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ABREVIATURAS

HLA: Antigenos leucocitarios de histocompatibilidad.

ADS: Anticuerpos donante-especificos.

CPT: Capilares peritubulares.

MGH: Massachusetts General Hospital.

PRA: Panel reacting antibodies o anticuerpos citotéxicos frente al panel.
CCTT: Cooperative Clinical Trials in Transplantation.

RAH: Rechazo agudo humoral.

PF: Plasmaféresis.

CDC: Citotoxicidad dependiente de complemento.

AHG: Linfocitotoxicidad aumentada con antiinmunoglobulina humana.

ADCC: Citotoxicidad celular dependiente de anticuerpos.
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INTRODUCCION

REVISION HISTORICA

El trasplante renal constituye en la actualidad la opcion terapéutica mas
adecuada para los enfermos con insuficiencia renal crénica terminal. Muchos
obstaculos, unos superados y otros aun no, de corte técnico pero sobre todo
inmunolégico, han surgido desde el primer alotrasplante renal realizado con
exito en 1954 (1). El hecho de que el primer éxito clinico se realizara siendo
donante y receptor individuos genéticamente idénticos pone de manifiesto el
importante papel que juegan en este campo las “diferencias antigénicas”,
responsables del rechazo del injerto.

A lo largo de los afios 60, varios autores relacionaron el “rechazo
hiperagudo” de alotrasplantes renales con la existencia de anticuerpos
preformados en el suero del receptor frente a antigenos del donante (2-5), un
tipo de rechazo ya insinuado por la experimentacibn con Xxenoinjertos en
décadas previas. En el campo del alotrasplante, estos antigenos fueron
identificados progresivamente como pertenecientes al sistema sanguineo ABO
(conocidos por los trabajos de Landsteiner en 1901) o al Sistema Mayor de
Histocompatibilidad (descubrimiento de Dausset en 1952, figura 1). El estudio
histologico de los injertos destruidos de forma préacticamente inevitable en
minutos u horas tras el trasplante en presencia de anticuerpos donante-
especificos reveld la presencia de un intenso infiltrado intersticial constituido
por neutrofilos y trombos de fibrina en capilares, asociados en ocasiones con
necrosis fibrinoide arterial. La ausencia de infiltrado mononuclear sugeria una
patogenia diferente de la atribuida al clasico “rechazo agudo celular”. La
aplicacion de la compatibilidad ABO vy la indicacion de obtener pruebas cruzadas
“negativas” pretrasplante recomendada desde 1969 (6) -es decir, la

demostracién de la ausencia de anticuerpos en el suero del receptor contra los
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linfocitos del donante- han hecho practicamente desaparecer el rechazo
hiperagudo. Sin embargo, estos casos iniciales permitieron conocer y describir
con detalle los datos clinicos, inmunoldgicos e histologicos basicos de este tipo

de rechazo, puramente humoral, en el rifidn trasplantado.

Sistema HLA =200 genes (6p) -, sintesis de antigenos
= diana en el reconocimiento antigénico

= presentacion de péptidos a linfocitos T

(- Clase | (cadenas pesadas) : antigenos A, By C (E, F, G, H).

] , . . HLA |
» Mayoriade las células nucleadas, reticulocitosy plaquetas.

* Presentan sustancias endégenas = linfocitos T CD8.

< — Clasell: antigenosde clase Il (DR, DPy DQ).
* Linfocitos B y células presentadoras de antigenos HLAI

(monocitos-macréfagos,células dendriticas, etc).
* Presentan sustancias exégenas = linfocitos T CD4. HLA 11

\_ — Claselll: C4A y C4B, 210Hasa, C2, factorB, TNF.

Figura 1.- Sistema mayor de histocompatibilidad en humanos: genes que
codifican los antigenos HLA o antigenos humanos leucocitarios.

En 1970, M. Jeannet y col. sefialaron que una respuesta humoral de
novo frente al donante en el periodo post-trasplante renal (es decir, una prueba
cruzada positiva post-trasplante tras una prueba cruzada “negativa” pre-
trasplante) puede también producir un rechazo severo (7). Exponen su
experiencia, segun la cual, de 16 enfermos que desarrollaron anticuerpos
especificos frente al donante en los primeros dias 0 semanas post-trasplante
renal, 12 perdieron el injerto, con una presencia significativa de lesiones
vasculares obliterantes a nivel histolégico. En comparacion s6lo se produjeron
dos pérdidas en 12 enfermos sin respuesta humoral de novo. Este estudio

sugiri6 que la aparicibn de anticuerpos especificos frente a antigenos del
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donante en el periodo inmediato post-trasplante se asocia a una disfuncién

severa y a una lesion tisular, que comprometen la supervivencia del injerto.

Si bien los mecanismos por los cuales la inmunidad humoral producia la
destruccion del injerto no estaban claros, algunos estudios proponian que la
unién de los anticuerpos donante-especificos a antigenos presentes en la pared
vascular activaban la cascada del sistema del complemento con atraccion de
polimorfonucleares y plaquetas (3,7). Algunas experiencias de la época, que
evidenciaron consumo de complemento durante los episodios de rechazo

agudo, apoyaban esta hipétesis (8).

Una vez conocida y superada la barrera del rechazo hiperagudo (6), la
comunidad cientifica trasplantadora fue perdiendo interés en el estudio de la
participacion de los anticuerpos y el complemento en el dafio del injerto. Como
habia ocurrido previamente, también en afios posteriores los estudios se han
centrado de forma preferente en el importante papel que juega la inmunidad
celular en el rechazo agudo del injerto renal (9,10). Diversas experiencias
iniciales en el campo del trasplante demostraron la presencia de un infiltrado de
células mononucleares en injertos rechazados, asi como la capacidad de
provocar rechazo agudo con la transferencia de células linfoides (11,12). La
incapacidad para producir rechazo en ratas timectomizadas en el periodo
neonatal o ratas genéticamente atimicas establecié el papel critico de los
linfocitos T (13,14). Estos y otros experimentos han permitido aclarar
progresivamente muchos detalles de la respuesta celular inmunolégica del
huésped frente al aloinjerto, desencadenada por la identificacion del mismo
como “extrafio”, debido fundamentalmente a la existencia de los antigenos de
histocompatibilidad (HLA en humanos). Se trata de un proceso
fundamentalmente mediado por linfocitos T en el que participan multiples
mecanismos de dafio. Se conocen dos vias de reconocimiento de los HLA
“extrafios”, directa e indirecta: los linfocitos T (CD4 y CD8) reconocen a través

de sus receptores (TCR) los antigenos HLA que las células presentadoras de
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antigenos, del donante o propias respectivamente, portan en las moléculas HLA
de clase Il y clase | de su membrana (Figura 2). La via directa de
reconocimiento parece jugar un papel fundamental en el rechazo agudo celular,
y la via indirecta mas bien en el rechazo cronico. Receptores de membrana y
multiples sefiales co-estimuladoras permiten la interaccién entre estas células.
Los linfocitos T CD4 o colaboradores (frente a la subpoblacion CD8 o citotdxica)
ocupan un lugar central en el arranque del rechazo agudo, puesto que
sintetizan la mayor parte de las citoquinas involucradas, sustancias con
actividad local necesarias para estimular la respuesta inmune. Podemos
diferenciar dos subpoblaciones de linfocitos colaboradores por su actividad
secretora, TH1 y TH2. Entre las citoquinas que secreta la subpoblacion TH1
destaca la interleukina 2, un potente factor de crecimiento autocrino que induce
proliferacion de las células T, expansion clonal de estas y otras células, y
produccion de mas citoquinas. De esta manera (Figura 2), los linfocitos T CD4

reclutan y favorecen la participacion de mas linfocitos CD4, linfocitos CD8,

Direct Pathwvvay Indirect Pathwway

Allogeneic APC Allogeneic APC

MWIHC moleculs i . .
| g Allogeneic peptide
chOa T-cell [
receptor
6y

Macmphagej‘

Activated cyvtotaxic T cell ? Delayved-tyvpe
y * hwpersensitivity
Allocantibodies h

Figura 2.- Vias de reconocimiento de aloantigenos y mecanismos de rechazo.
(Tomada de Sayegh MH, Turka LA. The role of T-cell costimulatory activation
pathways in transplant rejection. N Engl J Med 1998; 338(25): 1813.)
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células B (que producen anticuerpos frente a los antigenos HLA extrafios),
macréfagos y células NK. Los linfocitos CD8 provocan apoptosis de las células
del donante por medio de perforinas, granzima B y la interaccion FAS-FAS
ligando. Las células NK probablemente actian de manera similar, y los linfocitos
CD4 y los macréfagos participan en una respuesta de hipersensibilidad
retardada. Si bien la subpoblacion de linfocitos CD4 TH1 participa en la
expansion clonal y la citotoxicidad, la subpoblacién TH2 parece més relacionada

con la produccion de inmunoglobulinas y la memoria inmunoldgica (9,10,15).

La incidencia de rechazo agudo celular ha ido disminuyendo
progresivamente gracias al desarrollo de farmacos inmunosupresores, que
aunque aun relativamente inespecificos, tratan especialmente de controlar la
activacion de las células T, la produccion de citoquinas y/o la expansion clonal
(Figura 3)(16,17). A principios de los afios 80, la introduccién de la ciclosporina
en la clinica, como primer inhibidor de la calcineurina (paso limitante previo a la

activacion intranuclear de la transcripcion de los genes responsables de la

S
(@]
S 80 +—
>
[@)]
©
Q 60 1
(1]
=
[&]
@ 40
(]
©
o
g 2040 T
|_
0 T T T
1962 1977 1983 1989 1992 1995 1998
TIEMPO (afios)

Figura 3.- Evolucién de la tasa de rechazo agudo post-trasplante renal.
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sintesis de citoquinas), revoluciond el pronéstico a corto plazo del injerto renal.
En la década siguiente se han afiadido al arsenal inmunosupresor el tacrolimus,
también inhibidor de la calcineurina, el micofenolato mofetil, nuevo
antimetabolito mas especifico, y el sirolimus, que inhibe la proliferacion de las
células T secundaria a la activacion mediada por la interleukina 2 (Figura 4). El
desarrollo de anticuerpos mono (OKT3, antiCD25) y policlonales (ALG, ATG o
timoglobulina) y su uso como terapia de induccion también ha contribuido a
disminuir la tasa de rechazo agudo, o a controlarlo cuando se emplean como
tratamiento del mismo (15). Sin embargo, hay que resaltar que algunos
episodios de rechazo agudo continban siendo refractarios al tratamiento

convencional dirigido a controlar la inmunidad celular.

Castimulatory Antigesic Antiger-presenting cell
slgnat signa

T cull roeeptor -
I J_ Infereukin2 receplor

i | TR || =] Siroimus |
1) Cuh |= o l=) [ Tacrodimes ; AL
_E:._"!m:' i A A e De-nove purrme Snihess
[T aFlea] ' T v
et i 4 -
S pakenmin o -._I_"'-"__.- ! Blp—m 5 = MMF
e g " i o -""':.=||"r'-I gy _I_ ]
e, W Tl | lpychefl =) Aratisoprine |
Todl Neat 3% ﬂi__""i l— '.1.'!‘31-.’-5'L- T

Figura 4.- Mecanismos de accion de los farmacos inmunosupresores de base.
(Tomada de Denton MD, Magee CC, Sayegh MH. Immunosuppressive strategies
in transplantion. Lancet 1999; 353: 1083-1091)

Este dltimo hecho, a pesar del importante avance en el control de los
mecanismos celulares del rechazo agudo, y la escasez relativa de injertos han
impulsado la investigacion en campos limitados de forma importante por la
respuesta humoral, como el uso de injertos ABO incompatibles (18,19), o el

xenotrasplante (20). Por otra parte, el mejor conocimiento de la interrelacion
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entre inmunidad celular y humoral (anticuerpos, citoquinas, etc) ha permitido

relanzar el estudio de los fendmenos humorales a nivel clinico y basico.

Durante los afios 80, algunos grupos investigaron la relacion entre la
aparicion de anticuerpos anti-HLA post-trasplante, no siempre donante-
especificos (es decir estudio del porcentaje de anticuerpos frente a un panel
heterogéneo de antigenos HLA (PRA) en lugar de usar pruebas cruzadas
donante-especificas), y el pronéstico del injerto renal, utilizando técnicas
distintas, sueros recogidos en distintos momentos post-trasplante y soélo en
contadas ocasiones incluyendo valoracion histologica (21-25). Muchos de estos
estudios encontraron un peor prondstico de los rechazos agudos asociados con

la aparicion de anticuerpos.

Pero fue el grupo de P. Halloran, el que a principios de los afios 90
profundiz6 en el interés por los mecanismos humorales del rechazo y sefialo
que el rechazo agudo asociado con el desarrollo de anticuerpos donante-
especificos (ADS) de novo es una entidad clinico-patoldgica que implica mal
prondstico (26, 27). En una primera comunicacién, estos autores describieron el
curso clinico de siete pacientes que presentaron rechazo agudo mediado por
anticuerpos frente a antigenos HLA de clase | del donante. Incluyeron cuatro
enfermos que desarrollaron ADS de novo post-trasplante y tres enfermos con
anticuerpos pre-existentes no detectados en el estudio inmediato pre-
trasplante, cuya disfuncion no se comporté como rechazo hiperagudo. Los siete
enfermos presentaron un rdpido deterioro de la funcion del injerto durante la
primera semana post-trasplante, con lesiones histoldgicas diferenciadas — sin
infiltrado mononuclear o0 poco prominente- y un pésimo pronostico (5/7

perdieron el injerto a pesar de tratamiento antilinfocitario) (26).

En un estudio prospectivo posterior compararon 13 receptores de
trasplante renal con ADS anti-HLA de clase | de novo post-trasplante y 51

receptores sin anticuerpos. Las siguientes diferencias entre ambos grupos
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resultaron significativas: incidencia de rechazo (100% de los enfermos con ADS
frente a sbélo 41% de los receptores sin ADS), caracteristicas clinicas del
rechazo (apariciéon precoz, oliguria y necesidad de dialisis en los primeros),
lesiones histologicas (dafio endotelial en la microcirculacion, infiltrado por
neutrofilos en capilares peritubulares (CPT) o glomérulos y depdsitos de fibrina
en glomérulos o vasos) y pronéstico (5/13 injertos perdidos en el primer grupo
y 2/51 en el segundo) (27).

El mismo grupo analiz6 detalladamente las caracteristicas histolégicas del
“rechazo mediado por anticuerpos” basandose en la clasificacion de Banff de
1993 (28, 29). De 44 pacientes con rechazo agudo confirmado por biopsia
segun la clasificacion de Banff, 24 habian desarrollado ADS post-trasplante y 20
no presentaban ADS. Encontraron una mayor incidencia de vasculitis severa y
glomerulitis en los enfermos con ADS post-trasplante, asi como una mayor
presencia de trombos de fibrina, necrosis fibrinoide, dilatacion de capilares

peritubulares, infartos y, sobre todo, polimorfonucleares en CPT (Figura 5). Sin

Figura 5.- Microscopio Optico. lzda) Rechazo agudo humoral: infitraciéon por
neutrofilos de capilares peritubulares. Dcha) Rechazo agudo celular: infiltracion
tubular por células mononucleares. (Imégenes cedidas por S. Mauiyyedi, MGH)
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embargo, las biopsias de enfermos sin ADS mostraban tubulitis moderada-
severa con mayor frecuencia (95%) que las de los enfermos con ADS (50%). A
pesar de la presumible participacion de mecanismos humorales de rechazo
agudo en los pacientes con ADS, no encontraron diferencias significativas en la
deteccion de IgM, 1IgG, IgA, A, k, Clqg, C3, C4, albumina o fibrinbgeno por
inmunofluorescencia, ni en los hallazgos obtenidos con el microscopio

electronico.

ESTUDIOS Tipo Estudio N©° enfermos Pérdida Datos de interés

y Objetivo estudiados injerto

Jeannety  Retrospectivo 16 XM+ postTX -12/16 e Significado de la

col. 1970 Comparativo aparicion de ADS post-TX
12 XM- postTX - 2/12

Hallorany  Retrospectivo 7 con ADS - 5/7 e Descripcion de una
col. 1990 Descriptivo anti- HLA | serie de enfermos con
rechazo mediado por ADS

Halloran y Prospectivo 13 con ADS -5/13 e No permite establecer
col. 1992 Comparativo anti-HLA | incidencia
51 sin ADS -2/51 e SOlo 29/64 tienen XM

con células B

Trpkov y col. Retrospectivo 24 con ADS -12/24 e Datos histoldgicos
1996 Comparativo anti-HLA | diferenciados, a veces sin
datos de RAC.

20 sin ADS - 3/20
e Sesgo por seleccion

Tabla 1. Estudios relevantes sobre el impacto de la aparicion de ADS post-trasplante
renal. TX= Trasplante. XM= Prueba cruzada. RAC= Rechazo agudo celular.
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INTERES DEL GRUPO DE TRABAJO POR EL TEMA

A partir de 1995, en la Unidad de Trasplante del Massachusetts General
Hospital (MGH) se inicio el estudio prospectivo de la presencia de ADS en casos
de rechazo agudo severo. A finales del afio 1994, una enferma
hipersensibilizada (PRA maximo con células T: 100%, PRA pre-trasplante con
células T: 68%) con pruebas cruzadas negativas pre-trasplante (prospectivas y
retrospectivas con células T y B, por citotoxicidad y citometria de flujo)
presentd funcion retardada y pérdida precoz del injerto, a pesar de induccién
con terapia antilinfocitaria. Con los sueros correspondientes al dia ocho post-
trasplante y las células T y B del donante se obtuvieron pruebas cruzadas
positivas. El estudio histolégico mostraba importante infiltracion por neutrofilos
en CPT, ademas de rechazo agudo célular tipo 2 segun la clasificacién del

Cooperative Clinical Trials in Transplantation (CCTT, tabla 2) (30).

Tipo 1 Infiltrado mononuclear >5% de la corteza renal, al menos 3
tabulos con tubulitis en 10hpf. de las areas mas afectadas, y al
menos dos de los tres siguientes datos: edema, linfocitos
activados o dafio tubular.

Tipo 2 Endotelialitis arterial o arteriolar, con o sin datos de rechazo agudo
tipo 1.

Tipo 3 Necrosis fibrinoide arterial o inflamacién transmural, con o sin
trombosis, necrosis del parénquima o hemorragia.

Tabla 2.- Clasificacion histolégica del rechazo agudo post-trasplante renal
del Cooperative Clinical Trials in Transplantation (CCTT).

Entre diciembre de 1995 y febrero de 1997 y de forma prospectiva,

diagnosticaron una serie de cinco enfermos de “rechazo mediado por
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anticuerpos” o “rechazo agudo humoral” (RAH). El diagnéstico de RAH se
realizo ante la existencia de pruebas cruzadas donante-especificas positivas
post-trasplante coincidiendo con un rechazo agudo refractario (cortico-
resistente y resistente a tratamiento antilinfocitario), que ademas a nivel
histoldgico presentaba infiltracién por polimorfonucleares en CPT y glomérulos,
trombos de fibrina en arteriolas y glomérulos, vasculitis y/o necrosis fibrinoide
de los vasos (31).

Diversos estudios realizados hasta el momento admitian un pésimo
prondstico a corto plazo de los injertos que presentan rechazo agudo asociado
a la presencia de ADS anti-HLA, con una supervivencia anual entre 15 y 50%
(21,26,29,30,32). Algunos grupos habian sugerido un posible efecto beneficioso
del uso de plasmaféresis en estos casos (24,32,33), asi como en enfermedades
autoinmunes mediadas por anticuerpos o como posibilidad de acceso al
trasplante para receptores hipersensibilizados (34-37). Por otro lado, nuevos
farmacos inmunosupresores, como el tacrélimus y el micofenolato mofetil,
demostraban disminuir las tasas de rechazo agudo y de rechazo agudo severo
(15, 17). Por tanto, M. Pascual y col. del MGH propusieron como tratamiento
alternativo del RAH la combinacion de plasmaféresis (PF) y rescate con los
nuevos farmacos inmunosupresores tacrélimus y micofenolato (31). Los cinco
enfermos antes referidos fueron sometidos a una serie de entre cuatro y siete
sesiones diarias de PF, monitorizada por la respuesta clinica y los titulos de ADS
(Figura 6). Una enferma recibié una nueva serie de 5 sesiones debido a un
repetido deterioro de la funcién renal coincidente con un nuevo ascenso en el
titulo de ADS. Ademas, todos los enfermos recibieron al menos una dosis de 0,4
g/kg de gammaglobulina policlonal tras la dltima sesién de PF con objeto de
prevenir infecciones. Se habia propuesto el uso de este derivado sanguineo en
casos semejantes, aunque a dosis mayores (38-41). La respuesta a este
tratamiento fue excelente y estos cinco enfermos presentaban una buena
funcién renal con creatininas que oscilaban entre 0,9 y 1,8 mg/dl entre 370 y

790 dias post-trasplante.
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Figura 6.- Evolucién y tratamiento de un enfermo que sufrié rechazo agudo humoral.
CYTO= prueba cruzada por linfocitotoxicidad. P= plasmaféresis. *= Inmunoglobulina

policlonal.

En definitiva esta experiencia sugeria que aunque el prondstico del
injerto con RAH ha sido tradicionalmente significativamente peor que el del
injerto que sufre rechazo agudo celular, la supervivencia del injerto renal a
medio plazo, cuando se controla la respuesta humoral, puede resultar
comparable (29, 31).

Las implicaciones terapéuticas estimularon al equipo de Patologia del
MGH en la busqueda de criterios patoldégicos mas precisos para el diagndstico
del RAH. Retomaron los interesantes trabajos de Feucht y col. que
relacionaban la presencia de la fraccion C4d del complemento en CPT en las
biopsias renales con la existencia de rechazo agudo severo, especialmente en
enfermos hipersensibilizados (42), o con disfuncion precoz del injerto renal
(43), sugiriendo mecanismos humorales de dafio tisular. Se procedié a

complementar el estudio histolégico estdndar de 16 biopsias de diez enfermos
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diagnosticados de RAH con estudios de inmunofluorescencia para analizar la
existencia de depositos de C4d, C3 e IgM en CPT, como marcadores de dafio
humoral. Todas las biopsias de RAH presentaban depdsitos prominentes de
C4d en capilares peritubulares, en comparacion con sélo una biopsia de 24
enfermos con rechazo agudo celular, toxicidad por ciclosporina o sin dafio
histologico (Figura 7). Esta ultima biopsia con datos de nefrotoxicidad por
ciclosporina correspondia a un enfermo en cuyo suero peri-biopsia de forma
retrospectiva se demostré la existencia de ADS, que ademas presentd datos
histoldgicos sugestivos de RAH en una biopsia posterior (44). Este caso
incrementa el valor de la deteccion de C4d, ya que al margen de resultar méas
sensible y especifico que los criterios histoldgicos tradicionales de diagndstico
de RAH, parece que el C4d en CPT podria ser un marcador precoz de dafio

humoral.

