signaling, and plays a role in
cardiac hypertrophy, VEGFA-induced angiogenesis, genotoxic-induced apoptosis and
flagellin-stimulated inflammatory response. Phosphorylates the epidermal growth factor
receptor (EGFR) on dual threonine residues, which leads to the suppression of epidermal
growth factor (EGF)-induced MAPKS8/JNK1 activation and subsequent JUN
phosphorylation. Phosphorylates RIN1, inducing RIN1 binding to 14-3-3 proteins
YWHAB, YWHAE and YWHAZ and increased competition with RAF1 for binding to
GTP-bound form of Ras proteins (NRAS, HRAS and KRAS). Acts downstream of the
heterotrimeric G-protein beta/gamma-subunit complex to maintain the structural integrity
of the Golgi membranes, and is required for protein transport along the secretory pathway.
In the trans-Golgi network (TGN), regulates the fission of transport vesicles that are on
their way to the plasma membrane. May act by activating the lipid Kkinase
phosphatidylinositol 4-kinase beta (PI4KB) at the TGN for the local synthesis of
phosphorylated inositol lipids, which induces a sequential production of DAG, phosphatidic
acid (PA) and lyso-PA (LPA) that are necessary for membrane fission and generation of
specific transport carriers to the cell surface. Under oxidative stress, is phosphorylated at
Tyr-463 via SRC-ABL1 and contributes to cell survival by activating IKK complex and
subsequent nuclear translocation and activation of NFKBL1. Involved in cell migration by
regulating integrin alpha-5/beta-3 recycling and promoting its recruitment in newly
forming focal adhesion. Plays an important role in the proliferative response induced by
low calcium in keratinocytes, through sustained activation of MAPK1/3 (ERK1/2)
pathway. In epitelial cells, is required for transducing flagellin-stimulated inflammatory
responses by binding and phosphorylating TLR5, which contributes to MAPK14/p38
activation and production of inflammatory cytokines. May play a role in inflammatory
response by mediating activation of NF-kappa-B. May be involved in pain transmission by
directly modulating TRPV1 receptor

Tissue of patients with primary
squamous cell laryngeal cancinoma
(Fountzilas et al., 2013).

Tissue of patients with normal breast
from reduction mammoplasty and paired
samples of histologically normal and
ductal carcinoma in situ. Breast cell line:
MCF7 (Hannafon et al., 2011).

PROX1-AS1

83



“Expresion global de genes por efecto de la oncoproteina E6 de variantes del VPH 16 en celulas de cancer cervical”

Zacapala-Gomez 2015

Capitulo 1

PVRL3

Plays a role in cell-cell adhesion through heterophilic trans-interactions with nectin-like
proteins or nectins, such as trans-interaction with PVRL2/nectin-2 at Sertoli-spermatid
junctions. Trans-interaction with PVR induces activation of CDC42 and RAC small G
proteins through common signaling molecules such as SRC and RAPL. Also involved in
the formation of cell-cell junctions, including adherens junctions and synapses. Induces
endocytosis-mediated down-regulation of PVR from the cell surface, resulting in reduction
of cell movement and proliferation. Plays a role in the morphology of the ciliary body

RAB3C

Protein transport. Probably involved in vesicular traffic (By similarity)

RERE

Plays a role as a transcriptional repressor during development. May play a role in the
control of cell survival. Overexpression of RERE recruits BAX to the nucleus particularly
to POD and triggers caspase-3 activation, leading to cell death

ROBO2

Receptor for SLIT2, and probably SLIT1, which are thought to act as molecular guidance
cue in celular migration, including axonal navigation at the ventral midline of the neural
tube and projection of axons to different regions during neuronal development

Tissue of patients with prostate cancer
and tissue of prostate normal (Choi et
al., 2014).

