
www.wjgnet.com

World Journal of 
Transplantation
World J Transplant  2014 March 24; 4(1): 1-39

ISSN 2220-3230 (online)

www.wjgnet.com



World Journal of 
TransplantationW J T

EDITOR-IN-CHIEF
Maurizio Salvadori, Florence

GUEST EDITORIAL BOARD 
MEMBERS
Chao-Long Chen, Kaohsiung
Yu-Fan Cheng, Kaohsiung
Bor-Luen Chiang, Taipei
Yang-Jen Chiang, Taoyuan
Shiaw-Min Hwang, Hsinchu
Tang-Her Jaing, Taoyuan
Chih-Cheng Lai, Tainan
Steven Shoei-Lung Li, Kaohsiung
Syh-Jae Lin, Taoyuan
Ya-Chung Tian, Linkou
Chia-Chao Wu, Taipei

MEMBERS OF THE EDITORIAL 
BOARD

Argentina

Walter Guillermo Douthat, Cordoba
Eduardo Raul Mansilla, La Plata

Australia

Julianne Bayliss, Melbourne
Neil Boudville, Perth
Zoltán Huba Endre, Sydney
Geoffrey William McCaughan, Sydney
Steven E Mutsaers, Perth
Nicholas A Shackel, Sydney
Deborah Jean Verran, Camperdown

Austria

Kyra Alexandra Borchhardt, Vienna
Johannes Clausen, Innsbruck
Raimund Margreiter, Innsbruck

Belgium

Olivier Detry, Liège
Evelyne Lerut, Leuven
Maarten Naesens, Leuven
Etienne Marc Sokal, Brussels

Brazil

Luiz A Alves, Rio de Janeiro
Ilka FSF Boin, Campinas
Niels Olsen Saraiva Câmara, São Paulo
Eleazar Chaib, São Paulo
R Ferreira da Silva, São José do Rio Preto
Katherine A Teixeira de Carvalho, Curitiba
Avenida Silva Jardim, Curitiba
Mauricio F Silva, Porto Alegre

Bulgaria

Vassil Papantchev, Sofia

Canada

Subrata Chakrabarti, Ontario
Huifang Chen, Montreal, Montreal

Thomas A Churchill, Edmonton
Caigan Du, Vancouver
Walid Mohamed El Moghazy, Kyoto
Reginald Gorczynski, Ontario
Paul A Keown, Vancouver
Tatsuya Kin, Alberta
Mingyao Liu, Ontario
Michele Molinari, Halifax
Eberhard L Renner, Ontario
AM James Shapiro, Edmonton
George Therapondos, Ontario
Chandini Marion Thirukkumaran, Alberta
Serdar Yilmaz, Calgary

China

Wing Yan Au, Hong Kong
Godfrey Chi-Fung Chan, Hong Kong
See Ching Chan, Hong Kong
Yan Chen, Hong Kong
Daniel Ka Leung Cheuk, Hong Kong
Jun He, Suzhou
Xiao-Jun Huang, Beijing
Janette SY Kwok, Hong Kong
Anskar Yu Hung Leung, Hong Kong
Po Sing Leung, Hong Kong
Ting-Bo Liang, Hangzhou
Hai-Yan Liu, Suzhou
Ze-Zhou Song, Hangzhou
Meng-Qun Tan, Shenzhen
Chang-Xi Wang, Guangzhou
Shi-Xia Xu, Beijing
Lu-Nan Yan, Chengdu
Feng Yin, Beijing
Peng Zhang, Xian
Bin Zhu, Hangzhou
He-Qun Zou, Guangzhou

I

Editorial Board
2011-2015

The World Journal of Transplantation Editorial Board consists of 387 members, representing a team of worldwide 
experts in transplantation. They are from 43 countries, including Argentina (2), Australia (7), Austria (3), Belgium 
(4), Brazil (8), Bulgaria (1), Canada (15), China (32), Cuba (1), Czech Republic (1), Denmark (1), Finland (1), France 
(6), Georgia (1), Germany (14), Greece (6), Hungary (2), India (8), Iran (7), Israel (4), Italy (36), Japan (19), Jordan 
(1), Macedonia (1), Mexico (2), Morocco (1), Netherlands (5), Nigeria (1), Norway (1), Pakistan (1), Poland (2), 
Qatar (1), Saudi Arabia (4), Singapore (1), South Korea (17), Spain (9), Sweden (1), Switzerland (3), Thailand (2), 
Tunisia (1), Turkey (6), United Kingdom (17), and United States (131).

March 24, 2013WJT|www.wjgnet.com



Cuba

Olga Sonia Leon Fernandez, Havana

Czech Republic

Vladimir Holan, Prague

Denmark

Klaus Gottlob Muller, Copenhagen

Finland

Andreas Scherer, Kontiolahti

France

Ignacio Anegon, Nantes
Guillaume Canaud, Paris
Felix Cantarovich, Paris
Roussel Jean Christian, Nantes
Bertrand Dupont, Paris
Loïc Fouillard, Cergy-Pontoise

Georgia

Archil Boris Chkhotua, Tbilisi

Germany

Elisenda Banon-Maneus, Munchen
Susanne Beckebaum, Essen
Andres Beiras-Fernandez, Munich
Rainer Birck, Mannheim
Hassan Dihazi, Goettingen
Christoph Eisenbach, Heidelberg
Frieder Keller, Ulm
Alfred Anton Konigsrainer, Tuebingen
Thomas Minor, Bonn
Peter Schemmer, Heidelberg
Meinolf Suttorp, Dresden
Rene H Tolba, Aachen
Wolfgang Wagner, Aachen
Min-Min Wang, Berlin

Greece

Costas Fourtounas, Patras
Evgenios Goussetis, Athens
Maria Koukoulaki, Rion
Sophia Lionaki, Athens
Anna Petropoulou, Athens
Alexandros Spyridonidis, Patras

Hungary

Andrea Ferencz, Budapest
Peter Hamar, Budapest

India

Sanjay Kumar Agarwal, New Delhi
Suraksha Agrawal, Lucknow
Biju George, Tamilnadu
Lalit Kumar, New Delhi
Pravin Mhatre, Mumbai
Geeta Ravindran, Munbai
Avnish Kumar Seth, New Delhi
Malancha Ta, Bangalore

Iran

Parisa Badiee, Shiraz
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Ali Ghafari, Urmia
Mitra Mahdavi-Mazdeh, Tehran
Saeed Taheri, Tehran
Ramin Yaghobi, Shiraz

Israel

Esther Granot, Jerusalem
Assy Najib Nimer, Safed
Inna Sinuani, Zerifin
Shimon Slavin, Tel Aviv

Italy

Gian Luigi Adani, Udine
Pietro Andreone, Bologna
Umberto Baccarani, Udine
Bruno Bonetti, Verona
Alessandro Busca, Turin
Giovanni Camussi, Turin
Cristina Costa, Turin
Stefano Faenza, Bologna
Gian Marco Ghiggeri, Genoa
Grandaliano Giuseppe, Foggia
Andrea Giusti, Genoa
Paola Gremigni, Bologna
Walter Franco Grigioni, Bologna
Salvatore Gruttadauria, Palermo
Alessandro Isidori, Pesaro
Giampiero La Rocca, Palermo
Giovanni Landoni, Milano
Giovanni Li Volti, Catania
Renzo Mignani, Rimini
Luca Neri, Milan
Luciano Potena, Bologna
Matteo Ravaioli, Bologna
Giuseppe Remuzzi, Bergamo
Giulio Romano, Udine
Vito Ruggiero, Rome
Sergio Rutella, Rome
Fabrizio Sansone, Turin
Michele Santangelo, Naples
Antonino Sessa, Naples
Aurelio Sonzogni, Bergamo
Giovanni Stallone, Foggia
Lamponi Stefania, Siena
Giovanni Luigi Tripepi, Reggio Calabria
Cornelio Uderzo, Milan
Massimiliano Veroux, Catania

Japan

Yasuhiro Fujino, Akashi
Yoshitaka Isaka, Osaka
Junya Kanda, Durham
Hiroshi Kanno, Yokohama
Mureo Kasahara, Tokyo
Xiao-Kang Li, Tokyo
Shinichi Miyagawa, Matsumoto
Shugo Mizuno, Tsu
Takehiko Mori, Tokyo
Daisuke Morioka, Yokohama
Hirofumi Noguchi, Okayama
Masahiko Okamoto, Kyoto
Yasuhiko Sugawara, Tokyo
Shoichiro Sumi, Kyoto
Masahiko Taniguchi, Asahikawa
Shintaro Yamazaki, Tokyo
Kotaro Yoshimura, Tokyo
Katsutoshi Yoshizato, Higashi-Hiroshima
Kenji Yuzawa, Ibaraki-ken

Jordan

Mahmoud Mohammad Sarhan, Amman

Macedonia

Goce Spasovski, Skopje

Mexico

Rene Drucker-Colln, Mexico City
Gustavo Martinez-Mier, Veracruz

Morocco

Faissal Tarrass, Larache

Netherlands

Michiel GH Betjes, Rotterdam
Frank JMF Dor, Rotteram
Irma Joosten, Nijmegen
Bernard AJ Roelen, Utrecht
Luc JW van der Laan, Rotterdam

Nigeria

Anthony A Oyekunle, Ile-Ife

Norway

Lars Lysgaard Gullestad, Oslo

Pakistan

Tahir Sultan Shmasi, Karachi

II March 24, 2013WJT|www.wjgnet.com



III March 24, 2013WJT|www.wjgnet.com

Poland

Piotr Czubkowski, Warsaw
Andrzej Zbigniew Rydzewski, Warszawa

Qatar

Moutaz Farouk Derbala, Doha

Saudi Arabia

Ali Al-Ahmari, Riyadh
Imran Khalid, Jeddah
Mohamed Mabed, Jeddah
Mohamed M Sayed-Ahmed, Riyadh

Singapore

Seng Hock Quak, Singapore

South Korea

Curie Ahn, Seoul
Jong Wook Chang, Seoul
Baik Hwan Cho, Jeonju City
Hyeon Joo Jeong, Seoul
Koo-Jeong Kang, Daegu
Chang Nyung Kim, Yongin
Gaab Soo Kim, Seoul
Kyung Mo Kim, Seoul
Yon Su Kim, Seoul
Jong Wook Lee, Seoul
Sang-Oh Lee, Seoul
Kyo-Cheol Mun, Daegu
Eun-Jee Oh, Seoul
Kwon Moo Park, Daegu
Chul Woo Yang, Seoul
Kun-Ho Yoon, Seoul
Seungkwon You, Seoul

Spain

Manuel Molina Arias, Madrid
Ruben Ciria, Cordoba
Luis Fontana, Granada
Maria Marco, Barcelona
Alberto Ortiz, Madrid
Julio Pascual, Barcelona
Carmen Peralta, Barcelona
Jose Antonio Pons, Murcia
Jesus Vaquero, Madrid

Sweden

Tobias Larsson, Stockholm

Switzerland

Andrea De Gottardi, Berne
Michela G Tempia-Caliera Schappi, Geneva
Christian Toso, Geneva

Thailand

Suradej Hongeng, Bangkok
Kittisupamongkol Weekitt, Bangkok

Tunisia

Kais Harzallah, Tunis

Turkey

Elvan Caglar Citak, Mersin
Emir Baki Denkbas, Ankara
İhsan Ergün, Ankara
Murat Kilic, Izmir
Oner Ozdemir, Istanbul
Baris D Yildiz, Ankara

United Kingdom

Jacob Attah Akoh, Plymouth
Atul Bagul, Leicester
Ricky Harminder Bhogal, Birmingham
Richard John Borrows, Birmingham
Eric Chemla, London
Sarah Anne Hosgood, Leicester
Stefan Georg Hűbscher, Birmingham
Alireza Hamidian Jahromi, London
Alan Jardine, Glasgow
Sanjeev Kanoria, London
Michel Modo, London
Paolo Muiesan, Birmingham
GH Neild, London
Magdi Shehata, Leicester
Afshin Tavakoli, Manchester
Alexander Woywodt, Preston
Qihe Xu, London

United States

Arshak R Alexanian, Milwaukee
Sharif Ali, Detroit
Jaime Aranda-Michel, Jacksonville
Robert Aris, Chapel Hill
Reto M Baertschiger, Indianapolis
David A Baran, Newark
Gerald Brandacher, Baltimore
Joseph F Buell, New Orleans
Herman S Cheung, Coral Gables
Gaetano Ciancio, Miami
Diane M Cibrik, Ann Arbor
Luca Cicalese, Galveston
Ari Cohen, New Orleans
David KC Cooper, Pittsburgh
Darshana Manji Dadhania, New York
Graciela De Boccardo, New York
Cataldo Doria, Philadelphia
Amrita Dosanjh, San Diego
Stavros G Drakos, Salt Lake
Sukru Emre, New Haven
Sherif S Farag, Indianapolis
Roberto J Firpi, Gainesville
Robert A Fisher, Richmond
Amy L Friedman, Syracuse

Tibor Fulop, Jackson
G Ian Gallicano, Washington
Wenda Gao, Boston
Roberto Gedaly, Lexington
W Scott Goebel, Indianapolis
Rujun Gong, Providence
Chad R Gordon, Boston
Angelika C Gruessner, Tucson
Gregg Allen Hadley, Columbus
Jeffrey B Halldorson, Seattle
Mehdi Hamadani, Morgantown
Karen Hardinger, Kansas
Imed Helal, Aurora
Allan Duane Hess, Baltimore
Ibtesam A Hilmi, Pittsburgh
Andres Jaramillo, Itasca
Randeep Kashyap, Rochester
Tatsuo Kawai, Boston
Ajai Khanna, San Diego
Dean Y Kim, Detroit
Katsuhiro Kita, Galveston
David J Kramer, Jacksonville
Jerzy W Kupiec-Weglinski, Los Angeles
Paul Y Kwo, Indianapolis
Victor E Laubach, Charlottesville
Techung Lee, Buffalo
Josh Levitsky, Chicago
Xian C Li, Boston
Suthat Liangpunsakul, Indianapolis
Seah H Lim, Amarillo
Ching-Shwun Lin, San Francisco
Julie Lin, Boston
Delong Liu, Westchester
Andrew Leon Lobashevsky, Indianapolis
Paul Allen Lucas, Valhalla
Xunrong Luo, Chicago
Didier A Mandelbrot, Boston
Martin J Mangino, Richmond
Richard S Mangus, Indianapolis
Ignazio R Marino, Philadelphia
Paulo Ney Aguiar Martins, Boston
Andrew Scott Mathis, Long Branch
James Michael Millis, Chicago
Tamir Miloh, Phoenix
Ayse Leyla Mindikoglu, Baltimore
Amr El-Husseini Mohamed, Lexington
Sandeep Mukherjee, Omaha
Yoko Mullen, Duarte
Raghavan Murugan, Pittsburgh
Tibor Nadasdy, Columbus
Atsunori Nakao, Pittsburgh
Singh Neeraj, Columbus
Justin H Nguyen, Jackosnville
Volker Nickeleit, Chapel Hill
Christopher Niyibizi, Hershey
Macaulay Onuigbo, Eau Claire
Jorge Alberto Ortiz, Philadelphia
Antonello Pileggi, Miami
Raymond M Planinsic, Pittsburgh
Qi Qian, Rochester
Rajalingam Raja, Los Angeles
Michael A Ramsay, Dallas
Raymund Rabe Razonable, Rochester
Mohammed S Razzaque, Boston
Pavan Reddy, Ann Arbor
Camillo Ricordi, Miami
Horacio L Rilo, Tucson
David Alan Rizzieri, Durham
Simon C Robson, Boston
Alvaro Rojas-Pena, Ann Arbor
Kenneth Rolston, Houston



IV March 24, 2013WJT|www.wjgnet.com

Philip Rosenthal, San Francisco
Phillip Ruiz, Miami
Tetsuro Sakai, Pittsburgh
Bipin Savani, Nashville
Jan D Schmitto, Boston
Roman Schumann, Boston
Mouin G Seikaly, Dallas
Fuad Shihab, Salt Lake
Haval Shirwan, Louisville
Jeffrey Shuhaiber, Cincinnati
Laura Simons, Waltham
Douglas P Slakey, New Orleans

Mark S Slaughter, Louisville
Gregory A Smallwood, Suwanee
Andrey Sorokin, Milwaukee
Jing Ping Sun, Atlanta
KK Sureshkumar, Pittsburgh
Henkie P Tan, Pittsburgh
Burcin Taner, Jacksonville
A Joseph Tector, Indianapolis
Vivian Anthony Tellis, Bronx
John Daryl Thornton, Cleveland
Jose R Torrealba, Madison
Guido J Tricot, Salt Lake

James F Trotter, Dallas
Andreas Gerasimos Tzakis, Miami
Rocco C Venuto, Buffalo
Michael D Voigt, Iowa City
Matthew R Weir, Baltimore
Victor Xia, Los Angeles
He Xu, Atlanta
Hongzhi Xu, Boston
Dengping Yin, Nashville
Rubin Zhang, New Orleans
Zhi Zhong, Charleston
Joseph B Zwischenberger, Lexington



W J
Contents

IWJT|www.wjgnet.com March 24, 2014|Volume 4|Issue 1|

 

World Journal of 
TransplantationT

1	 Impact of donor-specific antibodies on the outcomes of kidney graft: 

Pathophysiology, clinical, therapy

	 Salvadori M, Bertoni E

18	 ABO incompatible renal transplants: Good or bad?

	 Muramatsu M, Gonzalez HD, Cacciola R, Aikawa A, Yaqoob MM, Puliatti C

30	 Immune monitoring post liver transplant

	 Sood S, Testro AG

EDITORIAL

Quarterly  Volume 4  Number 1  March 24, 2014

REVIEW



Contents
World Journal of Transplantation

Volume 4  Number 1  March 24, 2014

EDITORS FOR 
THIS ISSUE

Responsible Assistant Editor: Xiang Li                               Responsible Science Editor: Ling-Ling Wen 
Responsible Electronic Editor: Huan-Liang Wu                   
Proofing Editor-in-Chief: Lian-Sheng Ma

World Journal of  Transplantation
Room 903, Building D, Ocean International Center, 
No. 62 Dongsihuan Zhonglu, Chaoyang District, 
Beijing 100025, China
Telephone: +86-10-59080039
Fax: +86-10-85381893
E-mail: bpgoffice@wjgnet.com
http://www.wjgnet.com

PUBLISHER
Baishideng Publishing Group Co., Limited
Flat C, 23/F., Lucky Plaza, 315-321 Lockhart Road, 
Wanchai, Hong Kong, China
Fax: +852-65557188
Telephone: +852-31779906
E-mail: bpgoffice@wjgnet.com
http://www.wjgnet.com

PUBLICATION DATE
March 24, 2014

COPYRIGHT
© 2014 Baishideng Publishing Group Co., Limited. 
Articles published by this Open-Access journal are dis-
tributed under the terms of  the Creative Commons At-
tribution Non-commercial License, which permits use, 
distribution, and reproduction in any medium, provided 
the original work is properly cited, the use is non com-
mercial and is otherwise in compliance with the license.

