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BHE: Barrera hemato-encefalica.

BRAID: Brain-associated immune deviation.

CD: Cluster of differentiation (moleculas CD o grupo de diferenciacion)

CPA: Célula presentadora de antigenos.

DAMPS: Damage associated molecular patterns.

DC: Dendritic cell (célula dendritica).

EAE: Encefalomielitis alérgica experimental.

FRC: Fibroblastic reticular cells.

GFAP: Glial fibrillar acidic protein (proteina acidica fibrilar glial).

GL: Ganglio linfatico.

GLC: Ganglios linfaticos cervicales.

HEV: High endothelium venules (venas de endotelio alto).

HLA: Human leukocyte antigen (antigenos leucociticos humanos).

Hsp-70: Heat shock protein 70 (proteina de estrés térmico).

LCR: Liquido cefalorraquideo.

MALT: Mucose associated lymphoid tissue (tejido linfoide asociado a mucosas).
MAP-2: Microtubule associated protein (proteina asociada a los microtabulos).
MBP: Myelin basic protein (proteina basica de la mielina).

mDC: Célula dendritica mieloide.

MHC: Major histocompatibility complex (complejo principal de histocompatiblidad).
NR-2A: Subunidad 2A del receptor de glutamato.

NSE: Neural specific enolase (enolasa neural especifica).

PAMPs: Pathogen associated molecular patterns.

RT-PCR: Real time polymerase chain reaction (Reaccion en cadena de la polimerasa).

pDC: Célula dendritica plasmocitoide.
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PLP: Myelin proteolipidic protein (proteina proteolipidica de la mielina).
MOG: Myelin oligodendrocite protein.

SNC: Sistema nervioso central.

TGF-B: Transforming growth factor (factor de crecimiento transformador [3).
Th: Célula T helper.

TLR: Toll like receptor.

TLS: Tejido linfoide secundario.

TNF-o: Tumoral necrosis factor (factor de necrosis tumoral).
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1. Necesidad de nuevas estrategias terapéuticas en el ictus.

El ictus es una de las principales causas de mortalidad y dependencia en nuestro medio,
con una incidencia anual de 187 casos por 100.000 habitantes. El ictus es isquémico,
debido a una oclusion arterial, es el mas frecuente y representa en torno a un 80% de
todos los ictus, siendo menos frecuentes la hemorragia intracerebral y otras formas
menos habituales de patologia vascular cerebral como la hemorragia subaracnoidea (van
der Worp and van Gijn 2007; Roger, Go et al. 2011; Diaz-Guzman, Egido et al. 2012).
A pesar de la mayor disponibilidad de terapias recanalizadoras para el tratamiento del
ictus isquémico, s6lo entre un 5 y un 7% de los pacientes ingresados por esta patologia
son candidatos a recibir este tipo de terapias (Abilleira, Davalos et al. 2011), mientras
que aun no se dispone de ningln tratamiento especifico que modifique la evolucion
natural de la hemorragia intracerebral (Morgenstern, Hemphill et al. 2010). Por ello, es
necesario profundizar en el desarrollo de nuevas estrategias terapéuticas que puedan
modificar la evolucion natural de esta patologia. Cada vez se dispone de mas
informacion sobre la importancia de la inmunidad en la fisiopatologia del ictus agudo
(Iadecola and Anrather 2011; Chamorro, Meisel et al. 2012) y por ello, modular los
procesos inflamatorios e inmunologicos que tienen lugar durante la fase aguda del ictus

podria aportar opciones terapéuticas en el futuro (Macrez, Ali et al. 2011).

2. El sistema inmune y el ictus.
2.1. El sindrome de inmunodepresion asociado al ictus.

Los pacientes con ictus desarrollan un sindrome de inmunodepresion asociado como
consecuencia de las interacciones que se establecen entre el sistema nervioso central
(SNC) y el sistema inmune a varios niveles y cuyos mecanismos mas intimos estan
pendientes de determinar (Urra, Obach et al. 2009). Este sindrome se caracteriza por
una reduccion de los linfocitos circulantes y de la actividad inflamatoria de las células
mononucleares (Vogelgesang, Grunwald et al. 2007; Haeusler, Schmidt et al. 2008;
Urra, Cervera et al. 2009) y la magnitud de la respuesta del sistema inmune se ha
relacionado con el volumen del tejido cerebral infartado (Hug, Dalpke et al. 2009). El
incremento de los niveles circulantes de corticoides y de catecolaminas como
consecuencia del estrés que supone el ictus es probablemente la causa de la reduccion

del nimero de linfocitos circulantes debido a un aumento de la apoptosis linfocitaria
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(Urra, Cervera et al. 2009). Esta linfopenia e incremento de la apoptosis linfocitaria
también se extiende a los 6rganos linfoides (Liesz, Hagmann et al. 2009), ocasionando
la atrofia timica y esplénica que se observa en diversos modelos experimentales de
isquemia cerebral (Prass, Meisel et al. 2003; Offner, Subramanian et al. 2006). La
reduccion de la actividad inflamatoria de las células mononucleares se ve reflejada en
una reduccion de la produccion de TNF-a y de la expresion de moléculas HLA ( human
leukocyte antigen) por estas células (Vogelgesang, Grunwald et al. 2007; Hug, Dalpke
et al. 2009; Urra, Cervera et al. 2009). Este sindrome de inmunodepresion asociado al
ictus puede favorecer la aparicion de complicaciones infecciosas (Haeusler, Schmidt et
al. 2008; Urra, Cervera et al. 2009), pero por otra parte no es descartable que pueda
constituir una respuesta adaptativa que contribuya a limitar el dafo inflamatorio

cerebral (Chamorro, Urra et al. 2007; Dirnagl, Klehmet et al. 2007).

2.2. La respuesta inmune innata y el ictus.

La respuesta inmune innata y la respuesta inmune adaptativa pueden desempefiar un
papel relevante en la fisiopatologia del ictus. La respuesta inmune innata es aquella que
se establece por el reconocimiento de ciertos patrones moleculares (pathogen associated
molecular patterns o PAMPs), presentes habitualmente en patéogenos como virus y
bacterias, por receptores presentes en macrofagos y monocitos. Este reconocimiento se
lleva a cabo fundamentalmente por los receptores Toll like (toll like receptors o TLR),
lo cual conlleva la activacion de células inflamatorias que destruyen el patdégeno o las
células infectadas por ¢l (Akira, Uematsu et al. 2006). En el ictus, el dafo celular
ocasionado por la isquemia cerebral libera diferentes sefiales de alarma denominados
DAMPs (damage associated molecular patterns), en analogia a los PAMPs. Entre ellas
se encuentran las proteinas de estrés térmico (heat shock proteins), HMGBI1 (high
mobility box groupl), la proteina neuronal S100 y el acido urico, entre otras (Bianchi
2006; Kono and Rock 2008). Estos DAMPs pueden ser también reconocidos por
receptores presentes en macroéfagos y monocitos y contribuir al desarrollo de respuestas
inflamatorias. A este respecto, se sabe que TLR4 puede funcionar como receptor de
diversos ligandos endogenos (Marshak-Rothstein 2006) y se ha implicado en el
desarrollo de la respuesta inflamatoria y en el dafio tisular durante la isquemia cerebral

(Caso, Pradillo et al. 2007). En los pacientes con ictus, la expresion de TL4 en
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monocitos circulantes se ha correlacionado con la severidad del ictus (Yang, Li et al.

2008) y con un mal prondstico funcional (Urra, Cervera et al. 2009).

2.3. La respuesta inmune adaptativa y el ictus.

La respuesta inmune adaptativa, que es aquella que se desarrolla de manera especifica
frente a antigenos presentados a las células T mediante moléculas del complejo
principal de histocompatibilidad (major histocompatibility complex, MHC), también
podria tener importancia en la fisiopatologia del ictus (Iadecola and Anrather 2011). La
presentacion antigénica es llevada a cabo por células especializadas denominadas
células presentadoras de antigenos (CPA). Dentro de esta respuesta adaptativa, los
antigenos pueden ser presentados a través de moléculas MHC tipo I o tipo II. Las
moléculas MHC-I se encargan fundamentalmente de la presentacion de antigenos
intracelulares, estan presentes en todas las células y contribuyen a desarrollar respuestas
citoliticas a través de la estimulacion de células CD8. Clasicamente, intervienen en la
respuesta frente a antigenos virales o tumorales. Mientras tanto, la respuesta mediada a
través de moléculas MHC-II es la utilizada para la respuesta frente a antigenos externos,
como pueden ser los antigenos bacterianos. Solo las CPA expresan este tipo de
moléculas y los antigenos presentados a través de estas moléculas tienden a ser

presentados a células CD4 T helper (Th) (Neefjes, Jongsma et al. 2011).

Dependiendo de los estimulos recibidos por las CPA a través de sus receptores, estas
transmiten diferentes tipos de sefiales a las células Th que se pueden traducir en
diferentes tipos de respuesta inmune. Asi, la activacion de receptores intracelulares por
acidos nucleicos virales promueve la produccion de IFN-I y el desarrollo de respuestas
denominadas tipo Thl. Este tipo de respuesta se caracteriza por la produccion de IFN-y
y promover respuestas citoliticas frente a las células infectadas. Mientras, el estimulo de
receptores de superficie promueve el desarrollo de respuestas humorales Th2, las cuales
se caracterizan por producir IL-4, y favorecer la estimulacion de células B y produccion
de anticuerpos. En los tultimos afios se ha descrito el desarrollo de respuestas
denominadas Thl17, caracterizadas por la produccion de IL-17 y el desarrollo de

respuestas inflamatorias con predominio de neutréfilos (Diebold 2008).
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Se sabe que en pacientes con ictus se pueden encontrar niveles elevados en el suero de
proteinas de origen cerebral como por ejemplo la proteina basica de la mielina (myelin
basic protein, MBP), la proteina S100 y la enolasa neuronal especifica (neuronal
specific enolase, NSE) (Jauch, Lindsell et al. 2006). Por ello, es argumentable que se
pudiera desarrollar en el ictus algun tipo de respuesta inmune de tipo adaptativo frente a
estos antigenos cerebrales. De este modo, se ha descrito un incremento de células T
reactivas frente a antigenos mielinicos como MBP y PLP (myelin proteolipidic protein)
en pacientes con ictus (Wang, Olsson et al. 1992), asi como frente antigenos neurales
como la proteina acidica fibrilar glial (glial fibrillar acidic protein, GFAP) (Becker,
Kalil et al. 2011). Esta respuesta originada frente a antigenos mielinicos pudiera llegar a
tener una implicacion prondstica, ya que pacientes con ictus mas severos presentan una
mayor respuesta Thl frente a MBP y dicha respuesta se ha relacionado con un peor
prondstico independientemente de la severidad clinica inicial (Becker, Kalil et al. 2011).
También se han observado respuestas de tipo Th2 caracterizadas por la produccion de
anticuerpos frente a antigenos de origen cerebral como el receptor de glutamato, el
neurotransmisor mas prevalente en el SNC, (Dambinova, Khounteev et al. 2003; Kalev-

Zylinska, Symes et al. 2013) o neurofilamentos(Bornstein, Aronovich et al. 2001).

Sin embargo, no siempre la respuesta frente a un antigeno es efectora, sino que puede
desarrollarse tolerancia o anergia frente al antigeno presentado mediante mecanismos
diversos e interrelacionados. Para que se desarrolle una respuesta efectora, ademas de la
interaccion del antigeno con el receptor de célula T es necesaria la presencia de
moléculas coestimuladoras. Las mas relevantes son las moléculas CD80 y CD86, las
cuales se encuentran presentes en las CPA e interaccionan con las moléculas CD28 y
CTLA-4 presentes en los linfocitos. Del balance entre CD28 y CTLA-4 dependera que
se desarrolle una respuesta efectora o tolerancia frente a un determinado antigeno. En
aquellas circunstancias en que la expresion de CTLA-4 es mayor se tiende a producir
tolerancia, mientras que si predomina la interaccion CD80/CD86 con CD28 se produce

una respuesta efectora frente al antigeno presentado (Walker and Sansom 2011).

Ademas, el sistema inmune ha desarrollado respuestas celulares que controlen la
respuesta frente a patdogenos y evite que sea deletérea para el propio organismo. Ademas
de las células T reguladoras naturales CD25+, existen células reguladoras antigeno

especificas como las células Th3, que secretan TGF-B, y las células T1 reguladoras



Identificacion de la presencia de antigenos neurales en el tejido linfoide de los pacientes con ictus

(TR1) que producen gran cantidad de IL-10 (Diebold 2008; Sakaguchi, Miyara et al.
2010).

En modelos animales de isquemia cerebral se ha observado que las respuestas de
tolerancia antigénica pueden tener un papel en la evolucion del ictus. Se sabe que la
induccion de tolerancia frente a antigenos cerebrales como la MBP o MOG (myelin
oligodendrocyte glycoprotein) puede reducir el volumen de infarto y mejorar el
pronostico final (Becker, McCarron et al. 1997; Becker, Kindrcik et al. 2003; Frenkel,
Huang et al. 2003; Gee, Kalil et al. 2008) o reducir respuestas inflamatorias en el SNC
(Harling-Berg, M. et al. 1991). También, al igual que ocurre con otros Organos
inmunoprivilegiados como el ojo, el organismo es capaz de “desviar” la respuesta
inmune para limitar el dafo cerebral. Este “desvio de la respuesta inmune asociado al
cerebro” (brain-associated immune deviation, BRAID) es independiente de la integridad
de la barrera hemato-encefalica (BHE) y de la actividad del bazo y pudiera relacionarse

con la creacion de células T reguladoras a nivel cervical (Wenkel and Streilein 2000).

3. El cerebro como organo inmunoprivilegiado.

Si consideramos que la respuesta inmunes adaptativa puede tener relevancia en la
fisiopatologia del ictus, para su desarrollo se necesita ineludiblemente la presentacion de
los antigenos a las células T. Este proceso de presentacion antigénica habitualmente se
lleva a cabo en el tejido linfoide secundario (TLS), fundamentalmente en los ganglios
linfaticos (GL) y en el tejido linfoide asociado a mucosas (mucose associated lymphoid

tissue, MALT)(Itano and Jenkins 2003).

El cerebro se ha considerado cldsicamente como un d6rgano inmunoprivilegiado, idea
derivada de la observacion de que células tumorales implantadas en el cerebro eran
capaces de sobrevivir mas que aquellas implantadas en otros tejidos. Esto se
consideraba en parte debido a la ausencia de drenaje linfatico en el SNC, y la presencia
de la BHE. La ausencia de drenaje linfatico evitaria el reconocimiento de antigenos
cerebrales por las células del sistema inmune mientras que la presencia de la BHE
evitaria la entrada de células inmunes en el SNC. Este “inmunoprivilegio” se encuentra

reducido al parénquima cerebral, mientras que las meninges, plexos coroideos y 6rganos
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periventriculares se comportan de forma similar al resto de los d6rganos debido a la

ausencia de BHE (Galea, Bechmann et al. 2007).

La primera evidencia experimental de la existencia de la BHE se debe a Ehrlich, quien
observd que la inyeccidon de tinciones hidrosolubles en el sistema circulatorio tefiia
todos los organos excepto el cerebro y la médula espinal (Hawkins and Davis 2005). La
baja permeabilidad de la BHE se atribuye a las uniones entre las células endoteliales y
la baja actividad pinocitica de las mismas. En el lado abluminal (o parte externa) de los
vasos del SNC se pueden encontrar macrofagos perivasculares, los cuales pueden captar
antigenos cerebrales y realizar vigilancia de las barreras del SNC (Muldoon, Alvarez et
al. 2012). Situados a intervalos irregulares en la cara abluminal del endotelio se
encuentran los pericitos, los cuales junto a las células endoteliales se encuentran
englobados por la ldmina basal, la cual se encuentra compuesta principalmente de

coldgeno tipo IV, laminina, fibronectina y proteoglicanos(Hawkins y Davis 2005).