ROR1

Tyrosine-protein kinase receptor whose role is not yet clear

Tissue of patients with ovarian cancer
and normal ovarian (Huilin et al.,
2014)

Cell lines 380, 697, KASUMI-2,
KOPN-8, MHHCALL-3, NALM-6,
RCH-ACV, RS4; 11, SEM, SUP-B15,
MOLT-16, CA-46 and REH. Tissue
patients normal and patients acute
lymphoblastic leukemia (Dave et al.,
2012)

SERTAD?2

Acts at E2F-responsive promoters as coregulator to integrate signals provided by PHD-
and/or bromodomain-containing transcription factors. May act as coactivator as well as
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corepressor of E2F1-TFDP1 and E2F4-TFDP1 complexes on E2F consensus binding sites,
which would activate or inhibit E2F-target genes expression. Modulates fat storage by
down-regulating the expression of key genes involved in adipocyte lipolysis,
thermogenesis and oxidative metabolism

SIRPA

Immunoglobulin-like cell surface receptor for CD47. Acts as docking protein and
induces translocation of PTPN6, PTPN11 and other binding partners from the
cytosol to the plasma membrane. Supports adhesion of cerebellar neurons, neurite
outgrowth and glial cell attachment. May play a key role in intracellular signaling
during synaptogenesis and in synaptic function (By similarity). Involved in the
negative regulation of receptor tyrosine kinase-coupled cellular responses induced
by cell adhesion, growth factors or insulin. Mediates negative regulation of
phagocytosis, mast cell activation and dendritic cell activation. CD47 binding
prevents maturation of immature dendritic cells and inhibits cytokine production by
mature dendritic cells

Sample bone marrow and peripheral
blood of breast cancer patients and
normal controls. Breast cancer lines:
CRL1500, MCF7, MRK-nul, YMBI,
YMBILE, SKBR3 and MDA-MB-231
(Nagahara et al., 2010).

SLC12A2

Electrically silent transporter system. Mediates sodium and chloride reabsorption. Plays a
vital role in the regulation of ionic balance and cell volume

SLC25A6

Catalyzes the exchange of cytoplasmic ADP with mitochondrial ATP across the
mitochondrial inner membrane. May participate in the formation of the permeability
transition pore complex (PTPC) responsible for the release of mitochondrial products
that triggers apoptosis.

SMAP1

GTPase activating protein that acts on ARF6. Plays a role in clathrin-dependent
endocytosis. May play a role in erythropoiesis (By similarity)

Surgical specimens of pleomorphic
malignant fibrous histiocytomas and
myxofibrosarcomas (Takahashi et al.,
2006).

SPRY?2

May function as an antagonist of fibroblast growth factor (FGF) pathways and may
negatively modulate respiratory organogenesis

SRPX

May be involved in phagocytosis during disk shedding, cell adhesion to cells other

Tissue of patients with colon cancer
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than the pigment epithelium or signal transduction

and adjacent normal tissues. (Liu et
al., 2015).

Surgical specimens of cancer tissue
and adjacent normal mucosa of
patients with gastric cancer. Gastric
cancer lines: MKN1, MKN?7,
MKN45, MKN74, NUGC-3 and
NUGC-4 (Yamada et al., 2015).

SYNE1

Multi-isomeric modular protein which forms a linking network between organelles and the
actin cytoskeleton to maintain the subcellular spatial organization. Component of SUN-
protein-containing multivariate complexes also called LINC complexes which link the
nucleoskeleton and cytoskeleton by providing versatile outer nuclear membrane attachment
sites for cytoskeletal filaments. May be involved in the maintenance of nuclear
organization and structural integrity. Connects nuclei to the cytoskeleton by interacting
with the nuclear envelope and with F-actin in the cytoplasm. May be required for
centrosome migration to the apical cell surface during early ciliogenesis

Cell lines: Coav-3, NIH:OVCAR-3, SK-
OV-3, MDAH-2774, GG, HeSt, MT,
HelLa S3, Calu-3, Calu-6, MCF7, Caco-2,
Colo 320DM. Various types of tissue
carcinoma and normal tissue (Marme et
al., 2008)

