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PALABRAS CLAVE Resumen

Esclerosis lateral Introduccion: La exposicion de liquido cefalorraquideo (LCR) de pacientes con esclerosis late-
amiotrofica; ral amiotroéfica (ELA) induce efectos citotdxicos en cultivos celulares de neuronas motoras in
Modelo experimental vitro.

ELA; Material y métodos: Se seleccion6 LCR de 32 pacientes con ELA que previamente habian
Periferina; demostrado efectos citotdxicos. Se implantaron con minibombas osmoticas intracerebroven-
TDP-43; triculares (ICV) en 28 ratas macho adultas y se dividieron en 3 grupos: 9 ratas de LCR de
Enfermedades pacientes no-ELA, 15 ratas de ELA-LCR citotdxico y 4 ratas de una solucion salina fisioldgica. EL
neurodegenerativas; LCR se administrd por via ICV de forma continua durante periodos de 20 o 43 dias. Se realizo
Citotoxicidad la evaluacion clinica, electromiografica y analisis de tejidos después de sacrificio a los 20, 45 y

82 dias tras la cirugia.

Resultados: Los estudios inmunohistoquimicos muestran dafo en los tejidos con caracteris-
ticas similares a las encontradas en formas esporadicas de ELA, tales como sobre expresion
de cistatina C, transferrina y la proteina en el TDP-43 citoplasmatica. Los primeros cambios
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Introduccion

observados parecian jugar un papel protector por la sobreexpresion de periferina, panAKT, fos-
foAKT y metalotioneinas; esta expresion habria disminuido al momento de analizar las ratas que
se sacrificaron al dia 82, en el que hay un aumento de apoptosis. Los primeros cambios celulares
identificados fueron la constatacion de activacion de la microglia seguido por astrogliosis con
sobreexpresion de GFAP y proteina $S100B.

Conclusiones: Nuestros datos parecen indicar que la ELA podria propagarse a través del LCR,
y que la administracion ICV de ELA-LCR citotoxico produce cambios similares a los encontrados
en las formas esporadicas de la enfermedad.

© 2016 Sociedad Espanola de Neurologia. Publicado por Elsevier Espafa, S.L.U. Este es un
articulo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Histological changes in the rat brain and spinal cord following prolonged
intracerebroventricular infusion of cerebrospinal fluid from amyotrophic lateral
sclerosis patients are similar to those caused by the disease

Abstract

Introduction: Cerebrospinal fluid (CSF) from amyotrophic lateral sclerosis (ALS) patients indu-
ces cytotoxic effects in in vitro cultured motor neurons.

Material and methods: We selected CSF with previously reported cytotoxic effects from
32 ALS patients. Twenty-eight adult male rats were intracerebroventricularly implanted with
osmotic mini-pumps and divided into 3 groups: 9 rats injected with CSF from non-ALS patients,
15 rats injected with cytotoxic ALS-CSF, and 4 rats injected with a physiological saline solu-
tion. CSF was intracerebroventricularly and continuously infused for periods of 20 or 43 days
after implantation. We conducted clinical assessments and electromyographic examinations,
and histological analyses were conducted in rats euthanised 20, 45, and 82 days after surgery.
Results: Immunohistochemical studies revealed tissue damage with similar characteristics to
those found in the sporadic forms of ALS, such as overexpression of cystatinC, transferrin,
and TDP-43 protein in the cytoplasm. The earliest changes observed seemed to play a protec-
tive role due to the overexpression of peripherin, AKTpan, AKTphospho, and metallothioneins;
this expression had diminished by the time we analysed rats euthanised on day 82, when
an increase in apoptosis was observed. The first cellular changes identified were activated
microglia followed by astrogliosis and overexpression of GFAP and S100B proteins.
Conclusion: Our data suggest that ALS could spread through CSF and that intracerebroventri-
cular administration of cytotoxic ALS-CSF provokes changes similar to those found in sporadic
forms of the disease.

© 2016 Sociedad Espanola de Neurologia. Published by Elsevier Espana, S.L.U. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

podria indicar que la enfermedad se propaga de forma cen-
trifuga desde una region afectada a una zona adyacente; por

La esclerosis lateral amiotrdfica (ELA) tiene como caracte-
ristica principal la pérdida selectiva de neuronas motoras
en el cerebro, el tronco cerebral y la médula espinal’. La
mayoria de los casos de ELA son esporadicos, pero apro-
ximadamente el 10% de los pacientes tienen un historial
familiar?, y de estos pacientes, el 20% tienen mutaciones
en el gen de Cu?*/Zn?* superdxido dismutasa 1 (SOD1)*. Ade-
mas, la TDP-43 y la proteina FUS/TLS podrian estar asociadas
en pacientes con ELA familiar y esporadica*’, y el mayor
porcentaje de casos han sido vinculados a una expansion
intronica de una repeticion GGGGCC del hexanucleétido en
el gen C9ORF72°.

El mecanismo por el que las neuronas motoras se convier-
ten en selectivamente vulnerables y mueren en pacientes
con ELA es aln desconocido. El patron de progresion cli-
nica encontrado en ratones transgénicos mutados de SOD1

lo tanto, se podria especular que productos toxicos genera-
dos en un area difundan la lesion, afectado a las neuronas
adyacentes y de este modo propagando la enfermedad, y
una posibilidad es que estos factores podrian ser vehiculados
a través del liquido cefalorraquideo (LCR)’. Esta suposicion
llevo a varios investigadores a desarrollar experimentos para
investigar si la incubacion in vitro en cultivos de neuronas y
de lineas de células neuronales con el LCR de pacientes con
ELA (ELA-LCR) podria causar dano celular, lo que se confirmé
en la mayoria de los estudios’?* como revision, aunque no en
todos?3. Nuestro grupo ha determinado que ELA-LCR afecta
la viabilidad de neuronas motoras corticales de cerebro de
rata mantenidas en cultivos primarios; sin embargo, este
efecto parece que esta mediado por un mecanismo indepen-
diente de glutamato, aunque la ELA-LCR causoé una elevacion
de la concentracion basal de Ca2+ citosolico ([Ca2+]) de las
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neuronas motoras’*?>. Estos datos apoyan la presencia de
factor(es) toxico(s) en la ELA-LCR responsable(s) de provo-
car dafno de las neuronas motoras en experimentos in vitro,
pero es posible que no en todos los pacientes o en todas
las fases de la enfermedad?®. La pregunta es si la ELA-LCR
también podria causar dafio cerebral in vivo. De hecho,
la inyeccion intratecal o intracerebroventricular (ICV)
aguda de ELA-LCR produce cambios en la actividad neuro-
nal, en la expresion de los receptores de glutamato y canales
ionicos, en la fosforilacion de proteinas al cabo de solo 2 dias
después de la inyeccion??° o induce alteraciones mitocon-
driales, estrés oxidativo o disfuncion lisosomal®°.

Estos experimentos producidos con inyecciones puntua-
les no imitan el curso temporal de la ELA y por lo tanto
no la reproducen. Por lo tanto, parecia apropiado llevar a
cabo los experimentos que describiremos aqui: el examen
de los cambios cerebrales histopatologicos y funcionales
que se producen después de la infusion continua de ELA-
LCR durante 20 o 43 dias, logrado mediante el uso de una
minibomba conectada al ventriculo cerebral de rata a tra-
vés de una canula, a fin para determinar las consecuencias
de la exposicion mas prolongada de ELA-LCR citotdxico.
Aunque no encontramos cambios funcionales similares a la
ELA, encontramos mayor expresion temprana de moléculas
de sefalizacion de neuroprotectores, una reaccion neuroin-
flamatoria temprana acompanada de microglia activada y
astrogliosis, asi como la sobreexpresion de las proteinas
citoplasmaticas ELA-vinculadas como TDP-43, cistatinaC y
transferrina.

Material y métodos

Recoleccion de liquido cefalorraquideo y
preparacion de ELA-LCR citotéxicos (cELA-LCR)

Las muestras de LCR fueron recolectadas por puncion lumbar
en 32 pacientes con ELA diagnosticados segun los crite-
rios de diagnédstico de El Escorial®' (25).** Fueron extraidos
entre 1,5y 3 cc de cada paciente, centrifugados a 1.500 rpm
durante 10 min, y divididos en 4 a 5 alicuotas para propdsi-
tos del estudio. Se obtuvo un consentimiento informado de
cada paciente. Dieciséis pacientes eran mujeres; la edad
media de la serie fue de 59 anos al momento de la extrac-
cion del LCR. Cuatro pacientes tenian ELA familiar y el
resto eran esporadicos; 11 casos fueron presentados como
una forma de aparicion bulbar, 20 casos sufrieron el tipo
de la columna vertebral, y un paciente presenta sintomas
en ambos lugares. De los pacientes con ELA, solo 4 presen-
taban mutaciones en el gen SOD1 y uno era asintomatico,
lo que significa que el LCR de pacientes con un mecanismo
de genética SOD1 tenia una muy baja presencia en el grupo
ELA-LCR. Veinte muestras (68,7%) mostraron una citotoxi-
cidad significativa (CELA-LCR) usando el método descrito a
continuacion. Las muestras de LCR utilizadas como contro-
les (no-ELA LCR) fueron obtenidas de pacientes que sufren
dolor de cabeza o convulsiones y requirieron puncion lum-
bar durante un examen de rutina. Se obtuvo también un
consentimiento informado de los controles. Las muestras de
LCR se mantuvieron congeladas a —80°C hasta que fueron
utilizadas.

Con la finalidad de demostrar citotoxicidad, fueron uti-
lizados en los experimentos cultivos celulares de neuronas
motoras in vitro, como ha sido descrito previamente?. Para
estos experimentos, las neuronas se obtuvieron de la cor-
teza motora cerebral de embriones de rata de 20dias de
edad. Las células obtenidas se sembraron a una densidad
de 105células/ml en placas de 48 pocillos que contenian
0,25 ml de medio neurobasal suplementado con B-27 y culti-
vado durante 8-10 dias. Después de este tiempo, los cultivos
se incubaron durante 24h con 10% ELA-LCR y la viabili-
dad de las neuronas fue medida con ensayos MTTZ. La
ELA-LCR administrada a los animales fue preparada por la
puesta en comln de viales de LCR que exhibian efectos
citotoxicos in vitro (por lo menos 20% de pérdida de las
neuronas motoras), y la mayoria del LCR incluido en ese
grupo fue tomado de pacientes con ELA esporadica. Las
muestras de LCR control para los no-toxicos de 3 pacien-
tes también fueron considerados antes de la administracion
ICV.

