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       IMMUNOMODULATION THERAPY 
 

I. Overview 
A. The classical term for therapeutic strategies used to inhibit immune responses is 

immunosuppression. However this is an imprecise term that doesn’t reflect the reality of 
the clinical situation because, in almost all instances, the entire immune system is not 
suppressed. Indeed this would be a very bad scenario for the patient since global 
suppression would greatly enhance the risk of serious infection. Thus, the use of any 
immunomodulator is a double-edged sword that involves careful calculation of a 
risk/benefit ratio. 

B. The goal of “immunosuppressive” therapy is to modify a component of the immune 
response that is either doing what it is supposed to do: reject an allograft, or re-
regulate/inhibit an arm of the immune system that is inappropriately causing a disease 
state.  

C. In light of the above, a better term for “immunosuppressive therapy” is  
immunomodulation therapy. 

D. Understanding and predicting outcomes of immunomodulation is directly linked to 
understanding how the immune system works and the availability of drugs and biologic 
agents available to modify the component of the immune response that is causing the 
disease state. There is increasing availability of selective agents specifically developed 
to inhibit lymphocyte and cytokine actions. 

E. As a general disclaimer, there are NO herbal or alternative therapies available to 
substitute for the medications to be discussed and in fact many have the potential to 
increase the side effects of efficacy of immunosuppression strategies.  

 
II. Quick overview of the immune system. 
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THE END GAME
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Take Home Message: The more signals you understand, the more chances you 
have of rationally blocking an immune reaction. 
 

III. Pharmacology of Currently Available non-selective to quasi-selective immunomodulators  
A. Adrenocorticosteroids (CS)- the first class of drugs available to clinicians for the 

suppression of inflammatory responses- no matter what the cause. They are widely used 
because of their rapid onset of action and their extremely broad spectrum of suppression. 
The latter quality is exploited when the clinician cannot determine the specific 
mechanism of the immunologically driven disease in a critically ill patient.  
1. Mechanism(s)/Sites of action. A general principle of immunomodulation by CS 

is that they inhibit gene transcription directly by competing for NF-B and 
other nuclear activating factors in promoter regions of inflammatory cells. 
They should be considered very non-specific in their immunomodulatory effects. 
The major immune system effects are: 
 

a. Inhibition of macrophage production of pro-inflammatory cytokines, 
especially IL-1, 6 and TNF-. 

b. Suppression (partial) of antigen presentation 
c. Alteration in neutrophil and lymphocyte traffic patterns that reduce their 

availability at inflammatory sites 
d. Impaired chemotaxis of neutrophils 

 
 



Pharmacology & Therapeutics  Immunomodulation Therapy 
November 12, 2014  John Robinson M.D. 

CORTICOSTEROIDS

PROLIFERATION

IMMUNE/
INFLAMMATORY
RESPONSE

X

ACTIVATION
INHIBITED IN
MULTIPLE 
WAYS

Fig. By John A Robinson 

 
2. Clinical uses. CS are extensively used in any disease with poorly regulated 

inflammation and inflammatory cytokine imbalance. Examples range from 
rheumatoid arthritis and systemic lupus to inflammatory bowel disease and 
asthma.  

a. human circadian rhythm dictates early pro-inflammatory cytokine peaks 
(AM joint stiffness is the clinical expression), so CS most effective when 
given in the AM (in theory- about 2AM!) 

3. Pharmacokinetics.  
a. Oral (prednisone, methylprednisolone, dexamethasone) 
b. Intravenous 
c. “Depo” formulations for intraarticular and other space use 
d. Lotion, creams and ointments in varying potency 
e. There will soon be a delayed release form to exploit the circadian timing 

of pro-inflammatory cytokine release. 
4. Side effects.  

a. The promiscuous binding to many nuclear activation sites on neutrophils 
and macrophages creates impaired T cell responses and poor neutrophil 
function and a high risk of infection with almost all classes of 
organisms. 

b. Non-immunologic effects include acceleration of osteoporosis because of 
decreased calcium uptake, altered bone cytokine balance and impaired 
bone formation 

c. Diabetes mellitus- secondary to increased insulin resistance 
d. Multiple CNS effects that range from insomnia to psychosis and severe 

depression and emotional lability 
e. Obesity and stria 
f. Hypertension- interference with the renin/angiotensin axis 

 
B. Anti-Proliferative Immunomodulators. Most of the anti-proliferative drugs commonly 

used for immunomodulation have been hijacked from oncology. The rationale for their 
use derives from the observation that an active immune response is associated with 
lymphocyte proliferation and anti-cancer drugs should be effective at inhibiting cellular 
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division. The early anti-proliferative drugs have broad effects and inhibit almost all 
actively dividing cells. Two systems with  large populations of rapidly dividing cells are 
the bone marrow and hair follicles and severe bone marrow depression and alopecia 
are common side effects in patients being treated with them. These drugs are considered 
non-selective because of their lack of precisely targeting a step in the immune response.  

