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Immunosuppression 

Jürg Steiger, University Basel 

…Let’s start 

Why immunosuppression ? Avoid rejection! 

What‘s the problem? 
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Law of Landsteiner adapted to 
transplantation 

Red blood cells 

Donor 

Sera with antibody 
Recipient 

Solution to ABO barrier!

•  Transplant blood group compatible!

•  Living donation!
–  Possibility of ABO incompatible transplantation!

•  Preparation:!
–  Rituximab 4 weeks befor Tx!
–  Start immunsuppression 2 weeks before Tx!
–  Immunabsorption  start usually 5 days before Tx!

2. immunological barrier  HLA System 

Human leucocyte antiobdies 
 
Major histocompatibility complex 
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Tupajas (Tupaia belangeri, Abbildung 1) sind etwa
200 g schwere tagaktive Säugetiere, die in Thailand

weit verbreitet sind. Trotz ihres eichhörnchenähn-
lichen Aussehens sind sie mit diesen nicht verwandt,
sondern gehören zu einer eigenen Ordnung mit knapp
20 Arten – den Scandentia [3]. Ihre Hauptnahrung sind
Früchte, Insekten und kleinere Wirbeltiere. In mensch-
licher Obhut können Tupajas über zehn Jahre alt wer-
den.

Die Tiere der hier vorgestellten Untersuchungen
stammten aus der Zucht meines Lehrstuhles; sie wur-
den normalerweise einzeln und unter standardisierten
Bedingungen gehalten. Die Versuche fanden in abge-
trennten Räumen mit entsprechenden Futter- und Kli-
mabedingungen statt.

Paarbildung bei Tupajas
In der Natur leben Tupajas paarweise in Territorien,die
insbesondere von den Männchen intensiv gegen Riva-
len verteidigt werden. Setzte man im Labor ein männ-
liches und weibliches Tupaja in einem Gehege zu-
sammen, so führte das wider Erwarten in den meisten
Fällen nahezu augenblicklich zu mehr oder minder hef-

tigen Streitigkeiten zwischen den Tieren (Abbildung 2).
Zwar nahmen Häufigkeit und Intensität dieser Aus-
einandersetzungen mit der Zeit ab, da sich beide Tiere
zunehmend aus dem Weg gingen, doch selbst nach
Monaten machten beide Individuen eines derartigen
„nicht-harmonischen Paares“ einen unsicheren, erreg-
ten Eindruck. Nachwuchs war äußerst selten und
wurde niemals aufgezogen.

In etwa 25% aller Verpaarungen kam es hingegen in-
nerhalb kurzer Zeit zu einer engen Beziehung zwi-
schen beiden Tieren, die sich in einer Vielzahl freund-
licher Verhaltensweisen äußerte (Abbildung 2): Beide
Tiere machten einen entspannten Eindruck,sie putzten
einander und markierten sich immer wieder gegensei-
tig, indem sie sich über (Abbildung 3a) oder unter den
Partner schoben; nachts schliefen sie in der Regel ge-
meinsam in einem Schlafkasten und auch tagsüber ver-
brachten sie ausgedehnte Ruheperioden in engem Kör-
perkontakt (Abbildung 3b); besonders auffallend war
das so genannte Küssen (Abbildung 3c): Hierbei stößt
ein Tier das andere mit seiner Schnauze in den Mund-
winkel, worauf dieses große Tropfen Speichel abgibt,
die von dem Partner aufgeleckt werden.

Warum sind die Weibchen bei der Partnerwahl so wählerisch?

Liebe bei Tupajas 
DIETRICH VON HOLST

Eine paarweise Lebensweise ist bei Säuge-
tieren äußerst selten; sie entstand zudem in
den verschiedenen Gruppen unabhängig
voneinander als Anpassung an unterschiedli-
che Selektionsbedingungen [12]. Im Folgen-
den soll gezeigt werden, warum bei Tupajas
die auf individuellen Bindungen beruhenden
Paarbeziehungen für die Gesundheit und
Fitness beider Partner von Vorteil sind.

ABB. 1 Männ-
liches Tupaja
(Tupaia
belangeri).
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History of immunosuppression!

Cyclosporin A!1980!

Transplant survival 
after one year!

50%!

90%!
1990!

Tacrolimus!

MMF! Anti IL-2R Ab!

Rapamycin!

1970! Ab-Therapie!

Monoclonal Ab!

Azathioprin + Prednison!1960!

History of immunosuppression!
Transplant survival 

after one year!

90-95
%!

FK778!
(Pyrimidinsynthesisinhibitor)!

FTY720!

2005!