FIGURA 7.- (Fotografias cedidas por B. Collins, MGH)

I1zda) Rechazo agudo humoral: tincién difusa y brillante de C4d en capilares
peritubulares.

Dcha) Rechazo celular agudo: C4d Unicamente en membranas basales

tubulares.
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ANTICUERPOS ANTI-HLA DONANTE-ESPECIFICOS

Hoy en dia multiples técnicas permiten estudiar la presencia en el suero
del receptor de anticuerpos frente a los antigenos HLA del donante.
Fundamentalmente se distingue entre técnicas directas e indirectas. Las
primeras detectan anticuerpos capaces de fijar complemento y son variaciones
de la técnica basica de linfocitotoxicidad (CDC o citotoxicidad dependiente de
complemento) (45). Se basan en la capacidad del suero del presunto receptor
de lisar las células T y/o B del donante con la ayuda de complemento exégeno
(de conejo), si contiene anticuerpos especificos frente a los antigenos HLA del
donante (Figura 8). Las variaciones implican lavados de las células T y/o B del

donante antes de afiadir el complemento y/o prolongacion de los tiempos de

Figura 8.- En las pruebas cruzadas
(XM) realizadas por CDC se enfrentan
linfocitos del donante y sueros del
receptor en distintos pocillos. En cada
pocillo se evalia el porcentaje de
muerte celular tras la adicion de suero
del receptor, complemento de conejo,
tinte, etc y se asigna un namero:
1=0-10% de muerte celular

2=11-20%
4=21-50% 1y 2= negativo
6=51-80% | 4, 6y 8= positivo

8=81-100%

O=lectura no valida.

En nuestro laboratorio utilizamos
diacetato de fluoresceina que tifie
células vivas (verde) y bromuro de
etidio que tifie los ndcleos de las
células dafiadas (rojo).

Estas imagenes corresponden a
e 1 = XM negativo (superior)

e 8 = XM positivo (inferior)
(Iméagenes cedidas por S. Saidman)




Introduccion Pag. 25

incubacion, para mejorar la sensibilidad. Los lavados o el uso de ditiotreitol
permiten distinguir si la lisis se debe a anticuerpos de tipo 1gG o IgM.

Métodos indirectos, como la linfocitotoxicidad aumentada con
antiinmunoglobulina humana (CDC-AHG, figura 8) y la citometria de flujo,
permiten detectar anticuerpos no fijadores de complemento, niveles bajos de
anticuerpos anti-HLA o anticuerpos CDC negativos — absorcidn positivos
(fenbmeno CYNAP) (46-49). La técnica cldsica de linfocitotoxicidad se
desencadena por la activacion de Clq, paso inicial de la via clasica del
complemento, que necesita la unién de una IgM o dos IgG. La técnica CDC-
AHG utiliza la adicion al suero humano de un anticuerpo anti-cadena ligera
humana k para amplificar la reaccion de citotoxicidad (Figura 8) (47,48). La

citometria de flujo detecta anticuerpos unidos a la membrana de células; usa
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FIGURA 9. llustracion comparada de los mecanismos de actuacion de la CDC
clasica y la CDC-AHG. (Tomada de The complement system. Mayer MM, Sci Am 1973,
229: 54-66)



Pag. 26 Rechazo agudo humoral

IgG antinmunoglobulina humana para detectar anticuerpos (IgG o IgM), y
anticuerpos anti-CD3 y anti-CD19 para identificar células T y B respectivamente.
Existen otras variaciones de esta técnica también aplicadas a la realizacion de la
prueba cruzada donante-receptor (49). Aunque algunos grupos sugieren que la
citometria de flujo es una técnica mas sensible que la AHG, estas dos técnicas
no estan bien estandarizadas y los resultados varian entre distintos laboratorios
(50). En el laboratorio de histocompatibilidad del MGH estos métodos han
resultado comparables (51).

Si bien clasicamente se utilizaban técnicas de linfocitotoxicidad como
método de screening de la presencia de anticuerpos anti-HLA pre-trasplante
renal (estudio de PRA), hoy en dia se estan introduciendo también en este
campo la citometria de flujo y técnicas de enzimoinmunoandlisis (ELISA) (52).
El estudio de los PRA (tasa y especificidad) es una herramienta importante en el

momento de seleccionar un receptor adecuado para un injerto.

Deteccion de ADS Pre-Trasplante

La presencia de anticuerpos frente a los antigenos HLA de clase | del
donante en el suero del receptor, es decir, una prueba cruzada donante-
especifica positiva pre-trasplante con linfocitos T, es una contraindicacion para
la realizacion de ese trasplante renal (6). Algunos autores defienden que una
prueba cruzada positiva pretrasplante con células B a titulos altos también es
nociva cuando se debe a especificidades de tipo HLA (HLA de clase Il) y no a
autoanticuerpos (53), pero en muchos centros ni las pruebas cruzadas ni los
PRA con linfocitos B se realizan de forma rutinaria (54). También existe cierta
evidencia del efecto negativo de la presencia de anticuerpos de tipo IgM frente
a antigenos HLA del donante en la supervivencia del injerto renal (55), aunque
hay que resaltar que en la mayoria de las ocasiones estos anticuerpos, sobre
todo cuando son de baja afinidad o reaccionan sé6lo con células B, son
autoanticuerpos y por tanto no suponen un obstaculo para el alotrasplante
(45).
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Deteccién de ADS Post-Trasplante

El estudio de ADS post-trasplante no esté incluido en la préactica clinica
habitual, aunque existen cada vez mas evidencias que sugieren su utilidad en
casos seleccionados. La determinacion de PRA post-trasplante por citotoxicidad,
citometria de flujo o ELISA puede ser util para identificar pacientes con riesgo
de presentar rechazo mediado por anticuerpos o RAH, dado que habitualmente
la aparicion o incremento de PRA post-trasplante es debida a inmunoreactividad
frente al injerto (21,56,57). Sin embargo, dado que el RAH parece ocurrir
sobre todo en receptores hipersensibilizados (PRA>50-75%), es dificil
determinar la especificidad de los nuevos anticuerpos afadidos a PRA
previamente elevados (26, 27, 31). Por supuesto, la existencia de PRA= 0%
con células T y B hace improbable la presencia de ADS. Nosotros propugnamos
la realizacion de una prueba cruzada donante-especifica para la realizacion del
diagnostico de RAH en el contexto adecuado: rechazo refractario con datos
histol6gicos ya comentados sugestivos de dafio humoral (29,31,44). En caso de
no disponer de células del donante, se pueden seleccionar cuidadosamente
células subrogadas que compartan las disidentidades HLA del donante,
especialmente para monitorizar cambios en el titulo de anticuerpos o como guia
terapéutica (31). Hay que tener en cuenta que es mas complicado realizar
pruebas cruzadas post-trasplante cuando se esta administrando terapia anti-
linfocitaria, dado el riesgo de falsos positivos. Este, sin embargo, es
probablemente el momento preciso para realizar el diagnostico en la mayor
parte de las ocasiones. En el laboratorio de Histocompatibilidad del MGH se
retira el OKT3 del suero del receptor que lo recibe utilizando un anticuerpo
monoclonal de oveja anti-raton (Figura 9) (58). Los sueros de enfermos que
reciben otro tipo de tratamiento anti-linfocitario se estudian con citometria de
flujo, asegurando que el anticuerpo secundario anti-inmunoglobulina no
presente reaccién cruzada con la especie en la que se produjo el anticuerpo

policlonal.
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FIGURA 9. Hojas de trabajo: pruebas cruzadas con linfocitos T (arriba) y B
(abajo) y células del donante. Suero post-trasplante utilizado: con y sin
tratamiento para retirar el OKT3.

La prueba cruzada con el suero del receptor en tratamiento con OKT3 y
células T es positiva. Sin embargo, es negativa cuando se retira el OKT3 de este
mismo suero. El OKT3 no influye en la prueba cruzada con células B.
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Existe cierta controversia en cuanto al papel deletéreo directo que
juegan los ADS que aparecen post-trasplante, porque si bien varios autores han
comunicado su efecto negativo (21,24,26,27,29,31,32,59,60), otros (utilizando
citometria de flujo) han sugerido que la aparicion de ADS de novo post-
trasplante puede ser un epifendmeno presente en el momento del rechazo
agudo (25, 61).

El grupo de P. Halloran ha apoyado la relevancia clinica Unicamente de la
aparicibn de ADS anti-HLA de clase |, basadndose en series de casos
relativamente seleccionadas (26,27,59). El grupo de HE. Feucht, que ha
estudiado los depdsitos de C4d en tejido renal, inicialmente utilizd sueros pre-
trasplante con la intencion de detectar ADS que pudieran predecir el dafio
mediado por anticuerpos. No han encontrado ADS pre-trasplante utilizando
técnicas convencionales, pero si han demostrado la presencia de anticuerpos
frente a lineas célulares linfoblastoides DR homocigotas para los antigenos DR
del donante con citometria de flujo utilizando sueros pre-trasplante (62). Es
decir, han destacado la relevancia de la existencia de anticuerpos frente a los
antigenos HLA de clase Il del donante.

Nuestra experiencia preliminar sugiere que tanto ADS frente a antigenos
HLA de clase | como ADS frente a antigenos de clase Il se asocian a RAH (31,
44), cuestion que nos proponemos abordar con detalle en la presente tesis

doctoral.
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DEPOSITOS DE LA FRACCION C4d DEL COMPLEMENTO

La fraccion C4d del complemento es un producto de la degradacion de la
particula C4 de la via clasica de activacion del complemento. ElI primer
componente de esta via es C1, un complejo de tres proteinas: C1lq, Clr y Cls.
La activacion del complemento generalmente se inicia cuando Clg se une a
anticuerpos, generalmente del tipo IgM o la mayor parte de las subclases de
IgG, adheridos a antigenos presentes en la superficie celular. C1qg activa Clr y
este a su vez Cls. Cls escinde C4 en Cda y C4b; esta particula es capaz de
unirse a una molécula de C2 y sensibilizarla a la activacion inducida por C1s,
para dividirse también en C2a y C2b. El complejo C4b-C2b constituye la C3
convertasa, paso clave en la activacion de la via final coman del complemento
(63) (Figura 10).

La inactivacién de este complejo puede ser mediada por la C4 binding-
protein (C4BP) o por el decay-accelerating factor (DAF). Cuando C4BP se une a
C4b, esta particula se hace especialmente sensible a la accién del llamado
factor I. El factor I inactiva C4b, escindiéndolo en C4c y C4d (63). C4d contiene
un grupo tiol ester, que condiciona su unién covalente al lugar de depdsito
(64).

Via clasica (Ag-Ac) Via alternativa
IgM o0 2IgG + Clq cob Endotoxinas, etc
Clr2 = C1s2 Cdbp DAF 1
l 1 C3 convertasa
C4a C2a l
+ Factor | Complejo de
C4c, C4d Ataque a la Mb

Figura 10. Via clasica de activacion del complemento. Produccion de C4d. Mb= membrana
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Es posible detectar C4d de forma constante en los glomérulos — a nivel
mesangial sobre todo, pero también en la membrana basal- y algunos vasos
arteriolares de rifiones normales, probablemente como vestigio de mecanismos
fisiologicos de aclaramiento de inmunocomplejos. Estudios de elucidon han
demostrado su union covalente a los tejidos (65). Utilizando técnicas de
inmunohistoquimica, el grupo de Feucht fue el primero en evidenciar un
depdsito importante de C4d en vasos intersticiales, especialmente en CPT de
injertos con rechazo agudo, ademas del clasico depoésito glomerular,
fundamentalmente en enfermos hipersensibilizados pre-trasplante. La
coexistencia de inmunoglobulinas y C4 binding-protein en varias de esas
biopsias apoya una activacion local del complemento mediada por anticuerpos
(42). Este grupo encontré una menor supervivencia a corto plazo de los
injertos que mostraban depdsitos de C4d en CPT durante los primeros meses
post-trasplante, y especularon que este marcador distinguiria “rechazos
celulares puros” de “rechazos mixtos” con mecanismos humorales de lesion
tisular (43). En estudios consecutivos se centraron en la busqueda de
anticuerpos pre-trasplante que pudieran predecir el dafio humoral, utilizando
lineas celulares linfoblasticas (62,66,67), sin emplear sueros contemporaneos al
momento de la biopsia. En definitiva, concluyeron que el hallazgo de C4d y/o la
deteccién de anticuerpos anti-HLA pretrasplante suponen un factor de riesgo y
permiten resaltar mecanismos humorales de rechazo no detectables de otra
manera. Sin embargo no detectaron ADS post-trasplante, es decir, no
caracterizaron una entidad diagnostica.

El estudio inicial del MGH sobre la presencia de depositos difusos de C4d
en CPT corticales de injertos renales, detectada por técnicas de
inmunofluorescencia, encontré una buena correlacién con la aparicion de
ADS de novo post-trasplante renal (44). La deteccion de C4d en CPT resulto
aparentemente mas especifica que los datos histolégicos convencionales, ya
que se observaron neutrofilos en CPT o necrosis fibrinoide arterial, parametros

previamente correlacionados con la existencia de ADS, en casos de rechazo



Pag. 32 Rechazo agudo humoral

agudo celular (es decir, rechazo no mediado por anticuerpos). La presencia de
C4d en glomérulos, arterias, arteriolas o tubulos resultd sin embargo
inespecifica. De forma paralela, en este primer estudio se utilizaron técnicas de
inmunofluorescencia para detectar células endoteliales (con Ulex europeaus
aglutinina 1) y membrana basal vascular (con anticuerpo monoclonal anti-
colageno tipo 1V) (Figura 11). Estas técnicas mostraron que el C4d se distribuia
con el colageno tipo 1V, es decir en la membrana basal capilar de todos los
CPT, incluso en zonas que no mostraban reactividad con Ulex europeaus
aglutinina 1, sugiriendo que no todo el C4d se une al endotelio. Es decir, la
destruccion del endotelio por dafio humoral no elimina los depésitos de C4d y
éste persiste si aun existe pared capilar. El fracaso en la deteccién de C3 o
inmunoglobulinas en estos casos podria ser debido a modulacién del sistema

y/0 a la desaparicién de las células endoteliales objeto del dafio (44).

FIGURA 11.- Tincion doble-inmunofluorescencia de rechazo agudo humoral.,
C4d (verde) y Ulex lectin como marcador endotelial (rojo) se distribuyen
paralelamente en CPT, aunque algun fragmento muestra C4d sin endotelio.

C4d (verde) y colageno tipo IV (rojo) se distribuyen juntos, aunque la tincién
es uniforme para el colageno IV y focal para C4d. (Imé&genes cedidas por B.
Collins, MGH)
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La presencia de antigenos HLA de clase | y Il en las células endoteliales
del donante en permanente contacto con la sangre del receptor convierte los
vasos en el sitio propicio donde pueden desencadenarse los fenémenos
humorales (68). Los CPT son la estructura vascular mas representada en las
biopsias renales, aunque no la unica (69). Se desconoce por qué razon los CPT
son la diana fundamental de los ADS. La correlacion entre la existencia de C4d
en CPT y de ADS en suero frente a la presencia constante de C4d en
glomérulos sin ADS podria ser consecuencia de una diferente actividad de los
mecanismos de regulacién (inhibidores de la activacion) o de los mecanismos
de aclaramiento del complemento.

Se ha detectado también C4d en CPT en casos de rechazo hiperagudo
por incompatibilidad ABO (70). Por tanto, el depdsito difuso de C4d en CPT es
secundario a la activacion de mecanismos humorales de rechazo,
independientemente de los anticuerpos involucrados. Por consiguiente, sera
interesante en este estudio sistematico de poblacién que planteamos precisar la
correlacion C4d-ADS antiHLA y/o la posible presencia de otro tipo de

anticuerpos.
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FISIOPATOLOGIA DEL DANO MEDIADO POR ADS

Los linfocitos B, al transformarse en células plasméticas, son capaces de
sintetizar anticuerpos, es decir inmunoglobulinas capaces de unirse de forma
especifica a otras moléculas concretas. En la reaccién inmunoldgica post-
trasplante la activacion de las células B depende de tres tipos de sefiales. Por
un lado, la unién del antigeno a la inmunoglobulina de membrana o receptor de
la célula B (BCR), por otro una segunda sefial que las células T envian a las
células B a través de la interaccion CD40 ligando-CD40 y finalmente la
liberacién de citoquinas por parte de los linfocitos T. Un proceso de apoptosis
mantiene una regulacion estrecha del desarrollo de las células B activadas y de
memoria (63). Existe la posibilidad de que las células B puedan activarse sin la
intervencion de las células T en algunos casos de antigenos no proteicos.

Existen anticuerpos naturales producidos por linfocitos B primarios, como
las isohemaglutininas frente al sistema ABO, sintetizadas sin contacto previo
con el antigeno, y anticuerpos secundarios derivados de los linfocitos B de
memoria, que requieren un contacto previo con el antigeno, como los anti-
HLA. La aparicion de anticuerpos anti-HLA se desencadena tras transfusiones
de hematies (no desleucotizadas), embarazos y trasplante de 6érganos, vy
también parece que algunas infecciones virales son capaces de producir
sensibilizacion. Un segundo contacto con antigenos HLA presentes en un
organo puede por tanto desencadenar dafo tisular. Los anticuerpos pueden
producir este dafio dependiendo de variables como especificidad, subclase,
concentracion, etc. (33). La lesion puede ser consecutiva a la activacién del
sistema del complemento (que produce contraccion de musculo liso,
quimiotaxis y fagocitosis) o a citotoxicidad celular dependiente de anticuerpos
(ADCC: las células NK son capaces de destruir células recubiertas por

anticuerpos sin intervencién de las células T) (71).
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El papel patogénico de los ADS y el complemento ha sido demostrado en
animales. Un ejemplo precoz lo constituyen los experimentos de Winn y col.
gue mostraron que injertos cutaneos de ratén en ratas inmunosuprimidas
podian ser destruidos por la transfusion de antisueros especificos (72, 73). Este
fendbmeno se abolia con el bloqueo del sistema del complemento en las ratas
receptoras (73). Experiencias con ratas deficientes en complemento que no
sufrian rechazo hiperagudo tras la transfusion de ADS, a diferencia de las ratas
control, apoyan también estos datos (74,75). En humanos existen mdltiples
ejemplos ya comentados del papel patogénico de la presencia de ADS pre-
trasplante renal (2-6), y de la lesion histolégica asociada con infitracién por
neutroéfilos, trombosis, etc, aunque sin estudios que evidenciaran la presencia
de complemento. La activacion del complemento (lisis y liberacién de
anafilotoxinas) es responsable del reclutamiento celular y la lesiéon histologica.

Sin embargo la existencia de dafio mediado por la apariciéon de ADS de
novo continda resultando polémica, sobre todo debido al uso de diferentes
técnicas en la deteccion de los ADS. TC Fuller y col. sugieren que una prueba
cruzada positiva por técnica directa pre-trasplante anticipa el rechazo
hiperagudo por la presencia de suficiente cantidad y calidad de anticuerpos
necesarios para fijar complemento. Sin embargo, segun estos autores, la
deteccion de ADS por técnica indirecta se correlacionaria con la aparicion de
“rechazo agudo acelerado”, ya que estos anticuerpos ocasionarian ADCC (48).
Plantean que la deteccion de ADS por distintas técnicas puede reflejar
diferentes mecanismos de dafio mediado por anticuerpos. Por otro lado, JC
Scornik y col. opinan que el significado de la presencia de ADS depende de la
expansion clonal de células B existente en el receptor (53). Asi, cuando la
expansion clonal es minima y la deteccion de ADS se obtiene con citometria de
flujo, el significado de la presencia de estos anticuerpos no implicaria mal
prondstico. Ademas, niveles bajos de anticuerpos pueden no activar el
complemento lo suficiente como para contrarrestar las proteinas reguladoras

presentes en la superficie de las células endoteliales (75). Otros autores
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sugieren que el dafio mediado por ADS puede depender de la variabilidad inter

e intra-individual en la expresion de los antigenos HLA del injerto (53,76).

NOMENCLATURA Y DEFINICION

Tras los datos expuestos hasta el momento, tenemos que sefalar que es
importante definir claramente la entidad “rechazo agudo humoral” o
“rechazo agudo mediado por anticuerpos”. Se han utilizado varios términos,
méas o menos afortunados, que han contribuido a la confusion en este campo.
Se ha empleado el término “rechazo agudo vascular” para etiquetar al rechazo
agudo severo, atribuyéndo una patogenia humoral (61,62,77). Sin embargo, el
“rechazo agudo vascular” no es necesariamente secundario a mecanismos
humorales, puede también corresponder a una lesibn mediada Unicamente por
linfocitos T (30,31,78,79). En concreto, la lesion de endarteritis 0 endotelialitis,
un tipo de “rechazo vascular” (rechazo tipo Il para las clasificaciones de Banff
(79) y CCTT (30)), puede ser debido a mecanismos celulares en ausencia de
ADS (80). Aun existe cierta controversia con respecto a los mecanismos
inmunoldgicos en el caso de rechazo vascular con presencia de necrosis
fibrinoide arterial (44).

Se han usado asimismo los términos “rechazo agudo acelerado” o
“rechazo hiperagudo tardio” para hacer referencia al “rechazo agudo
humoral”, aludiendo a la forma clinica de presentacion y no al mecanismo
patogénico. Algunos rechazos agudos celulares pueden presentarse como
“rechazos acelerados” probablemente debido a una respuesta celular
anamnéstica frente a los antigenos HLA del donante, y sin produccion de ADS
detectable pre o post-trasplante. Por otra parte, aunque en nuestra experiencia
el “rechazo agudo humoral” tiende a presentarse de forma precoz post-
trasplante, en ocasiones se produce a partir de la segunda semana (31).

Creemos que el término “rechazo agudo humoral” resulta mas

preciso para etiquetar este cuadro clinico-patologico al que nos referimos.
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Ademads, distinguimos entre rechazo hiperagudo y “rechazo agudo
humoral”, ya que el primero se asocia a niveles detectables de ADS en el
suero del receptor utilizando técnicas convencionales en el momento del
trasplante renal (prueba cruzada positiva pre-trasplante), que se unen al
endotelio y activan el complemento, conduciendo a una rapida pérdida del
injerto, habitualmente en minutos u horas. Sin embargo, aunque el momento y
la presentacion clinica del rechazo son diferentes, probablemente ambos
rechazos comparten mecanismos fisiopatologicos. En el rechazo hiperagudo, la
extensa activacion del complemento por los ADS excede la capacidad de las
particulas reguladoras de membrana y circulantes de evitar la lesiébn endotelial,
y acaba transformando la superficie vascular en procoagulante. Experimentos
con ratas deficientes en C6 y con inhibidores del complemento en las que el
dafio consecutivo a la transferencia pasiva de ADS es abolido o retrasado han
demostrado la importancia que el complemento y los ADS juegan en el rechazo
hiperagudo (74,81).

