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Immunosuppressive drugs
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Term Definition
B cells Lymphoid cells derived from the bone marrow that mediate humoral (serologic)
immunity through the formation of antibodies
T cells Lymphoid cells derived from the thymus that mediate cellular immunity and can mod-

ify serologic immunity. The main subclasses of T cells are CD4 (helper) cells and
CD8 (suppressor) cells

Antigen-presenting cells
(APCs)

Dendritic and Langerhans cells, macrophages, and B lymphocytes involved in the
processing of antigens into cell-surface forms recognizable by lymphoid cells

Clusters of differentiation
(CDs)

Specific cell surface constituents (characterized by monoclonal antibodies) identified
by number (CD1, CD2, etc)

Major histocompatibility
complex (MHC)

Cell surface molecules that bind antigen fragments and, when bound to antigen frag-
ments, are recognized by helper T cells. MHC class | molecules are expressed by
all cells, whereas MHC class Il molecules are expressed by antigen-presenting
cells.

Cytokines Polypeptide modulators of cellular functions include interferons, interleukins, and
growth stimulating factors
Lymphokine A cytokine that is capable of modulating lymphoid cell functions

Immunophillins

Members of a highly conserved family of cytoplasmic proteins that bind to the
immunosuppressants cyclosporine, tacrolimus, and sirolimus and assist these
drugs in inhibiting T and B cell function. Cyclophilin binds cyclosporine, whereas
FK-binding protein (FKBP) binds tacrolimus and sirolimus





Immunosuppressive drugs:
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(Site of action:


(IL2 cytokine inhibitors 
Cyclosporine
· Peptide from soil fungus .(11 amino acid)

Mechanism of action :

· It inhibits proliferation and differentiation of T-cells by inhibiting IL2 production .

· Cyclosporine will bind to cyclophillin (interacellular binding protein ).. this complex will inhibit (calcinurin ) calcinurin is aphosphate necessary for dephosphorilation  of transcripting factor (nuclear factor of  activated T-cell) promote synthesis of IL2.

Pharmacokinetics :
· Orally or parenterally(I.V).

· Oral absorption is variable :

· Gelatin capsule 

· Microemulsion ( has higher bioavailability .

· Orally :

· Slowly and incompletely absorbed 

· Peak levels are reached after 1-4 hrs 

· Elimination T½ = 24hrs.
· Its absorption is delayed by fatty meal (gelatin capsule ).

· 50-60% accumulates in blood cells  ( erythrocytes, lymphocytes )

· Excreted through biliary rout mainly through feces and only 6% in urine .

Side effects :  (dose dependent )
· Nephrotoxicity . (check drug –drug interaction please :) )
· Hepatotoxicity (liver dysfunction)

· Hypertension 

· Viral infections.

· Hyperkalemia.

· Lymphoma.

· Glucose intolerance (hyper glycemia).

· Anaphylactic reaction. 
· Neurotoxicity (tremors).
· Hirsutism. 
· Gingival hyperplasia , teratogenicity

Indications: 
· Prevents rejection of kidney, liver and cardiac allogenic transplants :
· Alone or 

· Combined with corticosteroid

· Grafet –versus-host disease in BM transplant (lymphocyte response in the graft to host antigen .

· Autoimmune disorders ( e.g: endogenous uveitis ,rheumatoid arthritis ,active …. disease , psoriasis , nephrotic syndrome ,severe corticosteroid –dependent asthma ,early type I DM 

Drug interaction: 

· Additive nephrotoxicity: other nephrotoxic drugs as 
· aminoglycosides,
· amphotericin B,
· NSAIDs: as
· diclofenac,
· naproxen and
· sulindax. 

· Drugs that increase cyclosporine blood level –enzyme inhibitors:

· amidazole containing drugs e.g.cimetidine  
· ketoconazole
· erythromycin
· amphotracin B

· ethinylestradiol (estrogen),
· spironolactone,

· allobarbitol.
· Gentamycin 

· Grape freuit. 

· Drugs that decrease cyclosporine blood level –enzyme inducers-:
· chronic alcoholism 
· glucocorticoids
· tobacco

· rifampicin
· phenobarbitone

· phenytoin

· carbenzepine.
Tacrolimus

· From fungal origin: mocrolides antibiotic, chemically not related to cyclosprin   

· More potent than cyclosporine. 