Animales

Los animales fueron manipulados seglin los principios de
cuidado de animales de laboratorio publicados por el
Comité Etico Espafiol (RD 1201/2005) y la Directiva Europea
86/609/CEE; el procedimiento fue aprobado por el Comité
de Etica para el cuidado y uso de animales de investiga-
cion en el Hospital Clinico San Carlos de Madrid, Espana.
Las 28 ratas Wistar albinas macho adultos fueron obteni-
das de Charles River Laboratories. Todos los animales fueron
alojados bajo un ciclo de luz/oscuridad de 12 h con acceso
libre a comida y agua. Fueron enjaulados individualmente
bajo condiciones de colonias estandar en las instalaciones
de los animales Hospital Clinico San Carlos. El grupo LCR se
administro a las ratas en 4 periodos. En el primer periodo,
14 ratas entre 1 y 5meses de edad (media de 3,25 meses)
y en el segundo periodo, 12 ratas entre 2,5 y 5meses de
edad (media de 4,1 meses) fueron inyectadas con el LCR des-
crito anteriormente. El intervalo entre los 4 periodos fue de
aproximadamente 3 meses.

Grupos experimentales

Tres grupos experimentales fueron disenados para este estu-
dio. El grupo 1 incluyé 9 ratas a las que fueron implantadas
ICV minibombas llenas de LCR de pacientes no-ELA (no-ELA-
LCR). El grupo 2 fue compuesto por 15 ratas implantadas ICV
con minibombas llenas de ELA-LCR citotoxico (CELA-LCR).
Finalmente, 4 ratas implantadas ICV con minibombas llenas
de solucion salina fisiologica formaron el grupo 3 (grupo de
tratamiento simulado o sham).

Administracion intracerebroventricular
de cELA-LCR o no-ELA-LCR

Las ratas fueron anestesiadas con tribromoetanol, y se
les implantd por via subcutanea una minibomba osmoé-
tica (caudal de 0,151/h; Alzet 2006, Alzet Palo Alto, CA,
EE.UU.) entre las escapulas y permanecio alli hasta el
punto final del estudio. Antes del implante, las minibombas
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osmoticas se llenaron con la preparacion correspondiente
para cada grupo experimental. Las minibombas se adjun-
taron a una canula de infusion de cerebro (Alzet) a través
de un tubo de polietileno y son preparadas por inmer-
sion en solucion salina normal a 37°C durante 24h. Estos
procedimientos fueron llevados a cabo en condiciones esté-
riles. La canula fue implantada en el ventriculo cerebral
lateral derecho (—0,5mm anteroposterior, —1,4mm late-
ral y —3,3mm dorsoventral (coordenadas basadas en el
Atlas Paxinos)** y fueron fijadas al craneo con cemento
dental.

El volumen de depdsito de las bombas asegura el bombeo
al menos durante 42 dias. El LCR fue inyectado por via intra-
tecal a una tasa de 0,151/h durante un periodo de 43 dias,
excepto las ratas sacrificadas al dia 20. Los animales restan-
tes en el estudio que permanecieron hasta el dia 82 fueron
implantadas con un tubo de polietileno sellado mecanica-
mente para prevenir la irritacion local debido a la continua
atraccion de agua a la bomba.

Evaluaciones clinicas

Los animales fueron probados clinicamente al menos un dia
por semana a partir de una semana después de la cirugia.
Todas las pruebas se realizaron con los examinadores cie-
gos al grupo experimental al que pertenecia cada rata. Las
evaluaciones del estudio incluyeron la medicion de peso cor-
poral, la respuesta a la prueba de plano inclinado y la escala
motora Matsumoto**. Para medir el peso corporal, los ani-
males se pesaron cada 4 semanas con una escala digital. Para
la prueba de plano inclinado, 20 ratas fueron colocadas late-
ralmente contra el eje largo del plano inclinado para medir
el angulo maximo en el que podian mantener su posicion
en el plano durante 5s. Para evaluar la fuerza de ambas
extremidades por igual, los animales fueron colocados sobre
el plano inclinado con su lado derecho del cuerpo frente
a la parte descendente de la superficie inclinada, poste-
riormente con el lado izquierdo del cuerpo que va cuesta
abajo. Una puntuacion de menos de 70° en la prueba de
plano inclinado se correlaciona bien con la aparicion de
debilidad muscular en ratones transgénicos SOD1-G93A34,
Para determinar la escala motora de Matsumoto®* se puso
a prueba la capacidad de los animales de enderezarse a si
mismos dentro de los 30s de ser manipulado a ambos lados
(reflejo de enderezamiento). Las ratas que eran capaces
de enderezar desde ambos lados fueron examinadas para
su capacidad de permanecer en su jaula de alojamiento de
forma espontanea durante 1 min. Si mostraban poco movi-
miento en sus jaulas, se trasladaban a otra jaula para activar
la motivacion de exploracion. Si las ratas no mostraron ano-
malias de acuerdo con estas evaluaciones, eran examinadas
a fondo para ver si tenian algun déficit funcional obser-
vable, tal como paralisis de las extremidades o sintomas
de debilidad muscular general en el campo abierto. Una
puntuacion de 5 significa que el animal es normal y una
puntuacién de 0 es una rata completamente paralizada. La
escala motora de Matsumoto ha demostrado estar corre-
lacionada con la pérdida de neuronas motoras espinales
en un modelo de ratéon transgénico mutado de ELA SOD1-
G93A*

Examen electromiografico

Un electromiograma de las ratas cELA-LCR y ratas no-ELA-
LCR fue realizado al dia 82 por un neurélogo experto en esta
técnica. La aguja fue insertada en las extremidades delante-
ras y traseras y en los musculos paravertebrales para tratar
de hallar signos de denervacion como actividad espontanea
de insercion (ondas positivas, fibrilaciones o fasciculacio-
nes). Las ratas fueron sedadas con isoflurano al 1,5% en
0,7 l/min de oxigeno durante el procedimiento.

Sacrificio de los animales

A los 20, 45 u 82 dias después de la cirugia las ratas de cada
grupo fueron profundamente anestesiadas con una dosis de
pentobarbital (60 mg/kg) y fentanilo (0,3 mg/kg). En primer
lugar, se inyecto 10l de colorante de Evans azul a tra-
vés de un catéter ventricular para confirmar la correcta
localizacion. Los animales fueron sacrificados por perfu-
sion intracadiaca con 0,9% de solucion salina seguido de
paraformaldehido al 4% tamponado (tampon fosfato 0,1M).
Después de la perfusion, el encéfalo y la médula espinal
fueron diseccionados, lavados con PB 0,1M y crioprotegi-
dos por inmersion en 30% de sacarosa y compuesto OCT. El
material se almacend a —80 °C hasta su uso. Se cortaron crio-
secciones (50 um) de la corteza motora y de los segmentos
cervical y lumbar de la médula espinal (C5-C6 y L3-L5); los
cortes fueron colocados en una solucion de crioproteccion
que contiene etilenglicol y sulfoxido de dimetilo y es utili-
zado para preservacion de tejidos cerebrales. De las 9 ratas
en el grupo de no-ELA-LCR, una fue sacrificado al dia 20, 7
a los 45dias y una al dia 82. De las 15 ratas en el grupo de
CELA-LCR, 4 fueron sacrificados al dia 20, 7 al dia 45y 6 al
dia 82 después del implante. Finalmente, de las 4 ratas en
el grupo de tratamiento simulado, una fue sacrificada al dia
20, 2 a los 45dias y una a los 82 dias.

Analisis de histoquimica e inmunofluorescencia

Se lavaron 4 cortes de tincion de inmunofluorescencia con
PBS, permeabilizados con 0,1% Triton X-100 y bloqueados
con 10% de suero de cabra normal. Después se aplicaron
los siguientes anticuerpos primarios durante la noche a
4°C: anti-periferina (1:200, Millipore, AB 9282); anti-S100B
(1:200, Millipore, 04-1054); anti-caspasa-3 (1:200, Millipore,
04-1090); anti-proteina acida fibrilar glial (GFAP) (1:500,
DakoCytomation, Z0334); anti-GTL1 (1:200, Millipore, AB
1783); anti-GFAP (1:600, Millipore, MAB360); anti-TARDBP
(1:200, Abcam, ab42474); anti-ubiquitina (1:100, Abcam
ab7780); anti-transferrina-r (1:200, Abcam, ab22391);
anti-colin acetiltransferasa (1:100, Abcam, ab68779); anti-
metalotioneina (1:100, Abcam, ab12228); anti-Stefin (1:100,
Abcam, ab68290); anti-MHC Il (1:500, Abcam, ab6403); anti-
Iba-1 (1:1.000, Wako, desde 019-19741); anti panAKT (cell
signaling 2920S) y anti fosfoAKT (cell signaling 4060S). Se
lavaron los portaobjetos en PBS 3veces, y los anticuerpos
primarios fueron probados con Cy3 (1:1.000, Jackson) o con
anticuerpos secundarios conjugados Alexa 488, 555 o 647
(1:500, Invitrogen). Se lavaron las secciones 3 veces en PBS,
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contrastadas con DAPI, y montadas con el reactivo Fluorsave
(Calbiochem).

Cuantificaciéon de datos inmunohistoquimicos

Las imagenes de fluorescencia fueron adquiridas con un
microscopio confocal Olympus AF1000. Se llevo a cabo
un estudio inmunohistoquimico descriptivo dentro de los
3 periodos de tiempo establecidos, un analisis de los cambios
observados en los marcadores inmunohistoquimicos con el
tiempo y su comparacion entre los grupos control y ELA-LCR.
Los analisis histologicos examinaron las areas estrechamente
relacionados con ELA, especificamente la corteza motora,
bulbo raquideo y segmentos espinales C5-C6 y L3-L5.

GFAP, IBA1, caspasa-3 y MHC-II

Las imagenes confocales fueron adquiridas con la misma
configuracion y distribucion de fluorescencia utilizando
Olympus Confocal Software (Olympus FluoView FV1000). Se
realizo el analisis cuantitativo utilizando la version 1.42q del
software de analisis ImageJ (EE. UU.). El nimero de célu-
las positivas de inmunohistoquimica fue contado tomando
al azar 368 um? de cada area analizada de 3 a 4 diferentes
secciones del cerebro coronal.

Periferina, S100B, panAKT, fosfoAKT y medicion de
metalotioneina

Para medir S100B, panAKT, fosfoAKT, metalotioneina y peri-
ferina, se siguié una version modificada del método fisico
disector descrito por Reed, utilizando el principio de ladri-
llo imparcial del disector 3D*. El analisis fue realizado
mediante mediciones de densidad optica (procesamiento de
imagen binaria de blanco y negro), obteniendo el porcentaje
de area del campo analizado. Se seleccionaron 8 areas por
animal al azar por un experimentador ciego utilizando el
software ImageJ 1.42 (NIH).

Analisis estadistico

Los datos fueron procesados utilizando el software Graph-
Pad Prism 5. Fueron reportados como valores medios =+ error
estandar de la media (SEM). Los graficos de los resultados
fueron realizados utilizando el mismo programa. El criterio
para la significacion estadistica fue p<0,05.