SPECIAL STATEMENT 
All articles published in this journal represent the view-
points of  the authors except where indicated otherwise.

INSTRUCTIONS TO AUTHORS
Full instructions are available online at http://www.
wjgnet.com/2220-3230/g_info_20100722180909.
htm.

ONLINE SUBMISSION 
http://www.wjgnet.com/esps/

IIWJT|www.wjgnet.com

APPENDIX

ABOUT COVER

AIM AND SCOPE

AIM AND SCOPE

FLYLEAF

March 24, 2014|Volume 4|Issue 1|

NAME OF JOURNAL 
World Journal of  Transplantation

ISSN
ISSN 2220-3230 (online)

LAUNCH DATE
December 24, 2011

FREQUENCY
Quarterly

EDITOR-IN-CHIEF
Maurizio Salvadori, MD, Professor, Renal Unit, 
Careggi University Hospital, Viale Pieraccini 18, Flor-
ence 50139, Italy

EDITORIAL OFFICE
Jin-Lei Wang, Director
Xiu-Xia Song, Vice Director

I-V	 Instructions to authors

World Journal of Transplantation  Editorial Board, Maurizio Salvadori, MD, 

Professor Maurizio Salvadori, Renal Unit, Careggi University Hospital, V iale 

Pieraccini 18, Florence 50139, Italy

World Journal of  Transplantation (World J Transplant, WJT, online ISSN 2220-3230, DOI: 
10.5500) is a peer-reviewed open access academic journal that aims to guide clinical 
practice and improve diagnostic and therapeutic skills of  clinicians.

WJT covers topics concerning organ and tissue donation and preservation; tissue 
injury, repair, inflammation, and aging; immune recognition, regulation, effector mecha-
nisms, and opportunities for induction of  tolerance, thoracic transplantation (heart, lung), 
abdominal transplantation (kidney, liver, pancreas, islets), transplantation of  tissues, cell 
therapy and islet transplantation, clinical transplantation, experimental transplantation, 
immunobiology and genomics, and xenotransplantation. The current columns of  WJT 
include editorial, frontier, diagnostic advances, therapeutics advances, field of  vision, 
mini-reviews, review, topic highlight, medical ethics, original articles, case report, clinical 
case conference (Clinicopathological conference), and autobiography.

World Journal of  Transplantation is now indexed in PubMed Central, PubMed, Digital Object 
Identifier.

I-IV	 Editorial Board



Impact of donor-specific antibodies on the outcomes of 
kidney graft: Pathophysiology, clinical, therapy

Maurizio Salvadori, Elisabetta Bertoni

Maurizio Salvadori, Elisabetta Bertoni, Department of Renal 
Transplantation, Careggi University Hospital, 50139 Florence, 
Italy
Author contributions: Salvadori M and Bertoni E contributed 
equally to the concept, acquisition of data, drafting of the article, 
revisions and final approvals.
Correspondence to: Maurizio Salvadori, MD, Department of 
Transplantation, Careggi University Hospital, viale Pieraccini 18, 
50139 Florence, Italy. maurizio.salvadori1@gmail.com
Telephone: +39-55-597151     Fax: +39-55-597151
Received: November 1, 2013  Revised: January 23, 2014
Accepted: March 3, 2014
Published online: March 24, 2014

Abstract
Allo-antibodies, particularly when donor specific, are 
one of the most important factors that cause both early 
and late graft dysfunction. The authors review the cur-
rent state of the art concerning this important issue in 
renal transplantation. Many antibodies have been recog-
nized as mediators of renal injury. In particular donor-
specific-Human Leukocyte Antigens antibodies appear to 
play a major role. New techniques, such as solid phase 
techniques and Luminex, have revealed these antibodies 
from patient sera. Other new techniques have uncovered 
alloantibodies and signs of complement activation in 
renal biopsy specimens. It has been acknowledged that 
the old concept of chronic renal injury caused by calci-
neurine inhibitors toxicity should be replaced in many 
cases by alloantibodies acting against the graft. In ad-
dition, the number of patients on waiting lists with pre-
formed anti-human leukocyte antigens (HLA) antibodies 
is increasing, primarily from patients with a history of re-
nal transplant failure  already been sensitized. We should 
distinguish early and late acute antibody-mediated re-
jection from chronic antibody-mediated rejection. The 
latter often manifets late during the course of the post-
transplant period and may be difficult to recognize if 
specific techniques are not applied. Different therapeutic 
strategies are used to control antibody-induced damage. 

These strategies may be applied prior to transplanta-
tion or, in the case of acute antibody-mediated rejection, 
after transplantation. Many new drugs are appearing at 
the horizon; however, these drugs are far from the clinic 
because they are in phase Ⅰ-Ⅱ of clinical trials. Thus 
the pipeline for the near future appears almost empty. 

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Donor-specific antibodies; Solid-phase tech-
niques; Complement activation; Renal transplantation; 
Antibody-mediated rejection; Desensitization; New 
drugs for B-cells

Core tip: Clear evidence exists that shows that donor-
specific-HLA antibodies (DSAs) are the primary players 
in the acute and chronic deterioration of graft. The 
emergence of sensitive techniques that detect DSAs, 
together with advances in the assessment of graft 
pathology, has enabled an improved understanding 
of antibody-mediated graft injury. Acute and chronic 
antibody-mediated rejection conditions have changed 
the nomenclature during recent Banff conferences and 
have enabled the dismissal of older terminologies, such 
as chronic allograft nephropathy. Therapies aimed at B 
cells and plasma cells and that control complement ac-
tivation will be extremely important for improving long-
term outcomes in kidney transplantations.

Salvadori M, Bertoni E. Impact of donor-specific antibodies on 
the outcomes of kidney graft: Pathophysiology, clinical, therapy. 
World J Transplant 2014; 4(1): 1-17  Available from: URL: http://
www.wjgnet.com/2220-3230/full/v4/i1/1.htm  DOI: http://dx.doi.
org/10.5500/wjt.v4.i1.1

INTRODUCTION
Despite improvements in renal transplantation outcomes, 
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kidney allograft loss remains substantial and is associated 
with increased morbidity, mortality and costs[1,2]. Clearly, 
the identification of  the critical pathologic pathways un-
derlying allograft loss and the development of  therapeu-
tic interventions that improve the duration and quality of  
allograft function are among the most important targets 
for transplant medicine. One of  the most important ad-
vances of  the past decade has been the realization that 
the insufficient control of  the humoral arm of  a recipi-
ent’s immune system by current immunosuppressive 
regimens[3] is the factor primarily responsible for allograft 
dysfunction and loss[4-6].

ALLOGRAFT ANTIBODY EVOLUTION IN 
TRANSPLANTATION
The induction of  allograft injury alloantibodies induced 
has now superseded the historical dogma that allograft 
losses were caused by the toxicity of  calcineurin inhibi-
tors (CNIs) and by chronic allograft nephropathy (CAN). 
Indeed, nephrotoxicity and CAN as causes of  late graft 
failure are being challenged by the findings of  the Long-
Term Deterioration of  Kidney Allograft Function 
(DeKAF)[6-8] and other studies[9,10].

In addition, recent therapeutic strategies that have 
permitted the human leukocyte antigens (HLA) to be 
crossed have created a new population at risk of  anti-
body-mediated rejection (ABMR), which has enabled 
these patients to be studied over an extended time period.

The emergence of  sensitive techniques that detect 
donor-specific anti-HLA antibodies (DSAs) and other 
HLA and non-HLA antibodies together with advances 
in the assessment of  graft pathology have expanded the 
spectrum of  ABMR.

The different technologies used by researchers and 
the significance of  alloantibodies found by these technol-
ogies led recently to a consensus conference that elabo-
rated upon  consensus guidelines for testing and clinical 
management issues associated with HLA and non-HLA 
antibodies in transplant recipients[11] .

As a consequence of  this increase in knowledge, the 
term CAN was deleted in the Banff ’05 meeting report[12]. 
In the Banff ’07 and Banff ’09 conferences[13,14], the con-
cept of  ABMR was further evaluated, and ABMR was 
definitively included in the Banff  classifications.

The Banff ’11 meeting report[15] and the recent Banff ’
13 conference (unpublished data) further elaborated 
upon new concepts in ABMR, which included the signifi-
cance of  C4d-negative and C1q-positive ABMR.

DETECTION OF ANTIBODIES AND THEIR 
SIGNIFICANCE
Preformed antibodies targeted against HLAs or antibod-
ies formed de novo after transplantation predispose to 
either acute or chronic ABMR. These antibodies can be 
detected using several techniques.

A complement-dependent lymphocytotoxicity (CDC) 

cross-match is typically performed to detect cytotoxic 
DSAs. The main disadvantages of  the CDC assay are that 
it is subjective and cumbersome and will only detect com-
plement-fixing antibodies[16]. Indeed, ABMR has occurred 
in patients with a negative cross-match. This observation 
may indicate that the CDC lacks the sensitivity required 
to detect some clinically significant antibodies; moreover, 
acute ABMR can occur in recipients with immunologi-
cal memory and undetectable levels of  circulating HLA 
antibodies at the time of  transplant[17]. Cross-match (XM) 
and antibody detection techniques have improved with 
time and show increased sensitivity and specificity[18,19].

Flow cytometry (FC) is another cell-based technique 
that was introduced more than 20 years ago to improve 
sensitivity. This test also lacks specificity, and with the 
introduction of  solid-phase assays (SPA), the use of  FC 
has been superseded. The introduction of  SPA detec-
tion, while providing greater sensitivity than CDC assays, 
has resulted in a new paradigm with respect to the inter-
pretation of  DSAs. Although SPA using the Luminex 
instrument has permitted the detection of  antibodies not 
detectable by CDC, the clinical significance of  these an-
tibodies is not fully understood. In addition, SPA testing 
raises technical issues that require resolution and careful 
consideration when interpreting antibody results. SPA, 
such as flow cytometry using antigen-coated micro par-
ticles, enzyme-linked immunosorbent assays (ELISAs) 
and Luminex, are now used to determine the specificity 
of  anti-HLA antibodies and to better interpret positive 
CDC-XM results.

ELISA has an advantage over the CDC because 
is more sensitive and detects antibodies that not fix 
complement. However, non-specific binding to other im-
munoglobulins may occur in patients with autoimmune 
disorders. When detecting antibodies using flow panel-
reactive antibody (PRA) beads, micro-particles are coated 
with purified HLA molecules[19]. The fluorescence is then 
measured using flow cytometry and the level of  fluores-
cence is indicative of  the level of  antibody binding.

Luminex technology also uses pools of  HLA class Ⅰ
or Ⅱ antigen-coated micro-particles. These beads are 
colored with a combination of  two dyes. Serum reactiv-
ity is assessed based on the fluorescent signal of  each 
HLA-coated micro particle[19]. The Luminex platform 
enables the determination of  DSAs specificity by using 
single HLA-coated beads and provides a relative indica-
tion of  the antibody strength and level in the circulation 
by returning results to the user in the form of  mean 
fluorescence intensity (MFI)[20]. However, MFI is not 
standardized across labs, and there is some arbitrari-
ness in determining the MFI thresholds. Molecules with 
equivalent soluble fluorochrome (MESF) and maximum 
fluorescence values, obtained using the Luminex ma-
chine, enable more standardized measures of  antibody 
strength[21,22].

According to the consensus publication by the Na-
tional Conference to Assess Antibody-Mediated Rejec-
tion in Solid Organ Transplantation[23], a current positive 
CDC or anti-human immunoglobulin-CDC (CDC-AHG) 
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cytotoxicity cross-match (CXM) predisposes to a high 
risk of  ABMR or early graft loss. A current positive CDC 
or CDC-AHG CXM is a contraindication for transplan-
tation unless DSAs can be reduced using desensitization 
protocols. A positive flow CXM or a remote (historic) 
positive CDC or CDC-AHG CXM poses an intermediate 
risk for early acute rejection and may require augmented 
immunosuppression.

The wide use of  the Luminex technique with its 
increased specificity and sensitivity did uncover a new 
paradigm. Using the Luminex technique DSAs have been 
found in patients who show a negative classic CDC. Sev-
eral studies have shown that these results represent a risk 
factor, but not a formal contraindication for transplanta-
tion[24-26].

These facts lead to workshops and Consensus Guide-
lines to further understand these technologies[11,27].

The recent consensus guidelines highlighted the 
technological advantages and limitations of  Luminex as 
shown in Table 1.

In addition, the consensus guidelines[11] considered 
the following modifications to SPA for detecting new an-
tibodies and assessing their functionality.

C4d assay 
The C4d assay[28,29] shows superior specificity compared 
with the CDC. The C4d assay requires complement activa-
tion to occur and is influenced by complement regulatory 
factors. Clinical data obtained using various modifications 
of  the C4d assay have shown that the presence of  C4d+ 
antibodies correlates with graft survival in the kidney and 
hearts[28,29].

C1q assay
The C1q assay was designed to distinguish complement-
fixing from non-complement-fixing antibodies and does 
not require complement activation other than the binding 
of  C1q to the antibody[30]. It detects antibodies capable 
of  binding complement and initiating the classical path-

way.
The results of  this technique still remain under de-

bate. Although some authors[31] have reported no correla-
tion with the clinical course in kidney transplant patients, 
others[32] have reported that both C1q and C4d Luminex 
assays show increased sensitivity and specificity and that 
they can be useful for both pre-transplant risk assessment 
and post-transplant monitoring.

Detection of antibodies targeted to non-HLA antigens
The endothelial cell is the principal target used to detect 
non-HLA antibodies involved in ABMR. Historically, dif-
ferent assay systems have been used to identify and char-
acterize AECA including CDC[33], flow cytometry[34] and 
immunofluorescence[35].

The primary limitation is that the endothelial cells 
used for the detection and characterization of  AECA 
have been derived from third-party donors, and that the 
cells used show different protein expressions and distinct 
phenotypes[36]. Surrogates of  endothelial cells, such as 
MICA may be useful. However, MICA is not expressed 
constitutively on the endothelium; rather, its expression is 
induced under conditions of  cellular stress.

Lymphocyte XM tests fail to detect AECA. The 
cross-match ONE assay is a Food and Drug Administra-
tion (FDA)-approved endothelial ECXM technique that 
uses endothelial cell precursor cells found in the periph-
eral blood at a frequency of  1%-2%[37]. An advantage of  
this test is that it detects DSAs and can be used to test 
for antibodies targeted to T lymphocytes, B lymphocytes 
and endothelial cells in the same assay[38].

Proteomics approaches using protein extracts from 
different sources, including cell lysates and protein micro-
arrays are being used for antibody screening and identifi-
cation of  specificities[39,40].

A variety of  non-HLA targets have been identified in-
cluding MICA, vimentin, angiotensin Ⅱ type 1 receptor, 
tubulin, myosin and collagen Ⅴ. In general, single anti-
gen bead (SAB) testing permits reassessment of  the im-
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  Technological advantages Technological limitations

  Qualitative: enables precise identification of all antibody specificities in 
  complex sera (DSA)

Some positive results can be caused by antibodies to denatured HLA

  Comprehensive: distinguishes antibodies to all common alleles for   
  HLA-A, HLA-B, HLA-C, HLA-DRB1, HLA-DRB3/4/5, HLA-DQA1, 
  HLA-DQB1, HLA-DPA1, HLA-DPB1

Occasional high background binding requiring repeat testing and 
absorption protocols

  Semiquantitative: enables determination of antibody levels (high, 
  intermediate, and low)

Variable HLA protein density on beads. Blocking factors may cause false-
negative or misleading low assessment of antibody levels (prozone?); 
IgM and C1 can block IgG binding

  Sensitive: enables detection of weak antibody testing
  Rapid: enables real-time antibody monitoring for DSA. Pre- 
  transplantation and post-transplantation antibody monitoring (assist 
  diagnosis of ABMR). Virtual XM

Lot-to-lot variation requiring validation. Vendor-specific variation

  Enables detection of non-HLA-specific antibodies (e.g., MICA)
  Detection and differentiation between immunoglobulin class and 
  isotype (e.g., complement fixing and non-complement fixing C4d and C1q

Reagents not standardized

Table 1  Technological advantages and limitations of luminex human leukocyte antigens single antigen bead

ABMR: Antibody mediated rejection; DSA: Donor specific HLA antibodies; HLA: Human leukocyte antigens; MICA: Major histocompatibility complex 
class I-related chain A; SAB: Single-antigen beads; XM: Cross-match.
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munologic risk for kidney transplantation. Traditionally, 
high panel-reactive antibody, re-transplant and deceased 
donor grafts have been associated with increased risk. 
However, the risk factors for ABMR are DSAs, reduced 
HLA matching and evaluation of  DSAs using different 
techniques[41].

PATHOPHYSIOLOGY 
An increasing body of  evidence suggests that patients 
with high titers of  anti-HLA antibodies (particularly if  
they are donor-specific) that develop either pre-transplant 
or post-transplant, show a worse outcome. At any given 
time, approximately 25% of  transplant recipients show 
antibodies against HLA antigens when evaluated using 
the newest, highly sensitive and specific techniques for 
DSAs monitoring[42,43]. Moreover, antibodies against non-
HLA have also been implicated in ABMR[44]. Antibodies 
may mediate endothelial injury via complement-depen-
dent or independent mechanisms by transducing signals 
that are pro-inflammatory and proliferative[45].

Preformed or de novo DSAs clearly cause acute and 
chronic ABMR; however the role and scope of  non-HLA 
antibodies in mediating graft injury and loss remains less 
certain[46].

One hypothesis is that alloantigen sensitization occurs 
based on non-HLA polymorphic differences between the 
donor and the recipient [e.g., major-histocompatibility-
complex (MHC) class Ⅰ-related chains A and B (MICA 
and MICB, respectively)]. Unfortunately progress in this 
area has been limited by a lack of  validated clinical assays 
for non-HLA alloantibodies, the confounding presence 
of  HLA-DSAs and, in the case of  MICA antibodies, a 
lack of  proof  of  specificity[47].

A second hypothesis is that auto antigen sensitization 
occurs due to exposure of  cryptic epitopes after tissue in-
jury or inflammation (including vimentin, K-α Ⅰ tubulin, 
collagen V and agrin).