Rituximab!

Fusionsmolecules!
CTLA4/Ig (Belatacept)!

Campath 

IVIG!

JAK3 Hemmer!
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Aims of immunosuppression (IS) 

Induction  

Intensive 
treatment in the 

first days 

Maintenance  

Long-term treatment 

Avoid rejection and 
immunisation against HLA Ag 

Rejection 

Acute 

Treatment of 
rejection 

CTLA4/Ig!

Immunosuppressive drugs: 
Mechanism of action !

Th! Th! Th! Th!

Th!
IL-2 + IFNγ	


APC!

IL-2 R!

CTL!

IL-2 R!

CTL!CTL!CTL!CTL!

NK! NK!NK!NK!

B! B! B! B!

IL-1+6!

Transplantat!

CyA+FK!

Steroide!

Aza + MMF!

anti IL-2 R Ak!

anti IL-2 R Ak!

ATG!ATG!
Rapa!

B7!

CD28/!
CTLA4!

Anti-CD40!

Calcineurin inhibitors  

Immunosuppressive drugs: 
Mechanism of action !

Th! Th! Th! Th!

Th!
IL-2 + IFNγ	


APC!

IL-2 R!

CTL!

IL-2 R!

CTL!CTL!CTL!CTL!

NK! NK!NK!NK!

B! B! B! B!

IL-1+6!

Transplantat!

CyA+FK!

B7!

CD28/!
CTLA4!

Cyclosporine (Sandimmun Neoral®) 

Monitoring by trough levels 
12h trough levels or C2 estimation 

Dosage and dose adjustment 
Twice daily. Dosage depends on trough levels and 
immunosuppressive combination 
 

Cyclosporine (Sandimmun Neoral®) 

Hyperlipidemia, hypertension, hyperuricemia, gingival 

hyperplasia, hypetrichosis, tremor 

Side effects 
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Rosa Zimmermann 

Gingiva hyperplasia under CsA therapy 

Hypertrichosis is a minor side 
efect 

Castelli Daniela 

Hypertrichosis under CsA therapy 

But in a woman or girl it is a 
huge problem! 

Tacrolimus (Prograf®) 

Monitoring by trough levels 
12h trough levels 

Dosage and dose adjustment 
Twice daily. Dosage depends on trough levels and 
immunosuppressive combination 
 

Tacrolimus (Prograf®) 

Side effects 
Tremor, Diabetes mellitus, hyperlipidemia, neurotoxicity (central 

and peripheral), sleeping disorders, alopezia, sweating, impaired 

vision 

Calcineurine inhibitor 
Cyclosporine and Tacrolimus 

Functional nephrotoxicity 

Cyclosporine induced vasoconstriction   

English J in Transplantation 1987; 44:135 

Without CyA   CyA   

Vacuolisation and necrosis in  
arteriols with protein deposition 

Necrosis 
Protein deposition 
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Azathioprin = Anti metabolites  

MMF = Inhibition of purine synthesis 

Immunosuppressive drugs: 
Mechanism of action !

Th! Th! Th! Th!

Th!
IL-2 + IFNγ	


APC!

IL-2 R!

CTL!

IL-2 R!

CTL!CTL!CTL!CTL!

NK! NK!NK!NK!

B! B! B! B!

IL-1+6!

Transplantat!

CyA+FK!

Aza + MMF!

B7!

CD28/!
CTLA4!

Azathioprine (Imurek®) 

Leucopenia, makrocytosis, anemia, thrombocytopenia, 
infrequently pancreatitis,  cholestasis, liver toxicity, alopezia 
(50%!) 

Once daily; 2mg/kg (max. 150 mg) 
No trough levels. Monitoring by lymphocyte count 
Reduction in case of side effects 

Dosage and dose adjustment 

Side effects 

Mycophenolate  

Leukopenia, anemia, thrombocytopenia, diarrhoea, flatulence, dyspepsia, 

elevated liver enzymes, acute hepatitis, herpes infections 

Give twice daily, 2 x 1000 mg (CellCept®) or 2 x 720 mg (Myfortic®) .  

 

Monitoring 
Measurement of trough levels optionally (target > 2 mg/L). Monitor by 

total blood count 

Dosage and dose adjustment 

Side effects 

Enterohepatic recirculation of MMF 
Important  second MMF peak 

Liver 

MPA 

MPAG 
into bile 

in the intestine 

Glucuronidation 

Excretion 
MPAG 

by bacteria 

Deglucuronidation 
MPA 

Reabsorption approx. 40% 

van Gelder T, therapeutic Drug Monitoring. 2001; 23:119-128 
Time: 12h 

MMF 
Trough level 

Cave: Antibiotics inhibit 
enterohepatic recirculation 
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Steroids 

Immunosuppressive drugs: 
Mechanism of action !

