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Resumo

Trata-se de estudo retrospectivo, que visou estudar o papel do C4d, da
capilarite e dos macréfagos na rejeicdo aguda renal. Foram estudados 76
casos de rejeicdo aguda entre 1991 e 2009. Primariamente, foi realizada
analise histologica e reclassificacdo de todos os casos nos tipos de rejeicao
aguda (RA) I, Il e 1ll, segundo os critérios de Banff 97 para rejeicdo aguda do
tipo celular (mediada por células T). A capilarite foi classificada pelos
escores de Banff e por um segundo método de contagem proposto pelo
estudo (ptc média), analisado através da contagem de todas as células
inflamatérias intracapilares em 10 campos de aumento 400X. Foi realizado
estudo imunoistoquimico para pesquisa de C4d e macréfagos em 69 e 47
casos, respectivamente. Identificamos 46 biopsias como RA tipo I, 21 como
tipo Il e, 9, tipo lll. De 69 biépsias, 20 foram C4d positivas (14 padréo focal e
6, difuso). C4d se associou com glomerulite, capilarite (ptc média) e
macrofagos. A capilarite estudada através do escore de Banff apresentou
associacdo apenas com os tipos de rejeicdo (P=0,04). Entretanto, a
capilarite (ptc média) além da associacdo com o C4d, teve correlagdo com
macrofagos (P=0,01) e com a creatinina no momento da biépsia (Crl-
creatinina inicial-P<0,05). Houve significancia estatistica entre macrofagos e
tipos de rejeicdo, com maior nimero de macréfagos no grupo de RA tipo
II+111 (P=0,03) e no escore v3 (P=0,04). A perda do enxerto se associou com
C4d positivo, glomerulite e RA tipo Ill. Em conclusédo, o estudo demonstrou
associacdo entre C4d positivo e lesbGes inflamatérias identificadas nos
capilares, tanto peritubulares como glomerulares, com associacdo também
para a infiltracdo por macréfagos. O conjunto de resultados sugere a

possibilidade de componente humoral nos casos estudados.

Palavras-chave: Aloenxertos renais, Capilarite, C4d, Infiltracdo por

macrofagos, Rejeicdo aguda mediada por anticorpos.



Abstract

We investigate the role of C4d deposition in peritubular capillaries,
peritubular capillaritis and macrophage infiltration in acute renal rejection
and, we evaluate their associations with morphological and clinical data. The
study included 76 patients between 1991 and 2009. Histologic analysis of
acute rejection I, Il and Il types was done by Banff 97 classification.
Capillaritis was classified by the ptc Banff scores and by counting cells within
peritubular capillaries in 10 high power fields 400X (ptc mean cells). C4d and
macrophages were analyzed by immunohistochemistry, in 69 and 47 cases,
respectivelly. Forty-six biopsies as type |, 21 type Il and 9 type Il were found.
Twenty cases were positive C4d (14 focally and 6 diffuse). There were
positive association between C4d staining and glomerulitis, peritubular
capillaritis (ptc mean) and macrophage infiltration. Capillaritis using ptc Banff
scores showed only statistical significant difference to type of rejection
(P=0.04). Capillaritis analyzed by counting cells (ptc mean), beyond
association with C4d, correlated to macrophage infiltration (P=0,01) and
initial serum creatinine (P<0,05). Macrophage infiltration was significantly
different between type | and lI+llI rejection (P=0,03) and showed increased
arteritis score (v3) (P=0,04). Macrophage had also correlation with initial
serum creatinine (P=0,004). There was significant graft loss in type Il
rejection, positve C4d and positive glomerulitis cases The study
demonstrated association between positive C4d cases and inflammatory
lesions of glomerular and peritubular capillaries; there were more frequency
of glomerulitis, peritubular capillaritis (ptc mean) and macrophage infiltrate in
the positive C4d cases. These results can suggest a possible humoral

component in the studied cases.

Keywords: Acute antibody-mediated rejection, Capillaritis, C4d, Macrophage

infiltration, Renal allografts.
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|. Revisao de literatura

1. Introducéo

Transplante renal representa alternativa terapéutica para pacientes com
doenga renal crbnica terminal, pois recupera a homeostase metabdlica e
volémica do paciente, e isso se reflete em maior sobrevida e qualidade de
vida (Kaplan B, Meier-Kriesche HU, 2004).

A maior limitagdo ao transplante esta na resposta imunolégica do
hospedeiro ao enxerto. O enxerto transplantado funciona como um corpo
estranho no organismo do receptor, 0 que desencadeia inicialmente a
resposta imune inata. Esta resposta determina quimiotaxia de células
inflamatdrias e sintese de mediadores capazes de estimular a imunidade
antigeno-especifica ou resposta imune adaptativa. A deterioracdo
funcional do enxerto causada por essa resposta imune, na auséncia de
identidade genética entre doador e receptor, é definida como rejeicdo
(Colvin RB, Mauiyyedi S, 2008).

As principais moléculas que participam da resposta imune aos
transplantes de 6rgaos e tecidos sdo os antigenos do Complexo Maior de
Histocompatibilidade (MHC-Major Histocompatibility = Complex) ou
Antigeno Leucocitario Humano (HLA-Human Leukocyte Antigen). Os
genes que codificam os antigenos HLA estéo localizados no brago curto
do cromossomo 6 e sdo divididos em duas classes: os de classe | (A, B e
C) e os de classe Il (DP, DQ e DR). Os primeiros sédo formados por uma

cadeia polimérfica de 44 Kd ligada a uma microglobulina e sé&o
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encontrados em todas as células nucleadas e plaguetas. Os de classe |l
(DR, DP e DQ), sdo constituidos por uma cadeia a de 34 Kd e uma
cadeia B de 29 Kd e se expressam no endotélio, linfécitos B, mondcitos,
macroéfagos e células dendriticas (Suthanthiran M, Strom TB, 1994).

A rejeicdo pode envolver os componentes celular e humoral do sistema
imune e encontra no linfécito T, o elemento central desse processo
(Cornell et al., 2008).

Células T alorreativas podem reconhecer moléculas MHC do doador,
principalmente, através das vias de alorreconhecimento direta ou indireta.
No alorreconhecimento direto, as células T do receptor reconhecem
aloantigenos ligados a células apresentadoras de antigenos (APC-
Antigen Presenting Cell) do doador. Este tipo de reconhecimento pode
estar envolvido nos episédios precoces de rejeicdo. Na via indireta, 0s
aloantigenos do doador sdo processados e apresentados como
peptideos pela APC do receptor. Apos o reconhecimento, as células T
entram em expansao clonal e migram para o enxerto determinando a
resposta inflamatéria (Benichou G, 1999; Tantravahi et al., 2007).

O reconhecimento antigénico se inicia pela interagdo do receptor da
célula T (TCR-T Cell Receptor) com os antigenos do complexo HLA. Os
antigenos de classe Il determinam a proliferacdo das células auxiliares
CD4+ e inducédo de reacdo de hipersensibilidade tardia celular; os de
classe I, promovem a diferenciacdo das células T CD8+ com reagao
celular de citotoxicidade (Colvin RB, 1990).

Os linfocitos T CD4+ exercem um papel fundamental na cascata imune e

sdo subdivididos em linfécitos T auxiliares 1 (Thl) e 2 (Th2). Os Thl
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sintetizam interleucina 2 (IL-2), interleucina 3 (IL-3), fator de necrose
tumoral B (TNF B) e interferon a, B e y (IFN-a,IFN-B e IFN-y), todos
responsaveis pelo componente celular da resposta imune. Os linfécitos
Th2 produzem interleucina 4 (IL-4), interleucina 5 (IL-5), interleucina 6 (IL-
6) e interleucina 10 (IL-10), responsaveis pelo componente humoral.
(Mosmann TR, Coffman RL, 1989).

A IL-2 é um potente fator de crescimento dos linfocitos T, estimula a
divisdo celular das células T auxiliares e citotoxicas e ativa 0s
macréfagos. O IFN-y aumenta a expresséo dos antigenos HLA de classe
| e Il e das moléculas de adeséo intercelular 1 (ICAM-1), o que intensifica
a imunogenicidade dos enxertos e a sua vulnerabilidade aos linfécitos T
citotoxicos (Bishop et al., 1986).