Although anti-HLA antibodies are responsible for 
the majority of  antibody-mediated injuries, they do not 
underlie all ABMRs. In addition, as discussed above, the 
major histocompatibility antigens and a large number of  
minor antigens have been recognized as possible anti-
body targets[48-50].

Endothelial cells are targets for immune-mediated as-
saults via anti-endothelial cell antibodies (AECAs). The de 
novo development of  circulating anti-endothelial cell an-
tibodies, rather than pre-existing antibodies, is associated 
with post-transplant allograft rejection[51].

Apoptotic endothelial cells (ECs) release a bioactive 
C-terminal fragment of  perlecan called laminin G-like 
3 (LG3)[52]. LG3 behaves as a neo-antigen and induces 
the production of  anti-LG-3 antibodies. Recently, these 
anti LG-3 antibodies have been documented to be novel 
accelerators of  immune-mediated vascular injury and to 
obliterate remodeling[53].

Vimentin[54], collagen V[55] and K-α 1 tubulin[56] are in-
volved in the ABMR of  organ other than kidney as neo-
antigens. The apoptosis of  ECs and subsequent exposure 

of  neo-antigens may induce an autoimmune response.
An autoantibody specific for angiotensin Ⅱ recep-

tor type 1 has been associated with the development 
of  hypertensive vasculopathy and acute renal allograft 
dysfunction[57]. Antibodies directed towards MHC 
class Ⅰ polypeptide-related sequences A (MICA) and 
B (MICB), and not classical HLA molecules, have been 
implicated in transplant rejection in recipients who were 
otherwise well-matched for HLA due to the contribution 
of  MICA antigens towards the activation of  cellular and 
humoral immune responses[58].

The HLA complex encodes molecules crucial for 
the initiation and proliferation of  the immune response. 
It is highly polymorphic and polygenic and its proteins 
are co-dominantly expressed. The HLA genes that are 
involved in the immune response belong to classes Ⅰ and 
Ⅱ, which are structurally and functionally different. Re-
cently, DSAs have been reported to activate endothelial 
cells, thereby increasing their potential to recruit and bind 
recipient leukocytes and increasing the potential for al-
lograft inflammation[59,60].

Approximately 30% of  patients on waiting list show 
detectable levels of  HLA antibodies[61]. After transplan-
tation, 25% of  non-sensitized patients develop de novo 
HLA-DSAs.

In both groups of  patients, the presence of  these 
antibodies increases the risk of  subsequent ABMR[9]. The 
development of  a histological test to identify antibody-
mediated complement activation on transplant biopsies 
(C4d staining) has provided a method for flagging po-
tentially deleterious interactions between antibodies and 
the graft endothelium. In addition, molecular techniques, 
such as gene expression profiling, have enabled the iden-
tification of  subclinical endothelial cell damage that can 
be present even in the absence of  complement activation 
or detectable DSA[62]. Recent studies have documented 
the role of  B cells and antibodies in transplantation. A 
study by Lynch et al63] described a technique that may en-
able a more global assessment of  B-cell reactivity to the 
allograft. Their results suggest that humoral responses to 
the allograft may be more common than previously ap-
preciated. Antibodies reactive to donor human leukocyte 
antigen molecules, minor histocompatibility antigens, en-
dothelial cells, red blood cells or auto antigens may trig-
ger or contribute to rejection at both early and late time 
points after transplantation[64]. Often, the immune system 
shows an integrated response that results in allograft 
rejection involving parallel or simultaneous T cell medi-
ated rejection (TCMR) and ABMR[65]. Antibody-mediated 
injury to the allograft is initiated by DSAs binding to 
HLA antigens or to other targets on the allograft endo-
thelium. If  DSAs are complement-activating, the classic 
complement pathway is rapidly activated via IgG binding 
and C1q activation[66]. This process typically results in the 
rapid loss of  the allograft. Alternatively, DSAs can bind 
endothelial cell targets and stimulate cell proliferation or 
induce antibody-dependent cell-mediated cyto-toxicity 
with interferon γ release[45]. These processes appear to 
be more important for the development of  the chronic 
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antibody-mediated injury that is more dependent on natural 
killer (NK) cells than the complement[67]. Antibodies may 
also bind HLA and other targets and incompletely activate 
the complement system without causing apparent injury. 
This process is referred to as accommodation[68].

ABMR is a continuous process, and its oscillation is 
characterized by fluctuations in DSAs, C4d deposition 
and dynamic and multidirectional glomerulitis and/or 
capillaritis scores[69]. The time to diagnosis of  ABMR is 
highly dependent on the population studied. Early-onset 
ABMR (typically occurring within the first months after 
transplantation) is observed predominantly in patients 
with preformed DSAs, whereas late acute ABMR oc-
curs primarily in patients who develop de novo DSAs 
after transplantation. Indeed, the pathologic and clinical 
manifestations may vary, including hyper-acute humoral 
rejection, acute humoral rejection, indolent or subclinical 
humoral rejection, “C4d”-negative humoral rejection and 
late acute humoral rejection.

ACUTE ABMR
Hyper-acute ABMR
The pathology of  hyper-acute rejection overlaps com-
pletely with acute ABMR. It arises within minutes or a 
few hours after transplantation in pre-sensitized patients 
who have circulating HLA, AB0, or other alloantibodies 
to the donor endothelial surface antigens[70]. The outcome 
is always poor.

Acute ABMR
The diagnosis of  acute ABMR relies upon the criteria 
shown: (1) morphologic evidence of  acute tissue injury: 
acute tubular injury, neutrophils and/or mononuclear 
cells in PTC and/or glomeruli and/or capillary thrombo-
sis, fibrinoid necrosis/intramural or trans-mural inflam-
mation in arteries; (2) immuno-pathologic evidence for 
antibody action: C4d and/or (rarely) immunoglobulin in 
PTC; Ig and complement in arterial fibrinoid necrosis; 
and (3) serologic evidence of  circulating antibodies to 
donor HLA or other anti-donor endothelial antigen. The 
endothelial injury has been recently reviewed completely 
by Drachenberg and colleagues[71]. Although acute ABMR 
generally occurs within the first year after transplantation 
in pre-sensitized patients[72], it may also develop years 
after transplantation and is often triggered by a decrease 
in immunosuppression (iatrogenic, non-compliance or 
malabsorption)[5,73-75].

Several patients with acute ABMR show a negative 
cross-match, which may be due to low level DSAs that 
are undetectable[76] or to de novo DSAs[77].

Recently, an increased risk of  acute ABMR has been 
associated to elevated pre-transplantation soluble B-cell 
activating factor (BAFF)[78], whose neutralization may be 
an interesting therapeutic strategy.

Recently, Orandi et al[79] examined the long-term ef-
fect of  early acute ABMR on kidney allograft and patient 
survival in 201 adult kidney transplant recipients who 
developed acute ABMR within the first year after trans-

plantation. Each recipient was matched with 5 control 
patients. The majority of  recipients were sensitized. Al-
lograft survival rates at 1, 5 and 10 years in the group that 
developed acute ABMR were significantly lower than in 
the control group.

In another study[60] of  a cohort of  355 adult kidney 
transplant recipients, all with a negative CDC-XM, C1q-
fixing DSAs did not predict acute ABMR or allograft 
loss; however, the presence of  class Ⅰ DSAs (versus class 
Ⅱ donor specific antigens)  predicted acute ABMR and 
allograft loss.

Indolent or subclinical acute ABMR
Chronic rejection is often preceded by the occurrence of  
an acute ABMR due to the fact that modern therapeutic 
strategies fail to deplete antibody secreting plasma cells 
from the spleen and bone marrow of  patients[80].

In addition, kidney transplant recipients who develop 
de novo DSAs are now recognized to often show patho-
logic features of  indolent and slowly progressive micro-
vascular abnormalities, which are referred referred to 
occasionally as subclinical acute ABMR[16,77,81]. The ap-
pearance of  de novo DSAs likely results from inadequate 
immunosuppression and represents a dynamic process 
that begins early after transplantation and continues at 
varying levels thereafter.

C4d negative acute ABMR
Initial evidence for C4d-negative acute ABMR emerged 
in 2009 based on the work of  the teams in Paris[69] and 
Edmonton[62]. The latter study demonstrated high endo-
thelial-specific gene expression in kidney transplant bi-
opsy samples with DSAs but without C4d. In this study, 
C4d-negative acute ABMR was characterized by the high 
intragraft endothelial gene expression of  allo-antibodies, 
by histology typical of  chronic or acute ABMR and by 
poor outcomes. Several hypotheses have been generated 
to explain the lack of  complement deposition despite 
the evidence of  micro-vascular inflammation and persis-
tence of  DSAs in the circulation. The low sensitivity of  
C4d[13,82] could be due to technical issues including the 
type of  fixative used and the different methods used to 
detect C4d (immunofluorescence versus immunochemis-
try). Moreover, as documented by the Edmonton study, 
some DSAs, although showing poor complement-fixing 
ability, may nonetheless activate endothelial cells[62]. An-
other possibility is that the various prophylactic strate-
gies used to prevent ABMR may decrease the burden of  
complement activation within capillaries[80].

Given the concerns over the lack of  sensitivity of  
C4d for kidney transplantations, a working group was 
established at the 2011 Banff  conference to refine the 
criteria used for diagnosis of  ABMR in the kidney[15]. 
Although the 2013 Banff  Conference, held in Fortaleza 
(Brazil) in August 2013, has ended, to the best of  our 
knowledge, this work remains in progress.

Late acute ABMR
If  the majority of  early-acute ABMR depends upon pre-
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formed DSAs and primarily occurs in sensitized patients, 
late-acute ABMR often depends upon de novo DSAs.

De novo DSAs appear in 25% of  non-sensitized pa-
tients[77]. De novo DSAs are often linked to late-acute 
ABMR and are characterized as occurring in patients who 
are young, with frequent non-adherence or suboptimal 
immunosuppression[74]. The observation that many cases 
of  de novo DSAs are associated with prior therapy non-ad-
herence or with a history of  a clinical acute cellular rejec-
tion episode, suggests that immunosuppression is a po-
tent inhibitor of  the activation of  mature, naïve B cells[83]. 
However, the observation that some cases of  de novo 
DSAs formation appear in compliant patients suggests 
that either T cells capable of  helping naïve B cells emerge 
despite immunosuppression or that some allo-reactive B 
cells may differentiate into antibody-secreting cells in the 
absence of  T cell assistance. The antibody-producing cells 
may also originate from an existing population of  memory 
B cells that do not require T-cell mediated activation[84].

CHRONIC ABMR
The clinical significance of  chronic ABMR has been 
increasingly documented in recent years with some data 
suggesting that it may represent the leading cause of  
late allograft loss[4]. In contrast to acute ABMR, chronic 
ABMR is a long-term process that develops in sequen-
tial steps over a period of  months to years[85]. Chronic 
ABMR has been proposed to arise over a series of  stages 
or states[86]. The first common event is the production 
of  alloantibodies followed by antibody interaction with 
alloantigens, resulting in the deposition of  C4d in peritu-
bular capillaries (PTC) and possibly glomeruli, followed 
by pathologic changes and graft dysfunction (Figure 1). 
Diagnostic features of  chronic ABMR may include the 
presence of  DSAs, transplant glomerulopathy (TG), peri-
tubular capillary basement multilayering and the presence 
of  C4d[27].

TG and PTC basement multilayering represent the 
histological hallmark of  chronic ABMR. Transplant glo-
merulopathy is a morphological pattern of  chronic kid-
ney injury that lacks detectable immune-complex deposits 
and is associated with poor kidney transplant outcomes. 
It is primarily  an endothelial pathology that  affects kid-

ney microcirculation endothelium, which is observed as 
a duplication (double contours) and/or multilamination 
of  capillary basement membranes together with the sub-
stantial replacement of  endothelial fenestrations with a 
continuous endothelial lining[87]. DSAs, particularly HLA 
antigen class Ⅱ antibodies may cause insidious graft 
injury and therefore constitute a central causative factor 
of  transplant glomerulopathy (Figure 2). Although the 
international Banff  consensus criteria classify transplant 
glomerulopathy as chronic ABMR if  the pattern is ac-
companied by detectable DSAs and diffuse or focal linear 
C4d positivity in peritubular capillaries[4-6], Mauiyyedi et 
al[88] detected the deposition of  C4d in peritubular capil-
laries in 61% of  biopsies from patients showing chronic 
rejection with transplant glomerulopathy. In addition, a 
study by Regele et al[89] reported the presence of  C4d in 
peritubular capillaries in 34% of  patients with transplant 
glomerulopathy and this staining presaged the later devel-
opment of  transplant glomerulopathy.

Pathologic patterns of  chronic ABMR are observed 
in renal biopsies performed either for clinical indications 
or for protocol at a much later date after kidney trans-
plantation[5-83]. In addition to reduced immunosuppres-
sion and non-adherence, early acute rejection appears to 
play a relevant role during late chronic ABMR. Indeed, 
several years ago, Cosio et al[90] documented that in 1-year 
surveillance biopsies, the degree of  inflammation at 1-year 
post-transplant predicts the loss of  graft function and 
graft failure independently of  function and other vari-
ables (Figure 3).

Recently El Ters et al[91] reported that early acute 
rejection, even in the absence of  pre-transplant DSAs, 
increases the risk of  alloimmune allograft loss late after 
transplantation and that the phenotype of  this late loss 
is chronic ABMR. The hypothesis of  this study was that 
the formation of  new DSAs, particularly class Ⅱ DSAs, 
may be a consequence of  early acute rejection[92]. El 
Ters et al[91] noted that the presence of  inflammation 
in 1-year protocol biopsies correlated with early acute 
rejection, presensitization, re-transplantation and HLA 
mismatch. He also observed that chronic ABMR was re-
sponsible for 43% of  allograft loss.
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Alloantibody production (accomodation?)

Antibody interaction with alloantigens with
deposition of C4d in PTC and possibly glomeruli

Pathologic changes

Graft dysfunction

Figure 1  Stages of chronic antibody-mediated chronic rejection. PTC: 
Peritubular capillaries.
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Figure 2  Proposed pathogenetic mechanisms for transplant glomerulopathy.
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In surveillance biopsies performed at 3 years after 
transplantation, Willicombe[93] reported that, despite ex-
cellent serum creatinine values, only one-third of  biopsies 
were normal and that lesions appeared to correlate with 
the risks of  immunological injury.

The 5-year follow-up data of  the patient cohort from 
the DeKAF study[94,95] documented the role of  antibodies 
in late graft dysfunction. Indeed, these studies showed a 
great number of  patients with inflammation accompany-
ing fibrosis or scarring, and their graft survival correlated 
with the presence of  DSAs and/or C4d (Figure 4). 

The therapeutic approach to these conditions is one 
of  the major challenges to date in the treatment of  trans-
planted patients.

Finally, recent studies[96,97] examining BAFF, a B-cell 
stimulating molecule, showed that the appearance of  
soluble BAFF levels early after transplantation correlated 
with the de novo development of  DSAs and, ultimately, 
with the progression to chronic active ABMR in pediat-
ric and adult first kidney transplant recipients who were 
highly desensitized prior to transplantation.

Hill et al[98] described a new insight into the pathogen-
esis of  chronic ABMR. DSAs-positive patients showed 
a striking acceleration of  arteriosclerosis. Pathologic ex-
amination revealed that the inner intima is hypercellular 
with actively proliferating myofibroblasts that lay down 
collagen that often overlies older, condensed collagen of  
pre-transplantation donor origin.

THERAPY
The primary drugs or systems used are shown in Table 
2 and are divided based on their action on the different 
maturation steps of  B cells. The primary therapeutic 
strategies used are the following: (1) removal of  antibod-
ies; (2) inhibition of  antibody production; (3) comple-
ment inhibitors; (4) intravenous immunoglobulins; and (5) 
splenectomy.

Removal of antibodies by plasmapheresis or 
immunoabsorption
Plasmapheresis (PP) and immunoabsorption (IA) tech-
niques have been used to remove alloantibodies. PP is not 
specific for immunoglobulins (Ig) removal and requires 
replacement with fresh frozen plasma and albumin. IA 
shows high affinity for binding Igs and has the advantage 
of  specificity over PP.

However, due to the tendency of  DSAs to rebound 
and return to baseline levels, several repeated treatments 
are required[99] or an additional inhibitor of  antibody pro-
duction is required.

Inhibition of antibody production 
Rituximab (anti-CD20): Rituximab is a chimeric mu-
rine/human monoclonal antibody that binds CD20 on 
pre B and mature B lymphocytes[100,101]. Recently ritux-
imab has been documented to also prevent an anamnestic 
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  Steps Cells or mechanisms 
involved

Drugs Mechanism of action

  Exposure to antigen B Cells Rituximab  
ivig

Binds CD20 on B cells and mediates cell lysis
Multiple B cell apoptosis, decrease in B-cell proliferation

  Secretion of alloantibodies Plasma cells; antibodies Bortezomib    Decrease donor-specific alloantibody production
Mechanical removal of alloantibodies

Plasma- exchange
ivig

Multiple B cell apoptosis, decrease in B-cell proliferation  

  Binding of antibodies to the graft Complement activation Eculizumab Blocks cleavage of terminal complement C5 and halts the process 
of complement-mediated cell destruction

Table 2  Anti-antibodies main drugs to date in use and mechanism of action
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response in patients with cryptic sensitization to HLA[102].

BAFF blockade: BAFF, also known as B lymphocyte 
stimulator (Blys), is a member of  the tumor necrosis fac-
tor cytokine family and is expressed primarily on T cells 
and dendritic cells for B-cell co-stimulation. BAFF binds 
to the receptor B-cell maturation antigen (BCMA), to the 
transmembrane activator (TACI) and to BAFF-receptor 
(BAFF-R) for B cell survival, proliferation and matura-
tion[103].

BAFF blockade is a possible future therapy for renal 
transplantation. These drugs are highly promising be-
cause they selectively target B cells. Nevertheless no clini-
cal trial is active in the field of  transplantation although, 
these drugs have either been approved or are being ex-
amined for other diseases in large studies.

The best BAFF blockade drug is belimumab, which 
is a fully human recombinant IgG monoclonal antibody 
targeted against BAFF[104].

Bortezomib: Bortezomib is a proteasome inhibitor that 
is primarily used to treat acute ABMR or to decrease de 
novo DSA levels post-transplantation[105,106]. In further 
pilot studies, the authors used bortezomib in desensitiza-
tion protocols with encouraging results[107,108].