(Figura 1)
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Figura 1. Esquema de la estructural BHE (Adaptado de Guillemin et al., 2003).
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Sin embargo, el parénquima cerebral no se encuentra completamente aislado del sistema
inmune. En condiciones fisiologicas es posible la circulaciéon de un reducido nimero
leucocitos a través de los diferentes compartimentos cerebrales dentro de un sistema de
inmunovigilancia. La gran mayoria de los leucocitos que entran al SNC en condiciones
fisiologicas son células T, y pueden pasar de la sangre al LCR a través de los plexos
coroideos, directamente al espacio subaracnoideo a través de vénulas postcapilares en la
superficie pial, o directamente al parénquima cerebral por medio de los espacios
perivasculares (Ransohoff, Kivisdkk et al. 2003). Se sabe que la BHE es mads restrictiva
a nivel capilar mientras que a nivel precapilar y postcapilar es posible el trafico celular

hacia los espacios perivasculares (Bechmann, Galea et al. 2007).

Por otra parte, es posible que tanto antigenos solubles como CPA cargadas con
antigenos cerebrales puedan abandonar el SNC y llegar a alcanzar el tejido linfoide,
donde pueda realizarse la presentacion antigénica a las cé€lulas T (Karman, Ling et al.
2004; Walter, Valera et al. 2006). Este drenaje de células y/o de solutos es posible que
se realice a través de tres rutas diferentes: 1) a lo largo de trayectos nerviosos, 2)

espacios perivasculares, y 3) via sanguinea.

La via que ha captado mas atencion es aquella que implica el drenaje del LCR, el cual
se produce principalmente en los plexos coroideos a partir de sangre arterial y en una
pequenia proporcion a partir del liquido intersticial del SNC. Tras circular por los
ventriculos hacia el espacio subaracnoideo, el LCR es reabsorbido por las granulaciones
subaracnoideas y se mezcla con el retorno venoso (Ransohoff and Engelhardt 2012). Sin
embargo, una pequeiia parte del LCR puede drenar como liquido intersticial a través de
canales linfaticos alrededor de los nervios craneales y espinales, habiendo sido
especialmente estudiado a nivel de los filetes olfatorios en la ldmina cribiforme del
etmoides (Johnston, Zakharov et al. 2004; Johnston, Zakharov et al. 2005; Walter,
Valera et al. 2006). Por otra parte, cuando los vasos arteriales penetran el espacio
subaracnoideo para nutrir el parénquima cerebral, se forman unos espacios
perivasculares delimitados por piamadre y aracnoides que se mantienen conectados con
el espacio subaracnoideo. Son los denominados espacios de Virchow-Robin. A través
de estos espacios perivasculares es posible el drenaje de liquido intersticial del

parénquima cerebral, representando una fuente de salida de antigenos solubles y de
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productos del metabolismo cerebral (Harling-Berg, Park et al. 1999; Ball, Cruz et al.
2009; Ransohoff and Engelhardt 2012). El drenaje de fluido intersticial y solutos
procedentes del cerebro a través de estos espacios y a lo largo de la pared vascular
pudiera alcanzar los ganglios linfaticos cervicales (GLC) dada la intima relacién entre
estos y la arteria carétida interna (Clapham, O'Sullivan et al. 2010). Tanto el drenaje a
lo largo de trayectos nerviosos como de los espacios perivasculares representan un
equivalente al drenaje linfatico para el parénquima cerebral, el cual se dirige a los GLC

(Weller, Djuanda et al. 2008; Ransohoff and Engelhardt 2012)(Figura 2).

La funcionalidad de estas rutas se ha comprobado en trabajos como los de Hatterer y
colaboradores, los cuales mostraron que cuando se injertaban células dendriticas
(dendritic cells, DC) en el parénquima cerebral, estas no migraban a los GL, pero si lo
hacian cuando se inyectaban en el ventriculo lateral (Hatterer, Davoust et al. 2005).
Cuando estas células se inyectaban en animales con encefalomielitis alérgica
experimental (EAE), tendian a localizarse en las zonas del parénquima afectadas por la
inflamacién, encontrandose posteriormente en espacios perivasculares y meninges, y
finalmente en las zonas B de los GLC (Hatterer, Touret et al. 2008). También se ha
descrito que las células T pueden ser capaces de drenar hacia los GLC a través de la
lamina cribiforme del etmoides y ser identificadas en estas estructuras (Goldmann,
Kwidzinski et al. 2006). Por otra parte, Carare y colaboradores sugieren que solo los
antigenos solubles de pequeflo tamafio pueden abandonar el SNC a través de los
espacios perivasculares pero que esta ruta no podria ser empleada por células (Carare,
Bernardes-Silva et al. 2008). A nivel de los GLC, estos antigenos solubles, son capaces
de desarrollar preferentemente respuestas humorales Th2 y en menor medida respuestas

Thl(Harling-Berg, Park et al. 1999).

Dado su proximidad anatomica es posible que la amigala palatina, la cual forma parte
del MALT, pueda recibir drenaje linfatico del SNC. Las amigdalas palatinas reciben
irrigacion de la arteria carotida externa, estdn inervadas por nervios procedentes del
ganglio esfenopalatino y su drenaje linfatico se encuentra conectado con los GLC

(Jacomo, Akamatsu et al. 2010).

Respecto a la via sanguinea, Hochmeister y colaboradores fueron capaces de seguir el

drenaje de DC inyectadas en parénquima cerebral a través del espacio perivascular,
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subendotelio y el lumen de los vasos sanguineos. Estas células se encontraron

finalmente en los GL mesentéricos y en el bazo (Hochmeister, Zeitelhofer et al. 2010).
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Figura 2. Esquema de vias de drenaje del LCR(adaptado de Ransohoff y Engelhardt,
2012).

A diferencia de los mecanismos de drenaje de antigenos y vigilancia inmune
fisiologicos, en situaciones patoldgicas, la rotura de la BHE podria permitir la entrada
de células inflamatorias dentro del SNC, y que antigenos cerebrales “secuestrados”
dentro del SNC puedieran entrar en contacto con células inmunes (Engelhardt and
Ransohoff 2005). La isquemia cerebral causa un dafo directo a la unidad neurovascular
ocasionando un aumento de permeabilidad a moléculas y células (Muldoon, Alvarez et
al. 2012). Dentro de las células inflamatorias que infiltran el parénquima cerebral, los
neutrofilos son las primeras que acceden, seguidas de macréfagos, linfocitos y DC. Los

neutrdfilos se pueden encontrar entre 30 minutos y unas pocas horas tras la isquemia y
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alcanzan su pico entre 1 y 3 dias, mientras que los linfocitos infiltran los bordes del
infarto en torno al tercer dia y aumentan progresivamente hasta el séptimo. Los
macroéfagos procedentes de la sangre pueden comenzar a infiltrar el cerebro a las 48 h'y
alcanzan su pico a los 7 dias. (Jin, Yang et al. 2010). La maxima entrada de DC
periféricas ocurre en torno las 72 h, encontrandose estas células preferente en el centro
(core) del infarto, si bien se ha descrito una poblacion de DC residentes cerebrales que
tienden a acumularse en la periferia del infarto proximas a células T infiltrantes, que
muestran una marcada expresion de moléculas presentadoras y coestimuladorass (Felger,

Abe et al. 2010).

La presencia de antigenos cerebrales en el tejido linfoide secundario, especialmente en
los GLC ha sido demostrada en diversas condiciones patoldgicas. Asi, en animales con
EAE y en pacientes con esclerosis multiple se ha demostrado la presencia de antigenos
mielinicos en los GLC (deVos, van Meurs et al. 2002; Fabriek, Zwemmer et al. 2005).
También se han encontrado antigenos cerebrales como la MBP y la proteina asociada a
microtibulos (microtubule associated protein, MAP-2) en GLC de diversos modelos
animales de isquemia cerebral (van Zwam, Huizinga et al. 2008). En ambos trabajos, los
antigenos cerebrales se encontraban en células que expresaban marcadores
caracteristicos de CPA, como CD40 o moléculas MHC. Por otra parte, en el trabajo de
van Zwam y colaboradores se observé que el perfil de citocinas expresado por las CPA

variaba en funcion del antigeno presente (van Zwam, Huizinga et al. 2008) .

4. Presentacion antigénica y estructura del tejido linfoide.

Una vez los antigenos han llegado al tejido linfoide para su presentacion, describiremos
la estructura y el destino de los antigenos en el GL por ser més extensamente estudiado.
El GL tiene dos zonas principales: el cortex y la médula. Dentro del cortex se puede
diferenciar el paracortex o zona T, y la zona mas periférica de células B formada por
foliculos y centros germinales (figura 3). El paracortex se organiza en cordones
celulares rodeados por canales linfaticos organizados por una estructura fibrorreticular
(Angel, Chen et al. 2009), diferenciandose una zona con elevada densidad de células T
y zonas circundantes mas difusas. El “esqueleto” fibroreticular del GL se encuentra
formado por una trama fibrilar en cuya composicion intervienen fundamentalmente el

colageno y otras proteinas constituyentes de la matriz extracelular como fibronectina y
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laminina. Sin embargo, a diferencia de lo que ocurre en otras partes del organismo, los
componentes de la matriz extracelular se encuentran rodeados por los fibroblastos que
los producen (fibroblastic reticular cells, FRC )(Roozendaal, Mebius et al. 2008). De
esta manera se forma una estructura que ademas de constituir el “esqueleto” del ganglio,
establece un entramado de canales o sistema de conduccion a través del cual la linfa
circula desde el espacio subcapsular hacia la médula del GL. Estos canales se
encuentran rodeados por CPA, que son capaces de captar y presentar los antigenos que
circulan a través de ellos. De este modo la linfa, que puede transportar antigenos
solubles o CPA cargadas con antigenos, entra al GL a través de vasos linfaticos
aferentes y se distribuye por el espacio subcapsular, circulando posteriormente a lo
largo del paracortex hasta la médula del ganglio y abandonéndolo finalmente a través de

un vaso linfatico eferente (Roozendaal, Mebius et al. 2008; Angel, Chen et al. 2009).
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Figura 3. Esquema de la estructura del ganglio linfatico (adaptado de von Andrian y

Memple, 2003).

La llegada de las CPA al GL y su encuentro con las células Th se encuentra regulado
por un complejo entramado de sefiales compuesto por citocinas y sus respectivos

receptores. Asi, CCR7 (un receptor de las citocinas CCL19 y CCL21) es expresado por
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las CPA maduras y es necesario para la migracion hacia el GL, la cual se realiza gracias
a un gradiente citoquinico presente en el vaso linfatico (Randolph, Angeli et al. 2005).
Una vez dentro del GL, las CPA son dirigidas a la zona T donde pueden entrar en
contexto con cé¢lulas Th y desarrollar respuestas inmunes efectoras. Los linfocitos
pueden entrar en el GL a través de las vénulas de endotelio alto (high endothelium
venules, HEV) o vasos linfaticos aferentes. En las HEV la entrada de los linfocitos al
parénquima del GL se realiza a través de puntos determinados para posteriormente
migrar a lo largo de trayectos trazados por la estructura fibroreticular del GL (Bajénoft,

Egen et al. 2006).

La interaccion entre CPA vy los linfocitos Th se produce en el paracortex del GL, en la
frontera entre la zona T y la zona B (Katakai, Hara et al. 2004). La localizacion tanto de
las células linfoides como de las CPA en determinadas zonas del GL también viene
determinado por un equilibrio de interacciones receptor-citoquina en el cual intervienen
las células que constituyen la trama fibroreticular del ganglio (Katakai, Hara et al. 2004;
Bajénoff, Egen et al. 2006). A este respecto, la expresion del receptor CCR7 y el
reconocimiento de CCL19 favorece la localizacion de las células Th en la zona T,
mientras el binomio receptor-citoquina CXCRS5/CXCLI13 favorece la movilizacion

hacia zonas B, necesario para ayudar a las cé¢lulas B (Hardtke, Ohl et al. 2005).

En el proceso de presentacion antigénica entre CPA y célula T se alternan diferentes
fases. En momentos iniciales las células Th interaccionan de forma breve con multiples
CPA, si bien entre 8 a 12 h tras la entrada de la célula Th en el GL las interacciones
CPA-célula Th son mas duraderas y se forman agregados. Posteriormente estos
agregados se disocian y las células Th presentan de nuevo una mayor movilidad a
medida que expresan marcadores de activacion y comienzan a proliferar (Mempel,
Henrickson et al. 2003; Miller, Safrina et al. 2004). Si la activacion de la célula Th no se
produce, el linfocito sale del GL a través de los vasos sanguineos y circula hasta otro

GL (von Andrian and Memple 2003).

La activacion de las células Th conlleva la expresion de diversos marcadores como
CD25, CD40L (CDI154) o CD69 (Caruso, Licenziati et al. 1997). Dentro de los
marcadores de activacion es importante la expresion de CD69, un marcador de

activacion temprano que se expresa de forma transitoria tras la activacion linfocitaria
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(Sancho, Gémez et al. 2005). CD69 contribuye a mantener a las células Th secuestradas
en los d6rganos linfoides (Shiow, Rosen et al. 2006), interviene también en el desarrollo
de linfocitos memoria Th (Shinoda, Tokoyoda et al. 2012) y su déficit favorece el
desarrollo de respuestas inflamatorias (Cruz-Adalia, Jimenez-Borreguero et al. 2010;

Martin, Gémez et al. 2010).

5. Las células presentadoras de antigenos.

Tres tipos celulares son capaces de expresar moléculas MHC-II y pueden actuar como
CPA: las DC, los macrofagos y los linfocitos B. Si bien los macrofagos y los linfocitos
B pueden actuar como CPA, estas lo hacen de manera menos eficiente que las DC,
auténticas cé€lulas profesionales presentadoras de antigenos. Las principales CPA en el
GL son las DC, mientras que los macrofagos son mas abundantes en organos no

linfoides aunque también se pueden encontrar en el ganglio linfatico.

Tanto las DC, como macrofagos y monocitos forman parte del sistema monofagocitico
y su capacidad fagocitica les permite la captacion de antigenos externos, su
procesamiento y presentacion por medio de moléculas MHC-II. En este proceso
encontramos una primera fase de fagocitosis en la que el antigeno acaba localizado en
un compartimento delimitado por membranas denominado fagosoma. Posteriormente
este fagosoma se une a lisosomas, formando el denominado fagolisosoma, donde tiene
lugar el procesamiento del antigeno y los péptidos resultantes son cargados en
moléculas MHC-II, para ser posteriormente presentados en superficie a células Th

(Vyas, Van der Veen et al. 2008).

En humanos, todas las DC se caracterizan por expresar niveles elevados de MHC-II
(HLA-DR) y carecer de marcadores de otros linajes celulares como CD3 (marcador de
célula T), CD19/20(célula B) y CD56 (células natural killer). Si bien hay autores que
sugieren que las DC son mas un estado funcional que un linaje celular determinado
(Hume 2008), se han clasificado clasicamente en DC mieloides (mDC) o
plasmocitoides (pDC) atendiendo a la presencia de determinados marcadores celulares.
Las mDC expresan CDllc, CDI13, CD33 y CDI1b, mientras que las pDC se
caracterizan por la expresion de CD123, CD303 y CD304. Las mDC se dividen

principalmente en una fraccion CDl1c+ y otra CD141+. Las mDC CDIc+ son la mayor
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poblacion de mDC en sangre, tejidos y 6rganos linfoides y cuando se encuentran en el
tejido expresan marcadores de activacion como CD86, CD80 y CD40. Estas DC
expresan CDI11c al igual que los monocitos, pero carecen de los marcadores CD14 y
CD16, si bien se ha descrito una fraccion CD14+ presente en tejidos y GL que pudieran

derivar de monocitos (Collin, McGovern et al. 2013).