ALL ANTI-PROLIFERATIVE 
DRUGS

PROLIFERATION

IMMUNE/
INFLAMMATORY
RESPONSE

X
X

X

 
Fig. By John A Robinson 

1. Cyclophosphamide (Cytoxan) 
a.  An alkylating agent that is inactive until metabolized by the liver. Has 

potent effects on B and T cells but the precise sites of action are unknown 
b. Main clinical use is systemic lupus and vasculitis. The use of this drug is 

decreasing as better agents are now available 
c. Can be given intravenously as pulse dose or daily in oral form. Dosage for 

immunosuppression is much lower then for cancer chemotherapy 
d. Has several severe side effects that limit its use; 

i. Significant bone marrow depression 
ii. Hemorrhagic cystitis and cancer of the bladder 

iii. Infertility. Female more common than  male but arrangements 
must be made where possible to bank sperm and ova prior to 
therapy  

2. Azathioprine (Imuran) 
a. Prodrug that is metabolized to 6-mercaptopurine which is a purine 

antimetabolite. 
b. Genetic polymorphisms of thiopurine S-methyl transferase-TMPT- 

(deactivates the active drug) can influence blood levels. 
i. Measure TPMT prior to starting the drug 

c. Considered a “weak” immunomodulator and its precise mechanism of 
action is not known. Decreasing use in transplantation and autoimmune 
diseases as more effective therapy becomes available.  

d. Side effects are mainly bone marrow depression and hepatotoxicity. The 
COADMINISTRATION OF ALLOPURINOL MARKEDLY 
INCREASES AZATHIOPRINE HALF LIFE BECAUSE BOTH 
DRUGS COMPETE FOR THE SAME CATABOLIC ENZYME. 
THE END RESULT IS SEVERE BONE MARROW DEPRESSION. 
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e. Available in oral and intravenous forms. Bimodal (fast and slow) 
metabolizers 

3. Methotrexate 
a. Folate antagonist that inhibits dihydrofolate reductase and interferes with 

de novo synthesis of purines and pyrimidines. This mechanism is 
operative at high doses for the treatment of cancer but is NOT the 
mechanism active during its low dose, once a week use in immunologic 
diseases. At low doses the drug is thought to increase extracellular 
adenosine which is anti-inflammatory 

b. Clinical uses: Extensively used in rheumatoid arthritis and a few other 
inflammatory arthritides. 

c. Pharmacokinetics: Can be given IM, IV and orally 
d. Side Effects: leucopenia, mouth ulcers and hypersensitivity pneumonitis. 
 

4. Mycophenolate mofetil (Cellcept)  
a. Mechanism of action: a prodrug that is rapidly converted by plasma 

esterases to mycophenolic acid which inhibits T and B cell proliferation 
by blocking the de novo pathway of nucleotide synthesis. Proliferating 
lymphocytes are highly dependent on the de novo pathway. 

b. Pharmacokinetics:  
i. Oral and intravenous forms 

ii. Prodrug 
iii. Serum peak after oral dose is about 1.5 hours and must be given 

twice a day. 
c. Clinical uses: is rapidly replacing azathioprine in transplantation and 

autoimmune diseases. Previously considered a “steroid sparing” 
immunomodulator that can be used to reduce corticosteroid requirements 
in patients with lupus and other autoimmune diseases but is now the 
standard of care for SLE 

d. Side Effects: mild bone marrow depression and GI side effects. 
Expensive.  