Complement inhibitors 
Eculizumab: Eculizumab is a humanized monoclonal 
antibody targeted against complement protein C5 that 
binds the C5 protein with high affinity and inhibits its 
cleavage to C5a and C5b, thereby preventing the gen-
eration of  the terminal complement complex C5b-9. 
Eculizumab is used for the treatment of  paroxysmal noc-
turnal hemoglobinuria and for atypical hemolytic uremic 
syndrome. Stegall et al[109] documented a decrease in post-
transplant acute ABMR in sensitized renal transplant 
recipients, indicating its usefulness for desensitization 
protocols. Case reports have documented the effective 
rescue treatment of  severe complement activation and 
reversal of  acute ABMR by eculizumab in AB0-incom-
patible kidney-pancreas transplants and re-transplanted 
kidney recipients[110,111].

Intravenous immunoglobulins 
Intravenous immunoglobulins show pleiotropic ef-
fects: They neutralize circulating anti-HLA antibodies 
via anti-idiotypic antibodies, inhibit complement activa-
tion by binding C3b and C4b and neutralizing C3a and 
C5a[112]. They also inhibit the expression of  CD19 on 
activated B cells and induce the apoptosis of  B cells[113]. 
Intravenous immunoglobulins (IVIGs) also show inhibi-
tory effects on cellular immune responses with no spe-
cific inhibitory effects on the immune system by binding 
to Fcy receptors on macrophages, neutrophils, platelets, 
mast cells and NK cells.

IVIGs are used to decrease PRA levels in highly 
sensitized patients, in desensitization protocols of  AB0-
incompatible and XM-positive patients and in the treat-

ment of  ABMR.

Splenectomy: Splenectomy has been used in desensitiza-
tion protocols and in the treatment of  refractory acute 
ABMR[114,115]. Splenectomy removes a major source of  
lymphocytes, but the effect on the immune system is 
permanent and places the patients at risk for the develop-
ment of  sepsis. 

As discussed in the pathophysiology chapter, we 
should distinguish the following: (1) acute ABMR; and (2) 
chronic ABMR.

Acute ABMR
Early acute ABMR often occurs in patients with DSAs 
prior to transplantation with a CDC-XM-positive with 
the donor. Even after successful desensitization strate-
gies and successful kidney transplantations acute ABMR 
occurs in up to 40% of  recipients. A later occurrence of  
acute ABMR is typically noted in patients with de novo 
DSAs and often after the reduction of  immunosuppres-
sion or non-adherence[116,117].

We should now distinguish between the prevention 
and the treatment of  acute ABMR.

Prevention of  acute ABMR: Patients waiting for a 
transplant may be highly immunized and many show 
detectable DSAs in their serum. Sensitized patients who 
are DSAs-negative with negative XM-CDC may be trans-
planted safely. They will likely require more immunosup-
pressive therapy and an induction therapy[118-120].

The different desensitization protocols apply primarily 
to DSA-positive patients who are XM-CDC positive. The 
majority of  the current protocols are modified version of  
the high-dose IVIG initiated at the Cedars-Sinai Medical 
Center or of  the PP with low-dose IVIG initiated at John 
Hopkins Hospital[121].

Jordan initially provided[122] high dose IVIGs (2 g/kg) 
to cross-match-positive recipients, and the patients re-
ceived a kidney transplant when their CDC T cell XM 
became negative. Due to the high rate of  acute ABMR, 
Jordan[123] decided to use alemtuzumab induction treat-
ment and added rituximab to the protocol to decrease the 
acute rejection rate.

More recently, Vo et al[124]at the Cedars-Sinai reported 
on the 24-mo outcomes of  the aforementioned desensi-
tization protocol and showed a 2-years graft survival of  
84% in 76 hyper immune XM-positive recipients.

The other approach to desensitization comprises 
the use of  PP and low-dose anti cytomegalovirus IVIG 
(CMV Ig). This approach was first adopted in 1998 at 
John Hopkins Hospital in XM-incompatible living donor 
kidney transplant candidates[125]. Patients received PP 
and CMV Ig at 100 mg/kg after each PP, combined with 
tacrolimus and mycophenolate mofetil. In a recent study, 
Montgomery et al[126] successfully desensitized 211 DSA-
positive recipients of  living donor kidneys with PP and 
low-dose IVIG.

A differing approach is the use of  peri-transplant 
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immunoabsorption rather than plasmapheresis. In 68 
patients with deceased donors, Bartel and colleagues used 
peri-transplant IA followed by post-transplant IA and 
obtained excellent transplant outcomes[127].

Overall, over the last 13 years, almost 1000 patients 
with DSAs underwent kidney transplants and used vary-
ing desensitization protocols. The patient and graft sur-
vival rates are 95% and 86%, respectively, at the 2-year 
median follow-up. The primary issue is the high rates 
of  acute rejection and of  ABMR in particular (28%)[128]. 
New drugs are being developed to reduce this high rate 
of  ABMR.

Stegall et al[109] added eculizumab during the pre-post-
transplant period in DSAs-positive patients and obtained 
7.7% post-transplant acute ABMR compared with 41.2% 
in the control group. However, at 2-years after transplan-
tation the incidence of  chronic ABMR was similar be-
tween the two groups. Chronic ABMR remains a major 
issue when transplanting hyper-immune patients.

A different option is to use the proteasome inhibitor 
bortezomib. In pilot studies, bortezomib has been used in 
desensitization protocols with encouraging results[107,108]. It 
is being used in a current ongoing a prospective iterative 
trial of  proteasome inhibitor-based desensitization[129]. 
The trial has been approved by the International Review 
Board (IRB) and is being conducted under the auspices 
of  FDA. Preliminary data suggest that bortezomib-based 
desensitization regimens comprising  only two cycles (8 
doses) may consistently reduce immunodominant HLA 
antibody levels and that multiple treatments with bort-
ezomib (two-cycle regimen) may enable highly sensitized 
patients to undergo transplantation without IVIGs.

Treatment of  acute ABMR: Acute ABMR in kidney 
recipients responds poorly to corticosteroids and anti-
thymocyte agents alone, which are the standard treatment 
for acute cellular rejection.

International guidelines do not define an evidence-
based treatment for acute ABMR. The kidney disease 
improving global outcomes guidelines (KDIGO) recom-
mend the use of  one or more of  the following: cortico-
steroids, PP, IVIG, anti-CD20 antibodies or lymphocyte-
depleting antibodies[130].

Two studies have individually reviewed the current 
approach to the treatment of  acute ABMR[46] and the 
randomized controlled trials treating acute ABMR[131].

Although the literature suggests that plasmapheresis 
with or without low-dose IVIG or high-dose IVIG alone 
shows evidence of  efficacy against acute ABMR and that 
they may be considered for the standard of  care (SOC), 
these treatment regimens have not been standardized or 
optimized.

Approaches vary based on the amount of  replace-
ment volume, type of  replacement fluids, number of  PP 
sessions and the dose, timing and formulation of  IVIGs 
used.

Other agents, such as rituximab, bortezomib and ecu-
lizumab have been used occasionally in conjunction with 
the above-mentioned therapies.

Of  these treatments, rituximab has been used most 
frequently, and two studies in particular have evalu-
ated rituximab as part of  a combination treatment ap-
proach[132,133]. The latter study included 54 patients and 
compared a historical group treated with plasma ex-
change and IVIGs with a later group receiving a single 
dose of  500 mg/m2 rituximab in addition. The use of  
rituximab was associated with a 90% 2-year graft survival 
compared with 60% in the control group. Nevertheless, 
the benefit of  adding rituximab remains in question when 
examining all published patient series.

Several case reports and series have been published 
on the use of  bortezomib in the treatment for acute 
AMBR.

The largest series of  20 patients treated with bortezo-
mib was reported by Flechner[134]. Using this treatment 
regimen, a graft survival rate of  85% at 10 mo post-trans-
plant was achieved. The mean decrease in the dominant 
DSA in MFI values was 50%. However, the side effects 
of  the treatment were considerable. One of  the most 
recent studies compared 10 bortezomib-treated patients 
with a historical group of  9 rituximab-treated patients 
and achieved a graft survival of  60% with bortezomib 
compared with only 11% with rituximab at 18 mo[135].

Taken together, these preliminary results on bortezo-
mib in acute ABMR are promising; however carefully 
performed, controlled studies are required to prove its 
benefits.

In the setting of  kidney transplantation, there is 
emerging but limited evidence that eculizumab is ef-
ficient in treating acute ABMR[136]. Thus far, only a few 
reports exist in the literature on the use of  eculizumab 
in refractory acute ABMR[110,111]. Stegall et al[109] reported 
the largest study of  eculizumab in renal transplantation 
in a desensitization strategy. In this study, eculizumab 
appeared to show no impact on DSAs production after 
transplantation. In addition, the incidence of  chronic 
ABMR appeared unchanged either by the prevention of  
early ABMR or by the prolonged complement blockade.

Splenectomy: One last option to salvage a graft with 
acute therapy-resistant ABMR is rescue splenectomy and 
its use has been reported by at least three groups[137-139]. 
The majority of  patients underwent this surgery prior to 
the advent of  eculizumab, and in the future, splenectomy 
may be avoided by using eculizumab instead. Splenec-
tomy is recommended only in resistant cases of  acute 
ABMR where bortezomib or eculizumab have already 
failed. 

In summary, the first step for managing acute ABMR 
includes steroid pulses and/or antibody removal with PP 
or IA and IVIGs. The second step in patients with per-
sistent allograft dysfunction includes the use of  bortezo-
mib and/or rituximab. The third step in resistant acute 
ABMR includes eculizumab and rescue splenectomy.

Chronic ABMR: In contrast to acute ABMR, chronic 
ABMR is a long-term process that develops in sequential 
steps over months to years[84].
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In theory, every option available to treat acute ABMR 
may also be applied to chronic ABMR. However, there 
are no controlled trials in the literature regarding the 
treatment of  chronic ABMR. The only treatment option 
with some reported benefit is a combination of  rituximab 
and IVIGs[140].

With respect to established chronic ABMR, there 
have only been three case series treated with this com-
bination therapy[141-143]. DSAs decreased only in some 
patients, and the therapy showed limited effects in cases 
with massive proteinuria, more severe peritubular capil-
laritis and previous acute rejection.

Very few patients have received bortezomib as a res-
cue treatment for chronic ABMR and proteinuria, and 
they have shown mixed results[144,145].
An interim analysis of  a very recent study[146] of  eculi-
zumab therapy in chronic ABMR documented an appar-
ent stabilization of  renal function.

Taken together, these results indicate that any treat-
ment for chronic ABMR using drugs with potentially 
high toxicity should only be performed in the context of  
a randomized controlled trial.

A recent recognized context that should be distin-
guished from acute or chronic ABMR is the negative 
impact of  de novo DSAs after transplantation on the trans-
plant outcome.

Several authors have reviewed the incidence and im-
pact of  de novo donor DSAs, in both adult[77] and pediatric 
recipients[147].

The actual 5-year post-transplantation cumulative 
incidence of  de novo DSAs in a low-risk population is 20% 
(Figure 5). Once DSAs appear, the probability of  graft loss 
within the 3 years of  the appearance of  DSAs is 24% (Figure 
6). In patients without DSAs, the relative risk of  graft loss 
is 9-fold higher at 1 year after the appearance of  DSAs. In a 
multivariate analysis[77], the primary causes of  de novo DSAs 
were DQ locus mismatches, a younger age at transplantation 
and transplants from deceased donors. Others claim prior 
non-adherence or a history of  a clinical acute cellular rejec-
tion as being causes of  de novo DSAs[82].

If  the appearance of  DSAs is associated with the 
clinical signs of  acute ABMR, the treatments used have 
already been discussed. The primary issue is how to treat 

when the appearance of  DSAs is not associated with 
acute rejection.

To date, prophylactic treatments, such as rituximab 
and splenectomy[148] or eculizumab[109], do not appear to 
induce any effect on the appearance of  DSAs.

Monitoring DSAs after transplantation appears to be 
essential because the appearance of  DSAs is associated 
with a poor prognosis. Because procedures, such  as an-
tibody removal by PP or IA and the down regulation of  
antibody production by B cell- or plasma cell-targeting or 
complement cascade inhibition show very limited success 
when employed during the advanced phase of  chronic 
ABMR[142,149,150], the prompt removal of  de novo DSAs 
appears to be essential. However, no SOC exist for this 
issue. To date, only a multicenter antibody removal trial  
study in Italy is ongoing; it is using a randomized, pro-
spective PP and low-dose CMV-IVIGs[151].

NEW AND FUTURE THERAPIES
Some of  the drugs mentioned above that have been used 
to prevent or treat acute ABMR remain in pre-marketing 
clinical trials or have been approved for other diseases.

Drugs already known to control T cells also appear to 
be active in the long-term control of  B cells.

Belatacept, a fusion receptor protein that blocks the 
co-stimulation pathway CD80/CD86-CD28, was recently 
approved for the prevention of  acute rejection. Belata-
cept inhibited DSAs in phase 3 trials[152].

Another co-stimulation pathway is the CD40/CD40L 
pathway. Previous studies with antibodies directed against 
CD40L failed due to severe episodes of  thrombosis. 
Indeed, CD40L is also expressed on the platelet surface, 
and its inhibition may induce thrombosis. More recently, 
the inhibition of  the CD40/CD40L pathway by directly 
targeting CD40 has drawn interest from investigators 
particularly because CD40 is not expressed on the plate-
let surface. Humanized anti-CD40 antibodies prevented 
acute rejection and prolonged renal graft in non-human 
primates. In addition, these anti-CD40 antibodies appear 
safe and effective as maintenance immunosuppressive 
therapies[153-155]. To date, five monoclonal antibodies di-
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rected against CD40 have been studied for different dis-
eases including kidney transplantation (Clinical Trial.gov 
NCT01780844).

Newer drugs that target B cell have been described. 
The most exciting are likely those that target survival 
factors and are part of  the tumor necrosis factor super 
family: BAFF, Blys and the proliferation-inducing ligand 
(APRIL)[103].

Belimumab has already been discussed: it is a fully hu-
man antibody that neutralizes BAFF and deprives B cells 
of  this important survival factor. The FDA approved be-
limumab in March 2011 for systemic lupus erythematosus 
(SLE). A group from Pennsylvania has enrolled patients 
in a phase II clinical trial of  desensitization in sensitized 
patients awaiting clinical transplantation (clinicaltrials.gov 
NCT01025193). In this context, the study was unable to 
demonstrate the efficacy of  belimumab. 

Atacicept is a fusion receptor protein that neutralizes 
both BAFF or Blys and APRIL. In allo-sensitized nonhu-
man primates, atacicept reduced T-cell and B-cell alloan-
tibodies by 36% and 24%, respectively[156].

A further possibility is complement inhibition by C1 
esterase inhibitors, a plasma-derived human C1 esterase 
inhibitor. Initially used in allotransplantation to protect 
against ischemia/reperfusion injury[157], it is now under in-
vestigation for solid organ transplantations and approved 
by the FDA for use in other disease states. A trial study-
ing the safety and tolerability of  C1 inhibitor therapy in 
the context of  the prevention of  acute rejection (clinical-
trial.gov NCT01134510) is now ongoing. However, thus 
far no patients have been recruited.

CONCLUSION
The relevant graft injury is now well recognized to be 
caused by alloantibodies. Both acute and chronic graft in-
jury may be caused by alloantibodies, and the most recent 
Banff  classifications have been modified to introduce 
acute and chronic ABMR. The latter appears to be the 
most relevant cause of  long-term graft injury rather than 
CNIs nephrotoxicity and “chronic allograft nephropathy”.

In addition to the major histocompatibility antigens, 
a large number of  minor antigens have been recognized 
as possible antibody targets. The most important and the 
most widely studied antibodies responsible for graft in-
jury are the HLA-DSAs.

The availability of  new techniques for detecting cir-
culating antibodies has enabled better understanding in 
recent years of  the presence and role of  antibodies in 
determining graft injury.

From a clinical point of  view, we must distinguish be-
tween acute ABMR and chronic ABMR. In addition, we 
now recognize indolent ABMR and C4d-negative acute 
ABMR. Indolent ABMR develops sub-clinically. It often 
manifests in patients with de novo DSAs and causes slowly 
progressive microvascular abnormalities that lead to 
chronic ABMR.  C4d-negative ABMR is cause for great 
discussion among scholars. It may be caused by an injury 

that is non-complement-mediated; however it may also 
be due to defective techniques. The Banff  group is still 
working to improve understanding of  this entity.

Recently, evidence has accumulated on the signifi-
cant role of  HLA-DSAs in the pathogenesis of  slowly 
progressive graft injury and dysfunction. Several studies 
have shown that circulating DSAs (class Ⅰ or class Ⅱ) are 
found in a substantial fraction of  renal allograft recipients 
and are associated with long-term graft loss. 

The primary therapeutic approach comprises antibody 
removal, B-cells and plasma cells- targeting and inhibition 
of  the complement pathway. The therapeutic approach 
used is based on the clinical conditions.

In patients waiting for transplantation who show posi-
tive XM-CDC, the removal of  antibodies with or without 
B- or plasma cell-inhibition remains the best approach.

Patients with acute ABMR should be treated with a 
heavy regimen of  T/B cell-targeting drugs (pulse corti-
costeroids and ATG), by removing antibodies, and using 
specific B- or plasma cell-inhibition or by complement 
inhibition.

No SOC exists for chronic ABMR, and only random-
ized controlled trials will indicate the best therapeutic option.

What may we hope for in the future? Unfortunately, 
the pipeline is almost empty. 

Essentially, we may consider two types of  drugs that 
are either already on the market or remain in premarket 
trials: (1) drugs targeting both T and B cells; Belatacept 
has already been approved by the FDA for the preven-
tion of  acute rejection. In a 3-year follow-up study[152], it 
proved to be effective on DSAs also in CNIs free pro-
tocols. The blockade of  CD40-CD154 with humanized 
anti-CD 40 antibodies has prevented acute rejection[154]. 
In addition, these antibodies appear safe and effective in 
maintenance therapy; and (2) drugs targeting B cells or 
the complement pathway.

BAFF-blocking drugs: Represent new interesting drugs 
that target B lymphocyte stimulators. Belimumab, a fully 
human recombinant IgG monoclonal antibody to BAFF, 
was approved in 2011 for the treatment of  SLE; however 
the above-mentioned phase Ⅱ trial for desensitization 
failed. Atacicept was evaluated in diseases including rheu-
matoid arthritis, SLE, multiple sclerosis and B-cell malig-
nancies. It awaits evaluation in human transplant patients.