De acuerdo a su localizacion y funcion las DC clasicamente se ha definido como
residentes o migratorias, aunque se puedan considerar algun otro tipo de DC como las
presentes en sangre y las DC inflamatorias (Itano and Jenkins 2003; Collin, McGovern
et al. 2013). Las DC residentes serian células “inmaduras” localizadas en el GL en
intimo contacto con su entramado trabecular, y estarian encargadas de la captacion de
antigenos solubles que acceden al GL a través de los vasos linfaticos aferentes. Mientras
tanto, las DC migratorias son aquellas que habiendo tenido contacto con un antigeno en
tejidos periféricos, migran al GL para presentarlo a células Th (Cavanagh and Weninger
2008). Estas células se localizan inicialmente en el seno subcapsular y posteriormente
penetran en el parénquima del GL a través de las zonas interfoliculares, para
posteriormente dirigirse hacia el limite del cortex, en la vecindad de las HEV, pero
menos unidas a la estructura fibroreticular del GL que las células residentes (Cavanagh
and Weninger 2008). Ambos tipos de DC podrian actuar de forma cooperativa, de
manera que las DC residentes serian encargadas de seleccionar y retener en el GL las
células Th especificas mientras que las DC migratorias inducirian la proliferacion de las

mismas (Allenspach, Lemos et al. 2008).

En un estudio realizado en GL humano para caracterizar las células presentadoras de
antigenos de la piel se han descrito dos grandes poblaciones de CPA. Una poblacién
estaba compuesta por células CD209+ que expresan ademas diferentes combinaciones
de otros marcadores: CD206, CD14 y CD68. Estas cé¢lulas se encontraron en el
paracortex y/o en los cordones medulares de todos los ganglios estudiados y
representarian fundamentalmente la poblacion de CPA residentes. La mayoria de las
células CD209+ presentes en los cordones medulares expresaban también los
marcadores CD206, CD14 y CD68 perinuclear, encontrandose células similares
alineadas a lo largo de la capsula del ganglio y de las trabéculas que irradian hacia el
interior del ganglio. En el paracortex, se encontraron células CD209/ow CD68+

alrededor del foliculo linfoide, mientras que aquellas células que expresaban CD209 y
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CD14 se encontraban en intimo contacto con estructuras de colageno y HEV. Estas
CPA podrian corresponder tanto a DC como macréfagos dado que la expresion de
alguno de estos marcadores como CD209 o CD206 puede estar presente en ambos tipos
celulares (Soilleux, Morris et al. 2002; Wollenberg, Mommaas et al. 2002; Choi,
Kashyap et al. 2010). CD68 ha sido utilizado clasicamente como un marcador de
macrofagos, aunque puede estar presente en otros tipos celulares como fibroblastos y
células endoteliales (Gottfried, Kunz-Schughart et al. 2008) y en DC en un patrén
perinuclear (Pavli P, Maxwell L et al. 1996).

Otra poblacion celular estaba compuesta por CPA que expresaban combinaciones de los
marcadores CD1a, CD207 y CD208; las cuales no se encontraban presentes en todos los
GL y representarian la poblacion de CPA migratorias (Brand, Hunger et al. 1999). Estas
células se encontraban limitadas al paracortex del ganglio y de la combinacion de
diferentes marcadores se definian 3 tipos de CPA: CDla+ CD207- CD208+/-,
CD1a+CD207+CD208+/-, y CD208+CD1a-CD207-. Parte de estos subtipos de células
también expresan el marcador CD1b. Las células CDla+ se encontraban en contacto
con estructuras que expresaban fibronectina, mientras que las mayoria de las CD208+ se
unian a fibras de colageno, sin embargo raramente se observaba a ambas en la

proximidad de HEV (Angel, Chen et al. 2009).

En el GL también se encuentran presentes macrofagos que pueden actuar como CPA, y
que pudieran tener un papel relevante en la presentacion de antigenos a las células B
(Carrasco and Batista 2007; Martinez-Pomares and Gordon 2007). Clasicamente se han
definido como células con elevada capacidad fagocitica presentes en todos los tejidos
del organismo que internalizan y degradan particulas y patogenos y liberan mediadores
que alertan a el sistema inmune (Gray and Cyster 2012). En estudios en raton, los
macrofagos se encuentran distribuidos en tres localizaciones particulares dentro del GL.
De este modo, se puede diferenciar macrofagos del seno subcapsular, macréfagos de los
senos medulares y macréfagos de los cordones medulares. El mejor marcador para
definir a los macréfagos es la integrina Macl, también conocida como receptor de
complemento CD3, un heterodimero formado por CDI11b y CDI8. Otros dos
marcadores importantes son CD169 o sialoadhesina, que es capaz de unir unas serie de
proteinas glicosiladas, y F4/80 o EMR1, cuya funcién no se encuentra completamente

definida.
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Los macrofagos asociados a los senos subcapsulares protruyen hacia el seno capsular
donde son capaces de captar particulas virales e inmunocomplejos y traslocarlos para
ser presentados a células B foliculares (Carrasco and Batista 2007). Los macrdéfagos
asociados a los senos medulares presentan una alta capacidad fagocitica y parece que
también son capaces de captar antigenos, mientras que los macréfagos de los cordones
medulares pudieran estar implicados en el aclarado de células plasmaticas apoptoticas y
en la provision de sustancias troficas a las células plasmaticas. En el humano, estas
diferentes caracteristicas fenotipicas entre los macrofagos segun su localizacidén no se

han encontrado por ahora tan claramente definidas (Gray and Cyster 2012).

6. Seiiales de alarma y moléculas coadyuvantes: Heat shock protein 70.

Como mencionamos previamente, la destruccion celular puede liberar sefiales de alarma
o DAMPS que activan las vertientes innata y adaptativas del sistema inmune (Basu,
Binder et al. 2000; Bianchi 2006; Kono and Rock 2008). Entre estas moléculas se
encuentran las proteinas de estrés térmico (heat shock proteins o Hsp), un grupo de
proteinas altamente conservado entre especies que son sintetizadas como respuesta
celular frente a diversos estimulos nocivos, como altas temperaturas, estrés oxidativo o
toxicos (Williams and Ireland 2007). Dentro de ellas se diferencian varios subtipos

dependiendo de su peso molecular, siendo Hsp-70 uno de los mas estudiados.

Mientras que la expresion de Hsp-70 es practicamente indetectable en el cerebro en
condiciones fisioldgicas, su produccion se encuentra aumentada de manera importante
en situacion de isquemia (Nowak, J. et al. 1990; Kinouchi, Sharp et al. 1993; Planas,
Soriano et al. 1997; Sharp, Lu et al. 2000; de la Rosa, Santalucia et al. 2013). Durante la
isquemia cerebral Hsp-70 es inducida en gran cantidad por células viables y
morfologicamente intactas pero no en aquellas severamente danadas. Ello ha llevado a
que la expresion de Hsp-70 se pudiera considerar el correlato molecular de la penumbra
isquémica (Li, Chopp et al. 1992; Hata, Maeda et al. 2000; Hata, Maeda et al. 2000),
siendo las neuronas las células mas sensibles y las que antes producen Hsp-70, seguidas
de las células gliales, y las células endoteliales (Li, Chopp et al. 1992; Kinouchi, Sharp
et al. 1993; Planas, Soriano et al. 1997).
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Abundante evidencia experimental muestra que Hsp-70 tiene un papel neuroprotector en
la isquemia cerebral (Nowak and Jacewicz 1994; Yenari, Fink et al. 1998; Yenari,
Giffard et al. 1999; Yenari 2002) probablemente debido a sus funciones como
chaperona, ayudando en la estabilizacion y reparacion de péptidos dafiados (Yenari,
Giffard et al. 1999; Hartl and Hayer-Hartl 2002), y sus propiedades antiapoptdticas
(Yenari, Liu et al. 2005). De este modo, ratones knock-out para Hsp70.1 presentan
mayor volumen de infarto tras induccidn transitoria de isquemia focal (Lee, Kim et al.
2001), mientras que ratones transgénicos expresando Hsp-70 se encuentran protegidos
frente al dafo isquémico(Plumier, Krueger et al. 1997; Rajdev, Hara et al. 2000;
Tsuchiya, Hong et al. 2003; Xu, Emery et al. 2010). Ademas, la administracion exogena
de Hsp-70 en modelos de isquemia/reperfusion ya sea a través de un vector viral o
dentro de una proteina de fusion también ha mostrado efectos neuroprotectores (Badin,

Lythgoe et al. 2005; Doeppner, Nagel et al. 2009; Zhan, Ander et al. 2010).

Por otra parte, debido a su papel como DAMP, Hsp-70 puede promover la secrecion de
oxido nitrico (NO), citocinas inflamatorias y quimiocinas por las CPA, asi como la
maduracion de estas y su migracion a los GL(Basu, Binder et al. 2000; Saito, Dai et al.

2005).

Debido a sus funciones de chaperona, Hsp-70 también puede unirse a péptidos
derivados de células necroticas y asi facilitar su presentacion por moléculas MHC; un
proceso llamado cross-presentation (Srivastava 2002; Binder and Srivastava 2005). Los
complejos péptido-Hsp-70 pueden modular la respuesta inmune mostrado propiedades
proinflamatorias y antiinflamatorias (Quintana and Cohen 2005). Este mecanismo de
presentacion antigénica se ha considerado especialmente eficaz en la induccién de
respuestas CD8 y puede contribuir a desarrollar respuestas autoinmunes frente a
antigenos propios (Millar, Garza et al. 2003; Binder and Srivastava 2005). Sin embargo,
Hsp-70 ha mostrado que también puede reducir la estimulacién de células T mediada
por la accion de DC (Stocki, Wang et al. 2012), inhibir la migracion de células T
(Zanin-Zhorov, Tal et al. 2005) y ha sido implicada en la induccién de citocinas
antiinflamatorias como IL-10 por células T (Tanaka, Kimura et al. 1999). Por tanto,
ademas de un efecto anti-apoptético (Yenari, Liu et al. 2005) y antiinflamatorio (Zheng,
Kim et al. 2008) en la isquemia cerebral, es posible que Hsp-70 también atenue la

respuesta inmune.
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INTRODUCCION

En este contexto, el objetivo principal de la presente doctoral es determinar si en el
tejido linfoide de los pacientes con ictus se encuentran todos los elementos necesarios
para el desarrollo de una respuesta inmune adaptativa frente a los antigenos cerebrales y

su posible influencia en la evolucion de la enfermedad.
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II1.- Hipotesis
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Tanto modelos experimentales como diversos procesos patologicos del SNC han

mostrado que algunos antigenos cerebrales pueden alcanzar el tejido linfoide secundario.

Esta tesis pretende estudiar si este fendmeno se encuentra presente y desempefia algun

papel en el paciente con ictus. Para ello, planteamos las siguientes hipotesis:

1. Durante el ictus agudo se produce una llegada de antigenos cerebrales al tejido

linfoide secundario.

2. Esos antigenos son capturados y presentados por células presentadoras de
antigenos.
3. La presentacion de antigenos neurales en el tejido linfoide secundario podria

tener un papel en la fisiopatologia y pronostico del ictus.
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IV.- Objetivos
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1. Cuantificar diversos antigenos cerebrales (MBP, MAP-2, NR-2A) y moléculas
coadyuvantes (Hsp-70) en tejido linfoide secundario (amigdala palatina y ganglios

linfaticos cervicales) de pacientes con ictus y controles.

2. Describir la distribucion de estos antigenos cerebrales y moléculas coadyuvantes
en el tejido linfoide secundario y su relacion con células presentadoras de antigenos,

c€lulas linfoides y estructura fibroreticular.

3. Determinar la relacion de antigenos cerebrales y moléculas coadyuvantes con la

severidad clinica, volumen de lesion y prondstico del ictus.
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Trabajo nimero 1

Brain-Derived Antigens in Lymphoid Tissue of Patients with Acute Stroke.

A M Planas, M Gomez-Choco, X Urra, R Gorina, M Caballero, A Chamorro

The Journal of Immunology 2012;188, 2156-2163.

Objetivos

Describir la presencia y localizacién de antigenos cerebrales en la amigdala
palatina y ganglios linfaticos cervicales de pacientes con ictus y en sujetos controles.
Determinar la potencial relacion de la presencia de antigenos cerebrales en el

tejido linfoide con el curso clinico y el pronostico del ictus.

Resultados

Todos los antigenos cerebrales estudiados estuvieron presentes en mayor cantidad en
amigdala palatina y ganglios linfaticos cervicales de pacientes con ictus que en sujetos
control. Dentro del tejido linfoide, estos antigenos se encontraron preferentemente en
las zonas T, localizados dentro de células presentadoras de antigenos y en la vecindad
de estructuras ricas en fibronectina. Los pacientes que mostraban mayor
inmunoreactividad a antigenos neuronales como MAP-2 y NR-2a presentaron infartos
mas pequefos y mejor pronostico que aquellos pacientes que presentaban mas
inmunoreactivdad a antigenos mielinicos. Los pacientes con ictus también mostraron un

mayor numero de células T que expresaban el marcador de activacion temprano CD69.
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Brain-Derived Antigens in Lymphoid Tissue of Patients with
Acute Stroke

Anna M. Planas,®" Manuel Gémez-Choco,” Xabier Urra,”* Roser Gorina,*"
Miguel Caballero,® and Angel Chamorro™Y

In experimental animals, the presence of brain-derived constituents in cervical lymph nodes has been associated with the activation
of local lymphocytes poised to minimize the inflammatory response after acute brain injury. In this study, we assessed whether this
immune crosstalk also existed in stroke patients. We studied the clinical course, neuroimaging, and immunoreactivity to neuronal
derived Ags (microtubule-associated protein-2 and N-methyl p-aspartate receptor subunit NR-2A), and myelin-derived Ags
(myelin basic protein and myelin oligodendrocyte glycoprotein) in palatine tonsils and cervical lymph nodes of 28 acute stroke
patients and 17 individuals free of neurologic disease. Stroke patients showed greater immunoreactivity to all brain Ags assessed
compared with controls, predominantly in T cell zones. Most brain immunoreactive cells were CD68* macrophages expressing
MHC class II receptors. Increased reactivity to neuronal-derived Ags was correlated with smaller infarctions and better long-term
outcome, whereas greater reactivity to myelin basic protein was correlated with stroke severity on admission, larger infarctions,
and worse outcome at follow-up. Patients also had more CD69" T cells than controls, indicative of T cell activation. Overall, the
study showed in patients with acute stroke the presence of myelin and neuronal Ags associated with lymph node macrophages
located near activated T cells. Whether the outcome of acute stroke is influenced by Ag-specific activation of immune responses

mediated by CD69 lymphocytes deserves further investigation.

he CNS is regarded as an immune-privileged site se-

questered from the immune system by the blood-brain

barrier and the lack of CNS-draining lymphatic vessels
(1, 2). However, the importance of immunity in the pathobiology
of acute stroke is increasingly recognized (3). In stroke patients,
it was recently described a syndrome of stroke-induced immu-
nodepression (SIID), characterized by a decline of circulating
lymphocytes, and reduced inflammatory drive of mononuclear
cells that increased the risk of nosocomial infections and influenced
the mortality rate (4-6). Nonetheless, SIID is regarded as an adap-
tive response to limit local inflammation after acute brain damage
(7), although the underlying cellular, molecular, and immuno-
logic mechanisms, and functional consequences of SIID, are still
debated (8).

*Department of Brain Ischemia and Neurodegeneration, Institute for Biomedical
Research of Barcelona, Spanish Research Council, 08036 Barcelona, Spain;
"August Pi i Sunyer Biomedical Research Institute, 08036 Barcelona, Spain;
*Functional Unit of Cerebrovascular Diseases, Hospital Clinic, 08036 Barcelona,
Spain; ‘Department of Otolaryngology, Hospital Clinic, 08036 Barcelona, Spain;
and School of Medicine, University of Barcelona, 08036 Barcelona, Spain

Received for publication August 8, 2011. Accepted for publication December 11,
2011.

This work was supported by grants from the Fondo de Investigaciones Sanitarias of
the Spanish Ministry of Health (PI09/1313), the Spanish Ministry of Science and
Innovation (SAF2008-04515), the European Community (FP7/2007-2013 project,
grant agreement no. 201024), and the Doctor Melchor Collet Foundation.