· Used with low doses of glucocorticoids.

· Used now for non-responding atopic dermatitis. 

Mechanism of action:
· As cyclosporine (calcineurine antagonist),EXEPT it binds to different immunophillin (FKBP). 

Pharmacokinetics:

· Taken orally or intravenously or topically. 

· 10:100 more potent than cyclosporine. 

· Oral absorption is variable and is decreased if taken with high fat or high carbohydrate meals. 

· Metabolized in the liver by P450 (CYP3A4).

· T½ after I.V = 9-12 hrs.

· Highly bound by plasma . 
· Excreted mainly in the bile. 

· Few metabolites are excreted in urine. 

Side effects:
· More nephrotoxic, neurotoxic (manifests as aphasia and seizures –dose dependent), and anaphylactoid reaction than cyclosporine , GI disturbance  

· Post-transplant insulin dependent diabetes mellitus is a problem.(metabolic disturbance) . 

· Other side effects are like those of cyclosporine except it doesn’t cause hirsutism or gingival hyperplasia.

 Indications:

· Prevention of rejection of liver and kidney transplants and is given with glucocorticoids. 

· It is better than cyclosporine as it decreases the episodes of rejection and lower doses of glucocorticoids can be used to reduce the likelihood of infections. 

· It is used for moderate to severe atopic dermatitis that doesn’t respond to conventional therapy. 

· An alternative drug of choice for organ transplantation for women.Why? ( because it doesn’t cause hirsutism )  and it is an ointment for psoriasis.

Sirolimus ( rapamycine)
· From fungal source (soil mold). 
· It was called rapamycin maclolides. 
· As potent as cyclosporine. 
Mechanism of action: 
· sirolimus and tacrolimus bind to the same cytoplasmic FK-binding protein but instead of forming a complex with calcineurin, sirolimus binds to mTOR (mammalian target of rapamycin) leading to block the progression of activated    T-cells from G1 to S phase of the cell cycle and, consequently, the proliferation of these cells. 
· As tacrolimus, but it doesn’t block IL production by activated T-cell but instead it blocks the response of T-cell to cytokines. 
· Potent inhibitor of B-cell proliferation and immunoglobulin production (humoral immunity).

·  Inhibits mononuclear cell proliferation response to colony stimulating factor in mice. 
Pharmacodynamics:
· immunosuppressive effect 

· Antiproliferative effect . 

Pharmacokinetics:

· Taken orally- readily absorbed- & topically  
· Although it is readily absorbed, high fat meals can decrease its absorption. 
· Extensively bound to plasma proteins (remain for 6 months after therapy ). 
· Metabolized by CYP3A4. 
· Parent drug and its metabolites are eliminated mainly in feces –by bile-. 
Indications: 
· Preservation of rejection of organ  transplant alone or combined with CSA or SRL or  glucocorticoids (combination with Cyclosporine and sirolimus is synergistic).
· Hematopoietic stem cell transplant recipients. 
· Topical use for dermatological disorders (atopic dermatitis and psoriasis), with cyclosporine in the management of uveoretinitis. 
(Toxicity: 
· Hyperlipidemia. ( cholesterol & trigleceryl).   
· Hepatoxicity. 
· Diarrhea. 
· Hypertension. 
· Headache. 
· Nausea. 
· Thrombocytopenia
(Inhibitors of cytokine gene expression 
Corticosteroids

· Prednisone 

· Prednisolone 

· Methylprednisolone.

· Dexamethasone .

· They have both antiinfection & immuno-supp effects .

Mechanism of  action :-

· Inhibit the synthesis & relase of inflammatory mediators by binding to Glucocorticoids receptors & complex interacts with DNA to inhibit gene transcription of inflammatory gene 

· Decrease production of cytokines IL1,IL2,interferon ,TNF & adhesion factors .

· Decrease production of prostanoid ,due to ( expression of cyclo-oxygenase-2 

· degeneration of IgG ,NO & histamine 

· Inhibit antigen processing by macrophages .

· supressT-cell helper function .

· T-lymphocyte prolifération 
· Stabilize lysosomal membrane .    
  pharmacokinetics :- 

· Orally or paranterally . 

· Enter cells by diffusion . 

· Metabolized by liver .   
Pharmacodynamics :

· Suppression of response of infection .