Proponemos y utilizamos como punto de partida para nuestros estudios
los siguientes criterios clinicos, seroldgicos e histologicos para la definicion de

“rechazo agudo humoral’:

1. Criterios clinicos: Evidencia de disfuncibn renal severa,

tipicamente cortico-resistente y con frecuencia resistente al
tratamiento antilinfocitario.

2. Criterios seroldqgicos: Demostracion de ADS en el momento del
rechazo, indetectables pre-trasplante.

3. Criterios histoldqgicos: Presencia de C4d de forma difusa en
capilares peri-tubulares. Pueden existir otros elementos
sugestivos en la biopsia renal, como neutréfilos en CPT,
glomerulitis, microtrombos en arteriolas o glomérulos, necrosis

fibrinoide, trombosis o infartos.
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HIPOTESIS

El rechazo agudo humoral es per se una entidad clinica y patoldgica,
gue es posible y conviene identificar adecuadamente, dado que supone un
porcentaje significativo de las pérdidas precoces del injerto post-trasplante

renal que podemos evitar con pautas terapéuticas no convencionales.

Nos proponemos profundizar en el conocimiento de los mecanismos
humorales del rechazo agudo revisando la conveniencia de los criterios
expuestos en la introduccién para el diagnéstico de rechazo agudo humoral,
evaluando la incidencia de esta patologia en nuestra poblacidén receptora de un
injerto renal y analizando con detalle las caracteristicas clinicas, seroldgicas e

histologicas de estos episodios.

OBJETIVOS

OBJETIVO PRINCIPAL

Ampliar y perfeccionar el conocimiento del rechazo agudo humoral post-

trasplante renal.

OBJETIVOS ESPECIFICOS

1) Determinar la incidencia de rechazo agudo humoral en la
poblacién receptora de trasplante renal de un centro hospitalario
universitario.

2) Estudiar las caracteristicas clinicas de estos episodios, asi como los

factores de riesgo asociados al desarrollo de rechazo agudo
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3)

4)

5)

humoral: edad, sexo, raza, enfermedad de base, tipo y duracion del
tratamiento sustitutivo anterior de la funcion renal, numero de
trasplantes previos, grado de incompatibilidad HLA, grado de
sensibilizacion.

Analizar los anticuerpos involucrados (tipo y titulos). Estudiar la
evolucion en el tiempo de los titulos de anticuerpos - relacionada o
no con la modificacién del tratamiento inmunosupresor-; asi como su
correlacién clinico-patoldgica, la evolucion a medio plazo y la
aparicion o no de un posible mecanismo de “acomodacién”
(permanencia de los anticuerpos sin aparente influencia sobre la
funcién del injerto).

Evaluar la validez de los datos histolégicos relacionados con el
rechazo agudo humoral, tomando la deteccion de la fraccion C4d
del complemento en capilares peritubulares como “gold standard”.
Identificar caracteristicas anatomo-patol6égicas que puedan implicar
un pronastico diferenciado dentro de este cuadro.

Evaluar el prondstico de los injertos renales que sufren rechazo
agudo humoral. Valorar la eficacia del tratamiento con
plasmaféresis, tacrélimus y MMF, en términos de prondstico de la

funcion del injerto, a corto y medio plazo.
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AST Eighteenth Anuual Meeting 1999

324

BE MOWOE PRODUCTIONN OF ANMTI-IILA  DOMNOR SPECIFIC
AMTIIORES DURING ACUTE REMNAL ALLOGRAFT REJECTION

C Avuie hameral respenses alter Kidaey  trssaplasmatien play o an
mmperiant rale m allograf® sweeival. Detection of circulating  donor
soecific antibodies (02500 15 2 major el an the diagnesss of acute bumaral
repeatoons [ANIR)L We determined the ingidence ol podt-transplant 154 1.0

analvie s speciliciy in the diagnoesis of AHER,  Berwcen Movember | 94040
and Septembar 1998, 2186 Kidoey  transplants  were perlormed at owor
mstptution, W miigelly sdentilied [0 cazes o AHE (4.6%2) acconding 0
strict arteriar 1) steroid  and  anti-lymphocyie  antibody  resistance, 2
tvpical pathological findings including neuteaphils and Cdd complement
deposition in periivhular capillasies and 1) ofe movo ant-HLA DSA at the
time of rejection. We searched for D5A in <7 cades from A4 other groups:
severe  (sierond-resistant)  acute  cellular rejection (3ACHE, n=2110 mild
fiteroid-respansive) ACK (mACR, n=10), acure renal dysfunciion not due
B rojection (AHKD, n=%) and mo renal dysluncoion (890, n=7), In 22 cases
the D% work-up was requested 1o rule out AR, In the semaining cases,
pust-transplant  crossmatches  {XM)  were  performed By protocal.
Immunosuppression  inclouded cyclosporine  (CaA) - prodoisone (P -
asatleprineg (n=4a4, Cs:";-F-m:.-'-:-::-ph-:m:'.I:m: maofeitl  [(MMMWEY  (n=9).
tzerolimus-P-MM&F (=11 and cyclophosphamide-P (n=1). AIIG enhanced
cwlploxic T cell MM, standard cytotoxic B eell M ar 377C and Now
cylamatric XM (T cell, 1g5) wers  performed. The groups wens
comparable in terms of age, race, underlying renal discase and type of
donor {cadaver ws. living). The number of highly sensitized patisnts (pre-
transplant PRA =50%) was higher in the AHRE (90%) wvs sACR (5%,
mACTR (0%), ARD (22%) and MO groups (14%6).  In the AHR group all
patients had positive post-transplant X5 with either anti-HLA class 1 (n=
iy or class I[ {n= 2} [g& antibodies. DEA were also found in 3021 sACR and
1% ARD patients. Retrospective staining for C4d showed deposits in
peritubular capillaries in these four patients, indicating a humoral
somponent to their allograft dysfunction. Graft swrvival rate ar six
maonths was lower in AHR (00%) as compared to sACR (85.7%), mACRE
(100%), ARD (38.9% due to one death) and WO (100%). 1n conclusion,
we found that de rowve production of anti-HLA DSA is specific for AHR
and i assogiated with complemeant mediated allograft injury. AHR tends
to accur in pre-sensitized patients, and was associated with lower graft
survival., A donor specific erossmatch should be performed in cases of
acute refractory rejection, 50 that aggressive treatment for AHR including
plasma exchange and racrolimus-MMMF rescue can be initiated if necessary.

b, Crespo, M. Pascual, M. Tolkoff-Rubin, I.M. Duan, D, Fitzrpatrick, A.B.
Colling, A B. Cosimi, F. Colvin and 5. L. Saidman. Depts of Medicine,
Surgery and Pathology, Massachusetts General Hoszpital, Boston, M.
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ESTUDIO PILOTO: “De novo production of anti-HLA donor
specific antibodies during acute renal allograft rejection”
(Transplantation 1999; 67 (7): S87 (abstract))

(Informacion méas completa para la presentacion definitiva del trabajo en el

Congress of the American Society of Transplant Physicians, Chicago 1999)

Partiendo de las experiencias previas de la Unidad de Trasplante del
MGH, revisamos los estudios de ADS post-trasplante realizados en 62/244
enfermos trasplantados entre noviembre de 1994 y febrero de 1999 (161
sueros estudiados) con objeto de averiguar el valor de la deteccion de ADS
post-trasplante (datos parciales recogidos en el abstract citado) (Crespo 99).
Diez de esos enfermos habian sido diagnosticados de RAH prospectivamente,
los otros 52 habian sufrido presumiblemente rechazo agudo celular cortico-
resistente (sAR, n=22), rechazo agudo celular cértico-sensible (mAR, n=11),
disfuncién aguda no secundaria a rechazo (ARD, n=12) o ningun problema
(NO, n=7), desde el punto de vista clinico, e histolégico cuando existia biopsia
renal. Sélo tres enfermos con rechazo agudo cortico-resistente y uno con una
biopsia compatible con nefrotoxicidad por ciclosporina (caso comentado en la
introduccion) habian desarrollado ADS en el momento de la disfuncion renal
(Tabla 3). Esos cuatro enfermos también presentaban depdsitos difusos de la
fraccion C4d del complemento en CPT en las biopsias correspondientes. Se
trataba por supuesto de una poblacién seleccionada (35 enfermos habian sido
estudiados prospectivamente para descartar respuestas humorales post-
trasplante y 27 retrospectivamente por motivo de estudio). Este andlisis nos
permitid concluir que la deteccion de ADS de novo en suero y de C4d en el
tejido renal son marcadores de mecanismos humorales de rechazo severo, con

cierta frecuencia asociados a mecanismos celulares clasicos de rechazo.
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RAH SAR mAR ARD NO
n=10 N=22 n=11 n=12 n=7
Post-tx ADS 10/10 3/22* 0/11 1/12* 0/7
Re- tx 4/10 2/22 1/11 4/12 217
Diferencias HLA 3,8+1,2 4,3+1,0 3,3+1,6 3,0+2,4 2,0+2,0
PRA> 50%b - pico 8/10 1/22 0/11 3/12 1/7
- pretx 7/10 1/22 0/11 2/12 1/7
Dia de RA (media) 8+3 13+8 17+2 - -
Injertos funcionantes 70 86,4 100 91,9 100
a los 6 meses (%0)
Creatinina (mg/dl) 1,9+0,6 1,5+0,3 1,3+0,2 1,6+0,2 1,3+0,3
6 meses (media) (n=6)  (n=18)  (n=11)  (n=8)  (n=7)

de C4d en CPT.

* En el estudio retrospectivo, estos 4 enfermos presentaban también depésitos difusos

Tabla 3.- Datos mas relevantes del estudio preliminar sobre la presencia de ADS en el
periodo inicial post-trasplante renal en distintos grupos de enfermos segun la evolucién

clinica.

sAR = Rechazo agudo cortico-resistente. mMAR= Rechazo agudo coértico-sensible. ARD =
Disfuncion renal aguda (funcién retrasada del injerto, toxicidad por ciclosporina). NO=

No disfuncion.




004 1- LT T D 0G-RH 20
TIANIFLANTATION - :
Copyright £ 2000 by Lippincott Willizms & Wilking, Ine

wal. 71, GR2-668, Mo &, March 15, 3001

Printéd (2 L&A

ACUTE HUMORAL REJECTION IN RENAL ALLOGRAFT
RECIPIENTS: L. INCIDENCE, SEROLOGY AND CLINICAL
CHARACTERISTICS!
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Background, Acute rejection (AIL) associated with
de nove production of donde-specific antibodies (D5A)
iz a clinicopathologiesl entity thal earries & poor prog-
nosis [acute humoral rejection, AHR). The saim of this
study was to determine the ineidence and clinisal
charpeteristios of AHR in renal allograft recipients,
and to further analyvee the antibodies involved.

Methodds, During o doyear period, 232 renal frans-
plants (Tx) were performed ot our institution. Assays
for DEA included T and B cell cytotoxic andfor flow
cyvlomelrie  erosss-malbches and  eyviotoxic antibody
sercens (FRAL Cdd complement staining was per-
formed on frozen biopsy Gssoae,

Results, A total of 81 patients (35%) suffered at least
one episede of AR within the first 3 months: 51 had
sleroid-insensitive AR whereas the remaining 30 b
steroid-sensitive AL Mo DEA were found in patients
with steroid-sensitive AR, In contrast, cireulating DSA
woere found in 151 patients (37%) with steroid-insen-
gitive AR, and widespread Cdd deposits in pecitubualar
c::pi.!]'.'l:l':ii‘:.‘s wiere proscent in 18 of these 19 (95%). In ot
least theee cases, antibodies were against donoer HLA
elass IT antigens. DEA were not found in the remaining
32 patients bul Cdd stoining was positive in 2 of 32,
The I¥sACHd positive (n=18] and DEANCAd negative
=30 groups differed in pre-Tx PIRRA levels, percent.
apfe ol red'Ux patients, refractoriness to antilymphoeyte
therapy, and outcome. Plasmapheresis and taceol:-
mus-myeophenolate mofetil reseue reversed rejection
in 8 of 10 recipients with refractory AHR,

Conclusion. More than one-third of the paticnts with
steroid-insensitive AL hoad evidence of AHR, often re-

T Presented as an cral comemunicntion nf the First Joint Meoting of
the Amerienn Society of Tranaplant Surpeone and Amerean Sociely
of Trangplantation, May 13-17, 2000, Chicago, IL.
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sistant to antilyvmphoeyie therapy., Most cases (95%)
with DSA at the time of rejection had widespread Cdd
deposits in peritubular capillaries, suggesting &
pathogenic role of the circulating alloantibody. Coms-
bined DEA testing and Cdd staining provides a useful
apprasch for the carly dingnosis of AHR, a condition
that often necessitates a more intensive therapeutic
TESCUe Mg,

INTRODTCTION

[n recent wears, acute renal allograft rejection associated
with the development of donor specific antibodies {DSA) has
emerged as a elinicopathaelogieal antity that carries a poor
progmesis (aeute humaoral rejection, AHRER (1=7), Tubulitis
and endothelialitiz characterize T oell-mediated rejection
incute cellular rejection, ACR). In contrast, typical patholog-
ical features of AHR by light microscopy include neutrophils
in peritubular capillaries, vasculitis, and fibrinoid necrozis in
vegzel walls (§-100 although no single histological feature is
cansicdered b be diagnastic,

The risk of graft logz has tyvpically been high in recipients
with AHR, with 1-year graft survival rates varying befween
15 and 50%: despite intensive conventional immunosuppres-
give therapy (i-4, 1f, 12). We have recently veported that a
new approach combining plasmapheresis and “taerolimuos-
ryeophenolate mofetil {MMF) rescue” can more consistently
suppress DA production and prevent allagralt loss in these
patients, and, therefore, has the potential to improve the
guteome of AHE {4,

The significance of DEA in the diagnosis of renal allografi
rejection has been wnclear, with 35=-100% af the reportaed
patients with D3A suffering from rejection at the time (1, 12,
{41 This vartability iz likely related to differences in the
sensitivity and specificity of the assays used to detect DSA,
and demonstracea the need for more specific assavs for the
diagnests of AHRE. Supporting the initial work of Feacht ot
al.( 5], we recently found that peritubular eapillary (FTCH
staining for C4d, a durable split preduct of C4 that indicates
activation of the clazsical pathway of complement, is the
marker that best identifies AHR in renal allograft biopzies
(18], Cdd remains covalently bound to nearby endothelivm ar
basement membrane collagen, thereby providing in situ
pathological evidonee of an anti-donor humoral response

The purpose of our study was to determine the incidence of
AHE in our transplant population, and to identify its clinical
characteristics, We reviewed our experience over a 4-year
pericd (1995-19%3) and performed both sensitive and specific

G2
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technigues for antibody detection, and corralated them with
the presense of widespread Cdd staining in PTC to identify
patients with AHE.

PATIENTS AND METHODS

Fatiend pepaletion ped lmomneacseperession. Tetween July 1905
and July 1988, 232 kideey transplants (127 cadavor, 76 living res
lated, and 30 living unrelated) wers performed in 143 males and £5
females (1 patient recived twa transplants). Demographics of the
population arc shawn in Table 1. We excluded 10 recipients who
received comnbhoed kidneepanereas (n=8) or kidney-liver Leans-
plants (m=5, amd I patients who underwent tolerance-induction
study pn_-.wu_-:ul_g {181 fram the analysis. Bnseline immunosuppredsion
included crclosporins and prednizens, with er witheut azathingrine,
hotwspn July 19%5 and oy 1997 (i 7); and cyclosporine, yn:i].u.ial:-.u.-e.
anid mycopheoolate mofetal betweon June 19497 and July 1989, Clin-
ically diagresed epizodes of acute rejection considered in this stedy
were biopsy-conlicmed in 8% of cases, using eriteria pablished pre.
wipashy (180 AR was initially treated with daily intravensas math-
3,-|;|r{-;]ni3|::-'h::-nn {50f mg), and il no significant improvement in alle-
graft function was seen within 2 or 3 daye (“sterold Insensitive”
pejection], manechanal (M1 mab or anti-CDZ mabl, or palyclonal
antilymphoeyte therapy (ATEAM) wis administered for T to 15 days.
Absence of improvement in allogealt function waz defined by no
decreass in serum creatinine from its penk volue during the rejection
episede. Clhingeal information was colleeted by chart poview and wsing
the: Transplantation Unit database.

Dergetrare of DEA Pre- nnd post-TH DSA wets perdormed included
complement-depandent-gytataxc (CDO and flow cytometree aseays,
For CIEZ, T nnd B cells were isolated using immunomagnetic beads
(Dynal, Lake Siesess, NY), Four wash antihuean-globulin-en-
hanced (AHG) CDC assays wers done with T cells and standard and
four wash COC at 3T°C with B cells as previowsly described (19, 207,
[gl wae differentiated from Tghf wsing dithiotheeitol (DTTL Fos
patients receiving OHTE, the murine mencclonal antibody was re-
maoved using immunomagnetic beads hound with sheep anti-mouse
[g (251, Fer pationts receiving ATG, cross-match fests wer per-
formed by twoecolor flow eytometry using phycoerythrin-labeled an-
003 AT eefls) or anti-COI% (B eollst mAb and allinity poarified
Muorescein-issthiccvanate-conjupated  poat-antibuman  1gG  (Fab)
that dif nol ceassreact with horse or msouse immunoglobulin, Se-
lected patients were ested by both cylotoxicity and flow cytometry
asszys, We have found that cur AHG and Mew cytomectery pesays have
gimilar sensitivity (221

For pretransplant cross:mnteh, seen from the previous § months
(far senaitized, retransplant, or lving donar recipientzl or the mast
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recent serum only (for unzensitized recipients of eadaveric trans-
plants) were tasted against peripheral blood lymphocytes from living
donars or lymphocytes from eadnver lymph acdes or apleen, Pancl:
reactive antibodios (PRA) againsl T and B eells weee determined by
cylotoxicity using local frozen osll panela (40 and 20 cells,
respectiviely i

Proteanaplant PRA were detecmined monthly with T cells and
quarterly with B eells. Pesttransplant PRA were determined when
donar or apprepriate surrogate cells were oot available for crogs-
maleh and fo identify HLA specificity of IBA in select patients. [n
some cnses, FILA specificitics were determined or conficnzed with
purtlied HLA antigens using an BLISA technique (LAT, One
Lambdn Inc., Canogn Park, CAL Posttransplant assays for DSA
testing were peclormed aither prospectively (n=38 patients) using
sera epllected ot the time of rejection or retrospectively (n=40 pa-
tienied with sera stored at =30°C at the time of eejection. Three
paticnts did not have sern available for [N3A Lesting. Deacr cells
warn stored at —85°C at the time of the transplant ar were collected
fresh from some living denars.

Fathology, Benal hiopsies wore pbtnined at the time of rejection
from 72 patients and 70 had sufficient frozen tissue available for
immuncpatholegical studies. Paraffin.embedded tissues sections (2-3
pin} were stalned with hematoevdin and eosin and perindic acid-
Schifl stains. Direct immunofuorescenoe using mano-spesific rabbit
antisora agninst human IpG, IpM, IghA, G, albomin, fbrindibrnoe-
gen, and a sensitive three-step immuncdleorescence technique for
C4d staining was performed on frozen kifney tissue as described
(10) The details of the pathologic studies are deseribed in a second
report (hauivyedi et ol., manuscript in preparatian).

Stetistioel orolveiz, Parametric woriables are ecxpressed as
mean=50, and nonparametric variables are sxpreseed a8 medians
and ronges. Statisticnl tests were performed with the assistanoe of
the SAS packape program, and included y* for qualitative varinbles;
ANONVAwith test post hoo (Scheffe test) for the mfaiibnall:ip Lt sy
qualitative and quantitative parameters; pnd Aann-Whitney and
Krugkal-Wallis H lor nonparametris variables,

RESULTS

During the study period, 81 of the 232 renal allograft
roecipients (5% sulfered at least one epizode of acute rejec-
tion within the first. 3 months posttransplantation. The AR
epigade proved to be steroid insengitive in 51 of these 81 cazes
isAR proup: 63% of total AR cases and 22% of the total study
papulation). Mine of these 51 patients suffered two episodes
of acute rejection within the first 3 months posttransplant

TanlE L Demographics for renal transplant recipients with and withouwt acute rejection (AR)
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gng bt least ane of the episades was steroid insensitive. The
remaining 30 patients (mild acute rejection group: 37% of
AR) had mild, atercid-sencitive rejection episodes. As de-
tailed in Table 1, there were oo significant differences in sex,
race, etislogy of end-stage renal diseise, and Lme an dialysis
before transplantation betwesn patients with no AR and
those with sAR or mild steroid-sensitive AR Age was lower
in patients with mild AR versus those with ne AR, Patients
with sAR were on dinlysis longer pretransplant than were
pitients with mild AR,

Sterpid-Insensitive Acute Rejootion Group

Frepranspland assays for DSA. Al patients (n=561} re-
eaived their cransplants with negative immaediate pretrans-
plant T cell crazs-matches by AHG CDC. At the time aof
rejection in these recipionts, we retested the pretranspland
samples, 28 by AHG and 23 by hoth flow evtometry and AHG.
We tound that 251 patients had very weakly positive retro-
gpactive T eell eross-matches with pretransplant sern using
frozen instead of fresh donor callz (23). Both flow evtometry
and AHG CDC confirmed these. Forty-four of 51 patients had
nagative B cell COC cross-match az well and the remaining
patients had pretronsplant FRASE oqual to 0%,

Two primary transplant recipients had very weakly posi-
tive flow cross-matches (ane T, one B) but CDC was consis-
tently negative and neither developed postéransplant D3A,
Cine highly sensitized recipient had a borderline positive
ALG eross-match, but was negative by flow with both T and
E cells.

Pogitrangplond assayvs for DSA. A total of 165 serum sam-
plez from these 51 patients were tested. Sera were collected
at the time of acute rejection, except for one patient tested
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within 2 weeks and one patient tested within 1 month of the
rejection episode. All 51 patients had a DEA study performed;
26 by cytotoxicity, 14 by flow, and 11 by both techniquea. We
found DSA in serum samples at the time of rejection in 15 of
these 51 recipients (37% of patients in the stecpid-inzensitive
AR group), Seventeen of 19 developed [gG DEA. At the time
of the first positive cross-match, sight were positive with both
T and B gells, ve wera positive with T cells only (B cells were
negative or untested), and four were positive with B celle anly
T cells were negative), Twa of 19 had IgM only against donor
E cellz. Wa could determine DSA specificity for 10/19 patients
using PRA bests: 6 recipients had anti-HLA elasa 1 DA, &
had anti-HLA elass [T, and 1 had a positive T cell erass-mateh
but anly antibady specificity against class 1 antipens could
be defined. These and other immunalogical data are shown in
Table 2, The remaining 32 patients wera not found to have
DEA at the time of rejection, Thirty-one had negative T cell
cross-matches and one had PRA-T equal to 0%, 26 had neg-
ative B cell cross-matches, and 5 had PRA-B equal to (6.