Address correspondence and reprint requests to Dr. Angel Chamorro or Dr. Anna M.
Planas, Hospital Clinic, Villarroel, 170, 08036 Barcelona, Spain (A.C.) or ROS§ellé
161, 08036 Barcelona, Spain (A.M.P.). E-mail addresses: achamorro@ub.edu (A.C.)
and anna.planas@iibb.csic.es (A.M.P.)

The online version of this article contains supplemental material.

Abbreviations used in this article: CLN, cervical lymph node; MHC-II, MHC class II;
MBP, myelin basic protein; MOG, myelin oligodendrocyte glycoprotein; mRS, mod-
ified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; NMDA, N-
methyl-p-aspartate; PT, palatine tonsil; SIID, stroke-induced immunodepression.

Copyright © 2012 by The American Association of Immunologists, Inc. 0022-1767/12/$16.00

www.jimmunol.org/cgi/doi/10.4049/jimmunol.1102289

The Journal of Immunology, 2012, 188: 000-000.

A significant number of leukocytes may enter the CNS across
the blood-CNS barriers during inflammation and encounter differ-
ent Ags presented by MHC class II (MHC-II) positive APCs, such
as macrophages and dendritic cells (9). APCs and soluble Ags may
leave the CNS and reach the cervical lymph nodes (CLNs) via the
blood stream (10). In addition, molecules can reach the CLN by bulk
flow of the intracranial fluids (11, 12). Indeed, brain-derived Ags or
APCs carrying these Ags can reach the CLN under experimental
conditions, (13-16) and the presence of brain-derived Ags in the CLN
is recognized in human anatomic studies (17, 18) and in sporadic
clinical descriptions (13, 19, 20) of patients with multiple sclerosis.

Several lines of evidence support that the lymphatic drainage
of the CNS might contribute to shut down neuroinflammatory re-
sponses after brain injury, in view of the findings showing that
lymphocytes isolated from the CLN emphasized anti-inflam-
matory responses and suppressed proinflammatory signals (11, 21).
Nonetheless, it is unknown whether the reactivity of lymphocytes to
brain-derived Ags is nonspecific, or it is directed against specific
brain Ags (22). We evaluated the presence of brain-derived Ags in
lymphoid tissue of patients with acute stroke, and explored whether
this could affect their clinical condition. The main results of this
investigation highlight the relevance of the dialogue between the
CNS and the immune system in patients with brain ischemia.

Materials and Methods

Patients

We studied 22 stroke patients who did not have ongoing infection and had
not received antibiotics, steroids, or immunosuppressants within the pre-
ceding 3 mo. Neurologic function was first assessed within 12 h of clinical
onset, daily until discharge, and at day 90 with the National Institutes of
Health Stroke Scale (NTHSS). The volume of brain infarction was measured
at mean (SD) day 7 (2) after stroke on diffusion-weighted magnetic res-
onance imaging (MRIcro software, Chris Roden, University of Notting-
ham, Nottingham, U.K.). Functional status was measured at 3 mo with the
modified Rankin Scale (mRS), and defined as good outcome when the
mRS was 0-2. The study was approved by the local ethics committee and
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FIGURE 1. Lymphocytes and APCs in palatine tonsils of controls and stroke patients. Biopsy specimens of PTs of controls and stroke patients were
studied by immunofluorescence. PTs of controls (A) and patients (B) show CD21 (green) immunostaining in the follicles, surrounded by enriched T cell
areas (CD3", red) in the paracortex. Cell nuclei are stained in blue with Hoechst. (C) The fibroreticular mesh immunoreactive for fibronectin (FN, green)
surrounds the follicles and extends through T cell-rich areas (CD3, red). (D—F) Numerous dendritic cells expressing CD206 (green) are located between T
cell-rich areas (CD3", red) outside the follicular zones in controls (D, E) and patients (F). (G and H) CD1a* migratory dendritic cells (green) are observed
aligned at the borders of T cell-rich areas (CD3", red), not far from the fibroreticular mesh stained with fibronectin (FN, blue). Scale bars, 200 um (C, G),
100 wm (A, B, D, F, H), 50 pm (E).

participants or their relatives signed a written informed consent according
to the Declaration of Helsinki.

In vivo and post mortem study of lymphoid tissue

We performed palatine tonsil (PT) biopsies in 22 patients and 11 controls (8
obstructive sleep apnea, and 3 healthy volunteers), at mean (SD) 76 (34)
hours from stroke onset, based on the assumption that PT may receive
immune signals and orchestrate an adaptive immune response (23). These
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lymph nodes are irrigated by branches of the external carotid artery, re-
ceive innervation from nerves derived from the sphenopalatine ganglion,
and have lymphatic vessels that reach the deep CLNs (24). It is arguable
that alike the CLN, the PT might also receive immunogenic signals from
the CNS, via either the blood stream or the bulk flow of intracranial fluids.
PT biopsy specimens were used for flow cytometry or were snap frozen in
OCT and stored at —80°C, and lymphocytes were analyzed using standard
surface flow cytometry by blinded investigators to clinical data. CLN and
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FIGURE 2. Cells immunoreactive to brain Ags are found in human lymphoid tissue samples and are more abundant in stroke patients than in controls.
Biopsy specimens PTs (n = 6 stroke; n = 7 controls; A—C) and necropsy specimens of CLNs (n = 5 stroke; n = 5 controls; D, E) were used for immu-
nofluorescence staining (red) against MAP2 (A, D) or MBP (B, C, E). MAP2 (A) and MBP (B) immunoreactive cells were observed both in patients and in
controls. Patients had a greater number of MAP2™" cells (A) and a trend to greater number of MBP* cells (B) than controls in PTs and in CLNs (C, D). E,
Cells immunoreactive to the NMDA receptor NR-2A (red) and to MOG (green) in the PTs of stroke patients. Nuclei are stained in blue with Hoechst. Scale
bar, 50 wm (A, B); magnified insets in (A) and (B) and images in (E), 15 pm. *p = 0.05, **p < 0.05.
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PT were also obtained post mortem in 6 patients with malignant brain in-
farction, mean (SD) age 80 (7) years, and 6 controls, mean (SD) age 62 (17)
years free of CNS disease at autopsy.

Flow cytometry of palatine tonsils

A cellular suspension of PT was obtained after repetitive squirting with culture
medium using a fine needle, and 100 mL of suspension containing at least
2.5 X 10° cells were used for each test. Lymphocyte subsets were analyzed
using standard surface flow cytometry with the following monoclonal Abs:
CD25 and CD19 (FITC), CD3, CD4 and CD86 (PE), CD45, CD8 and CD4
(peridinin-chlorophyll), and CD3 (allophycocyanin; BD Biosciences).
The following Ab combinations were used to identify lymphocyte sub-
sets: CD45" for lymphocytes, CD3* for T cells, CD3*CD4" for Th cells,
CD3*CD8* for CTLs, CD3~CD56" for NK cells, and CD19" for B cells.
Cell acquisition was performed on a FACSCalibur flow cytometer (Becton
Dickinson) and CellQuest-software (Becton Dickinson) was used for
analysis.

Immunofluorescence

Two-micrometer-thick frozen tissue sections were dried, washed, and fixed
in ethanol 70% for 10 min. Tissue was immersed in 0.3% Triton X-100 in
PBS for 10 min, blocked with 5% normal serum for 1 h, and incubated with
primary Abs overnight at 4°C in the presence of 5% normal serum, fol-
lowed by secondary Abs. A list of the Abs used is provided in Supple-
mental Table I. For double immunofluorescence, only combinations of Abs
produced in different animal species were performed. Specificity of the

lagnirsin

FIGURE 3. Localization of cells immunoreactive to neural Ags. (A—C)
Cells immunoreactive to neural Ags do not express markers of B (CD21,
green) or T (CD3, red) cells, as illustrated for MBP (red) in (A) and for
MAP2 (green) in (B) and (C). Blue staining in (A) corresponds to Hoechst
to visualize the nuclei, whereas blue in (B) and (C) corresponds to fibro-
nectin (FN) to visualize the fibroreticular network. MAP2 and MBP im-
munoreactive cells are normally seen within T cell-rich areas (B, C),
whereas these cells are rarely seen within the follicles (A). This pattern of
localization is similar in patients and controls. (A) A control PT biopsy. (B
and C) A stroke CLN necropsy. (D-1) MBP (red in D, E, G, H) and MAP2
(green in F and ) immunoreactive cells are seen in the proximity of the
fibroreticular network immunostained with FN (green in D, E, G, and H;
red in F and I). PT of controls (D-F) and patients (G-I). (J-L) MBP (J and K,
red) and MAP2 (L, green) immunoreactive cells are occasionally seen
nearby blood vessels immunostained with laminin in PT (green in J and K;
red in L). (J and K) Necropsy specimens from a control (J) and a stroke
patient (K). (L) Biopsy specimen of a control patient. Scale bars, 200 wm
(A), 100 pm (J, K), 50 pm (B, D, G), 30 wm (F, I, L, insets in A and J), 25
pm (C, E, and inset in D), 20 pm (inset in 1), 15 pm (H).

immunoreaction was verified by omission of one of the primary Abs
(Supplemental Fig. 1). Samples were counterstained with Hoechst. Ob-
servations were performed with an Olympus IX70 fluorescence micro-
scope. Selected samples were examined with a confocal microscope (SP5,
Leica). Pictures of control and stroke samples were taken using the same
microscopic settings, and the samples were labeled with a code that did
not reveal the group of the sample. The number of positive immunoreac-
tive cells was counted in a blinded fashion in areas of each sample pho-
tographed under the X40 objective. The mean value obtained in three to
five areas was taken as representative of the sample value. Two or three
different observers independently performed cell counting, and the mean
value obtained by them was taken as the value for each sample.

Western blotting

Frozen PT biopsy tissue was homogenized in lysis buffer containing 25 mM
Tris-HCl pH 7.6, 150 mM NacCl, 1% NP-40, 1% sodium deoxycholate, 0.1%
SDS, and a protease inhibitor mixture (Complete; Roche Applied Science,
Indianapolis, IN). Protein concentrations were determined using Bradford
reagent (Bio-Rad, Hercules, CA). Twenty micrograms of protein extracts
were resolved by 8—10% SDS-PAGE, and Western blotting was performed
as reported (25). Primary Abs were as follows: rabbit polyclonal Abs against
the N-methyl-p-aspartate (NMDA) receptor subunit NR-2A (no. AB155,
diluted 1:100, Chemicon; and no. G903, diluted 1:250, Sigma) and a mouse
mADb against MAP2 (Sigma, diluted 1:100). Mouse monoclonal Abs against
GAPDH (no. CSA-335, Stressgen) diluted 1:500 or B-tubulin (no. T4020,
Sigma) diluted 1:5000, were used as protein gel loading controls. For quan-

FIGURE 4. Neural Ag immunoreactive cells are APCs. APCs express-
ing HLA (A-F, green) are abundant in PTs. They are mainly located in the
follicles and surrounding T cell-rich areas (CD3*, red in A-F), and occa-
sionally within T cell areas, both in controls (A-C) and patients (D-F). (G-
I) A control PT biopsy specimen. (J-0) CLN necropsy specimens from
stroke patients. (G-L) Some cells immunoreactive to MBP (red) express
HLA (green) in controls (I), and more frequently in patients (L and inser).
(M) MBP-immunoreactive cells (red) do not express CD206 (green).
(N and O) Likewise, MBP-immunoreactive cells (red) do not express
CD209 (DC-SIGN), but they are frequently in contact with CD209* cells
(see insets in N and O). Nuclei (I, L-O) are stained in blue with Hoechst.
Scale bars, 200 pm (A-F), 30 pwm (G-L), 20 wm (inset in L), 50 pm (M),
25 pm (N, O), 15 pwm (insets in N and O).
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tification, the OD of selected Western blotting bands was measured and nor-
malized by the control protein. Samples from control and stroke subjects
were run in each gel. The value of each sample was expressed as the per-
centage of the mean value of the samples of the control subjects per gel. Rat
brain tissue was used as a positive control for brain proteins.

RNA studies

Total RNA was extracted from frozen PT biopsy samples using RNeasy
minikits and the RNAse-Free DNAse Set (Qiagen, Germantown, MA). The
RNA quantity and quality were determined with Nanodrop and Agilent
analyzers. RNA from postmortem human brain tissue was used as positive
control. Eight hundred micrograms of RNA were used for cDNA synthesis
using the AMV First-Strand ¢cDNA Syhthesis Kit (no. 12328-040; Invi-
trogen, Carlsbad, CA). Two microliters of cDNA synthesis reaction were
used in a 25-pl real-time PCR reaction with FAM-labeled Tagman Gene
Expression Assays for NR-2A (NMDAR2a; Hs00168219_m1) and MAP2
(Hs01103234_g1; Applied Biosystems, Foster City, CA). B-Actin
(Hs03023943_g1) was used as the reference control gene. The amplifica-
tion conditions were: 10 min at 95°C followed by 40 cycles of 15 s at 95°C,
1 min at 60°C. CT values were analyzed using the 2-AACT method.

Statistical analysis

Fisher’s exact test, Student ¢ test, or Mann—Whitney U test were used as
appropriate. Correlations were calculated with the Pearson or Spearman
Rank correlation coefficient. Linear regression models were age adjusted,
and the level of statistical significance was corrected for multiple testing
using the Bonferroni ¢ method. Statistical analysis was performed with
SPSS 17.0 statistics package (SSPS, Chicago, IL).

MAP-2

LYMPHOID TISSUE IN ACUTE STROKE

Results
Study population

Patients were older than controls, mean (SD) 69.5 (12.7) versus 53.0
(16.0) years (p = 0.003), but disclosed similar risk factors, including
hypertension (61%), diabetes (27%), high cholesterol (39%), cor-
onary artery disease (18%), and smoking (15%). Patients had large
vessel atherosclerotic disease (n = 6), cardioembolism (n = 7), or
stroke of unknown cause (n = 9). The median (interquartile range)
NIHSS score on admission was 10 (4—14), and 3 (1-7) at day 90.
The median (interquartile range) infarction volume at day 7 was 21
(5-56) ml. At 3 mo, 10 patients (46%) had good outcome (mRS 0-
2), and none of the participants experienced any complications
because of PT biopsy.

Secondary lymph node architecture and lymphocyte subsets

Patients and controls disclosed germinal centers containing mature
B lymphocytes (CD21%), and interfollicular areas enriched in
T cells (CD3™) in the paracortex of PT. The germinal centers were
less prominent in the lymphoid tissue of patients than of controls
(Fig. 1A, 1B). After staining for fibronectin, both groups showed
a reticular meshwork surrounding the follicles, trabeculae, endo-
thelium of blood vessels, and connective tissue underlying the epi-
thelium (Fig. 1C), and medullary cords with APCs expressing the
pattern recognition mannose receptor C type 1 CD206 (Fig. 1D—

merge +

H MAP-2

FIGURE 5. Few cells immunoreactive to neural Ags express dendritic cell markers. The following dendritic cell markers were found in lymphoid tissue of
controls and patients: CD1a (A-D), CD1b (E), CD1c (F-H), and CD303 (I-J). Frequently, dendritic cell makers did not colocalize with immunoreactivity to
neural Ags (A, C, E, G, I). However, several cells immunoreactive to MBP (red in B, D, E [arrow], F, and J) or MAP2 (green in H) coexpress one of the above
dendritic cell markers in both controls (A, B, F, G-I) and patients (C, D, E). PT biopsy specimens (A, B, F, G-I) and (C-E) necropsy specimens of CLNs. Scale

bars, 50 wm (A, C, G, 1), 20 pm (E), 17 um (B, D, F, H, J).
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F). APCs expressing CD1a, a marker of migratory dendritic cells
(26), were mainly found at the borders of the T cell areas and
following the fibronectin mesh (Fig. 1G, 1H). Similar findings
were observed in PT and CLN. Patients and controls disclosed
similar proportions of lymphocyte subsets in the PT as assessed
by flow cytometry (Supplemental Fig. 2A). The small number of
macrophages in PT (Supplemental Fig. 2B) precluded a study of
these cells by flow cytometry because of the limited amount
of sample material.