Th! Th! Th! Th!

Th!
IL-2 + IFNγ	


APC!

IL-2 R!

CTL!

IL-2 R!

CTL!CTL!CTL!CTL!

NK! NK!NK!NK!

B! B! B! B!

IL-1+6!

Transplantat!

Steroids!

B7!

CD28/!
CTLA4!

Cushing face and buffalo neck Thorax of a patient starting steroids 

Pectoralis 
muscle 

Fat 

Thorax eines Patienten nach Steroidtherapie 

Pectoralis 
muscle 

Fat 

Femoral head necrosis 
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Steroids: 
how much is relevant for infection? 

Stuck AE. Rev Infect Dis 1989; 11: 954 

No increased risk for infection 
    < 10mg Prednison/day    
    < 700mg cumulative Dosis 

Target of Rapamycin Inhibitors  

Immunosuppressive drugs: 
Mechanism of action !

Th! Th! Th! Th!

Th!
IL-2 + IFNγ	


APC!

IL-2 R!

CTL!

IL-2 R!

CTL!CTL!CTL!CTL!

NK! NK!NK!NK!

B! B! B! B!

IL-1+6!

Transplantat!

Rapa!

B7!

CD28/!
CTLA4!

 TOR inhibitors, where from? 

Found in soil samples 1964/65   

TOR inhibitors 

Sirolimus (Rapamune®):  
- Once daily, t1/2 > 60 h: loading dose 10mg, continue with  

- Maintenance dose 3mg (1/3 of loading dose) 

- Monitor by 12h-trough levels: avoid levels above 10 ng/ml 

 

Everolimus (Certican®): 
- Twice daily: 0,75mg  

- Monitor by 12h-trough levels: avoid levels above 10 ng/ml 

Dosage and dose adjustment 
Sirolimus (Rapamune®) und 

Everolimus (Certican®) 

Leucopenia, anemia, thrombocytopenia, microcytosis, 

hyperlipidemia, acne, ulcerations, tubulo-toxicity, edema, 

interstitial pneumonitis, arthralgias (reflex sympathetic syndrome) 

 

Anti-proliferative effect ? 
-  anti-neoplastic effect (Kaposi sarcoma), endocrine tumours 

-  vascular protection (coronary artery stenting) 

-  wound healing problems  

Side effects 
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Belatacept 

CTLA4/Ig!

Immunosuppressive drugs: 
Mechanism of action !

Th! Th! Th! Th!

Th!
IL-2 + IFNγ	


APC!

IL-2 R!

CTL!

IL-2 R!

CTL!CTL!CTL!CTL!

NK! NK!NK!NK!

B! B! B! B!

IL-1+6!

Transplantat!

B7!

CD28/!
CTLA4!

Belatacept 

Mechanism of action 
Fusion protein, which acts as a selective T-cell (lymphocyte) 
costimulation blocker by binding to CD80 and CD86 
receptors. 
 
 
Side Effects 
PTLD and various others 
Infusion therapy 

Induction therapy 
Aim of induction therapy 

1.  Avoid acute rejection in the first weeks posttransplant 
 = ‘ more immunosuppression’ 

2.  Avoid formation of HLA antibodies against the graft 

3.  Make transplantation against preexisting donor-specific 
antibodies in the recipient possible. 
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Antibodies 

Depleting antibodies  Non-depl. Antibodies  Others 
ATG  Daclizumab  IvIg 
ATGAM  Basiliximab   
OKT-3  Eculizumab   
Alemtuzumab 
Rituximab 

Indications for antibodies 

Both  Avoid rejection  Eliminate  
  Pre-existing Ab
  

ATG  Daclizumab  Rituximab  
Thymoglobulin  Basiliximab  IvIg  
(OKT-3)  Alemtuzumab 

 Eculizumab   
 
 

Which combination?  

MMA Azathioprine 

Sirolimus / 
 Everolimus 

Tacrolimus 

Cyclosporine 

Steroids 

Current combination of immunsuppression 
after kidney transplant!

 	


3. Mycophenolat (2 x 1000 mg p.os)!

1. Methylprednisolon 0. 5 g i.v, switch to oral form!

2.!Tacrolimus (2x1.5mg/kg)!

With or without induction: IL-2R Ab (or ATG)!

Slow decrease of maintenance immunsuppression!
 taper steroids and decrease trough levels of tacrolimus!