 
5. Leflunomide (Arava) 

a. Mechanism of action: Prodrug that is metabolized to a selective inhibitor 
of de novo pyrimidine synthesis. Rapidly dividing lymphocytes require 2 
pathways for pyrimidine synthesis in order to meet the demand for new 
cell membranes. Inhibition of the de novo pathway is an effective inhibitor 
of proliferation. 

b. Pharmacokinetics: Oral prodrug that is metabolized to an active 
metabolite with a very long half-life of 15-18 days and an extensive 
entero-hepatic circulation. 

c. Clinical uses: Used in rheumatoid arthritis and increasing application in 
transplantation and autoimmune diseases 

d. Side Effects:  
i. Diarrhea that can be significant 

ii. Rare bone marrow suppression 
iii. Hepatotoxicity-including liver failure 
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iv. Teratogenic – a woman trying to get pregnant must go through a 
long wash-out period because of its long half-life. Elimination can 
be accelerated by using cholestyramine 

 
C. Calcineurin inhibitors (CNI) - cyclosporine and tacrolimus are the two are currently 

in use. Both are first generation quasi-selective in their immunomodulatory effects 
and can be discussed together. 
1. Mechanism(s)/ Sites of action.  

a. Both act primarily on T- Lymphocytes 
b. Block signal #1 by binding to cyclophilin A (cyclosporin) and FKBP 

(tacrolimus). The complexes bind to calcineurin and prevent activation of 
multiple nuclear activation factors that should be turned on at the time of 
antigen binding to the TCR. 

c. G1 phase cannot begin without Signal #1 acting in concert with Signal #2 
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 Fig. by John A Robinson 
 
 

2. Clinical uses 
a. Critical component of anti-rejection protocols for solid and stem cell 

transplantation 
b. Also can be used in diseases where there is evidence that T-cells are a primary 
mediator –examples include ulcerative colitis, uveitis and other auto-immune 
diseases 

 
3. Pharmacokinetics. Both are difficult drugs to use clinically because: 

a.  narrow therapeutic window. 
 

b.  wide interindividual and intraindividual variability in adsorption and 
metabolism 
 
c.  multiple significant drug interactions 
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i. any drug that activates (induces) the hepatic cytochrome P450 enzyme 
system will decrease both cyclosporine and tacrolimus blood concentrations. 
Phenytoin (dilantin, barbiturates, rifampin can rapidly reduce blood levels. THIS 
IS AN EXTREMELY SIGNIFICANT PROBLEM BECAUSE AN 
ALLOGRAFT CAN BE LOST IF CALCINEURIN INHIBITOR LEVELS 
ARE NOT MAINTAINED. 
 

ii.  Concomitant use of non- steroidal anti-inflammatory drugs will 
increase the risk of nephrotoxicity. 
 

iii.  Any drug that suppresses hepatic metabolism of CNI will increase 
the level of the drug. Common examples include erythromycin, clarithromycin, 
the anti-fungal –conazoles, danazol and diltiazem. There are multiple others. 
THIS IS ALSO AN EXTREMELY SIGNIFICANT PROBLEM BECAUSE 
PROTRACTED HIGH BLOOD LEVELS OF CNI CAN LEAD TO 
NEPHROTOXICITY (ESP. CYCLO) AND NEUROTOXICITY AND 
DIABETES (TACRO). Local suppression of P450 at the gut level by grapefruit 
juice can also elevate serum levels. 
iv.  Drugs that Increase the level of CNI can be exploited to reduce the dose of 
daily CNI as a cost benefit strategy 
 
v.  a, b &c mandate a need for patient monitoring of blood levels 
 
vi. preparations: oral, intravenous and topical 
 

4. Side Effects. Calcineurin is a widespread nuclear factor activator found in multiple 
tissues and the CNI have multiple side effects, most of which are dose dependent and 
can be managed by careful blood level monitoring 
a. Important cyclosporine effects are: hypertension, 
hypercholesterolemia and nephrotoxicity 
. 
b. Important tacrolimus effects are: neurotoxicity, diabetes mellitus. 

 
D. Inhibitors of mammalian target of rapamicin (mTOR). This is a second-generation 

quasi-selective immunomodulator designated rapamycin (RAP). Also called sirolimus 
and there is a closely related newer formulation called everolimus 
 
1. Mechanism(s) /Sites of action. Whereas the CNI act by blocking TCR activation 

by antigen, RAP targets signal transduction and cytokine cascade activation that 
prevents the activated lymphocyte from progressing through the G1 phase to the S 
phase. Specifically, Rapamycin: 

a. Blocks co-stimulation signal #2 and… 
b.  cytokine receptor signaling pathways (#3)-especially IL-2/IL-2R 

mediated events 
c. Rap also inhibits expression of bcl and is pro-apoptotic 
d. Rap is anti-fibrogenic- hence its use on coronary artery stents to prevent 

re-stenosis. 
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2. Clinical uses. 
a. Has gained wide acceptance in solid organ transplantation 
b. Since RAP acts at different sites than the CNI, it is synergistic with 