While waiting for the approval of  eculizumab, the C1 
esterase inhibitor is being studied. This drug has been 
FDA-approved for treating hereditary angioedema; how-
ever it appears to be far from approval for use in trans-
plantation.
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Abstract
ABO incompatible kidney transplantation (ABOi-KT) was 
previously considered to be an absolute contraindica-
tion for patients with end-stage kidney disease (ESKD) 
due to hyperacute rejection related to blood type bar-
rier. Since the first successful series of ABOi-KT was 
reported, ABOi-KT is performed increasingly all over the 
world. ABOi-KT has led to an expanded donor pool and 
reduced the number of patients with ESKD awaiting de-
ceased kidney transplantation (KT). Intensified immu-
nosuppression and immunological understanding has 
helped to shape current desensitization protocols. Con-
sequently, in recent years, ABOi-KT outcome is compa-
rable to ABO compatible KT (ABOc-KT). However, many 
questions still remain unanswered. In ABOi-KT, there 
is an additional residual immunological risk that may 

lead to allograft damage, despite using current diverse 
but usually intensified immunosuppressive protocols at 
the expense of increasing risk of infection and possibly 
malignancy. Notably, in ABOi-KT, desensitization and 
antibody reduction therapies have increased the cost of 
KT. Reassuringly, there has been an evolution in ABOi-
KT leading to a simplification of protocols over the last 
decade. This review provides an overview of the his-
tory, outcome, protocol, advantages and disadvantages 
in ABOi-KT, and focuses on whether ABOi-KT should be 
recommended as a therapeutic option of KT in the future.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Kidney transplantation; ABO incompatible; 
Antibody depletion; Immunosuppression; Desensitiza-
tion protocols; Living donor transplantation

Core tip: This article demonstrates merits and demerits 
of ABO incompatible kidney transplantation (ABOi-KT). 
Although the excellent outcome of ABOi-KT has been 
achieved, unresolved matters still remain. We review 
the role of ABOi-KT for patients with end-stage kid-
ney disease and considered validity whether ABOi-KT 
should be recommended as a therapeutic option of KT 
in the future.
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INTRODUCTION
Kidney transplantation (KT) is known as a standard 
therapy for patients with end-stage kidney disease (ESKD) 
and has been adopted widely in the world. However, the 
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living and deceased kidney donor pool does not resolve 
the shortage of  transplantable organs. Different ways 
have been proposed to increase the donor pool and ABO 
incompatible KT (ABOi-KT) represents a valid source of  
organs to decrease the donor waiting list. ABOi-KT re-
quires extra strategies and suffers extra risks across ABO 
blood type barrier compared to ABO compatible KT 
(ABOc-KT). ABOi-KT was previously considered to be 
contraindicated for many years. Presently, ABOi-KT has 
been accepted as a valid alternative therapy for ESKD 
and the outcome of  ABOi-KT has become equivalent to 
ABOc-KT in adult and pediatric recipients[1-4]. When a 
patient with ESKD requires KT and an acceptable living 
donor is ABO incompatible with the recipient, the pa-
tient can currently chose one of  three options: (1) stay on 
the waiting list for deceased donor KT; (2) have paired 
kidney donor exchange (PKDE); or (3) undergo ABOi-
KT.

According to the Organ Procurement and Trans-
plantation Network (OPTN) report 2011, 86500 patients 
on the deceased donor waiting list, and almost 28000 
were added to the list annually in the United States. Ten 
thousand patients received deceased donor KT, and 4900 
patients received living KT. Almost 5000 patients died 
while waiting for a kidney. The median waiting time de-
pended on the blood type of  patients, but it is reported 
to be around 4 years for all patients on the OPTN re-
port[5]. Various reports analysing graft and patient sur-
vival related to the waiting time showed that 6 mo or 
more of  dialysis negatively affect the outcome[6,7]. PKDE 
is an innovative method whereby 2 or more incompat-
ible donor-recipient pairs exchange donors to create 2 
or more compatible pairs. It is a very reasonable idea for 
human leukocyte antigen (HLA) sensitized and/or ABO 
incompatible patients. This primary idea was reported 
first by Rapaport in 1980s[8]. There are currently several 
variations of  exchange such as three-way, four-way and 
domino paired donation[9]. PKDE provides a recipient 
with an incompatible donor the chance to receive a com-
patible kidney, which is available by expanding the donor 
source and reducing the waiting time for deceased donor 
KT. Advantages of  PKDE are low immunological risk, 
avoidance of  intensified immunosuppression due to de-
sensitization, and cost effectiveness[10]. 

Alexandre et al[11] demonstrated the ABOi-KT strategy 
using plasmapheresis and splenectomy to break the ABO 
barrier. This has been used as a desensitization strategy 
for ABOi-KT for 20 years. ABOi-KT has become com-
mon in Japan due to the lack of  deceased donors, and 
ABOi-KT has accounted for approximately 30% of  all 
living-donor KT in that country.[12]. On the contrary, a 
tiny proportion, only 738 cases (0.94%) of  ABOi-KT 
were performed between 1995 and 2010 in the United 
States[4], but this number is increasing annually. The same 
trend continues in the United Kingdom: over the last de-
cade, there has been an increase of  ABOi-KT from less 
than 10 per year to 100 per year representing 1.0% of  liv-
ing donor transplants performed[13]. This increase is pos-
sibly due to the fact that protocols have been simplified 

over the years from complex surgical and pharmacological 
processes that variably may have involved splenectomy, 
rituximab (RIT), plasmapheresis and antibodies titration.

Although the use of  ABOi-KT has increased world-
wide, there are arguments against ABOi-KT as a univer-
sal treatment. To consider whether ABOi-KT is viable a 
therapeutic option for patients with ESKD, this review 
will focus on the transitional outcomes alongside current 
and future prospects in ABOi-KT.

ABO ANTIGENS AND ANTIBODIES
The concept of  blood groups A, B and O (H) was es-
tablished by Nobel laureate Karl Landsteiner in the early 
1900s. These are polysaccharide antigens which are found 
in red cell, platelets, and other tissues such as endothe-
lium[14]. The antibodies to blood group antigen are isohem-
agglutinins and can be of  either immunoglobulin M (IgM) 
or immunoglobulin G (IgG) type antibodies. However, in 
the context of  transplantation it is IgG that is function-
ally significant.Blood type A develops anti-B antibody, and 
blood type B has anti-A antibody. Blood type AB with A 
and B antigen has both antibodies, while blood type O 
with both antibodies does not have any antigen. Blood 
type incompatibility means the exposure of  A or B anti-
gen to a person who has antibodies against these antigens. 
Therefore, these antigen expressions of  an organ have 
been obstacles for ABOi-KT (Table 1). All blood type re-
cipients accept a blood type O donor as a universal donor, 
and a blood type AB accepts all blood type donors as a 
universal recipient. Blood group type A, however, carries 
A1 or A2. The expression of  A2 antigen is weaker than 
that of  A1 antigen[15]. The A2 subtype constitutes approxi-
mately 20% of  blood type A in white races, while it is only 
0.15% in Japanese population[16]. A2 kidney may be less 
likely to suffer antibody rejection in the presence of  anti-A 
antibody. In fact, non-A recipients receiving kidneys from 
A2 donors[17], can universally and safely accept the trans-
plantation without preconditioning at times of  KT.

HISTORY
Splenectomy, rituximab and no B-cell depletion
Previous clinical studies related to ABOi-KT are sum-
marized in Table 2[1-4,11,18-42]. The first successful report of  
ABOi-KT is dated back to 1987 when authors achieved 
long-term allograft survival in a series of  23 patients[11]. 
Plasmapheresis and splenectomy were performed to re-
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Donor

A B O AB
  Recipient A - + - +

B + - - +
O + + - +

AB - - - -

Table 1  Combination of blood type and compatibility

+: ABO incompatible transplantation; -: ABO compatible transplantation. 



duce anti-blood type A or B (anti-A/B) antibody and to 
minimize the risk of  hyperacute humoral rejection. Most 
of  the modern desensitization protocols of  ABOi-KT 
have been derived from their procedure and have since 
evolved. Their work was further greatly expanded in 
Japan due to the shortage of  deceased donors with suc-
cessful outcomes in ABOi-KT[2]. 

Nowadays, splenectomy has been totally abandoned 
and the various desensitization protocols in use are 
combinations of  antibody removal by plasmapheresis or 
immunoadsorption (IA), intravenous immunoglobulin 
(IVIG) to neutralize preformed antibodies, B lymphocyte 
depletion by anti-CD20 monoclonal antibody (RIT) and 
standard triple immunosuppression (calcineurin inhibi-
tor, CNI; mycophenolate mofetil, MMF; and steroid). 
Recently, some authors reported successful outcomes of  

ABOi-KT without RIT and splenectomy[35,42,43]. 

ABOI-KT PREOPERATIVE MANAGEMENT
Current strategies of  ABOi-KT compose three common 
principles: (1) antibody measurement; (2) B-Cell deple-
tion; and (3) antibody depletion.

Antibody measurement
Assessment of  anti-A/B antibody titer is crucial in 
ABOi-KT. It guides the effectiveness of  operative pre-
conditioning and determines the period to permit trans-
plantation. In addition, posttransplant monitoring helps 
early detection of  antibody-mediated rejection (AMR) by 
antibody rebound.

There are various measurement methods of  anti-A/
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  Ref. Type of study Study 
population

ABOi 
population

Desensitization Outcome

  Hume et al[18]  Observational         9     1 No treatment Graft nephrectomy day 17
  Starzl et al[19]  Observational         3     2 SPx (1 case) Graft survival 74 d (1 case), patient death day 24 (1 case)
  Sheil et al[20] Observational         2     2 No treatment Graft nephrectomy day 14
  Alexandre et al[11]  Observational       23   23 PE/SPx 2-yr graft survival: 88% (related donor), 50% (unrelated 

donor)
  Ota et al[21]  Observational, comparative       51   51 DFPP and/or IAs/SPx 2-yr graft survival: 87% vs 84.6% vs 50% ( A- vs B- vs 

ABO-incompatible)
  Tanabe et al[22]  Observational, comparative      433   67 DFPP and IAs/SPx 8-yr graft survival: 73% vs 80 % (ABOi vs ABOc)
  Ishida et al[23] Observational       93   93 DFPP/SPx 5-yr graft survival: 73%
  Ohta et al[24] Observational, pediatric       10   10 DFPP or PE or IAs/SPx 5.4-yr graft survival: 100%
  Shishido et al[25]  Observational, pediatric       16   16 PE and IAs/SPx 5-yr graft survival: 85%
  Takahashi et al[2]  Observational, comparative   1496 441 DFPP or PE or IAs/SPx 9-yr graft survival: 59% vs 57% (ABOi vs ABOc)
  Shimmura et al[26]  Observational, comparative     167 167 DFPP and/or IAs/SPx 5-yr graft survival: 74.3% vs 78.5% ( CYA with AZ or 

MZ vs TAC or MMF)
  Futagawa et al[27]  Observational, comparative 37803 191 NA 5-yr graft survival: 66.2% vs 79.5% (ABOi vs ABOc)
  Ishida et al[28]  Observational, comparative     222 222 DFPP/SPx 5-yr graft survival: 73% vs 90% ( CYA with AZ vs TAC 

with MMF)
  Tyden et al[29]  Observational, comparative     334   60 IAs/RIT/IVIG Graft survival: ABOi 97% (1.5-yr) vs ABOc 95% (1.8-yr)
  Galliford et al[30] Observational       10   10 PE/RIT/IVIG 1-yr graft survival: 100%
  Genberg et al[31]  Observational, comparative       45   15 IAs/RIT/IVIG Graft survival: ABOi 86.7% (3.4-yr) vs ABOc 86.7% 

(4.0-yr)
  Oettl et al[32] Observational       10   10 IAs/RIT/IVIG 1.3-yr graft survival: 100%
  Toki et al[33]  Observational, comparative       57   57 DFPP/SPx 8-yr graft survival: 49% vs 95% (AAMR vs non-AAMR)
  Wilpert et al[34]  Observational, comparative       83   40 IAs/RIT/IVIG Graft survival: ABOi 100% (3.3-yr) vs ABOc 93% (1.5-yr)
  Tyden et al[1]  Observational, comparative, 

pediatric
      38   10 IAs/RIT/IVIG Graft loss within 3 years: ABOi 1 case, ABOc 2 cases

  Flint et al[35]  Observational, comparative       89   37 PE/IVIG 1-yr graft survival: 100% (ABOi vs ABOc)
  Fichinoue et al[36]  Observational, comparative     393 113 DFPP or PE/SPx or RIT 5-yr graft survival: 88.4% vs 90.3% vs 100% (ABOc vs 

ABOi-SPx vs ABOi-RIT)
  Habicht et al[37]  Observational, comparative      68   21 IAs/RIT/IVIG 1-yr graft survival : 100% (ABOi vs ABOc)
  Lipshutz et al[38] Observational      18   18 PE/RIT/IVIG 1-yr graft survival: 94.4%
  Shirakawa et al[39]  Observational, comparative      74   74 DFPP/RIT 1-yr graft survival: 95.7% vs 98.% ( RIT 500mg vs RIT 200 

mg)
  Shishido et al[3]  Observational, comparative, 

pediatric
    323   52 PE/SPx or RIT 15-yr graft survival: 86% vs 78%  (ABOi vs ABOc)

  Montgomery et al[4]  Observational, comparative 78193 738 NA 10-yr cumulative incidence of graft loss:  27.1% vs 23.9% 
(ABOi vs ABOc)

  Morath et al[40]  Observational, comparative       19   19 IAs or IAns/RIT/IVIG 1-yr graft survival: 100% (IAs vs IAns)
  Uchida et al[41] Observational       25   25 DFPP or PE/SPx or RIT 4.5-yr graft survival: 100%
  Ashimine et al[42]  Observational, comparative     320   92 DFPP/SPx or RIT or 

none
5-yr graft survival: 87% vs 97.7% (ABOi vs ABOc)

Table 2  Historical clinical reports in ABO incompatible kidney transplantation

ABOi: ABO incompatible; SPx: Splenectomy; PE: Plasma exchange; DFPP: Double-filtration plasmapheresis; IAs: Antigen-specific immunoadsorption; 
ABOc: ABO compatible; CYA: Cyclosporine; AZ: Azathioprine; MZ: Mizoribine; TAC: Tacrolimus; MMF: Mycophenolate mofetil; NA: Not available; RIT: 
Rituximab; IVIG: Intravenous immunoglobulin; AAMR: Acute antibody-mediated rejection; IAns: Non-antigen-specific immunoadsorption.
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B titer, the most common used are tube technique, gel 
technique and flow cytometry[44-48]. Although each center 
uses their familiar technique, there is a discrepancy of  
measured titer level. Kobayashi et al[46] surveyed the dif-
ferences of  anti-A/B titers from the same blood samples 
which were measured by tube test in 29 Japanese centers. 
It was revealed that inter-institutional differences were 
1:8 to 1:32 in IgM and 1:16 to 1:256 in IgG, because of  
low reproducibility by visual observation. Therefore, they 
concluded standardized measurement should be neces-
sary. Kumlien et al[47] analyzed the same blood samples in 
three centers. They also pointed out an inter-center varia-
tion of  titer level using tube technique and suggested that 
gel technique is more reproducible than tube technique. 
Flow cytometry showed excellent reproducible compared 
with other techniques and would be suitable for the ac-
curate measurement[48]. However, this technique is not 
available in all centers due to the expensive equipment 
required.

High preoperative anti-A/B IgG titers are associated 
with poor long-term allograft survival in ABOi-KT[49]. 
Gloor et al[50] showed preoperative high anti-A/B IgG 
titers is a predictor for AMR, and the rapid increasing 
of  titers is also associated with AMR and graft loss. In 
addition, Tobian et al[51] also demonstrated that AMR 
was also associated with high titer at 1-2 wk posttrans-
plant. Chung et al[52] described there was no statistically 
significant difference between high- (> 1:256) and low-
titer (< 1:128) at the baseline in allograft function at 6 mo 
after transplantation. Therefore, appropriate monitoring 
of  anti-A/B titer is essential before and after ABOi-KT. 
Although anti-A/B antibody titer has to be measured 
during the early period after ABOi-KT due to the risk of  
AMR, but how long the monitoring should be contin-
ued remains unclear. Preoperative titer should be low in 
ABOi-KT, but the acceptable titer of  anti-A/B antibody 
at the time of  transplant has varied between 1:4 and 1:32 
in line with the protocol of  individual centers[1,30-43,53-55]. 
After the ABO incompatible transplant necessitating 
initiation of  antibody-depletion procedures, the level of  
anti-ABO antibody titer must be monitored to detect re-
bound in the serum antibody production.

B-cell depletion
Splenectomy: Splenectomy was considered a prereq-
uisite for desensitization protocol in ABOi-KT after 
Alexandre et al[11] reported that it reduced the risk of  
AMR. The principle of  splenectomy was based on the 
concept that spleen is reservoir of  antibody producing 
B-cells and antibody-producing plasma cells in the body. 
However, the efficacy of  splenectomy in ABOi-KT is de-
batable, because severe AMR sometimes still occurs after 
splenectomy. The effect of  splenectomy on the immune 
system is permanent. Following splenectomy the patients 
are at risk for the development of  life-threatening sepsis, 
especially from encapsulated bacteria and they require 
life-long antibiotic prophylaxis. Splenectomy can lead to 
surgical complications such as hemorrhage, pancreatic 

injury, pancreatic leakage , and portal vein thrombosis[56].
A comparative analysis of  splenectomized recipi-

ents compared with RIT treated but without splenec-
tomy, showed no statistically significant difference in 
the anti-A/B titer of  KT and liver transplantation[57,58]. 
It was concluded that splenectomy was not an essential 
prerequisite treatment in ABOi-KT. Although splenec-
tomy has been replaced with RIT, Locke et al[59] reported 
that splenectomy could be useful as salvage treatment for 
severe AMR secondary to anti-HLA antibody. Current 
consensus states that splenectomy is not necessary for 
the induction of  ABOi-KT.

Rituximab: Splenectomy has been largely replaced by 
RIT in ABOi-KT protocols to remove B-cell. RIT is an 
anti-CD20 monoclonal antibody, which binds to CD20 
on immature and mature B-cell resulting in depletion of  
B-cell. RIT was originally developed for the treatment 
of  non-Hodgkin’s lymphoma[60]. RIT has been used ex-
tensively in the treatment of  patients with autoimmune 
diseases and KT besides hematological malignancies[61]. 
Adverse events related to B-cell depletion by RIT include 
fever, chill, headache, and nausea[60], whilst serious cardio-
vascular and pulmonary events are rare[61]. 