Presence of brain Ags is increased in lymphoid tissue after
acute stroke

The number of neuronal MAP2-immunopositive cells was higher
(p < 0.05) in stroke patients compared with controls in PT (Fig. 2A)
and CLN (Fig. 2C). Patients had more myelin basic protein (MBP)-
immunopositive cells in PT (Fig. 2B) and CLN (Fig. 2D), but the
increment was not statistically significant after age adjustment
(p =0.60). NMDA receptor subunit NR-2A positive cells (Fig. 2E),
and myelin oligodendrocyte glycoprotein (MOG)-positive cells
(Fig. 2E) were also found in patients and controls, but group com-
parisons were not performed for insufficient material. Cells immu-
noreactive to neural Ags were scarce within the follicles (Fig. 3A),
prevailed in T cell-enriched zones (Fig. 3B, 3C) and nearby or in
contact to fibronectin staining (Fig. 3D-I), and were rare near the
blood vessels (Fig. 3J-L), both in patients and controls.

Cells immunoreactive to neural Ags express markers of APCs

of B or T lymphocytes (Fig. 3A—C) but expressed MHC-II HLA in
patients and controls (Fig. 4A-F). MBP-immunopositive cells co-

control

localized with HLA more markedly in patients than in controls
(Fig. 4G-L). Cells loaded with brain-derived Ags did not coexpress
C-type lectin receptors CD206 (Fig. 4M) or DC-SIGN (CD209;
Fig. 4N, 40). However, these cells were often seen adjacent to DC-
SIGN* dendritic cells (Fig. 4N, 40).

Cells immunoreactive to neural Ags are compatible with
macrophages and a few are dendritic cells

In patients and controls, only few MBP or MAP2 immunopositive
cells expressed the dendritic cell markers CD1a, CD1b, and CDl1c
(BDCA-1; Fig. 5A-H), or CD303 (BDCA-2; Fig. 51, 5J), a mole-
cule that can inhibit IFN-a/f synthesis (27). Quantification of the
numbers of CDla* cells showed no differences between stroke
patients and controls (Supplemental Fig. 3). MBP and MAP2 were
detected in (mean = SD) 15.3 + 23 and 18.2 = 28% of CDla"
cells, respectively, in PTs of stroke patients. Alternatively, CD68*
cells were more abundant in lymphoid tissue from patients than
controls (Fig. 6), and cells double-immunoreactive to brain-
derived Ags and CD68 had a morphology consistent with macro-
phages (Fig. 6F-L), with large cytoplasm and often patches of
immunostaining for brain-derived Ags (see inset in Fig. 6F-I).
Quantification of the numbers of CD68™ cells showed more cells in
samples of stroke patients than in controls, with statistically sig-
nificant differences for the CLNs (p = 0.02; Fig. 6M) and a statis-
tical trend (p = 0.08) in the PT (Fig. 6N). MAP2 immunoreactivity
was found in (mean = SD) 44.7 = 30% of CD68" cells, whereas
+

Western blotting showed that MAP2 and NR-2A immunoreacti-
vity in PT corresponded to bands at a molecular mass similar to

CLN
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FIGURE 6. Neural Ags are often found in CD68" macrophages and more abundantly in stroke patients. CD68* macrophages were seen in lymphoid
tissue of controls (A-D) and stroke patients (D-L), but were more abundant in the tissue samples of stroke patients. (A-I) MBP immunoreactive cells (red)
are often positive for CD68 (green) (D), suggesting that at least some of them are macrophages. (G-I) The morphology of these cells is also consistent
with macrophages. Patches of MBP immunoreactivity are observed within the cells. (J-L) Some of the CD68" cells (green) are immunoreactive for MAP2
(red). Nuclei are stained in blue with Hoechst. Arrowhead points to a double stained cell. (M and N) Quantification of the numbers of CD68" cells per area
shows higher numbers in lymphoid tissue of stroke patients than in control tissue in the CLNs (M; n = 9 patients and n = 5 controls) and the PTs (N; n =9
patients and n = 4 controls). The statistical significance is indicated by the p value: p = 0.02 for the CLN (*), and p = 0.08 for the PT (Mann—Whitney U
test). (A—C) CLN control. (D-I) stroke PT; (J-L) stroke CLN. Scale bars, 50 pm (A-F), 15 wm (G-L, inset in F).
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or slightly less than the molecular mass of full MAP2 (280 kDa, 70
kDa) and NR-2A (180 kDa), and fragments of lower molecular mass
(Fig. 7A, 7C, 7E). Higher immunoreactivity to Abs anti-NR-2A was
found in patients than in controls using a semiquantitative band in-
tensity assessment method (Fig. 7B, 7D, 7F). For mRNA expression,
real-time RT-PCR showed that both patients and controls had a very
low mRNA expression of MAP2 and NR-2A in PT (Fig. 7E, 7F).

CDG69 activated T-cells are found in lymphoid tissue of stroke
patients

To assess whether APCs bearing brain-derived Ags could induce
signals in T cells, we examined the expression of CD69 in the
lymphoid tissues. While control tissue showed low or absence of
immunoreactivity to CD69" (Fig. 8A), patients had CD69" cells
that were often seen near MAP2 immunoreactive cells (Fig. 8B—
G). Occasionally, colocalization of MAP2 with CD69 was ob-
served in isolated cells (Fig. 8H-J), indicating that APCs carrying
neural Ags can also show CD69 expression. Quantification of
CD69" cells showed higher (p < 0.05) numbers in samples of
stroke patients than in controls (Fig. 8K, 8L). The majority of the
CD69" cells were CD3™ T cells (Fig. 9A-F). However, CD69"
cells that were not reactive to CD3 were occasionally seen (Fig.
9G-I). We can conclude that CD69" cells are mainly T cells and
that this marker was sporadically seen in macrophages, because
we observed colocalization of isolated CD69" cells with CD68
(Fig. 9J-L).

Infarction volume and functional outcome might be related to
the immunoreactivity to specific brain Ags in the palatine tonsil

The NIHSS score at baseline was associated with the immunore-
activity to MBP (r = 0.92, p = 0.02), but not to MAP2 (r = —0.38,

A

MAP-2
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p =0.51), or NR-2A (r = —0.24, p = 0.36). The volume of infarc-
tion was directly correlated with immunoreactivity to MBP (r =
0.98, p = 0.005) and inversely correlated with immunoreactivity
to MAP2 (r = —0.77, p = 0.07) or NR-2A (r = —0.65, p = 0.005).
Patients with good outcome had more MAP2* cells (50.0 versus
22.34 [6.34]; p = 0.01, ANOVA), more NR-2A immunoreactivity
(367.52 [101.73 versus 156.75 {117.78}]; p = 0.01, ANOVA), and
less MBP™* cells (1.20 versus 5.30 [2.61]; p = 0.25, ANOVA) than
patients with poor outcome. In models adjusted for age and initial
severity of stroke (NIHSS score), MAP2 (B = —0.80, p = 0.06),
NR-2A (B = —0.52, p = 0.02), and MBP (B= —0.78, p = 0.06)
showed significant trends with functional outcome at 3 mo.

Discussion

The presence of brain-derived Ags in the CLN was previously
shown in patients with multiple sclerosis (13, 15, 19) and in ani-
mals with neurologic autoimmune disease or brain ischemia (13—
15). To our knowledge, this study is the first to describe increased
immunoreactivity to brain-derived compounds in the CLN and
PT of patients with acute stroke and that this immunologic trait
was associated with the volume of infarction and with the func-
tional outcome of patients at follow-up. Although these associa-
tions did not prove direct causality, the study showed the presence
of neural Ags in the draining lymph nodes of stroke patients
and suggested that transfer of neural Ags to secondary lymphoid
tissue could be a mechanism of immune control after acute
stroke. Our findings showed that increased immunoreactivity to
neuronal MAP2 and NR-2A was associated with smaller brain
infarctions at day 7, and better outcome at 3 mo. In contrast, in-
creased immunoreactivity to myelin-derived MBP was associ-

FIGURE 7. Western blotting and real-time
RT-PCR of PT samples. (A—F) Western blot-
ting of protein extracts obtained from PTs
shows the presence of MAP2 (A) and NR-2A
(C, E). Immunoreactive bands with molecular
mass resembling that of the original proteins are C

p-Tubulin , -—

found, together with fragments of lower mo-
lecular mass. This finding is compatible with

phagocytosis of the proteins by macrophages.
(B, D, and F) Semiquantification of band inten-
sity (quantified bands are indicated by arrows)
shows a higher presence of neuronal proteins
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controls and n = 6 strokes). Std indicates mo-
lecular mass standards. Band intensity values
are expressed as a percentage of mean control.
B-Tubulin or GAPDH are shown as the loading
controls for each gel. Samples of rat brain were
used as a positive control. (G and H) Quantita-
tive RT-PCR of RNA obtained from PT shows
very low expression of MAP2 and NR-2A
mRNA in both control and patients, compared
with RNA of control human brain as the posi-
tive control. n = 11 controls; n = 17 stroke PT
samples.
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FIGURE 8. Neural Ags are often found in the vicinity of cells expressing
the early activation marker CD69 after stroke. Low or absent immuno-
reactivity to CD69 was found in lymphoid tissue of controls (A), whereas in
stroke patients (B) CD69™ cells were more abundant and showed a com-
paratively more intense staining than in controls. (C and D) CD69" cells
(green) are seen in the vicinity of MAP2 immunoreactive cells (red) in
patients, indicating T cell activation. Insets in (C) and (D) and images in
(E-@) illustrate at higher magnification the apparent contact between these
cells. (H-J) Isolated MAP2" cells immunoreactive to CD69 were also seen,
indicating that APCs carrying neural Ags can express CD69. (K and L)
Quantification of the numbers of CD69" cells per area shows significant
increases in stroke patients versus controls in PTs (K; n = 5 controls, n = 8
stroke) and a trend to significance (p = 0.06) in the CLNs (L; n = 7 controls,
n = 4 stroke). Nuclei are stained in blue with Hoechst in C, D, G, and J.
Images in (E-G) were taken with a confocal microscope. (A) CLN control.
(B-J) CLN stroke. Scale bars, 30 wm (A-D), 20 wm (insets in C, D, H-J),
15 pm (E-G). *p < 0.05, nonparametric Mann—Whitney U test

ated with severer impairment on admission, larger infarctions on
brain imaging, and worse outcome at clinical follow-up. Further
study will be required to validate these associations in a larger
cohort.

The quantitative analysis of mRNA expression excluded a local
synthesis of neural Ags in the lymph nodes, while suggesting that
these Ags originated in the brain. Experimental and human studies
have described anatomic and physiologic links between the CNS
and the lymphoid tissue, via either the blood stream (10, 18) or the
bulk flow of cerebrospinal and interstitial fluids (2, 12), that could
explain our findings. Accordingly, stroke facilitated the crosstalk
between the brain and the immune system, and Ags such as MBP,
but not MAP2 or NR-2A, were correlated with the initial severity
of stroke. The cells loaded with brain-derived Ags were rare near
blood vessels, but were found in the proximity of T cells and in
areas stained with fibronectin, suggesting that bulk flow might be
involved in the presence of brain Ags at the lymph nodes (28). The

FIGURE 9. CD69" cells in stroke cases are mainly T cells. The majority
of CD69™ cells (green) are T cells (CD3™, red; A—F) that appear in bundles
(A-Q), but isolated CD69* cells negative for CD3 are sporadically seen
(G-1). (J-L) Double immunohistochemistry for CD69 (green) and CD68
(red) shows one CD68" macrophage that is immunoreactive to CD69
(arrowhead). Arrowheads indicate CD69* cells double stained with either
CD3 (A-F) or CD68 (J-L). Arrows (G-l) indicate the same location in the
tissue for the different immunofluorescence channels and evidence cells
reactive to either CD69 (green) or CD3 (red). Nuclei are stained in blue
with Hoechst in (C), (F), (1), and (L). Images in (D-F) were taken at the
confocal microscope. Samples are from PTs (A-l) and CLNs (J-L) of
stroke patients. Scale bars, 20 pm (A-C), 15 pm (D-L).

similarities between the findings at the PT and the CLN also
supported that both lymphoid tissues were part of the lymphatic
drainage of the CNS.

At the lymph nodes, macrophages were the most frequent cel-
lular type loaded with brain-derived Ags in stroke patients, and
only few brain-immunoreactive dendritic cells were found. The
study did not determine whether phagocytosis of brain Ags by
macrophages had occurred in the injured brain or at the lymph
nodes, but it showed that the cells immunoreactive to brain Ags
expressed costimulatory MHC-II receptors. Because costimulatory
signals are necessary for efficient activation of lymphocytes (29),
our findings stressed that the patients were equipped for immune
regulation (6). Furthermore, APCs immunoreactive to brain Ags
were often seen near resident DC-SIGN* dendritic cells. Further
study is needed to discern whether this observation underlies func-
tional interaction between APCs, because this mechanism could
facilitate Ag presentation to T cells. The presence of CD69* T cells
in lymphoid tissue of stroke patients suggested activation of T cells
that was not seen in controls.

The presence of brain-derived compounds was associated with
impaired or improved stroke outcome, depending on the transfer of
myelin- or neuronal-derived epitopes, respectively. Furthermore,
CD69* T cells were found in the proximity of MAP2-immuno-
reactive cells in the stroke group. Previous studies showed that
CD69" T cells facilitated protective immune mechanisms in-
cluding self-limited immune responses (30), lymphocyte retention
in lymph nodes (31), and prevention of autoimmune reactions
(32). In addition, CD69 exerted a negative regulation of allergen-
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induced T cell effector responses and prevented Thl7 cell dif-
ferentiation in allergic diseases (30). Accordingly, mice lacking
CD69 had exacerbated forms of arthritis, contact dermatitis, al-
lergic asthma, and autoimmune myocarditis (31, 32). Although
our study does not demonstrate the direct activation of T cells by
CD69 or its effects, we can hypothesize that the abundant ex-
pression of CD69" T cells in the proximity of neuroantigen-
immunoreactive APCs resulted in a tighter regulation of harmful
autoimmune responses.

