
9. Types of rejection 

9.1. Antibody-mediated 

Djamali A, Kaufman DB, Ellis TM, Zhong W, Matas A, Samaniego M. Diagnosis and 

Management of Antibody-Mediated Rejection: Current Status and Novel Approaches. Am J 

Transplant. 2014. Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/24401076 

• This review discusses current diagnostic, pathologic, phenotypes, prevention 

strategies and novel treatment options for AMR 

 

http://www.ncbi.nlm.nih.gov/pubmed/24472190 

The major outcome of the 2013 Banff conference is defining criteria for diagnosis of C4d-

negative AMR and respective modification of the Banff classification.Valenzuela NM, 

McNamara JT, Reed EF. Antibody-mediated graft injury: complement-dependent and 

complement-independent mechanisms. Curr Opin Organ Transplant. 2014; 19:33-40. 

Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/24316758 

• This review discusses HLA and non-HLA antibodies as well as non-

complement dependent mechanisms of antibody toxicity 

 

Loupy A, Lefaucheur C, Vernerey D, et al. Complement-binding anti-HLA antibodies and 

kidney-allograft survival. N Engl J Med. 2013;369:1215-26. Retrieved from 

http://www.ncbi.nlm.nih.gov/pubmed/24066742 

• This retrospective study studied the impact of C1q-binding antibodies in 

combination with DSA and their impact on post-transplant renal allograft 

outcomes. 
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Sapák M, Chreňová S, Tirpáková J, et al. Donor non-specific MICA antibodies in renal 

transplant recipients. Immunobiology. 2014; 219:109-12. Retrieved from 

http://www.ncbi.nlm.nih.gov/pubmed/24054943 

• This serum-based study details the potential role of non-HLA antibodies 

(MICA) and their impact on allograft survival. 

 

Rose ML. Role of anti-vimentin antibodies in allograft rejection. Hum Immunol. 

2013;74:1459-62. Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/23777935 

• This review discusses the nature of anti-vimentin antibodies, their potential 

mechanisms of allograft damage and their impact on allograft survival. 

 

Dörje C, Midtvedt K, Holdaas H, et al. Early versus late acute antibody-mediated rejection in 

renal transplant recipients. Transplantation. 2013;96:79-84. Retrieved from 

http://www.ncbi.nlm.nih.gov/pubmed/23632391 

• This retrospective study addresses the outcomes of renal allografts 

undergoing early or late AMR while addressing some potential causes for late 

vs early AMR. 

 

Barnett AN, Asgari E, Chowdhury P, Sacks SH, Dorling A, Mamode N. The use of eculizumab 

in renal transplantation. Clin Transplant. 2013;27:E216-29. Retrieved from 

http://www.ncbi.nlm.nih.gov/pubmed/23516966 

• This systematic review addresses potential uses for eculizumab in renal 

transplantation (prevention, treatment, aHUS, etc) 
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Roberts DM, Jiang SH, Chadban SJ. The treatment of acute antibody-mediated rejection in 

kidney transplant recipients-a systematic review. Transplantation. 2012; 94:775-83. 

Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/23032865 

• This review assesses and grades the available evidence for the treatment of 

acute AMR in kidney transplant recipients. 

 

Jordan SC, Toyoda M, Kahwaji J, Vo AA. Clinical aspects of intravenous immunoglobulin use 

in solid organ transplant recipients. Am J Transplant. 2011; 11:196-202. Retrieved from 

http://www.ncbi.nlm.nih.gov/pubmed/21219579 

• This review highlights the roles of IVIg in highly sensitized patients, alone or 

in combination with rituximab and for the treatment of AMR 

 

Barnett AN, Hadjianastassiou VG, Mamode N. Rituximab in renal transplantation. Transpl 

Int. 2013; 26:563-75. Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/23414100 

• This review discusses the mechanism of action as well as potential 

indications of rituximab in renal transplantation 

•  

 

Stegall MD, Diwan T, Raghavaiah S, et al. Terminal Complement Inhibition Decreases 

Antibody-Mediated Rejection in Sensitized Renal Transplant Recipients. Am J Transplant 

2011; 11:2405-2413. Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/21942930 

• This prospective trial demonstrates the potential role of eculizumab therapy 

in prevention AMR in sensitized renal transplant recipients 
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Kim M, Martin ST, Townsend KR, Gabardi S. Antibody-mediated rejection in kidney 

transplantation: a review of pathophysiology, diagnosis, and treatment options. 

Pharmacotherapy 2014; 34 (7): 733- 744. 

Retrieved from: https://www.ncbi.nlm.nih.gov/pubmed/24753207 

 Comprehensive review of AMR diagnosis and treatment. Includes a nice literature 

summary by treatment agent. 

Ejaz NS, Alloway RR, Halleck F, Durr M, Budde K, Woodle ES. Review of bortezomib 

treatment of antibody-mediated rejection in renal transplantation. Antioxid Redox Signal. 

2014; 21 (17): 2401-18. 

