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INTRODUCCION

1. Las enfermedades cardiovasculares

Las enfermedades cardiovasculares son la principal causa de muerte en los
paises desarrollados. Segun la Organizacion Mundial de la Salud (OMS) en
2015, causaron 17.9 millones de muertes, lo que representa el 31% de todas las
muertes a nivel mundial. La distribucion global de las patologias
cardiovasculares es compleja y varia segln las caracteristicas nacionales y
regionales. Aunque desde hace 2 décadas la mortalidad cardiovascular se ha
visto reducida gracias a los avances en su diagndstico y tratamiento, las
enfermedades cardiovasculares continuaran encabezando la lista como primera
causa de muerte. En efecto, la OMS prevé que el nimero de muertes por estas
patologias aumentara a 23.6 millones el afio 2030, y que seran el principal
problema sanitario y socioeconémico de las proximas décadas (Roth et al.,
2015).

Las enfermedades cardiovasculares abarcan un amplio abanico de
desdrdenes que afectan al corazdn y a los vasos sanguineos. Entre ellas destacar
las enfermedades vasculares y las enfermedades del miocardio o de las
cavidades cardiacas. Las enfermedades vasculares se caracterizan por un
proceso activo de remodelacion de la pared vascular (Gibbons & Dzau,1990).
El espectro de alteraciones estructurales que pueden padecer los vasos
sanguineos es diverso y depende en parte del estimulo fisiopatoldgico. Las
enfermedades del miocardio o de las cavidades cardiacas también abarcan
patologias de origen muy diverso como anomalias auriculares y ventriculares
adquiridas, algunas clases de miocarditis y la hipertrofia cardiaca, entre otras.

En este trabajo nos vamos a centrar en la hipertrofia cardiaca y el aneurisma
de aorta abdominal (AAA), ambas caracterizadas por un profundo remodelado
y una importante morbimortalidad.

1.1 Enfermedades del miocardio e hipertrofia cardiaca

Las enfermedades del miocardio o de las cavidades cardiacas, son patologias
gue afectan a la musculatura cardiaca. Entre ellas, nuestro grupo se ha centrado
en el estudio de la hipertrofia cardiaca, debido a su elevada morbimortalidad
asociada a un mayor riesgo de padecer insuficiencia cardiaca y/o accidente
cerebrovascular.

1.1.1 Hipertrofia cardiaca

La hipertrofia cardiaca es una respuesta adaptativa del coraz6n a una sobrecarga
de presion o de volumen. Multitud de patologias como la enfermedad
isquémica, la hipertension, el infarto de miocardio y la enfermedad valvular,
conllevan una respuesta hipertrofica del miocardio. Esta hipertrofia es una
respuesta compensatoria del corazon, con el objetivo de disminuir el estrés al
que esta sometida la pared y el consumo de oxigeno (Sandler & Dodge, 1963,
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Grossman et al., 1975). Sin embargo, si el estrés cardiaco se prolonga en el
tiempo, esta respuesta inicialmente adaptativa, desemboca en una hipertrofia
cardiaca patologica que se asocia con un incremento en el riesgo de padecer
insuficiencia cardiaca (Koren et al., 1991).

El corazén estd compuesto por cardiomiocitos, fibroblastos, células
endoteliales, mastocitos y células musculares lisas vasculares (CMLV), todas
ellas rodeadas por la matriz extracelulas (MEC) (Bernardo et al., 2010). Los
cardiomiocitos ventriculares representan solo un tercio del nimero de células
totales del miocardio, pero contribuyen entre un 70-80% a la masa del corazon,
por ello su crecimiento influye significativamente sobre el peso final del
corazén (Nag, 1980).

A nivel celular, la hipertrofia cardiaca se caracteriza por un aumento del
tamafio del cardiomiocito pero no de su nimero, debido a que la mayoria de
cardiomiocitos son incapaces de dividirse (Soonpaa et al., 1996). Este aspecto
presenta cierta controversia, ya que distintos estudios afirman la existencia de
células progenitoras miociticas que confieren al corazon la capacidad de
replicacion y reparacion (Anversa et al., 2002, Nadal-Ginard et al., 2003). Otra
caracteristica de la hipertrofia cardiaca a nivel celular, es el aumento en la
sintesis de proteinas y una mayor organizacion de los sarcomeros (Frey et al.,
2004). Ademas, durante el desarrollo de la hipertrofia se producen cambios en
la composicidn y estructura de la MEC, particularmente una mayor deposicion
de colageno por parte de los cardiofibroblastos que incrementa la rigidez del
corazén y dificulta la contraccién normal del mismo (Baicu et al., 2003, Koshy
et al., 2003).

1.1.1.1 Clasificacién de la hipertrofia cardiaca

La hipertrofia cardiaca puede clasificarse como fisioldgica o patolégica. La
hipertrofia cardiaca fisioldgica incluye el crecimiento normal postnatal, el
crecimiento cardiaco durante el embarazo y la hipertrofia cardiaca inducida en
respuesta a ejercicio fisico. En cambio, la hipertrofia cardiaca patolégica ocurre
como consecuencia de una sobrecarga de presion o de volumen crénico causada
por la hipertension arterial, una valvulopatia, el infarto de miocardio o una
isquemia asociada con la enfermedad arterial coronaria (Bernardo et al., 2010).
Ambos tipos de hipertrofia tienen como base un incremento del tamafio del
corazon, ahora bien, la hipertrofia patoldgica se asocia a una pérdida de
cardiomiocitos y fibrosis, produciendo disfuncion cardiaca que incrementa el
riesgo de padecer insuficiencia cardiaca o0 muerte subita (Levy et al., 1990,
Weber et al., 1993). Por el contrario, la hipertrofia cardiaca fisiol6gica se asocia
a una funcion cardiaca normal o aumentada y es reversible si es promovida por
el embarazo o el ejercicio (Scheuer et al., 1982, Fagard, 1997).
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Ambos tipos de hipertrofia cardiaca, fisioldgica y patologica se pueden
clasificar como hipertrofia cardiaca concéntrica o excéntrica. Esta subdivision
depende tanto de la geometria del corazén y de la morfologia de los
cardiomiocitos, como del estimulo inicial (Figura 1) (Grossman et al., 1975).

Sobrecarga por presién Hipertrofia concéntrica
FISIOLOGICO: ( ) corazon con pared gruesa

-Entrenamiento de fuerza \F y cavidad grande
(estético/isométrico)
PATOLOGICO: z = los sarcémeros agregados en paralelo
- :
= )/ incrementan la anchura del miocito

Corazén normal " "
; -Hipertensién ~ |

N -Constriccién aértica =
A P
AN, _~
> e
/—\ .}esﬁmulqi
e 1"/'\{\\4 =
==
—_— ~
T ST Sobrecarga de volumen ™ .
Miocito normal -
FISIOLOGICO: Hipertrofia excéntrica

‘Entr’er?am.lent? Qe resistencia /1 corazén con pared delgada
(aerdbico/isotonico)

y cavidad grande
PATOLOGICO:
-Enfermedad Valvular p4 ———> los sarcémeros agregados en serie

e ————
{ ® — D ; g
—_— =~ incrementa la longitud del miocito

=

Figura 1. Resumen de las diferentes clasificaciones de hipertrofia cardiaca segun
el estimulo inductor. La hipertrofia puede estar ocasionada por sobrecarga de presién,
bien fisioldgica o patoldgica, que induce hipertrofia concéntrica, o bien por sobrecarga
de volumen de origen fisiolégico o patoldgico, que produce hipertrofia excéntrica.
Imagen adaptada de Bernardo et al., (2010).

La hipertrofia concéntrica se caracteriza por un incremento del espesor de
la pared ventricular y de la masa cardiaca, con una pequefia disminucion o sin
cambios en el volumen de la cavidad cardiaca. Los cardiomiocitos presentan un
patron determinado, ya que los sarcomeros se agregan en paralelo produciendo
crecimiento en anchura del cardiomiocito. Este tipo de hipertrofia se origina en
respuesta a un aumento del estrés sobre la pared en sistole, debido a una
sobrecarga de presidn en respuesta a un estimulo patolégico, como por ejemplo
la hipertensién o la estenosis aortica. En cambio, la hipertrofia excéntrica se
caracteriza por un menor incremento del espesor de la pared ventricular y un
gran aumento del volumen de la cavidad ventricular y de la masa cardiaca. En
este caso, los sarcomeros se disponen agregados en serie dando lugar a una
célula miocitica alargada. Estimulos como la regurgitacién adrtica o fistulas
arteriovenosas, producen una sobrecarga de volumen con el consecuente estrés
sobre la pared en diastole que da lugar a la hipertrofia excéntrica (Grossman et
al., 1975).

Tanto la hipertrofia concéntrica como excéntrica pueden ser causadas por
estimulos fisiologicos. Asi, el embarazo o ejercicios aer6bicos, como natacion
o carreras de larga distancia, aumentan el retorno venoso al corazon, causando
sobrecarga de volumen, y por tanto, una hipertrofia excéntrica (Eghbali et al.,
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2005, Pluim et al., 2000). Mientras, ejercicios anaerébicos como levantamiento
de pesas, provocan generalmente una sobrecarga de presién en el miocardio, y
por tanto, el desarrollo de una hipertrofia cardiaca concéntrica (Pluim et al.,
2000).

1.1.1.2 Hipertrofia cardiaca e insuficiencia cardiaca

La comprension de los mecanismos moleculares responsables de la hipertrofia
cardiaca es de gran interés debido a la estrecha relacion entre la hipertrofia
cardiaca y la insuficiencia cardiaca (Levy et al., 1990). La hipertrofia cardiaca
en su inicio es un mecanismo adaptativo en respuesta a una sobrecarga. Sin
embargo, si el estrés persiste, el corazdn hipertrofiado puede dilatarse, con lo
gue la funcion contréctil decae y el corazén puede fallar (Bernardo et al., 2010).

La insuficiencia cardiaca es un grave problema de salud en la sociedad
occidental. Esta patologia se diagnostica a un 10% de la poblacién mayor de 70
afios y las previsiones para las proximas décadas calculan un incremento en su
prevalencia (Lloyd-Jones et al., 2009, Virani, et al., 2020). Los principales
factores de riesgo de la insuficiencia cardiaca son la hipertension, la
enfermedad arterial coronaria, factores genéticos y la pérdida de miocitos
debido al dafio isquémico. Un estudio reciente demuestra que mas de un 70%
de los nuevos casos de insuficiencia cardiaca presentan un historial clinico de
hipertension y mas de un 25% han padecido un infarto de miocardio (Brouwers
et al., 2013). Ademas, segln el estudio Framingham, en individuos con
hipertrofia cardiaca se observa un aumento en la mortalidad de hasta 6 veces.
Concretamente, un 45% de los casos de insuficiencia cardiaca se asocian con
el desarrollo de la hipertrofia cardiaca (Gradman & Alfayoumi, 2006) .

1.1.1.3 Fisiopatologia de la hipertrofia cardiaca

La hipertrofia cardiaca se caracteriza por alteraciones en la regulacion del
calcio, del metabolismo, de la expresion génica y por la muerte celular de los
cardiomiocitos, ademas del desarrollo de inflamacidn, fibrosis y angiogénesis
(Tham et al., 2015).

Regulacién del metabolismo

El corazén emplea como principal fuente de energia los acidos grasos en un
60%, mientras que el resto lo complementa con glucosa y lactato. El corazén
es el érgano con un gasto de energia basal mas alto (Stanley & Chandler, 2002).
La hipertrofia cardiaca se asocia con una disminuciéon de la oxidacion de acidos
grasos y un aumento en la utilizacién de glucosa. En las fases iniciales de la
hipertrofia el miocardio utiliza la glucosa para generar ATP, ya que por esta via
se requiere menos oxigeno que al utilizar acidos grasos (Stanley et al., 2005).
Si la hipertrofia cardiaca se prolonga en el tiempo, el metabolismo de la glucosa
disminuye debido a la aparicion de resistencia a la insulina, que produce una
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reduccidn de la aportacion energética y conduce al corazén a una insuficiencia
cardiaca (Neubauer, 2007). EIl resultado global es una peor disponibilidad
energética en las miofibrillas, un incremento de las disfunciones contractiles y
una pérdida de las reservas de ATP, que se ven reducidas a un 30-40% (Tham
et al., 2015).

Cambios en la expresidon génica

La hipertrofia cardiaca patoldgica se asocia con alteraciones en las proteinas
cardiacas responsables de la contraccion. En condiciones fisioldgicas se
expresa mayoritariamente la cadena pesada de la miosina tipo alpha (a-MHC),
isoforma que facilita la contraccion rapida. Sin embargo, su expresion en
condiciones patologicas se ve reducida y aumenta la B-MHC, isoforma
caracteristica del desarrollo cardiaco embrionario, que cataliza la hidrolisis de
ATP mas lentamente y produce una contraccion lenta (Bernardo et al., 2010).
Otros estudios tanto en humanos (Arai et al., 1993) como en modelos animales
(lemitsu et al., 2001) han demostrado un aumento de la expresién de genes que
se expresan normalmente durante el desarrollo fetal como el péptido
natriurético auricular (ANP), el péptido natriurético de tipo B (BNP) y la a-
actina. La ANP y la BNP pertenecen a una familia de hormonas que actdan
sobre el sistema cardiovascular y el endocrino y que ademas tienen una
importante actividad anti-hipertréfica sobre el cardiomiocito (Woods, 2004).
Se ha observado que cuando otros mecanismos anti-hipertroficos fallan, la
labor del BNP se mantiene (Rosenkranz et al., 2003). Por lo tanto, se considera
gue una elevada expresion de estos péptidos es un proceso compensatorio con
gran importancia desde el punto de vista de la cardioproteccion.

Fibrosis cardiaca

La hipertrofia cardiaca patoldgica esta estrechamente asociada con la apoptosis
de los miocitos. La pérdida celular se ve reemplazada por tejido conectivo en
un proceso conocido como “fibrosis de reparacion”, tal como sucede después
de un infarto. A su vez, de forma alternativa, en las regiones no dafiadas se
produce la llamada “fibrosis reactiva”, que se presenta en zonas sin apoptosis
de miocitos, y con deposicion de fibras de coldgeno de tipo | y II, (Weber,
1989).

La fibrosis se clasifica segin su localizacion, en fibrosis intersticial
producida alrededor de las células y caracterizada por una deposicion
generalizada de colageno en todo el corazon; y en fibrosis perivascular, que se
localiza alrededor de los vasos sanguineos del corazon y limita el aporte de
oxigeno al musculo (Brown et al., 2005).

A nivel cardiaco, los cardiofibroblastos son los encargados de promover el
remodelado de la MEC, produciendo fibrosis. La MEC cardiaca estd compuesta
principalmente por fibras de colageno de tipo | y 111, constituyendo el 85% v el
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10% respectivamente (Weber, 1989). En condiciones fisioldgicas se mantiene
un balance entre la produccion y secrecion de proteinas de tejido conectivo, y
su degradacidn por proteasas especificas (Baudino et al., 2006). La alteracién
de la homeostasis de la MEC, conlleva el remodelado miocardico y la fibrosis.
En este proceso, los cardiofibroblastos se diferencian a un estado activo, los
miofibroblastos. Estas células presentan mayor actividad proliferativa
migratoria y contréctil respecto a los cardiofibroblastos. Ademas presentan una
alta produccidn y secrecion de proteinas de matriz, como la lisil oxidasa (LOX),
la galectina 3, la periostina o la serpina 2 (Lu et al., 2012) que contribuyen a
agravar el proceso fibroético. Concretamente, estudios previos de nuestro grupo
en un modelo animal transgénico, han demostrado que la sobreexpresion de la
LOX altera la funcion diastélica durante el envejecimiento, agrava la
hipertrofia cardiaca inducida por la angiotensina Il (Angll) y promueve la
transdiferenciacion miofibroblastica (Galan et al., 2017, Martinez-Gonzélez et
al., 2019). La principal consecuencia de este proceso fibrotico es un aumento
de larigidez miocéardica y una reduccion en la contractibilidad del corazén, que
altera el rendimiento normal del miocardio (Tomasek et al., 2002, Baudino et
al., 2006).

Inflamacion

En los altimos afios ha cobrado importancia la inflamacion como caracteristica
distintiva de la hipertrofia (Yang et al., 2012). En el corazén hipertrofiado se
ha detectado la presencia de un infiltrado inflamatorio, constituido
principalmente por macréfagos y linfocitos T. También se incrementan los
niveles de interleuquinas (IL-6 y IL-1p) y del factor de necrosis tumoral (TNF-
), y ademas se activan vias de sefializacion pro-inflamatorias como la via NF-
kB (del inglés Nuclear factor kappa B) (Erten et al., 2005, Kuusisto et al.,
2012). La contribucidn de la inflamacién a la hipertrofia no se ha caracterizado
en su totalidad, pero lo mas probable es que exacerbe la enfermedad (Samak et
al., 2016). Sin embargo, existen estudios que muestran que la deplecién de
macrofagos agrava la hipertrofia cardiaca, por lo que es necesario profundizar
en el papel de la inflamacion en la hipertrofia.

Un ejemplo de la necesidad de seguir investigando la inflamacidn, es el caso
de la funcion de los macréfagos en la hipertrofia y mas concretamente de los
dos fenotipos de macrofagos, el M1 o proinflamatorios y el M2
antiinflamatorios (Mosser & Edwards, 2008, Takeda & Manabe, 2011). El
primer tipo de macr6fagos promueve la inflamacion del miocardio mediante la
liberacion de citoquinas y acelera la apoptosis, procesos que contribuyen al
remodelado cardiaco, contrariamente, los macréfagos M2 estimulan rutas de
reparacion cardiaca y la angiogénesis (van den Akker et al., 2013). El estudio
del proceso inflamatorio, puede desvelar puntos clave en la progresion de la
patologia y en la identificacion de nuevas dianas terapéuticas.
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Alteracion homeostasis del calcio

La contraccion del corazon estd regulada por cambios ciclicos en la
concentracion de Ca* en los cardiomiocitos. Durante la excitacién-contraccion
cardiaca, un alto potencial de Ca?* entra al cardiomiocito mediante los canales
de Ca?* tipo L (LTCC) localizado en los tibulos T. La unién del Ca?*a los
receptores tipo 2 de rianodina (RyR2) situados en la membrana del reticulo
sarcoplasmico produce la liberacion de Ca?*, proceso conocido con el nombre
de induccién-liberacion Ca?* (Bers, 2014). Esto produce un incremento de la
concentracion intracelular de Ca?* que favorece su unién a la troponina C de
los filamentos sarcoméricos. Estas interacciones entre proteinas producen la
formacion de puentes entre los filamentos gruesos y finos, dando lugar a la
contraccion (Solaro, 2010). La relajacion ocurre cuando el Ca?* es bombeado
de nuevo al reticulo sarcoplasmico mediante la ATPasa dependiente de Ca?*
(SERCAZ2a) o bien, expulsado de la células mediante el transportados Na*/Ca?*
(NCX) (Bers, 2006). La actividad de SERCAZ2a es regulada por fosfolamban
(PLN). Asi, la desfosforilacion de PLN inhibe SERCA2a (Tham et al., 2015).

Las alteraciones en la homeostasis del calcio pueden deberse a maltiples
causas. Destacar el papel de la proteina calmodulina quinasa Il dependiente de
Ca?* (CaMKII) clave en la regulacion de los canales idnicos durante el proceso
excitacién-contraccién del miocardio (Couchonnal & Anderson, 2008). La
activacién excesiva de la CaMKII en el miocardio promueve la hipertrofia
(Zhang et al., 2003) y apoptosis de los cariomiocitos (Zhu et al., 2003, Yang et
al., 2006). La actividad de la CaMKII dependen de distintas modificaciones
post-traducionales, entre ellas, la oxidaciéon. Recientemente, se ha descrito que
las ROS oxidan la CaMKII dando lugar a su forma oxidada (oxCaMKIl) y
constitutivamente activa, independientemente de los niveles de calcio
(Erickson et al., 2008). La activacion prolongada de la CaMKII tiene efectos
sobre maltiples proteinas del mecanismo de excitacion-contraccion como el
RyR2 y PLN. En general, la actividad prolongada de la CaMKII se ha asociado
con hipertrofia (Kakishita et al., 2003), oscilaciones en el potencial de
membrana de los cardiomiocitos arritmias y muerte subita (Maier et al., 2003,
Sag et al., 2009).

Todos los cambios descritos en este apartado, se caracterizan en su inicio
por ser alteraciones adaptativas y reversibles, sin embargo la sobrecarga de
presion o volumen prolongada en el tiempo sobre el miocardio da lugar a una
hipertrofia cardiaca patoldgica que se asocia con un incremento en el riesgo de
padecer una insuficiencia cardiaca.
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1.2 Pared arterial y aneurisma de aorta abdominal

El AAA es una dilatacion localizada de la aorta abdominal que se caracteriza
por una degeneracién progresiva de la pared arterial. Para comprender mejor
esta patologia primero vamos a revisar la anatomia de la arteria.

1.2.1 Anatomia de la arteria

Las arterias se clasifican segln su calibre. Entre las arterias de gran calibre o
elasticas se encuentran la aorta y la arteria pulmonar, que distribuyen la sangre
a altas presiones. En segundo lugar, distinguimos las arterias de mediano o
pequefio calibre, cuyo componente principal es el tejido muscular y por ello
reciben el nombre de arterias musculares. Por Gltimo, las arteriolas que son
arterias musculares con un didmetro de 100 um o menos.

La pared arterial esta constituida por tres capas bien delimitadas: la intima,
la media y la adventicia (Figura 2). La intima es la capa mas interna que esta
contigua a la luz del vaso y en contacto con la sangre. Estad formada por una
monocapa de células endoteliales (CE) en el lado luminal, y por la lamina basal
de tejido fibroelastico (ldmina elastica interna) sobre la que descansan las
células endoteliales. Esta capa constituye una barrera de permeabilidad
selectiva entre los componentes sanguineos y el tejido vascular. A
continuacion, se encuentra la media que es la capa mas gruesa. En las arterias
musculares la capa media es principalmente muscular y las CMLV estan
rodeadas por fibras de colageno y fibras eléasticas. En cambio en las arterias
elasticas, la media estd compuesta esencialmente por ldminas de elastina
concéntricas y fenestradas, entre las cuales se sitian las CMLV. Seguidamente,
se encuentra una lamina elastica externa que separa la capa media de la
adventicia. Esta Ultima, contiene haces de colageno y fibras elasticas,
fibroblastos y pocas CMLV. La adventicia posee vasos linfaticos y fibras
nerviosas, los primeros aportan nutrientes y oxigeno, mientras las segundas
permiten la comunicacion neuronal entre las arterias y el resto del organismo
(Lusis, 2000).
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Figura 2. Representacion de la anatomia de la arteria. Las arterias estan formadas
por la tdnica intima, media y adventicia. A la izquierda de la figura se observa un
esquema de una arteria, y en la parte derecha se muestra un corte transversal. Imagen
adaptada de Lusis (2000).

1.2.2 Aneurisma de aorta abdominal (AAA)

El AAA es una patologia degenerativa vascular con una elevada morbilidad y
mortalidad, que afecta principalmente a la poblacién de avanzada edad. Se
caracteriza por una dilatacion localizada y permanente de la aorta abdominal,
como consecuencia de un debilitamiento de la pared vascular. La ruptura del
AAA es la consecuencia mas grave de esta patologia, y se asocia con una tasa
de mortalidad entre el 80-90% (Weintraub, 2009). Generalmente la AAA es
una patologia asintomatica, y su formacién implica un importante proceso
inflamatorio de la pared aortica, en el que se produce un aumento de la actividad
proteolitica, neovascularizacién y apoptosis de las CMLV. Actualmente, las
opciones terapéuticas son limitadas y la cirugia de reparacion es la Ginica opcion
para evitar el alto riesgo de ruptura del aneurisma (Nordon et al., 2011).

Cabe destacar, que la patologia aneurismatica, como muchas otras
patologias cardiovasculares, se asocia con el desarrollo de aterosclerosis. La
aterosclerosis es una enfermedad cronica que se inicia a temprana edad y
progresa asintomaticamente. Afecta a la capa intima de las arterias de mediano
y gran calibre, caracterizandose por una inflamacion y acumulacion de restos
celulares, tejido conectivo, lipidos y células en la pared vascular. Estos
acumulos dan lugar a la placa de ateroma o lesidn aterosclerética (Lusis, 2000,
Libby et al., 2011). Durante el desarrollo de la enfermedad las placas de
ateroma crecen, obstruyendo total o parcialmente la luz del vaso, y las placas
inestables, pueden romperse y provocar trombosis que causa los episodios
clinicos agudos (McGill et al., 2000, Lusis, 2000). Existe una gran controversia
acerca de la relacion entre la aterosclerosis y el AAA. Frecuentemente pacientes
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con AAA presentan aterosclerosis (Cornuz et al., 2004, Golledge et al., 2006),
siendo ésta un factor de riesgo independiente para el desarrollo del AAA. Sin
embargo, en los ultimos afios se ha demostrado que el AAA no es una
manifestacion de la aterosclerosis, y que en su compleja etiologia factores como
el tabaquismo son determinantes en su formacién y progresion (Golledge &
Norman, 2010, Toghill et al., 2017) .

La aorta abdominal, region de la aorta comprendida entre el diafragma y la
bifurcacion aortica, es la zona mas susceptible al desarrollo de aneurismas
debido a sus caracteristicas anatomicas. A su vez, el AAA se puede
subclasificar en aneurisma visceral, suprarrenal o infrarrenal segun su
localizacion. En el primero se ven implicadas las arterias viscerales, en el
segundo se afectan las arterias renales y el Gltimo se manifiesta cuando el
aneurisma se desarrolla por debajo de las arterias renales (Kuivaniemi et al.,
2015). Generalmente, el aneurisma se manifiesta en la porcion infrarrenal de la
aorta, debido a que es una regidn sometida a importantes fuerzas
hemodinamicas (Aggarwal et al., 2011). Considerando la definicion de
aneurisma como aquella dilatacion superior al 50% del diametro normal del
vaso, en la zona abdominal se calificaria como patolégico un diametro superior
o igual a 3 cm (Ouriel et al., 1992, Aggarwal et al., 2011).

El AAA afecta 6 veces mas a los hombres que a las mujeres. La incidencia
en la poblacion masculina mayor de 65 afios esta entre un 5 -8%, en cambio en
la poblacién femenina en el mismo rango de edad la afectacion es de un 2%
(Nordon et al., 2011). En los altimos afios, la incidencia de esta enfermedad ha
aumentado debido al envejecimiento de la poblacion, y es la responsable del
1% de las muertes de hombres mayores de 65 afos, cifra que puede verse
incrementada en las préximas décadas debido al aumento en la esperanza de
vida de la poblacién (Earnshaw et al., 2004, Torres-Fonseca et al., 2019).

1.2.2.1 Factores de riesgo del AAA

El AAA es una patologia compleja y multifactorial en la que, como ya hemos
indicado, la contribucion de la aterosclerosis es motivo de controversia, y cuyos
principales factores de riesgo son el tabaquismo, la edad, el sexo y la historia
familiar (Nordon et al., 2011).

Consumo de tabaco

El tabaquismo es el factor de riesgo méas importante en el AAA (Lederle et al.,
2001). Se ha observado que el consumo de tabaco aumenta el riesgo relativo
(RR) de AAA 7.6 veces (Wilmink et al., 1999). Los varones fumadores de mas
de 25 cigarrillos al dia tienen un riesgo de aneurisma 15 veces superior al de
varones no fumadores (Wong et al., 2007). No solo es importante el nimero de
cigarrillos consumidos al dia, sino también la duracion del habito tabaquico, ya
que cada afio de tabaquismo incrementa el RR de AAA en un 4% (Wilmink et
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al., 1999). Una vez que cesa el consumo de cigarrillos el riesgo de padecer
AAA se mantiene durante 10 afios. Aln se desconocen los mecanismos por los
cuales el tabaco promueve a la formacion de AAA, pero se barajan distintas
posibilidades como la inhibicién de la sintesis de colageno, la alteracion de la
expresion de metaloproteinasas de matriz (MMPs), la posible relacion con el
estrés oxidativo y alteraciones en la funcion de las células inflamatorias
(Knuutinen et al., 2002, Jin et al., 2012).

Edad

La incidencia del AAA aumenta con el paso de los afios, la prevalencia es del
3% en la poblacion mayor de 50 afios y sobre un 5-8% en hombres mayores de
65 afios (Nordon et al., 2011, LeFevre & Force, 2014). Cabe destacar que las
muertes por ruptura aneurismatica se dan a partir de los 65 afios, y desde
entonces el riesgo se incrementa aproximadamente un 40% cada 5 afios
(Vardulaki et al., 2000).

Sexo

Como se ha comentado anteriormente, la incidencia en hombres es 6 veces
mayor que en mujeres. Ademas, el aneurisma en mujeres se desarrolla
aproximadamente 10 afios mas tarde que en hombres, lo que se ha relacionado
con factores hormonales, susceptibilidad genética y la diferente exposicion a
factores de riesgo (Lederle et al., 2001). La mayoria de estudios sobre la
prevalencia y los factores de riesgo para el AAA se han realizado en hombres,
pocos estudios se han centrado de forma especifica en el AAA en la mujer, que
cuando presenta la enfermedad, suele ser mas grave (Lo & Schermerhorn,
2016).

Historia familiar

Se ha llegado a considerar la influencia de un componente genético en la
patologia del AAA. En efecto, se ha observado un aumento de la prevalencia
del aneurisma entre familiares de primer grado, siendo entre 15-19% (Ogata et
al., 2005). Algunos estudios demuestran que la historia familiar positiva en
primer grado de AAA incrementa hasta 10 veces el riesgo de padecer
aneurisma, y de que se manifieste con mayor probabilidad a edades tempranas
(Larsson et al., 2009). Concretamente, mediante el analisis genético de 233
familias con mas de un individuo diagnosticado con AAA, se han identificado
regiones genéticas en los cromosomas 4 y 19 (4g31 y 19p13) que se asocian
con un mayor riesgo de padecer AAA (Kuivaniemi et al., 2003).

Otros factores de riesgo

Otros factores con menor relevancia en la enfermedad aneurismatica son la
hipertension arterial y la hipercolesterolemia. Aunque la hipertension arterial
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se relaciona con un incremento del riesgo de formacién del AAA y sobre todo
con su ruptura, su contribucion a la patologia es todavia motivo de debate y el
tratamiento antihipertensivo no ha demostrado eficacia limitando el desarrollo
del AAA (Brady et al., 2004). A su vez, los estudios respecto al impacto de los
niveles de lipidos sobre la formacion de AAA son contradictorios (Louwrens
et al., 1993, Forsdahl et al., 2009, Rizzo et al., 2009). Independientemente de
la potencial contribucion de los lipidos en la progresion del AAA, esta
ampliamente aceptado que los bajos niveles de las lipoproteinas de alta
densidad (HDL) se asocian tanto a la presencia como a la evolucion de esta
patologia (Golledge et al., 2010 A, Burillo et al., 2015). Estudios recientes, han
identificado residuos de triptofano oxidados (Trp50 y Trp108) en la APoAL de
las HDL de pacientes con AAA. Ademas, estas HDL modificadas en el
ambiente del trombo aneurismatico son lipoproteinas no funcionales lo que
empeora el prondstico de la enfermedad. Estos resultados evidencian el
importante papel del estrés oxidativo en esta patologia y sugieren que el nivel
de oxidacion de los residuos Trp50 y Trp80 podria ser un biomarcador del AAA
(Martinez-Ldpez et al., 2018, 2019). Por ultimo, al contrario que ocurre en la
enfermedad aterosclerética, la diabetes mellitus se ha identificado como factor
protector del desarrollo de AAA. La diabetes ejerceria este papel protector a
través de diferentes mecanismos: promoviendo la respuesta antiinflamatoria
mediada por la activacion de la via del factor de crecimiento transformante f3
(TGF-B), modulando el remodelado de la MEC, entre otros efectos al
incrementar la resistencia del colageno a ser degradado, o bien reduciendo la
apoptosis de las CMLV (Raffort et al., 2018).

1.2.2.2 La fisiopatologia del AAA

El remodelado del tejido vascular propio del AAA es un proceso complejo y
dinamico, que se caracteriza por la degradacion proteolitica de la MEC, la
apoptosis de las CMLV, la infiltracion de células inflamatorias en la adventicia
y el incremento del estrés oxidativo en la pared adrtica (Figura 3). Todos estos
procesos estan interconectados entre si, lo que evidencia la complejidad de esta
patologia (Sakalihasan et al., 2018).

La elevada presion sanguinea en la aorta y la alteracion hemodinamica del
flujo sanguineo pueden explicar la creacion y desarrollo del trombo intramural
(ILT, del inglés Intraluminal Thrombus) (Wilson et al., 2013) que se presenta
en un 75% de los casos (Piechota-Polanczyk et al., 2015). EI ILT esta formado
por una capa hematica fresca con fibras de fibrina en la zona luminal, aunque
en la cara abluminal se produce una fibrindlisis activa. En lo que respecta a la
estructura de la aorta, se observa una fina capa media, parcialmente degradada
con escaso contenido en CMLV y falta de componentes el&sticos. A su vez, se
detecta una adventicia fibrosa y mas gruesa, debido a la inflamacién y al edema.
Estudios recientes evidencian la importancia fisiopatoldgica del ILT en esta

26



INTRODUCCION

enfermedad (Michel et al., 2011). Estos estudios indican que el grosor del
trombo disminuye la biodisponibilidad de oxigeno en la pared arterial, lo que
puede incrementar la reactividad de los neutréfilos y su produccion de elastasa
(Torres-Fonseca et al., 2019). Ademas, la continua circulacion de sangre por el
lumen de la aorta, produce que el ILT posea una alta capacidad proteolitica,
genera un ambiente oxidativo e impide la proliferacion de las células con las
que entra en contacto (células endoteliales, CMLV o0 progenitores
mesenguimales) (Sakalihasan et al., 2018).
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Figura 3. Representacion de la progresion del aneurisma de aorta abdominal
(AAA). Se indican los distintos elementos solubles del plasma y las células circulantes
gue interaccionan con la pared arterial. Estas interacciones promueven la formacion del
trombo intraluminal (ILT) que presenta actividad proteolitica y oxidativa. Ambos
procesos facilitan la degradacion de la matriz extracelular (MEC), la apoptosis de
células musculares lisas vasculares (CMLV) y la activacion de la respuesta inmune. La
elastasa leucocitaria puede degradar las fibras de la MEC. La plasmina es otra proteasa
de serina que degrada proteinas de adhesién produciendo la pérdida de anclaje de las
CMLYV vy activando las pro-metaloproteinasas (Pro-MMPs: precursores inactivos de las
MMPs). El plasmindgeno se convierte en plasmina mediante la accion del activador de
plasminogeno tipo uroquinasa (u-PA). Tanto u-PA como la elastasa leucocitaria son
liberados por neutréfilos. La elastasa posee también la capacidad de degradar fibrina
generando péptidos de fibrina, los cuales pueden servir como biomarcadores para la
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evolucion del AAA. Las MMPs son sintetizadas como precursores inactivos y se
activan mediante protedlisis por la plasmina o por especies reactivas de oxigeno (ROS,
Reactive Oxigen Species), entre otras. La adventicia del AAA esta enriquecida en
mastocitos, que son células que contienen triptasa y quimasa, y promueven la formacion
de nuevos vasos en la adventicia (neoangiogénesis). Imagen adaptada de Sakalihasan
et al., (2018).

Degradacion de la MEC

La MEC de la pared aortica, formada por componentes fibrosos e insolubles
(colageno y elastina) sintetizados y procesados por las CMLYV, soporta la carga
hemodinamica de la pared aortica. La accién progresiva de las proteasas
degradando la MEC se considera el mecanismo mas relevante durante el
desarrollo y progresion del AAA (Libby & Lee, 2000).

La degradacion de la MEC se atribuye fundamentalmente a la accion de las
proteasas liberadas por neutréfilos o bien a zimogenos presentes en la sangre,
que atraviesan la pared (Busuttil et al., 1982). La degradacion de elastina se
asocia con una progresiva dilatacion, mientras que la pérdida de colageno
favorece la ruptura del AAA (Dobrin et al., 1984). Dos familias de proteasas
son fundamentales en la progresion del AAA: las proteasas de serina y las
MMPs. Las primeras degradan la MEC directa o indirectamente, ya que
promueven la proteélisis de proteinas adhesivas como la fibronectina y de
componentes estructurales como la fibrilina que son méas sensibles a la
degradacion por estas enzimas que los componentes macromoleculares. Las
MMPs degradan directamente componentes estructurales de la MEC, como
colagenos, elastina o proteoglicanos, entre otros sustratos. Las principales
MMPs implicadas por su parte en el AAA son la MMP-2 y la MMP-9
(Sakalihasan et al., 1996).

En este remodelado destructivo de la MEC juegan un papel clave los
leucocitos, que son los principales responsables de la produccion de MMPs y
de proteasas de serina (Freestone et al., 1995). Ademas, las citoquinas pro-
inflamatorias liberadas en el AAA pueden regular la expresion de MMPs, de
proteasas de serina y catepsinas, contribuyendo asi a la formacion del
aneurisma (Newman et al.,, 1994). El lugar especifico de la ruptura
aneurismatica se caracteriza por una elevada expresion de proteasas (Defawe et
al., 2004), un importante infiltrado de leucocitos y neovascularizacion focal
(Choke et al., 2006).

Apoptosis de las CMLV

La pérdida parcial de las CMLV en la patologia aneurismatica contribuye al
debilitamiento de la pared vascular y se debe principalmente a la apoptosis
promovida por la accién proteolitica y el ambiente oxidativo de la pared adrtica.
Las proteasas de serina producen la pérdida de anclaje de las CMLV a la MEC,
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lo que causa su muerte (Jean-Baptiste, 2003, Wang et al., 2015). En paralelo,
el intenso estrés oxidativo también provoca la apoptosis de las CMLV. En este
proceso participan, entre otros, los ceroides (polimeros compuestos de lipidos
y proteinas oxidadas), marcadores de estrés oxidativo, altamente tdxicos para
CMLYV, estdn presentes en la pared de la AAA (Michel et al., 2014, Wang et
al., 2015).

El infiltrado inflamatorio, principalmente macréfagos y linfocitos T,
producen mediadores citotoxicos como las citoguinas, la perforina y el ligando
de Fas que promueven la agregacion de CMLV y su consiguiente muerte
(Henderson et al., 1999). También se ha descrito que los macréfagos infiltrados
en la pared del aneurisma expresan altos niveles de ciclooxigenasa 2 (COX-2),
que regula la sintesis de la prostaglandina E que inhibe la proliferacion de
CMLYV (Walton et al., 1999).

Estrés oxidativo

El estrés oxidativo se produce en los tejidos cuando la generacion de especies
reactivas de oxigeno (ROS, Reactive Oxigen Species) supera la capacidad de
las defensas antioxidantes. Este desequilibrio provoca la produccion de
proteinas oxidadas, peroxidos y dafio al DNA que promueven apoptosis
(Sakalihasan et al., 2005). Esta respuesta esta intimamente relacionada con la
inflamacion vascular. Las células inflamatorias pueden generar ROS vy
mediadores como el TNF-q, la proteina quimiotactica de monocitos (MCP1) o
el factor de crecimiento derivado de plaguetas (PDGF), los cuales a su vez
pueden aumentar la produccion de ROS por las CMLV (Satriano et al., 1993,
Marumo et al., 1997).

En estudios recientes, se ha observado que en muestras procedentes de
pacientes con AAA hay una mayor actividad de enzimas pro-oxidantes como
la NADPH oxidasa, la mieloperoxidasa, la lipoxigenasa y la leucotrieno
hidrolasa (Houard et al., 2009). En cambio, se ha descrito una disminucion de
las enzimas antioxidantes como la superdxido dismutasa, la glutation
peroxidasa y la glutation reductasa, en comparacién con aortas sanas (Hunter
etal., 1991, Dubick et al., 1999). En concordancia, en un modelo experimental
de AAA, la suplementacion de catalasa inhibi6 la formacion de aneurismas
(Grigoryants et al., 2005). Nuestro grupo ha descrito elevados niveles
circulantes del oxiesterol 7-cetocolesterol en el suero de pacientes con AAA
respecto a muestras de donantes sanos. Ademas, los niveles del 7-cetocolesterol
correlacionan con la expresion de marcadores de estrés oxidativo y estrés de
reticulo (Navas-Madrofial et al., 2019). Por ultimo, otros estudios ponen de
manifiesto que diferentes tipos celulares (fibroblastos, células endoteliales y
linfocitos activados T y B) liberan tiorredoxina en respuesta a un ambiente
oxidativo (Rubartelli et al., 1992), y se ha observado que los niveles de
tiorredoxina son elevados en el ILT (Martinez-Pinna et al., 2010). Ademas, los
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niveles circulantes de tiorredoxina correlacionan con el tamafo del AAA y su
crecimiento. Todo ello, destaca la importancia del estrés oxidativo en esta
patologia, y la posible utilidad de estos enzimas como biomarcadores (Michel
etal., 2011).

La inflamacién en el AAA

La inflamacién es otra de las caracteristicas fisiopatologicas del AAA, que
como ya hemos comentado, contribuye de forma decisiva al desarrollo de la
enfermedad. La pared arterial aneurismatica presenta un importante infiltrado
inflamatorio, constituido fundamentalmente por linfocitos T y B, neutréfilos y
macrofagos (Dale et al., 2015, Raffort et al., 2017). ElI mecanismo que
desencadena esta respuesta inflamatoria es desconocido, lo méas probable es que
los propios péptidos derivados de la degradacion de la MEC actien como
agentes quimiotacticos para las células inflamatorias como los macréfagos.
Ademas, el incremento de los niveles de IL-8, MCP1y RANTES favoreceria
el reclutamiento de leucocitos (Torres-Fonseca et al., 2019).

Como se ha indicado anteriormente, las células inflamatorias son las
principales productoras de MMPs. De igual manera, las MMPs pueden modular
la respuesta inflamatoria a través de la regulacion de la biodisponibilidad de
citoquinas de forma directa o indirecta (Parks et al., 2004). Asi, las MMP-2 y
MMP-9 son encargadas de potenciar, inactivar o antagonizar la actividad de las
citoquinas mediante su procesamiento proteolitico (Hellenthal et al., 2009).

1.2.2.3 Diagnostico y manejo clinico

El AAA es una enfermedad asintomatica por lo que el diagndstico de esta
enfermedad suele ser casual, cuando los pacientes son sometidos a pruebas de
imagen (ultrasonografia, tomografia axial computarizada o resonancia
magnética) realizadas en el contexto de otra patologia. Esta situacion ha llevado
a algunos paises a instaurar programas de deteccién precoz de la enfermedad.
Estos programas someten a los grupos de mayor riesgo de la poblacién a
revisiones periddicas mediante ecografia, estrategia que ha permitido disminuir
la incidencia de ruptura del AAA en hombres de forma eficaz y coste-efectiva
(Lindholt et al., 2010).
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Figura 4. Protocolo de vigilancia de pacientes con AAA. Se muestra el programa de
seguimiento de los pacientes con AAA hasta la cirugia. La intervencién quirdrgica
puede realizarse antes de lo previsto por este protocolo, si el paciente presenta un rapido
crecimiento del aneurisma (AAA con un crecimiento superior o igual a 10 mm por afio).
Si el paciente no puede ser intervenido debido al elevado riesgo de la intervencion (por
presencia de co-morbilidades, edad muy avanzada, etc.) el limite se puede incrementar
hasta diametros superiores a 6 cm. Imagen adaptada de Sakalihasan et al., (2018).

El protocolo a seguir en el manejo del AAA es conservador cuando el
didmetro se mantiene entre 3-5 cm (Figura 4). Se realiza un seguimiento
periédico con pruebas de imagen, ademas de un exhaustivo control de los
factores de riesgo y un tratamiento farmacoldgico que suele incluir terapia
antiagregante y estatinas, aungue en la actualidad no existe ningln tratamiento
efectivo que limite la progresién o evite la ruptura del AAA. En situaciones en
las que el riesgo de ruptura es mayor que el riesgo de la propia intervencion
quirdrgica, la mejor opcion es la cirugia. La decision se toma cuando el
diametro vascular supera los 5-5,5 cm, si bien puede adelantarse ante la
presencia de sintomas (como dolor abdominal) o una elevada tasa de
crecimiento del AAA (superior a 1 cm/afio) (Sakalihasan et al., 2018). Existen
dos tipos de intervenciones quirtrgicas, la cirugia intravascular o la cirugia
abierta. La eleccion dependera de las caracteristicas del paciente, del riesgo
quirdrgico, de la morfologia, de la localizacién, del diametro adrtico y de la tasa
de crecimiento del AAA (Rutherford 2006). La cirugia abierta consiste en una
reparacién profilactica, mediante una laparotomia en la zona abdominal y el
reemplazo de la zona aneurismatica dafiada por un injerto adrtico (Steuer et al.,
2015). Tras 30 dias post-intervencion, la mortalidad asociada a esta cirugia es
de un 4% a un 12%. Por otro lado, en la década de los 90, se empez6 a utilizar
un meétodo endovascular para la reparacion del AAA (EVAR Endovascular
Aneurysm Repair). Esta intervencion consiste en introducir a traves de la arteria
femoral, un catéter con una protesis en su interior que se sitla en la zona del
aneurisma. Cuando esta localizado correctamente, la proétesis se libera mediante
la retirada del catéter y se expande adaptandose al didmetro del vaso. Este
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método permite que el flujo sanguineo circule por el interior de la prétesis sin
impactar sobre la region aneurismética. Desde que la FDA (Food and Drug
Administration) aprob6 el uso de la EVAR en 1999, su utilizacion se ha visto
incrementada ya que reduce la pérdida de sangre de la cirugia abierta y la
mortalidad perioperativa (Kuivaniemi et al., 2015). Con este método menos
invasivo, a los 30 dias de la intervencion la mortalidad disminuye dos tercios
en comparacion a la cirugia abierta, si bien existe un mayor riesgo de
complicaciones postquirargicas como las provocadas por el desplazamiento de
la protesis (Parodi et al., 1991).

1.2.2.4 Tratamiento farmacologico del AAA

En la actualidad, la Unica estrategia para evitar la ruptura del aneurisma sigue
siendo la intervencion quirdrgica. Ademas, un adecuado control de los factores
de riesgo puede ser una herramienta ventajosa para hacer frente a la progresion
del AAA. Hoy en dia, existen ciertos farmacos empleados para el tratamiento
de otras patologias, que han tenido resultados beneficiosos en su uso contra el
AAA, si bien ninguno de ellos ha logrado frenar la evolucion de la enfermedad.

Antihipertensivos

Los betabloqueantes han sido los farmacos mas estudiados en esta enfermedad.
Entre ellos, el bisoprolol ha demostrado una disminucién en la mortalidad por
causa cardiaca después de la cirugia por AAA. No esta verificado el mismo
efecto para todos los betabloqueantes, pero las guias médicas de ACC/AHA
(American College of Cardiology / American Heart Association) recomiendan
el uso de los mismos durante el periodo perioperatorio (Hirsch et al., 2006).

También se utilizan con frecuencia inhibidores de la enzima convertidora de
angiotensina (IECA), debido a que la activacion del sistema renina-
angiotensina se ha visto implicado en la progresion del AAA (Zhang et al.,
2018). En trabajos con alrededor de 10.000 pacientes, se ha asociado la
administracion de IECA con una reduccién en la mortalidad en pacientes que
aun no se habian sometido a la intervencidn quirargica, en comparacién con los
pacientes no tratados con estos inhibidores (Kristensen et al., 2015). Ahora
bien, otras publicaciones muestran resultados contradictorios, un aumento en la
tasa de crecimiento y una mayor mortalidad perioperatoria en pacientes tratados
con IECA (Railton et al., 2010, Sweeting et al., 2010).

Por altimo, el uso de antagonistas del calcio en el AAA es controvertido.
Determinados estudios muestran resultados beneficiosos como es el caso del
nifedipino que ralentizaria la progresion del AAA a través de la inhibicion de
la via dependiente de NF-xB y MMP-9 (Tomita et al., 2008). En cambio, otros
farmacos de esta familia no han dado resultados beneficiosos y se han asociado
con un aumento en la rigidez aortica (Yokokura et al., 2007).
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Tratamiento antiagregante

Como se ha comentado anteriormente el ILT presenta un papel esencial en la
progresion y riesgo de ruptura del AAA (Mosorin et al., 2001). Estudios en
modelos animales sometidos a dafio vascular y tratados con aspirina, han
demostrado una significativa reduccion del tamafio del trombo, que se asocia
con una progresion mas lenta y una reduccion en el nimero de rupturas del
AAA (Owens et al., 2015). Estos efectos pueden ser debidos en parte al efecto
antioxidante de la aspirina mediante la reduccion de la peroxidacion lipidica en
células endoteliales. A pesar de que estos estudios experimentales con terapia
antiagregante sugieren un efecto positivo retrasando el crecimiento del
aneurisma (Owens et al., 2015), los estudios observacionales muestran una gran
discrepancia en sus resultados (Wemmelund et al., 2017). En cualquier caso, y
pese a la controversia, se recomienda que los pacientes con AAA sean tratados
con dosis bajas de aspirina (Hirsch et al., 2006).

Ademas de la aspirina, otros farmacos antiagregantes como el cilostazol
presentarian un efecto beneficioso sobre la patologia aneurismatica. Un estudio
reciente, ha demostrado que el cilostazol atenua la formacion del AAA inducida
por Angll en el modelo de raton deficiente en la apoliproteina E (ApoE™). Este
resultado se debe a su efecto antiinflamatorio a través de la inhibicién de la
fosfodiesterasa 111 en la pared aortica (Umebayashi et al., 2018).

Estatinas

Pese a ser un tema controvertido, un estudio reciente en el que se realiza una
minuciosa revision de todos los estudios observacionales en pacientes con AAA
tratados con estatinas publicados entre 2004 y 2018 (Salata et al., 2018),
demuestra una firme asociacion entre el uso de estatinas y la mejora de esta
patologia. Concretamente, se observa una reduccion en el crecimiento del
aneurismay en el riesgo de ruptura, asi como una disminucién en la mortalidad
perioperatoria. Ademas, la alta prevalencia de factores de riesgo
cardiovasculares en pacientes con AAA, junto a su bajo coste y su relativa
seguridad, hacen que las estatinas se prescriban rutinariamente con el objetivo
de reducir la morbimortalidad cardiovascular concomitante (Salata et al.,
2018).

El mecanismo exacto por el que las estatinas atenuarian el crecimiento del
AAA se desconoce. Sin embargo, se ha descrito que las estatinas, a parte de su
capacidad para disminuir el nivel de lipidos, pueden modular la inflamacion
directamente mejorando determinadas funciones de las células endoteliales, las
CMLYV, las plaquetas y las células inmunitarias. En células endoteliales y
CMLYV las estatinas mejoran la disponibilidad de 6xido nitrico (NO), lo que
produce efectos vasodilatadores, antioxidantes y antiinflamatorios,
beneficiosos para el control del AAA (Liberale et al., 2020). Uno de los
mecanismos antiinflamatorios es la disminucion de la expresion de MMPs en
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el ILT (Nagashima et al., 2002, Schweitzer et al., 2009, Yoshimura et al.,
2015), lo que estabiliza el aneurisma y se asocia con una reduccion de su
diametro, asi como con un menor nimero de rupturas de las fibras elasticas de
la pared vascular (Salata et al., 2018). También, se ha demostrado la capacidad
protectora de las estatinas frente a la produccion de ROS, siendo este un factor
clave en la disminucion del riesgo de ruptura del aneurisma. Particularmente,
la simvastatina disminuye la formacion de radicales libres y de moléculas pro-
inflamatorias como el TNF-a en la pared del aneurisma (Piechota-Polanczyk et
al., 2012).

Inhibidores de las MMPs: Doxiciclina

La doxiciclina, es un antibiético que inhibe la actividad de las MMPs, y ha
mostrado resultados excelentes en modelos experimentales, en los que previene
el desarrollo de AAA (Curci et al., 1998, Prall et al., 2002). De hecho, existen
multitud de estudios en diferentes modelos animales de aneurisma, entre ellos,
el modelo de la elastasa en rata (Sho et al., 2004) y ratén (Bartoli et al., 2006),
el modelo murido de infusion de Angll (Turner et al., 2008) o la infusion de
Angll combinada con dieta de alto contenido en grasa en ratones (Manning et
al., 2003), en los cuales se observa una mejoria de la patologia tras el
tratamiento con doxiciclina. Principalmente, se describe una inhibicion y/o
reduccion de la dilatacion de la aorta en el grupo tratado respecto al grupo
control (Dodd & Spence, 2011).

Los ensayos clinicos en humanos con doxiciclina describen una reduccion
de la actividad MMPs y la disminucion del contenido de neutréfilos en la pared
vascular (Curci et al., 2000, Abdul-Hussien et al., 2009). A pesar de ello, en la
mayoria de estudios clinicos la doxiciclina no ha mostrado claramente su
eficacia, ya que no se han obtenido efectos beneficiosos en lo referente al
tamafio y la progresion del aneurisma (Newby, 2012). Por lo tanto, a pesar de
los hallazgos obtenidos en modelos animales, los estudios en humanos son
insuficientes y presentan algunas deficiencias que habria que solventar en
futuros ensayos. Concretamente, estos ensayos han incluido un bajo namero de
pacientes, con una corta exposicion a la doxiciclina, usada a una Unica dosis,
independientemente del peso del paciente y sin que se realizara un ajuste
adecuado de las varaibles de confucién (por ejemplo, diabetes, consumo de
tabaco,etc.) (Dodd & Spence, 2011). Por Gltimo, cabe destacar que la tolerancia
a la doxiciclina sélo se ha analizado en el estudio mas largo que comprendia 6
meses de tratamiento (Baxter et al., 2002), por lo que la seguridad a largo
término no ha sido estudiada. Este punto es de gran importancia, ya que no hay
que olvidar que la doxiciclina es un antibiético y su uso prolongado podria
causar problemas de resistencia.

En lo que concierne al tratamiento del AAA las guias clinicas recomiendan
el uso de estatinas y antiagregantes. Tanto el uso de estatinas como el
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tratamiento con bajas dosis de aspirina se prescribe una vez diagnosticado el
paciente, y se suele seguir en el periodo perioperativo durante un tiempo
indefinido. También se recomienda dejar el habito tabaquico, seguir una dieta
saludable y realizar ejercicio fisico (Moll et al., 2011). Sin embargo, en la
actualidad no se dispone de herramientas farmacologicas que limiten el
crecimiento del AAA, promuevan su regresion o prevengan su ruptura. Por ello,
es fundamental la identificacion de nuevas dianas farmacolégicas y de nuevos
biomarcadores con funcidn diagnoéstica, pronostica y terapéutica.

2. Los receptores nucleares

Los receptores nucleares son factores de transcripcion que tienen la capacidad
de unirse a elementos de respuesta especificos presentes en los promotores de
sus genes dianas y de regular la expresién en respuesta a sefiales intra- y extra-
celulares. Actualmente en humanos la familia de receptores nucleares esta
compuesta por 48 miembros (Mazaira et al., 2018).

Los receptores nucleares ejercen multitud de funciones en condiciones
fisioldgicas, entre las que se incluyen la regulacion de la proliferacién celular,
la respuesta inmunitaria, el metabolismo, el desarrollo y la reproduccion
(Kadmiel & Cidlowski, 2013, Hoffmann & Partridge, 2015). Debido
precisamente al gran numero de procesos bioldgicos controlados por los
receptores nucleares su alteracion juega un papel fundamental en un sinnimero
de procesos patolégicos como el cancer, la diabetes, patologias neuronales,
enfermedades cardiovasculares y el sindrome metabdlico, entre otros (Oyekan,
2011, Kadmiel & Cidlowski, 2013, Ranhotra, 2013). A pesar de ser una familia
ampliamente estudiada histéricamente, estos factores siguen despertando gran
interés en la investigacion biomédica y representan dianas terapéuticas con un
alto potencial para el desarrollo de agonistas/antagonistas selectivos con
utilidad clinica (Mazaira et al., 2018).

2.1 Clasificacion de los receptores nucleares

La activacion de receptores clasicos o receptores nucleares hormonales se
produce cuando el receptor que esta inactivo en el citoplasma se une a un
ligando, normalmente una molécula lipofilica que puede atravesar las
membranas celulares (Mangelsdorf et al., 1995). Se les denomina clésicos
porque la mayoria de sus ligandos son hormonales, como por ejemplo las
hormonas esteroideas, los retinoides, las hormonas tiroideas y la vitamina D3.
Otros ligandos provienen del metabolismo lipidico, como los acidos grasos, los
leucotrienos, las prostaglandinas y otros derivados del colesterol como los
acidos biliares (Aranda & Pascual, 2001).

Los Ilamados receptores huérfanos, se caracterizan por tener un ligando
desconocido, bien porque ain no se ha identificado, bien porque
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verdaderamente no lo requieren para su activacion. Es un grupo muy
heterogéneo y presenta diferencias relevantes en los dominios funcionales, lo
gue da lugar a una gran diversidad en el mecanismo de accién y en sus
funciones biolégicas (Benoit et al., 2006). Existe la teoria de que
ancestralmente los receptores nucleares eran activos constitutivamente, como
ocurre con los receptores huérfanos, y que la capacidad de respuesta frente a
ligandos se ha adquirido durante la evolucién (Laudet, 1997).

La organizacién estructural de los receptores nucleares estd conservada
evolutivamente. Mediante andlisis filogenéticos se ha definido un ancestro
comun (Escriva et al., 2004), y segun la homologia entre las secuencias, se
pueden diferenciar 6 familias o clases (Tabla 1), y un grupo miscelaneo,
formado por los receptores DAX1 y 2DBD-NR (Laudet, 1997, Aranda &
Pascual, 2001). Las familias son las siguientes:

o FAMILIA I: Receptores similares a los receptores de hormonas tiroideas.

o FAMILIA 11: Receptores similares a los receptores X retinoides.

o FAMILIA I11: Receptores similares a los receptores de estrogenos.

o FAMILIA 1V: Receptores correspondientes a los factores de crecimiento
nervioso IB.

o FAMILIA V: Receptores correspondientes a factores esteroidogénicos.

o FAMILIA VI: Receptores correspondientes a los factores nucleares de
células germinales.
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Tabla 1. Clasificacion de las seis familias de receptores nucleares humanos
descritos. Se indican los ligando correspondientes segun criterios filogenéticos. Tabla

adaptada de Holzer et al., (2017).

Familia

Vi

Grupo Simbolo
NR1Al

NR1A2
NR1B1
B NR1B2
NR1B3
NR1C1
c NR1C2
NR1C3
NR1D1
NR1D2
NR1F1
F NR1F2
NR1F3
NR1H3
H NR1H2
NR1H4
NR1I1
| NR1I2
NR1I3
A NR2A1
NR2A2
NR2B1
B NR2B2
NR2B3
NR2C1
NR2C2
NR2E1
NR2E2
NR2F1
F NR2F1
NR2F6
NR3A1
NR3A2
NR3B1
B NR3B2
NR3B3
NR3C1
NR3C2
NR3C3
NR3C4
NR4Al
A NR4A2
NR4A3
NR5A1
NR5A2
A NRG6AL

Abreviatura

TRa
TRB
RAR
RARB
RARYy
PPARa
PPARp/S
PPARYy
Rev-ErbAa
Rev-ErbAB
RORa
RORB
RORYy
LXRa
LXRpB
FXRy
VDR
PXR
CAR
HNF4a
HNF4p
RXRa
RXRp
RXRy
TR2
TR4
TLX
PNR
COUP-TFI
COUP-TFII
EAR-2
ERa
ERpB
ERRa
ERRp
ERRy
GR
MR
PR
AR
NUR77
NURR1
NOR-1
SF1
LRH-1
GCNF

Hormona tiroidea

Vitamina A y compuestos

relacionados

Acidos grasos y prostaglandinas

Hemo

Melatonina, colesterol, 4cido

transretinoico

Oxiesterol
Vitamina D

Xenobibticos
Androstano

Acidos grasos
Retinoides

No identificado

No identificado
No identificado
Estrdgenos

Dietilestilbestrol

Cortisol
Aldosterona
Progesterona

Testoosterona

No identificado
Fosfolipidos

No identificado
No identificado
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2.2 Estructura de los receptores nucleares

Los receptores nucleares poseen una organizacion estructural comdn, que
consta de cinco regiones funcionales diferentes (Figura 5). A pesar, de
compartir una estructura comun, existen diferencias entre estas regiones, que
no alteran su funcion primaria pero si definen la especificidad de cada receptor
(Aranda & Pascual, 2001). Las distintas regiones que forman la estructura del
receptor nuclear son las siguientes:

DBD
Dominio de transactivacion LBD
A/B CD E F

AF-1 Dedos de Zn AF-2
NL1 —
NL2
NL3 -

Figura 5. Esquema representativo de la estructura general de los receptores
nucleares. El dominio de unién a DNA (DBD) o region C consiste en dos motivos de
tipo dedos de zinc, que a veces incluyen el dominio bisagra o regién D. La sefial de
localizacion nuclear (NL1) se sitla normalmente en el extremo C-terminal de esta
region. El dominio de unién al ligando (LBD) o region E/F une el correspondiente
ligando. Las zonas AF-1 y AF-2 suelen unirse a moléculas co-reguladoras, con la
salvedad de que la unién a AF-1 es ligando independiente, mientras que AF-2 es una
region ligando dependiente. Imagen adaptada de Mazaira et al., (2018).

Region A/B

Esta region estéa situada en el extremo N-terminal, y es la regién mas variable
en tamafio y secuencia (de 50 a mas de 500 aminoéacidos). Esta region contiene
el dominio de transactivacion AF-1 (Activation Function 1), y su accion es
independiente de la unidn de ligando (Wérnmark et al., 2003). La actividad del
receptor puede modularse a través de la fosforilacion de esta region que también
puede interactuar con cofactores y otros factores de transcripcion. El proceso
de empalme alternativo de esta region da lugar a distintas isoformas del receptor
especificas del tipo celular.

Region C
Esta region constituye el dominio de unién al ADN (DBD; del inglés DNA-
binding domain), es la regién méas conservada entre las diferentes familias de
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receptores nucleares. Su principal funcion es el reconocimiento y la union del
receptor a las secuencias especificas denominadas elementos de respuesta a
hormonas (HRE; del inglés hormone response element), que estan presentes en
regiones reguladoras de los genes diana. EI dominio DBD esta compuesto por
dos “dedos de zinc” de entre 60 y 70 amino&cidos y una extension C-terminal
de una longitud de unos 25 aminoécidos (Glass & Ogawa, 2006).

Region D

Esta region estd poco conservada entre las diferentes familias de receptores
nucleares. Representa una union flexible, por ello recibe el nombre de bisagra,
lo que permite cambios conformacionales entre las regiones DBD y la E.
Ademas, esta region se caracteriza por poseer sefiales de localizacion nuclear y
permite la interaccion del receptor nuclear con los corepresores (Chen & Evans,
1995, Horlein et al., 1995).

Region E

Esta regidon es la mas larga del receptor y comprende el dominio de unién al
ligando (LBD; del inglés ligand-binding domain). Este dominio funcional esta
moderadamente conservado entre familias, y no solo interviene en la union al
ligando, sino también en otros procesos como la dimerizacion entre receptores,
y la actividad transcripcional dependiente de ligando, entre otras (Aranda &
Pascual, 2001).

A pesar de las diferencias en la secuencia del dominio LBD entre los
distintos receptores, a nivel estructural, este dominio esta altamente conservado
(Moras & Gronemeyer, 1998). La interaccion con el ligando tiene lugar en una
cavidad hidrofébica denominada "bolsillo de unién al ligando”. Generalmente,
la unién del ligando produce un cambio conformacional que permite la union
de coactivadores a la region conservada AF-2 y produce la activacion del
receptor.

Region F

Es una region muy variable, que solo esta presente en determinados receptores
nucleares. Se le atribuye un papel de regulacién negativa de la transcripcion,
inhibiendo la capacidad de transactivacion del receptor nuclear (Sladek et al.,
1999). Aun asi, su estructura y funcidn sigue estando en estudio.

2.3 Mecanismos de accion

Los receptores nucleares son factores de transcripcion que regulan la expresion
génica mediante el reconocimiento y su posterior union a las secuencias HRE,
situadas en zonas reguladoras de los genes diana. En la mayoria de casos los
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HRE se localizan en la region promotora del gen diana, aunque también se
pueden localizar en regiones reguladoras alejadas del inicio de transcripcion.

En general, los HRE estdn compuestos por dos secuencias hexameras,
separadas por no més de 5 pares de bases, y se organizan en forma de
palindromos, palindromos invertidos o repeticiones directas. Esta organizacion
estructural permite la union de los receptores nucleares en forma de dimeros.
Sin embargo, existen determinados receptores nucleares huérfanos que son
capaces de unirse con afinidad como mondmeros a una Unica secuencia
hexamera, que suele estar precedida por una region rica en A/T (Aranda &
Pascual, 2001).

La unidn del receptor nuclear al ADN puede dar lugar tanto a la activacion
como a la represion del gen diana, ya que se han identificado elementos de
respuesta negativa presentes en zonas reguladoras de diversos genes. Esta
secuencia es muy diferente a la secuencia de los elementos activadores clasicos.
A pesar de la existencia de elementos de respuesta negativos, la accién
inhibidora de los receptores nucleares se suele llevar a término mediante otros
mecanismos.

La unidn del receptor nuclear a la secuencia HRE del gen diana es solo el
primer paso del proceso de regulacion transcripcional, que requiere de la
intervencidn de multiples factores (factores de transcripcion basales y proteinas
que interaccionen para estabilizar la unién al ADN) para iniciar el complejo
proceso de transcripcion. De hecho, los propios receptores nucleares pueden
reclutar otras moléculas co-reguladoras o co-represoras de la transcripcién
(Glass & Rosenfeld 2000, Aranda & Pascual 2001).

2.4 La familia NR4A

La familia NR4A esta formada por los receptores huérfanos NR4A1 (Nur77,
TR3, NGFI-B, DHR38), NR4A2 (Nurrl, NOT) y NR4A3 (NOR-1, TEC,
MINOR, CHN). El receptor NGFI-B (Nerve Growth Factor I-B; Nur77) fue el
primer miembro en clonarse, se identificd en fibroblastos estimulados con
agentes mitdgenos (Hazel et al., 1988) y en neuronas estimuladas con el factor
de crecimiento nervioso (Milbrandt, 1988). Posteriormente, se identifico el
receptor NURR1 (Nur77-Related factor 1). Fue caracterizado en neuronas
dopaminérgicas como un factor de transcripcion especifico del cerebro (Law et
al., 1992). Por altimo, se describié a NOR-1 (Neuron-derived nuclear Orphan
Receptor), que se identificO por primera vez en neuronas en cultivo y en
linfocitos T activados (Hedvat & Irving, 1995, Ohkura et al., 1996 A). Todos
ellos se expresan en tejidos con elevada actividad metabdlica como son el
cerebro, el corazon, el musculo esquelético, el tejido adiposo, los rifiones y el
higado (Maxwell & Muscat, 2006).
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Los tres miembros presentan la estructura tipica de los receptores
nucleares con una elevada homologia en la regién DBD (el 94% de los residuos
son idénticos), una homologia moderada en la region LBD, y una baja
homologia en el dominio N-terminal. La familia NR4A se caracteriza por una
rapida expresion en respuesta a un elevado nudmero de estimulos, hecho que
hace que se clasifiquen como genes de respuesta temprana. Entre los estimulos
capaces de inducir su expresion se encuentran las hormonas (Fahrner et al.,
1990), los factores de crecimiento (Martinez-Gonzalez & Badimon, 2005), las
citoquinas pro-inflamatorias (Pei et al., 2005), las lipoproteinas (Rius et al.,
2004), los factores fisicos (Bandoh et al., 1998) y la despolarizacion de la
membrana plasmatica (Katagiri et al., 1997). La respuesta a esta gran variedad
de estimulos y su amplia distribucidn en los diferentes tejidos y tipos celulares
sitian a los miembros de esta familia en el control de multiples procesos
bioldgicos tales como el desarrollo embrionario y el desarrollo de neuronas
dopaminérgicas (Maxwell & Muscat, 2006) y ademas participan en el control
de procesos celulares como la supervivencia/apoptosis (Li et al., 2000, Alonso
etal., 2016) y la inflamacion (Calvayrac et al., 2015). Esta complejidad explica,
la relacién de los receptores NR4A con diversas enfermedades como la diabetes
(Fuetal., 2007, Lappas, 2014), patologias cardiovasculares (Qing et al., 2014),
el cancer (Delgado et al., 2016, Ji et al., 2017) y el Parkinson (Decressac et al.,
2013).

2.4.1 Unién al ADN

Una vez inducida su expresion los receptores de la familia NR4A se pueden
unir al ADN en forma de mondmeros o de dimeros. Como monomeros se unen
a una secuencia especifica conocida como elemento NBRE (NGFI-B Response
Element), compuesta por una secuencia consenso octamera (5’-AAAGGTCA-
3”) (Wilson et al., 1991). En forma de homodimeros los NR4A reconocen y se
unen al elemento NURE (Nur-Response Element) formado por dos octameros
invertidos parecidos al NBRE (5-
TG(G/A)(CIT)ATTTN6AAAT(G/A)(CIT)CA-3) y separados por un nimero
limitado de nucle6tidos (Philips et al., 1997). El receptor NOR-1 presenta una
menor afinidad por este Gltimo tipo de elemento, y por tanto, posee menor
capacidad de activar la transcripcion (Maira et al., 1999). Ademas, los
receptores Nur77y Nurrl se pueden unir como heterodimeros con el 9-cis RAR
a una secuencia imperfecta de tipo repeticion directa (DR) separada por cinco
nucleétidos (GGTTCACCGAAAGGTCA) (DR-5) (Perlmann & Jansson,
1995, Zetterstrom et al., 1996).

2.4.2 Estructura genética y proteica de NOR-1

La elevada similitud de secuencia entre los tres miembros de la familia NR4A
sugiere que estos receptores derivan de un gen ancestral comin (Maruyama et
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al., 1998). En humanos, el gen que codifica para NOR-1 se localiza en el
cromosoma 9 y esta compuesto por 8 exones, con una estructura exon-intrén
muy parecida a la del resto de receptores nucleares (Ohkura et al., 1996 B).

Los tres miembros de la familia presentan la estructura tipica de receptores
nucleares, aunque poseen algunas particularidades. La mayor diferencia se
encuentra en alazona LBD; como se ha comentado anteriormente es una region
esencial para el reclutamiento de pequefias moléculas lipofilicas (ligando). Los
receptores NR4A presentan una atipica region LBD. Diferentes estudios
mediante cristalografia de rayos X revelan que el dominio LBD en Nurrl
contiene grandes residuos hidrofébicos en el lugar del bolsillo de union al
ligando impidiendo la formacién del mismo y la posible entrada de ligandos
(Wang et al., 2003). Estudios similares realizados en DHR38, el ortdlogo de
NOR-1 en Drosophila, revelan la ausencia del sitio clasico de union a ligando
(Baker et al., 2003). Teniendo en cuenta estos estudios, la posibilidad de que la
familia de NR4A este regulada a través de ligando es limitada, y por ello se
definen como factores de transcripcion independientes de ligando (Wang et al.,
2003, Codina et al., 2004).

El mecanismo més general de activacion de esta familia de receptores es
mediante el incremento de su expresion. También se activan en respuesta a
modificaciones post-traduccionales como la fosforilacion (Li & Lau, 1997) o
la sumoilacion (Arredondo et al., 2013). A pesar de ello, estudios posteriores
han identificado la citosporona B (Csnh-B) como una molécula capaz de unirse
con gran afinidad a la region LBD de Nur77 e inducir su actividad
transcripcional (Zhan et al., 2008). Seria el primer ligando que se vincularia a
esta familia. Otros estudios sugieren que algunos acidos grasos podrian
interaccionar con la zona LBD de Nur77 (Vinayavekhin & Saghatelian, 2011).

2.4.3 Papel de los receptores NR4A a nivel cardiovascular

Los receptores NR4A son fuertemente activados por estimulos pro-
aterogénicos en diferentes tipos celulares como CMLV, células endoteliales y
macrofagos (Martinez-Gonzélez & Badimon, 2005). Sin embargo, actualmente
existe cierta controversia sobre el papel fisiopatoldgico de esta familia, ya que
mientras Nur77 y Nurrl muestran un papel protector, NOR-1 promoveria el
desarrollo de la lesion arteriosclerética (Martinez-Gonzalez & Badimon, 2005,
Ranhotra 2014). A continuacion se detallan las evidencias experimentales para
entender mejor la relacion de la familia NR4A, y més concretamente del
receptor NOR-1, con las enfermedades cardiovasculares.

Los receptores NR4A en la proliferacion y la migraciéon

La proliferacién y la migracion de CMLYV tienen un papel muy importante en
el remodelado cardiovascular, concretamente en el desarrollo de la
arteriosclerosis. También, la proliferacion de las células endoteliales es clave
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en procesos como la reparacion del endotelio y la formacion de nuevos vasos
sanguineos. El receptor NOR-1 ha estado vinculado con dichos procesos pero
con resultados contradictorios, ya que se le atribuye tanto, funciones pro-
proliferativas como anti-proliferativas (Martinez-Gonzélez & Badimon, 2005).

Las investigaciones de nuestro grupo en células vasculares en cultivo
sugieren un papel pro-proliferativo a NOR-1. Asi, se demostr6 por primera vez
mediante el bloqueo de la expresion de NOR-1 con oligonucle6tidos anti-
sentido o con ARN de interferencia. Estas estrategias redujeron la proliferacién
celular inducida por diferentes mitégenos como el suero y las lipoproteinas de
baja densidad (LDL) en CMLV (Martinez-Gonzalez et al., 2003, Rius et al.,
2004), o por el factor de crecimiento de endotelio vascular (VEGF) y la
trombina en células endoteliales (Rius et al., 2006, Martorell et al., 2007), con
una disminucion drastica de la sintesis de ADN y una alteracion del ciclo
celular. Ademas la inhibicién de NOR-1 también limité la migracion celular
inducida por estos estimulos en células vasculares. En estudios posteriores se
han identificado algunos de los genes diana de NOR-1 responsables de estas
respuestas, como la vitronectina (VTN), una glicoproteina implicada en la
adhesién, la migracion y la proliferacion celular (Marti-Pamies et al., 2017) que
presenta un elemento de tipo NBRE en su region promotora. La expresion de
NOR-1 se incrementa también en respuesta al factor de crecimiento PDGF de
tipo BB, lo que refuerza el papel pro-proliferativo de este receptor en CMLV
(Nomiyama et al., 2006, Martorell et al., 2007, Thakar et al., 2009, Gizard et
al., 2011, Li et al., 2013).

Anéalogamente, los estudios in vivo, desarrollados por nuestro grupo
sugieren la contribucion de este receptor nuclear al desarrollo de aterosclerosis.
Asi, observamos que la expresion de NOR-1 en CMLV aumentaba en un
modelo porcino de lesion intravascular por angioplastia en arterias coronarias
(Martinez-Gonzélez et al., 2003). Estudios posteriores, en un raton transgénico
gue sobreexpresa NOR-1 especificamente en CML desarrollado en nuestro
laboratorio, mostraron que la transgénesis de NOR-1 iba asociada a un aumento
de la formacion de neointima inducida por la ligadura de la arteria car6tida. Las
CMLYV de estos animales transgénicos también muestran una mayor actividad
mitogénica (Rodriguez-Calvo et al., 2013). En concordancia con nuestros
resultados, investigaciones de otros grupos mostraron cémo la deficiencia de
NOR-1 en raton iba acompafiada de una menor formacion de neointima
inducida por dafio vascular y una disminucién de la proliferacion (Nomiyama
et al., 2009).

Pese a que los datos anteriormente mencionados atribuyen un papel pro-
aterogénico a NOR-1, existen resultados controvertidos. En un ratéon que
sobreexpresa un dominante negativo que suprime la accion de los tres
miembros de la familia NR4A, se detectd un incremento en la formacion de
neointima inducida por ligadura de carétida, asi como un aumento de la
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actividad mitogénica de las CMLYV procedentes de estos animales (Arkenbout
et al., 2002). Cabe destacar que en este ultimo caso el bloqueo simultaneo de
los tres receptores de la famila NR4A, complica el analisis de los resultados ya
que, en determinados escenarios Nur77 presenta una funcion pro-proliferativa
(Zengetal., 2006, Wang et al., 2010, 2011), mientras en otros estudios a Nur77
y Nurrl se les atribuye un efecto anti-proliferativo en células vasculares
(Arkenbout et al., 2002, Bonta et al., 2010, Huo et al., 2014, Liu et al., 2014) .

Para comprender los mecanismos por los que los receptores NR4A modulan
la proliferacion y la migracién, hay que tener en cuenta que estos receptores
regulan la expresion de proteinas implicadas en el ciclo celular. NOR-induce la
expresion de ciclinas como la D1 y D2, que activan la entrada al ciclo celular
(Nomiyama et al., 2006, 2009). También se ha descrito que NOR-1 regula la
proteina SKP2 (proteina quinasa 2 asociada a la fase S) en CMLV a través de
un elemento NBRE presente en su promotor, lo que tiene como consecuencia
un aumento de la proliferacion (Gizard et al., 2011).

En resumen, estos resultados revelan la gran complejidad del sistema para
mantener el equilibrio entre la actividad proliferativa y la quiescencia.

Los receptores NR4A en la supervivencia celular v la apoptosis

El proceso de muerte celular puede estar regulado por diversas vias, en
particular se ha demostrado la participacién del receptor Nur77 en la activacion
de la apoptosis de linfocitos Ty B (Liu et al., 1994, Woronicz et al., 1994), asi
como en macroéfagos (Kim et al., 2003 A). También, se ha observado que en un
ratén transgénico que sobreexpresa NOR-1y Nur77 en células T en desarrollo,
se produce una apoptosis masiva de linfocitos inmaduros (Woronicz et al.,
1994, Cheng et al., 1997) .

A nivel vascular, son pocos los estudios que relacionan el papel de NOR-1
con el proceso apoptético. Nuestro grupo ha demostrado que NOR-1 es un
factor implicado en la supervivencia de las células endoteliales sometidas a
hipoxia (Martorell et al., 2009). Este efecto anti-apoptético podria estar
relacionado con la capacidad de NOR-1 para inducir la expresion de la proteina
inhibidora de la apoptosis (clAP2), que contiene un elemento NBRE en su
promotor (Martorell et al., 2009, Alonso et al., 2016).

Los receptores NR4A v la inflamacién

Historicamente, la familia de receptores NR4A se ha descrito como factores
proinflamatorios (Pei et al., 2005), ya que se ha observado una expresion
aberrante en tejidos sinoviales inflamados, en cancer colorrectal y en lesiones
ateroscleroticas, entre otros. Ademas, hay un incremento de su expresion frente
a un amplio abanico de estimulos proinflamatorios como el lipopolisacarido
(LPS), citoquinas y lipidos oxidados (Murphy et al., 2001, Pei et al., 2005,
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Holla et al., 2006, Aherne et al., 2009). Sin embargo, recientes estudios
sugieren gue los miembros de la familia NR4A pueden actuar como represores
en respuestas inflamatorias especificas del tipo celular. Estimulos inflamatorios
como el LPS, el TNFa o las LDL oxidadas (oxLDL) inducen la expresion de
NOR-1, y también de Nurrl y Nur77, en macro6fagos y monocitos (Pei et al.,
2005, Barish et al., 2005, Bonta et al., 2006). La sobreexpresion de los
receptores NR4A en estas células tiene consecuencias antiinflamatorias entre
las que destacan una disminucion en la captacion de oxLDL mediante la
inhibicién de la expresion de algunos receptores scavengers, la disminucion de
la expresion de citoquinas pro-inflamatorias (como la IL1p, IL6, IL8 y MCP1)
y de enzimas como la cicloxigenasa 2 (COX2) (Bonta et al., 2006, Shao et al.,
2010). Los estudios in vivo ratifican este papel antiinflamatorio ya que los
macrdfagos procedentes de ratones deficientes para Nur77 presentan una mayor
produccion de citoquinas inflamatorias (Hamers et al., 2012, Hanna et al.,
2012). Recientemente, hemos demostrado que el receptor CD69 (Cluster of
Differentation 69) actla como receptor de oxLDL en linfocitos T humanos y
gue la unién de oxLDL a CD69 incrementa la expresion de los receptores
NR4A y desencadena respuestas antiinflamatorias (Tsilingiri et al., 2019). De
hecho, en raton, la deficiencia de CD69 en el compartimento linfoide, favorece
el desarrollo de aterosclerosis, y se asocia a una baja expresion de Nur77 y
NOR-1 en leucocitos de sangre periférica y nodulos linfaticos para-adrticos.
Cabe destacar que en pacientes con aterosclerosis subclinica, la expresion de
Nur77 y CD69 disminuye en leucocitos de sangre periférica lo que concuerda
con la hipotesis de que los receptores NR4A desempefian una funcion
antiinflamatoria y antiaterogénica en estas células (Tsilingiri et al., 2019).

Estudios in vivo realizados por nuestro grupo en un raton transgénico que
sobreexpresa NOR-1 en CMLV demuestran que la sobreexpresion de NOR-1
va asociada a una menor induccion de citoquinas inflamatorias (IL6, ILS8, IL1p,
CCL20y MCP1) enrespuesta al LPS y TNFa (Calvayrac et al., 2015). El efecto
antiinflamatorio de NOR-1 en CMLYV se debe a la capacidad de este receptor
nuclear de limitar la activacién de la ruta de NF-xB. Analogamente, otros
autores han demostrado cémo Nurrl tiene la capacidad de inhibir la expresion
de TNFa, IL1B y MCP1 en CMLV (Bonta et al., 2010).