Collectively, this study is, to our knowledge, the first to describe
in human stroke an increased transfer to lymph nodes of brain Ags
and the presence of brain Ag immunoreactive APCs equipped for
effective Ag presentation, signal transmission, and activation of
T cells. Further study is warranted to clarify whether CD69 medi-
ates immune tolerance in acute stroke patients and to unveil whether
peripherally activated lymphocytes recognize cognate brain epi-
topes at the site of stroke injury in an Ag-specific manner facili-
tating beneficial autoimmunity.
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Supplementary Table I. List of antibodies used for immunofluorescence studies

Primary antibodies Supplier species type dilution reference

CD1a Serotec (Kidlington, Oxford, UK) Mouse Monoclonal 1/100 MCAS80

CD1b Serotec Mouse Monoclonal 1/50 MCA1315

CD1c (BDCA-1) MACS (Auburn, CA, USA) Mouse Monoclonal 1/1 130-090-695

CcD3 ABCAM (Cambridge, UK) Rabbit Polyclonal 1/100 ab5690

CcDh14 Serotec Mouse Monoclonal 1/100 MCA596G

CD21 Serotec Mouse Monoclonal 1/50 MCA1195

CD68 Santa Cruz (Santa Cruz, CA, USA) Goat Polyclonal 1/10 SC-7083

CD69 Serotec Mouse Monoclonal 1/20 MCA2806

CD206 BD Bioscience (Franklin Lakes,NJ, USA) Mouse Monoclonal 1/100 555953 g

CD209 (DC-SIGN) R&D System (Minneapolis, MN, USA) Mouse Monoclonal 1/100 MAB161 ;
o

CD303 (BDCA-2) MACS Mouse Monoclonal 1/20 130-090-690 %
=

Fibronectin BD Bioscience Mouse Monoclonal 1/50 555867 8

HLA-DP,DQ,DR DakoCytomation (Glostrup, Denmark) Mouse Monoclonal MO0775 g

Laminin Dako (Carpinteria, CA, USA) Rabbit Polyclonal 1/100 20097 §

MAP-2 Sigma (St Louis, MI, USA) Mouse Monoclonal 1/100 M4403 §

MAP-2 Cell Signaling (Danvers, MA,USA) Rabbit Polyclonal 1/100 4542 _f_DT
e

MBP ABCAM Mouse Monoclonal 1/200 ab66188 8
—

MBP Dako Rabbit Polyclonal 1/100 A0623 §
o

MOG ABCAM Mouse Monoclonal 1/100 ab24022 i
—

Secondary antibodies (Invitrogen Corp., Carlsbad, CA, USA) species type dilution reference 8
¥

Alexa fluor 546 F(ab’)2 fragment of goat anti-rabbit IgG (H+L) Rabbit Polyclonal 1/500 A11071

Alexa fluor 546 F(ab“)2 fragment of goat anti-Mouse IgG (H+L) Mouse Polyclonal 1/500 A11018

Alexa fluor 488 F(ab“)2 fragment of goat anti-rabbit IgG (H+L) Rabbit Polyclonal 1/500 A11070

Alexa fluor 488 F(ab“)2 fragment of goat anti-mouse IgG (H+L) Mouse Polyclonal 1/500 A11017

Alexa fluor 488 donkey anti-goat Goat Polyclonal 1/500 A11055

Alexa fluor 405 goat anti-rabbit 1gG (H+L) Rabbit Polyclonal 1/500 A31556

Alexa fluor 405 goat anti-Mouse 1gG (H+L) Mouse Polyclonal 1/500 A31553
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Supplementary Fig. 1
A

Supplementary Figure 1: Examples of controls for immunoreactions by the use of
isotype control antibodies (Ab) (A-F) and by omission of one primary antibody (Ab) (G-L)
Images show lack of cross-reactivity of MAP-2 (A-C) and CD68 (D-F) with an isotype
control antibody, or with a red (G-I) or green (J-L) secondary antibody. Some punctuate
non-specific staining is sometimes apparent outside the cells, often with a similar reaction
for the green and the red fluorescence. Nuclei are stained in blue with Hoechst (C, F, I, L).
Samples are from stroke patients. Bar scale= 20 um.
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Supplementary Fig. 2
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Supplementary Figure 2: Flow cytometry analysis of lymphocytes in PT biopsies of
stroke patients (n=22) and controls (n=11). A) No significant differences between groups
are found in the proportion of lymphocyte subtypes. T (T cells), Th (T helper cells), CTL
(cytotoxic T cells), B (B cells), NK (natural killers). B) In preliminary studies we verified
that the population of macrophages (CD45+ CD14") was very small in the PT samples.

Supplementary Fig.3

PT
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L
control stroke

Supplementary Figure 3: Quantification of the numbers of CDla+ cells per area in
palatine tonsils of stroke patients and controls shows no significant differences (p=0.48)
using the non-parametric Mann-Whitney test. Stroke: n= 10, controls: n=14.
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Trabajo nimero 2

Presence of heat shock protein 70 in secondary lymphoid tissue correlates with

stroke prognosis.

M. Goémez-Choco, C. Doucerain, X. Urra, A. M. Planas, A. Chamorro

Journal of Neuroimmunology. 2014;270(1-2):67-74.

Objetivos

Describir la presencia y distribucion de Hsp-70 en el tejido linfoide secundario
de pacientes con ictus frente a sujetos control.
Determinar la potencial relaciéon entre la presencia de Hsp-70 en el tejido

linfoide secundario con la evolucion y prondstico del ictus.

Resultados

Hsp-70 se encontr6 presente en mayor cantidad en el tejido linfoide secundario de
pacientes con ictus que en controles. La distribucion de Hsp-70 siguié un patrén similar
a la descrita para los antigenos cerebrales y Hsp-70 se encontraba presente en células
con caracteristicas de célula presentadora de antigenos. Una mayor cantidad de Hsp-70
en el tejido linfoide se correlaciondé con menores volimenes de infarto y mejor

pronostico funcional independientemente de la edad y de la severidad clinica inicial.
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functional outcome.

Heat shock protein 70 (Hsp-70) can act as a danger signal and activate immune responses. We studied the pres-
ence of Hsp-70 in lymphoid tissue and plasma of acute stroke patients and asymptomatic controls free of neuro-
logical disease. Immunofluorescence, Western blotting, qRT-PCR and flow cytometry studies were performed.
Plasma Hsp-70 concentration at day 7 was similar in patients and controls, whereas patients disclosed stronger
immunoreactivity to Hsp-70 in lymphoid tissue than controls. Most Hsp-70 + cells were antigen presenting cells
located in T cell zones. Stronger immunoreactivity to Hsp-70 was associated with smaller infarctions and better

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Dead cells can behave like damage-associated molecular patterns
(DAMPs) and activate the innate and adaptive arms of the immune sys-
tem (Kono and Rock, 2008). Moreover, DAMPs are produced after brain
ischemia and may affect the clinical course and outcome of patients
with acute stroke (ladecola and Anrather, 2011; Chamorro et al.,
2012). Brain-derived antigens may leave the central nervous system
(CNS) via the blood stream (Hochmeister et al., 2010) or via the bulk
flow of intracranial fluids along cranial nerves and perivascular spaces
of brain cortical arteries and arterioles (Bradbury et al., 1981; Weller
etal., 2008). After stroke, brain-derived antigens and antigen presenting
cells (APCs) can reach the brain-draining secondary lymph nodes, such
as the cervical lymph nodes (CLN) (Harling-Berg et al., 1999; deVos
et al., 2002; van Zwam et al., 2008) and the palatine tonsils (PT)
(Planas et al., 2012). At these lymph nodes, brain derived-antigens load-
ed onto MHC molecules could be presented to T cells, and subsequently
activate them (von Andrian and Memple, 2003). Interestingly, it has
been argued that immune responses originating in the CLN have a Th2

* Corresponding author at: Hospital Clinic, Villarroel, 170, 08036 Barcelona, Spain.
Tel.: +34 93 227 54 14; fax: +34 93 227 57 83.
E-mail address: achamorro@ub.edu (A. Chamorro).

http://dx.doi.org/10.1016/j,jneuroim.2014.03.004
0165-5728/© 2014 Elsevier B.V. All rights reserved.

phenotype to facilitate tolerogenic mechanisms against further inflam-
mation and brain injury (Harling-Berg et al., 1999).

Heat shock protein 70 (Hsp-70) is a molecular chaperone that may
behave as a danger signal under certain conditions (Basu et al., 2000).
While Hsp-70 expression is virtually undetectable in the brain under
physiological conditions, it is strongly induced in neurons following
brain ischemia (Nowak et al., 1990; Kinouchi et al., 1993; Sharp et al.,
1993; Planas et al., 1997; de la Rosa et al., 2013). Robust experimental
evidence supports the hypothesis that Hsp-70 induction is protective
in brain ischemia (Nowak and Jacewicz, 1994; Yenari et al., 1998,
1999; Yenari, 2002), and that these neuroprotective effects may be
due to various mechanisms including a more efficient formation, folding
and assembly of nascent proteins, a better refolding and stabilization of
damaged peptides, and some anti-apoptotic effects (Yenari et al.,, 1999;
Hartl and Hayer-Hartl, 2002; Yenari et al., 2005). Likewise, Hsp70.1
knockout mice show larger infarct volumes after transient focal ische-
mia (Lee et al., 2001a), while transgenic mice constitutively expressing
the human (Plumier et al., 1997; Rajdev et al., 2000) or rat (Tsuchiya
etal,, 2003) inducible Hsp-70, and mice overexpressing Hsp-70 in astro-
cytes (Xu et al., 2010), are protected against ischemic brain damage.
Hsp-70 overexpression, however, was not protective in certain models
of permanent focal (Lee et al., 2001b) or global (Olsson et al., 2004) is-
chemia. In ischemia/reperfusion, virally delivered Hsp-70 (Badin et al.,
2006) or intravenous administration of cell penetrating recombinant
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Hsp-70 (Doeppner et al., 2009; Zhan et al., 2010) exerts neuroprotective
actions mediated, at least in part, by anti-apoptotic effects. Recently,
anti-inflammatory effects of TAT-Hsp70 involving downregulation of
nuclear factor kappa B (NF-B) activation have been reported after is-
chemia/reperfusion (Doeppner et al., 2013).

In contrast to these findings, stimulation of macrophages with Hsp-
70 increased the secretion of nitric oxide, proinflammatory cytokines
and chemokines, and enhanced the maturation and migration of APCs
to the draining lymph nodes (Basu et al., 2000; Saito et al., 2005). In-
deed, Hsp-70 has important immunoregulatory functions that include
binding to peptides derived from necrotic cells to facilitate their uptake
and presentation to lymphocytes, and the activation of antigen-specific
T cells (Binder and Srivastava, 2005). Recently, Hsp-70 purified from a
non-bacterial origin to exclude the possibility of microbial contamina-
tion, was shown to reduce the stimulatory capacity of dendritic cells
and T cell responses in vitro, indicating that Hsp-70 moderated immune
mediated inflammatory reactions (Stocki et al., 2012). Therefore, in ad-
dition to anti-apoptotic (Yenari et al., 2005) and anti-inflammatory
(Zheng et al., 2008) actions on brain cells after ischemia, Hsp-70 may
also attenuate immune responses.

In this study, we sought to identify the presence of Hsp-70 in brain
draining lymph nodes of patients with acute stroke, as well as to assess
whether the expression levels of Hsp-70 were associated with the main
clinical outcomes in these patients.

2. Materials and methods
2.1. Patients

Forty-six patients with acute stroke were enrolled in this study after
excluding patients with a history of infection, and an intake of antibi-
otics, steroids, or immunosuppressants within the preceding 3 months.
Neurological impairment was assessed with the National Institutes of
Health Stroke Scale (NIHSS), and functional outcome was measured at
3 months with the modified Rankin Scale (mRS). The volume of brain
infarction was measured at day 7 + 2 (mean 4 SD) after stroke, using
diffusion-weighted imaging (DWI) MRI (MRIcro software, Chris
Roden, University of Nottingham, Nottingham, UK). Controls free of
neurological symptoms (n = 16) were recruited from patients' rela-
tives, or from obstructive sleep apnea syndrome clinics. The study was
approved by the local ethics committee and participants or their rela-
tives gave their written informed consent.

2.2. Blood and tissue samples

Blood samples were collected in 46 patients at day 7 of stroke and in
11 controls to measure the plasmatic levels of Hsp-70 protein using a
commercial ELISA kit (#ADI-EKS-715, ENZO Life Sciences). PT biopsies
were obtained without complications in 12 stroke patients at 85 4 36
(mean + SD) hours from stroke onset, and in 7 controls. Biopsy samples
were divided into 1, 2 or 3 parts depending on the size of the specimens
obtained; that on average were approximately 5 x 3 x 2 mm? in size.
Post mortem CLN and/or PT samples of 15 additional patients with ma-
lignant brain infarction were obtained from the Tumour Bank, Hospital
Clinic-IDIBAPS Biobank at a median of 7 days after stroke onset (ranging
from 1 to 21 days).

2.3. Flow cytometry

Lymphocyte subsets were analyzed in fresh tissue from PT biopsies
of patients (n = 7) and controls (n = 6) using flow cytometry immedi-
ately after tissue extraction by investigators blinded to the clinical data.
A cellular suspension of the PT was obtained after repetitive squirting
with RPMI culture medium using a fine needle, obtaining a total of
around 10 to 15 x 10° cells. A volume of 100 L of the cell suspension,
containing at least 2 x 10° cells, was used for each test, which allowed
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for the quantification of different lymphocyte subtypes and the use of
appropriate isotype controls. The following monoclonal antibodies
were used to identify T lymphocytes, T helper lymphocytes, cytotoxic
T lymphocytes, natural killer cells and B lymphocytes using flow cytom-
etry: CD25 and CD19 conjugated to fluorescein isothiocyanate, CD3,
CD4 and CD56 conjugated to phycoeritrin, CD45, CD8 and CD4 conjugat-
ed to peridinin chlorophyll, and CD3 conjugated to allophycocyanin (BD
Biosciences). Apoptotic lymphocytes were identified using the Annexin
V FITC kit (Bender MedSystems, Vienna, Austria). Each lymphocyte
subset was recognized using CD3, CD4, CD8, CD19 and CD56 antibodies
conjugated to PE (all from BD Biosciences). The proportion of Annexin-
V positive cells was calculated for each lymphocyte subset.

2.4. Immunofluorescence

Immunofluorescence for Hsp-70 was performed in the PT biopsies of 6
patients and 7 controls. PT biopsies and post mortem PT and CLN samples
were snapped frozen in optimum cutting temperature (OCT) compound
and stored at — 80 °C. Cryostat sections were fixed in acetone, blocked
with corresponding goat or rabbit serum and incubated overnight at
4 °C with primary antibodies followed by corresponding fluorescent sec-
ondary antibodies (Table 1). Immunofluorescence controls were carried
out by omission of the primary antibody to verify the absence of non-
specific staining. Samples were counterstained with Hoechst. The number
of Hsp-70 positive cells in PT samples was counted under the fluorescence
microscope by an investigator blinded to the clinical data. The mean value
obtained in three areas per sample was taken as representative of the
sample value. Double immunohistochemistry was carried out to identify
the location and nature of the Hsp-70 immunoreactive cells within the
lymphoid tissue. The two primary antibodies were obtained in different
species to avoid cross-reactions (see Table 1).

2.5. Western blotting

Western blotting was carried out in PT biopsy tissue (weighing
around 30 mg) from stroke patients (n = 9) and controls (n = 5).
After extraction, tissue was immediately frozen and kept at — 80 °C.
Protein extraction was carried out using radioimmunoprecipitation
(RIPA) buffer. Ten pg of protein was loaded in 10% polyacrilamide gels,
run under denaturing conditions and proteins were transferred to a
PVDC membrane. Primary antibodies used for Western blotting were a
mouse monoclonal antibody against Hsp-70 (#HSP01 Millipore, diluted
1:1,000) and a rabbit polyclonal antibody against N-methyl-p-aspartate
(NMDA) receptor subunit NR-2A (#AB155, Chemicon; 1:100). Mouse
monoclonal Abs against GAPDH (#CSA-335, Stressgen; 1:500), or -
tubulin (#T4020, Sigma; 1:5000), were used as protein gel loading con-
trols. Control and patient samples were run in parallel in the gels. The
optical density of the bands was measured in a densitometer. After
correcting for protein loading with the density of the reference band,
relative band intensity was expressed as percentage of control.

2.6. RT-PCR

PT biopsy tissue from patients (n = 12) and controls (n = 5) was
immediately frozen, RNA was extracted, and gene expression analysis
was carried out. Quantitative real-time PCR (qRT-PCR) was performed
using FAM-labeled Tagman® Gene Expression Assay probes for Hsp72
(Hs00358147_s1) and (3-actin (Hs03023943_g1) (Applied Biosystems,
Foster City, CA, USA). The amplification conditions were: 10 min at
95 °Cfollowed by 40 cycles of 15sat95 °C,and 1 min at 60 °C. CT values
were analyzed using the 2722 method.