A ativacao e diferenciacéo celular com a sintese de citocinas amplificam
a proliferacdo celular, a reacdo inflamatéria e, consequentemente, a lesdo
ao enxerto. A migracdo das células linfomononucleares para o enxerto
depende diretamente da acdo das citocinas e fatores quimiotaticos e
ocorre através do processo de transmigracédo, facilitado pela expressao
de moléculas de adesdo nas células endoteliais e leucécitos. As
principais moléculas de adesdo envolvidas nesse processo sdo: antigeno
de funcéo linfocitéria tipo 1 (LFA-1), L-selectina 1 (LAM-1), moléculas de
adeséo intercelular 1 e 2 (ICAM-1 e ICAM-2) e a molécula de adesao
vascular 1 (VCAM-1) (Bishop et al., 1989).

Todos os elementos dessa resposta imune determinam o aparecimento
do processo inflamatério no enxerto, que pode comprometer o0s

compartimentos glomerular, tabulo-intersticial e ou vascular, seja por lise
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celular através de citotoxicidade, reacdo de hipersensibilidade tardia ou
resposta humoral. As citocinas secretadas pelas células T auxiliares,
também sao responsaveis pela ativacéo dos linfocitos B, o que resulta na
sintese de imunoglobulinas, ativacdo do sistema complemento e lesdo do
endotélio. (Colvin RB, Smith N, 2005).

De acordo com o tempo estimado de surgimento, a rejeicdo pode ser
genericamente classificada como hiperaguda, aguda ou crénica (Colvin
RB, Smith N, 2005).

As rejeicdes hiperagudas se desenvolvem dentro de minutos a horas poés-
transplante, sdo raras, representam aproximadamente 0,5% dos casos, e
podem ser prevenidas através do exame de prova cruzada e tipagem
ABO no pré-transplante (Michaels et al., 2003). A rejeicdo crbnica
aparece apds meses a anos, tem uma incidéncia de aproximadamente
25% e participa em 50% a 80% dos casos de perda do enxerto renal

(Mauiyyedi et al., 2001).

2. Rejeicdo aguda

A rejeicdo aguda (RA) caracteriza-se por deterioracdo aguda da fungéo
do enxerto e pode ser imunologicamente mediada por células T,
anticorpos ou ambos (Collins et al., 1999).

Esta se desenvolve, geralmente, nos primeiros 3 meses pos-transplante,
apresentando maior incidéncia entre o 3° e 10° dias. Quando é tardia,

esta associada, normalmente, a necrose tubular aguda, toxicidade

causada por imunossupressores da classe dos inibidores de calcineurina-
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fosfatase ou rejeicdo crbénica (Colvin RB, Mauiyyedi S, 2008).
Caracteriza-se clinicamente por diminuicdo da diurese, aumento da
pressao arterial, ganho de peso e aumento da creatinina sérica (Pestana
et al., 1992).

O principal fator de risco para rejeicdo aguda é o grau de
histocompatibilidade entre receptor e doador. A sensibilizagédo prévia que
pode ser desencadeada por retransplantes, gravidez e transfusdes, esta
relacionada a maior probabilidade de surgimento dos anticorpos anti-
doador (Cecka JM, 2003).

O exame anatomopatoldgico das bidpsias de enxerto renal é considerado
“padrédo ouro” e foi padronizado pela classificagcdo de Banff, com o

objetivo de orientar o tratamento (Racusen et al., 1999).

3. Rejeicdo aguda mediada por células T

A rejeicdo aguda mediada por células T (RAMCT) ou rejeicdo aguda
celular, se desenvolve poucos dias a semanas apoés o transplante (Colvin
RB, Mauiyyedi S, 2008). A frequéncia dos episddios desse tipo de
rejeicdo diminui apos os primeiros 6 meses do pos-transplante, porém,
surtos podem ser observados em fases mais tardias (Reinke et al., 1994).
A reacgdo das células T aos antigenos de histocompatibilidade do doador
pode acometer isoladamente ou ndo, os compartimentos intersticial,
tubular, vascular e glomerular. A intensidade da RAMCT depende dos
graus de infiltrado inflamatério intersticial, tubular e vascular. O principal

marcador morfoldgico dessa rejeicdo € a tubulite. Esta ocorre quando o



Capitulo I- Revisdo de literatura

infiltrado mononuclear invade o tdbulo e se insere entre a célula epitelial
tubular e a sua membrana basal. No intersticio, pode ser observado
desde discreto edema e infiltrado mononuclear perivascular, até
comprometimento difuso do parénquima renal. Polimorfonucleares
também podem ser encontrados em casos severos. (Colvin RB, Nickeleit
V, 2007). Eosindfilos podem estar presentes entre 2 a 3% do total de
células no infiltrado, e sdo indicativos de prognéstico desfavoravel
(Kormendi et al., 1988).

O acometimento vascular caracteriza 0s casos mais severos de RAMCT;
este comprometimento assume desde formas de intimite, com edema e
proliferacdo endotelial até inflamacdo e necrose transmural do vaso. Os
glomérulos também podem ser acometidos com infiltrado mononuclear,
edema e proliferacdo meséangio-endotelial (Racusen et al., 1999).

As frequéncias de comprometimento séo de 45 a 70%, 30 a 55% e 2 a
4%, nos compartimentos tubulo-intersticial, vascular e glomerular,

respectivamente (Colvin RB, Nickeleit V, 2007).

4. Rejeicdo aguda mediada por anticorpos

Estudos demonstram que algumas formas mais severas de rejeicdo
aguda, resistentes a terapia convencional, podem apresentar 0
componente humoral (Nickeleit V, Andreoni K, 2007).

A rejeicdo aguda mediada por anticorpos (RAMA) ou rejeicdo aguda

humoral, ocorre devido a presencga de anticorpos pré-formados da classe

10
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IgG em baixos niveis séricos ou por anticorpos formados no pos-
transplante (“De novo”) (Béhmig et al., 2002; Mengel et al., 2005).

A lesdo causada pelos anticorpos ocorre principalmente, contra as
células endoteliais através da ativacdo do sistema complemento pela via
classica. A ativacdo do complemento determina a lise do endotélio,
ativacdo do sistema de coagulagcdo, com formacdo de trombos, e
quimiotaxia, com marginacao de neutrofilos e mondcitos (Béhmig et al.,
2002; Cornell et al., 2008).

A prevaléncia de RAMA isolada é de aproximadamente 5,6 a 8,2%, e ha
uma frequéncia estimada de componente humoral entre 25 a 50% nos
casos diagnosticados como rejeicdo aguda (Rotman et al., 2005; Demirci
et al.,, 2008; Haas et al, 2006). O aumento da frequéncia esta
diretamente relacionado a maior utlizagdo de enxertos de doador
falecido, pré-sensibilizagdo por retransplantes, gravidez e transfusdes
sanguineas, e a descoberta de técnicas mais sensiveis de deteccdo de
aloanticorpos (Crespo et al., 2001; Racusen et al., 2003).

Geralmente a RAMA surge entre a 12 e 32 semanas, podendo ocorrer
meses ou anos apos o transplante, quando esta associada a reducao da
terapia imunossupressora. As manifestagfes clinicas sé@o inespecificas,
semelhantes a rejeicdo aguda severa, e incluem oligaria, rapida
deterioracdo da funcdo renal, podendo ou n&o cursar com leve
proteindria (Colvin RB, Nickeleit V, 2007).

Morfologicamente, a RAMA pode mostrar endoteliose, agrupamentos de
neutréfilos e mondcitos nos glomérulos e capilares peritubulares (PTC-

peritubular capillaries), geralmente dilatados, caracterizando a glomerulite

11
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aguda e a capilarite peritubular. Podemos ainda observar necrose
fibrindide vascular, endarterite, tubulite neutrofiica e mononuclear,
trombose e necrose glomerular, areas de infarto e hemorragia no
parénquima (Magil AB, Tinckam KJ, 2003; Mauiyyedi et al., 2002; Trpkov
et al.,, 1996). A RAMA pode apresentar apenas necrose tubular aguda
(Habicht et al., 2002) em aproximadamente 10% dos casos (Racusen et
al., 2003).