En cuanto al impacto de los receptores NR4A sobre la funcionalidad de las
células endoteliales las investigaciones se han centrado en el papel
antiinflamatorio de Nur77, que impide la activacion de NF-xB, y previene la
activacion endotelial inducida por la IL1B y el TNFa, hecho que tiene como
consecuencia una reduccion de la expresion de moléculas de adhesion
intercelulares y vasculares (ICAM-1y VCAM-1), y por consiguiente un menor
reclutamiento de monocitos (Gruber et al., 2003, Bei et al., 2009). Por el
contrario, se han descrito efectos pro-inflamatorios de NOR-1 en células
endoteliales. Asi, la sobreexpresion de NOR-1 en HUVEC induce la expresion
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de las moléculas de adhesién ICAM-1 y VCAM-1, mientras la inhibicién de
este receptor reduce la adhesion endotelial de monocitos in vitro e in vivo (Zhao
etal., 2010). En estudios en células endoteliales, nuestro grupo, ha descrito que
miR-17 y miR20 regulan NOR-1 y de ese modo atenlan la expresion del factor
de crecimiento del endotelio vascular (VEGF) (Sambri et al., 2015).

Los receptores NR4A en el miocardio

Los receptores NR4A presentan una elevada expresién en corazon por lo que
en los ultimos afios ha aumentado el interés del papel de estos receptores en la
fisiopatologia de enfermedades cardiacas (Medzikovic et al., 2019).

Nur77 es el miembro de esta familia mas ampliamente estudiado en el
corazon (Myers et al., 2009, Medzikovic et al., 2015). Distintos modelos
animales muestran una rapida induccion de la expresion de Nur77 promovida
por diferentes estimulos patoldgicos como la estimulacion de la via B—
adrenérgica mediante isoproterenol (1SO) (Myers et al., 2009), la infusion de
Angll (Wang et al., 2013), la coartacion aortica (TAC; del inglés transverse
aortic constriction) (Cheng et al., 2011), el dafio por isquemia/reperfusion y el
infarto de miocardio (Zheng et al., 2014).

Nur77 se ha definido como un factor de transcripcion protector frente al
desarrollo de diferentes patologias cardiacas. Dos grupos de investigacion
independientes han demostrado que Nur77 protege frente al remodelado
cardiaco inducido por una estimulacion f§ adrenérgica cronica. Por un lado, el
silenciamiento de Nur77 en cardiomiocitos neonatales de rata promueve la
hipertrofia inducida por ISO (Medzikovic et al., 2015, Yan et al., 2015). Del
mismo modo, en el modelo de ratdn deficiente (KO; del inglés knock out) en
Nur77 se observa una reduccion en la supervivencia de los cardiomiocitos, un
aumento de la hipertrofia y una mayor fibrosis cardiaca tras la infusion crénica
de 1ISO (Medzikovic et al., 2015). También se ha demostrado que Nur77 regula
la hipertrofia de los cardiomiocitos de forma paracrina a través del neuropéptido
Y (NPY) (Medzikovic et al., 2018). Por ultimo, frente al dafio por
isquémia/reperfusion el raton KO para Nur77 presenta menor disfuncion
contrdctil que los controles (Zhou et al., 2018).

A pesar del gran nimero de evidencias que avalan el papel protector de
Nur77 a nivel cardiaco, la sobreexpresion de este receptor nuclear en el
miocardio mediante un sistema adenoviral inhibe la respuesta hipertrofica
desencadenada por el 1ISO (Yan et al., 2015). Una respuesta similar ocurre en
el ratdn deficiente Nur77; se observa una atenuacion de la hipertrofia cardiaca,
de la fibrosis y de la apoptosis, ademas de mejorar la funcion del ventriculo
izquierdo tras la infusion crénica de Angll (Wang et al., 2013).

En comparacion con Nur77, se sabe mucho menos del papel funcional de
los receptores Nurrl y NOR-1 en la funcién cardiaca y el remodelado. La
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expresion de Nurrl se induce en corazones de ratones (Myers et al., 2009) y en
cardiomiocitos neonatales de rata tras la estimulacion con ISO (Medzikovic et
al., 2015), sin embargo, las implicaciones funcionales de este receptor en la
hipertrofia cardiaca y el infarto de miocardio todavia no se han caracterizado
en profundidad. En cuanto a NOR-1, éste se expresa en el coraz6n sano humano
murino y porcino (Ohkura et al., 1996 B, Martinez-Gonzalez et al., 2003,
Myers et al., 2009). Se ha descrito que su expresion disminuye en los apéndices
atriales de pacientes con fibrilacion auricular debida a una disfuncion de la
valvula mitral o con enfermedad arterial coronaria, respecto a pacientes control
(Kharlap et al., 2006). En relacién a la hipertrofia cardiaca la expresion de
NOR-1 esta incrementada en corazones de raton y en cardiomiocitos neonatales
de rata expuestos a ISO (Myers et al., 2009, Feng et al., 2015, Medzikovic et
al., 2015). En este modelo celular, el silenciamiento de NOR-1 atenua la
hipertrofia mientras, la sobreexpresion de NOR-1 la promueve. Asimismo, in
vivo se ha observado que la sobreexpresion de NOR-1 potencia la hipertrofia
cardiaca inducida por ISO a través de la regulacion de la actividad enzimética
de PARP-1 (Poly ADP-Ribose Polymerases) (Feng et al., 2015).

Los receptores NR4A v el AAA

El receptor NOR-1 es el unico miembro de esta familia que ha sido estudiado
en el contexto del AAA (Neels et al., 2020). Las investigaciones de nuestro
grupo han detectado una mayor expresion de NOR-1 en muestras
aneurismaticas humanas, especificamente en las CMLV, que la observada en
aortas de donantes sanos (Alonso et al., 2016). A pesar del efecto
antiinflamatorio de NOR-1 en macréfagos, experimentos de transplante de
médula 6sea deficiente en NOR-1 realizados en raton KO para el receptor de
LDL (LDLR) mostraron que la deficiencia de NOR-1 en células
hematopoyéticas no altero la progresion ni la ruptura del AAA inducido por la
infusion de Angll (Qing et al., 2017). Debido a la escasez de estudios en este
ambito, el papel de la familia de NR4A en la patologia aneurismética es
desconocido.

3. Tirosina hidroxilasa

La enzima tirosina hidroxilasa (TH; EC 1.14.16.2) es uno de los primeros genes
identificado como gen diana de la familia de los receptores NR4A (Liu et al.,
1997, Sakurada et al., 1999), y ha sido objeto de multiples investigaciones
debido a su importancia como enzima limitante en la sintesis de catecolaminas.
La TH cataliza la hidroxilacién de la tirosina a L-DOPA (Molinoff & Axelrod,
1971). Los productos de esta via son las catecolaminas (dopamina, epinefrina
y norepinefrina), hormonas y neurotransmisores relevantes en el sistema
nervioso central y periférico. Las catecolaminas intervienen en procesos
centrales como la memoria en el cerebro (Arnsten, 1997), pero también
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modulan la respuesta frente a estrés en tejidos y 6rganos periféricos. Entre otras
respuestas, destacar el aumento de la presion sanguinea y del pulso cardiaco,
vasodilatacion en masculo esquelético, corazon y cerebro (Tank & Wong,
2015).

3.1 Estructuray distribucion de la TH

La TH también denominada tirosina 3-monooxigenasa, pertenece a la familia
de enzimas hidroxilasas de aminoécido aromaticos. Esta familia estd compuesta
por tres miembros, la TH, la fenilalanina hidroxilasa y la triptéfano hidroxilasa.
Esta familia realiza la hidroxilacién de anillos aromaticos presentes en los
aminoacidos. Para llevar a cabo la reaccién utilizan oxigeno molecular (Oy),
tetrahidrobiopterina (BHs) como coenzima y un grupo hemo (Fe?*) como
cofactor. El &omo de hierro se mantiene en el sitio activo del enzima mediante
dos residuos de histidinas y un residuo de glutamato.

La estructura de la TH consta de un dominio amino terminal regulador (R)
de tamafio variable de 100 a 150 residuos de aminoacidos, seguido de un
dominio catalitico (C) de unos 330 residuos, y un dominio en espiral en el
carboxilo terminal de aproximadamente 20 aminoacidos (Daubner et al., 2011).

La TH se ha localizado en el cerebro en células dopaminérgicas,
adrenérgicas y noradrenérgicas, también en el intestino, el sistema nervioso
simpatico y en la médula adrenal. Asimismo, se ha identificado la expresion de
TH en linfocitos T, y su implicacién en el proceso de diferenciacion a linfocitos
T helpers (Thl, Th2 y Th17) (Zhao et al., 2013, Huang et al., 2016, Wang et
al., 2016). Estudios recientes, han descrito la expresion de la TH en las células
endoteliales y las CMLV en condiciones de hipoxia (Pfeil et al., 2014).
Generalmente, se encuentra en el citoplasma en forma de homotetramero
(aprox. 240 kDa) (Haycock et al., 1985). La TH esta codificada por un Unico
gen en humanos, pero presenta 4 isoformas producidas por al empalme
alternativo. (Haycock, 2002).

3.2 Funciéndela TH

Como se ha comentado la TH cataliza el paso limitante en la sintesis de
catecolaminas (Figura 6). Para ello, requiere L-tirosina como sustrato, BHa, O
y Fe?". Esta reaccion da lugar a la sintesis de DOPA y a la produccién de
dihidrobiopterina y agua como subproductos.
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Figura 6. Ruta de sintesis de catecolaminas. La fenilalanina hidroxilasa (PAH)
convierte la fenilalanina en tirosina. A su vez, la tirosina hidroxilasa (TH) hidroxila la
tirosina para dar lugar a DOPA. La DOPA se convierte en dopamina a través de la
enzima DOPA descarboxilasa (DDC). La enzima dopamina B-hidroxilasa (DBH)
hidroxila la dopamina que se transforma en norepinefrina, la cual es metilada a
epinefrina mediante la enzima feniletanolamina N-metiltransferasa. La TH es la enzima
limitante de esta via. Adaptada de Daubner et al., (2010).

Las catecolaminas son importantes neurotransmisores en el sistema
nervioso central y periférico, pero también tienen un papel fundamental como
neurohormonas circulantes, secretadas por la medula adrenal y los nervios
simpéaticos. En situaciones de lucha-huida, estas neurohormonas son
rapidamente liberadas en los 6rganos viscerales, los vasos sanguineos, los
musculos lisos y glandulas. Los efectos que producen pueden afectar al
corazon, los pulmones, el cerebro, y a nivel vascular se produce un aumento de
la presion sanguinea. Concretamente, se produce la vasoconstriccion en los
vasos sanguineos pertenecientes a Organos viscerales (rifion, tracto
gastrointestinal y piel), y asi se puede redistribuir la sangre hacia los musculos
esqueléticos. A pesar, de que las catecolaminas son necesarias a corto plazo
para la supervivencia del organismo, elevados niveles circulantes de
catecolaminas se han relacionado con patologias como la hipertension y la
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hipertrofia cardiaca (Tank & Wong, 2015). Al ser el enzima limitante de la via
las alteraciones en la actividad de la TH tienen efectos directos en los procesos
regulados por las catecolaminas. Por ello, el estudio de la regulacién de la TH
es de gran interés en la investigacion biomédica.

3.3 Regulacién de la TH

La regulacion de la TH es compleja y engloba dos grandes aspectos, la
regulacion a medio-largo plazo del gen (a nivel transcripcional, la estabilidad
del mensajero de RNAy el procesamiento alternativo del RNA) y la regulacion
directa a corto plazo de la actividad (y que incluye la inhibicion por
retroalimentacion, la regulacion alostérica, la fosforilacion del enzima y
modificaciones post-traduccionales).

En esta introduccién nos vamos a centrar exclusivamente en los mecanismos
de regulacion a largo plazo, y mas concretamente en la regulacion
transcripcional del enzima.

3.3.1 Regulacion a medio-largo plazo

La expresion de la TH es altamente dependiente de tejido y de tipo celular. El
estudio de la regulacion de la actividad transcripcional de este enzima se ve
dificultado por la baja homologia entre el promotor humano de la TH y los
promotores de ratdn y rata. Se identifican solo cinco regiones con elevada
homologia. Especificamente, la homologia entre el promotor humano y de ratén
es del 46.6%, y entre el promotor humano y de rata es sélo del 30% (Kessler et
al., 2003). A pesar de la baja homologia, resaltar dos regiones (CR1: -2367 pb
a -2303 pb y CR2: -101 pb a +23 pb) muy conservadas evolutivamente en las
tres especies, lo que sugiere que son zonas clave implicadas en la expresién de
la TH durante el desarrollo (Kim et al., 2003 B). El analisis de secuencias ha
demostrado que esas regiones conservadas contienen sitios consenso de unién
para Nurrl (Zetterstrom et al., 1997, Witta et al., 2000, Kim et al., 2003 B) y
Ptx3 (Pentraxin-related protein 3) (Lebel et al., 2001), que tienen un papel
importante durante la neurogénesis dopaminérgica en el mesencéfalo.
Concretamente, se ha identificado un elemento NBRE (GGTTAAA)
conservado para las tres especies. También se ha descrito en dichas regiones
elementos CRE y la caja TATA necesarios para la transcripcion basal (Kim et
al., 2003 B).

A pesar de los esfuerzos en investigacion durante las dos Gltimas décadas,
los mecanismos de control de la expresion de la TH especificos de tipo celular
siguen en estudio. De hecho dependiendo del tipo celular y de la especie, Nurrl
puede actuar como activador o represor de la actividad de la TH. Desde los afios
90 utilizando estrategias de ganancia de funcion se ha demostrado que Nurrl
regula directa e indirectamente la expresion de la TH (Wagner et al., 1999,
Chung et al., 2002). Posteriormente, en estudios realizados con el promotor de
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rata de la TH, se observd una clara regulacién de la TH por Nurrl en lineas
celulares como HelLa, 293T, C6 y SL2, entre otras (Kim et al., 2003 C).
También se ha observado, que en células progenitoras neurales en rata Nurrl
activa la expresion de la TH de forma independiente del receptor RXR
(Sakurada et al., 1999). En cambio, en células progenitoras neurales humanas
la expresion de la TH no depende de Nurrl, a diferencia de los sistemas de rata
y raton (Jin et al., 2006). Actualmente, la hipotesis mas aceptada sugiere que la
regulacién transcripcional de la TH esta mediada por grupos de factores
diferentes en cada tipo celular, y esta sujeta a variacion entre especies.

3.4 Catecolaminas y patologia cardiovascular

La TH ha sido ampliamente estudiada en las patologias neuronales, ya que
alteraciones en la sintesis o en la secrecion de catecolaminas se han relacionado
con enfermedades como el Parkinson, la depresion, la esquizofrenia y la
adiccion (Tank & Wong, 2015). Sin embargo, la TH se ha vinculado con
patologias cardiovasculares como la hipertensién, la diseccién aortica toracica
(TAD) e incluso el infarto de miocardio.

Estudios genéticos han asociado diversas variantes comunes, concretamente
polimorfismos de nucleédtido Gnico (SNPs) en el promotor de la TH con una
predisposicion a padecer hipertension (Rao et al., 2010) . También, un estudio
reciente, ha demostrado una elevada actividad del sistema nervioso simpatico
en la aorta de pacientes con TAD, respecto a muestras control. Concretamente,
en el grupo de muestras pertenecientes a pacientes con diseccién de la aorta
toracica (TAD; del inglés thoracic aortic dissection) se detecté mayor
concentracion de norepinefrina en el plasma, y una mayor expresion de TH y
de GAP43 (Growth Associated Protein 43) en las fibras nerviosas de la aorta
(Zhipeng et al., 2014).

Por ultimo, se ha observado un nivel elevado de norepinefrina en el plasma
de pacientes con infarto de miocardio. Esto sugiere una relacion entre la
desregulacion de la via de sintesis de las catecolaminas, sefialando a la TH
como enzima clave al ser el enzima limitante, y el infarto de miocardio (Kaye
et al., 1995, Scrogin et al., 2013).

En resumen, la investigacion de la participacion de la TH en patologias
cardiovasculares es bastante reciente y escasa, pese a las evidencias, por lo que
se requiere seguir investigando para establecer su papel de forma clara.
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Las enfermedades cardiovasculares son una de las principales causas de
mortalidad a nivel mundial. Entre las enfermedades con mayor
morbimortalidad encontramos el AAA y la hipertrofia cardiaca, ambas
caracterizadas por un proceso de remodelado en respuesta a un dafio. En este
proceso se altera profundamente la expresion génica y los factores de
transcripcion juegan un papel clave (Martinez-Gonzélez et al., 2001). La
identificacion de los factores de transcripcion implicados y la determinacion
del papel que desempefian resulta imprescindible para entender las bases
fisiopatoldgicas en la evolucidon de las enfermedades.

En la actualidad no se dispone de farmacos que limiten la progresion o
promuevan la regresion de los AAA. Ademas, por la naturaleza de esta
patologia no es posible analizar muestras de tejido humano cuando el aneurisma
se encuentra en desarrollo (Torres-Fonseca et al., 2019). Tampoco se dispone
de tratamientos farmacoldgicos que reviertan la hipertrofia cardiaca, y los
tratamientos actuales sélo retrasan su progresion (Samak et al., 2016). Por
tanto, es importante disponer de modelos animales adecuados en los que
estudiar los mecanismos fisiopatoldgicos de estas enfermedades y realizar
estudios preclinicos.

En nuestro grupo se ha descrito que la expresion de NOR-1 aumenta de
forma muy importante en AAA humanos (Alonso et al., 2016), si bien
actualmente, se desconoce el papel de NOR-1 en el aneurisma de aorta.
Recientemente, hemos observado que un modelo de ratén que sobreexpresa
este receptor en la pared vascular (TgNOR1MYY) presenta predisposicion a
desarrollar aneurismas inducidos por sobrecarga de presion. Alrededor del 60%
de los animales TYNOR1M-V infundidos con Angll desarrollan aneurisma. En
los aneurismas de estos animales se observa un aumento de la expresion de
elementos que clasicamente estan implicados en la enfermedad humana como
MMP-2, citoquinas y quimioquinas. Estos resultados indican que nuestro
modelo animal recoge aspectos relevantes de esta enfermedad y podria ser Util
para estudiar los mecanismos celulares y moleculares del AAA y como modelo
pre-clinico para el analisis de nuevas estrategias terapéuticas.

En cuanto a la relacion de NOR-1 y la hipertrofia cardiaca, no existen
estudios en modelos especificos que analicen su papel en este proceso ni en la
supervivencia/apoptosis de los cardiomiocitos. Sin embargo, la expresion de
NOR-1 es inducida por agonistas 3-adrenérgicos que promueven este proceso
patologico (Myers et al., 2009). En estudios preliminares, observamos que la
sobrecarga de presion (infusion Angll) en un modelo animal que expresa el
receptor NOR-1 humano en el miocardio (TgNOR-1), agravaba la hipertrofia.
La implicacion de NOR-1 en procesos celulares relacionados con la hipertrofia
como la supervivencia/apoptosis, la inflamacion y el estrés oxidativo, también
sugieren que, como factor de transcripcion, podria desempefiar un papel
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importante en la coordinacion de la expresion de genes relevantes en este
proceso.

De acuerdo con los antecedentes expuestos, y con los resultados
preliminares, nuestra hipdtesis de trabajo es que el receptor nuclear NOR-1
juega un papel relevante en el remodelado cardiovascular asociado a
enfermedades cardiovasculares como el AAA y la hipertrofia cardiaca, y que
modelos animales modificados genéticamente para este receptor pueden ser
tiles en el estudio de los mecanismos celulares y moleculares de estas
enfermedades y en el andlisis preclinico de potenciales terapias. En este
contexto, hemos propuestos los siguientes objetivos:

1) Analizar los mecanismos celulares y moleculares que implican a NOR-1 en
la hipertrofia cardiaca e identificar y caracterizar genes diana de NOR-1 a
nivel del miocardio.

2) Analizar los mecanismos celulares y moleculares que implican a NOR-1 en
el AAA e identificar y caracterizar genes diana de NOR-1 a nivel de la pared
vascular.

3) Determinar la utilidad de ratones transgénicos para NOR-1 como nuevos
modelos animales en estudios preclinicos de farmacos utiles en el
tratamiento de patologias cardiovasculares.

56



RESULTADOS






RESULTADOS

CSIC IibB

DE CIENCIAE CONSEO SUPEROR DE INVESTIGACIONES CIENTIFICAS

INNOVAGION INSTITUTO DE INVESTIGACIONES BIOMEDICAS

DE BARCELONA

A quien corresponda:

Por la presente los Dres. José Martinez Gonzalez y M2 Cristina Rodriguez Sinovas, directores de
la tesis doctoral presentada por Laia Cafies Esteve informan sobre el factor de impacto y la
participacion de la doctoranda en las siguientes publicaciones:

1.

Cafies L*, Marti-Pamies 1*, Ballester-Servera C, Herraiz-Martinez A, Alonso J, Galan M,
Nistal JF, Muniesa P, Osada J, Hove-Madsen L, Rodriguez C, Martinez-Gonzalez J. Neuron-
derived orphan receptor-1 modulates cardiac gene expression and exacerbates
angiotensin ll-induced cardiac hypertrophy. Clin Sci (Lond). 2020;134:359-377. doi:
10.1042/CS$20191014. *Contribuyeron igualmente %
Factor de impacto: 5,223; 1% cuartil (24/138, Medicine, Research & Experimental).

La participacién de Laia Cafies en este estudio consisti6 en:

- Puesta a punto del aislamiento de cardiomiocitos y desarrollo de los estudios de
caracterizacién de los cardiomiocitos y cardiofibroblastos de los ratones TgNOR-1;
resultados correspondientes a: Figure 2 y Figure 3.

- Realizacién de nuevos estudios in vivo con el objetivo de incrementar la n y
reevaluacién de los datos ecocardiograficos que conforman la Table 1.

- Valoracién de fibrosis e inflamacién cardiaca; resultados incluidos en: Figure 5.

- Ampliacién del nimero de muestras, reevaluacion de los niveles de expresion génica y
realizacion de los estudios de Western blot: Figure 6.

- Cuantificacién de los niveles de mRNA de Col3al, Ctgf, Pail, Lox y LoxI2: Figure 7B-F.

- Clonaje del promotor de LoxI2 y andlisis de actividad transcripcional: Figure 8Cy D.

- Anélisis de funcion cardiaca en ratones WT y TgNOR-1 de 4 y 12 meses de edad:
Supplementary Table 51.

- Aislamiento de esplenocitos para el analisis por TLA: Figure S1.

- Analisis de expresién correspondientes a la Figure S4.

- Estudios para responder los requerimientos de los revisores del manuscrito incluidos
en el Anexo de este articulo: Figuras A1-A3 y Tabla Al.

Caiies L*, Marti-Pamies |*, Ballester-Servera C, Alonso J, Serrano E, Briones AM, Rodriguez
C, Martinez-Gonzélez J. High neuron derived orphan receptor-1 (NOR-1) expression
strengthens the vascular wall response to angiotensin Il leading to aneurysm formation in
mice. Hypertension. 2020;77 (In press). doi:10.1161/HYPERTENSIONAHA.120.16078.
*Contribuyeron igualmente.

Factor de impacto: 7,713; 1% decil (4/65, Peripheral Vascular Disease).

La participacién de Laia Caiies en este estudio consistié en:

- Realizacion de nuevos estudios in vivo para la generacion de las muestras necesarias
para los andlisis cuantitativos incluidos en: Figure 2, Figure3A, y Figure S2.

- Evaluacién de la funcién renal y hepatica; resultados incluidos en: Figure S3

- Analisis de actividad MMP por zimografia incluido en: Figure 3C.

- Desarrollo de un nuevo estudio in vivo con doxiciclina para incrementar el nimero de
animales y realizar los andlisis cuantitativos que figuran en: Figures 4 y 5, Figures S5,
S6'y Supplemental Table S2.

F ROSELLON 167, 62 PLANTA
08

ARCEL ONA
3¢ 00

FAX: 83

59



RESULTADOS

CSIC IibB

DE CIENCIA E CONSEO SUPERIOR DE INVESTIGACIONES CIENTIFICAS
I A INSTITUTO DE INVESTIGACIONES BIOMEDICAS
DE BARCELONA

- Realizacién de los andlisis de GSEA de los estudios de microarray y validacién de los
resultados: Table 1, Supplemental Tables S4 y S5y Figure S7.

- Caracterizacién por inmunohistoquimica y Western blot de la expresion vascular de
MMP-12 en el modelo TgNOR-1"<: Figure S8.

- Estudios para responder los requerimientos de los revisores del manuscrito incluidos
en el Anexo de este articulo: Figuras A1y A2B.

La Dra Ingrid Marti Pamies incluy6 parte de los resultados que figuran en estos articulos en su
tesis doctoral titulada: “NOR-1 en el remodelado cardiovascular: Identificacién de genes diana
i caracteritzacié d‘animals transgénics per a NOR-1 com a models en patologies
cardiovasculars.

3. Cafies L, Alonso J, Ballester-Servera C, Varona S, Rodriguez C, Martinez-Gonzalez J.
Targeting tyrosine hydroxylase for abdominal aortic aneurysm: impact on inflammation,
oxidative stress and vascular remodeling. 2021 (manuscrito en revisién).

Firmado:

Dr José Martinez Gonzélez Dra M2 Cristina Rodriguez Sinovas
Barcelona 18 de Diciembre de 2020

ROSELLON 161, 6” PLANTA
08036 BARCELONA

TEL.: 93 83 00

FAX: 93 363 83 01

60



M RESULTADOS

PUBLICACION 1

Neuron-derived orphan receptor-1
modulates cardiac gene expression and
exacerbates angiotensin Il-induced cardiac
hypertrophy

Laia Cafies’, Ingrid Marti-Pamies®, Carme Ballester-Servera,
Adela Herraiz-Martinez, Judith Alonso, Maria Galan, J
Francisco Nistal, Pedro Muniesa, Jesus Osada, Leif Hove-
Madsen, Cristina Rodriguez,* and José Martinez-Gonzéalez*

T Both first authors contributed equally to this work.

*These authors contributed equally to this work.

Clinical Science, Volume 134, Issue 3, 14 February 2020,
Pages 359-377

61






RESULTADOS

Introduccion y objetivos: La hipertrofia cardiaca se manifiesta inicialmente
€OmMo un mecanismo compensatorio en respuesta a una sobrecarga de presion o
volumen. Sin embargo, el estrés sobre el miocardio prolongado en el tiempo da
lugar a alteraciones en la funcion ventricular y representa un factor de riesgo
critico para el desarrollo de insuficiencia cardiaca. La hipertrofia cardiaca se
define como un incremento en la masa del corazon, y se caracteriza por un
aumento en el tamafio de los cardiomiocitos y un mayor ndmero de
cardiofibroblastos que promueven fibrosis y en consecuencia un incremento de
larigidez del miocardio. Se produce, ademas, un aumento en la sintesis proteica
y la reactivacion de genes que se expresan normalmente durante el desarrollo
fetal como los péptidos natriuréticos (BNP y ANP) o la cadena pesada de la
miosina (MYH7). En la actualidad, los mecanismos que promueven los
cambios transcripcionales durante el desarrollo de la hipertrofia cardiaca en
respuesta a sobrecarga de presion no estdn completamente dilucidados.

El receptor NOR-1 es un factor de transcripcién que se expresa en el
musculo esquelético y el corazon. Se ha observado que en respuesta a estimulos
prohipertroficos como el agonista f-adrenérgico isoproterenol se produce un
aumento de la expresion de NOR-1 en cardiomiocitos neonatales de rata, los
cuales aumentan de tamafio y expresan marcadores caracteristicos de la
hipertrofia. Sin embargo, se desconoce el papel de NOR-1 in vivo en el proceso
de hipertrofia por sobrecarga de presion. Por lo tanto, nuestro objetivo es
estudiar las consecuencias de la sobreexpresion de NOR-1 sobre la funciény la
hipertrofia cardiaca en respuesta a la sobrecarga de presion inducida por Angll
en un modelo de ratén transgénico con una fuerte expresion del NOR-1 humano
en el corazon (TgNORL).

Resultados: Nuestro grupo ha desarrollado un ratén transgénico (TgNOR-1)
en el que el transgén humano de NOR-1 se encuentra bajo el control del
promotor CAG, que dirige la expresién preferentemente al miocardio. En estos
animales, la expresion del transgén en los cardiomiocitos es mayor que en los
cardiofibroblastos. Los cardiomiocitos transgénicos aislados se caracterizan por
una mayor area celular y un incremento de la longitud de acortamiento tras una
estimulacion eléctrica. También, observamos un aumento de la expresion de
Myh7, mientras que el nivel de mMRNA de Myh6 permanece estable. Esto da
lugar a un incremento significativo de la ratio Myh7/Myh6. A su vez, los
cardiofibroblastos transgénicos en cultivo exhiben mayor actividad migratoria,
mayor expresion de marcadores de la transicion fenotipica a miofibroblastos
(Actaly Sm22a) y sinterizaron mas colageno que los cardiofibroblastos control
(WT, del inglés wild-type).

Para determinar los efectos de la sobreexpresion de NOR-1 en la funcion
cardiaca y el remodelado ventricular, se realizaron analisis ecocardiograficos
en ratones control y TgJNOR-1 de 4 y 12 meses de edad. No se observaron
diferencias en ningun parametro ecocardiografico entre los animales TJNOR-
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1y WT de 4 meses. Sin embargo, se detectd un incremento significativo en la
masa del ventriculo izquierdo en los ratones transgénicos de 12 meses con
respecto a ratones control de la misma edad. Esta diferencia se asocié a un
incremento del grosor de la pared ventricular (PWT; del inglés posterior wall
thickness) en los animales transgénicos, pero no se observaron alteraciones en
otros pardmetros como el didmetro interno del ventriculo izquierdo (LVEDd,;
del inglés left ventrivular end-diastolic dimension) en ninguno de los grupos.
Tampoco se encontraron diferencias en la fraccion de eyeccion del ventriculo
izquierdo (LVEF; del inglés left ventricular ejection fraction) o en la fraccion
de acortamiento del ventriculo izquierdo (LVFS; del inglés left ventricular
fractional shortening), como parametros indicadores de funcion sistolica.

Para analizar con mayor profundidad el papel de NOR-1 en la hipertrofia
cardiaca, ratones WT y TgNOR-1 se sometieron a infusion de Angll durante
28 dias. En los ratones transgénicos los analisis ecocardiograficos mostraron
una mayor masa del ventriculo izquierdo asociado a un incremento del PWT y
del grosor del septo intraventricular (IVST; del inglés intraventricular septum
thickness). También, se observd un incremento en la funcion sistélica en los
ratones TgNOR-1 tratados con Angll, tal y como demostr6 el aumento de la
fraccion de eyeccion y de acortamiento. Tras la infusion de Angll los ratones
TgNOR-1, presentaban una hipertrofia concéntrica mas grave que los ratones
WT.

Los estudios inmunohistoquimicos revelaron que en respuesta a Angll el
infiltrado de macrdfagos en el miocardio de los ratones TgNOR-1 era mayor
que en los ratones control. Mediante la tincién de aglutinina de germen de trigo
(WGA,; del inglés Wheat Germ Agglutinin), que permite tefiir la membrana
plasmatica para cuantificar el area de la célula, se observo que la infusion de
Angll incrementd el area de los cardiomiocitos transgénicos en mayor medida
gue en los animales WT. Ademas, los ratones transgénicos infundidos con
solucion salina presentaron un area ligeramente superior que la de los animales
WT, lo que concuerda con lo observado en cardiomiocitos aislados.

Respecto a la fibrosis cardiaca, la sobreexpresion de NOR-1 agravd la
fibrosis intersticial y perivascular inducida por Angll, con un aumento en la
deposicion de colageno, un mayor entrecruzamiento de las fibras de colageno
y un incremento en los niveles de MRNA de marcadores pro-fibroticos (Collal,
Col3al, Ctgf, Pai-1, Lox y Loxl2). Destacar que en condiciones basales
(infusion con solucion salina) la expresion de LoxI2 en el miocardio de los
ratones transgénicos era mayor que en los WT.

Asimismo, la transgénesis de NOR-1 potenci6 el aumento de la expresion
de marcadores de hipertrofia cardiaca (Bnp, Anp y Myh7) inducidos por la
infusion de Angll. Concretamente, del mismo modo que ocurria en
cardiomiocitos aislados de ratones TgNOR-1, los corazones de animales
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transgénicos infundidos con solucion salina presentaban mayor expresion de
Myh7 que los animales WT.

Como se ha mencionado, en condiciones basales en los animales
transgénicos para NOR-1 se observé una mayor expresion de Myh7, implicado
en la disfuncion cardiaca, y de LoxI2, relacionado con remodelado de la MEC.
Mediante andlisis in silico se identificaron elementos reguladores NBRE en el
promotor de ambos genes. Para verificar si NOR-1 regula su expresién, se clond
el promotor proximal de los genes humanos MYH7 y LOXL2 en el vector
reportero pGL3. Los ensayos de actividad transcripcional en CMLV co-
transfectadas con dichas construcciones y un vector de expresion de NOR-1
(PCMV5/hNOR-1) mostraron un incremento de la actividad transcripcional de
ambos genes en respuesta a NOR-1.

Conclusiones: Nuestro estudio muestra por primera vez la contribucién de
NOR-1 a la hipertrofia cardiaca asociada a la edad, y en mayor medida a la
hipertrofia por sobrecarga de presion, a través de la regulacion transcripcional
de genes como LoxI2 y Myh7 clave en el desarrollo de la hipertrofia cardiaca
hipertensiva.
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Hypertensive cardiac hypertrophy (HCH) is a common cause of heart failure (HF), a major
public health problem worldwide. However, the molecular bases of HCH have not been com-
pletely elucidated. Neuron-derived orphan receptor-1 (NOR-1) is a nuclear receptor whose
role in cardiac remodelling is poorly understood. The aim of the present study was to gen-
erate a transgenic mouse over-expressing NOR-1 in the heart (TQNOR-1) and assess the
impact of this gain-of-function on HCH. The CAG promoter-driven transgenesis led to viable
animals that over-expressed NOR-1 in the heart, mainly in cardiomyocytes and also in car-
diofibroblasts. Cardiomyocytes from TgNOR-1 exhibited an enhanced cell surface area and
myosin heavy chain 7 (Myh7)/Myh6 expression ratio, and increased cell shortening elicited
by electric field stimulation. TJNOR-1 cardiofibroblasts expressed higher levels of myofi-
broblast markers than wild-type (WT) cells (x 1 skeletal muscle actin (Acta7), transgelin
(Sm22«)) and were more prone to synthesise collagen and migrate. TJNOR-1 mice experi-
enced an age-associated remodelling of the left ventricle (LV). Angiotensin Il (Angll) induced
the cardiac expression of NOR-1, and NOR-1 transgenesis exacerbated Angll-induced car-
diac hypertrophy and fibrosis. This effect was associated with the up-regulation of hyper-
trophic (brain natriuretic peptide (Bnp), Actal and Myh?7) and fibrotic markers (collagen type
I o 1 chain (Col7aT), Pai-1 and lysyl oxidase-like 2 (Lox/2)). NOR-1 transgenesis up-regulated
two key genes involved in cardiac hypertrophy (Myh7, encoding for B-myosin heavy chain
(3-MHC)) and fibrosis (Lox/2, encoding for the extracellular matrix (ECM) modifying enzyme,
LoxI2). Interestigly, in transient transfection assays, NOR-1 drove the transcription of Myh7
and Lox/2 promoters. Our findings suggest that NOR-1 is involved in the transcriptional
programme |leading to HCH.
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mechanisms underlying the changes in the transcriptional programme leading to hypertensive cardiac hypertrophy
(HCH) are not completely understood.

Neuron-derived orphan receptor-1 (NOR-1) is a transcription factor belonging to the Nuclear receptor subfamily 4
group A (NR4A) [3]. NOR-1 (NR4A3) as well as Nur77 (NR4A1) and Nurrl (NR4A2) seem to be constitutively active
(ligand-independent) nuclear receptors whose transcriptional activity depends on their expression levels. These re-
ceptors play a key role in an array of tissues and have been associated with a variety of high-incidence human patholo-
gies including coronary artery disease (CAD), diabetes, obesity and cancer [3-6]. We and others implicated NOR-1 in
vascular remodelling and CAD [7-10]. In vascular tissues, NOR-1 is expressed at low levels, but it is quickly induced
by growth factors and cytokines, acting as an immediate-early gene involved in vascular hyperplasia [7,8,11,12] by
regulating genes required for cell spreading, migration and proliferation [8,13,14]. NOR-1 is also expressed in the
heart and skeletal muscle (at high levels compared with other organs) [7,15]. In skeletal muscle, it has been associated
with the modulation of genes involved in specific aspects of lipid, carbohydrate and energy homoeostasis [16,17],
as well as in myotube differentiation and hypertrophy [16,18]. Concerning the heart, the most studied member of
the NR4A family (Nur77) has been linked to cardiac hypertrophy, although conflicting results have been reported
[19,20]. Much less is known about the role of NOR-1 in cardiac function and remodelling. NOR-1 seems to partici-
pate in cardiomyocyte hypertrophy in vitro [21]; however, neither studies in angiotensin II (Angll)-induced cardiac
overload models nor in NOR-1 genetically modified animals have been performed so far.

In the present study, we have generated a mouse model that over-expresses NOR-1 in the heart and assessed the
effect of a gain-of-function of this receptor on Angll-induced cardiac hypertrophy. Our results involve the nuclear
receptor NOR-1 in the regulation of key genes implicated in cardiac function and remodelling.

Materials and methods

Generation of an expression plasmid for human NOR-1

An expression plasmid was generated by cloning a full-length human NOR-1 ¢DNA (GenBank Accession No.
D78579; position 513-2872), excised by digestion with EcoRI from a pBlueScript-NOR-1 construct (kindly pro-
vided by Dr. N. Ohkura, Growth Factor Division, National Cancer Center Research Institute, Tokyo, Japan) [22],
into the EcoRI site of pCAGGS vector. The resulting construct ((CAGGS/hNOR-1) (Figure 1A) was verified by se-
quence analysis and validated as an NOR-1 expression plasmid by assessing NOR-1 mRNA and protein levels in cells
transfected with pCAGGS/hNOR-1.

Generation of transgenic mice

The expression cassette (4629 bp) was recovered by double digestion with Sall and HindIII (Figure 1A), purified by
QIAquick™ Gel Extraction Kit (Qiagen; Hilden, Germany), and used for pronuclear injection of zygotes as previ-
ously described [23]. All procedures were carried out in the Transgenesis Unit of the Aragon Health Science Institute
under the Project Licenses PI29/08 and PI30/08 approved by the in-house Ethics Committee for Animal Experi-
ments from the University of Zaragoza. Embryos were obtained from B6D2F1/] mice mated to B6D2F1/] males
(Charles River, Wilmington, MA, US.A.). Four- to six-week-old females were superovulated by an intraperitoneal
(i.p.) injection of pregnant mare’s serum gonadotropin (5 IU), followed 48 h later by an i.p. injection of human chori-
onic gonadotropin (7.5 IU). After mating, fertilized eggs were harvested at 20 h post-hCG. After removing cumulus
cells with hyaluronidase, zygotes were thoroughly washed, selected for good morphology and collected. Fertilized
eggs (one-celled embryos) were cultured in EmbryoMax™ KSOM medium (MR-020P; Millipore, Burlington, MA,
U.S.A.) at 37°C in an atmosphere of 5% CO,, 90% relative humidity. One-celled embryos were microinjected into the
pronucleus in an M-2 medium (M7167; Sigma-Aldrich, St. Louis, MO, US.A.) and transferred into the reproductive
tract of pseudopregnant recipients (Crl:CD-1) to complete their development. Offspring (3 weeks after birth) were
screened by PCR analysis of genomic DNA that was extracted from mouse tail biopsies by using the DNeasy Blood
and Tissue kit (Qiagen). PCR was performed by using specific primers selected to amplify a 456-bp fragment (for-
ward: 5"-TTCGGCTTCTGGCGTGTGAC-3, reverse: 5'-GGTTCATGATCTCCGTGGTG-3'). PCR was performed
ina volume of 25 il containing genomic DNA (100 ng), 1 x MyTaq'" Reaction Buffer (Bioline, London, UK.), 0.4 uM
of each primer and 1.25 U of MyTaq"" polymerase. PCR was run in a thermocycler (GeneAmp® PCR System 9700,
Applied Biosystems, Foster City, CA, US.A.) programmed for 30 cycles: denaturation (94°C for 1 min), annealing
(54°C for 45 s) and polymerisation (72°C for 1 min). PCR products were resolved by electrophoresis on a 1% agarose
gel containing ethidium bromide, and were visualised under UV light. Images were captured using the Bio-Rad Gel
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Figure 1. G ion of ic mice over-exp ing NOR-1 in the heart mice

(A) Transgene structure. The CAG promoter (in black) was fused 5' of the human NOR-7 cDNA (shaded fragments: UTRs. Light
grey: coding region), and the f-globin polyadenylation site (dark grey) was fused at 3' to the cDNA. The Sall-Hindlll fragment was
microinjected into mouse zygotes. (B) Cells were transfected with the pPCAGGS/hNOR-1 construct (pNOR-1) or the empty vector
(Control; CT) and human NOR-7 mRNA and NOR-1 protein levels were analysed by real-time PCR (left panel) and Western blot
(right panel), respectively. Human NOR-7 mRNA levels were undetectable in cells transfected with the empty vector, but an arbitrary
value of 1 was assigned for comparative purposes. Resulits are the mean + SEM (n=4). *P<0.01 vs. CT cells. GAPDH was used as
loading control in Western blot assays, in which protein size was estimated by the indicated position of molecular weight markers
(in kDa). (C) Offspring was screened by PCR of genomic DNA from mouse tail. The Ethidium Bromide-stained agarose gel shows
the amplification of a 456-bp fragment only in TJNOR-1 mice. (D) Human NOR-1 mRNA levels were analysed by real-time PCR in
several mouse organs. For comparative purposes, an arbitrary value of 1 was attributed to human NOR-7 mRNA levels in the heart
(that displays the highest expression). Data are mean + SEM (n=4). Abbreviations: A. Gland, adrenal gland; BAT, brown adipose
tissue; S. Intestine, small intestine; S muscle, skeletal muscle (quadriceps femoris muscle). (E) Myocardial NOR-1 expression was
analysed by immunohistochemistry (upper panel) and Western blot (lower panel). GAPDH was used as loading control in Western
blot assays. Scale bars: 25 um. (F) Endogenous expression of mouse Nr4a receptors in hearts from WT and TgNOR-1 mice analysed
by real-time PCR. Data relative to levels in WT animals (indicated by a dotted line and normalized to 1) are expressed as mean
+ SEM (WT, n=13; TgNOR-1, n=10). Abbreviations: GAPDH, glyceraldehyde-3-phosphate dehydrogenase; TJNOR-1, transgenic
mouse over-expressing NOR-1 in the heart; WT, wild-type.

Doc 1000 Multi-Analyst 1.1 (Bio-Rad, Hercules, CA, U.S.A.). A stable transgenic mouse line was established by back-
crossing the transgene-carrying founder with C57BL/6] mice up to the tenth generation to guarantee the 99.9% of
purity in this genetic background.

Transgene integration site sequencing

The identification of the transgene insertion site was performed by Cergentis B.V. (Utrecht, The Netherlands) using
the Targeted Locus Amplification (TLA) technology [24]. Briefly, splenocytes were isolated from transgenic mice by
spleen homogenisation and purification through a 40-pm mesh filter. After red blood cells lysis, splenocytes were
cryopreserved until TLA processing. Three sets of primers targeting the transgene sequence were used to perform
TLA analysis (Set 1 Fw: 5'-CAGCTCGGAATACACCACGG-3, Rv: 5-GTTTCTAGAGGTACCACGCGT-3'; Set
2 Fw: 5-TTGGTTTAGAGTTTGGCAAC-3', Rv: CCAACACACTATTGCAATGA-3' and Set 3 Fw: 5'-GTCAAT
GACGGTAAATGGC-3, Rv: 5-TTATGTAACGCGGAACTCC-3'). PCR products were purified, amplicons were
library-prepped using the Illumina NexteraXT protocol, and sequenced on an Illumina Miniseq sequencer.
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Animal handling

Animals were bred in the Animal Experimentation Unit (Institut de Recerca de I'Hospital de la Santa Creu i Sant Pau,
Barcelona, Spain). Animal handling and disposal were performed in accordance with the principles and guidelines
established by the Spanish Policy for Animal Protection RD53/2013 and the European Union Directive 2010/63/UE.
All procedures were approved by the local ethical committee (Law 5/June 21, 1995; Generalitat de Catalunya).

In a first study, the impact of NOR1 transgenesis on cardiac function was determined by echocardiography in
4-month-old male wild-type (WT) and transgenic mouse overexpressing NOR-1 in the heart (TgNOR-1) mice
at baseline and after 8 months (when animals were 12 months old; n=11). In a second experimental approach,
3-month-old male WT and TgNOR- 1 mice were randomly divided into Angll or saline-infused animals (n=13-14).
AnglI [1000 ng/kg body weight (BW)/min; Sigma-Aldrich] was infused in WT and TgNOR-1 mice via osmotic
minipumps (model 1004, Alzet; Durect Corporation, Cupertino, CA, US.A.) for 28 days as described [25]. WT and
TgNOR-1 mice infused with saline were used as controls [25]. For the implantation of osmotic minipumps, mice
were anaesthetised with isofluorane inhalation (2%). Anaesthetic depth was confirmed by loss of blink reflex and/or
lack of response to tail pinch. The procedure took approximately 15 min/mouse. Recovery after surgical procedures
was carried out using aseptic techniques in a dedicated approved surgical area. Antibiotics (penicillin, 450000 u/kg,
intramuscular) and analgesics (buprenorphine, 0.05 mg/kg, subcutaneous) were given immediately after surgery to
prevent infection and discomfort. The animals were kept warm in a heating pad until awake after surgery, and ob-
served carefully by the investigators throughout the post-surgery period. Systolic blood pressure was non-invasively
measured in conscious mice prior to and following Angll infusion using the tail-cuff plethysmography method, as
described [25,26].

Echocardiographic data were recorded at baseline and after 2 and 4 weeks of Angll infusion. At the end of the
experimental procedures, mice were killed via isofluorane overdose and cardiac hypertrophy was calculated as the
heart weight (HW) to BW ratio (HW/BW) [27] and as the HW-tibia length ratio (HW/TL) [28].

Basic measurements of cardiac function by echocardiography (M-mode
and Doppler)

Anaesthetized mice (2% isofluorane inhalation) were subjected to a transthoracic echocardiography, using a Vevo
2100 ultrasound with a 30 MHz transducer (VisualSonics, Toronto, ON, Canada). Two-dimensional and M-mode
images were obtained in parasternal long-axis and short-axis views, respectively. The following parameters were
recorded: heart rate (HR), end-diastolic interventricular septum thickness (IVSTd), left ventricle (LV) end-diastolic
dimension (LVEDd), LV end-systolic dimension (LVESd), end-diastolic LV posterior wall thickness (PWTd) and LV
anterior wall thickness (AWTd). LV mass, LV ejection fraction (LVEF) and LV fractional shortening (LVFS) were
determined. LV mass was calculated from the M-mode measurements in diastole using the corrected cube formula
(also known as Troy formula or Devereux and Reichek formula) as follows:

LV mass (M - mode) = 1.053 x [(LVED + PW + IVST)® — LVED]

Corrected LV mass (M - Mode) = LV mass (M - Mode) x 0.8

LV stroke volume, cardiac output (CO), LVED relative radius and relative posterior wall thickness (rPWT) were
calculated:

LV stroke volume (p1) = LV end-diastolic volume — LV end-systolic volume

(LV stroke volume x HR)

CO (ml/min) = e
: . (LVEDd/2)
LVED relative radius = —WTd
(2 x PWTd)
W T ——
ST LVEDd
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Isolation of cardiomyocytes and measurement of cell size and cell

shortening

Ventricular cardiomyocytes were isolated from mouse hearts by enzymatic digestion as described [29]. Briefly, mouse
hearts were perfused at a constant flow rate of 3 ml/min on a Langendorf perfusion system. The heart was first per-
fused for 5 min with nominally calcium-free Tyrode’s solution containing (in mM): NaCl 88, sucrose 78, KCI 5.4,
MgCl, 1, HEPES 10, Na-pyruvate 5 and glucose 10 plus 2 mg/ml fatty acid-free BSA. The heart was digested for 8
min with nominally calcium-free Tyrode’s solution containing collagenase (0.4 mg/ml, type II; Worthington, Lake-
wood, NJ, U.S.A.). Subsequently, atria were removed and myocytes released in calcium-free Tyrode’s solution by gen-
tle agitation. To increase cardiomyocyte yield, remaining ventricular tissue was subjected to additional digestion for
5 min in fresh collagenase-containing solution with gentle agitation. This process was repeated three times and car-
diomyocytes were pooled in calcium-free Tyrodes solution and the extracellular calcium concentration was increased
stepwise from 0.2 to 0.4, and 0.8 mM. Only calcium-tolerant, quiescent, rod-shaped cardiomyocytes showing clear
cross-striations were used. The cross-sectional area was measured from the transmission images using Leica LASAF
software (Leica, Wetzlar, Germany) or a custom-made program [30]. Cardiomyocyte contractile function was es-
timated by measuring cell shortening along the longitudinal cell axis using a custom-made program as previously
described [31]. Cell shortening was expressed as fractional shortening (dl/L) by normalising the maximal change in
cell length during cell shortening (dL) to the cell length at rest (L).

Isolation of cardiofibroblasts and assessment of migratory activity
Cardiofibroblasts were isolated from a pool of two hearts of adult mice as described [27]. Cells were used between
passages 2 and 4. Cardiofibroblast migratory activity was determined in wound healing assays. Cells were grown until
confluence on 12-well plates and then serum-starved for 48 h. Next, the monolayer was wounded by scraping with a
P200 pipette tip. After washing, 20% FCS medium was added, and the extent of healing was determined after 16 h.
Four different fields were visualized, photographed and quantified (Image] software).

Analysis of mRNA levels

Total RNA was isolated using TRIsure' reagent (Bioline) and reverse transcribed into cDNA using the High Ca-
pacity cDNA Reverse Transcription Kit (Applied Biosystems). Quantification of mRNA levels was performed by
real-time PCR using the ABI PRISM 7900HT sequence detection system (Applied Biosystems). Specific primers and
probes (provided by Applied Biosystems or Integrated DNA Technologies Inc, Coralville, IA, US.A.) were used for the
quantification of mRNA levels for: human NOR-1 (Hs00175077.m1), and mouse Nor-1 (Mm00450074.m1), Nurr1l
(Mm00443056_m1), Nur77 (Mm00439358_m1), brain natriuretic peptide (Bnp; Mm.PT.58.8584045.g), « 1 skeletal
muscle actin (Actal; Mm.PT.58.7312945), myosin heavy chain 7 (Myh7; Mm.PT.58.17465550.g), transgelin (Sm22x)
(Mm.PT.58.5329269), plasminogen activator inhibitor-1 (Pai-1; Mm00435858_m1), collagen type I o 1 chain
(Collal; Mm.PT.58.7562513), Colla3 (Mm00802300_m1), lysyl oxidase (Lox; Mm99495386_m1), lysyl oxidase-like
2 (LoxI2) (Mm00804740_m1) and connective tissue growth factor (Ctgf; Mm01192933_gl1). TATA-binding pro-
tein (Thp; Mm00446973_m1) and glyceraldehyde-3-phosphate dehydrogenase (Gapdh; Mm.PT.58.39a.1) expression
were used as reference genes. Similar results were obtained after normalisation with both housekeeping genes.

Generation of promoter constructs and luciferase reporter assays

The human MYH?7 promoter (positions —1791 to +39 relative to the Transcription Start Site [TSS]) was amplified by
PCR from genomic DNA. The primers used were: 5'- TTAAGAGCTCCCCTCATCGCCAATCCTTGA-3' (forward;
Saclsiteis underlined) and 5'- TTAACTCGAGGGGGCTGTATATATGGGGCA-3' (reverse; Xhol site is underlined).
The PCR product was cloned into the pGL3 vector (Promega, Madison, W1, US.A.) (pGL3/pMYH7-1830). Similarly,
a 1810-bp fragment of the human LOXL2 promoter (positions —1688 to +122 relative to the TSS) was amplified by
PCR from genomic DNA using the following primers: 5'-TATACTCGAGTTCAAAGGTCCTGGGGTGTG-3’ (for-
ward; Xhol site is underlined) and 5'-TATAAAGCTTGCGCGTTTACTCTTTTCCCC-3' (reverse; HindIII site is
underlined). The PCR product was cloned into the pGL3 vector (Promega) (pGL3/pLOXL2-1810). These constructs
were used in transient transfection assays performed in 12-well plates using 0.5 pig of the luciferase reporter plasmid
together with pCMV5/NOR-1 expression vector or the pCMV5 vector (0.05 g), 0.5 ul PLUS™ Reagent and 1.25
ul of Lipofectamine ™ LTX Reagent (Invitrogen) per well. The pRL-SV40 (25 ng) was included as an internal control
(Promega). Firefly and Renilla luciferase activities were measured using the Dual-Luciferase™ Reporter Assay System
(Promega) and a luminometer (Orion I; Berthold Detection Systems, Pforzheim, Germany). Results were expressed
as the ratio of firefly to Renilla activity.
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Immunoblotting

Whole-cell extracts and tissue lysates were separated on SDS/polyacrylamide gels, transferred to polyvinylidene
diflouride membranes (Immobilon, Merck Millipore; IPVH00010). Blots were incubated with antibodies directed
against NOR-1 (H00008013-M06, 1:1000; Abnova, Taipei City, Taiwan), GAPDH (MAB374, 1:20000; Merck Mil-
lipore), SM22« (sc-18513, 1:1000; Santa Cruz Biotechnology, Dallas, TX, US.A.), ACTA1 (ab52218, 1:2000; Ab-
cam, Cambridge, UK.), BNP (sc-67455, 1:1000; Santa Cruz Biotechnology) or B-myosin heavy chain (3-MHC)
(MAB90961, 1:2000; R&D Systems, Minneapolis, MN, U.S.A.). Bound antibodies were detected after incubation with
appropriate HRP-conjugated secondary antibodies (Dako Products, Agilent, Santa Clara, CA, U.S.A.) and using the
SuperSignal West Dura Extended Duration Substrate (Thermo Fisher Scientific, Waltham, MA, US.A.). The size
of detected proteins was estimated using protein molecular-mass standards (Hyperpage Prestained Protein Marker;
Bioline, Paris, France). Equal loading of protein in each lane was verified by Ponceau staining and by GAPDH signal.

Histological, immunohistochemical and immunocytochemical analyses
Mouse tissues were fixed in 4% paraformaldehyde/0.1 M PBS (pH 7.4) for 24 h and embedded in paraffin. Tissue
sections (5 pum) were deparaffinised in xylene and rehydrated in graded ethanol solutions. Slides were then rinsed
in distilled water and treated with 3% hydrogen peroxide in methanol for 30 min to remove endogenous peroxidase
activity. Sections were then blocked with 10% normal serum and incubated overnight at 4°C with an anti-human
NOR-1 (H00008013-M06, 1:50; Abnova) or with an anti-Mac-3 (sc-19991, 1:150; Santa Cruz Biotechnology) an-
tibody. After washing, samples were incubated for 1 h with a biotinylated secondary antibody (Vector Laborato-
ries, Burlingame, CA, U.S.A.). After rinsing three times in PBS, standard Vectastain (ABC) avidin-biotin peroxidase
complex (Vector Laboratories) was applied, and the slides were incubated for 30 min. Colour was developed using
3,3'-diaminobenzidine (DAB) and sections were counterstained with Haematoxylin before dehydration, clearing and
mounting. Negative controls in which the primary antibody was omitted were included to test for non-specific bind-
ing.

Cardiac fibrosis was determined by Picrosirius Red staining (Sigma-Aldrich). Images were captured at low magni-
fication and the percentage of fibrosis was determined as the ratio between collagen area and the total area of the heart
section [27]. Collagen cross-link was visualised under polarized light microscopy and refringence was quantified us-
ing Image] software [27]. Cardiomyocyte cross-sectional area was analyzed in sections stained with FITC-conjugated
wheat germ agglutinin (WGA). Cross-sectional area was calculated as an average of at least 30-40 cells per section
taken from different fields of the LV using Image] software. Collagen I deposition and structure in cultured cardiofi-
broblasts was visualised by confocal immunocytochemistry as previously described [32]. Cardiofibroblasts from WT
and TgNOR-1 mice were plated on to 35-mm diameter p-dishes (Ibidi, Martinsried, Germany). Six days after plat-
ing, cells were fixed with 4% paraformaldehyde, and nonpermeabilised cardiofibroblasts were incubated overnight
with a rabbit antibody against collagen Iacl (NB600-408, 1:150; Novus Biologicals, Cambridge, U.K.). Dishes were
washed and incubated for 1 h with a fluorescence-conjugated secondary antibody (Goat Anti-Rabbit Alexa Fluor
488; Thermo Fisher Scientific). Samples were washed and mounted with ProLong Gold Antifade Reagent with DAPI
(Thermo Fisher Scientific). Fluorescence images were acquired with a Leica DMIRE2 Confocal Microscope using Le-
ica Confocal Software (Leica). Quantitative analysis of the extent of collagen deposition was performed using Image]
software.

Statistical analyses

Results are shown as mean + standard deviation (SD) or mean + standard error of the mean (SEM). Significant
differences were analysed using the Student’s t test (two-tailed) or two-way ANOVA and the Tukey’s test. When
normality failed, the Mann-Whitney rank sum test was applied. Data were analysed with the GraphPad Prism version
6.01. Differences were considered significant at P<0.05.

Results

Generation of a transgenic mouse model that overexpresses NOR-1 in
the heart

We generated a transgenic mouse that overexpresses NOR-1 mainly in the heart. The full-length human NOR-1 ¢cDNA
was cloned into the EcoRlI site of the pPCAGGS vector (Figure 1A). This construct was able to efficiently drive NOR-1
expression (both mRNA and protein) (Figure 1B). Transgenic animals on a C57BL/6] background were generated by
conventional methods. F1 transgenic mice (TgNOR-1) grew to adulthood normally and were phenotypically indis-
tinguishable from their WT littermates. The transgene was stably transmitted to subsequent generations (Figure 1C)
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following the expected Mendelian distribution, which suggested that NOR-1 transgenesis did not compromise em-
bryo development. TgNOR-1 mice were viable and fertile, without phenotypic differences with WT littermates. TLA
analysis evidenced that the transgene integration site lies within chromosome 7, specifically in the area Chr7:33723172
corresponding to a non-coding region (Supplementary Figure S1). Although the exact copy number cannot be de-
termined by TLA at least four copies of the transgene, three of them inserted in tandem were found. Quantitative
analysis of transgene expression evidenced a strong expression in heart, medium expression in aorta and skeletal
muscle (approximately 9 and 5% of that observed in the heart, respectively), and lower expression in other tissues
(Figure 1D and Supplementary Figure S2A). NOR-1 overexpression was confirmed by immunohistochemistry and
Western blot (Figure 1E and Supplementary Figure S2A-C). It should be noted that NOR-1 transgenesis did not affect
the endogenous expression of Nr4a receptors (Figure 1F and Supplementary Figure S2D).

Effect of NOR-1 over-expression on cardiac cells
Cardiomyocytes from TgNOR-1 mice exhibited higher expression of the transgene than cardiofibroblasts (Figure 2A).
Accordingly, NOR-1 protein levels were significantly increased in TgNOR-1 cardiomyocytes (Figure 2B). Cell surface
area of TgNOR-1 cardiomyocytes was greater than that of WT (Figure 2C). As shown in Figure 2D, in transgenic cells
Myh?7 expression was up-regulated, while Myh6 mRNA levels remained unchanged, yielding a significant increase in
the Myh7/Myh6 expression ratio relative to WT cells (approximately two-fold) (Figure 2D). Further, cardiomyocytes
from TgNOR-1 mice showed an increased fractional cell shortening elicited by electric field stimulation (Figure 2E).
TgNOR-1 cardiofibroblasts in culture also showed increased NOR-1 protein levels (Figure 3A) and an enhanced
expression of Actal and Sm22a, markers of the phenotypic switch of fibroblasts to myofibroblasts, as well as Collal
and Pai-1 (Figure 3B). In agreement, higher protein levels of ACTA1, SM22« (Figure 3C) and collagen (Figure 3D)
were detected in TgNOR-1 cardiofibroblasts. In wound healing assays, transgenic cells exhibited an increased ability
to migrate and invade the denuded area than cells from WT animals (Figure 3E).

Effects of NOR-1 over-expression on cardiac function and ventricular
remodelling

As a first approach to determine the impact of NOR-1 overexpression on cardiac function and ventricular remod-
elling, LV geometry and function were assessed by echocardiography in 4- and 12 month old mice (Supplementary
Table S1). No differences in chamber dimensions, wall thicknesses or systolic function parameters were found be-
tween TgNOR-1 and WT mice in young animals (4 months old). However, a significant increase in LV mass was
observed in 12-month-old-TgNOR-1 mice as compared with age-matched WT animals (44 and 28% mass gains in
either genotype during the observation period). These differences were due to increased wall thickening in trans-
genic animals, and not to greater chamber dilation, as reflected by the similar time-course in concentricity parameters
LVEDd relative radius and rPWT in the two genotypes. No significant differences were detected at any age in LVEF
or LVES, as indicators of the LV systolic function.

NOR-1 transgenesis aggravates Angll-induced cardiac hypertrophy

To clarify the role of this nuclear receptor in cardiac hypertrophy, TgNOR-1 and WT mice were subjected to chronic
infusion of Angll. Angll increased blood pressure to a similar level in WT and TgNOR-1 mice (Figure 4A). No
differences in echocardiographic data were detected between saline-infused groups (Table 1). Angll-infused WT
mice developed a concentric hypertrophy geometric pattern, with a wall thickening-based moderate increase in LV
mass after 14 or 28 days of treatment, increased sphericity and no change of systolic function parameters such as
LVEF and LVFS (Table 1). In TgNOR-1 mice, AnglI triggered a more robust increase in LV mass, driven by a greater
thickening of interventricular septum (IVS) and LV posterior wall (PW), with statistical significant differences after
4 weeks of treatment (Table 1). This augmented LV hypertrophy was accompanied by a more concentric geometric
pattern and an increased systolic function, as evidenced by the enhanced LVFS and LVEF (Table 1). Figure 4B shows
representative frame images of M-mode recordings of the short-axis view from hearts of Angll-infused animals.
These data suggest that TgNOR-1 mice exhibited a more exacerbated concentric remodelling in response to Angll
than WT mice did. Consistently, the enhanced HW/BW (and the HW/TL) induced by Ang II was more prominent
in TgNOR-1 mice as an indication of a greater hypertrophic response (Figure 4C,D). In fact, AnglI infusion evoked a
higher increase in cardiomyocyte cross-sectional area in TgNOR-1 mice as compared with non-transgenic littermates
(Figure 4E). Cardiomyocyte cross-sectional areas from saline-infused TgNOR- 1 mice were slightly greater than those
from WT animals, in agreement with the differential cell size observed in isolated cardiomyocytes. Other parameters
such as the HR were unaffected by NOR-1 over-expression.
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Figure 2. Characterisation of cardiomyocytes from TgNOR-1 mice

(A) Relative expression of the transgene (human NOR-1) in cardiomyocytes (CM) and cardiofibroblasts (CF) from TgNOR-1 mice
analysed by real-time PCR. For comparative purposes, an arbitrary value of 1 was assigned to cardiomyoctytes the cells that
displayed the highest expression of the transgene. Results are expressed as mean + SEM (CM, n=10; CF, n=12); *P<0.01 vs.
cardiofibroblasts. (B) NOR-1 protein levels in cardiomyocytes isolated from TgNOR-1 (Tg; black bars) and WT (white bars) mice.
Representative Western blot images are shown. Protein size was estimated by the indicated position of molecular weight markers
(in kDa). GAPDH was analysed as a loading control. The lower panel shows the quantitative analysis of Western blots. Resuits are
expressed as mean + SEM (WT, n=4; TgNOR-1, n=5). *P<0.05 vs. WT. (C) Average myocyte surface area (SA) in TgNOR-1 (Tg) and
WT cardiomyocytes. Representative transmission images of a cardiomyocyte from a TgNOR-1 and a WT mouse are shown (upper
panel). Results are expressed as mean + SEM (WT, n=38; TgNOR-1, n=41). *P<0.001 vs. WT cells. (D) mRNA levels of Myh7 and
Myh6, and Myh7/Myhé expression ratio assessed by real-time PCR in cardiomyocytes from TgNOR-1 (black bars) and WT mice
(white bars). Results are expressed as mean + SEM (n=8). *P<0.05 vs. WT. (E) Representative images showing the degree of cell
shortening for TgNOR-1 (black) and WT (gray) cardiomyocytes in response to electric field stimulation. Bar graph corresponds to
maximal shortening (dL) normalised to the resting cell length (L). L was not significantly different between WT and TgNOR-1 cells
(WT: 121.1 + 20.1 vs. TgNOR-1: 121.9 + 9.9 um). Results are expressed as mean + SEM (WT, n=19; TgNOR-1, n=11). *P<0.05
vs. WT cells.

NOR-1 transgenesis enhances cardiac fibrosis, collagen cross-linking

and inflammation induced by Angll

Both interstitial and perivascular cardiac fibrosis were significantly increased by Angll in TgNOR-1 and WT mice.
NOR-1 overexpression exacerbated this response increasing collagen deposition (Figure 5A and Supplementary Fig-
ure S3A), collagen cross-linking (Figure 5B) and the infiltration of monocytes/macrophages (Figure 5C and Supple-
mentary Figure S3B).
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Figure 3. Characterisation of cardiofibroblasts from TgNOR-1 mice

(A) NOR-1 protein levels were evaluated by Western blot in cell lysates from both WT (white bars) and TgNOR-1 (Tg; black bars)
mice. Levels of GAPDH are shown as a loading control. Protein size was estimated by the indicated position of molecular weight
markers (in kDa). Data are expressed as mean + SEM (n=4). *P<0.05 vs. WT cells. (B) Actal, Sm22«, Collal and Pai-1 mRNA
levels were analysed by real-time PCR in these cells. Results are expressed as mean + SEM (n=6). *P<0.05 vs. WT cells. (C)
Protein levels of ACTA1 and SM22x assessed by Western blot in WT and transgenic cardiofibroblasts. (Top panel) Representative
Western blot images. Levels of GAPDH are shown as a loading control. The lower panel shows the quantitative analysis of Western
blots. Data are expressed as mean + SEM (n=4). *P<0.05 vs. WT cells. (D) Collagen type-l (in green) was analysed by confocal im-
munohistochemistry. Representative confocal images of collagen type-I deposition (in green) by WT and TgNOR-1 cardiofibroblasts
are shown (left panel). Nuclei were stained with DAPI (blue). Bar graph showing quantitative analysis using ImageJ software (rigth
panel). Results are expressed as mean + SEM (n=7). *P<0.05 vs. WT cells. Scale bars: 50 um. (E) Healed area in wound-healing
assays performed in FCS-induced WT and TgNOR-1 cardiofibroblasts. (Left panel) Representative images. The red line marks the
position of the original wound border. (Right panel) Bar graph showing the quantitative analysis using ImageJ software. Results are
expressed as mean + SEM (WT, n=5; TgNOR-1, n=6). *P<0.05 vs. WT cells. Bar: 200 um.

WT Tg

NOR-1 modulates the cardiac expression of Myh7 and LoxI2

Angll infusion induced the expression of Nor-1 in the heart (Supplementary Figure S4A). In cardiofibroblasts in cul-
ture, however, Angll did not modulate Nor-1 expression (Supplementary Figure S5). Angll also up-regulated cardiac
hypertrophy markers (Bnp, Actal and Myh?7) (Figure 6A-D) and, interestingly, NOR-1 transgenesis potentiates the
induction of the hypertrophy markers triggered by Angll. Consistent with the enhanced Myh?7 expression detected
in cardiomyocytes isolated from TgNOR-1, in the heart of saline-treated animals Myh7 expression was higher in
TgNOR-1 mice than in WT animals (Figure 6C).

In agreement with the exacerbated fibrotic response observed in TgNOR-1 mice, NOR-1 transgenesis enhanced the
up-regulation of cardiac fibrosis markers (Collal, Col3al, Ctgf, Pai-1,Loxand LoxI2) (Figure 7A-F). Noteworthy, in
the heart of saline-infused animals the expression of Lox/2,a gene encoding for extracellular matrix (ECM) modifying
enzyme critical in cardiac remodelling [33], was higher in TgNOR-1 mice than in WT animals (Figure 7F).

Thus, NOR-1 seems to regulate two genes encoding for key proteins involved in cardiac function/hypertrophy
(Myh7) and ECM remodelling/fibrosis (LoxI2). By in silico analysis we identified putative regulatory elements in the
promoter region of MYH7 and LOXL2 that could explain their responsiveness to NOR-1 (Figure 8A,C). We generated
reporter constructs containing the proximal promoter region of MYH7 (pMYH7-1830) and LOXL2 (pLOXL2-1810).
Cotransfection assays with a NOR-1 expression plasmid confirmed that NOR-1 drives the transcriptional activity of
both MYH7 and LOXL2 promoters (Figure 8B,D).

(©) 2020 The Author(s). Published by Portiand Press Limited on behalf of the Biochemical Society

75

367

dpy wouy

020 Jequianop §( o Jasn euojaaseg ap JeNsiaAun Aq Jpd yL0L-6102-59/00EL98I6SE//FE Lpd-apge s



RESULTADOS

> PORTLAND Clinical Science (2020) 134 359-377

®® FRESS

368

https:/doi.org/10.1042/CS20191014

QO Saline
() ®) ©  ‘mas
«t Angiotensin Il G t#
130 i 5 g : w
& :
5 o . f
P 120 § 5 71
o 23 a ~f
QE £ 64 00 "
'g L '% @ %o
% o s 00
100 T T T T T 4
0 7 14 21 28 WT T N R'1
Time (days) gNO
(D) (E) Saline Angiotensin Il

15+ t# © 5007 t#
* L] o "
© 400 L
e r B 3 3
== oo ® 3 *
SE ﬁ O 3004 * By
L (BT ¥ 3% 3 &
SE &= 2004 %
T 5 »
o 2 1004
o
[ 0
WT TgNOR-1 wT TgNOR-1
Figure 4. NOR-1 transgenesis i Angll-induced cardiac hypertrophy

WT (squares) and TgNOR-1 (circles) mice were infused with Angll (1000 ng/kg/min; filled symbols/columns) or saline solution for
28 days (open symbols/columns). (A) Blood pressure was assessed once a week in each experimental group. Data are mean
+ SEM (WT saline: n=5; WT Angll: n=9; Tg saline: n=7; Tg Angll: n=10). *P<0.0001 vs. Saline-infused WT mice; 'P<0.05 vs.
Saline-infused TgNOR-1 animals. (B) Representative frames images of M-mode recordings of the short-axis view from hearts of
Angll-infused animals. (C) HW/BW ratio for each group of mice. (D) HW/TL ratio. (C,D) Data are mean + SEM (WT saline, n=13; WT
Angll, n=13; Tg saline, n=8; Tg Angll, n=13). *P<0.05 vs. Saline-infused WT mice; 'P<0.05 vs. Saline-infused TJNOR-1 animals;
#P<0.05 vs. Angll-infused WT mice. (E) WGA staining and cardiomyocyte cross-sectional area determined in these animals. The
histogram shows the quantification by the ImagedJ software (left panel) (WT saline, n=11; WT Angll, n=8; Tg saline, n=10; Tg Angll,
n=8). Representative images are shown (right panel, bars, 50 um). (C-E) Data are mean + SEM. *P<0.05 vs. Saline-infused WT
mice; 'P<0.05 vs. Saline-infused TgNOR-1 animals; *P<0.05 vs. Angll-infused WT mice.

Discussion

Hypertension is a highly prevalent disorder and a major public health problem [34]. Sustained hypertension is as-
sociated with HCH, a process resulting from cardiomyocyte hypertrophy, inflammation and fibrosis, which triggers
structural and functional changes in the heart ultimately leading to HE. Chronic elevation of circulating AnglI, the
main effector peptide of the renin-angiotensin system, is a critical factor in the pathogenesis of HCH; however, the
underlying mechanisms are not completely understood. In this work, we show that NOR-1, a nuclear receptor whose
cardiac expression is up-regulated by AngllI, regulates key genes involved in cardiac function and remodelling mod-
ulating ventricular hypertrophy in response to pressure overload.

The TgNOR-1 mouse model was generated by using the CAG promoter (human cytomegalovirus [CMV] imme-
diate early promoter enhancer with chicken -actin/rabbit 3-globin hybrid promoter) to drive transgene expression.
This promoter contains critical response elements that govern cardiac expression and has previously been success-
fully used to achieve the expression of the transgene preferably into the heart [27,35]. Using this strategy, we gen-
erated a construct that was validated in vitro in transient transfections, and was subsequently used to generate a
transgenic mouse by standard procedures. NOR-1 over-expression had no effect on embryonic development or via-
bility, and TgNOR-1 mice did not show obvious phenotypic differences compared with their WT littermates. By both
RNA and protein analyses we confirmed the anticipated pattern of CAG-directed transgene expression in TgNOR-1
mice: mainly in cardiovascular tissues, in particular in the heart. Therefore, the CAG promoter-driven transgenesis
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Table 1 Echocardiographic LV parameters of TgNOR-1 and WT mice after Ang Il or saline infusion
WT TgNOR-1
Saline Ang Il (2 weeks)  Ang Il (4 weeks) Saline Ang Il (2 weeks)  Ang Il (4 weeks)

n 14 14 14 13 13 13
BW(g 25.73 +0.42 25.46 +0.59 25.28 +0.74 25.89 +0.31 25.85+0.34 25.08+0.38
LVEDd (mm) 358 +0.10 354 +0.09 3.56 +0.09 361 +0.09 345 +0.08 340 +0.08
LVESd (mm) 2.36 +0.12 231 +0.12 238 +0.10 2.37 +0.14 2.06 +0.11 1.98 +0.09
IVSTd (mm) 0.92 +0.02 1.01 +0.03 1.08 4 0.04* 0.86 +0.02 1.01 +0.02! 1.21 +0.04144
AWTd (mm) 0.90 +0.02 1.07 +0.03 1.10+0.03* 0.91 +0.02 1.1 £0.02! 1.16+0.03'
PWTd (mm) 0.87 +0.02 1.02 +002* 1.07 +0.02* 0.84 +0.02 1.11+0.03' 1.23 + 0,031+
LVED relative radius 2.09 +0.08 1.75 +0.07" 1.67 +0.04* 2.14 +0.08 1.56 +0.05' 1.39 + 0.05'*
rPWT 0.49 +0.02 0.58 +0.02" 0.60+0.02* 0.48 +0.02 0.65 +0.02" 0.73+ 0.03'
LVFS (%) 34.46 +1.84 3524 +2.11 3322 +1.49 36.35 + 2.61 40.64 +2.24 41.80+ 147
LVEF (%) 63.80 +261 64.72 +262 82.29 +2.12 65.69 +3.29 71.39 +258 73.09 +1.68
LV mass (mg) 91.07 +3.70 110.80 +3.99" 120.50 + 5.00° 89.83 +303 118.10 + 5.261 137.90 + 39114
LV stroke volume (1) 33.77 +1.58 33.76 + 1.66 3384 +1.74 35.64 +1.02 3513+ 1.87 3499+ 167
HR (bpm) 364 +6 354 +9 365 + 14 357 +6 365 +12 353+8
€O (ml/min) 12.75 +0.69 12.39 +0.66 12.51 +0.81 12.70+0.37 12.81+0.81 12.31+056

Results are expressed as mean + SEM.
P<0.05: * vs. WT Saline.

f vs. TgNOR-1 Saline.

! vs. Ang ll-infused WT mice at the same time.

i vs. Angll-infused TgNOR-1 mice for 2 weeks. These parameters were estimated using the Vevo 2100 ultrasound equipment (VisualSonics).

of NOR-1 led to viable animals which were born at the expected frequency and exhibited a tissue-expression pattern
of human NOR-I compatible with that described for this promoter.

As a first approach to assess the functional consequences of NOR-1 transgenesis in the heart we analysed the
impact of NOR-1 overexpression in cardiomyocytes and cardiofibroblasts. In cardiomyocytes, the expression of the
transgene was approximately 100-fold higher than in cardiofibroblasts, in agreement with previous results showing
that CAG is a robust promoter driving gene expression into these cells [35]. Interestingly, analysis of the cell area in
longitudinal cross-sections of isolated myocytes revealed that the area of cells from TgNOR-1 mice was significantly
larger than that of WT myocytes. Transgenic cells also exhibited increased Myh7 expression, and elevation of the
Myh7/Myh6 expression ratio. MYH7 encodes -MHC the main contractile protein of the sarcomere which forms
the thick filament, and in humans represent more than 90% of ventricular myosin [36]. B-MHC is a mechanoenzyme
that converts the energy from ATP hydrolysis into mechanical force which drives muscle contractibility, and relative
to x-MHC (encoded by MYH6) has increased energy efficiency in generating contractile force [37]. Alterations in
B-MHC have been associated with disturbed cell contractility [38]. Therefore, we assessed whether the contractile
function could be altered in TgNOR-1 cardiomyocytes. For this purpose, we measured cardiomyocyte shortening
in response to electric field stimulation. Indeed, NOR-1 overexpression increased fractional cell shortening (an in-
dex of contractility). Concerning cardiofibroblasts, NOR-1 transgenesis potentiated the expression of markers of the
phenotypic switch of fibroblasts to myofibroblasts, as well as that of collagen and PAI-1, a serine protease inhibitor
(Serpin) implicated in wound healing and tissue remodelling [39]. TgNOR-1 cardiofibroblasts were more active than
controls invading the denuded area in a wound-healing migration assay, confirming and expanding previous studies
showing that NOR-1 modulates cell migration [7,11,12]. Therefore, NOR-1 overexpression exerts effects on cardiac
cells potentially related to cardiac hypertrophy.

To evaluate the effect of a gain-of-function of NOR-1 on cardiac function in vivo, first, we comparatively analysed
the impact of age on echocardiographic parameters in transgenic versus WT animals. Neither systolic function nor
structural parameters were different between TgNOR-1 and WT young mice. However, a significant increase in LV
mass was observed in 12 months old-TgNOR-1 mice compared with age-matched WT animals. Thus, NOR-1 trans-
genesis seemed to predispose to hypertrophy. The cardiac expression of Nor-1 but not Nurrl or Nur77 was induced
by Angll in both WT and TgNOR-1 mice. This is in agreement with previous data showing that NOR-1 expres-
sion is up-regulated in the heart of mice infused with Angll [40], and in cell cultures treated with pro-hypertrophic
stimuli [21,41,42]. However, we were unable to detect an up-regulation of NOR-1 by AnglI in cardiofibroblasts in
culture, suggesting that a more complex interplay among pathways and mediators operating in vivo is required for
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Figure 5. NOR-1 transgenesis increases Angll-induced cardiac fibrosis, collagen cross-linking and inflammation

WT and TgNOR-1 (Tg) mice were infused with Angll (1000 ng/kg BW/min) for 28 days. (A) Cardiac fibrosis assessed by Picrosirius
Red staining captured under bright field. (Top panel) Representative images from Angll-infused WT and TgNOR-1 mice. (Bottom
panel) Bar graph showing the quantitative analysis. Data are mean + SEM (WT, n=9; TgNOR-1, n=7). *P<0.01 vs. WT mice.
Bar: 1 mm. (B) Cardiac collagen cross-linking analysed by Picrosirius Red staining visualized under polarized light. (Top panel)
Representative images from Angll-infused WT and TJNOR-1 mice. Scale bar: 50 um. (Bottom panel) Bar graph showing the quan-
titative analysis. Data are mean + SEM (n=7). *P<0.05 vs. Ang ll-infused WT mice. (C) MAC3 immunostaining in heart sections.
(Top panel) Representative images from Angll-infused WT and TgNOR-1 mice are shown. Scale bar: 50 um. (Bottom panel) The
histogram shows the quantification of MAC-3-positive cells per area of heart section. Data are mean + SEM (n=4). *P<0.05 vs.
Angll-infused WT mice.

the up-regulation of this nuclear receptor observed in the heart of Angll treated animals. Thus, NOR-1 could be
involved in the cardiac hypertrophic effects of Angll. This was confirmed in mice infused with AnglI to provoke
pressure overload. TgNOR-1 mice were more prone to develop Angll-induced cardiac hypertrophy and fibrosis than
WT animals. The early cardiac response to Angll-induced pressure overload varies from no change [43,44] to en-
hanced ventricular performance indicative of a compensatory reaction [45]. In our study, AnglI did not affect cardiac
performance in WT animals, which exhibit mild hypertrophy and fibrosis, but the exacerbated cardiac remodeling
observed in TgNOR-1 was associated with a compensatory increase in LVEF and LVFS. Since Angll infusion similarly
increased blood pressure in transgenic and WT mice, these differential effects seem to be independent of haemody-
namic changes. Rather they were associated with a greater up-regulation of cardiac hypertrophy (Bnp, Actal and
Myh7) and fibrosis markers (Collal, Col3al, Ctgf, Pai-1 and LoxI2) in Angll-infused TgNOR-1 mice. More strik-
ingly, between saline-infused groups, a significant up-regulation of two of these key genes involved in cardiac function
and remodelling (Myh7 and LoxI2) was observed in TgNOR-1 animals.
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Figure 6. NOR-1 transgenesis potentiates the Angll-mediated induction of hypertrophic markers

TgNOR-1 (Tg) and WT mice were infused with Angll (1000 ng/kg/min; black bars) or saline solution for 28 days (white bars). Cardiac
mRNA levels of Bnp (A), Actal (B) and Myh7 (C) were analysed by real-time PCR. Results are expressed as mean + SEM (WT saline,
n=8; WT Angll, n=13; Tg saline, n=9; Tg Angll, n=13). *P<0.05 vs. Saline-infused WT mice; /P<0.05 vs. Saline-infused TgNOR-1
animals; “P<0.05 vs. Angll-infused WT mice. (D) Protein levels were evaluated in heart lysates from Angll-infused mice. (Left panel)
Representative Western blot images. Levels of GAPDH are shown as a loading control. Protein size was estimated by the indicated
position of molecular weight markers (in kDa). (Right panel) Bar graph showing the quantitative analysis of Western blots from
WT (white bars) and TgNOR-1 (black bars) mice infused with Ang Il. Data are expressed as mean + SEM (n=4). *P<0.05 vs.
Angll-infused WT mice.