TGFBR2

Transmembrane serine/threonine kinase forming with the TGF-beta type | serine/threonine
kinase receptor, TGFBR1, the non-promiscuous receptor for the TGF-beta cytokines
TGFB1, TGFB2 and TGFB3. Transduces the TGFB1, TGFB2 and TGFB3 signal from the
cell surface to the cytoplasm and is thus regulating a plethora of physiological and
pathological processes including cell cycle arrest in epithelial and ematopoietic cells,
control of mesenchymal cell proliferation and differentiation, wound healing, extracellular
matrix production, immunosuppression and carcinogenesis. The formation of the receptor
complex composed of 2 TGFBR1 and 2 TGFBR2 molecules symmetrically bound to the
cytokine dimer results in the phosphorylation and the activation of TGFRB1 by the
constitutively active TGFBR2. Activated TGFBR1 phosphorylates SMAD2 which
dissociates from the receptor and interacts with SMADA4. The SMAD2-SMAD4 complex is
subsequently translocated to the nucleus where it modulates the transcription of the TGF-
beta-regulated genes. This constitutes the canonical SMAD-dependent TGF-beta signaling
cascade. Also involved in non-canonical, SMAD-independent TGF-beta signaling
pathways

Tissue of patients with oral cancers and
normal tissue. (Sivadas et al., 2015)
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THBS1 Adhesive glycoprotein that mediates cell-to-cell and cell-to-matrix interactions. Binds Tissue of patients histologically normal
heparin. May play a role in dentinogenesis and/or maintenance of dentin and dental pulp epithelium and breast cancer (Zubor et
(By similarity). Ligand for CD36 mediating antiangiogenic properties. Plays a role in ER  al., 2015).
stress response, via its interaction with the activating transcription factor 6 alpha (ATF6)
which produces adaptive ER stress response factors (By similarity)

THY1 May play a role in cell-cellor cell-ligand interactions during synaptogenesis and other ~Tissue of patients histologically
events in the brain. confirmed resected hepatocellular

carcinoma and paired non-tumor
tissue samples of human
hepatocellular carcinoma (Lu et al.,
2011).

The parental cell line;: SKOV-3. Ovarian
cancer cell line: NIH: OVCAR-3, Caov-3,
OW-1, HOCS8. Ovarian cancer cell lines:
MLS/P and GR (Abeysinghe et al., 2003)

TIMP2 Complexes with metalloproteinases (such as collagenases) and irreversibly inactivates -
them by binding to their catalytic zinc cofactor. Known to act on MMP-1, MMP-2, MMP-
3, MMP-7, MMP-8, MMP-9, MMP-10, MMP-13, MMP-14, MMP-15, MMP-16 and
MMP-19.

TRPS1 Transcriptional repressor. Binds specifically to GATA sequences and represses expression Cell lines: PC-3, LNCaP, DU145,
of GATA-regulated genes at selected sites and stages in vertebrate development. Regulates 22ry1, NCI-H660, SK-Br-3, ZR75-1,
chondrocyte proliferation and differentiation. Executes multiple functions in proliferating MCF-7, MDA436, EFM19 and T47D.
chondrocytes, expanding the _region of _distal qho_ndrocytes, activatin_g proliferation i_n Tissue of patients with prostate cancer
CEIurgnar tcells and supporting the differentiation of columnar into hypertrophic and benign prostate hyperplasias
chondrocytes (Suvinainen et al., 2004)

ZNF253 May function as a transcription factor. Seem to have a transcriptional repression -
activity

ZNF542 -
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Tissue of patients with clear cell renal
cell carcinoma and normal kidney
(Eckel-Passow et al., 2014)

Tissue of patientes with colorectal
cancer and normal tissues (Jovov et
al., 2012).

Tissue of patients African American
and European  American  with
hepatocellular carcinoma and normal
liver.Cell line: HepG2 (Dong et al.,
2009).

ZNF558 May be involved in transcriptional regulation
ZNF600 May be involved in transcriptional regulation
ZNF607 May be involved in transcriptional regulation
ZNF667-AS1 -
ZNF781 May be involved in transcriptional regulation
ZNF83 May be involved in transcriptional regulation
ZNF91 -

Patients with stage IV Ovarian Clear
Cell Carcinoma (Abelson et al.,
2013).

Samples from patients with primary and
recurrent operable gastrointestinal stromal
tumors (Rink et al., 2009).

