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PREFACE    

 

 

 

 

 

In recognition of recent rapid advances in the field of transplantation, we have undertaken a new and updated 
third edition of Kidney Transplant Rejection. Both previous editions of the book have been very well received 
by reviewers and colleagues alike. In this, as in previous editions, the text is focused on basic immunological 
principles, mechanisms of rejection, diagnostic modalities, infections in the transplant setting, and clinical 
treatment of renal allograft rejection. All chapters have been contributed by recognized experts in the field of 
renal transplantation. 

 

 
 

 

 

 

 

 

The introductory part, covering the biology of the allograft response, has been expanded from previous editions. 
Basic chapters on the molecular basis of transplantation immunity, cell-mediated and antibody-mediated 
rejection, cytokines and the immune response, anti-idiotype responses, and immunological tolerance have been 
replaced by completely new or extensively updated text. New chapters include discussions of renal injury and 
preservation, mechanisms of chronic rejection, and chimerism and xenografting, all important new areas in 
which knowledge is expanding rapidly. 

 

 
 

 

 

 

 

 

In the area of rejection diagnosis, the most up-to-date version of the Banff schema, widely used for the 
pathological assessment and grading of renal allograft rejection, is provided, and new molecular markers which 
may enhance diagnostic accuracy are discussed. Fine-needle aspiration cytology and radiologic modalities in 
the monitoring of the renal allograft are discussed in new and revised chapters. 

 

 
 

 

 

 

 

 

An important component of the book is a series of updated chapters on immunosuppressive therapy. In this part 
are included chapters on basic biology, mechanisms of action, and results of clinical testing of antilymphocyte 
antibody, other agents currently in use, including cyclosporine, FK506, and mycophenolate mofetil, and those 
being developed and in early clinical testing, including brequinar, rapamycin, and 15-deoxy-spergualin. 
Discussions include clinical dosing and use of these agents individually and in combination. Immune 
monitoring of renal allograft recipients is also considered. 

 

 
 

 
 

 
 
 
In the final part, chapter authors address the systemic complications of immunotherapy. Included are up-to-date 
discussions of cancer, cytomegalovirus, Epstein-Barr virus, and hepatitis in the renal allograft population.  
 
 

 
 

   We feel that this book presents a very contemporary discussion of these important  
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issues and will provide a useful reference for the many professionals involved in experimental and clinical 
aspects of renal allografting.  
 
 

 

 

 
 

 

LORRAINE C. RACUSEN 
KIM SOLEZ 
JAMES F. BURDICK 

 

 

  



vi 
 

CONTENTS     

 
 

   Preface   
  

 
 

   iii   
  

 
 

   Contributors   
  

 
 

   ix   
  

 
 

   Part I: Biology of the Allograft Response   
  

 

 
 

   1. A Molecular Basis for Transplantation Immunity   
 

Daniel R. Salomon 
 

 
   1   

  

 
 

   2. Mechanisms of Cell-Mediated Rejection   
 

Douglas P Slakey And Judith M. Thomas 
 
 

   33   
  

 
 

   3. Cytokines: Regulators and Effectors of the Immune Response   
 

Philip F. Halloran, Nelson Goes, And Sing Leung Lui 
 
 

   59   
  

 
 

   4. Regulation of Allograft Rejection by Anti-Idiotypic Responses   
 

Douglas M. Smith And Charles G. Winans 
 
 

   91   
  

 
 

   5. Clinical Syndromes Associated with Antibody in Allografts    
 

William M. Baldwin II And Philip F. Halloran 
 
 

   127   
  

 
 

   6. Renal Injury and Preservation in Transplantation   
 

Philip F. Halloran 
 
 

   149   
  

 
 

   7. Mechanism of Chronic Rejection    
 

Leendert C. Paul, Khalid A-Fakeeh, Neil Ferguson, And Hallgrimur Benediktsson 
 
 

   177   
  

 
 

   8. Xenotransplantation: Potential Opportunity Versus Resistant Challenge    
 

William E. Beschorner And Thomas J. Lomis 
 
 

   201   
  

 
 

   9. Histocompatibility and Organ Allocation    
 

James F. Burdick And John S. Thompson 
 
 

   251   
  

 

10.  Immunological Tolerance and Its Relationship to Clinical Transplantation   
 

Robin P Lowry, Marcus N. Scherer, Edward K. Geissler, And Jens Goebel 

 
 

   261   
 

 
 

   Part II: Diagnosis of Rejection   
 

 
 

   11. Pathology of Kidney Transplantation   
 

Lorraine C. Racusen, Kim Solez, And Steen Olsen 

 
 

   383   
 

 
 

   12. Fine-Needle Aspiration Cytology   
 

Cynthia C. Nast 
    



vii 
 

 419   
 

 
 

   13. Sonographic Evaluation of Acute Renal Transplant Rejection   
 

Sheila Sheth 

 
 

   445   
 

 
 

   Part III: New Immunosuppressive Agents   
 

 
 

   14. History and Prospects for Antilymphocyte Antibody Therapy for Tolerance Induction   
 

Francis L. Delmonico, David H. Sachs, And A. Benedict Cosimi 

 
 

   455   
 

 
   
 
15. Mechanisms of Action of Immunosuppressive Agents: 
Cyclosporine/FK506/Rapamycin   
  
 

Bernhard Ryffel 

 
 

   477   
 

 
 