Resultados

Todos los animales sobrevivieron al implante ICV de la
minibomba osmética y ninguno de ellos mostrd signos de
infeccion (absceso, edema o secrecion purulenta en el
implante); ninguno sufrié convulsiones, agresion, piloerec-
cion o postracion. La infusion fue realizada durante 20 o
43 dias y el curso temporal de los efectos de LCR o infusion
de solucion salina se evalud a los 20, 45 y 82 dias después
del implante de la bomba miniosmotica.

Evaluaciones clinicas y electromiograficas

No se encontraron diferencias significativas entre las ratas
del grupo de cELA-LCR y los demas grupos en ninguna de
las evaluaciones clinicas, incluyendo el peso corporal, el
comportamiento durante la prueba de plano inclinado y
las escalas de Matsumoto, que fueron todas normales. Res-
pecto a los electromiogramas, se encontraron ondas agudas
positivas en las extremidades traseras, las extremidades
delanteras y los musculos paravertebrales sin potenciales de
fibrilacién o fasciculacién en 6 de las ratas del grupo cELA-
LCR a los 82 dias después del implante, lo que no ocurri6 en
los controles, aunque no se observo un patron de denerva-
cion.

Activacion microglial y expresion de GFAP, S100B,
GLT1 y la caspasa-3

Se observé gliosis reactiva evidente, activacion microglial
y expresion de caspasa-3 en la corteza motora en los 3 gru-
pos experimentales a los 20 dias después del implante. Estos
hallazgos podrian ser atribuidos a una respuesta inflamato-
ria secundaria a la intervencion quirtrgica. Sin embargo, a
los 45dias después de la cirugia se observo un importante
incremento en la reactividad glial y la respuesta microglial
en todas las regiones en el grupo de cELA-LCR (figs. 1y 2).
En los segmentos de la médula espinal de los animales que
recibieron cELA-LCR se observd que algunas motoneuronas
estaban envueltas por células microgliales. La cuantificacion
inmunohistoquimica del marcador IBA-1 revelo alteracio-
nes en la morfologia de la microglia, pasando de un estado
en reposo caracterizado por un soma microglial con proce-
sos finos y ramificados a una microglia activada con escasas
ramificaciones. Se observaron cuerpos celulares alargados
con procesos largos y mas gruesos a los 20 dias después del
implante, mientras que se encontraron las células ameboi-
des con cuerpos redondos con procesos cortos, gruesos y
robustos a los 45 y 82dias, lo que indica una activacion
de células fagociticas en la proximidad de las neuronas
motoras. Estas células expresan MHC-Il, que marca fases
inflamatorias. En los grupos de tratamiento simulado y no-
ELA-LCR, la expresion de MHC-Il fue 3 veces inferior a
la observada en el grupo de cELA-LCR (fig. 3). Un punto
interesante fue la fuerte expresion de astrocitos y el descu-
brimiento de astrocitos hipertréficos que sobreexpresaban
GFAP en las proximidades de las neuronas motoras corti-
cales y de la médula espinal. Se observaron cambios mas
pronunciados a los 45dias después de la cirugia. También
se observo expresion de MHC-Il, pero a niveles mas bajos,
a los 82dias (fig. 3). Contrariamente a los datos observa-
dos en el grupo de cELA-LCR, se constato una disminucion
de la expresion de GFAP y de caspasa-3 en los otros 4 gru-
pos, incluso a los 82 dias después de la cirugia. Asimismo, se
observo un ligero aumento en la expresion del transportador
de glutamato GTL1, que se ha relacionado con la ELA, y su
expresion esta modificada por ELA-LCR?¢. GTL1 se encontrd
en las proximidades de las neuronas motoras espinales del
grupo cELA-LCR que se correlaciona con la expresion de GFAP
como un marcador de activacion de astrocitos. La sobreex-
presion de S100B aparecio a los 45 y 82 dias en el grupo de
CELA-LCR solamente.
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Figura 1 A los 45 dias después de la cirugia, el aumento de la reactividad glial y la respuesta microglial en el grupo de cELA-LCR
en todas las regiones cerebrales estudiadas fue evidente. Por ejemplo, en el cuerno anterior (segmento lumbar) de ratas cELA-LCR,
encontramos una mayor expresion de GFAP con abundantes astrocitos hipertréficos (panel C, ¢); ademas, se identifico una mayor
densidad de células IBA-1 positivas con procesos agrandados, a menudo en estrecha proximidad a las neuronas motoras o incluso
rodeando a estas neuronas (flechas en panel C, flechas y detalle del panel c). Estos cambios no se observaron en los grupos sham y
no ELA-LCR, en los que las células de microglia aisladas se observaron ocasionalmente cerca de las neuronas motoras. Escala: A-C:

60 um; detalles a-c: 30 wm.

Zona
Grupo M%t;rpgoét)ex C(grgical anterior' horn Lumbar anterior_horn
gmento espinal) (Segmento espinal)
GFAP IBA-1 GFAP IBA-1 GFAP IBA-1
Sham 18+2,7 15+3,5 19+3,8 12+3,7 18+2,2 12+2,3
noELA-LCR 19+1,4 1622,6 22+2.4 16+1,2 19+1,8 15+2,6
cELA-LCR 27+0,8" 25+1,2° 3719 24+1,0° 3832  22+1,1%

*p<0,05 'p<0,01

Figura2 Imagen de microscopia confocal de la corteza motora, ejemplificando los datos presentados en tablas (diferentes momen-
tos del estudio). Es evidente el aumento de células positivas IBA-1 y GFAP en los animales del grupo cELA-LCR (C), en comparacion
con el grupo sham (A) y el grupo de noELA-LCR (B). Corteza motora capa 4-6, 45 dias después de la cirugia. Escala de barras: 50 um.
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Figura 3

A-C) Andlisis cuantitativo de la expresion de MHC-1I en diversas regiones del cerebro y médula espinal, en los 3 periodos

de tiempo estudiados. El grupo cELA-LCR mostré un aumento significativo del nimero de células microgliales, que es una evidencia
clara de una etapa neuroinflamatoria. D) Imagen representativa de células positivas para MHC-II en la region lumbar. Estas células
también se observaron en las proximidades de las neuronas motoras. Escala: 50 m; * p<0,05; los datos se muestran como media +

DE.

Expresion de panAKT y fosfoAKT

Con el fin de comprender si el incremento de caspasa-3
se acompanaba de un aumento en la expresion de protei-
nas estrechamente relacionadas con la supervivencia y la
resistencia a la apoptosis, tales como fosfoAKT y panAKT,
se llevo a cabo su cuantificacion. Basicamente, el grupo de
tratamiento simulado y el grupo no-ELA-LCR no mostraron
cambios significativos a lo largo del estudio (20, 45 y 82 dias).
Sin embargo, en el grupo de cELA-LCR se encontraron incre-
mentos significativos de panAKT y fosfoAKT a los 45 dias, con
una expresion inmunohistoquimica que era 3 veces mayor
que los niveles observados en los otros grupos, pero a los
82 dias después de la cirugia estos datos eran similares al
grupo de tratamiento simulado (fig. 4).

Expresion de periferina

La periferina juega un papel importante en el transporte
axonal en las neuronas motoras espinales. Recientemente la
periferina también se ha asociado con algunas neuropatolo-
gias que caracterizan la ELA esporadica, ya que se encuentra
en los cuerpos Bunina®’. Por lo tanto, hemos considerado
relevante analizar la periferina en las neuronas motoras, ya
que su expresion se relaciona con formas de ELA esporadica.
Todas las secciones del grupo cELA-LCR mostraron neuronas
motoras con expresion positiva de periferina (figs. 5 y 6),
pero en los animales sacrificados a los 45 dias se observaron
niveles 4 veces mas altos que en los de los otros grupos y
los puntos de tiempo analizados (fig. 6). Por otra parte, las

células con mas inmunorreactividad de periferina también
co-expresaron con panAKT y fosfoAKT. Estas células mostra-
ban el marcador de periferina con un patrén filamentoso,
que se observa también en las condiciones normales; sin
embargo, en el grupo de cELA-LCR también se observaron
células que contenian el marcador de periferina en inclu-
siones citoplasmaticas que recuerdan estructuras rugosas o
granulares, que posiblemente podrian desencadenar la for-
macion de precipitados o inclusiones de proteinas (fig. 5).

Co-expresion de cistatina C, transferrina,
ubiquitina y TDP-43

En el grupo de cELA-LCR, a los 45 y 82 dias después de la
cirugia se observaron células con una mayor expresion de
la ubiquitina, transferrina (fig. 5) y cistatinaC. Estos datos
estan estrechamente vinculados a formas esporadicas de
ELA%%. Por otra parte, se observd que habia una transloca-
cion de TDP-43 en el citoplasma de las neuronas motoras
(fig. 7). Curiosamente, el analisis inmunohistoquimico por
microscopia confocal revelo inclusiones de TDP-43, ubiqui-
tina y cistatinaC, y estas proteinas se colocalizaron en el
citoplasma de las neuronas motoras. El incremento de estas
inclusiones a los 82 dias fue acompanado por una disminu-
cion en la expresion de periferina (fig. 6).

Metalotioneinas

Como algunos estudios han sugerido que la homeostasis del
cobre y del cinc podria contribuir a la patogénesis de la ELA,
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Figura 4 Expresion de panAKT (AKTpan) y fosfoAKT (AKTfosfo) en varias regiones del sistema nervioso central de los 3 grupos

de ratas. A) Imagenes de microscopia confocal de la expresion de panAKT, fosfoAKT y periferina (perip). B) Analisis de fosfoAKT y
panAKT de cuantificacion de densidades opticas. Se observaron mayores expresiones de AKTpan y fosfoAKT a los 45 dias en el grupo
de cELA-LCR (A y B). Un fenémeno interesante en el grupo de cELA-LCR fue el incremento en la expresion de periferina, fosfoAKT
y panAKT en las neuronas (A). En el dia 82 después de la cirugia, las concentraciones de AKT (pan y fosfo) fueron similares a los de
los grupos sham y no ELA-LCR, la expresion se habia regresado a niveles similares a los observados en los otros grupos a los 82 dias

de la cirugia dias post (B). Escala: 50 um.
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Figura 5

Expresion de periferina (peri), ubiquitina (ubiq) y transferrina después de la infusion de cELA-LCR. A los 45 y 82 dias

después de la cirugia los animales con tratamiento cELA-LCR mostraron inclusiones en el citoplasma y tenian marcaje positivo de
ubiquitina en las neuronas. Inclusiones (flechas) de ubiquitina se colocalizaron con periferina y, ocasionalmente, con transferrina.