MY H?7 was the first gene associated with familial hypertrophic cardiomyopathy, and mutations in MYH?7 account
for approximately 40% of this pathology, which is the most common inherited cardiovascular disease [46]. In ex-
perimental models, the cardiac expression of Myh?7 is up-regulated by hypertrophic stimuli including AngII [47].
We observed that NOR-1 transgenesis enhanced Myh7 expression in AnglI-treated animals and, more significantly,
that saline-infused TgNOR-1 mice exhibited higher expression levels of Myh7 than WT animals, suggesting a direct
regulation of Myh7 by NOR-1. This was confirmed in transient co-transfection assays in which NOR-1 was able to
drive the transcriptional activity of human MYH7 promoter. The regulation of MYH7 by NOR-1 is also supported by
data from human vascular smooth muscle cells (VSMCs) lentivirally transduced to overexpress NOR-1. VSMC sub-
jected to sustained over-expression of supraphysiological levels of NOR-1 experienced hypertrophy and up-regulated
the expression of genes encoding for proteins typically expressed in skeletal muscle, including MYH?7 [18]. Given
the central role played by B-MHC in cardiac function and hypertrophy, the modulation of MYH7 by NOR-1 may
contribute to explain why TgNOR-1 mice are more likely to develop both spontaneous and AnglI-induced cardiac
hypertrophy.

The up-regulation of Lox/2 in TgNOR-1 mice is consistent with the higher collagen cross-linking observed in
these animals infused with Angll. Collagen cross-linking determines ventricular stiffness and function in the pres-
sure overloaded heart [48,49], and an excess of collagen cross-link is associated with poor prognosis in patients with
hypertensive HF [50]. The oxidative deamination of the e-amino group in certain lysine and hydroxylysine residues
of collagens by members of the LOX family is critical for collagen cross-linking [51]. Increased levels of these en-
zymes, in particular of the two major isoforms (LOX and LOXL2), have been reported in myocardial fibrosis of HF
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Figure 7. NOR-1 transgenesis potentiates the Angll-mediated induction of fibrosis markers

TgNOR-1 (Tg) and WT mice were infused with Angll (1000 ng/kg/min; black bars) or saline solution (white bars) for 28 days. Col1a1
(A), Col3at (B), Ctgf (C), Pai-1 (D), Lox (E) and LoxI2 (F) cardiac mRNA levels assessed by real-time PCR. Results are expressed
as mean + SEM (WT saline, n=8; WT Angll, n=13; Tg saline, n=9; Tg Angll, n=13). *P<0.05 vs. Saline-infused WT mice; 'P<0.05
vs. Saline-infused TYNOR-1 animals; *P<0.05 vs. Angll-infused WT mice.

patients [48,49,52] and in models of cardiac injury [33,53]. LOX and LOXL2 are up-regulated in cardiac hypertrophy
following myocardial infarction [53,54], and their inhibition ameliorates cardiovascular remodelling and improves
cardiac function [28,33]. Thus, LOXL2 has been proposed as a target for the treatment of cardiac fibrosis and HF
[33]. Despite this critical role of LOXL2 in cardiac remodelling, little information on its transcriptional regulation
is available. LOXL2 promoter contains Smad, Sp1 and SMYD3 binding elements [55,56]. However, specific studies
analysing the factors involved in the up-regulation of LOXL2 in cardiac hypertrophy are still missing. Our results im-
plicating NOR-1 in the regulation of LOXL2 in the heart expand the knowledge on the regulation of human LOXL2
promoter, and help to explain previous results showing up-regulation of this receptor in processes associated with
cardiac fibrosis such as post-infarction hypertrophy [57].

The TgNOR-1 mouse model has allowed us to explore the contribution of the nuclear receptor NOR-1 to the
hypertrophic response triggered by pressure overload induced by Ang infusion. Our approach evidence effects on
cardiac remodeling and a slight increase in EF and FS as would be expected in an initial adaptive phase to the cardiac
stress caused by pressure overload. This can be considered a limitation of the study. Subsequent studies should further
assess the impact of NOR-1 overexpression on systolic and dyastolic functions in long-term experiments.

In conclusion, we have generated a mouse model that overexpresses human NOR-1 mainly in the heart. NOR-1
overexpression increased cardiomyocyte size and contractile function, as well as cardiofibroblast synthetic and migra-
tory activities. NOR-1 transgenesis exacerbated Angll-induced LV hypertrophy through the regulation of key genes
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Figure 8. Modulation of MYH7 and LOXL2 transcriptional activities by NOR-1

(A) Scheme depicting the structure of the human MYH7 proximal promoter cloned into the pGL3 luciferase reporter vector
(PMYH7-1830). The putative NBRE sites located at —423 and —124 bp are highlighted, and regulatory elements previously char-
acterized are also depicted. (B) Luciferase activity (normalized by Renilla) evaluated in cells co-transfected with pMYH7-1830 and
a NOR-1 expression vector (PCMV5/NOR-1; black bars) or the corresponding empty plasmid (pPCMVS5; white bars). Values are
mean + SD (1=6). *P<0-05 vs. cells co-transfected with pCMV5 pCMV5. (C) Scheme depicting the structure of the human LOXL2
proximal promoter cloned into the pGL3 luciferase reporter vector (pLOXL-1810). The putative NBRE sites located at —1320 and
—490 bp are highlighted, and regulatory elements previously characterized are also depicted. (D) Luciferase activity (normalized
by Renilla) evaluated in cells co-transfected with pLOXL2-1810 and pCMV5/NOR-1 (black bars) or pCMV5 (white bars). Values are
mean + SD (n=6). *P<0.05 vs. cells co-transfected with pCMV5.

involved in cardiac function and remodelling such as Myh7 and LoxI2. Therefore, the nuclear receptor NOR-1 is
involved in the transcriptional programme leading to HCH, and TgNOR-1 mouse could be a useful tool for further
studies on the molecular bases of this human pathology.
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Clinical perspectives

e HCH is a process resulting from cardiomyocyte hypertrophy, inflammation and fibrosis which triggers
structural and functional changes in the heart ultimately leading to HF. The molecular mechanisms
underlying HCH are not completely understood, and the prevalence of HF is increasing worldwide,
while effective treatments remain elusive. Thus, there is great interest in disease models instrumental
in developing new therapies.

e Ourfindings demonstrate that the nuclear receptor NOR-1 is arelevant transcription factor in the gene
programme which governs the pathological myocardial remodeling in HCH. We have established a
translational mouse model that over-express NOR-1 in the heart which exhibits an age-associated re-
modeling of the LV and an increased responsiveness to Angll-induced pressure overload, associated
with enhanced cardiomyocyte hypertrophy, inflammation and fibrosis.

e This model could be useful to investigate the intricate networks of genes and pathways underlying
HCH and its transition to HF, in order to develop therapies to target pathological remodelling of the
heart with the intent to prevent, arrest or reverse the otherwise inexorable progression of this disease.
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Supplementary Table S1. Echocardiographic L'V parameters of 4- and 12-mo-old

TgNOR-1 and WT mice

WwT wT TgNOR-1 TgNOR-1

4 mo 12 mo 4 mo 12 mo
n 11 11 11 11
BW (2) 30.50£0.87 41.2141.15% 28.5340.61 38.511.58%
LVEDd (mm) 3.67+0.07 3.78+0.08 3.59+0.00 3.93£0.06*
LVESd (mm) 2.53£0.83 2.63£0.12 2.40£0.14 2.680.08
IVSTd (mm) 0.86+0.03 1.02+0.05* 0.8620.03 1.09+0.05*
AWTd (mm) 0.88+0.01 1.02+0.03* 0.89+0.03 1.03+0.04*
PWTd (mm) 0.84+0.03 0.86:£0.04 0.84+0.02 0.97+0.02#
LVED relative radius 2.23+0.08 2.21£0.15 2.20+0.12 2.06=0.09
rPWT 0.45£0.02 0.4820.04 0.4820.03 0.5020.03
LVFS (%) 31255135 29.06£2.03 35.0122.78 31.63+1.04
LVEF (%) 59.52+1.98 55.92+3.20 64.07+3.81 60.99+1.32
LV mass (mg) 87.8122.24 112.0£2.57+ 85.24+2.49 122.90+3.54+"
LV stroke volume (uL) 33.86£1.29 36.48+2.36 33.9241.59 39.46+1.19
HR (bpm) 34846 37812 343£10 364411
CO (mL/min) 12.51=0.82 11755147 11.690.71 14.16+0.64

AWTd: end-diastolic LV anterior wall thickness; BW: body weight: CO: cardiac output; HR: heart rate: IVSTd:

LV end-diastolic interventricular septal thickness: LVEDd: LV end-diastolic dimension: LVEF: LV ejection
fraction; LVESd: LV end-systolic dimension; LVFS: LV fractional shortening; Mo: month; PWTd: end-
diastolic posterior wall thickness; rPWT: relative posterior wall thickness. Results are expressed as mean+=SEM.
2 <0.05: *vs. 4-mo-old (WT or TgNOR-1) mice: T vs. 12-mo-old WT mice.
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Figure S1. Analysis by TLA of the transgene integration site in TgNOR-1 mice. (A) TLA sequence coverage across the mouse
genome using a specific pair of primers for the transgene. The different chromosomes and the chromosomal position are indicated.
Encircled in red is the region containing the transgene integration site. (B) TLA sequence coverage across the transgene integration locus
on chromosome 7. Sequence coverage (in grey) generated with three different primer pairs is depicted.
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(A) Heart Aorta S. muscl Liver Kidney Lung
WT Tg WT Tg WT Tg WT Tg WT Tg WT Tg

NOR-1

(B) WT TgNOR-1

Aorta

S. muscle
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Figure S2. Overexpression of NOR-1 in TgNOR-1 mice. NOR-1 expression was analysed by
Western blot (A) in different tissues from wild-type (WT) and TgNOR-1 mice.
Immunohistochemistry (B) and Western blot (C) analysis for NOR-1 in aorta (upper panels) and
skeletal muscle (S. muscle [quadriceps femoris muscle]; lower panels) from WT and TgNOR-1
mice were specifically assessed Scale bar: 25 um. (D) Endogenous expression of Nr4a receptors
(mouse receptors) in aorta (white bars) and skeletal muscle (S. muscle; black bars) from WT and
TgNOR-1 mice. Data relative to levels in WT mice (indicated by a dotted line and normalized to 1)
are expressed as mean+SEM (Aorta: n=10 (WT and TgNOR-1); Skeletal muscle: WT, n=11 and
TgNOR-1, n=10).
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(A)

TgNOR-1

Figure S3. NOR-1 transgenesis exacerbates Angiotensin II-induced myocardial fibrosis. WT and TgNOR-1 (Tg) mice
were infused with AnglI (1000 ng/kg body weight/min) for 28 days. (A) Representative images of cardiac fibrosis assessed by
picrosirius red stainning captured under brightfield (left panel; Scale bars: 1 mm). The indicated areas are shown at high
magnification (right panel; Scale bars: 200 um). (B) Negative controls corresponding to immunohistochemical analysis

-

(B)

WT

TgNOR-1

shown in Figure 5C, in which the primary antibody was omitted (Scale bars: 50 pm).
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Figure S4. Angiotensin II infusion up-regulated the expression of mouse Norl.
WT and TgNOR-1 mice were infused with saline (white bars) or angiotensin II
(Angll; black bars) for 4 weeks and the endogenous expression of Nr4a receptors
was analyzed by real-time PCR: (A) mouse Nor-1, (B) mouse Nur»77 and (C) mouse
Nurrl. Data (relative to levels m saline-infused WT animals) are expressed as
mean+SEM (WT saline, n= 6; WT Angll, n= 8; Tg saline, n= 9; Tg Angll, n= 8).
*P< 0.05 vs. Saline-infused WT mice, and TP< 0.05 vs. Saline-infused TgNOR-1.
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Nor-1 mRNA levels
(vs. Control)

0 05 1 3 6
Angll (hours)

Figure SS5. Angiotensin II does not modify Nor-I mRNA levels in
cardiofibroblasts in culture. Cardiofibroblasts from wild-type mice were incubated
during the indicated times with AngIl (5 x 107 M) and Nor-I mRNA levels were
analyzed by real-time PCR. Data are expressed as mean+SEM (n= 6).
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RESULTADOS (ANEXO-1)

Resultados: Figura Al, A2, A3y Tabla Al.

El anélisis comparativo de los niveles de proteina mostr6 que NOR-1 se expresa
principalmente en miocardio, y que la transgénesis induce un marcado
incremento de su expresion en este tejido (Figura Al). También se detect6
expresion de NOR-1 en la aorta y el musculo esquelético de los animales
control (WT) y la transgénesis también aumentd su expresion. Los niveles de
NOR-1 en tejidos no musculares como el higado, rifidon y pulmén fueron
indetectables en nuestras condiciones experimentales.

Heart Aorta S.muscl Liver Kidney Lung
WT Tg WT Tg WT Tg WT Tg WT Tg WT Tg

NOR-1 [ - e -

Figura Al. Niveles de proteina NOR-1 en diferentes tejidos de ratones wild-type
(WT) y TgNOR-1. Se realizd un analisis por Western blot a partir de lisados de
proteinas de cada tejido. La carga proteica fue de 10 pg por carril. (S. muscl: skeletal
muscle).

El andlisis de la expresion génica en el miocardio de ratones control (WT) y
ratones transgénicos para NOR-1 (TgNOR-1), evidencié que estos ultimos
presentan un ligero incremento en la expresion de genes implicados en la
homeostasis del calcio como Serca2a y Casq2 (Calsequestrin 2) con respecto
a los controles (WT) (Figura A2). Asimismo, la transgénesis de NOR-1
aumentd el estrés oxidativo en el miocardio, lo que se evidenci6 por el aumento
de la tincién con DHE. Este fendbmeno se asocié con un mayor nivel de
oxidacién de la CaMKII (Calcium/calmodulin-dependent protein kinase 1) en
el miocardio de ratones TgNOR-1 con respecto a los WT (Figura A3).

También hemos analizado la respuesta de los animales transgénicos a la
hipertrofia inducida por el agonista 3-adrenérgico isoproterenol. Los anélisis
ecocardiograficos mostraron que en los ratones TgNOR-1 la infusién con
isoproterenol aumento significativamente el PWT, el rPWT y el IVST respecto
a ratones control infundidos con ISO (Tabla Al). Este aumento, sin embargo,
no se reflejé en la masa del ventriculo izquierdo, que solo aumento respecto a
los ratones infundidos con solucidn salina. Analogamente, en los parametros
cardiacos indicativos de la funcion sistélica como la LVFS y LVEF s6lo se
observaron diferencias respecto a los animales control, pero no en los animales
WT y TgNOR-1, probablemente porque el estimulo hipertréfico de
isoproterenol es tan potente que no permite apreciar modulacién por la
transgénesis de NOR-1 (algo que si se observé en la infusién con Angll).
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Figura A2. Expresion de genes implicados en la homeostasis del calcio en ratones
wild-type (WT) y TgNOR-1. Los niveles de RNA mensajero de Serca2a, Casq2, Ncx1,
PIn, Camk2d, Ryr1, Pmcal, Adraly Adrabl se analizaron mediante PCR a tiempo real
en corazones de ratones WT y TgNOR-1. Los valores se expresan como media + SEM
(WT, n=16 y TgNOR-1, n= 11). *P<0.05: *, vs. WT. Mann-Whitney. Serca2
(Sarco/endoplasmic reticulum Ca?* ATPase), Casgq2 (Calsequestrin 2), Ncx1
(Sodium/Calcium  exchanger  protein), PIn  (Phospholamban), = Camk2d
(Calcium/calmodulin-dependent protein kinase 11 delta), Ryr2 (Ryanodine receptor 2),
Pmcal Ca?* (Transporting, plasma membrane 1), Adral (Adrenergic receptor alpha
1) y Adrbl (Adrenergic receptor beta 1).

100



"\A‘Q/\HAL RESULTADOS (ANEXO-1)

A WT T]NOR-1
0.0

DHE staining
(vs. WT)

o
@

B i 500
—WT .
— TgNOR-1 f; \ 400
\
\ i
(2} [ L 300+
I
/| <
ﬁ /“‘/ \‘\ g\—' 2004
{(J \-“ 100 4
|
asingtlel 1}\& 0-
900 100 107 10° 10¢ WT TgNOR-1
C 4
Cwr .
wT TgNOR-1 o 5| ETgNOR
oxCaMKII |- P ; —:- - %{:
=
|
cvki| BB EEEREEES S.°
‘ 82
°
GAPDH | -—ama

*""CaMKIl oxCaMKiII
Figura A3. La transgénesis de NOR-1 exacerba el estrés oxidativo en el miocardio.
A). El estrés oxidativo se analiz6 mediante la tincién de dihidroetidio (DHE) (en rojo)
en secciones transversales de miocardios de los ratones wild-type (WT) y TgNOR-1.
Iméagenes representativas de microscopia de confocal para la tincién de DHE (Paneles
superiores, barra de 50 um). Las imagenes inferiores muestran un zoom de la imagen
superior (Barra 150 um). El grafico muestra la cuantificacién de la tincion DHE
mediante el software ImageJ. Los valores se expresan como media + SEM (n= 8).
*P<0.001; *, vs. ratones WT. B) EIl estrés oxidativo se analiz6 también en
cardiofibroblastos de animales WT y TgNOR-1 en cultivo marcados con DHE
mediante citometria de flujo. El gréfico muestra la intensisdad media de fluorescencia
para el DHE. Los valores se expresan como media + SEM (n= 6). *P<0.01; *, vs.
Ratones WT. C) Los niveles de proteina de CaMKII y de su forma oxidada CaMKII
(oxCaMKII) fueron analizados mediante Western blot en extractos de proteinas de
corazones de ratones WT y TgNOR-1. Se muestra imagen representativa. El tamafio de
las proteinas se estimo mediante la posicion del marcador de peso molecular (en kDa).
Los niveles de gliceraldheido-3-fosfato deshidrogenasa (GAPDH) se muestran como
controles de carga. El grafico muestra la cuantificacion proteica mediante el software
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ImageLab 6 de la CaMKII y su forma oxidada, ambas normalizadas por la GAPDH.
Los valores se expresan como media + SEM (n= 6). *P<0.01; *, vs. Ratones WT.Mann-
Whitney (A). Two-way ANOVA (B).
Tabla Al. Parametros ecocardiogréficos del ventriculo izquierdo de
animales wild-type (WT) y TgNOR-1 tras la infusion con solucién salina o
isoproterenol (1SO).

WT TgNOR-1
saline 1SO 1SO saline IS0 IS0
(1 weeks) | (2 weeks) (1 weeks) (2 weeks)

n 8 8 8 10 9 10
BW(g) | 29.3+0.2 | 300404 | 30.8#0.3 | 30.6+0.5 | 30.6£0.5 31.4+0.6
'(-n\]’nf)Dd 3.60+0.06 | 3.69+0.18 | 3.90:0.11 | 3.98:01 | 3.7620.18 | 1.30+0.07'
'(-n\]’n'::)Sd 281301 | 2274021 | 2612011 | 3.02+0.12 | 2.39+0.21" | 2.28+0.29"
) 0.89+0.03 | 1.20+0.03" | 1.13+0.04" | 0.93+0.04 | 1.41+0.07"° | 1.33+0.07"H
(An‘]’r\gd 0.94+0.03 | 1.28+0.05" | 1.160.03" | 0.94+0.04 | 1.42+0.08" | 1.3040.07%"
PWTd + + * " * + " * + * 4t
) 0.84+0.03 | 1.14+0.08° | 1.08£0.04" | 0.81+0.03 | 1.06+0.06%" | 1.3120.11%"
LVED
relative | 2.2240.06 | 1.69+0.18" | 1.83+0.11 | 2.49+0.10 | 1.84+0.16" | 1.47+0.17
radius
rPWT 0.45+0.01 | 0.64+0.07" | 0.56+0.03 | 0.41+0.02 | 0.58+0.067 | 0.78+0.10%1%

0,
LVFS (%) 23'8?2'3 30.28+3.65" | 33.05+1.54 | 24.22+1.47 | 37.39+2.88"" | 38.31+4.85%"
(LO/OV)EF 47'82i3'8 60.31+4.33" | 62.04+2.24" | 48.48+2.50 | 67.26:3.62"" | 66.52+6.01%"
(Ln\]’g)mass 95'5gi4'6 149.8+6.34" | 144.8+7.21" | 105.3+4.75 | 159.1+7.75% | 167.1+12.87"
LV stroke

27.75+2.6 ) )

volume 2t20 130.96+4.13" | 40.86+2.547 | 33.24+180 | 36.11+471 | 33574270
(uL)
HR(bpm) | 34948 | s552+418" | 502+411° | 354+11 563+20"" 534212%
CO  1970+1.00 | 21.9642.39" | 20.5641.52" | 11.71+0.66 | 20.10+2.53% | 17.81+1.31°
(mL/min)

Se implantaron minibombas osméticas subcutaneamente (modelo 2002, Alzet) para la liberacion de
ISO (15 mg/kg/day, 14 dias) en los animales transgénicos de NORL1 y en los controles. Para estudiar
la evolucion de la hipertrofia cardiaca se monitorizaron los animales a 7 y 14 dias mediante ecografia
Doppler transtoracica usando un equipo de ultrasonidos acoplado a un transductor de 30 MHz
(Vevo2100 Imaging systems) y software de analisis especifico. Los valores se expresan como media
+ SEM. P<0.05: *, vs. ratones WT infundidos con solucion salina (Saline). f, vs. ratones TJNOR-1
infundidos con solucidn salina. I, vs. ratones WT infundidos con 1SO al mismo tiempo. §, vs. ratones
TgNOR1 infundidos con ISO a 1 semana. Two-way ANOVA. LV: left ventricle; BW: body weight;
HR: heart rate; CO: cardiac output; AWTd: end-diastolic LV anterior wall thickness; IVSTd: LV end-
diastolic interventricular septal thickness; LVEDd: LV end-diastolic dimension; LVEF: L@2jection
fraction; LVESd: LV end-systolic dimension; LVFS: LV fractional shortening; PWTd: end- diastolic
posterior wall thickness; rPWT: relative posterior wall thickness.
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Introducciéon y objetivos: EI AAA es una enfermedad cardiovascular
degenerativa caracterizada por una dilatacion gradual e irreversible de la aorta
abdominal. La ruptura del AAA es la consecuencia mas grave de esta patologia,
y se asocia con una tasa de mortalidad entre el 80-90% (Weintraub, 2009). En
la actualidad, el unico tratamiento eficaz es la intervencion quirdrgica de los
AAA que presentan un alto riesgo de ruptura, aquellos con didmetros superiores
a5y 5.5 cm en mujeres y hombres respectivamente. Desgraciadamente, hasta
el momento las estrategias farmacoldgicas para limitar el desarrollo o promover
la regresion del AAA, analizados, como las estatinas, antihipertensivos y
antiagregantes plaquetarios, no han demostrado su efectividad en estudios
clinicos.

El AAA es un proceso multifactorial que se caracteriza por la apoptosis de
las CMLYV, la destruccion de la MEC y la inflamacion cronica (Dale et al.,
2015). A pesar del avance considerable en el estudio del desarrollo de esta
patologia, tan solo se conocen parcialmente los mecanismos moleculares
responsables del inicio y progresion del AAA (Zhang et al., 2016). El receptor
NOR-1 es un factor de transcripcion que se ha relacionado con procesos
inflamatorios (Nomiyama et al., 2009, Zhao et al., 2010, Rodriguez-Calvo et
al., 2013), el estrés oxidativo (Alonso et al., 2018) y el remodelado celular y
extracelular (Martinez-Gonzalez et al., 2003, Alonso et al., 2016, Marti-Pamies
etal., 2017). Cabe destacar que se ha observado una mayor expresion de NOR-
1 en AAA humanos (Alonso et al., 2016). Sin embargo, actualmente se
desconoce si este receptor contribuye activamente al desarrollo del aneurisma.
Por ello, nuestro objetivo es establecer las consecuencias de la sobreexpresion
de NOR-1 en la pared vascular sobre el desarrollo del AAA inducido por Angll.
Los estudios se desarrollaron en dos modelos de ratones transgénicos (TJNOR1
y TgNOR-1°MLV) con una fuerte expresion de NOR-1 en la aorta.

Resultados: Nuestros estudios en el modelo de ratén que sobrexpresa NOR-1
humano (hNOR-1) preferentemente a nivel cardiovascular (TgNOR-1),
revelaron un incremento gradual en el diametro de la aorta en respuesta a la
infusion de Angll durante 4 semanas. Concretamente un 50% de los animales
transgénicos desarrollaron AAA frente al 10% de animales WT. Con el objetivo
de estudiar con mas detalle la implicacion de NOR-1 en el AAA, nuestro grupo
ha desarrollado un raton transgénico en el que el transgen humano de NOR-1
se encuentra bajo el control del promotor minimo del gen SM22a, que dirige la
expresion especificamente a células musculares (TgNOR-1°MYY),  Los dos
modelos trangénicos presentan una expresion adrtica similar del transgen
humano. Al infundir Angll durante 4 semanas los animales TgNOR-1M-V
mostraron un mayor incremento del didmetro que los TgNOR-1, aunque ambos
modelos presentaron una incidencia y gravedad del AAA similar. El aumento
de presion arterial en respuesta a Angll fue comparable en ambos modelos.
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Los anélisis de expresién por PCR a tiempo real revelaron un mayor
incremento del nivel de mRNA de marcadores inflamatorios (EMR-1) y
mediadores proinflamatorios (MCP-1 y CXCL2) en ambos modelos
transgénicos tras la infusién de Angll respecto al detectado en ratones control.
Asimismo, en los andlisis inmunohistoquimicos los ratones transgénicos
infundidos con Angll mostraron un mayor infiltrado de macrofagos. La
transgénesis de NOR-1 agravo el remodelado destructivo de la pared vascular
inducido por la Angll. De hecho, en la tincion de orceina se observé un mayor
numero de roturas de las fibras elasticas en las aortas de los ratones transgénicos
de NOR-1 respecto a los animales WT. Estos resultados indican que la
sobreexpresién de NOR-1 promueve la formacién de AAA en respuesta a
Angll. Puesto gque ambos modelos presentan una susceptibilidad al AAA
similar, los siguientes estudios se realizaron exclusivamente en el modelo
TgNOR-1EMLY,

La degradacion de la MEC inducida por la infusion de Angll en los ratones
TgNOR-1MLY se asocid con un mayor incremento en la expresion de MMP-2
que el detectado en los ratones WT, y con un mayor aumento de la actividad
gelatinasa evaluada mediante zimografia. También, la transgénesis de NOR-1
promovié una mayor produccién de ROS en respuesta a Angll que en los
animales control.

La doxiciclina, es un inhibidor de metaloproteinasas, que previene la
formacion del aneurisma en modelos experimentales. En este contexto
estudiamos qué efecto tendria la doxiciclina sobre el desarrollo del AAA
inducido por Angll en los ratones TgNOR-1MLV, La doxiciclina atenué el
desarrollo del AAA en estos animales, un efecto significativo a los 14 dias de
infusion de Angll y administracion simultanea de doxiciclina. Ademas, redujo
la incidencia y gravedad del aneurisma a niveles similares a los de los ratones
control. Este farmaco previno el remodelado inducido por la Angll en los
ratones TGNOR-1°MYV 'y preservd la integridad de las fibras elasticas.
Asimismo, en los ratones tratados con doxiciclina se observé una menor
induccidn de la expresién de la MMP-2 y de marcadores inflamatorios (EMR-
1, MCP-1, IL6, IL1B y CXCL2). Los estudios inmunohistoquimicos para
macrdfagos (MAC3), linfocitos (CD3) y neutrdfilos (ELANE) revelaron que la
doxiciclina atenu6 la acumulacion de células inflamatorias en la pared aortica
y disminuy6 la expresion vascular de MCP-1 en respuesta a la Angll en los
ratones TYNOR-1°MLV, Estos resultados indican que la doxiciclina es capaz de
inhibir el proceso aneurismatico inducido por la Angll en el modelo de ratén
TgNOR-16ML,

Por Ultimo, el analisis de expresion génica a gran escala mediante
microarray y el posterior analisis de vias de transduccion de sefiales y procesos
bioldgicos regulados diferencialmente (GSEA, Gene Set Enrichment Analysis)
revelaron que la transgénesis de NOR-1 regula genes y procesos bioldgicos,
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alguno de ellos previamente vinculados al desarrollo de la patologia humana y
a la formacion de aneurismas en modelos animales. Entre ellos los implicados
en inflamacién, ciclo celular y citoesqueleto, pero también procesos bioldgicos
relacionados con la diferenciacion de la célula muscular y la activacién del
sistema nervioso simpatico.

Conclusiones: Nuestro estudio demuestra por primera vez la contribucién de
NOR-1 al desarrollo del AAA, y determina la utilidad del modelo animal
TgNOR-1MY para futuros estudios pre-clinicos de nuevos farmacos para tratar
esta enfermedad.
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High NOR-1 (Neuron-Derived Orphan Receptor
1) Expression Strengthens the Vascular Wall
Response to Angiotensin Il Leading to Aneurysm
Formation in Mice

Laia Caries," Ingrid Marti-Pamies, Carme Ballester-Servera, Judith Alonso, Elena Serrano, Ana M. Briones,
Cristina Rodriguez®,t José Martinez-Gonzalez®1

ABSTRACT: No drug therapy has shown to limit abdominal aortic aneurysm (AAA) growth or rupture, and the understanding of
the disease biology is incomplete; whereby, one challenge of vascular medicine is the development of good animal models
and therapies for this life-threatening condition. The nuclear receptor NOR-1 (neuron-derived orphan receptor 1) controls
biological processes involved in AAA; however, whether it plays a role in this pathology is unknown. Through a gain-of-
function approach we assessed the impact of NOR-1 expression on the vascular response to Ang |l (angiotensin 11). We
used 2 mouse models that overexpress human NOR-1 in the vasculature, one of them specifically in vascular smooth muscle
cells, NOR-1 transgenesis amplifies the response to Ang || enhancing vascular inflammation (production of proinflammatory
cytokines, chemokines, and reactive oxygen species), increasing MMP (matrix metalloproteinase) activity and disturbing
elastin integrity, thereby broking the resistance of C57BL/6 mice to Ang Il-induced AAA. Genes encoding for proteins
critically involved in AAA formation (I-6, II-1, Cxcl2, Mcp-1, and Mmp2) were upregulated in aneurysmal tissues. Both
animal models show a similar incidence and severity of AAA, suggesting that high expression of NOR-1 in vascular smooth
muscle cell is a sufficient condition to strengthen the response to Ang Il. These alterations, including AAA formation, were
prevented by the MMP inhibitor doxycycline. Microarray analysis identified gene sets that could explain the susceptibility of
transgenic animals to Ang ll-induced aneurysms, including those related with extracellular matrix remodeling, inflammatory/
immune response, sympathetic activity, and vascular smooth muscle cell differentiation. These results involve NOR-1 in AAA
and validate mice overexpressing this receptor as useful experimental models. (Hypertension. 2020;77:00-00. DOI:
10.1161/HYPERTENSIONAHA.120.16078.) ® Data Supplement

Key Words: cytokines ® dilation ® doxycycline ® elastin ® prevalence

life-threatening condition whose prevalence in men
aged 65 to 80 years ranges from 4% to 8%.' AAA
consists of a localized and permanent dilatation of the
abdominal aorta that exceeds the normal diameter by
50% (or >3 cm). Aneurysms tend to expand with time
and the risk of rupture increases as aortic diameter grows.

Abdominal aortic aneurysm (AAA) is a common and

Aortic rupture accounts for 1% 1o 20 of all deaths. AAAs
cause 16000 deaths and 33000 repairing procedures
to prevent future aneurysm ruptures each year in the
United States.? Despite the high morbidity and mortality
associated with this pathology, there is no medical treat-
ment to slow down aneurysm expansion or prevent rup-
ture. Therefore, a better understanding of the cellular and
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Novelty and Significance

What Is New?

* We have previously demonstrated that the nuclear
receptor NOR-1 (neuron-derived orphan receptor 1)
plays a pivotal role in vascular remodeling and func-
tion, while being upregulated in human abdominal aor-
tic aneurysm; however, the contribution of NOR-1 to
this disease was not previously addressed.

* We assessed the susceptibility of 2 transgenic mouse
models overexpressing NOR-1 in the vascular wall to
Ang Il (angiotensin Il)-induced aneurysms.

What Is Relevant?

* Our study evidences the critical contribution of NOR-1
to the pathophysiology of abdominal aortic aneurysm.

* NOR-1 exacerbates Ang ll-induced inflammation,
MMP (matrix metalloproteinase) activity, elastin

disruption, and reactive oxygen species production and
thoroughly alters vascular gene expression.

* NOR-1 transgenic mice recapitulate key aspects of
human abdominal aortic aneurysm and have been vali-
dated as novel preclinical models for this disease.

Summary

Our study confirms NOR-1 as a relevant transcription
factor in vascular biology whose upregulation posi-
tively contributes to aneurysm formation and shows
the potential usefulness of mice overexpressing this
nuclear receptor either as new animal models to
deepen the investigation of pathological mechanisms
of the disease, or as tools to address pharmacological
preclinical studies.

Nonstandard Abbreviation and Acronyms

AAA abdominal aortic aneurysm

Angll angiotensin Il

DEG differential expressed gene

hNOR-1  human NOR-1

LDLR”-  low-density lipoprotein receptor-deficient
NOR-1 neuron-derived orphan receptor 1

NR4A nuclear receptor subfamily 4 group A

N-TA(3)CT Non-Invasive Treatment of Abdominal
Aortic Aneurysm Clinical Trial

vsmcC vascular smooth muscle cells
WT wild type

molecular processes involved in the onset, and progres-
sion of aneurysms is required for the development and
implementation of effective therapies.

The destructive remodeling of connective tissue in
AAA involves several interrelated mechanisms includ-
ing, excessive inflammation, characterized by elevated
production of proinflammatory cytokines, chemokines
and reactive oxygen species; local upregulation of
matrix-degrading proteinases; progressive destruction of
structural matrix proteins, particularly elastin, and com-
pensatory collagen deposition; and depletion of medial
vascular smooth muscle cells (VSMC). Studies of human
aortic tissues and experimental approaches in animal
models have allowed to elucidate these mechanisms.?
New animal models that recapitulate key aspects of the
disease could be instrumental to further progress in the
understanding of AAA pathophysiology and as preclini-
cal models for screening therapeutic agents.

2  February 2021

NOR-1 (peuron-derived orphan receptor/j) is a tran-
scription factor belonging to the NR4A (nuclear recep-
tor subfamily 4 group A)* NOR-1 (NR4A3) as well as
Nur77 (NR4A1) and Nurrl (NR4A2) seem to be con-
stitutively active nuclear receptors whose transcriptional
activity depends mainly on their expression levels. These
receptors play a key role in an array of tissues and have
been associated with a variety of high-incidence human
pathologies including coronary artery disease, diabe-
tes, obesity, and cancer.:" In vascular tissues, NOR-1 is
expressed at low levels, but it is induced by multiple cues
and modulates genes involved in inflammation, oxida-
tive stress, and cellular and extracellular matrix remodel-
ing.5~'? Although these mechanisms operate in AAA, and
NOR-1 is upregulated in human AAA,'* no studies have
assessed whether vascular NOR-1 plays an active role in
this pathology. In this study, we use 2 transgenic mouse
models that overexpress NOR-1 in the vascular wall to
assess the effect of a gain-of-function of this recep-
tor on Ang Il (angiotensin Il)-induced AAA. Our results
involve NOR-1 in the development of AAA and show the
usefulness of mice overexpressing this nuclear receptor
as new experimental models of aneurysmal disease.

MATERIALS AND METHODS

A detailed Methods section is provided in the Data Supplement.
The data that support the findings of this study are available
from the corresponding author upon reasonable request

Animal Handling

Two mouse models that overexpress the HINOR-1 (human NOR-
1) cDNAAin the vascular wall (TgNOR-1 and TgNOR-1¥S%€) in
a CB7BL/6J genetic background were used.''® Ang I\A(IOOO
ng/kg body weight/{min; Sigma-Aldrich) or saline solution were

Hypertension. 2021;77:00-00. DOL: 10.1161/HYPERTENSIONAHA.120.16078

110



RESULTADOS

[ LWW  [December9,20202:39AM| 4 Color Fig(s): F1-5 |

ArtHYP16078 |

Canes et al

NOR-1 Predisposes to Aortic Aneurysm

-O~ WT/Saline
-~ WT/Angll

TgNOR-1_ TgNOR-1vewe - TgNOR-1/Saline

-0~ WT/Saline
-o~ WT/Angll
=~ TgNOR-1v*</Saline

_ Saline Angll Saline Angll __ 20, ~% TGNOR-/Angll 20, ~# TINOR-1"=</Angll
E 3
< g & 61’
‘3 1.5 xys "8 £ 1s
k-] -]
Qo
£ 10 £ 10
o o
< <

0 7 14 21 28 14 21 28
Time (days) Time (days)
B
WT TgNOR-1 TGNOR-1vsme

Saline

TWT Tg Tgvswe e ’“’\»5
100+ E F
1004 ' _ 160+
v . =)
” 804 CINo AAA E .
£ 604 CITypel £ %
£ Typell — _ =
- 4 -
S 40 B Typell S E50 g 120
= 4
20- B TypelV § — WT/Angll 2 oo-
—— TgNOR-1/Angll H
0 ===+ TgNOR-1VSMC/Angll o
WT Tg Tgvsme 0 v T 80-—r—v—T—r—
0 10 20 30 0 7 14 21 28
Time (days) Time (days)
Figure 1. NOR-1 (neuron-derived orphan receptor 1) transg is pr tes Ang Il (angiotensin Il)-induced abdominal aortic

aneurysm (AAA) formation.

Wild-type (WT), TgNOR-1 (Tg) and TgNOR-1S¥C (Tg¥SMC) mice were infused with Ang Il (1000 ng/kg p-

:; filled symbols) or saline

solution (open symbols) for 28 days. A. Left: ; macroscopic characteristics of excised aortas. Middle and nghtm assessment of abdominal aortic

diameter by ultrasonography. Data are mean*SEM (n=10). P 0.05; *v
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infused to transgenic or wild-type (WT) mice via osmotic mini-
pumps (model 1004, Alzet; Durect Corporation) for 28 days.'®

Microarray Gene Expression Analysis

Differential gene expression analysis was performed in aorta
from Ang Ii-infused TgNOR-1¥¥¢ and WT mice using microar-
rays according to the Two-Color Microarray-Based expression
Analysis v. 6.5 protocol (Agilent Technologies) using 4 SurePrint
G3 mouse Gene Expression Microarrays (Agilent Technologies,
Design 1D 028005, Catzlog No. G4852A). Data was handled and
processed using the R package EMA and the Bioconductor pack-
ages Limma, marray and pcaMethods in R!'7 Background cor-
rection was performed using the normexp method (offset=10)."®
Gene Set Enrichment Analysis was performed using Gene Set
Ennichment Analysis, Desktop v40.3 software (Broad Institute).
The Benjamini-Hochberg False Discovery Rate, g yalue <0.05
was used to define significantly enriched gene sets. Probes and
primers used to validate selected differential expressed genes
(DEGs) are shown in Table S1 in the Data Supplement.

Statistical Analysis

Results are shown as meantSEN, Significant differences
were analyzed using |-way ANOVA, 2-way ANOVA or 2-way
ANOVA with repeated measures and the Tukey, tests. When
normality failed, the Kruskal-Wallis and Dunn test was applied.

Differences in AAA incidence were analyzed by the ¥ tesf,

Data were analyzed with the GraphPad Prism version 6.01.
Differences were considered significant at [<0.05.

RESULTS

Overexpression of NOR-1 Predisposes to Aortic
Aneurysm

We assessed the impact of Ang |l infusion on AAA for-
mation in a transgenic mouse model that overexpresses
hNOR-1 in vascular tissues (TgNOR-1)."® Four weeks
after Ang || infusion, a notable aortic bulging was evident
in lgNOR-1 mice (Figure 1A left panel). Echocardiography
revealed that Ang || progressively increased the diameter
of the abdominal aorta from week 1 to 4. This increase
was significantly larger in TgNOR-1 mice than in WT ani-
mals (Figure 1A [left graph] and Figure 1B [left and middle
panels]). Approximately 50% of TgNOR-1 mice developed
aneurysms (diameter >1.5 mm) compared yith only 10%
in the WT group (Figure 1C, upper graph). NOR-1 trans-
genesis provoked the formation of severe aneurysms
(Figure 1C, lower graph) with intramural hematomas (left
panel in Figure 1A and middle panels in Figure 1D).

To gain more insight into the cellular elements
responsible for the enhanced susceptibility to AAA of
NOR-1 transgenic mice, Ang || was infused in a mouse
model that specifically overexpresses hNOR-1 in SMC
(TgNOR-1vSM¢)'" and  shows similar aortic hNOR-1
expression levels than TgNOR-1 (Figure S1). TgNOR-
1VSMC challenged with Ang Il experienced a marked
and progressive enlargement of suprarenal abdominal
aorta diameter, comparable to that found in TgNOR-1
mice (right panels in Figure 1A, 1B, and 1D). The aneu-
rysms were heterogeneous in shape and showed dilated
lumen and increased outer aortic area (Figure S2A). In
the most severe forms, NOR-1 transgenesis provoked
the formation of large size aneurysms with an important
adventitial remodeling and intramural hematomas (Fig-
ure S2B). Occasionally, the organized thrombus was par-
tially exposed to the lumen at the points where the aorta
breaks down, and a false channel into the hematoma was
sometimes observed (Figure S2B). Both NOR-1 trans-
genic mouse models show a similar incidence (60%
versus 50% in TgNOR-1Y¢ and TgNOR-1, respec-
tively) and severity of AAA (Figure 1C). Ang, Il infusion
led to an early death of around 20% of transgenic mice
and 10% of WT animals without significant differences
between them (Figure 1E). Deaths were mainly due to
abdominal aortic rupture (exceptionally, one animal died
due to rupture of the aortic arch). A comparable increase
in blood pressure in response to Ang Il was detected
in all experimental groups (Figure 1F). Further, NOR-1
transgenesis did not significantly affect body weight nei-
ther in Ang [I- nor in saline-infused mice (Table S2). The
organ expression pattern of h(NOR-1 in transgenic mice
was similar to that previously described'"'® and was not
affected by Ang || (data not shown). Finally, Ang Il did not
affect plasma levels of aspartate and alanine transami-
nases, which also remained unaltered in transgenic mice
(Figure S3A and S3B). Likewise, circulating creatinine
and blood urea nitrogen, levels in transgenic mice were
similar to those detected in WT animals (Figure S3C and
S3D). Ang |l similarly induced a slight increase in blood
urea nitrogen in WT and transgenic mice.

Enhanced Vascular Degeneration and
Inflammation in NOR-1 Transgenic Mice in
Response to Ang ||

Orcein staining showed that Ang |l infusion elicited
higher disruption of elastin fibers in NOR-1 transgenic

Figure 1 Continued. #XH sus the same type of animal infused with saline solution at the same time; $Xr-r:~usAAng ll;\hfused WT mice at

the same time. B. Representative ultrasound images at the end of the

ital procedure. Aortic diameter is traced with a yellow line.

Transverse and longitudinal images are shown. €. Incidence (upper) and severity (lower; based on Manning scale)'® of AAA in Ang | -infused

groups. Pf0.0s; 'xer:‘-us Ang Ikinfused WT mice (n=10). D.AH

9

in-eosin staini cﬁ bdominal aortic sections (bars: 250 pm). ,/(éraph

showing the survival rale,\from A\ng ILinfused groups (Ang Iiinfused WT, n=11; Ang Iliinfused TgNOR-1, n=13; Ang I/iinfused TgNOR-1 Mg,
n=13). There were no deaths in saline-infused groups (not shown). F, Blood pressure levels in all experimental groups. Data are mean,"SEM
(n=6) PA<0.05; ',(e.':»usl\t=0 for each experimental condition; #Xz:rsusl\the same type of animal infused with saline solution at the same time.
Symbols as indicated in B. Two-way ANOVA with repeated measures (A and F) and ;° (C).
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animals than in WT mice, yielding a disordered arrange-
ment of ruptured fibers (Figure 2A). Similarly, the trend
for greater aortic expression of inflammatory cell markers
(EMR-1) and promﬂammatory mediators (MCP-1 and
CXCL2) observed in Ang |I-infused control mice reached
statistical significance in both transgenic groups (Fig-
ure 2B through 2D). Consequently, NOR-1 transgenic
mice showed an exacerbated macrophage infiltration
within adventitia and media associated with a stronger
aortic staining for MCP-1 (Figure S4). Collectively, these
data support that vascular NOR-1 overexpression fos-
ters AAA formation in response to Ang |l, Because both
TgNOR-1 and TgNOR-1¥"¢ mice comparably develop

Ang Ikinduced aneurysms, further studies were focused
on TgNOR-1VsMC,

Exacerbated Vascular Oxidative Stress and
MMP Activity in TgNOR-1MC Mice

Vascular DHE staining revealed that NOR-1 transgen-
esis enhanced the production of reactive oxygen species,
induced by Ang I (Flgure 3A). Further, the increase of
aortic MMPQ expressnon evoked by Ang Il in WT ani-
mals was exacerbated in TgNOR-1"5¥¢ mice (Flgure 3B),
and accordingly, in situ,zymography evidenced that MMP
activity was significantly increased (Figure 3C).

A TgNOR-1

NOR1 vsmc

Number of elastin ruptures
(per aortic section)
2

0-
WT Tg Tg'suc

B (o D
5 10 *# o oep

] » ) * #
° ® °
< <
4 E 3 § .‘? 6 Z—
€32 €34 €3
vg 52 §E10
o a2 o
= 3] X
Walih C L

Sal Angu ‘Sal Angli Sal Angll | Sal Angll Sa | Angll Sal Angll Sal Angll Sal Angll Sal Angll

Tg Tgvsnc “WT. Tgvsuc WT Tg TgVsHe
Figure 2. NOR-1 ( derived orphan receptor 1) transg rbates the Ang Il (ang in 1)-mediated p

of elastin integrity and increases the expression of inflammatory mediators.

Wild-type (WT), TgNOR-1 (Tg), and TgNOR-1VSMC (Tg¥S¥C) mice were infused with Ang Il (1000 ng/kg per minute) or saline solution for 28
days. A, Orcein staining of abdominal aortas from Ang Il-infused mice. Arrows mark elastin fiber ruptures. The indicated areas are magnified
in lower I(\bars 500 pm [upper] and 100 ym [middle and lower]). The number of ruptures in elastin fibers per aortic section for each group
is quantified. Data are mean’ SEM (n=10). 'RO 001 versus Av g I |rdused WT mice. B D anNAIevels of EMR-1 (B), MCP-1 (C), and
CXCL2 (D) analyzed by reel-hme‘ olymerase ¢ Chain reaction |n abdomlnal aortas from each experimental group Data, normalized to GADPH

expression, are expressed as mean;© SEM (saline-infused mbce n=7; Ang ll-infused mice, n=10). P<0.05; * % S

,the same type of animal

infused with saline solution; # arsu /\ g H infused WT mice. One-way ANbVA (A) and / -way AN6VA (B-
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Figure 3. TgNOR-1VSMC mice exhibit enh d oxidative stress and MMP (matrix llop! i ) exp ion and activity
in abdominal aorta after Ang Il (angi in I1)-chall.

Wild-type (WT) and TgNOR-1"5%C mice were infused with Ang Il (1000 ng/kg per minute) or saline solution (Sal) for 28 days. A, Vascular
superoxide anion production visualized by DHE staining in aortic sections from each group. Representative images are shown. Data are
represented as mean.“SEM (n=6). Bars: 50 ym. BAMMP2 mRNA levels assessed by real-time in abdominal aortas
from each experimental group. Data, normalized to GADPH expression, are expressed as mean SEM (saline-infused mice, n=7; Ang linfused
mice, n=10). C, Aortic MMP activity per aortic section analyzed by Zymography. Representative images are shown in the lower panel.
Bars: 50 pm. Data R expressed as mean] SEM (saline-infused mice, n=56; l-\in(used animals, n=8). F; 0.05; 'A ,‘Sahne-infused mice;
# X ;infused WT animals. Two yvay ANOVA (A-C).
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Figure 4. Doxycycline prevents aneurysm formation in Ang Il (angiotensin Il)-infused TgNOR-1VSMC mice.

Wild-type (WT) and TgNOR-1"5¥€ mice were infused with Ang 11 (1000 ng/kg per minute for 28 days). TgNOR-1"5¥C mice were treated or not
with Doxycycline (Dox; 30 mg/kg body weight/d). A, Representative images of excised aortas from animals challenged with Ang Il (left). The
graph on right shows the assessment of abdominal aortic diameter by ultrasonography. Data are mean+SEM (Ang Il-infused WT mice, n=17;
Ang Il-infused TgNOR-1"¥C mice, n=16; challenged TgNOR-1**C mice treated with Doxycycline, n=10). (Continued)
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Doxycycline Prevents Ang II-Induced AAA
Formation in TgNOR-1YSM¢ Mice

Data described above prompt us to assess whether dox-
ycycline, a metalloproteinase inhibitor that prevents AAA
formation,'® could exert a similar effect in our model.
As shown in Figure 4A and 4B, this drug blunted the
increase in aortic diameter induced by Ang |/in NOR-1
transgenic mice. The attenuation of aneurysm expan-
sion produced by doxycycline was already observed after
14 days of Ang |l infusion, and no further dilation was
detected from that moment on (graph in Figure 4A). Dox-
ycycline reduced the incidence and severity of AAA to a
level comparable to that of WT mice (Figure 4C) and pre-
vented the structural wall alterations observed in Ang I~
infused TgNOR-1Y¥€ mice (Figure 4D). Further, a trend
towards a delay in fatal episodes and an improvement
in survival rates was observed in doxycycline-treated
TgNOR-1¥M¢ mice (Figure 4E), while this drug did not
affect blood pressure levels (Figure 4F).

The amelioration of vascular remodeling induced by
doxycycline was associated with a preserved integrity of
elastin fibers (Figure 5A). Accordingly, this drug counter-
acted the enhanced MMP activity (Figure 5B) and the
increased expression of MMP2, inflammatory cell mark-
ers, and proinflammatory mediators (EMR-1, MCP-1,
IL6, IL1B. and CXCXL2) triggered by Ang || in transgenic
animals (Figure 5C). Consequently, immunostaining for
macrophages (MAC3), lymphocytes (CD3), and neutro-
phils (ELANE) revealed that doxycycline significantly
attenuated the accumulation of inflammatory cells in
the aortic wall of challenged TgNOR-1Y*¢ mice, while
ameliorated aortic MCP-1 staining (Figure S5). Neither
hNOR-1 mRNA levels nor endogenous NOR-1 expres-
sion in mouse aorta were altered by doxycycline (Figure
S6). Therefore, doxycycline blunted aneurysm formation
in the Ang Il-infused TgNOR-1"*%€ mouse.

Vascular NOR-1 Overexpression Strikingly
Alters Aortic Gene Expression

Whole transcriptome gene expression was evaluated
in aorta from Ang li-treated TgNOR-1V¥C mice and
compared with that of WT challenged animals. Micro-
array expression profiling revealed that NOR-1 trans-
genesis profoundly alters vascular gene expression
in response to Ang |l infusion, leading to 968 up- and

544 down-regulated genes (adjusted [%0.05) as com-
pared with WT animals (Table S3). Gene Set Enrich-
ment Analysis analysis linked the higher aortic aneurysm
susceptibility of TgNOR-1Y¥€ mice to the regulation
of several pathways and biological processes, some of
them previously reported to underlie the development
of aneurysmal diseases in animal models and, humans
(Table S4). Differential expression of representative
genes from selected pathways (Table S5 and Figure S7)

was validated by real-time polymerase chain reaction,
All selected genes were confirmed to be differentially
expressed (Table). The upregulation of MMP12 was fur-

ther confirmed by immunohistochemistry and immunob-
lot assays (Figure S8).

DISCUSSION

We and others have involved NOR-1 in inflammation
and immunomodulation,'®?° ECM remodeling,'? oxidative
stress'® and cell survival/apoptosis.'* While these pro-
cesses are hallmarks of AAA and NOR-1 is upregulated
in human AAA'* it remains currently unknown whether
NOR-1 contributes to AAA pathogenesis. Therefore, we
analyzed whether a gain-of-function of this receptor in
the vasculature affect Ang ll-induced AAA formation.
Our results involve NOR-1 in the development of AAA
and show the usefulness of NOR-1 transgenic mice as
new animal models to investigate aneurysmal mecha-
nisms and test drugs in preclinical studies.

One of the most commonly used methods to induce
AAA in animal models is the subcutaneous infusion of
Ang || into hyperlipidemic mice?' a model that recapitu-
lates some of the main features of the human pathology,
including marked inflammation. Based on the dual pro-
inflammatory'®?? and anti-inflammatory functions played
by NOR-1 in monocytes/macrophages*?* Qing et al®
hypothesized that this nuclear receptor might be involved
in AAA formation. However, deletion of NOR-1 in hema-
topoietic stem cells from LDLR " (low-density lipopro-
tein receptor-deficient) mice reduced inflammation, but
not AAA induced by Ang || infusion combined with a diet
enriched in saturated fat. These results suggested that
macrophage NOR-1 function would play a minor role
in AAA, at least in this model. Nevertheless, NOR-1 is
expressed in all cell types of the vascular wall, is induced
by multiple cues potentially associated with AAA patho-
genesis,*® and, in fact, is upregulated in human AAA.'

Figure 4 Continued. PA<O.05; *prs.w: t=0 for each experimental condition; 'v»n.us,AAng lll—\infused WT mice; #/-(Hrr;uwAAng Il/-\infused TgNOR-
1VSMC mice. B.AReprsentalive images of the ultrasonographic analysis in Ang ﬂ;\challenged mice at 28 days. Transversal and longitudinal
images are shown, and the aortic diameter is traced with a yellow line. C, Incidence (on left) and severity (right graph; based on Manning

scale)® of abdorminal aortic aneurysm (AAA) in challenged mice. 0.0
h i
I

1Y%¥C mice (n as indicat dinA). D, Rep i

é\; *ersus Ang |l-infused WT mice; #hersus Ang !I/-\infused TgNOR-

A

Y

eosin staining of abdominal aortic sections from Ang |iinfused mice (bars:

500 pm). E, Graph showing the survival rate of each experimental group. (Ang Iliinfused WT, n=19; Ang ILinfused TgNOR-1VC n=21; Ang
Il;\infused TgNOR-1%%C with doxycycline n=11). F)\ Blood pressure levels in all experimental groups. Symbols as indicated in B. Data are
mean}:_“SEM (Ang II’-\infused WT, n=8; Ang II;‘infused TgNOR-1¥S¥C, n=10; Ang Il-infused TgNOR-1YS¥C with doxycycline, n=9). PA<0405; *yersus,

t=0 for each experimental condition. Two-way ANOVA with repeated measures
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and F) and y»A(C).
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Figure 5. Doxycycline preserves elastin integrity and prevents the increased expression of infl y markers ind d by

Ang Il (angiotensin II) in TgNOR-1VSMC mice.

Wild-type (WT) and TgNOR-1%5%C mice were infused with Ang Il (1000 ng/kg per minute) for 28 days. TgNOR-1¥S¥C mice were treated or not
with Doxyeycline (Dox; 30 mg/kg body weight/d). A, Orcein staining of abdominal aortas from infused mice. Arrowheads mark elastin
fibers ruptures. The indicated areas are magpnified in Iower;\ Quantification of the number of ruptures in elastin fibers per (Continued)
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Thus, a possible role for this nuclear receptor in AAA can-
not be excluded. Hence, we sought to investigate whether
NOR-1 transgenesis could modulate the susceptibility to
experimentally induced AAA in normocholesterolemic
CB7BL/6 mice, a mouse strain considered resistant to
Ang ll-induced aneurysms. First, in a transgenic mouse
that overexpresses NOR-1 in vascular tissues (TgNOR-
1),'s we observed that NOR-1 transgenesis promotes
the formation of Ang Ii-driven AAA triggering severe
aneurysmal forms that were not detected in challenged
C57BL/6J mice. lgNOR-1 mice overexpress this recep-
tor in all cell types of the vascular wall,'® and to a lesser
extent, in bone ,r\mw,z-v-rderived cells (data not shown).
To gain more insight into the cell type responsible for the
proaneurysmal effect of NOR-1 overexpression, we rep-
licated the same experimental approach in TgNOR-1"€,
a mouse model that overexpresses NOR-1 driven by
the SM22a. promoter, which specifically targets SMC."!
TgNOR-1YC mice exhibit high expression of hANOR-1 in
aortic VSMC, while the transgene was undetectable in
other vascular cells such as adventitial fibroblasts (data
not shown). Similar AAA incidence and severity was
observed in both NOR-1 transgenic models, which devel-
oped aneurysms with the typical features observed in
Ang ll-infused hyperlipidemic mouse models: suprarenal
location, upregulation of proinflammatory and proteolytic
markers, profuse elastin fragmentation, reactive oxygen
species production, and intramural hematoma. Therefore,
dysregulation of NOR-1 expression in medial VSMC was
enough to exacerbate the response triggered by Ang Il
in the vascular wall, thereby potentiating the infiltration of
inflammatory cells, and favoring aortic dilatation and AAA
formation. Our model seems to recapitulate key aspects
of human pathology, but like other murine models of Ang
ll-induced aneurysm, it differs from human pathology,
since in patients AAA are located in the suprarenal aorta
and are commonly associated with a nonocclusive intra-
luminal thrombus. This prompted us to assess whether
Ang ll-infused TgNOR-1¥M¢ mouse could be useful as
a new animal model to test potential therapies against
AAA. For this purpose, we used doxycycline, a MMP
inhibitor which prevents the formation of experimental
AAA in animal models,'® and reduced vascular inflamma-
tion in clinical trials.?® Doxycycline blunted aneurysm for-
mation in TgNOR-1"**< mouse, preserved the integrity of
elastin fibers and abolished the inflammatory response
induced by Ang ||, These results validate our single-
gene transgenic mouse overexpressing NOR-1 specifi-
cally in VSMC on a normolipemic background as a new

preclinical animal model for future translational research.
It should be noted, however, that despite the effective-
ness of doxycycline in animal models of AAA, no trial has
so far shown a similar benefit in patients. The N-TA(3)CT
(Non-Invasive Treatment of Abdominal Aortic Aneurysm
Clinical Trial), has recently concluded that doxycycline
does not reduce the growth of small AAA?” While these
findings may be discouraging, the authors noticed that
the AAA growth rate found in this study was lower than
that previously reported, suggesting that the follow-up
of 2 years could be too short to evidence the response
to doxycycline. Further, doxycycline reduced C-reactive
levels suggesting an anti-inflammatory effect. Therefore,
the potential benefit of MMP inhibition on AAA stabi-
lization in humans could not be excluded and further
research is warranted.

In the aneurysmal aortic wall of our transgenic animal
model, we made evident the upregulation of chemokines,
cytokines, and proteolytic enzymes (IL-6, IL-1p, CXCL2,
MCP-1, and MMP?2) recognized as critically involved in
AAA formation. Further, we were interested in identifying
gene sets and pathways whose exacerbated response to
Ang || could contribute to explain the increased suscep-
’ublllty to AAA observed in NOR-1 transgenic animals. A
whole transcriptome analysis comparing the aortic gene
expression profile from WT and TgNOR-1Y%€ mijce, both
treated with Ang Il, found about 1500 genes differen-
tially regulated. Because both groups were exposed to
Ang || the magnitude of the differences was moderated.
However, part of these genes match with those most
differentially regulated in aneurysms from ApoE '~ mice
exposed to Ang I1® (101 out of the 300 and 22 out of
the 290 genes nonredundantly upregulated or downgeg-
ulated, respectively). Therefore, an important number of
genes were not commonly regulated. Gene Set Enrich-
ment Analysis identified gene sets significantly enriched
in Ang ll-treated TgNOR-1¥¥¢ mice corresponding to
biological processes related with inflammation, cell cycle,
and sympathetic activation and GO cellular components
associated to extracellular matrix remodeling among oth-
ers. In tum, down-regulated DEGs were mainly involved in
GO biological processes related with muscle contraction
and actin cytoskeleton. Consistently, similar functional
annotations were uncovered by Reactome analysis.

Differential expression of specific genes, selected
based on their classification into GO processes, their
fold-change values, and their potential contribution to
aneurysmal disease, was validated by real-time poly-
merase chain reaction, They include upregulated DEGs

Figure 5 Continued. aortic section for each group. Data are meantSEM (n=8). P<0 001; ‘Xu' us /\1 g llAmfused WT mice; # versus AAnq
Iinfused TgNOR-1'SMC mice (bars: 100 pm). B, MMP (marix metalloproteinase) actMty per aortic section assessed by in situ zymography
ata are meantSEM (untrea(ed Ang I nfused mice, n=8; Ang ll/-\mfused mice treated with doxycycline, n=9). P<A -0.001; * yersus Ang H—mfused
WT mice; #yersus Ang ILinfused TgNOR 1Y€ mice (bars: 50 pm). C. ,mMRNA levels of MMP2, EMR-1, MCP-1, IL6, IL1p, "and CXCL2 analyzed
by real- tnme pol lvmw ase chain reaction jn abdominal aortas from Ang |l treated mice. Data, normalized to GADPH expression, are expressed
as mean=SEM (Ang |l mfused WT or lgNOR- 1YSMC mice, n=15; Ang II lnfused TgNOR- 1VSMC mice treated with doxycyline, n=10). P<0 05;
*versus Ang Itinfused Wt mice; #yersus Ang |linfused TgNOR- 1V84C mice. One- -way ANOVA or Kruskal-Wallis test.
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Table. Diff ially Exp d G in Aorta From Ang Il-Infused TgNOR-1'5" Mice C: ed With WT Chall d Mice
Mmpi12 Matnix metallopeptidase 12 ;1259 ;580 <0.05 GO_REGULATION_OF IMMUNE_ SYSTEM _PROCESS
Cenb! cyclin B1 242 680 | <00001 | GO_MMOTIC CELL_CYCLE GO_CELLULAR_
RESPONSE_TO_DNA_ DAMAGE_STIMULUS
Adam8 ADAM metallopeptidase domain 8 ;3,1 3 Fy 569 005 GO_REGULATION_OF_ IMMUNE_ SYSTEM_PROCESS
GO_MYELOID_LEUKOCYTE_ MIGRATION
Col10al Collagen type X alpha 1 chain 41732 | +543 <0.001 GO_COLLAGEN_TRIMER
Cthret Collagen triple helix repeat containing 1 | +4.77 1475 <0.0001 | GO_COLLAGEN_TRIMER
Cdc20 Cell-division cycle protein 20 £202 ;388 <0.0001 GO_MITOTIC_CELL_ CYCLE GO_SYNAPTIC_ SIGNALING
Scg2 Secretogranin Il 1742 4375 <0.01 GO_MYELOID_LEUKOCYTE_ MIGRATION
Npy Neuropeptide Y L7107 4372 <0.001 GO_SYNAPTIC_ SIGNALING
Syt Synaptotagmin IV ;562 1367 <0.01 GO_SYNAPTIC_ SIGNALING
Kif20a Kinesin family member 20A 1247 1280 <0.01 GO_MITOTIC_CELL_CYCLE
Uhrf1 Ubiquitin-like, containing PHD and ;2.24 1 2742 <0.05 GO_CELLULAR_RESPONSE_TO_DNA_DAMAGE _
RING finger domains, 1 STIMULUS
Dynctit Dhy:eir; cytoplasmic 1 intermediate A2 b 266 0.01 GO_ANTIGEN_ PROCESSING_AND_ PRESENTATION
chain
Cdsl CD5 molecule like ;486 247 <0.05 GO_REGULATION_OF_ IMMUNE_ SYSTEM_PROCESS
Loxl2 lysyl oxidase-like 2 190 ;245 <0.01 GO_COLLAGEN_FIBRIL_ORGANIZATION
Cd300c2 CD300C molecule 2 i274 ;224 <0.01 GO_REGULATION_OF_ IMMUNE_ SYSTEM_ PROCESS
Sh2d 1bt SH2 domain containing 181 209 1207 <0.02 GO_REGULATION_OF _ IMMUNE_ SYSTEM_ PROCESS
Myht1 Myosin, heavy polypeptide 11, smooth /'\72.98 236 <0.02 GO_MUSCLE_STRUCTURE_ DEVELOPMENT GO_ACTIN__
muscle CYTOSKELETON
Acta2 Actin alpha 2, smooth muscle ~256 178 £0.05 GO_ACTIN_ CYTOSKELETON
ltga8 Integrin alpha 8 -3.23 -1.76 £0.05 GO_MUSCLE_STRUCTURE_ DEVELOPMENT

Ang Il indicates angiotensin II; FC, fold change; NOR-1, neuron-derived orphan receptor-1; gPCR, quantitative polymerase chain reaction; and WT, wild type.

“Pvalue for qPCR data.

representing biological processes such as extracellular
matrix remodeling (Col710a1, Cthrc1, Mmp12 and LoxI2),
immune response (Cd5l, Adam8, Dynclil, Cd300c2,
Sh2d1b, and Scg2), sympathetic activity (Scg2 Npy, and
Syt4) and cell cycle and response to DNA damage (Uhrf1,
Cenb1, Kif20a, and Cdc20), and down-regulated DEGs,
implicated in muscle cell function and actin cytoskele-
ton organization (Acta2, Myh11, and ltga8). All selected
genes were confirmed as being differentially expressed.
In particular, COL10A1, MMP12, and CTHRC1 have
been reported to be upregulated in AAA and other
aneurysm types both in human®?° and in experimental
models.fs'a““ Meanwhile, LOXL2, an ECM modifying
enzyme regulated by NOR-1,'® has been found to be
a susceptibility gene to intracranial aneurysms®® and is
upregulated in aneurysms from ApoE /- mice exposed to
Ang 1128 Among genes involved in the immune response
upregulated in Ang |l-challenged TgNOR-1""¢ mice, it
has been reported that CD5L positively correlates with
human aneurysm growth?¢ upregulation of CD300C
(orthologue of Cd300c9). and DYNC1I1 has been
observed in aneurysms from humans® and experimen-
tal models,® respectively, while high expression levels of
ADAM8 have been associated to both human®*?" and
experimental aneurysms.233 In turn, SCG2, which is

Hypertension. 2021;77:00-00. DOI: 10.1161/HYPERTENSIONAHA.120.16078

involved in transendothelial migration of inflammatory/
immune cells and considered a marker of sympathetic
activity, has been associated with hypertension and
found upregulated in different forms of human aneu-
rysms.*?* SCG2 is co-stored in chromaffin granules with
NPY, a sympathetic neurotransmitter also expressed in
VSMC,* and involved in pathological conditions charac-
terized by sympathetic hyperactivity such as hyperten-
sion and vascular remodeling.*® Concurrently, SYT4, a
vesicular calcium-binding protein expressed in neurons
and VSMC,* is considered a mediator of aneurysm pro-
gression in ascending aorta.*' DEGs related to cell cycle
and response to DNA damage were also induced in
TgNOR-1Y¢, UHRF1, which orchestrates SMC plastic-
ity in arterial disease, was reported to be induced both in
human and experimental AAA.*> CDC20, CCNB1. and
KIF20A have been associated with human atheroscle-
rosis and aortic dissections****; and the latter £ genes
are strongly upregulated in Ang ll-induced experimental
aortic aneurysms?® and in the ascending aorta of a model
of Marfan syndrome.*®

Interestingly, previous whole genome-expression
profiling analysis identified NOR-1, as well as Nurr1 and
Nur77, among the most upregulated genes at the rup-
ture site of human aneurysms.*¢ Accordingly, enriched
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gene sets in lgNOR-1"S€ aneurysmal aorta comprises
genes identified by bioinformatics analysis as top hub
genes crucial in the protein-protein interaction network
in human aortic dissection (CDC20, CCNB1, KIF20A,
CDK1, PBK, RACGAP, TOP2A, CCNB2, MAD2L1,
and AURKA).*# Finally, we confirmed the down-
regulation of the 3 selected VSMC-expressed genes
(ACTA2, MYH11, and ITGA8), which have previously
been documented in human aneurysmal disease and
associated to inherited predisposition to aneurysms.*’
Thus, Ang ||, promotes the formation of aneurysm in
TgNOR-1VS¥C through the modulation of pathways and
specific genes which recapitulate critical mechanisms
involved in aneurysm pathology. However, a number of
genes regulated in NOR-1 transgenic mice were not
similarly regulated in Ang Il-infused ApoE /" mice, the
murine model most studied and experimentally closer
to ours.®3! |n particular, our model, but not the apoE-
deficient mouse, reproduces the upregulation reported
in human aneurysms of Cdb, that has been associated
to aneurysm growth,*® and other genes encoding for
proteins involved in the inflammatory/immune response
such as Cd300c2 (orthologue of CD300C)*° Sh2d1b1
(orthologue of SH2D1B)%¢ and Scg2*?**, as well as the
downregulation of genes involved in the regulation of
actin cytoskeleton.*® Interestingly, it should be empha-
sized that the ApoE /, mouse model did not reproduce
the upregulation of NOR-1 reported in human AAA, 446
which could explain that certain genes, directly or indi-
rectly regulated by NOR-1, were not modulated in the
same way in that model.

Therefore, using 2 animal models generated by our
group, we show that the upregulation of NOR-1 in vas-
cular tissues amplifies the expression of an array of
genes induced by Ang || thereby exacerbating the ability
of this peptide hormone to promote aneurysm formation.
These animals could be new experimental and preclinical
models. Further studies should determine the structural
genes that make NOR-1 a key facilitator of the aneurys-
mal process.

PERSPECTIVES
No drug therapy has been convincingly shown to limit
AAA growth or rupture, and the underlying molecular
mechanisms involved in this disease are not completely
understood. Our study points out NOR-1 as a relevant
transcription factor in vascular biology whose upregu-
lation positively contributes to aneurysm formation and
shows the potential usefulness of mice overexpress-
ing this nuclear receptor both as new animal models to
deepen the investigation of pathological mechanisms
of the disease and as tools to address pharmacologi-
cal preclinical studies. Because NOR-1 transgenesis
leads to modulation of multiple genes and biological

12 February 2021

processes associated with aneurysmal disease, further
studies will clarify whether the role played by NOR-1
on aortic aneurysm lies on the vascular activity of a
limited number of structural genes early and directly
regulated by NOR-1 rather than small changes in mul-
tiple genes either directly or indirectly regulated by this
transcription factor.
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Methods

Animal Handling

Two animal models that over-express the human NOR-1 ¢cDNA in the vascular wall
(TgNOR-1 and TgNOR-1V"M%) were used."*. Transgenic mice and control littermates
(wild-type; WT) on a C57BL/6J genetic background were bred in the Animal
Experimentation Unit (Institut de Recerca de 1'Hospital de la Santa Creu i Sant Pau,
Barcelona, Spain). Animal handling and disposal were performed in accordance with
the principles and guidelines established by the Spanish Policy for Animal Protection
RD53/2013 and the European Union Directive 2010/63/UE. All procedures were
approved by the local ethical committee (Law 5/June 21, 1995; Generalitat de
Catalunya).

Due to the sexual dimorphism characterizing AAA, with higher prevalence in
males both in humans and animal models, the studies were exclusively performed in
male mice. Three-mo-old male transgenic (TgNOR-1 and TgNOR-1"*) and WT mice
were randomly divided, by an operator unaware of the nature of the experiments, into
Angll or saline-infused animals. AngIl [1000 ng/kg body weight (BW)/min; Sigma-
Aldrich, St Louis, MO, USA] was infused via osmotic minipumps (model 1004, Alzet;
Durect Corporation, Cupertino, CA, USA) for 28 days.> WT and transgenic mice
infused with saline were used as controls. Animals were fed with a standard chow diet
throughout the experimental procedure.. For the implantation of osmotic minipumps,
mice were anaesthetised by isofluorane inhalation (1.5%). Anaesthetic depth was
confirmed by loss of blink reflex and/or lack of response to tail pinch. The procedure
takes about 15 min/mouse. Antibiotics (penicillin, 450,000 u/kg, intramuscular) and
analgesics (buprenorphine, 0.05 mg/kg, subcutaneous) were given immediately after
surgery to prevent infection and discomfort. Recovery after surgical procedures was
carried out using aseptic techniques in a dedicated approved surgical area. The animals
were kept warm in a heating pad until awake after surgery, and observed carefully by
the investigators throughout the post-surgery period.

In specific studies TeNOR-1V"™ mice were treated with doxycycline (Sigma-
Aldrich; 30mg/kg/day) 24 h before the implantation of AngIl osmotic minipumps.
Doxycycline was orally administered in the drinking water throughout the 28 days
experimental period. A group of Angll-challenged WT animals was also included.

Non-invasive measurement of systolic blood pressure

Systolic blood pressure (SBP) was non-invasively measured in conscious mice using the
tail-cuff plethysmography method (CODA® tail-cuff blood pressure system; Kent
Scientific Corporation; Torrington, CT, USA). Mice were trained for tail-cuff
measurements over a period of 1 week. Blood pressure measurements were performed
at the same time (between 9 a.m. and 11 a.m.) in order to avoid the influence of the
circadian cycle.?

Basic measurements of ultrasound recording for abdominal aortas

Mice were anaesthetised with 1.5% isofluorane inhalation as indicated above and were
lightly secured in the supine position to a warming platform. After shaving the
precordium, an abdominal echography was performed to record abdominal aorta
diameter using a Vevo 2100 ultrasound with a 30 MHz transducer (VisualSonics,
Toronto, ON, Canada).> Abdominal aortas with external diameters >1.5 mm were
considered as aneurysms. All primary measurements were made from images captured
on cine loops of 100 frames at the time of the study using the software provided by the
echography machine.
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Echocardiographic data was recorded at baseline and weekly throughout the
experimental period. At the end of the experimental procedures (28 days), mice were
anaesthetised with ketamine (150 mg/kg) and medetomidine (1 mg/kg) and sacrificed
by thoracotomy. Then aortas were excised and processed for further analysis. The
bottom segment of the abdominal aorta, including 2/3 of the aneurysmal region and the
rest of the abdominal aorta until the iliac bifurcation, was snap frozen in liquid nitrogen
for mRNA isolation. The upper segment of the aneurysm was formalin-fixed and
paraffin-embedded  for  histological and  immunohistochemical  analysis.
Dihydroethidium (DHE) staining and zymography were performed in frozen and OCT-
embedded aorta segments immediately adjacent to the aneurysm. The severity of the
aneurysm was based on a 4-point grading scale previously described in detail: type 0, no
aneurysm; type I, dilated lumen in the suprarenal region of the aorta with no thrombus;
type II, remodelled tissue in the suprarenal region that frequently contained thrombus;
type IIL, a pronounced bulbous form of type II that contained thrombus, and type IV, a
form in which there are multiple AAAs containing thrombus.* All measurements were
performed by an experienced and blinded operator.

Analysis of mRNA levels

Total RNA was isolated using the TriPure Isolation Reagent (Sigma-Aldrich) and
reverse transcribed into cDNA using the High Capacity cDNA Reverse Transcription
Kit (Applied Biosystems, Foster City, CA, USA). Quantification of mRNA levels was
performed by real-time PCR using the ABI PRISM 7900HT sequence detection system
(Applied Biosystems). Specific primers and probes (provided by Applied Biosystems or
Integrated DNA Technologies Inc, Coralville, IA, USA.) were used for the
quantification of mouse mRNA levels for NOR-1 (Mm00450074 ml), IL6
(Mm00446191_ml), IL-1f (Mm00434228 m1l), MCP-1 (MmO00441242_m1), MMP-2
(MmPT.58.9606100), EMR-1 (MmPT.56a.11087779) and CXCL2 (Mm00436450_m1).
GAPDH (Mm.PT.58.39a.1) expression was used as a reference gene. Other primers and
probes employed for validation of microarray results are shown in Table S1.

In situ detection of vascular O, production

The oxidative fluorescent dye DHE (Sigma-Aldrich) was used to evaluate the in situ
production of O, . DHE staining and zymography should be performed in frozen
sections embedded in OCT, these analysis were performed in the thoracic aorta segment
immediately adjacent to the aneurysm Arterial segments were placed in phosphate-
buffered saline (PBS) containing 30% sucrose for 20—50 min, transferred to a cryomold-
containing Tissue Tek OCT embedding medium (Sakura Finetek Europe B.V., Alphen
aan Den Rijn, The Netherlands), and frozen in liquid nitrogen. Arterial sections were
equilibrated for 30 min at 37°C in Krebs-HEPES buffer (in mM: 130 NaCl, 5.6 KCI,
2 CaCl,, 0.24 MgCl,, 8.3 HEPES, 11 glucose, pH=7.4). DHE (2 uM) was topically
applied onto each section, cover-slipped and incubated for 30 min in a light-protected
humidified chamber at 37°C. Fluorescence was visualized with a fluorescent laser
scanning confocal microscope (Leica TCS SP2 equipped with a krypton/argon laser,
x10 and x40 objectives; Leica Microsistemas S.L.U., L’Hospitalet de Llobregat,
Spain). Fluorescence was detected with a 568 nm long-pass filter by using the same
imaging settings for all experimental conditions. The mean fluorescence densities in the
target region were quantified using ImageJ software. To minimize laser fluctuations
from one day to another, data were expressed as % of signal in control arteries.

Immunoblotting
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Tissue lysates were separated on SDS-polyacrylamide gels and transferred to
polyvinylidene diflouride membranes (Immobilon, Merck-Millipore; IPVHO00010).
Blots were incubated with an antibody directed against MMP12 (sc-390863, Santa Cruz
Biotechnology, Dallas, TX, USA) and p-actin (A5441, Sigma-Aldrich). Bound
antibodies were detected after incubation with appropriate HRP-conjugated secondary
antibodies (Dako Products, Agilent, Santa Clara, CA, USA) and using the SuperSignal
West Dura Extended Duration Substrate (Thermo Fisher Scientific, Waltham, MA,
USA). The size of detected proteins was estimated using protein molecular-mass
standards (Fermentas, Thermo Fisher Scientific). Equal loading of protein in each lane
was verified by Ponceau staining and by B-actin signal.

Histological, immunohistochemical and immunocytochemical analysis

Tissues were fixed in 4% paraformaldehyde/0.1 M PBS (pH 7.4) for 24 hours and
embedded in paraffin. Tissue sections (5-um) were deparaffinised in xylene and
rehydrated in graded ethanol solutions. Slides were then rinsed in distilled water and
treated with 3% hydrogen peroxide in methanol for 30 min to remove endogenous
peroxidase activity. Sections were then blocked with 10% normal serum and incubated
overnight at 4° C with antibodies against MMP-12 (sc-390863, Santa Cruz
Biotechnology), MAC-3 (sc-19991, Santa Cruz Biotechnology, Dallas, TX, USA), CD3
(A0452, Dako, Agilent Technologies Co., Hamburg, Germany), MCP-1 (sc-1785,
1:100, Santa Cruz Biotechnology Inc.) or ELANE (MO0752, Dako). After washing,
samples were incubated for 1 h with a biotinylated secondary antibody (Vector
Laboratories, Burlingame, CA, USA). After rinsing three times in PBS, standard
Vectastain (ABC) avidin-biotin peroxidase complex (Vector Laboratories) was applied,
and the slides were incubated for 30 min. Colour was developed using 3,3'-
diaminobenzidine (DAB) and sections were counterstained with haematoxylin before
dehydration, clearing, and mounting. Negative controls in which the primary antibody
was omitted were included to test for non-specific binding. The histological
characterization of aortic samples was performed by haematoxylin-eosin staining. A
blinded operator carried out the quantitative morphological assessment of luminal and
outer abdominal aortic areas performed by image analysis on haematoxylin-eosin
stained sections using ImageJ software. To assess elastic fibre integrity, arterial sections
were stained with orcein using a commercial kit (Casa Alvarez, Madrid, Spain).

