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INTRODUCCION

1- DEFINICION DE SINDROME ANTIFOSFOLIPIDICO

El sindrome antifosfolipidico (APS) es un trastorno autoinmune multisistémico
caracterizado por la aparicion de episodios de trombosis y/o morbilidad gestacional en
pacientes que presentan en la sangre anticuerpos antifosfolipidico (aPL) (1). La primera
descripcion del APS fue hecha por Graham Hughes en 1983 y en ella se definié el sindrome
como una triada compuesta por 1) trombosis 2) morbilidad gestacional (sobretodo pérdidas

fetales prematuras y recurrentes y 3) alteraciones hematoldgicas (trombocitopenia y anemia)
(2).

Los aPL son un grupo heterogéneo de autoanticuerpos que reconocen fosfolipidos
aislados, fosfolipidos formando complejos con proteinas asociados o a las propias proteinas de
union a fosfolipidos de forma aislada (sin estar asociadas a fosfolipidos). Al contrario que en
la mayoria de los procesos autoinmunes asociados a la presencia de los mismos se encuentra
fuera del torrente circulatorio, los antigenos reconocidos por los aPL se encuentran
fisiologicamente en la sangre humana, ya sea en forma soluble o asociados con otras
moléculas situadas en la membrana de células endoteliales, plaguetas y otras células

involucradas en la cascada de coagulacion (3, 4).

Aunqgue el APS se conoce como tal desde hace 35 afos, la existencia de los aPL y su
asociacion con patologia humana se conoce desde mucho antes (principios del siglo XX) y
se describieron tras la introduccion de las primeras pruebas seroldgicas para el diagndstico

de la sifilis.

Wasserman describiéo un método (basado en la fijacion del complemento) que permitia
detectar en la sangre de los pacientes con sifilis reactividad frente a extractos antigénicos
obtenidos de higados de fetos fallecidos a causa de la sifilis. Con posterioridad se demostro
que esta reactividad también se conseguia si se usaban como antigenos extractos de higado
corazén sanos, tanto humanos como de otros mamiferos. Segun se profundizé en el estudio
de esta reactividad se evidencié que la mejor fuente para obtener antigenos era el corazon de
buey y que el antigeno concreto que reconocian los anticuerpos era el difosfatidilglicerol
(cardiolipina). Este hallazgo permitié perfeccionar el sistema diagndstico usando

cardiolipina (CL) purificada estabilizada con lecitina y colesterol (5).



Ya desde los primeros afios en los que se empezo a utilizar el test de Wasserman para
diagndstico de la sifilis se detectd que existian individuos que resultaban falsos positivos
para este test. Se trataba de personas que no sélo no tenian la enfermedad sino que jama
habian estado en contacto con el agente causante de la Bigisnéma pallidum) (6).

Moore y Mohr en 1952 realizaron un estudio sistematico en el que definieron que los falsos
positivos podian aparecer en dos situaciones: 1) de forma transitoria en la convalecencia de
enfermedades infeccionas o tras la administracion de vacunas, y 2) de forma persistente en
personas que padecian procesos autoinmunes (6, 7). En ese mismo afio se publicaron dos casc
de pacientes que padecian Lupus Eritematoso Sistémico (LES) y presentaban un tiempo de
protrombina alargado pero la adicion del plasma de de personas sanas no solo no revertia el
test sino que cuando el plasma de los enfermos de LES se agregaba al plasma de persona:
sanas, se prolongaba también el tiempo de coagulacion en los sanos. Esto llevd a considerar
que en la sangre de los pacientes con LES existia un factor que se comportaba como
anticoagulantén vitro el anticoagulante lipico (AL). Durante muchos afios se consideré que

la presencia del AL era un hallazgo sin relevancia clinica porque los pacientes con AL solo
tenian efecto anticoagulantes en las pruebas de laboratorio y no tenia ninguna repercusion
clinica en forma de hemorragiasvivo. Esta actitud cambio radicalmente cuando Bowie y

col. relacionaron la presencia de AL con la aparicion de eventos tromboticos (8) y Nilsson y
col. describieron la asociacién de la presencia del AL con la aparicion de abortos de
repeticion, dejando definida la asociacion patogénica de la presencia del AL que conocemos

en la actualidad (6).

La implementacion de métodos de deteccidn de la presencia de aPL para uso en pacientes
con enfermedades autoinmunes de forma especifica comienza en 1983 cuando Harris pone a
punto un método de radioinmunoensayo destinado a detectar los anticuerpos anticardiolipina
(aCL) no relacionados con la sifilis (9).En este mismo afio es cuando Hughes, utilizando el
método de Harris, describe el APS como "Sindrome anticardiolipina™: un nuevo cuadro
clinico en pacientes con Lupus Eritematoso Sistémico. Dos afios mas tarde se decidié cambiar
el nombre de la entidad clinica por "Sindrome antifosfolipidico” (APS) que es como continda

denominandose actualmente (10).

Solo cuatro afios después de describirse el APS Charles Mackworth-Young y col.
describieron en una pequefia resefia en que el APS podia aparecer en pacientes sin Lupus
eritematoso (11).Harris propuso que a esta forma del APS se la llamase sindrome del “Cisne

negro”’(12) (“Syndrome of the black swan”), denominacion que no tuvo éxito por las dobles



interpretaciones de este término en lengua inglesa. En 1989, Asherson, Harris, Gharavi,
Hughes y Alarcon-Segovia describieron el “sindrome antifosfolipidico” “primario” (PASP),

caracterizado por la triada descrita por Hughes pero en pacientes que no padecian LES.

Muy poco tiempo despues, en 1989, se descubrié un hecho trascendental; Mientras que
los pacientes con sifilis reconocen a la cardiolipina en forma aislada, los aPL de los pacientes
con cuadros autoinmunes son incapaces de reconocerla a no ser que ésta se presente unida
un cofactor proteico (13, 14). Este descubrimiento permitié el disefio de test especificos para
detectar los cuadros autoinmunes Yy los infecciosos de forma separada. Al afio siguiente se
identificd al cofactor proteico que debe asociarse con la cardiolipina para ser reconocida por
los aCL, se trataba de la Beta-2-glicoproteina | (B2GP1), también conocida como
Apolipoproteina H (Apo H) (6).Tras la identificacion de los antigenos se realizaron diversos
intentos de estandarizacion de los ensayos diagndésticos, que llevaron a desarrollar los

criterios actuales para el diagnéstico del Sindrome Antifosfolipidico (15, 16).

B2GP1 es una proteina de cadena sencilla de 326 aminoacidos, con un peso molecular de
aproximadamente 43 kDa que fue identificada por primera vez en 1961 como ApoH.

Se trata de una glicoproteina de unidn a fosfolipidos anionicos (muy conservada
evolutivamente) que circula en la sangre a una concentracion de aproximadameaMey4-5
guese sintetiza fundamentalmente en el higado aunque también se elabora en rifién, corazén,

intestino y placenta.

Pertenece a la superfamilia de proteinas de control del complemento que se organizan en
dominios, denominadas dominios "sushi". Estos dominios son secuencias conservadas de
cadenas de unos 60 aminoacidos unidas entre si por dos puentes de disulfuro. Los primeros
cuatro dominios tienen cada uno aproximadamente 60 aminoacidos. El quinto dominio tiene
82 aminoécidos, sobre el molde clasico del dominio sushi incorpora una insercion de seis
residuos, una extension C-terminal de 19 aminoacidos y un enlace disulfuro adicional que

incluye una cisteina C-terminal.

En el dominio 5 existe una zona con varios aminoacidos lisina 282-287 que al estar cargados
positivamente confieren a B2GP1 la afinidad por los fosfolipidos anionicos y moléculas
cargadas negativamente. Adicionalmente existe un bucle hidrofébico flexible (aminoacidos
311-317), que contiene una secuencia de Trp-Lys que es potencialmente capaz de insertarse

en las membranas.



B2GP1 adquiere muchas modificaciones postraduccionales que alteran la estructura y funcion
de la molécula y la exposicion de los epitopos cripticos. Las conformaciones intercambiables
mas frecuentes son tres. La primera conformacién se basa en la estructura cristalina de la
proteina y tiene forma de "palo de hockey". La segunda conformacion, es una formacion
circular "cerrada"” en la que el dominio 1 interacciona con el dominio 5. La tercera
conformacion, en forma de S, se descubrid utilizando la dispersién de rayos X de angulo
pequefio. Las conformaciones 1y 2 se visualizaron utilizando microscopia electrénica aunque

solo existen datos cristalogréaficos de la primera conformacion (17-19).

2. FORMAS DEL SINDROME ANTIFOSFOLIPIDICO
El sindrome antifosfolipidico se puede manifestar bajo tres formas(20):

1. APS en el contexto de una enfermedad autoinmune sistémica, como el LES (SAD-APS)

(21).Fue la primera forma del sindrome que se identifico.

2. APS en forma primaria (PAPS): aparece en pacientes que no presentan ninguna enfermedad
autoinmune (22).Cuando se describio el PABSonsiderd que la forma primaria se trataba

de un estadio clinico precoz del Lupus eritematoso, que con posterioridad evolucionaria a una
sintomatologia de lupus (23). La consideracion del PAPS como una entidad independiente del
LES qued6 demostrada con un estudio multicéntrico de donde 70 pacientes con PAPS fueron
seguido por 5 afios y ninguno de ellos evolucioné a LES (24). Con estos datos, se pudo
establecer que el PAPS es una entidad distinta del LES. [15] EI PAPS es la forma mas
prevalente del APS, segun algunos autores representaria hasta el 80% de los APS(25)

aunque, pese a ello, parece estar infradiagnosticado.

3. APS catastroéfico (CAPS): Se trata de una forma de rapido inicio que implica una rapida
progresion con aparicion de trombosis multiorganicas que se asocian a una alta mortalidad
(26, 27).

Para considerar que un paciente presente un CAPS, se requiere que tenga afectados al mena
tres 6rganos, con sintomas desarrollados en unos pocos dias. La afectacion mas comun
son las microangiopatias tromboticas que afectan a vasos de pequefio calibre en mdultiples

organos (también pueden estar afectados grandes vasos).



Aunque se trata sin duda de la forma de APS con peor pronéstico: el 50% de los pacientes
fallecen por fallo multiorganico (26, 28, 29), afortunadamente es la forma de APS menos
prevalente, (se estima un 0,8 de los APS) (25).

3. DIAGNOSTICO DEL SINDROME ANTIFOSFOLIPIDICO

Desde poco después de ser definido el sindrome, se vio la necesidad de contar con unos
criterios consensuados que permitiera identificar a los pacientes que lo padecen. EIl primer
acuerdo para definicion del sindrome y la aceptacion de los criterios de identificarcion para
los pacientes fue conseguido en una reunidn internacional celebrada en 1998 en Sapporo
(Japon). En dicha reunién se acordo6 establecer unos criterios de clasificacion agrupados bajo
el epigrafe de criterios clinicos y criterios de laboratorio y se determiné que para reconocer a

los pacientes con APS se requeria la presencia de al menos un criterio de cada grupo.

Los criterios clinicos consensuados en Sapporo fueron las trombosis vasculares y la
morbilidad gestacional. Los criterios de laboratorio consistian en la presencia de aPL (AL y
aCL) detectados al menos dos veces separadas por al menos un tiempo de seis semanas (16).

En el aflo 2004 y ante la existencia de trabajos en los que se describian asociaciones de
aPL con otras manifestaciones clinicas y también la presencia de otros aPL en adicion a los
aCL y AL, se consider6 la modificacion de los criterios clinicos y de laboratorio definidos en
Sapporo dando paso, en la reunion celebrada en Sidney, a unos nuevos criterios que son los

que actualmente (2017) todavia continian en vigor y que se describen en la tabla 1 (16).

En el momento presente no existen criterios diagnésticos para el APS. Los criterios de
clasificacion del APS se disefiaron con objetivos de investigacion y con ellos se trata de
seleccionar una poblacién muy homogénea de pacientes con APS, y recoger el menor numero

posible de falsos positivos (30-32).

Los criterios de clasificacion vigentes también se han utilizado como una aproximacion a
“criterios diagnosticos”. Sin embargo, el hecho de que en su definicion se primara la
especificidad sobre la sensibilidad implica un bajo rendimiento diagnéstico y una utilidad
limitada en la practica clinica. Basar el diagndstico en criterios de clasificacion tan estancos,
no permite abarcar todo el espectro clinico de la enfermedad y dejando un gran numero de

casos sin diagnostico o mal diagnosticados (falsos negativos) (33).



Aunque se vienen realizando grandes esfuerzos para establecer unos criterios de
diagnostico, se trata una tarea muy dificil debido a la heterogeneidad en la prevalencia de la
enfermedad, la distribucion geografica y el fenotipo clinico. Esto conlleva que la decisién

diagnostica final tenga que quedar bajo el criterio del clinico que estudia a cada paciente (34).

Tabla 1. Criterios de Clasificacion del APS establecidos en Sidney.

Tabla confeccionada a partir de los datos de Miyakis et al. 2006. J Thromb Haemost 4: 295-306

Uno o mas episodios clinicos de trombosis arterial, venosa o de

. pequefios vasos en cualquier tejido u 6rgano.

Trombosis vascular La trombosis debe ser confirmada de forma inequivoca con criterios objetivos validados como
estudios de imagen o histopatologia. No debe existir evidencia significativa de inflamacion en la
pared del vaso.

Una o mas muertes inexplicables de un feto morfolégicamente normal a
Criterios partir de la décima semana de gestacion.

Clinicos

Uno o més nacimientos prematuros de un neonato morfolégicamente
Morbilidad del embarazo normal antes de la semana 34 de gestacién debido a eclampsia o
insuficiencia placentaria

Tres 0 mas abortos espontaneos consecutivos inexplicados antes de la
102 semana de gestacién, en ausencia de anomalias cromosdmicas en
los progenitores y de defectos anatomicos o hormonales maternos

Presente en plasma, en dos 0 mas ocasiones detectado de acuerdo con
Anticoagulante IGpico (AL) las directrices de la Sociedad Internacional de Trombosis y Hemostasia
(Subcomité Cientifico de AL / anticuerpos dependientes de fosfolipidos).

Criterios de Anticuerpos anticardiolipina De Isotipo IgG y / 0 IgM. En dos o mas ocasiones separadas al menos
laboratorio P P 12 semanas. A titulo superior al percentil 99 o mayor de 40 GPL o MPL.

De Isotipo IgG y / 0 IgM. En dos o mas ocasiones separadas al menos

ARIELEABEE G Eliespm iz 12 semanas. A titulo superior al percentil 99.

3.1 Criterios clinicos
Trombosis

Es la oclusion parcial o total de un vaso sanguineo por coagulos generados tras la
activacion de la cascada de la coagulacion y localizada en cualquier zona del arbol vascular,
tanto en arterias, venas como capilares. Por ello, el espectro de fenotipos clinicos observables

en pacientes con APS puede ser tan amplio (34).

Para poder considerar la trombosis como evento APS (segun los criterios de clasificacion),

ésta debe ser confirmada objetivamente ya sea por técnicas de imagen, ultrasonidos o



histopatologia. En los estudios histopatolégicos, solo se puede considerar una trombosis como
asociada al APS cuando no existen signos de inflamacion significativa en la pared vascular.
Es importante descartar las caracteristicas inflamatorias ya que podrian corresponder

inflamacion a otras causas distintas del APS, como las vasculitis (16).

La etiologia de la trombosis es multiple. Los factores autoinmunes y el APS en patrticular
son responsables de una proporcidn pequefia de pacientes. La mayoria de trombosis ocurrer
en el contexto de otras patologias (24, 35, 36) como arteriosclerosis, alteraciones en los
factores de coagulacion, lesiones del endotelio vascular o valvulas cardiacas, o como fruto de
alteraciones de la circulacion como es el caso de las arritmias como la fibrilacion auricular
(37, 38).Por esta razdn en muchas ocasiones se llega al diagndstico de APS por exclusion,
después de haber desechado otras etiologias y eso minimiza la visibilidad del APS.

La Alianza APS para Ensayos Clinicos y Redes Internacionales (APS ACTION) publico en
2013 unas estimaciones de la prevalencia de aPL de consenso en varios grupos clinicos con
caracteristicas clinicas compatibles con APS encontrando que eran positivos para aPL (y por
tanto cumplian los criterios de consensos) el 10% de las trombosis venosas profundas, el 11%
de los infartos de miocardio y el 13,5% de los Ictus (39, 40). Pese ello se trata de una
estimacion y son necesarios nuevos estudios prospectivos para definir de forma real cual es el

papel del APS en la practica clinica
Trombosis venosas

La trombosis venosa (TV) es la manifestacion clinica mas frecuente en los pacientes con
APS (55%) y constituye la tercera patologia vascular mas prevalente (41). Puede afectar a
cualquier vaso de cualquier 6rgano aunque la que mas comunmente se observa es la TV de
miembros inferiores. La mayor complicacion derivada de las TV es el tromboembolismo
pulmonar, (TEP) que puede ocurrir hasta en el 50% de los pacientes sin tratamiento para la
TV (24, 35, 36).

Las trombosis venosas diagnosticadas en el APS son trombosis venosas profundas
(TVP). Las trombosis venosas superficiales (TVS), tienen una transicion mas rapida, y no son
faciles de detectar ni confirmar, por esas razones estan infradiagnosticadas. Cuando se
sospecha una TVS se suele instaurar un tratamiento profilactico en el mismo acto médico, sin
esperar al diagnostico de confirmacion (estudio de imagen o histopatologico). En la mayoria
de las situaciones el diagnostico de confirmacion no llega a realizarse por lo que no se tiene

certeza de la existencia del trombo y, por tanto, no cumple criterios para clasificarse como



APS. Las TVS suelen aparecer de forma aislada y circunscritas a un territorio concreto.
También pueden detectarse formando parte de un estatus tromboético generalizado en la
microangiopatia trombaotica y en el APS catastrofico (24, 35, 36).

Embolia pulmonar

Los trombos originados en la circulacion venosa periférica pueden desprenderse de su
lugar de origen y circular a lo largo del territorio venoso, siguiendo el flujo fisiologico de la
sangre, hasta impactarse en ramas de las arterias pulmonares, la mayoria de estos émbolo
proceden del sistema venoso profundo de las extremidades inferiores desde donde se
desprendieron para, acabar en una de las ramificaciones de la arteria pulmonar que tenga
menor diametro que el trombo . Las TEP se consideran complicaciones de una TVP, aunque
no siempre se llega al diagndstico de ambas entidades puesto que entre 40 y 60 % de los
pacientes con TVP desarrollan TEP asintomatico (42). EI 70% de los pacientes que
desarrollan una embolia pulmonar (EP) presentan con anterioridad factores de riesgo como
trastornos de hipercoagulabilidad, inmovilizacién prolongada, cirugia reciente, y neoplasias.
En el 30% restante no se encuentra ninguna situacion predisponerte (41).

Trombosis arterial

En los pacientes con APS, las trombosis arteriales mas frecuentes se localizan en el
sistema nervioso central (50%), siguen en frecuencia las que afectan al corazon (25%) vy el
resto afectan al ojo (arteria central de la retina), rifién, higado y arterias periféricas (24, 35,
36).

Microangiopatia trombatica:

Se entiende como microangiopatia trombaética (MAT) la presencia de micro trombosis
localizadas o difusas(43). Aunque se trata de un sindrome que engloba procesos patolégicos
con etiologia diferente, las MAT presenta una seria caracteristicas clinicas comunes:
trombocitopenia, anemia hemolitica microangiopatica, y trombosis microvascular, que

conducen a la isquemia de érganos y a la disfuncion de miocardio.

La microangiopatia tromboética mas comudn y quizas la mejor conocida es el sindrome
urémico hemolitico, entidad que se origina en el contexto de una infeccién por Escherichia
coli O157:H7 enterohemorragica productora de la toxina Shiga, que tiene un elevado tropismo
por el receptor Gb3 de las células endoteliales glomerulares, produciendo activacion
endotelial y sintesis de factor tisular, que deriva en trombosis microvascular, ademas también

afecta a hematies y plaquetas, de ahi viene la clinica de insuficiencia renal, anemia hemolitica



y trombocitopenia (44). Existe también el sindrome urémico hemolitico atipico, que es
causado por mutaciones proteinas reguladoras del complemento, la mutacion mas conocida se
da en el factor H del complemento (45) y también en el contexto de un proceso autoinmune en

el que aparecen autoanticuerpos frente al factor H (46).

La MAT puede manifestarse como otras entidades clinicas como el sindrome de HELLP
(Gestantes con Anemia hemolitica, elevacion de enzimas hepaticas, trombocitopenia y
coagulopatia de consumo) (47), el sindrome de coagulacién intravascular diseminada, formas
inducidas por farmacos, hipertension maligna, esclerosis sistémica y el propio sindrome
antifosfolipidico (48, 49) en donde es especialmente grave en la forma catastréfica del

sindrome donde se puede identificar en cerca del 16% de los pacientes (43).
Manifestaciones obstétricas
La morbilidad del embarazo asociada a APS se describe en la tabla 1.

3.2 Caracteristicas clinicas asociadas al APS pero no incluidas en los criterios de

clasificacion

Desde la udltima revisién de los criterios de clasificacidon en Sidney 2004, numerosos
estudios tanto basicos como clinicos sugieren la necesidad de una revision amplia que incluya
nuevas caracteristicas clinicas y marcadores de laboratorio. Existen entidades clinicas que
tienen una fuerte asociacién con la presencia de aPL que no se incluyeron en los criterios de
clasificaciéon del APS por no existir unanimidad en su aceptacién debido a que entonces
existian pocos datos o porque estos no presentaban un nivel de evidencia insuficiente (16). En
los dltimos afos diversos estudios han ido aportando informacion cada vez mas completa y
han aparecido evidencias cientificas de las que anteriormente no se disponia. Por ello muchos
autores consideran a est#erios no consensuadogomo signos altamente sugerentes de
APS e incluso algunos de ellos se han incorporado en algoritmos diagnosticos para la toma

de decisiones clinicas y terapéuticas.

Estas son las manifestaciones clinicas “extra-criterios” de clasificacion mas frecuentemente

observadas en los pacientes:
Manifestaciones cardiacas:

Se ha descrito hasta un 65% de valvulopatias (disfuncion o vegetaciones entre otras) han
sido diagnosticadas con sindrome antifosfolipidico sin Lupus Eritematoso Sistémico

asociado, sin embargo, el mecanismo fisiopatolégico de la lesion valvular provocada por los



aPL aun no se conoce. Este tipo de valvulopatia en pacientes aPL positivos tiene unas
caracteristicas propias entre las que se incluyen, engrosamiento de >3mm en porcion proximal
de la valva, nodulos irregulares en cara vascular de la valvula adrtica o en cara auricular de la
valvula mitral (50). De hecho, la valvulopatia relacionada con aPL se ha asociado a

manifestaciones neuroldgicas satélite APS como la migrafa, isquemia o epilepsia (51).
Manifestaciones neuroldgicas

Hasta ahora, en los criterios de clasificacion solamente se incluyen la apoplejia, accidente
isquémico transitorio y la trombosis cerebral. Sin embargo, otras manifestaciones no
vasculares asociadas a presencia de aPL entre las que se incluyen una amplia gama de cuadrc
neuroldgicos, psicologicos y psiquiatricos como cefalea, migrafa, trastorno bipolar, mielitis
transversa, demencia, corea, ataques epilépticos, lesiones multiples similares a la esclerosis ,
psicosis, deterioro cognitivo, sindrome de Tourette, parkinsonismo, distonia, amnesia global
transitoria, trastorno obsesivo compulsivo y leucoencefalopatia, La disfuncion cognitiva,
ciertos tipos de migrafia, mielopatia transversa, epilepsia y ciertos tipos de depresioén son otras

manifestaciones asociadas a los aPL (16, 52).

En los dltimos afios se esta investigando mucho en la posible implicacién de los aPL en el
deterioro cognitivo, en un estudio se ha visto que pacientes con aPL en resonancia magnética
se ve una sobreactivacion cortical frente a los controles sanos, posiblemente debido a un

mecanismo compensatorio por pérdida de sustancia blanca (53).
Manifestaciones cutaneas

La manifestacion mas fuertemente asociada a la persistencia de aPL es la Livedo
Reticularis, la cual se presenta principalmente en pacientes con APS secundario a Lupus
Eritematoso Sistémico. Consiste en un patron purpura moteado y reticulado de venas
superficiales. La Livedo Reticularis puede estar asociada a eventos tromboticos, y no
solamente en pacientes con LES (54). Otras patologias cutaneas asociadas son: flebitis

superficiales, gangrena o ulceras (55).
Manifestaciones renales

El rifidn es una de las principales dianas para los aPL, pudiéndose dar trombos en
cualquier ubicaciéon del arbol vascular renal asi como trombosis de los vasos del trasplante

renal (como veremos mas adelante).
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Histopatologicamente las lesiones renales en forma de trombos asi como la presencia de
fendmenos de recanalizacion focal en el lugar de formacion del trombo. Se pueden dividir en
agudas, que se suelen dar en forma de microangiopatia trombotica, o bien crénicas, en forma
de nefroangiosclerosis, hiperplasia fibrosa de la intima y atrofia cortical focal. Estas lesiones
se han observado tanto en pacientes APS asociado a LES, como en pacientes con APS sin
enfermedad autoinmune asociada. Aunque hay que destacar que para poder considerar las
lesiones histopatologicas como causa de los aPL, no debe existir inflamacion en la pared
vascular, ya que en caso de ser asi, las lesiones son causa de la nefritis IUpica por depdsito de

inmunocomplejos (56, 57).

La presencia de trombocitopenia se considera de importancia critica para el manejo de
pacientes con APS , ademas de ser una de las manifestaciones mas frecuentes del APS coil
porcentajes que oscilan entre el 20 y 50%, algunas series encuentran diferencias significativas
en la incidencia de trombopenia entre APS sin enfermedad autoinmune asociada y APS
asociado a otras enfermedades autoinmunes, con un 23,1% frente a un 41,9% respectivamente
(58), sin embargo en otros estudios no han apreciado estas diferencias entre ambos grupos
(36). La trombocitopenia causada por aPL se debe sospechar tras descartar las causas ma
frecuentes de trombocitopenia, incluso en ausencia de otras manifestaciones relacionadas con
aPL. La trombocitopenia relacionada con aPL rara vez es grave, con mayor frecuencia es de
leve a moderada y generalmente se asocia con un riesgo minimo de hemorragia, y la evidencia

no respalda su inclusiébn como una caracteristica clinica central del APS (15-17).
3.3 Criterios de laboratorio

Las primeras determinaciones de la presencia de aPL se realizaron usando técnicas de
radioinmunoensayo (RIA)(9). Debido a la complejidad del manejo de reactivos a y niveles de
seguridad exigidos, esta técnica se fue abandonando a favor de métodos menos complejos

como las técnicas inmunoenzimaticas (ELISA: enzyme-linked immunosorbent ap¢a®).

El progresivo aumento de la demanda de las peticiones de aPL llevd a la puesta a punto
de nuevas técnicas automatizadas que disminuyen el tiempo de procesamiento y el volumen
de la muestra. Entre estas técnicas figura el ELISA automatizado (las mas usada actualmente)
seguido del immunoCAP® y la tecnologia Multiplex(9, 60). Las técnicas automatizadas de

ELISA y Multiplex fueron las utilizadas en los ensayos de aPL realizados en esta tesis.

La prevalencia de aPL que se han publicado en ensayos sobre poblaciones sanas, (grupos
donantes de sangre) se sitla entre el 1,0% y 5,6%, no obstante la prevalencia real del APS en
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la poblacién general es desconocida y se supone que es mayor puesto que muchos paciente

con clinica compatible con APS nunca llegan a ser testados para la presencia de aPL (61).
Anticuerpos anticardiolipina

Los anticuerpos anticardiolipina (aCL) se detectan en el suero o plasma del paciente
mediante técnicas que se basan en enfrentar el suero del paciente con un antigeno
inmovilizado en fase sélida, el anticuerpo (en este caso aCL) es capturado al unirse al
antigeno inmovilizado sobre el substrato. A continuacibn se detecta la presencia del
anticuerpo humano mediante por un anticuerpo anti inmunoglobulina humana (habitualmente
de cabra) conjugado con una enzima o un fluorocromo que servira para su identificacion. Tras
fijarse el conjugado se enfrenta a un substrato a partir del cual se desprendera color (ELISA),
fluorescencia (immunocap) o luminiscencia (Bioflash) (62, 63). La tecnologia Multiplex
permite realizar una variedad de bioensayos en la superficie de microesferas de plastico
codificadas por fluorescencia por medio de dos laseres que posteriormente son leidas en un

analizador por flujo tipo Luminex® (64).

Los sistemas de deteccidn de cardiolipina incorporan como cofactor beta-2-glicoproteina
| (B2GPI). Los aCL relacionados con patologia autoinmune reconocen son epitopos mixtos

formados en la union de cardiolipina con B2GPI e incluso epitopos de la propia B2GPI (60).

Solo se aceptan como criterios de consenso de laboratorio los aCL de isotipos IgG e IgM
(16) los cuales se cuantifican en unidades internacionales estandarizadas, GPL y MPL
respectivamente (60) en relacion a una calibracion previa (65). GPL y MPL son definidas con
1 pg de IgG o IgM anticardiolipina policlonal purificado, que es distribuido por los

laboratorios (59).

Un resultado positivo se define como un valor por encima del percentil 99 en la poblacién
general o un valor mayor de 40 GPL o MPL. El consenso establece que la positividad debe

persistir durante al menos 12 semanas.

Es posible utilizar sistemas de diagndstico “home made” siempre que se utilicen los
estandares para el diagnostico analitico(16). Los sistemas modernos vienen estandarizados er
Unidades Internacionales utilizando curvas y puntos de cut-off establecidos por el propio
fabricante(66) que deben validarse en cada laboratorio. Es importante destacar que en los
sistemas de deteccion de aPL existe un cierto grado de variabilidad en los diferentes lotes

tanto inter como intra-laboratorios (65).

Anticuerpos anti-B2GPI

12



Los anticuerpos anti beta-2 glicoproteina | (aB2GP1) se detectan de modo similar a los
aCL. lgualmente sélo los isotipos IgG e IgM contra la B2GPI estan incluidos como criterios
analiticos para APS (16).

Existe menor variabilidad en los kits para detectar los aB2GP1 de clase IgG/IgM que en
los utilizados para valorar aCL (67). Algunas observaciones sugieren que al adherirse la
B2GPI a la superficie lipofilica del substrato donde se va a realizar el ensayo cambia de
conformacion y expone epitopos que podrian unir anticuerpos “no patogénicos” relacionados

con infecciones antiguas, lo que implicaria una menor especificidad (68).
Anticoagulante lupico

El anticoagulante lapico (AL) fue el primer aPL asociado con clinica de APS. Es un
término acufiado por Feinstein y Rapaport en 1972 para designar a un efecto de inhibicién de
la coagulacion que deteriora la activacion de protrombinasa a protrombina (PT) y que fue
reconocido por primera vez en el plasma de pacientes con lupus eritematoso sistémico
(LESX69). Aun no se conocen cuales son los autoanticuerpos responsables de la actividad del
AL. La presencia del AL se detecta por pruebas funcionales de laboratorio donde prolonga el
tiempo de coagulacioin Vitro en ensayosiependientes de fosfolipidos (70, 71). Hay
indicios (pero no certeza) a favor de la hipotesis de que el AL es un autoanticuerpo que se
dirige contra los fosfolipidos (PL), ya que la preincubacién con PL reduce su actividad vy el
efecto inhibidor es més pronunciado cuando se diluye la adicién de PL (72).

En los ultimos afios se ha intentado, sin éxito, vincular al AL con los anticuerpos contra
la B2GPI o la fosfatidilserina/protrombina (aPS/PT) siendo éstos ultimos los Unicos que han

mostrado una moderada correlacion(73).
3.4 Anticuerpos asociados al APS no incluidos en los criterios de laboratorio

Existen estudios en los que otros autoanticuerpos antifosfolipidicos distintos de los
reconocidos en el consenso son asociados a la clinica del APS. Estos estudios suelen sel
controvertidos por estar realizados con pocos pacientes y ser poco reproductibles debido a la

utilizacién de sistemas diagndésticos no estandarizados.

Entre este tipo de aPL destacan los anticuerpos de isotipo IgA de los aCL y aB2GP1.
También son importantes los aPT/PS, anti anexina A5 y anti anexina A2 (16). Otros
autoanticuerpos frente a lipidos, no relacionados con los aPL clasicos, como los
antifosfatidiletanolamina (aPE), antiprotrombina (aPT) son de menor interés por tener escasa

relevancia clinica.
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4. GENETICA DE B2GP1

El gen que codifica para la B2GP1 tiene un tamafio de 18kb y se localiza en el
cromosoma 17, q23-24. Esta formado por 8 exones (1,2kb) separados por intrones muy largos
(16.2kb) que codifican una proteina de 345 aminoacidos (aa) de la que en el extremo N-
terminal se escinden los 19 aa del péptido sefial para generar la proteina madura (74).

Los 8 exones del gen de la APoH codifican una proteina formada por cinco dominios
tipo Sushi. El exén 1 codifica el péptido sefial, el exdn 2 el dominio 1, los exones 3 y 4
codifican el dominio 2, y los exones 5, 6 y 7 codifican respectivamente los dominios 3, 4y 5.
La zona final de la proteina y el codén de parada se localizan en el exén 8 (75) (Figura 2).

El promotor del gen B2GPI esta localizado muy cerca del origen de transcripcion, entre
las posiciones 197 y 7. La expresion génica esta regulada por diversos factores de
transcripcion, entre ello se incluye TATA box atipico (TATTA) especifico en higado que se
localiza detras de la zona de union del Factor nuclear 1 alfa de hepatocito (HNF1 homeobox
A) entre las posiciones 97 y 92 . HNF-1 alfa soluble, activar HNF-1 que a su vez activa el
promotor de Apo H. Por tanto HNF1 homeobox A activa la expresion de la Apo H vy los

niveles de ambos estan correlacionados con los niveles de HNF1 homeobox A (77).
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Figura 2. Estructura del gen de la Apolipoproteina H humana (B2GPI).
Modificado a partir de Sodin-Semrl & Rozman.(76).

Polimorfismos genéticos

Existen familias en las que varios de sus miembros presentan APS. Esta circunstancia
llevd a pensar en la existencia de factores genéticos que contribuyan a desarrollar la

enfermedad.
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En un estudio de Weber y col. se demostré que alrededor del 40% de los pacientes con
APS tenian uno o mas familiares con al menos una manifestacion clinica de APS (trombosis o

pérdida fetal recurrente) (78).

La Apo H presenta variabilidad entre los individuos de diversos grupos étnicos tanto de
manera cualitativa (secuencia) como cuantitativa (niveles séricos). Se describio que la
mayoria de los pacientes con niveles bajos de B2GP1 era portadores de un alelo nulo (Bg*D),
gue es co-dominante con respecto al alelo normal (Bg*N)(79). La frecuencia del alelo nulo es
baja en la poblacion de origen europeo occidental (0.06) y alta en poblacion africana (0.26,
Mozambique) y asiatica (Corea: 0.22, Afganistan: 0.12, Iran: 0.11) (80).

Las diferencias estructurales fueron estudiadas por Khambo et al y encontraron cuatro
variantes alélicas de la Apo H han sido identificadas: ApoH 1, ApoH 2, ApoH 3 y ApoH 4,
esta Ultima esta sOlo presente en personas de origen africano(81). El alelo ApoH 2 es
considerado como alelo predominante(82). El alelo ApoH 3 se puede dividir en dos subtipos
basados en el diferente reconocimiento por un anticuerpos monoclonal: ApoH 3w y ApoH
3b(83).

Dentro de la region codificante de APO H se han descrito 8 polimorfismos de un dnico
nucleodtido (SPNs). Los cuatro polimorfismos mas importantes se localizan en los codones 88
(exon 3), 247 (exon 7), 306 (exon 7) y 316 (exon 8) (83).

El SPNs del coddén 88 (SerAsn) esta presente en todos los portadores del Afmiél
1, mientras que el SPN en el codon 316 €f8er) parece estar presente en todos los
portadores de ApoH 3w (84).

El SPN més asociado a la produccion de anticuerpos anti Apo H (aB2GP1) en pacientes
con APS primario, se encuentra dentro del dominio V de la Apo H y consiste en la sustitucion
en la posicion 247 de Val a Leu(85). La presencia de Leu247 se considera como un factor de
riesgo geneético para el desarrollo de APS. vy puede ser importante en la formacion de
anticuerpos aB2GP1 (85-88).

Las variaciones genéticas en el quinto dominio podrian modificar las propiedades fisico-

quimicas de la proteina, y esto puede afectar la union a los fosfolipidos (89).

El polimorfismo Val-Leu 247 esta situado en el quinto dominio, entre el lado de unién a

fosfolipidos y la region que expone el epitopo criptico en el cuarto dominio.
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Se han descrito interacciones electrostaticas que mantienen unidos los dominios IV y V
por puentes de hidrogeno, se ha especulado con un posible epitopo criptico en el dominio IV
si se modificaran dichas interacciones electrostaticas, pero hoy eso no estd demostrado (82).
El aminoacido 246, posicion anterior al polimorfismo 247, sirve para establecer en la
estructura terciaria de la Apo H un puente de hidrogeno que une el dominio V con el dominio
IV. La sustitucion de un aminoacido en la posicién adyacente al puente de hidrégeno podria
producir un cambio conformacional relevante que esturaria la forma de la Apo H deteriorando
su forma de J y aumentando la afinidad por aCL y aB2GP1 (90). La distribucion del
polimorfismo Trp-Ser 316 fue estudiada en 222 pacientes con LES y fue significativamente
diferente entre los pacientes positivos para aCL de los pacientes sin aCL, lo cual sugiere una
posible proteccién del polimorfismo 316(91) para desarrollar estos anticuerpos. Aunque esta
menos estudiado se ha sugerido que con el polimorfismo 306>Giy ocurriria una

situacion similar (82).

5. Tratamiento del APS:

No existe un tratamiento especifico para el APS. Los tratamientos que se aplican a los
enfermos de APS son fundamentalmente preventivos y basados en interferir en los
mecanismos de la coagulacion para evitar nuevos eventos trombaéticos. Los farmacos mas
empleados son la heparina no fraccionada (UFH), heparina de bajo peso molecular (LMWH)

y los antagonistas de la vitamina K (VKA).

La anticoagulacion con VKA es el tratamiento de eleccion a largo plazo, especialmente
en pacientes con tromboembolismo venoso (VTE) e isquemia cerebral embolica (92). La
intensidad del tratamiento se mide por el International Normalized Ratio (INR), que debe estar
en estos casos entre 2.0-3.0. EI mismo tratamiento con o sin aspirina es el indicado para la
trombosis arterial(92). UFH o LMWH y aspirina es el indicado para pacientes con morbilidad
en el embarazo. El APS catastréfico debe ser tratado con una combinacion de VKA y aspirina
y/o inmunoglobulinas intravenosas y/o plasma. El rituximab también puede ser una alternativa
de tratamiento(92). Resultados de estudios observacionales, han visto un efecto protector de la

aspirina en pacientes con LES asintomatico (93-96) y en mujeres con APS (97).

En la tabla 2 se indican los farmacos actualmente que se manejan para el tratamiento del

APS asi como su potencial mecanismo de accion.
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Tabla 2. Estrategias de tratamiento en el sindrome antifosfolipidico (APS).
Modificada a partir de Dobrowolski and Erkan.Clin. Immunol. 2018 Mar 3. pii: S1521-6616(18)30119-0.

Farmacos

Mecanismo

Recomendaciones para uso en APS

Anticoagulantes

Inhibe de la produccion de factores de la

Tratamiento preventivo de trombosis. Mantener el objetiv

0 de

V para enmascarar epitopos.

Warfarina coagulacion dependientes de vit. K (Il, VII, IX y X|)INR en 2.5-3 tanto para la trombosis venosa como la arterial
Heparina no Aceleran la inhibicién del factor Xa y la trombina . .
: . - Uso en pacientes con trombosis aguda
fraccionada por antitrombina Il
Heparina de bajo Inh!ben mas gl facFor Xa que a la .tromb.lna (relac Mso en pacientes con trombosis aguda
peso molecular | de inactivacion Xa: trombina de 4:1 a 2:1).
Medicacion Basada en la etiopatogenia
Efectos antiinflamatorios y antitrombéticos Uso en pacientes con indicacién de estatina
Estatinas NP y (hipercolesterolemia).Considerar su uso en APS refractano;
pleiotropicos.
no usar en el embarazo
. . . _| Efectos antiinflamatorios y antitrombéticos Uso en pacientes con indicacion de hidroxicloroquina, es
Hidroxicloroquina - . . . A -
pleiotropicos. decir, lupus; considerar en APS primario refractario.
o Anticuerpo monoclonal Anti-CD-20; Agente Pue_de ser de’u_tllldad para .manlfestamones'hematologlcas yl
Rituximab > . e 0 microtrombdticas de aPL; Se puede considerar su uso ¢n
deplecion de células B; inhibicion de ICOS / CDA4| JEZAPS
Belimumab Inhibicién de BAFF / Blys Sg ngc_esﬂan mas datos para f9rm_u|ar recomendamoms a
principios de 2018 solo se habian informado dos pacientgs).
Eculizumab Inhibidor del factor 5 del Complemento. Con_S|dere en pacientes con CAPS rgf_ractarlos; considerar en
pacientes con APS y rechazo de aloinjerto renal.
sirolimus / Se necesitan mas datos para formular recomendaciones (solo
. Inhibicion de mTOR. hay una pequefia cohorte retrospectiva de APS que recibjé un
Everolimus
trasplante renal)
Defibrotido Agonista del receptor de adenosina; inhibe activif&® necesitan mas datos para formular recomendaciones (solo
de las plaquetas y el tromboxano. se informé un paciente con CAPS tratado con defibrotido).
Terapia peptidica Fijacion del péptido a B2GP1, dominio | o domlnloNo disponible para uso clinico en la actualidad.

6. Aportaciones de nuestro grupo al estudio del APS

Al cumplirse el 30 aniversario de la descripcion del Sindrome, Graham Hughes escribid
unarevision sobre lo aprendido sobre el sindrome en ese periodo. En ella afirmé que el APS
participa en muchas mas disciplinas que en el lupus, donde primero fue descrito. También esta

presente en muchas disciplinas, incluidas la cirugia de trasplante, la gastroenterologia, la

ortopedia, la psiquiatria y otorrinolaringologia donde debemos buscarlo (10).