Function genes were obtained from UniProtKB/Swiss-Prot data. Information about studies in cancer was obtained from Pubmed using the gene

name followed by the word cancer. (-) No gene information was found.
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Discusion

La infeccidn con los Virus del Papiloma Humano de Alto Riesgo (VPH-
AR) se asocia con el desarrollo de céncer cervical, especificamente el
genotipo 16 que con mayor frecuencia se detecta tanto en cancer cervical
como en lesiones escamosas intraepiteliales de alto grado (Obeidat et al.,
2013, Crosbie et al., 2013). El VPH 16 presenta diferentes variantes debido a
polimorfismos en su secuencia de ADN, tales polimorfismos se pueden
traducir a cambios de aminoécidos que generan cambios en la estructura de
la oncoproteina E6, lo que podria alterar la interaccion de E6 con sus
proteinas blanco, de esta forma puede influir en el potencial oncogénico de E6
de las variantes del VPH 16. De manera adicional, polimorfismos presentes
en los pacientes genera que el riesgo para desarrollar cancer cervical
dependa de la poblacion en estudio. (Xi et al., 2007, Cornet et al., 2012,
Tornesello et al. 2011, Pillai et al. 2009, Xi et al., 2006). Se ha reportado que
en poblacion del sur de México las variantes del VPH 16 que presentan las
mas altas frecuencias y riesgo para desarrollar cancer cervical son: AA-a, AA-
c, E-G350, E-C188/G350 y E-A176/G350 (Ortiz-Ortiz et al., 2015).

Por otro lado, se ha demostrado que uno de los mecanismos mediante
el cual las variantes del VPH 16 pueden inducir el desarrollo de cancer
cervical es la alteracion en la expresion de genes celulares que participan en
el desarrollo de cancer cervical (Jang et al., 2011, Sichero et al., 2012). En
este estudio se gener6 un sistema de células C33-A que expresa
establemente a E6 del las variantes AA-a, AA-c, E-G350, E-C188/G350 y E-
A176/G350 del VPH 16, con el que se demostrd que la expresion de E6 de E-
Prototipo altera la expresiébn de genes que participan en el desarrollo de
cancer, sin embargo, la expresion de E6 de las variantes del VPH 16 induce la
alteracion en la expresion de genes de manera diferencial a los genes que
alteran su expresion por la E-Prototipo, la expresion de cada E6 de las
variantes del VPH 16 genera un patron diferencial en la expresion de genes.

Otros estudios han analizado la alteracion en la expresién de genes cuando
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se expresa a E6 de las variantes AA-a y E-G350 (Jang et al., 2011, Sichero et
al., 2012, Richard et al., 2010, Lichtig et al., 2006), sin embargo, no hay
estudios que analicen la expresion de genes cuando se expresa a E6 de las
variantes AA-c, E-C188/G350 y E-A176/G350.

En este estudio se analizé la expresion del transcriptoma completo de
células C33-A cuando expresan E6 de las variantes del VPH 16 y E-prototipo.
Se observo que la variante E-A176/G350 expresa una mayor cantidad de E6
en comparacion con las otras variantes de estudio (Fig 1), no hay estudios in
vitro hasta el momento sobre el potencial oncogénico de E-A176/G350 debido
a que en otras poblaciones no representa una alta frecuencia en cancer
cervical, sin embargo, el presente estudio sugiere que el alto riesgo para
desarrollar cancer cervical podria estar relacionado a la alta expresion de la
oncoproteina E6. Los resultados obtenidos in silico por Pillai et al. (2009)
determinaron que el polimorfismo presente en el nucledtido 176 afecta la
interaccion de E6 con el epitope de celulas T, lo cual podria generar una
inhibicion de la respuesta inmune contra E6, las pacientes infectadas con la
variante E-A176/G350 tienen un riesgo del 39.82 veces mas de desarrollar
cancer que cuando la infeccion es por E-prototipo de acuerdo con los estudios
de Ortiz-Ortiz et al. (2015).