In situ Zymography

Gelatinolytic activity was assessed in OCT-embedded unfixed frozen tissue sections (8
pm) using Quenched Fluorogenic DQ™ gelatin (D-12054, Thermo Fisher Scientific,
Waltham, Massachusetts, MA, USA) as a fluorogenic substrate. Briefly, DQ-gelatin
was dissolved in water at lmg/mL and then diluted 1:10 in 1% (w/v) low gelling
temperature agarose (A9414, Sigma-Aldrich). The mixture was applied onto each
section and cover-slipped. Samples were incubated at 4° C for 30 min, to allow gelatin
gelling, and then maintained at room temperature for 24 h protected from light. FITC
fluorescence was visualized using a Leica TCS SP5 confocal microscopy (excitation
wavelength: 495 nm; emission wavelength: 515 nm) and the Leica LAS AF Lite
software (Leica Microsistemas S.L.U). The fluorescence intensity of each section,
excluding elastin fiber autofluorescence, was determined using Image J software.
Negative controls in which samples were pre-incubated with 20 mM EDTA before the
addition of the labelled substrate were included.

Microarrays
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RESULTADOS

Table S1. TagMan Gene Expression Assays-on-Demand or oligonucleotides for

real-time PCR with SYBR-Green used for the validation of microarray data.

Tga;ﬁ:t Oligonucleotides or Tagman Gene Expression Assays

Acta? F:5-TGACTCACAACGTGCCTATC-3’

R: 5-GCTCGGCAGTAGTCACGAA-3
Adam8 F: 5-GCCCCAAAGATACCAAATCAGTTTA-3’

R: 5- GGTGCAAAGGTTGGCTTGAC-3’
Cenb1 F:5-TTGTGTGCCCAAGAAGATGC-3

R: 5-ACGTCAACCTCTCCGACTTT-3’
Cd300c2 F:5'-GGCTCCTTGGGGTTCGATAA-3'

R:5- GCAGGGAGCAGGAATTGTGT-3
Cdsl F: 5-GGAGGTGATCTGCACAGACTT-3’

R: 5-AGCCCACAGCCTGATGTAAC-3’
Cdc20 MmO00650983_g1
Col10a F:5-AACAGGTATGCCCGTGTCTG-3’

R: 5-TCATCAAATGGGATGGGGGC-3’
Cthret F:5-GTGTTCGTGGAGTTCGCTGA-3’

R: 5-AAGCGAGCCACTGAACAGAA-3
Dync1i1 F: 5-CAGCGTGAGACAGCACATC-3’

R: 5-GTCAGACATGTTTGCTTCCTGA-3
Itg8 F:5- ACACGTTCCTCAAGAGAAAGAA-3’

R: 5- TAACCGACGTCTTAACCGCT -3’
Kif20a MmO00436226_m1
LoxI2 MmO00804740_m1
Mmp12 F: 5-AGTCGGAGGGAACAGGTTGA-3’

R: 5-ATCTTGACAAGTACCATTCAGCAA-3’
Myh11 F: 5-CAGGAGGTAGAAGGTGCTGTC-3’

R: 5-TTTGCTTCAGCGACTTGGTG-3’
Npy MmO01410146_m1
Scg2 F: 5-CAGCGGCAGAGAGGAGC-3’

R: 5-AGCCATGTCTTAAAGATTTCCTCTG-3’
Sh2d1b1 F:5-TGTGCCTCTGTGTCTCGTTT-3’

R: 5-TCCCTCTTTGGCATAGGTTG-3’
Syt4 F:5-GGGGTGAACTTCTGGTCTCTC -3

R: 5- CACTTTGACGTAGGGATCTGAAA -3’
Uhrf1 F:5-TGTGGACGTGCGTGACAATA-3’

R: 5- CTCCATGCTCTGGATAGTCATCA-3’

F: Forward primer; R: Reverse primer
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Table S2. Body weight of WT and NOR-1 transgenic mice subjected to AnglII or saline infusion in the presence or in the absence of

doxycycline
0 DAYS 7 DAYS 14 DAYS 21DAYS 28 DAYS
1 | wt/sal (n=10) 25206 25.8+0.6 26,1+0.7 26.5+0.6 26.5+0.6
2 | WT/Angll (n=10) 26.3:0.6 25.9+0.6 26.410.6 26.7+0.6 27.2+0.6
3 | TgNOR-1/Sal (n=10) 256+1.1 260£1.1 26.5£0.9 26.9+0.9 26.7£0.9
4 | TgNOR-1/Angll (n=10) 25.8+0.4 25.2+0.5 26.1+0.6 26.7+0.5 26.1+0.4
5 | TgNOR-1"*/sal (n=10) 25.2+0.9 25.5+0.7 26.3+0.9 26.8+1.2 269+1.1
6 | TgNOR-1"M/ Angll (n=10) 243+0.9 235+0.5 242+05 24.4+0.6 24.9+0.8
7 | wT/Angll (n=17) 24.6+0.7 24.6+0.7 245+0.6 24.9+0.6 25.2+0.7
8 | TgNOR-1""/Angll (n=16) 242106 259£0.5 26.0:0.4 264+04° 269+0.5
9 | TgNOR-1""/Angll/Dox (n=10) 24.5%0.2 24.4+0.3 248104 25.4+0.4 25.8+0.3

Body weight (g) is expressed as mean+SEM. * p<0.05 vs. t=0. Two-way ANOVA with repeated measures. Numbers in left colum indicate the
experimental group. Dox: doxycycline. Animals were grouped according to the experimental approach (1 to 6 and 7 to 9).
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Table S3. Differentially expressed genes (DEGs) between TgNOR-1Y*"® and WT mice after Angll infusion

i bliD

A_55_P2089520 NM_009925 ENSMUST00000105511
A_51_P339934 NM_010910 ENSMUST00000022639
A_S5_P2034870 NM_001024147 ENSMUST00000031124
A_55_P2058957 NM_001252341 ENSMUST00000064054
A_S5_P2162988 NM_178915 ENSMUST00000066791
A_S5_P1956567 NM_023852 ENSMUST00000167824
A_S1_P237668 NM_009749 ENSMUST00000049130
A_55_P1953861 NM_198627 ENSMUST00000109523
A_52_P98614 NM_009209 ENSMUST00000072939
A_51_P191669 NM_007694 ENSMUST00000028826
A_51_P163953 NM_008741 ENSMUST00000020537
A_S5_P2072233 NM_028325 ENSMUST00000115256
A_S5_P1992430 NM_009129 ENSMUST00000049972
A_S51_P140690 NM_009133 ENSMUST00000103045
A_51_P277275 NM_009065 ENSMUST00000153060
A_55_P2110497 NM_001190448 ENSMUST00000109659
A_55_P2000284 NM_008887 ENSMUST00000008090
A_55_P2100375 NM_007729 ENSMUST00000092155
A_S5_P2090429 NM_010063 ENSMUST00000115555
A_S51_P305003 NM_001033124 ENSMUST00000029712
A_55_P2041828 NM_023279 ENSMUST00000071134
A_51_P454873 NM_023456 ENSMUST00000031843
A_52_P236448 NM_033217 ENSMUST00000000122
A_S5_P2090025 NM_001252292 ENSMUST00000163949
A_S5_P2081785 NM_173774 ENSMUST00000037827
A_S5_P1968895 NM_013639 ENSMUST00000047104
A_S5_P2055127 NM_172861 ENSMUST00000091259
A_S52_P562676 NM_013873 ENSMUST00000082365
A_55_P2164659 NM_009392 ENSMUST00000089641
A_S51_P290074 NM_021272 ENSMUST00000020024
A_S5_P2125311 NM_023537 ENSMUST00000003502
A_52_P465980 NM_007756 ENSMUST00000046892
A_S5_P1974243 NM_138942 ENSMUSP00000000910
A_S5_P2275249 NM_009377 ENSMUST00000000219
A_S5_P2090330 NM_021452 ENSMUST00000068233
A_55_P2040549 NM_008888 ENSMUST00000012664
A_S5_P2000943 NM_020610 ENSMUST00000033331
A_55_P2081323 NM_019690 ENSMUST00000180362
A_S55_P1979848 NM_175235 ENSMUST00000121266
A_S52_P628915 NM_009308 ENSMUST00000025110
A_S5_P2096867 NM_008083 ENSMUST00000125187
A_55_P2053181 NM_010904 ENSMUST00000093369
A_55_P2111322 AY170578

A_S52_P101399 NM_177735 ENSMUST00000061446
A_S5_P1968858 NM_012061 ENSMUST00000177814
A_51_P423518 NM_175007 ENSMUST00000003345
A_S1_P145220 NM_008691 ENSMUST00000022638
A_S5_P2143946 NM_172523 ENSMUST00000026084
A_55_P2105135 NM_001177731 ENSMUST00000179313
A_55_P2291054 NM_001177883 ENSMUST00000107124
A_S1_P358316 NM_007693 ENSMUST00000021610
A_51_P205779 NM_009690 ENSMUST00000015998

gene_id
12813
18039
545758
20979
104885
67295
12069
277432
20538
12653
18197
72693
20254
20262
19762
13195
11859
12814
13426
18211
22152

GeneSymbol
Col10a1
Nefl
Sle10adl
Syt1
Tmem179
Rab3c
Bex2
Vstm2l
Slc6a2
Chgb
Nsg2
Zceche12
Scg2
Stmn3
Rit2
Ddc
Phox2a
Col11al
Dynclil
Ntrk1
Tubb3
Npy
Ngfr
Mest
Sle45a1
Pmoh
Slc7a14
Sult4al
Tix2
Fabp7
Rab3b
Cplx1
Dbh
Th
Kenmb4
Phox2b
Nrip3
Gnas
Celfs
Syta
Gap43
Nefh
Igivl
Tmem130
Cadps
Amph
Nefm
Slc18a2
Mrap2
Elavi2
Chga
cdsl

GeneName
collagen, type X, alpha 1
neurofilament, light polypeptide

solute carrier family 10 (sodium/bile acid cotransporter family), me

synaptotagmin |

transmembrane protein 179

RAB3C, member RAS oncogene family

brain expressed X-linked 2

V-set and transmembrane domain containing 2-like

solute carrier family 6 (neurotransmitter transporter, noradrenalin

chromogranin B

neuron specific gene family member 2

zinc finger, CCHC domain containing 12
secretogranin II

stathmin-like 3

Ras-like without CAAX 2

dopa decarboxylase

paired-like homeobox 2a

collagen, typeXI, alpha 1

dynein cytoplasmic 1 intermediate chain 1
neurotrophic tyrosine kinase, receptor, type 1
tubulin, beta 3 class Ill

neuropeptide Y

nerve growth factor receptor (TNFR superfamily, member 16)
mesoderm specific transcript

solute carrier family 45, member 1

peripherin

solute carrier family 7 (cationic amino acid transporter, y+ system)

sulfotransferase family 4A, member 1
T cell leukemia, homeobox 2

fatty acid binding protein 7, brain
RAB3B, member RAS oncogene family
complexin 1

dopamine beta hydroxylase

tyrosine hydroxylase

3

large call tivated channel, subf:
paired-like homeobox 2b
nuclear receptor interacting protein 3

GNAS (guanine nucleotide binding protein, alpha stimulating) com

CUGBP, Elav-like family member 6
synaptotagmin IV

growth associated protein 43
neurofilament, heavy polypeptide
immunoglobulin lambda variable 1
transmembrane protein 130
Ca2+-dependent secretion activator
amphiphysin

neurofilament, medium polypeptide

solute carrier family 18 (vesicular monoamine), member 2
melanocortin 2 receptor accessory protein 2
ELAV like RNA binding protein 1
chromogranin A

CDs antigen-like

FC
17,3260136
13,3567752

12,905585
12,7440043
12,4869072
9,83670425
8,66531931
8,53030172
8,09293199
7,99863067
7,98977913
7,48093457
7,42230729

7,3668767
734376825
7,27178547
7,25464569
7,16451654
7,12091029
7,11232597
7,09658845
7,07450101
7,06709176
7,04011347
6,99066053
6,87651385
6,86373321
6,81041387
6,80229832
6,71434572
6,46409302
642567126
6,26395003
6,13547812
6,07129222
596292675
582266982
5,80494201
571918724
5,62104782
5,60562737
545959692
5,37138903

5,3612857
529018748
528001111
5,05736688
4,99285556
4,97929001
4,92621428
4,87046164

4,862883

logFC
4,11486785
3,73949983
3,68992363
3,67174675
3,64234428
3,29817503
3,11525291
3,09259677
3,01666247
2,99975304
2,99815562
2,90321851
2,89186773
2,8810531
2,87652053
2,86230964
2,85890516
2,84086936
2,83206168
2,83032145
2,82712564
2,82262839
2,82111664
2,81559868
2,80542878
2,78167735
2,77899348
2,76774247
2,76602228
2,74724682
2,69244796
2,68384717
2,6470727
2,61717577
2,60200361
2,57602062
2,54168081
2,53728165
2,51581014
2,49083909
2,48687585
2,44879444
2,42529521
2,42257902
2,40331885
2,40054096
2,33838644
2,31986517
2,31594005
2,30047938
2,28405852
2,28181188

P.Value
3,87E-06
1,11E-04
3,036-04
4,84E-04
8,81E-05
3,236-04
5,58E-05
2,41E-04
2,01E-04
5,66E-04
4,28E-04
1,34E-04
7,01E-04
3,15E-05
1,63€-04
1,12€-04
1,856-04
1,856-04
2,88E-05
8,25E-05
3,11E-04
3,69E-04
3,95E-04
1,52€-03
8,55E-05
4,25€-05
1,85€-04
1,28€-04
1,22€-04
2,726-04
7,60E-05
1,14€-04
8,21E-05
2,53€-05
3,47E-04
4,03€-04
2,726-04
6,57E-05
3,01E-04
3,376-04
6,09€-05
1,00E-04
9,41E-05
3,726-04
1,68E-04
7,94E-04
2,58E-04
3,44E-04
1,28E-04
9,79E-04
2,31E-03
1,78€-03

adj.p.val
0,03291643
0,03291643
0,03315398
0,03469594
0,03291643
0,03315398
0,03291643
0,03291643
0,03291643
0,03481832
0,03393479
0,03291643
0,03558895
0,03291643
0,03291643
0,03291643
0,03291643
0,03291643
0,03291643
0,03291643
0,03315398
0,03369759
0,03373901
0,04214302
0,03291643
0,03291643
0,03291643
0,03291643
0,03291643
0,03315398
0,03291643
0,03291643
0,03291643
0,03291643
0,03319727
0,03373901
0,03315398
0,03291643
0,03315398
0,03315398
0,03291643
0,03291643
0,03291643
0,03370264
0,03291643
0,03629498
0,03291643
0,03315398
0,03291643
0,03761298
0,04795298
0,04399008
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A_S1_p43ssal
A_52_pa53785
A_S5_P2007500
A_51_P334876
A_S5_P2031021
A_S1_P107020
A_S5_P1960351
A_S1_pasga7s
A_S5_P2038422
A_S1_P461779
A_S5_P2058330
A_S5_P2085060
A_S1_P282594
A_S5_P1963965
A_S5_P2117425
A_51_P392303
A_S5_P2181341
A_51_P516870
A_S1_P346491
A_S1_P360396
A_52_P90805
A_52_P627068
A_S1_Pasg7sa
A_S5_P1981929
A_S5_P2068673
A_51_P307168
A_S5_P2048119
A_S5_P2020607
A_S5_P2121185
A_S1_P389988
A_52_P400425
A_S5_P2248806
A_51_P259029
A_S5_P2167486
A_S1_P220278
A_S5_P2017600
A_S5_P2177658
A_S5_P1993840
A_S1_P419117
A_S5_P2003541
A_51_P391291
A_S5_P1971010
A_S1_P307741
A_S5_P1999532
A_S1_P108183
A_S5_P2026530
A_S5_P2096035
A_51_P4g6681
A_52_P596595
A_S5_P1982186
A_S5_P2143251
A_S5_P1961968
A_S5_P2086240
A_52_P265937
A_S5_P2164629

NM_009819 ENSMUST00000159626
NM_026778 ENSMUST00000067072
NM_001013749 ENSMUST00000180252
NM_007384 ENSMUST00000021045
NM_009052 ENSMUST00000113118
NM_001039000 ENSMUST00000099172
NM_001159647 ENSMUST00000068378
NM_173403 ENSMUST00000031127
NM_001033877 ENSMUST00000098382
NM_172994 ENSMUST00000031003
NM_020287 ENSMUST00000051857
NM ENSMU! 1543
NM_026805 ENSMUST00000058472
NM_198959 ENSMUST00000030562
NM_016908 ENSMUST00000065957
NM_010733 ENSMUST00000043884
NM_001277925 ENSMUST00000027463
NM_008409 ENSMUST00000033591
NM_001111015 ENSMUST00000009538
NM_001025305 ENSMUST00000064976
NM_028973 ENSMUST00000064606
NM_170593 ENSMUST00000037547
NM_009513 ENSMUST00000057866
NM_009162 ENSMUST00000024005
NM_025285 ENSMUST00000029002
NM_026993 ENSMUST00000029845
NM_146257 ENSMUST00000058418
NM_001286743 ENSMUST00000045896
NM_011010 ENSMUST00000098281
NM_016917 ENSMUST00000027137
NM_178656 ENSMUST00000123434
XM_006540361 ENSMUST00000038163
NM_025869 ENSMUST00000170204
NM_009049 ENSMUST00000039534
NM_028392 ENSMUST00000025377
NM_001136058 ENSMUST00000114158
NM_019945 ENSMUST00000153000
NM_175432 ENSMUST00000119026
NM_134050 ENSMUST00000021459
NM_176930 ENSMUST00000020939
NM_010316 ENSMUST00000096259
NM_010373 ENSMUST00000089549
NM_009827 ENSMUST00000031093
NM_007740 ENSMUST00000054588
NM_022322 ENSMUST00000033602
NM_177814 ENSMUST00000090302
NM_001252347 ENSMUST00000107102
NM_021492 ENSMUST00000082090
NM_175498 ENSMUST00000089236
NM_172718 ENSMUST00000057209
ENSMUST000000710 ENSMUST00000071093
NM_009538 ENSMUST00000121646
NM_001003824 ENSMUST00000149964
NM_019754 ENSMUST00000096057
NM_008973 ENSMUST00000101534

Ctnna2
Cthrcl
Tmem151b
Asic2
Bex1
Kifsa
Cntnl
Slc10a4
Adamts17
Ppp2r2c
Insm2
vef
Svop
Hertrl
Syts
Lrrn3
Ecell
Itm2a
Syn2
Tfap2b
Lrrel5
Disp2
Nrsnl
Scg5
Stmn2
Ddah1
Slc29a4
Pacsinl
Omp
Slc40a1
Pirt
Pnmall
Dusp26
Resp18
Ppp2r2b
Crmp1
Mastl
Tmem132c
Rab15
Nrcam
Gng3
Gzme
Cckar
Col9al
Tnmd
Erc2
Rundc3a
Ap3b2
Pnma2
Sgsm1
Rims3
Plagl1
Keng2
Tagin3
Ptn

catenin (cadherin associated protein), alpha 2
collagen triple helix repeat containing 1
transmembrane protein 1518

acid-sensing (proton-gated) ion channel 2
brain expressed gene 1

kinesin family member 5A

contactin 1

solute carrier family 10 (sodium/bile acid cotransporter family), me
adisintegrin-like and metallopeptidase (reprolysin type) with throt

protein phosphatase 2, regulatory subunit B, gamma
insulinoma-associated 2

VGF nerve growth factor inducible

SV2 related protein

hypocretin (orexin) receptor 1

synaptotagmin V

leucine rich repeat protein 3, neuronal

endothelin converting enzyme-like 1

integral membrane protein 2A

synapsin Il

transcription factor AP-2 beta

leucine rich repeat containing 15

dispatched RND tramsporter family member 2
neurensin 1
secretogranin V
stathmin-like 2

imethylaminohydrolase 1
solute carrier family 29 (nudeoside transporters), member 4
protein kinase C and casein kinase substrate in neurons 1

olfactory marker protein

solute carrier family 40 (iron-regulated transporter), member 1
phosphoinositide-interacting regulator of transient receptor poten

PNMA-like 1
dual specificity phosphatase 26 (putative)
regulated endocrine-specific protein 18
protein phosphatase 2, regulatory subunit B, beta
collapsin response mediator protein 1
microtubule associated serine/threonine kinase 1
transmembrane protein 132C
RAB1S5, member RAS oncogene family
neuronal cell adhesion molecule
guanine nucleotide binding protein (G protein), gamma 3
granzyme E
cholecystokinin A receptor
collagen, typelX, alpha 1
tenomodulin
ELKS/RAB6-interacting/CAST family member 2
RUN domain containing 3A
adaptor-related protein complex 3, beta 2 subunit
paraneoplastic antigen MA2
small G protein signaling modulator 1
regulating synaptic membrane exocytosis 3
pleiomorphic adenoma gene-like 1

i Itage-gated channel, ily Q, member 2
transgelin 3
pleiotrophin

4,79599159
4,77274874
4,71029351
4,55166993
4,51216757
4,48608183
4,4734987

4,47172864
4,42473844
4,40378425
4,37758974

4,372054

4,36218317
4,30180932
4,7302026
4,26385257
4,3378466
4,22739523
4,20943936
4,14990216
4,12064147
4,10068056
4,05423606
4,0281899

4,01236237
3,98228931
3,96659125
3,94255136
3,93262019
3,93235048
3,88219005
3,85912975
3,7655988

3,74573841
3,70241643
3,68339152
3,68159426
367761848
3,66935834
3,65047718
3,62078693
3,6042405

3,5753678

357052657
354361741
352806101
3,4670421

344538132
3,40420965
3,40052851
3,39447766
336975162
336188258
3,36180791
3,34740225

2,26182913
2,25482039
2,23581696
2,18639594
2,17382065
2,16545594
2,1614036
2,16083264
2,14559217
2,13874379
2,13013675
2,12831122
2,12505035
2,10494358
2,09525616
2,09215756
2,08194789
2,079769
2,0736281
2,05307732
2,04286894
2,03586336
2,01943009
2,0101317
2,00445191
1,99359804
1,98789974
1,97912955
1,97549086
1,97539191
1,95687074
1,94827555
19128793
1,90525015
1,88846717
1,88103476
1,88033064
1,87877182
1,8755278
1,86808506
1,85630328
1,84969528
1,83809166
1,83613685
1,82522285
1,81887551
1,79370536
1,78466366
1,76731989
1,76575899
1,76318959
1,75264226
1,74926933
1,74923729
1,74304193

1,196-03
1,486-04
8,14E-04
4,20E-05
7,426-05
6,34E-04
6,36E-04
8,88E-05
8,176-05
4,16E-04
1,29-03
1,086-04
1,57E-04
8,326-05
4,21E-04
3,11E-04
2,60E-05
1,176-04
2,026-03
3,44E-04
3,176-04
1,79E-04
9,54E-04
2,526-04
2,86E-04
1,36E-04
1,79E-04
1,276-03
8,24E-04
1,716-03
5,79E-04
1,596-03
4,94E-04
3,436-04
1,55€-03
2,56E-04
9,99E-04
1,44E-04
4,81E-04
1,01€-03
2,436-04
2,226-03
7,96E-06
8,30E-04
5,426-04
8,17E-04
3,156-04
4,29E-04
5,87E-04
1,106-03
3,21E-04
5,17E-04
1,06E-03
1,76E-03
5,59E-04

0,03904427
0,03291643
0,03629498
0,03291643
0,03291643
0,03546117
0,03546117
0,03291643
0,03291643
0,03386016
0,03982756
0,03291643
0,03291643
0,03291643
0,03391783
0,03315398
0,03291643
0,03291643
0,0464094
0,03315398
0,03315398
0,03291643
0,0372285
0,03291643
0,03315398
0,03291643
0,03291643
0,03970879
0,03629498
0,04357357
0,03507191
0,04266154
0,03476444
0,03315398
0,04234259
0,03291643
0,03807877
0,03291643
0,03469594
0,03808028
0,03291643
0,04740503
0,03291643
0,03629498
0,03476444
0,03629498
0,03315398
0,03393479
0,03507191
0,03829864
0,03315398
0,03476444
0,03818548
0,04380084
0,03476444
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A_52_p370392
A_S5_P1971599
A_S5_P2105472
A_S5_P2062469
A_52_P500979
A_S5_P2162910
A_52_P239320
A_S5_P1992572
A_51_P142813
A_51_P417251
A_51_P462391
A_S5_P2107432
A_52_P365660
A_S5_P2033376
A_S5_P2025765
A_S5_P2043627
A_52_P496202
A_S5_P1997831
A_51_P249286
A_S5_P2070992
A_S5_P2109326
A_52_P671132
A_55_P2171206
A_S5_P2126192
A_52_P292792
A_S5_P1958165
A_51_P144957
A_S5_P2146214
A_S5_P2127433
A_S5_P2025690
A_S52_P121342
A_S5_P2176792
A_51_P143951
A_S5_P1984815
A_51_p295237
A_51_P106591
A_66_P138406
A_S5_P2160910
A_S5_P2008437
A_S5_P2179587
A_51_P417720
A_S5_P1960631
A_S1_P220343
A_51_P515532
A_S5_P2060991
A_51_P389885
A_S5_P1983773
A_S5_P2182835
A_51_P108226
A_S1_P408649
A_S5_P1964965
A_S5_P2132873
A_S5_P2034864
A_S5_P1978216
A_52_P297093

NM_021921
NM_007529
NM_019409
NM_001290308
NM_013628
NM_153457
NM_207708
NM_001146292
NM_025711
NM_134022
NM_010267
NM_153054
NM_178725
NM_001163145
NM_007403
NM_001081120
NM_013892
NM_028146
NM_011267
NM_009657
NM_001290010
NM_152915
NM_013592
NM_010195
NM_007739
NM_001276398
NM_146140
NM_001035510
NM_026571
NM_022025
NM_020252
NM_017400
NM_007495
NM_198214
NM_172784
NM_172434
NM_027218
NM_028224
NM_009877
NM_080437
NM_176922
NM_199473
NM_018865
NM_029881
NM_181681
NM_011461
NM_001012273
NM_148944
NM_183249
NM_145463
NM_001033458
NM_144891
NM_023716
NM_134158
NM_010770

ENSMUST00000023291
ENSMUST00000090971
ENSMUST00000164465
ENSMUST00000071750
ENSMUST00000022075
ENSMUST00000021497
ENSMUST00000009727
ENSMUST00000115816
ENSMUST00000021820
ENSMUST00000238695
ENSMUST00000026879
ENSMUST00000037478
ENSMUST00000162807
ENSMUST00000080751
ENSMUST00000128332
ENSMUST00000055257
ENSMUST00000041096
ENSMUST00000074879
ENSMUST00000027748
ENSMUST00000017534
ENSMUST00000150983
ENSMUST00000049126
ENSMUST00000103103
ENSMUST00000020350
ENSMUST00000089332
ENSMUST00000056035
ENSMUST00000058994
ENSMUST00000113067
ENSMUST00000080780
ENSMUST00000095712
ENSMUST00000160844
ENSMUST00000032874
ENSMUST00000046110
ENSMUST00000028951
ENSMUST00000019931
ENSMUST00000029784
ENSMUST00000077228
ENSMUST00000023750
ENSMUST00000060501
ENSMUST00000024238
ENSMUST00000034774
ENSMUST00000070132
ENSMUST00000005255
ENSMUST00000066049
ENSMUST00000166057
ENSMUST00000133724
ENSMUST00000081387
ENSMUST00000034854
ENSMUST00000070832
ENSMUST00000053949
ENSMUST00000142510
ENSMUST00000018087
ENSMUST00000075774
ENSMUST00000141188
ENSMUST00000020899

60597
12032
18377
12816
18548

20972
108013

103712

Mapk8ip2 mitogen-activated protein kinase 8 interacting protein 2 3,28327672
Bcan brevican 3,27730617
Oomg oligodendrocyte myelin glycoprotein 3,26670423
Col12a1 collagen, typeXIl, alpha 1 3,24717151
Pcsk1 proprotein convertase subtilisin/kexin type 1 3,23180891
Rtn1 reticulon 1 3,22670911
Syngrl synaptogyrin 1 3,21804934
celfa CUGBP, Elav-like family member 4 3,202273
Aspn asporin 3,19865509
7Rik RIKEN cDNA gene 3,17191737
Gdap1 ioside-induced different i protein 1 3,1635061
Slc18a1 solute carrier family 18 (vesicular monoamine), member 1 3,15140673
Lrede leucine rich repeat containing 4C 3,14789452
Shisall shisa like 1 3,13285424
Adam8 adisintegrin and metallopeptidase domain 8 3,12624943
Fam89a family with sequence similarity 83, member A 3,11013632
Pcskin proprotein convertase subtilisin/kexin type 1 inhibitor 3,10193113
Dbndd1 dysbindin (dystrobrevin binding protein 1) domain containing 1 3,09501117
Rgs16 regulator of G-protein signaling 16 3,09442394
Aldoc aldolase C, fructose-bisphosphate 3,08245984
Ache acetylcholinesterase 3,06701402
Dner delta/notch-like EGF-related receptor 3,05720788
Matn4 matrilin 4 3,05472143
Lgrs leucine rich repeat containing G protein coupled receptor 5 3,0415289
Col8a1 collagen, type VIl, alpha 1 3,01848024
Msda7 panning 4-domains, y A, member 7 3,00153938
Tram1l1 translocation associated membrane protein 1-like 1 2,99935947
Zcchcl8 zinc finger, CCHC domain containing 18 2,98416861
Lhfpls lipoma HMGIC fusion partner-like 5 2,97659645
Slesa7 solute carrier family 5 (choline transporter), member 7 2,97328537
Nmxnl neurexin | 2,96363442
Sh3gl3 SH3-domain GRB2-like 3 2,94386057
Astnl astrotactin 1 2,93587211
Snph syntaphilin 2,9242289
Lpll low density lipoprotein receptor-related protein 11 2,90283602
celf3 CUGBP, Elav-like family member 3 2,90054795
Clec4bl C-type lectin domain family 4, member b1 2,88020786
Faim2 Fas apoptoticinhibitory molecule 2 2,87843082
Cdkn2a cydin-dependent kinase inhibitor 2A 2,8678428
Celsr3 cadherin, EGF LAG seven-pass G-type receptor 3 2,86526271
Itgall integrin alpha 11 2,86525431
Col8a2 collagen, type VI, alpha 2 2,86110315
Cend cellular communication network factor 4 2,85741524
Tmem200a transmembrane protein 200A 2,85465473
Plppr3 phospholipid phosphatase related 3 2,85025022
Spic Spi-C transcription factor (Spi-1/PU.1 related) 2,84578817
Birc5 baculoviral IAP repeat-containing 5 2,83610924
Chrnb4 cholinergic receptor, nicotinic, beta polypeptide 4 2,79733375
Wfdc21 'WAP four-disulfide core domain 21 2,79175262
Shisa2 shisa family member 2 2,79162006
Gm1673 predicted gene 1673 2,77078033
Gdap1l1 lioside-induced different d protein 1-like 1 2,75911396
Tubb2b tubulin, beta 2B dlass IIB 2,75080112
Cd300c2 CD300C molecule 2 2,73888362
Matn3 matrilin 3 2,72647486

1,71513635
1,71251046
1,70783584
1,69918359
1,6923419
1,69006352
1,68618645
1,67909631
1,67746543
1,66535519
1,6615244
1,65599596
1,6543872
1,64747765
1,64443289
1,63697782
1,63316665
1,62994461
1,62967086
1,6240821
1,61683476
1,61221466
1,61104082
1,60479671
1,59382236
1,5857026
1,58465444
1,57732905
1,57366364
1,57205794
1,5673675
1,55770934
1,55378913

3,616-04
6,14£-04
1,356-03
8,20E-05
2,196-04
3,126-04
1,476-03
1,716-03
1,256-04
1,656-04
8,116-04
1,25€-05
7,89E-04

0,00030995

0,00148434

0,00062123

0,00025288

0,00020466

0,0002538

0,00064577
1,256-04
3,486-05

0,00053741
1,82€-03

0,00040971

0,00073439
9,40E-05
5,78E-04

0,00028917
1,226-03

0,0006857

0,00072882

0,00173442

0,03369759
0,0352913
0,04041885
0,03291643
0,03291643
0,03315398
0,04166534
0,04366843
0,03291643
0,03291643
0,03629498
0,03291643
0,03629498
0,03315398
0,04180691
0,03546117
0,03291643
0,03291643
0,03291643
0,03555961
0,03291643
0,03291643
0,03476444
0,04447998
0,03379356
0,03593548
0,03291643
0,03507191
0,03315398
0,03916734
0,03558895
0,03593548
0,04380084

-

1,53746308
1,53632547
1,52617293
1,52528254
1,51996594
1,51866742
1,51866319
1,51657151
1,5147107
1,51331626
1,51108858
1,50882827
1,5039131
1,48405239
1,48117111
1,4811026
1,47029234
1,46420505
1,45985184
1,45358796
1,44703685

0,00048225
5,976-04
0,00067014
0,00021841
0,00127259
0,00123475
0,00151147
0,00018983
0,0001468
1,26E-04
0,00010912
0,00024748
0,00107019
0,00026638
0,00121214
0,00162902
0,00013345
7,73-05
0,00059087
0,00156398
1,66E-03
2,376-03

0,

0,03507191
0,03555961
0,03291643
0,03970879

0,0393138
0,04191356
0,03291643
0,03291643
0,03291643
0,03291643
0,03291643
0,03823006
0,03315398
0,03911544
0,04294518
0,03291643
0,03291643
0,03507191
0,04242288
0,04318211
0,0482972
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A_S5_P1998066
A_S5_P2154480
A_S1_P241995
A_S5_P1961720
A_S1_P283016
A_S1_P172085
A_S5_P1988413
A_S5_P1962937
A_S51_P161248
A_S5_P2066593
A_52_P517247
A_S5_P2072816
A_S5_P2024803
A_S5_P2119772
A_S5_P2181356
A_51_P290576
A_52_P645862
A_S1_p4a72217
A_S5_P1978371
A_S5_P2103706
A_S5_P2074736
A_S5_P2012478
A_S5_P2011436
A_S5_P2076891
A_51_P253803
A_51_P215038
A_S1_p477121
A_S1_P164014
A_S5_P2026139
A_S5_P2027083
A_S5_P2118520
A_S5_P2129348
A_S52_P130787
A_S5_P2143499
A_S5_P1985433
A_66_P114461
A_S5_P2078433
A_S2_P628067
A_66_P131398
A_51_P204402
A_S5_P2068663
A_S5_P2065671
A_52_P599317
A_S1_P422685
A_S5_P1957459
A_S1_P363187
A_S5_P2237129
A_52_P304056
A_S5_P1962771
A_51_P264656
A_S5_P2052281
A_S2_P26299
A_S1_P374726
A_S1_P270949
A_51_P513530

NM_153776 ENSMUST00000058491
NM_001162934 ENSMUST00000099452
NM_016919 ENSMUST00000004201
NM_175462 ENSMUST00000037580
NM_009200 ENSMUST00000005430
NM_008113 ENSMUST00000025019
NM_011993 ENSMUST00000121184
NM_001272078 ENSMUST00000113237
NM_009130 ENSMUST00000034699
NM_011012 ENSMUST00000184795
NM_001033354 ENSMUST00000129815
NM_177751 ENSMUST00000026750
NM_008605 ENSMUST00000127722
NM_018732 ENSMUST00000100069
NM_009866 ENSMUST00000075190
NM_152804 ENSMUST00000022212
NM_177322 ENSMUST00000066412
NM_001081085 ENSMUST00000129214
NM_001081376 ENSMUST00000030775
XM_006544821

NM_008923 ENSMUST00000026973
NM_028326 ENSMUST00000064814
AK030082 ENSMUST00000120560
NM_001145192 ENSMUST00000169935
NM_001081117 ENSMUST00000033310
NM_182991 ENSMUST00000045286
NM_021451 ENSMUST00000025399
NM_173762 ENSMUST00000062893
NM_001013773 ENSMUST00000110929
NM 4 ENSML 136
NM_007742 ENSMUST00000001547
NM_153510 ENSMUST00000058897
NM_013568 ENSMUST00000040751
NM_171824 ENSMUST00000052580
NM_178591 ENSMUST00000073884
NM_177328 ENSMUST00000172951
NM_026656 ENSMUST00000011152
NM_013538 ENSMUST00000134637
NM_013846 ENSMUST00000021918
NM_011369 ENSMUST00000022945
NM_019641 ENSMUST00000030636
NM_172301 ENSMUST00000147790
NM_001077202 ENSMUST00000088172
NM_177086 ENSMUST00000042352
NM_001291894 ENSMUST00000105481
NM_008176 ENSMUST00000031327
ENSMUST000000442 ENSMUST00000044278
NM_001163637 ENSMUST00000082254
NM_001252460 ENSMUST00000093166
NM_144518 ENSMUST00000056521
NM_176834 ENSMUST00000114355
NM_178675 ENSMUST00000105473
NM_008987 ENSMUST00000029421
NM_020034 ENSMUST00000080511
NM_017407 ENSMUST00000045026

69195
381418
53867
227632
20513
14570
26757
83433
20255
18389
243621
245684

20620

Tmem121
Ctxn2
Col5a3
Kentl
Slc1a6
Arhgdig
Dpysl4
Trem2
Scg3
Oprl1
Igsec3
Cnksr2
Mmp12
Scn3a
Cdh11
Plk2
Agtrla
Sapcd2
Chds
Ccenb1-ps
Prkar1b
Zfp618
Gm11223
Akainl
Mki67
Tmem359!
Pmaipl
Cenpe
Nxpe5
Kenj10
Collal
Pilra
Kena6
Pgbds
Nrgl1
Grm7
Mocoln2
Cdca3
Ror2
Shebp1
Stmnl
Cenbl
Hs6st2
Zmat4
Lilrb4a
Cxcll
Stégalnacs
Jakmip2
ofip2
Bmerb1
Rnf208
Sle35f1
PiX3
Histlh1b
Spags

transmembrane protein 121

cortexin 2

collagen, typeV, alpha3

potassium channel, subfamily T, member 1

solute carrier family 1 (high affinity aspartate/glutamate transport:

Rho GDP dissociation inhibitor (GDI) gamma
dihydropyrimidinase-like 4

triggering receptor expressed on myeloid cells 2
secretogranin Il

opioid receptor-like 1

Ia motif and Sec7 domain 3

connector enhancer of kinase suppressor of Ras 2
matrix metallopeptidase 12

sodium channel, voltage-gated, typell, alpha

cadherin 11

polo-like kinase 2

angiotensin Il receptor, type 1a

suppressor APC domain containing 2

chromodomain helicase DNA binding protein 5

cydin B1, pseudogene

protein kinase, cCAMP dependent regulatory, type I beta
zinc finger protein 618

predicted gene 11223

Akinase (PRKA) anchor inhibitor 1

antigen identified by monoclonal antibody Ki 67
transmembrane protein 59-like
phorbol-12-myristate-13-acetate-induced protein 1
centromere protein E

neurexophilin and PC-esterase domain family, member 5
potassium inwardly-rectifying channel, subfamily J, member 10
collagen, typel, alpha 1

paired immunoglobin-like type 2 receptor alpha

potassium voltage-gated channel, shaker-related, subfamily, mem|

piggyBac transposable element derived 5
neuregulin 1

glutamate receptor, metabotropic 7
mucolipin 2

cell division cycle associated 3

receptor tyrosine kinase-like orphan receptor 2
Shc SH2-domain binding protein 1
stathmin 1

oydinB1

heparan sulfate 6-O-sulfotransferase 2
zinc finger, matrin type 4

like receptor, B, member 4
chemokine (C-X-C motif) ligand 1

ST6 (alpha-N-acetyl-neuraminyl-2,3-beta-galactosyl-1,3)-N-acetylg

janus kinase and microtubule interacting protein 2
cytoplasmic FMR1 interacting protein 2

bMERB domain containing 1

ring finger protein 208

solute carrier family 35, member F1

pentraxin related gene

histone cluster 1, H1b

sperm associated antigen 5

2,71625658
2,70903327
2,69887101
2,69067993
2,68960456
2,68293071
2,67057933
2,6606866
2,65257657
2,63732543
2,61472349
2,60558063
2,5872608
2,56316572
2,54574877
2,54399864
2,53119729
252105517
2,5123608
2,5100385
2,50244133
2,50220517
2,50104037
2,49476185
2,48898547
2,47962157
2,47466478
2,4717487
2,47029886
2,4668052
2,46106941
2,46042056
2,45906649
2,45664762
2,4532419
2,45220897
2,45186198
2,44648702
2,43400888
2,43257793
2,42595839
2,42122998
2,40585378
2,40503335
2,40111754
2,39950325
2,39795691
2,39390912
239119864
2,39010871
2,3814259
2,37046216
2,36730382
2,36591755
2,35824526

1,44161976
1,43777811
1,43235602
1,42797078
1,42739408
1,4238098
1,41715274
1,41179859
1,40739439
1,3990756
1,38665839
1,3816049
1,37142549
1,35792676
1,34809005
1,3470979
1,33981996
1,33402769
1,32904367
1,32770949
1,32333625
1,32320009
1,32252834
1,3189021
1,31555781
1,31011996
1,30723311
1,30553207
1,30468559
1,3026438
1,29928535
1,29890493
1,29811075
1,29669093
1,29468949
1,29408193
1,29387777
1,29071163
1,28333443
1,28248602
1,27855481
1,27574012
1,26654896
1,2660569
1,26370603
1,26273576
1,26180573
1,25936838
1,25773398
1,25707624
1,25182566
1,24516836
1,24324487
1,2423998
1,23771377

0,00010199
1,02£-04
0,00039424
0,00172105
4,08E-05
2,82E-05
0,00022476
0,00125579
0,00141251
0,00090184
0,00203138
0,00127219
1,46E-05
0,00111229
0,00032469
1,39E-05
0,00039579
0,00010209
0,00197131
0,00019079
0,00217505
3,75E-05
0,00011561
0,0008377
0,00013168
0,00087131
0,00130452
0,00042187
0,00054504
0,00123635
0,00010268
9,67E-06
0,00066642
0,00197932
0,00020777
0,00254312
0,00013583
0,00016928
0,00111253
0,00070233
0,00024474
0,00037136
0,00038506
0,00179907
0,00119218
8,18E-05
0,0020361
0,0017808
0,00097139
0,00050256
0,0008568
0,00026043
0,00015606
0,0011832
0,00013974

0,03291643
0,03291643
0,03373901
0,04371333
0,03291643
0,03291643
0,03291643
0,03955441
0,041007

0,03680238
0,04641055
0,03970879
0,03291643
0,03830608
0,03315398
0,03291643
0,03373901
0,03291643
0,04607464
0,03291643
0,04740503
0,03291643
0,03291643
0,03629498
0,03291643
0,03654939
0,04002069
0,03391783
0,03476444
0,0393138

0,03291643
0,03291643
0,03555961
0,04608319
0,03291643
0,04970107
0,03291643
0,03291643
0,03830608
0,03558895
0,03291643
0,03370264
0,03373901
0,04428159
0,03904427
0,03291643
0,04649107
0,04399008
0,03751707
0,03476444
0,03629498
0,03302481
0,03291643
0,03904427
0,03291643
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A_55_P2101367
A_55_P2041708
A_51_P510891
A_55_P2039699
A_51_P497768
A_52_P228551
A_51_P481920
A_51_P139320
A_55_P2137527
A_51_P497171
A_55_P1995537
A_55_P1974687
A_51_P284686
A_55_P2139077
A_51_P357647
A_66_P132576
A_S55_P2173982
A_52_P69194
A_55_P1954393
A_51_P179258
A_55_P2115225
A_51_P380005
A_55_P2097206
A_S55_P2000833
A_51_P282144
A_55_P1990309
A_55_P2007630
A_55_P2063336
A_55_P2035286
A_55_P1960097
A_51_P125135
A_52_P263518
A_52_P326657
A_51_P293862
A_55_P2148931
A_51_P492830
A_51_P141012
A_51_P246653
A_51_P250797
A_S55_P2017636
A_51_P358894
A_55_P2048588
A_55_P1965154
A_55_P2032659
A_55_P2056654
A_55_P1980426
A_55_P2041653
A_55_P2020497
A_S55_P2004867
A_51_P452153
A_51_P242930
A_51_P133137
A_55_P2124751
A_51_P480073
A_55_P2063736

NM_029741
NM_008087
NM_007423
NM_009921
NM_001081089
NM_201367
NM_009828
NM_025273
NM_029283
NM_008534
NM_010824
NM_177597
NM_001040106
NM_001039485
NM_028333
NM_001253355
NM_009104
NM_177572
NM_144796
NM_001161665
NM_007986
NM_015736
NM_009793
NM_001013368
NM_011780
NM_010488
NM_144926
NM_134041
NM_010931
NM_013813
NM_026410
NM_010315
NM_182783
NM_013530
NM_0011679:
NM_021886
NM_199065
NM_020008
NM_010298
NM_011580
NM_028417
NM_007659
NM_001199123
NM_145711
NM_145588
NM_001291128
NR_037697
NM_178739
NM_011111
NM_027222
NM_020044
NM_009004
NM_028266
NM_007689
NM_001291892

N
a

ENSMUST00000003961
ENSMUST00000051912
ENSMUST00000042755
ENSMUST00000112022
ENSMUST00000062211
ENSMUST00000039160
ENSMUST00000029270
ENSMUST00000020298
ENSMUST00000060581
ENSMUST00000143463
ENSMUST00000020779
ENSMUST00000155819
ENSMUST00000089519
ENSMUST00000046860
ENSMUST00000027885
ENSMUST00000058738
ENSMUST00000020980
ENSMUST00000049994
ENSMUST00000085724
ENSMUST00000161017
ENSMUST00000102732
ENSMUST00000028378
ENSMUST00000042868
ENSMUST00000058745
ENSMUST00000087374
ENSMUST00000106597
ENSMUST00000134471
ENSMUST00000049271
ENSMUST00000001258
ENSMUST00000112680
ENSMUST00000025704
ENSMUST00000160013
ENSMUST00000052835
ENSMUST00000129251
ENSMUST00000118510
ENSMUST00000075550
ENSMUST00000100322
ENSMUST00000112076
ENSMUST00000029654
ENSMUST00000039559
ENSMUST00000008088
ENSMUST00000119827
ENSMUST00000112320
ENSMUST00000039987
ENSMUST00000032915
ENSMUST00000153739
ENSMUST00000136948
ENSMUST00000060481
ENSMUST00000064916
ENSMUST00000025211
ENSMUST00000036362
ENSMUST00000166044
ENSMUST00000135675
ENSMUST00000040418
ENSMUST00000102894

Ppfia3
Gas2
Afp
Camp
Gpat2
Gprl76
Ccna2
Pcbdl
Fam183b
Ly9
Mpo
March11
Aakl
Piezo2
Angptl1
Hs3st5
Rrm2
Rimkla
Susd4
Kif26b
Fap
Galnt3
Camk4
E2f8
Adam23
Elavi4
Sez612
Tedc1
Uhrf1
Epb41i3
Cdcas

1500009C09Rik
Deaf1211
Serpinb2

Mzbl

Lat2

Kif20a

Col16a1

Chad

Lilrab

protein tyrosine phosphatase, receptor type, f polypeptide (PTPRF 2,35503049

growth arrest specific 2 2,34496666
alpha fetoprotein 2,33678159
cathelicidin antimicrobial peptide 2,33497021
glycerol-3-phosphate acyltransferase 2, mitochondrial 2,32995986
G protein-coupled receptor 176 2,32761576
cydin A2 2,32686047
pterin 4 alpha car dehydr i ion cofactor of 2,
family with sequence similarity 183, member B 2,30595481
lymphocyte antigen 9 2,30401877
myeloperoxidase 2,29108484
membrane-associated ring finger (C3HC4) 11 2,29062857
AP2 associated kinase 1 2,28734226
piezo-typ itive ion channel 2 2,27580873
angiopoietin-like 1 2,27413883
heparan sulfate (glucosamine) 3-O-sulfotransferase 5 2,27171921
ribonucleotide reductase M2 2,26856401
ribosomal modification protein rimK-like family member A 2,25874169
sushi domain containing 4 2,25835714
kinesin family member 268 2,25808494
fibroblast activation protein 2,25507372
polypeptide N-acetylgalactosaminyltransferase 3 2,25139963
calcium/calmodulin-dependent protein kinase IV 2,24509249
E2F transcription factor 8 2,2445008
adisintegrin and metallopeptidase domain 23 2,24328657
ELAV like RNA binding protein 4 2,24269963
seizure related 6 homolog like 2 2,24161505
tubulin epsilon and delta complex 1 2,24147088
ubiquitin-like, containing PHD and RING finger domains, 1 2,24004222
erythrocyte membrane protein band 4.1 like 3 2,23705804
cell division cyde associated 5 2,23696284
guanine nucleotide binding protein (G protein), gamma 2 2,22913236
family with sequence similarity 167, member B 2,22869822
guanine nucleotide binding protein (G protein), beta 3 2,22413956
membrane integral NOTCH2 associated receptor 2 2,22261314
centromere protein H 2,22116265
SLIT and NTRK-like family, member 1 2,21407174
C-type lectin domain family 7, membera 2,21244879
glycine receptor, beta subunit 2,20712197
thrombospondin 1 2,20644945
tetratricopeptide repeat domain 98 2,2020495
cydin-dependent kinase 1 2,19700902
SPC25, NDC80 kinetochore complex component, homolog (S. cerev 2,19552646
thymocyte selection-associated high mobility group box 2,19385209
kinesin family member 22 2,19261988
neuronatin 2,19180609
RIKEN cDNA 1500009C09 gene 2,19168994
DDB1 and CUL4 associated factor 12-like 1 2,18018253
serine (or cysteine) peptidase inhibitor, clade B, member 2 2,1794281
marginal zone B and B1 cell-specific protein 1 2,17480725
linker for activation of T cells family, member 2 2,17439196
kinesin family member 20A 2,17149169
collagen, type XV, alpha 1 2,16743594
chondroadherin 2,16606944
i like receptor, ily B, member 4B 2,16450294

1,23574574
1,22956741
1,2245229
1,22340415
1,2203051
1,21885292
1,2183847
1,20664615
1,20536424
1,20415247
1,19603089
1,19574354
1,19367226
1,18637931
1,18532033
1,18378453
1,18177937
1,17551929
1,17527365
1,17509976
1,1731746
1,17082217
1,16677488
1,16639461
1,16561393
1,16523641
1,16453854
1,16444576
1,16352592
1,16160269
1,16154129
1,15648228
1,15620128
1,15324732
1,15225686
1,15131504
1,14670197
1,14564406
1,14216636
1,1417267
1,1388469
1,13554079
1,13456692
1,13346626
1,13265572
1,13212017
1,13204371
1,12444893
1,12394961
1,12088755
1,12061203
1,11868643
1,11598935
1,11507949
1,11403576

0,00014106
0,00040684
0,00058164
0,00061207
0,00209877
0,00055021
0,00052555
0,00242116
0,00247449
0,00067082
0,00115355
0,00106393
0,00085576
9,46E-05
0,00038254
0,00065172
0,0003696
0,00075241
0,00013083
0,00037628
0,0003139
0,00039415
0,00016859
0,00020039
0,00010432
0,00163674
0,00013212
5,26E-05
0,00052342
0,00043027
0,00069569
0,00073431
0,00185769
0,00121109
0,00256747
0,00012761
0,00100948
0,0003185
0,0025018
0,00146707
0,00088251
0,00137922
0,00060081
0,00047271
0,00014906
0,00087381
0,00096613
0,00136023
2,426-06
0,00086095
0,00051261
0,00046696
0,00135984
0,0004144
0,00252963

0,03291643
0,03376519
0,03507191
0,0352913
0,04685046
0,03476444
0,03476444
0,04872435
0,04921934
0,03555961
0,03884838
0,03818548
0,03629498
0,03291643
0,03373901
0,03555961
0,03369759
0,03604365
0,03291643
0,03373901
0,03315398
0,03373901
0,03291643
0,03291643
0,03291643
0,04295205
0,03291643
0,03291643
0,03476444
0,03393479
0,03558895
0,03593548
0,04494434
0,03911544
0,04980172
0,03291643
0,03808028
0,03315398
0,04938663
0,04166534
0,03654939
0,04068336
0,03507191
0,03469594
0,03291643
0,03654939
0,03742542
0,04045235
0,03291643
0,03635301
0,03476444
0,03462675
0,04045235
0,03386016
0,04968765
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A_55_P1988228
A_S55_P2054445
A_51_P239984
A_51_P105709
A_S55_P1991016
A_55_P1955437
A_52_P196105
A_S55_P2009375
A_51_P491987
A_51_P258281
A_S5_P2152771
A_51_P404463
A_55_P2049282
A_51_P202633
A_55_P2046744
A_51_P501773
A_S55_P1989474
A_51_P270355
A_S55_P2182975
A_51_P344566
A_55_P2181738
A_66_P133404
A_55_P2030938
A_S55_P2144386
A_S5_P1967010
A_S55_P2183438
A_52_P139650
A_52_P472302
A_55_P2000133
A_55_P1980636
A_55_P1995205
A_51_P421303
A_52_P22763
A_52_P59206
A_S55_P2003753
A_55_P2085771
A_51_P274259
A_51_P496540
A_55_P1967291
A_55_P1987291
A_51_P155142
A_51_P174215
A_S2_P348031
A_55_P2196027
A_55_P2000027
A_51_P241068
A_51_Pa57528
A_55_P1985623
A_55_P2111985
A_S5_P2031949
A_S55_P2035946
A_51_P367310
A_52_P330214
A_51_P123405
A_51_P153423

NM_009791
NM_013489
NM_012012
NM_027182
NM_027395
NM_026066
NM_175274
NM_008795
NM_019955
NM_010253
NM_172589
NM_024283
NM_011837
NM_015766
NM_001166273
NM_175434
NM_145129
NM_019978
NM_153400
NM_011121
NM_013590
NM_026515
NM_025863
NM_010130
NM_012014
NM_001111023
NM_025581
NM_022004
NM_007664
NM_011497
NM_011623
NM_026769
NM_001039934
NM_028623
NM_001099631
NM_175561
NM_001081277
NM_012009
NM_144818
NM_029425
NM_026560
NM_027790
NM_021889
XM_006527616
NM_183284
NM_020265
NM_007630
NM_029600
NM_178738
NM_177235
NM_001002927
NM_028083
NM_016925
NM_009772
NM_001081416

ENSMUST00000053364
ENSMUST00000042302
ENSMUST00000039725
ENSMUST00000022053
ENSMUST00000058845
ENSMUST00000037814
ENSMUST00000042661
ENSMUST00000027697
ENSMUST00000168716
ENSMUST00000025842
ENSMUST00000118195
ENSMUST00000027217
ENSMUST00000065417
ENSMUST00000003274
ENSMUST00000035058
ENSMUST00000108759
ENSMUST00000034851
ENSMUST00000054237
ENSMUST00000058016
ENSMUST00000033154
ENSMUST00000092162
ENSMUST00000045802
ENSMUST00000107802
ENSMUST00000086763
ENSMUST00000099506
ENSMUST00000168195
ENSMUST00000040188
ENSMUST00000085939
ENSMUST00000025166
ENSMUST00000028997
ENSMUST00000154332
ENSMUST00000166758
ENSMUST00000114018
ENSMUST00000025764
ENSMUST00000105823
ENSMUST00000047239
ENSMUST00000045262
ENSMUST00000179976
ENSMUST00000110387
ENSMUST00000039564
ENSMUST00000084296
ENSMUST00000022820
ENSMUST00000130414
ENSMUST00000072451
ENSMUST00000065216
ENSMUST00000029665
ENSMUST00000034742
ENSMUST00000021231
ENSMUST00000036426
ENSMUST00000062289
ENSMUST00000070375
ENSMUST00000128316
ENSMUST00000035495
ENSMUST00000028858
ENSMUST00000097425

Lhfpl2

Slc3sf3

P2rx2

Trim59
Adgrel
Gprinl
Runx1
Skal
Fxyd6
Cdh2
Aurka
Top2a
caly
Map2

Sh2ds
Pcnx2

Sh2d1b1
Ncaph
Plpprs
Cdca8
Dhrs2

Slesa7
Spink2

Cenb2
Abcc3

Prss35
Bend6

Chaf1b
Fanca
Bubl
Fndcl

abnormal spindle microtubule assembly

CD84 antigen

exonuclease 1

thyroid hormone receptor interactor 13

brain abundant, membrane attached signal protein 1
CKLF-like MARVEL transmembrane domain containing 5
tweety family member 3

cydin-dependent kinase 18

receptor-interacting serine-threonine kinase 3
galanin and GMAP prepropeptide

lipoma HMGIC fusion partner-like 2

ECRG4 augurin precursor

lymphocyte antigen 6 complex, locus H

Epstein-Barr virus induced gene 3

chondroitin sulfate proteoglycan 5

solute carrier family 35, member F3

cholinergic receptor, nicotinic, alpha polypeptide 3
doublecortin-like kinase 1

purinergic receptor P2X, ligand-gated ion channel, 2
polo-like kinase 1

lysozyme 1

PCNA clamp associated factor

tripartite motif-containing 59

EGF-like module containing, mucin-like, hormone receptor-like sec
G protein-regulated inducer of neurite outgrowth 1
runt related transcription factor 1

spindle and kinetochore associated complex subunit 1
FXYD domain-containing ion transport regulator 6
cadherin 2

aurora kinase A

topoisomerase (DNA) Il alpha

calcyon neuron-specific vesicular protein
microtubule-associated protein 2

cystatin E/M

SH2 domain containing 5

pecanex homolog 2

adenylate kinase 5

SH2 domain protein 181

non-SMC condensin | complex, subunit H
phospholipid phosphatase related 5

cell division cyde associated 8
dehydrogenase/reductase member 2

synaptotagmin IX

solute carrier family 9 (sodium/hydrogen exchanger), member 7
serine peptidase inhibitor, Kazal type 2

dickkopf WNT signaling pathway inhibitor 2
cydinB2

ATP-binding cassette, sub-family C (CFTR/MRP), member 3
protease, serine 35

BEN domain containing 6

preproenkephalin

chromatin assembly factor 1, subunit B (p60)
Fanconi anemia, complementation group A

BUB1, mitotic checkpoint serine/threonine kinase
fibronectin type Il domain containing 1

2,16371025
2,15683416
2,15613865
2,15565307
2,15135858
2,14960815
2,14763474
2,14217944
2,14174841
2,13953678
2,13530204
2,13444695
2,1340562
2,13159493
2,1315657
2,13054748
2,12600108
2,12554617
2,12452046
2,12326474
2,12098775
2,1173327
2,11541964
2,11493751
2,10976439
2,10959211
2,10912597
2,10536085
2,10490289
2,0979545
2,09659461
2,09647767
2,09573806
2,09514552
2,09456305
2,092939
2,09154413
2,08748758
2,08633727
2,08562282
2,08228719
2,08163133
2,07782314
2,07776176
2,07471789
2,06964034
2,06678932
2,06314398
2,06311065
2,05963766
2,05893871
2,05684598
2,05014074
2,04331822
2,04086774

1,11350732
1,10891525
1,10844995
1,10812501
1,10524801
1,10407369
1,10274865
1,09907934
1,09878902
1,09729848
1,09444016
1,0938623

1,09359817
1,09193331
1,09191352
1,0912242

1,08814233
1,0878336

1,08713724
1,08628427
1,08473629
1,08224798
1,08094388
1,08061504
1,07708189
1,07696408
1,07664526
1,07406752
1,07375367
1,06898339
1,06804793
1,06796747
1,06745841
1,06705045
1,06664931
1,06553027
1,06456843
1,06176762
1,06097239
1,06047827
1,05816906
1,05771458
1,05507286
1,05503024
1,05291518
1,04938008
1,04739133
1,0448445

1,0448212

1,04239056
1,04190089
1,04043376
1,03572296
1,0309139

1,02918269

0,00020882
0,00179571
0,00028584
0,00042576
0,00074016
0,00029192
0,00040532
0,0003016
0,00089403
0,00063196
0,00037842
0,00180914
0,00151823
0,00023639
0,00034209
0,00211142
0,00115292
0,00255922
0,00147549
0,00123747
0,00010725
0,00024832
0,00211063
0,00035958
0,00239207
0,00153744
0,00012495
0,00059866
0,00043763
0,00034966
0,00043592
0,00221043
0,00105663
0,00025788
0,00147191
0,00075937
0,00127242
0,00086282
0,00013858
0,00029879
0,00047114
0,00197374
0,00154419
0,00108466
0,0014168
0,00054582
0,001991
0,00052767
0,00220164
0,00018334
0,00014062
0,00076834
0,00121397
0,00035672
0,00042046

0,03291643
0,04424604
0,03315398
0,03393479
0,03604365
0,03315398
0,03373901
0,03315398
0,03656038
0,03546117
0,03373901
0,04440825
0,04206839
0,03291643
0,03315398
0,04699813
0,03884838
0,0497393
0,04171535
0,0393138
0,03291643
0,03291643
0,04699813
0,03369759
0,04851956
0,04228489
0,03291643
0,03507191
0,03393479
0,03328289
0,03393479
0,04740503
0,03814748
0,03291643
0,04167499
0,03611065
0,03970879
0,03639109
0,03291643
0,03315398
0,03469594
0,04607464
0,04228695
0,03828376
0,04101694
0,03476444
0,04619284
0,03476444
0,04740503
0,03291643
0,03291643
0,03619952
0,03911544
0,03369759
0,03391783
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A_51_P366061
A_S52_Pa24784
A_52_P138306
A_51_P451151
A_S1_P160673
A_S5_P1976278
A_51_P155843
A_66_P100853
A_52_P463518
A_S5_P2237432
A_S5_P2047809
A_S5_P1984886
A_S1_Pas1398
A_S5_P2109717
A_S5_P1996946
A_52_P186033
A_S55_P2028655
A_S5_P2020331
A_S5_P1954196
A_S5_P2073338
A_S5_P1983708
A_S5_P2017373
A_51_P260683
A_S5_P1958394
A_S5_P2029420
A_66_P129564
A_51_P369862
A_65_P11853
A_66_P110435
A_S5_P2160815
A_S5_P2212603
A_52_P151320
A_S5_P2158011
A_51_P515605
A_S55_P2013336
A_S5_P2122871
A_S5_P1960074
A_S5_P2037439
A_S5_P2089804
A_S52_P199614
A_S5_P2013913
A_S55_P2001553
A_51_P324838
A_51_P515120
A_S5_P2158121
A_S5_P2013184
A_S5_P2084631
A_S5_P1967105
A_55_P1967538
A_S5_P1997400
A_S5_P1971897
A_S1_P315666
A_S5_P2017681
A_S5_P2121608
A_S5_P2249556

NM_007984
NM_022319
NM_198618
NM_026785
NM_021487
NM_008855
NM_001162884
NM_001177544
NM_021325
NM_001290708
NM_175692
NM_011827
NM_010615
NM_183046
NM_023223
NM_009259
NM_175090
NM_144817
NM_153155
NM_013680
NM_011832
NM_146100
NM_015811
NM_001291227
NM_183287
NM_022414
NM_178772
NM_172964
NM_175510
NM_010425
NM_001291166
NM_025566
NM_026412
NM_009930
NM_010790
NM_172855
NM_008776
NM_001172092
NM_146065
NM_001146022
NM_008779
NM_001290315
NM_025276
NM_178870
NM_025312
NM_177236
NM_178184
NM_001290714
NM_015755
NM_144852
NM_010784
NM_008695
NM_001173550
ENSMUST000000672
AK042310

ENSMUST00000031565
ENSMUST00000035027
ENSMUST00000106094
ENSMUST00000088248
ENSMUST00000134825
ENSMUST00000143692
ENSMUST00000039419
ENSMUST00000081342
ENSMUST00000057488
ENSMUST00000101616
ENSMUST00000138307
ENSMUST00000075062
ENSMUST00000012587
ENSMUST00000087341
ENSMUST00000006565
ENSMUST00000049931
ENSMUST00000084526
ENSMUST00000016323
ENSMUST00000061545
ENSMUST00000081893
ENSMUST00000029711
ENSMUST00000037636
ENSMUST00000167812
ENSMUST00000170109
ENSMUST00000093336
ENSMUST00000021420
ENSMUST00000046515
ENSMUST00000024840
ENSMUST00000061620
ENSMUST00000087285
ENSMUST00000032732
ENSMUST00000077788
ENSMUST00000177103
ENSMUST00000087883
ENSMUST00000045607
ENSMUST00000144671
ENSMUST00000005583
ENSMUST00000106041
ENSMUST00000108828
ENSMUST00000061753
ENSMUST00000032159
ENSMUST00000077696
ENSMUST00000037007
ENSMUST00000058652
ENSMUST00000041407
ENSMUST00000088429
ENSMUST00000091751
ENSMUST00000106017
ENSMUST00000065856
ENSMUST00000116648
ENSMUST00000028672
ENSMUST00000022340
ENSMUST00000168818
ENSMUST00000067230
ENSMUST00000195842

Fscnl
Cistn2
Digap3
Ube2c
Kenell
Prkcb
Igsf10
Histlh2ao
€d200r1
Smarcal
Snhg11
Hest
Kif11
Kif20b
Cdc20
Spn
Sle31a1
Camklg
c1qi3
Synl
Insrr

Ina

Rgs1
Slit2
2610318NO2Rik
Ngb
Nceh1
Arhgap28
Unc8o
Foxd3
Apba2
Tnfaip8l1
Knstm
Col3al
Melk
Galnt5
Pafah1b3
Depdcla
Atf7
wafy4
Cntn3
Igdcc4
Evpl
Hs3st3al
Sostdcl
Atp2b3
Histlh2an
Adgrb2
Hunk
Sle7a4
Mdk
Nid2
Csarl
Sox4

fascin actin-bundling protein 1

calsyntenin 2

DLG associated protein 3

ubiquitin-conjugating enzyme E2C
i i

-gated channel, Isk-related family, member 1-liki

protein kinase C, beta

immunoglobulin superfamily, member 10
histone cluster 1, H2ao

CD200 receptor 1

SWI/SNF related, matrix associated, actin dependent regulator of ¢

small nucleolar RNA host gene 11

hematopoietic cell signal transd ucer

kinesin family member 11

kinesin family member 208

cell division cyde 20

sialophorin

solute carrier family 31, member 1
calcium/calmodulin-dependent protein kinase | gamma
Clg-like 3

synapsin |

insulin receptor-related receptor

internexin neuronal intermediate filament protein, alpha
regulator of G-protein signaling 1

slit guidance ligand 2

RIKEN cDNA 2610318N02 gene

neuroglobin

neutral cholesterol ester hydrolase 1

Rho GTPase activating protein 28

unc-80, NALCN activator

forkhead box D3

amyloid beta (A4) precursor protein-binding, family A, member 2

tumor necrosis factor, alpha-induced protein 8-like 1
kinetochore-localized astrin/SPAGS binding
collagen, type i, alpha 1

maternal embryonic leucine zipper kinase

polypeptide N inyltransferase 5
platelet-activating factor

DEP domain containing 1a
activating transcription factor 7
WD repeat and FYVE domain containing 4

contactin 3

immunoglobulin superfamily, DCC subclass, member 4
envoplakin

heparan sulfate (glucosamine) 3-O-sulfotransferase 3A1
sclerostin domain containing 1

ATPase, Ca++ transporting, plasma membrane 3
histone cluster 1, H2an

adhesion G protein-coupled receptor B2

hormonally upregulated Neu-associated kinase

solute carrier family 7 (cationic amino acid transporter, y+ system)

midkine

nidogen 2

complement component 5a receptor 1
SRY (sex determining region Y)-box 4

A630081D01Rik RIKEN cDNA A630081D01 gene

, isoform 1b, subunit 3

2,03958148
2,03750418
2,03736843
2,03526253
2,03372282
2,03287738
2,03187752
2,03097633
2,02854925
2,02774765
2,02580817
2,02388366
2,02285784
2,02156783
2,01657979
2,01528035
2,0150604

2,0149473

2,01140995
2,01056782
2,01020087
2,00815752
2,00758324
2,00677155
2,00431002
1,9983842

1,99427466
1,99261766
1,99118102
1,99088458
1,98904275
1,98865895
1,98834529
1,98227283
1,98183671
1,97955227
1,97768577
1,97759543
1,97744533
1,97394956
1,96916792
1,96872021
1,96863966
1,96716133
1,96071884
1,95987254
1,9589011

1,95751039
1,95653175
1,95588121
1,95492709
1,95463679
1,95024281
1,94918354
1,94865452

1,02827315
1,02680302
1,0267069
1,0252149
1,02412306
1,0235232
1,02281344
1,02217343
1,02044833
1,01987812
1,01849756
1,01712636
1,01639494
1,01547461
1,01191049
1,01098055
1,01082308
1,01074211
1,00820715
1,007603
1,00733967
1,00587244
1,00545981
1,00487639
1,00310568
0,99883397
0,99586412
0,99466491
0,99362438
0,99340958
0,99207428
0,99179588
0,99156831
0,98715554
0,9868381
0,98517416
0,98381322
0,98374731
0,98363781
0,98108513
0,97758614
0,97725809
0,97719907
0,97611528
0,97138267
0,97075983
0,97004456
0,96901996
0,96829852
0,96781875
0,9671148
0,96690055
0,96365376
0,96286995
0,96247834

0,00204656
0,00019459
0,00141707
0,0007039
0,00035247
0,00049639
0,00019199
0,00063801
0,00047499
0,00016147
0,00164297
0,00154923
0,00039574
0,00020703
0,00079629

0,00154588
0,00218321
0,00183513
0,00030073
6,05E-05
0,00045764
0,00111251
1,01E-05
1,91E-03
3,93e-05
0,00022105
0,00070828
4,16E-05
0,00021772
2,88E-04
0,00016212
5,99E-05
2,80E-05
0,00140078
0,00117155
0,00048014
2,47€-03
0,00096856
0,00100156
0,00155746
0,00019352
0,00045497
0,00036804
0,00037924
0,00121674
0,00241537
0,0013713
0,00037732
0,00065694
0,00205514

0,04655586
0,03291643
0,04101694
0,03558895
0,03339594
0,03476444
0,03291643
0,03546117
0,03469594
0,03291643
0,04301439
0,04232468
0,03373901
0,03291643
0,03629498
0,03629498
0,03393479
0,0413313
0,03604365
0,03857573
0,04229276
0,04740503
0,04462436
0,03315398
0,03291643
0,03432803
0,03830608
0,03291643
0,04552521
0,03291643
0,03291643
0,03571784
0,03291643
0,03291643
0,03315398
0,03291643
0,03291643
0,03291643
0,04084925
0,03904427
0,03469594
0,04921934
0,03748194
0,03807877
0,04238381
0,03291643
0,03426432
0,03369759
0,03373901
0,03911544
0,04866626
0,04050525
0,03373901
0,03555961
0,04655586
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A_52_P30989
A_S5_P2127702
A_51_P400543
A_52_P56397
A_S5_P2060922
A_S5_P2109613
A_S5_P2019784
A_S55_P1988384
A_52_P308413
A_S55_P2076048
A_S5_P2013823
A_S5_P2104894
A_S1_Pag7999
A_S1_P414637
A_S5_P2126615
A_S5_P2148624
A_51_P408071
A_52_P162298
A_S51_P254805
A_S5_P2085984
A_S5_P2058942
A_S5_P2115955
A_52_P162099
A_S55_P1955726
A_52_P502577
A_51_P490509
A_52_P399584
A_S5_P2059357
A_S1_P222337
A_51_P151732
A_S2_P498208
A_66_P109183
A_66_P112305
A_51_P275949
A_S55_P2017759
A_S5_P1974407
A_S5_P2227335
A_S1_P352968
A_51_P214985
A_S51_P401668
A_S51_P229676
A_S55_P2039324
A_S5_P2067362
A_S5_P1979998
A_S5_P2110245
A_S5_P2023235
A_55_P2056473
A_S5_P2152364
A_S55_P2062543
A_S5_P2166833
A_S52_P196568
A_S5_P2108784
A_51_Paggssi
A_55_P1976127
A_S5_P2033490

NM_028222
NM_001253809
NM_019467
NM_001081099
NM_153131
NM_013464
NM_028880
NM_007515
NM_001163616
NM_023284
NM_016922
NM_007737
NM_028232
NM_015734
XM_006513678
NM_175470
NM_001042421
NM_026940
NM_008446
NM_010512
NM_026316
NM_198193
NM_001004140
NM_013643
NM_010101
NM_009773
NM_181589
NM_008663
NM_172815
NM_019645
NM_178183
NM_001109914
NM_053214
NM_033325
NM_001033711
NM_011074
NM_011212
NM_008538
NM_145492
NM_010686
NM_011636
NM_007634
ENSMUST000000343
NM_027283
NM_001163359
NM_007999
NM_026282
AK159059
NM_001195298
XM_006527509
NR_003633
NM_153800
NM_133983
NM_007900
XM_006521692

ENSMUST00000067426
ENSMUST00000023756
ENSMUST00000172679
ENSMUST00000105866
ENSMUST00000109994
ENSMUST00000116436
ENSMUST00000161677
ENSMUST00000113710
ENSMUST00000039191
ENSMUST00000028000
ENSMUST00000078757
ENSMUST00000086430
ENSMUST00000024736
ENSMUST00000028280

ENSMUST00000116284
ENSMUST00000031366
ENSMUST00000142576
ENSMUST00000048962
ENSMUST00000122386
ENSMUST00000051803
ENSMUST00000065527
ENSMUST00000046916
ENSMUST00000102626
ENSMUST00000087978
ENSMUST00000038341
ENSMUST00000052708
ENSMUST00000107128
ENSMUST00000063492
ENSMUST00000027667
ENSMUST00000074752
ENSMUST00000167323
ENSMUST00000173372
ENSMUST00000022660
ENSMUST00000170799
ENSMUST00000115452
ENSMUST00000073961
ENSMUST00000092584
ENSMUST00000025288
ENSMUST00000151698
ENSMUST00000093801
ENSMUST00000115390
ENSMUST00000034373
ENSMUST00000102877
ENSMUST00000171938
ENSMUST00000142241
ENSMUST00000098942
ENSMUST00000097320
ENSMUST00000114361

ENSMUST00000146701
ENSMUST00000111956
ENSMUST00000165365
ENSMUST00000184113

72391

100038355
100502766
383435
17263

Cdkn3
Racgapl
Aif1
Aunip
Unc5a
Ahr
Lrrtm1
Sle7a3
Tmem273
Nuf2
Gal3st1
Col5a2
Sgol1
Colsal
Nav3
Gpré1
Kntcl
Ydjc
Kif4
Igf1
Aldh3b1
Raetle
Ckap2
Ptpn5
sipr3
Bublb
Ckap2!
Myo7a
Rspo2
Pkp1
Histlh2ak
Apold1
Myolf
Loxi2
Evia
Cdk14
Ptpre
Marcks
2Zfps21
Laptm5
Plscr1
Cenf
Dpep2
Spaca9
Fignl1
Fenl
Spc24
Runx2o0s1
Kifc1
Msd4ald
Meg3
Arhgap22
Cd276
Ect2
Ece2

cydin-dependent kinase inhibitor 3

Rac GTPase-activating protein 1
allograftinflammatory factor 1

aurora kinase A and ninein interacting protein
unc-5 netrin receptor A

aryl-hydrocarbon receptor

leucine rich repeat transmembrane neuronal 1

solute carrier family 7 (cationic amino acid transporter, y+ system)

transmembrane protein 273

NUF2, NDC80 kinetochore complex component
galactose-3-O-sulfotransferase 1

collagen, typeV, alpha 2

shugoshin 1

collagen, typeV, alpha 1

neuron navigator 3

G protein-coupled receptor 61

kinetochore associated 1

YdjC homolog (bacterial)

kinesin family member 4

insulin-like growth factor 1

aldehyde dehydrogenase 3 family, member B1
retinoic acid early transcript 1E

cytoskeleton associated protein 2

protein tyrosine phosphatase, non-receptor type 5
sphingosine-1-phosphate receptor 3

BUB1B, mitotic checkpoint serine/threonine kinase
cytoskeleton associated protein 2-like

myosin VIIA

R-spondin 2

plakophilin 1

histone cluster 1, H2ak

apolipoprotein Ldomain containing 1

myosin IF

lysyl oxidase-like 2

ecotropic viral integration site 2a

cydin-dependent kinase 14

protein tyrosine phosphatase, receptor type, E
myristoylated alanine rich protein kinase C substrate
zinc finger protein 521
I ! d protein 5
phospholipid scramblase 1

oydinF

dipeptidase 2

sperm acrosome associated 9

fidgetin-like 1

flap structure specificendonuclease 1

SPC24, NDC80 kinetochore complex component, homolog (S. cerey

runt related transcription factor 2, opposite strand 1
kinesin family member C1

ing 4-domains, ily A, member 14

P
maternally expressed 3

Rho GTPase activating protein 22
CD276 antigen

ect2 oncogene

endothelin converting enzyme 2

1,94738645
1,94689769
1,94641277
1,945214
1,94513184
1,94468811
1,94390867
1,94324815
1,94285721
1,9416778
1,93985791
1,9382409
1,93809706
1,93771327
1,93737051
1,93736869
1,93563878
1,93386209
1,93199189
1,93111556
1,92982544
1,92908478
1,92824165
1,9262438
1,92537734
1,92317557
1,91420674
1,90704559
1,90527367
1,90475873
1,90463536
1,90422339
1,90346769
1,9025354
1,90127804
1,90045308
1,89678631
1,89452877
1,89449814
1,89269852
1,89072953
1,88957729
1,88804076
1,88274843
1,88233994
1,87996233
1,87959089
1,87886352
1,8748268
1,87478463
1,87306711
1,87029999
1,86783541
1,86588345
1,86543056

0,96153921
0,96117707
0,96081769
0,95992888
0,95986795
0,95953879
0,95896044
0,95847014
0,95817987
0,95730382
0,95595098
0,95474789
0,95464082
0,9543551

0,95409989
0,

8,71E-05
0,00135293
0,00214465
0,00037974
1,84-03
0,00100257
0,00188114
0,00248737
9,34E-04
8,91E-04
3,326-04
0,00034236
0,00128138
0,00054379
0,00075416
0,

0,03291643
0,04041885
0,0473211
0,03373901
0,044633
0,03807877
0,04514203
0,04932867
0,03698032
0,03656038
0,03315398
0,03315398
0,03979485
0,03476444
0,03604365

0,

0,95280975
0,95148491
0,95008304
0,9494345
0,94847035
0,94791655
0,94728586
0,94579032
0,94514122
0,94349048
0,93674665
0,93133933
0,92999824
0,92960827
0,92951482
0,92920273
0,92863008
0,9279233
0,92696952
0,9263434
0,92355715
0,92183905
0,92181572
0,92044463
0,918943
0,91806353
0,91688991
0,91284024
0,9125272
0,91070375
0,91041868
0,90986028
0,90675732
0,90672487
0,90540259
0,90326969
0,90136733
0,89985887
0,89950865

0,00028669
0,00081358
2,026-04
0,00184624
7,70E-05
0,00084882
1,946-03
1,656-03
0,00067043
1,196-03
0,00018686
0,00191193
5,91E-05
0,00151156
2,546-04
5,49E-06
2,226-03
0,00024649
0,00112348
1,276-03
0,00041519
0,0016072
6,14E-04
0,00249935
0,00039115
1,26£-03
2,036-03
0,00200211
7,126-05
6,68E-04
0,00088785
0,00125156
0,00112008
0,00166168
0,00228748
0,00013432
5,626-04
8,49E-05
2,24E-03

0,03315398
0,03629498
0,03291643
0,04478246
0,03291643
0,03629498
0,04568444
0,04303926
0,03555961
0,03904427
0,03291643
0,04552509
0,03291643
0,04191356
0,03291643
0,03291643
0,04740503
0,03291643
0,03853569
0,03970879
0,03386016
0,04275477
0,0352913
0,04938663
0,03373901
0,03964697
0,0464094
0,0463625
0,03291643
0,03555961
0,0365513
0,03954206
0,03848696
0,04319932
0,04777578
0,03291643
0,03481832
0,03291643
0,04747585
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A_55_P2004370
A_55_P2007273
A_S55_P2095019
A_51_P254986
A_55_P2099961
A_52_P529570
A_51_P148105
A_52_P93910
A_51_P366207
A_52_P371135
A_51_P108020
A_51_P185939
A_55_P2025790
A_51_P191649
A_55_P2098880
A_51_P321150
A_51_P161086
A_55_P2171493
A_52_P572178
A_51_P289107
A_55_P2098200
A_55_P2135331
A_51_P369200
A_S55_P1993503
A_51_P130095
A_S55_P2076777
A_55_P2031836
A_65_P03197
A_51_P133612
A_51_P119429
A_51_P182303
A_51_P259603
A_55_P1959393
A_55_P2069306
A_52_PS6751
A_51_P164203
A_55_P2056493
A_55_P1953489
A_55_P1970763
A_55_P1972575
A_51_P408946
A_52_P151393
A_55_P1972948
A_55_P2053561
A_52_P156190
A_52_pasoa2
A_51_P324287
A_52_P101303
A_51_P240453
A_52_P320261
A_S55_P2005838
A_66_P101600
A_66_P106525
A_55_P2160296
A_52_p52849

NM_009802
NM_011132
ENSMUST000000441
NM_011353
NM_178186
NM_198654
NM_011234
NM_001077403
NM_008671
NM_177000
NM_001029929
NM_029771
NM_145946
NM_023294
NM_134189
NM_017372
NM_008908
NM_153544
NM_001081051
NM_133849
NM_011627
NM_001163394
NM_028109
NM_007413
NM_001077189
NM_001109973
NM_145066
NM_001199556
NM_026014
NM_153505
NM_007743
NM_007407
NM_144881
NM_011206
NM_008879
NM_019731
ENSMUST000001532
NM_001033550
NM_001024932
NM_021436
NM_007633
NM_198860
NM_176954
NM_001126318
NM_010332
NM_001033258
NM_024245
NM_019664
NM_133851
NM_001024698
NM_029835
NM_008482
NR_033140
NM_001038612
NM_018867