· Suppression  of endogenous Glococorticoid synthesis.

· Metabolic effects .

interaction :- 

· solid organ allograft ( prednisone & methylprednisolone ) 

· haematopoietic stem cell transplantation .

· autoimmune disease as refractory rheumatoid arthritis , systemic lupus erythematosus , asthma , (prednisone & methylprednisolone ) 

· orally prednisone is employed for the prophylaxis rejection .

· high dose I.V methyl is used as 1st line therapy for treatment of rejection . 

(adverse effects : 

· osteoprosis 

· hypercholesterolemia. 

· hyperglycemia .

· HTN. 

· Cataract .

(Purine &pyrimidine synthesis inhibitors : 

Leflunomide

· Prodrug .

· Pyrimidine synthesis inhibitor( Di hydroorotate dehydrogenase), rather than purine synthesis. (Unlike azathioprine and mycophenolate).

· Active metabolites undergo interohepatic circulation ( long T½ (weeks ). 

· Orally active 

· Approved only for rheumatoid arthritis .

(Toxicities include : 

· liver enzyme .

· Renal impairment . 

· Teratogenicity .

· Cardiovascular effects (tachycardia ).

Mycophenolate mofetil (Cell SeptR)
· Semi- synthetic  derivative of mycophenolic

· From  fungal source 

Mechanism of action :-

· Inhibits de novo synthesis of purines (guanosine phosphate ) ,mycophenolate (prodrug) is hydrolyzed to mycophenolic acid which is a potent inhibitor of inosin monophosphate  dehydrogenase . (IMP) nessory for Purine synthesis (deprivation of proliferating T,B cells nucleic acid .
Pharmacokinetics :

· Taken orally ,I.V, IM

· It undergoes 1st pass metabolize to give an active form MPA 

· MPA is extensively bound to plasma proteins .

· Metabolized in liver by glucourindation.

· Execrated in urine glucouromide conjugate ( cumulative ) .

 (Side effects :- 
GIT toxicity : 

· NV 

· loss of appetite 

· GI hemorrhage 

· Pancreatitis

CNS:

· Muscle weakness 

· Numbness of limbs & tongue 

· Leucopenia , neutropenia

Mutagenic & carcinogenic effect (contraindication in pregnancy )

Lymphoma
Indications: 
· Alternative to CSA &TAC ( combined with prednisone ).

· Solid organ transplant for refractory rejection .

· Steroid –refractory hematpoiotic stem cell transplant patient .

· Lupus  nephritis ,rheumatoid  arthritis & dermatologic disorders.

· As a replacement for the more cytotoxic drug, azathioprine in renal allograft patients as well as liver, heart etc.

Drug interactions: -

· Concomitant administration with antacids (Mg+2 or AL+3) or with cholestyramine can decrease the absorption of the drug. 
Azathioprine(imuran R)
· It is a prodrug.
· Derivative from ( 6- mercaptopurine )
· It is converted to 6- mercaptopurine then ( form the corresponding nucleotide thioinsinc acid (nucleotide analogue ) 

· T-lymphocyte are predominantly affected by the cytotoxic  effect of azathioprine cause of their Because of their rapid proliferation in the immune response, lymphocytes are predominantly affected by cytotoxic effects of azathioprine. ( the drug has little effect on suppressing chronic immune response ) .

· Inhibit de novo synthesis of Purine required for lymphocyte proliferation .

· Inhibit clonal expansion of both B&T lymphocytes .

Pharmacokinetics: 

· Oral route is erratic or IV . 

· Widely distributed. (But dose not cross BBB). 
· Metabolized in the liver. ( giving 6-mercaptopurine + thiouric acid by xanthin oxidase .
· Excreted by the kidney.(mainly ).

Toxicity : 

· GI toxicity .

· Hepatotoxicity 

· risk of infection 

· Mutagenic 

· Carcinogenic 

· Severe Bone marrow suppression (leukopenia , thrombocytopenia- main side effect -)
· It is not teratogenic (Unlike tacrolimus or Sirolimus) but carcinogenic if given together with alkylating agents.