Escala A-C: 20 um; a-cy D: 2 um.

se estudio la expresion de metalotioneina®? . La expresion
de metalotioneinas estaba relacionada con el curso tem-
poral de los cambios después de la cirugia (45 y 82dias)
y solo se produjo en el grupo de cELA-LCR, en el que se
observo en las neuronas motoras que co-expresaban ubiqui-
tinay transferrina. El aumento de la S100B medido a los 45y
85 dias después de la cirugia estaba estrechamente relacio-
nado con el aumento de la periferina en las proximidades
de las neuronas motoras. Las células que expresan S100B
correspondieron al fenotipo de astrocitos (GFAP+) de neu-
trofilos adyacentes a neurona motora. Los astrocitos que
expresan S100B estan estrechamente relacionados con el
equilibrio de calcio, cinc y cobre. S100B es una proteina
de uniodn a calcio expresada exclusivamente por las células
gliales.

Discusion

El presente estudio tiene como objetivo determinar las con-
secuencias de la administracion sostenida ELA-LCR en ratas a
fin de comprender los efectos que podrian ocurrir en pacien-
tes que presentan citotoxicidad en su LCR. Esto demuestra
que la infusion ICV sostenida de cELA-LCR en ratas produce
cambios citohistoquimicos en cerebro y médula espinal que
se asemeja a los encontrados en pacientes con ELA espora-
dica. Esos cambios no se observaron en ratas infundidas con
solucion salina o en animales infundidos con no-ELA-LCR.
La infusion se realizd durante 20 o 43 dias y los tejidos se
analizaron a los 20, 45 y 82 dias después del implante de la
canula. Los animales del estudio que se sacrificaron a los

Figura 6

Imagenes de inmunofluorescencia que muestran la expresion de periferina (peri) a lo largo del curso del estudio en el

grupo de cELA-LCR (A: 20 dias; B: 45 dias; C: 82 dias). Se observd un aumento temporal de periferina en las neuronas motoras en el dia
45, que habia regresado a condiciones basales al dia 82. El aumento de expresion de periferina se ha asociado con acontecimientos
de lesion en columna, mientras que la expresion es baja en condiciones normales. Escala: 40 um.
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Figura 7

Imagenes en las que se observa que los animales tratados con cELA-LCR mostraron inclusiones citoplasmaticas de TDP-43

en las neuronas de la médula espinal (flechas). En el detalle se observan las inclusiones (cabezas de flecha). Escala: 40 um.

82 dias recibieron la infusion durante los primeros 43 dias
solamente.

Los cambios relevantes en las células a los 45 dias fue-
ron una activacion microglial seguida por astrogliosis. La
activacion y la proliferacion de microglia antes de la apari-
cion de los signos clinicos también se producen en pacientes
con ELA*', asi como en ratones transgénicos SOD1-G93A*2.
Ademas, en los ratones transgénicos ELA la microglia acti-
vada aparece antes de la aparicion de la pérdida neuronal®.
Esto se mantiene en linea con la observacion de que la
expresion reducida de SOD1-G93A en las células microglia-
les ralentiza la progresion de la enfermedad y prolonga la
supervivencia*. Por el contrario, las células microgliales
que expresan SOD1-G93A presentan aumento de neuroto-
xicidad y aumento en la producciéon de citocinas, NO y
MCP-1 tras su activacion in vitro®. Estos hallazgos apoyan
la idea de que la activacion de microglia puede jugar un
papel relevante en el desarrollo de ELA**7, A los 45 dias
después del implante (43dias de infusion con ELA-LCR)
encontramos células de microglia en contacto cercano con
las neuronas de la médula espinal. Estas células mostraban
la morfologia tipica de la activacion concomitante con la
expresion aumentada de MHC-Il, que se considera que es
un marcador de la respuesta inflamatoria dependiente del
complemento*®“°, La astrogliosis esta claramente presente,
a pesar de que aun se desconoce su implicacion en la patogé-
nesis de la ELA y si aparece antes o después de la activacion
microglial. Otro hallazgo notable fue la sobreexpresion de
S100B en astrocitos a los 45 y 82 dias. Esta proteina se ha
correlacionado con la supervivencia en ELA®®>" y es regu-
lada en astrocitos y neuronas motoras de la médula espinal
en los pacientes®?, asi como en ratas infundidas durante 48 h
con ELA-LCR*. Los astrocitos con inclusiones estan presen-
tes también en los ratones mutantes SOD1°*. Asimismo, se
observo que la astrogliosis y la sobreexpresion de GFAP apa-
recieron después de la activacion de microglia. Esto podria
apoyar la idea de un mecanismo de neuroinflamacion como
un evento temprano en la patogénesis de la enfermedad.

En los Ultimos afos se ha puesto énfasis en la translo-
cacion citoplasmatica de TDP-43, una proteina codificada
por el gen cuyas mutaciones de TARDBP se han asociado
con ELA*. Hemos observado que TDP-43 se encuentra en
inclusiones de ubiquitina en la ELA esporadica, pero no en
los casos SOD1 mutado. La presencia citosolica de TDP-43,
colocalizada con ubiquitina, a los dias 45 y 82dias en el

grupo de cELA-LCR apoya la idea de que estos cambios estan
relacionados con la ELA esporadica. Esto se ve reforzado
por nuestros hallazgos de que los primeros cambios en las
neuronas motoras incluyeron la sobreexpresion de la cis-
tatinaC, transferrina y periferina, 3 proteinas que estan
estrechamente vinculadas a los cuerpos Bunina en la ELA
esporadica®”>>>¢, De hecho, las mutaciones de periferina ya
se han asociado con la ELA esporadica®.

Otra variable que se valord fue la via de sefalizacion
PI3K/AKT relacionada con la supervivencia celular’®. Hemos
hallado un aumento en la expresion de panAKT y fosfoAKT al
dia 45 en ratas tratadas con cELA-LCR. Este fue un hallazgo
interesante teniendo en cuenta que periferina es también
un sustrato de PI3K. Vale la pena sehalar que el aumento
de la expresion de PI3K, pero no de AKT, se ha encontrado
en la médula espinal de pacientes con ELA*. Sin embargo,
el incremento de fosfoAKT se ha observado en las médulas
espinales de ratones SOD1-G93A en la fase asintomatica®®.
Por otra parte, los estudios in vitro indican que la PI3K/AKT
se altera en células procedentes de ratas mutadas SOD1-
G93A°". Por lo tanto, la periferina y la via PI3K/AKT podrian
aumentar como una respuesta al estrés celular causado por
CELA-LCR. El aumento de caspasa-3 como un signo de la
apoptosis en estas ratas es compatible con este punto de
vista y con el hallazgo de las neuronas motoras apoptoticas
en la ELA® 64,

El dltimo hallazgo que debe mencionarse es el incre-
mento en la expresion de la metalotioneina en ratas
infundidas con cELA-LCR. Esto esta de acuerdo con informes
de niveles mas altos de las metalotioneinas en ratones muta-
dos SOD1%°°%7; un aumento similar en su ARNm se ha descrito
también en estos ratones®®. En consistencia con esto es la
observacion de que en ratones que proceden del cruce de
roedores con ELA y deficientes de metalotioneina se acelera
la progresion de la enfermedad®® y que su mayor expre-
si6n supone una mejoria®. En contraste, la expresion de
metalotioneina y su ARNm esta disminuida en la ELA”®. Las
metalotioneinas son proteinas Cu/Zn-vinculantes que redu-
cen los productos reactivos del oxigeno y contrarrestan la
toxicidad por metales. En este contexto, la busqueda de
una mayor expresion metalotioneina podria significar que
una reaccion neuroprotectora se desarrolla en respuesta a la
infusion cronica de cELA-LCR en la rata; esto se mantiene en
linea con el hallazgo, de la expresion incrementada de meta-
lotioneina en las neuronas motoras de la médula espinal de
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ratones mutados con ELA, lo que trata de evitar la pérdida
de neuronas e inhibe la progresion de la enfermedad’’.

Los hallazgos histopatologicos descritos son compatibles
con la hipdtesis de que la citotoxicidad de LCR en ratas,
inducida por semanas de infusion ICV prolongada de cELA-
LCR, produce cambios en cerebro y médula espinal similares
a los de las formas esporadicas de ELA. Nuestro estudio
muestra algunas limitaciones. En primer lugar, los sintomas
clinicos estan ausentes en los 3 periodos estudiados (20, 45
y 82dias). En los ratones SOD1-G93A-ELA, los primeros sin-
tomas clinicos aparecen a los 90-100 dias de edad’?, pero los
roedores con otras mutaciones pueden comenzar a mostrar
sintomas clinicos mas tarde®®. Se han observado anomalias
tempranas, como la fragmentacion de Golgi a los 31 dias de
edad”?; también parece posible que se produzcan cambios
sutiles antes de esa edad’®. En los ratones con mutacio-
nes SOD1, las primeras alteraciones aparecen en la médula
espinal cervical®®. También se han observado cambios en
la médula espinal cervical y lumbar similares a los obser-
vados en la corteza motora cerebral, lo que indica que el
efecto nocivo de cELA-LCR infundido en el ventriculo cere-
bral habia propagado distalmente a la médula espinal. Esta
observacion es compatible con la hipotesis de que la pro-
gresion de la enfermedad podria estar mediada en parte a
través del LCR. En segundo lugar, aln se detectaron varios
marcadores de proteinas que se sobreexpresan a los 45 dias,
aunque en concentraciones menores, a los 82 dias (es decir,
periferina, GFAP, panAKT y fosfoAKT); en otros se sobreex-
presa por igual a los 45 y 82dias (es decir, la cistatinaC,
transferrina, ubiquitina y translocacion TDP-43), aunque con
la limitacion de que los tamafos de muestra de grupos de
estudio no eran similares y el nUmero de ratas de los gru-
pos de control fue bajo. Sin embargo, la expresion anormal
de estas proteinas en el grupo cELA-LCR es clara y los dife-
rentes resultados en los grupos de control confirman que los
cambios no son debido a artefactos del método. En tercer
lugar, cELA-LCR fue infundido por ICV durante 43 dias, que
era el plazo maximo para el volumen de la minibomba. A
pesar del hecho de que el cELA-LCR no fue administrado
entre el dia 43 y el dia 82, las neuronas motoras apoptoti-
cas solamente se observaron en animales examinados en el
dia 82. Esto sugiere que el proceso nocivo podria permane-
cer activo después del dia 43, y por tanto parece posible que
la extension de la infusion de cELA-LCR mas alla de 43 dias
y/o al siguiente curso temporal de la enfermedad mas alla
de 85 dias podria revelar las manifestaciones clinicas de una
neurona motora parecida a las de las formas esporadicas de
ELA.

