
Immunopharmacology
Dr. Alia Shatanawi  

16-12-2019



Cytokines
• Cytokines are soluble, antigen-nonspecific signalling proteins 
that bind to cell surface receptors on a variety of cells. 

The term cytokine includes  

• Interleukins (ILs) 
• Interferons (IFNs) 
•Tumor necrosis factors (TNFs) 
•Transforming growth factors 
•Colony-stimulating factors



Immunosuppressive Agents

• Clinical Uses: 
–Organ transplantation. 
–Autoimmune Disorders. 
–Isoimmune Disease, e.g. hemolytic disease of 
newborn. 

–Prevention of cell proliferation, e.g. coronary 
stents, neovascular macular degeneration.



Immunosuppressive Agents

• Glucocorticoids. 
• Calcineurin Inhibitors. 
• Proliferation Signal Inhibitors. 
• Mycophenolate Mofetil. 
• Thalidomide. 
• Cytotoxic Agents. 
• Immunosuppresive Antibodies. 
• Monoclonal antibodies.



Glucocorticoids

• First hormonal agents recognized as having lympholytic 
properties. 

• Cytotoxic to certain subsets of T cells. 
• Decrease antibody responses. 
• Increase catabolic rate of IgG. 
• Have additional antinflammatory and antiallergic activities.  
• Used in a variety of  conditions. 
• Have their own toxicities.



Actions of  Glucocorticoids
• Glucocorticoids suppress the cell-mediated immunity. 
inhibiting genes that code for the cytokines, the most 
important of which is IL-2.  

• Smaller cytokine production reduces the T cell proliferation. 

• Glucocorticoids also suppress the humoral immunity, causing 
B cells to express smaller amounts of IL-2 and IL-2 receptors. 

•  Cellular immunity is more affected than humoral immunity. 

• Anti-inflammatory effects



Glucocorticoids Regulate Transcription

GR, glucocorticoid receptor; HSP, heat shock protein; IP, immunophilin;GRE, glucocorticoid receptor
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Clinical Uses of Glucocorticoids

• First-line immunosuppressive therapy for: 
– Solid organ 
– Hematopoietic stem cell transplant recipients  
– Graft-versus-host disease (GVHD).   

• Idiopathic thrombocytopenic purpura and rheumatoid 
arthritis.  

• Bronchial asthma. 
• Premedication for agents (e.g. blood products, and drugs) 

known to cause undesirable immune responses.  



Side Effects to Glucocorticoids 
• Immunodeficiency 
• adrenal glands  
• Hyperglycemia and abnormal Fat redistribution 
• Growth failure, delayed puberty. 
• Excitatory effects on central nervous system 

(euphoria, psychosis) 
• Osteoporosis  
•  Cataract 
•  Gastric irritation and ulceration.
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Drugs affecting IL-2
These drugs can be further divided into three main classes: 

A. Calcineurin inhibitors (cyclosporine and tacrolimus) 

B. Co-stimulation blockers (belatacept)  

C. mTOR inhibitors (sirolimus and everolimus) 





• Activate natural killer cells, macrophages, and cytotoxic T 
lymphocytes 

• Interleukin -2: a growth factor 
• Stimulates the proliferation of antigen-primed (helper) T 

cells 

produce more IL-2, IFN-γ, and TNF-α.

Cytokines: IL-2
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NFATc: cytosolic Nuclear Factor of Activated T cells 



 Cyclosporine
• Mechanism of action: suppresses cell-mediated immune 
reactions, whereas humoral immunity is affected to a far 
lesser extent. 

• Cyclosporine binds to a cyclophilin .  
• The formed Complex binds to calcineurin .  

• Calcineurin : is responsible for dephosphorylating NFATc. 

• The end result is a decrease in IL-2, which is the primary 
chemical stimulus for increasing the number of T 
lymphocytes. 



Therapeutic Uses
• To prevent rejection of kidney, liver, and cardiac allogeneic 

transplants  
• Combined in a double-drug or triple-drug regimen with 
• 1.Corticosteroids  
• 2. antimetabolite such as Mycophenolate mofetil.  

• Cyclosporine may also be used for recalcitrant psoriasis.



Pharmacokinetics
• Cyclosporine may be given either orally or by intravenous (IV) 

infusion.  
• Oral absorption is variable due to metabolism by a cytochrome 

P450 (CYP3A4) isoenzyme in the gastrointestinal (GI) tract and 
efflux by P-glycoprotein (P-gp) 

•  Cyclosporine is extensively metabolized, primarily by hepatic 
CYP3A4. 