CNI and this may be a major improvement is treatment of transplant 
recipients 

c. Also in theory can be used in any auto-immune disease that is T-cell 
mediated.  

d. There is some evidence that T-cell dependent B cell activation is 
suppressed by RAP and this expands the list of potential diseases that 
could be treated with RAP 

 
3. Side Effects. mTOR is present in non-lymphoid tissues also and so RAP side 

effects include: 
a. Decreased lipoprotein lipase and insulin growth factors cause 

hypertriglyceridemia which can be severe and exacerbate the 
hypercholesterolemia caused by CNI 

b. Mild bone marrow suppression 
c. Interaction with CNI may increase its nephrotoxicity but RAP is not 

nephrotoxic. 
d. Bilateral pulmonary infiltrates that can be confused with infection 

 
IV. BIOLOGIC RESPONSE MODIFIERS (BRM) 
 

A. The development of BRM is linked to the availability of technologies that can generate monoclonal 
antibodies and fusion chemistry to create hybrid molecules. Two general rules apply.  

1. There is constant drive to create molecules with exquisite specificity for a cell 
receptor that, if blocked, will modulate the immune response thought to be 
producing the disease in question.  

2.  There is a constant drive to create molecules that are as “human” as possible. Early 
BRM were usually mouse molecules that patients over time would develop 
antibodies to (called HAMA-human anti mouse antibodies). HAMA usually blunts 
the effect of the monoclonal by causing its rapid elimination by antigen-antibody 
complexing. Most current BRMs are fusion or chimeric proteins with human Fc 
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fragments attached to mouse antigen binding fragments. This reduces their 
antigenicity and increases their half- life because patients treat the Ig Fc as a native 
molecule.  

 
B. Monoclonal antibodies/fusion proteins directed at cell receptors. 

1. T cell receptor- OKT3 or monomurab: 
a. the first murine (mouse) antibody generated with hybridoma technology to be 

used clinically. It has specificity for the CD3 portion of the T cell receptor and 
broad suppressive activity of many T cell functions.  

b. It is an effective BRM for use in preventing transplant rejection but its 
generalized T-cell suppression is associated with severe viral infection, 
especially CMV and EBV. The latter, either as a reactivated infection or de 
novo, is associated with post transplant lymphoproliferative disease and 
lymphoma. 

 
2. Basiliximab (Simulect) and Daclizumab (Zenapax). 

a. Chimeric murine/human monoclonal antibodies that bind to the IL- 2R 
of ACTIVATED T cells and prevent further activation. 

b. Major indication is prevention of allograft rejection 
c. Side effects of both are those related to T-cell suppression. Intravenous 

administration and saturation of the receptor sites are dose related and 
may last for up to 12 weeks 

 
 

3. Rituximab (Rituxan). Very effective depleter of B cells, NOT plasma cells, 
because it is specific for CD20 on the B cell surface. Used in the treatment of 
lymphoma and increasingly used in autoimmune diseases mediated by B cells. 

  a. May also block antigen presentation by B cells 
4. Abatacept (Orencia) is CTLA IgG. Binds to CD80/86 on APC and prevents CD28 

activation. Important biodrug in transplant and patients that have failed TNF 
inhibition. Cannot be use with Anti-TNF monoclonals. 

5. Omalizumab is monoclonal against the high affinity receptor on IgE. Once bound, 
IgE cannot activate the FcReceptor on mast cels and basophils. Useful in asthma 

6. Mepolizumab is monoclonal against IL-5. Useful in hyper-esosinophilc syndromes 
7. Tocilizumab is humanized monoclonal against IL-6. Useful in Rheumatoid arthritis 

 
C. Replacement of IgG antibodies.  

1. Pooled Intravenous Immunoglobulins (IVIG). Used in the absence of normal 
antibodies. The major indications are all genetically transmitted B cell defects, e.g., 
X linked agammaglobulinemia 

 
D. Modulation of the Fc receptor. 

1. Pooled Intravenous Immunoglobulins (IVIG). Major indications are multiple 
autoimmune diseases 

2. Many commercial sources available with little significant difference between 
preparations. Must be given intravenously and half-life variable and dependent on 
serum level. 



Pharmacology & Therapeutics  Immunomodulation Therapy 
November 12, 2014  John Robinson M.D. 