En este contexto nuestro grupo acepto el reto lanzado por Hughes y empezo a estudiar
también a los pacientes con clinica de APS que se atendian fuera de las Unidades de
Reumatologia, buscando la presencia de los aPL de consenso y también de los fuera de
consenso como la IgA aB2GP1. Los resultados a largo plazo del trasplante renal han mejorado
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sustancialmente en las ultimas décadas gracias a la introduccién de la inmunosupresion basade
en inhibidores de calcineurina, mejores metodologias para los test de histocompatibilidad y a
los avances en la prevencion / tratamiento de infecciones (98). Pese a ello, no se ha
modificado el porcentaje pacientes sufren pérdida de injerto en los primeros meses despues
del trasplante que se mantiene entre 5y 8% (99).La principal causa de estas pérdidas precoces
del injerto es la trombosis del injerto (100, 101), generalmente es atribuida a complicaciones
relacionadas con el procedimiento quirargico (102).

Se conoce desde hace décadas que la presencia de anticuerpos preformados antes de
trasplante contra antigenos situados en la membrana de las células de injerto, principalmente
los antigenos HLA, esta asociada con el rechazo temprano (agudo e hiperagudo) de injertos
renales (103). Asimismo se han observado otros anticuerpos contra antigenos de
histocompatibilidad menores y frente a otros autoantigenos pueden ser nocivos para la
evolucion del aloinjerto renal (104, 105) y su impacto en las complicaciones después del
trasplante y la pérdida del injerto se esta reconociendo cada vez mas (106). En los dltimos
afos, la presencia del APS se ha asociado a muchas situaciones clinicas en las que aparece

eventos trombaoticos, incluida la cirugia de trasplante (10).

En este contexto nuestro grupo estudié la presencia de aPL en pacientes con ERC
tratados con hemodialisis y describid que la prevalencia de los autoanticuerpos IgA aB2GP1
es mayor que en la poblacién general (30% frente a 1,5%) (107) y que la presencia de estos
anticuerpos se asocia con una mayor incidencia de eventos trombdéticos y mortalidad (108,
109).En un estudio prospectivo a 10 afios sobre 269 pacientes que recibieron un trasplante
renal nuestro grupo, demostré que los pacientes con autoanticuerpos IgA aB2GP1 previos al
transplante tienen un mayor riesgo de sufrir pérdida temprana del injerto y un alto riesgo de
retraso en la funcion del injerto. Aunque la principal causa de la pérdida precoz fue la
trombosis del injerto no se pudo demostrar que la presencia de estos anticuerpos fuesen un
factor de riesgo independiente para la pérdida del injerto debido al pequefio nimero de
eventos tromboticos que no fue suficiente para realizar un andlisis multivariable. Ademas, este
estudio se realizo solo con donantes cadaveéricos y receptores de baja complejidad inmunitaria,
situaciones caracteristicas a principios del siglo XXI (110). Ante esta situacion se plante¢ la
necesidad de realizar un estudio mas amplio sobre un gran grupo de pacientes con una mayolr
variabilidad en el tipo de donante y receptor (donantes vivos, donantes no cardiacos no

controlados y donantes extremadamente ancianos) con receptores tratados con hemodidlisis,
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didlisis peritoneal y predialisis. Estos aspectos son los que representan la practica clinica en

Espafia en la segunda década del siglo XXI.

Aungue los anticuerpos anti B2GPI del isotipo IgA no se incluyen en los criterios de
laboratorio para APS definidos en 2004 debido a los resultados controvertidos (16), en la
misma reunion se alento a los investigadores a aclarar su papel en el APS (111). En los
ultimos afos, la relevancia clinica de IgA aB2GP1 ha aumentado(112, 113) y en el XIlI
Congreso Internacional de Anticuerpos Antifosfolipidicos (2010, Galveston, TX), la fuerza de
trabajo recomendo la prueba para IgA aB2GP1 en casos negativos para IgG e IgM y aun se
sospecha APS (114). Esto ha permitido a esta determinacién proporcionar un diagnéstico de
excelente utilidad en pacientes con APS sintomatologia negativa para aPL de consenso con
APS, (114 lupus eritematoso, (115) trombosis en enfermedad renal cronica (ERC), (107, 108)

y pérdida temprana de injerto de rifiones trasplantados (110).

Si bien la mayoria de los anticuerpos detectados en enfermedades autoinmunes no son la
causa directa de la enfermedad, los antifosfolipidicos son directamente patdgenos tanto los de
clase IgG, IgM(116)como los IgA(113). Sin embargo, el valor predictivo de la presencia de
aPL para desarrollar trombosis en un paciente por si mismo es bajo. Para que se desarrollen
los eventos clinicos del APS es necesaria la presencia de aPL, pero no suficiente. Para
desarrollar la trombosis se necesita también un desencadenante adicional, un segundo golpe
gue desencadene el proceso (hipotesis del “second hit”, o segundo golpe) (117). Aunque se
sabe que la activacion de la inmunidad innata, en el contexto de procesos como la infeccion o
la cirugia, desempefia un papel clave en el que lleva al desarrollo del proceso, los mecanismos

concretos que inducen el evento trombdético siguen siendo desconocidos (117).

En un estudio prospectivo multicéntrico con 1000 pacientes de APS seguidos durante
10 afos, aproximadamente el 15% desarrollaron un evento trombaético en los primeros 5 afios
(3%/afio). En dicho estudio se concluyé que era fundamental buscar nuevos marcadores para
detectar los pacientes con riesgo y asi prevenir las complicaciones de APS, puesto que a pesal
de que los pacientes estaban bajo tratamiento, en algunos de ellos aparecieron trombosis
(118).

Para los pacientes con anticuerpos IgA aB2GP1 solo se llevaron a cabo estudios
prospectivos en pacientes en hemodialisis (108, 109), en pacientes trasplantados renales (110)
y muy recientemente también en portadores asintomaticos del autoanticuerpos sin ningdn
antecedente de APS (119). En estos estudios se describié que, solo una minoria de pacientes

desarroll6 eventos trombaticos, 12%/afo en pacientes con trasplante renal durante el primer
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ano(110), y aproximadamente 25%/afio en pacientes en dialisis (108, 109) y 3%/afio en los
portadores asintomaticos (119). Por lo tanto, la situacién es similar con los aPL de isotipo IgA
y los de isotipos IgG/IgM y queda patente que se necesitan nuevos biomarcadores para
identificar qué pacientes tienen mayor riesgo de trombosis (118, 120).Recientemente nuestro
grupo demostro la existencia de inmunocomplejos circulantes (CIC) de B2GPI unida a IgA en
pacientes positivos asilados para IgA aB2GP1 (negativos para otros aPL) (121). La presencia
de CIC formados por B2GP1 unida a anticuerpos de clase 1gG e IgM fue descrita previamente
en pacientes con APS(122), aunque la complejidad y la baja sensibilidad del procedimiento de
deteccidn no permitié que se estudiasen grandes series de pacientes por lo que no se pudc
asociar con la aparicion de eventos trombdéticos (123). En este contexto nuestro grupo
describié un enzimoinmunoensayo de captura que permite la deteccidon de inmunocomplejos
de B2GP1 con una alta sensibilidad y baja complejidad lo que permite evaluar facilmente a

grandes series de pacientes (121).

Las tasas de supervivencia progresiva mas altas después del trasplante cardiaco han ido
aumentando progresivamente en los ultimos afios (124). Como en el caso del trasplante renal
estas mejora de la evolucién se debe a la introduccion de nuevas técnicas quirdrgicas Y la
mejora del soporte circulatorio mecanico, estrategias de inmunosupresion y atencion
postoperatoria. A pesar de estos avances, el fallo primario del injerto (FPI) continda siendo
una de las principales causas de muerte dentro de los primeros 30 dias después de TC, seguid
de la insuficiencia organica multiple e infeccion, que representan respectivamente el 38,7%,
18% y 13,1% de las muertes después de TC (124).

El efecto sinérgico de varios factores de riesgo de donantes y receptores se ha asociado
con FPIl. Sin embargo no se conocen marcadores que se asocien a este fallo y puedan
predecirlo de modo que las estrategias preventivas, diagndsticas y terapéuticas centradas en e
FPI aun no se han abordado adecuadamente (125). El hecho de de que la mayoria de los
pacientes con pérdida temprana de injerto después del trasplante renal fueron positivos en el
pretrasplante para los anticuerpos del Isotipo IgA (IgA aB2GP1) hizo plantear la posibilidad
de que esta situacion pudiese ocurrir también es aquellos 6rganos, como el corazon, que

fisiol6gicamente también elaboran la proteina B2GP1 (110).
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Hipotesis

1. La etiologia de la elevada prevalencia de anticuerpos IgA aB2GP1 observada en los
pacientes en dialisis aun permanece desconocida. Deben existir factores genéticos y
ambientales (como el tratamiento sustitutorio de la funcion renal, la enfermedad de base o la

propia insuficiencia renal terminal) que predispongan a los pacientes a desarrollar los
anticuerpos IgA aB2GP1.

2. Los aPL de clase IgA, especialmente los aB2GP1, han sido asociados con pérdida
precoz del injerto renal y parecen predisponer especialmente a la trombosis del injerto. La
presencia de anticuerpos IgA aB2GP1 pretrasplante podria ser un factor de riesgo para pérdida

precoz del injerto por trombosis del mismo.

3. Los inmunocomplejos circulantes de IgA unidos a B2GP1, recientemente descritos,

podrian estar asociados con la clinica de APS.

4. Aunque la presencia de los IgA aB2GP1 esté fuertemente asociada con la incidencia
posterior de eventos APS, el valor predictivo positivo es muy bajo, insuficiente como para
justificar instaurar tratamientos preventivos a los portadores. Es necesario disponer de

nuevos biomarcadores para acotar mejor a la poblacién en riesgo de desarrollar eventos APS.

5. Los pacientes con insuficiencia funcional de otros 6rganos, como corazén, que también
elaboran fisiolégicamente B2GP1 también podrian elaborar estos anticuerpos y los portadores

de los mismos tendrian complicaciones vasculares graves post trasplante.
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Obijetivos:

1. Determinar cuales son los factores genéticos y ambientales asociados a la aparicion de los

anticuerpos IgA aB2GP1 en los pacientes en espera de trasplante renal.

2. Confirmar la observacion previa de asociacion de los anticuerpos de IgA aB2GP1 en el
pretrasplante con la pérdida temprana del injerto renal en unas serie de pacientes con

trasplante renal de 12 afios consecutivos y en un estudio multicéntrico prospectivo.

3. Comprobar la posible asociacion de la presencia de pretrasplante de IgA aB2GP1 en
trasplantados renales con la pérdida del injerto por trombosis, asi como de otras patologias

vasculares.

4. Valorar si la presencia de los inmunocomplejos formados por IgA unida a B2GP1 se asocia

con la clinica de APS

5. Evaluar si los pacientes con IgA aB2GP1 que son portadores de inmunocomplejos tienen
mayor riesgo de desarrollar eventos tromboticos y vasculares que aquellos que son positivos

para el autoanticuerpo y negativos para inmunocomplejos.

6. Comprobar si la prevalencia de los IgA anti B2GPI en pacientes con insuficiencia cardiaca

terminal es mayor que en poblacion general.

7. Determinar si en los pacientes con insuficiencia cardiaca que son portadores de IgA
aB2GP1 tienen mayor incidencia de eventos vasculares pre y post trasplante y si esos

autoanticuerpos tienen influencia en la supervivencia del injerto y del paciente.

Por todo lo anteriormente descrito, nos hemos planteado los siguientes capitulos.
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Capitulo 1

Estudio de polimorfismos de Ig82-glicoproteina | en pacientes
con insuficiencia renal crénica como factor predisponente para el

desarrollo de autoanticuerpos antip2-glicoproteina |.

FONDO:

En varios trabajos previos del grupo de investigacion se demostro que alrededor del 30% de
los pacientes con enfermedad renal cronica son positivos para los anticuerpds anti-
glicoproteina | (anti B2GP1) de isotipo IgA sin embargo, el origen de estos anticuerpos es
desconocido. Asimismo se describié que la presencia de IgA anti B2GP1 se asocian con la
aparicion de eventos trombaoticos, morbilidad cardiovascular y muerte en pacientes en
hemodialisis.

Se especuld que las membranas de didlisis, la edad o la etiologia de la enfermedad de la
base renal son posibles factores precipitantes para la aparicion de estos anticuerpos.

En trabajos previos del grupo se descart6 que el tipo de tratamiento de la insuficiencia renal
cronica, la edad y el origen de la IRC tuviesen relacién con la aparicion de los anticuerpos
no obstante la influencia de factores genéticos no se estudio.

B2GP1 es una proteina de 326 aminoacidos agrupados en cinco dominios tipo sushi. Se han
descrito ocho polimorfismos en B2GP1 de ellos existen dos que tienen influencia en la
aparicion de anticuerpos a B2GP1: Val / Leu247, que parece predisponer a la produccién de
anticuerpos contra B2GP1 en pacientes con sindrome antifosfolipidico, y Trp / Ser316, que
parece tener produccion protectora de anticuerpos de anti B2GP1. El trabajo trata de
identificar si los pacientes en hemodialisis que desarrollan anticuerpos tienen diferente
proporcion de polimorfismos favorecedores y protectores de la aparicion de anticuerpos que
la poblacion general y que los pacientes en didlisis negativos para los IgA anti B2GP1
METODOS: Se formaron dos grupos seleccionando de forma aleatoria 46 pacientes
dializados que eran positivos para IgA anti B2GP1 (grupo 1) y otros 46 que eran negativos
para este autoanticuerpos (grupo 2). Tras la extraccion se identificé el grupo y se

anonimizaron las muestras para garantizar el anonimato. Se estudiaron . los polimorfismos
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Val / Leu247 y el polimorfismo Trp / Ser316 .

RESULTADOS:

Las frecuencias observadas de cada mutacion en ambos grupos fueron similares a las
descritas en la poblacion general caucasica mediterranea. No se observaron diferencias
significativas en los polimorfismos localizados en codones 247 y 316 entre los dos grupos.
CONCLUSIONES:

Los dos grupos de pacientes tienen la misma prevalencia en polimorfismos 247 y 316, y por
lo tanto parece que no hay una predisposicion genética en nuestra poblacion. Nuevos

factores desencadenantes deben ser estudiados.

PMID: 7932096 DOI: 10.1016/j.transproceed.2016.07.040
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ABSTRACT

Background. Immunoglobulin (Ig)A anti-B,-glycoprotein I (aB2GP1) antibodies are
associated with thrombotic events, cardiovascular morbidity, and death in dialysis patients.
About 30% of patients with chronic renal disease are positive for IgA aB2GP1; however,
the origin of these antibodies is unknown. It has been speculated that dialysis membranes,
age, or etiology of renal base disease are possible precipitating factors, although these
factors do not appear to be the source of antibodies. B2GP1 is a protein of 326 amino acids
grouped into five domains. Eight polymorphisms have been described; the most important
are Val/Leu*"’, which appears to predispose aB2GP1 antibody production in patients with
anti-phospholipid syndrome, and Trp/Ser’'®, which appears to have protective antibody
production of aB2GP1.

Methods. DNA samples from 92 patients with renal failure on hemodialysis were
randomly collected with a 1:1 ratio for the positivity for IgA aB2GP1. Forty-six samples
were positive for IgA aB2GP1 (group 1) and 46 negative for IgA aB2GP1 (group 2).
All samples were anonymized to study polymorphism Val/Leu?*” and polymorphism
Trp/Ser>'S.

Results. No significant differences were observed between those who were positive or
negative for IgA aB2GP1 in patients with renal failure treated with hemodialysis and the
polymorphism located in codons 247 and 316.

Conclusions. The two groups of patients have the same prevalence in polymorphisms 247
and 316, and therefore there appears not to be a genetic predisposition in our population.

New trigger factors must be studied.

NTI-PHOSPHOLIPID (aPL) antibodies belong to a
heterogeneous group of auto-antibodies against
phospholipids, phospholipid-binding proteins, or both,
which are localized on membranes of endothelial cells and
others involved in the coagulation cascade [1,2]. Antibodies
against phospholipids per se are associated with infectious
diseases, whereas auto-antibodies associated with vascular
pathology are directed against P,—glycoprotein I (B2GP1)
[3]. B2GP1 is mainly synthesized in the liver [4] but is also
produced in small amounts by the bowel and the kidney.
Previously, our group described a higher prevalence (33%)
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of immunoglobulin (Ig)A aB2GP1 antibodies in patients
with chronic kidney disease (CKD) treated with hemodial-
ysis [5]. However, the development of these antibodies is
still unknown. A recent study demonstrated that the
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BETA2-GLYCOPROTEIN | POLYMORPHISMS

presence of these antibodies is not related to the substitutive
treatment of renal failure (pre-dialysis, hemodialysis, or
peritoneal dialysis) [6]. The genetic predisposition has been
postulated as a determining factor, in addition to environ-
mental factors. B2GP1 is a 326-amino acid protein
composed of five homologous domains, being the fifth
domain of the phospholipid-binding site [7]. B2GP1 gen is
located in the 17q23-24 chromosome and has been
described as four important polymorphisms in the positions
88, 247, 306, and 316. Genetic variations in the fifth domain
could modify the physico-chemical properties of the protein,
and this may affect the binding to phospholipids [§].

Polymorphism Val-Leu?"’ is located in fifth domain, be-
tween the phospholipid-binding side and the region that
exposes the cryptic epitope in the fourth domain. In position
246, a hydrogen bond is established with the fourth domain
of the tertiary structure of the B2GP1. For this reason, the
substitution of one amino acid in the adjacent position could
produce a conformational change that could be relevant to
recognize anti-cardiolipin antibodies (aCL) and aB2GP1
antibodies. The polymorphism Val-Leu®*’ has a heteroge-
neous distribution between the different populations. On
the other hand, the Trp-Ser’'® polymorphism appears to be
protective to develop these antibodies [9].

Because of the high percentage of patients with IgA
aB2GP1 antibodies in the pre-transplant situation, and,
considering the genetic polymorphism predisposition to
develop aB2GP1 antibodies, we decided to analyze patients
with renal failure in hemodialysis for the most associated
polymorphism in the 316 (Trp-Ser) and 247 (Val-Leu)
amino acids.

METHODS
Patients

We studied 92 patients with renal failure in hemodialysis at the
Hospital 12 de Octubre of Madrid, Spain. Forty-six were positive for
IgA aB2GP1 antibodies (group 1) and 46 were negative for IgA
aB2GP1 (group 2). All the patients were anonymized in a database,
with only the value of IgA aB2GP1 and the underlying renal disease
that triggered renal failure. There were no significant differences
between the different underlying renal diseases and the presence of
IgA aB2GP1 (Table 1). All patients positive for IgA aB2GP1 were
white, with the exception of two patients (one South American and

Table 1. Underlying Diseases in Renal Failure Patients Treated
With Hemodialysis

IgA aB2GP1  IgA aB2GP1
Etiology of End-Stage Renal Disease = Negative (%)  Positive (%) P
Glomerulonephritis 4 (8.7) 3 (6.5) 1
Diabetic nephropathy 8 (17.4) 14 (30.4) 221
Systemic lupus erythematosus 1@2.2) 0 (0.0) 1
Polycystic kidney disease and 14 (30.4) 15 (32.6) 1
undetermined
Nephro-angiosclerosis 5(10.9) 4 (8.7) 1
Tubulo-interstitial nephritis 2 (4.3) 122 1
Other 12 (26.1) 9 (19.6) .62
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one Sub-Saharan). The group with IgA aB2GP1 negative was
adjusted with the same proportion.

DNA Extraction and Amplification

Genomic DNA from ethylenediamenetetracetate-containing whole
blood samples was extracted by use of the MagNA Pure Compact
System (Roche, Mannheim, Germany) [10]. Polymerase chain re-
action (PCR) was used to amplify genomic regions where Val/
Leu?* and Trp/Ser'® are located.

Primers used for amplification were designed from the available
B2PG1 gene sequence: Invitrogen (Life Technologies, Carlsbad,
Calif, United States) (5-TCTCCTTGGTACACCACAGTGGC)
and Invitrogen (5-GTGTAGGTGTACTCATCTACTGTGT)
for the Val/Leu**’ polymorphism and Invitrogen (5'-AACAA-
GAAACAAGTGTGACATTTTATGTGG) and Invitrogen
(5-TCCCTTAGAATGTTTATCTTTTTCTCCCCC) for  the
Trp/Ser*'® polymorphism.

Genomic DNA from each patient was subjected to PCR ampli-
fication in a Techne TC-412 thermocycler. The PCR reaction (100
uL) contained 25 pmol/L of each primer with 400 pmol/L of each
nucleotide, 5 units of Taq polymerase (Ampli-Taq, Perkin Elmer-
Cetus), 7 pmol/L of MgCl,, and 10 pL of a premix PCR buffer
(100 mmol/L Tris-Cl pH 8.3, 500 mmol/L KCl). The reaction
mixture for both polymorphisms was subjected to an initial dena-
turation at 94°C for 5 minutes and followed by 25 cycles at 94°C for
20 seconds, 62°C for 15 seconds, 72°C for 40 seconds, and a final
extension step at 72°C for 10 minutes. The PCR products for
Val/Leu*7 and Trp/Ser’'® polymorphisms were 126 and 148 base
pairs (bp), respectively.

Digestion With Variation-Specific Restriction Endonuclease

After the PCR amplifications, aliquots (17 pL) of the reaction
mixture were digested with 10 units of the restriction endonucleases
Rsal or BstBI for 3 hours after the protocol recommended by the
manufacturer (Promega, Madison, Wis, United States) [11]. The
Val/Leu®’ variation breaks a restriction site for Rsal, whereas
Val’*’ DNA is cut into two fragments of 100 and 26 bp. Leu*"’
DNA presents a single undigested fragment of 126 bp. On the other
hand, the Trp/Ser316 variation creates a restriction site for BstBI;
therefore, the Trp316 DNA presents an undigested fragment of 148
bp, whereas Ser’'® DNA is cut into two restriction fragments of 86
and 62 bp. The digestion products were size-resolved in a 2%
Nusieve agarose or 6% acrylamide gel and detected by staining with
ethidium bromide.

IgA aB2GP1 Determination

IgA aB2GP1 were quantified by means of enzyme-linked immu-
nosorbent assay with the use of QUANTA aB2GP1 Lite (INOVA
Diagnostics, Inc, San Diego, Calif, United States) on serum sam-
ples. Higher levels of antibodies (20 U/mL) were considered posi-
tive, following the manufacturer’s instructions.

RESULTS

No significant differences were observed between those
positive or negative for IgA aB2GP1 in patients with renal
failure treated with hemodialysis and the polymorphism
located in 247 and 316 codons (Table 2).
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Table 2. Distribution of the Different Polymorphisms at Codons

316 and 247
IgA aB2GP1 IgA aB2GP1
Polymorphic Site Genotype/Allele Positive (%) Negative (%)
Codon 316 Genotype
Trp/Trp 45 (97.8) 43 (93.5)
Trp/Ser 1(2.2) 3 (6.5)
Ser/Ser 0 (0.0 0 (0.0)
Total 46 46
Allele
Trp 0.989 0.967
Ser 0.011 0.033
Codon 247 Genotype
Val/Val 29 (63.0) 29 (63.0)
Val/Leu 15 (32.6) 16 (34.8)
Leu/Leu 2 (4.4 1@2.2)
Total 46 46
Allele
Val 0.794 0.804
Leu 0.206 0.196
Codon 316

The Trp/Trp genotype was the most prevalent in both
groups; in group 1 it was present in 45 patients (97.8%) and
in group 2 it was present in 43 (93.5%). The Trp/Ser
genotype was found in one patient (2.2%) in group 1 and in
three patients (6.5%) in group 2. Nevertheless, the Ser/Ser
genotype was not found in either of the two groups.

Codon 247

The genotype Val/Val was most frequently found in both
groups. It was detected in 29 patients (63%) in both groups,
whereas the genotype Val/Leu was expressed in 15 patients
(32.6%) in group 1 and in 16 patients (34.8%) in group 2.

The Leu/Leu genotype was the less frequently found
genotype. It was found in two patients (4.4%) in group land
one patient (2.2%) in group 2.

DISCUSSION

To our knowledge, this is the first study that evaluates the
genetic predisposition to develop IgA aB2GP1 antibodies in
patients with CKD by analysis of the polymorphisms most
related to aPLs. These polymorphisms are located in 247
and 316 amino acids. Our two groups of patients showed the
same presence of these polymorphisms.

IgA isotype antibodies are the most common B2GP1
antibodies in patients with terminal renal failure treated
with hemodialysis and are related to cardiovascular diseases
[5]. Patients treated with peritoneal dialysis and patients not
dialyzed show a prevalence similar to that in hemodialysis
patients [6]. In anti-phospholipid syndrome (APS), a genetic
predisposition to develop B2GP1 antibodies is known, with
the expression of the Val/Val**’ polymorphism [12]. In
1999, a study of Asian patients showed that the presence of
the valine allele and the Val/Val**” genotype had significant
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association with aB2GP1 presence (P = .0018 and
P = .0003, respectively) [11]. Atsumi et al [13] reported a
correlation between the valine allele and white patients with
primary anti-phospholipid syndrome (PAPS) or positive for
aCL. That publication also analysed the polymorphisms in
the 88 and 316 positions: None were correlated with the
disease or with aCL presence. Another important fact from
that investigation was the increase of the leucin allele in the
group of patients with secondary anti-phospholipid syn-
drome (SAPS) without aCL [13]. The assay used for aCL
detection used in that study was irradiated plates; for this
reason, it is possible that in these patients the detection of
aPL was not possible. It is important to highlight that Hirose
et al [11] did not analyze the patients with APS separately by
PAPS and SAPS; the white subjects studied were all from
North America, whereas Atsumi et al [13] conducted their
study with a cohort of an English population.

In the Mexican mixed population, there was no relation
between the polymorphism in position 247 and PAPS;
however, the Leu/Leu genotype was significantly increased
in SAPS patients [9]. In summary, the data demonstrate that
in Asian patients with SAPS and in the white patients with
PAPS, the valine allele is related to the generation of
antigenic B2GP1. We might consider the valine allele as a
risk factor in this population. In the Mexican mixed popu-
lation, the presence of antibodies against B2GP1 is associ-
ated with the Leu/Leu genotype and a protection for the
development of these antibodies with the expression of the
316 polymorphism [14]. The Trp-Ser’'® mutation could
affect the phospholipid union. The insertion of one polar
amino acid such as serine, in the absence of sequence
313-316 (Leu-Ala-Phe-Trp), may interfere in non-polar re-
actions between the two molecules [9].

The binding of B2GP1 to anionic phospholipids is
essential for the reaction of some aCL present in APS in-
dividuals; for this reason, the genetic variation of the B2GP1
precludes the union of the phospholipids with the protein,
affecting aCL production. This phenomenon was examined
in 222 patients with systemic erythematous lupus, obtaining
a distribution of the Trp/Ser®'® polymorphism with signifi-
cant differences between the patients positive or negative
for aCL. This probably suggests protection of aCL produc-
tion by the mutated allele in the 316 position. In contrast,
the presence of aB2GP1 had no association with any poly-
morphism in the patients with APS [14].

We did not find differences between patients positive and
those negative for IgA aB2GP1 and the polymorphisms
studied. In the pursuit of the origin of these antibodies in a
population with CKD, we may reject the genetic influence,
as we also previously discarded the hypothesis that the
hemodialysis membrane promotes a conformational change
in the protein, exposing a critical epitope in the physiolog-
ical conformation [6]. The presence of certain pathogens
can induce APS similarities in the sequence with sequences
B2GP1 [15]. Therefore, it could be interesting to investigate
whether the origin of the IgA aB2GP1 antibodies is sec-
ondary to environmental factors such as the infections.
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Capitulo 2

L a presencia previa al trasplante de anticuerpos
antifosfolipidicos IgA anti-p-2-glicoproteina | como predictor de

trombosis de injerto después del trasplante renal.

FONDO:

Una de las complicaciones mas graves que aparecen en los primeros dias y semanas después
de un trasplante renal es la trombosis de los vasos que prefunden el injerto.

En trabajos previos del grupo se demostré que en pacientes en hemodialisis la presencia de
anticuerpos anf-2 glicoproteina-I de isotipo IgA (IgA anti B2GP1) sanhrelacionado con
eventos tromboticos y la mortalidad. El trabajo trata de demostrar si este riesgo trombotico
gue se observa en el pretrasplante también sigue influyendo en la aparicion de trombosis tras
la cirugia de trasplante.

METODOS:

Se realizé un estudio con todos los pacientes trasplantados de rifidn en el hospital 12 de
Octubre emn un periodo de 12 afios de 2000 a 2011 (n = 1375). Los pacientes fueron
seguidos por un periodo de dos afios tras el trasplante. Los resultados se estudiaron
evaluando todos los pacientes en conjunto y también dividiendolos en 3 periodos de cuatro
afios (cuatrienios) que se compararon.

RESULTADOS:

Se analizaron los sueros pretrasplante de todos los pacientes y se determin6 que 401
pacientes fueron positivos para IgA-anti B2GP1 (29.2%, grupo 1). Los 974 pacientes
restantes fueron negativos para ese autoanticuerpos (grupo 2).

La pérdida precoz del injerto (en los 6 primeros meses después del trasplante) fue mayor en
el grupo 1 (18% frente a 7,2%; P <0,001). La causa mas frecuente de pérdida temprana del
injerto fue la trombosis, especialmente en el grupo 1 (12,2% frente al 2,6% de los pacientes,
p <0,001). De hecho, la trombosis del vaso fue la causa mas importante de pérdida de injerto

en los 3 periodos de tiempo, independientemente de los cambios demograficos y la
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introduccion del trasplante con donantes a corazon parado. Llamo poderosamente la
atencion que IgA anti B2GP1 fue un factor de riesgo independiente para la trombosis del
injerto (odds ratio, 5.047; P <0.001). Ademas, la presencia de IgA anti B2GP1 se asoci6 con
la pérdida temprana del injerto y la funcion del injerto retrasada (necrosis tubular aguda). La
mortalidad a los 24 meses también fue mas alta en el grupo 1.

CONCLUSIONES:

La presencia de los anticuerpos IgA anti B2GP1 antes del trasplante fue el principal factor

de riesgo para la trombosis del injerto y la pérdida temprana del injerto. Se debe realizar mas
investigacion sobre si la anticoagulacion en pacientes con anticuerpos positivos podria

mejorar esta complicacion catastrofica.

PMID: 27140515 DOI: 10.1097/TP.0000000000001199
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The Presence of Pretransplant Antiphospholipid
Antibodies IgA Anti-3-2-Glycoprotein | as a
Predictor of Graft Thrombosis After

Renal Transplantation
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(Transplantation 2017;101: 597-607)

Background. \essel thrombosis is a severe complication after renal transplantation. Antibodies anti-3-2 glycoprotein-I of IgA
isotype (IgA-aB2GP1) have been linked to thrombotic events and mortality in hemodialysis patients. Methods. All kidney
transplanted patients from 2000 to 2011 (n = 1375) in our hospital were followed up for 2 years, evaluating 3 time periods.
Results. At transplantation, 401 patients were positive for IgA-aB2GPI (29.2%, group 1), and the remaining patients were
negative (group 2). Graft loss at 6 months posttransplantation was higher in group 1 (18% vs 7.2%; P < 0.001). The most
frequent cause of early graft loss was vessel thrombosis, especially in group 1 (12.2% vs 2.6% of patients; P < 0.001). In fact,
vessel thrombosis was the most important cause of graft loss in the 3 time periods, irrespective of demographic changes and
introduction of transplantation with asystolic donors. Notably, IgA-aB2GP1 was an independent risk factor for graft throm-
bosis (odds ratio, 5.047; P < 0.001). Furthermore, the presence of IgA-aB2GP1 was associated with early graft loss and de-
layed graft function. Mortality at 24 months was also higher in group 1. Conclusions. In conclusion, pretransplant IgA-aB2GP1
was the main risk factor for graft thrombosis and early graft loss. Further research should be made on whether anticoagulation in
antibody-positive patients could ameliorate this catastrophic complication.

/

n recent decades, the introduction of calcineurin inhibitor-

based immunosuppression, better methodologies in histo-
compatibility testing, and advances in prevention/treatment
of infections have substantially increased short-term and
long-term results after renal transplantation." However, 5%
to 8% of patients suffer graft loss in the first months after
transplantation, a percentage which has remained unchanged
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in recent decades.” Graft thrombosis is the main cause of these
early graft losses, generally attributed to surgical procedure re-
lated complications, although these may also be due to immune
response-mediated conditions, such as acute rejection (AR).>™
It is well known that the presence of preformed antibodies
against antigens on the membrane of graft cells, mainly HLA
antigens, is associated with early rejection of kidney grafts.’
Other antibodies against minor histocompatibility antigens or
autoantigens have also been recognized as harmful for renal
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allograft evolution,®” and their impact on the poor outcome
of transplantation is being increasingly recognized.®

Antiphospholipid antibodies (aPL) are a group of autoan-
tibodies against phospholipid-binding proteins. The antigens
recognized by aPL are found in plasma or in the membranes
of endothelial and others cells involved in coagulation cas-
cade.” Antiphospholipid syndrome (APS) is a multisystemic
autoimmune disorder characterized by recurrent thrombosis
and/or gestational morbidity and the presence of aPL.'° The
aPL associated with vascular pathology are directed against apo-
lipoprotein H, also knows as -2 glycoprotein-I (B2GP1)," a
protein synthesized mainly in the liver and kidney and found
in the serum and membranes of platelets and endothelial
cells.'>'? Only the IgG and IgM isotypes of anti-B2GP1 an-
tibodies were recognized as diagnostic in the international
consensus for APS diagnosis (2004, Sidney, Australia).”
However, over the past few years, much attention has been
focused on the diagnostic and pathogenic value of IgA
isotype. IgA anti-B2GP1 antibodies (IgA-aB2GP1-ab) have
been associated with thrombotic events and conditions con-
sistent with APS in patients negative for other aPL and might
have a higher prevalence than IgG and IgM isotypes.'* ¢ In
fact, testing IgA-aB2GP1-ab is useful in the diagnosis of pa-
tients with thrombosis and is recommended in the Interna-
tional Consensus Guidelines (2010, Galveston, TX) in cases
in which the IgG and IgM isotypes are negative and APS is
still suspected.'” The prevalence of IgA-aB2GP1-ab in patients
with chronic renal failure in hemodialysis is greater than that
in the general population (30% vs 1.5%)'® and is associated
with a higher incidence of thrombotic events and mortality.'**°

In a recent study based on a 10-year follow-up of
269 patients who received a renal transplant, we demon-
strated that patients with pretransplant IgA-aB2GP1-ab have
a high risk for early graft failure (EGF) (mainly caused by
thrombosis) and a high risk of delayed graft function
(DGF). We cannot demonstrate a significant risk for graft
thrombosis due to small number of thrombotic events. We
concluded that pretransplant IgA-aB2GP1-ab may have a
detrimental effect on early clinical outcomes after renal trans-
plantation. This study was performed for a long period with
a small cohort of patients transplanted from cadaveric do-
nors and with low immune complexity.?! In the present
work, we have studied the influence of preformed IgA-
aB2GP1-ab after renal transplantation focused only on graft
thrombosis and early events in a large group of patients
having greater variability in the type of donor and recipient
(living donors, uncontrolled non-heart-beating donors, and
old-for-old transplantation with extremely aged donors)
representing the current clinical practice in our hospital and
in Spain.

MATERIALS AND METHODS

Study Design

We performed a historical cohort follow-up study that in-
cluded all patients who had received a kidney transplant in a
12-year period: from January 1, 2000, to December 31, 2011.

The presence of IgA-aB2GP1-ab in pretransplant serum
was examined, and 2 cohorts of positive and negative pa-
tients were followed-up for 2 years.

First aim: To investigate the possible influence of pre-
formed IgA-aB2GP1-ab on graft thrombosis in all patients
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and in the 3 different periods of the study in the first
6 months. Main endpoints: graft loss, causes of graft loss
and graft survival at 6 months, and differences between time
periods of transplant.

Secondary aim: To investigate delayed clinical outcomes
(7 to 24 months) in patients positive versus negative for
IgA-aB2GP1-ab. Secondary endpoints: graft and patient
survival at 2 years causes of graft loss and death and differ-
ences between transplant time periods.

Ethical issues: The study was approved by the Hospital
“12 de Octubre” Institutional Review Board (References

11/359 and 15/008).

Patients

All patients who received a kidney transplant from 1
January 2000 to 31 December 2011 (N = 1513) were included
in the study. Patients who also received a second organ (com-
bined liver-kidney, pancreas-kidney or heart-kidney) were
rejected for the study. A total of 138 patients (9.1 %) were
excluded: 128 (8.5%) because pretransplant serum samples
(1 to 15 days before transplantation) were unavailable, 4
due to a positive hypercoagulability test and 6 because their
clinical data were not available (disposition algorithm and
outcomes, Figure 1).

There were no significant differences between pretrans-
plant clinical characteristics of the excluded patients and
the patients who were finally analyzed (data not shown).

Demographic data of 1375 patients studied (cohort mag-
num 12 + 12) were: 1365 whites, 2 American Indians, 2
Asians, and 6 East Africans. All patients were followed up
for a period of up to 2 years or until graft failure or death.
Of these, 269 patients had been previously studied in a
10-year follow-up.*!

Periods

In the 12-year period, there were important demographic
changes and new forms of renal transplantation. Recipient
and donor complexity also increased.

1513 patients with CKD
treated with kidney transplantation

Excluded 138 (9.1%)

128 Mo serum samples
4 Factor ¥ Leiden (+)
B Clinical data not accessible

L

2 years follow-up
1375 patients

| |

Positive pretransplant Negative pretransplant
IgA anti b2 glycoprotein | lgA anti b2 glycoprotein |
antibodies (Group 1) antibodies {Group 2)
401 (29.2%) 974 (70.8%)

L.

Early graft loss Early death Early graft loss Early death
(first & months) {first & months) {first 6 morths) (first & months)
72 (18.0%) 17 (4.2%) 70 (7.2%) 18 (1.8%)

FIGURE 1. Disposition of study and early outcomes.

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.
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Clinical characteristics of patients with early graft loss versus patients with functioning graft at 6 mo posttransplant
Early graft loss (n = 142) Functioning graft (n = 1233)
Condition N/Mean %/SE N/Mean %/SE P
Sex (men) 85 (59.4%) 731 (59.3%) 0.967
Age, y 60.9 1.2 53.1 0.4 <0.001
Donor age, y 59.5 +1.6 50.6 +0.5 <0.001
Time on dialysis, mo 28.4 +0.9 30.7 +2.8 0.413
Pretransplant clinical characteristics
Diabetes mellitus 45 (31.7%) 229 (18.6%) <0.001
Type 1 diabetes 4 (2.8%) 28 (2.3%) 0.909
Type 2 diabetes 41 (28.9%) 201 (16.3%) <0.001
Dyslipidemia 51 (35.9%) 418 (33.9%) 0.700
Hypertension 109 (76.8%) 995 (80.7%) 0.315
Tuberculosis 4 (2.8%) 48 (3.9%) 0.686
Hepatitis C 13 (9.2%) 95 (7.7%) 0.657
Hepatitis B 4 (2.8%) 18 (1.5%) 0.386
Patients IgA aB2GP1 positive 72 (50.7%) 329 (26.7%) <0.001
Levels of IgA aB2GP1, U/mL 39.7 +5.0 20.8 +0.9 <0.001
Causes CKD
Chronic glomerulonephritis 12 (8.4%) 250 (20.3%) 0.001
Interstitial kidney disease 14 (9.8%) 104 (8.4%) 0.678
Nephroangiosclerosis 16 (11.2%) 123 (10%) 0.736
Polycystic kidney disease 15 (10.5%) 154 (12.5%) 0.598
Diabetes mellitus 30 (21%) 164 (13.3%) 0.016
Lupus erythematosus 4 (2.8%) 14 (1.1%) 0.201
Vesicoureteral reflux 6 (4.2%) 44 (3.6%) 0.874
Unknown 25 (17.5%) 173 (14%) 0.307
Other 21 (14.7%) 206 (16.7%) 0.643
Transplant-associated factors
Previous kidney transplant 26 (18.3%) 202 (16.4%) 0.642
PRA at time of transplant >50% 6 (4.2%) 28 (2.3%) 0.256
Historical PRA >50% 12 (8.5%) 102 (8.3%) 0.930
Double renal transplant 4 (2.8%) 35 (2.8%) 0.801
Cold ischemia, h 20.9 0.5 18.8 +0.2 <0.001
Delayed graft function 54 (38.0%) 378 (30.7%) 0.073
Donor origin
Brain death 118 (82.5%) 1021 (80.8%) 0.992
Non-heart-beating 23 (16.1%) 150 (14.1%) 0.230
Living donor 2 (1.4%) 61 (5.1%) 0.087
Patients with pretransplant thrombosis 34 (23.8%) 133 (10.8%) <0.001
Pretransplant thrombotic events? 34 145 <0.001
Venous thrombosis 31 121 <0.001
Arterial thrombosis 1 8 b
Pulmonary thromboembolism 2 16 b
Stroke 8 (5.6%) 67 (5.4%) 0.924
Acute myocardial infarction 4 (2.8%) 35 (2.8%) 0.801

@ Several patients had more than 1 type of event.

b Nonsignificant.

Variables selected for the multivariate analysis are shown in bold.
CKD, chronic kidney disease.

Therefore, to evaluate the effect of this changing scenario,
recipients were separated into 3 subgroups of 4 years each
according to the year of transplant: (quadrenniums [QD]):
QD-1 (2000-2003) with low-complexity recipients and only
brain-dead donors. QD-2 (2004-2007) period that begins
transplantation with living and non-heart-beating donors
(NHBDs). QD-3 (2008-2011) in which extremely-aged donation,
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high-complexity recipients and an active NHBD program
were fully incorporated into clinical practice.