O diagnéstico diferencial entre rejeicdo mediada por células T e
anticorpos nem sempre é possivel baseado apenas em critérios
morfolégicos. Alguns estudos demonstraram 35 a 55% de glomerulite, 46
a 65% de capilarite, 25% de necrose fibrindide de vasos, 20 a 46% de
tromboses e 5 a 38% de infartos na rejeicdo mediada por anticorpos,
contra 4 a 10% de glomerulite, 5 a 9% de capilarite, 0 a 5% de necrose
fibrindide vascular, 0 a 15% de tromboses e 0 a 2% de infartos na
rejeicdo celular isolada (Mauiyyedi et al., 2002; Nickeleit et al, 2002;
Trpkov et al., 1996).

Raramente, a imunofluorescéncia usual consegue demonstrar depositos
de imunoglobulinas e complemento nas bidpsias com suspeita de
rejeicdo humoral. A rpida lise dos depdsitos de imunoglobulinas e de
complemento dificulta a detecgdo por esse método (Trpkov et al., 1996;
Collins et al., 1999; Michaels et al., 2003).

A RAMA é uma das principais condicfes que levam & perda do enxerto
nas fases iniciais do poés-transplante; estudos sobre 0s mecanismos

imunolégicos envolvidos na rejeicdo humoral tem enfatizado a

12
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importancia de sua detecgdo e tratamento precoces (Herzenberg et al.,
2002; Lederer et al., 2001).

Sao critérios para diagnéstico de RAMA: 1-deposicao da fracdo C4d do
complemento nos capilares peritubulares; 2-presenca de pelo menos um
dos seguintes componentes morfolégicos: neutréfilos em PTC, necrose
fibrindide vascular ou necrose tubular aguda; 3-presenca de anticorpos
anti-doador circulantes (Racusen et al, 2003).

Métodos para a detecgdo de anticorpos no soro e da fragdo C4d do
sistema complemento nas bidpsias do enxerto, tem-se mostrado efetivos

no diagndstico da RAMA (Moll et al., 2005).

5. Diagnostico da rejeicdo aguda mediada por anticorpos

5.1. Pesquisa de anticorpos circulantes anti-doador

Os anticorpos anti-doador especificos (DSA-donor-specific antibodies)
sao formados a partir do transporte e reconhecimento dos antigenos do
doador nos 6rgaos linfdides periféricos. Esse reconhecimento é
desempenhado pelas células B que passam por processo de proliferacao,
maturagdo e diferenciagdo em plasmdcitos, que serdo a fonte de DSA.
Os anticorpos contra HLA e provavelmente, outros antigenos especificos
do doador sao, geralmente, de imunoglobulina (Ig) tipo G; também ha
producdo de anticorpos do tipo IgM, contra antigenos do grupo
sanguineo ABO e alguns HLA especificos, que podem se desenvolver

espontaneamente em resposta a reacdo cruzada com antigenos de
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carboidratos exégenos (Colvin RB, Nickeleit V, 2007; Colvin RG, Smith
RN, 2005).

Jeannet et al (1970) relatam um dos primeiros estudos que descrevem a
rejeicdo vascular severa decorrente da formacéo de anticorpos anti-HLA
“De novo”. Em 1990, Halloran et al., observaram casos de RA severa
com rapida deterioragdo da funcdo do enxerto associada a anticorpos
contra antigenos HLA classe | do doador.

Terasaki Pl, Ozawa M (2004) em estudo prospectivo internacional de
4763 pacientes, de 36 centros, demonstraram presenca de anticorpos
anti-HLA em 20,9% dos casos, com enxerto funcionante.

Outros estudos demonstraram painel de anticorpos (PRA-panel reactive
antibody) superior a 50% no poés-transplante de pacientes com rejei¢do
humoral (B6hmig et al., 2001; Feucht et al., 1991; Regele et al., 2001).

A pesquisa de DSA no pés-transplante pode ser realizada por métodos
de citotoxicidade dependente de complemento, utilizando células T e ou
B, e ou citometria de fluxo (Crespo et al., 2001; Fuller et al., 1982). A
pesquisa de DSA pré-transplante pode ser através de teste de
citotoxicidade anti-globulina humana (Mauiyyedi et al., 2002). Estudos
recentes concluem que os testes de prova-cruzada por citometria de fluxo
e 0 método de deteccdo de anticorpos anti-HLA por microparticulas
fluorescentes, sdo sensiveis para deteccdo de DSA pré-transplante
(Bohmig et al., 2001; Karpinsky et al., 2001).

Mauiyyedi et al (2002), encontraram em sua casuistica, um perfil de 60%
de aloanticorpos anti-doador classe |, 30%, classe Il, e aloanticorpos

combinados classes | e I, em 10% dos casos. Esses dados foram
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consistentes com Halloran et al, (1990) que confirmaram a predominancia
de anticorpos circulantes contra os antigenos HLA classe | do doador.

Em 1996, Trpkov et al descreveram varias caracteristicas morfologicas,
em aloenxertos com rejei¢céo, que se correlacionaram com a presenca de
anticorpos anti-HLA classe | no receptor. As caracteristicas descritas
foram vasculite severa com necrose fibrindide, glomerulite, trombos de
fibrina, infartos no parénquima e neutréfilos em PTC. Halloran et al
(1990), encontraram associa¢do semelhante com presenca de neutréfilos

em PTC.

5.2. Pesquisa de C4d em bidpsias de enxerto renal

Em 1989, Zwirner et al, elaboraram reacédo de imunoperoxidase indireta
com anticorpos monoclonais dos componentes do sistema complemento
e detectaram a presenca de C4d nos glomérulos. A partir desta
observacado, levantaram hipéteses sobre a relacgdo do C4d com a
ativagdo da via classica do complemento.

Feucht et al., (1991) pesquisaram a expressdo da fracdo do sistema
complemento C4d em biépsias de enxerto renal e demonstraram
depdsitos lineares nos capilares peritubulares. Estudo posterior do
mesmo autor, em 1993, constatou que a deposicdo de C4d em PTC
estava relacionada a uma forma mais severa de rejeicdo e que esta

refletia alorreatividade humoral.
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Em 2002, Mauiyyedi et al e Bohmig et al encontraram associacdo entre a
positividade do C4d e a presenca dos anticorpos doador-especificos
(DSA), nos casos de rejeicado aguda.

Analisando-se a identificacdo de anticorpos circulantes especificos anti-
doador, associados a deposicdo de C4d nos PTC, nota-se que a
incidéncia de RHA isolada é de 3 a 10%. Em aproximadamente 20 a 30%
de todos os episodios de rejeicdo, o componente humoral também pode
ser identificado (Watschinger et al., 2002).

A via classica do complemento é o mecanismo mais descrito na literatura
sobre a provavel génese do C4d. A interagdo do imunocomplexo
antigeno-anticorpo com a fragdo Clg promove uma modificacao
estrutural no complexo Clqrs ativando o Cls. O Cls, por sua vez, cliva
proteoliticamente o C4 e origina as fragdes C4a e C4b. O C4b é clivado
em C4c e C4d, pelo fator | plasmatico e cofator protéico de membrana
(MCP-membrane cofactor protein) que conservam o radical reativo do
grupo tioester na fragdo C4d, responsavel pela ligagdo covalente com
proteinas da membrana basal dos tecidos. (MCP-membrane cofactor
protein) (Janeway Jr et al., 2001; Platt JI, 2002). Essa capacidade de se
ligar de forma permanente ao tecido, faz do C4d um marcador para a
RHA (Feucht et al., 1991; Feucht et al., 1993).

A molécula de C4d é identificada como um peptideo inativo, com 42Kd,
gue isoladamente ndo tem nenhuma atividade funcional, porém
permanece aderida a membrana basal capilar varios dias apés o
desaparecimento das imunoglobulinas e da ativagdo do sistema

complemento (Moll et al., 2005). Analises de seguimento protocolar pés-
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bi6psia, demonstram que a persisténcia do C4d se correlaciona com a
presenca de anticorpos circulantes especificos anti-doador, e que o C4d,
pode ser documentado na biépsia, entre o0 8° e 18° dia ap6s o inicio da
injuria humoral (Mauiyyedi et al., 2002; Nickeleit et al., 2002).