Retrieved from: https://www.ncbi.nlm.nih.gov/pubmed/24635140 

 Literature review of bortezomib in the treatment of antibody mediated rejection. 

Discusses mechanisms of action, basic science research, and current clinical trials 

Sautenet B, Blancho G, Buchler M, et al. One-year results of the effects of rituximab on acute 

antibody mediated rejection in renal transplantation: RITUX-ERAH, a multicenter double-blind 

randomized placebo-controlled trial. Transplantation 2016; 100: 391 – 399. 

Retrieved from: https://www.ncbi.nlm.nih.gov/pubmed/26555944 

 In this phase III, multicenter, double-blind, placebo-controlled trial, we randomly 

assigned patients with biopsy proven AMR to receive rituximab (375 mg/m2) or 

placebo at day 5. All patients received PE, IVIg, and CS. 

Bachelet T, Nodimar C, Taupin J, et al. Intravenous immunoglobulins and rituximab therapy for 

severe transplant glomerulopathy in chronic antibody mediated rejection: a pilot study. Clin 

Transplant 2015; 29: 439-446. 
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Retrieved from: https://www.ncbi.nlm.nih.gov/pubmed/25739833 

 Outcome of patients with transplant glomerulopathy (TG) is poor. Using B-cell 

targeting molecules represent a rational strategy to treat TG during chronic 

antibody-mediated rejection. 

Gupta G, Abu Jawdeh AG, Racusen LC, et al. Late Antibody-Mediated Rejection in Renal Allografts: 

Outcome After Conventional and Novel Therapies. Transplantation 2014; 97: 1240 – 1246. 

Retrieved from: https://www.ncbi.nlm.nih.gov/pubmed/24937198 

 Single-center series, presenting 23 consecutive patients treated for late AMR. 

Haas M. The revised (2013) Banff Classification for Antibody Mediated Rejection of Renal 

Allografts: Update Difficulties, and Future Considerations. Am J Transplant 2016; 16: 1352 – 1357. 

Retrieved from: https://www.ncbi.nlm.nih.gov/pubmed/26696524 

 Review article regarding the updated 2013 Banff pathology on AMR and future 

diagnostic directions. 

9.2. Chronic  

 

Costello JP, Mohanakumar T, Nath DS. Mechanisms of Chronic Cardiac Allograft Rejection. 

Tex Heart Inst J 2013; 40:395-399. Retrieved from 

http://www.ncbi.nlm.nih.gov/pubmed/24082367 

• This review details autoimmune, alloimmune  and non-immune mechanisms 

of cardiac allograft rejection and coronaropathy 
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Loupy A, Hill GS, Jordan SC. The Impact of donor-specific anti-HLA antibodies on late 

kidney allograft failure. Nat Rev Nephrol 2012; 8:348-357. Retrieved from 

http://www.ncbi.nlm.nih.gov/pubmed/22508180 

• This review discusses the role of DSA in chronic types of AMR, including 

indolent AMR, C4d negative AMR and late pathophysiologic effects of DSA. 

 

Knoop C, Estenne M. Chronic Allograft Dysfunction. Clin Chest Med 2011; 32:311-326. 

Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/21511092 

• This review describes the clinical spectrum of lung allograft dysfunction and 

the bronchiolitis obliterans syndrome, their pathogenesis and auto/immune 

risk factors as well as non-immune factors. 

 

Seetharam A, Tiriveedhi V, Mohanakumar T. Alloimmunity and autoimmunity in chronic 

rejection. Curr Opin Organ Transplant 2010; 15:531-536. Retrieved from 

http://www.ncbi.nlm.nih.gov/pubmed/20613527 

• This review lays the bases of allo- and autoimmune responses in the context 

of chronic rejection for heart, lung, liver and kidney allografts. 

 

Desai M, Neuberger J. Chronic Liver Allograft Dysfunction. Transplant Proceed 2009; 

41:773-776. Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/19328977 

• This review details immune and non-immune reasons for chronic liver 

allograft failure including disease recurrence and de novo autoimmune 

hepatitis. 
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Nankivell B, Alexander SI. Rejection of the Kidney Allograft. N Engl J Med 2010; 363:1541-

1462. Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/20925547 

• This review details multiple mechanisms of cellular and humoral kidney 

allograft rejection and integrates those in the context of chronic rejection. 

 

Joosten SA, Supkens YWJ, van Kooten C, Paul LC. Chronic renal allograft rejection: 

Pathophysiologic considerations. Kidney Int 2005; 68:1-13. Retrieved from 

http://www.ncbi.nlm.nih.gov/pubmed/15954891 

• This review discusses the pathophysiologic processes underlying chronic 

renal allograft dysfunction from immune perspective but also recipient and 

donor characteristics. Prevention and treatment are also discussed. 

Schinstock CA, Stegall M, Cosio F.  New insights regarding chronic antibody-mediated 

rejection and its progression to transplant glomerulopathy.  Curr Opin Nephrol Hypertens.  