En conclusion, este estudio presenta las primeras con-
secuencias de citotoxicidad LCR-ELA después de semanas
de infusion ICV sostenida con LCR de pacientes con ELA,
que previamente se habia probado que mostraban efectos
citotoxicos en un cultivo primario de neuronas motoras. A
los 45 y 82dias después del inicio de la infusion la cor-
teza motora, el tadlamo y la médula espinal cervical-lumbar
mostraron varios cambios en los marcadores tipicos de la
enfermedad de ELA humana. Estos hallazgos pueden mejo-
rar nuestra comprension de la patogénesis y la evolucion
de la ELA y ayudar a encontrar nuevas dianas terapéuticas
Gtiles para el desarrollo de nuevos compuestos que retra-
sen o incluso puedan llegar a detener la progresion de la
enfermedad.

Financiacion

Este estudio fue apoyado por cuatro subvenciones concedi-
das a JMG por la Mutua Madrilefa, Espana, en 2008 y 2009.
También fue apoyado por las siguientes subvenciones con-
cedidas a AGG por instituciones espanolas: 1) NDEQ7/09,
Agencia Lain Entralgo, Comunidad de Madrid; 2) Funda-
cion Eugenio Rodriguez Pascual; 3) Fundacion CIEN, Instituto
de Salud Carloslll; 4) RENEVAS-RETICS-RD06-026, Instituto
Carloslll; 5) SAF 2010 a 21795, Ministerio de Economia y
Competitividad, Espana, y 6) MAT2011-28791-C03.

Conflicto de intereses

Los autores declaran que no existen conflictos de intereses.

Agradecimientos

Los autores desean agradecer la colaboracion de Pablo
Gonzélez y M. Cruz Rodriguez por la coordinacion de los pro-
cedimientos de cuidado de los animales, y a la Fundacion
Teofilo Hernando por su continuo apoyo.

Bibliografia

1. Rowland LP, Shneider NA. Amyotrophic lateral sclerosis. New
Engl J Med. 2001;344:1688—700.

2. Mulder D, Kurland L, Offord K, Beard C. Familiar adult
motor neuron disease: Amyotrophic lateral sclerosis. Neurology.
1986;36:511—7.

3. Rosen DR, Siddique T, Patterson D, Figlewicz DA, Sapp P, Hen-
tati A, et al. Mutations in Cu/Zn superoxide dismutase gene are
associated with familiar amyotrophic lateral sclerosis. Nature.
1993;362:59—62.

4. Sreedharan J, Blair IP, Tripathi VB, Hu X, Vance C, Rogelj B, et al.
TDP-43 mutations in familial and sporadic amyotrophic lateral
sclerosis. Science. 2008;319:1668—72.

5. Vance C, Rogelj B, Hortobagyi T, de Vos KJ, Nishimura AL, Sreed-
haran J, et al. Mutations in FUS, an RNA processing protein,
cause familial amyotrophic lateral sclerosis type 6. Science.
2009;323:1208—11.

6. Renton AE, Majounie E, Waite A, Simon-Sanchez J, Rollinson S,
Gibbs JR, et al. A hexanucleotide repeat expansion in C9ORF72
is the cause of chromosome 9p21-linked ALS-FTD. Neuron.
2011;72:257—68.

7. Anneser JM, Chahli C, Borasio GD. Protective effect of
metabotropic glutamate receptor inhibition on amyotrophic
lateral sclerosis-cerebrospinal fluid toxicity in vitro. Neurosci.
2006;141:1879—86.

8. Nagaraja TN, Gourie-Devi M, Nalini A, Raju TR. Neurofilament
fosforylation is enhanced in cultured chick spinal cord neurons
exposed to cerebrospinal fluid from amyotrophic lateral sclero-
sis patients. Acta Neuropathol. 1994;88:349—52.

9. Rao MS, Devi MG, Nalini A, Shahani N, Raju TR. Neurofila-
ment fosforylation is increased in ventral horn neurons of
neonatal rat spinal cord exposed to cerebrospinal fluid from
patients with amyotrophic lateral sclerosis. Neurodegenera-
tion. 1995;4:397—401.

10. Terro F, Lesort M, Viader F, Ludolph A, Hugon J. Antioxidant
drugs block in vitro the neurotoxicity of CSF from patients with
amyotrophic lateral sclerosis. Neuroreport. 1996;7:1970—2.


http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0375
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0375
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0375
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0375
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0375
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0375
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0375
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0375
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0375
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0375
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0375
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0375
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0375
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0375
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0375
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0375
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0380
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0380
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0380
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0380
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0380
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0380
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0380
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0380
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0380
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0380
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0380
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0380
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0380
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0380
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0380
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0380
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0380
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0380
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0380
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0380
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0380
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0380
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0385
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0385
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0385
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0385
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0385
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0385
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0385
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0385
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0385
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0385
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0385
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0385
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0385
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0385
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0385
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0385
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0385
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0385
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0385
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0385
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0385
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0385
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0385
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0385
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0385
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0385
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0385
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0385
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0385
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0385
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0385
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0385
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0385
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0385
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0385
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0385
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0390
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0390
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0390
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0390
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0390
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0390
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0390
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0390
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0390
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0390
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0390
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0390
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0390
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0390
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0390
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0390
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0390
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0390
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0390
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0390
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0390
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0390
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0390
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0390
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0390
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0390
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0390
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0390
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0390
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0390
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0390
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0395
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0395
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0395
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0395
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0395
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0395
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0395
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0395
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0395
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0395
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0395
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0395
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0395
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0395
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0395
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0395
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0395
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0395
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0395
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0395
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0395
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0395
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0395
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0395
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0395
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0395
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0395
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0395
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0395
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0395
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0395
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0395
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0395
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0395
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0395
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0395
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0395
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0395
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0400
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0400
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0400
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0400
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0400
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0400
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0400
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0400
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0400
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0400
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0400
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0400
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0400
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0400
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0400
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0400
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0400
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0400
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0400
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0400
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0400
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0400
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0400
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0400
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0400
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0400
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0400
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0400
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0400
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0400
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0400
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0400
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0400
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0400
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0405
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0405
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0405
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0405
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0405
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0405
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0405
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0405
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0405
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0405
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0405
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0405
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0405
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0405
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0405
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0405
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0405
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0405
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0405
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0405
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0405
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0405
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0405
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0405
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0405
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0405
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0410
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0410
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0410
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0410
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0410
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0410
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0410
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0410
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0410
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0410
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0410
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0410
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0410
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0410
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0410
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0410
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0410
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0410
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0410
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0410
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0410
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0410
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0410
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0410
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0410
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0410
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0410
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0410
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0410
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0410
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0410
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0410
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0410
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0415
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0415
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0415
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0415
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0415
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0415
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0415
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0415
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0415
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0415
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0415
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0415
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0415
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0415
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0415
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0415
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0415
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0415
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0415
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0415
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0415
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0415
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0415
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0415
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0415
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0415
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0415
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0415
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0415
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0415
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0415
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0415
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0415
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0415
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0415
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0415
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0415
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0415
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0415
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0420
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0420
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0420
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0420
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0420
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0420
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0420
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0420
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0420
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0420
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0420
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0420
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0420
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0420
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0420
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0420
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0420
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0420
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0420
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0420
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0420
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0420
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0420
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0420
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0420
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0420
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0420
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0420
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0420
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0420
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0420
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0420
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0420

222

U. Gomez-Pinedo et al.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Shahani N, Nalini A, Gourie-Devi M, Raju TR. Reactive astroglio-
sis in neonatal rat spinal cord after exposure to cerebrospinal
fluid from patients with amyotrophic lateral sclerosis. Exp Neu-
rol. 1998;149:295-8.

Smith RG, Henry YK, Mattson MP, Appel SH. Presence of 4-
hydroxynonenal in cerebrospinal fluid of patients with sporadic
amyotrophic lateral sclerosis. Ann Neurol. 1998;44:696—9.
Shaw PJ, Eggett CJ. Molecular factors underlying selectivity
vulnerability of motor neurons to degeneration in amyotrophic
lateral sclerosis. J Neurol. 2000;247(Suppl):17—27.

Anneser JM, Chahli C, Ince PG, Borasio GD, Shaw PJ. Glial
proliferation and metabotropic glutamate receptor expression
in amyotrophic lateral sclerosis. J Neuropathol Exp Neurol.
2004;63:831—40.

Gunasekaran R, Narayani RS, Vijayalakshmi K, Alladi PA, Shobha
K, Nalini A, et al. Exposure to cerebrospinal fluid of spora-
dic amyotrophic lateral sclerosis patients alters Na(v)1.6 and
K(v)1.6 channel expression in rat spinal motor neurons. Brain
Res. 2009;1255:170—9.

Sen |, Nalini A, Joshi NB, Joshi PG. Cerebrospinal fluid from
amyotrophic lateral sclerosis patients preferentially eleva-
tes intracellular calcium and toxicity in motor neurons via
AMPA/kainate receptor. J Neurol Sci. 2005;235:45—54.

Shahani N, Gourie-Devi M, Nalini A, Raju TR. Cyclophospha-
mide attenuates the degenerative changes induced by LCR from
patients with amyotrophic lateral sclerosis in the neonatal rat
spinal cord. J Neurol Sci. 2001;185:109—18.

Shahani N, Gourie-Devi M, Nalini A, Rammohan P, Shobha K,
Harsha HN, et al. (-)-Deprenyl alleviates the degenerative
changes induced in the neonatal rat spinal cord by CSF from
amyotrophic lateral sclerosis patients. Amyotroph Lateral Scler
Other Motor Neuron Disord. 2004;5:172—9.

Vijayalakshmi K, Alladi PA, Sathyaprabha TN, Subramaniam JR,
Nalini A, Raju TR. Cerebrospinal fluid from sporadic amyotrop-
hic lateral sclerosis patients induces degeneration of a cultured
motor neuron cell line. Brain Res. 2009;1263:122—33.
Vijayalakshmi K, Alladi PA, Ghosh S, Prasanna VK, Sagar BC,
Nalini A, et al. Evidence of endoplasmic reticular stress in the
spinal motor neurons exposed to CSF from sporadic amyotrophic
lateral sclerosis patients. Neurobiol Dis. 2011;41:695—705.
Vijayalakshmi K, Ostwal P, Sumitha R, Shruthi S, Varghese AM,
Mishra P, et al. Role of VEGF and VEGFR2 receptor in reversal
of ALS-CSF induced degeneration of NSC-34 motor neuron cell
line. Mol Neurobiol. 2015;51:995—1007.

Matias-Guiu J, Galan L, Garcia-Ramos R, Cuadrado L, Barcia JA.
Cerebrospinal fluid cytotoxicity in amiotrophic lateral sclerosis.
Neurologia. 2010;25:364—73.

Iwasaki Y, Ikeda K, Shiojima T, Tagaya M, Kinoshita M. Amyotrop-
hic lateral sclerosis cerebrospinal fluid is not toxic to cultured
spinal motor neurons. Neurol Res. 1995;17:393—5.