Database

The recipient pretransplant characteristics include age,
original disease, time on dialysis, serology and immunological
data, body mass index, arterial hypertension, hyperlipidemia,
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Pretransplant condition and posttransplant events of patients in group 1 (positive for IgA aB2GP1 antibodies) and in group 2

(negative patients)

Group 1 (n = 401)

Group 2 (n = 974)

Condition Patients/mean %ISE Patents/mean %/SE P
Sex (men) 213 (53.1%) 603 (61.9%) 0.003
Age, y 57.9 +0.7 52.2 +0.5 <0.001
Donor age, y 55.4 +09 49.9 +06 <0.001
Time on dialysis, mo 29.3 +1.6 28.6 +1.0 0.585
PRA at transplantation >50% 12 (3%) 22 (2.3%) 0.545
Historical PRA >50% 32 (8%) 82 (8.4%) 0.872
Previous kidney transplant 59 (14.7%) 170 (17.5%) 0.246
Double renal transplant 17 (4.2%) 22 (2.3%) 0.067
Cold ischemia, h 19.6 +0.3 18.8 +0.2 0.031
Induction immunosuppression 302 (75.3%) 695 (71.4%) 0.154
Anticoagulation
Warfarin (isolated) 18 (4.5%) 36 (3.7%) 0.593
Warfarin associated with aspirin or clopidogrel 4 (1%) 7 (0.7%) 0.846
Aspirin (isolated) 60 (15%) 145 (14.9%) 0.962
Clopidogrel (isolated) 8 (2%) 27 (2.8%) 0.520
Associated pathologies
Diabetes mellitus 85 (21.2%) 189 (19.4%) 0.495
Type 1 diabetes 6 (1.5%) 26 (2.7%) 0.265
Type 2 diabetes 79 (19.7%) 163 (16.7%) 0.217
Myocardial infarction 10 (2.5%) 29 (3%) 0.750
Stroke 27 (6.7%) 48 (4.9%) 0.227
Patients with pretransplant thrombosis 60 (15%) 107 (11%) 0.046
Causes CKD
Chronic glomerulonephritis 75 (18.7%) 187 (19.2%) 0.891
Interstitial kidney disease 34 (8.5%) 84 (8.6%) 0.985
Nephroangiosclerosis 39 (9.7%) 100 (10.3%) 0.838
Polycystic kidney disease 43 (10.7%) 126 (12.9%) 0.296
Diabetes mellitus 67 (16.7%) 127 (13%) 0.091
Lupus erythematosus 6 (1.5%) 12 (1.2%) 0.896
Vesicoureteral reflux 10 (2.5%) 40 (4.1%) 0.196
Unknown 64 (16%) 134 (13.8%) 0.331
Other 63 (15.7%) 164 (16.8%) 0.666
Donor origin
Brain death 343 (85.5%) 796 (81.7%) 0.104
Non-heart-beating (Maastricht type Il) 44 (11%) 129 (13.2%) 0.287
Living donor 14 (3.5%) 49 (5%) 0.272
Posttransplant clinical events
Cardiovascular events 8 (2%) 10 (1%) 0.240
Patients with acute rejection episodes 94 (23.4%) 206 21.1%) 0.388
Delayed graft function 162 (40.4%) 270 (27.7%) <0.001
First-month graft loss 50 (12.5%) 49 (5.0%) <0.001
First-trimester graft loss 61 (15.2%) 59 (6.1%) <0.001
First semester graft loss 72 (18%) 70 (7.2%) <0.001
Graft loss first semester
Acute rejection 5 (1.2%) 8 (0.8%) 0.664
Nonfunctioning graft 8 (2%) 6 (0.6%) 0.043
Death (with a functioning kidney) 2 (0.5%) 11 (1.1%) 0.429
Graft thrombosis 49 (12.2%) 25 (2.6%) <0.001
Venous thrombosis 17 10 <0.001
Venous and arterial thrombosis 25 1 <0.001
Arterial thrombosis 7 4 0.028
Others 8 (2%) 20 (2.1%) 0.888
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Group 1 (n =401) Group 2 (n = 974)

Condition Patients/mean %/SE Patents/mean %I/SE P
Graft loss from months 7 to 24 1 (2.7%) 17 (1.7%) 0.327
Acute rejection 1 0 a
Death (with a functioning kidney) 9 13 a
Chronic allograft nephropathy 0 2 a
Others 1 2 a
Deathin 2y 29 (7.2%) 33 (3.4%) 0.003

Death first semester 17 (4.2%) 18 (1.8%) 0.018
Death from months 7 to 24 12 (3%) 15 (1.5%) 0121
Death causes
Cardiovascular diseases 13 10 0.007
Infections 9 15 a
Cancer 3 1 a
Others 4 7 a

All patients treated at pretransplantation with antiplatelet agent or anticoagulation received aspirin or clopidogrel or anticoagulation after transplantation.

@ Nonsignificant.

diabetes, smoking, and pretransplant cardiovascular disease
were specifically recorded in our database. The following
were recorded after surgery: type and characteristics of the
donor, immunosuppressive treatment at the time of trans-
plantation, incidence of thrombotic and cardiovascular events,
neoplasia, ARs episodes and DGF. Graft and patient survival
and causes of graft loss and mortality were also recorded.
Graft loss data are non-death—censored to better reflect the
real situation in the clinical practice. The causes of death in
patients who lose the graft by death with a functioning kid-
ney did not differ from those of the general population. In
the same way, the mortality data are also not censored for
any cause. Only 1 patient (group 2) died by a traffic accident.

Donor age was not used in statistical analysis because it is
a recipient-age dependent variable. The policy for donor-
recipient selection was based on making an attempt to match
both for similar age. The Pearson correlation coefficient be-
tween donor and recipient age was 0.79 (P < 0.001).

Immunosuppressive Treatment

The most frequently used immunosuppressive protocol
was based on tacrolimus associated with prednisone and my-
cophenolate mofetil (MMF), with or without induction. Pa-
tients older than 60 years who received kidneys from older
than 60 years donors, immunosuppression regimen was based
on cyclosporine A or tacrolimus, prednisone, and MMF with

or without induction.>>32

Induction Treatment

Prednisone, tacrolimus (0.2 mg/kg per day) and MMF
(1 g/d) were used. In hyperimmunized patients, thymoglobulin
(rabbit antithymocyte globulin) 1.5 mg/kg for 4 to 7 days was
also administered. In elderly people (over 60 years), basiliximab
(monoclonal antibodies anti-IL2R) 20 mg days 0 and 4) with
prednisone, cyclosporine A (10 mg/kg per day) and MMF
(2 g/day) were administered until 2003, then tacrolimus
(0.1 mg/kg per day) was chosen as a calcineurin inhibitor un-
til the end of this study.

Anticoagulation Treatment

At transplantation, 54 patients (3.9%) were on anticoagu-
lation with warfarin, 205 (15%) with aspirin, 35(2.5 %) with

37

Clopidogrel, and 11 (0.8%) with warfarin and an antiplate-
let agent.

Patients requiring anticoagulation for venous thrombo-
embolism prophylaxis in the immediate posttransplant pe-
riod received subcutaneous heparin 5000 units twice daily
for a week.

All patients treated at pretransplantation with an antiplate-
let agent or anticoagulation received aspirin or clopidogrel or
anticoagulation after transplantation.

Definitions

Thrombotic events: were defined following the Interna-
tional consensus statement on the classification criteria for
APS! as venous thrombosis, arterial thrombosis, pulmonary
thromboembolism, graft thrombosis, transient ischemic at-
tack, acute stroke, diagnosed clinically, and confirmed by im-
ages techniques and/or by histopathology study.'” All patients
with pretransplant thrombotic events were studied before
transplantation by the Hematology Department. Positive cases
of hypercoagulability were excluded from the study.

Graft thrombosis was considered only in patients with
thrombotic events and negative for AR diagnostic criteria
(immunological or histopathological) and complications re-
lated to surgery. Dubious graft thrombosis: in 6 cases, there
was doubt whether renal thrombosis had taken place in the
environment of a possible vascular/technical problem (4) or
in the context of an uncertain AR (2). It was decided to not
consider them as graft thrombosis and to include them, re-
spectively, in the groups of surgical problems and AR.

Primary nonfunction: this was considered in grafts with
good perfusion that never functioned and in which a biopsy
study had excluded rejection and other causes of graft failure.

Delayed graft function: this was defined as an initial and
reversible graft nonfunction that requires hemodialysis dur-
ing the first week after surgery, once rejection, vascular com-
plications, and urinary tract obstruction had been excluded.

Cardiovascular event was considered when at least 1 of the
following was present: myocardial infarction, angina, coronary
revascularization, stroke, heart failure, or peripheral bypass.

Acute rejection was defined as acute deterioration in allo-
graft function with specific histopathologic changes in the
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FIGURE 2. Graft-survival and graft-loss by thrombosis. A, Evolution
of graft survival on complete follow-up. B, Graft survival in patients on
group 1 (positive for IgA aB2GP1 antibodies), dark line, was signifi-
cantly lower than observed in group 2 (gray line) both at 6 months
and in the complete follow-up. HR: Hazard ratio (Kaplan-Meier anal-
ysis). Graft survival at 24 months was calculated from the day of
transplantation. C, Graft loss by thrombosis in the 6 months after
transplantation was significantly higher in patients in group 1 (dark)
than patients in group 2 (gray).

graft. Clinically AR is applied to patients with acute worsen-
ing in allograft function without histological data.

Laboratory Determinations

Anti-B2GP1 antibodies of IgA isotype were measured in
pretransplant serum used for crossmatch or in a serum sam-
ple obtained up to 15 days before transplantation. Other aPL
antibodies (anti cardiolipin of IgG, IgM and IgA isotypes and
aB2GP1 of IgG and IgM isotypes) were evaluated in a sample
of 584 patients. Descriptive statistics of pretransplant levels
of consensus aPL (IgG and IgM isotypes) is represented as a
column bar chart in Figure S1, SDC, http://links.lww.com/
TP/B263. Prevalence and mean levels were similar to that pre-
viously reported®!' and no clinical associations were observed.

Autoantibodies were quantified by enzyme-linked immu-
nosorbent assays with QUANTA Lite (INOVA Diagnostics
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Inc., San Diego, CA, USA) kit. Following the manufacturer's
guidelines, Antibody levels higher than 20 U/ml were consid-
ered positive. The cutoff was established following the In-
ternational Consensus Guidelines on Anticardiolipin and
Anti-B2-Glycoprotein I testing'” with the 99th percentile of
a healthy normal population, and it coincided with that rec-
ommended by the manufacturer."®

Crossmatching between donor and recipient was per-
formed by specific antibody mediated cytolysis in the
presence of complement. All transplanted patients were
crossmatch-negative.

Panel-reactive antibody (PRA) score is defined as the per-
centage of the population (%) to which the patient reacts
via preformed antibodies. Panel-reactive antibody was stud-
ied by specific antibody mediated cytolysis in the presence
of complement using pooled lymphocyte panel with at least
35 unrelated, nonselected genotypes. Patients with PRA value
of 50% or greater were considered as “sensitized.”

Pathology

Most of the patients who suffered renal thrombosis under-
went transplactectomy, and the graft tissue was studied in the
pathology department immediately after the surgery. Two ex-
perienced nephropathologist jointly reevaluated all the cases
in the period 2014 to 2015 to confirm the diagnosis.

Statistical Methods

Results are expressed as mean = standard error, or abso-
lute frequency and percentage. Association between qualita-
tive variables was determined with Pearson X test or Fisher
exact test, when appropriate. Data were expressed as number
and percentage.

Comparisons were performed using the Student # test in
scaled variables with 2 categories. Data were expressed as
mean = standard error.

Graft loss and patients' survival probability were calcu-
lated using the Kaplan-Meier method, and differences be-
tween the distributions of survival were assessed with the
Log-rank test. Graft loss and mortality risk (events that can
occur at any time during the study) were also estimated by
multivariate analysis using the Cox regression model. Multi-
variate analysis of the dichotomous outcomes that only ap-
pear in the first weeks of the study (graft thrombosis and
DGF) was performed using logistic regression model. The
relative measure of an effect was expressed as ratio (odds/
hazards) and confidence interval. Probabilities less than
0.05 were considered significant.

Data were processed and analyzed using Medcalc for
Windows version 15.4 (MedCalc Software, Ostend, Belgium).

RESULTS

Patients With IgA anti B2GP1 Antibodies

IgA-aB2GP1-ab values were above the cutoff (group 1) in
401 (29.2%) of the 1375 patients studied, whereas they were
negative in 974 (group 2). The algorithm distribution of pa-
tients in each group and outcome distribution are described
in Figure 1. Table 1 shows the demographic data of the
1375 patients.

Comparing clinical characteristics of both groups (Table 2),
group 1 were older (57.9 + 0.7 vs 52.2 = 0.5 years, P < 0.001),
had higher cold ischemia time (19.6 = 0.3 vs 18.8 = 0.2 hours,
P < 0.031), and suffered more pretransplant thrombotic
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Multivariate analysis

Factors Univariate Multivariate

(A) Graft loss HR 95% ClI P HR 95% CI P
IgA aB2GP1 positive 2.631 1.896 to 3.650 <0.001 2.284 1.639 t0 3.183 <0.001
Age, y 1.036 1.023 t0 1.048 <0.001 1.024 1.010 t0 1.038 <0.001
Cold ischemia, h 1.055 1.025 to 1.087 <0.001 1.027 0.996 to 1.058 0.095
Type 2 diabetes 1.991 1.387 t0 2.856 <0.001 1.493 1.026 10 2.173 0.037

(B) Graft loss by thrombosis OR 95% Cl P OR 95% Cl P
lgA aB2GP1-positive 5.284 3.215 10 8.686 <0.001 5.047 3.048 t0 8.357 <0.001
Age, y 1.021 1.005 to 1.038 0.011 1.007 0.989 to 1.025 0.440
Type 2 diabetes 2.079 1.237 t0 3.494 0.006 1.847 1.056 to 3.233 0.032

(C) Delayed graft function OR 95% Cl P OR 95% Cl P
IgA aB2GP1-positive 1.767 1.385 t0 2.256 <0.001 1.936 1.497 t0 2.503 <0.001
Previous kidney transplant 1.501 111810 2.015 0.007 1.381 0.992 to 1.921 0.056
Non-heart-beating donor 3.904 2.81010 5.426 <0.001 4.487 3.190 t0 6.311 <0.001
Dialysis time, mo 1.011 1.008 to 1.015 <0.001 1.011 1.007 t0 1.014 <0.001

(D) Global mortality HR 95% Cl P HR 95% Cl P
lgA aB2GP1 antibodies 2171 1.322 t0 3.566 0.002 1.618 0.983 t0 2.663 0.060
Age 1.094 1.068 to 1.121 <0.001 1.089 1.062 t0 1.117 <0.001
Type 2 diabetes 3.027 1.820 t0 5.033 <0.001 1.562 0.931 to0 2.621 0.093

(E) Mortality in QD-3. HR 95% Cl P HR 95% Cl P
IgA aB2GP1 antibodies 2.574 1.366 to 4.850 0.004 217 1.1451t0 4.115 0.018
Age 1.071 1.041 10 1.101 <0.001 1.066 1.035t0 1.098 <0.001
Type 2 diabetes 2.061 1.070 to 3.971 0.032 1.186 0.602 to 2.337 0.624

(A) Cox multivariate analysis (P < 0.001) of graft-loss associated variables significant in univariate analysis. (B) Logistic regression multivariate analysis (P < 0.001) of variables associated to graft loss by throm-
bosis. (C) Logistic regression multivariate analysis (P < 0.001) of with delayed graft function-associated variables significant in univariate analysis. (D) Multivariate survival analysis all the patients at 24 mo using
Cox's Regression Model (P < 0.001) of patient-death associated-variables. (E) Cox’s Multivariate survival analysis of patients transplanted in quadrenium 3 (QD-3).

events (15% vs 11%, P = 0.046). Antibody concentration
does not correlate with severity of symptomatology (data
not shown).

No significant differences were observed in pretransplant
anticoagulant treatment and other characteristics except for
the lower proportion of men in group 1 (53.1% vs 61.9%,
P =0.003).

Graft Failures Are Concentrated in Early
Posttransplant Period

During the first 6 months posttransplantation, 142 patients
(10.4%) lost their graft (Figure 2A). Main cause of graft loss
was thrombosis: 74 patients (52% of losses). Pretransplant dif-
ferences among patients with EGF and graft-functioning pa-
tients were age (60.9 = 1.2 vs. 53.1 = 0.4 years; P < 0.001),
presence of type 2 diabetes mellitus (28.9% vs 16.3%,
P < 0.001), and positivity of IgA-aB2GP1-ab (50.7% vs
26.7%j; P < 0.001). Patients with graft loss also had higher cold
ischemia time (20.9 = 0.5 vs 18.8 = 0.2 hours; P < 0.001) and
a higher incidence of DGF (39.4% vs 30.7%; P = 0.042).

Causes of chronic kidney disease did not differ, except for
chronic glomerulonephritis that was less frequent in patients
with EGF (8.4% vs 20.3%, P < 0.001) and diabetic nephrop-
athy that was more frequent in EGF (21% vs 13.3%,
P = 0.016). There were no differences in other factors, such
as donor type, time on dialysis, or proportion of patients with
elevated PRA (Table 1).

Early Kidney Allograft Failure and IgA aB2GP1
Antibodies

Graft loss was significantly higher in group 1 (18.0% vs
7.2%; P < 0.001; Table 2). The Kaplan-Meier survival
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analysis (Figure 2B) showed significantly lower graft survival
rates in group 1 both at 6 months (hazard ratio [HR], 2.630;
P <0.001) and at 24 months (HR, 2.471; P < 0.001).

Regarding causes of graft loss, graft thrombosis was signif-
icantly greater in group 1 (Figure 2C): 12.2% versus 2.6%
(HR, 4.949, P < 0.001). No significant differences were ob-
served in other causes of graft loss (Table 2).

IgA aB2GP1 Antibodies Are an Independent Risk Factor
for Early Kidney Allograft Failure

The significant graft loss—associated-factors in the univar-
iate analysis (Table 1) were included in the Cox multivariate
analysis. Hazard ratio for the presence of IgA- aB2GP1-ab
for graft loss was 2.631 (P < 0.001) and after adjusting for
other factors, continued to be clearly significant: 2.284;
(95%; CI1.639 to 3.183; P < 0.001).

Age and type-2 diabetes also continued to be significant

(Table 3A).

IgA aB2GP1 Antibodies Are an Independent Risk Factor
for Graft Thrombosis

IgA-aB2GP1-ab, type-2 diabetes and age were identified in
univariate analysis as significant mediating factors for graft
thrombosis (Table S1, SDC, http:/links.lww.com/TP/B263).
In a logistic regression multivariate analysis type-2 diabetes
and particularly IgA-aB2GP1-ab were identified as indepen-
dent risk factors for graft thrombosis (odds ratio [OR],
5.047; 95% CI, 3.048 to 8.357, P < 0.001) (Table 3B).

IgA aB2GP1 Antibodies Are an Independent Risk
Factor for DGF

Delayed graft function was more frequent in group 1
(40.4% vs 27.7%, P < 0.001). In a multivariate analysis
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studying the variables that were significant in a univariate
analysis (Table S2, SDC, http:/links.lww.com/TP/B263), we
found that IgA-aB2GP1-ab was an independent risk factor
for DGF (OR, 1.936; P < 0.001). Non-heart-beating donor,
previous transplant and duration of dialysis also were inde-
pendent risk factors (Table 3C). Other well-known risk fac-
tors for DGF,?* as donor age and cold ischemia time, were
not included because they were not significant in the univar-
iate analysis (P = 0.689 and 0.316).

Periods

In the first quadrennium (QD-1) most of the recipients were
middle-aged patients who received kidneys from deceased
donors (99.5%). Patient complexity increased from QD-1
to QD-3. Patients were progressively older (Figures S2A and
S2B, SDC, http://links.lww.com/TP/B263 and Table 4), had
more retransplant (11.7% in QD-1 to 17.5% in QD-3,
P = 0.037) and with significant increase of pretransplant
type-2 diabetes (11.5% in QD-1 to 30% in QD-3, P < 0.001).
Donors also were progressively older (Figure S2C, SDC,
http://links.lww.com/TP/B263).

There were no significant differences in the proportion of
patients positive for I[gA-aB2GP1-ab over the 3 periods. De-
mographics data and clinical course of patients in each quadren-
nium are shown in Table 4. Prevalence of posttransplantation
clinical events was higher in QD-3 compared with QD-1. Qua-
drennial Kaplan-Meier graft survival analysis at 6 months
(early graft loss) and at complete follow-up showed a pro-
gressively lower graft survival probability from QD-1 to
QD-3 (Table 4 and Figure 3). Graft survival in each quadren-
nium, both at 6 months and in the whole follow-up remained
significantly lower in group 1 (Table 4 and Figure 4).

Kaplan-Meier graft survival analysis at 6 and 24 months
demonstrated that the hazard ratio for group 1 always re-
mained significantly above 2.3, independent of the period
studied (Table S3, SDC, http:/links.lww.com/TP/B263). Graft
thrombosis in all 3 periods was significantly higher in pa-
tients in group 1 (QD-1: OR, 4.0; P = 0.015; QD-2: OR,
8.0, P < 0.001; QD-3: OR, 4.6, P < 0.001).

Mortality

Mortality was higher in group 1 (7.2% vs 3.4%, P = 0.003;
Table 2). Causes of death did not differ between the groups
except for more frequent cardiovascular disease in group 1
(3.2% vs 1%; P = 0.007; Table 2).

Kaplan-Meier analysis showed significantly higher mortal-
ity in group 1 (HR, 2.171; 95% CL, 1.253-3.761; P = 0.002;
Figure S3, SDC, http://links.Iww.com/TP/B263). In the un-
varied analysis of mortality-related factors, we found that
age, type-2 diabetes, and presence of IgA-aB2GP1-ab were
significantly associated with death (S 4, SDC, http://links.
Iww.com/TP/B263). Multivariate Cox regression analysis
showed that only age could be considered an independent fac-
tor for death (HR, 1.089; 95% CI, 1.062-1.117; P < 0.001).
Hazards ratio of the presence of aB2GP1 in the univariate
was 2.171 (95% CI, 1.253-3.761; P = 0.002) going on be-
hind the multivariate analysis to 1.618 (95% CI, 0.983-
2.663; P = 0.060) (Table 3D).

Mortality in QD-1 and QD-2 was low: 10 (2.7%) and 14
(3.1%), respectively (Table 4). Because of the low number of
events, a Kaplan-Meier analysis (P = 0.226 and P = 0.734)
could not be performed. Because there was a greater number
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of events (38) in QD-3, we could perform a survival analysis:
patients in group 1 had higher mortality (univariate analysis:
HR, 2.574; 95% CI, 1.366-4.850; P = 0.004). Cox regres-
sion multivariate analysis in QD-3 show age (HR, 1.066;
95% CI, 1.035-1.098; P < 0.001) and presence of IgA-
aB2GP1-ab (HR, 2.171, 95% CI 1.145 to 4.115, P = 0.018)
as independent risk factors for death (Table 3E).

Late Posttransplant Period

There were no significant clinical differences between both
groups in graft and patient survivals from month 7 to the end
of the follow-up. Morbidity and causes of graft loss and mor-
tality in this period were also similar in both groups (Table 2).
Graft and patients survivals at 2 years (N = 1375), 5 years
(N = 957), and 10 years (N = 473) are reported in Table S5
(SDC, http://links.lww.com/TP/B263).

DISCUSSION

In the present study, we have demonstrated for the first
time in a large series with more that 1300 renal transplants
that pretransplant IgA-aB2GP1-ab is an independent risk
factor for early graft thrombosis after renal transplantation.
Notably, this finding has also been significant in the 3 qua-
drenniums irrespective of the changes during these 12 years
in the characteristics of donors and recipients. Graft and pa-
tient survivals at 6 months were significantly lower in pa-
tients with pretransplant IgA-B2GP1-ab compared with
those having negative antibodies. We previously described
that the presence of preformed IgA-aB2GP1-ab is an inde-
pendent risk factor for graft loss, especially by thrombosis,
although we were unable to make a multivariate analysis in
the first period after transplantation.”’ We have now been
able to corroborate this previous finding and have clearly
demonstrated that pretransplant IgA-aB2GP1-ab is an inde-
pendent risk factor for early graft thrombosis. Therefore,
the presence of pretransplant IgA-aB2GP1-ab could be con-
sidered a strong predictor of graft thrombosis and conse-
quently EGF and mortality after renal transplantation.

Presently, as immunosuppression becomes more effective,
vessel graft thrombosis has become the most important cause
of EGE.*? Several factors may be involved in the pathogenesis
of graft thrombosis such as surgical-derived problems and
technical errors,”* compression of the renal artery or vein
by fluid collections, and postoperative hypercoagulability.?®
In our study, thrombosis represented 56.3% of the early
graft loss after transplantation, the results being similar
to those previously reported.”**®?” Pretransplant IgA-
B2GP1-ab was the main independent risk factor for
thrombosis-induced graft loss, only followed by type-2 di-
abetes. Older patients who received kidneys from older
donors had increased prevalence of graft loss and vessel
thrombosis compared with the standard cadaveric renal
transplantation.”® In contrast, type-2 diabetes mellitus pa-
tients present a hypercoagulability state?” that increases the
risk of vessel thrombosis.*

It is well known that the presence of aPL is insufficient to
induce thrombosis formation. Patients with aPL for long pe-
riods need a “second hit” that involves activation of innate
immunity and a proinflammatory microenvironment to trig-
ger thrombotic episodes.®™*3* Surgery is an important risk
factor for thrombosis,”®> mainly in uremic patients with se-
vere atherosclerosis. It may also be a second trigger for

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.
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Demographic and posttransplant events during the 3 quadrenniums
QD-1 (2000-2003) N = 367 QD-2 (2004-2007) N = 455 QD-3 (2008-20011) N = 553
Condition Patients/Mean %/SE Patients/Mean %/SE Patients/Mean %/SE P (trend)
Age, y 50.7 +0.4 54.6 +0.7 55.5 +0.7 <0.001
Sex (men) 205 (55.9%) 273 (60%) 338 (61.1%) 0.124
Time on dialysis, mo 28.2 +1.6 29.1 +1.5 28.5 +1.4 0.909
lgA aB2GP1-ab positive 119 (32.4%) 112 (24.6%) 170 (30.7%) 0.811
Older than 60 y 93 (25.3%) 191 (42.0%) 233 (42.1%) <0.001
Diabetes 43 (11.7%) 92 (25.3%) 139 (33.6%) <0.001
Type 1 diabetes 6 (1.9%) 11 (3%) 15 (3.6%) 0.366
Type 2 diabetes 37 (10.1%) 81 (17.8%) 124 (22.4%) <0.001
Previous kidney transplant 43 (11.7%) 88 (19.3%) 97 (17.5%) 0.037
PRA at time of transplant >50% 13 (3.5%) 11 (2.4%) 10 (1.8%) 0.102
Historical PRA >50% 41 (11.2%) 38 (8.4%) 35 (6.3%) 0.009
Donor
Donor age, y 51.5 5 57.9 +0.7 52.3 +0.5 <0.001
Brain death 46.5 +1.0 53.6 +0.9 58.7 +0.9 <0.001
Non-heart-beating (Maastricht type l) — 39.1 +1.7 43.6 +0.9 <0.001
Living donor — — 48.6 +2.0 49.8 +1.5 <0.001
Donor origin
Brain death 365 (99.5%) 405 (89%) 369 (66.7%) <0.001
Non-heart-beating 2 (0.5%) 30 (6.6%) 141 (25.5%) <0.001
Living donor 0 (0%) 20 (4.4%) 43 (7.8%) <0.001
Causes of CKD
Chronic glomerulonephritis 85 (23.2%) 86 (18.9%) 91 (16.5%) 0.012
Interstitial kidney disease 51 (13.9%) 30 (6.6%) 37 (6.7%) <0.001
Nephroangiosclerosis 32 (8.7%) 48 (10.5%) 59 (10.7%) a
Polycystic kidney disease 51 (13.9%) 57 (12.5%) 61 (11%) a
Diabetes 31 (8.4%) 71 (15.6%) 92 (16.6%) <0.001
Lupus erythematosus 4 (1.1%) 5 (1.1%) 9 (1.6%) a
Vesicoureteral reflux 8 (2.2%) 21 (4.6%) 21 (3.8%) a
Unknown 66 (18%) 68 (14.9%) 62 (11.2%) a
Other 39 (10.6%) 69 (15.2%) 121 (21.9%)
Post transplant
Delayed graft function 92 (25.1%) 150 (33%) 192 (34.7%) 0.003
Deathin 2y 10 (2.7%) 14 (3.1%) 38 (6.9%) 0.002
First-month graft loss 15 (4.1%) 31 (6.8%) 53 (9.6%) 0.002
First-trimester graft loss 20 (5.4%) 35 (7.7%) 65 (11.8%) <0.001
First-semester graft loss 24 (6.5%) 42 (9.2%) 76 (13.7%) <0.001
Early graft loss (up to 6 mo)
Acute rejection 4 (1.1%) 2 (0.4%) 7 (1.3%) a
Death 2 (0.5%) 3 (0.7%) 8 (1.5%) a
Graft Thrombosis 15 (4.1%) 25 (5.5%) 34 (6.2%) a
Nonfunctioning graft 1 (0.3%) 2 (0.4%) 11 (2%) 0.013
Others 2 (0.5%) 10 (2.2%) 16 (2.9%) 0.045
Very early graft loss (first 3 months) 20 (5.4%) 35 (7.7%) 65 (11.8%) <0.001
Graft loss in 2 years 30 (8.2%) 48 (10.5%) 92 (16.6%) <0.001
Graft loss 7 to 24 month. 6 (1.6%) 6 (1.3%) 15 (2.9%) 0.142
Acute rejection 0 0 1 a
Death 5 (83%) 4 (67%) 13 (87%) a
Chronic allograft nephropathy 0 2 (33%) 0 a
Others 1 0 1 a
@ Nonsignificant.

thrombosis'? in patients positive for IgA-aB2GP1-ab in the
context of renal transplantation. So, graft thrombosis may
be considered more as a latent immune process reactivated
by surgery than as a true surgical complication. The potential
role of the “second hit” of peritransplant factors, such as
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infectious agents, inflammatory state, conditioning immuno-
suppressive treatments and other unidentified factors,®* re-
quire further investigation. It is unknown why patients with
chronic renal disease show elevated prevalence of IgA-
aB2GP1-ab and how its immune response is generated. It

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 3. Graft survival at 24 months (Kaplan Meier analysis,
P < 0.001) in the 3 quadrenniums (QD). QD-1 (2000-2003), dotted
line. QD-2 (2004-2007), gray line. QD-3 (2008-2011), dark line. HR
and P values of QD-2 and QD-3 were calculated in reference to
QD-1.

has been proposed that misfolded B2GP1** produced in an
unhealthy kidney may be cross-reacting with antibodies
against epitopes detected on mucosal infections by pathogens
with molecular mimicry with B2GP1.'® Therefore, a study on
this proposal is recommendable.

The mainstay of preventive treatment for thrombotic APS
is antithrombotic prophylaxis, generally using long-term an-
ticoagulation with vitamin K antagonists (VKA).*> Using
VKA is especially difficult in transplanted patients because
it increases the risk of hemorrhagic complications and there-
fore should be used only in selected ones.>® The next step
could be to discover additional biomarkers that would make
it possible to identify patients positive for IgA-aB2GP1-ab
with higher risk for thrombosis.

Recently, eculizumab has been used in isolated cases of cat-
astrophic APS.>” It is possible that eculizumab cannot be use-
ful in this special form of APS because the complement does
not seem to be activated by IgA.*® However, to clarify this
point, further investigation is required.

It has been recently described that the mammalian target
of rapamicine pathway is involved in vascular lesions associ-
ated with the APS.> In this way, initial immunosuppression
based on mTOR inhibitors in renal transplant patients posi-
tive for IgA-aB2GP1-ab could be an alternative to the use
of VKA to prevent thrombotic events. New prospective stud-
ies are necessary to confirm the potential usefulness of these

www.transplantjournal.com

drugs. One important finding of our study is that the pres-
ence of pretransplant IgA-aB2GP1-ab is associated with
high early mortality in the overall group. In the Cox multi-
variate analysis of the complete period, only age was found
as an independent risk factor. The P value of IgA-aB2GP1-
ab (P = 0.060) is insufficient to consider it an independent
risk factor. However, when the multivariate analysis was per-
formed only with the QD-3 (period with higher mortality),
type-2 diabetes and IgA-aB2GP1-ab were independent risk
factors for death. This aspect should be studied further with
a higher number of patients. We previously described the re-
lationship between DGF and IgA-aB2GP1-ab.*! In recent
years, an increase of patients with DGF has been observed
due to increased renal transplantation with NHBD* and
old-for-old transplantation.*" In this study, the multivariable
analysis has identified previous transplantation, donation af-
ter cardiac death, time on dialysis, and presence of IgA-
aB2GP1-ab as risk factors for DGF, thus making it possible
to corroborate this important association. We can hypothe-
size that some patients with DGF may have mild posttrans-
plant vascular involvement (equivalent to reversible mild
microangiopathy) that could be related to IgA-aB2GP1-ab.
Therefore, future research in this important area is mandatory.

The most important limitations of our study are that only
our center was included, and only a simple pretransplant
study of hypercoagulability was performed due to the nature
of the present study. Although the patients were evaluated for
the V Leiden factor, additional testing, such as prothrombin
mutations, activated protein C resistance, antithrombin,
protein C and protein S activity, was not systematically per-
formed. However, it must be kept in mind that all transplanted
patients were recruited without limitations, representing the
actual clinical practice. The factors studied, such as mortality
and graft loss, are objective and are not depending on any
subjective interpretation.

If this finding is corroborated, prophylactic treatment of
pretransplant IgA-B2GP1-ab positive patients could amelio-
rate this early complication. Furthermore, it may be an out-
standing advance to not only avoid graft loss but also for
the National Heath Service to decrease the annual economi-
cal budget. New multicenter studies are needed to confirm
the value of IgA-aB2GP1-ab as an early transplant failure
biomarker. Herein, we are describing a possible new form
of IgA isotype-based APS, secondary to chronic renal failure
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42

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.



© 2016 Wolters Kluwer

that differs from the renal disease secondary to the classical
APS syndrome (IgG-based and IgM-based).*>*® Finally, this
work supports the idea that autoimmunity is relevant after
renal transplantation and also suggests that APS, as Grahams
Hughes (who first described the APS) proposed, could be in-
volved in many other processes unexplored before, such as
renal transplantation.**
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Capitulo 3

La presencia de inmunocomplejos circulantes en sangre
formados por IgA unida a B2 Glicoproteina 1 estan
fuertemente asociada con la aparicion de episodios tromboticos

agudos.

OBJETIVO: El sindrome antifosfolipidico (APS) se caracteriza por trombosis recurrente y /

o morbilidad gestacional en pacientes con autoanticuerpos antifosfolipidicos (aPL). En los
altimos afnos, los anticuerpos IgA anti-beta2-glicoproteina | (B2GPI) (IgA anti B2GP1) han
alcanzado una relevancia clinica similar a los isotipos IgG o IgM. En un trabajo previo del
grupo de investigacion describimos la existencia de inmunocomplejos formados por IgA
unida a B2GPI (B2A-CIC) en la sangre de pacientes con antecedentes de sintomatologia de
APS vy positivos aislados para IgA anti B2GP1 (negativos para isotipos IgG e IgM). Sin
embargo, las asociaciones clinicas de la presencia de estos B2A-CIC con eventos
trombdéticos (TEV) no se conocia.

En el presente trabajo se evallua la prevalencia de los B2A-CIC en pacientes con trombosis

recientes, trombosis antiguas y asintomaticos.

METODOS:

Se estudiaron un total de 145 individuos que fueron positivos aislados para IgA anti B2GP1:
50 controles sin ningun antecedente de APS, 22 pacientes con TEV recientes acaecidas en
dias anteriores a la extraccion (Grupo-1) y 73 pacientes con antecedentes de TEV antiguos
(Grupo-2).

RESULTADOS:

Los niveles medios de B2A-CIC en el Grupo-1 fueron 29.6 * 4.1, significativamente mas
altos que los del controles (15.1 £1.9; p <0.001).

La prevalencia de B2A-CIC positivos en el grupo 1 fue significativamente mayor (81.8%,

p<0,001) que en el grupo control (18%) de pacientes asintomaticos.
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En un analisis multivariable, la positividad de B2A-CIC fue una variable independiente para
la trombosis aguda con un indice impar de 22.7 (intervalo de confianza 5.1-101.6, 95%, p
<0.001). Los niveles de B2A-CIC disminuyeron significativamente dos meses después de la
VET. Los pacientes B2A-CIC positivos tenian niveles de plaquetas mas bajos que los
pacientes B2A-CIC-negativos (p <0,001) y una mayor prevalencia de trombocitopenia (p
<0,019). Los niveles de factores del complemento C3 y C4 en los pacientes del grupo 1 de
presentaron diferencias significativas en los niveles de en niveles observados en los
pacientes de los otros dos grupos.

CONCLUSION:

La presencia de B2A-CIC esta fuertemente asociada con la ocurrencia de TEV en fase
aguda. Los pacientes que eran B2A-CIC positivos y no desarrollaron trombosis, tenian
niveles de plaquetas mas bajos que los negativos para B2A-CIC, lo que sugiere un estado de
hipercoagulabilidad. EI mecanismo de desarrollo de TEV en los pacientes con
inmunocomplejos paraste mecanismo no esta relacionado con el proceso de activacion del
complemento. La presencia de B2A-CIC podria utilizarse potencialmente para identificar a
los pacientes IgA anti B2GPI positivos con mayor riesgo de desarrollar un evento

trombatico.

PMID: 27063992 DOI: 10.5551/jat.34488
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Aim: Antiphospholipid syndrome (APS) is characterized by recurrent thrombosis and/or gestational
morbidity in patients with antiphospholipid autoantibodies (aPL). Over recent years, IgA anti-beta2-
glycoprotein I (B2GPI) antibodies (IgA aB2GPI) have reached similar clinical relevance as IgG or
IgM isotypes. We recently described the presence of immune complexes of IgA bounded to B2GPI
(B2A-CIC) in the blood of patients with antecedents of APS symptomalology. However, B2A-CIC’s
clinical associations with thrombotic events (TEV) have not been described yet.

Methods: A total of 145 individuals who were isolate positive for IgA aB2GPI were studied: 50 con-
trols without any APS antecedent, 22 patients with recent TEV (Group-1), and 73 patients with

antecedents of old TEV (Group-2).

Results: Mean B2A-CIC levels and prevalence in Group-1 were 29.6+4.1 AU and 81.8%, respec-
tively, and were significantly higher than those of Group-2 and controls (p<0.001). In a multivari-
able analysis, positivity of B2A-CIC was an independent variable for acute thrombosis with a 22.7
odd ratio (confidence interval 5.1-101.6, 95%, p<0.001). Levels of B2A-CIC dropped significantly
two months after the TEV. B2A-CIC positive patients had lower platelet levels than B2A-CIC-nega-
tive patients (»p<0.001) and more prevalence of thrombocytopenia (p<0.019). Group-1 had no sig-
nificant differences in C3 and C4 levels compared with other groups.

Conclusion: B2A-CIC is strongly associated with acute TEV. Patients who did not develop thrombo-
sis and were B2A-CIC positive had lower platelet levels, which suggest a hypercoagulable state. This
mechanism is unrelated to complement-fixing aPL. B2A-CIC could potentially select IgA aB2GPI-
positive patients at risk of developing a thrombotic event.

Key words: Immunocomplex, Immune complex, Autoimmunity, Autoantibodies, Antiphospholipid
syndrome, Seronegative antiphospholipid syndrome, APL, B2GPI, Cardiolipin, IgA
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Introduction
Antiphospholipid syndrome (APS), also known

as Hughes syndrome, is a multisystemic autoimmune
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disorder characterized by recurrent thrombosis and/or
gestational morbidity and the presence of antiphos-
pholipid antibodies (aPL)".

Diagnosis of APS is based on strict guidelines
and requires clinical and laboratory criteria. Throm-
botic events in patients with APS may be arterial,
venous, or small vessel thrombosis of any organ, which
must be diagnosed by objective methods such as imag-
ing techniques or histopathology". Gestational mor-
bidity includes unexplained spontaneous abortions or
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deaths of a normal fetus and premature births due to
eclampsia and pre-eclampsia of placental insuffi-
ciency®?). There are three different APS disease enti-
ties: primary (P-APS, without other concurrent mor-
bidity), secondary to a pre-existing systemic autoim-
mune disease (S-APS), and catastrophic, consisting of
multiple organ thrombosis with simultaneous multi-
organ failure and a mortality rate close to 50%?.

The aPL are a heterogeneous antibody group
that can be directed against phospholipids, phospho-
lipids—plasma proteins complexes or, mainly, phos-
pholipid binding proteins. Antigens recognized by aPL
can be located in plasma or associated with anionic
phospholipids on plasma membranes of endothelial
cells, platelets and other cells related with the coagula-
tion system> . International consensus accepted aPL
for APS diagnosis are lupus anticoagulant (LA), anti-
cardiolipin antibodies (aCL) of IgG and IgM isotypes,
and anti-beta-2-glycoprotein I antibodies (aB2GPI) of
IgG and IgM isotypes®”.

Although anti-B2GPI antibodies of IgA isotype
are not included in the laboratory criteria for APS
defined in 2004 due to controversial results?, in the
same meeting researchers were encouraged to clarify
its role in the APS®. In the last few years, the clinical
relevance of IgA aB2GPI has increased” ® and at the
13th International Congress on Antiphospholipid
Antibodies (2010, Galveston, TX), the task force rec-
ommended testing for IgA aB2GPI in cases negative
for IgG and IgM where APS is still suspected?. This
determination has allowed for great diagnostic utility
in patients with APS symptomatology negative for
consensus aPL (APS-like patients)”, lupus erythema-
tosus'?, thrombosis in chronic kidney disease'"'?, or
early graft loss of transplanted kidneys'?.

While most of the antibodies detected in auto-
immune diseases are not the direct cause of disease,
aPL of IgG, IgM'9, and IgA?¥ isotype are directly
pathogenic. However, the presence of aPL is necessary,
but not sufficient, to produce an APS event, so an
additional trigger is needed to develop thrombosis'.
The predictive value of the presence of aPL in devel-
oping thrombosis in a patient is low, and there are few
prospective studies in APS. A 10 year follow-up multi-
center prospective study of 1000 APS patients was
conducted, and about 15% of patients developed a
thrombotic event in the first 5 years. The study con-
cluded that it was necessary to search for new markers
to prevent the complications of APS, since even
though the patients were under treatment, some of
them continued to develop thrombosis'®. For patients
positive for IgA aB2GPI only, prospective studies were
conducted in patients in hemodialysis'" "7 and in
renal transplant patients'”. However, only a minority
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of patients developed thrombotic events-- 12% in
renal transplant patients during the first year' and
approximately 50% in patients on dialysis within two
years'" ') Therefore, new biomarkers are needed to
identify which patients have a higher risk of thrombo-
sis 16, 18).

The presence of circulating immune complexes
(CIC) of B2GPI and antibodies (IgG and IgM) in
APS patients has been reported'” although they were
not associated with the occurrence of thrombotic
events®”. We recently described a new method to
detect specific CIC of IgA bounded to B2GPI (B2A-
CIC) demonstrating its presence in patients positive
only for IgA aB2GPI antibodies?”. In the present
study, we show for the first time that the presence of
B2A-CIC identifies a subgroup of patients prone to

develop thrombosis.