   16. Cyclosporine: Clinical Use in Kidney Transplantation   
 

Bertram L. Kasiske 

 
 

   499   
 

 
 

   17. Tacrolimus and Mycophenolate Mofetil as Primary Immunosuppression for Renal Allograft Recipients   
 

Gaetano Ciancio, George W Burke, David Roth, Keith Zucker, Violet Esquenazi, Anne Rosen, And Joshua 
Miller 

 
 

   519   
 

 
 

 
 
 
18. Newer Immunosuppressive Agents: Mycophenolate Mofetil, Sirolimus, 15-Deoxyspergualin, Brequinar, 
and Combination Therapy  
 
 

Ferda Senel And Barry D. Kahan 

 
 

   531   
 

 
 

   19. Immune Monitoring for Transplant Recipients    
 

James F Burdick And Nozumi Shinozuka 

 
 

   563   
 

 
 

   Part IV: Systemic Complications of Immunosuppression   
 

 
 

   20. Cancer in Recipients of Organ Allografts   
 

James F Whiting And Douglas W. Hanto 

 
 

   577   
 

 
 

   21. Impact of Cytomegalovirus Infection on Renal Transplantation    
 

Robert H. Rubin And Robert B. Colvin 

 
 

   605   
 

22. Hepatitis in the Renal Allograft Recipient   
 

David Roth And Joshua Miller 
    



viii 
 

 627   
 

 
 

   Index  
 

  



ix 
 

 

 

CONTRIBUTORS    
 
 

 
 
 
Khalid Al-Fakeeh, M.D. Department of Pediatrics, University of Toronto, and Hospital for Sick Children, 
Toronto, Ontario, Canada  
 
 

 
 

 
 
 
William M. Baldwin III, M.D., Ph.D. Department of Pathology, The Johns Hopkins University School of 
Medicine, Baltimore, Maryland  
 
 

 
 

 
 
 
Hallgrimur Benediktsson, M.D. Department of Pathology, University of Calgary, and Foothills Hospital, 
Calgary, Alberta, Canada  
 
 

 
 

 
 
 
William E. Beschorner, M.D. Ximerex, Inc., and Transplantation Section, Department of Surgery, University of 
Nebraska Medical Center, Omaha, Nebraska  
 
 

 
 

   Jeffrey Bluestone Ben May Institute, University of Chicago, Chicago, Illinois   
 

 
 

 
 
 
James F. Burdick, M.D. Division of Transplantation and Vascular Surgery, Department of Surgery, The Johns 
Hopkins University School of Medicine, Baltimore, Maryland  
 
 

 
 

 
 
 
George W. Burke, M.D. Division of Transplantation, Department of Surgery, University of Miami School of 
Medicine, Miami, Florida  
 
 

 
 

 
 
 
Gaetano Ciancio, M.D. Division of Transplantation, Department of Surgery, and Department of Urology, 
University of Miami School of Medicine, Miami, Florida  
 
 

 
 

 
 
 
Robert B. Colvin, M.D. Harvard Medical School and Department of Pathology, Massachusetts General 
Hospital, Boston, Massachusetts  
 
 

 
 

 
 
 
A. Benedict Cosimi, M.D. Harvard Medical School and Transplantation Unit, Department of Surgery, 
Massachusetts General Hospital, Boston, Massachusetts  
 
 

 
 

 
 
 
Francis L. Delmonico, M.D. Harvard Medical School and Transplantation Unit, Department of Surgery, 
Massachusetts General Hospital, Boston, Massachusetts  
Violet Esquenazi, Ph.D. Division of Transplantation, Department of Surgery, University of Miami School of 
Medicine, Miami, Florida 
 
 

 
 

 
 
 
Neil Ferguson, M.D. Department of Medicine, University of Toronto at St. Michael's Hospital, Toronto, 
Ontario, Canada  
 
 

 
 

 
 
 
Edward K. Geissler, Ph.D. Department of Medical Technology, University of South Alabama, Mobile, 
Alabama  
 
 

 
 

 
 
 
Nelson Goes, M.D. Department of Medicine, Allegheny University Hospitals, MCP, Philadelphia, 
Pennsylvania  
 
 

 
 

 
 
 
Jens Goebel, M.D. Section of Pediatric Nephrology, Department of Pediatrics, Tulane University Medical 
Center, New Orleans, Louisiana  
 
 

 
 

 
 
 
Philip F. Halloran, M.D., Ph.D., F.R.C.P.(C) Division of Nephrology and Immunology, Department of 
Medicine, University of Alberta, Edmonton, Alberta, Canada  
 
 

    



x 
 

 
Douglas W. Hanto, M.D., Ph.D. Division of Transplantation, Department of Surgery, University of Cincinnati 
Medical Center, Cincinnati, Ohio  
 
 

 
 

   James Hildreth, M.D. The Johns Hopkins University School of Medicine, Baltimore, Maryland   
 

 
 

 
 
 
Barry D. Kahan, M.D., Ph.D. Division of Immunology and Organ Transplantation, Department of Surgery, 
University of Texas Medical School at Houston, Houston, Texas  
 
 

 
 

 
 
 
Bertram L. Kasiske, M.D., F.A.C.P. University of Minnesota School of Medicine and Division of Nephrology, 
Hennepin County Medical Center, Minneapolis, Minnesota  
 
 

 
 

   Thomas J. Lomis, M.D. The John Wayne Cancer Institute, Santa Monica, California   
 

 
 