Yanez M, Galan L, Matias-Guiu J, Vela A, Guerrero A, Garcia
AG. CSF from amyotrophic lateral sclerosis patients produ-
ces glutamate independent death of rat motor brain cortical
neurons: Protection by resveratrol but not riluzole. Brain Res.
2011;1423:77—86.

Yanez M, Matias-Guiu J, Arranz-Tagarro JA, Galan L, Vina D,
Gomez-Pinedo U, et al. The neuroprotection exerted by meman-
tine, minocycline and lithium, against neurotoxicity of CSF from
patients with amyotrophic lateral sclerosis, is antagonized by
riluzole. Neurodegener Dis. 2014;13:171-9.

Gomez-Pinedo U, Yanez M, Matias-Guiu J, Galan L, Guerrero-
Sola A, Benito-Martin MS, et al. Cellular changes in motor
neuron cell culture produced by cytotoxic cerebrospinal fluid
from patients with amyotrophic lateral sclerosis. Neurologia.
2014;29:346—52.

Shobha K, Vijayalakshmi K, Alladi PA, Nalini A, Sathyaprabha
TN, Raju TR. Altered in-vitro and in-vivo expression of glial
glutamate transporter-1 following exposure to cerebrospinal

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

1.

42.

43.

45.

46.

fluid of amyotrophic lateral sclerosis patients. J Neurol Sci.
2007;254:9—16.

Ramamohan PY, Gourie-Devi M, Nalini A, Shobha K, Ramamohan
Y, Joshi P, et al. Cerebrospinal fluid from amyotrophic lateral
sclerosis patients causes fragmentation of the Golgi appara-
tus in the neonatal rat spinal cord. Amyotroph Lateral Scler.
2007;8:79—82.

Sankaranayani R, Nalini R, Rao Laxmi T, Raju TR. Altered
neuronal activities in the motor cortex with impaired motor
performance in adult rats observed after infusion of cerebros-
pinal fluid from amyotrophic lateral sclerosis. Beh Brain Res.
2010;206:109—19.

Sharma A, Varghese AM, Vijaylakshmi K, Sumitha R, Prasanna
VK, Shruthi S, et al. Cerebrospinal fluid from sporadic amyo-
trophic lateral sclerosis patients induces mitochondrial and
lysosomal dysfunction. Neurochem Res. 2016;41:965—84.
Miller RG, Munsat TL, Swash M, Brooks BR. Consensus guidelines
for the design and implementation in clinical trials in ALS. World
Federation of Neurology Committee on Research. J Neurol Sci.
1999;169:2—12.

Mosmann T. Rapid colorimetric assay for cellular growth and
survival: Application to proliferation and cytotoxicity assays. J
Immunol Methods. 1983;65:55—63.

Paxinos G, Watson C, Pennisi M, Topple A. Bregma, lambda
and the interaural midpoint in stereotaxic surgery with rats
of different sex, strain and weight. J Neurosci Methods.
1985;13:139—43.

Matsumoto A, Okada Y, Nakamichi M, Nakamura M, Toyama Y,
Sobue G, et al. Disease progression of human SOD1 (G93A) trans-
genic ALS model rats. J Neurosci Res. 2006;83:119—33.

Reed MG, Howard CV. Surface-weighted star volume: Concept
and estimation. J Microsc. 1998;190(Pt 3):350—6.

Pardo AC, Wong V, Benson LM, Dykes M, Tanaka K, Rothstein JD,
et al. Loss of the astrocyte glutamate transporter GTL1 modifies
disease in SOD(G39A) mice. Exp Neurol. 2006;201:120—30.
Mizuno Y, Fujita Y, Takatama M, Okamoto K. Peripherin partially
localizes in Bunina bodies in amyotrophic lateral sclerosis. J
Neurol Sci. 2011;302:14-8.

Kato S. Amyotrophic lateral sclerosis models and human neu-
ropathology: Similarities and differences. Acta Neuropathol.
2008;115:97—114.

Mocchegiani E, Bertoni-Freddari C, Marcellini F, Malavolta M.
Brain, aging and neurodegeneration: Role of zinc ion availabi-
lity. Prog Neurobiol. 2005;75:367—90.

West AK, Hidalgo J, Eddins D, Levin ED, Aschner M. Metallothio-
nein in the central nervous system: Roles in protection, rege-
neration and cognition. Neurotoxicology. 2008;29:489—503.
Henkel JS, Engelhardt JI, Siklos L, Simpson EP, Kim SH, Pan T,
et al. Presence of dendritic cells, MCP-1, and activated micro-
glia/macrophages in amyotrophic lateral sclerosis spinal cord
tissue. Ann Neurol. 2004;55:221-35.

Henkel JS, Beers DR, Siklos L, Appel SH. The chemokine MCP-1
and the dendritic and myeloid cells it attracts are increa-
sed in the mSOD1 mouse model of ELA. Mol Cell Neurosci.
2006;31:427-37.

Weydt P, Yuen EC, Ransom BR, Moller T. Increased cytoto-
xic potential of microglia from ELA-transgenic mice. Glia.
2004;48:179—-82.

. Beers DR, Henkel JS, Xiao Q, Zhao W, Wang J, Yen AA, et al.

Wild-type microglia extend survival in PU.1 knockout mice with
familial amyotrophic lateral sclerosis. Proc Natl Acad Sci U S A.
2006;103:16021—6.

Sargsyan SA, Blackburn DJ, Barber SC, Monk PN, Shaw PJ. Mutant
SOD1 G93A microglia have an inflammatory phenotype and ele-
vated production of MCP-1. Neuroreport. 2009;20:1450-5.
Sargsyan SA, Monk PN, Show PJ. Microglia as potential contri-
butors to motor neuron injury in amyotrophic lateral sclerosis.
Glia. 2005;4:241-53.


http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0420
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0420
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0420
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0420
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0420
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0420
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0425
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0425
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0425
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0425
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0425
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0425
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0425
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0425
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0425
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0425
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0425
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0425
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0425
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0425
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0425
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0425
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0425
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0425
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0425
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0425
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0425
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0425
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0425
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0425
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0425
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0425
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0425
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0425
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0425
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0425
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0425
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0425
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0425
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0425
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0430
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0430
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0430
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0430
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0430
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0430
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0430
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0430
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0430
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0430
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0430
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0430
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0430
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0430
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0430
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0430
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0430
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0430
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0430
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0430
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0430
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0430
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0430
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0430
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0430
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0430
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0430
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0430
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0430
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0435
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0435
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0435
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0435
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0435
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0435
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0435
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0435
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0435
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0435
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0435
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0435
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0435
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0435
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0435
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0435
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0435
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0435
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0435
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0435
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0435
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0435
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0435
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0440
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0440
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0440
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0440
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0440
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0440
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0440
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0440
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0440
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0440
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0440
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0440
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0440
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0440
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0440
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0440
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0440
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0440
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0440
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0440
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0440
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0440
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0440
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0440
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0440
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0440
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0440
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0440
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0445
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0450
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0450
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0450
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0450
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0450
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0450
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0450
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0450
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0450
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0450
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0450
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0450
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0450
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0450
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0450
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0450
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0450
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0450
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0450
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0450
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0450
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0450
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0450
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0450
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0450
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0450
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0450
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0450
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0450
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0450
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0450
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0450
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0450
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0450
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0450
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0450
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0455
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0455
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0455
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0455
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0455
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0455
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0455
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0455
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0455
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0455
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0455
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0455
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0455
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0455
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0455
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0455
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0455
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0455
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0455
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0455
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0455
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0455
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0455
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0455
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0455
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0455
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0455
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0455
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0455
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0455
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0455
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0455
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0455
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0455
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0455
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0460
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0465
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0465
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0465
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0465
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0465
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0465
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0465
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0465
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0465
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0465
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0465
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0465
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0465
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0465
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0465
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0465
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0465
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0465
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0465
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0465
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0465
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0465
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0465
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0465
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0465
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0465
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0465
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0465
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0465
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0465
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0465
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0465
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0465
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0465
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0465
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0465
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0465
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0465
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0470
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0470
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0470
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0470
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0470
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0470
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0470
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0470
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0470
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0470
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0470
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0470
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0470
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0470
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0470
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0470
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0470
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0470
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0470
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0470
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0470
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0470
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0470
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0470
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0470
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0470
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0470
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0470
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0470
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0470
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0470
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0470
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0470
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0470
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0470
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0470
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0470
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0470
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0470
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0470
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0470
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0475
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0475
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0475
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0475
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0475
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0475
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0475
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0475
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0475
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0475
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0475
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0475
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0475
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0475
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0475
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0475
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0475
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0475
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0475
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0475
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0475
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0475
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0475
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0475
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0475
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0475
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0475
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0475
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0475
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0475
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0475
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0475
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0475
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0475
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0475
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0475
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0475
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0475
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0475
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0475
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0475
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0475
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0480
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0480
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0480
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0480
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0480
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0480
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0480
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0480
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0480
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0480
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0480
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0480
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0480
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0480
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0480
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0480
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0480
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0480
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0480
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0480
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0480
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0485
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0485
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0485
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0485
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0485
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0485
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0485
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0485
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0485
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0485
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0485
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0485
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0485
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0485
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0485
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0485
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0485
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0485
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0485
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0485
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0485
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0485
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0485
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0485
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0485
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0485
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0485
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0485
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0485
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0485
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0485
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0485
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0485
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0485
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0490
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0495
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0500
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0500
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0500
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0500
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0500
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0500
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0500
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0500
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0500
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0500
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0500
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0500
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0500
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0500
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0500
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0500
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0500
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0500
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0500
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0500
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0500
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0500
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0500
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0500
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0500
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0500
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0500
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0500
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0500
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0500
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0500
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0500
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0500
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0500
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0500
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0500
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0500
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0500
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0500
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0500
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0505
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0505
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0505
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0505
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0505
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0505
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0505
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0505
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0505
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0505
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0505
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0505
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0505
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0505
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0505
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0505
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0505
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0505
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0505
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0505
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0505
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0505
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0505
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0505
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0505
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0505
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0505
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0505
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0505
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0505
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0505
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0505
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0505
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0505
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0505
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0505
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0505
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0505
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0505
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0510
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0515
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0515
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0515
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0515
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0515
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0515
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0515
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0515
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0515
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0515
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0515
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0515
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0515
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0515
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0515
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0515
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0515
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0515
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0515
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0515
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0515
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0515
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0515
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0515
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0515
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0515
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0515
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0515
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0515
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0515
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0515
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0515
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0515
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0515
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0515
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0515
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0515
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0515
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0515
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0515
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0515
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0515
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0520
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0520
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0520
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0520
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0520
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0520
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0520
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0520
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0520
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0520
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0520
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0520
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0520
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0520
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0520
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0520
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0520
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0520
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0520
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0520
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0520
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0520
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0520
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0520
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0520
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0520
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0520
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0520
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0520
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0520
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0520
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0520
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0520
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0520
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0520
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0520
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0520
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0525
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0525
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0525
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0525
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0525
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0525
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0525
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0525
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0525
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0525
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0525
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0525
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0525
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0525
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0525
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0525
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0525
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0525
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0525
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0525
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0525
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0525
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0525
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0525
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0525
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0525
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0525
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0525
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0525
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0525
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0525
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0525
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0525
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0525
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0525
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0530
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0530
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0530
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0530
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0530
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0530
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0530
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0530
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0530
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0530
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0530
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0530
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0530
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0530
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0530
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0530
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0530
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0530
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0530
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0530
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0530
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0530
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0530
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0535
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0535
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0535
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0535
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0535
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0535
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0535
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0535
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0535
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0535
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0535
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0535
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0535
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0535
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0535
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0535
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0535
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0535
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0535
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0535
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0535
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0535
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0535
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0535
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0535
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0535
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0535
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0535
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0535
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0535
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0535
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0535
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0535
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0535
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0535
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0540
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0540
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0540
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0540
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0540
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0540
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0540
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0540
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0540
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0540
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0540
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0540
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0540
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0540
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0540
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0540
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0540
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0540
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0540
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0540
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0540
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0540
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0540
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0540
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0540
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0540
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0540
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0540
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0540
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0540
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0540
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0540
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0540
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0540
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0540
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0545
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0545
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0545
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0545
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0545
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0545
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0545
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0545
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0545
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0545
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0545
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0545
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0545
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0545
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0545
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0545
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0545
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0545
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0550
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0550
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0550
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0550
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0550
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0550
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0550
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0550
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0550
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0550
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0550
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0550
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0550
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0550
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0550
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0550
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0550
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0550
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0550
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0550
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0550
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0550
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0550
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0550
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0550
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0550
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0550
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0550
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0550
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0550
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0550
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0550
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0550
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0550
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0550
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0550
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0555
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0555
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0555
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0555
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0555
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0555
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0555
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0555
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0555
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0555
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0555
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0555
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0555
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0555
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0555
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0555
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0555
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0555
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0555
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0555
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0555
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0555
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0555
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0555
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0555
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0555
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0555
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0555
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0560
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0560
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0560
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0560
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0560
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0560
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0560
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0560
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0560
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0560
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0560
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0560
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0560
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0560
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0560
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0560
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0560
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0560
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0565
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0565
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0565
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0565
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0565
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0565
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0565
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0565
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0565
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0565
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0565
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0565
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0565
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0565
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0565
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0565
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0565
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0565
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0565
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0565
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0565
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0565
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0565
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0565
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0565
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0565
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0565
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0570
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0570
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0570
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0570
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0570
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0570
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0570
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0570
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0570
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0570
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0570
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0570
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0570
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0570
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0570
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0570
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0570
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0570
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0570
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0570
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0570
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0570
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0570
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0570
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0570
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0570
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0570
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0570
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0570
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0570
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0570
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0575
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0575
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0575
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0575
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0575
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0575
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0575
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0575
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0575
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0575
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0575
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0575
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0575
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0575
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0575
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0575
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0575
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0575
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0575
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0575
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0575
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0575
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0575
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0575
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0575
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0575
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0575
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0575
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0575
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0575
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0575
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0575
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0575
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0575
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0575
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0575
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0575
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0575
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0575
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0575
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0580
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0580
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0580
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0580
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0580
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0580
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0580
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0580
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0580
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0580
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0580
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0580
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0580
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0580
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0580
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0580
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0580
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0580
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0580
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0580
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0580
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0580
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0580
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0580
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0580
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0580
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0580
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0580
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0580
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0580
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0580
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0580
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0580
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0580
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0580
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0585
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0585
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0585
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0585
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0585
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0585
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0585
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0585
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0585
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0585
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0585
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0585
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0585
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0585
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0585
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0585
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0585
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0585
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0585
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0585
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0585
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0585
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0585
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0585
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0585
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0590
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0590
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0590
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0590
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0590
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0590
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0590
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0590
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0590
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0590
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0590
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0590
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0590
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0590
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0590
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0590
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0590
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0590
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0590
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0590
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0590
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0590
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0590
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0590
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0590
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0590
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0590
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0590
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0590
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0590
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0590
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0590
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0590
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0590
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0590
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0590
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0590
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0590
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0590
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0590
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0590
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0590
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0595
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0595
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0595
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0595
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0595
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0595
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0595
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0595
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0595
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0595
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0595
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0595
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0595
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0595
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0595
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0595
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0595
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0595
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0595
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0595
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0595
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0595
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0595
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0595
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0595
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0595
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0595
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0595
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0600
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0600
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0600
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0600
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0600
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0600
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0600
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0600
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0600
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0600
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0600
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0600
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0600
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0600
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0600
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0600
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0600
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0600
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0600
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0600
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0600
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0600
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0600