Patients and Methods
Study Design.

1. A cross-sectional study conducted to deter-
mine the presence of IgA-B2GPI immune complexes
and their association with recent and older thrombotic
events in patients positive only for IgA anti-B2GPI
(negative for other aPL).

2. A prospective study of B2A-CIC short-term
evolution in patients with recent thrombotic events.

The study complies with the Spanish legislation
and European Community directives.

Patients

All patients positive only for IgA aB2GPI and
negative for other aPL: aCL, IgG, IgA or IgM, and
aB2GPI, IgG or IgM were recruited during one year
(ending on November 30, 2014) from those referred
by their physicians for aPL study to the Hospital 12
de Octubre Immunology Department. These patients
were separated in two groups:

Group-1. Twenty-two patients positive for IgA
aB2GPI-ab with recent thrombotic events consistent
with APS clinical characteristics (supplementary
Table 1) in the 30 days before aPL determination.
Sera were evaluated for presence of aPL immediately
after the event (mean 9.8%2.2 days). All the serum
samples were evaluated in the first month.

The mean age was 68.5%2.4 years; 11 (50%)
were male. One patient (4.5%) had an autoimmune
disease and is consistent with secondary APS (S-APS).
The rest of the patients were patients consistent with a
diagnosis of primary APS (P-APS). Clinical character-
istics are described on Table 1. 21 (95.4%) were Cau-
casians and 1 (4.6%) was east-African.

Group-2. Seventy-three patients positive for IgA
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Table 1. Characteristics of patients on Group-1 and control group.

Control Group (7=50)

Group 1 (n=22)

Mean/n SE/ % Mean/n SE/ % ’
Age (y) 59.1 +2.3 68.5 +2.4 0.006
Sex (m) 10 20.0% 11 50.0% 0.020
Diabetes mellitus type 2 12 24.0% 7 31.8% n.s.
Arterial hypertension (controlled) 20 40.0% 11 50.0% n.s.
Dyslipidemia 11 22.0% 7 31.8% n.s.
Atrial fibrillation 0 0.0% 0 0.0% n.s.
No autoimmune underlying pathologies 32 64.0% 21 95.5% 0.007
Underlying autoimmune pathologies 18 36.0% 1 4.5% 0.007
Systemic Lupus Erythematosus 13 26.0% 1 4.5% ns.
Rheumatoid arthritis 4 8.0% 0 0.0% n.s.
Systemic Sclerosis 1 2.0% 0 0.0% n.s.
SE: standard error of the mean.
aB2GPI-ab with old thrombosis. Thrombotic events Definitions

(supplementary Table 1) must have happened more
than six months before the date of blood extraction
(mean 782+ 105 days). Eight patients (8.2%) had an
autoimmune disease and are consistent with second-
ary APS (S-APS). The rest of patients were patients
consistent with a diagnosis of primary APS (P-APS).
The mean age was 59.1%2.3 years; 40 (54.8%) were
male. 70 (95.9%) were Caucasians and 3 (4.1%) were
east-African.

Pretreatment: There were no significant differ-
ences among patients receiving treatment with immu-
nomodulators, anticoagulants, antiplatelet or antima-
larial treatment.

Asymptomatic Control Group (Control group).
50 patients positive only for IgA aB2PPI without
APS-symptomatology (any thrombotic or APS-related
obstetric antecedents) were recruited. The mean age
was 59.1%2.3 years; 10 (20%) were male. All patients
were confirmed positive and remained free of throm-
botic events from the time of diagnosis. The mean of
time free of thrombosis from diagnosis of the presence
of autoantibodies was 56.1+4.5 months and the
number of determinations of IgA aB2GPI that were
made during the follow up period was 7.8 = 1.4. All of
the determinations were positive. Clinical characteris-
tics are described on Table 1.

Patients with prothrombotic conditions second-
ary to other factors such as sepsis, homocystinemia,
and genetic defects of coagulation factors (thrombin
mutations, factor V Leiden, antithrombin deficiency,
etc.) were not included. Data of the patients and con-
trols were collected in an anonymized database.
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Thrombotic events: Venous and arterial throm-
bosis diagnosed following Sydney consensus of APS
criteria?.

Current-thrombosis (CT): Thrombotic event
that occurred within the 30 days prior to blood collec-
tion.

Old-thrombosis (OT): When previous thrombo-
sis occurred from 1 to 36 months before blood collec-
tion.

Thrombocytopenia: platelets levels below 140 x
10%/ulL

Laboratory determinations. aCL and aBGPI
antibodies (IgG and IgM) were measured using the
BioPLex 2200 multiplex immunoassay system (Bio-
Rad, Hercules CA, USA). Antibody levels higher than
18 U/mL were considered positive following the man-
ufacturer’s guidelines.

IgA aCL and aB2GPI antibodies were quantified
by enzyme-linked immunosorbent assays (ELISA)
using IgA-aCL and IgA-aB2GPI QUANTA Lite
(INOVA Diagnostics Inc., San Diego, CA, USA).
Antibody levels higher than 20 U/mL were considered
positive following the manufacturer’s guidelines and
the 99th percentile of a healthy population in our hos-
pital”.

Complement factors C3 and C4 levels were mea-
sured using Beckman Coulter IMMAGE Immuno-
chemistry System (Beckman Coulter Inc. Pasadena,
CA, USA).

Quantification of B2A-CIC levels was performed
as previously described?”. Sera with values of B2A-
CIC higher than 21 AU were considered positive. All
the procedures were performed in a Triturus® Ana-
lyzer (Diagnostics Grifols, S.A., Barcelona, Spain).
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Lupus Anticoagulant

Lupus anticoagulant (LA) is not routinely per-
formed in all patients with a first thrombotic event.
They are only done in special coagulation studies in
patients with repeated thrombosis or elevated throm-
botic risk. In patients who have a first thrombosis, LA
is only ordered when the hematologist considers it is
appropriate due to clinical characteristics. LA activity
was detected by coagulation assays following the
guidelines of the International Society on Thrombosis
and Hemostasis (ISTH)??. We used the HemosIL
dRVVT Screen, HemosIL dRVVT Confirm and
HemosIL Silica Clotting Time assays (Instrumentation
Laboratory SpA, Milano, Italy).

Statistical Methods

Results were expressed as mean *standard error
or absolute frequency and percentage. In scaled vari-
ables with two categories, comparisons were performed
using the Student’s z-test. Association between quali-
tative variables was determined with Pearson’s Chi-
square test incorporating Yates Continuity Correction.
P values less than 0.05 were considered significant.

A box-and-whisker plot represents the values
from the lower to upper quartile (25 to 75 percentile)
in the central box. The median is represented as the
middle line into the box. Data were processed and
analyzed using Medcalc for Windows version 15.4
(MedCalc Software, Ostend, Belgium).

Results

Presence of B2A-CIC

No significant differences in aB2GPI and aCL
antibodies levels (IgG, IgM and IgA) between Group-
1, Group-2 and control patients were observed (Sup-
plementary Table 2). Levels of B2A-CIC were signifi-
cantly higher in Group-1 (29.6+4.1 AU) than in the
control group (15.1+1.9 AU; p=0.003; Fig.1A).
81.8% of patients in Group-1 (18/22) were positive
for B2A-CIC. This percentage was significantly higher
(p<0.001) than the 18% (9/50) observed in the con-
trol group of patients positive for IgA aB2GPI and
without any thrombotic antecedent (Fig. 1B).

Prospective Study

Group-1 patients were followed-up. Twenty
patients were reevaluated to quantify B2A-CIC
between the second and sixth month post-thrombotic
event (four of them were reevaluated a second time in
this period). Two patients were unavailable because
they did not attend the scheduled follow-up visit. IgA
aB2GPI mean levels at the moment of thrombosis did
not differ from the levels in the scheduled follow-up

50

visit and all of them were positive (data not shown).
In the 20 patients who completed the follow-up, B2A-
CIC levels decreased after the thrombotic event
(Fig.2A): mean B2A-CIC at the time of thrombosis
was 35.3+*3.8 AU and in the reevaluation, it was
20.3%£2.7 AU (p=0.002). The percentage of B2A-
CIC positive patients two months after the throm-
botic event was 35.0% (7/20), similar to the control
group (p=0.224). In the four patients in Group-1
who were negative for B2A-CIC in the first sample
(mean 3.8+ 1.8 AU), significant differences were not
observed in the second sample at the time of the fol-
low-up visit (mean 3.1+ 1.0 AU).

A case example of evolution of B2A-CIC in a
patient in Group-1 who had a second thrombotic
event is shown in Fig.2B. The patient had suffered a
portal vein thrombosis and had elevated levels of B2A-
CIC the 2nd day after the thrombosis. B2A-CIC lev-
els dropped by 50% in the 2nd month clinical reeval-
uation, and while the patient was asymptomatic, they
were still positive for B2A-CIC. However, 180 days
after the first thrombosis, the patient developed another
thrombotic event (deep venous thrombosis) and levels
of B2A-CIC increased by 50% compared to the 2nd
month post-thrombosis. This was the only patient
with recurrent thrombosis during the follow-up.

B2A-CIC in Patients with Thrombotic Antecedents

Mean levels of B2A-CIC in sera of patients on
Group-2 (patients who had a thrombotic event more
than 6 months before blood extraction) was 14.8+1.8
AU-- significantly lower (»<0.001) than patients on
Group-1 (first sample) but without significant differ-
ences to Group-1 reevaluation samples (2—6 month
after the thrombotic event) or to the control group
(»=0.143 and p=0.908 respectively).

Group-2 and the control group showed similar
percentages of B2A-CIC positive patients: 17.8%
(13/73) vs 18.0% (9/50), p=0.832. Also, Group-2 did
not differ from the percentage of B2A-CIC positive
patients in Group-1 reevaluation after the thrombotic

event (p=0.177).

Multivariate Study

The variables associated with patients with recent
thrombosis that were significant in the univariate anal-
ysis (Table 1) were included in a multivariate analysis.
The odds ratio for B2A-CIC in the multivariate study
was 22.7 for recent thrombosis (p<0.001), appearing
as a risk factor for thrombosis. The odds ratio for the
presence of an autoimmune disease was 0.08 OR (p=
0.046, Table 2). Sex and age were not significant.
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Fig.1. Levels (A) of immune complexes of IgA bounded to B2GPI (B2A-
CIC) and percentage of positives (B) in Group-1 and controls. Dot-
ted line is the cutoff.

Lupus Anticoagulant Platelet Levels

52 patients were analyzed for LA according to The Group-1 mean platelet levels were 182.7 =
hematologist criteria: 10 in Group-1 (all were nega- 14.6 % 1000/uL, which was lower than those in Group-2
tive) and 42 in Group-2. Six patients in Group-2 (229.2+9.0x1000/uL;; »=0.010) or in the control
(11%) were positive and all of them were negative for group (225.2%8.9x1000/ul; p=0.017). However,
B2A-CIC. no significant differences were observed between the

control group and Group-2 (Fig. 3a).
When IgA aB2GPI positive patients were ana-
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Table 2. Multivariate analysis (p<0.001) of factors associated with recent thrombosis.

Variable Odds Ratio 95% CI P
B2A-CIC positive 22.7 5.055 to 101.571 <0.001
Age 1.0 0.969 to 1.095 0.335
Sex 2.8 0.648 to 12.502 0.166
Presence of autoimmune disease 0.08 0.007 to 0.954 0.046

Area under the ROC curve: 0.915; 95% CI: 0.823 to 0.968.

lyzed according to whether they were B2A-CIC posi-
tive or negative, independently of whether they had a
current or past thrombosis, or did not have thrombo-
sis, we obtained mean platelet levels of 185.5+9.4 x
1000/ul for positive B2A-CIC and 234.8+6.9 %
1000/uL for negative B2A-CIC (»p=0.0001) (Fig. 3b).
In Group-1, 27.3% of patients (6/22) had throm-
bocytopenia. This proportion was not significantly
higher (p=0.07) than that observed in the control
group, 10.0% (5/50), or in Group-2, 12.3% (9/73;
»=0.18). Nevertheless, thrombocytopenia in B2A-CIC
positive patients (in all groups) was 22.5%, signifi-
cantly higher (p=0.019) than the 7.6% observed in
B2A-CIC negative patients in the same groups.

Complement Levels

Group-1 patients had 123.7+7.1 mg/dl and
26.0%2.5 mg/dl C3 and C4 mean levels, respectively,
Group-2 patients had 121.1*4.6 mg/dl and 23.7 *
1.3 mg/dl C3 and C4 mean levels, respectively, and
the control group had 113.4%3.9 mg/dl and 22.8 %
1.0 mg/dl C3 and C4 mean levels, respectively. Mean
levels of Complement C3 and C4 factors in all
patients groups and subgroups were within the normal
range (88—252 mg/ dl for C3 levels and 12—75 mg/
dl for C4 levels) and were not significant. Only 1
patient with recent thrombosis had low levels of C4

(Fig. 4).

Discussion

In this work, for the first time, we have described
a high prevalence of B2A-CIC in patients with recent
thrombosis and positive isolated for IgA aB2GPI anti-
bodies compared with patients who presented old
thrombosis and those without thrombotic anteced-
ents. IgA aB2GPI antibodies are directly thrombo-
genic but the mechanisms of antibody-mediated
thrombosis are unknown®. Although the presence of
aB2GPI antibodies is a necessary condition, only a
small group of patients positive for these antibodies
develop thrombotic complications. It has been pro-
posed that the presence of antibodies would generate a
prothrombotic microenvironment. Thrombus forma-
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tion would require additional prothrombotic factors
(“second hit”), which are related to immune responses
and are still not well known'. Therefore, as demanded
in recent studies, it is necessary to search for new
markers that permit the screening of patients who are
really at risk of suffering a thrombotic event'?.

The aCL assay is mainly for the detection of
B2GPI-dependent antibodies; however, our patients
presented an isolated IgA positivity for B2GPI (nega-
tive for IgA aCL). There are several studies showing
that positivity for IgA aCL and IgA aB2GPI are inde-
pendent” ® . The epitopes recognized by the IgA
aB2GPT are mainly located in the domains 4—5 of the
B2GPI protein, this region being the phospholipid
binding area. When cardiolipin is incorporated to
B2GPI, IgA-binding epitopes are not accessible and
patients only present isolated IgA aB2GPI antibod-
les2425),

We have found that patients with acute throm-
bosis (Group-1) have a higher prevalence of B2A-CIC
positive and higher levels of B2A-CIC than in patients
with antecedents of thrombosis (Group-2) or patients
in the control group. Both prevalence and levels
decrease after the thrombotic event. Group-1 patients
were reevaluated between two and six months after
TEV showing B2A-CIC levels and positive prevalence
similar to those in Group-2 and the control group.

The presence of B2A-CIC is not exclusive to
patients with a history of thrombotic events. It also
appears, but with lower prevalence, in asymptomatic
patients. This would suggest that the presence of B2A-
CIC would not be directly thrombogenic but would
rather behave as an additional risk factor that favors
the prothrombotic microenvironment, thus increasing
the probability of occurrence of the thrombotic event.

Multivariable analysis shows positivity for B2A-
CIC as an independent factor for recent thrombosis
and that patients without autoimmune diseases had
more thrombosis. This makes sense because of the
presence of IgA aB2GPI is more frequent in patients
with P-APS than in S-APS”. By performing a follow-
up study on patients with recent thrombosis, we have
been able to detect a drop in B2A-CIC levels two

months after the thrombotic event. In spite of the
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small number of patients, this decrease is significant
and suggests a formation of B2A-CIC during the
thrombotic event.

In the analysis of platelets, we observed that the
mean levels of Group-1 are lower than in the control
group. This may be because they would have been
consumed during the thrombotic event. Nevertheless,
patients with elevated B2A-CIC levels also have sig-
nificantly lower means than those in the non-elevated
B2A-CIC levels. This may suggest that B2A-CIC
would induce a certain degree of platelet activation/
aggregation and might be able to activate platelets to
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produce platelet-consumption and even to produce
thrombotic events in some patients. Complement acti-
vation plays an important role in the pathogenesis of
aPL-induced thrombosis. Therefore, hypocomplemen-
taemia is common in APS patients (aPL of IgG or
IgM isotypes), reflecting complement activation and
consumption®® *, and blockade of the complement
system has been proposed as an effective therapy for
complex forms of APS?. Our finding of normal C3
and C4 levels in patients with anti-B2GPI antibodies
of IgA isotype and APS-events is perfectly consistent
with the results obtained because IgA does not fix
complement?.

The mechanism by which the aB2GPI antibod-
ies produce pathology is unclear. Some studies suggest
that B2GPI changes its conformation after binding to
the plasma membrane of platelets and endothelial
cells. This would enable B2GPI antibody binding,
thus producing endothelial activation®”, platelet acti-
vation®" and an altered coagulation state’ 3 which
could, in turn, trigger a proinflammatory and proco-
agulant state. The presence of the B2A-CIC could

help make this activation process more effectively by
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increasing the probability of triggering thrombotic
events in a complement-unrelated mechanism. Cur-
rently, there is no cure for APS and the treatment
should be individualized and adapted to the character-
istics of each patient®’. The risk of thrombosis in aPL
positive asymptomatic individuals is low but increases
with the concurrence of other risk factors such as
smoking, use of estrogens, prolonged immobilization,
infections, or surgical procedures®*®. In spite of this,
at least 50% of patients who develop thrombosis do
not have any other risk factor at the time when the
event occurs”). Asymptomatic individuals with posi-
tive blood tests for aPL without other prothrombotic
factors do not require treatment®¥. APS patients with
thrombotic antecedents are usually treated to reduce
the risk of recurrent thromboembolism?®. The main-
stay of the treatment is thromboprophylaxis, usually
using Vitamin K antagonists. However, there is no
consensus regarding the patient screening criteria and
treatment duration because anticoagulant drugs are
among the most common medications that cause
adverse events®”. Therefore, in order to select which
patients should receive thromboprophylaxis, new bio-
markers are needed that would make it possible to
identify patients with a pro-thrombotic state and at
high risk of clinical events*”. B2A-CIC identification
could be a new biomarker to define the population to
be treated at risk of thrombotic events.

Limitations of the study: we have selected
patients positive only for IgA aB2GPI and deliberately
excluded seronegative and positive patients for other
isotypes because they could have been a confounding
factor. This makes essential the inclusion of this popu-
lation in future studies. Also, our population is slightly
older because although we have selected all patients
with thrombosis during a year, the population of the
hospital area is older, as is the population of Spain.
Despite this, age was not significant in the multivari-
ate analysis for the development of thrombosis.
Another major limitation was that blood samples at
the moment of thrombosis were not available.

In summary, IgA aB2GPI antibodies are, per se,
a risk factor but they are not sufficient to discriminate
the population potentially at risk of thrombosis. We
have described for the first time an association among
patients with elevated levels of B2A-CIC and acute
thrombosis. Notably, B2A-CIC levels become negative
2—6 months after the thrombotic event. Furthermore,
patients B2A-CIC positive present less platelet levels,
suggesting a hypercoagulability state by platelet activa-
tion. This mechanism seems to be independent of
complement. The study of the B2A-CIC may help us
to better understand the process of a prothrombotic
state prior to the development of an APS event. From
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a clinical point of view, if these are corroborated, it
may be useful for the diagnosis of seronegative-APS
and may help in the decision of whether treatment
with thromboprophylaxis would be useful or not. Due
to the difficulty of predicting a thrombotic event, this
hypothesis needs to be confirmed in prospective stud-
ies with an elevated number of patients to determine
the B2A-CIC levels pre-thrombosis in more patients
and the potentially role of B2A-CIC as a predictive

marker.

Authors’ Contribution

José Angel Martinez-Flores and Manuel Serrano
collaborated equally to this work

Sources of Funding

This work was supported by grants from Fondo
de Investigaciones Sanitarias and co-financed with
European Regional Development Funds. (Grants: PI12-
00108, PIE13/0045 and PI14-00360).

Acknowledgments

We thank Margarita Sevilla for her excellent
technical assistance and Barbara Shapiro for her excel-
lent work of translation and English revision of the

paper.

Conflict of Interest

The authors declare no conflicts of interest in
this study.

References

1) Gomez-Puerta JA and Cervera R: Diagnosis and classifi-
cation of the antiphospholipid syndrome. ] Autoimmun,
2014; 48-49: 20-25

2) Miyakis S, Lockshin MD, Atsumi T, Branch DW, Brey
RL, Cervera R, Derksen RH, PG DEG, Koike T, Meroni
PL, Reber G, Shoenfeld Y, Tincani A, Vlachoyiannopou-
los PG and Kirilis SA: International consensus statement
on an update of the classification criteria for definite
antiphospholipid syndrome (APS). ] Thromb Haemost,
2006; 4: 295-306

3) Devreese K and Hoylaerts MF: Challenges in the diagno-
sis of the antiphospholipid syndrome. Clin Chem, 2010;
56: 930-940

4) Asherson RA, Cervera R, Piette JC, Font ], Lie JT, Burco-
glu A, Lim K, Munoz-Rodriguez FJ, Levy RA, Boue F,
Rossert J and Ingelmo M: Catastrophic antiphospholipid
syndrome. Clinical and laboratory features of 50 patients.
Medicine (Baltimore), 1998; 77: 195-207

5) Willis R, Harris EN and Pierangeli SS: Pathogenesis of



IgA aB2GPI Immune Complex and Acute Thrombosis

the antiphospholipid syndrome. Semin Thromb Hemost,
2012; 38: 305-321
6) Branch DW: Summary of the 11th International Congress
on antiphospholipid autoantibodies, Australia, November
2004. ] Reprod Immunol, 2005; 66: 85-90
7) Ruiz-Garcia R, Serrano M, Angel Martinez-Flores ], Mora
S, Morillas L, Martin-Mola MA, Morales JM, Paz-Artal E
and Serrano A: Isolated IgA Anti- beta 2 Glycoprotein I
Antibodies in Patients with Clinical Criteria for Antiphos-
pholipid Syndrome. ] Immunol Res, 2014; 2014: 704395
8) Murthy V, Willis R, Romay-Penabad Z, Ruiz-Limon P,
Martinez-Martinez LA, Jatwani S, Jajoria P, Seif A, Alar-
con GS, Papalardo E, Liu J, Vila LM, McGwin G, Jr.,
McNearney TA, Maganti R, Sunkureddi P, Parekh T, Tar-
antino M, Akhter E, Fang H, Gonzalez EB, Binder WR,
Norman GL, Shums Z, Teodorescu M, Reveille JD, Petri
M and Pierangeli SS: Value of isolated IgA anti-beta2 -gly-
coprotein I positivity in the diagnosis of the antiphospho-
lipid syndrome. Arthritis Rheum, 2013; 65: 3186-3193
9) Lakos G, Favaloro EJ, Harris EN, Meroni PL, Tincani A,
Wong RC and Pierangeli SS: International consensus
guidelines on anticardiolipin and anti-beta2-glycoprotein
I testing: report from the 13th International Congress on
Antiphospholipid Antibodies. Arthritis Rheum, 2012; 64:
1-10
10) Petri M, Orbai AM, Alarcon GS, Gordon C, Merrill JT,
Fortin PR, Bruce IN, Isenberg D, Wallace DJ, Nived O,
Sturfelt G, Ramsey-Goldman R, Bae SC, Hanly JG, San-
chez-Guerrero ], Clarke A, Aranow C, Manzi S, Urowitz
M, Gladman D, Kalunian K, Costner M, Werth VP,
Zoma A, Bernatsky S, Ruiz-Irastorza G, Khamashta MA,
Jacobsen S, Buyon JP, Maddison P, Dooley MA, van Vol-
lenhoven RE Ginzler E, Stoll T, Peschken C, Jorizzo JL,
Callen JP, Lim SS, Fessler BJ, Inanc M, Kamen DL, Rah-
man A, Steinsson K, Franks AG, Jr., Sigler L, Hameed S,
Fang H, Pham N, Brey R, Weisman MH, McGwin G, Jr.
and Magder LS: Derivation and validation of the Sys-
temic Lupus International Collaborating Clinics classifi-
cation criteria for systemic lupus erythematosus. Arthritis
Rheum, 2012; 64: 2677-2686
11) Serrano A, Garcia F Serrano M, Ramirez E, Alfaro FJ,
Lora D, de la Camara AG, Paz-Artal E, Praga M and
Morales JM: IgA antibodies against beta2 glycoprotein I
in hemodialysis patients are an independent risk factor for
mortality. Kidney Int, 2012; 81: 1239-1244
12) Serrano M, Martinez-Flores JA, Castro MJ, Garcia F, Lora
D, Perez D, Gonzalez E, Paz-Artal E, Morales J]M and
Serrano A: Renal transplantation dramatically reduces IgA
anti-beta-2-glycoprotein I antibodies in patients with end-
stage renal disease. ] Immunol Res, 2014; 2014: 641962
13) Morales JM, Martinez-Flores JA, Serrano M, Castro M],
Alfaro FJ, Garcia F, Martinez MA, Andres A, Gonzalez E,
Praga M, Paz-Artal E and Serrano A: Association of Early
Kidney Allograft Failure with Preformed IgA Antibodies
to beta2-Glycoprotein I. ] Am Soc Nephrol, 2015; 26:
735-745
14) Giannakopoulos B and Krilis SA: The pathogenesis of the
antiphospholipid syndrome. N Engl ] Med, 2013; 368:
1033-1044
15) Meroni PL, Borghi MO, Raschi E and Tedesco F: Patho-
genesis of antiphospholipid syndrome: understanding the

56

antibodies. Nat Rev Rheumatol, 2011; 7: 330-339

16) Cervera R, Serrano R, Pons-Estel GJ, Ceberio-Hualde L,
Shoenfeld Y, de Ramon E, Buonaiuto V, Jacobsen S,
Zeher MM, Tarr T, Tincani A, Taglietti M, Theodossiades
G, Nomikou E, Galeazzi M, Bellisai F Meroni PL, Derk-
sen RH, de Groot PG, Baleva M, Mosca M, Bombardieri
S, Houssiau E Gris JC, Quere I, Hachulla E, Vasconcelos
C, Fernandez-Nebro A, Haro M, Amoura Z, Miyara M,
Tektonidou M, Espinosa G, Bertolaccini ML and
Khamashta MA: Morbidity and mortality in the antiphos-
pholipid syndrome during a 10-year period: a multicentre
prospective study of 1000 patients. Ann Rheum Dis,
2015; 74: 1011-1018

17) Hadhri S, Rejeb MB, Belarbia A, Achour A and Skouri H:
Hemodialysis duration, Human platelet antigen HPA-3
and IgA Isotype of anti-beta2glycoprotein I antibodies are
associated with native arteriovenous fistula failure in Tuni-
sian hemodialysis patients. Thromb Res, 2013; 131: €202-
209

18) Devreese KM: Antiphospholipid antibodies: evaluation of
the thrombotic risk. Thromb Res, 2012; 130 Suppl 1:
$37-40

19) Banzato A, Frasson R, Acquasaliente L, Bison E, Bracco A,
Denas G, Cuffaro S, Hoxha A, Ruffatd A, Iliceto S, De
Filippis V and Pengo V: Circulating beta2 glycoprotein
I-IgG anti-beta2 glycoprotein I immunocomplexes in
patients with definite antiphospholipid syndrome. Lupus,
20125 21: 784-786

20) Biasiolo A, Rampazzo P, Brocco T, Barbero F, Rosato A
and Pengo V: [Anti-beta2 glycoprotein I-beta2 glycopro-
tein I] immune complexes in patients with antiphospho-
lipid syndrome and other autoimmune diseases. Lupus,
1999; 8: 121-126

21) Martinez-Flores JA, Serrano M, Perez D, Lora D, Paz-
Artal E, Morales JM and Serrano A: Detection of circulat-
ing immune complexes of human IgA and beta 2 Glyco-
protein I in patients with antiphospholipid syndrome
symptomatology. ] Immunol Methods, 2015;

22) Brandt JT, Triplett DA, Alving B and Scharrer I: Criteria
for the diagnosis of lupus anticoagulants: an update. On
behalf of the Subcommittee on Lupus Anticoagulant/
Antiphospholipid Antibody of the Scientific and Standar-
disation Committee of the ISTH. Thromb Haemost,
1995; 74: 1185-1190

23) Mattia E, Ruffatti A, Tonello M, Meneghel L, Robecchi B,
Pittoni M, Gallo N, Salvan E, Teghil V, Punzi L and Ple-
bani M: IgA anticardiolipin and IgA anti-beta2 glycopro-
tein I antibody positivity determined by fluorescence
enzyme immunoassay in primary antiphospholipid syn-
drome. Clin Chem Lab Med, 2014; 52: 1329-1333

24) Sweiss NJ, Bo R, Kapadia R, Manst D, Mahmood F,
Adhikari T, Volkov S, Badaracco M, Smaron M, Chang A,
Baron ] and Levine JS: IgA anti-beta2-glycoprotein I
autoantibodies are associated with an increased risk of
thromboembolic events in patients with systemic lupus
erythematosus. PLoS One, 2010; 5: 12280

25) Andreoli L, Chighizola CB, Nalli C, Gerosa M, Borghi
MO, Pregnolato F, Grossi C, Zanola A, Allegri E, Norman
GL, Mahler M, Meroni PL and Angela T: Antiphospho-
lipid Antibody Profiling: The Detection of IgG Antibod-
ies Against beta2glycoprotein I Domain 1 and 4/5 Offers

1251



Martinez-Flores et al.

Better Clinical Characterization: The ratio between anti-
D1 and anti-D4/5 as a new useful biomarker for APS.
Arthritis Rheumartol, 2015;

26) Oku K, Atsumi T, Bohgaki M, Amengual O, Kataoka H,
Horita T, Yasuda S and Koike T: Complement activation
in patients with primary antiphospholipid syndrome. Ann
Rheum Dis, 2009; 68: 1030-1035

27) Lim W: Complement and the antiphospholipid syndrome.
Curr Opin Hematol, 2011; 18: 361-365

28) Erkan D, Aguiar CL, Andrade D, Cohen H, Cuadrado
MJ, Danowski A, Levy RA, Ortel TL, Rahman A, Salmon
JE, Tektonidou MG, Willis R and Lockshin MD: 14th
International Congress on Antiphospholipid Antibodies:
task force report on antiphospholipid syndrome treatment
trends. Autoimmun Rev, 2014; 13: 685-696

29) Daha NA, Banda NK, Roos A, Beurskens FJ, Bakker JM,
Daha MR and Trouw LA: Complement activation by
(auto-) antibodies. Mol Immunol, 2011; 48: 1656-1665

30) Raschi E, Testoni C, Borghi MO, Fineschi S and Meroni
PL: Endothelium activation in the anti-phospholipid syn-
drome. Biomed Pharmacother, 2003; 57: 282-286

31) Lutters BC, Derksen RH, Tekelenburg WL, Lenting PJ,
Arnout ] and de Groot PG: Dimers of beta 2-glycoprotein
I increase platelet deposition to collagen via interaction
with phospholipids and the apolipoprotein E receptor 2’.
J Biol Chem, 2003; 278: 33831-33838

32) Levine JS, Branch DW and Rauch J: The antiphospho-
lipid syndrome. N Engl ] Med, 2002; 346: 752-763

33) Matsuura E, Shen L, Matsunami Y, Quan N, Makarova

1252

57

M, Geske FJ, Boisen M, Yasuda S, Kobayashi K and
Lopez LR: Pathophysiology of beta2-glycoprotein I in
antiphospholipid syndrome. Lupus, 20105 19: 379-384

34) Punnialingam S and Khamashta MA: Duration of antico-
agulation treatment for thrombosis in APS: is it ever safe
to stop? Curr Rheumatol Rep, 2013; 15: 318

35) Erkan D, Yazici Y, Peterson MG, Sammaritano L and
Lockshin MD: A cross-sectional study of clinical throm-
botic risk factors and preventive treatments in antiphos-
pholipid syndrome. Rheumatology (Oxford), 2002; 41:
924-929

36) Fischetti E Durigutto B, Pellis V, Debeus A, Macor D,
Bulla R, Bossi E Ziller F, Sblattero D, Meroni P and
Tedesco F: Thrombus formation induced by antibodies to
beta2-glycoprotein I is complement dependent and
requires a priming factor. Blood, 2005; 106: 2340-2346

37) Barbhaiya M and Erkan D: Primary thrombosis prophy-
laxis in antiphospholipid antibody-positive patients:
where do we stand? Curr Rheumatol Rep, 2011; 13:
59-69

38) Giannakopoulos B and Kirilis SA: How I treat the antiphos-
pholipid syndrome. Blood, 2009; 114: 2020-2030

39) Piazza G, Nguyen TN, Cios D, Labreche M, Hohlfelder
B, Fanikos J, Fiumara K and Goldhaber SZ: Anticoagula-
tion-associated adverse drug events. Am ] Med, 2011;
124: 1136-1142

40) Bertero MT: Primary prevention in antiphospholipid anti-
body carriers. Lupus, 2012; 21: 751-754



IgA aB2GPI Immune Complex and Acute Thrombosis

Supplementary Table 1. Antiphospholipid Syndrome (APS) clinical inclusion criteria.

APS Clinical criteria Group-1 (n=22) Group-2 (n=73)
Venous thrombosis 17 77.3% 65 89.0%
Deep venous thrombosis 7 31.8% 31 42.5%
Deep venous thrombosis and pulmonary embolism 2 9.1% 19 26.0%
Portal vein thrombosis 2 9.1% 3 4.1%
Portal vein thrombosis and pulmonary embolism 1 4.5% 0 0.0%
Pulmonary embolism 5 22.7% 13 17.8%
Arterial thrombosis 5 22.7% 8 11.0%
Mesenteric thrombosis 1 4.5% 2 2.7%
Pulmonary thrombosis 0 0.0% 1 1.4%
Central artery of the retina 1 4.5% 1 1.4%
Carotid thrombosis 0 0.0% 1 1.4%
Cerebral thrombosis 2 9.1% 2 2.7%
Coronary thrombosis 1 4.5% 1 1.4%

Supplementary Table 2. Antiphospholipid antibodies levels (IU/ml) in the three groups.

Group-1 Group-2 Control group

Mean SE Mean SE mean SE
aCL IgG 4.7 1.4 5.6 1.8 3.1 0.4
aCL IgM 4.3 0.9 4.6 1.2 4.3 0.8
aCL IgA 4.2 0.5 4.1 0.5 3.3 0.3
aB2GPI IgG 4.7 1.5 5.7 1.9 3.2 0.6
aB2GPI IgM 2.7 0.4 2.6 0.5 3.5 0.7
aB2GPI IgA 66.1 5.8 68.8 7.2 68.2 7.7

SE: standard error of the mean. aCL: Anti-cardiolipin. aB2GPI: anti-Beta 2 Glycoprotein L.
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Capitulo 4

Complejos inmunes de2-glicoproteina | e IgA: un marcador
para predecir la trombosis después del trasplante renal en

pacientes con anticuerpos antifosfolipidicos

FONDO:

El valor predictivo de la presencia de aPL es bajo par la aparicién de los eventos
trombaticos es bajo: Solo una minoria de los pacientes aPL positivos llegara a desarrollar el
evento, por ello no es ético ni practico instaurar tratamientos preventivos sobre todos ellos.
Se necesitan nuevos marcadores para identificar cuales son los portadores de aPL con riesgo
de sufrir eventos trombdéticos y tomar medidas preventivas exclusivamente sobre ellos.

En unos trabajos previos del grupo de investigacion se describio la existencia de
inmunocomplejos circulantes de IgA unida a2aglicoproteina | (B2A-CIC) en la sangre
dedgunos pacientes con aPL de clase IgA. La presencia de estos B2A-CIC se ha asociado
con la aparicion de eventos trombéticos agudos (capitulo 3).

En este trabajo se estudia el posible valor predictivo de la presencia de B2A-CIC para
determinar el riesgo de aparicién de eventos tromboticos agudos en pacientes que van a
someterse a cirugia de trasplante, un conocido desencadenante (“second hit”) de eventos
trombaéticos agudos en pacientes que son portadores de aPL.

METODOS:

Se realizé un estudio de seguimiento basado en la cohorte Magnum 12 + 12 de pacientes
gue recibieron un trasplante de rifién (n = 1339). Se establecieron tres grupos: pacientes del
grupo 1 que fueron positivos para la IgA gftiglicoproteina y B2A-CIC (n = 125);

pecientes del grupo 2 que solo dieron positivo para IgA anti B2GP1 (n = 240); y grupo
control, pacientes que fueron negativos para IgA anti B2GP1 (n = 974).

Los niveles de autoanticuerpos y B2A-CIC se cuantificaron inmediatamente antes de la
cirugia de trasplante y los pacientes fueron seguidos durante 6 meses.

RESULTADOS:

En el grupo 1 (pacientes positivos para B2A-CIC), el 46,4% de los pacientes experimento

algun tipo de trombosis durante los seis meses de seguimiento, una cifra significativamente
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mayor que el 10,4% observado en el grupo 2 (P <0,001) y el 8,6% en el grupo control (P
<0,001). La incidencia de trombosis del injerto en el grupo 1 (31.2%) fue significativamente
mayor que la observada en el grupo 2 (3.3%, P <0.001) y el grupo control (2.6%, P <0.001).
En un analisis multivariable, la presencia de B2A-CIC se comporté como una variable
independiente para el riesgo de experimentar cualquier tipo de trombosis postrasplante
(Hazard ratio: 6.72, intervalo de confianza del 95%, 4.81-9.37) y, especialmente, para el
riesgo de desarrollar una trombosis del injerto (Hazard ratio: 14.75; Intervalo de confianza
del 95%, 9.11-23.89). No se encontraron diferencias significativas entre los pacientes del
grupo 2 (B2A-CIC-negativos) y el grupo de control.

CONCLUSIONES:

La presencia de B2A-CIC es un predictor de eventos trombéticos agudos. Los pacientes que
positivos para IgA anti B2GP1 solo estan en riesgo de experimentar trombosis si son B2A-
CIC positivos. Si estos pacientes son pacientes B2A-CIC-negativos, tienen el mismo riesgo
de desarrollar eventos tromboéticos que el grupo de control. Los tratamientos para prevenir
eventos tromboticos agudos deben enfocarse en pacientes B2A-CIC-positivos.

PMID: 28249878 DOI: 10.1161/CIRCULATIONAHA.116.025992
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B,-Glycoprotein I/IgA Inmune Complexes
A Marker to Predict Thrombosis After Renal Transplantation in Patients With

Antiphospholipid Antibodies

BACKGROUND: Antiphospholipid syndrome is characterized by recurrent
thrombosis and gestational morbidity in patients with antiphospholipid
autoantibodies (aPLs). Predictive value of the presence of aPLs is low,

and new markers are necessary to identify aPL carriers at higher risk and
take preventive measures on them. The presence of circulating immune
complexes of IgA bound to B,glycoprotein | (B2A-CIC) has been associated
with occurrence of acute thrombotic events. In this work we study its
possible predictive value for the appearance of acute thrombotic events in
patients who are going to undergo transplant surgery, a well-known trigger
of acute thrombotic events in aPL carriers.

METHODS: We performed a follow-up study based on the Magnum 12+12
Cohort of patients who received a kidney transplant (h=1339). Three

groups were established: group 1 patients who were positive for IgA anti-,-

glycoprotein | (aB2GP1) and B2A-CIC (n=125); group 2 patients who were
positive only for IgA aB2GP1 (n=240); and control group, patients who
were negative for IgA aB2GP1 (n=974). Levels of autoantibodies and B2A-
CIC were quantified immediately before the transplant surgery and patients
were followed up for 6 months.

RESULTS: In group 1, 46.4% of patients experienced any type of
thrombosis versus 10.4% in group 2 (P<0.001) and 8.6% in the control
group (P<0.001). The incidence of graft thrombosis in group 1 (31.2%)
was significantly higher than that observed in group 2 (3.3%, P<0.001)
and the control group (2.6%, P<0.001). In a multivariate analysis, the
presence of B2A-CIC was an independent variable to experience any
type of posttransplant thrombosis (hazard ratio, 6.72; 95% confidence
interval, 4.81-9.37) and, prominently, for graft thrombosis (hazard
ratio, 14.75; 95% confidence interval, 9.11-23.89). No significant
differences were found between B2A-CIC-negative and control group
patients.

CONCLUSIONS: The presence of B2A-CIC is a predictor of acute
thrombotic events. Patients who were positive for IgA aB2GP1 only are
at risk of experiencing thrombosis if they are B2A-CIC positive. If they are
B2A-CIC-negative patients, they have the same risk as the control group.
Treatments to prevent acute thrombotic events should focus on B2A-CIC-
positive patients.
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Clinical Perspective

What Is New?

e The presence of circulating immune complexes
of IgA bound to f,-glycoprotein | (B2A-CIC) has
been associated with acute thrombotic events
in patients with IgA isotype antiphospholipid
antibodies.

e The presence of B2A-CIC at pretransplant is the
main independent risk factor to experience any type
of posttransplant thrombosis in the first 6 months
after kidney transplantation.

e The worst complications in the first weeks post-
transplant, ie, graft thrombosis—mediated graft
loss, were much more frequent in patients who were
B2A-CIC positive.

e Immune complexes emerge as a biomarker that
explores a new pathophysiological pathway of
antiphospholipid syndrome.

What Are the Clinical Implications?

e Determination of immune complexes helps to iden-
tify which patients with antiphospholipid antibodies
have high risk of developing thrombosis.

e Patients who were positive for IgA antif,-
glycoprotein | have a much higher risk of developing
thrombotic events if they are B2A-CIC positive.

e B2A-CIC-negative patients have the same thrombo-
sis risk as the control population.

e Treatment to prevent thrombosis should focus
mainly on B2A-CIC—positive patients.

autoantibodies directed mainly against phospho-

lipid-binding plasmatic proteins that can also be
localized on membranes of endothelial cells and plate-
lets.!?2 The aPLs most frequently associated with vas-
cular pathology are directed against f.,-glycoprotein 1
(B2GP1),? a plasma protein synthesized mainly in the
liver, heart, and kidney.*

Antiphospholipid syndrome (APS) is an autoimmune
disorder characterized by thrombosis or obstetric com-
plications in patients having aPL.5® Diagnosis of APS
requires both clinical and laboratory criteria established
in 2005. Clinical criteria include thrombosis (in arter-
ies, veins, or small vessels) and miscarriages or fetal
loss that must be diagnosed by objective methods such
as imaging techniques or histopathology.!” The pres-
ence of at least one of the following aPLs is considered
by international consensus as a laboratory criterion for
APS diagnosis: lupus anticoagulant, antibodies of 1gG
or IgM isotypes anticardiolipin, or anti-f,-glycoprotein |
(aB2GP1).15

The clinical relevance of antibodies aB2GP1 of IgA
isotype (IgA-aB2GP1) has been increasing in recent

Antiphospholipid antibodies (aPLs) are a group of

Circulation. 2017;135:1922-1934. DOI: 10.1161/CIRCULATIONAHA.116.025992
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years, especially in patients who are negative for other
isotypes (IgA isolated-positive).81! Therefore, in the
13th International Congress on Antiphospholipid Anti-
bodies (2010, Galveston, TX), the task force recom-
mended testing for the IgA-aB2GPI in cases in which
other aPLs were negative (IgG and IgM isotypes) and
APS was still suspected.!?