Uses :

· Severe rheumatoid arthritis.
· Can be used for glomerulonephtitis, SLE, Crohn’s disease and multiple sclerosis

· Non-responding atopic dermatitis.
· Also anticancer drug 

Drug- drug interaction :

· Co-administration of alloporinol  with azathioprine ( ( toxicity due to inhibition of xanthin oxydase by alloporinol 

 ( Ab blocks T-cell surface molecule involved in signaling immune reaction
· The antibodies are prepared either by: 

· Immunization of large animals with human lymphoid cells. 

· Hybridoma technology producing monoclonal antibodies.( mice Ab+ immortal malignant plasma cell ) 

· Recombination DNA. ( to  replace from mice sequanse with human genetic material ). 

· Polyclonal antibodies are variable and less specific and inexpensive. However, monoclonal antibodies are homogenous and specific. 

Antithymocyte globulins 
· Polyclonal prepared by immunization of rabbits or horses with human lymphoid cells. 


Mechanism of action: 

· The antibodies bind to the surface of circulating T-lymphocytes. 

· The antibodies-bound cells are phagocytosed in the liver and spleen ( lymphopenia and impaired T-cells responses. 

Indications: 

· Combined with cyclosporine for bone marrow transplant 

· Steroid resistance rejection .
· Hyperacute phase of allograft rejection. ( initial allograft rejection . 
· To prepare the recipient to the transplantation of bone marrow. (7 days prior to transplantation).

Pharmacokinetics:
· IM, IV infusion. 

· T1/2 = 3-9 days. 

(Side effects:
· Mainly result from the introduction of foreign proteins obtained from heterogeneous serum (Anaphylactic and serum sickness reactions, Local pain and erythema at site of injection).
· Antigenicity .( Abs formed against ATG & ALG ) 
· Chill. 

· Fever. 
· Flue –like syndrome .
· Leucopenia. 

· Thrombocytopenia. 

· Infections and hypersensitivity. 

· Lymphoma and cancer.
Rh0  Abs :

· Rh0 (D) is concentrate solution of human IgG to globulin containing higher titer of Ab against Rh0 (D) antigen of red cells .

· Given Rh-negative mothers 72 hrs after delivery of Rh +ve baby to prevent hemolytic anemia of the next Rh+ve baby .

The Difference Between a successful Person and Others
is Not a lack of strength, Not a lack Of
kNowledge, But Rather a lack Of Will

Muromonab- CD3-(OKT3)
· Murine monoclonal antibody that is synthesized by hybridoma technology and directed against the glycoprotein CD3 antigen of human T-cell. 
· Given IV

· Metabolized & excreted in bile 
Mechanism of action: 
· Binding to the CD3 protein resulting in a disruption of T-lymphocytes function. 

· Circulating T-cells are depleted and will return to normal after 48 hrs. 

· T-lymphocytes participation in the immune response is decreased. 

Pharmacokinetics: 
· Intravenous antibody injection resulting in cytokine release syndrome. Therefore, we have to premedicate the patient with methyl-prednisdone, diphenhydramine and acetaminophen. 

· Antibodies are extensively metabolized and eliminated predominantly in bile. 

Indications: 
· Acute rejection of renal allograft. 

· Steroidal resistant acute allograft rejection in cardiac and hepatic patients. 

· Deplete T-cells from donor’s bone marrow prior to transplantation. 

(Side effects: 

· Severe hypersensitivity (symptoms range from mild flu to anaphylactic shock). 

· CNS effects as seizures, encephalopathy, cerebral edema, aseptic meningitis and headache. 

· Severe infections, fever ,cytokine release syndrome .
IL-2 receptor antagonist
· Basiliximab is a chimerized monoclonal antibody. IgG ( 25% murin,75%human protein ) 

· Dacilizumab is:- 
· a humanized monoclonal antibody.IgG (90% human protein). 

· Less antegnicity 

· More T½ than murin   

Mechanism of action: 

· They are anti-CD25 antibodies and they bind to α-chain of the IL-2 receptor on activated T-cells leading to loss of any antigenic stimulus to activate the T-cell response system. 

· Basiliximab is 10 times more potent than dacilizumab. 

Pharmacokinetics : 

· Given IV. 

· Basiliximab T½ = 7 days .

· Dacilizumab T½ = 20 days .   
· Well tolerated 
· GI disturbance 

(Cytotoxic drugs :

Cyclophosphamide

· Inactive drug , activated into aldophosphoamide 

· Destroy proliferating lymphoid cell.