Em 2004, foi proposta uma sequéncia de 4 estagios de desenvolvimento
da rejeicdo aguda mediada por anticorpos: sintese “De novo” de
anticorpos especificos anti-doador e ligacdo aos aloantigenos, ativacao
do sistema complemento com deposicdo do componente C4d nos
capilares peritubulares, desenvolvimento de resposta inflamatéria com
surgimento dos critérios morfologicos e, finalmente, as manifestacdes
clinicas (Takemoto et al., 2004).

A pesquisa da fracdo C4d em biopsias de rim transplantado pode ser
feita pelas técnicas de imunofluorescéncia e imunoistoquimica. Pela
técnica de imunofluorescéncia, em fragmentos congelados, apresenta
sensibilidade de 95% e especificidade de 96% (Mauiyyedi et al., 2002).
Regele et al., (2001) encontraram em bhiépsias de enxertos de doador
falecido, sensibilidade de 31% e especificidade de 93%, utilizando-se a
técnica de imunoistoquimica em material emblocado em parafina.

De acordo com a observacdo de Nadasdy et al, (2005) a positividade do
C4d nos capilares peritubulares deve ser considerada segundo o método
utilizado para a sua pesquisa. Por apresentar menor sensibilidade, a
graduacdo da imunoistoquimica para o C4d ¢é inferior a da
imunofluorescéncia correspondente (Solez et al., 2008).

Na literatura, a frequéncia de positividade para o C4d,

independentemente da técnica utilizada, é de de 14 a 45% (B6hmig et al.,
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2002; Demirci et al.,, 2008; Magil et al., 2003; Mauiyyedi et al., 2002;
Nickeleit et al., 2002; Regele et al., 2001). Observa-se correlagéo entre a
deposicao de C4d e a presenca de neutrdfilos em glomérulos, capilares
peritubulares e parede tubular; correlacdo com necrose fibrindide
glomerular e vascular e, necrose tubular (Mauiyyedi et al., 2002). Regele
et al (2001) ndo encontraram correlacdo entre a positividade de C4d e

padrBes morfolégicos da RA.

6. Importancia da capilarite no diagnostico da rejeicdo aguda

Os estudos tem enfatizado a importancia da capilarite peritubular (ptc-
peritubular capillaritis) como critério morfoldégico sugestivo de rejeicdo
humoral aguda. A marginacéo de polimorfonucleares e ou mononucleares
nos PTC e capilares glomerulares, tem associagdo com a positividade do
C4d em varios estudos (Regele et al., 2002; Tinckam et al., 2005; Mengel
et al., 2007).

Trpkov et al., (1996) e Mauiyyedi et al, (2002) ja salientavam a
importancia da capilarite e da glomerulite por polimorfonucleares como
marcadores da rejeicdo humoral aguda.

Em 2003, a classificagdo de Banff iniciou a proposta de um método de
escores para quantificar a marginagdo dessas células nos capilares
peritubulares.

Esse método foi revisado em 2005 e classificado nos capilares
peritubulares corticais, como: ptcO, sem evidéncias de células

inflamatdrias luminais; ptcl, de 3 a 4 células inflamatérias luminais; ptc2,
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de 5 a 10 células e, ptc 3, acima de 10 células. Essa contagem se baseia
nos capilares peritubulares mais severamente atingidos, de forma
analoga ao critério de classificacdao do infiltrado tubulo-intersticial e
tubulite. Bidpsias com menos de 10% de infiltrado inflamatério em PTC
corticais sao consideradas ptc 0, desconsiderando-se 0 numero de
células nos capilares mais comprometidos. Nesta classificacdo é
importante  assinalar quando ha& predominancia de células
mononucleares, se existe dilatacdo dos capilares peritubulares e se a
capilarite é difusa ou focal (Racusen et al., 1999; Solez et al., 2007; Solez
et al., 2008).

Magil e Tinckam (2003) encontraram associacdo entre C4d positivo e a
capilarite e glomerulite polimorfonucleares. Estudo realizado por Fahim
et al (2007) demonstrou que de todos os casos C4d positivos, 78%
tinham capilarite peritubular, e que apenas 24% dos C4d negativos
mostrava capilarite. Neste estudo, 0 escore mais encontrado foi o ptc2.
Em 2007, Lerut et al., encontraram associacdo entre C4d e capilarite
peritubular em 50% dos casos.

Em 2010, Cosio et al., demonstraram associacéo entre a intensidade da
capilarite peritubular e a presenca de anticorpos doador-especificos anti-

HLA.

7. Importancia dos macréfagos no diagnostico da rejeicdo aguda

O infiltrado inflamatério constituido por macréfagos no intersticio e nos

glomérulos, em biépsias de enxerto renal, tem sido extensamente
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discutido na literatura (Harry et al., 1984; Om et al., 1987; Burkhard et al.,
1994; Grimm et al., 1999).

Os estudos de Hayry e von Willebrand (1981), forneceram as primeiras
informacdes sobre a associacdo entre o predominio de macréfagos, no
infiltrado intersticial, e a severidade da rejeicdo. A imunoistoquimica tem
demonstrado maior porcentagem de macréfagos na rejeicdo aguda mais
severa (Hancock et al.,1983). Kooijmans-Coutinho et al., (1996),
demonstraram que 0 numero de macrofagos peritubulares foi
significantemente maior em casos de rejeicdo aguda de padr&o vascular.
Grimm et al., (1999), atribuiram aos macréfagos ativados, a funcao de
distinguir a rejeicao clinica da subclinica.

A observacdo desses autores foi utilizada como direcionamento para
futuros estudos na rejeicdo aguda mediada por anticorpos (Fahim et al.,
2007; Magil et al., 2003). Os macroéfagos, considerados marcadores de
rejeicdo severa, também foram incorporados na patogénese da rejeicéo
humoral aguda (Michaels et al., 2003).

A infiltracdo dos macrofagos estd associada com a expressdo do
peptideo quimiotatico de mondcitos (MCP-1 monocyte chemotactic
peptide-1) (Grandaliano et al.,, 1997), com o fator estimulante das
colénias de macréofagos e granulécitos (GM-CSF-granulocyte-
macrophage colony-stimulating factor) (Kajiwara et al.,, 1996) e com o
fator de inibicdo da migracao de macrofagos (MIF-macrophage migration
inhibitory factor) (Lan et al., 1998).

O estudo de Magil e Tinckam (2003) demonstrou associagdo entre a

positividade para C4d e a presenca de maior numero de macrofagos no
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infiltrado intersticial; o grupo de bidpsias positivas para C4d teve aumento
significante de macréfagos no infiltrado intersticial e no glomérulo
comparado ao grupo C4d negativo. Contudo, o trabalho descrito acima
nao esclareceu se os macrofagos intersticiais estavam ou nao dentro dos
capilares peritubulares (Magil et al., 2009).

No estudo de Fahim et al. (2007), através de dupla marcagéo
imunoistoquimica para o endotélio dos capilares, para macréfagos e
linfécitos T, foi possivel determinar que a razao macréfagos/linfocitos T
dentro dos capilares peritubulares foi significantemente maior nas
bi6psias positivas para C4d comparadas as negativas.

Dados recentes também encontraram associagdo entre a positividade de
C4d em capilares peritubulares e a infiltragdo de macréfagos e mondcitos
nos glomérulos; h& predominancia de infiltragdo mononuclear em
glomérulos com C4d positivo, focal ou difuso nos capilares peritubulares

(Sund et al., 2004; Magil et al., 2005; Magil et al., 2006).

8. Sobrevida do enxerto renal

A quantidade de episddios de rejeicdo aguda no transplante renal é
considerada fator de risco isolado para a sobrevida do enxerto pdés-
transplante (Meier-Kriesche et al.,, 2000, Hariharan S, 2001). Estudos
clinicos demonstram que, nos primeiros 6 meses pos-transplante, 12 a
18% dos enxertos de doador vivo e 14 a 30%, de doador falecido, podem

evoluir para rejeicdo aguda. Rejeicdo aguda € responsavel por 11 a 16%
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dos casos de perda do enxerto no primeiro ano, e por 7 a 11% dos casos
com mais de um ano de transplante (Cecka, 2004).