Cded stacning. The test was performed in bispsies taken to
dispnose the cause of the renal allegraft dysfunction, except
for ane patient whose only available feozen tiszue was ob-
tained approximately 1 month after the rejection episode. All
17 paticnts whe developed [pG DEA at the time of rejection
had widespread and diffuse C4d deposits in PTC in their
hippsies, One of the two reciplents who formed TIghd DEA
pgainst donor B cells showed widespread C4d deposits n
PTC. The ather patient had typical patholegical features of
AHRE by light microscopy {neutrophils in PTC and intersti-
tiven, fibrinoid necrosiz of arterioles, and acute tubular inju-
r¥], but only demonstrated focal Cdd deposits in PTC.

In the 32 recipionts who did not develop DSA after the

TanLe 2, Cross-match resalts and antibedy apecilicity in patients with posttransplant [TSA
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trinsplant, two patients hed widespread Cdd deposits in
PTC (6%, These two patients had no detectable serem anti-
bodies apatnat donor T or B oells as tested by flow cytometry
and cytotoxicity, respectively, The serum from one of these
patients was further tested pgainst a panel of keratinogytes
in an sttempt te dentify non-HLA antibodics, bot no such
antibadies could be detected (24). The renal biopsy pathology
of Bath these patients was similar to the other C4d+ AHR
casas, with prominent neutrophils in PTO, glomerular capil-
laries, and tubulez. One of these patients lost the greaft six
weeks posttransplant, and the nephrectomy specimen had
govery fbrinoid necrosiz of arterioles and endarteritie, in
addition to capillary newtrophils,

Clintend features of potients with asule Monoral refection
persue oopte cellelar rjeclion, The detection of both serum
N3A and C4d deposits in PTC at the time of rejection allowed
us to define 15 recsipients as having primarily AHR
(DSA+C4d+) and 30 recipients, with severe acute cellular
rejection {severe ACR) who had no spparent humaral com-
ponent (DSA—C4d ). Table 3 comparea the clinical and im-
munological data in patients with AHR versus those with
severe AR, and also shows the characteristics of mild acute
rejection patients. The number of HLA mismatches was sim-
ilir, However, recipients in the AR group were significantly
more frequently sensitized, as measured by historical and
curcent PRAs, (P<00.05), and maore petients in thiz group
were recipients of re-transplants (7718 va, B30, F<0.05),
Cadaveric donors were more comman in the AHR group than
in the severe ACR group (P<0.05), The onset of rejection in
the AHE group was somewhat earlier; however, this did not
reach statistical significance. The percentage of recipients
with delaved graft function and the percentage of patients
recaiving antilymphocyte therspy ns induction immunosup-
pression did nat differ in the two groups. Moreover, there was
no significant difference in the ingidence of AHR between
patients receiving  different baseline immunosuppressien
regimens [evelosporing and prednzsone, with or without aza-
trinpring, verzuz cyelesporine, prednizene, MMF) Both of
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the AHR patientz with a retrospective weak positive pre-
transplant eross-mateh (Table 2, patients 1 and 17) had
primary nonfunction (the grafts never functioned}.

Rejection was more often resistant to antilymphacyte ther-
apy (no decrease in serum creatinine after 3 to 4 days of
trestment) in recipients suffering AHE than in the severs
ACR group (67 va. 3%, F<0.000) and their graft outcome was
gignificantly worse (78 ve. 87%, P<0.05). However, serum
creatinine values at & months for fenctioning grafts were not
significantly differant.

We found that thres patients with steroid-insensitive
acute rojection did not fulfill the strict definition af either
AHR(DSA+C4d+) or severe ACE (D3A=Cdd =), One patient
developed an TeM DESA but did not have widespread Cdd
deposita in PTC (Tahle 2, patient 11), and two patients hod
widespread Cdd deposits but no detectable serum DSA, The
pationt who developed IgM DSA of unclear specificity pre-
sented with refractory acute rejection and pathelogieal fea-
tures of AHE, and he was treated according to the protocal
below. OFf the teo patients with C4d and ne DEA, one lost the
graft due to ongeing rejection at 6 weeks despite OKTS and
AT treatment, although the other petient has good allograft
functon 16 months posttranzplant (zerum crestining 1.6
engrdl).

Treatment of refection asscciated with DSA, Thirteen of
the 19 patients (67%) found to have cireulating DSA at the
time af acute graft dvsfunction had a clinical poture of re-
fractory acute Tejection, that is a rejection episode resistant
Lo bioth steraid boluses and antilymphocyte therapy. Primary
nonfunction eceurred in 2 of the 13 patients {as mentioned
abave). One patient, the initial casze to be identafied, did not
receive the protocol treatment deseribed below and lest the
graft at 6 months due to ongoing rejection despite sequential
courses of therapy with OKT3 and ATG.

In 10 consecutive recipients with refractory AHRE, a regi-
men of plasmapherezia (PPh) with “tacralimus-mycophens-
late mofetil (MMEF) rescue” was initiated (4. Daily PP (five
sesziang, 1.3 velume per exchange), followed by alternate day

Tanry 3. Cliniesl and immunelogical duta lor pationts with acute rejeetion
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PFh ifive sessions) it necessary, ware combined with tacroli-
mus (mean 0.11 mp'kgday, with target plasma trough levels
af 10-15 na'ml ond MMF (2 pday initial dese). Sequential
DEA titers were measured throughout the treatment regi-
men, This therapeotic steatery sipnificant]y decreased ciree-
lating DEA over 2 to 4 wecks, with reversal of the rejection
process in 910 patients, One patient (Table 2, #d) sulflered
from recurrent AHR, 1.e., another episods of renal dysfung-
tiopn with increase in DSA titers, and was successiully treated
with additional PPh (4}, At the ead of PPh, polyclonal immu-
neglabulin (0.4 g/kg) was administered i.v. to mit the risk of
infections complications, The total number of PPh trost-
ments was puided by response to therapy {improvement in
allogredt function} and serum levels of DSA, OF note, in one
patient low levels of DSA weore detected for 6 monthes after
FPh, yet renal function had returned to normal,

Currently, with a mean follow-wp of 28 months (range 9
months to 4.2 years), patient and graft survival are 100 and
B0 imepn serum erpatinine 1.5x0.4 mpg'dl), respectively.
The only graft losses were due to refractory AHR and anci-
flamerular basament membrans disease at day 10 {third
transplant in & recipient with underlving Alport’s disease)
and to allagraft glomerulopathy asseciated with CMV vire-
min at day 200, Pulmenary erypbeoescal infection oceurred in
ane patient, and was seccessfully treated by lobectomy and
prolonged Juconazale administration at 3 years postirans-
plant. There were no neaplastic complications in patients
who received PPh and tacrolimus-MMFE rescue.

Six of the 19 patients with AHR respanded to v, methyl-
prednizolone boluses and antilymphoeyvte therapy and there-
fare did nob receive the therapsutic regeue regimen. Five of
the six currently have good allograft function and one died
[with a funetioning graft) of metastatic bladder cancer 40
months posttransplant, OF note, lew titers of DSA were
pragant at the time of rejection in five of these six patients,
This was in conlrast Lo patients with refvactory AHR, where
only 2 of 13 had low titer antibodies,

Sterotdesersiiion aoate refection gronp

Thiety of 81 patients with AR presented with stersid-sen-
sitive acute rejection epsedes (Table 1), Sera taken at the
time of rejection were available in 27 patients; 23 had nega-
tive T cell cross-matehes and 4 had PRA-T cqual to 0% at the
timee of pejection; 18 had negative B cell crose-matches, and 9
had PRA-B equal to 0%, A total of 21 recipients had allogratt
bigpsies at the time of rejection, and 19 had frozen tizsue
avilable for Oddd stoinengg, One epsy showed Cdd staining
in PTC, but unfortunacely there was no available serum
sample to test for DSA in thus patient.

Clinical and immunalogieal data for thiz group are shown
in Table 3. Patients with mild acute vejection were similar to
the steraid insensitive ACGE group, However, none had de-
layed graft function, an unusual Anding because the ineo-
denee of DEF in cor renal transplant population has always
approximatad 20% in cyclogporin A-treated patients.

DISCUSSI0N

[n thes study, we determined the incidence and clinical
characteriztica of AHR in Kidney transplant recipients over a
d-year period, by using sensitive and specific cross-match
techniquea and analyzing C4d depesitz in renal allograft
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biopsies from patients with AR. We have also extended our
previously reported ohservations with the use of PPh-tacroli-
mus-MMF rescue therapy in the subset of patients whe
present with refractory AHR, a condition that typically e
riez & poor prognosis (1=4, 11, 12

We found an overall incidence of AHR of 7,7% in our renal
tranzplant recipients, as defined by acate rejection assoc-
ated with DSA. Of the 19 patients who were found to have
DEA in posttransplant sera, 18 (35%) alzo had prominent o nd
diffuse Cdd depesits in allograft biopsy PTC, a marker of
antibody-mediated rejection (10). This contrasts with pa-
tients wha developed AR but without serum DSA, who were
rarely (6% of biopsics) found to have Cdd in PTC. These
rezults confirm that C4d etaining of allograft biopsies pro-
vides a useful molecular tool to identify the presence of hu-
maral mechanizms of rejection at the time of graft dyvefune-
tion, Previous studies have noted the central role af
complement activation in allograft damage mediated by DSA
(£5-271 and therefore the prasence of C4d deposition in the
biopeies can be taken as ovidence supperting a pathogenic
rale: of the ereulating DEA.

Tha typical clinical presentation of AHR was that of early
(within the firgt week) severe rejection (n=11}, poorly respan-
give to both methylprednisolene boluses and antilymphocyta
therapy. Thiz is consistent with previous observations, in
which AHR carricd o poor prognosis with a risk of earvly praft
loss varying from G0 to 85% (1-3, &, 11, 28], The second most
frequent clinical presentation in our series was that of "clas-
aic” acute rejection (n="T}, i.e., allograft dysfunction occurring
after the firsl wesk posttransplant.

Four AHE cases had delayed graft funetion or primary
nanfunction. We and others have suggested that delayed
graft function or primary aenfunction due to AHR is probably
associated with low levels of DSA undetected by the pre
transplant cross-mateh (5, ¥, 29), but that become apparent
in recipient sera a few days posttransplantation. This was
confirmed in the two patients with primary nonfunction, in
whom retrospoctive cross-matehes ysing frozen cells demoen-
slrabed very low levels of DSA (23). Theze two graft failures
did not mest the definition of “hyperacute repection” (graft
losz pecurring in minutes or hours), a8 renal scans revealed
persistence of renal bleod flow in the early days postirans-
plant. However, the pathogenic mechanizms of hyperacute
mejection or AHR presenting as primary nonfunction are
likely to be similar, that is local comiplement activation after
D34 binding ta the graft vasculature.

Thare were also rare cases of primary transplant recipients
with no apperent evidence of sensitization but whe developed
humoral rejection early posttransplant. One example is pa-
ticnt B, an apparently unsengitized male who received a
kidney transplant from his mather, and whe was diagnosed
with severe rejection and hiph titer DEA within the first
week. Another example is patient 4, who received a kidney
fram her 32-year-pld daughter and developed DEA T days
posttransplant despite having no detectable antibadies pre-
transplant. This caze iz similar to reports of accelerated
rejection in previsusly pregnant women who receved ca-
daver donar kidneve that zhared mismatched paternal anti-
grns (300,

Ome striking finding of our study iz that more than one-
third of patients with steraid-ingensitive acute rejection had
evidenes of AHR. This emphasizes that screening for de novo
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produstion of TREA should be parformed in all venal vecipients
with steroid-insensitive A 3ix of the 19 patients with [SA
were identified retrespestively, demonsteating that this type
of AR iz often associated with scute eellular rejection and
thercfore 15 nob always dotected by elazsic patholegy (2ee
comppanion  paper, Mauiyyedi et al., manusenpt n
propuirisbiga b

Higher historical and pretransplant sensitization, and o
previous filed allogeaft, were found to be risk factors for
AL, suggesting that an anomnestic humoral response
againat doner antigens may play a role in the pathogenesiz of
this tvpe of rejection, In addition, it alse suggests that an
averall stave of enhanced humeral alleveactivity may facili-
tate o denor-spectfic response, or alternatively such patients
may be “high reaponders” who are more likely to develop
antthody in response o oan allogmait More cudaver donors
were in the AHR group compared to the other two rejection
groups, consistent with the hypothesis that ischemie damage
inereases the immunogenicity of the transplanted srgan (31),

[n aur series, B of the 19 patients with DSA initially pre-
sented with B cell positivedT cell negative cross-matches,
Some avthors have nated that anti-HLA clazs T DA ara
pradominantly invalved in cousing AHRE (2, 2, 71, However,
wei epuld determine the specificity in three of the six, and all
were dirceted agninst mismatched doner class 11 antigens,
sugreating that in at least three cases, anti-HLA class 11 DSEA
plaved @ magar role in the AHR process, One of the donors
was mismatehed only for elass [[ antigens, confirming that
clags I DEA were the only alleantibadies invelved in this
case, However, half {three of six} of these patients developad
waak positive T cell cross-matches within a few days, thus
making it impassible to discern if anti-HLA class [ DSA were
or were not alse playing a role in the initial rejection procass.

Twn potients (nos 11 and 15) developed [gM antthody af
unclear spegiticiby against denor B cells, These antibodies
tay not have been directed against any HLA or other anti-
gens present on the kidney, and therefore it cannot be con-
cluded that the Ighl wasz directly invelved in the rejection
process, These patients, as well as the two patients with
widespread C4d deposition yet no detectable DEA may in-
stead have had non-HLA antibodies apainst endothelial spe-
cifie antigens (34, 32-24) that could have caused the humoral
rejection and complement deposition. However, another ex-
planation may be that these patients had HLA antibodies
below the level of detection of our assavs, perhaps becausge
must were abserbed by the kidney sand therefore not present
in the circulation,

In 10 pabients with refroctery AHR identified prospes-
tively, we used PPh and tacrolimus-MMF rescue in an at-
tempt be remave and suppress production of DSA, With this
combined cherapeutie approach, suecesafial initial reveraal of
AHR was nchieved in 9 of 10 patients. [t shoold be noted that
at the end of the PPh treatment, polyelonal iv. immunogslab-
ulin {TWTg: 0.4 phgd was administered to prevent infections
comnplications. Az ather groups have reportad that high-dose
(2 whke) polyvelonal immuneglabulin can contral AHR (351, a
contribution of the [VIg cannet be ruled out.

Wea have found that the sombination of tacrolimos and
MMF is highly effective in preventing s rebound in antibody
synthesiz after the inical removal of DSEA by PPh. This
abaervation n patients with refractory AHR has been con-
firmed in the treatment of chronic rejection associated with
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B4, in which rescue with tacrolimus and MMF alane (with-
pt PFPh) ean effectively suppress anti-doner antibody pra-
duction (Pascual M, unpublished results) Interestingly,
MMF has been shown to inlubit Ab production by B cells in
vitro and in vive, and this property appears to be useful in the
combrel of humeral responses in humans (26}

Frorm thesa observations, a strict definition of AHR in rensl
transplantation ean be prapesed which would incorperate the
following features. 1) Evidence of acute allagraft dysfunctaon,
typically steroid-ingensitive rejection, requiring the addition
of mere intensive immunesuppression, such as antilympha.
cyte therapy, and often resistant to it 8) The presence of
widezspread Cdd deposits in peritubular copallaries (201 In
addition, other pathological features such as neutrophils in
peritubular capillaries and interstitium, neutraphilic tubli-
tiz ar glemerulitiz, microthrombi in arterioles and glomeruli,
arteritis with fibrineid necrosis, thrombests, and infaretion
are more prevalent in this kind of rejection (56,85
{Maiuyyedi et al., manuscript in preparstion). 3) Demenstra-
tion of previpusly undetectad DEA in the recipient serum at
the time of rejection. Most frequently DSA are TpG anti-HLA
clags [, but g anti-clagz [T or [g3 DSA may also be associ-
ated with AHR, In spome instances low titers of DEA, which
were undetected at the time of tranzplant with routine cross-
mabeh technigues, become apparent in serum in the early
days posttransplant. Rarely, DSA not reactive with HLA
antigens an donor lvmphacytes may cause a clinicopathelog-
ical picture consistent with AHIK (34, 32-24),

However, we suggest that from a elinical and therapeutic
perspective, the presence of D3A in serum only or Cad de-
pasits in PTC anly in a patient wich severe allograft dvsfune-
tion may justify nn aggressive approsch, becouse in thege
patients angoing humoral mechanisms of rejection are likely.
Combining DSA testing in serum and Cdd staining of bopsy
tizsue provides a useful approsch to dingnose AHE,  condi-
tion that often necessitates an intenzive therapeutic rescue
regimen. Currently st our instifution, a5 scon as the diagne-
sis of AHE has been established (stercid-insensitive agute
regection, Cdd+, DA, we initiate a therapeutic regimen
that includes antilymphocyte therapy, tacrolimus-mycophe-
nalate rescue and daily PPh for 5§ sonsecntive days, followad
by alternate day PPh if necessary for up to five additional
procedures,
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Acute Humoral Rejection in Kidney Transplantation: I1.
Morphology, Immunopathology, and Pathologic Classification
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Abstract. The incidence of acute humoral rejection (AHR) in
renal allograft biopsies has been difficult to determine because
widely accepted diagnostic criteria have not been established.
C4d deposition in peritubular capillaries (PTC) of rena allo-
grafts has been proposed as a useful marker for AHR. This
study was designed to test the relative value of C4d staining,
histology, and serology in the diagnosis of AHR. Of 232
consecutive kidney transplants performed at a single institution
from July 1995 to July 1999, al patients (n = 67) who
developed acute rejection within the first 3 mo and had a renal
biopsy with available frozen tissue at acute rejection onset, as
well as posttransplant sera within 30 d of the biopsy, were
included in this study. Hematoxylin and eosin and periodic
acid-Schiff stained sections were scored for glomerular, vas-
cular, and tubulointerstitial pathology. C4d staining of cryostat
sections was done by a sensitive three-layer immunofluores-
cence method. Donor-specific antibodies (DSA) were detected
in posttransplant recipient sera using antihuman-globulin—en-
hanced T cell and B cell cytotoxicity assays and/or flow
cytometry. Widespread C4d staining in PTC was present in
30% (20 of 67) of al acute rejection biopsies. The initial
histologic diagnoses of the C4d™ acute rejection cases were as
follows: AHR only, 30%; acute cellular rejection (ACR) and
AHR, 45%; ACR (CCTT types 1 or 2) alone, 15%; and acute
tubular injury (ATI), 10%. The distinguishing morphologic
features in C4d™ versus C4d~ acute rejection cases included
the following: neutrophils in PTC, 65% versus 9%; neutro-
philic glomerulitis, 55% versus 4%; neutrophilic tubulitis, 55%
versus 9%; severe ATI, 75% versus 9%; and fibrinoid necrosis
in glomeruli, 20% versus 0%, or arteries, 25% versus 0%; all

P < 0.01. Mononuclear cell tubulitis was more common in the
C4d™ group (70% versus 100%; P < 0.01). No significant
difference between C4d™ and C4d~ acute rejection was noted
for endarteritis, 25% versus 32%; interstitial inflammation
(mean % cortex), 27.2 = 27% versus 38 £ 21%; interstitial
hemorrhage, 25% versus 15%; or infarcts, 5% versus 2%. DSA
were present in 90% (18 of 20) of the C4d™ cases compared
with 2% (1 of 47) in the C4d™ acute rejection cases (P <
0.001). The pathology of the C4d™ but DSA™ cases was not
distinguishable from the C4d™, DSA ™ cases. The C4d" DSA™
cases may be due to non-HLA antibodies or subthreshold
levels of DSA. The sensitivity of C4d staining is 95% in the
diagnosis of AHR compared with the donor-specific antibody
test (90%). Overall, eight grafts were lost to acute rejection in
the first year, of which 75% (6 of 8) had AHR. The 1-yr graft
failure rate was 27% (4 of 15) for those AHR cases with only
capillary neutrophils versus 40% (2 of 5) for those who aso
had fibrinoid necrosis of arteries. In comparison, the 1-yr graft
failure rates were 3% and 7%, respectively, in ACR 1 (Banff/
CCTT type 1) and ACR 2 (Banff/CCTT type 2) C4d™ groups.
A substantial fraction (30%) of biopsy-confirmed acute rejec-
tion episodes have a component of AHR as judged by C4d
staining; most (90%), but not all, have detectable DSA. AHR
may be overlooked in the presence of ACR or ATI by histology
or negative serology, arguing for routine C4d staining of renal
alograft biopsies. Because AHR has a distinct therapy and
prognosis, we propose that it should be classified separately
from ACR, with further sub-classification into AHR 1 (neu-
trophilic capillary involvement) and AHR 2 (arterial fibrinoid
Necrosis).

Acute rejection of renal allografts is considered primarily a T
cell-mediated process (acute cellular rejection, ACR). Therole
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of humoral mechanisms, although well recognized in the set-
ting of hyperacute rejection, ABO-incompatible transplants,
and xenograft rejection, has received less attention in the
evauation of acute alograft rejection. In fact, diagnostic cri-
teria for acute humoral regjection (AHR) are not well estab-
lished in the current classification systems for renal allograft
rejection (2,3).

Nearly 20 yr after the observation by Jeannet et al. (4) that
posttransplant, de novo, donor-specific antibodies are associ-
ated with a poor outcome, this area is attracting renewed
attention. Circulating cytotoxic antidonor HLA class | antibod-
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ies can be detected in about 23 to 38% of patients with ACR
(5,6). These rejection episodes typicaly have an aggressive
clinical course. Feucht et al. (7,8) first proposed the use of C4d
staining of peritubular capillaries (PTC) in the renal alograft
biopsies to identify patients with severe cellular rejection and
associated C4d with pretransplant panel reactive alloantibod-
ies. Whether C4d was correlated with donor-specific antibod-
ies or pathology in their studies was not established. C4d is a
fragment of complement component C4 released during acti-
vation of the classical complement pathway by antigen-anti-
body complexes (9). Because C4d contains an internal thiol-
ester bond, it binds covalently to tissue elements at the local
site of activation and is potentially, therefore, a durable marker
of antibody-mediated injury.

We recently reported a series of patients selected for circu-
lating de novo donor-specific antibodies and biopsy features
regarded as typical of AHR, including peritubular capillary/
glomerular neutrophils with or without fibrinoid necrosis (10).
In al these cases we demonstrated the conspicuous deposition
of C4d in PTC of rena allograft biopsies and proposed that
C4d isaspecific in situ marker of antibody-mediated rejection.
In that study, the possibility of AHR in the absence of typical
morphologic features or positive HLA serology was raised but
was not addressed.