Infusion intracerebroventricular de LCR y cambios histologicos en cerebro y médula

223

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Beers DR, Zhao W, Liao B, Kano O, Wang J, Huang A,
et al. Neuroinflammation modulates distinct regional and tem-
poral clinical responses in ELA mice. Brain Behav Immun.
2011;25:1025-35.

Bajetto A, Bonavia R, Barbero S, Florio T, Schettini G. Chemo-
kines and their receptors in the central nervous system. Front
Neuroendocrinol. 2001;22:147—84.

Hamo L, Stohlman SA, Otto-Duessel M, Bergmann CC. Dis-
tinct regulation of MHC molecule expression on astrocytes
and microglia during viral encephalomyelitis. Glia. 2007;55:
1169—77.

Migheli A, Cordera S, Bendotti C, Atzori C, Piva R, Schiffer D.
Amyotrophic lateral sclerosis: Disease stage related changes of
tau protein and S100 beta in cerebrospinal fluid and creatine
kinase in serum. Neurosci Lett. 1999;261:25—8.

Stssmuth SD, Sperfeld AD, Hinz A, Brettschneider J, Endruhn S,
Ludolph AC, et al. CSF glial markers correlate with survival in
amyotrophic lateral sclerosis. Neurology. 2010;74:982—7.
Stissmuth SD, Tumani H, Ecker D, Ludolph AC. S-100beta protein
isupregulated in astrocytes and motor neurons in the spinal cord
of patients with amyotrophic lateral sclerosis. Neurosci Lett.
2003;353:57—-60.

Shobha K, Alladi PA, Nalini A, Sathyaprabha TN, Raju TR. Expo-
sure to CSF from sporadic amyotrophic lateral sclerosis patients
induces morphological transformation of astroglia and enhan-
ces GFAP and S100beta expression. Neurosci Lett. 2010;473:
56—61.

Kato S, Hayashi H, Nakashima K, Nambo E, Kato M, Hirano A,
et al. Pathological characterization of astrocityc hyaline inclu-
sions in familiar amyotrophic lateral sclerosis. Am J Pathol.
1997;151:611-20.

Mizuno Y, Amari M, Takatama M, Aizawa H, Mihara B, Okamoto
K. Transferrin localizes in Bunina bodies in amyotrophic lateral
sclerosis. Acta Neuropathol. 2006;112:597—603.

Okamoto K, Mizuno Y, Fujita Y. Bunina bodies in amyotrophic
lateral sclerosis. Neuropathology. 2008;28:109—15.

Beaulieu JM, Nguyen MD, Julien JP. Late onset of motor neu-
rons in mice overexpresing wild-type peripherin. J Cell Biol.
1999;147:531—44.

Zhou H, Li XM, Meinkoth J, Pittman RN. AKT regulates cell sur-
vival and apoptosis at a postmitochondrial level. J Cell Biol.
2000;151:483—94.

Wagey R, Pelech SL, Duronio V, Krieger C. Phosphatidylinositol
3-kinase: Increased activity and protein level in amyotrophic
lateral sclerosis. J Neurochem. 1998;71:716—22.

Warita H, Manabe Y, Murakami T, Shiro Y, Nagano I, Abe K. Early
decrease of survival signal-related proteins in spinal motor neu-
rons of presymptomatic transgenic mice with a mutant SOD1
gene. Apoptosis. 2001;6:345—-52.

Koh SH, Kim SH, Kwon H, Kim JG, Kim JH, Yang KH, et al. Epiga-
llocatechin gallate prevents oxidative-stress-induced death of
mutant Cu/Zn-superoxide dismutase (G93A) motoneuron cells
by alteration of cell survival and death in ALS. Neurotoxicology.
2004;25:793—-802.

62.

63.

64.

65.

66.

67.

68.

69.

70.

7.

72.

73.

74.

Yoshiyama Y, Yamada T, Asanuma K, Asahi T. Apoptosis rela-
ted antigen, Le(Y) and nick-end labeling are positive in spinal
motor neurons in amyotrophic lateral sclerosis. Acta Neuropat-
hol. 1994;88:207—11.

Yi FH, Lautrette C, Vermot-Desroches C, Bordessoule D, Coura-
tier P, Wijdenes J, et al. In vitro induction of neuronal apoptosis
by anti-Fas antibody-containing sera from amyotrophic lateral
sclerosis patients. J Neuroimmunol. 2000;109:211-20.
Matias-Guiu J, Garcia-Ramos R, Galan L, Barcia J. Neu-
ronal death in amyotrofic lateral sclerosis. Neurologia.
2008;23:518—-29.

Puttaparthi K, Gitomer WL, Krishnan U, Son M, Rajendran
B, Elliott JL. Disease progression in a transgenic model of
familial amyotrophic lateral sclerosis is dependent on both
neuronal and non-neuronal zinc binding proteins. J Neurosci.
2002;22:8790—6.

Tokuda E, Okawa E, Watanabe S, Ono S. Overexpression
of metallothionein-i, a copper-regulating protein, attenuates
intracellular copper dyshomeostasis and extends lifespan in a
mouse model of amyotrophic lateral sclerosis caused by mutant
superoxide dismutase-1. Hum Mol Genet. 2014;23:1271—85.
Nagano S, Satoh M, Sumi H, Fujimura H, Tohyama C, Yanagihara
T, et al. Reduction of metallothioneins promotes the disease
expression of familial amyotrophic lateral sclerosis mice in a
dose-dependent manner. Eur J Neurosci. 2001;13:1363—70.
Tokuda E, Ono S, Ishige K, Naganuma A, Ito Y, Suzuki T. Metallot-
hionein proteins expression, copper and zinc concentrations,
and lipid peroxidation level in a rodent model for amyotrophic
lateral sclerosis. Toxicology. 2007;229:33—41.

Tokuda E, Watanabe S, Okawa E, Ono S. Regulation of intra-
cellular copper by induction of endogenous metallothioneins
improves the disease course in a mouse model of amyotrophic
lateral sclerosis. Neurotherapeutics. 2015;12:461—76.