Em 1995, Lobo et al., identificaram que havia menor sobrevida do enxerto
nos casos com RAMA. Posteriormente, observou-se perda do enxerto,
em até um ano, em 29 a 75% dos casos, apos episédio de RAMA e, 3 a
7% de perda, ap6s RAMCT sem componente humoral. (Racusen et al.,
2003; Bohmig et al., 2002; Collins et al., 1999). Cerca de 75% das perdas
de enxerto que ocorrem no periodo de um ano sé@o de casos de rejeicao
aguda humoral com C4d positivo (Mauiyyedi et al., 2002).

Lederer et al., (2001), correlacionaram a positividade do C4d ao
prognostico da rejeicdo e concluiram que este marcador foi o principal
critério para a perda do enxerto. O mesmo estudo demonstrou que a
presenca de C4d, nos capilares peritubulares, tem maior impacto na
sobrevida do enxerto, principalmente, nas bidpsias realizadas nos
primeiros 6 meses pos-transplante.

A presenca de C4d interfere na sobrevida do enxerto independentemente
do tipo histolégico da rejeicdo (Herzenberg et al., 2002). Neste estudo,
33% dos casos de rejeicdo aguda tubulo-intersticial e, 44%, dos casos de
rejeicdo vascular, perderam o enxerto no periodo de aproximadamente
24 meses. O pior progndstico do enxerto esta fortemente relacionado a
positividade difusa do C4d (Kayler et al., 2008; Poduval et al. 2005).
Poduval et al. (2005) identificaram perda do enxerto em 67% dos casos
com C4d difuso no primeiro ano poés-transplante. No entanto, a
positividade focal do C4d apresenta também pior prognéstico quando

comparada ao C4d negativo (Kayler et al., 2008).
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Em 2010, Cosio et al. investigaram a participacdo isolada e conjunta de
variaveis relacionadas a rejeicdo aguda. Neste estudo, a presenca
independente de DSA nao foi um fator relevante na evolucéo do enxerto,
no entanto, esses anticorpos associados ao C4d positivo interferem
significantemente na sobrevida. Outros autores observaram 6,6 % de
perda do enxerto, em um ano, nos pacientes com positividade para
anticorpos anti-HLA e 3,3% de perda, nos pacientes negativos.
Concluiram, neste estudo, que a presenca de anticorpos pode levar a
perda tardia do enxerto (Terasaki Pl, Osawa M, 2004).

Em relagdo a presenca de capilarite ou glomerulite, houve pior sobrevida
nas rejeicbes agudas positivas para C4d e essa observacéo se estendeu
também para casos com suspeita de rejeicdo aguda (“borderline”). A
presenca de DSA, principalmente HLA tipo |, estad associada a maior
probabilidade de RA com C4d positivo e, consequentemente, capilarite e
ou glomerulite. Esse conjunto de fatores esta intimamente relacionado
com pior sobrevida do enxerto (Cosio et al., 2010).

Tem sido discutido por alguns autores (Colvin et al., 1997) se a infiltracdo
de macrdéfagos no intersticio e ou glomérulos é um fator independente de
pior sobrevida do enxerto ou se esse infiltrado interfere indiretamente no
prognostico quando esté presente na rejeicao aguda severa.

A rejeicdo aguda com deposicdo de C4d associada a infiltracdo de
macroéfagos, particularmente, no glomérulo, conduz a pior sobrevida do
enxerto (Magil et al., 2006; Worthington et al., 2007). Tinkam et al.,
(2005) demonstraram que a infiltracdo de macrofagos no glomérulo, esta

associada a pior prognostico, independente da positividade do C4d.
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Diante do exposto, observamos a necessidade de estudos adicionais
para a compreensdo da RAMA, sua relacdo com a imunoexpresséo do
C4d e interagdo com componentes morfolégicos como a capilarite e

glomerulite de padréo polimorfonuclear ou mononuclear.
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Objetivos

O transplante renal ocupa posicdo importante no tratamento de pacientes
com insuficiéncia renal cronica terminal oferecendo melhor sobrevida. O
Hospital das Clinicas da Faculdade de Medicina de Botucatu-UNESP realiza
transplantes desde Junho de 1987. A partir desta data a dezembro de 2010;
525 transplantes j& foram feitos no servigo, destes, 309 de doadores vivos e
216 de doadores falecidos.

Neste sentido, este estudo tem como objetivo uma andlise retrospectiva,
clinica e morfolégica, dos casos de rejeicdo aguda diagnosticados por
bidpsia:

1. Avaliacéo clinica, através dos parametros: sexo e idade do receptor,
doenca de base, tipo de doador, incompatibilidades, nimero de
transplantes, tempo de isquemia fria, sensibilizac&o prévia, creatinina
sérica no momento da biopsia e final do seguimento, retardo inicial da
funcdo do enxerto, esquema imunossupressor, tempo de seguimento
e evolucao do enxerto.

2. Avaliagdo morfologica com revisdo das biopsias e classificagdo da
rejeicdo de acordo com os critérios de Banff'97

3. Avaliacdo da capilarite (ptc) pelos critérios da classificacdo de
Banff'05 e analise quantitativa das células.

4. Pesquisa do marcador C4d pela técnica de imunoistoquimica.

5. Pesquisa de macréfagos pela técnica de imunoistoquimica utilizando-

se 0 anticorpo monoclonal CD68.
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1. Abstract

We investigate the role of C4d deposition in peritubular capillaries,
peritubular capillaritis and macrophage infiltration in acute renal rejection
and, we evaluate their associations with morphological and clinical data. The
study included 76 patients between 1991 and 2009. Histologic analysis of
acute rejection 1, Il and Il types was done by Banff 97 classification.
Capillaritis was classified by the ptc Banff scores and by counting cells within
peritubular capillaries in 10 high power fields 400X (ptc mean cells). C4d and
macrophages were analyzed by immunohistochemistry, in 69 and 47 cases,
respectivelly. Forty-six biopsies as type I, 21 type Il and 9 type Il were found.
Twenty cases were positive C4d (14 focally and 6 diffuse). There were
positive association between C4d staining and glomerulitis, peritubular
capillaritis (ptc mean) and macrophage infiltration. Capillaritis using ptc Banff
scores showed only statistical significant difference to type of rejection
(P=0.04). Capillaritis analyzed by counting cells (ptc mean), beyond
association with C4d, correlated to macrophage infiltration (P=0,01) and
initial serum creatinine (P<0,05). Macrophage infiltration was significantly
different between type | and I+l rejection (P=0,03) and showed increased
arteritis score (v3) (P=0,04). Macrophage had also correlation with initial
serum creatinine (P=0,004). There was significant graft loss in type Il
rejection, positive C4d and positive glomerulitis cases The study
demonstrated association between positive C4d cases and inflammatory
lesions of glomerular and peritubular capillaries; there were more frequency

of glomerulitis, peritubular capillaritis (ptc mean) and macrophage infiltrate in
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the positive C4d cases. These results can suggest a possible humoral

component in the studied cases.

Keywords: Acute antibody-mediated rejection, Capillaritis, C4d, Macrophage

infiltration, Renal allografts.
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2. Introduction

Diagnosis of acute antibody-mediated rejection (ABMR) has been of
fundamental relevance for the prognosis of renal transplanted patients. Its
incidence is about 8% in large centers (Mauiyyedi et al., 2002; Béhmig et al.,
2001; Crespo et al.,2001), and is usually recognized as severe acute
rejection (AR) and non-responsive to conventional treatment regimens
(Colvin RB, Nickeleit V, 2007; Nickeleit V, Andreoni K, 2007). Studies also
have considered it an important cause of graft failure (Feucht et al., 1993;
Lobo et al., 1995; Lederer et al., 2001).

Studies have demonstrated that humoral rejection is associated with the
circulating donor-specific antibodies (DSA) and, these antibodies promote
complement activation along the endothelial cells in the renal allografts
(Halloran et al., 1990; Bohmig et al., 2001; Feucht et al., 1991; Regele et al.,
2001; Feucht HE, 2003).

C4d is a stable complement split product of C4d during the classic
complement activation pathway. Because of an internal thioester bond, it can
bind covalently to the endothelium, therefore, it has been shown to be an in
situ marker of ABMR (Collins et al., 1999; Crespo et al., 2001; Watschinger
et al., 2002; Bohmig et al., 2002).