Interactions 
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Cytochrom P450 3A4 
Inhibitors 

Makrolide 

Diltiazem 
Increase of CNI levels 

Nephrotoxicity 

Valproat 

Azole (Fluconazol...) 

Verapamil 

Floxapen 

Grapefruit 

Clarithromicin 179 

369 

159 

629 

Cyclosporine-level 

Diltiazem 

stopp 

CyA 

160 

99 

Cyclosporine-level 

Cytochrom P450 

Inductors 

Carbamazepin 

Phenobarbital 

Phenytoin 

Floxapen 

Decrease of CNI levels 

Transplant-rejecetion 

St John‘s wort 

Very frequent interaction 

 Kidney transplantation and NSAR : 

acute hemodynamic renal failure  

228 

480 

CyA 

Ibuprufen 
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NSAR	  in	  kidney	  transplanta2on	  

Ø  Short time NSAR: 
-  To avoid 
-  With good kidney function  can be tried  

Ø  Decline of eGFR has to be expected 

Ø Solution 
Ø  Paracetamol 
Ø  Opiates 
Ø  Metamizol 
Ø  Gout: Steroids !!! 

Pain therapy in renal allograft recipients 

Xanthin-‐
oxidase	  

inac2ve	  

Azathioprin	  

6-‐Mercaptopurine	  
Metabolites	  

inac2ve	  

Gen	  replica2on	  

6-‐Methyl	  
Mercaptoporine	  

TPMT	  	  

6-‐Thioguaninin	  Nukleo2de	  
ac2ve	  

Azathioprin	  and	  Allopurinol:	  Don’t	  do	  it!	  

Allopurinol	  

Leucopenia	  (Pancytopenia)	  

The key problem 

Too much 
immunosuppression 

Too few 
immunosuppression 

Infections 
Malignancies 

Allograft 
rejection 

Intensity and mechanism of  
immunsuppression 

Pre-existing 
immunity 

Pathogen 
Mechanism and strength  

of exposure 
Virulence of pathogen 

M. Wilck and JA Fishman in Curr Opin Organ Transplant 2005, 10:301-306 

What is important to estimate the risk of infection? 

•  Vaccinations 

•  History of infections: “CMV-status”, “EBV-status”… 

•  Load of earlier immunsuppression 
  (immunological diseases: Vaskulitis …) 

•  “Constitution/Co-morbities”: Diabetes…. 

What influences the pre-existing immunity? 

Pre-existing 
immunity 
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What influences the intensity of immunsuppression? 

“immunological history” 

Intensity and mechanism of  
immunsuppression 

HSV 
CMV 

EBV, VZV, Influenza, RSV, Adenovirus 

Hepatitis B oder C  

Wundinfekte, katheterassozierte Infekte, Pneumonien 
Nocardien 
Listerien, Tuberkulose 

Pneumocystis carinii 
Aspergillus 

Candida 
Kryptokkokus 

Strongyloides 
Toxoplasma 

Leishmania 
Trypanasoma cruzi 

geographische, endemische Pilzinfekte 

CMV Retinitis oder Colitis 

Papillomavirus, PTLD 

Nosocomiale 
Infection Unconventional or opportunistic infection 

Community-aquired or persisting 
infection 

Time after transplantation in month 
0 1 2 3 4 5 6 

Viren 

Bakterien 

Pilze 

Parasiten 

Spectrum of pathogen depends on the timeline of 
infections after transplantation  

Fishman JA in NEJM 1998; 338 (24):1741-51 and 2007; 357:2601-14 

Pathogen 

Infections under immunosuppression 

•  If possible, always force pathogen identification 

•  Also late after transplantation „atypical“ infections are to be 
expected 

•  Check history of immunity and immunosuppression 

•  Check severity of infection 

•  Always check if immunosuppression can be reduced 

PTLD 
 
Skin-Tumors   and Kaposi-Sarkom 
 
Kidney-cell-carcinomas 
 
Melanoma, Leukemia, Hepato-biliary cancers, 
Cervix und vulvo-vaginale carcinomas 
 
 
Colon-, lung-, prostate-, stomach, esophagus-, 
pankreas- and ovarial carcinomas 

Relative risik of tumors compared 
with general population 

40x 
 
20x 
 
15x 
 
5x 
 
 
 
2x 

Years after transplantation!

Patients with 
skin tumors!
(%)!

100% !!

Risk of skin tumors after organ transplantation!
(without Melanoma)!

What you need to know:!

•  Principals (combination) 

•  Possible combinations 

•  Interactions 

•  Side effects 

•  Risk of infections and tumors 
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Questions 