 
 
 
Sing Leung Lui, M.B.B.S., M.R.C.P., F.H.K.C.P. University Department of Medicine, Queen Mary Hospital, 
Hong Kong, China  
 
 

 
 

 
 
 
Robin P. Lowry, M.D. Division of Nephrology, Department of Medicine, University of South Alabama, 
Mobile, Alabama  
 
 

 
 

 
 
 
Joshua Miller, M.D. Division of Transplantation, Department of Surgery, University of Miami School of 
Medicine, Miami, Florida  
 
 

 
 

 
 
 
Cynthia C. Nast, M.D. Department of Pathology, UCLA School of Medicine, UCLA Medical Center, and 
Cedars-Sinai Medical Center, Los Angeles, California  
 
 

 
 

 
 
 
Steen Olsen, M.D. Department of Pathology, University Institute of Pathology, Municipal Hospital, and 
Kommune Hospital, Aarhus, Denmark  
 
Leendert C. Paul, M.D., Ph.D. Director, Renal Division, Department of Medicine, University of Toronto at St. 
Michael's Hospital, Toronto, Ontario, Canada  

 
 

 
 

 
 
 
Lorraine C. Racusen, M.D., F.C.A.P. Department of Pathology, The Johns Hopkins University School of 
Medicine, Baltimore, Maryland  
 
 

 
 

 
 
 
Anne Rosen, R.N. Division of Transplantation, Department of Surgery, University of Miami School of 
Medicine, Miami, Florida  
 
 

 
 

 
 
 
David Roth, M.D. Division of Nephrology and Hypertension, Department of Medicine, University of Miami 
School of Medicine, Miami, Florida  
 
 

 

 

 
 

 

Robert H. Rubin, M.D., F.A.C., F.C.C.P. Harvard-Massachusetts Institute of Technology Center for 
Experimental Pharmacology and Therapeutics, and Transplantation Unit, Massachusetts General Hospital, 
Boston, Massachusetts  

 
 

 
 

 
 
 
Bernhard Ryffel, M.D. Transplantation Unit, Department of Immunology, University of Cape Town, Cape 
Town, South Africa  
 
 

 
 

 
 
 
David H. Sachs, M.D. Harvard Medical School and Transplantation Biology Research Center, Department of 
Surgery, Massachusetts General Hospital, Boston, Massachusetts  
 
 

 
 

 
 
 
Daniel R. Salomon, M.D. Department of Molecular and Experimental Medicine, The Scripps Research 
Institute, La Jolla, California  
 
 

 
 

   Marcus N. Scherer, M.D. Department of Medical Technology, University of South Alabama, Mobile, Alabama   
 

    



xi 
 

 
Ferda Senel, M.D. Division of Immunology and Organ Transplantation, Department of Surgery, University of 
Texas Medical School at Houston, Houston, Texas  
 
 

 
 

   Sheila Sheth, M.D. Central Radiology, The Johns Hopkins Hospital, Baltimore, Maryland   
 

 
 

   Nozumi Shinozuka, M.D. Saitama Medical School, Saitama, Japan   
 

 
 

 
 
 
Douglas P. Slakey, M.D., M.P.H. Section of Transplant Surgery, Department of Surgery, Tulane University 
Medical Center, New Orleans, Louisiana  
 
 

 
 

   Douglas M. Smith, Ph.D. Aastrom Biosciences, Inc., Ann Arbor, Michigan   
 

 
 

 
 
 
Kim Solez, M.D. Department of Laboratory Medicine and Pathology, Faculty of Medicine, University of 
Alberta, Edmonton, Alberta, Canada  
 
 

 
 

 
 Judith M. Thomas, Ph.D. Division of Immunobiology, Department of Surgery, University of Alabama at 
Birmingham, Birmingham, Alabama  

 
   John S. Thompson, M.D. Department of Internal Medicine, University of Kentucky, Lexington, Kentucky   

 

 
 

 
 
 
James F. Whiting, M.D. Division of Transplantation, Department of Surgery, University of Cincinnati Medical 
Center, Cincinnati, Ohio  
 
 

 
 

   G. Melville Williams Vascular Surgery Service, The Johns Hopkins Hospital, Baltimore, Maryland   
 

 
 

 
 
 
Charles G. Winans, M.D. Section of Transplantation, Department of Surgery, The University of Chicago, 
Chicago, Illinois  
 
 

 
 

 
 
 
Keith Zucker, M.D. Division of Transplantation, Department of Surgery, University of Miami School of 
Medicine, Miami, Florida  
 



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































646 
 

INDEX    
 
 

  
 A  
 
 

  
   Ab 1, 2, 3 (see Antibodies; Antibodies, antiidiotypic)   

 

  
   ABO antigens, 251-252   

 

  
   Accommodation, 223-224   

 

  
   Activation protein- complex, 67-68   

 

  
   Activation, T-cell (see T-cell, activation)   

 

  
   Acute rejection (seeRejection, acute)   

 

  
   Acute tubular necrosis, 82-83, 421-422, 429   

 

  
   ADCC (seeAntibody-dependent cell cytotoxicity   

 

  
   Adhesion inhibitors, 22   

 

  
   Adhesion molecules, 7-12, 19-22, 81, 129   

 

 

 
 

 
 
(see also Intercellular adhesion molecule; Vascular cell adhesion molecule; Vascular leukocyte adhesion 
molecules)  
 