Feucht et al (1993) were the first to identify C4d staining on the peritubular
capillaries in patients with acute allograft disfunction, and reported 57% one-
year graft survival in patients with diffuse C4d staining contrasting with 90%

in the grafts negative C4d. The results indicated that C4d positivity is an
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important predictor of graft survival. Collins et al (1999) showed correlation
between C4d staining and De Novo anti-HLA antibodies.

Some morphological features also can correlate with DSA, as glomerulitis,
severe vasculitis, fibrinoid necrosis, fibrin thrombi, neutrophils in peritubular
capillaries and infarction. However, none of this morphological criteria are
specific for ABMR (Trpkov et al., 1996; Mauiyyedi et al., 2002; Nickeleit et al.,
2002).

From all these morphological features, margination of neutrophils in
capillaries and fibrinoid necrosis were the most described in acute ABMR
(Collins et al., 1999; Racusen et al., 2003).

Inflammatory cells within glomerular and peritubular capillaries are a common
morphologic finding in allograft rejection. Glomerulitis and peritubular
capillaritis (ptc) with high numbers of neutrophils have been suggested as a
marker of humoral rejection (Trpkov et al., 1996; Mauyyiedi et al., 2002;
Solez et al.,, 2008) and are associated with positive C4d staining in many
studies (Regele et al., 2002; Magil et al., 2003; Mengel et al., 2007).

The composition of the intracapillary cell population is specially important to
diagnosis of acute ABMR. There is some evidence suggesting that
macrophages infiltrate in glomeruli and peritubular capillaries is associated
with acute ABMR and C4d (Sund et al., 2004; Magil et al., 2003; Fahim et al.,
2007, Magil et al., 2005; Solez et al., 2008).

These studies suggested the possibility of interaction among
immunoexpression of Cd4d, glomerulitis, peritubular capillaritis and

macrophage infiltration.
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To investigate these issues, in this study, we assessed their possible
associations, analyzing C4d staining, glomerulitis, macrophage infiltration
and capillaritis by two different methods. We also studied whether the

presence of these criteria affects graft survival in AR.

3. Patients and methods

3.1. Patients

Between June 1987 and December 2010, 525 patients received renal
allograft at our Institution. We retrospectively analyzed according to Banff 97,
one hundred and ninety-eight (198) biopsies diagnosed clinically as acute
rejection, in the period from January 1991 to March 2009. Seventy six cases
(76) with available renal tissue for immunohistochemical analysis and
complete clinical information were selected.

Human leukocyte antigen (HLA) matching was defined as the number of
HLA-matched antigens at loci A, B and DR. All recipients were transplanted
in the presence of a negative pretransplant cytotoxic crossmatch, tested
against peripheral blood lymphocytes from living donors or lymphocytes from
lymph nodes or spleen from deceased donor. Pretransplant panel reactive
antibodies (PRA) was determined by Luminex Assay prior to transplantation.
Delayed graft function was defined as need for dialysis within the first week
post-transplantation. Graft loss was defined as resumption of dialysis.

Survival was censored for patients dying with functional graft.
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Initial immunossupression was achieved using triple therapy regimen of
azathioprine, prednisone and calcineurin inhibitors, cyclosporine or
tacrolimus (n=30) or prednisone, calcineurin inhibitor and mycophenolate
mofetil (n=40); 5 patients received azathioprine and prednisone and 1 patient
received mycophenolate mofetil and prednisone. Additional to standard triple
immunossupression, 31 patients received basiliximab and 6 patients received
thymoglobuline.

Detailed clinical data were obtained by retrospective chart review (Table 1).
The study was aprroved by Ethic Research Committee of Botucatu Medical

School (N° Of. 511/08).

Tablel: Clinical variables

Variables Values
n 76
Recipient age (yr, mean, SD) 37.7x15.2
Recipient sex (%)

Male 55.3
Primary disease (%)

Hypertension 26.3

Glomerulonephritis 25

Diabetes mellitus 7,9

Others 25

Indeterminate 15.8
Donor (%)

Living 53.9
HLA mismatch pretransplant (mean, SD) 2.3+1.3
Cold ischemic time (%)

<24h 77.6
Delayed graft function (%) 34.2
SCr at the time of biopsy (mg/dl, mean, SD) 4.51+3.47
SCr at last visit (mg/dl, mean. SD) 2.89+2.38
Follow-up (mo, mean, SD) 47.8451.4
Follow-up post-biopsy (mo, mean, SD) 42.9+51.3
Graft loss (%) 34.2

AR: acute rejection. Scr: serum creatinine
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3.2. Histopathological Analysis

Only the first post-transplant renal biopsy performed due to acute functional
impairment were included in the study. Twenty-one biopsies were obtained
during the first week, 22 during the first month, 13 between the first and third
month and 20 after 3 months post-transplantation.

Histopathological evaluation was done on Duboscg-Brazil-fixed paraffin
embedded 3 um tissue sections stained with hematoxilin and eosin, periodic
acid-Schiff, methenamine-silver and Masson trichrome. Frozen kidney tissue
was analyzed for immunofluorescence technique using mono-specific mouse
antisera against human IgG, IgM, IgA, Clg, C3 and fibrinogen (Dako,
Cal/USA).

Allograft biopsies were classified according to Banff 97 classification criteria.
Scoring of interstitial inflammation (i), tubulitis (t), arteritis (v) were graded,;
vascular trombosis, areas of hemorrhage and necrosis were also noted
(Racusen et al., 1999).

A peritubular capillaritis score (ptc) were assessed by two methods: 1.
Scores of ptc from Banff Classification (Solez et al., 2007). 2. Counting of
inflammatory cells within peritubular capillaries in 10 consecutive high power
fields (400x), in the Masson trichrome stain. The mean values were used as
result. Areas of uncertain localization of cells were excluded. The counting
was performed on a Olympus Microscope model BX50 F4.

The biopsies also were classified according the presence or absence of
glomerulitis, in this study, it was considered presence of glomerulitis

according Banff 97 quantitative criteria glomerulitis score (g2 and g3).
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Presence of polymorphonuclear cells (PMN) and focal or diffuse distribution

also were observed and described.

3.3. Immunohistochemistry

Immunohistochemical staining was done in 69 biopsies for anti-human IgG
C4d rabbit polyclonal antibody (BI-RC4d-Biomedica, Vienna/Austria) and in
47 biopsies for anti-human CD68 KP1l mouse monoclonal (Dako Inc.,
Cal/USA).

For immunohistochemical studies, 3um tissue sections were mounted on
silanized slides, dried for 15 hours at 58°C and deparaffinized with xilene for
three times, 5-min each, hydrated in absolute alcohol and washed in destiled
water. Endogenous peroxidase activity was blocked with 3% hydrogen
peroxide. Antigen retrieval was done by pressure-cooking for 3 minutes in
citrate-buffer, 10mM, pH 6.0 for C4d and with EDTA, pH 8.1 for CD68. After
washing in distilled water and phosphate-buffered saline (PBS), sections
were incubated with primary antibody: anti-human C4d was diluted at 1:50,
for 30-min, at room temperature and anti-CD68 was diluted at 1:800. After
the final washings in PBS, the slides were incubated with the polymer
reagent (EnVision-Dako,Inc. Ca/USA) for 30-min at room temperature and
washed in PBS. The reaction was visualized with diamonobenzidine (DAB)
(Dako,Inc. Ca/USA). The counterstaining was performed with 50% Harris
hematoxilin and after washing in water, sections were mounted with entellan

(Merck).
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Thirty (30) renal allograft biopsies taken at the time of transplantation (zero-
time baseline biopsies of the studied patients) were used as controls.

The intensity of C4d peritubular capillaries (PTC) staining was evaluated as
percentage of capillaries stained in 10 high power field (objective 400X), with
at least 20 capillaries counted. Areas of necrosis and fibrosis were excluded.
C4d staining was considered negative with 0%, indeterminate with 1 to 10%
and focal positive with 10 to 50 or diffuse positive, when 50% or more of ptc

were stained.

3.4. Quantitative Analysis of Macrophage

The infiltrate of cortical macrophage (Mo) was determined by counting the
number of cells (staining for CD68) in the interstitium and in the lumen of
peritubular capillaries, in 10 high power fields (hpf). The total number of
cortical cells was divided by 10 hpf and expressed as a mean of cells in each

biopsy.