· Effective in autoimmune disorders : e.g :  SLE 

Side effects ;
· Hemorrhagic cystitis .

· Bone marrow suppression .

Methotrexate

· Folic acid antagonist that inhibit dihydrophalate reductase that interfere with DNA&RNA .

· Orally ,IV,IM .

· Execrated in urine 

· Rheumatoid arthritis, psorisis .

Side effects : 

· Bone marrow suppression .

(Thamlidomide

· Sedative drug 
· Teratogenic (X-drug ) 

· Has immuno-modulatory action .

· Unknown mechanism of  immuno-modulation.

Uses :
· Treatment of erythema nadosum leprosum .

· Management of skin manifestation of SlE 

· Currently uder trial as anticancer 

· ( breast , ovary , prostatic , and multiple myeloma  ((antiangiogenic)) .

(Interferon (α,β,γ)

· Antiviral , Antiproliferative (from leukocytes)

· Modulate function immune cells.

Uses :

· Some viruses (hepatitis ).

· Autoimmune disease ( rheumatoid arthritis).

· Certain forms of cancer ( melanoma, renal cell carcinoma ).

Side effects : 

· Fever ,chills .
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( Immune system:


Designed to protect the host from harmful foreign  molecules .


This system can result in serious problems 


Allograft intraction can  elicit damaging immune response 


Divided into :


humoral (B-lymphocytes – Ab). 


cell-mediated (T- lymphocytes, macrophages).


Cyto kines :


Are soluble Ag non- specific signaling proteins that binds to cell surface receptors on variety of cells.


Includes : IL, Interferon, TNF, TGF , colony stimulating factors .


Active natural killer cells, macrophage, cytotoxic T cells.


IL2 stimulate the proliferation of cells of the immune system .  





1- IL2 cytokine inhibitors:


a)calcineurine inhibitors :


cyclosporine (CSA).


Tacrolimus (TAC)


 b) sirolimus (rapamycine). 





2-gene expression inhibitors:


corticosteroids





3-cytotoxic drugs :


Cyclophosphamide


Methotrexete 


Also used as anticancer drugs . 





4- purine & pyrimidine synthesis inhibitors :


Azathioprine 


Myclopheolate mofetil.


Lefunomide 








5-Ab blocks T-cell surface molecule involved in signaling immune reaction :


Antilymphocyte globulins (ALG).


Antithymocyte globulins(ATG).


Rh0 (D) immunoglobulin 


Basiximab & Daclizumab. (IL2 receptor antagonist ).


Muromonab –CD3


N.B: ((mab)) suffex means :- monoclonal antibody.


The letters ((Zu)) mean humanized Ab , ((Xi)) mean chimerized Ab 





 








6- interferon.





7-thamlidomide 


(sedative drug)





Differences b/w CSA and  TAC :-


TAC is 10-100 times more potent than CSA in inhibiting  immune responses  


 TAC is better than  CSAas it decrease episodes of rejection and lower doses of glucocorticoids can be used to reduce the likelihood of infections.


TAC is more nephro and neurotoxic.


TAC doesn't cause hirsutism .





.





mTOR : serin-therionin kinase essential for cell cycle progression 





The antiproliferative action of sirolimus is used in cardiology (cardiac catheter stent to prevent stenosis). 


As replacement of cyclosporine if transplanted patient developed cancer of skin or lips.








Note: humoral antibodies formation remains active.





Other Classification of Immunosuppressant (Based on Mechanism of Action) 





A) Antiprolifirative Agents


Selective Inhibitors of Cytokine production and function     (Antibiotics) (e.g. Cyclosporine; Tacrolimus; Sirolimus).





Antimetabolites (Azathioprine; Mycophenolate Mofetil)





Alkylating Agents (Cyclophosphamide)


	


	B) Lymphocyte Depletion Agents


Polyclonal Antibodies (Antilymphocyte Globulin)


Monoclonal Antibodies (e.g: Muromonab; Basiliximab; 				   Daclizumab et al) 





Corticosteroids 








N.B:it is enzyme inhibitor
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By using the genetic engineering, most murine amino acids of Muromonab have been replaced by human ones; producing monoclonal antibody designated humanized (e.g. Daclizumab; Transtuzumab).  While the chimeric (Mixed) antibodies contain XI in their name (e.g. Abciximab; Infliximab; Rutuximab
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