In the field of  KT, RIT has been used as part of  de-
sensitization protocols in ABO- and HLA-incompatible 
KT, treatment of  AMR, post-transplant lymphoprolif-
erative disorder, and recurrent nephrotic syndrome[62]. 
In the first experience of  RIT use in ABOi-KT recipi-
ents, Sawada et al[63] tried RIT, splenectomy, and double-
filtration plasmapheresis (DFPP) for A1 to O ABOi-KT 
with persistent high anti-A antibody titer. The dosage 
of  RIT was 375 mg/m2 per week for 4 wk pretransplant 
and there was no rebound of  the titer after transplanta-
tion. Tydén et al[64] succeeded with 4 ABO incompatible 
recipients using RIT and antigen-specific IA (IAs) with 
standard immunosuppression, without splenectomy. In 
their protocol, RIT (375 mg/m2) was administered once 
10 d prior to transplant which was enough to deplete pe-
ripheral B-cell. Moreover, its effect was long-active for at 
least 12 mo without any serious side effects. After these 
successful reports were published, RIT has replaced 
splenectomy in desensitization protocol. Recently, some 
have tried low dose of  RIT or even omitting it in ABOi-
KT protocol to avoid over-immunosuppression without 
compromising excellent outcomes[35,42,43,55].

Twenty-seven recipients who were diagnosed with 
steroid-resistant cell-mediated rejection or AMR received 
a single dose of  RIT (375 mg/m2) as a salvage treat-
ment[65]: twenty-four (88.9%) among these demonstrated 
improved renal function. Serum creatinine decreased from 
a mean of  5.6 mg/dL before the treatment to a mean of  
0.95 mg/dL after the treatment. RIT is useful not only 
in AMR, but also in chronic antibody-mediated rejection 
(CAMR) prevention. Kohei et al[66] observed that ABOi-
KT with RIT had a statistically significant lower rate of  
CAMR at 2 years posttransplant than living ABOc-KT 
(3.5% vs 28.9%). However, this beneficial effect of  RIT 
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needs independent verification.

Antibody depletion
The antibody depletion treatments are the basis of  
ABOi-KT. In order to eliminate existing anti-A/B anti-
body, plasma exchange (PE), DFPP and IA[67] are avail-
able. They differ in their mechanisms of  action, specific-
ity, efficiency and cost.

In PE, plasma is removed and replaced by human 
albumin, colloid solutions, and/or fresh frozen plasma 
(FFP). It has been widely used around the world for an-
tibody removal in ABOi-KT. This method is simple, but 
it has several disadvantages compared with more specific 
techniques. Because of  non-selective apheresis, PE re-
moves not only anti-A/B antibody, but also coagulation 
factors and anti-viral/-bacterial immunoglobulin. Con-
sequently, the risk of  bleeding and infection is increased. 
FFP is generally needed for the last session before KT to 
prevent these complications. Other complications were 
reported by Tobian et al[68]. In all PE sessions (n = 512), 
the total rate of  complications was 15.4%. The most 
common complication was hypocalcemia (6.8%), fol-
lowed by urticaria or pruritus (4.3%), hypotension (2.9%) 
and nausea or vomiting (1.2%).

DFPP is designed to remove selectively the immuno-
globulin from plasma and requires less substitution fluid 
compared to PE. When plasma separated by a first filter 
is passed through a second filter, IgG and IgM are filtered 
out and discarded. By single DFPP, 70% of  IgM and 
60% of  IgG were removed and a one-fold titer reduction 
of  anti-A/B antibody was observed[69]. This technique 
also avoids the loss of  coagulation factors and albumin 
unlike PE. However, significant amounts of  albumin are 
lost by DFPP, and almost always albumin is needed as the 
replacement fluid. DFPP is also removes variable amount 
of  fibrinogen[70], and its measurement is necessary to 
avoid bleeding complication.

IA can be A/B antigen IAs or A/B non-antigen 
IAns (non-specific/semi-selective immunoadsorption) 
respectively if  it removes only a specific antibody such as 
anti-A/B antibody or removes non-antigen-specific im-
munoglobulin. Between the two techniques IAs is most 
utilized method in ABO incompatible setting. On the 
other hand, IAns is suitable for the elimination of  HLA 
antigens and it is most used in HLA incompatible/ABOi 
KT recipients. In IAs, the plasma is processed through 
an ABO immunoadsorbent column, which is coated with 
either blood type A or B antigens and allow selective re-
moval of  anti-A or B antibody, and the processed plasma 
is re-infused into the patient. Volume replacement is not 
necessary. IAs is selective and free from side effects of  
PE and DFPP. Single IAs reduces 2- to 4-fold titer be-
tween pre- and post-IAs, and at least four preoperative 
IAs are usually needed to obtain an acceptable titer at the 
expense of  increased cost compared to PE and DFPP[67]. 
IAs is generally safer and more effective, and therefore 
normally preferred. However, ultimate choice depends 
on each center’s decision, based on the availability of  in-
frastructure and skill mix of  staff.

USE OF IVIG
IVIG’s recognized immunomodulatory properties have 
been employed for the treatment of  autoimmune dis-
eases[71]. IVIG is believed to act through various mecha-
nisms: (1) complement down-regulation; (2) interactions 
with the Fc receptors; (3) inhibit of  B/T-cell prolifera-
tion; (4) inhibit of  CD8 T-cell cytotoxicity; and (5) in-
creased apoptosis of  B-cell[71-73]. Mild and early adverse 
effects of  IVIG include headache, chill, nausea, fatigue, 
myalgia, arthralgia, chest pain, back pain, and elevated 
blood pressure[74,75]. However, rare but serious delayed ad-
verse effects include renal toxicity, thromboembolic events 
(cerebrovascular accident and deep venous thrombosis), 
neurological toxicity (aseptic meningitis), hematological 
toxicity (neutropenia), and dermatological toxicity[76]. The 
administration of  high dose IVIG can cause hemolysis 
by anti-A/B antibody within the IVIG[77]. In ABOi-KT, 
it is preferable if  possible to use IVIG with low anti-A/B 
titer in order to avoid not only hemolysis but also AMR 
after transplantation due to anti-A/B titer elevation.

There is no uniformity in the dose IVIG used in the 
desensitization protocols of  ABOi-KT[1, 30-32,34,35,37,38,40,43,54,78]. 
IVIG is usually administered after plasmapheresis, to 
reconstitute the natural levels of  IgG. In the absence of  
control data, the use of  IVIG in ABOi-KT can best be 
described as empirical.

ACCOMMODATION
Without adequate anti-A/B antibody reduction and de-
sensitization before KT, an incidence of  AMR and irre-
versible damage cannot be avoided. Successful ABOi-KT 
requires the reduction of  anti-A/B antibody titers against 
ABO antigens on the graft at the time of  KT. However, 
anti-A/B antibody titer returns to the baseline level 
within almost 1 wk after KT[11,79,80], even if  optimal de-
sensitization is performed. Therefore, intense monitoring 
is necessary during critical first two weeks after ABOi-
KT[12]. Paradoxically, a phenomenon of  accommodation 
is acquired in this term. 

Accommodation is defined as a phenomenon 
whereby graft rejection is avoided despite reemergence 
of  incompatible antibody. The mechanism was originally 
discovered in the field of  xenotransplantation[81], whereby 
endothelial cell posttransplant humoral injury was avoid-
ed, possibly due to changes of  antibody specificity, avid-
ity, affinity and alteration of  the antigen structure. This 
phenomenon is allegedly responsible for normal graft 
function and structure despite reemergence of  anti-A/
B antibody against incompatible A or B antigen in the 
graft[82]. However, it is fair to accept that mechanism as 
well as the very existence of  accommodation remains 
speculative. 

CURRENT PROTOCOL OF ABOI-KT
In ABOi-KT, intensified immunosuppressive protocol 
usually starts before KT in order to deplete anti-A/B  
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antibody. Many centers have modified original successful 
protocol of  ABOi-KT[11]. The splenectomy-free proto-
cols published in the last decade are summarized in Table 
3[1,30-32,34-43,53-55,78]. RIT has been adopted in the place of  
splenectomy by majorities of  centers. However, the tim-
ing and dose of  RIT administrated remains variable. RIT 
or splenectomy-free protocols have successfully, used low 
dose IVIG after plasmapheresis. The basis of  the North 
Europe protocol is IAs followed by high dose IVIG. 
However, postoperative IAs is not performed routinely 
and its use is determined by antibody titers[83]. Mainte-
nance immunosuppressive agents are mostly triple agents 
which are CNI, MMF and steroid. Tacrolimus is the CNI 
of  choice in these ABOi-KT protocols. MMF was taken 
7-14 d pretransplant in order to inhibit antibody produc-
tion. Some centers use a protocol without daclizumab, 
basiliximab or antithymocyte globulin, and report excel-
lent outcomes. Thus it is controversial whether these 
clonal antibodies should be introduced in ABOi-KT or 
not. All protocols of  ABOi-KT have resulted in satisfac-
tory outcome in the absence of  randomized control tri-
als. It is impossible to select an ideal protocol fit for all 
purpose.

MINIMIZE IMMUNOSUPPRESSION
Efforts have have been made to minimize immunosup-
pression in order to reduce the long-term risk of  over-
immunosuppression[84,85]. The long-term effect of  steroid 
use remains unclear in ABOi-KT. Oettl et al[86] described 
11 ABOi-KT recipients with late steroid withdrawal. Six 
recipients showed biopsy-proven acute rejection during 
or soon after steroid cessation. However, Galliford et al[30] 
tried early steroid sparing protocol in 10 recipients. Pred-
nisolone was maintained at 1 mg/kg until 3 d posttrans-
plant. It was reduced to 0.5 mg/kg at 4 d posttransplant, 
and discontinued after 1 wk posttransplant. In this study, 
patient and graft survival were 100% at 1 year posttrans-
plant but 3 patients experienced acute rejection within 1 
mo after transplantation. 

HISTOLOGICAL FINDINGS IN ABOI-KT
In ABOi-KT, acute AMR by anti-A/B antibody is a well-
recognized cause of  early graft loss. Diagnosis of  acute 
AMR needs C4d staining in the peritubular capillary (PTC) 
and the presence of  anti-donor antibodies[87,88]. Morpho-
logic changes include acute tubular necrosis, capillary 
and/or glomerular inflammation, and transmural arteritis 
and/or arterial fibrinoid change. C4d staining is the hall-
mark of  humoral induced complement activation and like 
ABOc-KT was thought to be a useful indicator of  AMR 
even in the setting of  ABOi-KT[89]. However, C4d depo-
sition without AMR was seen in 85.7% of  ABOi-KT at 3 
mo posttransplant[90]. Setoguchi et al[91] analyzed protocol 
biopsies of  ABOc-KT and ABOi-KT. C4d expression of  
PTC was detected in 94% of  ABOi-KT, whereas in only 
11% of  ABOc-KT. In protocol biopsies during stable 
allograft function, 80% of  ABO incompatible grafts 

showed as C4d positive, while 74% of  HLA incompatible 
grafts were C4d negative[92]. These histological studies in-
dicate that the detection of  C4d alone in ABO incompat-
ible graft does not indicate AMR and support a concept 
of  accommodation in ABOi-KT. Therefore, AMR after 
ABOi-KT can only be diagnosed on the basis of  mor-
phological evidence, serological evidence and the clinical 
course.

Morphologically transplant glomerulopathy (TG) at 
1 year after transplantation was reported as an indicator 
of  poor outcome[93]. ABOi-KT had more severe TG than 
ABOc-KT without HLA antibody at 1 year posttrans-
plant[94]. However, there were no differences in interstitial 
fibrosis, tubular atrophy, chronic vasculopathy and al-
lograft function between both groups. In the absence of  
prior AMR, histological change at 1 year posttransplant 
was mild irrespective of  ABO compatibility. Moreover, 
prior AMR in ABOi-KT was associated with TG and 
interstitial fibrosis and not to arteriolar hyalinosis and 
chronic vasculopathy[91]. Consequently, ABO incompat-
ible grafts with TG and/or interstitial fibrosis had lower 
GFR at 1 year after transplantation than those with nor-
mal histology.

THE INCIDENCE OF ACUTE CELLULAR 
AND ANTIBODY MEDIATED REJECTION 
IN ABOI-KT
As previously described, the outcome of  graft survival in 
ABOi-KT has been similar to ABOc-KT. However, there 
is an increased risk of  AMR in ABOi-KT due to anti-A/
B antibody. Protocol biopsies at 3 mo posttransplant in 
ABOi-KT had a significantly higher incidence of  AMR 
compared to ABOc-KT (17.9% vs 1.1%). However, there 
was no significant difference in the rate of  acute cellu-
lar rejection between ABOi-KT and ABOc-KT (48.4% 
vs 35.7%)[90]. In the acute lesion score based on Banff  
classification[95], t2-3 and g2-3 following ABOi-KT was 
higher than that of  ABOc-KT (t2-3: 42.9% vs 19.4%, 
g2-3: 28.6% vs 6.5%). Gloor et al[94] described in the study 
of  protocol biopsies at 1 year posttransplant that there 
was a significant difference in the incidence of  acute re-
jection between ABOi-KT and ABOc-KT without HLA 
antibody (50% vs 13.6%). Acute rejection in ABOi-KT 
was mainly AMR (73.3%) as compared to ABOc-KT 
without HLA antibody (12.5%). Setoguchi et al[91] also 
compared the histologic findings of  protocol biopsies in 
48 ABO incompatible and 133 compatible grafts. There 
was no difference in clinical and subclinical rejection be-
tween ABO incompatible and compatible grafts (clinical: 
37.5% vs 25.6%, subclinical: 10.4% vs 15%). However, 
ABO incompatible grafts had a high incidence of  AMR 
compared to ABO compatible grafts (27% vs 5.3%). In-
terestingly, rejection was detected in only 15.0% at 1 mo 
in ABOi-KT compared to 34.7% in ABOc-KT, but in 
30.0% at 6-12 mo compared to 10.5%. Wilpert et al[34] 

demonstrated that the rejection rates in ABOi-KT were 
similar to that in ABOc-KT. Acute cellular rejection was 
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  Author Country, 
year 

Rituximab dose Pretransplant 
IS

Antibody 
depletion

IVIG Target titer 
at the time of 
transplantation

Induction IS Maintenance 
IS

Posttransplant 
antibody 
depletion

  Adult recipients
  Rituximab protocol
     Saito et al[53] Japan, 

2006 
375 mg/m2 

(twice) at -14 
and -1 d

MMF/MP  
at -1 Mo

DFPP or 
PE

- < 1:16 BAS (20 mg  at 0 
and 4 d)

CYA/MMF/
MP

-

     Tyden et al[54] Sweden, 
2006 

375 mg/m2 
(once) at -1 mo

TAC/ 
MMF/Pred 

at -13 d

IAs 0.5 g/kg 
after last 

IAs

< 1:8 - TAC/MMF/
Pred

IAs, 3 times

     Chikaraishi et al[55] Japan, 
2008 

100 mg/m2 
(twice) at -8 

and -1 d

MMF/MP at 
-14 d, TAC at 

-3 d

DFPP and 
PE

- < 1:8 BAS (20 mg  at 0 
and 4 d)

TAC/MMF/
MP

-

     Galliford et al[30] United 
Kingdom, 

2008 

1000 mg (twice) 
at first day of 
PE and at the 
operative day

TAC/MMF 
at -14 d

PE 0.1 g/kg 
after each 

PE

< 1:4 DAC (2 mg/kg 
at 0 and 14 d)

TAC/MMF/
Pred

PE at 1 and 3 
d

     Genberg et al[31] Sweden, 
2008 

375 mg/m2 
(once) at -1 mo

TAC/MMF/
Pred at -10 d

IAs 0.5 g/kg at 
-1 d

< 1:8 - TAC/MMF/
Pred

IAs, 3 times

     Oettl et al[32] Switzerland, 
2009 

375 mg/m2 
(once) at -1 mo

TAC/MMF 
/Pred at -14 

d 

IAs 0.5 g/kg 
after last 

IAs

< 1:8 BAS (20 mg  at 0 
and 4 d)

TAC/MMF/
Pred

IAs or PE (not 
routinely)

     Sivakumaran et al[78] United 
States, 2009 

375 mg/m2 
(once) at -3 wk

MMF at 
-1 mo

PE 2 g/kg 
after last 

PE

NA ALE (1 mg/kg at 
0 and 14 d)

TAC/MMF/
Pred

-

     Wilpert et al[34] Germany, 
2010 

375 mg/m2 
(once) at -1 mo

TAC/MMF 
or MPS/

Pred at -7 d 

IAs 0.5 g/kg 
at -1 to

 -5 d

< 1:4 BAS (20 mg  at 0 
and 4 d)

TAC/MMF/
Pred

IAs (not 
routinely)

     Fuchinoue et al[36] Japan, 
2011 

100-1000 mg, 
1-3 times

CYA or 
TAC/MMF 

at -2 d

DFPP or 
PE

- < 1:16 BAS (20 mg  at 0 
and 4 d)

CYA or TAC/
MMF/steroid

-

     Habicht et al[37] Germany, 
2011 

375 mg/m2 
(once) at -1 mo

TAC/MMF/
Pred at 
-1 mo

IAs 30 g at -1
 to -2 d 

< 1:8 - TAC/MMF/
MP

IAs (not 
routinely)

     Lipshutz et al[38] United 
States, 2011 

375 mg/m2 
(once) at -1 mo

TAC/MMF 
at the first 
day of PE

PE 10 g after 
each PE

< 1:8 ATG (1.5 mg/kg 
for 4 d)

TAC/MMF/
Pred

PE (not 
routinely)

     Shirakawa et al[39] Japan, 2011 500 or 200 
mg/m2 (once), 

at -5 to -7 d 

TAC/MMF/
MP at -7 d

DFPP - < 1:32 BAS (20 mg  at 0 
and 4 d)

TAC/MMF/
MP

-

     Morath et al[40] Germany, 
2012 

375 mg/m2 
(once) at -1 mo

TAC/MMF/
MP at the 

first day of 
IAs

IAs 0.5 g/kg 
after last 

IAs

< 1:16 BAS (20 mg  at 0 
and 4 d)

TAC/MMF/
MP

IAs or PE (not 
routinely)

     Uchida et al[41] Japan, 
2012 

150 mg/m2 
(twice) at -14 

and 0 d

MMF/MP at 
-1 Mo, CYA or 

TAC at -3 d

DFPP or 
PE

- < 1:16 BAS (20 mg  at 0 
and 4 d)

CYA or TAC/
MMF/MP

-

  Rituximab-free protocol
     Montgomery et al[43] United 

States, 
2009 

- TAC/MMF 
at the first 
day of PE

PE 0.1 g/kg 
after each 

PE

< 1:16 DAC (2 mg/kg 
initial dose, 1 mg/
kg every 2 wk for 

total 5 doses)

TAC/MMF/
Pred

PE, at least 
twice (with 

IVIG 0.1 g/kg)  

     Flint et al[35] Australia, 
2011 

- MMF at -10 
to -14 d 

PE 0.1 g/kg 
after each 

PE

< 1:8 BAS (20 mg  at 0 
and 4 d)

TAC/MMF/
Pred

PE (not 
routinely)

     Ashimine et al[42] Japan, 
2013 

- MMF at -14 
d

DFPP - < 1:8 BAS (20 mg  at 0 
and 4 d)

CYA or TAC/
MMF/Pred

-

  Pediatric recipients
     Genberg et al[31] Sweden, 

2008 
375 mg/m2 

(once) at -1 mo
TAC/MMF/
Pred at -10 d 

IAs 0.5 g/kg at 
-1 d

< 1:8 - TAC/MMF/
Pred

IAs, 3 times

     Tyden et al[1] Sweden, 
2011[1]

375 mg/m2 
(once) at -1 mo

TAC/MMF/
Pred at -13 d

IAs 0.5 g/kg 
after last 

IAs

< 1:8 - TAC/MMF/ 
Pred

IAs,  3 times

Table 3  Current protocols for ABO incompatible kidney transplantation

IS: Immunosuppression; IVIG: Intravenous immunoglobulin; MMF: Mycophenolate mofetil; MP: Methylprednisolone; DFPP: Double-filtration 
plasmapheresis; PE: Plasma exchange; BAS: Basiliximab; CYA: Cyclosporine; TAC: Tacrolimus; Pred: Prednisolone; IAs: Antigen-specific 
immunoadsorption; DAC: Daclizumab; NA: Not available; ALE: Alemtuzamab; MPS: Mycophenolate sodium; ATG: Antithymocyte globlin.
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detected in 23.2% of  ABOi-KT and in 22.5% of  ABOc-
KT. Acute AMR was shown in 4.7% of  ABOi-KT, which 
was similar to ABOc-KT (5.0%).