3.5. Statistical Analysis

Descriptive statistics were expressed as mean * standard deviation (SD) and
median with ranges.

The association of categorical variables (sex, donor, delayed graft function,
follow up, glomerulitis, inflammatory infiltrate, tubulites, vasculites, Banff
peritubular capillaritis, type of rejection and C4d scores) were analyzed by

chi-square test (X? and Fisher's exact test, when necessary. For
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associations between continuous and categorical variables, logistic
regression was applied. Pearson correlation coeficient was used among
continuous variables. Poisson and Gamma tests were used to normal
distribution variables.

GenMod procedure was used to compare groups with continuous variables
and proportion difference test to categorical variables.

All statistical calculations were performed with assistance to program SAS for
Windows, 9.2 version (SAS Inc., Cary, NC/USA).

Graft survival was calculated by the Kaplan-Meier method and the log-rank
test, 5.02 version (GraphPad Prism Software, In., San Diego, CA/USA).

P values <0.05 were considered significant.
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4. Results

4.1. Morphological and clinical characteristics and AR type

Seventy-six AR biopsies were diagnosed using Banff 97 histological criteria
for AR (Racusen et al., 1999). AR was classified as type | in 46 cases
(60.5%). Thirty cases presented arteritis associated with tubulointerstitial
inflammation; 18 (23.7%) were type lIA, 3 (3.9%) IIB and 9 (11.8%) type Il
Glomerular thrombosis, interstitial hemorrhage and infarction were detected
in 7.9%, 5.3% and 7.9%, respectively. Most of the cases with infarction (n=6)
showed vascular lesion in the biopsy (intimal arteritis n=1 and transmural
necrosis n=4).

In the AR, 36 biopsies (47,4%) showed only mononuclear cells, and 40 cases
had also polymorphonuclear cells; of these, focal distribution in 67,5% and
diffuse in 32,5%. Neutrophils and macrophages were more frequent in the
rejection group with vascular component (P= 0.001, P=0.03, respectively)
(Table 2). Glomerulitis was observed in 31 cases of AR (44.9%); there was
significant difference between glomerulitis and types of rejection (P=0.001).
Negative glomerulitis was observed more frequently in the cases with type |
rejection (73.9%) (Table 2).

Peritubular capillaritis by Banff scores (ptc Banff) demostrated: ptcO in 4
(5,2%), ptcl in 19 (25%), ptc2 in 36 (47,4%) and ptc3 in 17 (22,4%). There
was statistically significant difference between ptc Banff and the type of

rejection (P=0.04) (Table 2).
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The inflammatory cells counted into peritubular capillaries (ptc mean ) was

not statistically significant to the types of rejection.

There was no statistically significant differences for interstitial inflammation

(), tubulitis (t), arteritis (v), vascular trombosis, areas of hemorrhage or

necrosis and types of AR.

Clinical characteristics as initial serum creatinine (SCr at the time of biopsy)

and final serum creatinine (SCr at last visit) were statistically significant to

types of rejection. (Table 3).

Table2. Morphological associations in types of AR

Type | Type lI+ll1 P value
Morphological characteristics (n=46) (n=30)
Glomerulitis n (%) 12(26.1) 19(63.4) *0.001
Interstitial inflammation n(%) 0.07
i1 4(8.7) 0(0)
i2 26(56.5) 13(43.3)
i3 16(34.8) 17(56.7)
Tubulitis n(%) 0.19
i1 3(6.5) 1(3.3)
t2 22(47.8) 9(30)
t3 21(45.7) 20(66.7)
ptc banff n(%) *0.04
ptc 1+2 18(39.1) 5(16.7)
ptc 3+4 28(60.9) 25(83.3)
Ptc mean: (median -max-min) 3.2(6.7-1.5) 3.6(6.8-2.0) 0.16
Neutrophils n(%) 18(39.1) 23(76.7) *0.001
Macrophages (median-max-min) 37.1(172.8-3.3)  65.6(120.2-14.4) *0.03

AR: acute rejection. *P < 0.05 is considered statistically significant
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Table 3. Clinical associations in types of AR

Type | Type lI+llI P value
Clinical characteristics (n=46) (n=30)
Recipient female sex (%) 37 56.7 0.09
Recipient age (yr mean, SD) 37.7x15.7 37.7+14.6 0.99
Living donor (%) 58.7 46.7 0.3
HLA mismatch (mean, SD) 2.41+1.39 2.21+1.21
Delayed graft function (%) 30.4 40 0.33
Initial Scr (mg/dl mean,SD) 3.98+3.57 5.34+3.19 *0.04
Final Scr (mg/dl mean, SD) 2.47+1.82 3.56+2.97 *0.02
Follow-up (days mean, SD) 1574.20£1682.51 1217.20+1292.16 0.36

AR: acute rejection. Initial Scr: serum creatinine at the time of biopsy. Final Scr: serum creatinine at last visit.

*P < 0.05 is considered statistically significant
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4.2. Morphological and clinical characteristics and C4d

immunoexpression

In 69 biopsies, the distribution of C4d staining along PTC in AR was diffuse
positive (C4d3) in 6 cases (8.7%), focal positive (C4d2) in 14 (20.3%),
indeterminate (C4dl) in 21 (30.4%) and negative (C4d0) in 28 cases
(40.6%).

From 6 biopsies with C4d3, 4 (66.7%), were observed during the first week,
and 2 (33.3%), on the first month. In the cases C4d2, 7 biopsies (50%), were
on the first week post-transplantation.

There was significant difference between C4d and types of rejection
(P=0.02), with negative C4d deposition more frequent in type | rejection
(75%) (Figure 1). The analysis of the negative, indeterminate and positive
C4d groups was not statistically significant for interstitial inflammation (i),
tubulitis (t), arteritis (v), vascular trombosis, areas of hemorrhage or
necrosis.

Association analysis between glomerulitis and C4d demonstrated statistically
significant difference (P<0.05) with absence of glomerulitis more frequent in
the negative C4d group (75%). For capillaritis (ptc mean), there was
significant difference between the groups C4d0 and C4dl (P= 0.01) and
C4d0 and C4d2+3 (P=0.02). The increased value ptc mean were observed in
the positive C4d group (Table 4 and Figure 2).

There were no significant differences among ptc Banff's score and groups

C4d0, C4d1 and C4d2+3.
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There was significant difference between number of macrophages (Mo) to
C4d0 and C4d1 groups (P= 0.02) and C4d0 and C4d2+3 (P= 0.004). (Table
4 and Figure 2).

The absence of PMN was observed more frequently in negative C4d group
than in indeterminate (64.3% vs. 28.6%, P=0.005) and positive C4d groups
(64.3% vs. 40%, P=0.02). The difference was not significant for presence of
PMN or focal and difuse PMN distribution.

There was no statistical difference between indeterminate and positive C4d
groups to morphological or clinical criteria.

For clinical characteristics, positive C4d was more frequent in the female sex
(95%, P= 0.0001) and in increased level of serum creatinine at the time of
biopsy (5.8+3.1mg/dl, P<0.05).

There were no other association between C4d and clinical characteristics.

Table4. Associations between C4d scores and morphological criteria

C4ad

Morphological criteria C40 (n) C4d1(n) C4d2+3 (n)

28 21 20
Glomerulitis (n)
Yes 72 72 142
No 21° 14 6"
ptc mean (median:max-min) 3.0(5.6-1.5)™ 3.7(6.7-1.7)° 3.9(6.8-1.7)"
Macrophages (median) 37.1° 41° 70"

(max-min) (84.2-3.3) (172.8-14.7) (120.2-25)

aNS; b C4d 0 vs C4d 2+3 P< 0,05
cC4d 0vs C4d 1 P 0,01; d C4d 0 vs C4d 2+3 P 0,02
e C4d 0vs C4d 1 P 0,02; f C4d 0 vs C4d 2+3 P 0,004
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Figure 1: Association between score C4d and type of rejection. Type of rejection is expressed as n
(number of cases). *Significant difference C4d0 vs C4d2+3 group. P considered significantly different <
0.05.