•  Excretion of the metabolites is primarily through the biliary 
route into the feces.



Adverse Effects

• Nephrotoxicity (dose dependant) …most common   >>>>Be 
careful of drug combinations 

• Hepatotoxicity  

• In patients taking cyclosporine, infections are common and 
may be life threatening.



Cyclosporine
• Nephrotoxicity. 
• Hypertension. 
• Hyperglycemia. 
• Liver dysfunction. 
• Hyperkalemia. 
• Altered mental status, seizures. 
• Hairsutism. 
• Gum hyperplasia 
• Lymphoma and other cancers (Kaposi's sarcoma, 

skin cancer) due to induction of TGF-β. 



Cyclosporin Monitoring Parameters
• Cyclosporine trough levels. 

• Serum electrolytes. 

• Renal function. 

• Hepatic function.  

• Blood pressure.  

• Serum cholesterol.



 Tacrolimus
• MOA:  binds immunophilin, FKBP-12 (FK-binding protein) 
• Also calcineurin inhibitor, is a macrolide that is isolated from 

the soil fungus Streptomyces tsukubaensis. 
•  This drug is preferred over cyclosporine because of its  

1.increased potency 

2. decreased episodes of rejection  

3. Steroid sparing effects



NFATc: cytosolic Nuclear Factor of Activated T cells 





Therapeutic Uses
• preventing liver and kidney rejections (along with 

glucocorticoids). 
• It is also used in heart and pancreas transplants and rescue 

therapy in patients after failure of standard rejection therapy. 

•  An ointment preparation is approved for moderate to severe 
atopic dermatitis unresponsive to conventional therapies.



Pharmacokinetics
• Orally or IV.  

• The oral route is preferable, but absorption is incomplete and 
variable, requiring tailoring of doses. 

•  Tacrolimus is subject to gut metabolism by CYP3A4/5 isoenzymes 
and is a substrate for P-gp. Bioavailability ?! 

• Absorption is decreased if the drug is taken with high-fat or high-
carbohydrate meals.  

• The drug and its metabolites are primarily eliminated in the feces.



Adverse Effects
• Nephrotoxicity and neurotoxicity (tremor, seizures, and 
hallucinations) more severe than with cyclosporine 

• Development of posttransplant insulin-dependent diabetes 
mellitus is a problem, especially in black and Hispanic patients. 

•  Other toxicities are similar to cyclosporine, except that 
tacrolimus does not cause hirsutism or gingival hyperplasia, but 
it can cause alopecia. 

• lower incidence of cardiovascular toxicities, such as 
hypertension and hyperlipidemia



Belatacept

• Costimulation blocker ( 2nd Generation), is a 
recombinant fusion protein that targets signal 2 in the 
immune activation cascade. It is used for long-term 
maintenance immunosuppressive therapy.



NFATc: cytosolic Nuclear Factor of Activated T cells 



Mechanism of Action

Belatacept blocks CD28-mediated costimulation of T 
lymphocytes (signal 2) by binding to CD80 and CD86 on 
APCs. This prevents the downstream stimulatory signals 
promoting T-cell survival, proliferation, and IL-2 
production.



Therapeutic Uses
• kidney transplantation in combination with basiliximab, 

mycophenolate mofetil, and corticosteroids.  

• This drug can take the place of the calcineurin inhibitors in an 
effort to avoid the detrimental long-term cardiovascular, 
metabolic, and renal complications  

• Note: The first-generation costimulation blocker abatacept is 
approved for rheumatoid arthritis.



Pharmacokinetics
• The first IV maintenance immunosuppressant and is dosed in 

two phases.  
• The initial high-dose phase is administered on a more frequent 

interval. 
•  In the maintenance phase, the dose is decreased and 

administered once a month.  
• Monthly dosing may be beneficial in patients for whom 

medication compliance is an issue.  
• Belatacept clearance is not affected by age, sex, race, renal, 

or hepatic function.



Adverse Effects
• Belatacept increased the risk of post-transplant 

lymphoproliferative disorder (PTLD), particularly of the central 
nervous system.   Therefore, it is contraindicated in those 
patients who have never been exposed to the Epstein-Barr virus 
(EBV), a common cause of PTLD.  

• Common adverse events include : 
• Anemia 
• Diarrhea 
• Urinary tract infection, 
• Edema.