La expresion de E6 de E-Prototipo alterd la expresion de 266 genes vs.
mock (Fig 2). Jang et al. (2011), al igual que que en este estudio,
transfectaron a células C33-A con E6 de E-Prototipo, obteniendo como
resultado la alteracion de 195 genes cuando se expresa E6 de E-ptototipo vs.
Mock de los cuales 2 genes coinciden con el presente estudio (FBXO5 y
TXNRD1). La diferencia en la expresion de genes puede deberse a que la
plataforma de microarreglos utilizada por Jang et al. (2011), y este estudio son
diferentes, ademas de que ellos utilizaron al plasmido pLenti6.3/V5-TOPO y
en este estudio se utilizé al plasmido pEGFPN1, lo que pudo alterar la
expresion de genes de manera diferencial en C33-A.

En este estudio se observd que la expresion del gen E6 puede alterar

la expresion de genes pero que la alteracion en su expresion puede ser
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diferente dependiendo de si se expresa E6 de las variantes del VPH 16 o E6
de E-Prototipo, de los 44 genes que alteran su expresidon de manera
compartida cuando se expresa E6 de E-Prototipo y E6 de variantes del VPH
16, 32 genes son regulados de manera inversa entre las variantes y la E-
Prototipo (Fig 2 y tabla S1). Por ejemplo, el gen CUBN aumentada su
expresion por E6 de la E-Prototipo, mientras que su expresion esta
disminuida por E6 de las variantes AA-a, AA-c, E-C188/G350 y E-G350. Un
aumento en la expresion de FMN2 promueve el arresto del ciclo ciclo celular
por la inhibicion de p21 (Yamada et al., 2013a, Yamada et al., 2013b), en
nuestros resultados FMN2 aumenta su expresion por al expresion de E-
Prototipo, sin embargo, cuando se expresa E6 de las variantes, la expresion
de este gen dismunuye, por lo anterior E6 de E-Prototipo podria inducir
arresto del ciclo celular mientras que cuando se expresa E6 de las variantes
del VPH 16 se podria inducir progresién del ciclo celular. Se suguiere que el
potencial oncogénico de las variantes del VPH 16 no solomente depende de
los genes que alteran diferencialmente en comparacion con E-Prototipo sino
de la expresiéon del conjunto de genes cuado se expresa E6 de las variantes
del VPH 16.

Por otro lado, se analizaron a los genes que alteran su expresion de
manera compartida entre las variantes del VPH 16, excluyendo a los genes
gue alteran su expresion por E-prototipo (Fig S1 y Tabla S2). Se observa que
la variante AA-a no comparte ningan gen con las variantes E-A176/G350 y E-
C188/G350, ademas de que las variantes E-A176/G350 vs. E-C188/G350 son
las que comparten el mayor nimero de genes (Fig. S1, Tabla S2). Estos
resultados podrian deberse a que la variante AA-a en comparacion con las
variantes E-A176/G350 y E-C188/G350 pertenecen a ramas filogenéticas
diferentes, sin embargo, las variantes E-A176/G3350 y E-C188/G350
pertenecen a la misma rama filogenética.

Identificamos que las variantes AA-c y E-G350 son las que alteran un
mayor namero de genes (Fig 2), la variante AA-a es la variante mas parecida