2014; 23(6): 611-8.  Retrieved from : https://www.ncbi.nlm.nih.gov/pubmed/25295960 

 This review discusses chronic antibody-mediated rejection and its progression to 

transplant glomerulopathy focusing on pathophysiology and potential therapy.  

Remport A, Ivanyi B, Mathe Z et al.  Better understanding of transplant glomerulopathy 

secondary to chronic anti-body mediated rejection.  Nephrol Dial Transplant.  2015; 30: 

1825-33.  Retrieved from: https://www.ncbi.nlm.nih.gov/pubmed/25473123 

 This review discusses transplant glomerulopathy secondary to chronic anti-body 

mediated rejection and reviews both prevention strategies and treatment. 

9.3. Hyper-acute  

Ekser, B, et al. (2012). Clinical xenotransplantation: the next medical revolution? Lancet, 
379, 672-83. Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/22019026 
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• Xenotransplantation was initially limited by hyperacute rejection. However, 
as genetic manipulation has largely allowed many of those issues to be 
resolved, the focus has shifted to overcoming the other barriers to 
xenotransplantation. 
 

Kissmeyer-Nielsen, F, et al. (1966). Hyperacute rejection of kidney allografts, associated 

with pre-existing humoral antibodies against donor cells. Lancet, 2, 662-665. Retrieved 

from http://www.ncbi.nlm.nih.gov/pubmed/4162350 

• One of the first descriptions of donor-specific antibodies causing hyper-acute 

rejection in kidney transplantation. 

 

O’Leary, JG, et al. (2013). Impact of donor-specific antibodies on results of liver 

transplantation. Curr Opin Organ Transplant, 18, 279-84. Retrieved from 

http://www.ncbi.nlm.nih.gov/pubmed/ 23591739 

• Simultaneous liver-kidney transplant may protect the kidney allograft from 

hyper-acute rejection. However, patients with class II donor-specific 

antibodies should be closely monitored for both acute and chronic rejection 

of both organs. 

West, LJ. (2011). ABO-incompatible hearts for infant transplantation. Curr Opin Organ 
Transplant, 16, 548-54. Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/21836514 

• An immature immune system is more permissive of ABO-incompatible 
allografts. Hyperacute rejection may be avoided in infants who receive ABOi 
heart transplants. 
 

Yaich, S. (2013). ABO-Incompatible kidney transplantation. Saudi J Kidney DisTranspl, 24, 
463-72. Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/23640616 

• Review of hyperacute rejection of ABO-incompatible kidney allografts and 
current views on pre-transplant management to improve post-transplant 
outcomes 

 

9.4. T-cell mediated 
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Abadja, F, et al. (2012). Significance of T helper 17 immunity in transplantation. Curr Opin 

Organ Transplant, 17, 8-14. Retrieved from 

http://www.ncbi.nlm.nih.gov/pubmed/22186097 

• Review and discussion of the role IL-17 and T-helper 17 cells play in allograft 

rejection. 

 

Franzese, O, et al. (2013). Regulatory T cells in the immunodiagnosis and outcome of 

kidney allograft rejection. Clin Dev Immunol, article ID 852395. Retrieved from 

http://www.ncbi.nlm.nih.gov/pubmed/23843861 

• Review of the role regulatory T cells play in protecting a renal allograft from 

rejection or in predicting the clinical outcome of rejection. 

 

Getts, DR, et al. (2011). Current landscape for T-cell targeting in autoimmunity and 

transplantation. Immunotherapy, 3, 853-70. Retrieved from 

http://www.ncbi.nlm.nih.gov/pubmed/21751954 

• Review of the mechanisms of T-cell mediated allograft rejection and the 

treatment/management of ACR with different immunosuppressive agents. 

Also includes a history and discussion of developing T-cell mediated allograft 

tolerance. 

 

Van den Hoogen, MWF, et al. (2012). Anti-T-cell antibodies for the treatment of acute 

rejection after renal transplantation. Expert Opin Biol Ther, 12, 1031-42. Retrieved from 

http://www.ncbi.nlm.nih.gov/pubmed/22583145 

• Discussion of the use of antithymocyte globulin and alemtuzumab to control 

T-cell mediated renal allograft rejection. 
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Ong S and Mannon RB. Genomic and proteomic fingerprints of acute rejection in peripheral 
blood and urine.  Transplantation Reviews 2015; 29: 60-67. 
https://www.ncbi.nlm.nih.gov/pubmed/25542607 

• Extensive review of the literature to describe the utility and potential clinical 
benefit of gene expression (both proteomic and genomic transcripts) in 
diagnosis of multiple forms of kidney transplantation pathology. 

Gaber AO, First MR, Tesi RJ, et al. Results of the double-blind, randomized, multicenter, 
Phase III clinical trial of thymoglobulin versus ATGAM in the treatment of acute graft 
rejection episodes after renal transplantation. Transplantation 1998; 66(1): 29–37. 

  
 This pivotal trial showed that rATG was superior to ATGAM in treating acute 

cellular rejection in renal transplantation. 
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