 

  
   Alloantibody (see Antibodies)   

 

  
   Alloantigens (see Endothelial antigens; Major histocompatibility complex)   

 

  
   Allocation, 251-259   

 

  
   Allogeneic response   

 

  
   direct, 5-7   

 

  
   indirect, 2-5   

 

  
   Allograft nephropathy, chronic (see also Rejection, chronic)   

 

  
   pathology, 393-396, 402-403   

 

  
   Allograft rejection (see Rejection)   

 

  
   Allorecognition, 279-282   

 

  
   Alpha-beta T cells (see T cells, receptor)   

 

  
   Anergy, 321, 458-462   

 

  
   Antibodies, alloantibody, 127-142   

 

  
   anti-idiotype, 91-113   

 

  
   to B lymphocytes, 94-96   

 



647 
 

  
   to T-lymphocytes, 96-97, 104-106   

 

  
   to transplant antigens, 97-101   

 

  
   mimicry, 94   

 

  
   as therapy, 455-471   

 

  
   (see also Antilymphocyte globulin)   

 

  
   Antibody-dependent cellular cytotoxicity, 46-47   

 

  
   Antibody-mediated rejection (see Rejection, antibody-mediated)   

 

  
   Anti-GBM disease, 406-407   

 

  
   Antigen presentation, 279-282   

 

  
   direct, 5-7   

 

  
   indirect, 2-5  

 

Antigen presenting cells, 2-31, 34, 45, 279-280   
 

  
   (see also Dendritic cells; Macrophages)   

 

  
   Antigens   

 

  
   public (see Cross-reactive groups)   

 

  
   soluble, 327-330   

 

  
   (see also Endothelium; Major histocompatability complex)   

 

  
   Anti-idiotypic responses, 91-113   

 

  
   Antilymphoblast globulin (see Antilymphocyte antibody/globulin)   

 

  
   Antilymphocyte antibody/globulin, 455-471, 482, 491-492   

 

  
   AP- I (see Activation protein- 1 complex)   

 

  
   APC (see Antigen presenting cells)   

 

  
   Apoptosis, 12-16, 320   

 

  
   Arterioles, 392-393, 505   

 

  
   Arteriosclerosis (see Atherosclerosis)   

 

  
   Arteritis (see Vasculitis)   

 

  
   Atrophy, renal tubules (see Tubular atrophy)   

 

  
   Azathioprine, 481, 491   

 

    



648 
 

 B   
 

  
   B7, 11, 300   

 

  
   B cells, 4, 10, 45-46   

 

  
   lymphoproliferative disorder, 171, 281-290   

 

  
   receptor, 94-96   

 

  
   Bacteria (see Infection)   

 

  
   Banff classification, 384-412   

 

  
   (see also Rejection, acute; Rejection, chronic; Pathology)   

 

  
   Biopsy   

 

  
   fine-needle aspiration, 419-440   

 

  
   pathology, 383-412   

 

  
   Blood vessels (see Arterioles; Atherosclerosis; Arteritis; Vasculitis)   

 

  
   Bone marrow transplantation, intrauterine, 227-229   

 

  
   Brequinar, 548-554   

 

  
   Burkitt's lymphoma (see Lymphoproliferative disorders)   

 

 
 

  
 C   
 

  
   C -9 (see Complement)   

 

  
   CADI (see Chronic allograft damage index)   

 

  
   Calcineurin, 24, 64, 68, 306-308, 485-486, 490   

 

  
   Calcium, 303-308, 312   

 

  
   Calcium channels, 25   

 

  
   Cancer, 577-597   

 

  
   Cbl, 296-301   

 

  
   CD1, 287   

 

  
   CD2, 459   

 

  
   CD3, 11, 24, 272-273, 283-294   

 

  
   anti-CD3 (see OKT3)   

 

  
   CD4, 7, 24, 36, 38-40   

 

  
   antibody to, 460-462   

 



649 
 

  
   in xenograft rejection, 212, 213, 215   

 

  
   CD4/CD8 ratio, 387-388   

 

  
   CD8, 7, 24, 36, 38-40   

 

  
   CD28, 11, 64, 74, 297-301   

 

  
   CD40, 79   

 

  
   CD45, 11, 294-295   

 

  
   CD57, 390   

 

  
   CD59, 130-131   

 

  
   CD95, 14, 15, 226-227   

 

  
   (see also Fas receptor)   

 

  
   Cell-mediated rejection (see Rejection, acute, cell-mediated)   

 

  
   Chimerism (see Microchimerism)   

 

  
   Chronic allograft damage index, 402-403   

 

  
   Chronic rejection (see Rejection, chronic)   

 

  
   Class I and II antigens (see Major histocompatability complex)   

 

  
   Clonal deletion, 462-463   

 

  
   Clonal suppression, 463-471   

 

  
   CMV (see Cytomegalovirus)   

 

  
   Complement   

 

  
   in antibody-mediated rejection, 128-132, 210   

 

  
   C3, 131   

 

  
   C3 convertase, 132   

 

  
   C5, 131   

 

  
   C5 convertase, 132   

 

  
   C5b-9, 130-132   

 

  
   inhibition of, 138-139, 218   

 

  
   C6, 130-131, 132   

 

  
   receptor, 132   

 

  
   Corticosteroids, 482, 491   

 



650 
 

  
   receptor, 67   

 