The presence of aPLs is necessary, but not sufficient,
to promote an APS event. Additional factors are needed
to trigger thrombosis (second-hit hypothesis). Although
it is known that the activation of the immune response
and innate immunity, in the context of processes such
as infection or surgery, play a key role and behave as
second hits, the mechanisms that induce the thrombotic
event remain unknown.?

A multicenter prospective study of 1000 patients
with APS followed up for 10 years shows that =15%
of patients developed a thrombotic event in the first
5 years. The predictive value of the presence of aPLs
is insufficient to clearly identify the group having
the highest risk of events, and new biomarkers are
needed to identify which patients have a higher risk of
thrombosis.!3

We described the existence of circulating immune
complexes (CICs) of IgA bound to B2GP1 (B2A-CIC) in
the blood of patients who were positive for IgA-aB2GPI
with a history of APS symptomatology.'* In a recent
work, we described that the presence of B2A-CIC
is strongly associated with the occurrence of acute
thrombotic events (odds ratio, 22.7; P<0.001).® This
association was established through the quantification
of B2A-CIC in serum samples obtained immediately
after the occurrence of an acute thrombotic event
because no serum samples before the occurrence of
thrombotic events were available. Therefore, the pos-
sible predictive value of the presence of the B2A-CIC
cannot be demonstrated.

In recent years, APS has been associated with many
clinical situations including transplant surgery.'® Graft
thrombosis is the main cause of graft loss in the first
weeks after kidney transplantation.!”!® Our group re-
cently described the association of pretransplant pres-
ence of IgA aB2GP1 antibodies with graft thrombosis
and graft loss in the first weeks after kidney transplan-
tation.!® Although most patients who have experienced
thrombosis have had IgA-aB2GP1, the predictive value
of the presence of IgA-aB2GP1 is insufficient to clearly
identify the group having the highest risk of events, and
additional markers are needed to better identify patients
who require preventive treatment.?°

In this work, we analyze the presence of B2A-CIC in
pretransplant serum from a group of patients who are
going to undergo a known trigger for APS events, trans-
plant surgery, and its relationship with the occurrence of
thrombotic events and graft loss by thrombosis in the
first 6 months after transplantation.
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METHODS
Study Design

We performed a historical-cohort follow-up study based on
the Magnum 12+12 Cohort that included all patients who had
received a kidney transplant in the Hospital “12 de Octubre”
(Madrid, Spain) in a 12-year period from January 1, 2000 to
December 31, 2011.%° Sera used for the analysis were col-
lected in the 24 hours before the transplant surgery.

Aim

This study aimed to determine the pretransplant prevalence of
B2A-CIC in patients who are positive for IgA-aB2GP1 and inves-
tigate their possible association with thrombosis, graft throm-
bosis, and graft loss in the first 6 months after transplant. The
main end points were thrombosis, graft loss, causes of graft
loss and graft survival at 6 months, the period of greater risk
of posttransplant thrombotic events.?:?2

Ethical Issues
The study was submitted to the Ethics Committee for Clinical
Research of Hospital 12 de Octubre and received a favorable
report (Reference Number CEIC-15/008). No informed con-
sent was required.

Patients
All patients in the Magnum 12+12 Cohort (N=1375) were
included in the study and were studied as long as they main-
tained a functional graft and up to the end of the observation
time. Patients left the study when they lost the graft or died.

Two subcohorts were formed: the control cohort that
includes the patients who were negative for IgA-aB2GP1
(n=974) and the positive cohort that includes all the patients
who were positive for IgA-aB2GP1. A total of 36 patients who
were positive for [gA-aB2GP1 (9%) were excluded from the pos-
itive cohort because their pretransplant serum samples were
unavailable. There were no significant differences between the
pretransplant clinical characteristics and posttransplant evolu-
tion of the 36 excluded patients and the patients of the original
complete group of patients who were positive for IgA-aB2GP1
(online-only Data Supplement Table 1).

Patients in the positive cohort (n=365) were divided into
2 groups: group 1, positive for the presence of B2A-CIC; and
group 2, negative for the presence of B2A-CIC.

Immunosuppressive Treatment

The most used immunosuppressive protocol was based
on tacrolimus associated with steroids and mycophenolate
mofetil. Immunosuppression regimen in patients >60 years,
who received kidneys from >60-year-old donors, was based on
cyclosporine A (until 2003) or tacrolimus, steroids, and myco-
phenolate mofetil with or without induction. Only 15 patients
were treated with sirolimus/everolimus associated with cyclo-
sporine A or tacrolimus.

Thymoglobulin (rabbit antithymocyte globulin) 1.5 mg/
kg for 4 to 7 days was also administered in hyperimmunized
patients and patients with a transplantation from non-heart-
bearing donors. In elderly people (>60 years of age), basilix-
imab (monoclonal antibodies anti-IL2R) (20 mg day O and 4)
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with steroids, cyclosporine A (10 mg-kg-'-d-!) and mycophe-
nolate mofetil (2 g/d) were administered until 2003. After that
and until the end of this study, tacrolimus (0.1 mg-kg-d-!) was
chosen as a calcineurin inhibitor.

Preventive Antithrombotic Treatment

Preventive treatment with antithrombotic agents was admin-
istered to patients with vascular morbidity and with risk for
thrombosis during the pretransplant period. Treatment was
interrupted in all the patients immediately before their surgery,
and those treated with anticoagulation received subcutaneous
heparin 5000 U twice daily during 1 week in the immediate
posttransplant period. All patients who had been treated pre-
transplantation with anticoagulation or an antiplatelet agent
received the same preventive treatment after transplantation.

Definitions

Thrombotic Events

Thrombotic events were defined in accordance with the
International Consensus Statement for Antiphospholipid
Syndrome! as venous thrombosis, arterial thrombosis, pulmo-
nary thromboembolism, and graft thrombosis diagnosed clini-
cally and confirmed by imaging techniques or histopathology
study.’

Graft Loss by Thrombosis

Graft loss by thrombosis was considered in patients who had
lost their graft and presented graft vein/arterial thrombosis.
Graft thrombosis was considered only in patients without surgery-
related complications or acute rejection diagnostic criteria.

Patients With Thrombosis Not Related to Graft Loss

This included patients who had experienced at least 1 epi-
sode of any type of thrombosis, excluding graft loss-related
thrombosis.

Patients With Any Type of Thrombosis
This included the patients who have had at least 1 episode of
any type of thrombosis, including graft loss by thrombosis.

Transplant-Related Mortality
This was defined as mortality attributable to any cause within 6
months of transplantation.

Long-Term Outputs
These were defined as those that occur beyond the first trans-
plant semester.

Cytomegalovirus Infection

This was defined in accordance with the evidence of cyto-
megalovirus replication determined with a polymerase chain
reaction-based quantitative nucleic acid amplification test.

APS Events

These include thrombotic events, myocardial infarction, and
stroke according to the International Consensus Statement.!23
Gestational morbidity was not considered in this work.

Acute Rejection

Acute rejection was defined as acute deterioration in allograft
function with acute rejection-specific histopathologic changes
in the graft.
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Nonfunctioning Graft

This was defined as a graft that never functioned, after hav-
ing ruled out infections, surgical complications, accelerated or
hyperacute rejection, clear signs of massive thrombosis, vas-
cular complications, and urinary tract obstruction.

Laboratory Determinations

IgA-aB2GPIs were quantified by enzyme-linked immunosorbent
assays using QUANTA Lite 3, GPI IgA (INOVA Diagnostics Inc).
Cutoff was established at 20 U/mL with the 99th percentile of
a healthy normal population®!? that coincided with the manu-
facturer’s recommendation.

B2A-CIC levels were quantified as previously described.
Sera with values of B2A-CIC higher than 20.9 AU were con-
sidered positive.?! All the immunoassays were performed in a
Triturus Analyzer (Diagnostics Grifols, S.A.).

Statistical Methods

Results are expressed as absolute frequency and percentage
or medians with interquartile ranges. Association between
qualitative variables was determined with the Pearson ¥? test
(or Fisher exact test, when appropriate). Data were expressed
as number and percentage. The Mann-Whitney U test was used
for comparisons in scaled variables with 2 categories.

Graft loss by thrombosis, graft-survival probabilities, and
patient-survival probabilities were calculated using the Kaplan-
Meier method and differences between the survival distributions
were assessed with the log-rank test. The relative measure of a
condition on survival was expressed as hazard ratio (HR).

Multivariate analyses were performed using Cox regression
(proportional-hazards model). The relative measure of an effect
was expressed as hazard ratio.

Receiver operating characteristic (ROC) curve analysis
was performed to determine the cutoff value of the assays.
The optimum cutoff point was established using the maximum
value of the Youden index (J value).

Probabilities <0.05 were considered significant. For mul-
tiple comparisons P values were adjusted with the Bonferroni
correction.

Donor age was not evaluated in the statistical analysis
because it is a recipient age—dependent variable. (When select-
ing the donor recipients, an attempt was made to match up
their ages as much as possible.)

Data were processed and analyzed using Medcalc for
Windows version 16.8 (MedCalc Software). The adjustment
of P values for multiple comparisons were obtained by the
Bonferroni method using the p.adjust function of the “R" pro-
gram language (R Foundation for Statistical Computing).

RESULTS

A total of 125 (34%) of the 365 patients who were IgA-
aB2GP1 positive had B2A-CIC values above the cutoff
(group 1), whereas 240 were negative (group 2). Table 1
shows the pretransplant characteristics of the 1339 pa-
tients studied: group 1, group 2, and the control group.
Levels and distribution of positive patients for each group
of other aPLs (IgG and IgM) are described in online-only
Data Supplement Table II.
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In comparison of the pretransplant clinical character-
istics (Table 1) of patients in group 1 versus the control
group, group 1 patients were older (median, age 62 ver-
sus 52 years; P<0.001), had higher cold ischemia time
(median, 22 versus 20 hours; P<0.001), and experienced
more pretransplant thrombotic events (21.6% versus
11.0%, P<0.001). On analyzing the clinical characteristics
of the group 2 patients, it was found that, in comparison
with the control group, they were older (median age, 60
versus 52 years; P<0.001) and the proportion of men was
significantly lower (47.9% versus 61.9%; P<0.001).

Graft Loss Gaused by Graft Thrombosis

A total of 72 patients had graft loss caused by graft
thrombosis (GL-GT) representing the main cause of graft
loss: 51.4% of the 140 patients who had lost their graft
in the first semester.

The percentage of patients with GL-GT for the con-
trol group was 2.6% (n=25), 31.2% (n= 39) for group 1
and 3.3% (n=8) for group 2. Most of the cases of graft
thrombosis (54.2%) occurred in the patients in group 1.
The percentage of patients who were positive for B2A-
CIC was 82.9% in patients with GL-GT who were positive
for IgA-aB2GP1 (39/47, Figure 1).

The relative risk for GL-GT for group 1 patients (B2A-
CIC positive) versus the control group was 12.16 (95%
confidence interval [Cl], 5.94-29.39; P<0.001). The
relative risk for the incidence of GL-GT in patients in
group 1 versus group 2 was 9.36 (95% Cl, 4.51-19.41;
P<0.001). No significant differences in GL-GT were
observed between patients in group 2 and the control
group (Table 2).

The Kaplan-Meier survival analysis (Figure 2A) showed
significantly higher GL-GT rates in group 1 than in the
control group (HR, 14.6; 95% Cl, 6.0-32.0; P<0.001)
and in comparison with group 2 (HR, 10.9; 95% Cl, 4.1-
28.8; P<0.001). Differences between group 2 and the
control group were not significant.

When patients with GL-GT were compared with the rest
of the patients, they were older (median age, 61.5 versus
54 years; P=0.010), they had a higher proportion of type
2 diabetes mellitus (30.6% versus 16.8%; P=0.005), and
most were positive for IgA-aB2GP1 (65.3% versus 25.1%;
P<0.001). Furthermore, patients with GL-GT had signifi-
cantly higher levels of B2A-CIC than patients without graft
thrombosis (median, 35.1 versus 13.6 AU/mL; P<0.001;
Figure 2B) and most were positive for B2A-CIC (54.2% ver-
sus 6.8%; P<0.001; online-only Data Supplement Table Ill).

Graft Survival at 6 Months Was Significantly
Lower in Group 1 Patients
The patients in group 1 also had the highest number

of cases of graft loss (for all the causes) in the first 6
months after transplantation.
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Table 1. Pretransplant Characteristics of Patients in the 3 Groups

B2A-CIC (+) n=125 | B2A-CIC (-) n=240 | Control Group n=974 P Value*
B2A-CIC | B2A-CIC (+) | B2A-CIC ()
Number Number Number (+)vs vs Control | vs Control
Condition or median | % or IR | or median | % or IR | or median | % or IR | B2A-CIC (-) |  Group Group
Male sex 75 60 115 47.9 603 61.9 0.111 1.000 <0.001
Age,y 62 50-71 60 46.5-69 52 40-64 0.360 <0.001 <0.001
Time on dialysis, mo 175 |82-324| 175 89-36.1 175 | 8.7-345 1.000 1.000 1.000
zf{:ﬂ;%iit;;ﬁsznlgst‘)%o% 3 2.4 4 17 22 2.3 1.000 1.000 1.000
Cold ischemia 22 18-24.1 21 15-24 20 16-23 0177 <0.001 0.618
Previous kidney transplant 16 12.8 28 11.6 170 17.5 1.000 0.714 0.114
Associated pathologies
Diabetes mellitus 32 25.6 46 19.1 188 19.3 0.594 0.372 1.000
Type 1 3 2.4 2 0.8 26 2.7 1.000 1.000 0.435
Type 2 28 22.4 44 18.3 163 16.6 1.000 0.444 1.000
Myocardial infarction 4 3.2 6 2.5 29 3 1.000 1.000 1.000
Stroke 9 7.2 15 6.2 48 4.9 1.000 1.000 1.000
(Tph;t‘l’;”ni’soﬁr's antecedents 27 21.6 30 124 | 107 11 0.102 | <0.001 1.000
Arterial thrombosis 1 0.8 5 2.1 2 0.2 1.000 0.912 0.012
Pulmonary thromboembolism 1 0.8 4 1.7 13 1.3 1.000 1.000 1.000
Venous thrombosis 26 20.8 24 10 99 10.2 0.021 <0.001 1.000
Causes end-stage renal disease
Chronic glomerulonephritis 13 10.4 28 11.6 140 14.4 1.000 0.852 0.975
Interstitial kidney disease 10 8 21 8.7 84 8.6 1.000 1.000 1.000
IgA nephropathy 9 7.2 16 6.6 47 4.8 1.000 1.000 0.969
Polycystic kidney disease 12 9.6 27 1.2 126 12.9 1.000 1.000 1.000
Nephroangiosclerosis 11 8.8 24 10 100 10.3 1.000 1.000 1.000
Diabetes mellitus 26 20.8 36 15 127 13 0.630 0.078 1.000
Lupus erythematosus 2 1.6 4 1.7 12 1.2 1.000 1.000 1.000
Vesicoureteral reflux 5 4 4 1.7 40 4.1 0.939 1.000 0.318
Unknown 21 16.8 40 16.6 134 13.8 1.000 1.000 0.882
Other 16 12.8 40 16.6 164 16.8 1.000 0.924 1.000
Donor origin
Brain death 113 90.4 202 83.5 796 81.7 0.414 0.066 1.000
Living donor 2 1.6 9 37 49 5 1.000 0.408 1.000
Non-heart-beating 10 8 30 124 129 13.2 0.777 0.387 1.000
Double renal transplant 5 4 9 3.7 22 2.3 1.000 1.000 0.837
Preventive antithrombotic treatment
Coumarin (isolated) 9 (7.2) 8 (3.3 36 (3.7) 0.289 0.188 1.000
Coumarin (comb) 2 (1.6) 2 0.8) 7 0.7) 1.000 0.910 1.000
Low-dose aspirin 29 (23.2) 28 (117 145 (14.9) 0.012 0.050 0.603
Clopidogrel (isolated) 4 (3.2 4 1.7 27 (2.8) 1.000 1.000 0.993

B2A-CIC indicates circulating immune complexes of IgA bound to 3,-glycoprotein I; and IQR, interquartile range.
*Pvalues were adjusted by the Bonferroni method for multiple comparisons.
TA patient may have >1 thrombotic event.
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1375 patients with CKD
treated with kidney transplantation
(Cohort Magnum 12+12)

Negative pretransplant
IgA anti B2 GP1
Control Group N=974

Positive pretransplant
IgA anti B2 GP1
(Group 1) N= 401

B2A-CIC evaluation | | Excluded
N=365 N=36
No serum samples
B2A-CIC Positive B2A-CIC Negative

GROUP-1 GROUP-2
N=125 (34%) N=240 (66%)
Graft loss by Graft loss by Graft loss by
thrombosis thrombosis thrombosis
25 (2.6%) 39 (31.2%) 8 (3.3%)
Any thrombotic event Any thrombotic event Any thrombotic event
84 (8.6%) 58 (46.4%) 25 (10.4%)

Figure 1. Description of the study.

Distribution of patients and main outcomes. B2A-CIC indicates
circulating immune complexes of IgA bound to B,-glycoprotein
l; CKD, chronic kidney disease; and GP1, glycoprotein I.

In a Kaplan-Meier analysis (Figure 2C), graft loss (for
any cause) was significantly higher in group 1 versus the
control group (HR, 6.46; 95% ClI, 3.47-12.03; P<0.001)
and versus group 2 (HR, 5.08; 95% Cl, 2.51-10.31;
P<0.001). Differences between group 2 and the control
group were not significant (Table 2).

It is notable that the proportion of patients with a non-
functioning graft (kidney that never functioned without
experiencing rejection or thrombosis) was significantly
higher (P=0.006) in group 1 than in the control group
(4% versus 0.6%; P=0.006; relative risk, 6.36; 95%
Cl, 1.97-20.54). The differences between the groups
were not significant in the remaining causes of graft loss
(Table 2).

Other Thrombotic Events

In addition to the patients with GL-GT, 95 patients with-
out graft loss (7.1%) presented thrombotic events. This
thrombosis in patients with non—graft thrombosis was
more frequent in patients in group 1 (15.2%) than in the
control group (6.1%; P<0.001; Table 2). When patients
who had experienced any type of thrombotic event (in-
cluding GL-GT and other thrombosis) were considered,
it was found that posttransplant thrombosis was signifi-
cantly more frequent in the group 1 patients (46.4%), this
frequency being significantly higher than that observed
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in group 2 (10.4%; relative risk, 4.45; P<0.001) and in
the control group (8.6%; relative risk, 5.38; P<0.001).

There were no differences concerning posttransplant
thrombosis among patients who received preventive
treatment and those who did not (data not shown), with
the exception of patients treated with low-dose aspirin
who had a higher incidence of graft thrombosis (8.4%
versus 4.8%; P=0.038).

Multivariate Analysis

Factors that showed an association with GL-GT with a
P value of <0.150 (online-only Data Supplement Table
Ill) were subjected to a Cox proportional hazards multi-
variate analysis (Table 3). The presence of B2A-CIC (HR,
14.75; 95% Cl, 9.11-23.89; P<0.001), type 2 diabe-
tes mellitus (HR, 1.97; 95% Cl, 1.15-3.37; P=0.014),
and transplant from a non-heart-beating donor (HR,
2.55; 95% CI, 1.38-4.71; P=0.001) were identified as
independent variables for graft loss by thrombosis. Pre-
transplant presence of arterial hypertension was identi-
fied as a significant protection factor (HR, 0.40; 95% Cl,
0.23-0.68; P<0.001).

A univariate analysis of the factors associated with
any type of thrombosis was also performed (online-only
Data Supplement Table V).

The variables that were identified with a P value of
<0.150 were subjected to a Cox multivariate analysis.
Presence of B2A-CIC (HR, 6.72; 95% Cl, 4.81-9.37;
P<0.001) was identified as the independent variable
for thrombosis having a stronger association. Sex, age,
type 2 diabetes mellitus, and non-heart-beating donor
were also identified as independent variables. Again,
it was found that the presence of hypertension before
transplantation acts as a significant protective factor
against the incidence of thrombotic events (Table 3).

Transplant-Related Mortality

Patients in group 1 had a significantly higher mortality
(P<0.001) in the first 6 months after transplant than that
observed in group 2 (8% versus 1.8%) and the control
group (8% versus 2.9%; Table 2 and Figure 3A).

Validation of the B2A-CIC Levels Cutoff

The values of IgAbased CIC units (AU) were analyzed
by using the receiver operating characteristic curve
(ROC curve) to validate whether B2A-CIC cutoff previ-
ously described for patients with non-transplant-related
APS symptoms was also suitable for patients with post-
transplant thrombosis. For GL-GT, an area under the ROC

curve of 0.752 (95% Cl, 0.704-0.795; P<0.001; Fig-

ure 4A) was obtained. The optimal cutoff (defined with
the maximum value of the Youden J index) was 20.83 AU
(sensitivity, 85.1%; specificity, 73.0%).
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Table 2. Outcomes in the First Semester After Transplant in Patients in the 3 Groups

B2A-CIC (+) B2A-CIC (-) B2A-CIC (-)
n=125 n=240 n=240 PValue*
B2A-CIC (+) vs | B2A-CIC (+) vs | B2A-CIC (-) vs
Condition n % ] % n % B2A-CIC (-) Control Group | Control Group
Patients with thrombotic events in the first semester
'tﬁfg”rgg‘ogsgfﬁ loss by 58 | 464 | 25 | 104 | 84 | 86 <0.001 <0.001 1,000
fﬁgﬂggigﬁﬁ 1055 by 19 | 152 | 17 | 74 59 | 6.1 0.066 <0.001 1.000
Deep venous thrombosis 12 9.6 15 6.3 44 4.5 1.000 0.081 1.000
;ﬂﬁgj&bonsm 2 | 16 | 4 | 17 8 | 08 1.000 1.000 1.000
Avrterial thrombosis 6 4.8 2 0.8 11 11 0114 0.018 1.000
Myocardial infarction 1 0.8 2 0.8 5 0.5 1.000 1.000 1.000
Stroke 1 0.8 3 1.3 4 04 1.000 1.000 0.864
/s:\;: dfg;%hgjsgfip'd 59 | 472 | 33 | 138 | 112 | 115 <0.001 <0.001 1.000
Graft loss in the first 6 mo
Total graft losses 48 38.4 22 9.2 70 7.2 <0.001 <0.001 1.000
Acute rejection 1 0.8 4 1.7 8 0.8 1.000 1.000 1.000
Nonfunctioning graft 5 4 3 1.3 6 0.6 0.555 0.006 1.000
Death 0 0 2 0.8 11 1.1 1.000 1.000 1.000
Graft thrombosis 39 31.2 8 3.3 25 2.6 <0.001 <0.001 1.000
Surgery related 0 0 2 0.8 2 0.2 1.000 1.000 1.000
Others 3 24 3 1.3 18 1.8 1.000 1.000 1.000
Mortality in the first 6 mo 10 8 7 29 18 1.8 0.087 <0.001 0.888
Cardiovascular diseases 5 4 4 1.7 8 0.8 0.519 0.006 0.708
Infections 3 24 3 1.3 7 0.7 1.000 0.186 1.000
Cancer 1 0.8 0 0 0 0 0.495 0.342 —
Others 1 0.8 0 0 3 0.3 0.495 1.000 1.000
E?ggg})sn with cytomegalovirus | o 72 | 21| 88 | 75 | 77 1.000 1.000 1.000

B2A-CIC, circulating immune complexes of IgA bound to f3,-glycoprotein I; and —, not calculated (zero elements).
*Pvalues were adjusted by the Bonferroni method for multiple comparisons.

TA patient may have >1 type of thrombotic event.
it includes thrombosis, myocardial infarction, and stroke.

The cutoff was also reevaluated using the presence
of any type of thrombosis as a classification variable,
obtaining an area under the ROC curve of 0.709 (95%
Cl, 0.659-0.755; Figure 4B) and practically the same
optimum cutoff: 20.86 AU (sensitivity, 70.7%; specific-
ity, 76.1%). Adopting 20.83 AU as a cutoff for the inde-
pendent variable, the univariate odds ratio for graft loss
by graft thrombosis was 16.23 (95% Cl, 9.71-27.10;
P<0.001) and for any thrombosis in the 6 months after
transplant was 8.78 (95% Cl, 5.87-13.13; P<0.001).

An additional ROC curve analysis of levels of B2A-CIC
(AU) in patients with graft loss in the first 6 months after
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transplant with the exclusion of patients with GL-GT can
be seen in the online-only Data Supplement Figure I.

Long-Term Outputs

The incidence of thrombotic events, graft losses, and
mortality in patients who surpassed the first semester
after transplant was low; significant differences were not
found in the 3 groups of patients (online-only Data Sup-
plement Table V and Figure 3B). There were also no sig-
nificant differences in the causes of graft loss or death,
with the exception of a slightly more significant mortal-
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P <0.001

Graft thrombosis (%)

Time (months)

Number at risk

Control 974 925 920 915 910 907 904
B2A-CIC (-} 240 229 226 225 224 221 218
B2A-CIC (+) 125 87 84 80 79 79 17

P <0.001

P < 0.001
P =1.000

B2A-CIC (AU/mI)
g
I
|

| E— N T T J—

1 T BE£

Patients with graft Patients with any Patients without
loss by thrombosis type of thrombosis. thrombosis

Graft Survival (%)

P <0.001

T T T T T T

0 1 2 3 4 5 6

Time (months)
Number at risk
Control 974 925 920 915 910 907 904
B2A-CIC(-) 240 229 226 225 224 221 218
B2A-CIC (+) 125 &7 84 80 79 79 77

Figure 2. Graft survival and pretransplant serum
levels of circulating immune complexes of IgA bound
to B,-glycoprotein | (B2A-CIC).

A, Incidence of graft thrombosis in the 3 groups during the 6
months of the follow-up. Patients in group 1 (B2A-CIC positive,
red line) had significantly higher incidence of graft thrombosis
survival (Kaplan-Meier survival analysis) than did the control group
(black dotted line) (hazard ratio, 14.06; 95% confidence interval,
6.0-33.0) and group 2 (B2A-CIC negative, blue line) (hazard
ratio, 10.9; 95% confidence interval, 4.1-28.8). (Continued)
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ity from cardiovascular causes in B2A-CIC-negative
patients than in controls (1.8% versus 0.2%; P=0.045;
online-only Data Supplement Table V).

DISCUSSION

In this work, we are describing for the first time that the
pretransplant presence of B2A-CIC identifies a subgroup
of patients prone to develop posttransplant thrombosis,
thus behaving as a predictive biomarker.

The condition of the patients studied in this work is
special: end-stage renal disease treated with a kidney
transplant. Patients with end-stage renal disease who
are going to receive transplants make up an ideal model
to study the occurrence of APS events, because they
include a high percentage of asymptomatic patients with
aPL (IgA-aB2GP1), and all of them are subjected to a
well-known second hit, that is, transplant surgery.

Although this population may seem very complex
for the study of APS events because they have an ad-
ditional disease, the work focuses on exploring a new
pathophysiological pathway of APS?* that could help to
better understand its pathogenesis and to establish new
therapeutic strategies. It should be considered that most
studies on APS also are based on groups of patients with
concomitant conditions (autoimmune diseases). In this
way, the cutoff for B2A-CIC obtained in this study with pa-
tients with end-stage renal disease is practically identical
to that obtained with patients with non-transplant-related
APS,15 suggesting that both patients with end-stage
renal disease APS and patients with conventional APS
would be equivalent regarding B2A-CIC thrombotic risk.

IlgA-aB2GPI antibodies behave as an independent
risk factor for APS events, especially graft thrombosis.
However, the presence of IgA-aB2GP1 is not sufficient to
identify the population that is potentially at risk of throm-

Figure 2 Continued. The differences between B2A-CIC-
negative patients and the control group were not significant.
B, Pretransplant serum levels of B2A-CIC. The levels were
significantly higher (P<0.001) in patients who lost the kidney
by graft thrombosis (median, 25.1; interquartile range,
21.7-33.7) and in patients with any type of thrombosis in the
first 6 months after transplantation (median, 24.9; interquar-
tile range, 13.9-30.9) than in those patients who did not have
any thrombosis in the first 6 months after transplantation
(median, 13.6; interquartile range, 7.7-20.6). The P values
were adjusted by the Bonferroni method for multiple com-
parisons. C, Graft survival at 6 months of follow-up (including
all causes of graft loss). Patients who were B2A-CIC positive
(red line) had a significantly lower graft survival (Kaplan-Meier
survival analysis) than did patients in the control group (black
dotted line; hazard ratio, 6.46; 95% confidence interval,
3.47-12.03) and B2A-CIC negative (blue line) (hazard ratio,
5.08; 95% confidence interval, 2.51-10.31). Differences
between B2A-CIC negative and the control group were not
significant.
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Table 3. Multivariate Analysis (Cox Regression) of Outcomes in the First 6 Months After Transplantation

Univariate Multivariate
95% Confidence 95% Confidence
Variable Hazard Ratio Interval PValue Hazard Ratio Interval PValue
Graft loss by graft thrombosis in the first 6 mo*
B2A-CIC positive 13.35 8.39-21.24 <0.001 14.75 9.11-23.89 <0.001
Age,y 1.02 1.00-1.04 0.011 1.01 0.99-1.03 0.227
Type 2 diabetes mellitus 2.15 1.30-3.55 0.003 1.97 1.15-3.37 0.014
Non-heart-beating donor 1.69 0.94-3.03 0.078 2.55 1.38-4.71 0.003
Hypertension 0.62 0.37-1.03 0.066 0.40 0.23-0.68 <0.001
Any thrombosis in the first 6 mot
B2A-CIC positive 6.56 4.76-9.05 <0.001 6.72 4.81-9.37 <0.001
Male sex 0.64 0.47-0.87 0.004 0.63 0.46-0.85 0.003
Age, y 1.03 1.02-1.04 <0.001 1.03 1.02-1.04 <0.001
Type 2 diabetes mellitus 1.78 1.26—-2.51 0.001 1.42 0.99-2.04 0.057
Hypertension 0.67 0.47-0.95 0.023 0.46 0.32-0.65 <0.001
Non-heart-beating donor 1.37 0.91-2.07 0.133 2.09 1.35-3.24 0.001

B2A-CIC indicates circulating immune complexes of IgA bound to {3,-glycoprotein I.
*Risk factors associated with graft loss by graft thrombosis in the first 6 months.
TRisk factors associated with any type of thrombosis, except for age (year) and cold ischemia time (hour). The remaining variables are dichotomous.

bosis, because only a small proportion of patients who
were positive for these antibodies develop thrombotic
events.>? This situation is similar to the situation ob-
served with other aPL of IgG and IgM isotypes.®

In this work, we have shown that patients who are
positive for IgA-aB2GP1 and also present B2A-CIC are
those having the highest risk of thrombotic events when
they are subjected to a situation capable of triggering
the occurrence of thrombotic events such as transplant
surgery. Those who are negative for B2A-CIC have a risk
similar to that found in the control population.

A statistically significant association exists between
the presence of B2A-CIC with graft losses attributable
to nonfunctioning grafts. A significant majority of these
patients did not undergo nephrectomy because they had
no serious complications. For this reason, a complete
histopathologic study is not available for them. On the
basis of the presence of B2A-CIC and the symptoms, we
have been able to speculate that some of these patients
might have experienced some form of silent and pro-
gressive thrombotic microangiopathy that would harm
the organ by annulling its function, but which had not
had serious systemic implications that required medical
attention and nephrectomy.

In addition to GL-GT, the presence of B2A-CIC is also
associated with other thrombotic events. Renal trans-
plant recipients are at high risk of thromboembolic
events in the first months posttransplant.?> Although
some of these events can be related to the transplant
surgery, treatments, or time of hospitalization,?* the
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presence of B2A-CIC can be considered the most impor-
tant risk factor.

The biological significance of the presence of B2A-
CIC is uncertain. APS is an autoimmune disease having
a special situation because the antigen and antibody are
present in the blood at the same time. Given the abun-
dance of the antigen (B2GP1), we would have expected
that all the antibodies would be permanently bound to
their antigen and could not be detected in the labora-
tory, because the laboratory assays are only designed
to evaluate unbound antibodies (the free form).

However, in reality, the antibodies exist in free form
and are detected in the diagnostic test. One possible
explanation is that antibodies found in blood in free form
could have low affinity or be directed against B2GP1 epi-
topes that are not accessible in physiological conditions.

The biological behavior of the antibodies incorporated
into B2A-CIC would be different from that of the free-form
antibodies, not only because they have greater affinity,
but also because they would be directed against epit-
opes that are only present in some conformations of the
protein that would be more related to their anticoagu-
lant function. The search for epitopes recognized by the
antibodies integrated in the B2A-CIC and their possible
association with the different physiological functions of
B2GP1 should be studied in future research.

It is striking that patients with hypertension at pretrans-
plant have a significantly lower risk of thrombosis. Some
antihypertensive treatments might provide vascular
protection by reversing endothelial dysfunction and pro-

Circulation. 2017;135:1922-1934. DOI: 10.1161/CIRCULATIONAHA.116.025992
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thrombotic abnormalities, contributing to a reduction in

thrombosis-related complications.?® In this way, hemodia-

lyzed patients treated with antihypertensive drugs have a

significantly longer period of vascular access permeabil-

ity (without vascular thrombosis) than do those who were
not treated with them,?” and renal transplant recipients
treated with angiotensin-converting enzyme inhibitors

Circulation. 2017;135:1922-1934. DOI: 10.1161/CIRCULATIONAHA.116.025992 7
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and angiotensin receptor blockers associated with vita-
min D have a 60% lower rate risk of venous thromboem-
bolism.?® Therefore, it can be speculated that antihyper-
tensive treatment before transplantation could have an
endothelium-protecting role and could explain, at least in
part, a lower risk of thrombosis. This possible protective
effect should be investigated in further studies.

May 16,2017 1931

10114V

(=]
=
L)
=
=
—
=
m
(2]
m
=
=
()
= S




8T0Z ‘€ 4200100 uo Aq Blo'sfeulnofeye//:dny woly papeojumod

Serrano et al

A Graft-loss by graft-thrombosis
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Any thrombosis
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Figure 4. Receiver operating characteristic curves
analysis for B2A-CIC evaluation.

A, Receiver operating characteristic curve of levels of B2A-
CIC (AU/mL) for risk of graft loss by graft thrombosis in the
first 6 months after transplantation (P<0.001). Area under the
the receiver operating characteristic curve, 0.752 (95% con-
fidence interval, 0.704-0.795). B, Receiver operating charac-
teristic curve of levels of B2A-CIC (AU/mL) in patients with any
type of thrombosis in the first 6 months after transplantation
(P<0.001). Area under the receiver operating characteristic
curve, 0.709 (95% confidence interval, 0.680-0.774). B2A-
CIC indicates circulating immune complexes of IgA bound to
B,glycoprotein .

This study has several limitations. Only CIC formed by
B2GP1 bound to antibodies of IgA isotype were evalu-
ated. The CIC integrated by antibodies of IgG and IgM

1932 May 16,2017

isotypes were not evaluated because, in this cohort of
patients, the prevalence of IgG and IgM aB2GP1 was
very low and no association with thrombosis or graft
loss was found.? Another weakness of the study is that,
although it has collected the experience of 12 years, it is
a single-center study with patients who have undergone
transplantation. Thus, multicenter studies to confirm
these findings, both with patients who have undergone
transplantation and including other APS-associated situ-
ations, are mandatory.

B2A-CIC determination could help clinicians to distin-
guish which patients could receive preventive therapy.
According to our results, positive CIC patients have a
high risk for thrombosis and therefore could receive pre-
ventive therapy for posttransplant thrombosis. Low-dose
aspirin was used most frequently as preventive treat-
ment. Patients of group 1 exhibited a high frequency of
this treatment in comparison with those of group 2 and
the control group, because the group 1 patients present-
ed more thrombotic antecedents before the transplanta-
tion. Patients preventively treated with low-dose aspirin
had a significantly higher incidence of graft thrombosis
than did other patients, which suggests that the low-
dose aspirin therapy did not appear to be sufficiently
preventive in our cohort. This coincides with others stud-
ies published in aPL carriers in which aPL-positive indi-
viduals did not benefit from low-dose aspirin for primary
thrombosis prophylaxis.?>3® Modern anticoagulation
(with X factor inhibitors) and mainly hydroxychloroquine
could be the therapy of choice for thrombosis preven-
tion.3132 Patients who are positive for IgA-aB2GP1 and
negative for CIC should receive therapy only if there are
concurrent risk factors for thrombosis such as diabetes
mellitus with severe cardiovascular disease. However,
multicenter and randomized trials with this approach are
mandatory before the use of this therapy can be estab-
lished.

In summary, the presence of pretransplant B2A-CIC in
patients who were positive for IgA-aB2GP1 is associated
with thrombotic risk and can thus be considered as a
biomarker of thrombotic complications. The presence of
IgA-aB2GP1 without B2A-CIC implies a thrombosis risk
similar to the general population. B2A-CIC determination
could help clinicians to distinguish which patients could
receive preventive therapy.
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Capitulo 5

Autoanticuerpos y Trasplante cardiaco

La mortalidad temprana después del trasplante cardiaco se
relaciona con la presencia prestrasplante de anticuerpos IgA

anti-p2-glicoproteina |.

FONDO:

Lospacientes con insuficiencia renal terminal en espera de trasplante renal tienen una
prevalencia de IgA anfi2-glicoproteina | IgA anti B2GP1) cercana al 30%.Lespncia de

IgA anti B2GP1 se ha relacionado con la pérdida temprana del injerto después del
trasplante renal.

Debido a que laB-glicoproteina | es una proteina que fisioldgicameatelabora en rifidn,
corazén e higado. Se ha hipotetizado que el proceso de elaboracién de B2GP1 en un érgano
enfermo conllevaria la formacion de formas de la proteina con plegamiento aberrante que
dejarian accesibles epitopos inmunogénicos que previamente estaban ocultos.

El objetivo de este trabajo es evaluar si los pacientes con insuficiencia cardiaca grave en
espera de trasplante tienen una prevalencia elevada de estos anticuerpos y si la presencia de
éstos pudiera estar relacionada con eventos vasculares y complicaciones graves en el

periodo inmediato a un trasplante cardiaco.

METODOS:

Se realiz6é un andlisis de seguimiento durante dos afios de 151 pacientes (consecutivos) que
se sometieron a trasplante cardiaco en el Hospital 12 de Octubre entre 2004 y 2012 (ambos
incluidos) para evaluar el papel de este tipo de anticuerpos preformados en la evolucién del
trasplante. La poblacion se dividio en 2 grupos de acuerdo con la presencia o no de IgA anti
B2GP1.: el grupo 1 fue positivo para IgA anti B2GP1 (47 pacientes, 31,1%) y el grupo 2 fue
negativo para IgA anti B2GP1 (104 pacientes, 68,9%).

RESULTADOS:

En los pacientes del Grupo 1 se observaron unas tasas de mortalidad temprana en los
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primeros 3 meses tras el trasplante significativamente mas altas (27.7%) que en el Grupo 2
(9.6%; p=0.009) . No se observaron diferencias significativas entre ambos grupos en las
caracteristicas del donante y del receptor o en las causas de muerte. Después de este periodo,
no se encontré un aumento en la mortalidad o eventos trombéticos cuando se compararon
los 2 grupos.

El analisis multivariable identificd la presencia de IgA anti B2GP1b, el sexo femenino y el
grupo sanguineo A como factores de riesgo independientes para la mortalidad temprana
después de la TH.

La incidencia de eventos trombdticos durante los primeros 3 meses post trasplante fue
significativamente mayor en el Grupo 1 (23.4% vs 5.8%; p=0.002). Asimismo se observo
una mayor presencia de factores de riesgo para eventos trombaéticos, que podrian haberlos
exacerbado.

CONCLUSION:

La presencia pre-trasplante de IgA anti B2GP1 se asocia con mayores tasas de mortalidad
temprana y de aparicion de eventos tromboticos después del trasplante cardiaco.

PMID: 28579112. DOI: 10.1016/j.healun.2017.05.016
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to IgA anti-p2-glycoprotein I antibodies

Juan F. Delgado, MD, PhD,*"“%? Manuel Serrano, MD,%*

Laura Moran, MD,*“ Ana Belén Enguita, MD,""

José Angel Martinez-Flores, PhD,“* Carlos Ortiz-Bautista, MD,**
Adriana Rodriguez-Chaverri, MD,*" Inés Ponz de Antonio, MD,*"¢
Maria Dolores Garcia Cosio, MD,*“ Maria José Castro Panete, PhD,“¢
José Maria Cortina, MD,“9 and Antonio Serrano, MD, PhD“*¢

From the “Heart Failure and Heart Transplantation Program, Cardiology Department, 12 de Octubre University
Hospital, Madrid, Spain; PCIBER en enfermedades cardiovasculares; ‘I+12 Investigation Institute, 12 de Octubre
University Hospital, Madrid, Spain; “Facultad de Medicina. Complutense University of Madrid, Madrid, Spain;
“Immunology Department, 12 de Octubre University Hospital, Madrid, Spain; 'Pathology Department, 12 de Octubre
University Hospital, Madrid, Spain; and the Cardiac Surgery Department, 12 de Octubre University Hospital, Madrid,
Spain.

KEYWORDS: BACKGROUND: The presence of pre-formed IgA anti—f,-glycoprotein I antibodies (IgA-aB2GP1ab) has
anti-phospholipid been related to early graft loss after kidney transplant. Because ,-glycoprotein I is produced in both the
syndrome; kidney and heart, we aimed to assess whether the presence of these antibodies may also be associated

early graft failure;
early mortality;

heart transplantation
complications;

IgA anti—3,-glycopro-
tein I antibodies;
primary graft failure;
thrombotic events

with poor outcomes after heart transplantation (HT).