2.7. Statistical analysis

The Kolmogorov-Smirnov test was used to assess the normal distri-
bution of the data, and the Fisher's exact test, Student's ¢t test, Mann-
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Table 1

List of antibodies used for immunofluorescence studies.
Primary antibodies Supplier Species Type Dilution Reference
CD1la Serotec (Kidlington, Oxford, UK) Mouse Monoclonal 1/100 MCA80
CD3 ABCAM (Cambridge, UK) Rabbit Polyclonal 1/100 ab5690
CD68 Santa Cruz Biotech. Inc. (St. Cruz, CA, USA) Goat Polyclonal 1/10 SC-7083
CD21 Serotec Mouse Monoclonal 1/100 MCA1195
CD206 BD Bioscience (Franklin Lakes, NJ, USA) Mouse Monoclonal 1/100 555953
Fibronectin BD Bioscience Mouse Monoclonal 1/50 555867
HLA-DR-DR ABCAM (Cambridge, UK) Rat Monoclonal 1/100 ab6340
Hsp-70 Calbiochem Mouse Monoclonal 1/50 HSPO1
Hsp-70 Calbiochem Rabbit Polyclonal 1/100 386035
Secondary antibodies (Invitrogen Corp., Carlsbad, CA, USA) Species Type Dilution Reference
Alexa Fluor 546 F(ab') 2 fragment of goat anti-rabbit IgG (H + L) Rabbit Polyclonal 1/500 A11071
Alexa Fluor 546 F(ab') 2 fragment of goat anti-Mouse IgG (H + L) Mouse Polyclonal 1/500 A11018
Alexa Fluor 488 F(ab') 2 fragment of goat anti-rabbit IgG (H + L) Rabbit Polyclonal 1/500 A11070
Alexa Fluor 488 F(ab') 2 fragment of goat anti-mouse IgG (H + L) Mouse Polyclonal 1/500 A11017
Alexa Fluor 488 donkey anti-goat Goat Polyclonal 1/500 A11055

Whitney U test and Kruskal-Wallis test were used as appropriate for
group comparisons of continuous data. Correlations were calculated
with Spearman'’s Rank correlation coefficient and multiple linear regres-
sion analysis was used to adjust for the effects of potential confounders
on stroke outcome, such as age and stroke admission NIHSS score. Sta-
tistical analyses were performed with the SPSS 17.0 statistical package
(SSPS Inc., Chicago, IL, USA).

3. Results
3.1. Study population

The mean =+ SD age of the stroke patients was 72.4 4 12.3 years, 60%
were males, and the most prevalent risk factors were hypertension
(68%), dyslipidemia (34%), diabetes (32%), coronary artery disease (17%),
or smoking (15%). The mean + SD age of the controls was 58.8 +
18.6 years, 57% were males, and prevalent risk factors included hyper-
tension (57%), dyslipidemia (19%), diabetes (10%), coronary artery dis-
ease (10%), or smoking (5%). Most stroke subtypes were classified into
cardioembolic (28%) or of an undetermined cause (34%), and the medi-
an (IQR) NIHSS score on stroke admission was 11 (6-17). The median
(IQR) volume of infarction at day 7 was 19 (7-47) cc, and 19% of the
patients had an infection within the first 7 days of stroke. At 3 months
36% of the patients had a good outcome (mRS 0-2), and 53% had a
poor outcome, including 11% of patients who had died.

3.2. Measurement of Hsp-70 in blood

Mean + SD Hsp-70 plasma concentration at day 7 was 0.40 +
0.45 ng/mL in patients (n = 46) and 0.38 £ 0.41 ng/mL in controls
(n = 11), Mann-Whitney U test, p = 0.87. Hsp-70 plasma levels
were associated neither with the demographic factors, vascular risk fac-
tors, stroke subtypes nor infections (data not shown).

3.3. Hsp-70 in lymphoid tissue

Western blotting of Hsp-70 protein in PT biopsy samples (relative
optical density expressed as the percentage of one control sample;
Fig. 1A) showed higher amounts of Hsp-70 in stroke patients
(1072.02 + 1211.77%) than in controls (85.67 + 39.09%) (Mann-
Whitney U test, p = 0.04). Hsp-70 relative optical density in the PT was
also higher in patients with good outcome than in patients with a poor
outcome at 3 months, or controls (Kruskal-Wallis test, p = 0.01,
Fig. 1B). However, Hsp-70 mRNA expression in the PT was similar in pa-
tients than in controls (Fig. 1C), suggesting that Hsp-70 protein in the PT
of stroke patients was not locally produced at the lymph nodes but had
reached the lymphoid tissue from external sources.

A previous study from our group identified the presence of the neu-
ronal antigen NMDA glutamate receptor subunit NR-2A in the PT of pa-
tients with acute stroke and reported that it was associated with a better
outcome (Planas et al., 2012). Therefore, in the present study, we fur-
ther assessed whether the levels of Hsp-70 and NR-2A were correlated
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Fig. 1. Hsp-70 expression in lymphoid tissue. A) Western blotting showing Hsp-70 ex-
pression in the PT of stroke patients (lanes 1-6), and a control subject (lane 7).
GAPDH illustrates the amount of protein loaded in each lane. B) Quantification of Hsp-70 re-
vealed a significantly higher band intensity from the blots in stroke patients with a good out-
come (MRS 0 to 2, n = 4) than in patients with a poor outcome (mRS > 2, n = 5), or controls
(n = 5) (Kruskal-Wallis test, p = 0.01). The differences were also significant when compar-
ing good outcome patients with poor outcome patients (Mann-Whitney U'test, p = 0.02).C)
Hsp-70 mRNA expression (qRT-PCR) was not significantly different in patients (n = 12) ver-
sus controls (n = 5) (ANOVA test, p = 0.48). Values are mean + SD.

65


Judith



M. Gémez-Choco et al. / Journal of Neuroimmunology 270 (2014) 67-74

in the PT. Thus, we confirmed a positive correlation between the expres-
sion of Hsp-70 and the neuronal-derived antigen NR-2A in the PT, as pa-
tients with a greater expression of the chaperone protein also had a
greater expression of the neuronal derived antigen [Spearman's correla-
tionr = 0.764, p = 0.002] (Fig. 2A).

The reactivity to Hsp-70 in the PT of the patients was highly inversely
correlated with the severity of stroke on admission (NIHSS score). Thus,
patients with a more severe neurological impairment on admission had a
lower reactivity to Hsp-70 in the PT (Fig. 2B). In correspondence with
this finding, the volume of brain infarction at day 7 was also inversely
correlated with the reactivity to Hsp-70, since we confirmed that the pa-
tients with the larger brain infarctions had lower reactivity to Hsp-70 in
the PT [Spearman's correlation r = —0.683, p = 0.04] (Fig. 2C). The re-
activity to Hsp-70 in the PT was also inversely correlated with the mRS
score at day 90 [Spearman's correlation r = —0.653, p = 0.05]
(Fig. 2D). Since the mRS is a functional scale that increases the score ac-
cording to the severity of the residual symptoms, this result highlighted a
better functional outcome at follow up in patients with greater reactivity
to Hsp-70 in the PT. To minimize the effect of major factors that influence
the outcome of patients with stroke we confirmed the validity of the cor-
relation between Hsp-70 expression and functional outcome in multi-
variate models adjusted for the confounding effect of age and clinical
severity. Accordingly, we confirmed that a greater reactivity to Hsp-70
at the PT was independently correlated with a better mRS score at day
90 [p = —0.531, p = 0.01].

There were no differences between patients and controls regarding
the proportions of T lymphocytes, T helper lymphocytes, cytotoxic T
lymphocytes, natural killer cells and B lymphocytes in the PT assessed
by flow cytometry, nor in the proportions of apoptotic cells in any of
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the lymphocyte subtypes. The reactivity to Hsp-70 in the PT shown
above was not correlated with the lymphocyte subpopulations or with
the proportion of apoptotic cells in any of the lymphocyte subtypes
(data not shown).

3.4. Cellular localization of Hsp-70 in lymphoid tissue

Immunofluorescence was carried out to study the lymphoid tissue
from biopsies and necropsies. The PT contains lymph nodules with fol-
licles rich in B cells, a surrounding diffuse lymphoid tissue rich in T
cells, and reticular fibers (Fig. 3A-B). Hsp-70 immunoreactive cells
were detected in the PT (Fig. 3C). The number (mean + SD) of Hsp-70
immunoreactive cells in PT biopsies was significantly higher (Mann-
Whitney U test, p = 0.02) in stroke patients (10.52 + 7.20 cell number
per area; n = 6) than in controls (3.74 + 2.68 cell number per area; n =
7) (Fig. 3C).

Hsp-70 immunoreactive cells were localized in T cell rich zones of
lymphoid tissue (CD3 + ), but Hsp-70 did not co-localize with CD3 +
cells (Fig. 3 D-F and G-H), confirming that the Hsp-70 + cells were
not T cells. Interestingly, Hsp-70 + cells were not observed in CD21 +
B cell areas (Fig. 31); however, they were nearby the fibroreticular net-
work that was stained with fibronectin (Fig. 3]-K). Hsp-70 immunore-
activity was not observed in zones rich in resident dendritic cells
expressing the pattern recognition mannose receptor C type 1 CD206
(Fig. 3L), although, Hsp-70 often co-localized, but not always, with
APCs expressing the MHC class II cell surface receptor HLA-DR (Fig. 4).
Furthermore, co-localization with the APC marker of migratory dendrit-
ic cells CD1a was observed (Fig. 5A-C and D-F), and isolated Hsp-70+
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Fig. 2. Correlations between the degree of reactivity to Hsp-70 (Western blotting) in the PT and other parameters. (A) Expression of neuronal-derived antigen NR-2A (Western blotting) in
the PT was higher in the PT of patients with greater reactivity to Hsp-70. (B) Baseline NIHSS score (ranging from 0 to 42, with higher scores indicating a more severe neurologic deficit) was
inversely correlated to Hsp-70 immunoreactivity. The figure illustrates that patients with a worse neurological deficit at baseline had lower reactivity to Hsp-70 in the PT. (C) Patients with
large infarct volumes at day 7 had lower reactivity to Hsp-70 compared with patients with small infarct volumes. (D) A greater reactivity to Hsp-70 was also found in the PT of patients with
lower modified Rankin Score at 3 months. Since the mRS ranges from 0, indicating no residual symptoms, to 6, indicating death, this finding indicated that reactivity to Hsp-70 was in-
creased in the PT of patients with better functional outcome. For graphical representation data were fit to a curve with non-linear regression using GraphPad software.
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Fig. 3. Localization of Hsp-70 immunoreactivity. A) The structure of the palatine tonsil (PT) biopsies is illustrated showing lymph nodules surrounded by CD3 + (red) diffuse lymphoid
tissue, and fibronectin+ (blue) reticular fibers of the fibroreticular network. B) CD3 + (red) T cell zones surround CD21+ (green) B cell zones. C) Higher numbers of Hsp-70 immuno-
reactive cells (green) are present in the PT biopsies of stroke patients (n = 6) versus controls (n = 7) (Mann-Whitney test, *p < 0.05). D-F) Hsp-70 + cells (green, D) are seen within T-cell
rich zones (CD3 +, red, E) as shown in the merged image (F) where nuclei are stained with Hoechst (blue). G-H) Higher magnification illustration of the location of Hsp-70 (green, G) in
CD3 (red) zones, as shown in the merged image (H) (blue is Hoechst). I) Hsp-70 (green) is not seen in B-cell rich areas stained for CD21 (red) (blue is Hoechst). J-K) Hsp-70 (green, J) is
seen within the fibroreticular network (fibronectin, red) in the merged image (K) (blue is Hoechst). L) Hsp-70 (green) does not co-localize with the marker of resident dendritic cells
(CD206, red) (blue is Hoechst). Lymphoid tissue (A-C) was obtained from PT biopsies of stroke patients and (D-L) from necropsies of patients with fatal stroke (CLN). Arrows point
to Hsp-70 immunoreactive cells. Images were obtained with a fluorescence microscope. Bar scale: A-B = 200 pum, C = 10 um. D-F = 50 pm, G-H = 15 pm; [ = 200 pm, J-L = 30 pm.

cells were found to co-localize with CD68 + macrophages (Fig. 5G-1, J-L that expression of Hsp-70 was induced in the brain after ischemia

and M-0). (Nowak and Jacewicz, 1994; Planas et al., 1997), particularly in penum-
bral neurons as a marker of cell viability (Li et al., 1992; Planas et al.,

4. Discussion 1997; Hata et al., 2000a,b; Yenari, 2002). We further illustrate that the
amount of Hsp-70 at the brain-draining lymph nodes was correlated

We report the first study identifying an increased presence of Hsp- in crude and adjusted analyses with a better outcome and smaller in-

70 in brain draining lymph nodes of patients with acute stroke com- farctions at follow up in the stroke patients, but not with the plasma
pared with control subjects free of symptomatic neurological disease, levels of the chaperone protein. While these results do not prove a caus-
and show that Hsp-70 was not locally generated in the PT but was de- al relationship between the presence of Hsp-70 at the brain draining

rived from non-lymphoid cellular sources. Previously, it was known lymph nodes and the outcome of the patients we cannot exclude the
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merge (A, B)

merge (D, E)

Fig. 4. Hsp-70 was found in antigen presenting cells immunoreactive for HLA-DR. Hsp-70 immunoreactive cells (red) are seen in areas immunoreactive for the MHCII HLA-DR (green). A-
C) HLA-DRis shown in the green channel (A), corresponding Hsp-70 in the same field is shown in the red channel (B), and the merged image (C) illustrates both immunostainings together
with cell nuclei stained with Hoechst (blue). D-F) HLA-DR is illustrated in the green channel (D), Hsp70 (E) in the red channel, and the merged image (F) illustrates the nuclei after Hoechst
staining (blue). Insets in C and F correspond to higher magnifications of the areas marked with squares. Inset in C highlights an Hsp-70 negative HLA-DR positive cell, while inset in F high-
lights two HLA-DR positive cells that are immunoreactive for Hsp-70 as well. Samples were CLN necropsies of fatal stroke cases and images were obtained in a confocal microscope. Bar

scale: A-B = 40 um; C-F = 20 pm; insets in C and F = 10 um.

possibility that Hsp-70 conveyed some clinical benefits in relation with
its immunoregulatory properties (Quintana and Cohen, 2005).

Clinical (Planas et al., 2012) and experimental (Harling-Berg et al.,
1999; deVos et al., 2002; van Zwam et al., 2008) studies previously
showed an increased presence of brain-derived antigens in brain-
draining lymph nodes of subjects with several neurological conditions
including acute stroke. In the present study, we found a positive corre-
lation between the presence of Hsp-70 at the PT and an increased
amount of the NMDA glutamate receptor subunit NR-2A, a neuronal de-
rived brain antigen that in previous studies by our group was shown to
be associated with a better prognosis in human stroke (Planas et al.,
2012). Collectively, these results highlighted that an increased transfer
of specific brain antigens and chaperones to the draining lymph nodes
of stroke patients might be of clinical significance although the causality
of this association awaits confirmation in further studies and larger
stroke cohorts.

Brain components present in the extracellular milieu might reach
the draining lymphoid tissue either through direct fluid drainage by
bulk flow (Harling-Berg et al., 1999; deVos et al., 2002; van Zwam
et al.,, 2008), or after their capture by migrating cells. Previous studies
showed that neuronal and myelin-derived brain antigens increased in
lymphoid tissue located within the draining territory of the CNS of
stroked mice and humans (van Zwam et al., 2008; Planas et al., 2012),
although it remains unclear as to whether this process is antigen specif-
ic. In this study, we extended these observations and described that

68

Hsp-70 was found in cells in contact with the fibroreticular network of
the lymph node, in an anatomical distribution similar to that previously
described for the presence of brain-derived antigens (Planas et al.,
2012). We also showed that Hsp-70 + cells were equipped to induce T
cell activation since these cells co-localized with APC expressing MHC
class Il molecules and prevailed in T-cell rich areas. Overall, these find-
ings suggest that the transfer of Hsp-70 to brain-draining lymph
nodes may represent a previously unrecognized mechanism linking in-
nate and adaptive responses in human stroke.