  
   Costimulation, 7-12, 68-69, 80, 234-235, 305-306   

 

  
   CREB (see Cyclic AMP)   

 

  
   CREGs (see Cross reactive groups)   

 

  
   Cross-matching, 139-141   

 

  
   Cross reactive groups, 254-255   

 

  
   CTLA-4, 11, 297-301   

 

  
   CTLA-4 Ig. 459   

 

  
   Cyclic AMP, 67, 284   

 

  
   Cyclophilin, 483-486   

 

  
   Cyclosporine   

 

  
   clinical use, 499-512   

 

  
   mechanisms of action, 482-486   

 

  
   microemulsion, 512-513   

 

  
   receptors, 69-76, 483-485   

 

  
   toxicity, renal (see Cyclosporine nephrotoxicity   

 

  
   toxicity, systemic, 505-506, 508-509  

 

Cyclosporine nephrotoxicity, 405, 486-488, 502-505, 507-508   
 

  
   (see also Pathology, cyclosporine toxicity)   

 

  
   Cytokine release syndrome, 491-492   

 

  
   Cytokines, 8, 16-19, 39, 41-42, 44, 59-90   

 

  
   classification, 60-62   

 

  
   receptors, signaling, 69-76   

 

  
   regulation, 76   

 

  
   (see also Interleukins; Interferon; Transforming growth factor; Tumor necrosis factor)   

 

  
   Cytology (includes fine-needle aspiration biopsy), 419-440   

 

  
   acute rejection, 424-428   

 

  
   correlation with biopsy, 437-438   

 

 

   



651 
 

 specimen processing, 420-421   
 

  
   viral infection, 428   

 

  
   Cytomegalovirus, 409, 428, 605-620   

 

  
   arteriopathy and, 617-618   

 

  
   glomerulopathy and, 613-617   

 

  
   prevention/treatment, 619-620   

 

  
   tubulointerstitial disease, 611-612   

 

  
   Cytotoxic T-cells (see T cells, cytotoxic)   

 

 
 

  
 D  
 
 

  
   Delayed graft function, 504-505   

 

  
   Delayed-type hypersensitivity, 37, 39, 318-320   

 

  
   Dendritic cells, 2, 4-10   

 

  
   Deoxyspergualin, 545-548, 553   

 

  
   Donor disease, 408-409, 596-597   

 

  
   Drug reactions (see Nephrotoxicity; Toxicity)   

 

  
   DR (see Major histocompatibility complex, Class II)   

 

 
 

  
 E  
 
 

  
   EBV (see Epstein-Barr virus)   

 

  
   ELISA (see Enzyme-linked immunoadsorption assays)   

 

  
   Endothelium, 44-45, 48-50   

 

  
   adhesion molecules, 44-45   

 

  
   in antibody-mediated rejection, 130-131   

 

  
   in antigen presentation, 4, 10   

 

  
   (see also Vascular cell adhesion molecule)   

 

  
   Enzyme linked immunoadsorption assays, 141   

 

  
   Eosinophils, 388, 404-405   

 

  
   Epstein-Barr virus, 83, 403-404, 589-591   

 

  
   ERK1, 2 (see Mitogen activated protein kinase)   

 

    



652 
 

 F   
 

  
   FAK (see Focal adhesion kinase)   

 

  
   Fas, 15, 82, 320   

 

  
   Fas ligand, 15, 74-75, 320   

 

  
   Fas receptor, 14, 15    

 

  
   (see also CD 95)   

 

  
   Fibrosis (see Intersitital fibrosis)   

 

  
   Fine-needle aspiration (see Cytology)   

 

  
   FK506, 482, 488-490, 520-522, 524-526   

 

  
   toxicity, 526   

 

  
   FK binding protein, 64, 488-490   

 

  
   Flow cytometry, 141   

 

  
   Focal adhesion kinase (see Kinase, adhesion specific)   

 

  
   Focal segmental glomerulosclerosis with hyalinosis (see Pathology, recurrent disease)   

 

  
   Fos, 67-68   

 

 
 

  
 G   
 

  
   Galactosyl residues, 210, 217, 218   

 

  
   Gamma-delta T-cells (see T-cells, receptor)   

 

  
   Gene/Genes, transcription, 25, 65-66, 68-69   

 

  
   Genetic engineering, 218-219   

 

  
   Glomeruli, 385, 393-395, 406-407   

 

  
   Glomerulitis, 385   

 

  
   Glomerulonephritis, 406-407   

 

  
   Glomerulopathy, 393-395   

 

  
   Glomerulosclerosis, 407   

 

  
   Glucorticoids (see Corticosteroids)   

 

  
   gp39, 460   

 

  
   G-proteins, 25   

 

  
   Grading, allograft rejection (see Pathology, rejection; Rejection, pathology)   

 



653 
 

  
   GTPases, 284-285   

 

  
   GTP binding proteins, 24, 68, 72-73   

 

 
 

  
 H   
 

  
   Helper T-Cells (see T-cells)   

 

  
   Hepatitis, 627-641   

 

  
   Hermes antigen, 43   

 

  
   HEV (see Venules, high endothelial)   

 

  
   Histiocytes (see Macrophages)   

 

  
   Histocompatibility antigens, 2-7, 34-35   

 

  
   and organ allocation, 251-259   

 

  
   (see also HLA; Major histocompatibility complex)   

 

  
   Histology (see Pathology)   

