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Diagnostic criteria for AMR 

Djamali et al,  
AJT 2014 
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Loupy A, et al. Nat Rev Nephrol. 2012;8:348357. 

Antibody-mediated allograft damage 



Complement cascade 

 

Vieyra&Heeger, KI 2010 



C3aR and C5aR signalling skews the differentiation of naive CD4+ T cells towards TH1 
 
 Increases alloAg presentation 
 
 Increases expression of co-stimulatory molecules (CD80 & CD40)  

Vieyra&Heeger, KI 2010 

Complement can induce T-cell priming 



 Intermitent or low level DSA might lead to TG  in absence 
of C4d deposition and low inflammation 

 DSAs might cause damage independent of 
complement via direct activation of ECs promoting TG  

Stegall M  et al Nat Rev 2012 

DSA can induce damage without complement activation  



Signaling pathways regulating antibody-mediated activation of endothelial cells 

Zhang&Reed, AJT 2009 

DSA can induce damage without complement activation  



 

DSA can induce damage without complement activation  



A pathogenic view of AMR 

• H-AMR:  

• Preformed antibodies against donor-antigens CDC+ 

• A-AMR:  

• Previous antigen exposure 

• Pre-transplant DSA or memory B-cell 

• Severe complement activation 

• SC/C-AMR 

• DSA persistence of de novo 

• Low-intensity complement activation 

• Complement-independent DSA pathogenic mechanisms 

 



• a-AMR prophylaxis  

• a-AMR treatment 

 

• sc-AMR and c-AMR 
  

  

Eculizumab in AMR   



Regiones complementarias  
Determinantes (origen murino) 

Regiones 2 y 3 
 de la Fracción constante  

de la  cadena Pesada  
IgG4 humana  

Región constante 1 y  
bisagra de la cadena 

 pesadaIgG2 humana  

Cadena 
 ligera 

variable 

Cadena pesada 
variable 

Rother et al. Nature Biothechnol. 2005; 11: 1258. 

Eculizumab está diseñado  para reducir la  
inmunogenicidad y eliminar las funciones 
efectoras: 
 
• Adición de regiones determinantes 

complementarias murinas entre las 
secuencias estructurales de las cadenas 
pesadas y ligeras humanas.  

• Combinación de secuencias humanas de 
cadenas pesadas IgG2 e IgG4 para formar 
una región constante híbrida incapaz de 
unirse a receptores Fc o de activar la 
cascada del complemento. 
 

Eculizumab tiene así una alta afinidad para C5 
humano, bloqueando eficazmente su 
activación, la secuencia proinflamatoria y sus 
propiedades citolíticas. 

Eculizumab (Soliris®) 



C1q deficiency does not delay allograft rejection 

C1q deficiency exacerbates pathology of rejection 

Csencsits et al, AJT 2008 



C1q deficiency accelerates production of donor-reactive IgG 

Classical complement pathway is needed to graft acceptance 

Csencsits et al, AJT 2008 



Rother et al, AJT 2008 

C5 Blockade with Conventional Immunosuppression 
Induces Long-Term Graft Survival in Presensitized 

Recipients 



C3b formation may amplify B-cell activation 

 

Vieyra&Heeger, KI 2010 



Peripheral T cells are depleted by rATG in  
the presence of Eculizumab 

Month 1 after TX Month 3 after TX 

Goh B K et al Tranplant Immunol 2012 



 Prevention of ABMR in Sensitized patients (POS BFXM) pre-TX >200 <450 

(Comparison with an historical cohort group not treated with eculizumab) 



Main Clinical Outcome 

 C5 inhibition prevented ABMR despite high levels of DSAs and C4d deposition in the allograft 

 2 patients with ABMR (day 7) despite eculizumab  C5-independent mechanism ?? 





Subclinical ABMR on protocol biopsies 

Cornell LD, et al AJT 215 



Moderate-to-severe peritubular capillaritis on 
protocol biopsies 

 



Transplant glomerulopathy (chronic ABMR) on 
protocol biopsies 

 



On-going trials with Eculizumab for Prevention 
of ABMR in Sensitized Kidney Transplantant 

patients 
1. Open-Label, Single-arm, Phase II Study for Prevention of AMR in Sensitized Recipients of Deceased 

Donor Kidney Transplant (NCT01567085) 
 
 Objective   Safety and potential efficacy of eculizumab to prevent ABMR in sensitized 

2. Open-Label, Randomized, Phase II Study to Prevent AMR in Living Donor Kidney Transplant 
 Recipients Requiring Desensitization (NCT01399593) 
 
 Objective  Safety and potential efficacy of eculizumab to prevent ABMR in sensitized recipients 

Eculizumab dosing: 

-1200mg prior to kidney allograft reperfusion (Day 0) 
-900mg on postoperative days 1, 7, 14, 21 and 28 
-1200mg on weeks 5, 7 and 9 



• a-AMR prophylaxis  

• a-AMR treatment 

 

• sc-AMR and c-AMR 
  

  

Eculizumab in AMR   
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Cruzado et al, AJT 2009 

The Bellvitge’s protocol for acute ABMR 



Locke et al, AJT 2008 



Locke et al           Pre-TX DSA class I&II  Desensitization              ABMR                     Eculizumab + Rxmab 
AJT 2009 

Lonze et al          Pre-TX DSA class I&II  Desensitization               ABMR                     6-month Eculizumab 
AJT 2010  

Biglarnia et al      ABOi&Pre-TX DSA class I&II  Desensitizaition     ABO Rejection        IA + 2 dose Eculizumab 
Tranpl Int 2011 

Chandran et al          Pre-TX DSA desensitization                          ABMR / MAT          2 doses Eculizumab 
Transpl Proc 2011  

Noone et al           Pre-TX DSA and aHUS desensitization            ABMR / MAT           Eculizumab + Rxmab 
AJT 2012  

Glez-Roncero et al       Pre-TX DSA  no desensitization                ABMR                     Eculizumab + Rxmab 
Transpl Proc 2012 

  Pre-TX no DSA  no desensitization          ABMR / MAT         Eculizumab + Rxmab  

Excellent Short-term clinical follow-up 



Bellvitge’s eculizumab experience 

Yr PreTx DSA aAMR Therapy Re bx Eculizumab outcome 

Case 
1 
72 yr 
Female 
2nd KT 

2010 DSA 
DR03 MFI>10000 
 
Negative CDC  

11 d DSA 

 
rATG  
PF 
IvIg 

40 d 
 
aAMR 
persistence 

600 mg  
Single dose 

Recovery 
 
sCr 130 
No uProt 

Case 
2 
76 yr 
Female 
2nd KT 

2012 DSA 
DR07 MFI>19000 
 
Negative CDC 

3d DSA rATG  
PF 
IvIg 

17 d 
 
aAMR 
persistence 

600 mg 
+ 

600 mg after 
3wks 

Partial 
recovery 
 
eGFR 26 
GS 16 m  

Case 
3 
40 yr 
Female 
4th KT 

2013 No DSA 
 
Negative CDC 

17d DSA 
A23 MFI 4600 
A24 MFI 2890 
B44 MFI 2500 

Eculizumab 
 

900 mg  
Single dose 

6 m  
protocol 
DSA 
A23 MFI 6500 
A24 MFI 4283 
scAMR 
Cd4 neg 

- Recovery 
 
sCr 120 
No uProt 



 



Conclusions 

• Eculizumab is useful to prevent aAMR in 
sensitized patients but seems to be 
insufficient to prevent cAMR 

 

• Eculizumab is effective for aAMR treatment 
(first line and rescue therapy) 

 