The presence of Hsp-70 at the lymphoid tissue might facilitate the
presentation of brain antigens to T cells (Binder and Srivastava, 2005).
Indeed, previous studies showed that Hsp-70 reduced the amount of
antigen necessary to trigger an adaptive immune response (Binder
and Srivastava, 2005), and Hsp-70 was implicated in the development
of tolerogenic responses against self-antigens (Millar et al., 2003;
Schildknecht et al., 2009; Stocki et al., 2012). Furthermore, Hsp-70
may activate regulatory T cells that control pathogenic T cells specific
for self-antigens, and anti-inflammatory activities in human T cells
(Zanin-Zhorov et al., 2005). Our findings may suggest that Hsp-70 facil-
itates the identification of self-brain antigens, such as the NMDA gluta-
mate receptor subunit NR-2A, and this facilitation might promote
tolerogenic immune responses or tone down inflammatory responses,
as previously described in certain autoimmune disorders, such as type
1 diabetes, and some forms of arthritis (Quintana and Cohen, 2005).
Quantification of Hsp-70 + cells in lymph nodes that do not drain the
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Fig. 5. Co-localization of Hsp-70 immunoreactivity with migrating dendritic cells and CD68 positive macrophages in cervical ganglion of stroke patients. A-C) Hsp-70 immunoreactivity is
shown in the green channel (A); CD1a, a marker of migratory dendritic cells, is shown in the red channel (B); and co-localization is illustrated in the merged image (C) where nuclei are
stained with Hoechst (blue). D-F) Hsp-70 (green, D) and CD1a (red, E) co-localize in the same cells as illustrated in the merged image (F). G-0) Illustration of Hsp-70 immunoreactivity
(greeninG,J, and red in M) that occasionally co-localizes with the macrophage marker CD68 (red in H and K, and green in N). I, L, O) Merged images of the corresponding Hsp-70 (G, J, M)
and CD68 (H, K, N) immunoreactions counterstained with Hoechst (blue) to show the cell nuclei. Insets in I and L are magnifications of the cells pointed with arrowheads. Images were
obtained from necropsies of patients with fatal stroke (CLN). Images were obtained with either a fluorescence microscope (A-L) or a confocal microscope (M-0). Bar scale: A-C = 30 pm,
D-F = 10 pm; G-I = 30 um; J-L = 20 pm; insets in [, L: 10 pm.

intracranial fluids of the brain might also help to clarify the specificity of In summary, the current results highlight the presence of Hsp-70 in
the interaction between the central nervous system and the lymphoid brain draining lymph nodes in human stroke and stress the rich inter-
system in subjects with acute stroke. play between the CNS and the immune system in this condition
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(Chamorro et al.,2012). While Hsp-70 is recognized as a marker of brain
tissue viability after ischemia (Li et al., 1992; Planas et al., 1997), the im-
munoregulatory and anti-inflammatory effects of Hsp-70 are also being
increasingly recognized, and the current clinical findings may indicate
that Hsp-70 contributes to keeping autoimmunity more effectively at
bay after acute stroke. Altogether, the findings of this study contribute
to make this molecule an attractive target for future study in acute
stroke.
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En conjunto, los trabajos presentados muestran que en el tejido linfoide del paciente con
ictus se encuentran los elementos necesarios para desarrollar una respuesta especifica
frente a antigenos cerebrales, lo cual podria influir en la fisiopatologia y evolucion de la

enfermedad.

Estructura del tejido linfoide en el paciente con ictus.

El primer trabajo ofrece por primera vez una descripcion del TLS en pacientes con ictus
agudo. En estos pacientes el TLS present6 su habitual estructura, consistente en centros
germinales con linfocitos B maduros (CD21+), rodeados un area interfolicular rica en
linfocitos T (CD3+). El marcaje para fibronectina mostré que ambos tipos de células se
encontraban englobados por una estructura reticular dispuesta alrededor de los foliculos
linfoides, en los espacios interfoliculares, y rodeando al endotelio de los vasos
sanguineos. Se observo también la presencia de unas células CD206+, localizadas
preferentemente en los espacios interfoliculares ricos en células T y unas células CDla+
localizadas cerca de estructuras ricas en fibronectina en la periferia de la zona T. Estos
datos son compatibles con la distribucion de CPA en ganglios linfaticos humanos
descrita por Angel y colaboradores, correspondiendo las células CD206+ a la
subpoblacion de CPA residentes y las CDla+ a las células migratorias(Angel, Chen et
al. 2009).

Presencia de antigenos cerebrales en el tejido linfoide de pacientes con ictus.

Tanto los antigenos mielinicos (MBP y MOG) como neuronales (MAP-2,NR-2A)
estaban presentes en el TLS de pacientes con ictus y sujetos control. Los primeros
mostraron mas cé¢lulas inmunoreactivas frente a MAP-2 y MBP que los controles tanto
en la amigdala palatina como en el GL, si bien la diferencia no fue estadisticamente
significativa tras ajustar por la edad. El antigeno neuronal NR-2A estaba
significativamente incrementado respecto a controles cuando fue determinado de forma
semicuantitativa mediante Western blot. Si bien en modelos animales de isquemia o
EAE, y en pacientes con esclerosis multiple ya se habia descrito la presencia de
antigenos cerebrales en el TLS (deVos, van Meurs et al. 2002; van Zwam, Huizinga et

al. 2008), ésta es la primera vez que se describe en pacientes con ictus.
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La expresion de RNA de los antigenos MAP-2 y NR-2A mediante RT-PCR cuantitativa
fue minima tanto para los ictus como para los controles. Este dato, junto al incremento
observado para ciertos antigenos en pacientes con ictus respecto a controles, creemos
que nos permite sugerir que el origen de los antigenos encontrados en el TLS no se debe

a una sintesis local y posiblemente provengan del SNC.

Las células inmunoreactivas para antigenos cerebrales se localizaron preferentemente en
zonas T, proximas a estructuras tefiidas para fibronectina correspondientes a la
estructura fibroreticular del GL. La mayoria de estas células fueron identificadas
principalmente como macrdéfagos, dada su morfologia y la expresion del marcador
CD68. En menor medida se tratdé de DC migratorias, dada su expresion de otros
marcadores como CD1la, CD1b, CD1c o CD303, pero no de células CD206+ o CD209+,
correspondientes a DC residentes. Sin embargo, muchas de las células inmunoreactivas
para antigenos cerebrales se encontraban en la vecindad de células CD209+. Al estudiar
de forma cuantitativa las células portadoras de antigenos, s6lo los macrofagos fueron
significativamente mas abundantes en pacientes con ictus que en controles, mientras las
células dendriticas estuvieron presentes en cantidades similares en ambos grupos.
Cuando se realizé Western blot para los antigenos neuronales MAP-2 y NR-2A a partir
de extractos proteicos de amigdala palatina se observaron bandas con un peso molecular

similar al de las proteinas nativas, pero también fragmentos de menor peso molecular.

En conjunto, estos datos muestran que algunos antigenos cerebrales pueden alcanzar el
TLS tanto en pacientes con ictus como en controles y probablemente ser procesados por
células con capacidad de presentar antigenos. Se ha descrito que tanto moléculas como
células pueden dejar el SNC y alcanzar el TLS a través del torrente sanguineo
(Hochmeister, Zeitelhofer et al. 2010) o del drenaje de linfa y liquidos intersticiales
(Bradbury MW, Cserr HF et al. 1981). Aunque en nuestro trabajo no podemos
determinar la via de llegada de los antigenos cerebrales encontrados, la localizacion de
las células cargadas con antigenos cerebrales en proximidad de estructuras ricas en
fibronectina apoyaria que el drenaje de liquidos intersticiales tendria un papel
importante en la llegada de los antigenos. No podemos determinar si la fagocitosis de
los antigenos tuvo lugar en el parénquima cerebral lesionado o en el GL si bien las
células portadoras de estos antigenos presentan caracteristicas de CPA. Por otra parte, la

presencia de fragmentos de menor peso molecular que la proteinas nativas al realizar los
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estudios de Western blot es compatible con la fagocitosis y procesamiento de estas
proteinas por las CPA previo a su presentacion a través de moléculas MHC-II (Vyas,

Van der Veen et al. 2008).

Presencia de moléculas coadyuvantes (Hsp-70) en el tejido linfoide de pacientes con

ictus.

En el segundo trabajo mostramos que la proteina Hsp-70 se encuentra también presente
en mayor cantidad en el TLS de pacientes con ictus. Hsp-70 tiene funciones de
chaperona, encargandose del ensamblaje de péptidos nacientes y de la estabilizacion de
péptidos dafiados, y debido a estas propiedades se le ha atribuido un papel
neuroprotector en la isquemia cerebral. Pero Hsp-70 también puede funcional como una
sefial de alarma o DAMP (Bianchi 2006; Kono and Rock 2008) y favorecer la

presentacion antigénica (Binder and Srivastava 2005).

En nuestro trabajo observamos que Hsp-70 se encontraba en mayores cantidades en el
TLS de pacientes con ictus que en controles tanto en los estudios de
inmunofluorescencia como en el estudio semicuantitativo mediante Western blot. Sin
embargo, no se observaron diferencias significativas entre ictus y controles cuando Hsp-
70 fue determinado en plasma. Por otra parte, la expresion de RNA para Hsp-70 en TLS
de ictus y controles determinada mediante RT-PCR fue practicamente insignificante.
Ello nos sugiere que la mayor cantidad de proteina Hsp-70 presente en el TLS de

pacientes con ictus no parece deberse a una sintesis local en el tejido linfoide.

Hsp-70 se encontrd localizada en el TLS siguiendo un patrén similar al descrito
previamente para los antigenos cerebrales. Gran parte de las células inmunoreactivas
para Hsp-70 expresaron también el marcador CDla+, pero ninguna expres6 CD206+.
Como mencionamos previamente las células CDla+ se consideran DC migratorias
mientras que las CD206+ se corresponderian principalmente con las DC residentes.
Ademas, gran parte de las células Hsp-70+ se encontraron en zonas T y en la vecindad
de estructuras ricas en fibronectina. En nuestra opinion estos datos sugieren en su
conjunto que probablemente la proteina Hsp-70 detectada en el TLS de pacientes con
ictus pudo haber sido producida en el SNC durante la situacién de isquemia y llegar al

TLS a través de las vias descritas previamente. Hsp-70 es inducida en gran cantidad
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durante la isquemia cerebral (Nowak and Jacewicz 1994; Planas, Soriano et al. 1997) y
es por tanto factible que se encuentre en mayores cantidades en pacientes que en
controles. Por otra parte, Hsp-70 presentd una estrecha correlacion con el antigeno
neural NR-2* (subunidad 2A del receptor de glutamato) determinado mediante Western

blot. Ello apoya un posible origen neural para la presencia de Hsp-70 en el TLS.

Presentacion de los antigenos cerebrales.

Hasta ahora hemos mostrado que algunos antigenos cerebrales pueden encontrarse en
CPA presentes en el TLS, en el cual disponemos también de la presencia de la molécula
coadyuvante Hsp-70 y que tanto antigenos como Hsp-70 se encuentran en mayor
cantidad en los pacientes con ictus, pero desconocemos si ello tiene un papel en la

fisiopatologia del ictus o se trata de un mero epifendmeno.

Hemos observado que las células inmunoreactivas para antigenos cerebrales y para Hsp-
70 expresaron con mas frecuencia moléculas HLA-DR del MHC en pacientes con ictus
que en controles, lo cual sugiere que estas células tienen capacidad para presentar
antigenos. Por otra parte, las células inmunoreactivas para antigenos cerebrales se
encontraban habitualmente en la proximidad de células residentes DC-SIGN
positivas(CD209+), lo cual podria sugerir mecanismos de cooperaciéon en la
presentacion antigénica por ambos tipos de células como ha sido descrito para las

células migratorias y residentes (Allenspach, Lemos et al. 2008).

Cuando estudiamos el marcador de activacion linfocitaria CD69, pudimos ver que en
los pacientes con ictus se encontraron con mas frecuencia células CD69+ en contacto o
proximas a células MAP-2+ que en controles. En escasas ocasiones una misma célula
fue simultdneamente MAP-2+ y CD69+. La mayoria de las células CD69+ fueron
linfocitos T(CD3+) y ocasionalmente se tratd de macrofagos (CD68+). Aunque no
pudimos determinar otras medidas de activacion linfocitaria, creemos que la presencia
de CPA reactivas para antigenos neurales puede ejercer algin tipo de activacion sobre

las células T adyacentes.
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Potenciales implicaciones clinicas.

Respecto a las potenciales implicaciones clinicas de la llegada de antigenos cerebrales al
TLS, se observo que la gravedad del ictus, el volumen de infarto y el prondstico final de
los pacientes estaban en relacion con la presencia de antigenos neuronales o mielinicos.
De este modo, la gravedad inicial del ictus y el volumen de infarto se correlacionaron
positivamente con la inmunoreactividad frente a MBP, mientras que la
inmunoreactividad frente a MAP-2 y NR-2A se correlacion6 inversamente al volumen
del infarto pero no con la gravedad clinica inicial. Los pacientes con buen pronostico
funcional presentaron mas inmunoreactividad frente a los antigenos neuronales MAP-2

y NR-2A y menos células MBP+ que los pacientes con peor pronostico.

CD69 contribuye a mantener a las células Th secuestradas en los o6rganos linfoides
(Shiow, Rosen et al. 2006) y su déficit favorece el desarrollo de respuestas inflamatorias
(Cruz-Adalia, Jimenez-Borreguero et al. 2010; Martin, Gomez et al. 2010). La intima
relacion espacial entre las células MAP-2+ y CD69+, y el efecto inmunomodulador
relacionado con la expresion de este marcador podria ser unos de los potenciales
mecanismos que explicaran el mejor prondstico de aquellos pacientes que presentaban

en mayor cantidad células inmunoreactivas para antigenos neurales.

Por otra parte, en nuestro segundo trabajo describimos como la cantidad de Hsp-70 en
TLS se encontrd inversamente relacionada con la gravedad inicial del ictus, la extension
de la lesion y el pronodstico a los 3 meses. Dado que Hsp-70 se sintetiza en las zonas de
penumbra isquémica (Hata, Maeda et al. 2000; Hata, Maeda et al. 2000), se podria
especular que aquellos pacientes con mas tejido potencialmente “en riesgo” o “salvable”
serian aquellos con mayor capacidad para producir Hsp-70 y de ello se derivaria la
relaciéon encontrada. Sin embargo la relacion de HSP70 con un mejor pronostico
funcional a los 3 meses se mantuvo tras ajustar por la severidad clinica inicial, lo cual

podria sugerir algiin otro papel fisiopatolégico para Hsp-70.

Dado que Hsp-70 puede actuar como molécula coadyuvante y se encuentra
preferentemente localizada en células presentadoras CDla+ en proximo contacto con

células T, se podria especular que Hsp-70 podria facilitar la presentacion de antigenos
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neurales como NR-2A y favorecer el desarrollo de respuestas inmunomoduladoras

(Millar, Garza et al. 2003; Schildknecht, Probst et al. 2009; Stocki, Wang et al. 2012).
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En el tejido linfoide secundario del paciente con ictus se encuentran antigenos
cerebrales y la molécula coestimuladora Hsp-70 en mayor cantidad que en
sujetos controles. Ello pudiera deberse a su mayor llegada a través de las vias de

drenaje del liquido intersticial del SNC.

Los antigenos cerebrales y la Hsp-70 se localizan preferentemente en la zona T
del tejido linfoide, en células que presentan caracteristicas de célula

presentadora de antigeno.

La mayoria de las células portadoras de antigenos cerebrales tienen
caracteristicas de macréfagos y en menor medida de células dendriticas. Estas
células se encuentran adyacentes al entramado fibroreticular del tejido linfoide a

través del cual circula la linfa.

La presencia de antigenos cerebrales en células presentadoras de antigenos
puede derivar en algin tipo de activacion linfocitaria, dada la expresion del
marcador de activacion temprano CD69 en células T proximas a células

portadoras del antigeno MAP-2.

El prondstico del paciente con ictus pudiera estar determinado por la respuesta
frente a determinados antigenos cerebrales y el desarrollo de respuestas
inmunomoduladoras, presentado mejor pronostico aquellos pacientes con una
mayor inmunoreactividad frente a los antigenos neurales MAP-2 y NR-2a, y una

mayor inmunoreactividad frente a Hsp-70.
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