 

  
   HLA, 97-101, 252-259   

 

  
   HLA-A,B (see Major histocompatibility complex, Class I)   

 

  
   HLA DQ, DR (see Major histocompatibility complex, Class II)   

 

  
   Human immunodeficiency virus, 83   

 

  
   Human leukocyte antigen (see HLA; Major histocompatibility complex)   

 

  
   Humoral rejection (see Rejection, acute, antibody-mediated)   

 

  
   Hyperacute rejection (see Rejection, hyperacute)   

 

     I   
 

  
   Idiotypic network, 92-94   

 

  
   IL 1-12 (see Interleukins)  

 

Imaging (see Ultrasound)   
 

  
   Immune adsorption, 138, 217   

 

  
   Immune deviation, 16-19   

 

  
   Immune monitoring, 563-572   

 

  
   Immunoblastic sarcoma (see Lymphoproliferative disorders)   

 

 

   



654 
 

 Immunocompetence, 565-571   
 

  
   Immunoglobulin   

 

  
   genes, 93-96   

 

  
   intravenous, anti-idiotypic antibody, 111-113, 138   

 

  
   V-region, 93-96   

 

  
   Immunoglobulin receptor, 94-96   

 

  
   Immunological tolerance (see Tolerance)   

 

  
   Immunology, 1-31   

 

  
   Immunopathology, 387-388, 390, 426, 428   

 

  
   Immunophilin (see Cyclophilin)   

 

  
   Immunosuppression (see also individual agents)   

 

  
   and cancer, 577-597   

 

  
   combination therapy, 552-555   

 

  
   and infection, 605-620   

 

  
   mechanisms of action, 477-493   

 

  
   new agents, 531-556   

 

  
   toxicity of, 492-493   

 

 

 
 

 
 
(see also Antilymphocyte globulin; Azathioprine; Brequinar; Corticosteroids; Cyclosporine; 
Deoxyspergualin; FK506; OKT3; Rapamycin)  
 
 

  
   Imuran (see Azathioprine)   

 

  
   Infarction, 409, 432   

 

  
   Infection, 83, 409, 428, 431-434   

 

  
   Infectious mononucleosis (see Epstein-Barr virus)   

 

  
   Integrins, 16, 19-21, 26   

 

  
   (see also Adhesion molecules; Vascular leukocyte adhesion molecules)   

 

  
   Intercellular adhesion molecule, 1-11 , 21, 81, 460   

 

  
   Interferon, 8, 16-19, 71, 78-81   

 

  
   (see also Cytokines)   

 

  
   Interferon regulatory factors, 68   

 

  
   Interleukins, 16-19, 78, 81, 84, 323-324   
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   (see also Interleukins 1-12; Cytokines)   

 

  
   Interleukin 1, 8   

 

  
   Interleukin 2, 25, 78, 313-317   

 

  
   Interleukin-2 receptor, 71, 313-317   

 

  
   Interleukin 4, 25, 323-324   

 

  
   Interleukin 6, 8   

 

  
   Interleukin 10, 82   

 

  
   Interleukin 12, 323   

 

  
   Interstitial fibrosis, 395-396   

 

  
   (see also Pathology, cyclosporine toxicity)   

 

  
   Interstitial infiltrate, 385-388   

 

  
   Interstitial nephritis, 404-405, 434-436   

 

  
   Intimal arteritis (see Vasculitis; Pathology, arteritis)   

 

  
   IRF (see Interferon regulatory factors)   

 

  
   Ischemia, 403-404   

 

 
 

  
 J  
 
 

  
   JAK kinase (see Janus family kinases)   

 

  
   Janus family kinases, 25, 72, 285, 313   

 

  
   JNK (see Jun NH2-terminal kinase)   

 

  
   Jun, 67-68   

 

  
   Jun NH2-terminal kinase, 285, 309   

 

 
 

  
 K  
 
 

  
   Killer cells, 41, 46, 215, 274   

 

  
   Kinases, 64-65, 285   

 

  
   adhesion specific, 25   

 

 

 
 

 
 
(see also Janus family kinases; Mitogen-activated protein kinase; Mitogen-activated protein kinase kinase; 
Pyruvate kinases; Serine threonine kinases; Tyrosine kinases)  
 
 

  
   KIP, 74   

 

  
   Ku, 271-272   
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 L  
 
 

  
   Leu-7 (see CD57)   

 

  
   Leukocyte function-associated antigen, 11   

 

  
   Leukocytes (see Eosinophils; Lymphocytes; Macrophages; Neutrophils; Plasma cells)   

 

  
   LFA (see Leukocyte function-associated antigen)   

 

  
   Lymphocytes (see B-cells; T-cells; Killer cells)   

 

  
   Lymphokine-activated killer cells (see Killer cells)   

 

  
   Lymphokines (see Cytokines)   

 

  
   Lymphoma, posttransplant (see Lymphoproliferative disorders)   

 

  
   Lymphoproliferative disorders, 403-404, 585-595   

 

  
   Epstein-Barr virus, 589-591   

 

 
 

  
 M   
 

  
   MAC (see Membrane attack complex)   

 

  
   Macrophages, 2, 4, 10, 215   

 

  
   Macrophage chemotactic protein, 215   

 

  
   Major histocompatibility complex, 4-7, 34, 3944, 80-81, 97-101, 129-130, 132-141, 222-223    