a la E-prototipo debido a que de los 37 genes que alteran su expresion por la
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expresion de E6, 15 genes son compartidos con E-Prototipo (Fig 2). Los
resultados de este estudio sugieren que el potencial oncogénico de las
variantes de E6 no est4 dado por el nimero de genes alterados, se observo
que la variante AA-a altera la expresion de 22 genes, los cuales son pocos
genes en comparacion con el numero de genes alterados por la expresion de
E6 de la variante AA-c, sin embargo, se ha demostrado que el potencial
oncogénico de la AA-a es mayor que de la AA-c (Ortiz-Ortiz et al., 2015).
Varios estudios han analizado la expresion de genes en células transfectadas
con E6 de la variante AA-a y los resultados obtenidos los han generalizado
para todas las variantes de AA (Sichero et al., 2012, Richard et al., 2012,
Lichtig et al., 2006), sin embargo, nuestros resultados nos permiten demostrar
gue existe una expresion diferencial de genes cuando se expresa E6 de las
variantes AA-a y AA-c y esto puede influir en el desarrollo de cancer cervical.
Categorizamos a los genes alterados por la expresién de E6 de las
variantes vs. E-Prototipo de acuerdo al proceso celular en el cual participan.
Se sugiere que las variantes de E6 podrian presentar mayor potencial
oncogénico en comparacion con E6 de E-Prototipo debido a que alteran la
expresion de genes que participan en procesos que conducen a cancer. Este
estudio demuestra que la mayoria de los genes que alteran su expresion
cuando se expresa E6 de las variantes vs. E-Prototipo estan involucrados en
sefalizacion celular (20.3%), transcripcion (16.7%) y adhesion (14.6%), sin
embargo, no solamente se debe considerar el nUmero de genes involucrados
en un proceso celular para analizar el potencial oncogénico de las variantes,
se debe considerar al conjunto de genes que desregulan o sobreregulan su
expresion en celulas C33-A cuando se expresa E6 de las variantes. Para
analizar este aspecto se realiz6 un analisis de “enrichmet score” (Fig 5 y
Suplemento S4), en el que se observa que la expresion de E6 de la variante
AA-a altera la expresion de genes asociados con adhesion celular y via de
sefalizacion tirosina cinasa. Estos resultados se relacionan con lo obtenido
por Niccoli et al. (2012), debido a que demostré que los queratinocitos de

prepucio humano primario presentan una alta capacidad migratoria cuando
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expresan E6 de la variante AA-a, la migracion es un proceso tardio de la
desregulacion de la adhesion.

Todas las variantes estudiadas presentan el cambio de aminoacido
L83V en el dominio carboxilo terminal en comparacion con la E6 de E-
Prototipo, sin embargo, las variantes estudiadas presentan cambios
adicionales de aminoé&cidos en el extremo amino terminal, los cuales las
hacen diferentes entre ellas. De la rama AA, la variante AA-a presenta 3
cambios de aminoacidos (Q14H/H78Y/L83V) y la variante AA-c 4 cambios de
aminoacidos (Q14H/I27R/H78Y/L83V); se sugiere que el aminoacido 27 es
importante para que E6 lleve a cabo su funcién, este cambio de aminoacido
podria estar implicado en que E6 de la variante AA-a y AA-c presenten
diferente potencial oncogénico. Lo mismo ocurre para el caso de las variantes
europeas, se puede observar que los cambios de aminoacidos D25N y E29Q
presentes en las variantes E-A176/G350 y E-C188/G350, respectivamente,
inducen que la proteina E6 module de manera diferente la expresion de genes
gue cuando solo se encuentra el cambio del aminoacido L83V.

En conclusién, la expresion de E6 de cada una de las variantes del
VPH 16 induce un patron de expresion del transcriptoma humano diferente.
Cada variante parece tener su propia firma molecular, la cual puede conferir
ventajas en algunas funciones pero limitacion en otras. Los genes que alteran
su expresion bajo la expresion de E6 de las variantes del VPH 16 participan
en procesos que se relacionan con el desarrollo de céancer cervical, lo que
puede contribuir a explicar la diferencia de oncogenicidad entre las variantes
del VPH 16 y la E-Prototipo. Adicionalmente, no se identific6 un conjunto de

genes que alteren su expresion por variantes de la misma rama filogenética.
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Perspectivas

Para anlizar el potencial oncogenico de las variantes del VPH 16 y determinar

el mecanismo mediante el cual inducen el desarrollo de cancer, faltan varios

puntos por estudiar.

Analizar los niveles de proteinas de los genes que presentaron

alteracion en su expresion a nivel de mRNA.

Realizar andlisis in silico para determinar si los cambios de
aminoacidos presentes en E6 de las variantes del VPH 16 inducen

cambios en su estructura.

Determinar si los polimorfimos presentes en E6 de las variantes afectan

la interaccion entre E6 y sus proteinas blanco.

Evaluar in vitro los procesos celulares que de acuerdo al andlisis de
enrichment score podrian estar alterados cuando se expresan E6 de

las variantes de estudio.
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Anexo. Articulo publicado

Changes in global gene expression profiles induced by HPV16 E6

oncoprotein variants in cervical carcinoma C33-A cells
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