Although morphologic features (6,10,11,12,13) may some-
times distinguish AHR from ACR, we suspected that the
diagnosis might be missed if the typical features of AHR are
focal or if cellular rejection is also present. We designed the
current study to test the relative value of C4d staining (immu-
nofluorescence microscopy) as well as histology and serology
(circulating de novo donor-specific antibodies) in the diagnosis
of AHR in al patients who underwent renal allograft biopsies
for suspected acute rejection. The serology and the clinical
characteristics of these patients have been reported previously
(14). In this report, the morphologic features of C4d* acute
rejection are compared with C4d™ acute rejection, and diag-
nostic criteria for classification of acute rejection in renal
alografts are proposed.

Materials and Methods
Patients

Of 232 consecutive rena transplants performed at the Massachu-
setts General Hospital over a4-yr period (July 1995 to July 1999), 81
patients suffered at least one episode of clinical acute rejection in the
first 3 mo after transplantation. Clinical acute rejection was suspected
in cases with acute alograft dysfunction with normal or subtherapeu-
tic levels of cyclosporine and normal findings by renal ultrasound. Of
these, al patients who had undergone a renal biopsy at onset of acute
alograft dysfunction with: (1) available frozen tissue for immunoflu-
orescence microscopy and (2) available posttransplant serum samples
within 30 d of the biopsy for donor specific antibody testing were
included in this study (n = 67). The remaining cases (14 of 81) with
clinical acute rejection were excluded because nine patients had not
undergone a rena allograft biopsy, four patients lacked frozen tissue
for C4d staining, and one patient lacked serum to test for donor
specific antibodies.

Clinica data were gathered from our patient and pathology data-
bases and review of medical records. For outcome analysis and
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clinicopathologic correlation, all patient data up to July 31, 2000, were
included. Serum creatinines were observed and compared between the
groups at the time of biopsy, at 6 mo, and 1 yr after biopsy. The graft
failure rate at 1 yr was caculated. Graft surviva was compared
between the C4d™ and C4d™ groups.

Histology

Renal allograft biopsies were processed for routine light micros-
copy. Hematoxylin and eosin (H&E) and periodic acid-Schiff (PAS)
stained sections of the renal allograft biopsies were examined for (1)
ACR, using standard diagnostic criteriaas outlined by the Cooperative
Clinical Trias in Transplantation (CCTT) classification system and
incorporated into the revised Banff criteria (2,3) and (2) AHR. Mor-
phologic criteria for AHR are not established; therefore, we used
provisiona criteria of neutrophils in PTC and fibrinoid necrosis, as
have been previously observed in AHR (10,11,12). However, we then
surveyed a broad range of histologic features that might correlate with
independent evidence of AHR (C4d and donor-specific antibodies) in
all cases. Coded samples from the initial renal allograft biopsy with
available frozen tissue that correlated with acute alograft dysfunction
were scored by one of the authors (SM). The criteria used to score the
cases included neutrophil countsin PTC per high power field (hpf) in
ten X40 fields (field diameter, 0.55 mm) using an Olympus BX41
microscope (Tokyo, Japan). A case was considered positive for the
presence of PTC neutrophils when, on average, =2 neutrophils per
hpf in PTC were identified in 10 consecutive X40 hpf. Similarly, a
case was considered positive for neutrophilic glomerulitis when, on
average, =1 neutrophil per glomerulus was identified. The presence
of one tubule with intraepithelial neutrophils in 10 high power fields
was sufficient for neutrophilic tubulitis. The presence or absence of
fibrinoid necrosis and thrombi in glomeruli and arteries, endarteritis,
mononuclear cell tubulitis, tubular injury, interstitial infiltrates, inter-
stitial hemorrhage, and cortical infarction were also recorded.

I mmunofluorescence

Unfixed frozen sections of the renal allograft biopsies were stained
for C4d with a sensitive, three-step immunofluorescence technique
developed in our laboratory and described previously (10). Briefly,
4-pm-thick frozen sections were prewashed in phosphate-buffered
saline (pH 7.2) and then incubated in 100 mg/ml Avidin D (Vector
Labs, Burlingame, CA) to block endogenous biotin. Sections were
washed, and excess avidin was bound by adding 10 mg/ml d-biotin
(Sigma Chemical, St. Louis, MO). Monoclona antibody to C4d
(clone 10—11; Biogenesis, Sandown, NH) was applied for 30 min.
Sections were washed and incubated sequentially with biotinylated
horse anti-mouse 1gG (1:100) (Vector Labs), and then after washing,
with FITC-streptavidin (1:50) (Biomeda, Foster City, CA), each for
30 min. Sections were examined by an Olympus BX60 (Tokyo,
Japan) epiillumination fluorescence microscope at <40 and scored for
C4d staining in PTC without knowledge of the clinical or pathologic
diagnoses. Staining for C4d was considered positive (C4d ™) when the
PTC were diffusely (all high-power fields) and brightly stained (ex-
cluding areas of necrosis). Focal areas and no staining of PTC for C4d
were considered C4d-negative (C4d ™). All subsequent biopsies (n =
11) on these patients performed up to July 31, 2000, were evaluated
for changes in the pattern of C4d staining. Routine immunofluores-
cence studies were also done by using polyclonal antibodies to 1gG,
IgM, IgA, C3, fibrin, and abumin by standard methods (15), and
staining patterns in PTC were observed; these were negative in PTC
of nearly all the acute rejection cases; therefore, they are not further
discussed.
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Screening for Circulating Donor-Specific Antibodies

Circulating donor-specific antibodies posttransplant were identified
by using T and B cell cytotoxicity assays and/or flow cytometry as
described previously in detail (14,16). Pretransplant donor-specific
antibodies were tested in al patients by antihuman globulin cytotox-
icity assay.

Satistical Analyses

Data are expressed as mean = SD. Statistical significance was
assessed by ANOVA for continuous data variables and Fischer’'s
exact test or x? test for nominal data variables. The results were
considered significant with P < 0.05. Graft survival was estimated by
the Kaplan Meier method. All statistical analyses were performed
with StatView 4.5 for Windows (Abacus Concepts Inc. Berkley, CA).

Results

By immunofluorescence microscopy, 30% (20 of 67) of al
acute rejection renal allograft biopsy samples reveaed diffuse
and bright C4d deposition in PTC (Figure 1). The initial
morphologic diagnoses of the acute rejection casesin the C4d™
and C4d™ groups based on the histology, without knowledge of
C4d staining or serology results are shown in Table 1.

The histologic features (Table 2) that distinguished C4d™
acute rejection cases from C4d™ acute rejection included by
objective counts neutrophilsin PTC and glomerular capillaries,
neutrophilic tubulitis, and fibrinoid necrosis of arteries and
glomeruli (Figures 1 and 2). The overall mean of the mean
number of neutrophils per hpf in PTC was higher in the C4d™
cases compared with the C4d™ cases (4.1 = 5.2 versus 1.0 =
2.6; P < 0.001). More than one neutrophil per peritubular
capillary was commonly seen in the C4d™ cases. The overall
mean of the mean number of neutrophils per glomerulus was
higher in the C4d™ cases compared with the C4d™ cases (1.2
+ 1.0 versus 0.2 = 0.4; P < 0.001). Usual mononuclear cell
tubulitis was more common in the C4d™ acute rejection cases.
No statistically significant difference existed between the
C4d™ and C4d~ acute rejection groups for endarteritis, inter-
stitial hemorrhage, cortical infarcts, or the percent cortical
involvement by an interstitial mononuclear cell infiltrate (Ta-
ble 2).

C4d staining in PTC strongly correlated with the presence of
posttransplant donor-specific antibodies: 90% (18 of 20) of the
C4d™ acute rejection cases had circulating donor-specific an-
tibodies compared with 2% in C4d™ acute rejection cases (P <
0.001) (Table 3). In 10% of the C4d™ acute rejection cases,
donor-specific antibodies were not detected, but the pathol ogy
was similar to other C4d™, donor-specific antibody—positive,
acute rejection cases, e.g., abundant neutrophils in PTC and
glomeruli. In the C4d™ acute rejection group, 46 of 47 cases
were negative for donor-specific antibodies; the remaining
patient from this group had weak IgM donor-specific antibod-
ieswith focal, weak C4d staining of PTC. All patients had been
tested pretransplantation for donor specific antibodies and were
negative. Pretransplantation crossmatches were repeated retro-
spectively in the C4d™ acute rejection cases; only two patients
were shown to have weakly positive pretransplantation cross-
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matches, but all other patients remained negative as discussed
in part | (14).

Sensitivity and specificity were calculated with either donor-
specific antibodies or C4d as the criterion in diagnosing AHR.
When serum donor-specific antibodies were used to define the
diagnosis of AHR in these patients with acute rejection, C4d
deposition in PTC by immunofluorescence microscopy
achieved a sensitivity and specificity of 95% and 96%, respec-
tively (Table 4). In comparison, the presence of neutrophilsin
PTC or glomeruli wasless sensitive and specific for diagnosing
AHR. Although the presence of arterial fibrinoid necrosis
showed high sensitivity (100%) for diagnosing AHR, its ab-
sence did not exclude AHR (specificity, 75%). When C4d was
used as the criterion for diagnosis of AHR, the sensitivity of
donor-specific antibodies was 90% and the specificity was
98%.

Certain clinical features distinguished the C4d™* and C4d™
groups. The mean serum creatinines at biopsy were higher in
the C4d™ versus C4d™~ acute rejection cases (P = 0.003; Table
5). The 1-yr graft loss was 30% (6 of 20) in the C4d™ acute
rejection group, compared with 4% (2 of 45) in the C4d™ acute
rejection group (P = 0.007). The 1-yr graft failure rate (Table
5) was 40% (2 of 5) in those AHR cases that had arterial
fibrinoid necrosis in the initial biopsy, compared with 27% (4
of 15) in the remaining AHR cases without arterial fibrinoid
necrosis. In contrast, the 1-yr graft failure rate was 7% (1 of 15)
and 3% (1 of 30) in ACR cases with and without endarteritis,
respectively. The one patient who lost the graft in the ACR
group without endarteritis had developed thrombotic microan-
giopathy secondary to calcineurin inhibitor toxicity subsequent
to the rejection episode. In this series, no patient lost agraft due
to rgjection after the initial biopsy showed only ACR without
endarteritis or a humoral component.

The outcome and pathology suggest classifying AHR into two
categories (Table 6): those with involvement of PTC and glomer-
ular capillaries by neutrophils (AHR type 1) and those with
additional arterial fibrinoid necrosis (AHR type 2). C4d™" cases
with either combined AHR and ACR morphology or ACR-only
morphology are best grouped with the AHR cases because their
outcome correlates with the presence of C4d rather than an addi-
tional component of ACR.

The cumulative renal allograft survival was worse in the
C4d™ acute rejection group compared with the C4d™ acute
rejection group, with a trend for the worse prognosis in those
C4d" AHR cases that had arterial fibrinoid necrosis (AHR 2)
(Figure 3). However, the magjority of the graftsin al the acute
rejection groups that survived the first year after transplanta-
tion were stable and functioning at the end of amean follow-up
of 36.1 = 15.3 mo after transplantation.

Follow-up biopsiesin AHR cases (n = 11) showed that C4d
presence and intensity correlated with persistence of circulat-
ing donor-specific antibodies. The time of disappearance of
C4d staining after treatment was not systematically deter-
mined, because rebiopsies were done for graft dysfunction.
Biopsies within 30 d of the initial C4d™ biopsy showed per-
sistent C4d deposition in PTC in 9 of 10 cases; one case was
C4d~ 17 d after the initial C4d™ biopsy. Biopsies taken after
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Figure 1. (A) Acute cellular rejection (ACR): no staining for C4d is seen in peritubular capillaries. (B) Acute humora rejection (AHR):
widespread and bright staining for C4d is present in the peritubular capillaries that are interspersed in between the silhouettes of tubules. (C)
ACR: mononuclear cells are present in the interstitium (*) and in peritubular capillaries (arrows). (D) AHR: abundant neutrophils are present
in dilated peritubular capillaries (arrows). (E) ACR: scattered mononuclear cells are present in glomerular capillaries (arrows). (F) AHR:
neutrophils are present in glomerular capillaries (arrows). Staining: C4d-FITC in A and B; Hematoxylin and eosin (H&E) in C, D, and F; and
periodic acid-Schiff (PAS) in E. Magnifications: X400 in A through D; X450 in E and F.

30 d were negative in 3 of 4 cases (at days 50, 80, 390); one
biopsy at 180 d was C4d* and had chronic rejection. We
conclude that C4d is not permanent and disappears within 2 to
3 wk of the loss of donor-specific antibodies. Persistence (or
recurrence) of C4d staining in PTC is associated with active,
chronic rejection.

Discussion

In this study, we demonstrate that a substantial fraction
(30%) of al biopsy-confirmed acute renal alograft rejection
episodes have a component of AHR as judged by C4d depo-
sition in PTC. Circulating donor-specific antibodies and char-
acteristic histopathologic morphology are also usually present
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Table 1. Histologic diagnoses of C4d™ and C4d~
acute rejection®

cad* Cad~
(n = 20) (n = 47)
AHR 30% 0
AHR and ACR 45% 9%°
ACR 1 10%° 68%¢
ACR 2 5% 23%
ATI 10% 0

2 AHR, acute humoral regjection; ACR, acute cellular rejection;
ACR 1, tubulointerstitial, type 1; ACR 2, with endarteritis, ATI,
acute tubular injury.

b Patients had ACR 2 and abundant neutrophils in peritubular
capillaries (=2 neutrophils per hpf).

©50% (1 of 2) were “suspicious for ACR” by Banff criteria.

934% (11 of 32) were “suspicious for ACR” by Banff criteria.

in these patients. However, we also demonstrated that 25% of
the AHR cases would not have been recognized without the
C4d stain; 15% showed only ACR morphology and 10% acute
tubular injury. C4d staining of renal allografts is therefore
valuable in the recognition of AHR, especialy when features
of ACR or only acute tubular injury are present.

The histologic features associated with C4d deposition in
PTC in our cases are similar to those reported in patients with
acute rejection and circulating class | cytotoxic anti-donor
HLA antibodies (11). The differences include more frequent
PTC neutrophils in our series (65% versus 46%) and fewer
cases of cortical infarction and fibrin thrombi than were de-
scribed in the report by Trpkov et al (11). Although a similar
number of humora rejection cases have arteria fibrinoid ne-
crosis in the two series (25% and 24%), more frequent endar-
teritis was described in their class | antibody—negative acute
rejection cases (75%) than in our series of C4d™ acute rejection
cases (32%). The increased frequency of AHR in our series
(30% versus 20%) is due in part to our inclusion of cases with
donor-specific antibodies reactive to class | antigensaswell as
the donor-specific antibody—negative cases.

In our patients, when the antigen could be identified, the
alloantibodies reacted with donor HLA class | in 60%, HLA
class Il in 30%, and combined HLA class | and Il in 10%, as
previously reported (14). This is consistent with published
reports indicating that circulating antibodies in AHR are most
commonly to donor HLA class | antigens (5) but that some
have only reactivity against HLA class Il antigens (17,18).
Two C4d" AHR cases (10%) in our series did not have
detectable donor-specific antibodies to lymphocytes, however,
their biopsies were pathologically similar to the donor-specific
antibody positive, C4d™*, AHR cases with abundant neutrophils
in PTC and glomeruli. Non-HLA antibodies, antiendothelial
antibodies that have been described for example (19), might
explain the C4d ™", donor-specific antibody—negative cases. No
statistically significant correlation between any specific patho-
logic feature (e.g., fibrinoid necrosis) and HLA reactivity of
the donor-specific antibodies was detected; however, such a
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Table 2. Morphology: C4d™ vs C4d™ acute rejection®
Cad* Cad~ p
(n=20) (n=47)

Neutrophils in

PTC® 65 9 <0.0001

glomeruli® 55 4 <0.001

tubules® 55 9  0.0001
Fibrinoid necrosis

arteries® 25 0" 0.001

glomeruli® 20 0 <0.006
Fibrin thrombi

arteries 0 0

glomeruli® 20 0 <0.006
Endarteritis® 25 32  07(ny
MNC tubulitis® 70 100 <0.001
Acute tubular injury® 75 9 <0.0001

focal necrotic tubules® 40 2 0.0002
Interstitial inflammation® 272+ 27 38 =* 21 0.09 (ns)

hemorrhage® 25 15  0.4(ns)
Cortical infarction® 5 2 05(n

2PTC, peritubular capillaries; MNC, mononuclear cells.

b Percent (%) cases with an average of =2 neutrophils per high-
power field in peritubular capillaries in ten x40 (field diameter,
0.55 mm) fields.

¢ Percent (%) cases with an average of =1 neutrophil per
glomerulus.

9 Percent (%) cases.

€Mean percent cortex involved.

f Fibrinoid necrosis in an arteriole only was seen in one case.

possibility cannot be excluded. C4d deposition in PTC of renal
alograft biopsies may, therefore, have diagnostic value in the
absence of demonstrable donor-specific antibodies.

In our series, two patients with widespread C4d staining of
PTC showed predominantly acute tubular injury on initia
biopsy. Both had circulating donor-specific antibodies. Later
biopsies performed in one of these cases showed typical mor-
phologic features of AHR with abundant neutrophils in PTC
and glomeruli as well as fibrinoid necrosis. In prospective
studies, we have found no (10) or focal (2) staining for C4din
PTC in 12 cases of acute tubular necrosis (0 of 12; Mauiyyedi
S, et al., unpublished data); delayed graft function was present
in 58% of these cases. Thus, our data differ substantially from
that of Feucht et al. (20), who found C4d deposition in PTC of
60% of their ATN cases and 60% of recurrent glomerulone-
phritis. Their series also had a higher frequency of C4d* acute
rejection. We believe that the differences are due in part to the
inclusion of cases with “focal” C4d staining of PTC in their
“positive for humoral rejection” group. Our criteria for “posi-
tive for C4d” interpretation requires widespread and bright
staining of PTC, which avoids this potential pitfall. Other
technical factors in the performance of the test may also be
contributory (such as fixation of tissue, variable intensity of
staining in immunohistochemistry, and antibody titer).

The present data permit a better definition of AHR as a
pathologic entity that can be incorporated into the diagnostic
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Figure 2. (A) ACR: mononuclear cell tubulitis with intraepithelial lymphocytes in tubules (arrows). (B) AHR: neutrophilic tubulitis with
neutrophils invading tubular epithelium (long arrow) and neutrophils in peritubular capillaries (short arrows). (C) ACR: endarteritis with
mononuclear cells underneath the endothelium of an artery (arrows). (D) AHR, fibrinoid necrosis of arterial wall (arrows). Staining: PAS in

A; H&E in B through D. Magnifications: X450 in A and B; X400 in C and D.

Table 3. C4d deposition correlates with donor-specific
antibodies in acute rejection

Acute Rejection n Donor-Specific Antibodies
cad” 20 18 (90%)
Cad~ 47 1 (2%)>°
#Weak IgM anti-donor antibodies.
PP < 0.0001.

schema of acute rejection. Three types of acute rejection are
currently recognized by the CCTT and the revised Banff clas-
sifications, based entirely on histologic criteria: type 1 is char-
acterized by a mononuclear cell interstitia infiltrate and tubu-
litis, type 2 with endarteritis, and type 3 with fibrinoid arteria
necrosis (2,3). Types 1 and 2 are believed to be T cell-
mediated on the basis of immunophenotype, experimental
studies, and response to anti-T cell agents, eg. OKT3
(21,22,23). Animal studies, including T cell transfer experi-
ments, and the ability of B cell knockout mice to develop
typical endarteritisin allografts support this hypothesis (22). In
contrast, fibrinoid necrosis of arteries, which is highly associ-
ated with circulating anti-donor antibodies in this and previous

Table 4. Sensitivity and specificity of C4d in PTC,

histology, and donor-specific antibodies in the
diagnosis of acute humoral rejection®

Sensitivity Specificity

Serum donor-specific antibodies as
criterion for AHR

C4d in PTC 95% 96%

neutrophils in PTC 76% 86%

neutrophils in glomeruli 47% 91%

arterial fibrinoid necrosis 100% 75%
C4d in PTC as criterion for AHR

Donor-specific antibodies in serum 90% 98%

2PTC, peritubular capillaries.

studies (11), typically does not respond to anti-T cell therapy
and has a substantially worse prognosis (21). In the past this
was the only form of AHR widely recognized (24). In addition
to this category, we now delineate another morphol ogic type of
acute rejection that is humorally mediated and is centered on
graft peritubular and glomerular capillaries.
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Table 5. Clinical follow-up after biopsy diagnosis of acute rejection®

Cad~ C4ad™
Variable . L . ) .
" o - . No Arterial Fibrinoid With Arteria Fibrinoid

Without Endarteritis With Endarteritis Necrosis Necrosis
n 32° 15 15 5
Post Tx day of bx 14 = 9.3 15 = 14.2 126 =74 20.2 = 16.3
Bx Cr (mg/dl) 3.0+x10 39+35 70+ 45 58+ 33
6m Cr® (mg/dl) 16 =0.6 1.2+03 1.8 = 0.6 1.5+ 0.3
12m Cr® (mg/dl) 14+04 1.2*+0.2 1504 1604
GF at 1 yr (% cases) 3 7 27 40

aC4d~, acute cellular rejection; C4d*, acute humoral rejection; Tx, renal transplant; Bx, at renal alograft biopsy; Cr, mean creatinine;
6m, at 6 months after biopsy; 12m, at 12 months after biopsy; GF, graft failure at 1 year after transplantation.
b One patient died with functioning graft, and one patient was lost to follow-up <1 mo after renal transplantation.

¢ Excluding failed grafts.

Because AHR has a distinctive pathogenetic mechanism
(antibody/complement), comprises about 30% of the acute
rejection biopsies, and has a substantially worse prognosis, we
believe that AHR deserves to be classified separately. Our
observations suggest that the diagnostic categories can be
grouped by pathogenesis and prognosis. The proposed classi-
fication (Table 6) retains the morphologic criteria used by the
revised Banff/CCTT for ACR types 1 and 2 and moves the
former type 3 acute regjection to the more appropriate and
specific AHR group. Thus, two forms of AHR can be recog-
nized histologically: type 1 AHR with capillary inflammation,
i.e., neutrophils in peritubular and glomerular capillaries, and
type 2 AHR with arteria fibrinoid necrosis. The proposed
classification adds immunophenotypic criteria to the above,
with ACR being C4d~ and AHR being C4d*. One might
propose a separate category for C4d™, donor-specific anti-
body—positive cases with acute tubular necrosis, but in our
experience to date, this has been atransient precursor to typical
AHR, and we include these in type 1 AHR. The frequency and
outcome of the biopsies so classified in this study are given in
Table 6. The presence of C4d in PTC clearly aters the prog-
nosis of what may otherwise appear to be ordinary ACR. We
believe therefore that the subset of the C4d™ acute rejection
biopsies that show morphologic features of both ACR as well
as AHR should be classified as AHR because their prognosis
resembles “pure” AHR rather than “pure” ACR.