METHODS: A 2-year follow-up retrospective analysis of 151 consecutive patients who underwent HT
between 2004 and 2012 was performed to assess the role of this pre-formed antibody type in HT. The
population was divided into 2 groups according to the presence of IgA: Group 1 was positive for IgA-
aB2GPlab (47 patients, 31.1%), and Group 2 was negative for IgA-Ab2GP1lab (104 patients, 68.9%).
RESULTS: Early mortality rates within the first 3 months were higher in Group 1 (27.7%) than in Group
2 (9.6%). No differences in donor and recipient characteristics or in causes of death were observed
between groups. Multivariate analysis identified the presence of IgA-aB2GPlab, female gender and
blood type A as independent risks factors for early mortality after HT. A greater incidence of thrombotic
events during the first 3 months post-HT in Group 1 (23.4% vs 5.8%) and a greater presence of risk
factors for thrombotic events, which may have exacerbated them, were observed. After this period, no
increase in mortality or in thrombotic events was found when the 2 groups were compared.
CONCLUSION: Pre-transplant presence of IgA-aB2GPlab is associated with both increased early
mortality rates and higher thrombotic events after HT.
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for end-stage heart failure, with excellent post-HT survival.
The most recent data of the Registry of the International
Society for Heart and Lung Transplantation indicate a
current 1-year survival rate of 84.5% and a 5-year survival
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of 72.5%." This significant improvement, compared with the
76.9% 1-year survival and 62.7% 5-year survival in the
1980s, can be attributed to the development of new surgical
techniques, improved mechanical circulatory support and
strategies for immunosuppression as well as in post-
operative care.

Despite these advances, primary graft failure (PGF)
continues to be a leading cause of death within the first 30
days post-HT, along with multiple-organ failure and
infection, which account for 38.7%, 18% and 13.1% of
deaths after HT, respectively.' The high morbidity asso-
ciated with PGF and its treatment has likely been a major
contributor to deaths that have otherwise been attributed to
different causes, such as infection and rejection, over
subsequent months.

The pathogenic mechanism of PGF is unknown. Acute
ischemia—reperfusion injury with myocardial stunning has
been postulated as a predominant factor in the development
of PGF. However, preventive, diagnostic and therapeutic
strategies focused on PGF still need to be further
addressed.”

Due to a PGF sentinel case seen in our hospital that
could remind us of a catastrophic anti-phospholipid
syndrome and studies in renal transplantation showing a
positive association between the presence of immunoglo-
bulin A anti—f,-glycoprotein I antibodies (IgA-aB2G-
Plab) and early graft loss,” we decided to conduct a
retrospective analysis to determine the prevalence of IgA-
aB2GPlab in patients with end-stage heart failure
awaiting HT and its association with outcomes and
cardiovascular events post-HT.

Methods
Study design

We performed a historical cohort follow-up study that included all
consecutive HT patients who had undergone HT during a 9-year
period (from January 1, 2004 to December 31, 2012) at our
hospital. During 2014 to 2015, IgA-aB2GP1ab was retrospectively
examined in pre-HT serum samples.

Primary aims

1. To determine the prevalence of IgA-aB2GPlab in patients in
end-stage heart failure who are awaiting HT and its association
with cardiovascular events.

2. To determine the possible influence of preformed IgA-
aB2GP1lab on early outcomes (first 3 months after transplant).

Secondary aims

1. To evaluate the prevalence of pre-transplant and early post-
transplant thrombotic events in positive vs negative patients for
IgA-aB2GP1ab.

2. To investigate delayed clinical outcomes (7 to 24 months) in
positive vs negative patients for I[gA-aB2GP1ab.

The institutional review board of our institution (CEIC15/008)
approved this study.
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Figure 1 Algorithm of disposition and outcomes.

Patients

A total of 153 consecutive patients were included, 2 of whom were
subsequently excluded: 1 was excluded due to unavailability of
pre-HT serum sample and the other for being a retransplantation
case in which only the second procedure was included, so a total of
151 patients were evaluated. The disposition algorithm and main
outcomes are shown in Figure 1.

Database

Pre-transplant recipient characteristics, including age, original
disease, blood type, body mass index, arterial hypertension,
hyperlipidemia, diabetes, smoking, immunologic data and other
associated diseases, were specifically recorded in our database.
Data related to donor characteristics, immunosuppressive treat-
ment, incidence of thrombotic and cardiovascular events, anti-
coagulation therapy, risk factors for thrombotic events, patient
survival rates and causes of death were added after surgery.

Immunosuppressive and anti-coagulant treatment

Post-operative immunosuppressive treatment consisted of 2 injec-
tions of a 20-mg intravenous (IV) bolus of basiliximab on Days
0 and 4 post-HT. Cyclosporine (CsA; 5 to 8 mg/kg/day to maintain
trough levels of 250 to 350 ng/ml during the first year),
mycophenolate mofetii (MMF 2 to 3 g/day) and steroids
(methylprednisolone 500 mg IV before and during surgery and
125 mg intravenously every 8 hours for 3 doses after trans-
plantation, followed by prednisone 1 mg/kg/day orally, tapered
0.1 mg/kg every other day to 0.2 mg/kg/day and reduced to 0.1 mg/
kg/day within the first year post-transplant).

In accordance with their clinical situation, patients with an
indication for anti-coagulation in the post-transplant period
received enoxaparin 1 mg/kg subcutaneously twice daily or
unfractionated heparin 80 U/kg IV bolus followed by infusion of
18 U/kg/h IV to maintain activated partial thromboplastin time
(aPTT) within the therapeutic range, or acenocumarol to maintain
international normalized ratio (INR) at 2 to 3.
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Definitions

PGF was defined as a significant impairment of systolic graft
function; severe hemodynamic compromise requiring at least
2 inotropes/vasopressors, including epinephrine or norepinephrine;
or mechanical support in the first 24 hours post-HT, in the absence
secondary causes.*’

Thrombotic events were defined as venous or arterial thrombosis,
intracavitary thrombosis, pulmonary thromboembolism, thrombotic
microangiopathy, transient ischemic attack or acute stroke.

Risk factors for thrombotic events included atrial arrhythmias,
mechanical support (intra-aortic balloon pump and ventricular
assist device), infections or sepsis, new surgery (cardiac surgical
reintervention, vascular surgery, abdominal surgery), central
catheters and pacemaker leads.

Cardiovascular events included stroke, myocardial infarction,
coronary revascularization, death or re-transplant.

Allocation was conducted by 2 independent researchers (M.S.
and L.M.) who were blinded to the presence or absence of
antibodies determinations. Discrepancies were re-evaluated by a
third senior researcher (J.F.D.).

Laboratory determinations

Autoantibodies were measured in pre-transplant serum used for
crossmatch. Anti-cardiolipin or anti-B2GP1 of IgG and IgM
isotypes were evaluated using an immunoassay system (BioPLex
2200 Multiplex, Bio-Rad Laboratories, Hercules CA). Antibody
titers were considered positive when > 18 U/ml.

IgA aCL and aBGPI antibodies were quantified by enzyme-
linked immunosorbent assay (ELISA; IgA-aCL and IgA-aB2GP1
QUANTA Lite, INOVA Diagnostics, Inc., San Diego, CA).
Antibody titers were considered positive when >20U/ml.° This
cut-off was established in accordance with the assay manufac-
turer’s guidelines and coincided with the 99th percentile of a
healthy population at our hospital.”

Statistical methods

Results are expressed as absolute frequency, percentage or mean *
standard deviation. Association between qualitative variables was
determined with Pearson’s chi-square test or Fisher’s exact test, as
appropriate. Comparison of continuous variables was performed
using the Student’s #-test or Mann—Whitney U-test, as appropriate.
Kaplan—-Meier curves were used to calculate the patient survival
probability and the differences between the distributions of
survival were assessed with the log-rank test. Mortality risk was
also estimated by multivariate analysis using the logistic regression
model. p < 0.05 was considered significant. Data were processed
and analyzed using MEDCALC for Windows, version 15.5
(MedCalc Software, Ostend, Belgium).

Results

Anti-cardiolipin antibodies

Mean levels of anti-phospholipid antibodies (aPL) antibodies
were: IgG 1.9 = 0.2 ITU/ml; IgM 1.7 £ 0.3 IU/ml; and IgA 1.8
* 0.2 IU/ml. Anti-B2GP1 antibodies mean levels were: IgG
2.0 = 0.4 IU/ml; IgM 1.8 = 0.4 IU/ml; and IgA 24.8 *= 3.1 U/
ml (Figure 2).
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Figure 2 Anti-phospholipid antibody levels in the pre-
transplant sera of patients who received a heart transplant in the
2004 to 2011 period. Dotted line indicates cut-off.

Forty-seven patients (31%) had values of I[gA-aB2GP1ab
above the cut-off level (Group 1), whereas 104 were
negative (Group 2). Positivity of other aPL antibodies was
in keeping with the normal population (<2%). Non-
significant differences between the groups were observed
for pre-transplant characteristics (Table 1), etiology of heart
dysfunction before HT and donor cause of death (refer to
Tables S1 and S2 in Supplementary Material, available
online at www.jhltonline.org).

Post-transplant mortality

Post-HT mortality was concentrated in the early post-
transplant period (first 3 months) (Figure 3). Early mortality
was significantly higher in Group 1 (27.7% vs 9.6%, p =
0.009). Kaplan—Meier survival analysis (Figure 3) showed
significantly lower survival rates among Group 1 at both
3 months (odds ratio [OR] = 3.1; p = 0.004) and 24 months
(OR = 2.6; p = 0.007).

The only significant differences found when comparing
deceased patients versus those who survived in the first
3 months (Table 2) were a higher proportion of females
(34.8% vs 15.6%, p = 0.030), blood group A (65.2% vs
37.5%; p = 0.024) and presence of IgA-aB2GP1lab (56.5%
vs 26.6%; p = 0.009). No significant differences in cause of
death were observed between Group 1 and Group 2 patients
(Table 3), nor were differences observed in donor character-
istics of deceased patients and survivors (see Table S3 in
Supplementary Material online).

Those factors significantly associated with early mortal-
ity in the univariate analysis were included in a logistic
regression multivariate analysis (Table 4). After adjusting
for cofounding variables, presence of IgA-aB2GPlab
(OR = 3.16; 95% confidence interval [CI] 1.22 to 8.21;
p = 0.018), blood type A (OR = 3.83; 95% CI 1.38 to
10.62; p = 0.01) and female gender (OR = 3.52; 95% CI
1.17 to 10.58; p = 0.025) were found to be independently
associated with early mortality post-HT (Table 4).

Post-transplant thrombotic events

Patients in Group 1 had more thrombotic events than those
in Group 2 (23.4% vs 5.8%; OR = 4.99; p = 0.002;
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Table 1  Pre-transplant Characteristics of Patients in Group 100 -
1 and Group 2 and Main Outcomes in the First 3 Months Post- 90 -
transplant @
< 80+
Group 1 Group 2 2 70 1
(N=47) (N =104) S h
[n (% of [n (% of © 60
o\ Q
Condition sample)] sample)] p © 50-
Gender (female) 12 (25.5%) 16 (15.4%) NS o 40 -
Age (years)® 51.2 £ 1.7 46.8 =13 NS g
Death in the first 3 months 13 (27.7%) 10 (9.6%)  0.009 S 301
Death in 2 years 15 (31.9%) 14 (13.5%) 0.015 (,3) 20 -
Blood type
Group 0 20 (42.6%) 48 (46.2%) NS 10 1
Group A 22 (46.8%) 41 (39.4%) NS 0-
GrOupB 5(10.60/0) 10(9.60/0) NS LI B B U B D L B DL L L B B B DL DL L I I I I I B I |
Group AB 0 (0%) 5 (4.8%) NS 0 3 6 9 12 15 18 21 24
Rh-positive 43 (91.5%) 85 (81.7%) NS Time (months)
Causes of heart dysfunction
Ischemic 17 (36.2%) 27 (26%) NS Figure 3 Survival at 2 years in patients in Group 1 (black) and
Idiopathic 13 (27.7%) 45 (43.3%) NS in Group 2 (gray). Group 1 HR at 3 months: 3.10 (95% CI 1.27 to
Restrictive 4 (8.5%) 5 (4.8%) NS 7.61; p = 0.004); Group 1 HR at 2 years: 2.6 (95% CI 1.18 to 5.85;
Valvular 5(10.6%) 6 (5.8%) NS p = 0.007).
Others 8 (17%) 21 (16.4%) NS
Diabetes 9 (19.1%) 27 (21.1%) NS .
Renal dysfunction 7 (14.9%) 21 (20.2%) NS Presence f)f pfec1p1tat1ng factors for th.e development
HBP antecedents 10 (21.3%) 33 (31.7%) NS of thrombosis (risk factors for thrombotic events) was
Dyslipidemia 16 (34%) 33 (25.8%) NS hlgher in patients in Group 1 (511% \A] 269%, p =
Hyperuricemia 4 (8.5%) 14 (13.5%) NS 0.007). Post-transplant thrombosis in patients with risk
Hyperbilirubinemia 9 (19.1%) 25 (24%) NS factors was also higher among patients in Group 1 (40.9%
High levels of ALT/AST 7 (14.9%) 30 (28.8%) NS vs 9.1%; p = 0.033). The OR for the accumulation of
Previous infection 8 (17%) 15 (14.4%) NS events was 5.38 (95% CI 1.64 to 17.63; p = 0.015;
Patients with thrombotic 1 (2.1%) 6 (5.8%) NS Figure 4B).
antecedents”
Deep venous thrombosis 1 (2.1%) 3 (2.9%) NS
Pulmonary embolism 1(2.1%) 4 (3.8%) NS Post-transplant anti-coagulation

Previously anti-coagulated
Other vascular diseases

28 (59.6%) 56 (53.8%) NS

Peripheral vascular 5(10.6%) 4 (3.8%) NS
disease
Paroxysmal atrial flutter 8 (17%) 26 (25%) NS
Permanent atrial flutter 18 (38.3%) 23 (22.1%) NS
Thrombosis AV 1 (2.1%) 8 (7.7%) NS
Thrombophlebitis 0 (0%) 2 (1.9%) NS
Ethnicity Caucasian 45 (95.7%) 100 (96.2%) NS
Ethnicity other 2 (4.3%) 4 (3.8%) NS

ALT, alanine aminotransferase; AST, aspartate transaminase; HBP,
high blood pressure; NS, not significant.
?Data expressed as mean * standard error of the mean.

bSome patients had more than one event.

Table 3). The OR of the probability that the accumulation of
events in terms of time would occur was 4.47 (95% CI 1.57
to 12.72; Figure 4A).The presence of an intracavitary
thrombus in 6 patients in Group 1 (12.8%) vs 0 in Group
2 was the most prevalent event (p = 0.001; Table 3). These
thrombi were detected by transesophageal echocardiography
performed according to the protocol in the second week
after transplantation, before the first endomyocardial biopsy
(left atrium in 3 patients, superior vena cava in 2 patients
and right atrium in 1 patient).

8

A total of 21 patients were anti-coagulated post-HT (15
preventively [6 in Group 1 and 9 in Group 2] and 6 after
having a thrombotic event [5 in Group 1 and 1 in Group 2]).
Mortality rate in the first trimester in patients with preventive
anti-coagulation did not differ significantly from that observed
in the non-anti-coagulated (total: 14.7% vs 20.0%; p =
0.704). Although the incidence of thrombotic events was
higher in patients with preventive anti-coagulation compared
with those not anti-coagulated (4 of 15 patients [26.6%] vs 13
of 136 patients [9.6%]), these differences did not reach
significance (Fisher’s test, p = 0.069).

Discussion

The main finding of our study was that IgA-aB2GPab was
present in 31% of HT candidates and that it was
independently associated with early mortality and throm-
botic events after transplantation. To the best of our
knowledge, our study is the first to describe this relationship
in HT recipients.

Antiphospholipid antibodies (aPL) are a group of
autoantibodies directed against epitopes on phospholipid-
binding plasma proteins, phospholipids or both.” Anti-

0 phospholipid syndrome (APS) is a multisystemic auto-
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Table 2  Characteristics of Patients Dead in the First 3 Months vs Alive Patients
Condition Dead (N = 23) [n (% of sample]) Alive (N = 128) [n (% of sample]) p
Gender (female) 8 (34.8%) 20 (15.6%) 0.030
Age (years)® 50.4 2.6 47.8 1.6 NS
IgA-aB2GP1ab-positive 13 (56.5%) 34 (26.6%) 0.009
Smoking
No smoking 11 (47.8%) 64 (50%) NS
Ex-smoker 5 (21.7%) 36 (28.1%) NS
Active smoker 7 (30.4%) 28 (21.9%) NS
Diabetes 5 (21%) 31 (24.2%) NS
Renal dysfunction 5 (21.7%) 23 (18%) NS
Dyslipidemia 8 (34.8%) 41 (32.3%) NS
Hyperuricemia 1 (4.3%) 17 (13.3%) NS
Hyperbilirubinemia 9 (39.1%) 25 (19.5%) NS
ALT/AST high levels 3 (13%) 34 (26.6%) NS
HBP antecedents 5 (21.7%) 38 (29.7%) NS
Mechanical ventilation 6 (26.1%) 16 (12.5%) NS
Previous infection 5 (22.7%) 18 (14.1%) NS
Thrombotic antecedents® 1 (4.3%) 6 (4.7%) NS
Pulmonary embolism 1 (4.3%) 4 (3.1%) NS
Deep venous thrombosis 1 (4.3%) 3 (2.3%) NS
Previously anti-coagulated 15 (65.2%) 69 (53.9%) NS
Other vascular diseases
Peripheral vascular disease 3 (13%) 6 (4.7%) NS
Paroxysmal atrial flutter 7 (30.4%) 27 (21.1%) NS
Permanent atrial flutter 7 (30.4%) 34 (26.6%) NS
Thrombosis a/V 1 (4.3%) 8 (6.3%) NS
Thrombophlebitis 0 (0%) 2 (1.6%) NS
Ethnicity Caucasian 22 (95.7%) 123 (96.1%) NS
Ethnicity: other 1 (4.3%) 5 (3.9%) NS
Blood type
Group 0 7 (30.4%) 61 (47.7%) NS
Group A 15 (65.2%) 48 (37.5%) 0.024
Group B 1 (4.3%) 14 (10.9%) NS
Group AB 0 (0%) 5 (3.9%) NS
Rh-positive 21 (91.3%) 107 (85.6%) NS

ALT, alanine aminotransferase; AST, aspartate transaminase; a/V, arterial/venous; HBP, high blood pressure; NS, not significant.

“Data expressed as mean * standard error of the mean.
bSome patients had more than 1 event.

immune disorder characterized by recurrent thrombosis and/
or gestational morbidity and the presence of aPL.” The aPL
having the highest association with vascular pathology is the
one directed against p,-glycoprotein I (B2GP1),” a protein
synthesized mainly in the liver, but also in the heart and
kidneys, and found in the serum and membranes of
endothelial cells and platelets.'”"!

The 2004 International Consensus Statement on the
diagnosis of APS (Sidney/Sapporo Consensus) only recog-
nized antibodies of IgG and IgM isotypes as diagnostic.
However, since 2010 (Galveston criteria), IgA testing has
been recommended when IgG and IgM isotypes are
negative and APS is suspected.'”

Prevalence of IgA-aB2GPlab is found in one third of
advanced heart failure cases, similar to that previously
reported in chronic renal failure, hemodialysis and renal
transplantation.” Although the immune mechanism involved
in its production is unknown, we can hypothesize that
development of IgA-aB2GPlab may occur either after an

81

antigen presentation of abnormally folded protein in the
setting of mucosal infection or by cross-reaction with
antibodies against epitopes detected on mucosal infections
by pathogens with molecular mimicry with B2GP1."”
Therefore, further study of this proposal is recommended.

The presence of antibodies is not sufficient to induce
thrombotic events. In fact, positive IgA-aB2GP1ab patients
in our study did not have more thrombotic events pre-HT
than the negative patients. Patients with aPL remain
asymptomatic for a long period and the development of
thrombotic events only occurs if a “second hit” or a risk
factor involved in innate immunity activation (such as
infection, inflammation or surgery) triggers the process.'
Post-transplant thrombosis could be considered as a latent
immune process reactivated by surgery, rather than just a
surgical complication.'”

The exact mechanisms of IgA-aB2GPlab—mediated
thrombosis are unknown. Inhibition of B2GP1 anti-
coagulant activity has been suggested as a pathogenic
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Table 3  Mortality and Post-transplant Thrombotic Events in the First Trimester in Patients in Group 1 vs Group 2

Total (N = 151) Group 1 (N = 47)  Group 2 (N = 104)

Condition [n (% of sample)]  [n (% of sample)] [n (% of sample)] p OR 95% CI OR

Early outcomes (first 3 months)

Patients dead 23 (15.2%) 13 (27.7%) 10 (9.6%) 0.004 3.59  1.44 to 8.96
Graft failure 9 (39%)° 4 (8.5%) 5 (4.8%) NS — —
Hyperacute rejection. 1 (4%)? 0 1 (1%) NS — —

Sneddon’s syndrome-like 1 (4%)? 1 (2.1%) 0 NS — —
Infection 5 (22%)° 3 (6.4%) 2 (1.9%) NS — =
Cardiacn arrest 4 (17%)? 3 (6.4%) 1 (1%) NS — —
Cerebrovascular hemorrhage 1 (4%)° 1 (2.1%) 0 NS = =
Multiple-organ failure 2 (9%)? 1 (2.1%) 1 (1%) NS — —

Patients with thrombotic events 17 (11.3%) 11 (23.4%) 6 (5.8%) 0.002 4.99 1.72 to 14.48

Total thrombotic events® 20 13 7 <0.001 5.30 1.95 to 14.38
Deep venous thrombosis 2 (1.3%) 0 (0%) 2 (1.9%) NS — —

Pulmonary embolism 2 (1.3%) 1 (2.1%) 1 (1%) NS — —
Intracavitary thrombus 6 (4%) 6 (12.8%) 0 (0%) <0.001 32.7 1.8to 5%
Arterial thrombus 3 (2%) 2 (4.3%) 1 (1%) NS — —
Stroke 7 (4.6%) 4 (8.5%) 3 (2.9%) NS = =
Mortality in 24 months 29 (19.2%) 15 (31.9%) 14 (13.5%) 0.015 3.01 1.31to 6.93
Mortality from Months 4 to 24 6 (4%) 2 (4.3%) 4 (3.8%) NS — —

(I, confidence interval; NS, non-significant; OR, odds ratio.
?Cause of death percentage refers to total deaths.

bSeveral patients had more than 1 event.

mechanism.'' The presence of IgA-aB2GPlab is an
independent risk factor for early graft thrombosis after renal
transplantation. Although not all deaths could be directly
attributed to thrombotic processes, the presence of this
antibody may play a role in surgical complication—related
deaths."”

In the HT patients in our study, the presence of IgA-
aB2GPlab was clearly related to early mortality and
thrombotic events. Although no significant differences were
found between the causes of death post-HT between patients
with or without antibodies, >50% of patients positive for
IgA-aB2GPlab who died had early graft dysfunction.

As stated earlier, PGF remains a leading cause of death in
the first 30 days post-HT. In addition, the high mortality
level directly associated with PGF and its treatment, likely
attributable to other causes over subsequent months, must
also be taken into account. However, despite its clinical
relevance, this complication has received little attention in
the literature compared with other common causes of death.
This is probably due to the complexity of its study, which
involves multifactorial conditions at the time of HT, the
difficulty of accurately assessing graft function in the

operative setting, and the lack of a clear-cut graft failure
definition.” The pathophysiology of PGF in this setting is
poorly understood but probably involves the concerted
action of multiple-donor-, procedure- and recipient-
dependent mechanisms. Although acute ischemia-reperfu-
sion injury with myocardial stunning has been postulated to
be a major factor in the development of PGF, the exact
pathogenic mechanism is still unknown.

The higher incidence of thrombotic events in the
presence of IgA-aB2GPlab in our study patients suggests
the tissue damage that initiates the events leading to death
of the patient could be microvascular thrombosis. In our
sentinel case, microvascular thrombosis affected the heart
and other organs. However, in less severe cases, we can
hypothesize a less severe form of vascular involvement,
mild thrombotic microangiopathy, which may be the
substrate and the origin of other multiple cardiac and non-
cardiac complications. In this regard, future research needs
to be carried undertaken.

The presence of high titers of IgA-aB2GPlab related
to an increased risk of thrombotic events only appears in
the first weeks after transplantation. In fact, after renal

Table 4 Multivariate Analysis (p < 0.001) of Factors Associated With Mortality in the First Trimester After Heart Transplant
Univariate Multivariate

Variable OR 95% (I p OR 95% (I p

IgA-aB2GP1 antibodies 3.59 1.44 to 8.96 0.006 3.16 1.22 to 8.21 0.018

Blood group A 3.13 1.23 to 7.92 0.016 3.83 1.38 to 10.62 0.010

Gender (female) 2.88 1.08 to 7.69 0.035 3.52 1.17 to 10.58 0.025

Area under the receiver operating characteristic curve = 0.760; 95% CI 0.684 to 0.826. CI, confidence interval; IgA-aB2GP1, immunoglobulin A anti-f3,-

glycoprotein I antibodies OR, odds ratio.
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Figure 4 (A) Incidence of thrombotic events in the first

3 months in patients in Group 1 (dark line) and Group 2 (gray line).
(B) Incidence of thrombotic events in patients with enablers for
thrombotic activity. Group 1 (dark line) vs Group 2 (gray line).

transplantation, IgA-aB2GPlab levels decrease, probably
secondary to immunosuppressive therapy, and may even
become negative, as has been observed in patients studied
before a second renal transplant.'3 Thus, factors such as
prophylactic anti-coagulation and progressive reduction of
post-transplant antibodies in our study patients may help to
explain the most favorable survival outcomes in patients
positive for IgA-aB2GPlab who survived the immediate
post-HT period.

In addition to high pre-HT levels of IgA-aB2GP1lab, we
found that ABO blood group A and female gender are
independently associated with early mortality. The associ-
ation between early mortality and presence of group A has
been described previously in HT groups with a very similar
population.'® The ABO blood group system has been
recognized as a thrombosis risk factor since the 1960s in
relation to blood type—dependent variations of pro-coagulant
factor VIII and von Willebrand factor blood levels (blood
type O individuals have lower levels).'”'® In this sense, it
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has been described that A, B and AB blood types are related
to a higher incidence of thromboembolic events compared
with type O patients.'”

On the other hand, pathophysiologic mechanisms
underlying gender-based differences throughout the spec-
trum of cardiovascular disease are still not completely
understood.”’ The greater susceptibility to microvascular
dysfunction among women could justify our result.”’

Our study has some limitations, including those inherent
in a retrospective study. Nonetheless, in our case, the key
variables were collected prospectively and after a strict
protocol. However, in certain cases, the allocation of clinical
events in evolution was difficult. Likewise, causality
between IgA-aB2GPlab and outcome cannot be inferred,
as it is only possible to obtain relationships or associations.
Other limitations include enrollment limited to a single

center and a largely Caucasian and male study group.
Despite these limitations, for the first time we have been

able to demonstrate the presence of [gA-aB2GPab in 31% of
HT candidates and their independent association with early
mortality (mainly PGF) and thrombotic events.

Considering these findings, we suggest that the under-
lying pathogenic mechanism could be a form of APS and
therefore microvascular thrombosis in a subgroup of
advanced heart failure, IgA-aB2GPab—positive patients
who develop PGF post-HT. If our findings are corrobo-
rated, it may be useful to recommend anti-coagulation
early after HT in patients positive for IgA-aB2GPab.

Multicenter and prospective studies with a larger sample
size are needed to confirm the usefulness of IgA-aB2GPab
as an early transplant failure biomarker, to establish the
relationship with PGF and to assess the effect of anti-
coagulation in this setting.

Finally, our findings support the idea that autoimmunity is
relevant post-HT, suggesting that APS could be involved in
many other previously unexplored processes, including HT.
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Capitulo 6

Validacion de la importancia del riesgo de trombosis post
trasplante en los portadores de IgA anti B2GP1 en un

estudio multicéntrico prospectivo

La presencia pretransplante de anticuerpos IgA anti-Beta 2
glicoproteina | es un predictor para la trombosis precoz del
injerto después del trasplante renal en la practica clinica. Un

estudio multicéntrico y prospectivo.

FONDO:

La asociacion de la presencia antes del trasplante de los autoanticuerpos IgA anti B2GP1
con la pérdida temprana del injerto, y especialmente con la pérdida del injerto debida a
trombosis, descrita en los pacientes trasplantados en el Hospital 12 de octubre necesitaba

una confirmacién mediante un estudio multicéntrico.

METODOS:

En este trabajo se realizé un estudio observacional, multicéntrico y prospectivo a 10 afios
sobre 740 pacientes que recibieron un trasplante renal en el periodo 2000-2002 (tres afios
incluidos) en cinco hospitales del Grupo Forum Renal. Se trata de un estudio donde se
comparan una cohorte de pacientes positivos para IgA anti B2GP1 (N=288) y otra de

negativos para este autoanticuerpo (N=452).

RESULTADOS:

La pérdida de injerto en los 6 meses posteriores al trasplante fue mayor en el Grupo-1 (12.5
vs. 4.2% p <0.001), y la trombosis de los vasos del injerto, que se detecto solo en los tres
primeros meses, continud siendo la causa mas frecuente de pérdida precoz del érgano

trasplantado, especialmente en el Grupo-1 (6.9 vs. 0.4% p <0.001).
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La presencia de IgA anti B2GP1 fue el mas importante factor de riesgo independiente para
la trombosis del injerto (Hazards ratio: 13.83; Cl del 95%: 3.17-60.27, p <0.001). Ademas,

la presencia de IgA anti B2GP1 también se comporté como el principal factor de riesgo
independiente para la sufrir retraso en la funcionalidad del injerto (necrosis tubular aguda).
La supervivencia del injerto a los 10 afios fue menor en el grupo 1 respecto del grupo 2
(60,4% frente a 76,8%, p <0,001). La mortalidad fue significativamente mayor en el Grupo-
1(19.8% vs. 12.2%, p = 0.005).

Este estudio tiene la limitacion de que todos los trasplantes proceden de donantes con
muerte cerebral y no incluye ningun paciente trasplantado de donante a corazon parado, una
practica bastante comun en la actualidad pero que aun no estaba desarrollada en el periodo
de estudio. En adicion, los receptores del estudio presentan menos complejidad que los
pacientes que se trasplantan en la actualidad puesto que son mas jovenes y la proporcion de

hiperinmunizados y retrasplantes es baja.

CONCLUSIONES:

El estudio confirma que la presencia de IgA anti B2GP1 antes del trasplante fue el principal
factor de riesgo para la trombosis del injerto y la pérdida temprana del injerto. Estas
conclusiones justifican que se plantee la necesidad de un estudio prospectivo para evaluar la
eficacia y la seguridad de la anticoagulacion profilactica para evitar estas graves

complicaciones.

Doi: 10.3389/fimmu.2018.00468
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Background: Graft thrombosis is a devastating complication after renal transplantation.
We recently described the association of anti-beta-2-glycoprotein-I (IgA-ab2GP1) anti-
bodies with early graft loss mainly caused by thrombosis in a monocenter study.

Methods: Multicenter prospective observational cohort studly.

Setting and participants: Seven hundred forty patients from five hospitals of the
Spanish Forum Renal Group transplanted from 2000 to 2002 were prospectively fol-
lowed-up for 10 years.

Outcomes: Early graft loss and graft loss by thrombosis.

Measurements: The presence of IgA anti-B2GP1 antibodies in pretransplant serum
was examined using the same methodology in all the patients.

Results: At transplantation, 288 patients were positive for IgA-B2GP1 (39%, Group-
1) and the remaining were negative (Group-2). Graft loss at 6 months was higher in
Group-1 (12.5 vs. 4.2% p < 0.001), vessel thrombosis being the most frequent cause
of early graft loss, especially in Group-1 (6.9 vs. 0.4% p < 0.001). IgA-aB2GP1 was the
most important independent risk factor for graft thrombosis (hazard ratio: 13.83; 95%
Cl: 3.17-60.27, p < 0.001). Furthermore, the, presence of IgA-aB2GP1 was associated
with early graft loss and delayed graft function. At 10 years, survival figures were also
lower in Group-1: graft survival was lower compared with Group-2 (60.4 vs. 76.8%,
p < 0.001). Mortality was significantly higher in Group-1 (19.8 vs. 12.2%, p = 0.005).
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Limitations: Patients were obtained during a 3-year period (1 January 2000-31
December 2002) and kidneys were only transplanted from brain-dead donors. Nowadays,
the patients are older and the percentage of sensitized and retransplants is high.

Conclusion: In a prospective observational multicenter study, we were able to cor-
roborate that pretransplant presence of IgA-aB2GP1 was the main risk factor for graft
thrombosis and early graft loss. Therefore, a prospective study is needed to evaluate
the efficacy and safety of prophylactic anticoagulation to avoid this severe complication.

Keywords: graft thrombosis, kidney transplant, autoimmunity, autoantibodies, antiphospholipid syndrome,
antiphospholipid antibodies, B2GP1, IgA

INTRODUCTION

The introduction of modern immunosuppression, advances in
the control of infections, better methodologies, and improvement
in histocompatibility tests in recent decades have substantially
increased short- and long-term results after renal transplantation.
However, the percentage of patients who suffer graft loss in the
first months posttransplant (mainly by thrombosis) has remained
unchanged (5-8%) (1).

Humoral immune response to the allograft after kidney
transplantation is one of the main factors responsible for the
deterioration of graft function, or even graft loss. The main target
of this immune attack is the donor major histocompatibility
complex (alloreactivity) (2). It has been recently described that
antibody-based autoimmune responses may also affect the out-
come of renal transplantation (3). The main antigens associated
with an autoimmune-mediated allograft response are angiotensin
1 receptor (4), endotelin 1 receptor (5), LG3 fragment of perlecan
(6), and P, glycoprotein I (B2GP1) (7).

Antiphospholipid antibodies (aPL) are a group of autoanti-
bodies directed against phospholipid-binding plasma proteins,
including both those circulating in the blood and/or located in
the plasma membrane of blood vessel cells. Antiphospholipid
syndrome (APS) is an autoimmune disorder characterized by the
presence of circulating aPL associated with vessels thrombosis or
adverse pregnancy outcome (8).

B2GP1 is a protein that is mainly synthesized not only in
the liver but also in kidney and heart. It is localized in plasma
and in the membrane of endothelial cells, the platelets being
the most frequent antigen recognized by pathogenic aPL (9,
10). The prevalence of anti-B2GP1 antibodies of IgA isotype
(IgA-aB2GP1) is higher in patients with chronic kidney dis-
ease than in the general population (30 vs. 1.5%) (11), and an
association between these antibodies in patients undergoing
hemodialysis and thrombotic events and mortality has been
found (12, 13).

We recently described the association of a variety of IgA
anti-beta-2 glycoprotein-I (aB2GP1) antibodies with early loss
of kidney grafts, mainly from thrombosis (7). This observation
was confirmed in a large historical cohort of patients transplanted
over a 12-year period in a single hospital (14).

Abbreviations: OR, odds ratio; HR, hazard ratio; BMI, body mass index; PRA, panel
reactive antibody score; aB2GP1, anti-beta-2 glycoprotein-I; aCL, anti-cardiolipin.

Our work has aimed to corroborate the association of IgA
aB2GP1 with early graft thrombosis after renal transplantation in
a prospective multicenter study.

MATERIALS AND METHODS
Study Design

We performed an observational, “non-interventional” follow-
up study that included patients transplanted in five hospitals
of the Spanish Forum Renal Group cohort. The original series
(“Forum Renal”) included all transplanted patients, without
exclusions, during 2000-2002 in 14 renal transplant units in
Spain (N = 2,600).

In our study, only patients from the five units with stored
pretransplant serum samples were included, it not being pos-
sible to include the patients from the remaining centers because
pretransplant serum samples were not available. Patients with
hemolytic uremic syndrome, factor V Leiden, or primary APS
were excluded.

A total of 740 patients who had received a kidney transplant in a
3-year period (from 01/01/2000 to 12/31/2002) were evaluated in
a 10-year prospective follow-up study. Presence of aPL was exam-
ined in pretransplant serum samples used for donor-recipient
crossmatch (disposition algorithm and flow diagram, Figure 1).

The centers and number of patients in each center included
in the study were as follows: Unit-1 (N = 269): “Hospital 12 de
Octubre” (Madrid); Unit-2 (N = 86): “Hospital Ramon y Cajal”
(Madrid); Unit-3 (N = 63): “Hospital Marques de Valdecilla”
(Santander); Unit-4 (N = 282): “Hospital de Cruces” (Bilbao);
and Unit-5 (N = 20): “Hospital la Paz” (Madrid).

Primary Aim

The primary aim is to confirm the prevalence of pretransplant
IgA-aB2GP1 antibodies and its influence on outcomes after
kidney transplantation in a multicenter study. Main endpoints:
(A) early graft loss and (B) graft loss by thrombosis. Secondary
endpoint: delayed graft function (DGF).

Secondary Aims

The secondary aims are to perform a Replication Study compar-
ing the results from the hospitals 2 to 5 with the results from
hospital 1 that had previously described such a prevalence.
Secondary endpoints: prevalence of IgA-aB2GP1 antibodies,
graft and patient survival, and causes of graft loss and death.
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2822 patients with CKD

treated with kidney transplantation
14 hospitals in Spain (Period 2000-2002)

222 Excluded
Double transplants
2600 patients
14 hospitals
1860 Excluded
serum not available,
N factor V Leiden or primary APS
740 patients

Five hospitals
I

Ten year
prospective follow-up

Negative pretransplant
IgA anti B2 Glycoprotein |
antibodies (Group 2)
452 (61.1%)

Positive pretransplant
IgA anti B2 Glycoprotein |
antibodies (Group 1)
288 (38.9%)

Early graft loss Graft thrombosis Early graft loss Graft thrombosis
(first 6 months) (first 3 months) (first 6 months) (first 3 months)
36 (12.5%) 20 (6.9%) 19 (4.2%) 2 (0.4%)
Delayed graft Delayed graft
function function
103 (35.8%) 88 (19.5%)

FIGURE 1 | Disposition of study and early outcomes. This cohort included
740 patients from five renal transplant units that were followed-up for
10 years.

Ethical Issues

The “Forum renal” study (prospective observational and non-
interventional) was approved by all the Ethics Committees and
Nephrology Departments of the 14 hospitals, assuring data
confidentiality (15, 16). The patients were not asked to sign
an informed consent because the Spanish legislation does not
require it for observational studies without intervention. This
study was approved by the ethics committee of the five hospitals,
assuring data confidentiality. To control the center effect, each
participating hospital was assigned a blinded code.

In addition, prior to centralizing the laboratory and database
work, the study was submitted for approval to the Hospital 12 de
Octubre Ethics Committee for Clinical Research and it received a
favorable report (Reference Number CEIC-14/021).

Patients

Seven hundred forty patients (99.1% Caucasian) received a
kidney transplant from heart-beating (brain dead) donors.
Although an exhaustive coagulation study was not performed,
all patients were negative for Factor V Leiden (disposition
algorithm and outcomes, Figure 1). No patient was diagnosed
of hemolytic uremic syndrome as an original disease. All of them
were complement-dependent cytotoxicity crossmatch negative.
All 740 patients were followed-up for a period of up to 10 years
or until graft failure or death.

Database

The donor and recipient characteristics were stored in an
anonymized database. The pretransplant variables included were
gender, age, original disease, serology, immunological data, time
on dialysis, and pretransplant conditions. In this way, hyperten-
sion, hyperlipidemia, diabetes, body mass index (BMI), smok-
ing, and pretransplant cardiovascular disease were recorded.
Immunosuppressive drug treatment was also included.

After surgery, incidence of thrombotic events, cardiovascular
events, neoplasia, DGE, and acute rejection (AR) episodes were
recorded. Patient and graft survival (GS), and causes of mortality
and graft loss were also recorded.

Immunosuppressive Treatment

The most frequently used immunosuppressive protocol (88.5% of
patients) was based on triple therapy with calcineurin inhibitors,
mainly tacrolimus, associated with steroids and MMF with or
without induction. In patients older than 60 years who received
kidneys from donors older than 60 years, immunosuppression
regimen was based on Cyclosporine (CsA), steroids, and MMF
with or without induction. Immunosuppressive treatments in all
the patients are described in Table S1 in Supplementary Material.

Definitions

Thrombotic Events

Thrombotic events were defined as venous thrombosis, arterial
thrombosis, graft thrombosis, pulmonary thromboembolism
acute stroke, or transient ischemic attack. Thrombotic episodes
were diagnosed by imaging techniques or by histological study (9).

Graft Thrombosis

Graft thrombosis was diagnosed with imaging techniques.
Furthermore, most of the patients who suffered graft thrombosis
underwent a transplactectomy. Immediately after the surgery, the
kidneys were studied in the Pathology Department, the results of
macroscopic and histopathology analysis confirmed the presence
of graft thrombosis.

Graft Loss

Death of the patient or loss of kidney function that requires the
beginning of permanent renal replacement therapy. It is considered
early graft loss if it occurs in the first 6 months after the transplant.
Censored graft loss is graft loss excluding death of the patient.

Delayed Graft Function

Delayed graft function is a form of posttransplantation acute
renal failure defined as a temporary graft non-function that
requires hemodialysis during the first week after surgery. DFG
was diagnosed once discarded hyperacute rejection, vascular
complications, and urinary tract obstruction.

Arterial Hypertension
Arterial hypertension was defined as blood pressure greater than
140/90 mm Hg.

Primary Non-Function

Primary non-function was considered to exist in grafts with good
perfusion that never functioned in which a biopsy study had
excluded other causes of graft dysfunction as AR.
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Cardiovascular Event

Cardiovascular event was considered if at least one of the follow-
ing was present: heart failure, angina, coronary revascularization,
myocardial infarction, stroke, or peripheral bypass.

Acute Rejection
Acute rejection was applied to acute deterioration in allograft
function associated with specific histopathologic changes in the

graft.

Clinically Suspected AR
Clinically suspected AR is defined as patients with AR clinical
criteria lacking histological data that confirmed the diagnostic.

Panel Reactive Antibody Score (PRA)

Panel Reactive Antibody Score was defined as the percentage of
the general population to which the patient reacts by preformed
antibodies. PRA was studied by complement-mediated cytotox-
icity using pooled lymphocyte panel with at least 35 unrelated
genotypes. Patients were considered as “sensitized” with PRA
values >50%.

Hyperlipidemia
Hyperlipidemia was defined as when hypertriglyceridemia
(>150 mg/dL) or hypercholesterolemia (>200 mg/dL) were seen.

Diabetes Mellitus
Diabetes mellitus was diagnosed in patients with fasting plasma
glucose greater than 126 mg/dL (7.0 mmol/L).

Normal Weight
Normal weight was defined by a BMI range from 18.5 to 25 kg/
m? Overweight was defined when BMI is >30 kg/m?.

Laboratory Determinations

Autoantibodies were measured in pretransplant serum used for
crossmatch or in a serum sample obtained up to 15 days before
transplantation. All the aPL determinations were performed in
center 1.