Ishigaki S, Niwa J, Ando Y, Yoshihara T, Sawada K, Doyu M, et al.
Differentially expressed genes in sporadic amyotrophic lateral
sclerosis spinal cords—screening by molecular indexing and sub-
sequent cDNA microarray analysis. FEBS Lett. 2002;531:354—8.
Hashimoto K, Hayashi Y, Watabe K, Inuzuka T, Hozumi I.
Metallothionein-mi prevents neuronal death and prolongs life
span in amyotrophic lateral sclerosis model mice. Neuroscience.
2011;189:293-8.

Del Canto MC, Gurney ME. Neuropathological changes in two
lines of mice carryng a transgene for mutant human Cu, Zn
SOD and in mice overespressing wild type human SOD: A model
of familiar amyotrophic lateral sclerosis (FELA). Brain Res.
1995;676:25—40.

Mourelatos Z, Gonatas NK, Stieber A, Gurney ME, dal Canto MC.
The Golgi apparatus of spinal cord motor neurons in transgenic
mice expressing mutant Cu, Zn superoxide dismutase becomes
fragmented in early, preclinical stages of the disease. Proc Natl
Acad Sci U S A. 1996;93:5472—7.

Durant J, Amendola J, Bories C, Lamotte d’Incamps B. Early
abnormalities in transgenic mouse models of amyotrophic late-
ral sclerosis. J Physiol. 2006;99:211—-20.


http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0605
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0605
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0605
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0605
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0605
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0605
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0605
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0605
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0605
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0605
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0605
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0605
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0605
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0605
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0605
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0605
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0605
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0605
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0605
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0605
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0605
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0605
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0605
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0605
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0605
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0605
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0605
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0605
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0605
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0605
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0605
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0605
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0605
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0605
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0610
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0610
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0610
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0610
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0610
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0610
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0610
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0610
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0610
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0610
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0610
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0610
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0610
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0610
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0610
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0610
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0610
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0610
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0610
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0610
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0610
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0610
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0610
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0610
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0610
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0610
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0615
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0615
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0615
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0615
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0615
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0615
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0615
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0615
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0615
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0615
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0615
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0615
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0615
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0615
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0615
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0615
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0615
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0615
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0615
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0615
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0615
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0615
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0615
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0615
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0615
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0615
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0615
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0620
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0620
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0620
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0620
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0620
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0620
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0620
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0620
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0620
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0620
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0620
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0620
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0620
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0620
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0620
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0620
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0620
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0620
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0620
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0620
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0620
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0620
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0620
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0620
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0620
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0620
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0620
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0620
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0620
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0620
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0620
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0620
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0620
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0620
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0620
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0620
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0620
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0620
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0620
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0625
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0625
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0625
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0625
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0625
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0625
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0625
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0625
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0625
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0625
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0625
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0625
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0625
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0625
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0625
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0625
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0625
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0625
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0625
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0625
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0625
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0625
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0625
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0625
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0625
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0625
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0625
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0625
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0625
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0630
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0630
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0630
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0630
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0630
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0630
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0630
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0630
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0630
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0630
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0630
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0630
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0630
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0630
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0630
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0630
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0630
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0630
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0630
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0630
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0630
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0630
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0630
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0630
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0630
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0630
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0630
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0630
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0630
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0630
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0630
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0630
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0630
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0635
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0635
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0635
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0635
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0635
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0635
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0635
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0635
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0635
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0635
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0635
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0635
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0635
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0635
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0635
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0635
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0635
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0635
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0635
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0635
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0635
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0635
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0635
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0635
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0635
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0635
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0635
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0635
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0635
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0635
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0635
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0635
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0635
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0635
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0635
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0635
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0635
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0635
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0635
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0635
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0640
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0640
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0640
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0640
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0640
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0640
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0640
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0640
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0640
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0640
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0640
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0640
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0640
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0640
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0640
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0640
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0640
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0640
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0640
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0640
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0640
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0640
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0640
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0640
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0640
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0640
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0640
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0640
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0640
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0640
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0640
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0640
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0640
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0640
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0645
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0645
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0645
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0645
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0645
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0645
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0645
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0645
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0645
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0645
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0645
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0645
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0645
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0645
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0645
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0645
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0645
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0645
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0645
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0645
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0645
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0645
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0645
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0645
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0645
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0645
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0645
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0645
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0645
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0650
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0650
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0650
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0650
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0650
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0650
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0650
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0650
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0650
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0650
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0650
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0650
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0650
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0650
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0650
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0650
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0650
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0650
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0650
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0655
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0655
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0655
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0655
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0655
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0655
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0655
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0655
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0655
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0655
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0655
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0655
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0655
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0655
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0655
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0655
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0655
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0655
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0655
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0655
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0655
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0655
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0655
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0655
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0660
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0660
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0660
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0660
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0660
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0660
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0660
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0660
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0660
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0660
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0660
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0660
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0660
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0660
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0660
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0660
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0660
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0660
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0660
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0660
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0660
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0660
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0660
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0660
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0660
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0660
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0665
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0665
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0665
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0665
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0665
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0665
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0665
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0665
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0665
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0665
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0665
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0665
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0665
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0665
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0665
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0665
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0665
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0665
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0665
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0665
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0665
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0665
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0665
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0665
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0665
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0665
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0665
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0665
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0670
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0670
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0670
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0670
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0670
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0670
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0670
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0670
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0670
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0670
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0670
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0670
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0670
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0670
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0670
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0670
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0670
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0670
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0670
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0670
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0670
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0670
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0670
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0670
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0670
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0670
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0670
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0670
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0670
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0670
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0670
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0670
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0670
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0670
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0670
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0670
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0670
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0670
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0670
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0670
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0675
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0680
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0680
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0680
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0680
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0680
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0680
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0680
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0680
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0680
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0680
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0680
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0680
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0680
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0680
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0680
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0680
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0680
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0680
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0680
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0680
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0680
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0680
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0680
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0680
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0680
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0680
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0680
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0680
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0680
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0680
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0680
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0680
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0680
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0680
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0680
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0680
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0680
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0685
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0685
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0685
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0685
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0685
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0685
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0685
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0685
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0685
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0685
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0685
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0685
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0685
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0685
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0685
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0685
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0685
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0685
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0685
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0685
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0685
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0685
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0685
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0685
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0685
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0685
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0685
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0685
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0685
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0685
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0685
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0685
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0685
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0685
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0685
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0685
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0685
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0685
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0685
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0690
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0690
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0690
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0690
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0690
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0690
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0690
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0690
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0690
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0690
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0690
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0690
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0690
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0690
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0690
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0690
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0690
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0690
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0690
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0695
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0695
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0695
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0695
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0695
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0695
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0695
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0695
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0695
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0695
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0695
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0695
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0695
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0695
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0695
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0695
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0695
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0695
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0695
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0695
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0695
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0695
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0695
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0695
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0695
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0695
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0695
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0695
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0695
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0695
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0695
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0695
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0695
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0695
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0695
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0695
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0695
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0695
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0700
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0705
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0705
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0705
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0705
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0705
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0705
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0705
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0705
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0705
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0705
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0705
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0705
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0705
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0705
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0705
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0705
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0705
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0705
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0705
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0705
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0705
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0705
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0705
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0705
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0705
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0705
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0705
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0705
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0705
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0705
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0705
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0705
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0705
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0705
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0705
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0705
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0705
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0705
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0705
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0705
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0705
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0705
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0710
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0710
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0710
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0710
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0710
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0710
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0710
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0710
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0710
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0710
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0710
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0710
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0710
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0710
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0710
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0710
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0710
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0710
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0710
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0710
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0710
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0710
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0710
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0710
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0710
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0710
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0710
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0710
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0710
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0710
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0710
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0710
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0710
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0710
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0710
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0710
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0710
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0710
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0710
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0710
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0710
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0715
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0715
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0715
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0715
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0715
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0715
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0715
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0715
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0715
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0715
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0715
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0715
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0715
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0715
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0715
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0715
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0715
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0715
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0715
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0715
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0715
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0715
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0715
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0715
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0715
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0715
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0715
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0715
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0715
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0715
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0715
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0715
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0715
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0715
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0715
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0715
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0715
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0720
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0720
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0720
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0720
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0720
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0720
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0720
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0720
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0720
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0720
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0720
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0720
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0720
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0720
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0720
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0720
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0720
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0720
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0720
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0720
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0720
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0720
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0720
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0720
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0720
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0720
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0720
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0720
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0720
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0720
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0720
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0720
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0720
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0720
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0720
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0720
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0720
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0720
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0720
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0720
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0720
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0720
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0725
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0725
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0725
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0725
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0725
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0725
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0725
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0725
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0725
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0725
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0725
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0725
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0725
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0725
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0725
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0725
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0725
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0725
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0725
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0725
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0725
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0725
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0725
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0725
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0725
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0725
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0725
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0725
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0725
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0725
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0725
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0725
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0730
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0730
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0730
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0730
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0730
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0730
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0730
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0730
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0730
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0730
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0730
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0730
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0730
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0730
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0730
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0730
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0730
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0730
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0730
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0730
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0730
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0730
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0730
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0730
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0730
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0730
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0730
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0730
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0730
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0730
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0730
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0730
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0730
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0730
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0730
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0730
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0730
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0730
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0730
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0730
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0730
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0730
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0730
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0735
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0740
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0740
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0740
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0740
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0740
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0740
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0740
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0740
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0740
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0740
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0740
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0740
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0740
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0740
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0740
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0740
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0740
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0740
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0740
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0740
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0740
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0740
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0740
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0740
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0740
http://refhub.elsevier.com/S0213-4853(16)30167-0/sbref0740

	La infusión intracerebroventricular prolongada de líquido cefalorraquídeo procedente de pacientes con esclerosis lateral a...
	Introducción
	Material y métodos
	Recolección de líquido cefalorraquídeo y preparación de ELA-LCR citotóxicos (cELA-LCR)
	Animales
	Grupos experimentales
	Administración intracerebroventricular de cELA-LCR o no-ELA-LCR
	Evaluaciones clínicas
	Examen electromiográfico
	Sacrificio de los animales
	Análisis de histoquímica e inmunofluorescencia
	Cuantificación de datos inmunohistoquímicos
	GFAP, IBA1, caspasa-3 y MHC-II
	Periferina, S100B, panAKT, fosfoAKT y medición de metalotioneína

	Análisis estadístico

	Resultados
	Evaluaciones clínicas y electromiográficas
	Activación microglial y expresión de GFAP, S100B, GLT1 y la caspasa-3
	Expresión de panAKT y fosfoAKT
	Expresión de periferina
	Co-expresión de cistatina C, transferrina, ubiquitina y TDP-43
	Metalotioneínas

	Discusión
	Financiación
	Conflicto de intereses
	Agradecimientos
	Bibliografía