The criteria for AHR we proposed previously were acute
graft dysfunction, C4d in PTC, and circulating donor-specific
antibodies (14). These criteriaidentified 90% of the AHR cases
but failed in 10%, as discussed above. We did not use histo-
logic criteria then because no one feature could be ascribed to
AHR consistently. However, for a purely pathologic classifi-
cation, relevant morphol ogic features from the renal biopsy are
essential even if limited. We now propose that combining
histologic and immunopathol ogic data gives the most sensitive
and specific diagnosis of AHR according to the pathologic
criteria in Table 7. Because of the confusing data in the
literature that C4d deposition (at least focally) can occur in
ischemic injury (20), we recommend that, for now at least, the

Table 6. Classification, frequency, and outcome of acute
renal alograft rejection

Classification n Frequency® Gré':t\ftll;c:ss
Acute cellular rejection®
type 1 (tubulointerstitial) 32 48% 3% (1 of 30)°
type 2 (endarteritis) 15 22% 7% (1 of 15)
Acute humoral rejection®
type 1 (capillary)® 15 22% 27% (4 of 15)

type 2 (arterial fibrinoid 5 %

Necrosis)

40% (2 of 5)

2 Frequency in patients with biopsies of first rejection episode. In
the present series, overall 31% (72 of 232) of patients had an
episode of acute rejection diagnosed on biopsy.

P C4d negative in peritubular capillaries.

¢ One patient died with functioning graft, and one patient was
lost to follow up <1 mo after renal transplantation.

9 Includes patients with combined humoral and cellular rejection.

€ Includes two patients whose initial biopsy showed acute tubular
injury.

definitive diagnosis of AHR requires the demonstration of
circulating donor-specific antibodies, even though thisis not as
sensitive as C4d in our series. If only two of the three criteria
are met, then the diagnosis would be considered “suspicious
for AHR.” The threshold number of neutrophils needed to
diagnose AHR on the basis of morphology has not been ana-
lyzed in detail. For the purposes of this article and the diag-
nostic criteria, we used an average of =2 neutrophils per
high-power field in PTC in 10 consecutive high-power fields
and an average of =1 neutrophil per glomerulus to diagnose
AHR. It is, however, clear that, even though on average the
mean neutrophils per hpf in PTC isincreased in AHR, thereis
some overlap. Fibrinoid necrosis should be in an artery as an
indicator of AHR, because arteriolar fibrinoid necrosis can be
seen in other processes such as thrombotic microangiopathy
and severe hypertension. The histologic criteria of acute in-
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Figure 3. Cumulative renal allograft survival estimated in C4d™ and
C4d™ acute rejection groups diagnosed within 3 mo of transplantation
(Kaplan Meler method). (A) Worse renal allograft survival in the
C4d™ group compared with C4d™ group (e, graft failure at mo after
transplantation; P = 0.006). (B) Cumulative renal allograft survival of
AHR and ACR subtypes reveal atrend for the worse survival in the
AHR 2 group (e, graft failure at mo after transplantation; ACR versus
AHR, P = 0.006; ACR 1versusACR 2, P = 0.9; AHR 1 versusAHR
2, P =04).

flammation or injury separate acute from chronic humoral
rejection because the latter lacks these features (25).

Severa special caveats of C4d staining should be empha-
sized. First, only PTC staining should be considered, because
C4d in norma kidneys can always be found in glomeruli and
oftenin arterial intimaand the tubular basement membranes. In
contrast, PTC uniformly lack C4d. Second, infarcted tissue can
be negative for C4d despite positive staining for C4d in viable
areas. Third, PTC neutrophils or arterial fibrinoid necrosis can
rarely occur with absent or only focal staining of PTC for C4d,;
such cases should probably be classified as suspicious for
AHR. For example, weak C4d staining was identified in one of
our cases that had PTC neutrophils in the initial biopsy and
arteria fibrinoid necrosis in a subsequent biopsy, with weak
IgM donor-specific antibodies in serum of undetermined spec-
ificity. The nature of such findings remains unknown, but it
may represent AHR mediated by antibodies to antigens pre-

J Am Soc Nephrol 13: 779-787, 2002

Table 7. Pathologic criteria for acute humoral rejection®

1. C4d deposition in peritubular capillaries®
2. At least one of the following:©
a. Neutrophils in peritubular capillaries
b. Arterial fibrinoid necrosis
c. Acute tubular injury
3. Circulating donor specific antibodies

& Cases that also meet the criteria of type 1 or 2 acute cellular
rejection (Banff/CCTT) are considered to have both processes.

P Bright and diffusely positive staining for C4d in peritubular
capillaries.

¢ Neutrophils in peritubular capillaries: on average =2
neutrophils per high power field in peritubular capillaries in 10
consecutive x40 (field diameter, 0.55 mm) fields; fibrinoid
necrosis in an artery: larger than an arteriole; acute tubular injury:
loss of brush borders, flattened epithelium, apoptosis.

If only two of the three numbered criteria are present, the term
“suspicious for AHR” is recommended (for example, when donor
specific antibodies are not tested).

dominantly expressed in arteries. The presence of PTC neutro-
phils alone as a diagnostic criteria will lead to overcaling
AHR, as seen in 9% of our C4d~ ACR cases.

In our series of patients, the overall graft lossat 1 yr is 4%
for ACR and 30% for AHR. These data are quite compatible
with that of Halloran et al. (6), who reported 3.9% graft loss
after a regjection episode without anti-class | antibodies and
38.5% after rejection associated with class | antibodies. It is
notable that 75% (6 of 8) of the overall 1-yr graft lossesin our
patients are in the AHR group. Rena allograft function after
successful treatment of AHR was similar to that observed in
the ACR cases, confirming the observation of Halloran’s group
that those with rejection associated with anti-class | antibodies
who recover have a similar prognosis as those without anti-
bodies (6). The relatively better 1-yr graft survival rate (70%)
in our AHR group, compared with others that have reported
poor graft survival rates of about 16 to 50% (11,26), may be
due in part to our treatment approach with plasmapheresis,
tacrolimus, and mycophenolate mofetil (13,14). Chronic rejec-
tion is associated with donor-specific antibodies, and we have
detected C4d and donor-specific antibodies in patients with
morphologic evidence of chronic rejection (25). Whether AHR
promotes chronic rejection is unknown. Further studies are
warranted to answer this question.

In summary, the present pathologic data support the recog-
nition of a distinct and common type of acute renal allograft
rejection mediated by specific anti-donor antibodies that react
with graft endothelium leading to the deposition of comple-
ment, notably C4d. This form of rejection, termed “acute
humoral rejection,” has atypical but variable morphology and
a distinctly worse prognosis compared with T cell-mediated
rejection. Incorporation of AHR as a diagnostic category, in-
cluding its two variants (capillary and arterial), should be
important in clinical management and the analysis of clinical
trials.
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camplement T2 was consumed from the
serum dusing acuts transplant rejection,®

Renewed Intevess tn Humoral
Responser—ihe T80

Despite chiz earlier period of excitement
and interest, the pachogenic effece of DA
and complement did nec receive as much
arpenrion for several years, as mosc effores
were direcred rowards soudying che role of T
cellz in acurs :|.||ng;r:|"|: reje::l:i.-.'ln.:'":'.n’; renewed
focus wpoan che imporance of DSA
post-transplant was presenced by I Halloran
er al in the early 19905, wha esablished chat
acure rejecrion sxsaciared with the development
of de nova DS A 1z a dinico-pathalogic eny
carrying a poar prognosis. /1! In their initial
communicziion, the authors deseribed che
clinical course of seven paticnts with “purs”
anti-HLA Slass [ antibody-mediated injury.
[ncluded were Four recipient: with ds nowvo
D5 post-transplangation and three recipien:
with prefermed DSA, which had noc been
detected prios 1o mransplanration. All seven

patients with seralegical desection of
anti-HLA class | antibadies had rapid
deszrioration of grafo funceion, within the
first week post-rransplane, distunct pathalogse
fearures om allegraft biopses and an ominous
oo (507 lost their EIZEE].I":'EIHLSI.I.IJW.]I.U.'IHI.
report, they compared 13 patients with de
nove anti-HLA dlass T DEA w0 51 comsecurive
renal cransplane recipients with o D3A afrer
transplantation. These two groups were
differentiared by rejection incidence (100%
ve. 41%), clinical pictuee of the dysfuncrion
[early anset, oliguria, higher creacinine peak
znd need of dialysiz)h, pathologic fearures
(mars vascular damage) and ourcames (513
vs 2751 grafts lose).!! The same group
analyzed in detail the pathalogic fearures
characeerizing  “antibody-mediaced rejection”
based on the Banff classificacion from
15993.1%1* Biapsics from 24 paciznts wich de
o DSA s ehe time of rejection demonscrazed
more severe vasculzr injury {endothelial
proliferation, chrombi, fikrinoid necrasis or
infarcrion) and glemerulicis, bur less frequent
vubalitis than observed in biopsies from 20
paticnts with acure rejecrion bz wichous de
nove D5A, Impartancly, the presence of
newtrophils in peritebular capillaries was
significantly more prevalent (p<l.003} in che
group with de nova DSA. Despite che
presumed rele of intragrafc humoral
mechanizms of rejection in the reciplents
with DSA, no significant differences in
immunafizorescence derscrion of Igh, IgG,
C3ar ﬁb:’in{.gm'd:epmim were abserved in
the specimens from rhese owa growps.

At aur institurion, we recently abserved a
series of renal allograft racipients wich AHR.
We confirmed the previous pathalogical
fearures and found chac pericubular staining
for che co n1]1|¢n1 ent Fracrion Cdd, a :pli.l:
produce of ©4 of the classical pachway, is
highly specific and reliablz in the diignmi: af
acure humerzl rejecrion (AHR}.* [n our
srudy, all renzl biopsies (n=16) fram ren



patients with AHR showed prominene and
chiffuse Cad deposics in periubulac capallanics.
localized in basciment membrancs and in the
endotheliune. In contrast, biopsics from 14
patienis with hustopathologs chameteristics
af aoute cellular rejection revealid only traoe
arabsence of Cdd, These observations
support the supgestion by Ho Feuchs eval in
14993 that C4d staning in biopsics froan renal
allagrafis with cacly dyshunceion might be
progrestic of allogralt ilure, They found
that 18 of 43 grafis (42%) with diffuse Cad
.'.':||:-|||.'|r}' s z:luinj; wire Lest {l:l:'llpu.l:{“l.‘l 8E]
only 4042 (10%) with ne Cdd deposie in
capillaries.** Feucht propossd dhar complement
Cil deposition was prabably evidence for an
wtherwize undetestable humeral insnmne
reaction 11.::.i:|=-| 5::1"! cndathelial cells. Later,
the same group reported thar 44 of 86
patienis with carly praft dysfunciion showed
ancl-HLA class I reactivigy precransplansation
and that finding correlated with capillary
Cebd seaining in post-transplant biopsics;
heowever, DEA devection alter eransplant was
not reported. ¥

Lol L TS T e i

[t iz essential thar “acurs humaral rejecrion”
or “alloantibody-mediased acure rejecrion”
[intercha ngm.bl: rerms) he l'.un':l:i::vel:g.I defined
with the charzcreristic fearures described
abowe. Unfertunarely many ccher rerms,
which may or may nac be appropriate 1o refer
to this type of rejection, have introduced
seme confusion inta the field. Some repors
have described severe acuce rejection, both in
kidney and orher solid argan ransplant
recipients, as “acure vascular rejection”. t5E
Howewer the term “acute vascular cepection”
i5 noe nEEESS;[“_‘-" I.'L'Sl:r:in'.'l:flj to an i.l.'ll::i-
body-mediated process, as it can also reflect a
T cell-mediated pathology.'* % In particular
endartericis or endothelialitis, a focm of
“vascular sepection”, can be cocluzively due (o
cell-mediated immunity in the absence of
D543 Ocher teoms, such az “ageeleratsd
regection” of "delaved hyperacure eejectian”
bz alksa beer used oo eeder oo humosd mejocion,
bust these denominariens alluds o the clinical
presentation of AHR (z2: below), nor the
pathalogical process, Seme carly acure cellular
rejection spisodes can clinically present as
“accelerared rejection” liksly due o an
anamnesiig sellular reapense spains donor
HLA antigens, withouwr kiumeral sensitizarian
detectable befose or after rransplancation.,

[ sider to berrer characrerize and define
AHR, we propese urlizing che following
criceriz For irs |:|i.:.;gn|:-\.-:i:::'“'H

1. Evidence of allograft dysfuncrion,
eypically steroid-resistant rejection
requiring additien of more intensive
immunasuppression, such i anti-
I:r'rn[:hnc}-rr: :herﬂp:.r. E:'nl'-un:u.nal':!].-
AHR has often proved va ke refracrory
o rreaement with ansl-lymphoore themapy
s el 11202825

L, Pathelogic fexrieres of widespread (dd
depozits in pericnbular capillaries.™ In
additien, other fzaneres such as newrrophils
in peritubular capillaries, glomernelics,
miceothrembi in arceriodes and glamerli,
arreririe wich fikrinaid necrasis, chrom-
hesis  amd  infarction  may  be
faund, P2UIRIRE 1 che revised Banff
97 classificasion, “Scutefactive regecizan,
rype 111" {wich eransmural areeritis) is
cansidered to be cither a reflection of
severe acute ecllular rejectian oo of

AHR.E

3 Demonstration of previeusly wndeteoted
D54 in the recipient serem at the me
of rejection. Maost frequently DEA are
[5G anti-HLA class T or clasz II,
although high viees of Tghd DSA may
alse be associated with AHE. In some
instanoes low titers of DA, which were
undeteeted ar the time of ransglan:
with routine crossmatch wwchnigues, are
demansteated rerrospectively only with
mors sensitive asgays.'" Rarely anri-
codothslial anribodies, thar is DSA nor
reacrive with FILA antipens on denor
I:.rmphm'.:.rre.s, may calse a climico-
pn:hnlp-gic piccure consistent wich
Al ”,t_:n-.'ri

We disrinpguish AHR fram hyperacurs

rejection, as hyperaouce rejection is amsociared
with derecrable levels of 3SA in recipiznd's
serum ac the rime of ll:id:n-rf run.ip]anl:al:iun,
resulring in a very rapid grafe loss (usoally
-minutes or hours). However, zlthough the
riming and clintcal presenoton of the rejecion
may be differeny, the pathogenic mechanisms
of hyperacute rejection and AHR may share
similaricies.

Clinical Presentation

Approximately 5-10% af renal allografe
recipients freared with “cyclosporine-
predoisons-azathiopring” az industion
immunosuppression experience AHE #2325
W have recencdly reviewed our sxpericnce
over a four-year period {1995-1999) and
found a similar incidence of AHK afier renal
sransplantation (ref, 24 and M.Crespo et al,
manuscrpe in preparacien). We and ochers
have abserved three distincr parrerns of renal
dysfunction in the renal allograft secipient
with AHR*21H

Delayed Graft Function (DGE)
Mozt often DG is due to graft ischemic

injur:.r {r::u.h:in.g in ischemic zcure cubular
necrasis), thar may require dizlysis during che
immedizre post-transplant peried. "When
DG is ischemic in erigin, spantancous
improvement in kidney funcrion accurs within
-r|.i.:.r: or weekes, similar vo che resoluton of acurce
tubnlar necrosis in macive kidneys, *#31
Honvever, DIGE may be due 1 immunelegicl
Factars as it has been abserved thar recipicnos

graft
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of secand or chird transplanes and highly
sensitized patiencs are ac increased risk For
DGE* A discussed earlier, complement
Cid sraining of allograft biopsies from recipints
with DGF may be a very useful wel o identify
DSA-mediated sissue injury; it may also be of
prognastic value "3 When DGF iz due o
AHE, intensive immunosuppressive therapy
should be initiaved (gee below]), zince the risk
af allegraft loss in these parients is very
high. ' 1% ¥ and others hypochesize thar
DGF due 1o AHR iz prebably associared with
low lewels of DSA underecied by the pre-
cramaplane crassmarch,' which become
apparent in recipisnr’s sera a few days posc
rranzplane,

Early Severe dente Rejecrion

The mare common pressnmmon of AHE is
thar of severe renal dyshuncrion with progressive
oliguria or even anweria that develops during
the first past-rransplant week, following an
mnitial period of good alloprale function. This
type of rejectian is likely dive 1o an anamnestic
hwmoral mesponse apainsg denor anrigens, &5
the pensration of immuneglobuling fram
newly acrivared plasma cells should nor be
expeocted earlizr than abour six or seven days
after primary antigenic stimularion. Elevaned
Iurl.-c::| reactive antibodie=s {l’l:!:.*.:l before ar ar
the rime of rransplancarion are frequently
found in thess recipiencs” sera, suggesting
thar an coverall srare of enhanced humoral
alloreactivity is present.'!<43¥ OF nate, high
PRA FI'EI:I].HEFIHII‘I: are nat nmem.ril}' associabed
with 2 pasirive histarical crossmarch againse
the current donor. Clinically, such sejection
cpisodes are commanly cesistant o inora-
veneus methylprednisslons boluses and
often resistant to anti-lymphocye therapy.
Typical hisopacholegic feamres are present
in allograft biopsics (zee above): in some
inspances, the presznce of neucraphils in
peritubular capillaries and ingerscizial edema
czn be the anly fearures sugpesing che diagninsss
of AHR. A danor-specific crossmacch ac the
time of n:jtl:ti.nn d.EmU:I'L'itI.'i.I:;:I‘I.E de novo
production of DSA in the recipient's serum
and a pazitive Cdd srainiong in perritubular
capilbaries confirm the dizprosiz of AHE.




graft

o 14

walame I
izpe 1

Fanu ey Tehruary D10

“Classic' Acoute Rejeceion

Acure rejection oocurring after the [irss
week posc-transplantation is usually duae o
cellular mechanisms Cacute cellular rejpection),
ke rarely v can be due o humoral o mixed
(oelllar and humssl} meechanizms, It eppically
presents az acute renal dysfunction with &
decrease in wrine sutpur and weighn gain,
often witheut ether clinical findings, such as
graft tenderness o fever, In mixed cases che
renal biopsy demonsoranss 2 mongnuclear
infilecare with tebalivie and/or endarhelialicis
{eellular companens) ragecher wich che presence
af peurrephils in peritubular capillaries
{lumorsl COHmpEREn tl. In our expe rLEnCE,
Cdd sexining revealed by immunoflucrescence
has been the key marker implicating a
hurral campanent in the rejoction process.
Theze episodes are also resistant to steroids
and frequencly to znee-lymphacyte therapy.
Agpain, demanstrarion of de mova DEA in the
recipient's serum conficms the diagnosis so
thsr appropriate therapy can be tnitdared.

Donor Specific Antibodies:
Detection and Pathogenic Role

Multiple techniguss are currentdy availahle
for the detection of DEA, There are 2 number
of variatiens of the basic direct lymphocyto-
reacte techniquies thar derscr complement-fixing
antibodics (CDC ar complement-dependent
cytotaxicity). ™ Thess include washing che
cells prioe o additon of complement zndlor
prolonging the incubscian rimes, boch of
which increase the sensitivity of the assays.
[ndireet techniques such as antiglabulin:
augmented lymphesyranaxicing (AHGPEAT
and flow cytomerry®™ can nlsa decect
non-complement fixing, very low levels of
anti-HLA antibodies or CINE negative-
adsecption positive antibodies. Althouwgh
Ao cytometry has besn repacmed 1o be more
semsitive than AVIG, these rechnigues are not
vet well standardized and results vary ameng
diffecent laborarories.?™ !

RExITOT

Dreteceion af £5A Fresvans,
The presence of DEA against HLA ¢lass [

antigens pre-transplant, that iz a poesirive

crosamarch wich T cells, |:-r4.=.|:lu-:|c: LrRns-
plancarion,” Several aurhars propose cthata
high riter positive crazsmarch wich B cells
precea n.5p|:1nr 15A ﬂg.ain.:r HLA class 1) 1=
delererions when i is | LA specific and not
due ro aurp-anri bodies, " bur Becell cross-
marches are not pecformed rourinely far ficst
eransplants ar many centers*? There is also
evidence suggesting that Ighd antibedics
against doner HLA antigens in o pretransg-
plant crossmaccls may have s nepative effect
an kidney allaprabr survival M Flowever ir is
imporrant re emphasize char [ghd ancibadies,
rspr«:;inll:.r those thar show low affinicy or
react only wich B cells, are mast afren
aura=anribadies or ather nan-HLA direcred
antibadies and, thercfore, not clinically
relevanc3®

D5A Poge-tramwsplamdation

The detection of Igl DA sither angi-class
[ aranti-elazs [T early after renal grans-
planeasion identifies 4 group of patiens whe
present with AHR? L The craasmarch
result, however, must be analyzed carefully, 4
non-HLA antibodiss may noc be clinically
relevant, DS A :g;:l_in.sl; clazs [1 HLA czn be
assaciared with AMR, bur they appear o be
less frequent than class | anribodies. 2% o
our experience anly 3 1% pacienes wich AHE
showsd a defined 1254 specificicy againse
clazs 11 domnor ancigens. However it is possible
thar additional pacients had class II DEA
masked by the class [ D5A which were
presenc. [ncerescingly, one of these 19
patients developed only a high titer of Ighd
[35A and chis pacient showed all the fmmunes
af AHE, including C4d deposition in
perizubular capillasies.

[retermaning pancl reactive antibodics
(FRA) after rransplanration either by cye-
oxicity, flow cpromeory or ELISA may be
usehul eo idenify paricniz ar risk for developing
AHE. a5 wsually the de nove sppezrance ar
incremengal riss in PRA afrer cransplantation
is due to immune reacriviny ro che grafr, #547
Bur as AHRE 'Fn:qu:n |:|:|-' LOCUTS im high Iy
zengitized recipiencs (PFREA=S0%], 2L g
afren difficuls to define the specificity of
newly formed ancibadies superimposed on a
high baseline pre-transplant PRA. Therefore,
in the appropriace clincs-pathological settng
a donar-specific-croszmatch should be
performed. OF pote, 1 negative FRA apainst
hoch T and B ccdls (PRA=0%) meoders unlikely
the presence of D5A, When denor cells are
it availabls, suerogate cells chosen to zhars
mizmatched HLA anrigens wirth the donor
can be very uzseful, especially for maniroring
chamges in ticer of D5A and as = E_llii.‘l.l o
therapy.®! In such instances, precransplanc
sera sheopuld abways be teseed with the surrogace
cells co ensure that antibodie: againse other
HILA ancigens on the surrogace oell were not
presene. Ferformance of cytemsic crassmanches
or PRA alter tranzsplancarion iz difficuly in the
presence of anti-lpmphecyte cherapy (risk of

rﬂ]sl_' |,1|_|:\.i i | \.'l_':: : i kil CEnTer, We CEmovo
OKTS when necessary using 2 sheep
antz-mcase mcnaclonal anribady A Sapples
lrem patients en other cypes ef anclymphe-
cyee cherapy (mainly pelyclonal ancilymphe-
cyie sera) are processed by low cytometny,
Last it is pecessary to ensure that the labeled
anti-lg secondary antibody used moust nog
cross peact with the speeies in which the
anti-lymphocyre reagent was praduced (From
mause. horse or rzbhbicl.