Figure 2: a:lntense peritubular capillaritis and interstitial edema. Masson trichrome (400X); b:
Glomerulitis with endocapillary inflammatory cells and endothelial edema. Masson trichrome (400X); c:
Immunohistochemical C4d staining, diffuse standard, in peritubular and glomerular capillaries (400X);
d: Immunohistochemical CD68 monoclonal staining for macrophages (400X).
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4.3. Peritubular capillaritis and quantitative analysis macrophages:

additional associations and correlations

Macrophages infiltrate was significantly increased in arteritis (v) (P= 0.04),
but there was no statistically significant differences for interstitial
inflammation (i), tubulitis (t), vascular trombosis, areas of hemorrhage or
necrosis.

There was significant correlation between macrophage infiltrate and ptc
mean (P= 0.01) and serum creatinine at the time of biopsy (P= 0.004).There
was also correlation between ptc mean and initial serum creatinine (P<0.05)

(Figure 3).
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Figure 3: Pearson correlation.a-correlation between ptc (mean cells/10hpf) and macrophages; b-
initial serum creatinine (mg/dl) and macrophages; c-initial serum creatinine and ptc (mean
cells/10hpf).
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4.4, Graft survival

During a follow-up period established in this study (47.8+51.4 months), 26
patients lost their allograft (34.2%).

The group of biopsies with positive expression of C4d (C4d2 and C4d3-
median survival 47.2 months) demonstrated significant reduction graft
survival compared to the biopsies negative C4d (median survival 123.9
months) (P=0.02) (Figure 3-a). At first year of follow-up, there was graft
survival of about 88% to negative C4d compared to about 65% to positive
cases.

The analysis of graft survival for type of AR demonstrated graft loss about
23.9% for type | (n=46), 33.4%, for type Il (n=21) and 88.9%, for rejection
type Il (n=9). The median survival for type Il group (2 months) was also
significantly worse than type | and Il groups (P<0.0001) (Figure 3-b).

For morphological characteristics, glomerulitis interfered in graft survival.
There was graft loss in 51.6% of the cases with glomerulitis (n=31) and in
22.3% of the cases without glomerulitis (n=45). The median survival for the
cases without glomerulitis was significantly better than the cases with
glomerulitis (P=0.02) (Figure 3-c).

There were no other morphological or clinical characteristics that related

significantly to graft survival.
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5. Discussion

We studied the deposition of C4d in peritubular capillaries and associations
with morphological and clinical characteristics in the AR cases and we had
the proposal to investigate possible humoral mechanism in these cases. The
incidence of positive C4d cases was about 29%, result similar to some
reports in the literature (Mauiyyedi et al, 2002; Magil et al, 2003; Yuen et al,
2008).

There is a positive association between C4d peritubular capillaries staining
and circulating anti-donor antibodies to the diagnosis of acute ABMR (Collins
et al, 1999; Crespo et al, 2001; Mauiyyedi et al, 2002).

However, Nickeleit et al (2002), found, in a retrospective study, C4d positive
cases without histological diagnosis of rejection, with similar survival to
negative C4d control group. Regele et al (2001) showed results suggesting
high specificity but low sensitivity for C4d in biopsies using paraffin sections
and immunoperoxidase technique. These results argue against the C4d
staining alone as a definitive marker of humoral rejection.

Along C4d staining, was established as important criteria for a conclusive
diagnosis of ABMR including morphological features (Racusen et al, 2003).
The main target of antibodies are endothelial cells. The anti-donor antibodies
mediate injury fixing complement with lysis and activation of endothelial cells
with recruitment of inflammatory cells, such as polymorphonuclear cells and
macrophages (Colvin RB, Smith RN, 2005). There is a linkage between
circulating anti-donor antibodies, complement activation and vascular injury

(Collins et al, 1999; Herzenberg et al, 2002).
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Glomerulitis, glomerular and vascular fibrinoid necrosis, presence of
neutrophils in peritubular capillaries, thrombosis and infarction were
considered histological features related to antibody-mediated lesions (Trpkov
et al, 1996; Mauiyyedi et al, 2002; Collins et al, 1999).

In our study, 30 cases had tubulointerstitial inflammatory infiltrate associated
to vasculitis, nine with transmural fibrinoid necrosis. We did not find positive
associations between C4d staining and vascular fibrinoid necrosis.

Although, some studies related antibody injury to fibrinoid necrosis
(Mauiyyedi etal, 2002; Racusen et al, 1999; Trpkov et al, 1996), a significant
number of cases are negative C4d (Nickeleit et al, 2002).

Glomerulitis was significantly associated with C4d scores (P<0.05 ); and
negative glomerulitis cases were more frequent in type | rejection and in
negative C4d cases.

From all morphological features, glomerulitis and margination of neutrophils
in peritubular capillaries were considered more specific for antibody-mediated
rejection (Trpkov et al, 1996; Collins et al, 1999; Halloran et al, 1990 and
1992; Mauiyyedi et al, 2002). Halloran et al (1990, 1992) were the first to
report the importance of anti-HLA antibodies in the renal allograft rejection
highlighting the presence of neutrophilic capillaritis in the biopsies.

There are a few studies using peritubular capillaritis scoring system for
allograft biopsies (Cosio et al, 2010; Aita K et al, 2005; Lerut et al, 2007).
According to Banff's proposal the ptc scores should be analysed in areas
with more severe inflammatory infiltrate. These areas showed frequently
tubules and vessels totally destroyed and interstitial capillary identification

even with special stain is very difficult. The dilated capillaries with
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inflammatory cells inside are easily seen in more preserved areas. Cosio et
al (2010) adopted to study the capillaries in areas without interstitial infiltrate.

In our study, the Banff'ptc scores were used in addition to a quantitative
analysis of all cells within cortical peritubular capillaries. The proposal of a
guantitative analysis was to investigate and better understanding the role of
capillaritis in AR.

Most of our cases were ptc 2 (47.4%) according to literature, but, we did not
find significant association between Banff's ptc score and C4d.

However, we had interesting associations for the method of counting
intraluminal cell (ptc mean). Higher values of this counting are closely related
to C4d expression and macrophage infiltration.

Macrophage infiltrate had a significant association with cases type Il and Ill
rejection, vascular score (v) and positive C4d cases.

Results from ptc scores analysis have shown that positive C4d cases are
related to the presence of peritubular capillaritis, mainly ptc2, suggesting a
relationship with humoral immunity (Solez et al, 2008; Lerut et al, 2007). Aita
et al (2005) found higher ptc scores in a group with humoral rejection, but
their criteria of antibody-mediated rejection was based only on histological
features. In this study, the serum anti-donor antibodies was not determined.
Studying anti-HLA antibodies and C4d staining, Cosio et al (2010) agree that
capilaritis is a sensitive marker to ABMR and is associated to reduced graft
survival.

Some evidences in the literature have demonstrated that macrophage
infiltrate in glomeruli and peritubular capillaries is related to ABMR (Magil AB

and Tinckam K, 2003; Fahim et al., 2007). However, the association between
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humoral rejection and capillaritis should be interpreted with caution; there are
few studies on this subject, mainly that assess anti-donor antibodies (Cosio
et al.,2010).

In conclusion, many studies have investigated methods to analyze
peritubular capillaritis, to understand its relationship with a humoral
mechanism and role in the allograft prognosis. The significance of capillaritis
as a criteria for the diagnosis of rejection was not established yet.

Recently, we had a interesting C4d positive case that only demonstrated a
severe glomerulitis. In this case, recurrent or De Novo glomerulonephritis
were excluded by clinical history, immunofluorescence and electron
microscopy (Accepted to publication).

In this way, we agree that AR have many morphological patterns and that
capillaritis could be a presentation form. Its evaluation in the routine biopsies
is difficult and more studies are necessary to better understanding what its

significance in the management of allografts.
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Concluséao final

O estudo concluiu que o marcador C4d esta associado a glomerulite, a
capilarite (ptc média) e a infiltracdo de macréfagos. A pesquisa negativa
para C4d favorece auséncia de glomerulite, rejeicdo aguda de padréo
tubulo-intersticial (rejeicdo aguda tipo 1) e maior sobrevida do enxerto. As
piores sobrevidas do enxerto foram observadas nos casos com C4d
positivo, com glomerulite e nas rejeicio com componente vascular (tipo Il e
II1). Observamos também a importancia da analise da capilarite em futuros
estudos para melhor estabelecimento de critérios na andlise de bidpsias de

aloenxertos renais.
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