ADVERSE EFFECT OF ABOI-KT
Infection
The improvement in ABOi-KT graft survival rate has 
come at the expense of  increased posttransplant infec-
tion. The infection rate in ABOi-KT is significantly high-
er than in ABOc-KT (60% vs 29.8%)[37]. The rates of  in-
fection including cytomegalovirus (CMV), herpes simplex 
virus, varicella zoster virus and BK virus (BKV) in ABOi-
KT were also significantly higher than in ABOc-KT. The 
most common viral infection was BKV in 25% of  ABOi-
KT compared to only 8.5% of  ABOc-KT. However, the 
incidences of  rejection, graft survival rate and function of  
ABOi-KT patients were compatible with these of  ABOc-
KT patients. On the contrary, Genberg et al[31] showed that 
there was no statistical difference in overall infection com-
plications between ABOi-KT with RIT and living ABOc-
KT (40% vs 63.3%). However, ABOi-KT patients who 
were treated with RIT, may have had different infection 
profiles. Grim et al[96] retrospectively analyzed the inci-
dence of  posttransplant infection in HLA sensitized KT 
or ABOi-KT treated with RIT and compared to HLA 
sensitized KT without RIT. The acute rejection rate in 
RIT treated KT was similar to KT without RIT (40% vs 
33%). However, posttransplant infection rate was 48.0% 
RIT with KT, but only 11.1% without RIT. Kamar et al[97] 
reported that infection rate was 45.5% in KT with RIT 
which was similar to KT without RIT (53.9%). Bacterial, 
viral and fungal infection were observed in 36.3%, 18.2% 
and 16.9% in KT with RIT, against 31.6%, 34.3% and 
5.32% in KT without RIT. Polyoma virus infection rate 
(64.3%) was relatively high in RIT. Moreover, infection 
related-death was significantly higher in RIT treated pa-
tients. This data ascertained that RIT was associated with 
severe infection which causes death rather than an in-
creased risk of  infection. Other report confirmed earlier 
observation showing that the incidence of  posttransplant 
infection in RIT-treated recipients was similar to RIT-

untreated recipients (52.2% vs 40.2%)[98]. However, as in 
earlier studies the incidences of  CMV and BKV infection 
in RIT-treated recipients were higher than in non RIT-
treated recipients (CMV: 16.4% vs 5.7%, BKV: 13.4% vs 
8.0%).

Malignancy
It is generally accepted that immunosuppression is associ-
ated with an increased incidence of  malignancy in KT re-
cipients compared to the general population[99]. However, 
several studies have demonstrated that ABOi-KT did not 
increase the risk of  posttransplant malignancy compared 
with ABOc-KT. Yamamoto et al[100] analyzed the risk 
of  ABOi-KT compared to ABOc-KT retrospectively. 
ABOi-KT recipients were older than ABOc-KT recipi-
ents and all ABOi-KT recipients received splenectomy, 
in this study despite increased age and splenectomy[101,102], 
there was no significant difference in the incidence of  
malignancy between ABOi-KT and ABOc-KT (4.8% 
and 4.2%). Similarly, Hall et al[103] showed that 7 of  318 
ABOi-KT recipients experienced posttransplant cancer. 
The incidence rate ratio (IRR) of  cancer in ABOi-KT 
was identical to that in matched control ABOc-KT (IRR: 
0.99). This limited data reassuringly indicates that ABOi-
KT is not associated with an increasing incidence of  ma-
lignancy after KT. Thus, a further analysis of  long-term 
observations in ABOi-KT after RIT is needed.

COST OF ABOI-KT
It is recognized that KT is a cost-effective option over 
dialysis[104-106]. The estimated cost for ABOi-KT over 20 
years was $315600, which was approximately 15% lower 
than dialysis[107]. ABOi-KT is more expensive than AB-
Oc-KT because of  requirement for desensitization and 
removal of  anti-A/B antibody. The cost of  ABOi-KT 
in the first 90 d posttransplant is $90300 compared to 
$52500 for ABOc-KT[108]. The additional cost of  ABOi-
KT amounts to €31948 for IAs, RIT, IVIG, and pro-
longed hospital stay[31]. The cost of  single IA is approxi-
mately €4340-1433[40]. However, despite more expensive, 
ABOi-KT is still more cost-effective than dialysis in the 
long-term and delivers a better quality of  life.

CONCLUSION
Since first performed over 50 years ago, ABOi-KT has 
become an accepted source of  KT. Reassuringly, despite 
lack of  control trials in ABOi-KT, more than satisfac-
tory outcomes have been observed in adult and pediatric 
recipients, in many studies equivalent to living ABOc-KT. 
ABOi-KT also has disadvantages in spite of  excellent 
outcomes (Table 4). Preconditioning treatment of  ABOi-
KT, such as antibody reduction and desensitization, is 
more intensified and complicated than that of  ABOc-
KT. With current protocols, the occurrence of  early graft 
loss and AMR are not completely abolished. Precondi-
tioning strategy in ABOi-KT has evolved over time. RIT 
has replaced splenectomy which was once thought a cru-
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  Pro ABOi-KT
     Reducing waiting list and time
     Expanding living donor pool
     Improvement of patient's prognosis
     Excellent graft survival (comparable with ABOc-KT)
  Contra ABOi-KT
     Comparative high immunological risk
     Higher incidence of acute AMR
      Intensified immunosuppression
     Antibody depletion therapy
      Increasing expenditure
     Higher incidence of viral infection

Table 4  Pro and cons for ABO incompatible kidney 
transplantation

ABOi-KT: ABO incompatible kidney transplantation; ABOc-KT: ABO 
compatible kidney transplantation; AMR: antibody-mediated rejection.
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cial procedure for ABOi-KT, although this is increasingly 
abandoned in favor of  IAs and IVIG. Overall, ABOi-
KT is more expensive than ABOc-KT which may restrict 
its adoption in resource poor countries. We believe that a 
live donor ABOi-KT is a viable alternative to waiting on 
deceased donor list. 
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Abstract
Many of the causes of short and late morbidity fol-
lowing liver transplantation are associated with im-
munosuppression or immunosuppressive medications. 
Current care often involves close monitoring of liver 
biochemistry as well as therapeutic drug levels. How-
ever, the postoperative course following liver transplan-
tation can often be associated with significant compli-
cations including infection and rejection, suggesting 
an inadequacy in current immune function monitoring. 
Many assays have been tested in the research setting 
to identify possible biomarkers that may be used to 
predict clinical events such as acute cellular rejection, 
and therefore allow modification of a patient’s immuno-
suppressive regimen prior to a clinical event. However, 
these generally require significant laboratory processing 
and have had difficulty becoming established in com-
mon clinical use outside the research setting. One as-
say, Cylex ImmuKnow has been food and drug admin-
istration approved but has had variable results. In this 
review we discuss the assays that have been used to 
assess monitoring of immune function after liver trans-
plantation and consider possible future directions.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Immune function monitoring; Review; Bio-
markers; Liver transplantation

Core tip: Although many research assays have attempt-
ed to identify potential biomarkers that may be used 
to monitor immune function after liver transplantation, 
most require significant laboratory processing and are 
not clinically feasible. The rejection cascade is com-
plex and not completely understood, with many likely 
interactions between innate and adaptive immune pro-
cesses. Therefore, no single test is likely to provide a 
fool-proof window to the immune response and a com-
bination of assays may be necessary. However, nothing 
can replace the clinical judgement of an expert trans-
plant clinician for pooling together data to individualize 
immunosuppression therapy.

Sood S, Testro AG. Immune monitoring post liver transplant. 
World J Transplant 2014; 4(1): 30-39  Available from: URL: 
http://www.wjgnet.com/2220-3230/full/v4/i1/30.htm  DOI: http://
dx.doi.org/10.5500/wjt.v4.i1.30

INTRODUCTION
Although the use of  modern immunosuppression has 
greatly increased the life expectancy of  organ trans-
plant recipients, they are not without problems. Mortal-
ity within the first year following liver transplantation 
(OLTx) usually occurs within the first three months with 
causes including infection, primary graft failure, rejection 
and technical complications[1]. Causes of  late mortality 
include cardiovascular disease (9%-22%), de novo malig-
nancy (16%-23%), infections (6%-19%), chronic rejec-
tion and graft failure (5%-19%) and chronic renal failure 
(5%-10%)[2-5]. Many of  the causes of  short and late mor-
tality following OLTx are related to immunosuppression, 
with an estimated 40%-70% of  all post-transplant mor-
tality attributable to immunosuppression or immunosup-
pressants[5,6].
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To minimize side-effects, clinicians often empirically 
attempt to minimize dosages. Only very few patients are 
trialed or able to completely withdraw successfully from 
all immunosuppression. Tailored therapy for each pa-
tient, based on a functional measure of  their individual 
immune response, would clearly be preferable to empiric 
reduction of  therapy in all patients[7].

The challenge in balancing the risks of  over and un-
der immunosuppression is complicated by the lack of  
reliable means of  predicting patients’ immunosuppressive 
needs. OLTx in particular, presents unique challenges 
compared with other solid organ transplants. The liver 
is an immunotolerant organ but rejection rates remain 
at 30%-40%[8-10]. Despite this, some individuals have the 
potential for complete withdrawal of  immunosuppres-
sion. Furthermore, the postoperative course after OLTx 
is often complicated, with biliary strictures and recurrent 
diseases shrouding the diagnosis of  rejection and confus-
ing the management of  a patient’s immune function post 
transplant. Therefore, it has long been suggested that we 
monitor transplant patients for their functional immunity 
to optimize therapy[11,12]. 

An ideal immune function assay would be based on 
whole blood, require minimal handling, be reproducible 
and standardized across laboratories, relatively cheap, and 
offer a rapid turn around that would allow interpretation 
of  results and corresponding adjustments in immunosup-
pression early enough to prevent complications or drug 
related side-effects. 

Currently available standard of  care in most centres 
to monitor immune function involves liver biochemistry, 
drug levels and clinical events (Table 1). Several other po-
tential bio-markers and diagnostic parameters have been 
suggested in order to confront the immune monitoring 
challenge and are summarized in Table 2. In this review, 
we examine the current available options for monitoring 
the immune system after liver transplantation.

LIVER BIOCHEMISTRY
Clinicians have traditionally relied on liver biochemistry 
(LFT) in making non-invasive assessments regarding 
graft function after OLTx. An increase in LFTs is seen 
during rejection but is non-specific and many other im-
portant aetiologies need to be considered. These include 
but are not limited to biliary strictures, hepatic artery 

thrombosis, cholangitis, recurrent viral hepatitis and drug 
induced injuries. There is often a delay between the first 
LFT abnormality being noted, and patients undergoing a 
liver biopsy for diagnosis of  rejection. It is an imprecise 
and late marker of  graft injury.

THERAPEUTIC DRUG MONITORING
Calcineurin inhibitors
Cyclosporine and tacrolimus are the two commonest 
drugs used in maintenance following OLTx and inhibit 
the phosphatase activity of  calcineurin through bind-
ing of  cyclosporine-cyclophilin and tacrolimus-FKBP12 
complexes. This inhibits T-cell activation, but because 
calcineurin and the nuclear factor activated T-cell pathway 
are not T-cell specific, calcineurin inhibitors (CNIs) are 
often associated with significant toxicity[13]. In particular, 
tacrolimus has high rates of  diabetes, while cyclosporin 
is associated with increased hypertension and dyslipid-
emia[14]. Furthermore, both drugs are associated with 
end-stage renal failure that can complicate up to 20% of  
patients following OLTx[15]. 

Tacrolimus (> 90%) and cyclosporine (> 50%) are 
concentrated in erythrocytes, and therefore whole blood is 
used to measure the therapeutic drug levels[16]. Most cen-
tres use an ELISA to measure trough levels of  tacrolimus, 
while large clinical trials of  OLTx patients treated with cy-
closporine show lower rates of  rejection and nephrotoxic-
ity complications with monitoring based on either AUC0-4 
or the concentration 2 h following administration[17-19]. 
Therefore many units (including our own) perform a level 
2 h (C2) following the patient’s morning dose.

Setting a therapeutic target for the CNIs has been 
difficult with standard protocols generalized to manag-
ing large number of  recipients, but not specific to each 
patient’s individual clinical situation[20]. CNIs also have a 
poor dose-level correlation, an unpredictable level-effect 
association, individual pharmacokinetic differences, and an 
unclear level-toxicity relationship[21,22]. Side-effects are seen 
even with CNI levels below the “therapeutic range”[23]. Fur-
ther problems arise as the monoclonal antibodies used to 
detect certain metabolites may not capture all biologically 
active forms of  the CNIs[24,25].

Given the level of  drug determined by immunoassay 
is not correlated with immunosuppressive drug efficacy 
or the level of  immunosuppression[22,26,27] the United 
States Food and Drug Administration (FDA) has gone 
so far as to reclassify assays for measuring tacrolimus and 
cyclosporin blood levels indicating that no suitable thera-
peutic ranges exist and these tests should not be used 
alone to adjust drug dosing[28].

Optimising CNI drug dosing
CNI dosing is impacted by the variable metabolism of  
the drugs. Tacrolimus is metabolised by CYP3A enzymes 
in the small intestine and the enzymatic activity can 
vary by a factor of  5 between patients[29]. Genetic poly-
morphisms of  CYP3A have shown higher tacrolimus 
clearance and lower levels in some kidney transplant re-
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Sensitivity Specificity

  Currently available
     Liver biochemistry High Low
     Therapeutic drug levels Low Low
     ImmuKnow Low High
     Liver histology Gold standard Gold standard
  Future possibilities
      PlexImmune Only Paedeatric studies published
     ? Combination assays

Table 1  Clinically available immune monitoring after adult 
liver transplantation



cipients[30] while attempts to evaluate pharmacodynamics 
directly through monitoring of  CNI biological activity 
have demonstrated correlation between peak levels of  
CNIs and residual gene expression (by nuclear factor of  
activated T-cells), but not clinical events[31]. 

High-performance liquid chromatography was de-
veloped for evaluating four cyclosporine degradation 
products and two related compounds (CyB and CyG)[32]. 
Initially developed to test quality control of  generic for-
mulations, future studies may consider evaluating whether 
these could have a closer association with outcomes than 
the cyclosporin blood level[20].

Other drugs
The CNIs are often used in combination with other im-
munosuppressants. Steroids and induction agents such as 
basiliximab (anti-IL2) have no specific monitoring mech-
anisms apart from side-effects, while the optimal dosing 
and levels of  the mTOR inhibitors remain uncertain. 

Even if  the biological activity of  each individual drug 
could be accurately determined, this would not provide 
an objective net biomarker of  immune function as the 
cross-reactive effects of  the drugs would remain uncer-
tain. As such, therapeutic drug monitoring may continue 
to assist clinicians in managing patients, but is unlikely to 
be the dominant method of  future immune system moni-
toring following OLTx.

Clinical events
One of  the major influences on drug dosing and immu-
nosuppression following liver transplantation is the pres-
ence of  complications. In particular, patients who devel-
op sepsis or malignancy following transplantation often 
have their immunosuppression empirically reduced. Cor-
respondingly, patients undergoing rejection are treated 
with increased medication. Clearly this is a crude method 
of  monitoring immunosuppression and the purpose of  
immune monitoring is to optimise immunosuppression 
prior to the occurrence of  clinical events. 

Biopsies
Acute cellular rejection is diagnosed on histology based 
on the commonly accepted Banff  criteria[33]. Sampling 

graft tissue has the further advantage that it can reveal the 
local ongoing antidonor immune responses[34] and pro-
tocol biopsies provide a more accurate marker of  graft 
function compared to liver biochemistry[13]. Surveillance 
biopsies of  the transplanted organ may represent the 
gold standard for directly assessing the extent of  immune 
activity within the allograft. However, serial biopsies are 
invasive and almost impractical outside of  a research set-
ting[35].

Immune monitoring assays
Although commonly used, the aforementioned tests have 
significant disadvantages and do not provide an accurate 
marker of  a patient’s immune system following OLTx. 
As a consequence, clinical events and side-effects remain 
common causes of  morbidity and mortality. Many assays 
have been developed and evaluated with varying results 
but are yet to achieve use outside of  research settings. In 
general, these assays can be broadly classified as antigen-
specific or non-antigen specific and will be discussed be-
low.

ANTIGEN-SPECIFIC ASSAYS
Donor specific assays
Functional donor specific assays may allow detection of  
immunological states favouring alloimmune quiescence 
over reactivity[36]. Functional or cytokine kinetics assays 
may then be applied to determine preemptively whether 
immunosuppression dosing should be altered. 