The pathogenic rale of DA and complement
has been demonstrated in animals. Ar sarly
cxamiple of such spadies can be faund in che
crperiments of Winn er al who shewed chat
tesr skin gra frs SUCVIVINE UPOn I
suppressed recipients could be damaged by
rramsfused specific ancsera ™ Eliminating
complement fraom these recipients by various
means complecely blacked the artherwise
impressive effeces of antiserum ransfer.™
Similar findings have been reporred Fallowing
passive transfer of DSA in complemen:
sulficient ratz, while complement deficient
rats were protected from hyperacuce
rejection, !t These ohservarions reemphaszzed
the central role of che complemene system
afrer [2%A fixarion o the allnﬁ,:rlﬁ'. Some
controversy remains in the clinical fcld as (o
the direcr role of DSA, a5 many authos haee
reparced a delererious effect ol DEA after
transplane, SHILILMISINASS while athers
{using, flaw cytametry) have supgesred thar de
nove DEA preduction may be an epi-
phensmenon socurding ar the time of acurs
rejection, 531 TIC Fuller er al hyporhesized
that a pozitive direct crossmarch precrans.
plane resules in hyperscuce rejection duee to
the presence of sufficient alloancibady
populations required co fix complement.
These iu[hnm.mﬁm:mi thar D5A identified
prerransplancation only by indireot techniques
(flow or AHG) carrelates with “acute accelcraned
rejection” posc-iransplantatien, as thess anci-
badies may exhibit an antibady-dependenc
ME cellular eyotexic (ATHDC) mechanism aof
damage.?” This suggests thar detzcrion of
DEA by differene technigues may reflect
different mechanizems of anribedy damage
{eomplement, ADCC), JC Scornik e al alsa
propesed thar the sipnificance of DEA may
depend on the dogree of donal Bcell expansion
in the patient, When clonal expansion 1=
miniral and D3A is derecrad anly by flaw
cytamerry wich currenc sera or by COC with
hizrerical sera, DA prabably daes noc herald
a bad prognosis.®® Therefare, in some
instances dereccion of low rirers of DN5A by
o CYTOMECTY p-e}::r-l:r:nsphn.l: may inclicate
roinimal sensirizarien wich insefzcient clonal
expansicn o resul in AHE. In addieson, bow
Levels of amribodies may nor actvate complansant
strongly ensugh te overcome the regulaony
proteing cxpressed on the endothelial ezl
zurface,*® Fimally other authors have supgsrad
thar response spainse DEA mighs depend an
the incra- and inverindividoal different
SXpression of HLA antigens in th= Fﬂ_ﬁ._ﬁ-i.il;



Prognosis

Az noted above, AME a2z a clinico-
parhiolopic encity has been only recendy char-
zorerimed, UELY 0l cherefors, precize dara
regaeding vz prognosis are still zooumulacing,
Th reported onc-year graft survival rave afeer
an epizede of AHR has been aaly in the ranpe
of 15 ro G005 “'“-:‘.-:*-.:pil:n: inrensive rear-
ment with conventional immunoseppressive
theragy. 5. Martin et al reported 4 series of 55
teensplang pecipisnts in wham denor standard
sp srific CYIOUOXIC I ssmatches were
performed after tansplantation: 35 patients
of 47 with positive post-teansplant cross-
weatehes lost rheir guﬁ:s campa redd 1o nnl:.-'
L8 wirth negarive crossmarches. ™ In anacher
stizdy by [ Hallaman et al, % of 13 grafs wich
ancibady-mediated rejection were Llost.'V In
the cxperience of P Labe cral, 13 of 17 renal
tea n.;p]anr r:'r'lpitnl:s wirh de novo [I5A ar
the rime of acure rejection last their grafrs
within a three-manth period.?¥ Overall, ix
appears that the risk ol allogralt failure 15
particulaely ingreased within 3 monchs of the
eejection spisode. ™ These dara emphasize
thar che mechanisms of rissue injury assaciaced
with AHE are unigue and that this process is
much less responsive ta the treatment than
claszic cell-mediared rejection. [ncecestingly,
catly AMR, if reversed successfully, dees
nor necessarily predispose o chronic
rejecrion. **2% [ Campbell et 2l ceporeed that
recipients with AHR, who did mor lose their
grafrs within che first three monchs, had
favarable long-term survival of the graft
withour chranic rejection.™ Whether chis
observarson indicates that adeguate reversal of
the AHR spizade aroess the production of DA,
ot whether in some cases an “secommadarion
phenomenon” cakes place, remains o be
studied. Whatever the precise explanation,
these.data undecline the importance of a
pramgt diagnasis of AHR and the possibiliny
of a favorable prognosis if effecrive cherapy is
adminisrered.

Diagnosis and New Approaches
to Therapy

As :1|r-=:1-r|.:.-' mentioned, AHE shauld he
suspecred in the presence of clinically severe
rejecrian, in Jllngral"l: recipients with nligu.rii
and rapidly deceriaraving renal funcrion not
responding o standard cherapy 112134 [
addirian, IMGE in a highly sensitimed parient
or a recipient of 2 recransplane should raise
the possibilicy of AHR. In these clinical
secrings a renal zllagraf biopsy is mandarary.
If I::|"11i|:'l| Pat]m]nf_jn:al features of AHR are
presenc by light microscopy, in parricular
neurraphils in peritubular capillaries, che
dizgnasis should be confirmed by bach staining
for CAd and by pecforming a post-cransplant
crossmatch with donor T and B cells. A renal
ulrrasaund helps to rule out other reasons for
E;raﬁ: dysfunceion, such as ohstruceion, and a
renal nuclear sean or a duplex ultraseund
reveals persistence of renal bload Mow,

although perfusion o the .ailnguf'l; cary e
diminished in AHR.

A mentiensd above, the trearmens of AFR
repeesents a continuing challenge for che
transplant ream, since AHR is ofren resiscang
ta conventinnal imminasuppressive protocals.
P-In;hn:n:gh the r.-;_1|:ir|.'| zl che rapy remains
undefined, recene studies emphastze the need

far a combined cherapeutic approach 245

Rewaral or Suppression

of Allsaneibody

The rele af alloantibody removal in the
ceeatment of AHR remaing controversial as
masr series are small and lack appropriace
eanrrolz, The rarionale for t||'||i:l:i|13 plasma-
ph-::r{-.sis or imml:nn:b.sn}rprinn o rrest AR
iz based wpon effars o remiove allcanribadies
prin}r L rr.insp].:nurinn in arder o prevens
h:.-'pern-r.ute rejecrion in high.l:." sensitized
patiengs 41

We have recently evaluaced plasmapheresis
combined with “tacrolimus-mycophenclate
rescue” in the effore o improve the suteome
of AHE.F! In this study, the number and
durztion of plasmapheresis crearments was
puided by response to therapy (improvement
in renal function) and seoam levels of DS (e
Fig, 1). Ouwr cureent procecal includes fve daily
sessions of plasmapherssiz, followed by five
additional creatments on alsernzee days if
necessary. At the end of plasmapheresis treat-
ments, palyclonal immuneglobulin (0.4 g
iz adminisrered o prevent infectious
complizarions. Ochers have wsed immune-
adsarprion with staphylococeal protein A in
patients with AHE to achieve a rapid
decreaze in the titer of circulating
imnmunoplebuling® Here it is imporcant i
emphasize thar removal of antibody needs w
be combined with intense immunasuppression
to prevent a rebound in immunoglobulin
synthesiz, L

Anorher interescing approach thar has
besn evaluared recencly ro contrel AHR in
renal and cardiac allografe recipients is che
administracion of high-dose (2 g/Eg) poly-
clonal immunoplobulin (gl Intravenous
[g has well-known immunemodulacory
propermizs, including reviculoendochelial
blockade, inhibimon of :nmp]:rn:m:- miediaresd
endothelial injury and a decrease in ancihady
synthesis #% Ineravenous Tz may alsa block
HLA specific antibodies through an
anti-idloeypie mechanism, ™45 The use of
high-dose Tg is therefore an arrractive porencial
addition o provocols designed oo creac AHE.
Haowever the high cost and limited supply of
Ig, and concerns regarding potential compli-
cattons [mainly allergic reactions and trans-
miszion of infections), may limir ivs wide-
5.p|':-.3,d s in QTgan l'r.in;phnmliu-n..

Immnunosappression

Sines the early 19905, newer immuna-
suppressive agents, such as tacrolimus and
m}':nph enalate mofeeil (MMFE), have
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hecome available for organ transplantation,
Interestingly both drugs have been uzed
succesafully as “rescus” sgenes in severe allo-
graft rejecrion in kidney rransplancation, 57
Az compared o azathioprine, MME has the
advantage char it can inhibit ancibody
praduction by B cells in vitro and in vivo, 7272
Thiz property supgests thar MMF should
have superior efficscy in reversing AHR. In
the past cyclophosphamide has been used in
highly sensitized patients with variable
efficacy.” 51 Spudies comparing MMF 1o
cycloplesphamide, however, are lacking and
therefore definire conclusions cannox he
made as to which drug should be uzed
preferentially. Our current regimen includess
a combination of racrolimus and MME, in
additien to plasmapheresis, for the rreanment
of AHR. Other groups have combined
plasmapheresis with high-dose tacrolimus
and antilymphocyte therapy, but without
MME™ This approach may be limited by
tacralimus nephrotoxicioy and neuromoxicing
which in our experisnce is commanly
observed with racrolimus Levels greacer than
20 ng/ml. _

Finally, although antilymphocyre therapy
alons is generally insufficient oo reverse
AHR, a role for ir ve concribure to che
successhul reversal of AHE cannot be ruled
aur. Indeed it has heen well established that,
at least in their initial srages, humoral
rezponses are T-cell-dependene 3

New Perspectives

Clearly mew agents thar prevent and/for
allaw successhul reversal of AHR are needed.
The effiects of new immunosuppressive druags
such as anri-interleukin-2 recepror mono-
clanal antibodies er rapamycin on DSA
production remain oo be clarified. These roo
claszes of drugs have been shown oo decrease
the ingidence of acute rejection in renal
cransplan recipients.”™™ However, their
porencial uzefulness w concrol anti-donor
humaoral responses has nor been esrablished
in humans.

Another interesting new stracegy o treat
AHR is the use of complement inhibitars. Tn
animal models of ancibody-mediared rejection,
speeifie inhibition of the n:n:lmp|¢|n¢r|.|: sysgen
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is & very effacrive approach o treat AHR,
withowe the need for annbody reeeval by
exerzcorposal techniques,™ In addirion o
thie carly cxperimental wark performed in the
197023507 the critical role of complement in
humaral rejection has been demanstrated
rare recently by using soluble complament
receptor type | (CR1), which resulted in
delaying hyperacure xenograft rejection {pig
v primare model) from enz hour o 3-7
days."™ Saluble CRI {sCR1 oc TT10), 2
recombinant form of endogenous soluble
complement recepror | (ORI, CINAS,
C3b/C4b receprar), is a very efficient
inhibirar of boch classical and aleecnacive
parhways of the complement cascade. 42 The
presence of Cdd in peritubular capillagies of
renal rl:'.'i[.li.ful‘i- with AMR indicares char che
classical pathway is activated, presumably
due o the binding of D3A o the graft
endothelial cells. ™ Complement activation
resules in newtraphil reeruitment with
subsequent tissue damage. In che fucure,
administration of complemenc inhibicars
such as sCRL may allow treacing AHE with-
ozt the need for antibody remeval. Thiz ew
class of dougs, aleady undesgoing clinical crials
in allegrafe recipients,® may become an
important addirion to the armamentarium of
m'n:i-:':jrrrinn. ZEENIS In argan :nnsphnu‘nu:l.
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Fig 1.This fgere was adapred from Ref 21, with permission from Lippincott Willizms asd Wilkins. The
Figuze depices the poat-oransplantation course of 2 57 yrar-old female who regeived a livieg-selaed crans-
plast from her deughrer. The kidney allograft had cxcellont initial fanetion bar ane week lerer marked
eensl dpsfuncrion occurred and a renal biopsy rovealed AHE. with diffuse C4d siining of pericubular
capillaries. A repeat crossmarch demanstrated the presenes of anti-HLA chass 1 DEA ([glE) in paident’s
serumn. DA was direceed against che BT antipen present en the dzughrer’s paternal haplotype. Renal
dysfuncion persisted despiee sdeninistratan of methylpeednkiclane pulses, antilymphesyte therapy aml
initiarion of aeralimus and cpelophosphanside. Plasmepherasis (PE) significancly decreased cireulaging
L5 and was asseizted with an initiz] improvement in renal fancrion, Subsequently, reauresan resal
dyehenctian eccurred in asociarion with a new riss in the riters of cicoalating D6, and 2 sepear blopsy
apain revealsd pathological Features of AHE. A second series of five plasmaphercsiz, together with
myeaphenalue enofecil rescue, resulved in a sustained decrease in DA vitees ane coenplere reveral of the
rejectlan episade. Currently, chree years after ransplancation, the patimt is dobng well end che serum
creatinine is 1.9 mgidl.

Reprint Requests and Correspendence

Manuel Pascoal, MDD

Renal and Transplantagion Unis

Bax ME 70

Masszchusers General Hospial
and Harvard Medical Schoal

Boston, Masachuseres, LT5A 02114

Tel:  G17.724.6550

Fax: 617.726.3713

Email: mpascual@parnnees.org




EEFEREMNTCES

I, Erzmee Kbk £ Qb & Paobor Pmen 7,501l
Heperuniee pdia o ideey alipeils, wooinial
wich, por-erkneg fnwrd il dpERE G
ol Larems B, 1462445

I Wilkzrx GM Hame [M Saden OF L moal

“Hymracsr” rrd hoaogndt geckan inoman. K

Exil 1bad 1965, EEITEIE

P4 Pl & ok AL Sgadiaee o de pad
TPt et i bk it 14 Eod | Mad
1985 TR TR

4 Marry |, Maridl [T, Mureda G o= 2l Sy

rampaniston o rmodded reciplmn. & ooy

L rhk 15108

Jeicwd M Fire V2 Flia ML d il Harsird emiibedin

P Ao e oy b k. ¥ Esgl | Mad 700G,

N7

humer BT Ryl FS Dewscwon of ool gt

i a0 red e
=um eecndatica o de woond oo of
eorpdoed. o W B 199K | 2T

& Sotoluns W3 B kel inophstation B
gl | o] L 1M M N

A daegh EH, Tirk LA T mde of Tl oot iy
wuvaien parees b sl peEn 5 Bl |
el L0 S 1615-1A0

9 Ewic TH, Hiforzn T Ol grdoms
acairctided with dotibady in ke Ore Mo I,
St I Balad Ko Moy d 5

.

-

Liske P, Fpamoar £F, Rewreon W0, & gl Enkdenee
SororaTxing poor bdey grkt el when acew
= ik I pactic
Feipluaobinsa. Traeed et LR o 05
Gl L Bricde L Gibietes T, d dl T ol
rckhelial pell ik e Trsphintitos. HE%
-
Faul I, Reldwin T W Nie B 08 Viodar
trdodebd aloaripra I onral Tarelaacke
T el imikidon 1955 40110135
Sy Eitrpia 5, Twdm €, Roskoll |oof o
Frpevanes gt o i orpeiuie: rad ilogeat
arcdearip ko ol i chird rapapd s caessl 3 i HLA
mifoda palic fr mddwill ol T
kevard HAT LD
gl P Prizpr P, Cocklicld 58 ol Clinical
R ad ki o mkloh madiund
v ool | e S bl DO Sakm LU L)
Eleea | Gallegs b, Faooal | il Proggsds of moue
euduy raerrde &P prEpeciedl ool
shal Meghron TAL E421-51

. Thadard K, Focead W, Exeenis [0 Ao nral

Vil M Exl ] 106 35150

K OH]L Fhorg B, Yy Bl 4 d ol Rk Fardom
b Gebred gl fasdkd b e bidoe
e o Trsplaation 1%, 6 16833,
o W, Cacdever 52, Whushi . Hiarsal alormaoind iy
I mcipamis of wrod saprfy g rek Do b

of ] i b

Bl e 'poufc: Mo Doy B0 L3 14T,

K. Haloran BF Wadpnar b, Ricke & o dl e
shgmdficarice of anch-cla | anaads seqoase | Ciedead
1 pachologic rmm of ard<ciax | rekeed]

| i rrmniaton A 1

201, Halére FE Schlin | Solec I, o ol Theesprificron of

| wdde | asdbel ropeme (L fniad ad

g boar o reval iasplios sk et

| i anriody Trasspluation 13, 93 980:35¢

T Tpkor K Camphell T, Padoka F o5 ol Pashlgic
fezbarm of acin ool alognd rjcioa Fwad
with dooorgucilc mifedy Tomphotsion B
B L

1 5ode K Anchen B, Benebilesioa 3 d il b 1

FREEETLE £
Siornd ). Sarme, DR, Lim 18, o o, Prntrarapland
ancibonoe wribobes e gl et Bk by
eessor tho cysency. Treamastion |58, 17
s
Trgd TE

. i il

L 158 FA0G-1
Fully T Phebn G, Gebd 54, o 2 Astpemic
gty o dhef mxdie b b

Tuliar T, Tullar 4, Gokden: W mt ol HLA alkoardecches
wrd b et o

5l

Trm El Blduren 08, pem 3B oA oWl Ao
Rtk by becroral antibody of ras e prafied i
P The ke o omheoes oo
b, | B Ml 14T 151855000
Erar BB, Bl ¥ 5l Prohir 5, o ol The
L T ek i
e ind bprrwie allegra pepcionn i e i
Triregntidon IR SRS
Bakdain W, (han £, Tocwlia B, o @, Cemplmens
rars dkoprali bipdd by ol adiason reter than
beiy Traraplanerion |99, 67 | 450
Lrger b, Bxeg M. Hebart H. il Thedewsiopraent ol
1 puifwapecdc ooewamh  ahd  bidey
Wirepiankidon b ddexaril for 8 grad, Trarpdin
P I, 31 581

Soomik ). ke BE, Howad B & A

Bikiein 11 T, Sacippa . Aralods und gt
b, Trissphudsbon Pree 109, 35 400

Pugtk £, Ereei @ Doar A5, o al o

7l

graft

mee 17

velume 3
Lsgame 1

JanuarpiTebeuare 20

LaBery ME. Laag 5, Modoegor B, al Teamen of
WA R AT L A b 3 oA 2B wink

o B E Ry g (HLE-ABC 2ad 04
andpere i 48 ks, [ilevenens i FLA-D8: stainizg
of bbda arorg Bdeeys Trepladien 3L

. haldh T8, Chwarcher . Swerg Vurghese, o . Bl

Irirdplistitin. sher rooral o onE-HLA, andihodes
Lot |534 1 5

Eacirnid L, Belbiteen B, Brdini L, 6 2l Sucomsdd
mwphmrkd B bghh  ooiied pEeh
Traraphi Foc 185 11 301

Bracawd [E. Farshiraced H, Fiesd 5, A ol doerngd o
depheSon, of anth L), antibadien in derediinn] paba.
Teriny  Prepmision  mng  envaseorsal
insisierpiin,  pabyckad  BpE o
immeorppeezie dug Tremplad Foc 159
1T

Teaen T, Py &, Wl £, of il R of ar-E1
akbodior pror @ rwadaacke w dlorke wd

wnbarl pation i e R i bibaobogh: Jiprvsid of
mul akgrat meckar The B wlisg
cheniicator, of Edray trsapdaae puhaiagy Govey o
5L AL s

I {olws A Sdeodempr FE Poool M, @
i Crghrwi slribon 0 oEve oeal ol
Wl i digwer; shindbewne o Gl
depoedna. i periabadar copdiacks. | i oo ephrell
1545 [0 IHE- 15

15 Tachi KL W, Milebrasd G, 0 o
Capllery depraion: o id corsplernant fngraent and
ik b By I 105 R 13051058

Ik Lodess 38, Sdwwrberpr H, il E, o ol Exdy rrad
raf it The: el of prcloamed ntlods o
B ped et iesodd ol ks Trieplintion
1508 1512

1% fohen 3, Qearid /7, Coor 155, 0l Fremsupdak
ey wing bigh-dow horon searsgkdbolin
frkfyd  frmeagidboba] & corid sade
sl spnlen b ool axd crde alognd
il el Eedwen o st
Traraplasceion 158, 005

15 OMalley B, Cook OF, Foeslor L o ol Aoke repodion
and b Bom iy coorasich, Traepgiand P
1 2160

L Cola BB The pathopmas of ool mjndion

Trigsphiat oo L9901 L3065

Codeba KB The: el lbospral Bionn. ooy ind 1756

0 1 AL

131 Pasod M, Sebda 3, Tolofl-Babdn &, o il e

mizhange W RamliE TrOpteliE o bor

ace bamord spcian I Eide pasplintaion

Trasaphiabon FS% 64 101

aczem (1., Sakex K, Cobia BE, i 2 The Bl 40

o cleofiation of rd abognd pacbalgy

Wil bt L0 301534

1t Fuesdl F5, Chise OM, Coden B3 licartbeody- ord T
el weliand wwady I e palepaod of
ranplie  wwieckvors. Tossplisaion 167,
L E R

2l Cropa W, Focnd M, Tedof Tk ¥, 2 T som
prodhockon o dosor peclle anbboday during o
il gl rention Trimglniston 159, 67
T

s

SRS SR,

e r del gy bar Kghdy reval abigral

bl hor. Fem {HET Ptk Trarphest Proc 105, 165
kL Higgies B, Boan BY, Cary BS, ot al. Fanmtion of
Feski ¥ ook [, Terwadti P, o &l Pl eyiormcty bipersone repstin by peroral o antbobin & 114

sramackEg I Panis oedier ey
rarwglarixioa, Traepdard Prac 1530, 1594 &
Mo 1, Dugeroy 3] Fregess ogon o0 e
MEAP gy mrey e b
A1 45,

Sooendk; [0, Brmp A, Podlack, MG, of al Malorsir
wiabastion of e B Coaey Todl irmssnk:

Irmmckaaedy bebo: il Urissplistatin. Liverd 1796
HEI208-11.
Peopmtindl B Beface F Pk L A al
Lrerwmoakaorption i poerin , i bl prjomioa
o oy ramples A keral 1R
AT S s