 
E.  Modulation of TNF-. Discussed in future Rheumatoid Arthritis Lecture. Principle applies 

however to ANY disease where TNF if a primary mediator-Hint: the list is endless! 
 

F.  Kinase inhibition. Newest strategy and will be mentioned in treatment of rheumatoid arthritis 
 1. tofacitinib inhibits JAK 1/3 
 2. Trade name is Xeljanz 
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V. SUMMARY TABLE: Do NOT memorize trade names, half lives or elimination unless 
something specific to them was mentioned in the lecture or powerpoint. 
 

Generic Trade Half-Life Action Elimination Benefit 
Corticosteroids Many Variable Suppress nuclear 

Promoters 
Liver Blanket 

immunosupression 
Cyclophosamide Cytoxan ~6 hrs IV Alkylating, 

Antiproliferative 
Liver 
Minor renal 

B-cell suppressor 

Azathioprine Imuran 4-6 hrs Antimetabolite Liver Mild 
antiproliferative 

Methotrexate Same 3-10 hrs Adenosine increase  Renal Anti-inflammatory 

Mycophenolate 
Mofetil 

Cellcept 8-10 hrs Block de novo 
nucleotide synthesis 

Kidney Anti-proliferative 

Leflunomide Arava 15-18 days Block de novo 
pyrimidine synthesis 

Liver Anti-proliferative 

Cyclosporine IV same, 
Neoral 

Variable Calcineurin inhibitor Kidney Blocks signal #1 

Tacrolimus Prograf Variable Calcineurin inhibitor Kidney Blocks signal #1 
Rapamycin Sirolimus Variable mTOR inhibition Kidney Blocks Signal #2, 3 
Monomurab OKT3 Variable Blocks CD3 activation Liver Prevent rejection 
Basiliximab Simulect Variable Blocks IL-2R Liver Prevent rejection 
Daclizumab Zenapax Variable Blocks IL-2R Liver Prevent rejection 
Omalizumab Xolair Variable Prevent IgE binding to 

Fc Receptor 
Liver Asthma 

Mepolizumab Bosatria Variable Neutralizes IL-5  Liver Eosinophilic 
mediated pathology 

Tocilizumab Actemra Variable Blocks IL-6 effects Liver Rheumatoid 
Arthritis 

Pooled IVIg Many Dependent 
on Serum C 

Replacement Multiple Antibody immunity 
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Class  Name 
 

Commonly 
Used Name

Rationale Action  Major Side 
Effects 

Cortico‐
steroids 

Prednisone, 
Methylprednisone 

Same Blanket 
Suppression 
of 
Inflammation

Prevents NF‐
κB 
activation, 
Alters Cell 
Traffic 

Impaired respon
infection, 
osteoporosis 

Alkylating 
Agent  

Cyclophosphamide‐  Cytoxan Inhibit 
lymphocyte 
responses 

Inhibit pro‐
liferation 

Marrow suppres
infertility 

Purine 
Antagonist 

Azathioprine  Imuran Inhibit 
lymphocyte 
responses,  

Purine 
dependent 
proliferation 
suppressed.  

Leucopenia, side
effects increased
allopurinol use 

Folate 
Antagonist 

Methotrexate  Same Anti‐
inflammatory

Adenosine 
inhibition of 
neutrophils 

Leucopenia, 
teratogen 

Nucleotide 
inhibitor 

Mycophenolate 
mofetil 

CellCept Inhibit 
lymphocyte 
responses 

Inhibit de 
novo 
nucleotide 
synthesis 

Minor, leucopen

     
     
     
Class  Name  Commonly 

used name 
Rationale Action  Major Side Effec

Nucleotide 
inhibitor 

leflunomide  arava Inhibit 
lymphocyte 
responses 

Inhibits de 
novo 
ribonucleo‐ 
tide 
synthesis 

Long half life, 
enterohepatic 
recirculation and
teratogen 

Calci‐ 
neurin 
Inhibitor 

cyclosporine  same Inhibit 
lymphocyte 
responses 

Bind 
cyclophilin A 
to Inhibit 
lymphocyte 
nuclear 
activation 

Nephrotoxicity, 
hypertension, 
hypercholestero
emia 

Calci‐
neurin 
Inhibitor 

tacrolimus  prograf Inhibit 
lymphocyte 
responses 

Bind FKBP to 
Inhibit 
lymphocyte 

Neurotoxicity, 
diabetes 
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