Limiting dilution assays (LDA) are an example which 
can provide more precise quantification of  immunity 
to a given stimulus and allow estimation of  frequencies 
of  antigen-specific cells participating in an immune re-
sponse[37]. It requires recipient peripheral blood mono-
nuclear cells (PBMCs) interacting with donor stimulator 
cells. This can then be used to determine production of  
different cytokines in the presence of  supernatant cul-
tures such as interferon-gamma, interleukin (IL)-5, IL-4, 
IL-10, IL-13 or TNF-α present in the well[37]. LDA has 
been employed to show a highly significant correlation 
between the donor-specific and third-party stimulated 
IL-4 and IL-10 produced from recipient PBMCs with 
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Advantages Disadvantages

  Antigen-specific assays: Limiting dilution aAssays, mixed 
lymphocyte reactions, ELISPOT 

Measure individual antigen specific 
response

Need donor cells, Laboratory intensive

  Antigen non-specific: ImmuKnow Available, FDA approved Inconsistent results
Cytokine levels/polymorphisms Inconsistent results 

Immune competence scores Readily available Lack of published validation studies
Regulatory T cells (Tregs) Associated with rejection Laboratory intensive. Lack of published validation 

studies
Soluble CD30 Lack of association with clinical outcomes in OLTx

  Identifying operational 
  tolerant recipients:

Tregs, Gene expression, 
dendritic cell types, delayed type 

hypersensitivity

Able to identify recipients in whom 
immunosuppression could be 

withdrawn

Laboratory intensive. Only few recipients suitable

Table 2  Summary of assays for immune function monitoring

FDA: Food and drug administration; ELISPOT: Enzyme-linked immunosorbent spots; OLTx: Liver transplantation.
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stable liver graft function compared with rejectors, inde-
pendent to level of  immunosuppression[38].

The main limiting step is availability of  donor cells 
that can be difficult to obtain from cadaveric transplants 
unless cells are harvested at time of  surgery from the 
spleen or lymph nodes and cryopreserved for future 
donor-specific assays[20]. Furthermore, the assays often 
require substantial laboratory work and may need signifi-
cant amounts of  blood and cells for repeated stimula-
tions/experiments. 

Mixed lymphocyte reaction
Mixed lymphocyte reaction (MLR) assays provide an 
estimate of  the primary in vitro response to the direct 
recognition of  allogenic molecules[37]. Their main value is 
in assessing tolerance - that is MLR responsiveness in the 
face of  clinically evident donor-specific tolerance. 

Studies with 3H-thymidine mixed leukocyte responses 
(MLR) show that enhanced donor-specific alloreactivity 
persists longer among children with early rejection and 
is associated with early and late liver rejection[39,40]. To ac-
count for the significant variation that is often seen in do-
nor-specific alloresponses, values are often expressed as a 
ratio to a third-party response known as the immunoreac-
tivity index. A ratio under 1 suggests low rejection risk[40]. 
However, this assay is non-antigen specific, requires 
prolonged stimulation and larger amounts of  blood than 
would be routinely feasible in transplant populations[41]. 

Further enhancements to MLR include combination 
of  results with carboxyfluorescein diacetate succinimidyl 
ester (CFSE) labelling by flow cytometry[42]. CFSE is an 
intracellular fluorescent label that divides equally amongst 
daughter cells and can be used to study cell division[37]. It 
measures the proliferative response of  recipient lympho-
cytes after culture or stimulation with donor cells. Unlike 
many other immune monitoring studies, this has been 
investigated in an interventional study of  51 adult OLTx 
recipients. Immunosuppression was increased, decreased 
or maintained depending on results from the MLR com-
pared with 64 OLTx recipients who had standard of  care 
with empirical based management. This showed trends 
towards improved rates of  rejection and survival, but 
not sufficient to reach significance (P < 0.05)[42]. A MLR-
CFSE assay has also been used to distinguish between 
rejection on suspicious biopsies[43].

To overcome the issues of  prolonged stimulations 
and blood sample requirements common in MLR assays, 
Ashokkumar et al[41] evaluated a CD154+ (CD40L) T-help-
er and T-cytotoxic cells MLR as measures of  rejection 
risk[41]. This requires < 24 h of  stimulation and only 3 mL 
of  blood. These authors identified pre OLTx CD154+ 
cytotoxic T memory cell responses were associated with 
significantly increased risk (HR = 7.355, P = 0.02) for 
rejection. This assay can be ordered as PlexImmune™ 
(Plexison, Pittsburgh, United States) with results in the 
United States available 2 d after obtaining blood samples. 
Only small studies have been published to date with Plex-
Immune in paediatric liver and small intestinal transplant 
recipients. The assay requires extraction of  PBMCs not 

only from the recipient but also the donor. In some cases 
when donor cells have been insufficient or unavailable, 
“surrogate PBMCs” have been used[41] but their validity is 
uncertain in a clinical population. 

Enzyme-linked immunosorbent spots 
Enzyme-linked immunosorbent spots (ELISPOT) quan-
tifies the frequency of  previously activated (memory) 
T cells that respond to donor antigens by producing a 
selected cytokine in vitro. Recipient T cells are cultured 
with donor cells on tissue culture plates coated with a 
cytokine-specific antibody that is detected using labeled 
secondary antibodies. Each detected spot represents an 
effector or memory T cell which has been primed to the 
stimulating antigens[37].

ELISPOT has been proposed as a surrogate marker 
of  allogenic responsiveness in renal transplantation[44-46]. 
Pretransplant IFN-γ ELISPOT has been associated with 
rejection risk following renal transplant[44,45,47] which sug-
gests that IFN-γ-producing cells represent cells that have 
been sensitized to the graft antigens. Thus providing an 
ex vivo reflection of  the evolving in vivo, donor-reactive 
immune response which may allow patients without a 
positive response to reduce or withdraw their immuno-
suppression[7]. Apart from IFN-γ, granzyme B (GrB) 
has been studied in a small number of  paediatric OLTx 
recipients but failed to predict the occurrence of  rejec-
tion[48].

The labor-intensiveness and time-consuming nature 
of  these assays, the need for donor cells, the question-
able reliability for stored cells along with some inconsis-
tent correlations with clinical outcomes have prevented 
their broad acceptance as reliable immune monitoring 
tools[7,49]. 

Chimerism
After OLTx, haematopoietic donor cells are transferred 
with the graft from donor to recipient. These chimeric 
cells may persist in the recipient and be detectable even 
years post-transplant[50]. It has been hypothesised that 
developing chimerism may be desirable after OLTx and 
potentially associated with tolerance[51]. This could allow 
immunosuppression to be reduced in patients who have 
detectable chimerism. However, a meta-analysis has failed 
to demonstrate a significant association between micro-
chimerism and rejection, but techniques of  varying sen-
sitivity were used to measure the degree of  chimerism[52]. 
The value and role of  chimerism after liver transplanta-
tion remains uncertain, and may also differ depending on 
the time post-transplant[53]. 

ANTIGEN NON-SPECIFIC
ImmuKnow
As immunosuppressive drugs ultimately target T-cell 
function, it would seem logical that assessing T-cell func-
tion would provide a potential biomarker for monitoring 
immune function after transplantation[54]. ImmuKnow 
(Cylex Ltd, United States) was developed as a biomarker 
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to guide immunosuppressant dosing following solid 
organ transplantation and was approved by the United 
States FDA in 2002. ImmuKnow measures adenosine 
triphosphate produced after stimulation of  T-cells with 
plant lectin phytohemagglutinin (PHA) mitogen[54]. 
Whole blood is used to ensure that CNIs are maintained 
during incubation. After overnight incubation, CD4 cells 
are selected using paramagnetic particles coated with a 
monoclonal antibody to CD4[54]. ImmuKnow does not 
correlate with CD4 cell numbers, and the assay is theo-
rized to provide an independent variable[54]. 

Studies in OLTx recipients have reported contradic-
tory results for ImmuKnow in predicting acute rejection 
and infection[55-62]. Most of  these studies are retrospective, 
have limited follow-up, heterogenous in study design, 
and often include multiple solid organ transplants in the 
analysis despite immunosuppression protocols and clini-
cal event risks differing substantially amongst different 
transplant populations. 

Further, many of  these studies only employ single 
time point measurements and risk potential bias and the 
effect of  confounders. For example, one study assess-
ing ImmuKnow and infection risk declared lower values 
in patients who suffer an infection following transplant. 
However, one of  the triggers to run the assay in this 
study was an event such as fever or raised liver biochem-
istry[63]. Furthermore, a single result cannot be expected 
to predict the long-term immune function of  the patient. 
Ideally serial measures, correlated with changes in im-
munosuppressant dosing, would be needed to adequately 
assess the immune response post OLTx.

To coincide with the multiple studies demonstrat-
ing conflicting results, there have been two opposing 
meta-analyses published[64,65]. One recent meta-analysis 
by Ling et al[64] suggests a sensitivity of  0.43 (95%CI: 
0.34-0.52) and specificity of  0.75 (95%CI: 0.72-0.78) of  
ImmuKnow for predicting rejection with a diagnostic 
odds ratio 1.19 (95%CI: 0.65-2.20). This study incorpo-
rated multiple organ transplants and when a sub-analysis 
of  liver transplant patients was conducted, results sug-
gested poor sensitivity but improved specificity (sensitivity 
0.11 95%CI: 0.01-0.33, specificity 0.94 95%CI: 0.91-0.95). 

A separate meta-analysis in liver transplant recipients 
identified 4 studies which assessed ImmuKnow for both 
infection risk and rejection, one further study assessing 
infection specifically, and a further study examining rejec-
tion risk alone. All but one study were retrospective, and 
in general had small patient numbers with short or unde-
clared periods of  follow-up. In this meta-analysis, the Im-
muKnow assay was identified as having a diagnostic odds 
ratio of  14.7 with sensitivity 83.8% and specificity 75.3% 
for diagnosing infection. When evaluating rejection, a 
diagnostic odds ratio of  8.8 (sensitivity 65.6%, specificity 
80.4%) was noted alongside significant variation amongst 
studies included in analysis. In particular, the sensitivity 
ranged from 9.1%-85.7%[65]. 

A possible explanation for the perceived poor sensi-
tivity of  ImmuKnow in detecting rejection may be that it 
relies on T cell stimulation with PHA mitogen, which is a 

non-specific antigen that stimulates the adaptive immune 
system. With the renewed interest in Toll-like receptors, 
current evidence suggest that the innate immune system 
also plays a central role in rejection and allorecogni-
tion[66-69]. By only stimulating the adaptive immune sys-
tem, we postulate that the poor sensitivity may reflect 
ImmuKnow failing to recognize and therefore measure 
the contribution made by innate immune mediators to 
rejection processes.

Clearly there have been issues with several studies that 
incorporate ImmuKnow. However, the assay is FDA ap-
proved and with few other options, the assay is employed 
in several centres. However, there are often no clear pro-
tocols and use varies even amongst individual clinicians in 
the same centre[35]. A large, formal, multi-centre random-
ized controlled trial would resolve many questions regard-
ing ImmuKnow in regards to its ability to be an objective 
biomarker of  immune function in OLTx patients.

Cytokine genetic polymorphisms
Productions of  cytokines vary amongst individuals, and 
detecting possible polymorphisms in the responsible 
genes could help in stratifying patients for risk of  clinical 
outcomes. However, in a meta-analysis studying the im-
pact of  cytokine gene polymorphism on graft acceptance 
in clinical transplantation, the only genetic risk factor 
associated with acute liver rejection was IL-10 polymor-
phism at position 1082[70] which is associated with low in 
vitro production of  IL-10[71].

Circulating cytokine levels
Circulating cytokine levels have the benefit of  being 
reasonably easy to determine. However, analysis of  pub-
lished clinical studies correlating circulating levels with 
immunological status after liver transplantation are con-
fusing and often contradictory[49]. This probably reflects 
the multitude of  confounding factors that impact this pa-
tient population, including surgical stress, the associated 
ischaemia-reperfusion injury, blood transfusions, hepatic 
regeneration and infectious complications[72].

Immune competence scores
Some have evaluated multiple factors such as comple-
ment and immunoglobulin levels in an attempt to deter-
mine an immune competence score to assist in deter-
mining risk of  infection[73]. This scoring system assigned 
two points for each of  the following: increased levels 
of  baseline IgG, increased levels of  baseline IgA, and 
decreased levels of  pre-OLTx C3. This score was found 
to have a relative risk of  infection of  1.99 (P < 0.001) 
and would be both relatively cheap and employs pathol-
ogy tests already available in many labs[73]. However, to 
our knowledge it has not been validated in larger cohorts 
and would not take into account the multitude of  other 
factors involved in a patient’s immune function after the 
transplant operation. 

Regulatory T Cells (Treg)
In adult allograft recipients there is evidence that Tregs 
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are involved in transplantation tolerance by directly in-
hibiting the proliferation of  effector T cells. A substantial 
number of  donor Tregs detach from the liver graft during 
perfusion and continue to migrate into the recipient after 
OLTx. These suppress the direct pathway alloresponses 
and are theorized to contribute to chimerism-associated 
tolerance in vivo in the early stage after transplantation[74].

Lower levels of  these regulatory cells have been iden-
tified in patients undergoing acute rejection[75,76] while 
patients completely weaned off  immunosuppression 
demonstrate higher numbers in their grafts and peripher-
al circulation[77-81]. Despite this, Treg analysis still requires 
significant laboratory work to isolate PBMCs and per-
form laboratory analysis and are not currently marketed 
or used in clinical settings that we are aware of.

Soluble CD30
Both CD4 and CD8 cells express CD30 after primary 
alloantigenic stimulation. Although there is some sugges-
tion that soluble CD30 may be a useful marker in kidney 
transplantation[82,83], studies in adult[84] and paedeatric[85] 
liver transplantation have failed to reveal a role in predict-
ing rejection outcomes.

Operational tolerance
The liver allograft can often be maintained after trans-
plantation with low levels of  immunosuppression and in 
some cases be withdrawn completely without histological 
damage from rejection - defined as operational tolerance 
(OT)[86]. It is estimated that OT rates after OLTx are as 
high as 20%-25%[87,88]. It appears that OT recipients have 
different cellular immunophenotypic or peripheral blood 
transcriptional profiles compared with healthy volunteers, 
recipients on immunosuppression or those experienc-
ing rejection[80,86]. Several studies have sought to identify 
which patients are likely to achieve OT which could then 
facilitate drug withdrawal in this select group.

Gene expression
Martínez-Llordella et al[89] identified and validated a “tol-
erant genetic fingerprint” using transcriptional profiling 
from transplant PBMCs. This identified a modest num-
ber of  genes capable of  identifying tolerant liver recipi-
ents with good accuracy. In particular, NK and γδTCR+ 
T cells were the main PBMC subsets associated with 
tolerance-associated transcriptional patterns.

Although transcriptional profiling of  peripheral blood 
may allow identification of  some patients capable of  
completely weaning off  immunosuppression, data direct-
ly supporting these assays and their ability to monitor the 
net immunosuppressive state are yet to be published and 
not available in clinical settings[20].

Dendritic cells
In humans, 2 major types of  blood dendritic cells have 
been described[90]. Monocytoid DC (CD11c+) can be 
derived from circulating monocytes in response to 
granulocyte-macrophage colony-stimulating factor and 
IL-4 and induce Th1 cell differentiation in vitro and may 

be specialized for induction of  immunity. Plasmacytoid 
DC (CD123+) develop after stimulation with IL-3 and 
CD125+ (CD40L) and promote Th2 responses which can 
be for induction of  tolerance[91]. The ratio of  these cells 
may be important, with flow cytometry demonstrating 
operationally tolerant patients exhibiting higher incidence 
of  plasmacytoid dendritic cells (theorised to induce toler-
ance) compared with myeloid dendritic cells[92,93].

Delayed-type hypersensitivity 
In OLTx patients, the trans vivo delayed-type hypersensi-
tivity (DTH) assay has been shown to be valuable in iden-
tifying OT recipients[94]. This technique involves transfer 
of  PBMCs plus donor antigen in the footpads of  naive, 
severe combined immunodeficiency mice and measuring 
for response[94]. This has the advantage of  evaluating in 
vivo cell-mediated allogenic immunity without direct ex-
posure of  patients[95]. The logical limitation is the need to 
have immunodeficient mice available and this makes the 
assay unfeasible outside research.

Identifying patients who can achieve OT would prove 
valuable in reducing immunosuppression and related 
side-effects in these recipients. It would also reduce the 
ad hoc nature that is sometimes employed to withdraw 
immunosuppressants following OLTx. However, only a 
small proportion of  patients are likely to have the poten-
tial to achieve full operational tolerance and other meth-
ods of  immune monitoring are therefore needed for the 
majority of  patients. 

CONCLUSION
Immune function monitoring following OLTx remains 
a difficult area, but an area in which even small advances 
would likely result in significant improvements to mor-
bidity and long-term mortality for patients following liver 
transplantation today. Many options for immune moni-
toring have been considered, and vary in methodology 
from predicting risk of  clinical complications, varying 
dosing of  immunosuppressants, and identifying those 
who may be able to develop operational tolerance. 

No single method or assay has been able to meet the 
diagnostic requirements while answering the basic techni-
cal requirements: an assay that is standardized, reproduc-
ible, cost-effective, easy and intuitive to perform[35]. Most 
vary in degree of  promise based on ease of  execution, 
precision, specificity, reproducibility and cost, as well as 
the type of  information they provide[96]. It is possible that 
multiple assays or a combination assay may be needed in 
the same patient at different times to distinguish an accu-
rate immunological profile in the future[37]. In particular, 
combining assays from both arms of  the immune system 
(innate and adaptive) may provide clinicians a more com-
prehensive net immune response of  a patient.

Many antigen specific assays also suffer from being 
based on PBMC which excludes the red cells from. This 
can pose several issues. Firstly, both the CNIs and mTOR 
inhibitors are found in whole blood rather than extracted 
PBMCs, and whole blood has been considered the best 
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matrix for monitoring immune function[20,97]. Secondly, 
extraction of  PBMCs is often a process that requires 
significant laboratory effort and its applicability outside 
research settings in commercial laboratories would likely 
be personnel and cost-prohibitive. 

Without available objective markers of  immune func-
tion, drug levels, liver biochemistry and clinical events 
are often used to guide immunotherapy. This approach 
is crude and drug side-effects and clinical complications 
remain common[63]. Although the ImmuKnow assay 
offered early promise and is FDA approved, some con-
flicting results have limited its widespread acceptance. A 
formal randomised controlled trial would help in answer-
ing many questions regarding the assay given the issues in 
many of  the trials previously undertaken.

The rejection cascade is complex and not firmly un-
derstood, with many likely interactions between innate 
and adaptive immune processes. Therefore no single test 
is likely to provide a foolproof  window to the immune 
response. As such, nothing can replace the clinical judge-
ment of  an expert transplant clinician for pooling togeth-
er data to individualize immunosuppression therapy[20] 
but an unmet need exists to measure immune function 
and assess the risk of  clinical complications objectively in 
OLTx patients[41].
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