Jowdin G, Qurie] M€, Corr 055, ool ¥

L

} ket ard Bigh doar deriy. 508
Mad | 2R a0
Gkl o, Pocedss MO, Bk BE o alBechend

Wooder B, Mardn Tsdag K Crosia &, 4 al
Myophonohie moleril, iogeiter with Cprkommonine &,
provmb 22300T) mibeds e in idowy
rwsglml mopimh | Am dx Mohed, 19E
IR,

s GE e ool BF S OF, o ol Beverial of
delaped Peperanes el dlegrafi mjemin =ih @
erediran-bad charspn iz ragiren Tranegd und e
o, g

womtl § Mkran L Ugh 5 & al
Irdebeiin.F-ooptor bockide sith dickraeat: in
Pl W fpetion I rolal reeplatibon
e il Tripe Theevapy Sy i H Engll | Mad
o SRR

Hizckani B, Moary 2, dmkox Pt 1. Farsdornied sl of
beniitriash M T

rqumhnilmrq:umn
il Sl Croug Larel LU0 150 1 BH-E.
Eifvit BD, Padsckli | Migid KL o al
Irwmiwappese S wd wby o @
drndmaeiogonin cnbinarkon g s wall
tarplistrics Tawganiton TR 64 RH
Ermur 8, Eddwia WY 5rd, Frabim 5, o ol The
5 P D

R o o Hnesan ety of Soepuily e ey
e a1 Paiagion bamorad ik 1 el and ot dge
prificiecy kafing oy Ty T pirs wet poimdd pedasen o i
L p—

ek Bt W ke bt egmrme (e
P i ¢ S TR
oo I LeFor WML Chociursli 0, & ol Hpermie

ard aces Héoey gt wietka ot m acbodies 5 Mg O Gibm B4 Hubed Bom oal
it B ool Tomplankadon TS Sl lrmapogisbiln  proek  doeploset-mndind
i % — I Cack, bpeaces  EElG B coprimk
Tormali M ik Circd irapbes 115 Lo TN, ] Gl ke LS HM- L
Agrbe, 1401 The Tiping Laborstery, 195, S Coafel DH Rl MG, Mmeoll E & al
B TE. Lborabioy met dirial i 7 7 chea shoad the inhibioy SR of
T phly weredioe] segan Leisplisd prigeest, Hamiz ko bnmoghbadive 13 Wi ad i e,

Irarsurigy B 3540

Bardn 5, Dyar P, Malkck OF, o ol Pommasplint
asibode prducion I mldion © gk cacEe
Trimsplistation HET; #k 48-1

Schirerrien € Gooh [, Lo 5, ot ol 1EA claas |
s dirs (1 etbeodia. Morsoriay, ke ard alar
Iy irgspliataton ol ther civical sdeoraree
Trarapdantation FAES; b 1512

Feringon JE, Thownid bl Dred P H il Detosions ol
IEAgcls apcholers By FRASTIT wel i
amcctidon wilh vaepiant ooome, Tranglmeion
HR B 12115

Foparick T, Dvewr L. Sablian SL & shiapde anrthed o
reesoval of TS fiomn pationd sern. Aan: [narssd
e 1N

Faiimi O, Mebanse P Tian EL d dl Aok
Srrazicd by hacmorel dachody of i shis giled B
mi | e FTL 1R 155341

Trweplakasion 1900 £11191-1

Jeotmn L Taech W Tmsimess of ssclmmans
desie el s woculisy wich pocded human
nirregonl e gobulin e B benenel
15, 37318

Jndon ML, Mantghd B Sk K, of 2l Tacokno

Al H, ooty W], Eoids B o 2l Sorrechd prvrad
of s vl Pjedion 6 4 el logralt wh
combired mpocphencle o] dd tcrdsrs o
11581 g i

T L3 h
sk Dok disged! meden e
Trisspdmaion 995, oAl
Farsell FA. g O, Caivin B3 [adeosl iewwire
et ol bong vk, H o3 inncompaaie: Bdoes
iearapdase i e, | Fig M 10 22 1-B6,

Freiz K, Bedinge B2, Calliw B & ol ey of

Wi 1 R T, Lppo ME, a ol Sodubde hran
it maps: g E v inhbior of

el bearvinis . ek TR0 SRS

Prisanil M, Duchoeal B, Saepes G, 2l Qiodsiing
slubde GBI (CD9E. Seamn Kb in docod dad
ekl ki B pedd 9 e bbeis
Pl Tk 15116011

Eeshanpee S, Do B, Zsrwes MF, ol it of
corgierent. in heman Jary e, | Hean and
Loy B 1743 01




EDITORIAL
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Progress in understanding humoral rejection

In
patient management

idney transplantation: implications for

M. A. Pascual (MD), M. Crespo (MD) y N. Tolkoff-Rubin (MD)

Renal and Transplantation Units. Departments of Medicine and Surgery. Massachusetts General Hospital and Harvard Medical School.

Boston. Massachusetts.

Until recently, most studies on the mechanisms of
renal allograft rejection have focused on the central
role of T cells and of other cellular mechanisms of
tissue injury. Over the years, it has been established
that CD4 T cells are crucial in initiating most acute
rejection episodes, and that alloactivated CDA4T cells,
cytotoxic CD8T cells, monocytes/macrophages and
NK cells play a major role in cell-mediated mecha-
nisms that eventually result in allograft destruction’.
These research efforts in the cellular immunity of
organ transplantation have been illustrated in a re-
cent study by Li y cols., in with measurement of uri-
nary mRNA encoding perforin and granzyme B was
used as a noninvasive means of diagnosing acute
renal allograft rejection?. Perforin and granzyme B
are two proteins that are present in the cytoplasmic
granules of cytotoxic T cells and NK cells which are
an integral part of the effector mechanisms of cell-
mediated allograft rejection.

In recent years, however, it has become increa-
singly appreciated that detection of anti-HLA donor
specific antibodies (DSA) de novo after transplanta-
tion is associated with specific <humoral syndromes»
which are due predominantly, or in part, to antibody-
mediated effector mechanisms of tissue injury. The
identification of the complement fragment C4d as a
specific marker for humoral rejection in peritubular

Correspondence: Dr. M. A. Pascual

Assistant Professor of Medicine, Renal Unit, Box MZ 70
Massachusetts General Hospital and Harvard Medical School
Boston, MA 02114

E-mail: mpascual@partners.org

capillaries of renal allograft biopsies has helped to
define and characterize these syndromes, which we
have recently termed acute humoral rejection (AHR)
and chronic humoral rejection (CHR)*”. In this arti-
cle, the three different clinical settings in which hu-
moral immunity appears to play an important role
in clinical kidney transplantation are reviewed. In
addition, new therapeutic approaches to control the
production or the detrimental consequences of allo-
antibodies are discussed in the light of our recent
studies and those of others.

HYPERACUTE REJECTION

The rejection of an allograft within minutes to hours
after transplantation is termed «hyperacute rejection»
(HAR). HAR is generally mediated purely by humoral
mechanisms, that is by the binding of recipient’s DSA
to the donor graft vasculature which triggers comple-
ment activation. Both preformed DSA to HLA antigens
or anti-ABO isohemagglutinins can result in «hypera-
cute rejection»®°. Preformed anti-HLA DSA have ge-
nerally been induced by previous exposure to allo-
antigens through prior transplantations, pregnancies or
multiple blood transfusions'®. Anti-ABO blood group
natural antibodies are present in recipients who re-
ceive a blood group-incompatible transplant™.

The detrimental effect of preformed DSA became
apparent in the 1960s. In the presence of pre-exis-
ting DSA («positive crossmatch» at the time of renal
transplantation), hyperacute destruction of grafted
kidneys occurred almost inevitably®9. The histopa-
thologic findings of HAR revealed intense neutro-

M. Pascual is the recipient of the Helen and George Burr Endowed Research and Educational Award in Support of Transplantation.
This work was also supported by the Yates Fund for Transplant Technology (M.P.), the Foundation Suisse de Bourses en Médecine et
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philic infiltrate, edema, focal interstitial hemorrhage
and thrombosis, and fibrin thrombi in capillaires asso-
ciated in some cases with fibrinoid necrosis of small
arteries. Importantly, the absence of a mononuclear
cell infiltrate indicated that HAR was not due to cell-
mediated immunity. This initial experience stimula-
ted the requirement for demonstration of a pre-trans-
plant «negative» crossmatch and, in most centers,
ABO compatibility to perform kidney transplanta-
tion'>13. HAR has become a very rare clinical event
in kidney transplantation. Renewed interest in HAR
(and in humoral rejection in general) has originated
from the field of discordant xenotransplantation, in
which natural xenoantibodies are responsible for
complement-mediated HAR that has proved difficult
to overcome. Removal of circulating natural xeno-
antibodies and/or inhibition of complement activa-
tion are two methods that have been succesfully
used to prevent HAR in pig to primate models'.

ACUTE HUMORAL REJECTION

In the early 1990s, P. Halloran y cols., proposed
that acute rejection associated with the development
of de novo anti-HLA DSA in recipient’s serum (i. e.
AHR) is a clinico-pathologic entity carrying a poor
prognosis'>'®. In a subsequent report, these authors
analyzed the histopathologic features of AHR. Neu-
trophils in peritubular capillaires, glomerulitis, fibrin
thrombi, infarction, severe vasculitis and fibrinoid ne-
crosis in vessels walls were found to correlate with
circulating DSA against HLA class | antigens'”. These
findings are distinct from those of cell-mediated acute
rejection (without circulating DSA), which is charac-
terized predominantly by a mononuclear cellular in-
filtrate with tubulitis and/or endothelialitis'®. In the
past, the terms «accelerated rejection», «delayed hy-
peracute rejection» or «acute vascular rejection»
have been used to describe what most likely was
AHR in a majority of cases®. However, it should be
noted that these other terms may be confusing. For
example, «acute vascular rejection» or «accelerated
rejection» are entities not necessarily restricted to an
antibody-mediated process, as they can also reflect
T cell-mediated injury®'. In particular endarteritis or
endothelialitis, a form of «vascular rejection», can be
exclusively due to cell-mediated immunity>. For
these reasons, we prefer to keep the term «AHR»
which is based on pathogenic mechanisms.

In 1999, B. Collins y cols., demonstrated that stai-
ning of allograft biopsies for the fragment C4d, a split
product of complement C4, is a reliable method to
identify AHR*. It was found that widespread C4d de-
posits in cortical peritubular capillaries correlated
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with the detection of de novo anti-HLA DSA in re-
cipient’s serum (de novo positive crossmatch). After
activation of the classical pathway of complement
by antibodies, the fragment C4d is released and re-
mains covalently bound to the nearby endothelium
or basement membrane collagen, thereby providing
in situ pathologic evidence of antibody-mediated in-
jury. These observations extended prior work by H.
Feucht y cols., in 1993. These authors found that
allografts with early dysfunction whose biopsies de-
monstrated capillary deposition of C4d were at a
singnificantly increased risk of failure when compa-
red to allografts with no C4d". In their study, ho-
wever, repeat posttransplant crossmatches were not
performed so that the presence of de novo circula-
ting DSA was not assessed.

Clinically, AHR typically presents as early and se-
vere allograft dysfunction>°. The risk of allograft
failure (50-80%) is particularly increased in the first
three months posttransplant'”-20:21. We have recently
analyzed the Massachusetts General Hospital expe-
rience over a four-year period and found an inci-
dence of AHR within the first three months after
renal transplantation of 7.7%, that is 20-25% of all
acute rejections had a humoral component®. Most
often, DSA were IgG against HLA class | antigens,
but in some cases specificities against HLA class I
or IgM antibodies could be defined. In approxima-
tely half of the patients with AHR, the rejection was
resistant to both steroid and antilymphocyte therapy.
A higher level of pretransplantation sensitization and
a history of a previous failed allograft were found to
be significant risk factors for AHR, suggesting that a
specific anamnestic humoral response against donor
antigens plays an important role in its pathogenesis®.
We have also diagnosed AHR in two patients recei-
ving cyclosporine, prednisone and mycophenolate
mofetil, in whom the dosage of cyclosporine was de-
creased to subtherapeutic levels because of cyclos-
porine toxicity as well as in two hepatitis C-infected
recipients following the introduction of interferon
therapy (M. Pascual, unpublished observations). Fi-
nally, it should be emphasized that not uncommonly,
histopathologic findings of acute cellular rejection
may be present in biopsies with AHR («mixed» ce-
[lular and humoral pattern). The identification of C4d
deposits in peritubular capillaries can be the only
pathologic feature indicating the humoral compo-
nent of the rejection process.

CHRONIC HUMORAL REJECTION

In addition to non-immunological factors, both ce-
llular and humoral immune mechanisms play a key



role in the pathogenesis of chronic rejection (CR), a
condition also termed «chronic allograft nephro-
pathy» (CAN)22. In particular, the presence in serum
of alloantibodies to donor HLA class | or class Il an-
tigens has been associated with CR/CAN, possibly
manifesting alloresponsiveness via the indirect path-
way of allograft recognition’ 72325 Posttransplant
production of alloantibodies can predate the clinical
manifestations of CR/CAN, implicating humoral me-
chanisms as a possible cause of CR/CANZ. Recent
studies indicate that C4d deposits in peritubular ca-
pillaries are not only found in patients with AHR but
also in a subset of patients with CR/CAN”. Approxi-
mately 60% of biopsies with histologic criteria for
CR/CAN (transplant arteriopathy and/or chronic
transplant glomerulopathy) had C4d deposits in pe-
ritubular capillaires. In most cases, this was accom-
panied by detectable DSA in the patient’s serum’.
To determine the relative contribution of humoral
mechanisms of rejection to late allograft failure, we
studied the prevalence of CHR in patients with
chronic renal allograft dysfunction of all causes. C4d
deposits in PTC were found in 13% of renal reci-
pients who received an allograft biopsy for chronic
allograft dysfunction?®. Contrary to AHR, it does not
appear that pretransplant sensitization is a risk fac-
tor for the development of CHR. In our experience,
non compliance or underimmunosuppression is
often found to be a cause for the development of
CHR, suggesting that clinical trials evaluating with-
drawal of calcineurin inhibitors or steroids should
monitor DSA production.

NEW THERAPEUTIC APPROACHES TO CONTROL
HUMORAL REJECTION

Since 1995, we have evaluated a new therapeu-
tic approach consisting of «Plasmapheresis combi-
ned with tacrolimus-mycophenolate rescue» (PPh-
TAC-MMF rescue) for renal recipients suffering from
AHR refractory to both steroid and antilymphocyte
therapy*°. During a 4-year period, 232 renal trans-
plants were performed under cyclosporine-based im-
munosuppression. In 10/232 (4.4%) consecutively
studied patients with «refractory» AHR, the protocol
of PPh-TAC-MMF rescue was initiated. Ths thera-
peutic strategy significantly decreased circulating
DSA over a period of 3 to 6 weeks with reversal of
rejection in 9/10 patients. At the end of plasmaphe-
resis, polyclonal immunoglobulin was administered
intravenously to limit the risk of infectious compli-
cations. With a mean follow-up of 42 months, pa-
tient and graft survival are 100% and 80%, respec-
tively. Long-term monitoring of DSA titers revealed

HUMORAL REJECTION

persistently undetectable levels of DSA in all patients
with functioning allografts. In contrast, DSA was de-
monstrated in both patients with failed allografts?’.
These data suggest that a therapeutic strategy using
«PPh-TAC-MMF rescue» can consistently prevent
allograft loss and improve the outcome of early re-
fractory AHR.

These observations on the control of humoral res-
ponses in patients with refractory AHR have been
recently extended to the treatment of CHR, i.e.
CR/CAN associated with DSA and C4d deposits in
PTC?. We found that in recipients with CHR, res-
cue therapy with TAC and MMF alone (i.e., without
plasmapheresis) resulted in a progressive and sustai-
ned decrease in DSA titers, with stabilization of renal
allograft function. In two patients, DSA became un-
detectable after six to nine months of therapy, and
repeat biopsies performed at 12 months revealed a
decrease or absence of C4d deposits in PTC?*. These
preliminary findings confirm that suppression of allo-
antibody production is possible with the combina-
tion of TAC-MMF, and this effect may be of value
for the treatment or prevention of CR/CAN.

Similar therapeutic strategies may also be useful
to prevent HAR and thus allow kidney transplanta-
tion in highly sensitized patients. In Spain and in the
US, approximately 10-15% of kidney transplant re-
cipients are highly sensitized?® 2. A rapid «desensi-
tization» protocol was recently evaluated by Mont-
gomery y cols.3%. Successful desensitization was
achieved in four highly sensitized patients who had
positive cross-matches against their potential living
donors. The protocol consisted of PPh and intrave-
nous immunoglobulin (IVIg) with concomitant ad-
ministration of TAC-MMF-prednisone, initiated seve-
ral days or weeks before the planned transplantation.
This was continued until a negative cross-match was
achieved. All four patients developed episodes of
AHR in the first month posttransplant, but these were
successfully reversed with additional PPh and IVig.
In another similar study, 11 out of 15 patients with
a pretransplant positive cross-match against their li-
ving donor could be successfully desensitized?'. Pre-
transplant, the patients received PPh three times we-
ekly over two consecutive weeks, in combination
with 1VIg and TAC-MMF-prednisone. These patients
underwent successful transplantation with OKT3 in-
duction and continuation of TAC-MMF. Relatively
low initial titers of DSA were predictive of success-
ful attainment of a negative crossmatch. Suppression
of HLA-specific antibodies by the administration of
high-dose IVIg has also been proposed as a means
to desensitize patients awaiting transplantation3233.
IVlg has well-known immunomodulatory properties,
including inhibition of complement activation and a
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decrease in antibody synthesis, and has also been
shown to be beneficial in the treatment of AHR in
renal and cardiac allograft recipients*. Thus, we be-
lieve that incorporating 1VIg in protocols of combi-
ning PPh-TAC-MMF probably provides additive ef-
fects that may be useful to decrease DSA synthesis.

In the upcoming years, it is likely that the effects
of other newer immunosuppresive drugs on in vivo
alloantibody synthesis will be clarified. Blocking the
interleukin-2 receptor with daclizumab has already
been shown to reduce the formation of anti-HLA an-
tibodies posttransplant in cardiac transplant pa-
tients3>. Rapamycin (sirolimus) suppresses immuno-
globulin synthesis in vitro®®, thus it can be specula-
ted that combining tacrolimus with sirolimus may
offer an interesting alternative to tacrolimus-MMF re-
gimen to control humoral responses in humans?’. Fi-
nally, the role of complement inhibitors remains to
be defined in solid organ transplantation. Indeed,
specific inhibition of the complement system may
allow preventing or treating the deleterious conse-
quences of DSA without the need of antibody re-
moval. Soluble CR1 (sCR1 or TP10), a recombinant
form of endogenous soluble complement receptor 1
(CR1, CD35, C3b/C4b receptor), is a very efficient
inhibitor of both the classical and alternative path-
ways of complement'#3%39 The presence of C4d in
peritubular capillaries of renal recipients with hu-
moral rejection indicates that the classical pathway
is activated due to the binding of DSA to the graft
endothelial cells. In the near future, induction the-
rapy or posttransplant administration of complement
inhibitors may open new avenues in transplantation.
This new class of drugs, already undergoing phase |
clinical trials in allograft recipients may become an
important addition to the pharmacologic armamen-
tarium used in organ transplantation and other im-
mune-mediated diseases*°.

SUMMARY AND CONCLUSION

After more than 40 years of clinical renal trans-
plantation, the contribution of humoral immunity to
the pathogenesis of allograft rejection is progressi-
vely being clarified. With the advent of a new ge-
neration of immunosuppressive agents, the produc-
tion and consequences of anti-donor alloantibodies
can now be controlled. In the upcoming years, im-
munosuppressive regimens that will specifically con-
trol both T- and B-cell responses may further
improve long-term allograft survival, if the immuno-
suppresive efficacy of such regimens is not hampe-
red by an increase in infectious, neoplastic or car-
dio-vascular complications.
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CONCLUSIONES

e El rechazo agudo humoral es una entidad clinica y patolégica
diferenciada que sugerimos diagnosticar con los siguientes criterios:
1) CLINICOS: Disfuncién renal severa precoz tipicamente cortico-resistente
y con frecuencia resistente al tratamiento anti-linfocitario convencional.
2) SEROLOGICOS: Acompaiiada de la aparicion de anticuerpos donante-
especificos en sueros contemporaneos al momento del rechazo, no
detectables pre-trasplante. Si bien los anticuerpos donante-especificos son
habitualmente 1gG anti-HLA de clase | o de clase Il, no podemos descartar
un posible papel patogénico de anticuerpos de tipo IgM.
3) HISTOLOGICOS: Presencia de depdsitos difusos de C4d en capilares
peritubulares.
La presencia de sblo dos de estos tres criterios permitiria establecer el
diagnostico de *“probable rechazo agudo humoral”, en cuyo caso

probablemente resulta acertado aplicar la misma pauta terapéutica (86,87).

e La incidencia de rechazo agudo humoral en la poblacién estudiada (MGH,
1995-99) es de 7.7%. Es decir, hasta en un tercio de los enfermos que
sufrieron rechazo agudo cortico-resistente, existen mecanismos humorales de

lesion del injerto (86).

e Los factores de riesgo claramente identificados son: sensibilizacion (pre-

trasplante o histdrica) y retrasplante renal (86)

e El estudio histolégico tradicional resulta con frecuencia insuficiente para
diagnosticar el rechazo agudo humoral, aunque la presencia de neutrofilos

en capilares peritubulares y/o glomerulares, la necrosis fibrinoide arterial o
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glomerular y la presencia de trombos de fibrina en glomérulos resultan datos
sugestivos. En virtud de estos parametros sugerimos distinguir entre rechazo
agudo humoral tipo 1 (con afectacion capilar) y rechazo agudo humoral

tipo 2 (con afectacion arterial) con severidad y pronostico diferenciados (87).

e Reconocemos tres formas clinicas de presentacion de rechazo agudo
humoral: rechazo agudo precoz, rechazo agudo clasico y funcion retrasada
del injerto. Es particularmente importante realizar un estudio serolégico y/o de
inmunofluorescencia en estos dos ultimos tipos de presentacion para poder
reconocer mecanismos humorales de rechazo, inadvertidos de otra manera
(85).

e Podrian existir casos leves de rechazo agudo humoral, aunque su

incidencia es muy baja en nuestra experiencia (84,86).

e Nuestro estudio apoya la ausencia de mecanismos de acomodacion
(persistencia de anticuerpos donante-especificos a medio plazo con funcién

renal adecuada) tras un episodio de rechazo agudo humoral.

e El rescate con plasmaféresis, tacrélimus y micofenolato muestra una eficacia
elevada en los casos severos de rechazo agudo humoral. Parece aconsejable
asociar la administracion de gamaglobulina policlonal al tratamiento, como
medida profilactica e inmunomoduladora. Nuevos farmacos recientemente
incorporados al mercado y otros en fase de estudio clinico podrian constituir
alternativas eficaces en el control de las respuestas humorales post-trasplante

en el futuro (31,86).

e La posibilidad clinica de revertir el rechazo agudo humoral debe estimular
el estudio de pautas de desensibilizacién pre-trasplante en una subpoblacion de

receptores con gran dificultad para acceder a un re-trasplante.
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