 

  
   class I, 134-139, 252, 276-282   

 

  
   class II, 129, 252, 276-282   

 

  
   recognition, 279-282   

 

  
   restriction, 276-279   

 

  
   MAPK (see Mitogen-activated protein kinase)  

 

Matrix proteins, 26-27   
 

  
   Membrane attack complex (see Complement, C5b-9)   

 

  
   Membranous nephropathy, 406, 407   

 

  
   Membranoproliferative glomerulonephritis, 407   

 

  
   MHC (see Major histocompatibility complex)   

 

  
   Microchimerism, 227-229, 234-237, 463-471   
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 Mitogen-activated protein kinase, 24, 68, 308-313   
 

  
   Mitogen-activated protein kinase kinase, 24   

 

  
   Mixed lymphocyte culture (MLC), 565-566   

 

  
   MLC (see Mixed lymphocyte culture)   

 

  
   Monocytes (see Macrophages)   

 

  
   Multiple myeloma (see Lymphoproliferative disorders)   

 

  
   Mycophenolate mofetil (RS 61443), 523-526, 532-538, 552-553   

 

 
 

  
 N   
 

  
   Nephrotoxicity (see Cyclosporine, nephrotoxicity; FK506, toxicity)   

 

  
   Neutrophils, 388, 404-405   

 

  
   NF-AT (see Nuclear factor of activated T-cells)   

 

  
   NF-kB, 67, 75, 313   

 

  
   Nuclear factor of activated T-cells, 67-68, 313   

 

 
 

  
 O   
 

  
   OKT3, 456   

 

  
   in acute rejection, 482, 491   

 

  
   (see also Antilymphocyte antibody)   

 

  
   Opportunistic infection (see Infection)   

 

     P   
 

  
   Panel of reactive antibody (PRA), 128, 252-253   

 

  
   Pathology, 383-412   

 

  
   acute rejection, 384-393, 396-402   

 

  
   acute tubular necrosis, 403-404   

 

  
   antibody-mediated rejection, 132-133, 135-137, 397   

 

  
   arteritis, 390-392   

 

  
   borderline for rejection, 397-398   

 

  
   chronic allograft nephropathy, 393-396, 399-400   

 

  
   cyclosporine toxicity, 405, 429-431   
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 cytology, 419-440   
 

  
   donor disease, 408-409   

 

  
   FK506 toxicity, 405   

 

  
   glomerular disease, 406-408   

 

  
   glomerulitis, 385   

 

  
   glomerulopathy, chronic, 393-395, 613-617   

 

  
   hyperacute rejection (see antibody-mediated rejection above)   

 

  
   [Pathology]   

 

  
   infection, 409, 428, 431-434   

 

  
   interstitium, 385-388, 395-396, 404-405, 434-436   

 

  
   recurrent disease, 407-408   

 

  
   specimen adequacy, 384   

 

  
   tubular atrophy, 395-396   

 

  
   tubulitis, 386, 388-390   

 

  
   vessels, 390-392, 396   

 

  
   viral infections, 409, 428, 611-619   

 

  
   (see also Cytology)   

 

  
   Peptides, antigenic, 2-7   

 

  
   Perforin, 388, 390   

 

  
   Phosphatases, 64    

 

  
   (see also Calcineurin)   

 

  
   Phosphoinositol-3K, 73-75   

 

  
   Phospholipase C, 64, 68, 302-303   

 

  
   Phosphorylation, 64-65    

 

  
   (see also Kinases)   

 

  
   Plasma cells, 385-388, 585-595   

 

  
   in lymphoproliferative disorders, 403, 587   

 

  
   Plasmapheresis, 133, 138, 217   

 

  
   Polymorphonuclear leukocytes (see Neutrophils)   
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 Posttransplant lymphoproliferative disorders   
 

  
   (see Lymphoproliferative disorders)   

 

  
   Prednisone (see Corticosteroids)   

 

  
   Primary graft failure (see Delayed graft function)   

 

  
   Priming T cell, 305-306   

 

  
   Protein kinase C (see Serine-threonine kinases)   

 

  
   Proteolysosomes, 4   

 

  
   PTLD (see Lymphoproliferative disorders)   

 

  
   Pyruvate kinases, 64   

 

 
 

  
 R   
 

  
   Radiological imaging (see Ultrasound)   

 

  
   RAG (see Recombinase genes)   

 

  
   Rapamycin, 73-75, 482, 488, 490-491   

 

  
   Ras (see GTP binding proteins)   

 

  
   Ras-MAP kinase (see Mitogen-activated protein kinase)   

 

  
   Recombinase genes (RAG 1, 2), 269-271   

 

  
   Rejection   

 

  
   accelerated, 133-139   

 

  
   acute (see also cell-mediated, below)   

 

  
   antibody-mediated, 47, 127-142, 397   

 

  
   clinical syndromes, 131-139   

 

  
   complement in, 130-131   

 

  
   experimental models, 129-131   

 

  
   hyperacute, 132-133   

 

  
   mechanisms of, 130-131   

 

  
   pathology, 132-133, 135-137, 397   

 

  
   prevention, 139-141   

 

  
   therapy, 133, 138-139  
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[Rejection]   
 

  
   [acute]   

 

  
   in xenografts, 209-211   

 