ENSMUST00000030817
ENSMUST00000141506
ENSMUST00000044155
ENSMUST00000142155
ENSMUST00000091741
ENSMUST00000078259
ENSMUST00000152327
ENSMUST00000075144
ENSMUST00000121720
ENSMUST00000164078
ENSMUST00000136029
ENSMUST00000066211

ENSMUST00000066987
ENSMUST00000092163
ENSMUST00000025419
ENSMUST00000133930
ENSMUST00000141572
ENSMUST00000056480
ENSMUST00000006559
ENSMUST00000021689
ENSMUST00000028969
ENSMUST00000018644
ENSMUST00000159969
ENSMUST00000035375
ENSMUST00000115492
ENSMUST00000119722
ENSMUST00000006760
ENSMUST00000047405
ENSMUST00000031668
ENSMUST00000070756
ENSMUST00000044190
ENSMUST00000027302
ENSMUST00000131802
ENSMUST00000025007
ENSMUST00000153298
ENSMUST00000112707
ENSMUST00000164886
ENSMUST00000030032
ENSMUST00000108023
ENSMUST00000051129
ENSMUST00000118763
ENSMUST00000102522
ENSMUST00000034029
ENSMUST00000019999
ENSMUST00000034815
ENSMUST00000113854
ENSMUST00000068225
ENSMUST00000096066
ENSMUST00000035977
ENSMUST00000002979

ENSMUST00000102879
ENSMUST00000033149

12353

Car6

Pole
Ubash3b
Serf1
Histlh2ag

Nap1l2
C130050018Rik
Zmynd15

Galnt10
Lyz2

Ppic

Hrob
D130043K22Rik
Hrh3

Tpbg

Evl

Tpx2
Adora2b
Fegrab
Mdfi
Gpr85
AW551984
Cdt1
Nckap1l
Colla2
Adcyap1r1
Hhat
Ptpn18
Lepl

carbonicanhydrase 6

polymerase (DNA directed), epsilon

ubiquitin associated and SH3 domain containing, B
small EDRK-rich factor 1

histone cluster 1, H2ag

NSL1, MIS12 kinetochore complex component
RADS1 homolog

neuropilin 2

nucleosome assembly protein 1-like 2

RIKEN cDNA C130050018 gene

zinc finger, MYND-type containing 15

G protein-coupled estrogen receptor 1
Fanconi anemia, complementation group |

NDC80 kinetochore complex component
N <

polypep ansferase 10
lysozyme 2

peptidylprolyl isomerase C
homologous recombination factor with OB-fold
RIKEN cDNA D130043K22 gene
histamine receptor H3
trophoblast glycoprotein

@ q

TPX2, microtubule-associated
adenosine A2b receptor
Fc receptor, IgG, low affinity Iib
MyoD family inhibitor
G protein-coupled receptor 85
expressed sequence AW551984
chromatin licensing and DNA replication factor 1
NCK associated protein 1 like
collagen, typel, alpha 2

y cyclase
hedgehog acyltransferase
protein tyrosine phosphatase, non-receptor type 18
lymphocyte cytosolic protein 1
NME/NM23 nudeoside diphosphate kinase 4
thymidine kinase 1
leucine rich repeat containing 8 family, member B
paired immunoglobin-like type 2 receptor beta 2

polypeptide 1 receptor 1

transmembrane protein with EGF-like and two follistatin-like domz

cydinE1

leucine rich repeat containing 758

CUGBP, Elav-like family member 5
chymotrypsin-like elastase family, member 3A
endothelin receptor type A

ARFGEF family member 3

kinesin family member 23

potassium inwardly-rectifying channel, subfamily J, member 15

nucleolar and spindle associated protein 1
carboxypeptidase A2, pancreatic
TOPBPL-i i int and
laminin B1

macrophage expressed LXRa{NR1H3)-dependent amplifier of Abca

olfactomedin 1
carboxypeptidase X 2 (M14 family)

plication regulator

1,86392089
1,86234274
1,85576258
1,8531938

1,84843057
1,84813969
1,84766815
1,84547974
1,84543226
1,84439697
1,84431351
1,8434943

1,84132259
1,84118026
1,84020227
1,83596621
1,83317855
1,83158678
1,83010521
1,82953097
1,82872307
1,82677617
1,82551019
1,82398902
1,8239022

1,82312521
1,81965231
1,81907682
1,81884835
1,81875286
1,81724232
1,81716186
1,81689114
1,8152923

1,81394977
1,81312082
1,81142168
1,80995417
1,80891497
1,80722301
1,80273394
1,80188188
1,80144265
1,80036318
1,79661307
1,79566682
1,79462004
1,79445315
1,79317785
1,79316251
1,79124537
1,78854532
1,7883242

1,7882608

1,78622076

0,89834063
0,89711861
0,89201215
0,89001376
0,88630085
0,8860738
0,88570566
0,8839959
0,88395878
0,8831492
0,88308392
0,88244296
0,8807424
0,88063088
0,87986435
0,8765395
0,87434731
0,87309406
0,87192659
0,87147384
0,87083662
0,86929988
0,86829972
0,86709704
0,86702837
0,86641365
0,86366282
0,86320647
0,86302526
0,86294952
0,86175081
0,86168693
0,86147198
0,86020187
0,8591345
0,85847506
0,85712243
0,85595317
0,8551246
0,85377455
0,85018649
0,84950444
0,84915273
0,84828797
0,84527973
0,84451969
0,84367842
0,84354426
0,84251858
0,84250624
0,84096298
0,83878668
0,8386083
0,83855716
0,8369104

5,91E-04
0,00011099
5,21E-04
0,00025
0,00115624
0,00014805
6,276-04
0,00072376
1,36E-03
7,49E-04
0,00257775
0,00029086
0,00014562
4,38E-05
9,26E-04
2,44E-03
0,00027932
0,00085617
0,001599
0,00195903
0,00034845
2,21E-03
0,00177933
1,206-03
0,00226014
2,09E-03
0,00254379
0,00018705
1,916-03
0,00107325
8,156-05
0,00150364
9,356-04
1,00E-03
0,0022596
0,0017048
0,00108008
8,336-05
0,0010034
1,59€-03
1,836-03
4,40E-04
2,23604
0,00258597
2,49E-03
1,696-03
0,00149983
8,926-04
8,00E-04
5,136-04
0,00189582
1,686-03
7,84E-04
3,84E-04
0,000236

0,03507191
0,03291643
0,03476444
0,03291643
0,0388719
0,03291643
0,03546117
0,03593548
0,0404341
0,03604365
0,04986609
0,03315398
0,03291643
0,03291643
0,0369201
0,04893861
0,03315398
0,03629498
0,04267063
0,04592118
0,03324921
0,04740503
0,04399008
0,03904427
0,0475368
0,04671098
0,04970107
0,03291643
0,04550393
0,03823006
0,03291643
0,04189237
0,03698032
0,03807877
0,0475368
0,04357357
0,03826064
0,03291643
0,03807877
0,04260286
0,04449278
0,03393479
0,03291643
0,04989265
0,04932867
0,04345841
0,04189237
0,03656038
0,03629498
0,03476444
0,04525218
0,04345841
0,03629498
0,03373901
0,03291643
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A_66_P111090
A_52_P227391
A_52_P432969
A_55_P1965694
A_51_P186476
A_55_P2109479
A_55_P2050439
A_51_P337523
A_55_P2140651
A_52_P354744
A_55_P2002757
A_51_P228171
A_55_P1957413
A_52_p588881
A_55_P1958210
A_52_P637172
A_52_P153291
A_52_P102248
A_55_P2153431
A_52_P104824
A_52_P167382
A_51_P140710
A_51_P114462
A_52_P344138
A_52_P190647
A_52_P251366
A_55_P2064984
A_55_P1984976
A_55_P1985768
A_51_P219444
A_52_P409731
A_55_P2004801
A_55_P2163729
A_55_P1983523
A_52_P549166
A_51_P452203
A_S55_P2001608
A_S5_P2012960
A_52_P547612
A_55_P2179309
A_52_P284889
A_55_P1973770
A_55_P2079167
A_S55_P2418745
A_51_P438821
A_55_P2141084
A_55_P2054342
A_55_P2015670
A_52_P330395
A_55_P2232057
A_55_P2077083
A_52_P31641
A_51_P254045
A_51_P321886
A_55_P2101757

NM_001012322
NM_010620
NM_001105245
NM_008073
NM_013612
NM_001001180
NM_144553
NM_153534
NM_170597
NM_011401
NM_008528
NM_025495
NM_019391
NM_001033484
NM_173447
NM_029011
NM_145700
NM_175366
NM_009058
NM_019670
NM_021793
NM_011337
NM_011332
NM_008071
NM_016662
NM_146208
NM_145924
NM_001271757
NM_053273
NM_013880
NM_020270
NM_001040435
NM_001013778
NM_145437
NM_173451
NM_144879
NM_172781
NM_024198
NM_178715
NM_001122596
NM_008860
NM_029770
NM_010065
AK084380
NM_023258
NM_011858
NR_038009
NM_008397
NM_134082
NR_045719
NM_023438
NM_183311
NM_011634
NM_024217
NM_183089

ENSMUST00000072886
ENSMUST00000040717
ENSMUST00000149154
ENSMUST00000109292
ENSMUST00000131511
ENSMUST00000106052
ENSMUST00000179465
ENSMUST00000022013
ENSMUST00000053355
ENSMUST00000168704
ENSMUST00000054769
ENSMUST00000021818
ENSMUST00000149521
ENSMUST00000071812
ENSMUST00000035129
ENSMUST00000076505
ENSMUST00000076147
ENSMUST00000082237
ENSMUST00000028170
ENSMUST00000168889
ENSMUST00000025010
ENSMUST00000001008
ENSMUST00000034232
ENSMUST00000039697
ENSMUST00000146181
ENSMUST00000047768
ENSMUST00000101251
ENSMUST00000178696
ENSMUST00000045779
ENSMUST00000043938
ENSMUST00000046587
ENSMUST00000114426
ENSMUST00000051118
ENSMUST00000045075
ENSMUST00000093976
ENSMUST00000047409
ENSMUST00000113370
ENSMUST00000030332
ENSMUST00000042975
ENSMUST00000067249
ENSMUST00000103178
ENSMUST00000077925
ENSMUST00000113352

ENSMUST00000033056
ENSMUST00000107162
ENSMUST00000150749
ENSMUST00000112101
ENSMUST00000026635
ENSMUST00000227886
ENSMUST00000092852
ENSMUST00000108409
ENSMUST00000049348
ENSMUST00000034343
ENSMUST00000023059

319229
209737
279653
14406
18173
407812
218977
210044
263764
20527
17060
66336

Sctr

Kif15
Pcdh19
Gabrg2
Slc11a1
Zfpa1
Digap5
Adcy2
Creg2
Slc2a3
Blnk
Cenpp
Lspl
lqgap3
Ephb1
Pyroxd2
Ackrd
Mex3b
Ralgds
Diaph3
Tmem8
Ccl3

Ccl17
Gabrb3
Mxd3
Neil3
Cenpi
wnt5b
Ttyh2
Plci2
Scamp5
Tace3
Tvp23a
Cd300ld
Arsj
Vash2
Kihla
Gpx7
Tmem30b
P2ry10b
Pricz
Uncsb
Dnm1
D230034L24Rik
Pycard
Tenmd4
2810408111Rik
Itga6
Farpl
AU022793
Tmem132e
Tmem145
Traip
Cmtm3
Dsccl

secretin receptor

kinesin family member 15

protocadherin 19

gamma-aminobutyric acid (GABA) A receptor, subunit gamma 2

solute carrier family 11 (proton-coupled divalent metal ion transpc

zinc finger protein 941

DLG associated protein 5

adenylate cyclase 2

cellular repressor of E1A-stimulated genes 2

solute carrier family 2 (facilitated glucose transporter), member 3

B cell linker

centromere protein P

lymphocyte specific 1

Ia motif containing GTPase activating protein 3
Eph receptor B1

pyridine nucleotide-disulphide oxidoreductase domain 2
atypical chemokine receptor 4

mex3 RNA binding family member B

ral guanine nucleotide dissociation stimulator
diaphanous related formin 3

transmembrane protein 8

chemokine (C-C motif) ligand 3

chemokine (C-C motif) ligand 17
gamma-aminobutyric acid (GABA) A receptor, subunit beta 3
Max dimerization protein 3

neilike 3 (E. coli)

centromere protein |

wingless-type MMTV integration site family, member 58
tweety family member 2

phospholipase C-like 2

secretory carrier membrane protein 5
transforming, acidic coiled-coil containing protein 3
trans-golgi network vesicle protein 23A

D300 molecule-like family member d
arylsulfatase )

vasohibin 2

kelch-like 4

glutathione peroxidase 7

transmembrane protein 308

purinergic receptor P2Y, G-protein coupled 108
protein kinase C, zeta

unc-5 netrin receptor B

dynamin 1

RIKEN cDNA D230034L24 gene

PYD and CARD domain containing

teneurin transmembrane protein 4

RIKEN cDNA 2810408I11 gene

integrin alpha 6

FERM, RhoGEF (Arhgef) and pleckstrin domain protein 1 (chondroc

expressed sequence AU022793

transmembrane protein 132

transmembrane protein 145

TRAF-interacting protein

CKLF-like MARVEL transmembrane domain containing 3
DNA replication and sister chromatid cohesion 1

1,78588746
1,78543707
1,78470336
1,78374988
1,78186747
1,78064542
1,78048119
1,77947935
1,77903053
1,77813442
1,7768255
1,77622859
1,77559601
1,77529104
1,77422568
1,77202847
1,771627
1,76853288
1,76747519
1,76484323
1,76469548
1,7643673
1,76380824
1,76053975
1,7595197
1,75795153
1,75761892
1,75647678
1,75383277
1,75222094
1,74847756
1,74485136
1,7439865
1,74377447
1,74174319
1,73939237
1,73683622
1,73666396
1,73650113
1,73635097
1,73633331
1,73355332
1,73252347
1,72791123
1,72687033
1,72652422
1,72352946
1,72338145
1,72298076
1,72131311
1,7197356
1,71802123
1,7121459
1,71188961
1,71126609

0,83664117
0,83627729
0,8356843
0,83491334
0,83339004
0,83240026
0,8322672
0,83145519
0,83109127
0,83036439
0,829302
0,82881726
0,82830337
0,82805556
0,82718953
0,82540178
0,82507489
0,82255304
0,82168996
0,81954003
0,81941925
0,81915093
0,81869372
0,8160178
0,81518167
0,81389529
0,8136223
0,8126845
0,81051119
0,8091847
0,80609928
0,80310414
0,80238888
0,80221346
0,80053193
0,79858341
0,79646172
0,79631863
0,79618335
0,79605859
0,79604392
0,79373221
0,7928749
0,7890291
0,78815975
0,78787057
0,78536596
0,78524206
0,78490659
0,78350955
0,78218678
0,78074787
0,77580564
0,77558968
0,7750641

2,15E-03
0,00054331
1,65E-04
0,00123054
1,196-03
0,00235409
0,00020516
0,00125909
0,00219188
0,00231173
0,00240139
0,00036504
0,00041679
0,00205888
0,00132792
0,00232555
0,00150417
0,00207365
0,00010107
0,00074274
0,0014347
0,00104156
0,0001128
0,00079023
0,00133473
0,00028795
0,00120115
0,00027696
0,00090323
0,00238342
0,00029626
0,00147457
0,00012292
0,00019617
0,00139817
0,00074781
0,00104269
0,00051535
0,00030594
0,00151091
0,000958
0,00018986
0,00032145
0,0011977
0,00215338
0,00032488
0,00114148
0,00074506
0,00013756
0,00024301
0,00091051
0,00157539
0,00029818
0,002391
0,00101239

0,0473211
0,03476444
0,03291643
0,03926729
0,03904427
0,0482972
0,03291643
0,03962623
0,04740503
0,04795298
0,04852362
0,03369759
0,03387501
0,04655586
0,04018556
0,04798501
0,04189237
0,0465836
0,03291643
0,03604365
0,04134299
0,03812918
0,03291643
0,03629498
0,04022942
0,03315398
0,03908156
0,03315398
0,0368081
0,04851956
0,03315398
0,04171535
0,03291643
0,03291643
0,04083433
0,03604365
0,03812918
0,03476444
0,03315398
0,04191356
0,03725879
0,03291643
0,03315398
0,03905162
0,04733954
0,03315398
0,03867628
0,03604365
0,03291643
0,03291643
0,03681936
0,04243679
0,03315398
0,04851956
0,03808028

141



|A_55_P2030269
A_55_P2008181
A_51_P285779
A_S5_P2018116
A_66_P116683
A_52_P515880
A_S55_P2124586
A_55_P2104988
A_55_P2129925
A_51_P230098
A_S1_P182257
A_55_P2084656
A_55_P2079669
A_51_P424878
A_52_P368057
A_66_P105046
A_S55_P1975155
A_S5_P1968245
A_55_P2114118
A_51_P395373
A_55_P1954486
A_55_P2027386
A_S55_P2010622
A_51_P100174
A_S5_P2075191
A_55_P1999992
A_55_P1991688
A_55_P2046101
A_55_P1972172
A_51_P501018
A_S55_P2023818
A_66_P116998
A_55_P1958487
A_55_P2141699
A_66_P136228
A_52_P305995
A_52_P442710
A_66_P125209
A_52_P658437
A_51_P466229
A_51_P128463
A_51_P305628
A_52_P623511
A_S5_P2092750
A_S52_P663600
A_S55_P2001250
A_S55_P2121701
A_51_P214306
A_52_P214630
A_66_P124052
A_52_P384718
A_S55_P2044922
A_55_P2036883
A_55_P2017362
A_55_P2041397

NM_001164669
NM_008369
NM_028386
NM_001101479
NR_045629
NM_012038
NM_001081642
NM_001289791
NM_008652
NM_023209
NM_001039494
NM_175659
NM_007532
NM_025582
NM_011990
NM_008360
NM_001161767
NM_010240
NM_207675
NM_021464
NM_001285454
NM_153394
NM_033354
NM_008613
NR_002874
NM_172693
NM_009013
NM_021365
NM_007583
NM_010892
NM_021476
NM_001002272
NM_028799
NM_001033135
NM_030690
NM_019496
NM_172399
NM_001290662
NM_001014976
NM_026840
NM_001099296
NM_015803
AK080592
NM_139305
NM_011035
NM_153107
XR_374811
NM_145462
NM_011448
NM_016778
NM_009865
NM_175669
NM_175666
NM_207203
NM_007971

ENSMUST00000064948
ENSMUST00000090591
ENSMUST00000031291
ENSMUST00000166505

ENSMUST00000072299
ENSMUST00000114530
ENSMUST00000023758
ENSMUST00000018005
ENSMUST00000022612
ENSMUST00000057716
ENSMUST00000091742
ENSMUST00000111742
ENSMUST00000030935
ENSMUST00000029297
ENSMUST00000059081
ENSMUST00000052069
ENSMUST00000094434
ENSMUST00000085909
ENSMUST00000109441
ENSMUST00000106989
ENSMUST00000061274
ENSMUST00000086130
ENSMUST00000034746
ENSMUST00000125401
ENSMUST00000107744
ENSMUST00000112221
ENSMUST00000124304
ENSMUST00000019290
ENSMUST00000027931
ENSMUST00000113480
ENSMUST00000087253
ENSMUST00000028721
ENSMUST00000062525
ENSMUST00000090339
ENSMUST00000041317
ENSMUST00000054351
ENSMUST00000065896
ENSMUST00000064924
ENSMUST00000034004
ENSMUST00000060050
ENSMUST00000080368

ENSMUST00000030183
ENSMUST00000033040
ENSMUST00000038676

ENSMUST00000022784
ENSMUST00000000579
ENSMUST00000027499
ENSMUST00000176146
ENSMUST00000053659
ENSMUST00000177113
ENSMUST00000168386
ENSMUST00000081721

330355
16188
72898

241989

328594
26950

D630010B17Rik
Vsnl1
Xlrda
Asicl
Mybl2
Pbk
Catsperz
Histlh2ah
Beatl
Prxi2b
Sle7a11
s
Galnt6
Ftl1
Cadm1

Cdh10
Gpr82
Hist2h2bb
P36
Ezh2

dynein, axonemal, heavy chain 6

interleukin 3 receptor, alpha chain

aspartate beta-hydroxylase domain containing 2
poly(A) binding protein, cytoplasmic 4-like
RIKEN cDNA D630010B17 gene

visinin-like 1

X-linked lymphocyte-regulated 4A

acid-sensing (proton-gated) ion channel 1
myeloblastosis oncogene-like 2

PDZ binding kinase

cation channel sperm associated auxiliary subunit zeta
histone cluster 1, H2ah

branched chain aminotransferase 1, cytosolic
peroxiredoxin like 2B

solute carrier family 7 (cationic amino acid transporter, y+ system)

interleukin 18

N- i ansferase 6

ferritin light chain 1

cell adhesion molecule 1

protein tyrosine phosphatase, receptor type, T
microtubule-associated protein tau

G protein-coupled receptor 156

SEC16 homolog B (S. cerevisiae)
meiosis-specific nuclear structural protein 1

hyaluronan synthase 2, opposite strand
S <

polypep ansferase 12
RADS1 associated protein 1
X-linked lymphocyte-regulated 48
calcium channel, voltage-dependent, gamma subunit 2
NIMA (never in mitosis gene a)-related expressed kinase 2
cysteinyl leukotriene receptor 1

trophinin

transglutaminase 5

ring finger protein 149

retinoic acid induced 14

Alport synd , mental r , midface and ellip

neuron-derived neurotrophic factor
kinesin family member 2C

extra spindle pole bodies 1, separase
platelet-derived growth factor receptor-like
glycine/arginine rich protein 1

ATPase, aminophospholipid transporter-like, class I, type 84, mem

predicted gene 3877
carbonicanhydrase 9

p21 (RAC1) activated kinase 1
carboxypeptidase Z

MIR670 host gene (non-protein coding)
HAUS augmin-like complex, subunit 4
SRY (sex determining region Y)-box 9
BCL2-related ovarian killer protein
cadherin 10

G protein-coupled receptor 82

histone cluster 2, H2bb

proline rich 36

enhancer of zeste 2 polycomb repressive complex 2 subunit

1,70894139
1,70873217
1,7084271

1,70763324
1,70643527
1,70538584
1,70399545
1,70067444
1,70048267
1,69774015
1,69763964
1,69541708
1,69502212
1,69342336
1,69284152
1,69247039
1,69211692
1,69183488
1,69133052
1,69027934
1,68862237
1,68677233
1,68652196
1,6853478

1,68390737
1,68144418
1,68072644
1,67944971
1,67892495
1,67668362
1,67581915
1,6748393

1,6733772

1,67315032
1,67308651
1,67198892
1,67138147
1,67007585
1,66993549
1,66932099
1,66805286
1,66594172
1,66251288
1,66178746
1,66096474
1,65730202
1,65707676
1,6563302

1,65436115
1,65422548
1,65371914
1,65329787
1,65264742
1,6524509

1,65055554

0,77310292
0,77292628
0,77266868
0,77199815
0,77098569
0,77009818
0,76892148
0,76610699
0,7659443
0,76361566
0,76353025
0,76164023
0,7613041
0,75994269
0,75944692
0,7591306
0,75882926
0,75858877
0,75815862
0,75726169
0,75584673
0,75426526
0,75405111
0,75304635
0,75181278
0,74970088
0,74908493
0,74798859
0,74753774
0,74561049
0,74486646
0,74402268
0,74276268
0,74256707
0,74251204
0,74156529
0,74104105
0,73991363
0,73979237
0,73926139
0,73816501
0,73633794
0,73336551
0,73273588
0,73202145
0,72883654
0,72864043
0,72799031
0,72627421
0,7261559
0,72571424
0,72534667
0,72477897
0,7246074
0,72295169

0,00042149
0,00083875
0,00168433
0,00107649
0,00193124
0,00098086
0,00080882
0,00013989
0,00182961
0,00012876
0,00119045
0,00056382
0,00104472
0,00011921
0,0012217
0,00220237
0,0003132
0,00069748
0,0014913
0,00233241
0,00161484
0,00231612
0,00014608
0,00184914
0,00011777
0,00066663
0,0020852
0,00191545
0,00066121
0,00017916
0,0017596
0,00120382
2,146-05
0,00172244
0,0016896
0,00014929
0,00075554
0,00088333
0,00139323
0,00072259
0,00206883
0,00182175
0,00152584
0,00032379
0,00227061
0,00214608
0,00183454
0,00105686
0,00011608
0,00116513
0,00155128
0,00188425
0,00019863
0,00027067
0,00125547

0,03391783
0,03629498
0,04345841
0,03823783
0,04564964
0,03765882
0,03629498
0,03291643
0,0445458
0,03291643
0,03904427
0,03481832
0,03812918
0,03291643
0,03914579
0,04740503
0,03315398
0,03558895
0,04187212
0,04805255
0,04282509
0,04796206
0,03291643
0,04479702
0,03291643
0,03555961
0,04671098
0,04552521
0,03555961
0,03291643
0,04380084
0,03908748
0,03291643
0,04371333
0,04345841
0,03291643
0,03604663
0,03654939
0,04080226
0,03593548
0,0465836
0,04447998
0,04215919
0,03315398
0,04759365
0,0473211
0,04462436
0,03814748
0,03291643
0,03904427
0,04232468
0,04514203
0,03291643
0,03315398
0,03955441




A_51_P198775
A_51_P190111
A_52_P622850
A_S5_P1978201
A_S5_P1969311
A_S5_P2003033
A_51_P130079
A_S5_P2074591
A_51_P156857
A_52_P526396
A_S5_P2306336
A_51_P48899l
A_S5_P2156583
A_S5_P1965101
A_51_P403834
A_51_P507942
A_52_P408757
A_51_P207751
A_51_Pa41426
A_S5_P2046812
A_51_P309589
A_65_P09285
A_66_P121459
A_S5_P2084413
A_S5_P1952414
A_S5_P2094721
A_51_P459661
A_S5_P1966194
A_S5_P1954990
A_51_P128987
A_S5_P2064676
A_S5_P1992839
A_52_P594410
A_S5_P2364738
A_52_P566396
A_51_P317031
A_51_P413539
A_52_P299832
A_51_P328652
A_S5_P1969002
A_S5_P2144556
A_S5_P2082929
A_51_P314285
A_51_Pa4aa37
A_52_p282838
A_S5_P2073694
A_S5_P1987151
A_S5_P1977473
A_65_P10673
A_51_P277006
A_51_P347240
A_S5_P1994927
A_51_P359800
A_51_P314907
A_51_P351363

NM_201364
NM_008566
NM_010419
NM_016692
NM_172768
NM_177161
NM_008511
NM_001110218
NM_134133
NM_178628
XR_380814
NM_178644
NM_009871
NM_001081643
NM_011522
NM_029097
NM_010188
NM_008189
NM_019932
NM_009242
NR_024720
NM_181075
NM_007681
NM_178005
NM_001113214
NM_009234
NM_021460
NM_019549
NM_001001445
NM_008012
AK171905
NM_025853
NM_010827
NM_001163608
NM_175136
NM_025779
NM_021606
NM_018797
NM_133348
NM_198052
NM_001172160
NM_010389
NM_026436
NM_025968
NM_001005370
NM_001033248
NM_011860
NM_023118
NM_172614
NM_175140
NM_001081406
NM_144538
NM_009131
NM_013726
NR_000040

ENSMUST00000045876
ENSMUST00000164309
ENSMUST00000049621
ENSMUST00000025562
ENSMUST00000118159
ENSMUST00000139790
ENSMUST00000135984
ENSMUST00000067918
ENSMUST00000042710
ENSMUST00000021466

ENSMUST00000034512
ENSMUST00000053413
ENSMUST00000138149
ENSMUST00000007236
ENSMUST00000151517
ENSMUST00000164044
ENSMUST00000059348
ENSMUST00000031320
ENSMUST00000018737
ENSMUST00000182402
ENSMUST00000100850
ENSMUST00000134372
ENSMUST00000091636
ENSMUST00000028128
ENSMUST00000079063
ENSMUST00000049572
ENSMUST00000020321
ENSMUST00000102526
ENSMUST00000038406

ENSMUST00000103130
ENSMUST00000027062
ENSMUST00000107565
ENSMUST00000046941
ENSMUST00000122961
ENSMUST00000112902
ENSMUST00000099337
ENSMUST00000030779
ENSMUST00000079719
ENSMUST00000110057
ENSMUST00000095342
ENSMUST00000010451
ENSMUST00000030069
ENSMUST00000049999
ENSMUST00000010673
ENSMUST00000015866
ENSMUST00000110664
ENSMUST00000149110
ENSMUST00000154629
ENSMUST00000110621
ENSMUST00000121418
ENSMUST00000004587
ENSMUST00000171808
ENSMUST00000219550

381306

56744
20692
77022
330173
12615
107065

BC055324 cDNA sequence BC055324
Mcm5 minicl complex P 5
Hes5 hes family bHLH transcription factor 5
Incenp inner centromere protein
Gramd1b GRAM domain containing 1B
P4ha3 procollagen-proline, 2-oxoglutarate 4-dioxygenase (proline 4-hydr:
Lrmp lymphoid-restricted membrane protein
Ppm1h protein phosphatase 1H (PP2C domain containing)
Smim3 small integral membrane protein 3
Atl1 atlastin GTPase 1
large calcium-activated channel, subfamily
Oaf out at first homolog
Cdksr1 cydin-dependent kinase 5, regulatory subunit 1 (p35)
Xir3b X-linked lymphocyte-regulated 38
Syngr3 synaptogyrin 3
Atp13a2 ATPase type 13A2
Fegr3 Fc receptor, IgG, low affinity Il
Gucala guanylate cyclase activator 1a (retina)
Pf4 platelet factor 4
Sparc secreted acidic cysteine rich glycoprotein
2700099C18Rik RIKEN cDNA 2700099C18 gene
2610524HO6Rik RIKEN cDNA 2610524H06 gene
Cenpa centromere protein A
Lrtm2 leucine rich repeat transmembrane neuronal 2
odf2 outer dense fiber of sperm tails 2
Sox11 SRY (sex determining region Y)-box 11
Lipa lysosomal acid lipase A
Plek pleckstrin
Trpvl transient receptor potential cation channel, subfamily V, member :
Akrib8 aldo-keto reductase family 1, member B8
Gas2i3 growth arrest-specific 2 like 3
Dsnl DSN1 homolog, MIS12 kinetochore complex component
Msc musculin
Plxdc1 plexin domain containing 1
Rnf122 ring finger protein 122
Mcub mitochondrial calcium uniporter dominant negative beta subunit
Nek6 NIMA (never in mitosis gene a)-related expressed kinase 6
Plxncl plexin C1
Acot7 acyl-CoA thioesterase 7
Thx3 T-box 3
FIrt3 fibronectin leucine rich transmembrane protein 3
H2-0b histocompatibility 2, O region beta locus
Tmem86a transmembrane protein 86A
Ptgrl prostaglandin reductase 1
Spin2c spindlin family, member 2C
Gm266 predicted gene 266
Nips NLR family, pyrin domain containing 5
Dab2 disabled 2, mitogen-responsive phosphoprotein
Tmem44 transmembrane protein 44
Chst8 carbohydrate sulfotransferase 8
Lrr1 leucine rich repeat protein 1
Rab3il1 RAB3A interacting protein (rabin3)-like 1
Clecl1la C-type lectin domain family 11, member a
Dbfa DBF4 zinc finger
Tyms-ps thymidylate synthase, pseudogene

1,64864667
1,64670542
1,64660515
1,64624392
1,64483336
1,643641
1,64337641
1,63829822
1,63741507
1,63689172
1,63532732
1,63498312
1,63443811
1,63415085
1,63407671
1,63096802
1,63086955
1,62978472
1,62963905
1,62889929
1,62728697
1,62642228
1,62421349
1,6238211
1,62252853
1,62097449
1,6205691
1,61985389
1,61984265
1,61893988
1,61803251
1,61787282
1,61770195
1,61769224
1,61514277
1,61409671
1,61401131
1,61223249
1,6118926
1,60987063
1,60981968
1,60824818
1,60648233
1,60608666
1,60583704
1,60232095
1,59971544
1,59811482
1,59699862
1,59694277
1,5963391
1,59073343
1,59005985
1,58785661
1,58666393

0,72128224
0,71958249
0,71949464
0,71917811
0,71794143
0,71689522
0,71666296
0,712198
0,71142008
0,71095889
0,70957942
0,70927574
0,70879475
0,70854116
0,70847571
0,70572849
0,70564138
0,70468141
0,70455246
0,70389741
0,70246869
0,70170188
0,69974128
0,6993927
0,69824385
0,69686138
0,69650053
0,69586369
0,69585367
0,69504941
0,6942406
0,69409821
0,69394583
0,69393717
0,6916617
0,69072703
0,69065069
0,6890598
0,68875562
0,68694476
0,6868991
0,68549006
0,68390511
0,68354974
0,68332549
0,68016315
0,6778153
0,67637106
0,67536306
0,67531261
0,67476714
0,6696921
0,66908107
0,66708063
0,66599659

0,00096102
0,00206763
0,00043763
0,00114011
0,00159959
0,00214511
0,00108984
0,00224849
0,00122054
0,00215979
0,00161161
0,00047745
0,00221572
0,00056613
0,00229119
0,00073475
0,00186263
0,00107523
0,00195403
0,00074292
0,00073346
5,936-05
0,00215666
0,00038806
0,00165165
0,00014475
0,00106269
0,00094117
6,00E-05
0,00067934
0,00010118
0,00102866
0,00056234
0,00030533
0,00169701
0,00128923
0,00058549
0,00254453
0,00055846
0,00129413
0,00127599
0,00171535
0,00174582
1,00E-04
0,00112167
0,00055252
0,00017994
0,00022491
0,00110705
0,00013496
0,00253727
0,0007601
0,00070059
0,00055214
0,00150267

0,03733895
0,0465836
0,03393479
0,03866356
0,04267063
0,0473211
0,03828376
0,04750753
0,03914579
0,04739734
0,04279788
0,03469594
0,04740503
0,03481832
0,04779939
0,03593548
0,04498682
0,03823006
0,04589987
0,03604365
0,03593548
0,03291643
0,0473821
0,03373901
0,04305746
0,03291643
0,03818548
0,03703145
0,03291643
0,03558895
0,03291643
0,03812918
0,03481832
0,03315398
0,0434933
0,03982756
0,03507191
0,04970107
0,03476444
0,03982756
0,03970879
0,04370748
0,04380084
0,03291643
0,03850773
0,03476444
0,03291643
0,03291643
0,03830608
0,03291643
0,04970107
0,03611065
0,03558895
0,03476444
0,04189237
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A_66_P125392
A_S52_P148514
A_S55_P1995055
A_52_P368384
A_S2_P1026777
A_S5_P2406852
A_S2_P381303
A_51_P218774
A_51_P228295
A_51_P282523
A_S5_P2066543
A_52_P536494
A_S1_P208680
A_S5_P2075469
A_51_P196973
A_S51_Pa73272
A_51_P503896
A_51_P256246
A_S55_P2108255
A_S5_P2068260
A_S5_P2083121
A_55_P2084666
A_52_P539310
A_52_P655285
A_51_P241769
A_55_P2028788
A_51_P138923
A_S5_P2091928
A_51_P324934
A_51_P202074
A_51_P158210
A_51_P519791
A_51_P416509
A_66_P129188
A_51_P305437
A_55_P2317665
A_55_P2047106
A_52_P231075
A_55_P2105658
A_S55_P2419296
A_51_P303749
A_S55_P2152165
A_S5_P2116664
A_51_P207988
A_55_P2133255
A_55_P1985410
A_55_P1985239
A_S5_P2096797
A_55_P2069659
A_S1_P217463
A_51_P337089
A_51_P126626
A_55_P2098210
A_66_P111430
|A_51_P493671

NM_001080944
NM_152803
NM_001030296
NM_028712
NM_001033141
NM_025681
NM_178856
NM_026418
NM_001001880
NM_054044
NM_178751
NM_008709
NM_145409
NM_080640
NM_013733
NM_019656
ENSMUST000000261
NM_025359
NM_011175
NM_145073
NM_001164567
NM_175661
NM_001160326
NM_172867
NM_011270
NM_001166503
NM_013788
NM_009017
AK088142
NM_146171
NM_008564
NM_198605
NM_030609
NM_175662
NM_009037
NM_007891
NM_153793
NM_030707
NM_028528
AK003491
NM_178683
XM_006541351
NM_133255
NM_008965
NM_019499
NM_178256
NM_178617
NM_001040696
NM_030728
NM_009140
NM_027014
NM_145459
NM_172741
NR_030738
NM_001081327

ENSMUST00000040149
ENSMUST00000045617
ENSMUST00000046533
ENSMUST00000049064
ENSMUST00000097618
ENSMUST00000115576
ENSMUST00000126094
ENSMUST00000033133
ENSMUST00000111435
ENSMUST00000033876
ENSMUST00000041048
ENSMUST00000043396
ENSMUST00000168914
ENSMUST00000226440
ENSMUST00000002914
ENSMUST00000087557
ENSMUST00000026133
ENSMUST00000020896
ENSMUST00000021607
ENSMUST00000080859
ENSMUST00000074734
ENSMUST00000073261
ENSMUST00000064517
ENSMUST00000098070
ENSMUST00000030627
ENSMUST00000042657
ENSMUST00000094339
ENSMUST00000065527
ENSMUST00000053266
ENSMUST00000043848
ENSMUST00000058011
ENSMUST00000022536
ENSMUST00000055770
ENSMUST00000090782
ENSMUST00000127019
ENSMUST00000000894
ENSMUST00000070709
ENSMUST00000090986
ENSMUST00000028984

ENSMUST00000051594

ENSMUST00000064495
ENSMUST00000047379
ENSMUST00000116605
ENSMUST00000112334
ENSMUST00000108273
ENSMUST00000108515
ENSMUST00000145171
ENSMUST00000075433
ENSMUST00000028948
ENSMUST00000043409
ENSMUST00000085592
ENSMUSG00000086841
ENSMUST00000084628

241633

Atp8b4
Hpse

Rap2b
Ecsar

Histlh3g
vill
Hist1h2af
Serp2
Zfpa62
Rhd
Sle39a11
Peg12
Raetlb
Mcm3
Ncapd2
Mcm2
Ska3
Histlhla
Hist2h2ac
Renl

E2f1
Rell2
Ferls
Bpifa3

Depdclb

Hook2
Ptgerd
Mad2l1
Reps2
Necab1
Nip1b
cemip
Oxel2
Gins1
Zfps03
Garrel
2410006H16Rik
Hs3st2

ATPase, class|, type 88, member 4 1,58469514 0,66420532 0,00207206
heparanase 1,58430285 0,66384814 0,00115468
proline rich 7 (synaptic) 1,58395959 0,66353553 0,00144493
RAP2B, member of RAS oncogene family 1,58358345 0,6631929 0,000275
endothelial cell surface expressed is and . 0, 0,00012345
limb and CNS expressed 1 1,58295993 0,66262473 0,00174837
GINS complex subunit 2 (Psf2 homolog) 1,58155677 0,66134534 0,00135381
regulator of G-protein signalling 10 1,58105163 0,66088448 0,00093565
myelin protein zero-like 1 1,5803229 0,66021937 0,00053928
G protein-coupled receptor 124 1,57978203 0,65972551 0,00076092
ORAI calcium release-activated calcium modulator 2 157909978 0,65910234 0,0017872
v-myc my Y is viral related e 1,57899611 0,65900762 0,00013359
CTF18, chromosome transmission fidelity factor 18 1,57817109 0,65825362 0,00143713
brain and acute leukemia, cytoplasmic 1,57777603 0,65789243 0,00221888
chromatin assembly factor 1, subunit A (p150) 1,57750785 0,65764719 0,00204286
tetraspanin 6 1,57675532  0,6569588  0,00019997
pyrroline-5-carboxylate reductase 1 1,57635218 0,65658989 0,00078124
tetraspanin 13 1,57579126 0,65607644 0,0014947
legumain 1,57340468 0,65388978 0,00118792
histone cluster 1, H3g 1,57291981 0,65344513 0,00171547
villin-like 1,57241342 0,65298058 0,00160149
histone cluster 1, H2af 1,57166621 0,65229485 0,00080912
stress-associated endoplasmic reticulum protein family member 2 1,57018639 0,65093582 0,00220808
zinc finger protein 462 1,56873743  0,6496039  0,00128735
Rh blood group, D antigen 1,5678248 0,64876435 0,00132681
solute carrier family 39 (metal ion transporter), member 11 1,56757614 0,64853552 0,00126176
patemally expressed 12 1,5626804 0,64402275 0,00064628
retinoic acid early transcript beta 1,56265239 0,64399689 0,00207117
minichromosome maintenance deficient 3 (S. cerevisiae) 1,56259536 0,64394423 0,00059393
non-SMC condensin | complex, subunit D2 1,56099603 0,64246687 0,00197525
minichromosome maintenance deficient 2 mitotin (S. cerevisiae) ~ 1,55999177 0,64153842 0,00101848
spindle and kinetochore associated complex subunit 3 1 0,
histone cluster 1, H1a 1,55770085 0,6394182 0,00062587
histone cluster 2, H2ac 1,5542601 0,63622795 0,00091468
reticulocalbin 1 1,55424369 0,63621273  0,001391
E2F transcription factor 1 1,55340025 0,63542961 0,00022871
RELT-like 2 1,55247283 0,63456802 0,00155139
Fc receptor-like S, scavenger receptor 1,55155696 0,63371666 0,00056594
BPI fold containing family A, member 3 1,55041357 0,6326531 0,00113219
1,55036804 0,63261074 0,00036699
DEP domain containing 1B 1,55027456 0,63252375 0,00031039
1,54981488 0,6320959 0,00147048
hook microtubule tethering protein 2 1,54946315 0,63176844 0,00198532
prostaglandin E receptor 4 (subtype EP4) 1,54916295 0,6314889 0,00113257
MAD2 mitotic arrest deficient-like 1 1,54773694 0,63016029 0,00175419
RALBP1 associated Eps domain containing protein 2 1,54717061 0,6296323 0,00220963
N-terminal EF-hand calcium binding protein 1 1,5459695 0,62851186 0,00060076
NLR family, pyrin domain containing 1B 1,54564553  0,6282095  0,00040061
cell migration inducing protein, hyaluronan binding 1,54499733 0,62760434 0,00176363
chemokine (C-X-C motif) ligand 2 1,54440146 0,62704782 0,0003341
GINS complex subunit 1 (Psf1 homolog) 1,54416131 0,62682347 0,00180235
zinc finger protein 503 1,54394012 0,6266168 0,00223183
granule associated Rac and RHOG effector 1 1,54355977 0,62626135 0,00017949
RIKEN cDNA 2410006H16 gene 1,54327137 0,62599177 0,00197323
heparan sulfate (glucosamine) 3-O-sulfotransferase 2 1,54312663 0,62585646 0,00163481

0,0465836
0,03885309
0,04149019
0,03315398
0,03291643
0,04380084
0,04041885
0,03698032
0,03476444
0,03611065
0,04408364
0,03291643
0,04138233
0,04740503
0,04655586
0,03291643
0,03629498
0,04188934
0,03904427
0,04370748
0,04267063
0,03629498
0,04740503
0,03982756
0,04018556
0,03964697
0,03555961
0,0465836
0,03507191
0,04607464
0,03812555
0,04851956
0,03546117
0,03681936
0,04077792
0,03291643
0,04232468
0,03481832
0,03857573
0,03369759
0,03315398
0,04166534
0,04609624
0,03857573
0,04380084
0,04740503
0,03507191
0,03373901
0,04382991
0,03315398
0,04429746
0,04740503
0,03291643
0,04607464
0,04294518
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A_55_P1989573
A_55_P1976734
A_52_P106259
A_55_P2065529
A_S55_P1971244
A_51_p235123
A_55_P1972927
A_66_P102853
A_51_P251205
A_51_P323878
A_S55_P2170034
A_52_P155805
A_51_P202596
A_55_P1994997
A_55_P1975690
A_51_P223709
A_S51_P305547
A_S55_P2002122
A_51_P516728
A_55_P2092310
A_55_P2045571
A_65_P05152
A_55_P2037513
A_S55_P2157195
A_55_P1973995
A_51_P451106
A_55_P2048751
A_51_P215530
A_55_P1954061
A_55_P2124641
A_51_P115817
A_S55_P2022604
A_55_P2048928
A_51_P429212
A_51_P167763
A_52_P361081
A_55_P1965050
A_55_P2131438
A_55_P2020577
A_51_P196925
A_51_P230439
A_S55_P2078695
A_66_P107038
A_S55_P1962516
A_55_P2010704
A_55_P2425761
A_52_P276955
A_52_P574653
A_55_P1992079
A_55_P2114133
A_51_P246066
A_55_P2131238
A_51_Passssa
A_65_P19149
A_55_P1978895

NM_028223
NM_001174047
NM_207655
NM_011973
NM_001098789
NM_008690
NM_013508
NM_178793
NM_028627
NM_030205
NM_016846
NR_027924
NM_172628
NM_181416
NM_031397
NM_080850
NM_011415
NM_173402
NM_010404
AK195427
NM_007400
NM_201518
NM_011116
XR_380278
NR_076393
NM_009765
NM_008937
XM_006517759
NM_001205234
ENSMUST000001413
NM_023884
NM_001289489
NM_001161458
NM_028749
NM_146037
NM_001112744
NM_025415
NM_178212
NM_008788
NM_009142
NM_008905
NM_001199632
NM_028243
NM_182807
NM_001037279
AK083074
NM_010140
NM_007544
NM_011213
NM_178888
NM_029612
NM_153392
NM_026543
NM_029447
NM_177578

ENSMUST00000120327
ENSMUST00000085092
ENSMUST00000020329
ENSMUST00000021701
ENSMUST00000035735
ENSMUST00000024742
ENSMUST00000129827
ENSMUST00000151343
ENSMUST00000096029
ENSMUST00000038552
ENSMUST00000027760
ENSMUST00000128571
ENSMUST00000051720
ENSMUST00000110947
ENSMUST00000131445
ENSMUST00000133886
ENSMUST00000023356
ENSMUST00000030984
ENSMUST00000138603

ENSMUST00000067680
ENSMUST00000057324
ENSMUST00000117611

ENSMUST00000180647
ENSMUST00000044620
ENSMUST00000175916
ENSMUST00000224011
ENSMUST00000077182
ENSMUST00000141333
ENSMUST00000063199
ENSMUST00000072646
ENSMUST00000052209
ENSMUST00000041874
ENSMUST00000049788
ENSMUST00000144145
ENSMUST00000075853
ENSMUST00000091708
ENSMUST00000146589
ENSMUST00000034230
ENSMUST00000040056
ENSMUST00000051358
ENSMUST00000076052
ENSMUST00000050756
ENSMUST00000154179
ENSMUST00000201865
ENSMUST00000064405
ENSMUST00000004560
ENSMUST00000124758
ENSMUST00000049618
ENSMUST00000027830
ENSMUST00000064129
ENSMUST00000020647
ENSMUST00000109315
ENSMUST00000170945

102637112
627427
12190
19130

Tmem175
Cacna2d2
Egfr

Mok
Ndufa4l2
Nfkbie
Elk3
Ccbel

Psd
Coro7
Rgl1
2010204K13Rik
Sh3tc2
Arhgaplla
Biccl
Pask
Snai2
Rgs12
Hapl
Phgdh
Adami12
FIrt2

Pld3
Gm34006
Gm6756
Breca2
Prox1
Rnf180
Nmn2
Gxylt2
Ralgps2
Exoc3l4
Cbfb

Npl
Kenk13
Arhgef16
Cks2
Hist2h2aa2
Pcolce
Ox3cl1
Pofibp2
Fbx13
Prcp
Tafa2
Selenoh
C530043K16Rik
Epha3
Bid

Piprf
Gaml3
Slamf9
Ttc39a
Mmip
Nin
Skint3

transmembrane protein 175

calcium channel, voltage-dependent, alpha 2/delta subunit 2
epidermal growth factor receptor

MOK protein kinase

Ndufa4, mitochondrial complex associated like 2

nuclear factor of kappa light polypeptide gene enhancerin B cells i

ELK3, member of ETS oncogene family

collagen and calcium binding EGF domains 1
pleckstrin and Sec7 domain containing

coronin 7

ral guanine nucleotide dissociation stimulator,-like 1
RIKEN cDNA 2010204K13 gene

SH3 domain and tetratricopeptide repeats 2

Rho GTPase activating protein 11A

BicC family RNA binding protein 1

PAS domain containing serine/threonine kinase
snail homolog 2 (Drosophila)

regulator of G-protein signaling 12
huntingtin-associated protein 1
3-phosphoglycerate dehydrogenase

adisintegrin and metallopeptidase domain 12 (meltrin alpha)
fibronectin leucine rich transmembrane protein 2
phospholipase D family, member 3
uncharacterized LOC102637112

predicted gene 6756

breast cancer 2

prospero homeobox 1

ring finger protein 180

neurexin Il

glucoside xylosyltransferase 2

Ral GEF with PH domain and SH3 binding motif 2
exocyst complex component 3-like 4

core binding factor beta

N-acetylneuraminate pyruvate lyase

potassium channel, subfamily K, member 13

Rho guanine nucleotide exchange factor (GEF) 16
CDC28 protein kinase regulatory subunit 2
histone cluster 2, H2aa2

procollagen C-endopeptidase enhancer protein
chemokine (C-X3-C motif) ligand 1

PTPRF interacting protein, binding protein 2 (liprin beta 2)
F-box and leucine-rich repeat protein 13
prolylcarboxypeptidase (angiotensinase C)

TAFA chemokine like family member 2
selenoprotein H

RIKEN cDNA C530043K16 gene

Eph receptor A3

BH3 interacting domain death agonist

protein tyrosine phosphatase, receptor type, F
GTPase activating RANGAP domain-like 3

SLAM family member 9

tetratricopeptide repeat domain 39A

MRN complex interacting protein

neurolysin (metallopeptidase M3 family)
selection and upkeep of intraepithelial T cells 3

1,54242291
1,54208128
1,54092724
1,54084373
153653109
153319524
1,53112896
1,52730309
1,52630494
1,5261696
1,52595886
152587446
1,52549508
1,52408148
1,52300969
1,51802821
1,51800708
1,51721289
1,51667601
151537251
151522413
1,51236692
151104451
1,51078627
1,51039586
1,50970776
1,50943946
1,5083501
1,50804096
1,50803436
1,50669239
1,50496076
1,5024578
1,50222379
1,50207209
1,501763
1,50171664
1,50140772
1,49981079
1,49956221
1,49914248
1,49723637
1,49619027
1,49300762
1,49289486
1,4926576
1,49265681
1,49257317
1,49231968
1,49152329
1,49066391
1,4904867
1,4898912
1,48927193
1,48906495

0,62519839
0,6248788
0,62379874
0,62372056
0,61967696
0,61654143
0,6145958
0,61098639
0,61004323
0,60991529
0,60971607
0,60963627
0,60927752
0,60794003
0,60692512
0,6021986
0,60217852
0,60142353
0,60091294
0,59967248
0,59953121
0,5968082
0,59554616
0,59529958
0,59492672
0,5942693
0,5940129
0,59297132
0,59267561
0,5926693
0,59138491
0,58972587
0,58732447
0,58709975
0,58695405
0,58665715
0,58661261
0,5863158
0,58478051
0,58454138
0,58413751
0,582302
0,58129366
0,57822152
0,57811257
0,57788327
0,5778825
0,57780166
0,57755662
0,5767865
0,57595502
0,57578351
0,57520698
0,5746072
0,57440668

0,00058387
0,00182081
0,00097513
0,00023571
0,00139007
0,00181286
0,00021784
0,00088188
0,00090387
0,00014199
0,00068788
0,000885
0,00012318
0,00138151
0,00019594
0,00044233
0,00149629
0,00186351
0,00141096
8,356-05
0,00140075
0,00109267
0,00226247
0,00046042
0,00021106
0,00055688
0,00084153
0,00060301
0,00088574
0,00111285
0,00249118
0,00080713
0,0022252
0,00179943
0,00173164
0,00099532
0,00200344
0,00074296
0,00072605
0,00059299
0,00109201
0,00015225
0,00069042
0,00122612
0,00229471
0,00068333
0,00112778
0,00225379
0,00238782
0,00202334
0,00159582
0,00136712
0,00021159
0,00064288
0,00073076

0,03507191
0,04447998
0,03754991
0,03291643
0,04077792
0,04444355
0,03291643
0,03654939
0,0368081
0,03291643
0,03558895
0,03654939
0,03291643
0,04068336
0,03291643
0,03394989
0,04188934
0,04498682
0,041007
0,03291643
0,04084925
0,03828376
0,0475368
0,03433826
0,03291643
0,03476444
0,03629498
0,0350957
0,03654939
0,03830608
0,04932867
0,03629498
0,04740503
0,04428159
0,04380084
0,03807877
0,0463625
0,03604365
0,03593548
0,03507191
0,03828376
0,03291643
0,03558895
0,03919053
0,04782329
0,03558895
0,03857573
0,04753096
0,04851956
0,0464094
0,04267063
0,04050525
0,03291643
0,03555961
0,03593548
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A_52_P168449
A_52_P502771
A_55_P2297300
A_51_P115666
A_55_P1966987
A_55_P1963150
A_51_P123134
A_51_P270519
A_52_P650387
A_55_P2005585
A_55_P1976729
A_55_P1969032
A_51_P355852
A_55_P1982916
A_66_P129622
A_55_P2040743
A_55_P2005946
A_55_P1979833
A_51_P207622
A_52_P476075
A_55_P1981704
A_55_P2182452
A_65_P15875
A_55_P2175180
A_55_P2218334
A_55_P2140348
A_55_P2006153
A_55_P2085412
A_51_P269792
A_55_P2077263
A_51_P116601
A_55_P2167025
A_55_P1987439
A_55_P1969341
A_55_P2238406
A_55_P1984908
A_51_P410451
A_52_P65237
A_51_P169714
A_52_P203560
A_55_P2074688
A_55_P2071834
A_55_P1959425
A_51_P279712
A_55_P1988048
A_55_P2048096
A_55_P2075274
A_51_Pa48s4s
A_52_Pa51644
A_66_P119421
A_55_P2072005
A_52_P284958
A_55_P2095360
A_55_P1992715
A_52_Pa07692

NM_011161 ENSMUST00000088823
NM_001039556 ENSMUST00000070755
NR_040324 ENSMUST00000206959
NM_134087 ENSMUST00000170153
NM_010717 ENSMUST00000015137
NM_011804 ENSMUST00000140769
NM_146235 ENSMUST00000056904
NM_027263 ENSMUST00000132672
NM_ ENSMUST 4
NM_032000 ENSMUST00000077935
AK163925

NM_011268 ENSMUST00000103062
NM_008856 ENSMUST00000021527
NM_172449 ENSMUST00000039627
NM_001102613 ENSMUST00000073325
NM_026507 ENSMUST00000122091
NM_026915 ENSMUST00000077706
NM_007709 ENSMUST00000101336
NM_021355 ENSMUST00000048183
NM_175554 ENSMUST00000048391
NM_172914 ENSMUST00000041569
NM_177371 ENSMUST00000062246
NM_133913 ENSMUST00000121863
AK033636

AK034586

BC103785

NM_001101656 ENSMUST00000100240
NM_172756 ENSMUST00000119976
NM_009014 ENSMUST00000079533
NM_021790 ENSMUST00000022227
NM_172447 ENSMUST00000148347
NM_008990 ENSMUST00000075447
NM_133779 ENSMUST00000103101
NM_178309 ENSMUST00000149748
NR_028126

NM_172590 ENSMUST00000046437
NM_028006 ENSMUST00000019991
NM_145356 ENSMUST00000058997
NM_001024539 ENSMUST00000020564
NM_175284 ENSMUST00000117102
NM_013553 ENSMUST00000100164
NM_001081242 ENSMUST00000040025
NM_030696 ENSMUST00000100130
NM_145923 ENSMUST00000087327
NM_001163522 ENSMUST00000122064
NM_001290453 ENSMUST00000182293
NM_175543 ENSMUST00000017783
NM_028145 ENSMUST00000037359
NM_010882 ENSMUST00000038775
NM_011034 ENSMUST00000135573
ENSMUST000001311 ENSMUST00000131108
NM_173784 ENSMUST00000051053
NM_011576 ENSMUST00000028487
ENSMUST000001358  ENSMUST00000135887
NM_177688 ENSMUST00000074556

Mapk11
Rad54b
A730056A06Rik
Fam83h
Limk1
Cregl
Ercc6l
Cenps
Cenjl
Trps1
Gm3871
Rgs9
Prkch
Tspoapl
Phldb3
2wilch
Lyzl4
CGited1
Fmod
Clspn
Ccdc113
Tnfsf15
Chpf2
Gm2379
9430011C21Rik
Igh-VJ558
Cd300Id4
Ankle1
Rad51b

6330407A03Rik
Wdr41

Tubel

2Zbtb7c

She2

Fzd10

Mzf1
Rab1ifipd
Kihi35
Ndn
Prdx1
Ctsc
Ubtd2
Tfoi
lgfbp3
H2afj

mitogen-activated protein kinase 11

RADS54 homolog B (S. cerevisiae)

RIKEN cDNA A730056A06 gene

family with sequence similarity 83, member H
UM-domain containing, protein kinase
cellular repressor of E1A-stimulated genes 1

excision repair cross-complementing rodent repair deficiency com|

centromere protein S

cydlin J-like

transcriptional repressor GATA binding 1
predicted gene 3871

regulator of G-protein signaling 9
protein kinase C, eta

TSPO associated protein 1

pleckstrin homology-like domain, family B, member 3

zwilch kinetochore protein
lysozyme-like 4

Cbp/p300-interacting transactivator with Glu/Asp-rich carboxy-ter|

fibromodulin
daspin
coiled-coil domain containing 113

tumor necrosis factor (ligand) superfamily, member 15

chondroitin polymerizing factor 2
predicted gene 2379

RIKEN cDNA 9430011C21 gene
immunoglobulin heavy chain (J558 family)
D300 molecule like family member D4
ankyrin repeat and LEM domain containing 1
RADS1 homolog B

centromere protein K

cilia and flagella associated protein 69
nectin cell adhesion molecule 2

| glycan anchor bi

BRCAL interacting protein C-terminal helicase 1

RIKEN cDNA 6330407A03 gene

WD repeat domain 41

tubulin, epsilon 1

zinc finger and BTB domain containing 7C

SHC (Src homology 2 domain containing) transforming protein 2

frizzled class receptor 10
homeobox C4
talin 2

solute carrier family 16 (monocarboxylic acid transporters), memb

RELT-like 1

endomucin

myeloid zinc finger 1

RAB11 family interacting protein 4 (class Il)
kelch-like 35

necdin

peroxiredoxin 1

cathepsin C

ubiquitin domain containing 2

tissue factor pathway inhibitor

insulin-like growth factor binding protein 3
H2A histone family, member J

1,48872702
1,48706001
1,48554563
1,48424056
148413428
1,48249481
1,4824818
148227524
1,48132063
148122583
1,48023872
1,47917068
1,47605139
147574624
1,4751914
147410272
1,47349868
147219138
1,47059812
1,46984424
1,46652125
1,46651592
1,46557193
1,46146738
1,46127999
145795264
145625316
145602753
145535775
145495736
1,45475087
1,45450149
145438521
1,45408386
1,45318366
1,45255602
1,45209562
1,45140417
1,45043501
1,44998176
1,44966299
144782321
1,44691952
1,44442149
1,44354313
1,44349798
1,44262904
1,44074216
1,44059472
143963424
1,43786085
1,43659896
1,4364864
1,4363899
1,43609516

0,57407924
0,57246287
0,57099292
0,56972494
0,56962163
0,56802706
0,56801439
0,56781336
0,56688395
0,56679161
0,56582986
0,56478853
0,56174295
0,56144466
0,56090215
0,55983705
0,55924577
0,55796523
0,55640305
0,55566328
0,55239798
0,55239273
0,55146378
0,54741763
0,54723264
0,54394386
0,54226118
0,54203764
0,54137384
0,54097687
0,54077211
0,54052478
0,54040943
0,54011047
0,53921705
0,53859381
0,53813645
0,53744932
0,53648565
0,53603476
0,53571755
0,53388545
0,53298468
0,53049179
0,52961422
0,52956909
0,52870037
0,52681217
0,52666452
0,52570232
0,52392407
0,52265737
0,52254433
0,52244742
0,52215135

0,0024261
0,00230815
0,000942
0,00058214
0,00235999
0,0013131
0,00128249
0,00091644
0,00091457
0,00068582
0,00069503
0,00102208
0,00050316
0,00088911
0,00052296
0,00055143
0,00036775
0,00122152
0,00254782
0,00024164
0,00074918
0,00035257
0,00080269
0,00086372
0,00106422
0,00221348
0,00114931
0,00084523
0,00042342
0,00075781
0,00192373
0,00157352
0,00075078
0,00011625
0,00214431
0,00020397
0,00128634
0,00218198
0,00057348
0,00012153
0,0016227
0,00218904
0,00043109
0,00145171
0,00084446
0,00064984
0,00063676
0,00232223
6,06E-05
0,00065603
0,00050014
0,00100452
0,00121475
0,00174833
0,00147655

0,04873607
0,04792459
0,03703145
0,03507191
0,0482972
0,04015729
0,03979485
0,03681936
0,03681936
0,03558895
0,03558895
0,03812918
0,03476444
0,0365513
0,03476444
0,03476444
0,03369759
0,03914579
0,04970107
0,03291643
0,03604365
0,03339594
0,03629498
0,03639109
0,03818548
0,04740503
0,03878076
0,03629498
0,03391783
0,03611043
0,04561071
0,04242288
0,03604365
0,03291643
0,0473211
0,03291643
0,03982756
0,04740503
0,03507191
0,03291643
0,04294518
0,04740503
0,03393479
0,04157492
0,03629498
0,03555961
0,03546117
0,04798501
0,03291643
0,03555961
0,03476444
0,03807877
0,03911544
0,04380084
0,04171535
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A_55_P2009567
A_51_P471791
A_51_P157270
A_55_P2083059
A_51_P302139
A_51_P230987
A_55_P2037962
A_55_P2037717
A_51_P441983
A_52_P504268
A_55_P2324976
A_52_P509710
A_52_PS56099
A_51_P424959
A_55_P2124736
A_51_P176365
A_55_P2163428
A_51_P414548
A_51_P345792
A_52_P393607
A_55_P1994862
A_55_P2008634
A_52_p88773
A_52_P671769
A_52_P853177
A_55_P2147101
A_55_P2143042
A_51_P205326
A_55_P2383897
A_52_P127465
A_55_P2100968
A_55_P2016376
A_55_P2019690
A_66_P124969
A_55_P1970676
A_51_P375201
A_51_P300936
A_55_P2078830
A_51_P502082
A_55_P2094964
A_55_P2078073
A_55_P2064333
A_51_P296608
A_51_P267239
A_55_P1994290
A_52_Pa97021
A_55_P2073313
A_51_P201581
A_55_P1994939
A_52_P609109
A_52_P265578
A_51_P220317
A_51_P461108
A_51_P195034
A_52_P65077

NM_144904
NM_145838
NM_001177503
XM_006526775
NM_025979
NM_025951
NM_153417
NM_001042760
NM_008396
NM_020026
NR_029464
NM_025635
NM_001042653
NM_007528
NM_181277
NM_175035
NM_008021
NM_007611
NM_029186
NM_021286
NM_001081215
NM_053135
NM_152800
NM_176837
NM_011923
NM_013757
NR_033590
NM_177743
XR_377571
NM_023249
NM_001160386
NM_030174
NM_001081349
NM_029982
NM_013709
NM_013807
NM_001081223
BC080727
NM_009103
XM_006504239
NM_145384
NM_010680
NM_007836
NM_019980
NR_045889
NM_182927
NM_001081017
NM_173184
NM_008252
NM_145823
NM_001013607
NM_146040
NM_148958
NM_028039
NM_029281

ENSMUST00000102883
ENSMUST00000003509
ENSMUST00000140770
ENSMUST00000069298
ENSMUST00000028119
ENSMUST00000031081
ENSMUST00000040489
ENSMUST00000052348
ENSMUST00000056117
ENSMUST00000061826
ENSMUST00000221669
ENSMUST00000160337
ENSMUST00000123818
ENSMUST00000000326
ENSMUST00000110217
ENSMUST00000055558
ENSMUST00000112148
ENSMUST00000026062
ENSMUST00000086969
ENSMUST00000000646
ENSMUST00000093485
ENSMUST00000051126
ENSMUST00000149720
ENSMUST00000142284
ENSMUST00000004208
ENSMUST00000113297
ENSMUST00000209921
ENSMUST00000043011

ENSMUST00000115729
ENSMUST00000069293
ENSMUST00000125209
ENSMUST00000121114
ENSMUST00000173620
ENSMUST00000128814
ENSMUST00000147730
ENSMUST00000047322

ENSMUST00000033283

ENSMUST00000172747
ENSMUST00000092070
ENSMUST00000043098
ENSMUST00000023143
ENSMUST00000227835
ENSMUST00000048923
ENSMUST00000085079
ENSMUST00000061923
ENSMUST00000067925
ENSMUST00000103064
ENSMUST00000021179
ENSMUST00000021592
ENSMUST00000182199
ENSMUST00000022613
ENSMUST00000084141

230257
241230
217682
192236
67121
67073
225997
18400
16398

12795
225182
434166

20133

100503799
212555

16774

13197

56722

100038614
101809
217843
212108

97165

71795
327956
217946

71988
75424

Ptbp3
St8sia6
Plekhd1
Hps1
Mast!
Pidk2b
Tromé
Slc22a18
Itga2
B3galntl
5033406009Rik
2Zwint
Oip5
Bcl6b
Col14a1
Gimaps
Foxm1
Casp7
Mfsd13a
Sez6
Ddx60
Pcdhb10
Tor2a
Arhgap18
Angpti2
sytla
Gm8036
Gaskla
8030453022Rik
Ypell
Dnah7b
Mctpl
Slc43a1
A930009A15Rik
Sh3yl1
Plk3
Rbbp8
Gm5589
Rrm1
Gm7931
Pglc2
Lama3
Gadd4sa
Litaf
Gm10791
Spred3
Unc79
Rin3
Hmgb2
Pitpncl
Vmol
Cdca7l
Osbpl10
Esco2
Zfpa20

polypyrimidine tract binding protein 3 1,43604248 0,52209843 0,00150649
ST8 alpha-N-acetyl alpha-2,8-sialyltr 6 1, 0,52140149 0,
pleckstrin homology domain containing, family D (with coiled-coil 1 1,43411485 0,52016057 0,00169532
HPS1, biogenesis of lysosomal organelles complex 3 subunit 1 1,43358801 0,51963047 0,00109531
i iated seri ine ki lik 1,43307758 0,51911672 0,00254946
phosphatidylinositol 4-kinase type 2 beta 1,43280174 0,51883899 0,00066886
transient receptor potential cation channel, subfamily M, member 1,43258755 0,51862331 0,00117676
solute carrier family 22 (organic cation transporter), member 18~ 1,43206225 0,5180942  0,00154189
integrin alpha 2 1,43084884 0,51687127 0,00255227
UDP-GalNAc:| Acbeta 1,3-gal ansferase, poly| 1,42989169 0,51590587 0,0016939
RIKEN cDNA 5033406009 gene 1,42932452 0,51533351 0,00015278
ZW10 interactor 1,42813931 0,51413671 0,00022144
Opa interacting protein 5 1,42726446 0,51325268 0,00062499
B cell CLL/lymphoma 6, member B 142677226 0,51275508 0,00209012
collagen, type XIV, alpha 1 1,42624337 0,51222018 0,0022131
GTPase, IMAP family member 5 1,42598036 0,51195411 0,00258207
forkhead box M1 1,42508713 0,51105013 0,00048151
caspase 7 1,42335171 0,5092922 0,00110298
major facilitator superfamily domain containing 13a 1,42275465 0,50868689 0,00221981
seizurerelated gene 6 1,42254172 0,50847096 0,00095786
DEXD/H box helicase 60 1,41804029 0,50389852 0,00154272
protocadherin beta 10 1,41548857 0,5013001 0,00057476
torsin family 2, member A 1,40990318 0,49559609 0,00189013
Rho GTPase activating protein 18 1,4095812 0,49526659 0,00166224
angiopoietin-like 2 1,40913164 0,49480639 0,00175706
synaptotagmin-like 4 1,40891236 0,49458187 0,00039646
predicted gene 8096 1,40852878 0,494183905 0,00084002
golgi associated kinase 1A 1,4079261 0,49357161 0,00205208
RIKEN cDNA 8030453022 gene 1,40627268 0,49187636 0,00200973
yippee like 1 1,40516247 0,49073695 0,00019137
dynein, axonemal, heavy chain 78 1,40498245 0,49055211 0,00227677
multiple C2 domains, transmembrane 1 1,40372411 0,48925941  0,000702
solute carrier family 43, member 1 1,401881  0,48736389 0,00183812
RIKEN cDNA A930009A15 gene 1,40050645 0,48594863 0,00146813
Sh3 domain YSC-like 1 1,39924183 0,48464533 0,00185496
polo-like kinase 3 1,39778337 0,48314079 0,00042336
retinoblastoma binding protein 8, endonuclease 1,39595968 0,48125727 0,00106248
predicted gene 5589 1,3955417 0,48082523 0,00048346
ribonucleotide reductase M1 1,39545918 0,48073993 0,00159354
predicted pseudogene 7931 1,39540452 0,48068341 0,00240411
PQloop repeat containing 2 1,39509374 0,48036206 0,00057748
laminin, alpha 3 1,39342836 0,47863884 0,00195671
growth arrest and DNA-damage-inducible 45 alpha 1,39170383 0,47685222 0,00216265
LPS-induced TN factor 1,38752338 0,47251208 0,00156037
predicted gene 10791 1,38730532 0,47228533 0,00254747
sprouty-related, EVH1 domain containing 3 1,38367702 0,46850722 0,00078194
unc-79 homolog 1,38282955 0,46762334 0,0023129
relaxin 3 1,38193669 0,46669153 0,00136276
high mobility group box 2 1,38186505 0,46661673 0,00221872
phosphatidylinositol transfer protein, cytoplasmic 1 1,38150715 0,46624303 0,00160168
vitelline membrane outer layer 1 homolog (chicken) 1,38134366 0,46607229 0,00088153
cell division cycle associated 7 like 1,37992408 0,4645889 0,00072157
oxysterol binding protein-like 10 1,37824766 0,46283515 0,00116887
establishment of sister chromatid cohesion N-acetyltransferase2  1,37784366 0,4624122 0,00126981
zinc finger protein 820 1,37606767 0,46055142 0,00071599

0,04189237
0,04964134
0,0434933
0,03828637
0,04970107
0,03555961
0,03904427
0,04228695
0,04970258
0,0434933
0,03291643
0,03291643
0,03546117
0,04671098
0,04740503
0,04989265
0,03469594
0,03830608
0,04740503
0,03725879
0,04228695
0,03507191
0,04519944
0,04319932
0,04380084
0,03373901
0,03629498
0,04655586
0,0463625
0,03291643
0,04762875
0,03558895
0,044633
0,04166534
0,04491004
0,03391783
0,03818548
0,03469594
0,04267063
0,04852362
0,03507191
0,04591716
0,04740503
0,04239131
0,04970107
0,03629498
0,04795298
0,04046247
0,04740503
0,04267063
0,03654939
0,03593548
0,03904427
0,03970879
0,03592056




A_52_p139788
A_52_P505192
A_51_pag7718
A_S2_P231292
A_51_P320105
A_55_P2021841
A_55_P2183433
A_51_P242201
A_52_P654043
A_51_P272283
A_S5_P2022895
A_52_P574697
A_51_P208145
A_55_P2115507
A_55_P2080870
A_51_P101137
A_52_P649296
A_S1_P208121
A_55_P1960311
A_66_P122362
A_52_pass612
A_51_P405227
A_52_P681310
A_51_P229925
A_S1_P392244
A_52_Passas
A_55_P2096370
A_55_P2128869
A_55_P2145617
A_S55_P2004427
A_52_P147666
A_S5_P2181888
A_55_P1958480
A_52_P189984
A_55_P2101088
A_51_P479434
A_S5_P1954998
A_65_P15689
A_S55_P2196442
A_55_P2175615
A_55_P1966438
A_51_P135654
A_S5_P2124097
A_S5_P2125791
A_52_P278154
A_S55_P2037425
A_51_P464981
A_52_P1068723
A_51_P333111
A_S2_P78373
A_52_P347942
A_52_P592909
A_S55_P1956223
A_55_P2001589
A_51_P148675

AK020115
NM_010947
NM_010093
NM_010008
NM_026796
NM_007590
NM_029494
NM_025972
NM_144898
NM_181588
NM_134251
NM_011317
NM_021882
NM_152922
NM_133978
NM_146025
NM_010937
NM_182782
NM_027109
NM_145954
NM_027060
NM_026012
NM_011113
NM_021715
NM_029878
NM_026259
ENSMUST00000181¢
NM_026439
NM_028770
NM_133694
NM_023214
NM_001290706
XM_006518205
NM_172528
NM_146198

NM_008183
NM_010124
NR_023357
XR_375774
NM_027236
NM_008084
NM_025735
NM_001081371
NM_009676
NM_011366
NM_146472
NM_026384
NM_001271496
NM_178741
NM_010017

ENSMUST00000107178
ENSMUST00000024931
ENSMUST00000102948
ENSMUST00000030303
ENSMUST00000027897
ENSMUST00000019514
ENSMUST00000107180
ENSMUST00000159345
ENSMUST00000147828
ENSMUST00000070918
ENSMUST00000121925
ENSMUST00000066257
ENSMUST00000054125
ENSMUST00000097345
ENSMUST00000035009
ENSMUST00000055947
ENSMUST00000029445
ENSMUST00000206019
ENSMUST00000075821
ENSMUST00000007977
ENSMUST00000168787
ENSMUST00000035069
ENSMUST00000002284
ENSMUST00000044138
ENSMUST00000155666
ENSMUST00000096386
ENSMUST00000181994
ENSMUST00000061050
ENSMUST00000077196
ENSMUST00000177667
ENSMUST00000067485
ENSMUST00000106064

ENSMUST00000183734
ENSMUST00000033035
ENSMUST00000140067
ENSMUST00000073724
ENSMUST00000169611
ENSMUST00000123377
ENSMUST00000029446
ENSMUST00000012348
ENSMUST00000020288

ENSMUST00000025759
ENSMUST00000118875
ENSMUST00000154596
ENSMUST00000041772
ENSMUST00000001027
ENSMUST00000022682
ENSMUST00000060434
ENSMUST00000033001
ENSMUST00000025760
ENSMUST00000131843
ENSMUST00000171412

Adamtsl1 ADAMTS-like 1
Ntn3 netrin 3
E2f3 E2F transcription factor 3
Cyp2j6 cytochrome P450, family 2, subfamily j, polypeptide 6
Smyd2 SET and MYND domain containing 2
Calm3 calmodulin 3
Rab30 RAB30, member RAS oncogene family
Naaa N-acylethanolamine acid amidase
Mstol misato 1, mitochondrial distribution and morphology regulator
Cmbl carl i ik
Slc12a8 solute carrier family 12 (potassium/chloride transporters), membe
Khdrbs1 KH domain containing, RNA binding, signal transduction associatec
Pmel premelanosome protein
Egfis EGF-like domain 8
cmtm7 CKLF-like MARVEL transmembrane domain containing 7
Samd14 sterile alpha motif domain containing 14
Nras neuroblastoma ras oncogene
Kihi25 kelch-like 25
Dnaselll deoxyribonuclease 1-like 1
Aldh16al aldehyde dehydrogenase 16 family, member A1
Btbd9 BTB (POZ) domain containing 9
Nradd neurotrophin receptor associated death domain
Plaur plasminogen activator, urokinase receptor
Chst7 carbohydrate (N- i 7
Tbed tubulin-specific chaperone d
Rnf41 ring finger protein 41
Plcel phospholipase C, epsilon 1
Ccdc80 coiled-coil domain containing 80
Krt80 keratin 80
Fbxl15 F-box and leucine-rich repeat protein 15
Slc30a7 solute carrier family 30 (zinc transporter), member 7
Tmem54 transmembrane protein 54
Gm3239 predicted gene 3239
Lrrcl leucine rich repeat containing 1
Slc5a11 solute carrier family 5 (sodium/glucose cotransporter), member 11
Rfc3 replication factor C (activator 1) 3
Phf1 PHD finger protein 1
Mut methylmalonyl-Coenzyme A mutase
4930533B01Rik RIKEN cDNA 4930533801 gene
Csdel cold shock domain containing E1, RNA binding
Gstm2 glutathione S-transferase, mu 2
Eifdebp2 eukaryotic translation initiation factor 4E binding protein 2
Gm6981 predicted pseudogene 6981
Gm3740 predicted gene 3740
Eiflad eukaryotic translation initiation factor 1A domain containing
Gapdh glyceraldehyde-3. ydrogs
p1l protein 1 light chain 3 alpha
Dmxl1 Dmx-like 1
Aox1 aldehyde oxidase 1
Sorbs3 sorbin and SH3 domain containing 3
Olfr1384 olfactory receptor 1384
Dgat2 diacylglycerol O-acyltransferase 2
Chka choline kinase alpha
Kihig kelch-like 8
Dag1 dystroglycan 1

131037538
1,3101269
1,30740131
1,30535744
1,30405979
1,30395203
1,30234659
1,3016499
1,30136446
1,30081609
1,29783968
1,29717084
1,29669225
1,29618623
1,29607436
1,29446401
1,29423736
1,29123575
1,29008053
1,28965714
1,28962245
1,28223242
1,28188583
1,28091026
1,27929585
1,27830904
1,27567678
1,27270635
1,27236752
1,27149627
1,26862098
1,26792293
1,26580624
1,25986426
1,24219142
1,2341947
-1,24004337
-1,25609995
-1,25628938
-1,25718228
-1,26021043
-1,26398039
-1,26657012
-1,26793133
-1,26845696
-1,26924888
-1,26925939
-1,27256305
-1,27317131
-1,28079298
-1,28181771
-1,28412515
-1,29008614
-1,29285903
-1,29326072

0,38998015
0,38970656
0,38670205
0,38444491
0,38301002
0,3828908
0,38111344
0,38034146
0,38002506
0,37941701
0,37611218
0,3753685
0,37483612
0,37427301
0,37414849
0,37235486
0,37210223
0,36875243
0,36746113
0,36698757
0,36694877
0,35865779
0,35826778
0,3571694
0,35534994
0,35423666
0,35126284
0,34789959
0,34751545
0,34652723
0,3432611
0,34246706
0,34005658
0,3332683
0,3128875
0,30357
-0,31039058
-0,32895127
-0,32916882
-0,33019385
-0,33366465
0,33797408
-0,34092695
-0,34247662
-0,34307457
-0,34397498
-0,34398693
0,34773714
-0,34842656
0,35703731
0,35819111
-0,36078581
0,3674674
-0,37056498
0,37101315

0,00163366
0,00251144
0,00089335
0,00054914
0,00169644
0,00134743
0,0014967
0,00213518
0,00111187
0,00200953
0,00152889
0,00246268
0,00258523
0,0022085
0,00234642
0,00218679
0,00162476
0,00097672
0,00194802
0,00167079
0,00214258
0,00233052
0,00145546
0,00241637
0,00226162
0,00246045
0,00219269
0,00256031
0,00226883
0,00168721
0,00213158
0,00200602
0,00139068
0,00245374
0,00247887
0,00248866
0,00204626
0,00210121
0,00243972
0,00157799
0,00239184
0,00220032
0,00181618
0,00227121
0,00227143
0,00182407
0,00094604
0,00218893
0,00259435
0,00072617
0,00188133
0,00206865
0,00223344
0,002284
0,00126847

0,04294518
0,04943016
0,03656038
0,03476444
0,0434933
0,04041344
0,04188934
0,04731067
0,03830608
0,0463625
0,04218368
0,04914129
0,04989265
0,04740503
0,04825583
0,04740503
0,04294518
0,03757388
0,04589615
0,04333476
0,0473211
0,04805255
0,04160232
0,04866626
0,0475368
0,04914129
0,04740503
0,0497393
0,04759365
0,04345841
0,04728457
0,0463625
0,04077792
0,04908868
0,04923726
0,04932867
0,04655586
0,04687799
0,0489381
0,0424553
0,04851956
0,04740503
0,04447998
0,04759365
0,04759365
0,04447998
0,03704536
0,04740503
0,04997561
0,03593548
0,04514203
0,0465836
0,04740503
0,04775425
0,03970879
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A_55_P2137001
A_52_P141687
A_52_P610808
A_51_P101006
A_55_P2181655
A_55_P2066299
A_52_P144297
A_55_P2275817
A_51_P366161
A_51_P351970
A_S55_P2005470
A_51_P137111
A_55_P2331804
A_55_P2051199
A_51_P453519
A_52_P529195
A_66_P121285
A_S55_P2056120
A_55_P2012799
A_51_P234847
A_51_P371051
A_55_P2007001
A_55_P1952269
A_S55_P1984837
A_S55_P2094474
A_52_P235347
A_55_P1990235
A_55_P2002642
A_51_P386562
A_51_P430423
A_55_P2102533
A_55_P2109057
A_66_P131406
A_51_P378934
A_55_P2044439
A_51_P148060
A_55_P2036337
A_51_P310649
A_55_P2042743
A_52_P644114
A_52_P127362
A_55_P2045549
A_66_P107231
A_51_P501897
A_55_P2086094
A_66_P115034
A_55_P2044627
A_51_P374869
A_55_P2048518
A_55_P2048478
A_55_P2173702
A_52_P235278
A_55_P1959218
A_52_P117576
|A_55_P1991500