IgA-aB2GP1 antibodies were quantified in all the centers
by enzyme-linked immunosorbent assay (ELISA) using the
QUANTA Lite B2 GPI IgA (INOVA Diagnostics Inc., San Diego,
CA, USA). A unique assay lot was used for the analysis of the
samples from centers 2, 3, 4, and 5.

The anti-cardiolipin (aCL) and aBGPI antibodies of IgG
and IgM isotypes in patients from center 1 were measured with
QUANTA LiteaCLIgG, QUANTA Lite B2 GPI1gG, QUANTA Lite
aCL IgM, and QUANTA Lite B2 GPI IgM (INOVA Diagnostics
Inc.). In patients from centers 2, 3, 4 and 5, these were measured
using BioPLex 2200 multiplex immunoassay system APLS IgG
and IgM (Bio-Rad, Hercules CA, USA).

Antibody levels higher than 18 U/mL were considered
positive for aPL of IgG and IgM isotypes and higher than
20 U/mL were considered positive for IgA-aB2GP1. The cutoff
values were those recommended by the manufacturer, which
coincided with those determined in the healthy population in
our country (17, 18).

Statistical Methods

Results were expressed as mean + SE, or absolute frequency
and percentage. Association between qualitative variables was
determined with Pearsons Chi-square test or Fishers exact
test, when appropriate. Comparisons were performed using the
Mann-Whitney U test in scaled variables with two categories.
Probabilities less than 0.05 were considered significant.

Survival was calculated using the Kaplan-Meier Method and
differences between the distributions of survival were assessed
with the log-rank test.

Multivariate analyzes of graft loss and graft thrombosis-
associated variables were performed using Cox regression
(proportional hazards model). The relative measure of an effect
was expressed as hazard ratio (HR).

Multivariate analysis of DGF (dichotomous outcome con-
centrated in a very short period of time) was performed using
logistic regression model (19). Probabilities less than 0.05 were
considered significant.

The policy regarding donor-recipient selection was based
on trying to match recipients and donors with similar ages.
Therefore, donor age is a recipient age-dependent variable. Donor
age was not included as a statistical analysis variable except when
studying DGF because it is more associated with donor age than
recipient age in the literature (20).

Data were processed and analyzed using Medcalc for Windows
version 16.1 (MedCalc Software, Ostend, Belgium).

RESULTS
Antiphospholipid Antibodies

The average pretransplant levels of aCL antibodies were IgM
5.4 U/mL + 0.7 and IgG 4.0 U/mL = 0.4. Mean levels of aB2GP1
antibodies were as follows: IgM 4.3 U/mL + 0.8, IgG were
4.1 U/mL + 0.5, and IgA were 32.4 U/mL + 1.8 (Table S2 in
Supplementary Material). Patients whose antibody levels were
above the cutoff were considered positive. Prevalence of aCL
positive patients was 1.1% for IgM and 1.2% for IgG. Prevalence
of aB2GP1 antibodies patients was 1.6% for IgM and 1.2% for IgG.

Patients with IgA-aB2GP1 Antibodies

Two hundred eighty-eight (38.9%) patients were positive for IgA-
aB2GP1 antibodies (Group-1) and 452 were negative (Group-2).
Patientsin Group-1, were immunologicallyless complex and there
were fewer retransplanted patients (10.8 vs. 17.5%; p = 0.017)
and less hyperimmunized patients (6.6 vs. 11.9%; p = 0.024). The
prevalence of dyslipidemia and hypertension was slightly higher
in Group-1. The remaining pretransplant characteristics did not
differ between both groups (Table 1). The correlation between
recipient age and IgA-aB2GP1 levels was very weak (Correlation
coeflicient r = 0.184, 95% CI: 0.114-0.253).

Clinical Events and Course in the Early
Posttransplant Period (6 Months)

Thirty-six patients in Group-1 (12.5%) lost their graft during the
first semester after transplantation vs. 19 in the Group-2 (4.2%,
p < 0.001). At 3 months, the percentage of patients with graft
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TABLE 1 | Pretransplant condition of patients in Group-1 (positive for IgA-
aB2GP1 antibodies) and in Group-2 (negative patients).

TABLE 2 | Posttransplant events of patients in Group-1 (positive for IgA-aB2GP1
antibodies) and in Group-2 (negative patients).

Group-1 Group-2 Group-1 Group-2
(N = 288) (N = 452) (N = 288) (N = 452)
Condition Patients/ %/SE Patents/ %/SE P-value Condition Patients/ %/SE Patents/ %/SE P-value
mean mean mean mean
Sex (women) 107 37.2% 198 43.8% N.S. Delayed graft function (DGF) 103 35.8% 88 19.5% <0.001
Age (years)? 51.9 +0.8 47.4 +0.6  <0.001 Graft loss on the complete 114 39.6% 105 23.2% <0.001
Donor age (years)* 47.9 +1 44.2 +0.8 N.S. follow-up (global 29.6%)
Body mass index* 255 +0.3 24.9 +0.2 N.S. First-month (global 3.9%) 20 6.9% 9 2% 0.001
Time on dialysis (months)? 36.5 +2.2 28.8 +2.0 N.S. First-trimester (global 5.9%) 31 10.8% 13 2.9% <0.001
. First semester (global 7.4%) 36 12.5% 19 4.2% <0.001
Type of dialysis First year (global 8.5%) 38 13.2% 25 5.5% <0.001
Hemodialysis 217 75.3% 342 75.7% N.S.
Peritoneal dialysis 58 20.1% 100 221%  N.S. Causes graft loss first semester
Both 12 4.2% 8 1.8% N.S. Acute rejection (AR) 7 2.4% 1 0.2% 0.014
Undialyzed 1 0.3% 2 0.4% N.S. Non-functioning graft 1 0.3% 6 1.3% N.S.
Panel reactive antibody 5 1.7% 19 42% NS Death (with a functioning 4 1.4% 4 0.9% NS
score (PRA) at kidney)
transplantation >50% Cardiovascular diseases 1 0 N.S.
Historical PRA >50% 19 6.6% 54 11.9%  0.024 (CVDs)
Previous kidney transplant 31 10.8% 79 175% 0017 Infections 3 0 N.S.
Cold ischemia (h)? 195 403 198 403  NS. Sudden death 0 2 N.S.
Others 0 2 N.S.
Associated conditions Graft thrombosis 20 6.9% 2 0.4% <0.001
Diabetes mellitus 36 12.5% 41 9.1% N.S. Others 4 1.4% 6 1.3% N.S.
Type 1 diabetes 14 4.9% 17 38% NS Graft loss from month 7 78 27.1% 86 19%  <0.001
Type 2 diabetes 22 7.6% 24 5.3% N.S. to end of follow-up
Dyslipidemia 90 31.2% 98 21.7% 0.004 AR 5 1.7% 0 0% 0.019
Hypertension 230 79.9% 311 68.8%  0.001 Death (with a functioning 4 14.2% 47 10.4%  N.S.
Causes CKD kidney)
Chronic glomerulonephris 73 25.3 137 303% N.S. CVDs 9 " N.S.
Interstitial kidney disease 4 142% 59 13.1% NS Infections 8 ! NS
Nephroangiosclerosis 20 6.9% 40 8.8% N.S. gj;gz; death g 12 E:
Polycystic kidney disease 47 16.3% 71 15.7% N.S. Others 15 16 N:S.
Diabetes melltus 27 9.4% 29 6.4% NS Chronic allograft 26 9% 32 71%  N.S.
Unknown 45 15.6% 67 14.8% N.S.
nephropathy
Others 35 12.2% 49 10.8% N.S. Others 6 21% 7 15% NS
N.S., non-significant. Cardiovascular events
aMann-Whitney test was used because variable is not normally distributed. Myocardial infarction 7 2.4% 18 4% N.S.
Stroke 18 6.3% 9 2%  0.005
Angina pectoris 9 3.1% 7 1.5% N.S.
loss in the Group-1 was also significantly higher than in Group-2 ~ Patients with AR episodes 28 97% 43 9.5% NS
(10.8 vs. 2.9%, p < 0.001) (Table 2). Differences between patients Death in follow-up 57 19.8% 55 122%  0.005
. L. . Death first semester 11 3.8% 8 1.8% N.S.
with early graft loss (<6 months) and remaining patients were age Death from months 7 to 24 6 16% 47 104% 0034

(55.7 = 1.7 vs. 48.6 + 0.5 years, p < 0.001), presence of DGF (50.9
vs. 23.8%, p < 0.001), positivity for IgA-aB2GP1 antibodies (65.5
vs. 36.8%, p < 0.001), and a higher proportion of patients with
nephroangiosclerosis as cause of end-stage renal disease (ESRD)
(20 vs. 7.2%, p = 0.001) (Table 3). As the risk of graft loss and
graft thrombosis is partially dependent on the donor factors, we
performed an analysis of same-donor paired kidneys (21) show-
ing the same results (data not shown).

A Kaplan—Meier survival analysis showed significantly lower
6-month GS rates in Group-1 (HR: 3.10, 95% CI: 180-5.35,
p < 0.001, Figure 2A). Graft thrombosis was the most common
cause of graft loss (22 patients, 61% oflosses), this occurring more
frequently in Group-1 (6.9 vs. 0.4%, p < 0.001, Figure 2B).

Delayed graft function was also significantly higher in Group-1
(35.8 vs. 19.5%; p < 0.001). There were no differences regarding
AR episodes in both groups (Table 2).

N.S., non-significant.

IgA anti-B2GP1 Antibodies Are an
Independent Risk Factor for Early Graft
Loss

Early graft loss-associated factors that were significant in the
univariate analysis (Table 3) were included in a multivariate
analysis [Table 4 (A)].

Presence of IgA-aB2GP1 antibodies continued to be an inde-
pendent and significant risk factor for graft loss after adjusting
for other risk factors (HR: 2.49; 95% CI: 1.40-4.43, p = 0.002).
Recipient age, presence of DGF, and nephroangiosclerosis as
cause of ESRD were also independent risk factors for early graft
loss [Table 4 (A)].
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TABLE 3 | Clinical characteristics of patients with early graft loss vs. patients with
functioning graft at 6 months posttransplant.

Condition Early graft Functioning
loss (N =55) graft (N = 685)
N/ %/SE N/ %/SE P
mean mean

Sex (women) 17 30.9% 288 42% N.S.
Age (years)® 55.7 +1.7 486 +0.5 <0.001
Donor age (years)? 55.2 +2.2 449 +0.7  <0.001
Body mass index® 25.6 +0.6 25.1 +0.2 N.S.
Time on dialysis (months)? 44.9 +7.1 326 +1.6 N.S.
Pretransplant clinical characteristics

Diabetes mellitus 5 9.1% 72 10.5% N.S.

Type 1 diabetes 2 3.6% 29 4.2% N.S.
Type 2 diabetes 3 5.5% 43 6.3% N.S.

Dyslipidemia 18 32.7% 170 24.8% N.S.

Hypertension 44 80% 497 72.6% N.S.
Patients IgA-aB2GP1 positive 36 65.5% 252 36.8% <0.001
Causes CKD

Chronic glomerulonephritis 15 27.3% 195 28.5%  N.S.

Interstitial kidney disease 9 16.4% 91 13.3% N.S.
Nephroangiosclerosis 11 20% 49 7.2% 0.002
Polycystic kidney disease 6 109% 112 16.4% N.S.
Diabetes mellitus 3 53 N.S.
Unknown 4 108 N.S.
Others 7 77 N.S.
Transplant-associated factors

Previous kidney transplant 13 97 N.S.

Panel reactive antibody score 4 7.3% 20 2.9% N.S.

(PRA) at time of transplant >50%

Historical PRA >50% 7 66 N.S.

Cold ischemia (h)? 20.7 +0.6 19.6 +0.2 N.S.
DGF 28 50.9% 163 <0.001

N.S., non-significant.
The variables that were selected for the multivariate analysis are marked in bold.
aMann-Whitney test was used because variable is not normally distributed.

IgA-aB2GP1 Antibodies Are an
Independent Risk Factor for Graft

Thrombosis
IgA-aB2GP1, cold ischemia time, and age were identified in
univariate analysis as significant and associated factors for graft
thrombosis (Table S3 in Supplementary Material). In a Cox
proportional regression multivariate analysis, cold ischemia
time, DGEF, and especially IgA-aB2GP1-ab (HR: 13.83; 95% CI:
3.17-60.27; p < 0.001) were identified as independent risk factors
for graft thrombosis [Table 4 (B)].

No significant differences were observed between the group
I patients who suffered graft loss due to thrombosis and the
remaining patients of this same group who had cardiovascular
risk factors: dyslipidemia (5.6 vs. 7.6%; p = 0.533), hyperten-
sion (6.1% vs. 10.3%; p = 0.255), type 2 diabetes (9.1 vs. 6.8%;
p=0.681), and BMI (23.9 + 0.8 vs. 25.6 0.3; p = 0.128).

IgA-aB2GP1 Antibodies Are an

Independent Risk Factor for DGF

Variables previously significantly associated to DGF (Table S4 in
Supplementary Material) were analyzed in a logistic regression
univariate analysis. Those that continued to be significant were
studied in a multivariate analysis: donor age, BMI, hypertension,
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FIGURE 2 | Early graft loss. (A) Evolution of graft survival (GS) at the first
6 months of the follow-up. GS in patients in Group-1 (positive for IgA-
aB2GP1 antibodies, red line) was significantly lower than that observed in
Group-2 (blue line). HR, hazard ratio (Kaplan—Meier analysis). (B) Graft loss
by thrombosis in the 6 months after transplantation was significantly higher in
patients in Group-1 (red) than in patients in Group-2 (blue).

and especially IgA-aB2GP1 antibodies [odds ratio (OR): 2.08,
95% CI: 1.47-2.95; p < 0.001] were identified as independent risk
factors for DGF [Table 4 (C)].

Late Posttransplant Period
(from 7 Months to 10 Years)

Graft survival (Figure 3) was significantly lower (Kaplan-Meier
analysis) in Group-1, both non-censored GS (HR: 1.63; 95% CI:
1.19-2.25; p = 0.002) and death-censored GS (HR: 1.80; 95% CI:
1.12-2.89; p = 0.009).

Causes of graftloss in this period were similar in both groups
except for death with a functioning kidney that was more
frequent in Group-1 patients (OR: 1.60; 95% CI: 1.02-2.51;
p=0.042).

Complete Follow-up (0-120 Months)
Non-censored GS was 70.4% at 10 years when the total group was
considered. GS analysis (Kaplan-Meier) showed that graft loss
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TABLE 4 | Multivariate analysis.

Factors Univariate Multivariate
Hazard ratio (HR) 95% CI P-value HR 95% ClI P-value
A. Early graft loss
Patients IgA-aB2GP1 positive 3.1 1.78-5.41 <0.001 2.49 1.40-4.43 0.002
Recipient age (years) 1.04 1.02-1.06 <0.001 1.02 1.00-1.05 0.042
Nephroangiosclerosis 3.01 1.65-5.82 0.001 2.61 1.32-5.17 0.006
Delayed graft function (DGF) 3.14 1.85-5.33 <0.001 2.35 1.37-4.04 0.002
B. Early graft loss by thrombosis
IgA-aB2GP1 positive 16.09 3.76-68.85 <0.001 13.83 3.17-60.27 <0.001
DGF 4.29 1.83-10.03 <0.001 2.42 1.01-5.81 0.047
Cold ischemia time (h) 1.09 1.01-1.17 0.024 1.09 1.056-3.233 0.041
Odds ratio (OR) 95% ClI P-value OR 95% ClI P-value
C. DGF
IgA-aB2GP1 positive 2.30 1.65-3.22 <0.001 2.08 1.47-2.95 <0.001
Donor age (years) 1.02 1.01-1.08 <0.001 1.02 1.01-1.03 0.003
Cold ischemia (h) 1.04 1.01-1.07 0.011 1.03 1.00-1.07 0.050
Body index mass 1.07 1.04-1.11 <0.001 1.06 1.02-1.10 0.002
Hypertension 1.67 1.12-2.49 0.012 1.56 1.03-2.37 0.039
Time on dialysis (months) 1.00 1.00-1.01 0.307 - - -

(A) Cox proportional regression multivariate analysis (p < 0.001) of graft loss-associated variables significant in univariate analysis. (B) Cox proportional regression multivariate analysis
(p < 0.001) of variables associated with graft loss by thrombosis. (C) Logistic regression multivariate analysis (p < 0.001) of DGF-associated variables significant in univariate analysis.

The variables that were selected for the multivariate analysis are marked in bold.

was higher in Group-1 vs. Group-2: survival was 60.4 vs. 76.8%;
HR: 1.91; 95% CI: 1.45-2.52; p < 0.001 (Figure 3B, dotted lines).

Death-censored GS (Kaplan-Meier analysis) was lower
in Group-1 than Group-2: 76.1 vs. 86.5%; HR: 2.34; 95% CI:
1.61-3.39; p < 0.001 (Figure 3B, solid lines).

Global mortality in the follow-up was 15.1%, this being sig-
nificantly higher in Group-1 (19.8 vs. 12.2%, p = 0.005; Table 2).
Therefore, survival probability was lower in Group-1 (HR: 1.53;
95% CI: 1.07-2.18; p = 0.015, Figure 4A).

GS and Outcomes Excluding Center 1

When patients from centers 2, 3, 4, and 5 were considered
alone with the exclusion of center 1, GS (Figure 3C) was
also significantly lower in Group-1 vs. Group-2 patients,
at 6 months (86.9 vs. 94.1%; HR: 2.30; 95% CI: 1.24-4.24;
p = 0.007) and at 10 years (71.6 vs. 86.5%; HR 2.07 95% CI:
1.47-2.91; p < 0.001).

Notably, graft thrombosis (6 vs. 0.7%; OR: 8.66; 95% CI:
1.92-39.16; p = 0.005; Figure 4B) and DGF (39.7 vs. 22.4%;
OR: 2.28;95% CI: 1.52-3.40; p < 0.001) were significantly more
frequent in patients in Group-1 than observed in Group-2
patients.

Remarkably, in a Cox proportional regression multivariate
analysis (Table S5 in Supplementary Material), IgA-aB2GP1
antibodies continued to be an independent and significant
risk factor associated with early graft-loss (HR: 1.90; 95% CI:
1.00-3.61; p = 0.049) and graft thrombosis (HR: 8.28; 95% CI:
1.75-39.07; p = 0.008). Likewise, IgA-aB2GP1 continued to be an
independent risk factor for DGF in a multivariate logistic regres-
sion analysis (OR: 2.19; 95% CI: 1.43-3.37; p < 0.001).

Mortality was also higher on Group-1 (21.6 vs. 12.5%;
p =0.008; HR: 1.81; 95% CI 1.15-2.85; p = 0.009).

DISCUSSION

We previously described that the presence of pretransplant IgA-
aB2GP1 is an independent risk factor for early graft loss in two
unicenter studies (7, 14) and graft thrombosis (14) after renal
transplantation. For the first time, herein, we have been able to
demonstrate in an observational, multicenter, and prospective
study including 740 renal transplant patients from five hospitals
of Spain that preformed IgA-aB2GP1 is an independent risk fac-
tor for early graft thrombosis. Therefore, the presence of pretrans-
plant IgA-aB2GP1 may be considered as a new tool to predict
early graft loss by thrombosis after renal transplantation. In addi-
tion, these important results can be the rationale to investigate
if prophylactic treatment of pretransplant IgA-aB2GP1 positive
patients could improve this catastrophic early complication.

In this study we found that 55 (7.4%) of renal transplant
patients suffered early loss in the first 6 posttransplant months
and 22 of them (40%) due to graft thrombosis. Therefore, graft
thrombosis was the main cause of early graft loss, representing
3% of the total group, a percentage almost similar to the other
series (22). In addition, it is important to consider that these
findings were obtained from a database representing the clini-
cal practice in our country, including all transplanted patients
from brain-death donors during 2000-2002, without exclusions.
Notably, 90% of patients with graft thrombosis exhibited pre-
transplant IgA-aB2GP1 and consequently this parameter was the
most important significant risk factor for graft thrombosis. This
interesting finding was also corroborated when only centers 2, 3,
4, and 5 were analyzed. This partial analysis that excluded center
1 was done in order to demonstrate that the data from center 1
were not conditioning the final results. Therefore, the relationship
between renal graft thrombosis and the presence of pretransplant
IgA-aB2GP1 seems to be very clearly significant.
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FIGURE 3 | Graft survival (GS) on the complete follow-up. (A) GS from the
end of the sixth month to the end of follow-up. Death-censored GS (solid line)
vs. uncensored GS (dotted line). (B) GS during the 10 years of follow-up.
Death-censored GS (solid line) vs. uncensored GS (dotted line). (C) Graft loss
in the follow-up excluding Center 1 patients (uncensored data). Red lines
patients in Group-1. Blue lines patients in Group-2.
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follow-up. Solid lines: excluding center 1. Dotted lines: complete study. (B)
Graft-loss by graft thrombosis excluding center 1. Observation: the survival
curves from the study that excludes center 1 and the survival curves from the
complete study are so similar that they practically overlap and impede a
correct visualization.

The prevalence of anti-B2GP1 IgA was significantly lower in
retransplanted patients than in those receiving a first transplant.
This finding confirms that observed in previous studies, that is,
that the prevalence of these autoantibodies is lower in patients
who have undergone immunosuppressant treatment prior to
transplantation, either due to an autoimmune illness or a previ-
ous transplant (11, 14).

The prevalence of hyperlipidemia and hypertension in
Group-1 patients is higher than in those in Group-2. We could
hypothesize that this higher prevalence could be related to their
older age; however, there is no known explanation for this find-
ing. The presence of these factors could affect the development
of vascular conditions such as arteriosclerosis. However, as the
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prevalence of hyperlipidemia and hypertension does not show
significant differences in the group I patients who have lost the
graft due to thrombosis and the remaining group I patients who
did not suffer graft loss, these factors do not seem to affect the
vascular thrombosis of the graft.

Although it is known that the binding of antibodies with
B2GP1 is critical to the development of events APS, the physi-
ological functions of are unknown. Thus, the specific mechanism
by which the antibodies act remains elusive (23).

Studies with electron microscopy suggest that the tridimen-
sional structure of B2GP1 is not limited to a single conformation
and it has been suggested that the geometry of the B2GP1 can
alter their potential to interact with autoantibodies (24, 25).

Membrane-bound B2GP1 acquires a J-shaped structure and
binding of anti-B2GP1 antibodies stabilizes the interaction of
the protein with membrane phospholipids that is hypothesized
to potentiate signaling through several receptors associated with
prothrombotic cellular actions (26). Patients receiving a graft
should undergo surgery, a known “second hit” to trigger the
event. The risk of thrombotic events in carriers of IgA-aB2GP1
is higher for carriers of other thrombosis-associated risk factors
such as smoking, infections, prolonged immobilization, use of
estrogens, or surgical procedures (27). However, the contribution
of these factors as second hits in association with IgA-aB2GP1
needs to be established in subsequent studies.

Since not all IgA-aB2GP1 positive patients develop thrombotic
complications (18), the next step should be to find a marker that
would identify the patients with a higher risk of thrombosis among
thoseare IgA-aB2GP1 positive (28). We recently described that the
presence of circulating immune complexes (CIC) of IgA bounded
to B2GP1 was associated with occurrence of recent thrombotic
events (29) and are a predictor of acute thrombotic events, includ-
ing graft thrombosis after renal transplantation (30). However, we
have not been able to detect the presence of CIC as, unfortunately,
although the conditions of preservation of serum samples were
adequate for the determination of IgA-aB2GP1, these conditions
were not consistent with the maintenance of stable CIC and they
had not been reliably determined in the present group of patients
in some centers.

On the other hand, global results of this population at
10 years may be considered to be in agreement with other series
of renal transplantation with deceased donors: patient survival
84.9%, DCGS and NCGS of 81 and 70.4%, respectively. It is
important to note that our patients were closely followed-up
in the renal transplant offices under the umbrella of a national
health service with universal and lifelong support. These find-
ings are in agreement with previous results in Spain (31). As
we noted previously, IgAB2GP1 positive patients show lower
survival figures than negative patients. Notably, the immuno-
suppressive protocol was based on calcineurin inhibitors and
MME. Only six patients did not receive calcineurin inhibitors
as an initial immunosuppressive protocol, and therefore, we
cannot discuss if m-TOR inhibitors can be useful in the preven-
tion of vascular lesions associated with aPL (32). Furthermore,
prior results have demonstrated a superior capacity of CNI over
m-TOR inhibitors to inhibit alloantibodies production in renal
transplantation (33, 34).

One of the main limitations is that these results were obtained
during the first 3 years of the twenty-first century. Currently,
donors and patients are older, show a high percentage of sensi-
tized and retransplants as well as new forms of renal transplanta-
tion and with non-heart-beating donors. At present, and with
these demographic changes, short- and long-term results could
be different. At this point, such a limitation makes it necessary to
design a long-term study.

Determination of IgA-aB2GPI antibodies in patients from
all the centers was performed with the same diagnostic system
(Quanta Lite ELISA). However, a different diagnostic system was
used to quantify aPL of IgG and IgM isotype for center 1 (ELISA)
than in rest of the centers (multiplex immunoassay). This change
of methodology is irrelevant because the efficiency in determina-
tion of aPL of IgG and IgM isotypes using ELISA and multiplex
diagnostic systems is very similar (35, 36). Furthermore, the aver-
age amount of antibody levels and the proportion of aPL of IgG
and IgM isotype-positive patients was similar to those described
in previous studies (7, 11).

The need to include the determination of aB2GP1 IgA in diag-
nostic protocols has been suggested recently. Currently, the IgA
isotype is not included among the APS classification criteria of
the APS, so that very few centers perform the IgA determination
aB2GP1. For this reason, cases of IgA-mediated thrombosis are
clearly underdiagnosed (37).

In summary, for the first time, we have been able to corroborate
in a large cohort of patients from five hospitals that the presence
of pretransplant IgA-aB2GP1 is an independent risk factor for
graft thrombosis after renal transplantation, a devastating condi-
tion without available prevention and treatment. This finding
can be the rationale for a prospective study to demonstrate if
prophylactic anticoagulation can be useful to improve this early
complication.
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DISCUSION

Ya se conoce que los anticuerpos aB2GP1 de isotipo IgA son los mas prevalentes en
nuestra poblacion con clinica de insuficiencia renal cronica (ERC) y en aquellos con APS no
asociado con enfermedades autoinmunes concomitantes (PAPS)(108, 112). Sin embargo, no

se conoce el origen de la presencia de los anticuerpos, sigue siendo desconocido.

Nuestro estudio de analisis de los polimorfismos relacionados con la aparicion de
anticuerpos antifosfolipidicos es el primer andlisis de factores genéticos predisponentes para
desarrollar anticuerpos IgA aB2GP1 en pacientes con enfermedad renal crénica (ERC).
Los anticuerpos isotipo IgA son los anticuerpos antifosfolipidicos mas comunes en pacientes
con ERC tratados con hemodialisis, ademas se asocian con mayor incidencia de eventos de
origen cardiovascular, asi como mayor mortalidad (108). No obstante, los pacientes tratados
con dialisis peritoneal y los pacientes en predialisis, muestran una prevalencia similar a la de
los pacientes en hemodialisis, excluyendo la posibilidad de que el origen de los anticuerpos
sea un cambio de conformacion de la proteina como consecuencia de la membrana de
hemodidlisis (126).

En un estudio del origen de los aPL, se describié una predisposicion genética para
desarrollar anticuerpos aB2GP1 en aquellos sujetos que expresan el polimorfismo Val / Val
247 (127).

En 1999, un estudio de pacientes asiaticos mostré que la presencia del alelo Valina y el
genotipo Val / Val 247 tuvo una asociacién significativa con la presencia de anticuerpos
aB2GP1 (128).

Los datos mostraron que el alelo valina esta relacionado con la generacion de
anticuerpos aB2GP1 en pacientes asiaticos con SAD-APS y en pacientes caucasicos con
PAPS. En la poblacibn mexicana mixta, la presencia de anticuerpos contra B2GP1 esta
asociada con el genotipo Leu / Leu. La expresion del polimorfismo 316 genera una proteccion

para el desarrollo de estos anticuerpos (82, 91).

La union del B2GP1 a los fosfolipidos anidnicos es esencial para la uniéon de los
anticuerpos aCL puesto que se produce un cambio de conformacion, que provoca la
exposicion de epitopos cripticos; por esta razon, la variacion genética del B2GP1 que

imposibilita la unién de los fosfolipidos con la proteina, afectando a la unién de anticuerpos
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aCL. Este fendbmeno fue examinado en 222 pacientes con lupus eritematoso sistémico,
obteniéndose una distribucién del polimorfismo Trp / Ser 316 con diferencias significativas
entre los pacientes positivos y negativos para aCL. Esto probablemente sugiere una proteccion
a la produccion de aCL por el alelo mutado en la posicion 316. Por el contrario, la presencia

de aB2GP1 no se asoci6é con ningun polimorfismo en los pacientes con APS (91).

En nuestra poblacion, no encontramos diferencias entre los pacientes positivos y
negativos para IgA aB2GP1 y los polimorfismos estudiados. A la vista de los resultados en la
busqueda del origen de estos anticuerpos en la poblacion con ERC, podemos poner en duda g
influencia genética. Existe la hipotesis de que la membrana de hemodialisis promueve un
cambio conformacional en la proteina, exponiendo el epitopo critico en la conformacién
fisiol6gica, sin embargo nuestro grupo en un trabajo previo ya demostr6 que no hay
diferencias entre hemodialisis, dialisis peritoneal y predialisis (107).Por ello, podria
hipotetizarse que la presencia de ciertos patégenos, por la teoria del mimetismo molecular la
existencia de similitudes con B2GP1 podria inducir la aparicion de autoanticuerpos anti
fosfolipidicos (129).

Por lo tanto, podria ser interesante investigar si el origen de los anticuerpos IgA aB2GP1

es secundario a factores ambientales, como las infecciones.

En el estudio unicéntrico con 1375 pacientes trasplantados a lo largo de 12 afios
(capitulo 2) (2000-2011) demostramos por primera vez que la presencia de anticuerpos IgA
aB2GP1 pretrasplante es un factor de riesgo independiente para la pérdida precoz del injerto
por trombosis de éste. Ademas, si dividimos el periodo en 4 cuatrienios, se sigue manteniendo
como factor de riesgo a pesar de los cambios acontecidos durante estos doce afios, tanto en la
caracteristicas de los donantes y los receptores por criterios de expansion para el trasplante,
como en los avances de las técnicas quirdrgicas. La supervivencia del injerto y del paciente a
los seis meses fue significativamente menor en pacientes con IgA aB2GP1 pretrasplante en
comparacion con los que tenian anticuerpos negativos. Si bien es cierto que en estudios
previos nuestro grupo ya describié que la presencia de IgA aB2GP1 preformada es un factor
de riesgo independiente para la pérdida de injerto, especialmente por trombosis en el primer
periodo después del trasplante (110).Sin embargo no pudimos demostrarlo estadisticamente
debido a que la muestra era demasiado pequeiia y el nUmero de eventos no era suficiente patr:
hacer un analisis multivariable. En este trabajo, hemos corroborado este hallazgo previo y
demostramos claramente la presencia de anticuerpos IgA aB2GP1 pretrasplante es un factor

de riesgo independiente para la trombosis temprana del injerto. Por lo tanto, podria
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considerarse un fuerte predictor de trombosis del injerto y, en consecuencia, la pérdida precoz

de éste y la mortalidad después del trasplante renal.

En la actualidad, a medida que la inmunosupresién se ha vuelto mas efectiva, la
trombosis del injerto vascular se ha ido convirtiendo en la causa mas importante de pérdida
precoz del injerto (130). Varios factores pueden estar involucrados en la patogénesis de la
trombosis del injerto, como problemas derivados de la cirugia y errores técnicos, (131)
compresion de la arteria renal o vena por colecciones de liquidos, y la hipercoagulabilidad
postoperatoria (132). En nuestro estudio, la trombosis representd el 56.3% de la pérdida
temprana del injerto después del trasplante, resultados similares a los reportados previamente
(130, 133, 134).

La presencia de IgA aB2GP1 fue el principal factor de riesgo independiente para la
pérdida de injerto inducida por trombosis, solo seguido de la diabetes mellitus tipo 2. Los
pacientes mayores que recibieron riflones de donantes mas viejos tenian una mayor
prevalencia de pérdida de injerto y trombosis de vasos en comparacion con el trasplante renal
de cadaveres estandar (135).

Por otro lado, los pacientes con diabetes mellitus tipo 2 presentan un estado de

hipercoagulabilidad (136) que aumenta el riesgo de trombosis del vaso (137).

Es bien sabido que la presencia de aPL es insuficiente para inducir la formacién de
trombosis, los pacientes con aPL durante largos periodos de tiempo necesitan un "segundo
golpe” que involucre la activacién de la inmunidad innata y un microambiente proinflamatorio
para desencadenar episodios tromboticos (20, 138). La cirugia es un factor de riesgo
importante para la trombosis(130), principalmente en pacientes urémicos con aterosclerosis
grave. También puede ser un segundo desencadenante de la trombosis (117) en pacientes
positivos para IgA aB2GP1 en el contexto del trasplante renal. Por lo tanto, la trombosis del
injerto se puede considerar mas como un proceso inmune latente reactivado por la cirugia que
como una verdadera complicacion quirdrgica. El papel potencial del "segundo golpe" de los
factores del peritransplante, como los agentes infecciosos, el estado inflamatorio, los
tratamientos inmunosupresores de acondicionamiento y otros factores no identificados (139)

requieren mas investigacion.
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Se desconoce por qué los pacientes con ERC muestran una prevalencia elevada de IgA
aB2GP1 y como se genera su respuesta inmune. Se ha propuesto que el rifién en insuficiencia
terminal produciria B2GP1 (140) plegada incorrectamente exponiendo epitopos detectados en
infecciones de la mucosa por patégenos con mimetismo molecular, pudiendo reaccionar de

forma cruzada con anticuerpos dirigidos frente a la B2GP1 (126).

Se deberian hacer nuevos estudios para confirmar esta hipotesis.
El pilar del tratamiento preventivo del APS trombdético es la profilaxis antitrombotica,
generalmente con anticoagulacion a largo plazo con antagonistas de la vitamina K (AVK)
(141). El uso de AVK es especialmente dificil en pacientes trasplantados porque aumenta el
riesgo de complicaciones hemorragicas y, por lo tanto, debe utilizarse solo en los

seleccionados (142).

Por este motivo, se deben investigar biomarcadores adicionales que puedan identificar
entre los pacientes positivos para IgA aB2GP1 con mayor riesgo de trombosis.
Recientemente, el eculizumab se ha utilizado en casos aislados de APS catastrofico (143). Es
posible que el eculizumab no sea util en esta forma especial de APS porque el complemento
no parece estar activado por la IgA (144). Sin embargo, para aclarar este punto, se requiere

mas investigacion.

Recientemente se ha descrito que la via mTOR esta implicada en lesiones vasculares
asociadas con el APS (145).De esta forma, la inmunosupresion inicial basada en inhibidores
MTOR en pacientes con trasplante renal positivos para IgA aB2GP1 podria ser una alternativa
al uso de AVK para prevenir eventos tromboticos. Se necesitan nuevos estudios prospectivos
para confirmar la utilidad potencial de estos medicamentos. Un hallazgo importante de nuestro
estudio es que la presencia de IgA aB2GP1 pretrasplante se asocia con una alta mortalidad
temprana en el grupo global. En el analisis multivariable de Cox del periodo completo, solo
encontramos que la edad es un factor de riesgo independiente. El valor de p de IgA aB2GP1
(p = 0,060) es insuficiente para considerarlo un factor de riesgo independiente. Sin embargo,
cuando el analisis multivariable solo se realiz6 con el tercer cuatrienio (periodo con mayor
mortalidad), la diabetes tipo 2 y el IgA aB2GP1 fueron factores de riesgo de muerte
independientes. Este aspecto debe estudiarse mas a fondo con un mayor nimero de pacientes
Anteriormente describimos la relacion entre funcion retardada del injerto (FRI) e IgA aB2GP1
(110). En los ultimos afos, se ha observado un aumento de los pacientes con FRI debido al
aumento del trasplante renal de donante de cadaver en asistolia (146) y el trasplante de

donante afioso para receptor afioso (“old for old”) (147).
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En este estudio, el multivariable, el analisis ha identificado la existencia de un
trasplante previo, la donacion en asistolia, el tiempo de dialisis y la presencia de IgA aB2GP1
como factores de riesgo para FRI, de modo que podamos corroborar esta importante
asociacion. Podemos hipotetizar que algunos pacientes con FRI pueden tener compromiso
vascular leve posterior al trasplante, equivalente a una microangiopatia leve reversible que

podria estar relacionado con IgA aB2GP1.

Por lo tanto, la investigacién futura en este area importante es obligatoria. Las
limitaciones mas importantes de nuestro estudio son que solo se incluyo nuestro centro, y que
para el estudio pretrasplante de trombofilias, solo se analizé el factor V Leiden debido a la
naturaleza del presente estudio. No se realizaron pruebas adicionales como mutaciones de
protrombina, resistencia a la proteina C activada, antitrombina, proteina C y actividad de la
proteina S. Sin embargo, debe tenerse en cuenta que todos los pacientes trasplantados fuero
reclutados sin limitaciones, lo que representa la practica clinica real. Los factores estudiados,
como la mortalidad y la pérdida de injerto, son objetivos y no dependen de ningun tipo de

interpretacion subjetiva.

Si se corrobora este hallazgo, el tratamiento profilactico pretrasplante de los pacientes
positivos para IgA B2GP1 podria mejorar esta complicacion temprana. Ademas, puede ser un
avance sobresaliente no solo evitar la pérdida del injerto sino también que el Servicio
Nacional de Salud disminuya el presupuesto econémico anual. Para confirmar el valor de IgA
aB2GP1 como un biomarcador para pérdida precoz del injerto, es indispensable hacer nuevos

estudios multicéntricos prospectivos.

Por lo tanto, podriamos estar describiendo una nueva forma de APS basada en el isotipo
IgA, secundaria a ERC vy diferente a la enfermedad renal secundaria al sindrome clasico de
APS (IgG e IgM) (148, 149). Finalmente, este trabajo apoya la idea de que la autoinmunidad
es relevante después del trasplante renal y también sugiere que APS, como propuso Grahams
Hughes (quien describié por primera vez el APS), podria estar involucrado en muchos otros
procesos inexplorados antes, como el trasplante renal (10).

En el trabajo detallado en el capitulo 3, hemos descrito por primera vez una alta
prevalencia de inmuno complejos de IgA aB2GP1 unidos a B2GP1 (B2A-CIC) en pacientes
con trombosis reciente y positivos aislados para anticuerpos IgA aB2GP1 en comparacion con
pacientes que presentaron trombosis antiguas y aquellos sin antecedentes trombaticos.
Los anticuerpos IgA aB2GP1 son directamente trombogénicos pero se desconocen los

mecanismos de la trombosis mediada por anticuerpos (113).
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Aunque la presencia de anticuerpos a2GPI es una condicion necesaria, solo un pequefo
grupo de pacientes con anticuerpos positivos desarrollan complicaciones tromboticas. Se ha
propuesto que la presencia de anticuerpos generaria un microambiente protrombotico, sin
embargo, para que se formen trombos, se requieren factores protrombaéticos adicionales
("segundo golpe™), que estan relacionados con la respuesta inmune, aunque aun no se conocel
bien (117). Por lo tanto, como se propone en estudios recientes, es necesario buscar nuevos
marcadores que permitan la deteccion de pacientes realmente en riesgo de sufrir un evento
trombatico (118).

La determinacion de aCL detecta principalmente anticuerpos dependientes de B2GPI;
sin embargo, nuestros pacientes presentan una positividad aislada de IgA para B2GPI
(negativo para IgA aCL). Existen varios estudios que demuestran que la positividad de IgA
aCL e IgA aB2GP1 son independientes (112, 113, 150).

Los epitopos reconocidos por IgA aB2GP1 se localizan principalmente en los dominios
4-5 de la proteina B2GPI, siendo esta region el area de unién de fosfolipidos . Cuando la
cardiolipina se incorpora a B2GPI, los epitopos de unién a IgA no son accesibles y los

pacientes solo presentan anticuerpos IgA aB2GP1 aislados (151, 152).

Hemos encontrado que los pacientes con trombosis aguda (grupo 1), tiene una mayor
prevalencia de B2A-CIC positivos y niveles mas altos de B2A-CIC que en pacientes con
trombosis antiguas y para el grupo control. Tanto la prevalencia como los niveles disminuyen
después del evento trombotico. Los pacientes del grupo 1 se reevaluaron entre los dos y seis
meses después del evento, mostrando niveles de B2A-CIC y una prevalencia positiva similar a

los del grupo 2 y del grupo control.

La presencia de B2A-CIC no es exclusiva de pacientes con antecedentes de eventos
trombaoticos. También aparece, pero con menor prevalencia, en pacientes asintomaticos. Esto
sugeriria que la presencia de B2A-CIC no seria directamente trombogénica, sino que mas bien
se comportaria como un factor de riesgo adicional que favoreceria el microambiente

protrombaético, aumentando asi la probabilidad de ocurrencia del evento trombatico.

El analisis multivariable para trombosis muestra que la positividad para B2A-CIC y la
ausencia enfermedades autoinmunes como factores independientes para la trombosis reciente
Esto tiene sentido debido a la presencia de IgA aB2GP1 es mas frecuente en pacientes con
PAPS que en SAD-APS (112). Al realizar un estudio de seguimiento en pacientes con

trombosis reciente, hemos sido capaces de detectar una caida en los niveles de B2A-CIC dos
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meses después del evento trombdtico. A pesar del pequefio numero de pacientes, esta
disminucién es significativa y sugiere una formacion de B2A-CIC durante el evento

trombatico.

En el andlisis de plaquetas, observamos que los niveles medios del Grupo-1 son mas
bajos que en el grupo control. Esto podria explicarse porque se habrian consumido durante el
evento trombético. Sin embargo, los pacientes con niveles elevados de B2A-CIC también
tienen medios significativamente mas bajos que aquellos en los niveles no elevados de B2A-
CIC. Esto puede sugerir que B2A-CIC induciria un cierto grado de activacion / agregacion
plaquetaria y podria activar las plaquetas para producir el consumo de plaquetas e incluso
producir eventos tromboticos en algunos pacientes. La activacion del complemento juega un
papel importante en la patogénesis de la trombosis inducida por aPL. Por lo tanto, la
hipocomplementemia es comun en pacientes con APS (aPL de isotipos IgG o IgM) que refleja
la activacion y el consumo del complemento (153, 154), ademas el bloqueo del sistema del
complemento ha sido propuesto como un tratamiento efectivo para formas complejas de APS
(141).