  
   ''borderline," 397-398   

 

  
   cell-mediated, 26-27, 47-48   

 

  
   cytology, 424-428   

 

  
   glomerulitis, 385   

 

  
   grading, 396-402   

 

  
   immunopathology of, 387-388, 390   

 

  
   mechanisms of, 33-58   

 

  
   pathology, 384-393, 396-402   

 

  
   regulation of, 91-113   

 

  
   treatment, 455-471   

 

  
   tubulitis, 386, 388-390   

 

  
   ultrasound, 447-452   

 

  
   vasculitis, 390-392   

 

  
   in xenografts, 211-217   

 

  
   chronic (see also Atherosclerosis, allograft; Allograft nephropathy, chronic), 27, 49   

 

  
   and alloantibody, 139   

 

  
   glomerulopathy, 393-395   

 

  
   pathology of, 393-396, 402-403   

 

  
   in xenografts, 216-217   

 

  
   hyperacute (see Rejection, antibody-mediated)   

 

  
   of xenograft, 49-51, 211-217   

 

  
   Rel (see NF-kB)   

 

  
   Rho (see GTP binding proteins)   

 

  
   RS-61443 (see Mycophenolate mofetil)   

 

     S   
 

  
   Selectins, 19   
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   Serine-threonine kinases, 24, 64, 284-285, 301-302   

 

  
   SH2, SH3 (see Src homology domains)   

 

  
   Signal transducers and activators of transcription, 25, 66-67, 72, 314   

 

  
   Signal transduction (see T-cells, signal transduction)   

 

  
   Sirolimus, 538-544, 553   

 

  
   Sonography (see Ultrasound)   

 

  
   Sphingomyelin-ceramide, 75-76   

 

  
   Spleen, 2, 4   

 

  
   Src homology domains, 24, 64   

 

  
   Src kinases (see Tyrosine kinases)   

 

  
   STAT (see Signal transducers and activators of transcription)   

 

  
   Steroids (see Corticosteroids)   

 

  
   Suppressor cells (see T cells; CD8)   

 

  
   Surrogate tolerogenesis, 234-237   

 

  
   Syk kinases (see Tyrosine kinases)   

 

 
 

  
 T   
 

  
   Target of rapamycin, 73-75   

 

  
   T cells (see also CD4, CD8), 1-31, 35-41   

 

  
   activation, 282-318   

 

  
   cytotoxic, 37, 41-44, 318   

 

  
   inducer, 37   

 

  
   killer, 39   

 

  
   receptor, 5-12, 24, 96, 97, 104-106, 265-279   

 

  
   alpha beta, 265-269, 272-276   

 

  
   gamma delta, 268-269, 272-276   

 

  
   regulation, 96-97, 268-279   

 

  
   signal transduction, 22-25, 64-69, 283-318   

 

  
   subset analysis for diagnosis, 564-565   
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 suppressor, 37, 264, 321-323   
 

  
   Th 1/2, 16-19, 37, 82. 254-255, 282-283, 289-292, 324-327   

 

  
   vaccination, 104-106   

 

  
   in xenograft rejection, 213-216   

 

  
   TGF-beta (see Transforming growth factor)   

 

  
   Th- and 2 (see T cells, Th 1, 2)   

 

  
   Thymus, 2-7, 36, 230, 462-463   

 

  
   TNF (see Tumor necrosis factor)   

 

  
   Tolerance, 4, 5, 16-19, 82-83, 101-111, 224-237, 320-330, 455-471   

 

  
   TOR (see Target of rapamycin)   

 

  
   Toxicity, immunosuppressive agents (see individual immunosuppressive agents)   

 

  
   Transcription factors, 25, 66-68   

 

  
   (see also specific factors)   

 

  
   Transforming growth factor, beta, 64-65, 77-78, 82   

 

  
   Transfusions, 107-111, 233-234   

 

  
   Transplant glomerulopathy (see Glomerulopathy)   

 

  
   Tubular atrophy, 395-396, 402-403   

 

  
   Tubules, 403-404, 421-422, 429   

 

  
   (see also Tubulitis; Tubular atrophy)   

 

  
   Tubulitis, 386, 388-390   

 

  
   Tumor necrosis factor, 8, 14, 16-19, 71-72, 75-76   

 

  
   (see also Cytokines)   

 

  
   Tumors (see Cancer; Lymphoproliferative disorders)   

 

  
   Tyrosine kinases, 24, 64, 292-296   

 

 
 

  
 U   
 

  
   Ultrasound, 445-452   

 

  
   United Network for Organ Sharing, 251-259   

 

 
 

  
 V   
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 V region (see Immunoglobins)   
 

  
   Vascular cell adhesion molecule, 21-22, 26, 44-45, 81  

 

Vascular leukocyte adhesion molecules (see VLA5, VLA4)   
 

  
   Vasculitis, 390-392   

 

  
   V-CAM-I (see Vascular cell adhesion molecule)   

 

  
   Venules, high endothelial, 42-43   

 

  
   Viruses (see Cytomegalovirus; Epstein-Barr virus; Hepatitis)   

 

  
   VLA4, 21-22, 26   

 

  
   VLA5, 15   

 

 
 

  
 X   
 

  
   Xenografts, 49-51, 201-238   

 

  
   rejection of, 209-217   

 

  
   inhibition, 219-220   

 

  
   prevention, 217-237   

 

 
 

  
 Z   
 

  
   ZAP, 70, 295-296   

 

  
   (see also Tyrosine kinases)   

 

  
   Zoonotic infections, 207-209  
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