NM_001044380 ENSMUST00000021685
NM_134438 ENSMUST00000027682
NM_001001333 ENSMUST00000124925
NM_001033874 ENSMUST00000074156
NM_( ENSML

NM_031999 ENSMUST00000021738
NM_198617 ENSMUST00000099194
XR_385827

NM_010822 ENSMUST00000142964
NM_008234 ENSMUST00000025965
NM_029568 ENSMUST00000126308
NM_016681 ENSMUST00000066160
NR_102381 ENSMUST00000223443
NR_046046 ENSMUST00000126679
NM_023740 ENSMUST00000026154
NM_053129 ENSMUST00000056712
NM_173396 ENSMUST00000081335
NM_001093775 ENSMUST00000049784
NM_133641 ENSMUST00000065512
NM_027035 ENSMUST00000022007
NM_028608 ENSMUST00000162508
NM_023465 ENSMUST00000105692
NM_145828 ENSMUST00000116349
ENSMUST000001508 ENSMUST00000150841
NR_110572 ENSMUST00000127150
NM_020013 ENSMUST00000033099
NM_021328 ENSMUST00000022680
NM_181816 ENSMUST00000115593
NM_010095 ENSMUST00000022637
NM_007398 ENSMUST00000017841
NM_025799 ENSMUST00000121465
NM_177354 ENSMUST00000021681
AK084985

NM_025977 ENSMUST00000170304
NM_008595 ENSMUST00000018313
NM_011197 ENSMUST00000102694
NM_010508 ENSMUST00000023689
NM_009713 ENSMUST00000023292
NM_008132 ENSMUST00000067625
NM_028481 ENSMUST00000047677
NM_029478 ENSMUST00000018315
NM_172920 ENSMUST00000115277
NM_001164311 ENSMUST00000026190
NM_001042502 ENSMUST00000042587
NM_028662 ENSMUST00000041353
NM_026279 ENSMUST00000139876
NM_029145 ENSMUST00000022424
NM_013850 ENSMUST00000171637
NM_009569 ENSMUST00000054052
NM_172907 ENSMUST00000120990
NM_026598 ENSMUST00000022494
NM_153556 ENSMUST00000027267
NM_001137547 ENSMUST00000095755
NM_009810 ENSMUST00000093517
NM_175360 ENSMUST00000182873

214305
171469
238023
68870
319939
83924
241732
320021
268395
15201
76293
50883
104932
672763
74168

635253

108689

Hhipl1
Gpr37I1
Hexdc
Ak8
Tns3
Gpr137b
Tspyl3
C430042M11Rik
Mpg
Hells
Mfap4
Chek2
AU015791
Gm13710
Zdhhc16
Pcdhb4
Tgif2
Myt
Rtkn
1700001L19Rik
Gliprl
Ctnnbip1
Xylt2
Polr2i
Zeb2os
Fgf21
Bin3
Deupl
Ebf2
Ada
Fuca2
Vash1
Gm10099
Ccdc159
Mfng
Ptgfm
Ifnarl
Arsa
Glrp1
Cedc18
Vmp1
Dpy19l1
Loxl4
Pitx2
Slc35b2
Bend5
Rnase10
Abca7
Zfpmi1
olfmi1
Ebpl
Pms1
Usp51
Casp3
Stnl

hedgehog interacting protein-like 1

G protein-coupled receptor 37-like 1
hexosaminidase (glycosyl hydrolase family 20, catalytic domain) cc
adenylate kinase 8

tensin 3

G protein-coupled receptor 1378
TSPY-like 3

RIKEN cDNA C430042M11 gene
N-methylpurine-DNA glycosylase
helicase, lymphoid specific
microfibrillar-associated protein 4
checkpoint kinase 2

expressed sequence AU015791
predicted gene 13710

zinc finger, DHHC domain containing 16
protocadherin beta4

TGFB-induced factor homeobox 2
myelin transcription factor 1-like
rhotekin

RIKEN cDNA 1700001119 gene

GLI pathogenesis-related 1 (glioma)
catenin beta interacting protein 1
xylosyltransferase II

polymerase (RNA) Il (DNA directed) polypeptide |
zinc finger E-box binding homeobox 2, opposite strand
fibroblast growth factor 21

bridging integrator 3

deuterosome assembly protein 1

early B cell factor 2

adenosine deaminase

fucosidase, alpha-L- 2, plasma

vasohibin 1

predicted gene 10099

coiled-coil domain containing 159

MFNG O-fucosylpeptide 3-beta-N-acetylgl ansferase

prostaglandin F2 receptor negative regulator
interferon (alpha and beta) receptor 1

arylsulfatase A

glutamine repeat protein 1

coiled-coil domain containing 18

vacuole membrane protein 1

dpy-19-like 1 (C. elegans)

lysyl oxidase-like 4

paired-like homeodomain transcription factor 2
solute carrier family 35, member B2

BEN domain containing 5

ribonuclease, RNase A family, 10 (non-active)
ATP-binding cassette, sub-family A (ABC1), member 7
zinc finger protein, multitype 1

olfactomedin-like 1

emopamil binding protein-like

PMS1 homolog 1, mismatch repair system component
ubiquitin specific protease 51

caspase 3

STN1, CST complex subunit

137585477
137362141
1,37083624
1,37024818
1,37024112
1,36994769
1,36930162
1,3688352
1,36801003
1,3670094
1,36585035
1,36400078
1,36299642
1,36277549
1,3627202
1,35970262
1,35915898
1,35739029
1,35563185
1,35359708
1,35312189
1,35286692
1,35155124
135141774
135052213
1,3497818
1,34965803
1,34941288
1,34909693
1,34696563
1,34637113
134334443
1,34057984
133882464
1,3371583
1,33705149
1,33596932
1,33590472
1,33314667
1,32851841
132785336
1,32727646
1,32686438
1,32558523
1,3241746
1,3212619
1,31985911
1,3165741
1,31573996
1,31571891
1,31568257
1,31396509
131226112
1,31211546
1,3104773

0,4603282
0,45798443
0,45505624
0,45443722
0,45442979
0,45412081
0,45344026
0,45294876
0,45207881
0,45102316
0,44979942
0,44784447
0,44678178
0,44654791
0,44648937
0,44329116
0,44271422
0,4408356
0,43896544
0,43679836
0,4362918
0,43601993
0,43461621
0,4344737
0,43351728
0,43272621
0,43259391
0,43233184
0,43199401
0,42971304
0,42907615
0,42582926
0,42285714
0,42096701
0,41917026
0,41905502
0,41788688
0,41781711
0,41483551
0,40981821
0,40909583
0,4084689
0,40802092
0,40662943
0,40509336
0,40191646
0,40038393
0,39678872
0,39587438
0,39585131
0,39581146
0,39392694
0,39205482
0,39189468
0,39009236

0,00081051
0,00253498
0,00205093
0,0023623

0,00066598
0,00099066
0,00085864
0,00223393
0,00100753
0,00154401
0,00137038
0,00130615
0,00155792
0,00162769
0,00128285
0,00256213
0,00178799
0,00191871
0,00182235
0,00078935
0,0017751

0,00229606
0,0010163

0,00165236
0,00202806
0,00256866
0,00171524
0,00188415
0,00047878
0,00189251
0,00043865
0,00177556
0,00104074

0,002589

0,00083028
0,00110769
0,00202894
0,00061366
0,00138072
0,00063352
0,00116543
0,00177509
0,00203087
0,00067196
0,00247152
0,0012755

0,00124278
0,00163147
0,0012884

0,00103437
0,00176704
0,00231409
0,00239476
0,00149567
0,00132807

0,03629498
0,04970107
0,04655586
0,0482972
0,03555961
0,03799738
0,03629498
0,04740503
0,03808028
0,04228695
0,04050525
0,04002652
0,04238381
0,04294518
0,03979485
0,04974876
0,04408364
0,04554709
0,04447998
0,03629498
0,04399008
0,04782329
0,03808028
0,04305746
0,0464094
0,04980172
0,04370748
0,04514203
0,03469594
0,04522863
0,03393479
0,04399008
0,03812918
0,04992201
0,03629498
0,03830608
0,0464094
0,0352913
0,04068336
0,03546117
0,03904427
0,04399008
0,04641055
0,03555961
0,04921934
0,03970879
0,0394317
0,04294518
0,03982756
0,03812918
0,04387286
0,04795298
0,04851956
0,04188934
0,04018556
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A_55_P1957954
A_55_P2043287
A_S5_P2015520
A_S5_P1986567
A_S5_P2177911
A_52_P400677
A_51_Pa43s72
A_S5_P2180854
A_55_P2026400
A_S5_P1959648
A_65_P13547
A_S5_P1990919
A_51_P519648
A_51_P179131
A_52_P217240
A_51_Pa41387
A_S5_P2021014
A_S5_P2008996
A_S5_P2177944
A_S51_P167513
A_S5_P2053943
A_S5_P2033250
A_S5_P2247789
A_52_P88793
A_S5_P2319370
A_55_P1998561
A_S5_P2107362
A_52_P662098
A_S5_P1992781
A_66_P126640
A_S5_P2116647
A_52_P407022
A_S5_P2072543
A_51_P262721
A_55_P2094602
A_55_P1957835
A_S5_P2449750
A_S5_P2043762
A_66_P136801
A_51_P312846
A_66_P108770
A_51_P454691
A_S5_P2110738
A_51_P506045
A_S5_P2137476
A_66_P120507
A_S5_P2367117
A_51_P192162
A_S5_P2051696
A_66_P101646
A_52_P257426
A_S5_P2050628
A_52_P239292
A_55_P2091350
A_66_P135179

NM_009105 ENSMUST00000028059
NM_010347 ENSMUST00000002518
NM_133942 ENSMUST00000048180
NM_001205034 ENSMUST00000178581
NM_010704 ENSMUST00000151733
NM_134067 ENSMUST00000038690
NM_148673 ENSMUST00000020681
NM_203492 ENSMUST00000058092
NM_009795 ENSMUST00000001845
NM_008305 ENSMUST00000155648
NM_010593 ENSMUST00000107403
NM_013759 ENSMUST00000115262
NM_153396 ENSMUST00000077159
NM_009499 ENSMUST00000032561
NM_028292 ENSMUST00000032963
NM_177645 ENSMUST00000068168
NM_207278 ENSMUST00000062623
AK164250

ENSMUST( ENSMUST

NM_027203 ENSMUST00000019878
NM_146534 ENSMUST00000055298
NM_010191 ENSMUST00000054963
NR_046011 ENSMUST00000205370
NM_198619 ENSMUST00000105718
NM_031256 ENSMUST00000111920
NR_045392

NM_008122 ENSMUST00000107075
NM_019671 ENSMUST00000091853
XM_006509527

NM_007592 ENSMUST00000066674
NM_001080774 ENSMUST00000151174
NM_177411 ENSMUST00000000727
NM_009188 ENSMUST00000004494
NR_038126 ENSMUST00000143813
NM_001033439 ENSMUST00000088970
NM_001290826 ENSMUST00000079754
NM_001100116 ENSMUST00000177768
NM_026366 ENSMUST00000054442
NR_002864 ENSMUST00000202826
NM_023605 ENSMUST00000001402
NM_024188 ENSMUST00000110690
NM_175128 ENSMUST00000054471
NM_013917 ENSMUST00000020685
NM_176073 ENSMUST00000042167
NM_008622 ENSMUST00000114631
NM_152813 ENSMUST00000103077
NM_019640 ENSMUST00000086635
NM_172493 ENSMUST00000167619
NM_008783 ENSMUST00000072863
ENSMUST 4 ENSMU! 402
NM_133191 ENSMUST00000140025
NM_201640 ENSMUST00000030480
NM_133818 ENSMUST00000010434

ENSMUST00000084C  ENSMUST00000084013
ENSMUST000001083 ENSMUST00000108344

20163
14797
101476
100503388
16847
105351
193116
381974
12336
15530
16480
27361
194401
22323
72590
68691
403175
100125977
66320
69757
258527
14137
78108
242747
83435
100039043
14615
56349
102636193
12319
17913

TLE family member S, transcriptional modulator

>

logy domain ing, family A

AW209491
SLU7 splicing factor homolog (S. cerevisiae)

perlecan (heparan sulfate proteoglycan 2)

methionine sulfoxide reductase B1

imulated otein
protein phosphatase methylesterase 1
KAT8 regulatory NSL complex subunit 1-like
tigger transposable element derived 4

leukocyte receptor cluster (LRC) member 1

farnesyl diphosphate famesyl transferase 1

calponin and LIM domain

promoter of Mat2a antisense radiation induced circulating long no

pleckstrin h: logy d g, family A (phosph:

neuroepithelial cell transforming gene 1

RABSB, member RAS oncogene family
transcriptional regulator, SIN3B (yeast)

leucine-rich repeats and calponin homology (CH) domain containin

cytoplasmic polyadenylation element binding protein 3
family with sequence similarity 177 member A2
ific DNA meth 1 (putative)

pituitary tumor-transforming gene 1
MpV17 mitochondrial inner membrane protein

phosphatidylinositol transfer protein, beta
diaphanous homolog 2 (Drosophila)

cytochrome P450, family 4, subfamily a, polypeptide 31

Rsul Ras suppressor protein 1

Tles

Plekhal pleckstrin h

Gm19668 predicted gene, 19668

Lepr leptin receptor

Slu7

Mrgprg MAS-related GPR, member G
Capns1 calpain, small subunit 1

Hspg2

Jup junction plakoglobin

Msrb1

Mical3

Vasp

Ppmel

Kansl1l

Tigd4

Gm10034 predicted gene 10034
Tmem208 transmembrane protein 208
Lengl

Olfr1368 olfactory receptor 1368

Fdft1

Particl

Zfp933 zinc finger protein 933
Plekha3 y

Gm10731 predicted gene 10731

Gjel gap junction protein, gamma 1
Net1

Gm33328 predicted gene, 33328

Car8 carbonicanhydrase 8

Myolc myosin IC

Rabsb

Sin3b

0610009L18Rik RIKEN cDNA 0610009118 gene
Lrchl

Cpeb3

Fam177a2v

Néamt1 N-6 adenine-spe

Peg13 paternally expressed 13

Fbxo9 f-box protein 9

Oxctl 3-oxoacid CoA transferase 1
4930430F08Rik RIKEN cDNA 4930430F08 gene
Pttgl

Cpq carboxypeptidase Q

Mpvi7

Plcd3 phospholipase C, delta 3
Pitpnb

Diaph2

Pbx1 pre B cell leukemia homeobox 1
cox1 cytochrome c oxidase subunit |
Eps8I2 EPS8-like 2

Cyp4a3l

Al597479 expressed sequence AI597479
ND4L NADH dehydrogenase subunit 4L
Akt2

thymoma viral proto-oncogene 2

-1,29401495
-1,29837789
-1,299851
-1,30125461
-1,30277018
-1,30366283
-1,30484507
-1,30748182
-1,30836475
-1,30845067
-1,30846962
-1,31044031
-1,31449115
-1,315503
-1,32048637
-1,32082865
-1,32096118
-1,32351842
-1,32692745
-1,32699508
-1,32946248
-1,33168171
-1,3330729
-1,33553593
-1,3362609
-1,33749891
-1,33776561
-1,33907595
-1,3454881
-1,34772257
-1,34993023
-1,35026085
-1,35347785
-1,35360445
-1,35388095
-1,35389009
-1,35404837
-1,35894753
-1,35948318
-1,36080269
-1,36114437
-1,36478106
-1,36508882
-1,36625292
-1,36675364
-1,36729234
-1,36946635
-1,37047155
-1,37067029
-1,3736232
-1,37404946
-1,3755332
-1,37576688
-1,37994606
-1,38224676

0,37185428
0,37671034
-0,37834626
-0,37990328
0,3815826
-0,38257079
-0,38387852
-0,38679089
0,3877648
-0,38785954
-0,38788042
0,39005164
-0,39450443
0,39561454
0,40106941
-0,40144332
-0,40158807
-0,40437827
-0,4080895
-0,40816302
0,41084306
0,4132493
0,41475567
0,41741879
0,41820172
0,41953772
0,41982536
0,42123779
0,42812963
-0,43052355
0,43288484
-0,43323814
0,43667128
-0,43680622
-0,43710089
0,43711063
0,43727927
-0,44248976
-0,44305831
0,4444579
-0,4448201
-0,44866953
-0,44899483
0,45022457
0,45075322
0,45132174
-0,45361381
0,45467238
0,45488157
0,45798631
-0,45843393
0,45999096
-0,46023603
0,46461188
0,46701519

0,00157327
0,00223429
0,00215079
0,00108658
0,00161396
0,0025862
0,0025169
0,00250512
0,00122115
0,00130677
0,00186462
0,00224395
0,00107517
0,00152862
0,00195924
0,0016657
0,00208653
0,00257051
0,00140652
0,00246224
0,00193048
0,00087657
0,00206939
0,00207203
0,00214781
0,00107947
0,00221292
0,0024435
0,0017423
0,00257097
0,0006775
0,00204763
0,00061643
0,00198237
0,00142027
0,00237493
0,00153799
0,00114955
0,0015474
0,00239144
0,0023583
0,00193382
0,00201209
0,00240016
0,00162393
0,00243406
0,00026777
0,00082506
0,00032232
0,00047126
0,00174732
0,00134309
0,00131818
0,00067424
0,00075455

0,04242288
0,04740503
0,04733317
0,03828376
0,04282509
0,04989265
0,04951257
0,04938663
0,03914579
0,04002652
0,04498682
0,04748532
0,03823006
0,04218368
0,04592118
0,04326043
0,04671098
0,04980172
0,04092507
0,04914129
0,04564964
0,03654939
0,0465836
0,0465836
0,0473211
0,03826064
0,04740503
0,04895927
0,04380084
0,04980172
0,03555961
0,04655586
0,0352913
0,04609624
0,04104857
0,04844509
0,04228489
0,03878076
0,04230471
0,04851956
0,0482972
0,04565538
0,0463625
0,04852362
0,04294518
0,04887083
0,03315398
0,03629498
0,03315398
0,03469594
0,04380084
0,04031445
0,04018556
0,03555961
0,03604365
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A_51_P269634
A_55_P1954555
A_51_P320022
A_52_P321318
A_S5_P1954365
A_S1_P166023
A_S52_P339742
A_S5_P2005025
A_52_P169181
A_S5_P2172747
A_S5_P2016691
A_S5_P2228122
A_S5_P2105271
A_51_P245525
A_51_P520936
A_52_P686091
A_52_P516034
A_S5_P2074536
A_S5_P2055975
A_S5_P2065231
A_S5_P1956087
A_51_P319879
A_51_P315595
A_51_P463860
A_52_P407280
A_S5_P2099650
A_52_P590661
A_S5_P2137937
A_52_P60303
A_S5_P2030627
A_S1_P314186
A_52_P650180
A_51_P357085
A_51_P440047
A_51_P271984
A_S5_P1974612
A_S5_P1988970
A_S5_P1965772
A_51_P366138
A_66_P115580
A_52_P667477
A_S52_Pas51574
A_52_P451378
A_S5_P2149931
A_S5_P2030560
A_51_Pa37a7s
A_S5_P2103206
A_S5_P1977583
A_52_P581435
A_S5_P2033500
A_S5_P2050192
A_S1_Pa43403
A_51_P389004
A_51_P191520
A_51_P281380

NM_011748 ENSMUST00000207873
XR_383945

NM_009728 ENSMUST00000168747
ENSML 4 ENSMUST 408
NM_001267622 ENSMUST00000040111
NM_146001 ENSMUST00000060311
NM_029787 ENSMUST00000162834
NM_020007 ENSMUST00000099087
NM_177047 ENSMUST00000182974
NM_001285920 ENSMUST00000030884
XR_373459

BC024137

NM_001114088 ENSMUST00000046246
ENSMUST000000824 ENSMUST00000082414
NM_013867 ENSMUST00000029766
NM_011078 ENSMUST00000035540
NM_011200 ENSMUST00000027232
NM_011151 ENSMUST00000112304
NM_178795 ENSMUST00000110626
NM_010359 ENSMUST00000004136
NM_001081387 ENSMUST00000179693
NM_007382 ENSMUST00000072697
ENSMUST000000824 ENSMUST00000082421
NM_172581 ENSMUST00000021659
NM_001285435 ENSMUST00000137576
NM_053195 ENSMUST00000110007
NM_007908 ENSMUSTO0000047875
NM_052992 ENSMUST00000039909
NM_001033455 ENSMUST00000047207
NM_001081227 ENSMUST00000136521
NM_001079686 ENSMUST00000095899
NM_145469 ENSMUST00000040791
NM_011722 ENSMUST00000131839
NM_173752 ENSMUST00000047028
NM_144936 ENSMUST00000048050
NM_001112731 ENSMUST00000120004
NM_001286981 ENSMUST00000110089
NM_001163337 ENSMUST00000163326
NM_008587 ENSMUST00000140221
AKO76360

NM_148925 ENSMUST00000084715
NM_011273 ENSMUST00000027741
NM_023053 ENSMUST00000024906
NM_178407 ENSMUST00000076623
NM_001085549 ENSMUST00000094894
NM_152814 ENSMUST00000088785
NM_008748 ENSMUST00000039926
NM_013469 ENSMUST00000133547
NM_008810 ENSMUST00000033662
NM_175641 ENSMUST00000108369
ENSML 4 ENSMUST 418
NM_022316 ENSMUST00000021564
NM_011891 ENSMUST00000077221
NM_019990 ENSMUST00000172630
NM_019571 ENSMUST00000142890

243906
102637894
11982
17705
209683
215114
109754
56758
319974
170731

Zfp14
Gm34590
Atp10a
ATP6
Ttc28
Hip1
Cybsr3
Mbnl1
Auts2
Mfn2
1700039101Rik
BC024137
Pdlim7
ND4
Bear3
Phf2
Ptpdal
Ppmi1b
PpipSk1
Gstm3
cedfl
Acadm
CcYT8
Fam161b
Adamtsl5
Slc24a3
Eef2k
Fxyd1
Cedc27
Stum
Synel
Nipal2
Dctn6
Lgals!
Tmem45b
Zfp607b
Mkks
Atp2a3
Mertk
1700038P13Rik
Fycol
Xpr1
Twsgl
Arap2
Trabd2b
2Zfps66
Dusp8
Anxall
Pdhal
Ltbp4
ND5
Smocl
Sgcd
Stard10
Tspan5

zinc finger protein 14

predicted gene, 34590

ATPase, classV, type 10A

ATP synthase FO subunit 6

tetratricopeptide repeat domain 28

huntingtin interacting protein 1

cytochrome b5 reductase 3

muscleblind like splicing factor 1

autism susceptibility candidate 2

mitofusin 2

RIKEN cDNA 1700039101 gene

cDNA sequence BC024137

PDZ and UM domain 7

NADH dehydrogenase subunit 4

breast cancer anti-estrogen resistance 3

PHD finger protein 2

protein tyrosine phosphatase 4a1

protein 18, betaisoform
diphosph itol kinase 1

glutathione S-transferase, mu 3
CCCTC-binding factor (zinc finger protein)-like
acyl-Coenzyme A dehydrogenase, medium chain
cytochrome b
family with sequence similarity 161, member B
ADAMTS-like 5
solute carrier family 24 | p
eukaryotic elongation factor-2 kinase
FXYD domain-containing ion transport regulator 1
coiled-coil domain containing 27
mechanosensory transduction mediator
spectrin repeat containing, nucear envelope 1
NIPA-like domain containing 2
dynactin 6
lectin, galactoside binding-like
transmembrane protein 45b
zinc finger protein 6078
McKusick-Kaufman syndrome
ATPase, Ca++ transporting, ubiquitous
c-mer proto-oncogene tyrosine kinase
RIKEN cDNA 1700038P13 gene
FYVE and coiled-coil domain containing 1
xenotropic and polytropic retrovirus receptor 1
twisted gastrulation homolog 1 (Drosophila)
ArfGAP with RhoGAP domain, ankyrin repeat and PH domain 2
TraB domain containing 2B
zinc finger protein 566
dual specificity phosphatase 8
annexin A1l
pyruvate dehydrogenase E1 alpha 1
latent transforming growth factor beta binding protein 4
NADH dehydrogenase subunit 5
SPARC related modular calcium binding 1
delta (dystrophi i glycoprotein)
START domain containing 10
tetraspanin 5

alcium

-1,43854758
-1,43982636
-1,44567634
-1,44582571
-1,44593059
-1,44700415
-1,45066144
-1,45076548
4,

-0,52461294
-0,52589484
-0,53174459
-0,53189366
-0,5319983
-0,53306906
-0,53671086
-0,53681432
-0,

0,00025429
0,00071284
0,00162923
0,00052578
0,00105246
0,00134149
0,00067774
0,00193241

-1,45443138
-1,45467882
-1,45625675
-1,45658167
-1,45694968
-1,45704437
-1,45726577
-1,45736854
-1,45761109
-1,46015438
-1,46060425
-1,46091363
-1,46153932
-1,46903875
-1,47046632
-1,47076781
-1,47096682
-1,47114897
-1,47124001
-1,47223176
-1,47241383
-1,47383504
-1,47561496
-1,4757318
-1,47602942
-1,47813302
-1,47933215
-1,48159271
-1,48160246
-1,4831385
-1,48394361
-1,48526837
-1,48581525
-1,48755116
-1,48761939
-1,48786652
-1,48971184
-1,49051518
-1,49314107
-1,49606635
-1,49622064
-1,4979084
-1,49795179
-1,49906502
-1,49979664
-1,50161562

-0,54045523
-0,54070065
0,54226474
0,5425866
0,54295105
-0,54304481
-0,54326401
-0,54336576
-0,54360585
-0,54612091
0,54656533
-0,54687088
0,54748864
0,55487245
0,55627374
0,55656951
0,55676471
0,55694334
0,55703262
-0,5580048
0,55818321
0,55957506
0,56131632
-0,56143055
0,56172148
0,56377611
0,56494601
0,5671489
0,56715839
-0,56865333
0,56943627
0,57072363
0,57125474
0,57293928
0,57300546
0,5732451
0,5750333
0,57581107
0,57835047
0,58117416
0,58132294
0,5829494
0,58299119
-0,58406296
-0,5847669
0,58651556

(X

0,00162767
0,00139393
0,00133953
0,00242176
0,00046649
0,00083343
0,00012089
0,00062741
0,0004049
0,00113083
0,00081127
0,00109351
0,00083931
0,00043727
0,00144514
0,00248183
0,00065367
0,0017335
0,00079734
0,00015086
0,00228891
0,00220301
0,00104592
0,00181194
0,00216362
0,00185868
0,00083543
0,00195269
0,00225099
0,00104652
0,00214493
0,0010425
0,00238551
0,00076868
0,00097391
0,00140653
0,00043397
0,00195026
0,00078248
0,00101612
0,00050383
0,00077021
0,00174713
0,00236526
0,00121119
0,0007118

0,03291643
0,03585477
0,04294518
0,03476444
0,03814748
0,04029753
0,03555961
0,04564964
0,03507191
0,04294518
0,04080226
0,04028731
0,04872435
0,03462675
0,03629498
0,03291643
0,03546117
0,03373901
0,03857573
0,03629498
0,03828376
0,03629498
0,03393479
0,04149019
0,04924582
0,03555961
0,04380084
0,03629498
0,03291643
0,04777999
0,04740503
0,03812918
0,04444355
0,04740503
0,04494434
0,03629498
0,04589987
0,04752342
0,03812918
0,0473211
0,03812918
0,04851956
0,03619952
0,03753982
0,04092507
0,03393479
0,04589615
0,03629498
0,03808028
0,03476444
0,03619952
0,04380084
0,0482972
0,03911544
0,03584877




A_S55_P2114427
A_S5_P2026738
A_55_P2065389
A_S5_P2088131
A_S5_P1999349
A_S5_P2052016
A_S5_P1967133
A_52_P229044
A_55_P2155016
A_55_P2060111
A_S51_P117618
A_S52_P436447
A_S1_P217382
A_S5_P2011031
A_55_P1964408
A_51_Pa57331
A_66_P121312
A_S5_P2425235
A_S55_P1991600
A_S5_P2361647
A_S2_P89567
A_55_P1976978
A_55_P1958537
A_S55_P2179106
A_51_P250058
A_S55_P2100025
A_S5_P2032258
A_S5_P2139473
A_55_P2044847
A_55_P2157048
A_51_P184969
A_52_P168338
A_55_P2064567
A_52_P307749
A_51_P481693
A_52_P109010
A_66_P113487
A_55_P2041961
A_55_P2026753
A_52_P202029
A_S5_P2302290
A_52_P200359
A_S5_P2044967
A_55_P1961913
A_55_P2076106
A_55_P1966332
A_51_P363905
A_S5_P2289819
A_S55_P1952182
A_S1_P464308
A_52_P57622
A_55_P2033720
A_55_P1986552
A_66_P105175
A_51_p487298

NM_009952
NM_009062
NM_001276361
NM_001008427
NM_027722
NM_030209
NM_177741
NM_011394
NM_001286663
ENSMUST000000824
NM_023154
NM_028048
NM_153103
NM_025876
NM_001289782
NM_016710
NM_001011529
AK051059
NM_001102455
NR_030700
NM_007483
NM_001081065
NM_001043355
NM_001081086
NM_010137
NM_001290436
NM_016861
NM_001161724
NM_175340
NM_027326
NM_021430
NM_026126
NM_001286040
NM_028756
NM_015774
NM_010434
NM_011862
NM_007553
NM_175446
NM_172406
AK054025
NM_080633
XM_006540384
NM_011224
NR_110776
NM_207229
NM_025877
NM_053094
NM_001104573
NM_013531
NM_198636
NM_001011861
NM_023061
NM_009738
NM_139307

ENSMUST00000049932
ENSMUST00000027991
ENSMUST00000114167
ENSMUST00000107992
ENSMUST00000020217
ENSMUST00000132583
ENSMUST00000070481
ENSMUST00000067786
ENSMUST00000114779
ENSMUST00000082407
ENSMUST00000077191
ENSMUST00000102606
ENSMUST00000094499
ENSMUST00000148289
ENSMUST00000034562
ENSMUST00000033597
ENSMUST00000099767

ENSMUST00000072634

ENSMUST00000067384
ENSMUST00000131496
ENSMUST00000107100
ENSMUST00000040915
ENSMUST00000024954
ENSMUST00000120809
ENSMUST00000068439
ENSMUST00000138150
ENSMUST00000052747
ENSMUST00000078090
ENSMUST00000062153
ENSMUST00000033541
ENSMUST00000025058
ENSMUST00000023344
ENSMUST00000022378
ENSMUST00000028600
ENSMUST00000056177
ENSMUST00000028836
ENSMUST00000064659
ENSMUST00000027186

ENSMUST00000023116

ENSMUST00000113483

ENSMUST00000184142
ENSMUST00000040280
ENSMUST00000032234
ENSMUST00000092491
ENSMUST00000184130
ENSMUST00000165067
ENSMUST00000081743
ENSMUST00000098852
ENSMUST00000029367
ENSMUST00000038770

Crebl
Rgs4
Camsap1
2Zfp975
Nudtd
Crispld2
Ppp1r3b
Slc20a2
Ssbp1
ATP8
Ethel
Slc25a35
Kiflc
CdkSrap1
Cryab
Hmgn5
Olfr1251

Aplp2
4831440E17Rik
Rhob

Zfp707

Map6

Ppig

Epasl

Zscan22

Pdlim1

Aco2
Zfp7a
Pygm
Ccdc169
Plac9a
Slc25a23
Cd163
Vmn2r1il
Gnb4
Acss3
0lfr331
Mcam
Bche
Vasn

CAMP responsive element binding protein 1
regulator of G-protein signaling 4
Imodulin reg spectrin- d protein 1
zinc finger protein 975
nudix (nucleoside diphosphate linked moiety X)-type motif 4
cysteine-rich secretory protein LCCL domain containing 2
protein phosphatase 1, regulatory (inhibitor) subunit 38
solute carrier family 20, member 2
single-stranded DNA binding protein 1
ATP synthase FO subunit 8
ethylmalonic encephalopathy 1
solute carrier family 25, member 35
kinesin family member 1C
CDKS regulatory subunit associated protein 1
crystallin, alpha B
high-mobility group nucleosome binding domain 5
olfactory receptor 1251

amyloid beta (A4) precursor-like protein 2
RIKEN cDNA 4831440E17 gene

ras homolog gene family, member B

zinc finger protein 707
microtubule-associated protein 6
peptidyl-prolyl isomerase G (cyclophilin G)
endothelial PAS domain protein 1

zinc finger and SCAN domain containing 22
PDZ and UM domain 1 (elfin)

integrin linked kinase

NHL repeat containing 1

loid, id or mixed-lineage leukemia; tr to, 3

Rab interacting lysosomal protein-like 1

FUN14 domain containing 2

ankyrin repeat and SAM domain containing 1

solute carrier family 35, member AS
lasmi i i tase 1 alpha

homeodomain interacting protein kinase 3

protein kinase C and casein kinase substrate in neurons 2

bone morphogenetic protein 2

zinc finger, matrin type 1

trafficking protein, kinesin binding 2

aconitase 2, mitochondrial

zinc finger protein 74

muscle glycogen phosphorylase
coiled-coil domain containing 169
placenta specific 9a

solute carrier family 25 (mitochondrial carrier; phosphate carrier),

CD163 antigen

vomeronasal 2, receptor 111

guanine nucleotide binding protein (G protein), beta4
acyl-CoA synthetase short-chain family member 3
olfactory receptor 331

melanoma cell adhesion molecule
butyrylcholinesterase

vasorin

-1,38310795
-1,38507082
-1,38622876
-1,386896
-1,38809645
-1,38842052
-1,38893558
-1,39043966
-1,3909892
-1,39229194
-1,39306323
-1,39382867
-1,39463341
-1,39497696
-1,39500787
-1,39530823
-1,39538969
-1,39552594
-1,39581569
-1,39843342
-1,39852181
-1,40018899
-1,40064228
-1,4012981
-1,40187294
-1,4037873
-1,40462486
-1,40527432
-1,4055423
-1,40702255
-1,40974066
-1,41109695
-1,4114642
-1,41238069
-1,41313636
-1,41334523
-1,41407047
-1,41482053
-1,41488432
-1,41604363
-1,41762844
-1,42245859
-1,42315657
-1,42515639
-1,42552792
-1,42720347
-1,42825378
-1,42935313
-1,42970729
-1,42991023
-1,43373167
-1,43409586
-1,43443514
-1,43540093
-1,43644821

0,46791376
0,46995974
0,47116536
0,4718596
0,47310781
0,47344459
-0,47397969
0,47554114
0,47611122
0,47746175
0,47826074
0,47905323
-0,47988595
-0,4802413
-0,48027326
-0,48058386
-0,48066807
-0,48080894
-0,48110845
-0,48381157
-0,48390275
-0,48562157
-0,48608854

0,00257698
0,00131919
0,00215822
0,00229962
0,00092596
0,00224901
0,00113137
0,00169007
0,0021694
0,0008399
0,0010091
0,00190718
0,00077134
0,00180094
0,00070153
0,00178036
0,00132324
0,0001937
0,00073259
0,00212823
0,00067645
0,00146291

0,04986609
0,04018556
0,04738956
0,04782329
0,0369201
0,04750753
0,03857573
0,04345841
0,04740503
0,03629498
0,03808028
0,04548743
0,03619952
0,04429087
0,03558895
0,04399008
0,04018556
0,03291643
0,03593548
0,04723723
0,03555961
0,04166534
0,03476444

0,
-0,48735559
-0,48932435
-0,49018487
0,49085178
0,49112688
-0,49264545
-0,49542979
0,49681711
0,49719253
0,498129
-0,49890069
0,49911391
-0,49985401
-0,50061906
-0,5006841
0,50186572
0,50347946
-0,50838665
-0,50909439
0,51112024
0,5114963
-0,51319103
0,51425234
0,51536238
0,51571981
0,51592458
0,51977504
0,52014147
0,52048274
0,52145376
0,52250598

0,00053205
0,

0,00216791
0,00028898
0,00124547
0,00253478
0,00144844
0,00045242
0,00023139
0,00120208
0,00119364
0,00066912
0,00224519
0,00078564
0,0008287
0,00050419
0,0023002
0,0022303
0,00103219
0,00192626
0,000443
0,00054867
0,00186506
0,00247572
0,00172233
0,0011823
0,00233283
0,00136892
0,00249192
0,00157206
0,00234274
0,00118504
0,00109138

0,04740503
0,03315398
0,039485
0,04970107
0,0415238
0,03423628
0,03291643
0,03908156
0,03904427
0,03555961
0,04748532
0,03629498
0,03629498
0,03476444
0,04782329
0,04740503
0,03812918
0,04564291
0,03394989
0,03476444
0,04498682
0,04921934
0,04371333
0,03904427
0,04805255
0,04050525
0,04932867
0,04242288
0,0482313
0,03904427
0,03828376

152



A_66_P130241
A_66_P108188
A_52_P655803
A_S52_P17098
A_51_P398260
A_S52_P266320
A_S51_P127681
A_65_P02177
A_S5_P1969530
A_51_P425962
A_S1_P464387
A_S5_P2168722
A_S1_P176352
A_66_P101724
A_55_P2077458
A_S5_P2078670
A_S55_P2052699
A_S5_P1960366
A_66_P117730
A_S5_P2016667
A_52_P532559
A_51_P479645
A_66_P100159
A_51_P394788
A_S51_P439612
A_S55_P2054042
A_S52_P1831
A_52_P631356
A_55_P2007155
A_55_P2000127
A_51_P100289
A_S5_P1962901
A_51_P362538
A_66_P100561
A_52_P522754
A_55_P1967761
A_52_P30451
A_51_P400040
A_65_P12104
A_55_P2183208
A_S5_P2011887
A_51_P342716
A_S5_P2162573
A_S55_P2030524
A_55_P2373872
A_51_P338397
A_55_P1992954
A_52_Pa47196
A_55_P1988699
A_S2_P68477
A_51_P291078
A_51_P350666
A_55_P2028320
A_55_p2178678
A_51_P158120

NM_153150
NM_007608
NM_144807
NM_001161620
NM_182839
NM_001081956
NM_013885
NM_026764
NM_011980
NM_010158
NM_030704
NM_001161765
NM_013864
NM_001243857
ENSMUST000001078
NM_144855
NM_183312
NM_001033478
NM_013500
NM_026672
NM_009380
NM_177647
NM_007688
NM_021895
NM_020266
NR_033551
NM_009560
NM_177025
NM_134072
NM_001289550
NM_020493
NM_011859
NM_001166064
NM_016787
NM_026932
NM_008592
NM_016854
NM_145441
NM_198967
NM_001045532
NM_010617
NM_172707
NM_181728
NM_013703
AK049951
NM_026145
NM_022563
NM_053185
NM_001110843
NM_172763
NM_172710
NM_033602
NM_139128
NM_033321
NM_178640

ENSMUST00000003622 13358 Sle25a1
ENSMUST00000057653 12352 Car5a
ENSMUST00000073783 212862  Chptl
ENSMUST00000115869 75739 Mpp7
ENSMUST00000022057 72948 Tppp
ENSMUST00000051906 338351  Akapl7b
ENSMUST00000037099 29876 Clic4
ENSMUST00000106670 14865 Gstm4
ENSMUST00000062181 26465 Zfp146
ENSMUST00000022954 13992 Khdrbs3
ENSMUST00000133335 80888 Hspb8
ENSMUST00000107050 14263 Fmo5
ENSMUST00000004673 29811 Ndrg2
ENSMUST00000039064 629059  Faml124a
ENSMUST00000107887 67468 Mmd
ENSMUST00000078509 12411 Cbs
ENSMUST00000051389 233335  Synm
ENSMUST00000131166 384198  Fam47e
ENSMUST00000022108 12950 Hapinl
ENSMUST00000004137 68312 Gstm7
ENSMUST00000022303 21834 Thrb
ENSMUST00000036350 227526  Cdnf
ENSMUST00000078124 12632 cfi2
ENSMUST00000068045 60595 Actnd
ENSMUST00000187058 56812 Dnajb2
ENSMUST00000139017 100037262 Gm12359
ENSMUST00000108336 22718 2Zfp60
ENSMUST00000132979 319876  Cobll1
ENSMUST00000118717 105387  Akricl4
ENSMUST00000070656 21804 Tgfblil
ENSMUST00000015749 20807 Srf
ENSMUST00000057021 23967 Osr1
ENSMUST00000039517 214804  Syde2
ENSMUST00000085393 12175 Bnip2
ENSML 1 69072
ENSMUST00000062292 17300 Foxcl
ENSMUST00000087321 53412 Ppplr3c
ENSMUST00000142867 217379 Ubxn2a
ENSMUST00000060095 387314 Tmtcl
ENSMUST00000099658 666317  Pri2cl
ENSMUST00000056978 16553 Kifi3a
ENSMUST00000015100 19046 Ppplcb
ENSMUST00000120781 109979  Art3
ENSMUST00000164509 22359 Vidir
ENSMUST00000183194 791088 Tmem1470s
ENSMUST00000134532 330171  Kctd10
ENSMUST00000027985 18214 Ddr2
ENSMUST00000101205 94216 Col4a6
ENSMUST00000101581 12293 Cacna2d1
ENSMUST00000072465 235047  Zfp8o9
ENSMUST00000031090 231238 Selll3
ENSMUST00000073150 93834 Peli2
ENSMUST00000021190 216961  Coro6
ENSMUST00000006104 94045 P2rx5
ENSMUST00000099747 97884 B3galnt2

solute carrier family 25 (mitochondrial carrier, citrate transporter), -1,50191769

carbonic anhydrase 5a, mitochondrial
choline phosphotransferase 1

-1,50270364
-1,5033317

membrane protein, palmitoylated 7 (MAGUK p55 subfamily memb -1,50411537

tubulin polymerization promoting protein

A kinase (PRKA) anchor protein 178

chloride intracellular channel 4 (mitochondrial )
glutathione S-transferase, mu4

zinc finger protein 146

-1,50551646
-1,50816563
-1,51243005
-1,5134092
-1,51470801

KH domain containing, RNA binding, signal transduction associatec -1,51840444

heat shock protein 8

flavin containing monooxygenase 5

N-myc downstream regulated gene 2

family with sequence similarity 124, member A
to dif iati i

cystathionine beta-synthase

synemin, intermediate filament protein

family with sequence similarity 47, member E
hyaluronan and proteoglycan link protein 1

glutathione S-transferase, mu 7

thyroid hormone receptor beta

cerebral dopamine neurotrophic factor

cofilin 2, muscle

actinin alpha4

DnaJ heat shock protein family (Hsp40) member B2
predicted gene 12359

zinc finger protein 60

Cobl-like 1

aldo-keto reductase family 1, member C14

transforming growth factor beta 1 induced transcript 1
serum response factor

odd-skipped related transcription factor 1

synapse defective 1, Rho GTPase, homolog 2 (C. elegans)
BCL2/adenovirus E1B interacting protein 2

EBNA1 binding protein 2

forkhead box C1

protein phosphatase 1, regulatory (inhibitor) subunit 3C
UBX domain protein 2A

tr ane and tetratri ide repeat ining 1
Prolactin family 2, subfamily c, member 1

kinesin family member 13A

protein phosphatase 1, catalytic subunit, beta isoform
ADP-ribosyltransferase 3

very low density lipoprotein receptor

transmembrane protein 147, opposite strand

potassium channel tetramerisation domain containing 10
discoidin domain receptor family, member 2

collagen, typelV, alpha 6

calcium channel, voltage-dependent, alpha2/delta subunit 1
zinc finger protein 809

sel-1 suppressor of lin-12-like 3 (C. elegans)

pellino 2

coronin 6

purinergic receptor P2X, ligand-gated ion channel, 5
UDP-Gal beta 1,3-gal i

-1,51933931
-1,52502398
-1,52538515
-1,52618329
-1,52644655
-1,52644872
-1,52810378
-1,5297737
-1,53190409
-1,53538641
-1,53547427
-1,53658423
-1,53702937
-1,53824261
-1,53995534
-1,54157652
-1,5422136
-1,54334271
-1,54379517
-1,54500737
-1,54546874
-1,54884547
-1,55015159
-1,55170105
-1,55397577
-1,56193692
-1,56227563
-1,56243573
-1,56275212
-1,56495934
-1,56584494
-1,56772795
-1,56814076
-1,5682079
-1,56851799
-1,56960057
-1,57161994
-1,57205624
-1,57542847
-1,57606839
-1,57705243
-1,57764423
-1,57767543
-1,57928015

poly| -1,58018969

-0,58680575
-0,58756051
0,58816337
-0,58891523
0,59025848
0,59279487
-0,59686842
0,59780212
-0,59903971
0,60255612
-0,6034441
-0,60883192
0,60917356
-0,60992824
0,61017707
0,61017912
0,61174253
0,61331825
0,61532597
0,61860178
-0,61868434
-0,61972685
0,62014473
-0,62128306
-0,62288851
-0,62440651
0,6250026
-0,62605846
-0,62648135
0,62761372
-0,62804447
0,63119321
-0,6324093
-0,63385064
-0,63596401
-0,64333619
-0,64364901
-0,64379685
-0,64408896
0,64612517
-0,64694136
-0,64867523
-0,64905507
-0,64911683
-0,64940208
-0,65039747
0,65225237
0,65265283
0,65574425
0,65633014
0,65723062
0,6577719
-0,65780043
-0,65926712
-0,66009775

0,00109279
0,00095272
0,00081872
0,00020718
0,00239572
0,00117358
0,00081234
0,00068329
4,88E-05
0,00236423
0,00032847
0,00034706
0,00026615
0,00120887
0,00255195
0,0011006
0,00113888
0,00148406
0,00247671
0,00016889
0,00061471
0,00040513
0,00083793
0,00188109
0,00075336
0,00230707
0,00013138
0,00044997
0,00152097
0,00175971
0,00172644
0,00156035
0,00050957
0,00203865
0,00109598
0,00052579
0,00031235
0,00065932
0,00165046
0,00081574
0,00113545
0,0017594
0,00129516
0,00061617
0,00065677
0,00160232
0,00048576
0,00198345
0,00014716
0,00173602
0,00085503
0,00070263
0,0011084
0,00212356
0,00210243

0,03828376
0,03720193
0,03629498
0,03291643
0,04851956
0,03904427
0,03629498
0,03558895
0,03291643
0,0482972
0,03315398
0,03319727
0,03315398
0,03911544
0,04970258
0,03830608
0,03866356
0,04180691
0,04921934
0,03291643
0,0352913
0,03373901
0,03629498
0,04514203
0,03604365
0,04792459
0,03291643
0,03415709
0,04211434
0,04380084
0,04375782
0,04239131
0,03476444
0,04652213
0,03828637
0,03476444
0,03315398
0,03555961
0,04305746
0,03629498
0,03860618
0,04380084
0,03982756
0,0352913
0,03555961
0,04267063
0,0346996
0,04609624
0,03291643
0,04380084
0,03629498
0,03558895
0,03830608
0,0471604
0,04687843
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A_55_P2150555
A_52_P541175
A_55_P2132853
A_52_P360330
A_55_P2038747
A_66_P111285
A_55_P2179027
A_66_P100349
A_66_P107482
A_51_P142153
A_52_P429364
A_S55_P1970636
A_51_P520639
A_55_P2191675
A_55_P2062058
A_52_P532313
A_55_P1966114
A_52_P635182
A_55_P2055638
A_51_P176972
A_55_P1985265
A_52_Pa17859
A_55_P1957213
A_51_P181865
A_S55_P2126473
A_52_P281702
A_55_P2052563
A_55_P2011912
A_55_P2004797
A_51_P227345
A_55_P2141851
A_51_P288916
A_55_P2176145
A_55_P2177488
A_S55_P2162945
A_55_P2154173
A_51_P183051
A_55_P2052824
A_51_P268094
A_51_P156800
A_55_P2084703
A_65_P03874
A_55_P1966432
A_52_Pa18489
A_55_P2025514
A_52_P64687
A_55_P2186180
A_51_P155196
A_55_P2018666
A_51_P431996
A_S55_P2014224
A_55_P2065824
A_55_P1982902
A_52_P306351
A_55_P2064841

NM_029508 ENSMUST00000225920
NM_183195 ENSMUST00000184186
NM_028096 ENSMUST00000162875
NM_008634 ENSMUST00000064762
NM_178642 ENSMUST00000121758
NM_001024606 ENSMUST00000059588
NM_010276 ENSMUST00000108304
NM_028731 ENSMUST00000100986
NM_001145452 ENSMUST00000068175
NM_001040397 ENSMUST00000159414
NM_177471 ENSMUST00000055040
NM_133952 ENSMUST00000107368
NM_177822 ENSMUST00000047098
AK018197

NM_026797 ENSMUST00000109349
NM_ ENSML 7655
NM_001252188 ENSMUST00000179936
NM_009101 ENSMUST00000044111
NM_146120 ENSMUST00000028239
NM_178114 ENSMUST00000053106
NM_001167949 ENSMUST00000048953
NM_025757 ENSMUST00000070681
AK019465

NM_028053 ENSMUST00000030127
NM_001099298 ENSMUST00000028377
NM_010518 ENSMUST00000027377
NM_010495 ENSMUST00000109824
NM_001012324 ENSMUST00000051504
NM_001004468 ENSMUST00000084513
NM_007876 ENSMUST00000019422
NM_145629 ENSMUST00000033547
NM_177368 ENSMUST00000061506
NM_001161822 ENSMUST00000117676
NM_178214 ENSMUST00000090781
ENSMUST000001464 ENSMUST00000146428
XR_140431

NM_133995 ENSMUST00000039925
NM_001033042 ENSMUST00000022064
NM_009255 ENSMUST00000027467
NM_028308 ENSMUST00000084418
NM_133360 ENSMUST00000020843
NM_175272 ENSMUST00000064395
NM_010358 ENSMUST00000153314
NM_023476 ENSMUST00000105998
NM_054088 ENSMUST00000045289
NM_025451 ENSMUST00000050918
NM_026209 ENSMUST00000059666
NM_178890 ENSMUST00000076212
NM_009381 ENSMUST00000043077
NM_175494 ENSMUST00000059817
NM_009154 ENSMUST00000067458
NM_001284428 ENSMUST00000075118
NM_001029978 ENSMUST00000113100
NM_001177850 ENSMUST00000084915
NM_001081268 ENSMUST00000121394

Pegfs
Marveld1
Cracd!
Mapi1b
Anol
Pdp2
Gem
Esyt2
Arhgef33
Filip1l
Cedc69
Uncd5a
Msinl
6330418B08Rik
Dbndd2
Slc25043
Epn2

Rras

Gsn
Amigo2
Atp2b4
Gid4
3930401B19Rik
Tmem38b
Scn2a
Igfbp5

ld1

Ecm2
Tacc2
Dpepl
Pls3
Tmtc2
Rgs17
Hist2h2be
Nitl
Gm5526
Upb1
Lrrc14b
Serpine2
Mob2
Acaca
Nav2
Gstm1
Tinagl1
Pnpla3
Camk2n1
Saysd1
Abtb2
Thrsp
Zfp367
Semasa
Smtn
Teeal3
Asph
Prss53

polycomb group ring finger 5

MARVEL (membrane-associating) domain containing 1

capping protein inhibiting regulator of actin like

microtubule-associated protein 18

anoctamin 1, calcium activated chloride channel

pyruvate dehyrogenase phosphatase catalytic subunit 2

GTP binding protein (gene overexpressed in skeletal muscle)

extended synaptotagmin-like protein 2

Rho guanine nucleotide exchange factor (GEF) 33

filamin A interacting protein 1-like

coiled-coil domain containing 69

unc-45 myosin chaperone A

mesothelin-like

RIKEN cDNA 6330418B08 gene

dysbindin (dystrobrevin binding protein 1) domain containing 2

solute carrier family 25, member 43

epsin 2

related RAS viral (r-ras) oncogene

gelsolin

adhesion molecule with Ig like domain 2

ATPase, Ca++ transporting, plasma membrane 4

GID complex subunit 4, VID24 homolog (S. cerevisiae)

RIKEN cDNA 3930401B19 gene

transmembrane protein 388

sodium channel, voltage-gated, typel, alpha 1

insulin-like growth factor binding protein 5

inhibitor of DNA binding 1

extracellular matrix protein 2, female organ and adipocyte specific
5 e S

tr di il ining protein 2
dipeptidase 1

plastin 3 (T-isoform)

tr and tetratri repeat 2
regulator of G-protein signaling 17

histone cluster 2, H2be

nitrilase 1

predicted pseudogene 5526
ureidopropionase, beta
leucine rich repeat containing 148
serine (or cysteine) peptidase inhibitor, clade E, member 2
MOB kinase activator 2
acetyl-Coenzyme A carboxylase alpha
neuron navigator 2
glutathione S-transferase, mu 1
titial nephritis antigen-like 1
patatin-like phospholipase domain containing 3
calcium/calmedulin-dependent protein kinase Il inhibitor 1
SAYSVFN motif domain containing 1
ankyrin repeat and BTB (POZ) domain containing 2
thyroid hormone responsive
zinc finger protein 367

sema domain, seven thrombospondin repeats (type 1 and type 1-li

smoothelin

transcription elongation factor A (Sl1)-like 3
aspartate-beta-hydroxylase

protease, serine 53

-1,58141121
-1,5826953
-1,58273451
-1,58372384
-1,58418424
-1,58591319
-1,58795028
-1,5905886
-1,59126167
-1,59567468
-1,59664573
-1,5973114
-1,5995912
-1,59962911
-1,60021933
-1,60139097
-1,6022233
-1,60580434
-1,60702802
-1,60748045
-1,60911449
-1,61411006
-1,61591091
-1,61719962
-1,61929833
-1,62177169
-1,62197618
-1,62497525
-1,62536471
-1,62775078
-1,62839052
-1,62869735
-1,63382778
-1,63540217
-1,63656434
-1,63674389
-1,63765203
-1,63988041
-1,64057061
-1,6417251
-1,64505521
-1,64640454
-1,64679804
-1,64839878
-1,65156256
-1,6528039
-1,65301178
-1,65306117
-1,65900166
-1,66005429
-1,66197428
-1,66536765
-1,66740843
-1,66840605
-1,6705159

-0,66121255
-0,66238354
-0,66241928
-0,66332079
-0,66374013
-0,6653138
-0,66716574
-0,66956073
-0,67017109
-0,67416655
-0,67504424
-0,6756456
-0,67770325
-0,67773744
-0,67826966
-0,67932558
-0,68007523
-0,68329612
-0,68439509
-0,68480119
-0,68626698
-0,69073895
-0,69234766
-0,69349777
-0,6953688
-0,69757074
-0,69775263
-0,70041774
-0,70076348
-0,70287983
-0,70344672
-0,70371854
-0,70825592
-0,70964546
-0,71067032
-0,71082859
-0,71162884
-0,71359061
-0,71419768
-0,71521258
-0,718136
-0,71931886
-0,71966364
-0,7210653
-0,72383162
-0,72491557
-0,72509701
-0,72514011
-0,73031533
-0,73123042
-0,73289805
-0,73584071
-0,73760754
-0,73847045
-0,74029372

0,00111805
0,00118598
0,00022761
0,0022223

0,0014705

0,00174976
0,00236447
0,00079429
0,00207161
0,00195479
0,00046964
0,00048234
0,00048801
0,00072753
0,0010776

0,00052318
0,00051964
0,00025945
0,00028103
0,0001212

0,00174859
0,00148517
0,00071875
0,00232491
0,00168373
0,0005366

0,00157128
0,00121445
0,00093319
0,00192339
0,00149178
0,0022861

0,00133342
0,00044797
0,00073113
0,00164249
0,0006253

0,00085325
0,00216629
0,00085271
0,0008675

0,00039446
0,00015948
0,00058698
0,00207628
0,0003691

0,00026895
0,00033359
0,00183776
0,00223692
0,00129297
0,00167476
0,00245187
0,00032892
0,00103407

0,03845114
0,03904427
0,03291643
0,04740503
0,04166534
0,04380084
0,0482972
0,03629498
0,0465836
0,04589987
0,03469594
0,03469594
0,03476444
0,03593548
0,03824255
0,03476444
0,03476444
0,03300913
0,03315398
0,03291643
0,04380084
0,04180691
0,03593548
0,04798501
0,04345841
0,03476444
0,04242288
0,03911544
0,03698032
0,04561071
0,04187212
0,0477725
0,04022942
0,03412929
0,03593548
0,04301439
0,03546117
0,03629498
0,04740503
0,03629498
0,03647161
0,03373901
0,03291643
0,03507191
0,04661566
0,03369759
0,03315398
0,03315398
0,044633
0,04740678
0,03982756
0,04338482
0,04908868
0,03315398
0,03812918
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A_51_P267494
A_51_P451075
A_55_P1985273
A_55_P1975235
A_51_P257951
A_51_P300337
A_55_P2024406
A_55_P2039284
A_51_P325862
A_55_P1987156
A_55_P1998995
A_52_P399095
A_51_P423880
A_55_P2124791
A_51_P114826
A_52_P137378
A_55_P1961873
A_52_P240542
A_52_P220879
A_55_P2343648
A_55_P2234704
A_55_P2139809
A_52_P682382
A_51_P255304
A_51_Pas3sas
A_55_P2072801
A_51_P127297
A_55_P2128734
A_55_P2332194
A_55_P2049429
A_55_P1988795
A_55_P2096257
A_66_P100165
A_55_P2159480
A_66_P124659
A_55_P2016842
A_52_P590781
A_51_P182693
A_51_P223036
A_55_P2146384
A_51_P135517
A_55_P1975215
A_S55_P2001518
A_55_P1972039
A_55_P2422685
A_51_P346445
A_51_P298107
A_55_P2168667
A_55_P2340221
A_52_P1124229
A_55_P1970755
A_55_P2131016
A_52_P179068
A_52_P201558
A_51_P508770

NM_026514
NM_009722
NM_144799
NM_009753
NM_020509
NM_007792
NM_178728
NM_013560
NM_013751
NM_001288618
NM_001085371
NM_177793
NM_025891
NM_001109991
NM_019707
NM_178143
NM_011785
NM_010496
NM_009373
BX512981
AK040933
NM_001290414
NM_009127
NM_007617
NM_013930
NM_029806
NM_008288
NM_146131
XR_401002
NM_172992
NM_019811
NM_010860
NM_009250
NM_172682
NM_145515
NM_001198933
NM_024244
NM_008727
NM_027968
NM_001081243
NM_007728
NM_153553
NM_023898
NM_001285833
NR_040463
NM_013868
NM_028813
NM_028030
ENSMUST000001414
AK083203
NM_024124
NM_009123
NM_017469
NM_029879
NM_011846

ENSMUST00000068958
ENSMUST00000177974
ENSMUST00000032376
ENSMUST00000111513
ENSMUST00000023329
ENSMUST00000020403
ENSMUST00000060899
ENSMUST00000005077
ENSMUST00000089824
ENSMUST00000003568
ENSMUST00000113590
ENSMUST00000058747
ENSMUST00000030791
ENSMUST00000072755
ENSMUST00000117160
ENSMUST00000030243
ENSMUST00000111159
ENSMUST00000020974
ENSMUST00000103122
ENSMUST00000231167

ENSMUST00000033473
ENSMUST00000041331
ENSMUST00000075477
ENSMUST00000031707
ENSMUST00000032683
ENSMUST00000016338
ENSMUST00000038942

ENSMUST00000118174
ENSMUST00000133654
ENSMUST00000164181
ENSMUST00000161776
ENSMUST00000118408
ENSMUST00000027929
ENSMUST00000034989
ENSMUST00000105436
ENSMUST00000142243
ENSMUST00000129456
ENSMUST00000172740
ENSMUST00000164782
ENSMUST00000056129
ENSMUST00000057650
ENSMUST00000032781

ENSMUST00000102486
ENSMUST00000024880
ENSMUST00000169003
ENSMUST00000141419
ENSMUST00000136217
ENSMUST00000110819
ENSMUST00000054562
ENSMUST00000029635
ENSMUST00000063551
ENSMUST00000031390

100504561
29818
74199
71973

329251

100042178

79221

Cdc42ep3
Atp2a2
Lmedl
Bicdl
Retnla
Csrp2
Napepld
Hspb1
Hrasls
Crhr2
Speg
Metti24
Smarcd3
Col18a1
Cdhi13
Prkaa2
Akt3

1d2

Tgm2
1700120C14Rik
Sged
Fgf13
Scd1

Cav3
Aass
Lypd5
Hsd11bl
Pbxipl
Gm15998
Phtf2
Acss2
Myle
Serpinil
Fam160al
Mark1
Mel
Fam13c
Npr1
Fbx030
Filip1
Coch
Npas4
Pde6h
Nox4
9230112/17Rik
Hspb7

Vit
Rbpms2
Ppplri2b
Prdmi6os
Hdac9

CDC42 effector protein (Rho GTPase binding) 3
ATPase, Ca++ transporting, cardiac muscle, slow twitch 2
UM and cysteine-rich domains 1

BICD cargo adaptor 1

resistin like alpha

cysteine and glycine-rich protein 2

N-acyl i ipase D
heat shock protein 1

HRAS-like suppressor

corticotropin releasing hormone receptor 2

SPEG complex locus

methyltransferase like 24

SWI/SNF related, matrix associated, actin dependent regulator of ¢

collagen, type XVilI, alpha 1
cadherin 13
protein kinase, AMP-activated, alpha 2 catalytic subunit
thymoma viral proto-oncogene 3
inhibitor of DNA binding 2
transglutaminase 2, C polypeptide
RIKEN cDNA 1700120C14 gene
delta (dystrophi i glycoprotein)
fibroblast growth factor 13
stearoyl-Coenzyme A desaturase 1
caveolin 3
aminoadipate-semialdehyde synthase
Ly6/Plaur domain containing 5
hydroxysteroid 11-beta dehydrogenase 1
pre B cell leukemia transcription factor interacting protein 1
predicted gene 15998
putative homeodomain transcription factor 2
acyl-CoA synthetase short-chain family member 2

myosin, light polypeptide 6, alkali, smooth muscle and non-muscle

serine (or cysteine) peptidase inhibitor, dade I, member 1
family with sequence similarity 160, member A1
MAP/microtubule affinity-regulating kinase 1

li yme 1, NADP(+)- cytosolic
family with sequence similarity 13, member C
natriuretic peptide receptor 1
F-box protein 30
filamin A interacting protein 1
cochlin
neuronal PAS domain protein 4
phosphodiesterase 6H, cGMP-specific, cone, gamma
NADPH oxidase 4
RIKEN cDNA 9230112J17 gene
heat shock protein family, member 7 (cardiovascular)
vitrin
RNA binding protein with multiple splicing 2
protein phosphatase 1, regulatory (inhibitor) subunit 128
Prdm16 opposite strand transcript
histone deacetylase 9
NK1 homeobox 2
guanylate cyclase 1, soluble, beta 3
regulator of G-protein signalling 7 binding protein
matrix metallopeptidase 17

-1,76892217
-1,76893786
-1,76903103
-1,76940685
-1,77966618
-1,78192117
-1,78690486
-1,78922707
-1,79067385
-1,79731372
-1,80499131
-1,80573146
-1,80590499
-1,8074646
-1,80848918
-1,80910014
-1,80931963
-1,81028874
-1,8130879
-1,81458963
-1,8191307
-1,82397955
-1,82490263
-1,82564132
-1,82981747
-1,83144427
-1,83260633
-1,8341706
-1,83440288
-1,83542065
-1,83653077
-1,84237351
-1,84237475
-1,84772526
-1,84798586
E}

-0,82287057
-0,82288337
-0,82295935
-0,82326581
-0,83160665
-0,83343351
-0,83746282
-0,83933649
-0,84050259
-0,84584225
-0,85199189
-0,85258336
-0,85272199
-0,85396739
-0,85478497
-0,85527227
-0,8554473
-0,85621983
-0,85844887
-0,85964332
-0,8632492
-0,86708955
-0,86781949
-0,86840335
-0,87169974
-0,8729818
-0,87389691
-0,87512783
-0,87531052
-0,87611074
-0,87698307
-0,88156557
-0,88156654
-0,88575026
-0,88595372
-0,88659622

0,00049127
0,0006954
0,00223694
0,00187351
0,00258534
0,0017387
0,00061735
0,00076225
0,0007823
0,00100409
0,00131446
0,00053782
0,00091454
0,00201361
0,00127587
9,236-05
0,00107255
0,00088368
0,00076727
0,00125235
0,00045009
0,00114319
0,00027244
0,00129783
0,00070082
0,00031281
0,00049229
0,00040291
0,00079488
0,0003944
0,00071926
0,00119375
0,00223442
3,86E-05
0,00218527
0,

-1,85313293
-1,85884919
-1,86245627
-1,86486962
-1,86596069
-1,86785913
-1,86792583
-1,87013731
-1,87109526
-1,87261361
-1,87522506
-1,87933432
-1,88437331
-1,88600456
-1,88602634
-1,88651639
-1,88717088
-1,88999634
-1,89694155

-0,88996637
-0,89440973
-0,89720656
-0,89907477
-0,89991859
-0,90138565
0,90143717
0,9031442
-0,90388301
-0,90505325
-0,90706376
0,91022174
-0,9140848
0,91533316
0,91534982
0,91572464
-0,91622506
-0,91838344
0,92367522

0,00030018
7,70E-06
0,00055895
0,00014956
0,00218288
0,00220194
0,00083354
0,00016382
0,00084672
0,00157621
0,00088227
0,00051357
0,00013799
0,00057642
0,00068562
0,00204745
0,00134012
0,0003397
0,00175605

0,03476444
0,03558895
0,04740678
0,04513469
0,04989265
0,04380084
0,03529254
0,03611065
0,03629498
0,03807877
0,04016748
0,03476444
0,03681936
0,0463625
0,03970879
0,03291643
0,03823006
0,03654939
0,03619952
0,03954206
0,03415709
0,03870044
0,03315398
0,03987819
0,03558895
0,03315398
0,03476444
0,03373901
0,03629498
0,03373901
0,03593548
0,03904427
0,04740503
0,03291643
0,04740503
0,03291643
0,03315398
0,03291643
0,03476444
0,03291643
0,04740503
0,04740503
0,03629498
0,03291643
0,03629498
0,04243679
0,03654939
0,03476444
0,03291643
0,03507191
0,03558895
0,04655586
0,04028731
0,03315398
0,04380084
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A_51_P340699
A_55_P2134616
A_55_P2077741
A_51_P153013
A_52_P222624
A_51_P266546
A_52_P34378
A_51_P160824
A_55_P2091651
A_55_P2028942
A_52_P196632
A_55_P1967736
A_52_P256914
A_52_P333289
A_51_P347862
A_51_P183561
A_52_P100252
A_55_P1958532
A_55_P2150757
A_55_P2146520
A_55_P2021119
A_52_P364140
A_55_P2198983
A_55_P1963863
A_55_P1961320
A_66_P121288
A_55_P2105843
A_55_P2394490
A_55_P2106033
A_66_P136095
A_52_P105537
A_66_P130813
A_55_P2220937
A_55_P2025954
A_55_P2129658
A_52_PS52665
A_55_P1957918
A_55_P2157966
A_52_P920129
A_51_P315391
A_55_P2012729
A_55_P2087414
A_52_Pa49871
A_51_P355427
A_55_P2002723
A_52_P609868
A_55_P2019954
A_55_P2043612
A_52_P616580
A_51_Pa52768
A_55_P2408778
A_51_P196726
A_55_P2071811
A_52_p227
A_55_P2099594

NM_026864 ENSMUST00000031646
AK129475 ENSMUST00000199659
NM_177074 ENSMUST00000112420
NR_027800 ENSMUST00000123544
NM_024441 ENSMUST00000042790
NM_173181 ENSMUST00000051064
NM_( 4 ENSMUST

NM_139001 ENSMUST00000035661
NM_177033 ENSMUST00000109681
NM_010875 ENSMUST00000114476
NM_028974 ENSMUST00000068307
NM_027280 ENSMUST00000034086
NM_010000 ENSMUST00000082214
NM_033615 ENSMUST00000134742
NM_134156 ENSMUST00000167327
NM_145473 ENSMUST00000152678
NM_007988 ENSMUST00000055655
NM_021877 ENSMUST00000022691
NM_008504 ENSMUST00000151213
NM_134148 ENSMUST00000167055
NM_001205345 ENSMUST00000162392
NM_010577 ENSMUST00000023128
Al606402

NM_001081116 ENSMUST00000107032
NM_207176 ENSMUST00000115467
NM_025355 ENSMUST00000033783
XM_006525709 ENSMUST00000097530
XM_006513411

NM_028901 ENSMUST00000182189
NM_001164376 ENSMUST00000075099
NM_010930 ENSMUST00000050027
NM_001037221 ENSMUST00000137543
NM_027715 ENSMUST00000052168
NM_001199296 ENSMUST00000165111
NM_008542 ENSMUST00000041029
NM_008057 ENSMUST00000114246
NM_001135192 ENSMUST00000064595
NM_032393 ENSMUST00000094639
NM_010305 ENSMUST00000074694
NM_138628 ENSMUST00000037964
NM_013569 ENSMUST00000036092
NM_011348 ENSMUST00000073957
NM_031166 ENSMUST00000021810
NM_080639 ENSMUST00000032462
NM_001127363 ENSMUST00000026550
NM_178759 ENSMUST00000068877
NM_013460 ENSMUST00000103184
NM_001033281 ENSMUST00000091900
NM_001033409 ENSMUST00000044828
NM_022434 ENSMUST00000054174
NR_027907

NM_010582 ENSMUST00000042290
NM_028153 ENSMUST00000148246
NR_040383 ENSMUST00000147689
NM_024450 ENSMUST00000026220

68895
329650
320106

24082

69253

Rasl1la
Med12|
Slc38a11
Map2k3os
Hspb2
Zc2hcla
Ric3

Gzmm
Carns1
Sun2
ltgas
4930415C11Rik
Arhgef17
Tes
Teeale
Mbd1
Slc16a7
Myo18b
Ctnna3
Nov
Samd4
Otud1
Acly
Smad6
Fzd7

4930520004Rik
Scd3

RAS-like, family 11, member A

mediator complex subunit 12-like

solute carrier family 38, member 11

mitogen-activated protein kinase kinase 3, opposite strand

heat shock protein 2

zinc finger, C2HC-type containing 1A

resistance to inhibitors of cholinesterase 3 homolog (C. elegans)
chondroitin sulfate proteoglycan 4

von Willebrand factor C domain containing 2

neural cell adhesion molecule 1

kelch repeat and BTB (POZ) domain containing 13

naked cuticle 1

cytochrome P450, family 2, subfamily b, polypeptide 9
adisintegrin and metallopeptidase domain 33

actinin, alpha 1

cold shock domain containing C2, RNA binding

fatty acid synthase

lysine demethylase and nuclear receptor corepressor

granzyme M (lymphocyte met-ase 1)

carnosine synthase 1

Sad1 and UNC84 domain containing 2

integrin alpha 5 (fibronectin receptor alpha)

RIKEN cDNA 4930415C11 gene

Rho guanine nucleotide exchange factor (GEF) 17

testis derived transcript

transcription elongation factor A (Sl1)-like 6

methyl-CpG binding domain protein 1

solute carrier family 16 (monocarboxylic acid transporters), memb
myosin XVilib

catenin (cadherin associated protein), alpha 3

nephroblastoma overexpressed gene

sterile alpha motif domain containing 4

OTU domain containing 1

ATP citrate lyase

SMAD family member 6

frizzled class receptor 7

ArfGAP with SH3 domain, ankyrin repeat and PH domain 2
microtubule-associated protein 1 A

guanine nucleotide binding protein (G protein), alpha inhibiting 1
taxilin beta

Itage-gated channel, y H (eag-related), mem!
sema domain, immunoglobulin domain (ig), short basic domain, se
inhibitor of DNA binding 4

tissue inhibitor of metalloproteinase 4

inositol polyphosphate-5-phosphatase A

T cellimmunoglobulin and mucin domain containing 4

adrenergic receptor, alpha 1d

PR domain containing 6

leucine-rich repeat-containing G protein-coupled receptor 6
cytochrome P450, family 4, subfamily f, polypeptide 14

expressed sequence Al414108

inter-alpha trypsin inhibitor, heavy chain 2

echinoderm microtubule associated protein like 2

RIKEN cDNA 4930520004 gene

stearoyl-coenzyme A desaturase 3

-1,67189527
-1,67351789
-1,67390718
-1,67478901
-1,67592459
-1,67847696
-1,6795378

-1,68100783
-1,68177747

-1,682047

-1,68410605
-1,68875934
-1,69257613
-1,69488566
-1,69734159
-1,69739761
-1,69989993
-1,70099259
-1,70111779
-1,70226051
-1,70558004
-1,7067057

-1,70696846
-1,70772069
-1,70841439
-1,71056944
-1,7114029

-1,71376229
-1,71583475
-1,71783968
-1,71908862
-1,72023634
-1,72063455
-1,72236722
-1,72253036
-1,72308734
-1,73024224
-1,73189153
-1,73282437
-1,73483503
-1,74028003
-1,74096064
-1,74184029
-1,74710523
-1,75197354
-1,75292458
-1,75385182
-1,75530795
-1,75744898
-1,75818464
-1,75939278
-1,76364276
-1,76602743
-1,76773273
-1,76784809

-0,74148447
-0,74288397
-0,74321953
-0,74397935
0,74495723
0,74715274
-0,74806427
-0,74932644
-0,74998683
-0,75021802
0,75198299
0,75596375
0,75922072
0,76118795
-0,76327694
-0,76332455
-0,76544982
-0,76637685
-0,76648304
0,76745184
0,77026246
0,77121431
0,7714364
-0,77207203
0,77265796
0,77447667
0,77517944
0,77716702
-0,77891062
0,7805954
-0,78164392
-0,78260679
-0,78294071
0,78439277
0,78452941
-0,78499583
-0,79097403
-0,79234857
0,79312543
-0,79479848
0,79931947
-0,79988358
-0,80061235
-0,8049665
-0,80898099
-0,80976392
-0,81052687
0,81172416
0,81348281
-0,81408659
0,8150776
-0,81855836
-0,82050775
-0,82190016
0,82199431

0,00060926
0,00022679
0,0024232
0,0012353
0,00104933
0,00117913
0,00249541
0,00208588
0,00255518
0,00032403
0,00023577
0,00074318
0,00118122
0,00097041
6,576-05
0,00063528
0,00238193
0,00245516
0,00055829
0,00141634
0,00072174
0,00212043
0,00037225
0,00120963
0,00254917
0,00121645
0,00104599
0,00163405
0,00259031
0,00095142
0,00136361
0,00119647
0,00021171
0,00104862
0,00245309
0,00087765
0,00235385
0,00059515
0,00029752
0,00214006
0,00242496
0,00170437
0,00201712
0,00164546
0,00029183
0,00160906
0,00227435
0,00138708
0,00216651
0,00054882
0,0012301
0,00060088
0,00116495
0,00023206
0,00167495

0,03524409
0,03291643
0,04872811
0,0393138
0,03814335
0,03904427
0,04934456
0,04671098
0,04971302
0,03315398
0,03291643
0,03604365
0,03904427
0,03751641
0,03291643
0,03546117
0,04851956
0,04909184
0,03476444
0,04101694
0,03593548
0,04711792
0,03370264
0,03911544
0,04970107
0,03911544
0,03812918
0,04294518
0,04992246
0,03718864
0,04046247
0,03904427
0,03291643
0,03814335
0,04908868
0,03654939
0,0482972
0,03507191
0,03315398
0,0473211
0,04873607
0,04357357
0,04639816
0,04303025
0,03315398
0,04275919
0,04760355
0,04077792
0,04740503
0,03476444
0,03926729
0,03507191
0,03904427
0,03291643
0,04338482
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A_51_P307082
A_51_P466685
A_S5_P2055031
A_51_P333518
A_52_P172014
A_S51_P451052
A_S5_P1983754
A_51_Pa25798
A_51_P283300
A_51_P105927
A_52_P380301
A_S5_P2414619
A_S5_P2107667
A_52_Pa19373
A_66_P105032
A_66_P131851
A_S5_P2121408
A_51_P194273
A_51_P116755
A_S51_P221510
A_51_P240253
A_S5_P2025038
A_51_P161308
A_S5_P2001920
A_S5_P2221236
A_S5_P1963154
A_S5_P2043734
A_S5_P2028837
A_S5_P2030578
A_51_P301998
A_S5_P1974421
A_51_P101460
A_S5_P1961736
A_52_P440709
A_S5_P1967677
A_S5_P2262593
A_S5_P2116744
A_S5_P2217831
A_51_P358722
A_65_P11603
A_51_P459350
A_52_P409769
A_S5_P2106645
A_S5_P2095663
A_S5_P2035167
A_51_P173601
A_51_P308298
A_S5_P2253607
A_51_P302520
A_52_P567200
A_S5_P2044653
A_S5_P2033849
A_51_P4s50527
A_S5_P2021810
A_S5_P2023727

NM_013904 ENSMUST00000019924
NM_175206 ENSMUST00000056890
NM_182808 ENSMUST00000122120
NM_172966 ENSMUST00000074679
NM_016894 ENSMUST00000097648
NM_175013 ENSMUST00000047666
NM_025557 ENSMUST00000111332
NM_029920 ENSMUST00000085554
NM_023116 ENSMUST00000114723
NM_001033158 ENSMUST00000085453
NM_009472 ENSMUST00000106236
XM_006520017 ENSMUST00000036439
NM_010135 ENSMUST00000078719
NM_175413 ENSMUST00000029573
NM_001145034 ENSMUST00000148314
NM_031169 ENSMUST00000020362
NM_001277875 ENSMUST00000133355
NM_011892 ENSMUST00000121148
NM_026056 ENSMUST00000021802
NM_029784 ENSMUST00000034749
NM_019662 ENSMUST00000034351
NM_013494 ENSMUST00000048967
NM_013667 ENSMUST00000046959
NM_001290421 ENSMUST00000101454
AKO085976

NM_016770 ENSMUST00000001824
NM_( ENSMU: 104
NM_027533 ENSMUST00000029451
NM_027884 ENSMUST00000169786
NM_018881 ENSMUST00000111510
NM_013565 ENSMUST00000001548
NM_023842 ENSMUST00000124830
NM_001286653 ENSMUST00000044895
NM_023868 ENSMUST00000021750
NM_001081351 ENSMUST00000115383
AK142388

NM_011724 ENSMUST00000111635
AK013682

NM_173414 ENSMUST00000069763
NM_011918 ENSMUST00000022327
NM_019771 ENSMUST00000103172
NM_194464 ENSMUST00000125758
NM_001012765 ENSMUST00000114913
NM_008829 ENSMUST00000070463
NM_001122758 ENSMUST00000191837
NM_020486 ENSMUST00000135632
NM_172118 ENSMUST00000088552
NR_040353 ENSMUST00000148089
NM_010867 ENSMUST00000024847
NM_011147 ENSMUST00000071204
NM_009999 ENSMUST00000072438
NM_172430 ENSMUST00000160953
NM_011526 ENSMUST00000034590
NM_018790 ENSMUST00000023268
NM_001001980 ENSMUST00000038188

Lrre39
Gm13889
Kenmb1
Tpm2
Sgcg

Cap2
Fam8la
Rrad

Cpe
Sle22a2
Flna
AU024180
Folh1
Cdkl5
Tspan2
Tns1
Fmo2
Itga3

Dsp

Rean2
Ryr2
Cped1
4930429F24Rik
Xirpl
2900054C01Rik
Land3
Ldb3

Dstn

Mrvil
Adcy5

Pgr

Pcdh7
Bcam
Myl9
E030013119Rik

hairy/enhancer-of-split related with YRPW motif 2
F-box and leucine-rich repeat protein 22
TAFA chemokine like family member 1
SH3 domain containing ring finger 2
receptor (calcitonin) activity modifying protein 1
phosphoglucomutase 5
Purkinje cell protein 4-like 1
d tumor suppi 2
calcium channel, voltage-dependent, beta 2 subunit
RAS-like, family 12
unc-5 netrin receptor C
cadherin 6
ENAH actin regulator
leucine rich repeat containing 39
predicted gene 13889

potassium large conductance calcium-activated channel, subfamily

tropomyosin 2, beta
glycan, gamma (dystrop glycop
CAP, adenylate cyclase-associated protein, 2 (yeast)
family with sequence similarity 81, member A
Ras-related associated with diabetes
carboxypeptidase E
solute carrier family 22 (organic cation transporter), member 2
filamin, alpha
expressed sequence AU024180
folate hydrolase 1
cyclin-dependent kinase-like 5
tetraspanin 2
tensin1
flavin containing monooxygenase 2
integrin alpha 3
desmoplakin
regulator of calcineurin 2
ryanodine receptor 2, cardiac
cadherin-like and PC-esterase domain containing 1
RIKEN cDNA 4930429F24 gene
xin actin-binding repeat containing 1
RIKEN cDNA 2900054C01 gene
LanC lantibiotic synthetase component C-like 3 (bacterial)
UM domain binding 3
destrin
MRV integration site 1
adenylate cydase 5
progesterone receptor
protocadherin 7
basal cell adhesion molecule
myosin, light polypeptide 9, regulatory
RIKEN cDNA E030013119 gene
myomesin 1
protein phosphatase with EF hand calcium-binding domain 1
cytochrome P450, family 2, subfamily b, polypeptide 10
SPHK1 interactor, AKAP domain containing
transgelin
activity regulated cytoskeletal-associated protein
UM and calponin homology domains 1