En nuestro estudio, los niveles C3 y C4 son normales en pacientes con anticuerpos IgA
aB2GPI y eventos APS, estos hallazgos son perfectamente consistentes porque la IgA no fija

el complemento (144).

El mecanismo por el que los anticuerpos aB2GP1 producen la patologia no esta claro.
Algunos estudios sugieren que B2GPI cambia su conformacién después de unirse a la
membrana plasmatica de plaquetas y células endoteliales. Esto permitiria la unién del
anticuerpo B2GPI, produciendo la activacion endotelial (155), la activacion de plaguetas (156)

y un estado alterado de la coagulacién(157, 158) que podria, a su vez, desencadenar un estad
proinflamatorio y procoagulante. La presencia del B2A-CIC podria ayudar a que este proceso
de activacion sea mas efectivo al aumentar la probabilidad de desencadenar eventos
trombaticos en un mecanismo no relacionado con el complemento. Actualmente, no hay cura
para APS y el tratamiento debe individualizarse y adaptarse a las caracteristicas de cada
paciente (159).

El riesgo de trombosis en individuos asintomaticos con aPL positivo es bajo, este riesgo
aumenta con la concurrencia de otros factores de riesgo cardiovascular como el tabaquismo,
uso de estroégenos, inmovilizacién prolongada, infecciones o procedimientos quirdrgicos res
(94, 160).
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A pesar de esto, al menos el 50% de los pacientes que desarrollan trombosis no tienen
ningun otro factor de riesgo en el momento en que ocurre el evento (161). Las personas
asintomaticas positivas para aPL sin otros factores de riesgo protrombéticos no requieren

tratamiento (60).

Los pacientes con APS con antecedentes tromboticos generalmente se tratan para
reducir el riesgo de tromboembolismo recurrente (159). El pilar principal del tratamiento es la
tromboprofilaxis, que generalmente usa AVK. Sin embargo, no hay consenso con respecto a
los criterios de deteccion del paciente y la duracion del tratamiento porque los medicamentos
anticoagulantes se encuentran entre los medicamentos mas comunes que causan evento
adversos (162).

Por lo tanto, para seleccionar qué pacientes deben recibir tromboprofilaxis, se necesitan
nuevos biomarcadores que lo hagan posible para identificar pacientes con un estado

protrombatico y alto riesgo de eventos clinicos (163).

La identificacion B2A-CIC podria ser un nuevo biomarcador para definir la poblacion a
ser tratada con riesgo de eventos trombdticos. Hemos seleccionado pacientes positivos solo
para IgA aB2GP1 y deliberadamente excluyendo pacientes seronegativos y positivos para
otros isotipos porque podrian haber sido un factor de confusion. Esta poblacion deberia
incluirse en futuros estudios. Se debe realizar un estudio prospectivo de pacientes B2A-CIC
positivos que no hayan tenido ninglin evento con grupos grandes de pacientes y un control a
largo plazo. En resumen, los anticuerpos IgA aB2GP1 son “per se” un factor de riesgo, pero
no son suficientes para discriminar la poblacion potencialmente en riesgo de trombosis.
Hemos descrito por primera vez pacientes con niveles elevados de B2A-CIC con un mayor
riesgo de desarrollar trombosis. Ademas, estos pacientes presentan mas hipercoagulabilidad
por activacion plaquetaria. Sugerimos que B2A-CIC puede ser un marcador asociado con
eventos tromboticos en pacientes positivos para IgA aB2GP1 y parece ser independiente del
complemento. El estudio de B2A-CIC puede ayudarnos a comprender mejor el proceso de un
estado protrombotico antes del desarrollo de un evento de APS. Desde un punto de vista
clinico, puede ser util para el diagnostico de APS seronegativo y puede ayudar en la decision

de si el tratamiento con tromboprofilaxis seria Gtil o no.

En el trabajo detallado en el capitulo 4 describimos por primera vez que la presencia de
B2A-CIC identifica un subgrupo de pacientes propensos a desarrollar trombosis postrasplante,
comportandose asi como un biomarcador predictivo. La condicién de los pacientes estudiados

en este trabajo es especial: pacientes con ERC tratada con un trasplante de rifidn. Estos
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pacientes que van a ser trasplantados conforman un modelo ideal para estudiar la ocurrencia
de eventos de APS porque incluyen un alto porcentaje de pacientes asintomaticos con aPL
(IgA aB2GP1) y todos ellos estan sujetos a un segundo golpe bien conocido es decir, cirugia

de trasplante.

Aunque esta poblacion puede parecer muy compleja para el estudio de eventos de APS
porque sufren una enfermedad adicional, el trabajo se centra en explorar una nueva ruta
fisiopatoldégica de APS(164) que podria ayudar a comprender mejor su patogénesis y
establecer nuevas estrategias terapéuticas. Se debe considerar que la mayoria de los estudio
sobre APS también se basan en grupos de pacientes con enfermedades autoinmunes
concomitantes. De esta forma, el punto de corte para B2A-CIC obtenido en este estudio con
pacientes con ERC es practicamente idéntico al obtenido con pacientes con APS no
relacionados con trasplante (102) sugiriendo que tanto los pacientes con APS asociado a ERC
como aquellos con APS convencional serian equivalentes con respecto al riesgo trombdético
B2A-CIC.

Los anticuerpos IgA anti B2GPI se comportan como un factor de riesgo independiente
para los eventos de APS, especialmente la trombosis del injerto. Sin embargo, la presencia de
IgA aB2GP1 no es suficiente para identificar a la poblacion que potencialmente esta en riesgo
de trombosis porque solo una pequefia proporcién de pacientes con anticuerpos positivos
desarrollan estos eventos trombéticos (113, 165). Esta situacion es similar a la observada con

otros aPL de isotipos 1gG e IgM (32).

En este trabajo, hemos demostrado que los pacientes que son positivos para IgA
aB2GP1 y B2A-CIC son los que tienen el mayor riesgo de eventos tromboéticos cuando se les
somete a una situacién capaz de desencadenar eventos trombéticos como la cirugia de
trasplante. Aquellos que son negativos para B2A-CIC tienen un riesgo similar al encontrado

en la poblacion de control.

Existe una asociacion estadisticamente significativa entre la presencia de B2A-CIC con
pérdidas de injerto. Una gran mayoria de estos pacientes no se sometieron a nefrectomia
porque no presentaban complicaciones graves. Por esta razon, un estudio histopatoldgico
completo no esta disponible para ellos. En base a la presencia de B2A-CIC y los sintomas,
hemos podido especular que algunos de estos pacientes podrian haber sufrido alguna forma de
microangiopatia tromboética silenciosa y progresiva que dafiaria el érgano anulando su
funcién, pero que no habia tenido graves consecuencias como implicaciones sistémicas que

requirieron atencion medica y nefrectomia.
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Ademas de pérdida precoz del injerto por trombosis, la presencia de B2A-CIC también
se asocia con otros eventos tromboticos. Los receptores de trasplante renal tienen un alto

riesgo de eventos tromboembdlicos en los primeros meses posteriores al trasplante (166).

Aunque algunos de estos eventos pueden estar relacionados con la cirugia de trasplante,
los tratamientos o el momento de la hospitalizacion(1) la presencia de B2A-CIC puede
considerarse el factor de riesgo mas importante. El significado biol6gico de la presencia de
B2A-CIC es incierto. La APS es una enfermedad autoinmune que tiene una situacion especial
ya que el antigeno y el anticuerpo estan presentes en la sangre al mismo tiempo. Dada la
abundancia del antigeno (B2GP1), hubiéramos esperado que todos los anticuerpos estuvieran
permanentemente unidos a su antigeno y no pudieran detectarse en el laboratorio ya que los
ensayos de laboratorio solo estdn disefiados para evaluar anticuerpos no unidos (la forma
libre). Sin embargo, en realidad, los anticuerpos existen en forma libre y se detectan en la

prueba de diagnéstico.

El comportamiento biolégico de los anticuerpos incorporados en B2A-CIC seria
diferente del de los anticuerpos de forma libre no solo porque tienen mayor afinidad sino
también porque estarian dirigidos contra epitopos que solo estan presentes en algunas
conformaciones de la proteina que estar mas relacionado con su funcién anticoagulante. La
busqueda de epitopos reconocidos por los anticuerpos integrados en el B2A-CIC y su posible
asociacion con las diferentes funciones fisiologicas B2GP1 deberian estudiarse en futuras
investigaciones.

Es sorprendente que los pacientes con hipertension en el pretrasplante tengan un riesgo
significativamente menor de trombosis. Algunos tratamientos antihipertensivos pueden
proporcionar proteccion vascular al revertir la disfuncién endotelial y las anormalidades
protrombadticas, contribuyendo a la reduccion de las complicaciones relacionadas con la
trombosis (167).

De esta forma, los pacientes hemodializados tratados con farmacos antihipertensivos
tienen un periodo significativamente mayor de permeabilidad al acceso vascular (sin
trombosis vascular) que aquellos que no fueron tratados (168), los receptores de trasplante
renal que son tratados con inhibidores de la enzima convertidora de angiotensina y
bloqueadores del receptor de angiotensina asociados con vitamina D tienen un 60% menor

riesgo de tromboembolismo venoso (169).

Por lo tanto, se puede especular que el tratamiento antihipertensivo antes del trasplante

podria tener un papel protector del endotelio y podria explicar, al menos parcialmente, un

108



menor riesgo de trombosis. Este posible efecto protector debe investigarse en estudios
posteriores. Este estudio tiene varias limitaciones puesto que soOlo se evaluaron los
inmunocomplejos formados por B2GP1 unidos a anticuerpos del isotipo IgA. Los
inmunocomplejos formados por anticuerpos de isotipos IgG e IgM no se evalué porque en
esta cohorte de pacientes la prevalencia de IgG e IgM aB2GP1 fue muy baja y no se encontro
asociacion con trombosis o pérdida de injerto (165). Otra debilidad del estudio es que aunque
ha recogido la experiencia de 12 afios, es un estudio unicéntrico. Por lo tanto, los estudios
multicéntricos para confirmar estos hallazgos, tanto con pacientes trasplantados como con
otras situaciones asociadas con APS, son obligatorios. La determinacion de B2A-CIC podria

ayudar a los médicos clinicos a distinguir qué pacientes podrian recibir terapia preventiva.

De acuerdo con nuestros resultados, los pacientes con B2A-CIC positivo tienen un alto
riesgo de trombosis y, por lo tanto, podrian recibir terapia preventiva para la trombosis
postrasplante. La aspirina en dosis baja fue la que se us6 con mas frecuencia como tratamientc
preventivo. Los pacientes con B2A-CIC positivos presentaron una alta frecuencia de este
tratamiento en comparaciéon con los pacientes positivos para IgA aB2GP1 sin B2A-CIC vy el
grupo control, porque los pacientes B2A-CIC positivos antes del trasplante presentaron mas
antecedentes tromboticos. Los pacientes tratados preventivamente con dosis bajas de aspiring
tuvieron una incidencia significativamente mayor de trombosis del injerto que otros pacientes,
lo que sugiere que el tratamiento con dosis bajas de aspirina no parecio ser lo suficientemente
preventivo en nuestra cohorte. Esto coincide con otros estudios publicados en portadores de
aPL en los que individuos aPL positivos no se beneficiaron de una dosis baja de aspirina para

la profilaxis de la trombosis primaria (161, 170).

La anticoagulacion moderna (con inhibidores del factor Xa) y principalmente la
hidroxicloroquina podrian ser la terapia de eleccion para la prevencion de la trombosis (171,
172).

Los pacientes con anticuerpos IgA aB2GP1 negativos para inmunocomplejos soélo
deberian recibir tratamiento si existen asociados otros factores de riesgo cardiovascular como
diabetes con enfermedad cardiovascular severa. Sin embargo, los ensayos multicéntricos y
aleatorizados con este enfoque son obligatorios antes de poder establecer el uso de ests

terapia.

En resumen, la presencia de B2A-CIC pretrasplante en pacientes con anticuerpos IgA
aB2GP1 positivos se asocia con riesgo trombético y, por lo tanto, puede considerarse como un

biomarcador de complicaciones tromboticas. La presencia de IgA aB2GP1 sin B2A-CIC
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implica un riesgo de trombosis similar a la poblacion general. La determinacion de B2A-CIC

podria ayudar a los médicos a distinguir qué pacientes podrian recibir terapia preventiva.

En el trabajo del capitulo 5 pusimos en prueba la hip6tesis, previamente anticipada en
las investigaciones que se hicieron en el contexto del estudio de trasplante renal, de que los
pacientes con insuficiencia funcional de los 6rganos donde se elabora la B2GP1 tendrian un

mayor riesgo de desarrollar autoanticuerpos aB2GP1

Desde el primer trasplante de corazén realizado en 1967 por Christiaan Neethling
Barnard, el trasplante de corazon ha crecido en todo el mundo. Se informaron hasta 120.992
trasplantes de corazon en el 32° informe de trasplante de corazon, segun los datos presentado
por el registro de la Sociedad Internacional para el Corazén y los Trasplantes de Pulmén
(ISHLT) que muestra una mejora significativa de los resultados de trasplante cardiaco a corto
y largo plazo (124). Como resultado del desarrollo de nuevas técnicas quirurgicas, el
desarrollo y la mejora del soporte circulatorio mecanico, las estrategias actuales de
inmunosupresion después del trasplante cardiaco y una mejor atencion postoperatoria, las
tasas de supervivencia progresivas mas elevadas se informaron anualmente en la era reciente
(excluyendo el trasplante corazon-pulmon) en comparacion con las tasas de supervivencia del
82% entre 1982 y junio de 2013. A pesar de estos avances, el fallo primario del injerto (FPI)
sigue siendo una de las principales causas de muerte dentro de los primeros 30 dias
postrasplante, junto con mudltiples insuficiencia organica e infeccion, que representan
respectivamente el 38,7%, 18% y 13,1% de las muertes después del trasplante cardiaco (124).
El efecto sinérgico de varios factores de riesgo del donante y el receptor se ha asociado con la
FPI. Sin embargo, las estrategias preventivas, diagndsticas y terapéuticas centradas en la FPI

aun no se han abordado adecuadamente (125).

De acuerdo con estudios previos en trasplante renal realizados en nuestro centro que han
determinado una asociacion positiva entre la presencia de IgA aB2GP1 y la pérdida temprana
del injerto (110) y dado que tanto el rifion como el corazon sintetizan B2GP1, decidimos
investigar si este anticuerpo estaba presente en los pacientes en espera de trasplante cardiact
El principal hallazgo de nuestro estudio fue que IgA aB2GP1 estaba presente en el 31% de los
candidatos a trasplante cardiaco y que se asocio de forma independiente con la mortalidad
temprana después del trasplante y los eventos trombéticos. Hasta donde tenemos
conocimiento, nuestro estudio es el primer trabajo en describir esta relacion en receptores de

trasplante cardiaco.
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La trombosis postrasplante podria considerarse un proceso inmune latente reactivado
mediante cirugia, en lugar de solo una complicacion quirdrgica (174). En el trasplante renal,
se ha descrito la asociacion entre la presencia de IgA aB2GP1 con la pérdida del injerto y el
regreso a la terapia de dialisis. Aunque todas las muertes no se pueden atribuir directamente a
los procesos tromboticos, la presencia de este anticuerpo podria tener un papel en las muertes
relacionadas con complicaciones quirdrgicas. En nuestros pacientes con trasplante cardiaco, la
presencia de IgA aB2GP1 esta claramente relacionada con la mortalidad temprana, (a
diferencia del trasplante renal, el fallo primario del injerto suele implicar la muerte del
paciente) y los eventos trombaticos. Aunque no se encontraron diferencias significativas entre
las causas de muerte después del trasplante cardiaco entre pacientes con o sin anticuerpos, mé
del 50% de los pacientes con anticuerpos IgA aB2GP1 que murieron estaban relacionados con
fallo primario del injerto. La disfuncién primaria del injerto sigue siendo una de las
principales causas de muerte en los primeros 30 dias después del trasplante cardiaco, o que
representa aproximadamente el 40% de la mortalidad total (124). Sin embargo, a pesar de su
relevancia clinica, esta complicacion ha recibido poca atencion en la literatura en comparacion

con otras causas comunes de muerte.

Probablemente, esto se deba a la complejidad de su estudio, que involucra afecciones
multifactoriales como donante, procedimiento y caracteristicas del receptor en el momento de
la HTA, la dificultad de evaluar con precision la funcién del injerto en el entorno quirdrgico y
la falta de un claro definicion de FPI (175).En nuestros pacientes, la mayor incidencia de
eventos trombaoticos en presencia de IgA aB2GP1 sugiere que el dafio tisular que inicia los
eventos que conducen a la muerte del paciente podria ser una trombosis microvascular.. A
veces, la causa principal de muerte en estos pacientes puede atribuirse a diferentes afecciones
como insuficiencia organica multiple o sepsis, que no tienen nada que ver con el evento inicial
gue a menudo se desconoce. La presencia de altos titulos de IgA aB2GP1 relacionados con un
mayor riesgo de eventos trombdéticos, solo aparece en las primeras semanas después de
trasplante. De hecho, después del trasplante renal, los niveles de IgA aB2GP1 disminuyen,
probablemente de forma secundaria a la terapia inmunosupresora e incluso pueden volverse
negativos, como se ha observado en pacientes estudiados antes de un segundo trasplante ren
(107). Factores como la anticoagulacion profilactica y la reduccién progresiva de anticuerpos
postrasplante podrian ayudar a explicar los resultados de supervivencia mas favorables en
pacientes con anticuerpos IgA aB2GP1 positivos. Ademas de los altos niveles pretrasplante de

anticuerpos IgA aB2GP1, nuestro estudio demostré que el grupo sanguineo A y el sexo
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femenino se asocian independientemente con la mortalidad temprana. La asociacion entre la
mortalidad temprana y la presencia del grupo A se ha descrito previamente en grupos de
trasplante cardiaco con una poblacién muy similar (176). El sistema de grupo sanguineo ABO
ha sido reconocido como un factor de riesgo de trombosis desde la década de 1960 en relacion
con las variaciones del factor VIII procoagulante y los niveles sanguineos del factor de von
Willebrand dependientes de la sangre (los individuos con sangre tipo O tienen niveles mas
bajos) (177, 178). En este sentido, se ha descrito que los tipos de sangre A, B y AB estan
relacionados con una mayor incidencia de eventos tromboembolicos en comparacion con los
pacientes de tipo O (179). Nuestro estudio tiene algunas limitaciones: en primer lugar,
aquellas que son inherentes a un estudio retrospectivo en un solo centro. No obstante, en
nuestro caso las variables clave se recolectaron prospectivamente y siguiendo un protocolo
estricto. Sin embargo, la asignacion de eventos en la evolucion fue, en ciertos casos, dificil.
Del mismo modo, la causalidad entre IgA aB2GP1 y el resultado no se puede inferir y solo se
pueden establecer relaciones o asociaciones. En conclusion, los anticuerpos IgA aB2GP1
estuban presente en el 31% de los candidatos a trasplante cardiaco y se asociaron de maner
independiente con mortalidad temprana y eventos trombéticos. Esta asociacion nunca se ha
descrito previamente en la literatura. El mecanismo patogénico subyacente parece ser la
trombosis microvascular y, en consecuencia, la anticoagulacion podria modular sus efectos
nocivos. Se necesitan estudios multicéntricos y prospectivos con mayor tamafio de muestra

para confirmar estos datos y evaluar el efecto de la anticoagulacion en este contexto.

El trabajo descrito en el capitulo 6 surge de la necesidad de confirmar los hallazgos
descritos en los capitulos anteriores en un estudio prospectivo multicéntrico con pacientes de

otros hospitales y de otras zonas geogréficas.

El este estudio multicéntrico se confirmé una prevalencia elevada de los IgA aB2GP1 en
los pacientes en espera de trasplante renal. Es de destacar que la prevalencia en el conjunto d
los hospitales estudiados es ligeramente mas elevada que la observada en el Hospital 12 de
Octubre.

En este estudio se confirmd que presencia pretrasplante de IgA aB2GP1 fue el mas
importante factor de riesgo independiente para la trombosis del injerto, la perdida precoz del
injerto (en general) y el desarrollo de un cuadro de retraso en la funcion del injerto (Necrosis

tubular aguda).

Estos hallazgos, ahora confirmados, plantean la necesidad de que se evalle la

conveniencia de instaurar un tratamiento profilactico con anticoagulacion a los pacientes con
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mayor riesgo. A estos efectos seria necesario en el futuro plantear un ensayo clinico donde se
evalle la eficacia y la seguridad de la anticoagulacién profilactica para evitar estas graves

complicaciones.
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CONCLUSIONES

1. Lapresencia de los anticuerpos IgA aB2GP1 eieptes con insuficiencia renal cronica
no se asocia con polimorfismos genéticos predigpgesgara la elaboracion de anticuerpos
antifosfolipidicos, con la causa de la insufici@an@nal ni con el tipo de tratamiento

sustitutorio de la disfuncidn renal en nuestraesee pacientes.

2. Se demuestra la elevada prevalencia de anticsiéggA aB2GP1 pretrasplante renal asi
como su asociacion a pérdida precoz del injertdrnponbosis en una cohorte de 1350
pacientes durante 12 afios consecutivos de trasplestiales y en un estudio multicéntrico

prospectivo.

3. Los pacientes portadores de IgA aB2GP1 que tambiesentan inmunocomplejos de
IgA unida a B2GP1 son los que acumulan el riesgeveatos tromboticos tras el trasplante.
Sin embargo, los que son negativos para inmunoaaspltienen el mismo riesgo de pérdida

del injerto renal por trombosis que la poblacidnasiticuerpos antifosfolipidicos.

4.  Los inmunocomplejos de IgA aB2GP1 unidos a B2&dtilun factor de riesgo

independiente para pérdida precoz del injerto reaatrombosis.

5. Lapresencia de inmunocomplejos de IgA unid2@mBL se asocia con eventos

trombaéticos agudos,

6. La positividad aislada de anticuerpos IgA aB2@R 1pacientes con insuficiencia
cardiaca terminal representa un factor de riesggp@ndiente para mortalidad precoz tras el
trasplante cardiaco y para la incidencia de everdaodiovasculares los 3 primeros meses tras

el trasplante.

7. De las conclusiones anteriores se puede degiueiposiblemente estemos describiendo
una nueva forma de APS relacionada con la insuficaefuncional de los 6rganos productores
de B2GP1, como el rifién y el corazon, sin relacidm otras enfermedades autoinmunes

sistémicas y asociada a positividad de anti B2GPisatipo IgA.
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RESUMEN.

En las ultimas décadas han mejorado los resultdelosasplante renal, a corto y
largo plazo, gracias a la introduccion de la innsupoesion moderna, los avances en el
control de infecciones, mejores metodologias qgicas y los avances en el
conocimiento de la respuesta inmune y las técnaashistocompatibilidad. Sin
embargo, las pérdidas del injerto en los primeresas tras el trasplante apenas han
registrado cambios (5-8% de los trasplantes), sid¢mgbrincipal causa la trombosis del

injerto.

Uno de los principales factores responsables detideo de la funcién del érgano

transplantado después del trasplante es la regpuesine frente al aloinjerto.

Desde hace afios se conoce que el principal objd&weste ataque inmunitario es
el complejo principal de histocompatibilidad (CPHgl donante (alorreactividad)
aungue recientemente se ha informado que tamispuestas autoinmunes basadas en
anticuerpos dirigidos frente a otras moléculasrtet del CPH también pueden afectar

el resultado del trasplante renal.

El sindrome antifosfolipido (APS) es un trastorntoaamune caracterizado por la
presencia de trombosis yo morbilidad gestaciongbamiente que en su sangre tienen
anticuerpos antifosfolipidicos (aPL). Los aPL esthrigidos frente a fosfolipidos,
proteinas plasmaticas de union a fosfolipidos, coeiplejo formado por ambos unién
de ambos.

No existen criterios diagndsticos establecidos pafPS, existen unos criterios de
clasificacion establecidos en Sidney en 2004. Elasificar a un paciente como APS
debe presentar simultaneamente un criterio cligiam criterio de laboratorio. Los
criterios clinicos consensuados son los eventashticos y/o la morbimortalidad
gestacional, fundamentalmente la pérdida recurrdeteembarazo. Los criterios de
laboratorio son la presencia de anticoagulantecaip aPL de isotipo IgG o IgM
dirigidos ante la cardiolipina (aCL) o B2-Glicopeata 1 (aB2GP1).

Ademas de la sintomatologia descrita en los @#eslinicos de clasificacion, el
espectro clinico de APS abarca manifestacionepgeéen afectar a muchos 6rganos y

no pueden ser explicadas exclusivamente por pasiart estado protrombadtico. Estas
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manifestaciones clinicas no enumeradas en logicstele clasificacion (conocidas
como manifestaciones de extra-criterios) incluyeamifiestaciones neuroldgicas (corea,
mielitis y migrafia), hematoldgicas (trombocitopegiaanemia hemolitica), cutaneas

como livedo reticularis, renales (nefropatia) yde@ras (enfermedad valvular).

Recintements ha crecido el interes por describgvas marcadores que permitan
identificar pacientes con APS entre aquellos gese reunir los criterios clinicos de
APS, no reunen los de laboratorio (APS seronegdatiZnmtre los autoanticuerpos
asociados con APS seronegativo y que no estanidoslu en los criterios de
clasificacion destacan aB2GP1 de isotipo IgA, #&ogfatidilserina/protrombina, anti

anexina A2, anti anexina A5 y anti S100A10.

Se han descrito tres formas bien definidas de ARfmerandolas por orden
cronolégico de su descripcion son: 1) APS asocedtras enfermedades autoinmunes
sistémicas concomitantes (SAD-APS)fue la primena# en ser descrita y la mas
conocida. La enfermedad autoinmune que mas seaasoa el APS es el lupus
eritematoso sistémico. 2) APS primario (PAPS)etdermedad aparece de manera
aislada sin asociarse a otras enfermedades autogsnB) APS catastrofico (CAPS),
que se caracteriza por un fallo multiorganico coieroangiopatia trombdtica con
aparicion subita y una elevada tasa de mortaliddotunadamente es la menos
frecuente de las tres.

En los ultimos afos los anticuerpos de isotipo lg#tan adquiriendo gran
relevancia en relacion con la clinica del APS. Aweqo estan incluido en los criterios
de clasificacion, en el XIV Congreso Internaciodel Anticuerpos Antifosfolipidicos
alebrado en Galveston 2014 se recalc6 su utilidadagquellos pacientes con
caracteristica clinicas de APS que sin embargo seponegativos para los aPL de

consenso.

La B2GP1 es una proteina que se sintetiza primogyale no solo en el higado sino
también en el rifidn y el corazén. Se localiza eplasma y en la membrana de las

células endoteliales y plaguetas.

La prevalencia de anticuerpos anti B2GP1 del isdi\ (IgA aB2GP1) es mayor
en pacientes con enfermedad renal cronica (ERCgnua poblacién general (30% vs.

1.5%). En los pacientes con ERC y tratamiento cemddidlisis se demostré la
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asociacion entre la presencia de estos anticugrf@omcidencia de eventos tromboéticos

y mortalidad.

Aungue desconoce el origen de estos anticuerpgdaste6 la hipdtesis de que la
union de B2GPI a la membrana de dialisis podriadgitdun cambio conformacional de

la proteina, que expusiera epitopos cripticos.

Nuestro grupo demostré en un estudio prospectilavesta cohorte de “Grupo
Forum Renal” en los pacientes trasplantados enaspithl Doce de Octubre, la
presencia pretrasplante de los anticuerpos IgA #8265 el principal factor de riesgo
independiente para pérdida temprana del injertal r@nincipalmente de trombosis, sin
embargo esta Ultima asociacién no llegé a serfgigtiva debido al pequefio tamafio de
la muestra de pacientes.

Para confirmar la hipotesis de la asociacion dprésencia de los IgA a B2GP1
con la trombosis renal se decidiéo hacer un nuetwad®sprospectivo en un grupo de
pacientes mas numeroso. Se utilizo la cohorte igsté“Magnum 12+12” que consta
de 1375 pacientes trasplantados de forma consadalirante 12 afios en el Hospital 12
de Octubre. Tras un seguimiento durante 24 mesesrgemo la elevada prevalencia
de los IgA aB2GP1 (cercana al 30%) de los pacietesinsuficiencia renal crénica
(ERC) inmediatamente antes de ser trasplantados. el Eandlisis multivariable se
demostré por primera vez que la presencia de ampos IgA aB2GP1 constituye el
principal factor de riesgo para la pérdida preaglzmjerto por trombosis, seguido por la

edad y la presencia de diabetes mellitus tipo 2.

Nuestro grupo describié la existencia de inmungaejos formados por IgA
unida a B2GPI (B2A-CIC) en la sangre de pacienbesantecedentes de sintomatologia
de APS y positivos aislados para IgA aB2GP1 (negatpara isotipos 1gG e IgM).

Asimismo nuestro grupo describi6 un nuevo proceslimo mucho mas
simplificado que los que venian siendo utilizadpsya la deteccion de dichos
inmunocomplejos. Gracias a esta metodologia, etnalnajo posterior incluido en esta
memoria, se ha visto que la presencia de B2A-Ci@ fertemente asociada con la

ocurrencia de eventos trombaoticos agudos.

Los niveles de plaquetas en los pacientes B2A-©@Kltigos son mas bajos que los

negativos para B2A-CIC, lo que sugiere que los immecomplejos se forman en un
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estado de hipercoagulabilidad. La presencia de BEA-no esta relacionada con el

proceso de activacion del complemento.

De este trabajo surgi6 la hipotesis de que la poigele B2A-CIC podria utilizarse
como un biomarcador para identificar a los paeengA anti B2GPI positivos con
mayor riesgo de desarrollar un evento trombdétioo eghbargo, aunque se ha descrito la
relacion de B2A-CIC con eventos trombéticos agudms,se puede discernir si son
causa 0 consecuencia de la trombosis, dado quenepaciente con un evento
trombatico que es atendido en puerta de urgensiapracticamente imposible obtener
una muestra de sangre extraida en los dias praviasaparicion de dicho evento

trombatico.

Planteamos la evaluacion de la presencia de B2AyCliCincidencia de eventos
trombaticos postrasplante en la cohorte historieghiim 12+12, puesto que se dispone

de muestra de suero pretrasplante, y un seguimpeaspectivo de todos ellos.

Tras evaluarlos se encontré que aquellos paciguni$ueron positivos para B2A-
CIC tienen mas riesgo de eventos APS en los prenemmeses postrasplante, y mas

concretamente de pérdida del injerto por trombosis.

Se observé que los pacientes que positivos pa&raBPGP1 solo estan en riesgo
de experimentar trombosis si son B2A-CIC positiymsesto que aquellos pacientes que
son B2A-CIC-negativos, aunque tengan IgA aB2Gknenh el mismo riesgo de

desarrollar eventos trombéticos que el grupo dérabfnegativos para IgA aB2GP1).

Este hallazgo implica que los posibles tratamiergo®ventivos para evitar la
aparicion de eventos trombéticos agudos deberizalifarse sobre los pacientes B2A-

CIC-positivos.

Dada la alta prevalencia observada de IgA aB2GPIh gqoblacion con ERC, y
descartando en nuestra serie de pacientes quesestebiera a factores genéticos o
ambientales relacionados con la causa o el trataonde la ERC, hipotetizamos que la
elaboracion de B2GP1 en un 6rgano insuficiente lpodisfuncién crénica podria
acarrear la elaboracion de formas defectuosas geotaina debidas a plegamientos
defectuosos, lo que podria exponer epitopos inmamogs que previamente estaban

ocultos.
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Si esta hipotesis fuera correcta, la disfunciorottes 6rganos donde se elabore
fisiol6gicamente B2GP1 como corazén e higado implictambién una inmunizaciéon

aberrante frente a autoantigenos que supusiepaléion de los autoanticuerpos.

Para comprobar esta hipotesis se realizé un essahoe una cohorte de 151
pacientes que, de forma consecutiva durante 8 aéadbjeron un trasplante cardiaco.

Estos pacientes fueron seguidos durante 2 afios.

De nuevo se observé que alrededor de 30% presenfaositividad de los
anticuerpos IgA aB2GP1. En un andlisis multivdead®e confirmo que la presencia de
IgA aB2GP1 previa al trasplante se asocié de farmdapendiente con mayores tasas
de mortalidad temprana y de aparicién de evemtoshoticos después del trasplante
cardiaco.

La asociacion de la presencia antes del trasptinies autoanticuerpos IgA anti
B2GP1 con la pérdida temprana del injerto, espreise debida a trombosis. fue
descrita en los pacientes trasplantados en el tabsp? de octubre, y requeria la

confirmacién mediante un estudio prospectivo méittaco.

Para ello se realizé un ultimo estudio, con losigrdes de 5 hospitales de la

cohorte historica “Forum Renal” que incluye tragpds renales de toda Espafa.

En este estudio se confirmé la elevada prevalef3€iéo) de los autoanticuerpos
IgA en los pacientes con insuficiencia renal créanigie iban a recibir un trasplante

renal.

Asimismo en este estudio prospectivo multicéntigeedo confirmado que la
presencia previa al trasplante de IgA aB2GP1 domystiel principal factor de riesgo
para la pérdida precoz del injerto, la trombosikdatgano trasplantado y la necrosis

tubular aguda (funcién retardada del injerto).

El analisis detallado de los datos y conclusionesciitos en estos trabajos nos
permite responder a nuestras preguntas de inveistiigg a los objetivos de la tesis y
también nos hace plantearnos la posibilidad de guelamos estar ante una nueva
forma de APS primario relacionada con la insuficianfuncional de los érganos
productores de B2GP1, mediada por anticuerposefeeB2GP1 de isotipo IgA.

La presencia de inmunocomplejos B2A-CIC en pacgergesitivos para los

autoanticuerpos IgA aB2GPl1 se comportan como umdmicador que permite
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identificar mejor a la poblacion con mayor riesgodesarrollar eventos APS, puesto
que la poblacion negativa para estos inmunoconglegonque san positivos para
aB2GP1 tienen el mismo riesgo de trombosis qu@dasonas que no presentan estos

autoanticuerpos.
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ABSTRACT

In recent decades, the short and long term outcomes of renal transplantation have
improved, thanks to the introduction of modern immunosuppression, advances in infection
control, better surgica methodologies, and advances in the knowledge of the immune

response and the histocompatibility techniques.

However, graft losses in the first months after transplantation have barely
registered changes (5-8% of transplants), the main cause is by graft thrombosis.
One of the main factors responsible for the deterioration of graft function is the immune

response against the allograft.

For years it has been known that the main target of this immune attack is the donor
major histocompatibility complex (MHC), although it has recently been reported that
autoimmune responses based on antibodies directed against molecules other than MHC

can aso affect the result of the kidney transplant.

The antiphospholipid syndrome (APS) is an autoimmune disorder characterized by
the presence of thrombosis and / or gestational morbidity in patients who have
antiphospholipid antibodies (aPL) in the blood. The aPL are directed against
phospholipids, plasma proteins binding to phospholipids, or the complex formed by union
of both.

There are no established diagnostic criteriafor APS, however classification criteria
were established in Sydney in 2004. To classify a patient as APS must simultaneously
present a clinical and a laboratory criteria. The clinical criteria are thrombotic events and /
or gestational morbidity and mortality, mainly the recurrent loss of pregnancy. The
laboratory criteria are the presence of lupus anticoagulant or aPL of isotype IgG or IgM
directed against cardiolipin (aCL) or B2-glycoprotein 1 (aB2GP1).

In addition to the symptomatology described in the clinical classification criteria,
the clinical spectrum of APS include manifestations that can affect many organs and can
not be explained exclusively by patients in the prothrombotic state. These clinical
manifestations not included in the classification criteria (known as manifestations of extra-
criteria) encompass neurological manifestations (chorea, myelitis and migraine),
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hematologica (thrombocytopenia and hemolytic anemia), cutaneous as livedo reticularis,

renal (nephropathy) and cardiac (valvular disease).

Recently there has been an increasengly interest in describing new markers that
allow the identification of patients with APS who meet clinical criteria of APS, but do not
meet the laboratory criteria (seronegative APS). Among the autoantibodies associated with
seronegative APS and which are not included in the classification criteria include aB2GP1
of 1gA isotype, anti phosphatidylserine / prothrombin, anti annexin A2, anti annexin A5
and anti S100A10.

Three well-defined forms of APS have been described. Listing them in
chronological order of their description are: 1) APS associated with other concomitant
systemic autoimmune diseases (SAPS) that is the best known. Systemic lupus
erythematosus is the most associated autoimmune disease. 2) Primary APS (PAPS), the
disease appears without other autoimmune diseases associated. 3) Catastrophic APS
(CAPS), which is characterized by multiorganic failure with thrombotic microangiopathy
with sudden onset and a high mortality rate, fortunately it isthe least frequent of the three.

In recent years, the IgA isotype antibodies are becoming very relevant in relation to
the APS clinic. Although are not included in the classification criteria, the XIV
International Congress on Antiphospholipid Antibodies (Galveston 2014) emphasized its
usefulness in those patients with suspiction of APS but seronegative for consensus aPL.

B2GP1 is aprotein that is synthesized mainly in the liver but aso in the kidney and
heart. It is located in the plasma and in the membrane of endothelia cells and platelets.
The prevalence of anti-B2GP1 antibodies of the IgA isotype (IgA aB2GP1) is higher in
patients with chronic kidney disease (CKD) than in the general population (30% vs.
1.5%). In patients with CKD in hemodialysis treatment, the association between the
presence of these antibodies and the incidence of thrombotic events and mortality was
demonstrated.

Although the origin of these antibodies is unknown, it was hypothesized that the
binding of B2GPI to the dialysis membrane could induce a conformational change of the
protein, which would expose cryptic epitopes. Our group demonstrated in a unicentre
prospective study on a cohort of patients transplanted at Hospital Doce de Octubre, that
the pretransplant presence of IgA aB2GP1 is the main independent risk factor for early
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rena graft loss, mainly of thrombosis, however this last association did not become

significant due to the small size of the sample of patients.

To confirm the hypothesis of the association of the presence of IgA aB2GP1 with
renal thrombosis, it was decided to perform a new prospective study in a larger group of
patients. We used the historical cohort "Magnum 12 + 12" which consists of 1375 patients
transplanted consecutively for 12 years in the Hospital 12 de Octubre. After 24-month
follow-up, the high prevalence of IgA aB2GP1 (around 30%) in patients CKD was
confirmed immediately before being transplanted. The multivariable analysis showed for
the first time that the presence of IgA aB2GP1 antibodies constitutes the main risk factor
for early graft loss due to thrombosis, followed by age and the presence of type 2 diabetes

mellitus.

Our group described the existence of immunocomplexes formed by IgA bounded
to B2GPI (B2A-CIC) in the blood of patients with APS antecedents and isolated positive
for IgA aB2GP1 (negative for 1gG and IgM isotypes). Also our group described a new
procedure much more simplified than those used before, for the detection of
immunocomplexes. Thanks to this methodology, in a later work included in this report, it
has been seen that the presence of B2A-CIC is strongly associated with the occurrence of

acute thrombotic events.

Platelet levelsin positive B2A-CIC patients are lower than those negative for B2A-
CIC, suggesting that immunocomplexes are formed in a state of hypercoagulability. The
presence of B2A-CIC is not related to the process with the complement activation process.
From this work, we hypothesized that the presence of B2A-CIC could be used as a
biomarker to identify IgA aB2GPI positive patients with a higher risk of developing a
thrombotic event. However, although the relationship of B2A-CIC with acute thrombotic
events has been described, it is not possible to discern whether they are a cause or
consequence of thrombosis, because it is impossible to take a sample before of the
thrombotic event. We propose the evaluation of the presence of B2A-CIC and the
incidence of thrombotic events after transplantation in the historical cohort Magnum 12 +
12, because there were available of pretransplant sera, and a prospective follow-up of all

of them.

After evaluating them, it was found that those patients who were positive for B2A-
CIC are more at risk of APS events in the first months after transplantation, and more

specifically of graft loss by thrombosis. It was observed that patients who are positive for
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IgA aB2GP1 are only at real risk thrombosisif they are B2A-CIC positive, bcause patients
who are B2A-CIC-negative, athough they have IgA aB2GPl, have the same risk of
developing thrombotic events that the control group (negative for IgA aB2GP1). This
finding implies that possible preventive treatments to avoid the occurrence of acute
thrombotic events should be focused on B2A-CIC positive patients. Given the high
prevalence of IgA aB2GPL in the population with CKD, and discarding (in our series of
patients) genetic or environmental factors related to the cause or treatment of CKD, we
hypothesized that the elaboration of B2GP1 in an insufficient organ due to chronic
dysfunction could lead to the elaboration of misfolding forms of the, which could expose
immunogenic epitopes that were previously hidden. If this hypothesis were correct, the
dysfunction of other organs where B2GP1 is elaborated physiologically by heart and liver
would also imply an aberrant immunization against autoantigens that would suppose the
appearance of the autoantibodies. To test this hypothesis, a study was conducted on a
cohort of 151 patients for 8 years, who received a heart transplant. These patients were
followed for 2 years. Again it was observed that around 30% presented positive IgA
aB2GP1. In a multivariate analysis it was confirmed that the presence of IgA aB2GP1
prior to transplantation was independently associated with higher rates of early mortality

and the appearance of thrombotic events after heart transplantation.

The association of the presence (before transplantation) of I1gA aB2GP1 with early
graft loss, especialy due to thrombosis, was described in patients transplanted at the
Hospital Doce de Octubre, and required confirmation through a prospective multicenter
study. For this, a fina study was carried out, with patients from 5 hospitals of the
historical "Forum Rena" cohort that includes kidney transplants from all Spain. This study
confirmed the high prevalence (30%) of IgA aB2GP1 in patients with CKD who were
going to receive kidney transplantation. In this prospective multicenter study, it was
confirmed that the presence of 1gA aB2GP1 prior to transplant is the main risk factor for
early graft loss, thrombosis of the transplanted organ and delayed graft function. The
detailed analysis of the data and conclusions described in these works allows us to answer
our guestions about research and the objectives of the thesis and also makes us consider

the possibility.

We believe that we can be faced with a new form of primary APS related to
functional insufficiency of B2GP1-producing organs, mediated by antibodies against
B2GP1 of the IgA isotype.
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The presence of B2A-CIC immunocomplexes in patients positive for IgA aB2GP1
autoantibodies is they act as a biomarker that alows a better identification of the
population with greater risk of developing APS events, since the negative population for
these immune complexes, although positive for aB2GP1 have the same risk of thrombosis

as people who do not have these autoantibodies.
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