-2,15044093
-2,15105147
-2,15123121
-2,15341971
-2,16515349
-2,17460081
-2,17517562
-2,17552958
-2,17600534
-2,17995417
-2,18534913
-2,19739528
-2,20186473
-2,2087404

-2,20911989
-2,24544248
-2,2459772

-2,24773257
-2,25395493
-2,26079819
-2,26342557
-2,2881368

-2,28822563
-2,28998249
-2,29745213
-2,30257737
-2,30485432
-2,31258021
-2,32206206
-2,32766819
-2,3315527

-2,33257258
-2,33449722
-2,33839977
-2,35088074
-2,35165816
-2,35759241
-2,35947991
-2,35981814
-2,36262463
-2,36265793
-2,36859685
-2,37242566
-2,39687603
-2,4093835

-2,41318965
-2,43758115
-2,43801183
-2,46258137

-2,46833
2,

-1,10463251
-1,10504204
-1,10516259
-1,10662954
-1,1144693
-1,12075059
-1,12113188
-1,12136663
-1,1216821
-1,1242978
-1,12786378
-1,13579441
-1,13872584
-1,14322387
-1,14347172
-1,16699976
-1,16734328
-1,1684704
-1,17245867
-1,17683222
-1,17850787
-1,19417331
-1,19422932
-1,19533657
-1,2000348
-1,20324963
-1,20467557
-1,2095034
-1,21540653
-1,21888542
-1,22129104
-1,22192197
-1,22311187
-1,22552159
-1,23320135
-1,23367837
-1,23731432
-1,23846889
-1,23867568
-1,24039044
-1,24041077
-1,24403267
-1,24636288
-1,26115529
-1,26866405
-1,2709413
-1,28545025
-1,28570513
-1,30017139
-1,30353528

0,0005527
0,00066923
0,00055266
0,00014445
0,00050983
0,00177673
0,00093074
0,00053299
0,00032864
0,00087417
0,00036215
0,00071583
0,00158097
0,00040559
0,00205912
0,00088625
0,00049247
0,00163244
0,00033155
0,00162421
2,66E-05
0,00077506
0,00013057
0,00040288
0,00017815
0,00014786
3,50-05
0,00188411
0,00017446
0,00044591
0,00028078
0,00172072
0,00067462
0,000229
0,00036439
0,00015072
0,00020201
0,0005752
0,00187806
0,00059669
0,00067627
0,00220524
0,0004085
0,0001645
0,00104065
0,00048507
0,00101474
0,0003397
0,0004529
0,00055589
0,

-2,52171645
-2,53071852
-2,5488258
-2,56153853

-1,32017215
-1,33440606
-1,33954705
-1,34983278
-1,35701059

2,186-05
6,74E-05
0,00176076
0,00021573

0,03476444
0,03555961
0,03476444
0,03291643
0,03476444
0,04399008
0,03697411
0,03476444
0,03315398
0,03654939
0,03369759
0,03592056
0,04250601
0,03373901
0,04655586
0,03654939
0,03476444
0,04294518
0,03315398
0,04294518
0,03291643
0,03629498
0,03291643
0,03373901
0,03291643
0,03291643
0,03291643
0,04514203
0,03291643
0,03404162
0,03315398
0,04371333
0,03555961
0,03291643
0,03369759
0,03291643
0,03291643
0,03507191
0,04514203
0,03507191
0,03555961
0,04740503
0,03376519
0,03291643
0,03812918
0,0346996
0,03808028
0,03315398
0,03423628
0,03476444
0,03315398
0,03291643
0,03291643
0,04380084
0,03291643
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A_51_P307082
A_51_P466685
A_S5_P2055031
A_51_P333518
A_52_P172014
A_S1_P451052
A_S5_P1983754
A_51_Pa25798
A_51_P283300
A_51_P105927
A_52_P380301
A_S5_P2414619
A_S5_P2107667
A_52_Pa19373
A_66_P105032
A_66_P131851
A_S5_P2121408
A_51_P194273
A_51_P116755
A_S51_P221510
A_51_P240253
A_S5_P2025038
A_51_P161308
A_S5_P2001920
A_S5_P2221236
A_S5_P1963154
A_S5_P2043734
A_S5_P2028837
A_S5_P2030578
A_51_P301998
A_S5_P1974421
A_51_P101460
A_S5_P1961736
A_52_P440709
A_S5_P1967677
A_S5_P2262593
A_S5_P2116744
A_S5_P2217831
A_51_P358722
A_65_P11603
A_51_P459350
A_52_P409769
A_S5_P2106645
A_S5_P2095663
A_S5_P2035167
A_51_P173601
A_51_P308298
A_S5_P2253607
A_51_P302520
A_52_P567200
A_S5_P2044653
A_S5_P2033849
A_51_P4s50527
A_S5_P2021810
A_S5_P2023727

NM_013904 ENSMUST00000019924
NM_175206 ENSMUST00000056890
NM_182808 ENSMUST00000122120
NM_172966 ENSMUST00000074679
NM_016894 ENSMUST00000097648
NM_175013 ENSMUST00000047666
NM_025557 ENSMUST00000111332
NM_029920 ENSMUST00000085554
NM_023116 ENSMUST00000114723
NM_001033158 ENSMUST00000085453
NM_009472 ENSMUST00000106236
XM_006520017 ENSMUST00000036439
NM_010135 ENSMUST00000078719
NM_175413 ENSMUST00000029573
NM_001145034 ENSMUST00000148314
NM_031169 ENSMUST00000020362
NM_001277875 ENSMUST00000133355
NM_011892 ENSMUST00000121148
NM_026056 ENSMUST00000021802
NM_029784 ENSMUST00000034749
NM_019662 ENSMUST00000034351
NM_013494 ENSMUST00000048967
NM_013667 ENSMUST00000046959
NM_001290421 ENSMUST00000101454
AK085976

NM_016770 ENSMUST00000001824
NM_( ENSMUST 104
NM_027533 ENSMUST00000029451
NM_027884 ENSMUST00000169786
NM_018881 ENSMUST00000111510
NM_013565 ENSMUST00000001548
NM_023842 ENSMUST00000124830
NM_001286653 ENSMUST00000044895
NM_023868 ENSMUST00000021750
NM_001081351 ENSMUST00000115383
AK142388

NM_011724 ENSMUST00000111635
AK013682

NM_173414 ENSMUST00000069763
NM_011918 ENSMUST00000022327
NM_019771 ENSMUST00000103172
NM_194464 ENSMUST00000125758
NM_001012765 ENSMUST00000114913
NM_008829 ENSMUST00000070463
NM_001122758 ENSMUST00000191837
NM_020486 ENSMUST00000135632
NM_172118 ENSMUST00000088552
NR_040353 ENSMUST00000148089
NM_010867 ENSMUST00000024847
NM_011147 ENSMUST00000071204
NM_009999 ENSMUST00000072438
NM_172430 ENSMUST00000160953
NM_011526 ENSMUST00000034590
NM_018790 ENSMUST00000023268
NM_001001980 ENSMUST00000038188

Fam8la

Cpe

Sle22a2

Flna
AU024180
Folh1

Cdkl5

Tspan2

Tns1

Fmo2

Itga3

Dsp

Rean2

Ryr2

Cped1
4930429F24Rik
Xirpl
2900054C01Rik
Land3

Ldb3

Dstn

Mrvil

Adcy5

Pgr

Pcdh7

Bcam

Myl9
E030013119Rik

hairy/enhancer-of-split related with YRPW motif 2
F-box and leucine-rich repeat protein 22

TAFA chemokine like family member 1

SH3 domain containing ring finger 2

receptor (calcitonin) activity modifying protein 1
phosphoglucomutase 5

Purkinje cell protein 4-like 1

microtubule d tumor suppi i 2
calcium channel, voltage-dependent, beta 2 subunit
RAS-like, family 12

unc-5 netrin receptor C

cadherin 6

ENAH actin regulator

leucine rich repeat containing 39

predicted gene 13889

potassium large conductance calcium-activated channel, subfamily

tropomyosin 2, beta
glycan, gamma (dystrop glycop
CAP, adenylate cyclase-associated protein, 2 (yeast)
family with sequence similarity 81, member A
Ras-related associated with diabetes
carboxypeptidase E
solute carrier family 22 (organic cation transporter), member 2
filamin, alpha
expressed sequence AU024180
folate hydrolase 1
cyclin-dependent kinase-like 5
tetraspanin 2
tensin 1
flavin containing monooxygenase 2
integrin alpha 3
desmoplakin
regulator of calcineurin 2
ryanodine receptor 2, cardiac
cadherin-like and PC-esterase domain containing 1
RIKEN cDNA 4930429F24 gene
xin actin-binding repeat containing 1
RIKEN cDNA 2900054C01 gene
LanC lantibiotic synthetase component C-like 3 (bacterial)
UM domain binding 3
destrin
MRV integration site 1
adenylate cydase 5
progesterone receptor
protocadherin 7
basal cell adhesion molecule
myosin, light polypeptide 9, regulatory
RIKEN cDNA E030013119 gene
myomesin 1
protein phosphatase with EF hand calcium-binding domain 1
cytochrome P450, family 2, subfamily b, polypeptide 10
SPHK1 interactor, AKAP domain containing
transgelin
activity regulated cytoskeletal-associated protein
UM and calponin homology domains 1

-2,15044093
-2,15105147
-2,15123121
-2,15341971
-2,16515349
-2,17460081
-2,17517562
-2,17552958
-2,17600534
-2,17995417
-2,18534913
-2,19739528
-2,20186473
-2,2087404

-2,20911989
-2,24544248
-2,2459772

-2,24773257
-2,25395493
-2,26079819
-2,26342557
-2,2881368

-2,28822563
-2,28998249
-2,29745213
-2,30257737
-2,30485432
-2,31258021
-2,32206206
-2,32766819
-2,3315527

-2,33257258
-2,33449722
-2,33839977
235088074

-1,10463251
-1,10504204
-1,10516259
-1,10662954
-1,1144693
-1,12075059
-1,12113188
-1,12136663
-1,1216821
-1,1242978
-1,12786378
-1,13579441
-1,13872584
-1,14322387
-1,14347172
-1,16699976
-1,16734328
-1,1684704
-1,17245867
-1,17683222
-1,17850787
-1,19417331
-1,19422932
-1,19533657
-1,2000348
-1,20324963
-1,20467557
-1,2095034
-1,21540653
-1,21888542
-1,22129104
-1,22192197
-1,22311187
-1,22552159
-1,233201

0,0005527
0,00066923
0,00055266
0,00014445
0,00050983
0,00177673
0,00093074
0,00053299
0,00032864
0,00087417
0,00036215
0,00071583
0,00158097
0,00040559
0,00205912
0,00088625
0,00049247
0,00163244
0,00033155
0,00162421

2,66E-05
0,00077506
0,00013057
0,00040288
0,00017815
0,00014786

3,50€-05
0,00188411
0,00017446
0,00044591
0,00028078
0,00172072
0,00067462

0,000229
[X

0,03476444
0,03555961
0,03476444
0,03291643
0,03476444
0,04399008
0,03697411
0,03476444
0,03315398
0,03654939
0,03369759
0,03592056
0,04250601
0,03373901
0,04655586
0,03654939
0,03476444
0,04294518
0,03315398
0,04294518
0,03291643
0,03629498
0,03291643
0,03373901
0,03291643
0,03291643
0,03291643
0,04514203
0,03291643
0,03404162
0,03315398
0,04371333
0,03555961
0,03291643
o,

-2,35165816
-2,35759241
-2,35947991
-2,35981814
-2,36262463
-2,36265793
-2,36859685
-2,37242566
-2,39687603
-2,4093835
-2,41318965
-2,43758115
-2,43801183
-2,46258137
-2,46833
-2,49695903
-2,52171645
-2,53071852
-2,5488258
-2,56153853

-1,23367837
-1,23731432
-1,23846889
-1,23867568
-1,24039044
-1,24041077
-1,24403267
-1,24636288
-1,26115529
-1,26866405
-1,2709413
-1,28545025
-1,28570513
-1,30017139
-1,30353528
-1,32017215
-1,33440606
-1,33954705
-1,34983278
-1,35701059

0,00015072
0,00020201
0,0005752
0,00187806
0,00059669
0,00067627
0,00220524
0,0004085
0,0001645
0,00104065
0,00048507
0,00101474
0,0003397
0,0004529
0,00055589
0,00030568
2,186-05
6,74E-05
0,00176076
0,00021573

0,03291643
0,03291643
0,03507191
0,04514203
0,03507191
0,03555961
0,04740503
0,03376519
0,03291643
0,03812918
0,0346996
0,03808028
0,03315398
0,03423628
0,03476444
0,03315398
0,03291643
0,03291643
0,04380084
0,03291643
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A_52_P420504
A_S5_P2021540
A_S5_P2290443
A_S5_P2119287
A_66_P123824
A_S5_P1952915
A_66_P122219
A_51_P115715
A_51_P350817
A_S5_P2021565
A_S5_P2130129
A_51_P289889
A_52_P579531
A_S5_P2167922
A_66_P123617
A_51_P269404
A_51_P433000
A_52_P6828
A_S5_P2133706
A_S1_Pa49233
A_S5_P2167530
A_S5_P2117119
A_51_P317941
A_S5_P1988531
A_51_P277431
A_S5_P2095133
A_S5_P2103452
A_51_P162162
A_51_P309920
A_52_p229972

NM_007392 ENSMUST00000039631
NM_145136 ENSMUST00000101042
ENSMUST000001834 ENSMUST00000183482
NM_001159507 ENSMUST00000162293
ENSMUST ENSMUST

NM_015825 ENSMUST00000048770
NM_001039347 ENSMUST00000098761
NM_023049 ENSMUST00000127447
NM_009922 ENSMUST00000001384
NM_001164034 ENSMUST00000112244
NM_010597 ENSMUST00000049230
NM_033525 ENSMUST00000042729
NM_016798 ENSMUST00000034053
NM_007868 ENSMUST00000141778
NM_053106 ENSMUST00000059352
NM_008030 ENSMUST00000028010
AK008733 ENSMUST00000029049
NM_023500 ENSMUST00000015486
NM_001101510 ENSMUST00000135338
NM_172444 ENSMUST00000034829
ENSMUST000000435 ENSMUST00000043503
NM_028889 ENSMUST00000118687
NM_022032 ENSMUST00000019998
NM_001161775 ENSMUST00000090287
NM_028804 ENSMUST00000027988
NM_080451 ENSMUST00000106427
NM_010934 ENSMUST00000039303
NM_009349 ENSMUST00000003569
NM_001001309 ENSMUST00000028106
NM_009202 ENSMUST00000024596

11475

Thsd4
Scube3
Efhd1
Perp
Myh11
Ccdc3
Synpo2
Npylr
Inmt
ltga8
Slc22a1

actin, alpha 2, smooth muscle, aorta

myocardin

5-hydroxytryptamine (serotonin) receptor 18

glutamate receptor interacting protein 2

sortilin-related receptor, LDLR class A repeats-containing
SH3-binding domain glutamic acid-rich protein

potassium voltage-gated channel, Shal-related family, member 3
ankyrin repeat and SOCS box-containing 2

calponin 1

neurotrophin 3

potassium voltage-gated channel, shaker-related subfamily, beta n

nephronectin
PDZ and UM domain 3
dystrophin, muscular dystrophy
leiomodin 1 (smooth muscle)
flavin containing monooxygenase 3
charged multivesicular body protein 4C
X-linked Kx blood group
sushi domain containing 5
hromb din, type I, domain ining 4
signal peptide, CUB domain, EGF-like 3
EF hand domain containing 1
PERP, TP53 apoptosis effector
myosin, heavy polypeptide 11, smooth muscle
coiled-coil domain containing 3
synaptopodin 2
neuropeptide Y receptor Y1
indolethylamine N-methyltransferase
integrin alpha 8
solute carrier family 22 (organic cation transporter), member 1

-2,56407937
-2,57092103
-2,58969527
-2,60836739
61619087
-2,62786212
63043301
2,64983751
66152804
-2,66721402
68642341
-2,68820158
70671513
-2,72831047
-2,73019552
-2,80502545
-2,83398522
-2,83413436
-2,87665717
-2,88547419
-2,89692049
-2,90243963
-2,97279791
-2,9830869

2,9975271

-3,09790394
-3,15820205
-3,19864074
-3,23643909
-3,35872631

-1,35844092
-1,3622853
-1,37278235
-1,38314709
-1,3874678
-1,39388958
-1,39530031
-1,4059039
-1,41225476
-1,41533359
-1,4256867
-1,42664133
-1,43654306
-1,44800783
-1,44900427
-1,48801386
-1,50283223
-1,50290816
-1,52439329
-1,52880843
-1,53452009
-1,53726606
-1,57182139
-1,576806
-1,5837728
-1,63129241
-1,65910347
-1,67745896
-1,69440735
-1,74791424

6,14E-05
0,0005661

0,00053349
0,00023023
0,00094442
0,00094265
0,00218001
0,00076988
0,00054057
0,00041319
0,00063943
0,00119203
0,00037738
0,00237553
0,00089227
0,00030904
0,0003777

0,00103195
0,00082702
0,00049557
0,00135222
0,00051847
0,00052064
0,00090689
0,00094101
0,0008161

6,08E-05

0,00123806
0,00118369
0,00028289

0,03291643
0,03481832
0,03476444
0,03291643
0,03704536
0,03703145
0,04740503
0,03619952
0,03476444
0,03386016
0,03546117
0,03904427
0,03373901
0,04844509
0,03656038
0,03315398
0,03373901
0,03812918
0,03629498
0,03476444
0,04041885
0,03476444
0,03476444
0,03681551
0,03703145
0,03629498
0,03291643
0,0393138
0,03904427
0,03315398
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RESULTADOS

Table S4. GSEA analysis: enriched gene sets for DEGs

GO_BP significantly enriched gene sets in Angll-infused Tg-NOR-1V*"¢ mice

Gene set FDR g-
value
GO_CELL_CYCLE_PROCESS <1E-4
GO_CELLULAR_RESPONSE_TO_DNA_DAMAGE_STIMULUS <1E-4
GO_MITOTIC_NUCLEAR_DIVISION <1E-4
GO_MITOTIC_CELL_CYCLE <1E-4
GO_SYNAPTIC_SIGNALING <1E-4
GO_VESICLE_MEDIATED_TRANSPORT_IN_SYNAPSE <1E-4
GO_CHROMOSOME_SEGREGATION 1.301E-4
GO_CELL_CYCLE 2.456E-4
GO_NUCLEAR_CHROMOSOME_SEGREGATION 2.661E-4
GO_NEUROTRANSMITTER_TRANSPORT 2.902E-4
GO_MITOTIC_NUCLEAR_DIVISION 3.193E-4
GO_SISTER_CHROMATID_SEGREGATION 3.548E-4
GO_REGULATION_OF_CHROMOSOME_SEGREGATION 3.740E-4
GO_REGULATION_OF_NEUROTRANSMITTER_LEVELS 6.234E-4
GO_REGULATION_OF_IMMUNE_RESPONSE 6.723E-4
GO_NEUROTRANSMITTER_SECRETION 6.941E-4
GO_DNA_METABOLIC_PROCESS 7.143E-4
GO_REGULATION_OF_NUCLEAR_DIVISION 7.797E-4
GO_CELL_DIVISION 8.208E-4
GO_DNA_REPAIR 0.0011
GO_EXOCYTIC_PROCESS 0.0011
GO_AMINE_TRANSPORT 0.0011
GO_REGULATION_OF_MITOTIC_CELL_CYCLE 0.0013
GO_REGULATION_OF_CELL_CYCLE_PROCESS 0.0014
GO_REGULATION_OF_SECRETION 0.0014
GO_MONOAMINE_TRANSPORT 0.0015
GO_MULTICELLULAR_ORGANISMAL_RESPONSE_TO_STRESS 0.0023
GO_SYNAPTIC_VESICLE_EXOCYTOSIS 0.0036
GO_REGULATION_OF_IMMUNE_SYSTEM_PROCESS 0.0037
GO_REGULATION_OF_CELL_CYCLE_PHASE_TRANSITION 0.0040
GO_FEMALE_GAMETE_GENERATION 0.0040
GO_SYNAPSE_ORGANIZATION 0.0048
GO_CELL_CYCLE_CHECKPOINT 0.0048
GO_ATTACHMENT_OF_SPINDLE_MICROTUBULES_TO_KINETOCHORE 0.0048
GO_ORGANELLE_LOCALIZATION 0.0048
GO_POSITIVE_REGULATION_OF_CELL_CYCLE 0.0048
GO_MYELOID_LEUKOCYTE_MIGRATION 0.0049
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GO_MEIOTIC_CELL_CYCLE_PROCESS 0.0053
GO_CELL_CELL_SIGNALING 0.0056
GO_DNA_PACKAGING 0.0061
GO_METAPHASE_ANAPHASE_TRANSITION_OF_CELL_CYCLE 0.0062
GO_NEUROTRANSMITTER_REUPTAKE 0.0063
GO_POSITIVE_REGULATION_OF_CELL_ACTIVATION 0.0063
GO_REGULATION_OF_CELL_CYCLE 0.0063
GO_SECRETION 0.0063
GO_ANTIGEN_PROCESSING_AND_PRESENTATION 0.0064
GO_MEIOTIC_CELL_CYCLE 0.0064
GO_CELL_CYCLE_PHASE_TRANSITION 0.0064
GO_ANTIGEN_PROCESSING_AND_PRESENTATION_OF_PEPTIDE_ 0.0066
ANTIGEN

GO_POSITIVE_REGULATION_OF_CELL_CYCLE_PROCESS 0.0074
GO_POSITIVE_REGULATION_OF_IMMUNE_SYSTEM_PROCESS 0.0074
GO_SIGNAL_RELEASE 0.0074
GO_REGULATION_OF_SISTER_CHROMATID_SEGREGATION 0.0075
GO_SPINDLE_ORGANIZATION 0.0076
GO_CHROMOSOME_SEPARATION 0.0077
GO_CHROMOSOME_ORGANIZATION 0.0084
GO_ANTIGEN_PROCESSING_AND_PRESENTATION_OF_PEPTIDE_OR_PO | 0.0091
LYSACCHARIDE_ANTIGEN_VIA_MHC_CLASS_|I
GO_DNA_CONFORMATION_CHANGE 0.0108
GO_DOPAMINE_TRANSPORT 0.011
GO_ADAPTIVE_IMMUNE_RESPONSE 0.010
GO_REGULATION_OF_CELL_ACTIVATION 0.0102
GO_GRANULOCYTE_MIGRATION 0.0106
GO_MITOTIC_CELL_CYCLE_CHECKPOINT 0.0109
GO_CELL_ACTIVATION 0.011
GO_NEGATIVE_REGULATION_OF_CELL_CYCLE_PROCESS 0.0114
GO_PEPTIDE_SECRETION 0.0114
GO_VESICLE_DOCKING 0.0121
GO_REGULATION_OF_REGULATED_SECRETORY_PATHWAY 0.0129
GO_DNA_REPLICATION 0.014

GO_BP significantly downregulated gene sets in Angll-infused Tg-NOR-1VS"¢ mice

Gene set FDR g-
value
GO_MUSCLE_CELL_DIFFERENTIATION <1E-5
GO_MUSCLE_CONTRACTION <1E-5
GO_MUSCLE_STRUCTURE_DEVELOPMENT <1E-5
GO_MUSCLE_SYSTEM_PROCESS <1E-5
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GO_REGULATION_OF_MUSCLE_SYSTEM_PROCESS <1E-5
GO_CIRCULATORY_SYSTEM_PROCESS <1E5
GO_ACTIN_FILAMENT_BASED_MOVEMENT <1E-5
GO_ACTIN_FILAMENT_BASED_PROCESS <1E-5
GO_ACTIN_MEDIATED_CELL_CONTRACTION <1E-5
GO_STRIATED_MUSCLE_CONTRACTION <1E-5
GO_HEART_PROCESS <1E-5
GO_ORGANELLE_FISSION <1E-5
GO_MUSCLE_TISSUE_DEVELOPMENT 7,219E-5
GO_CARDIAC_MUSCLE_CONTRACTION 7.821E-5
GO_CARDIAC_MUSCLE_CELL_CONTRACTION 2392E-4
GO_THIOESTER_BIOSYNTHETIC_PROCESS 2.831E-4
GO_CELLULAR_AMIDE_METABOLIC_PROCESS 5.508E-4
GO_REGULATION_OF_BLOOD_CIRCULATION 5.784E-4
GO_MYOFIBRIL_ASSEMBLY 6.088E-4
GO_REGULATION_OF_ACTIN_FILAMENT_BASED_MOVEMENT 6.553E-4
GO_REGULATION_OF_MUSCLE_CONTRACTION 6.704E-4
GO_ACTION_POTENTIAL 5.901E-4
GO_REGULATION_OF_CARDIAC_MUSCLE_CELL_ACTION_POTENTIAL 0.0010
GO_REGULATION_OF_ACTION_POTENTIAL 0.0010
GO_REGULATION_OF_SYSTEM_PROCESS 0.0010
GO_CARDIAC_CONDUCTION 0.0011
GO_REGULATION_OF_HEART_RATE 0.0012
GO_MUSCLE_ORGAN_DEVELOPMENT 0.0012
GO_ACTIN_FILAMENT_ORGANIZATION 0.0012
GO_STRIATED_MUSCLE_CELL_DIFFERENTIATION 0.0012
GO_HEART_DEVELOPMENT 0.0012
GO_ACETYL_COA_METABOLIC_PROCESS 0.0012
GO_COENZYME_METABOLIC_PROCESS 0.0012
GO_FATTY_ACID_METABOLIC_PROCESS 0.0015
GO_LIPID_METABOLIC_PROCESS 0.0016
GO_MUSCLE_CELL_DEVELOPMENT 0.0018
GO_CARDIAC_MUSCLE_CELL_ACTION_POTENTIAL_INVOLVED_IN_CONT | 0.0030
GO_REGULATION_OF_STRIATED_MUSCLE_CONTRACTION 0.0032
GO_COFACTOR_METABOLIC_PROCESS 0.0033
GO_COENZYME_BIOSYNTHETIC_PROCESS 0.0033
GO_THIOESTER_METABOLIC_PROCESS 0.0033
GO_MUSCLE_FILAMENT_SLIDING 0.0041
GO_REGULATION_OF_CARDIAC_MUSCLE_CONTRACTION 0.0045
GO_REGULATION_OF_SODIUM_ION_TRANSMEMBRANE_TRANSPORT 0.0045
GO_AMIDE_BIOSYNTHETIC_PROCESS 0.0046
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GO_MULTICELLULAR_ORGANISMAL_MOVEMENT 0.0056
GO_REGULATION_OF_SODIUM_ION_TRANSPORT 0.0056
GO_REGULATION_OF_CARDIAC_CONDUCTION 0.0059
GO_ORGANIC_ACID_BIOSYNTHETIC_PROCESS 0.0075
GO_REGULATION_OF_MYOTUBE_DIFFERENTIATION 0.0086
GO_CARDIAC_MUSCLE_TISSUE_DEVELOPMENT 0.0087
GO_STEROL_BIOSYNTHETIC_PROCESS 0.0093
GO_REGULATION_OF_ACTIN_FILAMENT_BASED_PROCESS 0.0094
GO_ALCOHOL_METABOLIC_PROCESS 0.0097
GO_FATTY_ACID_BIOSYNTHETIC_PROCESS 0.0101
GO_COFACTOR_BIOSYNTHETIC_PROCESS 0.0105
GO_NUCLEOSIDE_BISPHOSPHATE_BIOSYNTHETIC_PROCESS 0.0105
GO_OXIDATION_REDUCTION_PROCESS 0.0109
GO_SULFUR_COMPOUND_BIOSYNTHETIC_PROCESS 0.0109
GO_REGULATION_OF_METAL_ION_TRANSPORT 0.0111
GO_REGULATION_OF_SODIUM_ION_TRANSMEMBRANE_TRANSPORTER | 0.0112
GO_CIRCULATORY_SYSTEM_DEVELOPMENT 0.0112
GO_MULTICELLULAR_ORGANISMAL_SIGNALING 0.0113
GO_REGULATION_OF_TRANSMEMBRANE_RECEPTOR_PROTEIN_SERINE | 9 0110
_THREONINE_KINASE_SIGNALING_PATHWAY
GO_MONOCARBOXYLIC_ACID_METABOLIC_PROCESS 0.0114
GO_SMOOTH_MUSCLE_CELL_DIFFERENTIATION 0.0140
GO_STEROID_BIOSYNTHETIC_PROCESS 0.0144
GO_REGULATION_OF_LIPID_METABOLIC_PROCESS 0.0144
GO_HEART_PROCESS 0.0152
GO_CC significantly enriched gene sets in Angll-infused Tg-NOR-1VS"¢ mice
Gene set FDR g-
value
GO_SYNAPSE <1E-4
GO_PRESYNAPSE <1E-4
GO_TRANSPORT_VESICLE <1E-4
GO_AXON <1E-4
GO_SPINDLE <1E-4
GO_EXOCYTIC_VESICLE 1.317E-4
GO_CONDENSED_CHROMOSOME 1.505E-4
GO_CHROMOSOMAL_REGION 1.756E-4
GO_CHROMOSOME_CENTROMERIC_REGION 2.426E-4
GO_SYNAPTIC_VESICLE_MEMBRANE 4.062E-4
GO_SCHAFFER_COLLATERAL_CA1_SYNAPSE 4.468E-4
GO_CONDENSED_CHROMOSOME_CENTROMERIC_REGION 5.600E-4
GO_KINETOCHORE 6.992E-4
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GO_CHROMOSOMAL_REGION 8.101E-4
GO_SPINDLE_POLE 9.172E-4
GO_DENSE_CORE_GRANULE 0.0013
GO_NEURON_PROJECTION 0.0017
GO_GLUTAMATERGIC_SYNAPSE 0.0019
GO_COLLAGEN_TRIMER 0.0021
GO_CELL_BODY 0.0029
GO_MITOTIC_SPINDLE 0.0031
GO_VESICLE_MEMBRANE 0.0048
GO_CONDENSED_NUCLEAR_CHROMOSOME 0.0049
GO_SPINDLE_MICROTUBULE 0.0049
GO_SECRETORY_VESICLE 0.0055
GO_FIBRILLAR_COLLAGEN_TRIMER 0.0074
GO_NEURON_TO_NEURON_SYNAPSE 0.0076
GO_INTRINSIC_COMPONENT_OF_SYNAPTIC_VESICLE_MEMBRANE 0.0077
GO_NUCLEAR_CHROMOSOME 0.0111
GO_MICROTUBULE 0.0111
GO_TRANSPORT_VESICLE_MEMBRANE 0.0020
GO_TRANSFERASE_COMPLEX_TRANSFERRING_PHOSPHORUS_ 0.0295
CONTAINING_GROUPS
GO_COMPLEX_OF_COLLAGEN_TRIMERS 0.0119
GO_DISTAL_AXON 0.0121
GO_NUCLEAR_CHROMOSOME 0.0122
GO_TERMINAL_BOUTON 0.0170
GO_PROTEIN_KINASE_COMPLEX 0.0199
GO_SOMATODENDRITIC_COMPARTMENT 0.0214
GO_GABA_ERGIC_SYNAPSE 0.0218
GO_INTRINSIC_COMPONENT_OF_PLASMA_MEMBRANE 0.0263
GO_PRESYNAPTIC_MEMBRANE 0.0288
GO_CONDENSED_NUCLEAR_CHROMOSOME_CENTROMERIC_REGION 0.0305
GO_KINESIN_COMPLEX 0.0380
GO_SERINE_THREONINE_PROTEIN_KINASE_COMPLEX 0.0308
GO_HIPPOCAMPAL_MOSSY_FIBER_TO_CA3_SYNAPSE 0.0413
GO_CELL_CORTEX_REGION 0.0422
GO_MICROTUBULE_ASSOCIATED_COMPLEX 0.0427
GO_PRESYNAPTIC_ACTIVE_ZONE 0.0462
GO_SYNAPTIC_MEMBRANE 0.0470
GO_CC significantly downregulated gene sets in Angll-infused Tg-NOR-1 VSME mice
Gene set FDR g-
value
GO_ACTIN_CYTOSKELETON <1E-4
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GO_CONTRACTILE_FIBER <1E-4
GO_ANCHORING_JUNCTION <1E-4
GO_CELL_SUBSTRATE_JUNCTION <1E-4
GO_SARCOLEMMA <1E-4
GO_|_BAND <1E-4
GO_ACTOMYOSIN 1.319E-4
GO_SARCOLEMMA 2.195E-4
GO_ACTIN_FILAMENT_BUNDLE 1.951E-4
GO_GLYCOPROTEIN_COMPLEX 0.0044
GO_FILAMENTOUS_ACTIN 0.0059
GO_ACTIN_FILAMENT 0.0089
GO_SARCOPLASMIC_RETICULUM_MEMBRANE 0.0094
GO_CELL_CELL_JUNCTION 0.0094
GO_T_TUBULE 0.0096
GO_SUPRAMOLECULAR_POLYMER 0.0176
GO_INTERCALATED_DISC 0.0211
GO_MYOSIN_COMPLEX 0.0446
GO_CELL_CELL_CONTACT_ZONE 0.0465
GO_SUPRAMOLECULAR_COMPLEX 0.0480
Reactome significantly enriched gene sets in Angll-infused Tg-NOR-1VS"¢ mice
Gene set FDR g-
value
REACTOME_IMMUNOREGULATORY_INTERACTIONS_BETWEEN_A_ <1E-4
LYMPHOID_AND_A_NON_LYMPHOID_CELL
REACTOME_CELL_CYCLE <1E-4
REACTOME_MITOTIC_METAPHASE_AND_ANAPHASE <1E-4
REACTOME_MITOTIC_PROMETAPHASE <1E-4
REACTOME_CELL_CYCLE_CHECKPOINTS <1E-4
REACTOME_MITOTIC_SPINDLE_CHECKPOINT <1E-4
REACTOME_CELL_CYCLE_MITOTIC <1E-4
REACTOME_M_PHASE <1E-4
REACTOME_SEPARATION_OF_SISTER_CHROMATIDS <1E-4
REACTOME_RESOLUTION_OF_SISTER_CHROMATID_COHESION <1E-4
REACTOME_COPI_DEPENDENT_GOLGI_TO_ER_RETROGRADE_TRAFFIC | 0.0011
REACTOME_RHO_GTPASES_ACTIVATE_FORMINS 0.0011
REACTOME_KINESINS 0.0012
REACTOME_GOLGI_TO_ER_RETROGRADE_TRANSPORT 0.0012
REACTOME_COLLAGEN_DEGRADATION 0.0013
REACTOME_NEURONAL_SYSTEM 0.0038
REACTOME_INTRA_GOLGI_AND_RETROGRADE_GOLGI_TO_ER_TRAFFIC | 0.0040
REACTOME_COLLAGEN_CHAIN_TRIMERIZATION 0.0046
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REACTOME_THE_ROLE_OF_GTSE1_IN_G2_M_PROGRESSION_AFTER_ 0.0058
G2_CHECKPOINT
REACTOME_TRANSMISSION_ACROSS_CHEMICAL_SYNAPSES 0.0059
REACTOME_MHC_CLASS_II_ANTIGEN_PRESENTATION 0.0135
REACTOME_NEUROTRANSMITTER_RECEPTORS_AND_POSTSYNAPTIC_ | 0.0217
SIGNAL_TRANSMISSION
REACTOME_GPCR_LIGAND_BINDING 0.0248
REACTOME_DNA_REPAIR 0.0273
REACTOME_ADAPTIVE_IMMUNE_SYSTEM 0.0442
REACTOME_SEROTONIN_NEUROTRANSMITTER_RELEASE_CYCLE 0.0452
REACTOME_DOPAMINE_NEUROTRANSMITTER_RELEASE_CYCLE 0.0477
REACTOME_CLASS_A_1_RHODOPSIN_LIKE_RECEPTORS 0.0494
Reactome significantly downregulated gene sets in Angll-infused Tg-NOR-1V*"® mice
Gene set FDR g-
value
REACTOME_MUSCLE_CONTRACTION <1E-4
REACTOME_SMOOTH_MUSCLE_CONTRACTION <1E-4
REACTOME_METABOLISM_OF_LIPIDS 0.0015
REACTOME_BIOLOGICAL_OXIDATIONS 0.0016
REACTOME_CARDIAC_CONDUCTION 0.0059
REACTOME_RHO_GTPASES_ACTIVATE_CIT 0.0119
REACTOME_FATTY_ACID_METABOLISM 0.0125
REACTOME_PHASE_|_FUNCTIONALIZATION_OF_COMPOUNDS 0.0135
REACTOME_EPHA_MEDIATED_GROWTH_CONE_COLLAPSE 0.0140
REACTOME_RHO_GTPASES_ACTIVATE_PAKS 0.0143
REACTOME_REGULATION_OF_CHOLESTEROL_BIOSYNTHESIS_BY_SRE | 0.0313
BP_SREBF
REACTOME_ION_HOMEOSTASIS 0.0328
REACTOME_HSF1_DEPENDENT_TRANSACTIVATION 0.0335
REACTOME_FATTY_ACYL_COA_BIOSYNTHESIS 0.0336
REACTOME_RHO_GTPASES_ACTIVATE_ROCKS 0.0340
REACTOME_ACTIVATION_OF_GENE_EXPRESSION_BY_SREBF_SREBP 0.0352
REACTOME_CELLULAR_RESPONSE_TO_HEAT_STRESS 0.0355
REACTOME_SEMA4D_INDUCED_CELL_MIGRATION_AND_GROWTH_CON | 0.0355
REACTOME_INOSITOL_PHOSPHATE_METABOLISM 0.0367
REACTOME_SEMA4D_IN_SEMAPHORIN_SIGNALING 0.0380
REACTOME_CELL_EXTRACELLULAR_MATRIX_INTERACTIONS 0.0402
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Table S5. Enriched Gene set
components

members for selected pathways and cellular

Upregulated DEGs

Pathway term

Genes

FDR g-
value

GO_MITOTIC_CELL_CYCLE

Tubb3, Phox2b, Ppp2r2c, Ppp2r2b, Plagl1, Cdkn2a, Birc5,
Tubb2b, Plk2, Sapcd2, Mki67, Cenpe, Stmn1, Ccnb1,
Spag$5, Ccna2, Rrm2, Fap, E2f8, Cdca5, Cdk1, Spc25,
Kif22, Kif20a, Trip13, Plk1, Ska1, Aurka, Top2a, Ncaph,
Cdca8, Ccnb2, Bub1, Ube2c, Prkcb, Kif11, Kif20b, Cdc20,
Knstrn, Melk, Sox4, Cdkn3, Racgap1, Aif1, Nuf2, SgoL1,
Kntc1, Kif4a, Igf1, Ckap2, Bub1b, Cdk14, Ccnf, Kifc1, Ect2,
Pole, Nsi1, Rad51, Ndc80, Tpx2, Cdt1, Ccne1, Kif23,
Nusap1, Ticrr, Kif15, Digap$5, Iqgap3, Tacc3, Dscc1, Mybl2,
Pbk, Beat1, Nek2, Kif2c, Espl1, Haus4, Ezh2, Mcm5,
Incenp, Cenpa, Odf2, Dsn1, Nek6, Dbf4, Lgmn, Mcm3,
Ncapd2, Mcm2, Ska3, E2f1, Mad2I1, Gins1, Egfr, Brca2,
Cks2, Bid, Mmip, Ccnjl, Zwilch, Clspn, Rad51b, Cenpk,
Tube1, Mastl, Zwint, Foxm1, PIk3, Rbbp8, Rrm1, Gadd45a

<1E4

GO_CELLULAR_RESPONSE_TO_
DNA_ DAMAGE_STIMULUS

Plagl1, Plk2, Pmaip1, Ccnb1, E2f8, Uhrf1, Cdca5, Cdk1,
Kif22, Exo1, Trip13, Plk1, Pclaf, Aurka, Top2a, Chaf1b,
Fanca, Sox4, Aunip, Fignl1, Fen1, Pole, Rad51, Fanci,
Ticrr, Neil3, Pycard, Mapt, Rad51ap1, Pak1, Bok, Mcm5,
Gins2, Chaf1a, Mcm3, Mcm2, E2f1, Egfr, Snai2, Brca2,
Bid, Mrnip, Rad54b, Cispn, Ankle1, Rad51b, Brip1, Mastl,
Foxm1, Plk3, Rbbp8, Gadd45a, Spred3, Hmgb2, Esco2,
Mpg, Chek2, Zdhhc16, Polr2i, Pms1, Usp51, Casp3, Stn1,
Smyd2, Rfc3, Phf1

<1E4

GO_SYNAPTIC_SIGNALING

Syt1, Slc6a2, Rit2, Ntrk1, Npy, Rab3b, Cpix1, Dbh, Th,
Kcnmb4, Sytd4, Cadps, Amph, Slc18a2, Asic2, Kif5a,
Hecrtr1, Syt5, Syn2, Omp, Erc2, Rims3, Kenq2, Ptn,
Mapk8ip2, Syngr1, Celf4, Lrrc4c, Ache, Sic5a7, Nrxn1,
Snph, Chmb4, Tubb2b, Sic1a6, Cdh11, Plk2, Prkar1b,
Kcenj10, Nrg1, Grm7, Ror2, Ppfia3, Gpr176, Girb, Ly6h,
Cspg5, Chrna3, P2rx2, Cdh2, Syt9, Penk, Clstn2, Prkcb,
Cdc20, Syn1, Apba2

<1E4

GO_COLLAGEN_TRIMER

Col10a1, Col11a1, Cthrc1, Col9a1, Col12a1, Col8a1,
Col8a2, Col5a3, Col1atl, Col16a1, C1ql3, Col3a1, Col5a2,
Col5a1, Col1a2

0.00206

GO_REGULATION_OF_IMMUNE_
SYSTEM_PROCESS

Gnas, Cd5l, Ptn, Adam8, Cd300c2, Trem2, Mmp12,
Col1a1, Pilra, Ror2, Lilrb4, Cyfip2, Susd4, Camk4, Clec7a,
Thbs1, Tox, Mzb1, Lat2, Cd84, Ripk3, Gal, Ebi3, Runx1,
Sh2d1b1, Fanca, Prkcb, Cd200r1, Hest, Spn, Slit2, Col3a1,
Mdk, C5ar1, Aif1, Ahr, Igf1, Raet1e, Plscr1, Cd276,
Ubash3b, Gper1, Adora2b, Fcgr2b, Nckap1l, Col1a2,
Slc11a1, Ccl3, Plcl2, Cd300Id, Prkcz, Pycard, Cmtm3,
Slc7a11, 1118,Cadm1, Pak1, Sox9, Hes5, Pf4, Sox11, H2-
Ob, Tspan6 Lgmn, Hist1h3g

0.00375

GO_MYELOID_LEUKOCYTE_
MIGRATION

Scg2, Chga, Adam8, Trem2, Mcoin2, Ror2, Thbs1,
Cd200r1, Slit2, Mdk, C5ar1, Aif1, Nckap1l, Ccl3, Ccl17,
Pf4, Lgmn, Ptger4, Cxcl2, Cx3cl1

0.00494

GO_ANTIGEN_PROCESSING_AND
_ PRESENTATION

Rab3c, Dync1i1, Rab3b, Kif5a, Trem2, Cenpe, Thbs1,
Kif22, Kif11, Racgap1, Kif4a, Fcgr2b, Kif23, Kif15, Sic11at,
Pycard, Kif2c, H2-Ob, Lgmn

0.00642

Downregulated DEGs

Pathway term

Genes

FDR-

value
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GO_MUSCLE_STRUCTURE_
DEVELOPMENT

Itga8, Myh11, Xk, Lmod1, Dmd, Pdlim3, Npnt, Kcnab1,
Asb2, Myocd, Tagin, Myom1, Ldb3, Ryr2, Dsp, Sgcg,
Pgm5, Hey2, Myh14, Mylk, Csmp1, Mylk2, Dmpk, Sorbs2,
Fbxo40, Sgca, Rbm24, Tpm1, Hdac9, Rbpms2, Nox4,
Myl6, Cav3, Sgcd, Smarcd3, Speg, Atp2a2, Prdm6, Fzd7,
Ccn3, Myo18b, Nkd1, Smtn, Igfbp5, Unc45a, Foxc1, Bnip2,
Srf, Cfi2, Syne1, Pdlim7, Mbnl1, Bmp2, Ik, Pdlim1, Epas1,
Cryab, Rgs4, Creb1

<1E-4

GO_ACTIN_CYTOSKELETON

Synpo2, Myh11, Lmod1, Pdlim3, Acta2, Limch1, Arc,
Myom1, Myl9, Dstn, Ldb3, Xirp1, Fina, Cap2, Tpom2, PgmS5,
Myh14, Pawr, Abra, Mylk, Sorbs2, Nexn, Tom1, Nox4,
Filip1, Myl6, Cdc42ep3, Myo18b, Actn1, Smitn, Acaca, PIs3,
Gsn, Ddr2, Actn4, Cfl2, Clic4, Dctn6, Pdlim7, Auts2, Hip1,
llk, Pdlim1, Cryab, Myo1c, Vasp, Mical3, Msrb1, Jup

<1E-4
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-

hNOR-1 mRNA levels
(vs. TgNOR-1)
o
o

Tg Tgvsme

Figure S1. Transgene expression in NOR-1 transgenic mice. Human NOR-1 (hNOR-1) mRNA

levels analyzed by real-time PCR in the medial aorta from both TgNOR-1 and TgNOR-1VSMC
(TgVSMC) mice. Data are mean + SEM (n=8).
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Figure S2: Characteristics of abdominal aortic aneurysms promoted by NOR-1 transgenesis in response to Angll. A) Luminal and outer areas of

abdominal aortas from Angll infused mice quantified by image analysis in aortic sections from each experimental group (WT: wild-type; Tg: TgNOR-1 mice; 170
TgVSMC: TgNOR-1VSMC animals). Data represent mean = SEM (n=10). * p< 0.05 vs. Angll-infused WT mice. One-way ANOVA. B) Representative images of

abdominal aortas from WT and NOR- 1 transgenic mice after Angll infusion (Bar: 500 um). The presence of a false channel (FC) into the hematoma could be

observed in some aneurysms.
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Figure S3: NOR-1 transgenesis did not alter renal and hepatic function. Biochemical parameters of renal and hepatic function
were assessed in plasma samples from wild-type (WT), TgNOR-1 and TgNOR-1VSMC mice infused with saline (white bars) or Angll
(black bars). Levels of aspartate transaminase (AST; A) alanine transaminase (ALT; B), creatinine (C) and blood urea nitrogen (BUN;
D) are shown. Data represent mean + SEM (saline, n=8; Angll, n=10). * p< 0.05 vs. the same mice infused with saline. Two-way

ANOVA.
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Figure S4. AnglI-induced macrophage infiltration and MCP-1 expression are enhanced in NOR-1 transgenic mice. Wild-type (WT), TgNOR-
1 and TgNOR-1VSMC mice were infused with Angll (1000 ng/kg/min) or saline solution for 28 days. Representative images showing the infiltration
of macrophages (MAC3+ cells) and MCP-1 immunostaining in aortic sections from each experimental group counterstained with haematoxilin.

Bars: 50 pm.

MAC3

MCP-1

Saline

Angli

Saline

Angli

WT TgNOR-1 TgNOR-1Vswc
& A
- ke 4 - ’ -
- —— | >. e GRS W R =
b .~ S > ¢~ = - ~5
"o . - r gt v -
- < = o e
4 ; < 7 P = .
N - “f ’ < Nk, £
. - -
-
-
—— . veeew——a
- - R P K - ~ =
: s N R S
= o e —ry ‘k .’ . S - § Cotinmn & o
vy = = 4 e
[ - > v » - P L =
- . - - b 7
- = ey % - o : .t _4. *' -
. 2 v
o o | O i T |\ i A Vg 5P RS
g * o /3 Y ¥ . P .
% - - n o el e~ .
s T > AL » NLw N T
4 -~ > N , Y.‘
- - 1240 " ‘. i 5
P - 2 > o) Y ’/c s L e 7,28
P
a R A 2
" : '
N -
-
+ Y
»~
-
-\ s
p = -
2 -

172



MAC3 CD3 ELANE MCP-1

WT

=
> ;' *
. ‘»,'.‘_"...
. - -
ol | Rl A
e 3, Yo
2
v B0 W
m »
Olo S e !
%) = oo P TR, .
=S ™ o o [ pid ol T =
5 i cs > < =
(a] — R — 0
B 400 - 400 - 300~ 1.0
* * * "
2 300 300 2z & 0.8+
[ 2 @ 200 £
(3] o o £ 0.6+
+ 2004 + 2004 + =
2 (30 w -
o o Z 100 g
< < T
= 1004 O 100+ S Q o
# w # = 747
# #
0 04 04 0.0
WT — Dox WT — Dox WT — Dox WT — Dox
TgNOR-1Vsic TgNOR-1Vsve TgNOR-1Vsie TgNOR-1vsic

Figure S5. Doxycycline reduced inflammatory cell infiltration in the abdominal aorta from Ang-II-infused TgNOR-1YSMC mice. AnglIl (1000 ng/kg/min) was
infused into wild-type (WT) and TgNOR-1VSMC mice for 28 days. TgNOR-1VSMC mice were treated or not with Doxycycline (Dox; 30 mg/kg body weight/day). A)
Aortic infiltration of macrophages (MAC3), lymphocytes (CD3) and neutrophils (elastase, neutrophil expressed, ELANE) and MCP-1 immunolabeling in Angll-infused
mice (Bars: 50 um). B) Quantitative analysis of positive cells per aortic section (MAC3, CD3 and ELANE) and area in mm? per aortic section (MCP-1). Data are
expressed as mean + SEM (WT, n=7; TgNOR- [VSMC n=8). P<0.05; *, vs. Angll-infused WT mice; #, vs. Angll-infused TgNOR- 1VSMC mjce. Kruskal-Wallis test for B.
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Figure S6: Doxycycline did not alter the aortic expression of either hNOR-1 transgene
or endogenous NOR-1 in TgNOR-1VSMC mice. A) Human NOR-1 (hNOR-1) mRNA levels
assessed in aorta from TgNOR-1VSMC mice infused with saline (Sal; white bars) or Angll
(black bars) and treated or not with doxycycline (Dox; grey bars) (Sal-infused transgenic
mice, n=10; Angll-infused transgenic mice, n=15; Angll-infused transgenic mice treated
with doxycycline, n=10. B) Endogenous mRNA levels of NOR-1 (mNOR-1) assessed after
Angll infusion in aorta from WT and TgNOR-1VSMC mijce treated or not with doxycyline
(Angll-infused WT mice, n=15; Angll-infused transgenic mice, n=15; Angll-infused
transgenic mice treated with doxycycline, n=10). Data represent mean + SEM.
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Figure S7. Pre-ranked gene set enrichment analysis (GSEA)
in aortas from Angll-infused TgNOR-1VSMC and WT mice.
Specific enrichment plots of Gene Ontology and Reactome
analysis including Enrichment Score (ES) curves (in green) and
normalized ES (NES) and FDR g-values. Inclusion gene set
size was between 5 and 500 and the phenotype was permutated
1,000 times. Gene sets that met the FDR <0.05 criterion were
considered.
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A Angll

B Angll
WT TgNORVSMC b,
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Figure S8. MMP12 protein level is enhanced by Angll infusion in the abdominal aorta
from NOR-1 transgenic mice. Wild-type (WT) and TgNOR-1VSMC mice were infused with
AngllI (1000 ng/kg/min) for 28 days. A) Immunohistochemical analysis of MMP-12 expression
in abdominal aorta sections from these animals. Sections were counterstained with hematoxylin.
The boxes indicate the magnified area shown in the lower panel (Bar: 100 pm). B) MMP12
protein levels were assessed by Western blot in aortic lysates from Angll-infused mice. Levels of
B-actin are shown as a loading control. Protein size was estimated by the indicated position of
molecular weight markers.
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Resultados: Figura Aly A2.

En ratones TJNOR-1°MLV |a expresion del trangen hNOR-1 controlada por el
promotor SM22a se dirige principalmente a CMLV. Los analisis por PCR a
tiempo real mostraron una elevada expresion del hNOR-1 en CMLV de la
media de animales TgNOR-1°M-V| en cambio la expresién de hNOR-1 en
fibroblastos de la adventicia fue indetectable es estas condiciones
experimentales (Figura Al).
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Figura Al. El promotor SM22a dirige la expresion del transgen a células
musculares lisas vasculares (VSMC) de ratones TgNOR-1°M-V pero no a
fibroblastos de la adventicia. Niveles de MRNA del NOR-1 humano (hNOR-
1) en VSMC y fibroblastos en cultivo aislados de la capa media y la adventicia
respectivamente, se analizaron mediante PCR a tiempo real. Fibroblastos (Fb)
de ratones TgNOR-1°M-V y VSMC. Los valores se expresan como media +
SEM (n=5). *P<0.0001; vs. VSMC.

En la patologia aneurismatica humana los niveles proteicos de NOR-1
incrementan alrededor de 10 veces en comparacion con muestras de aorta sanas.
Los niveles de proteina de NOR-1 en el raton transgénico TgNOR-1EM-V
aumentan en ese rango respecto a ratones WT (Figura A2).
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Figura A2. Niveles de proteina NOR-1 en AAA humanos y en la aorta
abdominal de ratones TgNOR-1°MLV. A) Los niveles de proteinas se
analizaron mediante Western blot en muestras vasculares de pacientes con
AAA vy en aortas abdominales de individuos sanos (donors) (Alonso et al.,
2016). B) Imagen representativa del analisis por Western blot para NOR-1 en
aortas abdominales de animales WT y TgNOR-1°M-V infundidos con solucion
salina (Saline) o Angll (100 ng/kg/min; 28 dias). El tamafio de las proteinas se
estim6 mediante la posicion del marcador de peso molecular (en kDa). La -

actina se empleé como control de carga.
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Introduccidon y objetivos: EI AAA es una patologia degenerativa que afecta
aproximadamente entre un 4% y un 8% de los hombres de méas de 65 afios
(Nordon et al., 2011). Esta enfermedad se caracteriza por una dilatacion
permanente de la aorta abdominal, cuyo diametro crece progresivamente
pudiendo producirse la ruptura aortica, responsable de mas de 16.000 muertes
al afo en Estados Unidos (Mozaffarian et al., 2015). La pared arterial sufre un
profundo remodelado destructivo debido a una respuesta inflamatoria cronica
asociada con un aumento de la expresion de proteasas y la consecuente
destruccion de las proteinas estructurales de matriz, ademas de una pérdida de
CMLV por apoptosis. Actualmente, no existen farmacos para reducir la
progresion del AAA, y el Unico tratamiento efectivo en aneurismas graves es la
cirugia de reparacién. Por ello, es necesario identificar nuevas estrategias
terapéuticas que limiten el crecimiento del aneurisma y su eventual ruptura.

El sistema nervioso simpatico controla la presién sanguinea y el tono
vascular, y aunque se desconoce la posible contribucién de este sistema al
desarrollo de enfermedades vasculares como el AAA, recientemente se ha
postulado la vinculacion de la actividad simpética con la progresion y ruptura
del aneurisma. Concretamente, los pacientes con diseccion aortica presentan un
aumento de la actividad simpética (Zhipeng et al., 2014), mientras que la
denervacion local del sistema nervioso simpatico disminuye la dilatacion de la
aorta inducida en rata por la combinacion de Angll y B-aminopropionitrilo (Hu
et al., 2020). En un estudio reciente nuestro grupo ha descrito la induccion de
vias relacionadas con la actividad simpatica en un nuevo modelo de raton que
mimetiza gran parte de los aspectos de la patologia aneurismatica humana
(Caries et al., 2021). En este contexto, nuestro objetivo es estudiar la relacion
de las enzimas implicadas en la ruta de biosintesis de catecolaminas con el AAA
humano y analizar si la inhibicion de la enzima tirosina hidroxilasa (TH),
enzima limitante en la sintesis de catecolaminas, mejora el desarrollo del AAA
en dos modelos experimentales de esta patologia.

Resultados: Aunqgue la contribucion del sistema simpaético a la fisiopatologia
vascular es incierta, se ha sugerido que la actividad simpatica podria contribuir
al remodelado destructivo de la pared vascular durante la progresion del
aneurisma. Resultados recientes mediante estudios de microarray en un modelo
preclinico de AAA sugieren la induccion de genes relacionados con la via de la
tirosina hidroxilasa (TH), enzima limitante en la sintesis de catecolaminas, en
tejidos aneurismaticos (Cafies et al., 2021). Por ello, se caracteriz0 la expresion
de los componentes de la via de sintesis y transporte de catecolaminas en la
enfermedad aneurismatica humana. En la aorta de pacientes con AAA se
observé un incremento de los niveles de mRNA de TH, DBH (dopamina -
hidroxilasa) y del transportador de norepinefrina (SLC6A2; del inglés solute
carrier family 6 member 2) en comparacion con donantes sanos. La expresion
de TH, se increment6 drasticamente en el tejido aneurismatico humano, lo que
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se asocid con un aumento significativo de los niveles proteicos de esta enzima.
Los anélisis inmuhistoquimicos detectaron la expresion de TH en zonas de
inervacion periférica, células inflamatorias y en algunas CMLV de la media.

En dos modelos experimentales susceptibles al desarrollo de AAA por
infusion de Angll, los ratones ApoE” y TgNOR-1M-V detectamos niveles
elevados en RNA de Th, Dbh, Ddc y Slc6a2. También se observo un incremento
en los niveles de proteina TH en las aortas aneurismaticas de ambos modelos.
Los analisis inmunohistoquimicos para esta enzima revelaron un patrén de
expresion similar al descrito en los AAA humanos, con una marcada tincion en
nervios periféricos, células inflamatorias y en menor medida en CMLYV. Estos
resultados, indican que la induccion de la TH es una caracteristica comin a la
patologia aneurismatica humana y de modelos animales.

En estudios previos, nuestro grupo demostré la eficacia de la doxiciclina
para prevenir la prevencion de la formacion de AAA inducidos por Angll en el
raton TgNOR-1°MLV (Caries et al., 2021). Destacar que, tras la infusién de
Angll el tratamiento con doxiciclina normalizé la expresion de la Th en la aorta
de estos ratones. En este contexto, nos planteamos determinar si el incremento
de la expresion de la TH juega un papel relevante en la patologia aneurismatica.
Con este objetivo ratones ApoE~ infundidos con Angll se trataron con o-metil-
p-tirosina (AMPT), un inhibidor especifico de la TH. La progresion del
aneurisma se monitoriz6 mediante ultrasonografia durante todo el periodo
experimental. EI AMPT previno la formacion de AAA en el ratén ApoE™”
limitando el aumento del didmetro adrtico tras la infusion de Angll. En los
animales ApoE” la incidencia de aneurisma en respuesta a Angll fue de un
80%, porcentaje que se redujo sustancialmente a un 10% por el tratamiento con
AMPT, farmaco que ademas evito el desarrollo de las formas méas graves de
aneurisma. También, se observo una ligera mejora en la tasa de supervivencia
en el grupo de ratones tratados con AMPT, aungue no lleg6 a ser significativa.
La eficacia del AMPT fue independiente del efecto hemodinadmico ejercido por
la Angll, ya que la presion sanguinea no se vio afectada por el tratamiento
farmacoldgico. En cuanto al fenotipo vascular, tras la infusion de Angll el ratén
ApoE” tratado con AMPT mostro caracteristicas similares a las de los animales
control, ya que este farmaco preservé la integridad de las fibras elasticas
asociado a una normalizacion de la expresion de la MMP-2, asi como de la
actividad MMP. Ademas, en los animales infundidos con Angll, el AMPT
disminuyo la expresion vascular de marcadores inflamatorios como EMR-1 y
MCP1, y el reclutamiento de macrdfagos, linfocitos y neutréfilos en la pared
del vaso. Asimismo, el AMPT atenu6 el aumento del estrés oxidativo inducido
por la Angll. Estos efectos ejercidos por el AMPT se asociaron con la
normalizacién de la expresion de la Th.

El AMPT también previno la formacién de AAA en el raton TgNOR-1VSMe
infundido con Angll, con una disminucion del diametro que fue significativa
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desde el dia 14. Este farmaco redujo la incidencia de aneurismas en el raton
TgNOR-1VSMC y |a gravedad de los mismos en respuesta a la Angll. Como
previamente habiamos descrito (Cafies et al., 2021), la infusién de Angll en
animales TgNOR-1VSMC conllevé un 20% de muertes tempranas. El tratamiento
con AMPT atenud ligeramente este efecto, si bien no significativamente.
También el AMPT limit6 el remodelado vascular y el nimero de roturas de las
fibras de elastina. En este grupo de animales, la expresion de Mmp-2 y la
actividad MMP, analizada por zimografia in situ, fue comparable a la
encontrada en los animales control. Asimismo, el AMPT previno el incremento
de la expresion de marcadores inflamatorios (EMR1, MCP-1, IL-1p, IL-6 y
CXCL2) y del infiltrado inflamatorio (macréfagos, linfocitos y neutréfilos)
inducidos por la Angll. La inhibicion de la TH también redujo la mayor
generacion de ROS en la pared vascular detectada en el ratén transgénico
infundido con Angll. Al igual que ocurria en el modelo ApoE™, los efectos
vasculares observados se asociaron con la normalizacion de la expresion de la
Th en los animales tratados con AMPT.

Cabe destacar que en aneurismas humanos detectamos la existencia de una
correlacion significativa entre la expresion de NOR-1y la de la TH, la DBH y
el SLC6A2, por lo que quisimos estudiar en profundidad los mecanismos
moleculares que subyacen a la regulacion de la TH y el papel del factor de
transcripcion NOR-1 en dicho proceso. De hecho, se ha demostrado la
regulacién de la TH por NURRL en células no vasculares (Sakurada et al.,
1999, Kim et al., 2003 C). Por lo tanto, se analizé si NOR-1 podria modular de
forma directa la expresion de esta enzima. El andlisis in silico del promotor
proximal de la TH humana, identificé dos elementos consenso de tipo NBRE.
Para verificar si NOR-1 regula la actividad transcripcional de la TH, se clon6
el promotor proximal de esta enzima en el vector reportero de luciferasa pGL3.
Los ensayos de actividad transcripcional en CMLV co-transfectadas con dichas
construcciones y un vector de expresion de NOR-1 (pCMV5/hNOR-1)
mostraron un incremento de la actividad transcripcional de la TH. Ademas, la
mutagénesis de los elementos NBRE, revelé que el elemento més distal
contribuye principalmente a la regulacién de la TH por NOR-1 en CMLV.

Conclusion: Nuestro estudio demuestra la induccion de la via de la TH en la
patologia aneurismatica, sugiere el interés de esta enzima como diana
terapéutica en esta enfermedad y sefiala al factor de transcripcion NOR-1 como
regulador de la expresion de la TH en CMLV
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Abstract

Pharmacological treatments for preventing abdominal aortic aneurysm (AAA) rupture or
slowing aneurysm progression remains a challenge. It is increasingly recognized that
sympathetic activity might play a role in the pathogenesis of AAA. Here, we show that in
abdominal aorta samples from AAA patients, the expression of genes encoding for key
enzymes involved in the catecholamine biosynthetic pathway (tyrosine hydroxylase [TH] and
dopamine B-hydroxylase [DBH]) or the norepinephrine transporter SLC6A2 are upregulated.
Similarly, the vascular expression of 7h, Dbh and Slc6a2 was increased in the aneurysmal
aorta of two animals models susceptible to angiotensin II (Angll)-induced AAA: the
apolipoprotein E-deficient (ApoE”") model and a transgenic mouse that over-expresses the
human nuclear receptor NOR-1 (Neuron-derived orphan receptor-1) in the vascular wall
(TgNOR-1V5MC) As a marker of sympathetic activity TH localizes to peripheral innervations,
but also to inflammatory cells, and scattered vascular smooth muscle cells in human and
mouse AAA. Interestingly, the preventive effect of doxycycline on AAA formation in AngII-
treated TgNOR-1VSMC mice was associated to the normalization of the vascular expression of
Th. Strikingly, the administration of the specific TH inhibitor a-methyl-p-tyrosine (AMPT)
protected against the formation of AAA induced by AnglI in both ApoE knockout and NOR-
1 transgenic mice, limiting the progressive increase in aortic diameter without affecting blood
pressure. The drug normalized vascular MMP-2 expression and MMP activity, preserving
elastin integrity, attenuated the rise in vascular oxidative stress induced by Angll, and
decreased the expression of inflammatory markers as well as the recruitment of macrophages,
lymphocytes-and neutrophils into the vessel wall. Finally, the nuclear receptor NOR-1 drove
TH transcription though a NBRE located in the proximal region of the human 7H promoter.
Altogether, our results support the potential of pharmacological strategies targeting TH for

the clinical management of AAA.

Key words: abdominal aortic aneurysm, tyrosine hydroxylase, animal models,
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Introduction

Abdominal aortic aneurysm (AAA) is a common and life-threatening disorder affecting
approximately 4% to 8% of men over 65 years of age.! It is characterized by a focal and
permanent dilation of the abdominal aorta, whose diameter progressively grows increasing
the risk of aortic rupture, a devastating condition responsible for more than 16,000 deaths
each year in the United States alone.’ In this disease the arterial wall suffers a chronic
inflammatory stage with upregulation of proteinases that degrade structural matrix proteins
and loss of vascular smooth muscle cells (VSMC), which leads to a destructive remodeling of
the arterial wall. Despite the high prevalence of AAA, surgical repair of those more severe is
currently the only effective way to treat the disease. Nowadays, pharmacological treatments
for preventing aortic rupture or slowing aneurysm progression remains a challenge.?
Therefore, it is mandatory to identify novel therapeutic strategies for the medical
management of this disease.

The sympathetic nervous system is key in cardiovascular homeostasis by regulating
cardiac output, systemic vascular resistance, heart rate and blood pressure. Alterations in
sympathetic function impacts on cardiovascular diseases such as hypertension, heart failure
and myocardial infarction;* however, little is known about its role on AAA. In the last years,
it is increasingly recognized that sympathetic activity might actively contribute to aneurysm
progression and rupture. In fact, human aortic dissection is frequently associated with an
increase in sympathetic activity,® while local sympathetic denervation ameliorates
experimental aneurysms.® Recently, using a new mouse model that overexpresses the neuron-
derived orphan receptor-1 (NOR-1) in the vascular wall’ and recapitulates key aspects of the
human AAA, we suggested the upregulation of genes associated to sympathetic activity in
aneurysmal aorta.® They include key components of the tyrosine hydroxylase (TH) pathway
involved in the biosynthesis of catecholamines, important hormones and neurotransmitters in
both the central and peripheral nervous systems.’ The biological functions of the TH
pathway, however, are far from being limited to those derived from the well-known effects of
catecholamines on their main target tissues. Early studies showed that the inactivation of both
TH alleles results in mid-gestational lethality, apparently due to cardiovascular failure.!®
More recently, it has been shown that the expression of TH during heart development is
required to drive cells to a sino-atrial fate, the hallmark of cardiac chamber formation.!' TH
pathway also appears to be critical modulating the pancreatic endocrine precursor and insulin
producing cell neogenesis,'> as well as lymphocyte differentiation and function, thereby

controlling immune homeostasis.'*!* This multiplicity of functions would explain the reason

3
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for the intricate mechanisms that regulate TH,!>!® the first and rate-limiting step of the
pathway, and the interest in this enzyme as a therapeutic target for human disease.!” Here, we
have addressed whether TH could actively contribute to AAA progression. Our data uncover
the striking upregulation of the TH pathway in human AAA, and provide evidence that the
inhibition of TH ameliorates AAA development in two experimental models of this disease.
Altogether, these data support the interest of pharmacological strategies targeting TH for the

clinical management of AAA.

Materials and methods

Aneurysm and donor sampling and preservation

Human aneurysmal samples were collected from patients undergoing open repair for AAA at
the Hospital de la Santa Creu i Sant Pau (HSCSP; Barcelona, Spain), while healthy aortas
were obtained from multi-organ donors as previously described.!®!® The study was approved
by the HSCSP Ethics Committee (12/031/1316) and was conducted according to the
Declaration of Helsinki. Participation in the study of patients and control subjects was based
upon informed consent of patients or legal representatives. Abdominal aorta segments were
obtained from all patients and control subjects, following strict standard operating procedures
and ethical guidelines. Samples of control subjects had no post-mortem evidence of
abdominal aorta aneurysm, atherosclerotic plaques or other medical conditions that affect the
study. Samples were rapidly collected and stored at —80°C for subsequent RNA or protein

extraction.

Animal handling
Two animal models were used: apolipoprotein E-deficient (ApoE”") mice (Charles River Ltd;
Kent, UK) and a mouse model that specifically over-expresses the human nuclear receptor
NOR-1 in the vascular wall (TgNOR-1VSMC) 720 Transgenic mice and control littermates
(wild-type; WT) on a C57BL/6J genetic background were bred in the Animal
Experimentation Unit (Institut de Recerca de 1'Hospital de la Santa Creu i Sant Pau,
Barcelona, Spain). Animal handling and disposal were performed in accordance with the
principles and guidelines established by the Spanish Policy for Animal Protection RD53/2013
and the European Union Directive 2010/63/UE. All procedures were approved by the local
ethical committee (Law 5/June 21, 1995; Generalitat de Catalunya).

Three-month-old male mice were subjected to Angll [1000 ng/kg body weight
(BW)/min; Sigma-Aldrich, St Louis, MO, USA] infusion via osmotic minipumps (model

4
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1002, Alzet; Durect Corporation, Cupertino, CA, USA) for 28 days.® For the implantation of
osmotic minipumps, mice were anaesthetised by isofluorane inhalation (1.5%). Anaesthetic
depth was confirmed by loss of blink reflex and/or lack of response to tail pinch. The
procedure takes about 15 min/mouse. Recovery after surgical procedures was carried out
using aseptic techniques in a dedicated approved surgical area. The animals were kept warm
in a heating pad until awake after surgery, and observed carefully by the investigators
throughout the post-surgery period. Angll-infused mice were pretreated or not with
doxycycline (Sigma-Aldrich; 30 mg/kg/day in the drinking water)® or with a tyrosine
hydroxylase inhibitor (o-methyl-p-tyrosine [AMPT; Sigma-Aldrich]; 100 mg/Kg twice daily,
1.p) throughout the 28 days experimental period. All treatments started 24 h before Angll
infusion. ApoE” and transgenic mice infused with saline solution and AnglII-challenged WT

animals were used as controls.

Non-invasive measurement of systolic blood pressure

Systolic blood pressure (SBP) was non-invasively measured in conscious mice prior to and
following treatment using the tail-cuff plethysmography method (CODA® tail-cuff blood
pressure system; Kent Scientific Corporation; Torrington, CT, USA). Mice were trained for
tail-cuff measurements over a period of 1 week. Blood pressure measurements were
performed at the same time (between 9 a.m. and 11 a.m.) in order to avoid the influence of

the circadian cycle 52!

Basic measurements of ultrasound recording for abdominal aortas

Mice were anaesthetised with 1.5% isofluorane inhalation as indicated above and were lightly
secured in the supine position to a warming platform. After shaving the precordium, an
abdominal echography was performed to record abdominal aorta diameter using a Vevo 2100
ultrasound with a 30 MHz transducer (VisualSonics, Toronto, ON, Canada).®'%*! Abdominal
aortas with diameters >1.5 mm were considered as aneurysms. All primary measurements
were made from images captured on cine loops of 100 frames at the time of the study using
the software provided by the echography machine.

Echocardiographic data was recorded at baseline and weekly throughout the
experimental period. At the end of the experimental procedures, mice were euthanized via
isofluorane overdose. The severity of the aneurysm was based on a 4-point grading scale
previously described in detail:** type 0, no aneurysm; type I, dilated lumen in the suprarenal

region of the aorta with no thrombus; type II, remodelled tissue in the suprarenal region that

5
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frequently contained thrombus; type III, a pronounced bulbous form of type II that contained

thrombus, and type IV, a form in which there are multiple AAAs containing thrombus.

Determination of the lipid profile and hepatic and renal function markers in plasma

Lipids were quantified with a colorimetric assay in plasma from ApoE” mice by using
specific reagents for the assessment of triglycerides (Gernon, GN90125; RAL Técnica para el
Laboratorio S.A., Barcelona, Spain) and total cholesterol levels (Gernon, GN20125) and a
multicuvette rack reader (Clima MC-15, RAL Técnica para el Laboratorio S.A.) following
the manufacturers” instructions. Aspartate transaminase (AST), alanine transaminase (ALT),
creatinine and blood urea nitrogen (BUN) plasma levels were measured in a Cobas
6000/c501 autoanalyzer with specific reagents (Roche Diagnostics International Ltd, Basel,

Switzerland)3.

Analysis of mRNA levels

Total RNA was isolated using TRIsure™ reagent (Bioline) and reverse transcribed into
cDNA using the High Capacity cDNA Reverse Transcription Kit (Applied Biosystems).
Quantification of mRNA levels was performed by real-time PCR using the ABI PRISM
7900HT sequence detection system (Applied Biosystems). Specific primers and probes
(provided by Applied Biosystems or Integrated DN A Technologies Inc, Coralville, IA, USA.)
were used for the quantification of human mRNA levels for TH (HS.PT.58.369742),
Dopamine B-Hydroxylase (DBH; Hs.PT.58.39251730), and B-actin (4C7B, Hs99999903 m1l;
used as reference gene). To assess mMRNA levels in mouse tissues the following primers and
probes were used for 7/ (Mm.PT.58.33106180), interleukin-6 (Z/6; Mm00446191 ml), 7115
(MmO00434228 ml), C-C motif chemokine ligand 2 (Ccl2 or Mcpl (Mm00441242 ml),
metalloproteinase-2 (Mmp2;, MmPT.58.9606100), EGF-like module-containing mucin-like
hormone receptor-like 1 (Emr1;MmPT.56a.11087779) and C-X-C Motif Chemokine Ligand
2 (Cxcl2; Mm00436450 ml). Further, specific primers for SYBR Green real-time PCR
analysis were used for the assessment of solute carrier family 6 member 2 (Sic6a2; 5°-
CTGGCTCTGGGGCAATACAAG-3’ and 5’- GCCGACATAGAGGGCAATGA-3"), Dbh
(5’-CGAGGAGAGATGGAGAACGC-3" and 5’-ATCTCGAGTCCTCTGTGCCT-3") and
dopa decarboxylase (Dde, 5’-GCCTTTTTGGCTGGAAGAGC-3’ and 5-
GCTTGTGTGAACTCTGGGGA-3"). Glyceraldehyde-3-phosphate dehydrogenase (Gadph;

Mm.PT.58.39a.1) expression was used as a reference gene for mouse tissues.
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In situ detection of vascular O2>~ production

The oxidative fluorescent dye dihydroethidium (DHE, Sigma-Aldrich Co.) was used to
evaluate the in situ production of O»~. Arterial segments were placed in phosphate-buffered
saline (PBS) containing 30% sucrose for 20-50 min, transferred to a cryomold-containing
Tissue Tek OCT embedding medium (Sakura Finetek Europe B.V., Alphen aan den Rijn, The
Netherlands), and frozen in liquid nitrogen. Arterial sections were equilibrated for 30 min at
37 °C in Krebs-HEPES buffer (in mM: 130 NaCl, 5.6 KCl, 2 CaCl,, 0.24 MgCl, 8.3 HEPES,
11 glucose, pH=7.4). DHE (2 uM) was topically applied onto each section, cover-slipped
and incubated for 30 min in a light-protected humidified chamber at 37°C. Fluorescence was
visualized with a fluorescent laser scanning confocal microscope (Leica TCS SP2 equipped
with a krypton/argon laser, x 40 objective; Leica Microsistemas S.L.U.). Fluorescence was
detected with a 568nm long-pass filter by using the same imaging settings for all
experimental conditions. To minimize laser fluctuations from one day to another, data were

expressed as % of signal in control arteries.?®

Immunoblotting

Protein extracts were separated on SDS-polyacrylamide gels and transferred to
polyvinylidene diflouride membranes (Immobilon, Merck-Millipore; IPVH00010). Blots
were incubated with antibodies directed against TH (ab75875, Abcam, Cambridge, UK) and
B-actin (AS5441, Sigma-Aldrich). Bound antibodies were detected after incubation with
appropriate HRP-conjugated secondary antibodies (Dako Products, Agilent, Santa Clara, CA,
USA) and using the SuperSignal West Dura Extended Duration Substrate (Thermo Fisher
Scientific). The size of detected proteins was estimated using protein molecular-mass
standards (Hyperpage Prestained Protein Marker; Bioline, Paris, France). Equal loading of

protein in each lane was verified by Ponceau staining and by B-actin signal.

Histological, immunohistochemical and immunocytochemical analysis

Tissues were fixed in 4% paraformaldehyde/0.1 M PBS (pH 7.4) for 24 hours and embedded
in paraffin. Tissue sections (5-pm) were deparaffinised in xylene and rehydrated in graded
ethanol solutions. Slides were then rinsed in distilled water and treated with 3% hydrogen
peroxide in methanol for 30 min to remove endogenous peroxidase activity. Sections were
then blocked with 10% normal serum and incubated overnight at 4 °C with antibodies against
MAC-3 (s¢-19991, Santa Cruz Biotechnology), CD3 (A0452, Dako, Agilent Technologies
Co., Hamburg, Germany), MCP1 (sc-1785, 1:100, Santa Cruz Biotechnology Inc.), elastase,

7
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neutrophil expressed (ELANE; MO0752, Dako, Agilent Technologies Co., Hamburg,
Germany) or MMP2 (ab51125; Abcam). After washing, samples were incubated for 1 h with
a biotinylated secondary antibody (Vector Laboratories, Burlingame, CA, USA). After
rinsing three times in PBS, standard Vectastain (ABC) avidin-biotin peroxidase complex
(Vector Laboratories) was applied, and the slides were incubated for 30 min. Colour was
developed using 3,3'-diaminobenzidine (DAB) and sections were counterstained with
haematoxylin before dehydration, clearing, and mounting. Negative controls in which the
primary antibody was omitted were included to test for non-specific binding. The histological
characterization of aortic samples was performed by haematoxylin-eosin staining. To assess
elastic fibre integrity, arterial sections were stained with orcein using a commercial kit (Casa

Alvarez, Madrid, Spain).

In situ Zymography

Gelatinolytic activity was assessed in OCT-embedded unfixed frozen tissue sections (8 pm)
using Quenched Fluorogenic DQ™ gelatin (D-12054, Thermo Fisher Scientific) as a
fluorogenic substrate.® Briefly, DQ-gelatin was dissolved in water at 1 mg/mL and then
diluted 1:10 in 1% (w/v) low gelling temperature agarose (A9414, Sigma). The mixture was
applied onto each section and cover-slipped. Samples were incubated at 4 °C for 30 min, to
allow gelatin gelling, and then maintained at room temperature for 24 h protected from light.
FITC fluorescence was visualized using a Leica TCS SP5 confocal microscopy (excitation
wavelength: 495 nm; emission wavelength: 515 nm) and the Leica LAS AF Lite software.
Negative controls in which samples were pre-incubated with 20 mM EDTA before the

addition of the labelled substrate were included.

Generation of promoter constructs and luciferase reporter assays

The human 7H promoter (positions -3639 to -163 relative to the Transcription Start Site
[TSS]; ENSG00000180176) was amplified by PCR from genomic DNA. The primers used
were: 5'- TATACTCGAGCCCCTGGTCACCTGTTTITGT -3 (forward; Xhol site is
underlined) and 5°- TATAAGATCTGGCTCGTCCGTGGAATCTAA -3’ (reverse; BglII site
is underlined). The PCR product was cloned into the pGL3 vector (Promega, Madison, W1,
USA) (pGL3/pTH-3639). Two putative NBRE (-1480/-1472; -2353/-2345) sites located in
TH promoter were mutated using the QuikChange™ Site-Directed Mutagenesis Kit (Agilent
Technologies, Santa Clara, CA, USA) and primers (Supplementary Table S1). These

constructs were used in transient transfection assays in rat VSMC as previously described.**
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Briefly, transfections were performed in 12-well plates using 0.5 pg of the luciferase reporter
plasmid together with the pCMV5/NOR-1 expression vector or the pCMVS5 empty vector
(0.05 pg), 0.5 ul PLUS™ Reagent and 1.25 pl of Lipofectamine™ LTX Reagent
(ThermoFisher Scientific, Waltham, MA, USA) per well. The pRL-SV40 (25 ng) was
included as an internal control (Promega). Firefly and renilla luciferase activities were
measured using the Dual-Luciferase™ Reporter Assay System (Promega) and a luminometer
(Orion I; Berthold Detection Systems, Pforzheim, Germany). Results were expressed as the

ratio of Firefly to Renilla activity.

Statistical Analyses

Results are shown as mean+standard error of the mean (SEM). Significant differences were
analysed using one-way ANOVA, two-way ANOVA with repeated measures or two-way
ANOVA and the Tukey’s tests. When normality failed, the Mann—Whitney rank sum test or
the Kruskal-Wallis test were applied. Differences in AAA incidence were analyzed by the
Chi square test (x2). To determine association between variables, data were Logio
transformed and the Pearson Product Moment Correlation method (if variables are normally
distributed) or the Spearman's rank-order correlation (as a non parametric test) were then
used. Data were analysed with the GraphPad Prism version 6.01. Differences were

considered significant at p<0.05.

Results

The catecholamine biosynthetic pathway is upregulated in human AAA

Although the role of the sympathetic system in vascular pathophysiology is unclear, it has
been suggested that sympathetic activity could contribute to the destructive vascular
remodeling underlying AAA progression.>® Recent results from high-throughput microarray
expression studies in a preclinical model suggest the upregulation of genes related to
sympathetic activity in aneurysmal tissues.® As shown in Figure 1A-C, the expression of
genes encoding for enzymes of the TH pathway such as 7H and DBH, and the norepinephrine
transporter SLC642 was increased in abdominal aorta samples from AAA patients compared
with healthy donors. In particular, the expression of TH, the rate-limiting enzyme in this
pathway, was strongly up-regulated in human aneurysmal tissue. Likewise, protein levels
corresponding to TH were consistently increased in these samples (Figure 1D). Further,

immunohistochemical analysis detected the expression of TH in areas of peripheral
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innervations and in inflammatory cells, whereas scattered TH-positive VSMC could be found
in media (Figure 1E). Clinical data from patients and donors are shown in Supplemental
Table S2.

Increased TH expression in mouse models of AAA

Next, we addressed whether the upregulation of the catecholamine biosynthetic pathway is
also observed in the aneurysmal aorta from two experimental models of this disease.
Quantitative analysis by real-time PCR revealed increased expression of Th, Dbh, Ddc, and
Scl6a2 in AAA from Angll-infused ApoE” (Figure 2A). Higher expression of these genes
was also detected in AAA from a second model of this disease, the AnglI-infused TgNOR-
1VSMCE mouse® which overexpresses the nuclear receptor NOR-1 in the vascular wall (Figure
2B). Notably, a concomitant increase of TH protein levels was manifest in diseased aortas
from both animal models (Figure 2C and D). Interestingly, the upregulation of aortic TH
expression by Angll was more evident in the mouse strain sensitive to AAA than in WT
animals (Supplemental Figure S1). Further, the immunohistochemical expression pattern
uncovered in human AAA was similarly recapitulated in aneurysmal aortas from both mouse
models, namely a pronounced staining in peripheral nerves and inflammatory cells and, to a
lesser extent, in VSMC (Figure 2E). Collectively, these data indicate that the vascular
upregulation of TH is a common feature of the aneurysmal disease in both humans and

animal models.

The increase in TH activity contributes to AAA development in the Angll-infused
ApoE’-model.

We have previously shown the effectiveness of doxycycline to prevent the formation of AAA
induced by AngII in TgNOR-1V"MC mice ® Interestingly, as shown in Supplemental Figure
S2, this effect is associated with the normalization of 7/ expression to values similar to those
of control animals. In view of these data, we sought to determine whether the up-regulation
of vascular TH might play an active role in AAA pathophysiology. For this purpose, o-
methyl-p-tyrosine (AMPT), a specific inhibitor of TH, was administered to AnglI-infused
ApoE”~ mice and aneurysm progression was monitored by ultrasonography thorough the
experimental period. Interestingly, AMPT protected against AAA formation in this model,
limiting the progressive increase in aortic diameter evoked by the challenge with Angll
(Figure 3A-C). While 80% of ApoE"~ mice infused with AngII developed aneurysms, AMPT
substantially reduced this percentage to less than 10%, (Figure 3D) and avoided the

10
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development of the most severe and complicated forms of AAA (Figure 3E). A slight
improvement in the survival rate was detected in AMPT-treated mice although it did not
reach statistical significance (Supplemental Figure S3A). The impact of AMPT was
independent of hemodynamic effects, since this drug did not significantly affected the AngII-
induced increase in blood pressure (Figure 3F). Neither body weight nor plasma lipid profile
were modified by this intervention (Supplemental Table S3). Likewise, AMPT did not alter
circulating levels of aspartate and alanine transaminases or those of creatinine in Angll-
infused ApoE”" mice, while significantly normalized blood urea nitrogen levels to values
similar to those of control animals (Supplemental Figure S4A). Concerning vascular
phenotype, Angll-infused ApoE” mice subjected to AMPT treatment recapitulated most
features of saline-infused animals (Figure 3G), preserving elastin integrity associated with
normalized vascular MMP-2 expression and MMP activity (Figure 4A-C and Supplementary
Figure S5). Further, in AnglI-challenged mice, AMPT decreased the vascular expression of
inflammatory markers such as EMR-1 and MCP-1 (Figure 4D-E), and the recruitment of
macrophages, lymphocytes and neutrophils into the vessel wall (Supplementary Figure S5).
Likewise, AMPT attenuated the rise in vascular oxidative stress induced by AnglI (Figure
4F). These vascular effects were associated to the downregulation of 7/ in AMPT treated

animals (Supplementary Figure S6A).

The increase in TH activity contributes to the enhanced susceptibility of TgNOR-1VSMC
mice to AAA

AMPT also protected against AAA formation in the Angll-infused TgNOR-1VMC mouse
model, an effect that reached statistical significance at day 14 (Figure SA-C). This diug
reduced the Angll-mediated increase in aneurysm incidence in transgenic mice (Figure 5D)
and led to the development of less severe forms of aneurysms (Figure SE) without affecting
blood pressure levels (Figure 4F) or body weight (not shown). As previously reported,® Ang-
II infusion in TgNOR-1VSMC mice led to the early death of about 20% of animals, while a
slight although not significant attenuation of this response was found in AMPT-treated mice
(Supplemental Figure 3B). Further, AMPT attenuated vascular remodeling (Figure 5G) and
the disruption of elastin fibers found in challenged NOR-1 transgenic mice (Figure 6A).
Concomitantly, in AMPT-treated animals, both MMP-2 expression and MMP activity
(examined by in situ zymography) were comparable to that of control animals infused with

AnglII (Figure 6B-C). Similarly, AMPT completely prevented the increase in the vascular
11
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expression of inflammatory markers (EMR1, MCP-1, IL-1f, IL-6 and CXCL2) (Figure 6D-
H) and the infiltration of inflammatory cells (macrophages, lymphocytes and neutrophils)
induced by AnglII (Supplementary Figure S7). The TH inhibitor also avoided the enhanced
vascular generation of O»~ (Figure 5I) detected in Angll-infused mice. These vascular effects
were associated to the downregulation of TH in AMPT treated animals (Supplementary
Figure S6B).

NOR-1 modulates human TH expression in VSMC

Interestingly, in human aneurysms we found a significant correlation between NOR-1
expression and that of 7H, DBH, and SLC642 (Supplementary Figure S8). These results
prompted us to investigate the underlying molecular mechanisms and the role played by
NOR-1. Since TH has been shown to be regulated by Nurrl (NR4A2) in non-vascular
cells,>>?% we addressed whether NOR-1 could directly modulate TH expression. In silico
analysis of human 7H proximal promoter identified two putative NBRE sites (Supplementary
Figure S9A). Transient cotransfection of VSMC with a TH promoter-driven luciferase
reporter construct and a NOR-1 expression vector evidenced that NOR-1 overexpression
significantly increased TH transcriptional activity (Supplementary Figure S9B). Further, site-
directed mutagenesis revealed the major contribution of the distal NBRE site (located at -
2353 bp) to the NR4A-dependent TH regulation (Supplementary Figure S9B). Therefore,
these data are consistent with a potential NOR-1-dependent regulation of TH in VSMC.

Discussion

The lack of pharmacological approaches to treat or prevent AAA is a great handicap for the
management of this disease. AAA patients live for years under the sword of Damocles,
fearing a fatal rupture. Here we uncover an instrumental role of the TH pathway on the
pathophysiology of this disease, and suggest the rate-limiting enzyme TH as a potential
pharmacological target.

Our data evidence that genes encoding for proteins involved in the TH pathway and
the transport of norepinephrine are upregulated in human aneurysmal samples. Previous
expression microarray studies suggested that gene pathways related to neuronal activity are
enriched in human AAA samples.?’ In that study, however, the regulation of genes of the TH
pathway did not reach statistical significance. Recently, data from a whole genome-
expression profiling analysis of aortic tissues from Angll-infused TgNOR-1VSMC€ mice

evidenced that AAA are enriched in gene sets related to sympathetic activation.® Here, we
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confirm (by real-time PCR) and expand these observations in two mouse models prone to
develop Angll-induced aortic aneurysm, the ApoE knockout mouse and a NOR-1 transgenic
mouse. In particular, we ascertain that the expression of TH is strongly induced in
aneurysmal lesions from both humans and animal models. Noteworthy, the increase in TH
vascular expression triggered by Angll in both mouse models is in line with previous data
reporting the upregulation of TH by this peptide hormone in other tissues, both in vivo and in

2829 These data suggested that TH activity could play an active role in AAA

vitro.
development and in the ability of AngII to promote aneurysm formation.

Different evidences suggest that catecholamines critically influence vascular
remodeling. Indeed, recent data sustain that sympathetic hyperactivity underlies the
pathophysiology of aortopathies such thoracic aortic dissection (TAD),>3° and both
sympathetic hyperactivity and aortic sympathetic nerve sprouting have been documented in
patients with TAD.® Further, AnglI, the major effector of the renin-angiotensin system and a
key player in AAA development,?! increases sympathetic activity leading to the upregulation
of aortic MMP2, which plays a critical role in the onset and progression of several
aortopathies including AAA 3?> Moreover, Hu et al.® showed that catecholamines regulate
TGFp signaling in aortic aneurysms, limiting VSMC proliferation and fostering apoptosis,
thereby modulating vascular remodeling. Interestingly, the TH pathway has been previously
documented in the vascular wall, and TH expression has been demonstrated in VSMC,
endothelial cells and regulatory T cells.}**-3° In lymphocytes, endogenous catecholamines
act in an autocrine/paracrine manner regulating their own activity,!*!*3 while
catecholamines released from endothelial cells could contribute to neovascularization.>* In
agreement, our studies in human and mouse aneurysms detected TH immunostaining
localized to peripheral innervations but also to inflammatory cells and VSMC. Interestingly,
we observe that the effectiveness of doxycycline to prevent the formation of AAA induced by
AnglT in TgNOR-1VM€ mjce® is associated with the normalization of vascular 7/ expression.
Doxycycline is a MMP inhibitor which prevents the formation of experimental AAA in
animal models,*® and reduced vascular inflammation in clinical trials.?’ Therefore, the
upregulation of the TH pathway could contribute to the destructive remodeling in AAA.
However, the impact of this pathway on AAA formation remains unclear, and its potential as
a therapeutic target for this disease has not been explored.

In ligth of these data, we tested the efficacy of TH blockade limiting AAA growth.
AnglI-infused ApoE”~ and TgNOR-1"5MC mice were treated with AMPT, an orally available

and well-tolerated competitive inhibitor of TH, which blocks catecholamine biosynthesis.*3*°
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This drug was administered at a dosage regimen that assured an effective inhibition of the
enzyme.*® Notably, under these conditions, AMPT largely protected from AnglI-induced
AAA in both experimental models. In the clinical setting, AMPT has only been approved for
the control of hypertension and other symptoms associated with the excess of catecholamines
produced by pheochromocytoma. In particular, AMPT is indicated for the preoperative
preparation of patients referred for tumor surgery, thereby reducing its high perioperative
mortality, for the management of those patients for whom surgery is contraindicated, and for
the chronic treatment of malignant pheochromocytomas.*! Further, this drug has also been
proposed for the management of movement disorders and some neuropsychiatric diseases.*?
In patients with pheochromocytoma, AMPT limits the hypertensive response evoked by the
catecholamine-producing tumor; however, no beneficial effect has been recognized for this
drug on essential hypertension.*> Similarly, in our hands AMPT did not affect blood pressure.
Thus, targeting TH, this drug prevents Angll-induced AAA by impairing the vascular activity
of AnglI that promotes AAA formation, which has previously been shown to be largely
independent of the Angll vasopressor function.** AMPT not only limited aortic diameter
expansion, but also inflammation and vascular oxidative stress and preserved vascular wall
integrity. TH activity has been associated with the generation of ROS and oxidative

#4 and inflammation.*® Accordingly, in experimental models of AAA, we found that

stress,
AMPT significantly attenuated vascular oxidative stress, reduced the immune infiltrate and
improved the expression profile of proinflammatory cytokines, thus suggesting that TH
upregulation could account, at least in part, to the pathophysiology of AAA. Consistently,
previous reports have suggested that AMPT ameliorates oxidative stress and inflammation in
other pathological settings.*’*° Noteworthy, these vascular effects were associated to the
downregulation of TH in AMPT treated animals. Therefore, our data indicate that TH
upregulation negatively impact on AAA formation and support the potential of targeting this
enzyme in AAA.

The regulation of TH expression is complex and cell type-specific.?® Previous studies
in non-vascular tissues identified 7H as a target gene for the nuclear receptor Nurl
(NR4A2). Surprisingly, Nurrl transactivates or represses 7H transcription (depending on
cell-type).2%°0°! Whether other members of the NR4A family, and specifically NOR-1
(NR4A3), that is upregulated in human AAA and contributes to vascular remodeling,>>>3
could also target 7H is uncertain. We show that, in human AAA, NOR-1 expression
significantly correlates with that of genes involved in the control of sympathetic activity

including 7H. Further, by transient transfection assays we identified two NBRE sites, in
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particular one located at -2353 bp, responsible for the transcriptional regulation of human 7H
by NOR-1. Interestingly, despite the human 7H promoter show low homology with TH
promoters from other species this NBRE site is conserved among species (Supplementary
Figure S10).>

Finally, interestingly enough, several case reports have described the coexistence of
pheochromocytoma and other neuroendocrine tumors with aortic dissections and aneurysm
rupture supporting that TH pathway hyperactivity might contribute to aneurysm development
and eventually aortic rupture in these patients.’>>’ Further, high TH and both overall and
regional aortic sympathetic nervous system activities have been documented in patients with
TAD.® Our study evidences for the first time, that the upregulation oh the TH pathway could
be critical in the pathophysiology of AAA, both in humans and animal experimental models,
and supports the therapeutic potential of approaches based on targeting this pathway for the

medical management of AAA.
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FIGURE LEGENDS
Figure 1. TH is upregulated in human AAA. A-C) TH (A), DBH (B) and SLC642 (C)

mRNA levels were analyzed in abdominal aorta from patients with AAA (n= 84) and healthy
donors (Do; n= 16) by real time-PCR. Data are mean + SEM. P< 0.01; *, vs. Donors. D) TH
protein levels were evaluated by Western blot in aortic lysates from these samples. The
immunoblot densitometric analysis is shown on right. Data are mean + SEM (Donors, n= 10;
AAA, n= 14). P< 0.0001; *, vs. Donors. E) Immunohistochemical analysis of TH expression
in abdominal aorta sections from patients with AAA and donors. The indicated areas are
magnified in lower panels (Bars: 100 pum [upper panels] and 50 pum [lower panels]).
Arrowheads indicate TH positive cells (black: inflammatory cells; red: VSMC). Red arrows

show positive staining in peripheral nerve endings. Mann-Whitney (A-C) and t-test (D).

Figure 2. TH is up-regulated in the aneurysmal abdominal aorta from experimental
models of AAA. A) Th, Dbh, Ddc and Slc6a2 mRNA levels analyzed by real-time PCR in
abdominal aorta samples from ApoE”" mice infused with Saline (white bars) or AngII (black
bars; 1000 ng/kg/min) for 28 days. Data, normalized to GADPH expression, are expressed as
mean = SEM (Saline-infused ApoE”~ mice, n= 14; Angll-infused ApoE”~ mice, n= 15). P<
0.05; *, vs. Saline-infused mice. B) Wild-type (WT; white bars) and TgNOR-1VSMC (TgVSMC;
black bars) mice were infused with AngIl for 28 days. Th, Dbh, Ddc and Slc6a2 mRNA
levels in abdominal aortas from each experimental group are shown. Data are mean = SEM
(WT mice, n= 10; TeNOR-1VMC mice, n= 15). P< 0.001; *, vs. WT mice. C and D) TH
protein levels assessed by Western blot in aortic lysates from ApoE’" mice infused with
Saline or AnglI (C) or in Angll-infused WT and TgNOR-1VM€ (D). Data are expressed as
mean + SEM (Saline-infused ApoE"" mice, n= 9; Angll-infused ApoE” animals, n= 15;
Angll-infused WT and TgNOR-1V™Cmice, n= 7). P< 0.05; *, vs. Saline-infused ApoE"~ or

AnglI-infused WT mice. Levels of B-actin are shown as a loading control. Protein size was
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estimated by the indicated position of molecular weight markers. E) Representative
immunohistochemical analysis for TH in abdominal aortas from each experimental group.
Black and red arrowheads indicate TH positive cells in inflammatory cells and VSMC,
respectively, while red arrows marks the positive staining of peripheral nerve endings. The

indicated areas are magnified in righ panels (Bars: 50 m). Mann-Whitney test.

Figure 3. AMPT prevents aneurysm development in the abdominal aorta from AnglI-
infused ApoE~- mice. ApoE”" mice were infused with Saline or AngII (1000 ng/kg/min) for
28 days. Angll-infused mice were treated or not with o-methyl-p-tyrosine (AMPT;
100 mg/Kg twice daily, i.p). A) Representative images of excised aortas from each
experimental group. B) Abdominal aortic diameter assessed by ultrasonography. Data are
mean = SEM (Saline, n= 9; Angll-infused groups, n= 15). P< 0.05; *, vs. t0 for each
experimental condition; #, vs. Saline-infused mice; $, vs. Angll-infused ApoE”" mice non-
treated with AMPT. C) Representative images of the ultrasonographic analysis. Transversal
and longitudinal images are shown and the aortic diameter is traced with a yellow line. D and
E) Incidence (D) and severity (E; based on Manning scale) of AAA in Angll-infused ApoE™"
mice treated or not with AMPT. P< 0.05; $, vs. AnglI-infused ApoE”~ mice non-treated with
AMPT (n as indicated in B). F) Blood pressure levels. Data are mean + SEM (n as indicated
in B). P< 0.05; * vs. t0 for each experimental condition; #, vs. Saline-infused mice G)
Representative hematoxylin-eosin staining of abdominal aortic sections from Angll-infused
mice (Bars: 500 pm). Two-way ANOVA with repeated measures (B and F) and chi-square

D).

Figure 4. AMPT preserves elastin integrity and ameliorates vascular inflammation and

oxidative stress induced by Angll in aorta from ApoE~” mice. ApoE™ mice were infused
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with Saline or AnglII (1000 ng/kg/min) for 28 days. Angll-infused mice were treated or not
with a-methyl-p-tyrosine (AMPT; 100mg/Kg twice daily, i.p). A) Orcein staining of
abdominal aortas from Saline and Angll-infused ApoE” mice. Arrowheads mark elastin
fibers ruptures. The indicated areas are magnified in lower panels (Bars: 100 um).
Quantification of the number of ruptures in elastin fibers per aortic section for each group.
Data are mean = SEM (Saline, n= 5; Angll-infused groups, n= 8). P< 0.05; *, vs. Saline-
infused animals; # vs. Angll-infused ApoE”~ mice non-treated with AMPT. B) MMP activity
per aortic section assessed by in situ zymography. Representative images are shown (Bars: 50
um). Data are mean + SEM (n= 8). P< 0.05; *, vs. Angll-infused ApoE”" mice; #, vs. AnglI-
infused ApoE”" animals non-treated with AMPT. C-E) mRNA levels of Mmp2 (C), Emrl
(D), Mcpl (E), analyzed by real-time PCR in abdominal aortas from Angll-treated mice.
Data, normalized to Gapdh expression, are expressed as mean + SEM (Saline, n= 9; Angll-
infused groups, n= 10). P< 0.05; *, vs. Saline-infused ApoE™ mice; #, vs. Angll-infused
ApoE"" mice non-treated with AMPT. F) Vascular superoxide anion production visualized by
DHE staining in aortic sections from each group. Representative images are shown (Bars: 50
pum). Data are represented as mean + SEM (n= 8). P< 0.05; *, vs. Saline-infused ApoE"
mice; #, vs. Angll-infused ApoE”" mice non-treated with AMPT. One-way ANOVA or
Kruskal-Wallis test.

VSMC mice.

Figure S. AMPT prevents aneurysm formation in Angll-infused TgNOR-1
Wild-type (WT) and TgNOR-1V"M€ mice were infused with AngII (1000 ng/kg/min) for 28
days). TeNOR-1V"MC mice were treated or not with o-methyl-p-tyrosine (AMPT; 100 mg/Kg
twice daily, 1.p). A) Representative images of excised aortas from each experimental group.

B) Assessment of abdominal aortic diameter by ultrasonography. Data are mean + SEM (WT

mice, n= 10; TgNOR-1V*MC groups, n= 15). P< 0.05; *, vs. t0 for each experimental
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condition; $, vs. WT mice; # vs. TgNOR-1VSMC mice non-treated with AMPT. C)
Representative images of the ultrasonographic analysis in AnglI-challenged mice at 28 days.
Transversal and longitudinal images are shown and the aortic diameter is traced with a yellow
line. D and E) Incidence (D) and severity (E; based on Manning scale) of AAA in challenged
mice. P< 0.05; $, vs. WT mice; # vs. TgNOR-1VMC mice non-treated with AMPT (n as
indicated in B). F) Blood pressure levels. Data are mean + SEM (WT mice, n= 7; TgNOR-
1VSME oroups, n= 12). P< 0.05; *, vs. t=0 for each experimental condition. G) Representative
hematoxylin-eosin staining of abdominal aortic sections from AnglI-infused mice (Bars: 500

um). Two-way ANOVA with repeated measures (B and F) and chi-square (D).

Figure 6. AMPT limits elastin fiber rupture and ameliorates the increased expression of
inflammatory markers and oxidative stress induced by AngII in TgNOR-1VSMC mice.
Wild-type (WT) and TgNOR-1V5M€ mice were infused with AnglI (1000 ng/kg/min) for 28
days. TgNOR-1VSMC mice were treated or not with a-methyl-p-tyrosine (AMPT; 100 mg/Kg
twice daily, i.p). A) Orcein staining of abdominal aortas from each experimental group.
Arrowheads mark elastin fibers ruptures. The indicated areas are magnified in lower panels.
Bars: 100 pm. Quantification of the number of ruptures in elastin fibers per aortic section for
each group. Data are mean + SEM (n= 7). P< 0.05; *, vs. WT mice; # vs. TgNOR-1VM€ mice
non-treated with AMPT. B) MMP activity per aortic section assessed by in situ zymography.
Representative images are shown (Bars: 50 um). Data are mean + SEM (n= 6). P< 0.05; *,
vs. WT mice; #, vs. TgNOR-1VMC mice non-treated with AMPT. C-H) mRNA levels of
Mmp?2 (C), Emrl (D), Mcpl (E), 116 (F), I11f (G) and Cxcl2 (H) analyzed by real-time PCR
in abdominal aortas from each experimental group. Data, normalized to Gapdh expression,
are expressed as mean = SEM (WT mice, n=10; TgNOR-1VSMC groups, n= 15). P< 0.01; *,

vs. WT mice; #, vs. TeNOR-1VMC mice non-treated with AMPT. I) Vascular superoxide
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anion production visualized by DHE staining in aortic sections from each group.
Representative images are shown (Bars: 50 um). Data are represented as mean = SEM (n= 6).

P< 0.05; * vs. WT mice; #, vs. TeNOR-1VSMC mice non-treated with AMPT. One-way

ANOVA (C-I) or Kruskal-Wallis test (A and B).
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Supplemental Table S1. Oligonucleotides used for mutagenesis studies

NBRE site Forward primer Reverse primer
5 5

-1480 TCAACAATAGCCCCTGGGACaaTTCCTAAAACT GCTGAAGCAGTTTTAGGAAttGTCCCAGGGGCTATT
GCTTCAGC-3' GTTGA-3'
5. 5.

-2353 CACTGCCGGATGTGGATTTaaCAATTCAGCAA GTGGAAGACATTTGCTGAAttGTTAAATCCACATCCG
ATGTCTTCCAC-3' GCAGTG-3'

NBRE sites are underlined and changes are indicated in lower case.
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Supplemental Table S2. Patients and donors clinical features

Clinical parameters Donors (n = 16) AAA (n=86)
Age (years = SD) 63.5+15.7 71.3+6.1
Males (%) 81 100

Smoking (%)* 43.8 79.1
Hypertension (%) 50 69.8

Diabetes (%) 375 11.6
Hyperlipidemia (%) 18.8 65.1

Ischemic cardiomyopathy( %) 0 16.3

* Current and ex-smokers. AAA, abdominal aortic aneurysm; SD, standard deviation.
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Supplemental Table S3. Impact of AMPT on body weight and plasma lipids
in Angll-infused ApoE™ mice

e
ApoE-/Saline  ApoE“/Angm APOE’/Angll/

AMPT
BW (g) 28.0+1.85 279+1.6 29:5:£:2:6
Total Chol (mg/dL) 466.8 +36.7 464.4+358 4922+ 103
TG (mg/dL) 127.7 £ 39.8 158.5+40.1 137.4 £ 34.01
n 9 10 11

BW: body weight; Chol: cholesterol: TG: triglycerides.
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Supplemental Figure S1
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Supplemental Figure S1: AnglI increases aortic 7/ expression in TgNOR-1VSMC mice. A) T/
mRNA levels were assessed by real-time PCR in abdominal aorta samples from WT and TgNOR-
1VSMC (TgVSMC) mice infused with saline (Sal; white bars) or AngII (1000 ng/kg/min for 28 days;
black bars). Data normalized to GAPDH expression represent mean + SEM (n= 15). B) TH
protein levels were assessed in these samples by Western-blot. Levels of -actin are shown as a
loading control. Protein size was estimated by the indicated position of molecular weight
markers. The immunoblot densitometric analysis is shown in the lower panel. Data are mean +
SEM (n= 7). P<0.05; *, vs. saline-infused mice; # vs. Angll-infused WT mice. Two-way ANOVA
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Supplemental Figure S2: Doxycycline prevents the increase in aortic 7/ expression induced
by Angll-infusion in TgNOR-1VSMC mice. A) 7 mRNA levels analyzed by real-time PCR in
abdominal aorta samples from TgNOR-1VSMC mice infused with saline (Sal; white bars) or Angll
(1000 ng/kg/min for 28 days; black bars), in the presence or in the absence of doxycycline
(30 mg/kg/day; grey bars). Data normalized to GAPDH expression represent mean + SEM (saline-
infused TgNOR-1VSMC n=10; Angll-infused TgNOR-1VSMC pn= 15; Angll-infused TgNOR-1VSMC
+ doxycycline, n= 10). B) TH protein levels analyzed by Western-blot in the same experimental
groups. Levels of B-actin are shown as a loading control. Protein size was estimated by the
indicated position of molecular weight markers. The immunoblot densitometric analysis is shown
in the lower panel. Data are mean = SEM (n= 7). P< 0.05; *, vs. saline infused mice; # vs.
untreated Angll-infused TgNOR-1VSMC mice. Kruskal-Wallis.
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Supplemental Figure S3. AMPT attenuates the Angll-induced mortality in two mouse models of AAA. A) ApoE--mice were infused
with Saline (Sal) or AngII (1000 ng/kg/min) for 28 days. Angll-infused ApoE-~mice were treated or not with a-methyl-p-tyrosine (AMPT;
100 mg/Kg twice daily, 1.p). The graph shows the survival rate of each experimental group (Saline-infused ApoE-- mice, n=9; Angll-infused
ApoE”-mice, n= 21; Angll-infused ApoE--mice treated with AMPT, n= 17). B) Graph showing the survival rate of Wild-type (WT) and
TgNOR-1VSMC mice both infused with AngII (1000 ng/kg/min) for 28 days. TgNOR-1VSMC mice were treated or not with AMPT (WT, n=11;
TgNOR-1VSMC pnon-treated with AMPT, n= 19; TgNOR-1VSMC treated with AMPT, n= 17). There were no deaths in saline-infused groups (not

shown).
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A

Supplemental Figure S4: Impact of AMPT on renal and hepatic function in Angll-infused ApoE-- and TgNOR-1VSMC mijce.
Biochemical parameters of renal and hepatic function were assessed in plasma samples from ApoE--(A) and TgNOR-1VSMC (B) mice
infused with saline (white bars) or AngII (black bars) in the presence or in the absence of AMPT (grey bars). Levels of aspartate
transaminase (AST) alanine transaminase (ALT), creatinine and blood urea nitrogen (BUN) are shown. Data represent mean + SEM
(ApoE"- saline, n=10; ApoE”- AnglIl, n=11; ApoE"’~ Angll + AMPT, n=10; TgNOR-1V5MC saline, n=9; Angll-infused TgNOR-1V5MC
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treated or not with AMPT, n=11). p< 0.05; *, vs. saline-infused mice; #, vs. untreated Angll-infused mice. Kruskal-Wallis.
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Supplemental Figure S5. Inflammation and MMP2 expression were attenuated by AMPT in AAA from AnglIl-infused ApoE"- mice. ApoE* mice were infused with Saline
or AnglI (1000 ng/kg/min) for 28 days. Angll-infused mice were left untreated or treated with o-methyl-p-tyrosine (AMPT; 100 mg/Kg twice daily, i.p). A) Aortic infiltration of
macrophages (MAC3), lymphocytes (CD3) and neutrophils (elastase, neutrophil expressed, ELANE) and staining for MCP1 and MMP2 in each group (Bars: 50 um). B)
Quantitative analysis of positive cells per aortic section (MAC3, CD3 and ELANE) and area in mm2 per aortic section (MCP1 and MMP2). Data are expressed as mean + SEM
(Saline, n=6; Angll-infused groups, n=9). P<0.05; *, vs. Saline-infused ApoE"~ mice; #, vs. Angll-infused ApoE* mice non-treated with AMPT. Kruskal-Wallis test.
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Supplemental Figure S6: AMPT prevents the increase in aortic 7/ expression induced by
Angll-infusion in experimental mouse models of AAA. A and B) 7/ mRNA levels were
analyzed by real-time PCR in abdominal aorta samples from ApoE”- (A) or TgNOR-1VSMC mice
(B) infused with saline (Sal; white bars) or AngII (1000 ng/kg/min for 28 days; black bars), in the
presence or in the absence of o-methyl-p-tyrosine (AMPT; 100 mg/Kg twice daily, i.p; grey bars).
Data normalized to GAPDH expression represent mean + SEM (saline-infused ApoE--mice, n=9;
Angll-infused ApoE--mice treated or not with AMPT, n= 10; saline-infused TgNOR-1VSMC n=10;
Angll-infused TgNOR-1VSMC treated or not with AMPT, n= 15). C and D) Aortic TH protein levels
were assessed by Western-blot in samples from ApoE-~ (C) and TgNOR-1VSMC (D) mice treated as
described above. Levels of B-actin are shown as a loading control. Protein size was estimated by
the indicated position of molecular weight markers. Inmunoblots densitometric analysis are shown
in the lower panels. Data are mean + SEM (n= 7). P< 0.05; * vs. saline infused mice; # vs.

untreated Angll-infused mice. Kruskal-Wallis
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Supplemental Figure S7. AMPT attenuates inflammation and MMP2 expression in the abdominal aorta from Angll-infused TgNOR-1VSMC mice. Wild-type (WT)
and TgNOR-1V3MC mice were infused with AnglI (1000 ng/kg/min; 28 days). TgNOR-1V5MC mjce were treated or not with a-methyl-p-tyrosine (AMPT; 100 mg/Kg twice
daily, i.p). A) Infiltration of macrophages (MAC3), lymphocytes (CD3) and neutrophils (elastase, neutrophil expressed, ELANE) and staining for MCP1 and MMP2 (Bars:
50 um). B) Positive cells per aortic section (MAC3, CD3 and ELANE) and area in mm?2 per aortic section (MCP1 and MMP2). Data are mean + SEM (WT, n= 6; TgNOR-
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Supplemental Figure S9. NOR-1 regulates tyrosine hydroxylase (7H) transcriptional activity. A)
Scheme depicting the structure of the proximal region of the human 7H promoter and the location and
sequence of the putative NBRE identified in silico. The native NBRE (nat NBRE) and the corresponding
mutated sequence (mut NBRE) are underlined. Changes introduced by mutagenesis are highlighted in bold.
B) Luciferase activity evaluated in rat vascular smooth muscle cells co-transfected with the luciferase
reporter construct pGL3/pTH—-3639 (or the form mutated in the putative NBRE located at -2353 bp) and a
NOR-1 expression vector (pCMV5-NOR-1; black bars) or the corresponding empty plasmid (pCMV5;
white bars). Data were normalized by Renilla luciferase activity and expressed as mean = SEM (n= 8). P<
0-0001; *, vs. cells cotransfected with pCMV'S; # vs. cells cotransfected with the native pGL3/pTH-3639
and pCMV5-NOR-1 plasmids. Two-way ANOVA.
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Supplemental Figure S10: The NBRE site in TH promoter is conserved among species. 7H
distal promoter sequences from different species were aligned with that corresponding to the human
TH gene (ENSG00000180176) using Blast program. The conserved bases are indicated and the
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DISCUSION

NOR-1 modula la expresion génica cardiaca y exacerba la
hipertrofia cardiaca inducida por angiotensina Il

Estudios previos desarrollados por nuestro grupo y otros autores han puesto en
evidencia la expresién de NOR-1 en corazones sanos de cerdos, ratones y
humanos (Ohkura et al., 1996 B, Martinez-Gonzélez et al., 2003, Myers et al.,
2009). A nivel patologico, se ha relacionado NOR-1 con la hipertrofia generada
por estimulos beta adrenérgicos como el tratamiento con isoproterenol (Myers
etal., 2009, Feng et al., 2015, Medzikovic et al., 2015). Sin embargo, no existen
estudios en modelos especificos que analicen el papel de NOR-1 en la
hipertrofia hipertensiva, pese a que la hipertension es uno de los factores de
riesgo mas importantes para el desarrollo de la patologia hipertréfica (Yildiz et
al., 2020). La hipertrofia hipertensiva es el resultado de la hipertrofia de los
cardiomiocitos, y de una mayor inflamacion y fibrosis del miocardio. Estos
cambios estructurales y funcionales en el corazén tienen como ultima
consecuencia la insuficiencia cardiaca. Una elevacion cronica de los niveles
circulantes de Angll, péptido principal en la activacion del sistema renina-
angiotensina, juega un papel clave en la patogénesis de la hipertrofica cardiaca
hipertensiva. Sin embargo, no se conocen todos los mecanismos por los que la
Angll actta en esta patologia.

En este contexto, nuestro grupo ha estudiado la relacion del factor de
transcripcion NOR-1, cuya expresion se regula por Angll en miocardio, con la
regulacion de genes implicados en la funcion cardiaca y el remodelado
ventricular en respuesta a sobrecarga de presion. Para ello, se ha desarrollado
un modelo de ratdn transgénico que presenta una fuerte sobreexpresion de
NOR-1 en el miocardio (TgJNOR-1). EI modelo TgNOR-1 fue generado usando
el promotor CAG para dirigir la expresion del transgén. Este promotor contiene
elementos de respuesta claves para el control de la expresion cardiaca y se ha
utilizado previamente para expresar el transgén preferentemente en el corazén
(Orban et al., 2009, Galan et al., 2017). Con esta estrategia, se generd una
construccion que fue validada mediante transfecciones transitorias in vitro, y
posteriormente se emple6 para generar los ratones transgénicos mediante
procedimientos estandar. La sobreexpresion de hNOR-1 no alter6 el desarrollo
embrionario ni la viabilidad, los ratones TJNOR-1 no revelaron diferencias
fenotipicas en comparacion con sus hermanos de camada. Los anélisis de
insercion del transgen demostraron su integracion en el area Chr7:33723172
que corresponde a una region no codificante Orban et al., 2009. Ademas, los
analisis de RNA y proteinas mostraron un patron de expresion del hNOR-1,
principalmente en tejidos cardiovasculares, sobre todo en corazén y en menor
medida en aorta (Figura A1l. Anexo 1, pag.97), como cabia esperar en base al
promotor usado (Orban et al., 2009, Galan et al., 2017).

237



DISCUSION

Con el objetivo de analizar las consecuencias funcionales de la transgénesis
de NOR-1 en el corazdn, se analizo la sobreexpresion del transgen en las células
mayoritarias del miocardio: cardiomiocitos y cardiofibroblastos. Los animales
TgNOR-1 presentaron una expresion de hNOR-1 en los cardiomiocitos 100
veces mayor que en los cardiofibroblastos, que concordaba con resultados
previos que afirmaban que el promotor CAG dirige la expresion principalmente
a cardiomiocitos (Orban et al., 2009). Los cardiomiocitos ventriculares
representan un tercio del nimero total de células, pero contribuyen entre un 70-
80% a la masa del corazén (Bernardo et al., 2010). Durante la hipertrofia
cardiaca se produce una reduccién del namero de cardiomiocitos pero a la vez,
éstos aumentan su tamafio, hipertrofiAndose como respuesta compensatoria
(Cohn et al., 2000). Los cardiomiocitos aislados del raton TgJNOR-1 poseen
mayor tamarfio (evaluado en secciones transversales) que los cardiomiocitos de
los animales WT. En cuanto al fenotipo contractil, los cardiomiocitos
transgénicos presentaron una mayor expresion de Myh7, con una ratio
Myh7/Myh6 incrementada. Las isoformas a-MHC y B-MHC (codificadas por
MYH6 y MHY7, respectivamente) son mecanoenzimas que transforman la
energia de la hidrolisis de ATP en fuerza mecanica produciendo la contraccion
del musculo. La a-MHC es mas eficiente en este proceso, por lo que los
corazones que expresan preferentemente esta isoforma tienen una mayor
velocidad contréactil que aquellos que expresan la B-MHC (Sugiura et al., 1998).
Concretamente, en el corazén de roedores, prevalece en mas de un 90% la
isoforma a; en cambio en humanos es la B-MHC la forma predominante en mas
de un 90% (Miyata et al., 2000). En ratones con cardiopatia se altera la ratio
Myh7/Myh6, ya que disminuye la expresion de Myh6 y a su vez aumenta la de
Myh7, que es la predominante en la hipertrofia (Swynghedauw, 1986). Ademas,
mutaciones en la B-MHC se han asociado con problemas de contraccion celular
(Spudich et al., 2016). En vista de la alteracion del ratio Myh7/Myh6 en los
ratones TJNOR-1, evaluamos si la funcién contractil podria estar alterada en
los cardiomiocitos transgénicos. Para abordar este objetivo, medimos el
acortamiento celular de los cardiomiocitos sometidos a estimulacion eléctrica.
De hecho, la sobreexpresion de NOR-1 aumentd el acortamiento celular
fraccional, que es un indice de contractibilidad. Estos resultados sugieren que
la transgénesis de NOR-1 afecta al comportamiento fisioldgico de los
cardiomiocitos y los predispone a un funcionamiento anémalo ante estimulos
patolégicos.

A su vez la funcionalidad y proliferacion de los cardiofibroblastos juega un
papel clave en la fibrosis cardiaca (Bernardo et al., 2010). Observamos que los
cardiofibroblastos de los ratones transgénicos para NOR-1 fueron mas activos
en los experimentos de reparacion de herida, en concordancia con resultados
previos que demuestran la implicacion de NOR-1 en la migracion celular
(Martinez-Gonzélez et al., 2003, Rius et al., 2006, Martorell et al., 2007).
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Ademas, nuestros resultados sefialan que NOR-1 seria un nuevo regulador de
la reprogramacion de los fibroblastos, debido a que la sobreexpresion de este
factor de transcripcion incrementd los niveles de marcadores de transicidn
fenotipica a miofibroblastos, como la a-actina y la transgelina, asi como la
sintesis de colageno y PAI-1 que se han relacionado con la cicatrizacion de
heridas y el remodelado cardiaco (Ghosh & Vaughan, 2012). A pesar de la baja
expresion de NOR-1 en los cardiofibroblastos respecto a los cardiomiocitos,
estos datos sugieren una importante implicaciéon de NOR-1 en la fibrosis
cardiaca.

La ecografia Doppler de los ratones TgNOR-1 jovenes no mostro
alteraciones en la funcidn cardiaca respecto a animales WT de la misma edad.
Sin embargo, se observd un incremento de la masa del corazén en ratones
TgNOR-1 de 12 meses de edad en comparacion con la de los ratones WT
hermanos de camada. Esto sugiere que la transgénesis de NOR-1 predispondria
a la hipertrofia. En el corazén de ratones WT y TgNOR-1 ambos infundidos
con Angll, se observ6 un aumento de la expresién de Nor-1, pero no de Nurrl
ni de Nur77. Estos resultados coinciden con estudios previos donde muestran
gue la expresién de NOR-1 se induce en el corazon de ratones infundidos con
Angll (Sawaki et al., 2015) y en cultivos celulares tratados con estimulos pro-
hipertroficos (Amirak et al., 2013, Feng et al., 2015, Sadhan et al., 2018). Sin
embargo, en cardiofibroblastos en cultivo tratados con Angll no se detect6 un
incremento en la expresion de Nor-1, lo que sugiere una interaccion mas
compleja in vivo entre los diferentes elementos de las vias implicadas en la
induccidn del receptor nuclear observada en el corazon de los animales tratados
con Angll. En vista de estos resultados, NOR-1 podria estar implicado en los
efectos hipertréficos sobre el corazon producidos por la Angll. Con el fin de
establecer la contribucion de NOR-1 a la fisiopatologia cardiaca, los ratones
TgNOR-1 fueron infundidos con Angll, un inductor del remodelado cardiaco.
Esta estrategia se habia utilizado previamente por otros autores para analizar
el papel de determinadas proteinas en la funcién y el remodelado cardiaco
(Matsumoto et al., 2013, Galéan et al., 2017). Nuestros resultados muestran que
tras la infusién de Angll los ratones TgNOR-1 son mas susceptibles a
desarrollar hipertrofia cardiaca y fibrosis que los ratones WT. Estos animales
presentan un aumento del grosor del septo intraventricular y un aumento del
grosor de la pared posterior del ventriculo izquierdo respecto a los ratones
control. Ademas, en presencia de Angll la transgénesis de NOR-1 promovié un
incremento de la masa cardiaca del ventriculo izquierdo, de la ratio del peso del
corazon frente al peso corporal y del area de los cardiomiocitos en comparacion
con ratones control, indicando todo ello un agravamiento de la hipertrofia
cardiaca.

Los mecanismos que determinan la progresion de una hipertrofia adaptativa
a la insuficiencia cardiaca aln estan poco caracterizados. La respuesta

239



DISCUSION

adaptativa inicial ejercida por la Angll en animales de exprimentacion es
variable y puede ir desde la ausencia de cambios funcionales (Murdoch et al.,
2014, Toshihiro et al., 2016), a producirse un aumento de la funcion cardiaca
debido a una respuesta compensatoria (Frank et al., 2007). Nuestros datos
sugieren que NOR-1 podria desencadenar mecanismos clave inicialmente
beneficiosos como respuesta compensatoria, pero la prolongacion del estimulo
patoldgico deriva en una hipertrofia patolégica. En nuestro estudio, la
sobrecarga de presion no afect6 a la funcion cardiaca de los animales WT, que
presentaron una leve hipertrofia y fibrosis. En cambio, los animales TJNOR-1
exhibieron una remodelacion cardiaca exacerbada y un aumento de la fraccion
de eyeccion y de acortamiento como respuesta compensatoria. La infusion de
Angll increment6 de forma similar la presion cardiaca en ratones transgénicos
y WT, por lo que los efectos diferenciales entre estos grupos parecen ser
independientes de los cambios hemodinamicos. En los ratones TgNOR-1
infundidos con Angll observamos una mayor expresion de genes como el BNP,
cuya expresion es muy baja en adultos (Tham et al., 2015) o la f-MHC, cuya
induccién es un mecanismo compensatorio en el desarrollo de la hipertrofia
(Bernardo et al., 2010). Ademas, en este grupo también aumenté la expresion
de marcadores fibroticos (Collal, Colla3, Ctgf, Pai-1y LoxI2). Por otro lado,
en condiciones basales, los animales TgNOR-1 presentaron un incremento
significativo en la expresion de genes clave en la funcion cardiaca (Myh7) y el
remodelado (LoxI2), respecto al grupo WT, lo que podria sugerir una regulacion
directa por NOR-1 de estos genes.

El MYH7 fue el primer gen relacionado con la cardiomiopatia hipertréfica
familiar, ademas se ha descrito que mutaciones en el gen MYH7 son causantes
de un 40% de los casos en esta patologia, que es la enfermedad cardiovascular
hereditaria mas comun (Sabater-Molina et al., 2018). En modelos
experimentales, la expresion cardiaca del Myh7 se incrementa en respuesta a
estimulos hipertréficos como la Angll (Martin-Sanchez et al., 2018). Nosotros
observamos que la transgénesis de NOR-1 aument6 la expresion de Myh7 en
animales infundidos con Angll, y lo mas relevante, que los animales TgNOR-
1 infundidos con solucion salina presentaron una mayor expresion de Myh7 que
los animales WT. De hecho, demostramos que NOR-1 regula la actividad
transcripcional de MYH7 a través de la interaccion directa con un elemento
NBRE en su promotor. La sobreexpresion de NOR-1 a niveles por encima del
su rango fisioldgico, mediante un sistema lentiviral en CMLV humanas,
incrementd la expresion de genes que codifican proteinas expresadas
tipicamente en el masculo esquelético, incluyendo el MYH7 (Ferran et al.,
2016). Debido a la importancia de la B-MHC en la funcién cardiaca y en la
hipertrofia, estos resultados sugieren que la regulacién del MYH7 por NOR-1
puede ser uno de los factores que predisponga a los ratones TgNOR-1 al
desarrollo de hipertrofia cardiaca tanto espontanea como inducida por Angll.
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Asimismo, en los ratones TgNOR-1 infundidos con Angll observamos una
exacerbada respuesta fibrética con una mayor deposicion de colageno tanto en
areas perivasculares como intersticiales. EI aumento de la expresion de Lox y
Loxl2 se asocid, como cabria esperar, con un incremento en el grado de
entrecruzamiento de las fibras de colageno en el miocardio, acompafiado de una
mayor expresion de Collal y de Pai-1. El entrecruzamiento del colageno
determina la rigidez y funcidn ventricular del corazon sometido a sobrecarga
de presion (Lopez et al., 2009, 2012, Kasner et al., 2011). De hecho, en
pacientes con insuficiencia cardiaca hipertensiva el excesivo entrecruzamiento
de col&geno se ha asociado con una peor prognosis (Ravassa et al., 2017). Los
diferentes miembros de la familia de LOX catalizan la desaminacion oxidativa
de residuos de lisina e hidroxilisina de las fibras de coldgeno y elastina, y son
responsables del ensamblaje de las fibras de colageno (Kasner et al., 2011). El
incremento de LOX y LOXL2 se ha asociado con el desarrollo de fibrosis
miocardica en pacientes con insuficiencia cardiaca (L6pez et al., 2009, 2012,
Kasner et al., 2011) y también en modelos de dafio cardiaco (Gonzélez-
Santamaria et al., 2015, Yang et al., 2016). Diversos estudios, describen un
incremento de LOX y LOXL2 en la hipertrofia cardiaca y en el consecuente
infarto de miocardio (Stefanon et al., 2013, Gonzalez-Santamaria et al., 2015),
ademas su inhibicion mejora el remodelado cardiovascular y la funcion
cardiaca (Martinez-Martinez et al., 2016, Yang et al., 2016). Al igual que LOX
(Galan et al., 2017), la LOXL2 contribuye a la fibrosis, la disfuncién cardiaca
y la reprogramacion fenotipica del fibroblasto a miofibroblasto, y por tanto
juega un papel crucial en el remodelado cardiaco (Yang et al., 2016). Por todo
ello, LOXL2 se ha propuesto como una posible diana terapéutica para la fibrosis
cardiaca y el infarto de miocardio (Yang et al., 2016). A pesar del importante
papel de LOXL2 en el remodelado cardiaco, se dispone de poca informacion
sobre su regulacién transcripcional. EI promotor de LOXL2 contiene elementos
de unién para Smad, Spl y SMYD3. Sin embargo, se requiere de estudios
especificos que analicen los elementos de respuesta en el promotor de LOXL2
y sobre el mecanismo implicado en la regulacion de LOXL2 durante el
desarrollo de la hipertrofia cardiaca. Como se indic6 anteriormente en
condiciones basales la expresion cardiaca de LOXL2 es significativamente
mayor en los ratones transgénicos que en los WT y demostramos que NOR-1
regula directamente la actividad transcripcional de LOXL2 que presenta
elementos NBRE en su promotor. Por tanto, la regulacion de LOXL2 por NOR-
1 podria estar implicada en la respuesta hipertréfica de los ratones TgNOR-1.

El hecho de que en el raton TgJNOR-1 la sobrecarga de presion induzca un
aumento en la fraccion de eyeccion y de acortamiento como respuesta
adaptativa podria constituir una limitacion de nuestro estudio, ya que nuestro
modelo no llega a desarrollar disfuncién cardiaca. Por tanto, se necesitarian
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nuevos estudios para determinar el papel de NOR-1 sobre la disfuncion cardiaca
a largo plazo.

En resumen, estos resultados indican que la sobreexpresion de NOR-1
predispone a padecer hipertrofia cardiaca, y proponen a este factor de
transcripcion como un importante regulador de genes implicados en la funcion
y el remodelado cardiaco. Por lo tanto, el ratdbn TgNOR-1 podria ser una
herramienta Gtil para esclarecer los mecanismos moleculares de la hipertrofia
cardiaca y evaluar la efectividad de nuevas terapias farmacoldgicas en estudios
pre-clinicos.

Actualmente, nuestro grupo esta estudiando con mas detalle el modelo
TgNOR-1 en ausencia de estimulo hipertréfico para esclarecer que mecanismos
son los responsables de la predisposicion de estos ratones a la hipertrofia.
Analizamos la expresion de genes codificantes para proteinas implicadas en la
homeostasis del calcio. Para ello, se han analizado los genes implicados en la
homeostasis del calcio (Figura A2. Anexo 1, pag.98). Concretamente se detectd
un aumento significativo de la expresion de Serca2a y Casq2 en los ratones
transgénicos de NOR-1. La CASQ?2 es la principal proteina de unién al calcio
dentro del reticulo sarcoplasmico, con lo que una mayor expresion de Casg2 y
de Serca2a que es el encargado de introducir el calcio a este organulo, se asocia
con un mayor almacenaje de calcio en el reticulo sarcoplasmico. Esto puede
ocasionar liberaciones espontaneas de calcio (en inglés sparks), proceso
adaptativo del miocardio previo al infarto de miocardio (Roderick et al., 2007).
Ademas, observamos mayor estrés oxidativo tanto en el miocardio ratones
TgNOR-1, como en cardiofibroblastos transgénicos en cultivo, lo que se asocid
con un mayor nivel de oxidacion proteica. Concretamente, se detecté un mayor
nivel de oxidacion de la CaMKII (Figura A3. Anexo 1, pag.99). La oxidacién
de la CaMKII produce su activacion prolongada de forma independiente de los
niveles de calcio, y en consecuencia incrementa la fosforilacion de proteinas
clave en la homeostasis del calcio como el RyR2 y PLN, lo que promueve entre
otros efectos la hipertrofia de los cardiomiocito (Erickson et al., 2011). Ademas
en modelos de hipertensién espontanea y de sobrecarga de presion se observé
el incremento de la expresion de esta quinasa (Colomer et al., 2003).

Por ultimo, hemos analizado la respuesta de los animales transgénicos a la
hipertrofia inducida por el agonista [-adrenérgico isoproterenol. Esta
aproximacion es un modelo clésico de induccién de hipertrofia a través de la
activacion de la proteina quinasa A, responsable de la fosforilacion de multiples
proteinas implicadas en la contraccion cardiaca, entre ellos PLN o RyR2 (Barry
etal., 2008). La infusion de isoproterenol en ratones WT y TgNOR-1 reveld un
mayor incremento del grosor de la cavidades cardiacas, concretamente de la
pared anterior y posterior de los ratones transgénicos. Aunque no mostro
diferencias en la funcion cardiaca entre WT y TgNOR-1 (Tabla Al. Anexo 1,
pag.100). Esto puede deberse a que el estimulo con isoproterenol es tan potente
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gue no se aprecia modulacion por la transgénesis de NOR-1. Por todo ello, se
requiere seguir investigando en los mecanismos por los que NOR-1 predispone
a la hipertrofia cardiaca.

La sobreexpresion de NOR-1 en la pared vascular conduce a la
formacion de aneurismas de aorta abdominal en ratones en
respuesta a angiotensina Il

Estudios previos han implicado al factor de transcripcion NOR-1 en la
regulacion de la inflamacion (Zhao et al., 2010, Calvayrac et al., 2015,
Tsilingiri et al., 2019), el remodelado de la MEC (Marti-Pamies et al., 2017),
el estrés oxidativo (Alonso et al., 2018) y la supervivencia/apoptosis celular
(Alonso et al., 2016), procesos clave en la patologia aneurismatica. De hecho,
hemos demostrado que la expresion de NOR-1 aumenta en la aorta de pacientes
con AAA (Alonso et al., 2016). Sin embargo, se desconoce el papel concreto
de NOR-1 en el desarrollo del AAA. Nuestro grupo ha desarrollado dos
modelos transgénicos que sobreexpresan hNOR-1 en la vasculatura con el
objetivo de estudiar si la funcion del receptor NOR-1 afecta al desarrollo del
aneurisma inducido por Angll. También, se ha analizado la utilidad del modelo
animal transgénico para hNOR-1 en la investigacién de los mecanismos
implicados en la patologia aneurismatica y en estudios preclinicos.

En los dltimos 20 afios, la infusion de Angll en ratones
hipercolesterolémicos (ApoE’) (Daugherty et al., 2000) ha constituido el
modelo de experimentacion animal mas popular en el estudio del AAA. A pesar
de reproducir distintas caracteristicas de la patologia aneurisméatica humana
como la degradacion de elastina, la inflamacion, y la formacion del trombo, los
modelos animales actuales no son totalmente representativos de la enfermedad
humana (Trachet et al., 2017). Durante las ultimas tres décadas ha crecido el
interés en el estudio de los receptores nucleares en el AAA, ya que éstos han
demostrado una gran importancia en la biologia vascular. Asi la activacion de
los receptores de tipo PPARs (peroxisome proliferator-activates receptors)
reduce el desarrollo del AAA, ya que disminuye el infiltrado de macréfagos, el
remodelado de la MEC y la expresion de la osteopontina, una proteina
implicada en la formacion de AAA (Golledge, et al., 2010 B, Krishna et al.,
2012). Nuestro grupo, se ha centrado en el estudio del receptor nuclear NOR-1
en esta enfermedad, debido a su papel en el control de la inflamacion, la
neovascularizacion, el estrés oxidativo y la apoptosis (Pei et al., 2006, Zhao et
al., 2010, Alonso et al., 2016, 2018, Marti-Pamies et al., 2017,). Pese a estos
indicios, la supresion de la expresion de NOR-1 en células madre
hematopoyéticas en el ratén deficiente para el receptor de LDL infundido con
Angll, no disminuye el desarrollo de AAA (Qing et al., 2017). Otros autores
han sugerido que la ausencia de efecto en este modelo podria deberse a
diferentes razones, entre ellas destacar que podria ser que los genes regulados
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por NOR-1 en los macréfagos casualmente no estén involucrados en el AAA,
0 que los cambios de expresion de estos genes no sean suficientes para afectar
al desarrollo de la patologia (Neels et al., 2020). Aunque este estudio
descartaria la contribucion de NOR-1 a la enfermedad, el aumento de la
expresion de NOR-1 en CMLYV de pacientes con AAA descrito por nuestro
grupo ha motivado que realicemos estudios adicionales para esclarecer la
funcion de NOR-1 en el AAA.

Nuestro estudio se ha centrado en el analisis del papel de NOR-1 sobre la
susceptibilidad a la formacion de AAA inducidos por Angll en un modelo no
hiperlipémico y resistente a la formacién de AAA como es la cepa C57BL/6J.
En ratones que sobreexpresan NOR-1 a nivel cardiovascular (TgNOR-1)
observamos que la transgénesis de NOR-1 promueve la formacion de
aneurismas inducidos por Angll. Para establecer qué tipo celular estaba
implicado en este efecto, realizamos el mismo experimento con ratones
TgNOR-1VSMC | en los cuales se empled el promotor SM22a para dirigir la
expresion del hNOR-1 especificamente a CML (Rodriguez-Calvo et al., 2013).
Los ratones TgNOR-1VSMC presentan una elevada expresion de hNOR-1 en las
CMLYV de la aorta, mientras que el transgen no se detectd en otras células
vasculares como los fibroblastos de la adventicia (Figura Al. Anexo 2,
pag.177). Los dos modelos presentaron una incidencia y gravedad del AAA
similar. Destacar que los aneurismas generados por la infusién de Angll en
ambos modelos presentan caracteristicas similares al modelo ApoE™ infundido
con Angll, localizacién suprarrenal, incremento de marcadores
proinflamatorios y proteoliticos, mayor nimero de roturas en las fibras
elasticas, produccion de ROS y formacion de un trombo intramural. Por tanto,
la induccion de la expresion de NOR-1 en CMLV es suficiente para agravar la
respuesta vascular a la Angll y por ello potenciar la inflamacién, favorecer la
dilatacién adrtica y promover el AAA, asi que los siguientes estudios se
realizaron exclusivamente en el modelo TgNOR-1°M-V, Ademas, en dicho
modelo la transgénesis produce un incremento de la expresion vascular de
NOR-1 similar al observado en pacientes con AAA (Figura A2. Anexo 2,
pag.178). A pesar de la localizacién suprarrenal del aneurisma y la presencia
de trombo intramural, caracteristicas que difieren de las de la patologia
aneurismatica humana, nuestro modelo parece recapitular aspectos clave de la
enfermedad humana.

Estos resultados nos alentaron a validar la utilidad del raton transgénico de
NOR-1 infundido con Angll como modelo animal de utilidad preclinica en el
ensayo de potenciales terapias contra el AAA. Con este objetivo, los animales
transgénicos se trataron con doxiciclina, un inhibidor de MMP que ha
demostrado su eficacia previniendo la formacion de AAA en diferentes
modelos animales como el modelo de elastasa en rata (Curci et al., 1998, Sho
et al., 2004) y raton (Bartoli et al., 2006), el modelo de raton ApoE” con
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infusion de Angll (Turner et al., 2008) y el de combinacion de Angll con dieta
rica en grasas (Manning et al., 2003). En nuestro modelo transgénico infundido
con Angll el tratamiento con doxiciclina disminuy6 el infiltrado inflamatorio,
asi como la actividad MMPs y el estrés oxidativo en la pared vascular,
disminuyendo la incidencia de aneurismas. Estos resultados concuerdan con
estudios previos realizados en modelos animales y confirman la utilidad pre-
clinica de nuestro ratdn TgNOR-1MLV, Por otra parte, en ensayos clinicos la
doxiciclina redujo la inflamacién y la actividad MMP en pacientes con AAA.
Pese a esto los resultados en pacientes han sido en cierto modo
descorazonadores ya que estos efectos no se tradujeron en la reduccion del
diametro adrtico (Mosorin et al., 2001, Baxter et al., 2002, Abdul-Hussien et
al., 2009). Recientemente, un estudio clinico en fase Il realizado en un mayor
numero de pacientes con dos afios de seguimiento concluyé que la doxiciclina
no reduce el crecimiento del didmetro de los AAA de pequefio tamarfio (Baxter
et al, 2020). Sin embargo, la tasa de crecimiento del AAA descrita en este
estudio fue menor que en ensayos anteriores. Esto sugiere que el seguimiento
de 2 afios podria ser demasiado corto para evidenciar el efecto de la doxiciclina.
Ademas, se observo gue la doxiciclina redujo los niveles de la proteina C
reactiva, lo que sugiere un efecto antiinflamatorio de la doxiciclina en estos
pacientes. Por tanto, no se puede descartar el posible beneficio de la inhibicion
de la actividad MMP sobre la estabilizacion del AAA en humanos y se requiere
de una mayor investigacion.

En la pared aneurismatica de nuestro modelo animal transgénico,
evidenciamos una elevada expresion de quimioquinas, citoquinas y enzimas
proteoliticos (IL-6, IL-1B, CXCL2, MCP-1 y MMP2) caracteristicas del
desarrollo del AAA. Ademas, quisimos definir que grupos de genes o vias
podrian contribuir a explicar la mayor susceptibilidad de los ratones
transgénicos de NOR-linfundidos con Angll. Los anlisis comparativos a gran
escala de los perfiles de expresion de ratones WT y TgNOR-1VSME ambos
infundidos con Angll, identificaron 1500 genes diferencialmente expresados.
La magnitud de las diferencias fue moderada ya que ambos grupos se
expusieron a Angll. Sin embargo, parte de los genes identificados,
concretamente 167 genes se habian descritos previamente entre los més
diferencialmente expresados en el modelo ApoE™ infundido con Angll (Rush
et al., 2009). El analisis GSEA identifico genes agrupados por procesos
biol6gicos o componentes celulares significativamente enriquecidos en el raton
TgNOR-1VMC infundido con Angll. A través del GSEA, se establecieron
comparativas con las bases de datos del proyecto de ontologia génica (GO, del
inglés gene ontology) y del Reactome. En la aorta de los ratones TgNOR-1VSMC
infundidos con Angll, se observé un enriquecimiento en grupos de genes
implicados en procesos bioldgicos relacionados con inflamacidn, ciclo celular
y activacion simpatica. Ademas, teniendo en cuenta los términos GO de tipo
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componente celular, se identificaron grupos de genes asociados al remodelado
de la MEC. A su vez, los genes inhibidos estan relacionados con procesos
biolégicos como la contraccién del muasculo, el citoesqueleto de actina y la
respuesta de estrés térmico. El analisis con la base de datos de Reactome
confirmé los resultados obtenidos y evidencio la regulacion de procesos
biologicos y vias de transduccion de sefiales similares a las citadas
anteriormente.

Segun la informacion obtenida través del GSEA, se seleccionaron genes
concretos para su validacion por PCR, atendiendo a dos criterios: aquellos que
estuvieran mas diferencialmente expresados en las vias de interés y/o que se
hubiera vinculado con la enfermedad aneurismatica. Entre ellos se incluyen
genes diferencialmente regulados que representan procesos biolégicos como
los relacionados con el remodelado de la matriz extracelular (Col10al, Cthrc1l,
Mmpl12 y LoxI2), la respuesta inmune (Cd5l, Adam8, Dynclil, Cd300c2,
Sh2d1lb y Scg2), la actividad simpética (Scg2, Npy y Syt4), el ciclo celular,
respuesta a dafio al DNA (Uhrfl, Ccnbl, Kif20a, y Cdc20), la funcién y
diferenciacion de las células musculares y la organizacion del citoesqueleto
(Acta2, Myhll e Itga8). La expresion diferencial de todos estos genes se
confirmé por PCR a tiempo real. En concreto, estudios de expresion a gran
escala con muestras de pacientes con aneurismas abdominales, toracicos e
intracraneales se demostrd la induccién de COL10A1l, MMP12 y CTHRC1
(Courtois et al., 2014, Kleinloog et al., 2016, Sulkava et al., 2017). También,
se increment6 la expresién de estos genes en estudios de microarrays en el
modelo de infusion de Angll en ratones ApoE™ (Rush et al., 2009, Spin et al.,
2011) e incluso en el modelo de elastasa en conejos (Holcomb et al., 2015).
Destacar, la expresion diferencial de LoxI2 tanto en nuestro modelo, como en
el ratén ApoE™ infundido con Angll (Spin et al., 2011). Los miembros de la
familia LOX son enzimas modificadoras de la MEC, y los analisis de expresion
génica han demostrado que en humanos LOX aumenta su expresion en AAA
(Courtois et al., 2014). También, se han descrito diversos polimorfismos en el
gen LOXL2 que se asocian con una mayor predisposicion a padecer aneurismas
intracraneales (Akagawa et al., 2007). En cuanto a los genes identificados por
su mayor expresion en el raton TgNOR-1VSMC infundido con Angll, e
implicados en la respuesta inmune, destacar el gen Cd5l. Su incremento no se
ha detectado en otros modelos como el del ratén ApoE™", pero si en la patologia
aneurismatica humana, dénde su expresion se asocia con el crecimiento del
aneurisma (Andersen et al., 2018). Este estudio identifica a la proteina CD5L,
entre otras, como posible diana farmacoldgica. En diferentes enfermedades
aneurismaticas humanas como el AAA, la dilatacion de la aorta toracica, el
aneurisma intracraneal, y también en modelos experimentales se ha observado
un aumento de la expresion de otros genes implicados en la respuesta inmune
como ADAMS8 (Levula et al., 2011), CD300C (Kleinloog et al., 2016) y
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SH2D1B (Hinterseher et al., 2015). Curiosamente, una de las vias mas
significativamente aumentados en el aneurisma de los ratones transgénicos para
NOR-1 es la via de actividad simpética. Concretamente, confirmamos la
induccion de la SCG2 es una proteina involucrada en la migracion
transendotelial de las células inflamatorias que se considera un marcador de
actividad simpatica, se ha relacionado con hipertension y cuya expresion
aumenta en aneurismas humanos tanto intracraneales (Jiang et al., 2013) como
de aorta toracica (Sulkava et al., 2017). La SCG2 se almacena en los granulos
cromafines conjuntamente con el NPY cuya expresion también aumenta en
nuestro modelo. EI NPY es un neurotrasmisor simpéatico también expresado en
CMLYV e implicado en patologias caracterizadas por hiperactividad simpatica
como la hipertension y el remodelado vascular. De hecho sus receptores, Y1R,
Y2R y Y5R se han relacionado con enfermedades cardiovasculares como la
hipertensidn, aterosclerosis, diabetes, cardiomiopatias hipertroficas e infarto de
miocardio (Tan et al., 2018). Por su parte, la SYT4 se expresa tanto en neuronas
como en VSMC (Barnes et al., 2017) y es considerada un mediador clave en la
progresion del aneurisma en la aorta ascendente (Tobin et al., 2019). De entre
los genes implicados en ciclo celular y dafio al DNA modulados
diferencialmente, el UHRF1 se ha asociado a AAA tanto en modelos
experimentales como humanos (Elia et al., 2018). CDC20, CCNB1 y KIF20A
se han asociado con aterosclerosis y disecciones aorticas en humanos (Schwill
et al., 2013, Jiang & Si, 2019). Ademas estos dos Ultimos, estan fuertemente
expresados tanto en modelos experimentales de aneurismas adrticos inducidos
por Angll como en modelos de aorta ascendente del sindrome de Marfan (Wang
etal., 2019).

Curiosamente, en estudios de expresion a gran escala, se observo que los
genes NOR-1, NUR77 y NURRL1 estan entre los genes mas diferencialmente
expresados en zonas de ruptura del aneurisma en humanos (Choke et al., 2009).
Destacar, que los grupos de genes enriquecidos en la aorta aneurismatica de los
ratones TgNOR-1VSMC coinciden con genes identificados mediante analisis
bioinformético en muestras de diseccion adrtica humana (CDC20, CCNB1,
KIF20A, CDK1, PBK, RACGAP, TOP2A, CCNB2, MAD2L1 y AURKA)
(Schwill et al., 2013, Jiang & Si, 2019 ). Por ultimo, de los genes inhibidos en
nuestro modelo transgénico se confirmo la inhibicidn de Acta2, Myh11 e Itga8,
que habian sido descrito previamente en la patologia aneurismatica humana y
se asocian con una mayor predisposicion al aneurisma (Armstrong et al., 2002).
Por todo ello, la Angll promueve la formaciéon de aneurismas en el raton
TgNOR-1VSMC 3 través de la regulacion de diferentes vias que recapitulan
mecanismos clave en la patologia aneurismatica. Sin embargo, diversos genes
regulados en el raton transgénico de NOR-1 no estan regulados de forma similar
en el raton ApoE™ infundido con Angll, que es el modelo murino mas estudiado
y experimentalmente méas parecido al nuestro (Rush et al., 2009, Spin et al.,
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2011). En concreto, nuestro modelo y no el modelo de raton deficiente en ApoE
" mimetiza el incremento de la expresion de Cd5l, descrito previamente en
humanos y asociado al crecimiento del aneurisma (Andersen et al., 2018), y
otros genes que codifican para proteinas relacionadas en respuesta
inmune/inflamatoria como Cd300c2 (ort6logo de CD300C) (Kleinloog et al.,
2016), Sh2d1b1l (ortélogo de SH2D1B) (Hinterseher et al., 2015) y Scg2 (Shi
et al., 2009, Sulkava et al., 2017), como también la inhibicion de genes
implicados en la regulacién del citoesqueleto de actina (Modrego et al., 2012).
Enfatizar, que el incremento de la expresion vascular de NOR-1 en la patologia
aneurismatica humana (Choke et al., 2009, Alonso et al., 2016;) no la reproduce
el modelo ApoE~ con infusion con Angll, lo cual podria explicar que ciertos
genes, regulados directamente o indirectamente por NOR-1, no se modulen de
la misma forma en el modelo clasico.

En resumen, mediante el uso de dos modelos animales generados por
nuestro grupo hemos demostrado que la induccién de NOR-1 en la pared
vascular potencia la expresién de una serie de genes inducidos por Angll, lo
gue incrementa la capacidad de la Angll para promover la formacion de
aneurismas. Nuestros resultados indican que los ratones transgénicos para
NOR-1 podrian ser nuevos modelos experimentales pre-clinicos. Futuros
estudios, deberian esclarecer qué genes concretos regulados por NOR-1 directa
o0 indirectamente, lo convierten en un factor clave que facilita el proceso
aneurismatico.

La tirosina hidroxilasa como diana farmacologica en el
aneurisma de aorta abdominal: impacto sobre la inflamacién,
el estrés oxidativo y el remodelado vascular

La escasez de tratamientos farmacol6gicos para limitar o prevenir el AAA es
un gran obstaculo en el manejo de esta enfermedad, ya que la ruptura
aneurismatica es impredecible. Este estudio ha desvelado la relevante funcién
de la TH en la patofisiologia de esta enfermedad, y sugiere que esta enzima
podria constituir una posible diana farmacoldgica.

En muestras aneurismaticas humanas hemos detectado una mayor expresion
de genes implicados en la biosintesis y transporte de catecolaminas. Estudios
de expresion en aneurimas humanas mediante microarray habian sugerido
sugirieron un enriquecimiento génico en vias relacionadas con actividad
neuronal (Lenk et al., 2007). Sin embargo, en este estudio no se detecté una
regulacion significativa de genes implicados en la via de la TH. Recientemente,
en estudios de expresion a gran escala, nuestro grupo detect6 la induccion de
genes relacionados con la actividad simpatica en el tejido aneurismatico de un
modelo experimental de la enfermedad, el ratén TgNOR-1VSM€ infundido con
Angll (Cafes et al., 2021). En este trabajo, hemos confirmado estas
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observaciones en dos modelos animales susceptibles a desarrollar AAA
inducido por Angll, el ratdn ApoE™ y el ratdn TgNOR-1VSMC, En concreto,
hemos detectado una fuerte induccion de la expresion de la TH, la enzima
limitante en la sintesis de catecolaminas, en lesiones aneurismaticas humanas y
de modelos animales. En la aorta humana, observamos un incremento de dos
de las principales isoformas de la TH (Haycock, 2002), mientras que en
muestras de ratdn se incremento el nivel proteico de la Unica isoforma de esta
enzima descrita en esta especie previamente (Haycock, 2002). Destacar, que la
mayor expresion vascular de la TH en respuesta a la Angll en ambos modelos,
concuerda con datos previos que demuestran la induccion de esta enzima por la
Angll en otros tejidos, tanto in vivo como in vitro (Dogan et al., 2004, Ma et
al., 2004). Estos resultados sugieren que la actividad TH podria jugar un papel
relevante en el desarrollo del AAA 'y en la capacidad de la Angll para promover
la formacion de aneurismas.

Distintas evidencias sugieren que las catecolaminas podrian influir de
manera relevante en el remodelado vascular. Concretamente se ha descrito que
la hiperactividad simpética subyace la fisiopatologia de aortopatias como la
TAD (Zhipeng et al., 2014, Hu et al., 2016), y tanto la hiperactividad simpatica
como el desarrollo de ramificaciones nerviosas se han detectado en la aorta de
pacientes con TAD (Zhipeng et al., 2014). Ademas, la Angll, el principal
inductor del sistema renina angiotensina, mediador clave en el desarrollo del
AAA en humanos y modelos animales (Hackam et al., 2006), incrementa la
actividad simpaética. Este efecto aumenta la expresion adrtica de la MMP2, que
desempefia un papel fundamental en el desarrollo de distintas aortopatias, entre
ellas el AAA (Hu et al., 2013). Estos autores demostraron que las catecolaminas
regulan la sefalizacion TGF-B en aneurismas adrticos, 1o que limita la
proliferacion de las CMLV y favorece su apoptosis, modulando asi el
remodelado vascular. Destacar que ya se habia descrito la expresion de
componentes de la via de la TH en la pared vascular. La expresion de esta
enzima se ha demostrado en CMLV, células endoteliales y en linfocitos T
(Sorriento et al., 2012, Pfeil et al., 2014, Huang et al., 2016). En los linfocitos,
las catecolaminas enddgenas actan de manera autocrina/paracrina regulando
la actividad de estas células (Bergquist et al., 1994, Cosentino et al., 2007,
Huang et al., 2016), mientras que las catecolaminas liberadas por las células
endoteliales podrian contribuir a la neovascularizacion (Sorriento et al., 2012).
En concordancia, nuestros estudios en aneurismas humanos y de ratén
mostraron tincién para TH de forma localizada en zonas de inervacién
periférica, pero también en células inflamatorias y en CMLV. Destacar que la
doxiciclina que previene la formacion de AAA inducidos por Angll en ratones
TgNOR-1VSMC es capaz de normalizar la expresion vascular de la Th (Caries et
al., 2021). Por lo tanto, la induccion de esta enzima podria contribuir al
remodelado destructivo en el AAA. Sin embargo hasta la realizacion de
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nuestros resultados, el impacto de esta via en la formacion del AAA era incierto,
y no se habia estudiado su capacidad como diana terapéutica para esta
enfermedad.

En este contexto, analizamos la eficacia del bloqueo de la TH para limitar el
crecimiento del AAA. Para ello se trataron ratones ApoE” y TgNOR-1VSMC
infundidos con Angll con AMPT, un inhibidor competitivo de TH
biodisponible por via oral y bien tolerado, que bloquea la biosintesis de
catecolaminas (Brogden et al., 1981, Naruse et al., 2018). La dosis
administrada de este farmaco aseguraba una inhibicién eficaz de la enzima tal
y como se habia descrito (Meltzer et al., 1979). En particular, bajo estas
condiciones, el AMPT protegi6 frente al AAA inducido por Angll en ambos
modelos experimentales. En el ambito clinico, el AMPT se aprob6 para el
control de la hipertension y otros sintomas asociados con el exceso de
catecolaminas producidas por el feocromocitoma. Concretamente, el AMPT
esta indicado en el tratamiento preoperatorio de aquellos pacientes que tienen
que ser intervenidos quirdrgicamente de este tumor lo que reduce la elevada
mortalidad perioperatoria de esta intervencion. También esta indicado para el
manejo de los pacientes en los que la cirugia esta contraindicada y para el
tratamiento cronico de los feocromocitomas malignos (DEMSER). Ademas, se
ha propuesto el uso de este farmaco para el tratamiento de trastornos del
movimiento y algunas enfermedades neuropsiquiatrias (Bloemen et al., 2008).
En los pacientes con feocromocitoma, el AMPT bloquea la respuesta
hipertensiva producida por las catecolaminas liberadas por el tumor, sin
embargo, no se ha observado un efecto beneficioso de este farmaco sobre la
hipertension esencial (Bloemen et al., 2008). En consonancia, en nuestros
experimentos, el AMPT no afecté a la presidn sanguinea. Por lo tanto, el
bloqueo de la TH previno la formacién de AAA inducidas por Angll, lo cual
promueve la formacion de aneurismas de manera independiente de su funcién
vasopresora (Cassis et al., 2009). EI AMPT no sélo limité el incremento del
diametro aortico en respuesta a Angll, sino que también redujo la inflamacion
y el estrés oxidativo vascular, y preservo la integridad de la pared vascular.
Otros autores ya habian asociado la actividad de la TH con la generacion de
ROSy la inflamacién (Haavik et al., 1997, Tolleson & Claassen, 2012, Meiser
et al., 2013). De acuerdo con estas observaciones en los modelos
experimentales de AAA que hemos estudiado la inhibicion de la TH con AMPT
atenu6 significativamente el estrés oxidativo vascular, redujo el infiltrado
inflamatorio y mejoro el perfil de citoquinas pro-inflamatorias, lo que sugiere
que la induccion de la TH podria contribuir al menos, en parte, a la
fisiopatologia del AAA. Destacar que estudios previos también habian sugerido
que el AMPT podria mejorar el estrés oxidativo y la inflamacién en otros
contextos patoldgicos (Albayrak et al., 2010, Ahiskalioglu et al., 2015, Cimen
et al., 2018). Y lo que es méas importante, todos estos efectos vasculares del
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AMPT se asociaron con una disminucion de la expresion aortica de la Th. Por
lo tanto, nuestros resultados indican que la induccion de la TH tiene un impacto
negativo en la formacion del AAA vy sefiala a la TH como enzima diana en la
patologia aneurismatica.

La regulacion de la expresion de la TH es compleja y especifica del tipo
celular (Kim et al., 2003 D). Analisis previos en tejidos no vasculares
identificaron a la TH como gen diana de NURRL1. Concretamente, NURR1
activa la expresién de la TH mediante su unién a un elemento situado a 1 kb
del inicio de transcripcion (Sakurada et al., 1999, Kim et al., 2003 C).
Sorprendentemente, y dependiendo del tipo celular, NURR1 también puede
actuar como represor de la transcripcion de la TH (Kim et al., 2013), lo que
sugiere la existencia de una compleja red implicada en la regulacion de su
expresion. Actualmente, se desconoce si otros miembros de la familia NR4A,
y méas concretamente NOR-1, podrian también regular la transcripcion de la
TH. En aneurismas humanos hemos detectado la existencia de una correlacion
significativa entre la expresion de NOR-1 y la de genes implicados en la
biosintesis y transporte de catecolaminas, entre ellos la TH. Los ensayos de
actividad transcripcional identificaron dos elementos putativos NBRE vy
determinamos que particularmente uno de ellos, situado a -2353 pb, es el
responsable de la regulacion transcripcional de la TH por NOR-1 en CMLV. El
promotor humano de la TH presenta una baja homologia con los promotores de
otras especies, como la rata y el ratén, sin embargo, este NBRE se sitla en una
region conservada entre especies (Kessler et al., 2003).

Finalmente, destacar que diversos casos clinicos han descrito la coexistencia
de feocromocitomas y de otros tumores neuroendocrinos con disecciones
aorticas y rupturas aneurismaticas, lo que respalda que la hiperactividad de la
via de la TH podria contribuir al desarrollo del aneurisma y con la eventual
ruptura aortica en algunos pacientes (Ehata et al., 1999, Kota et al., 2013,
Arikan 2018). Ademas, se ha descrito que en pacientes con TAD se produce un
incremento de la TH y de la actividad simpatica tanto general como adrtica
(Zhipeng et al., 2014). Nuestro estudio demuestra por primera vez que la
induccion de la via de la TH puede ser relevante en la fisiopatologia del AAA,
tanto en humanos como en modelos experimentales, y sugiere el interés de la
TH como diana terapéutica en la patologia aneurismatica.
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En relacion al primer objetivo se concluye:

1.

En los ratones transgénicos que sobreexpresan NOR-1 en la pared
vascular, la infusion de Angll desencadena un incremento del infiltrado
inflamatorio, del remodelado de la MEC, del estrés oxidativo, asi como
una desestructuracion de las laminas elasticas que predispone al
desarrollo de AAA.

Los analisis de expresion diferencial nos han permitido identificar
genes relacionados con procesos bioldgicos relevantes en la patologia
aneurismatica  relacionados con inflamacion, citoesqueleto,
diferenciacion de la célula muscular y activacion simpética.

En la aorta aneurismatica de pacientes y del modelo animal transgénico
de NOR-1 se induce la expresion de genes relacionados con la actividad
simpatica como TH, DBH y DDC.

En cuanto al segundo objetivo se concluye:

1.

Los cardiomiocitos de los ratones TJNOR-1 son de mayor tamafio y
presentan alteraciones en la contractibilidad, factores que
predispondrian a la hipertrofia celular.

Los cardiofibroblastos de ratones transgénicos de NOR-1
sobreexpresan genes como Actal y transgrelina, marcadores de
transdiferenciacion a miofibroblasto.

La transgénesis de NOR-1 en el miocardio promueve el remodelado
cardiaco en ratones de mediana edad.

La transgénesis de NOR-1 en el miocardio agrava la hipertrofia
cardiaca inducida por sobrecarga de presion.

NOR-1 regula la actividad transcripcional de LoxI2 que codifica para
un enzima implicado en la maduracién de la MEC, clave en el
remodelado cardiaco.

En relacion al tercer objetivo se concluye:

1.

El tratamiento con la doxiciclina disminuye el infiltrado inflamatorio,
la actividad metaloproteinasa y el estrés oxidativo en la pared vascular
en los ratones TgNOR-1°MV infundidos con Angll, disminuyendo la
incidencia de AAA.

La inhibicién de la actividad TH mediante AMPT previene la
formacion del AAA inducido por Angll, tanto en el ratobn TgNOR-
1ML como en el ApoE™.

El tratamiento con AMPT atenGa el remodelado vascular, la
desestructuraciéon y ruptura de las laminas elasticas, el infiltrado
inflamatorio y el estrés oxidativo, en el modelo animal ApoE” y en el
raton transgénico de NOR-1.
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