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Abstract

The immune system is one of our most complex biological systems in the body. The basic role  of the immune system is to distinguish self from non-self. Immunomodulators, immunostimulants and immunotherapies are important tools used by practitioners and researchers to direct and control the immune system and its response. The most common use of immunomodulating agents is in downregulating the harmful immune responses that occur in autoimmune diseases and allergies. Although preventing these diseases is much easier than treating well-established, unwanted immune responses, often that is not an option. The origin of our current conventional treatments for immunologic disorders is based on screening large numbers of natural and synthetic compounds and evaluating their impact on the immune system.


 This is a rapidly evolving field with new agents introduced, clinical trials performed, and products approved on a constant basis. Several pharmaceuticals are being tested for human use that may be useful in veterinary medicine; however, they will require further testing before they can be safely used in animals. Immunomodulators that have been successfully used in other immunologically mediated diseases (e.g., methotrexate in rheumatoid arthritis; cyclosporin in transplant rejection; intravenous immunoglobulin (IVIG) in idiopathic thrombocytopenic purpura) are not currently routinely used in the therapy of asthma or allergy, either because of the lack of studies showing a consistent beneficial effect and/or the potential side effects related to therapy. Immunomodulation encompasses all therapeutic interventions aimed at modifying the immune response. Augmentation of the immune response is desirable to prevent infection in states of immunodeficiency, to fight established infections and to fight cancer. As stated earlier, the ultimate immunomodulatory agents are vaccines, which stimulate the immune system to prevent disease, or even neoplasias. However, as with the currently available pharmaceutical agents, novel adjuvants will be developed to further enhance the immune response to antigens as we begin to understand the immune system at the cellular and molecular levels. Immunomodulators are those extrinsic or intrinsic substances which regulate or alter the scope, type, duration or competency of the immune response.
Immunostimulants or immune stimulants are drugs that energize the immune system when it is exhausted from fighting prolonged invasion or when the immune system needs help fighting a specific pathogen or cancer cell. It is one of the classifications of drug class called immunomodulators.
Immunomodulators, as the name implies, are drugs that modify the actions of the immune system. The other classification is immune suppressants, drugs utilized to block the normal effects of the immune system in cases of organ transplantation and autoimmune disorders.
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Introduction 


 Different immunocytes vary in qualitative/quantitative interaction with different components due to which variable immune reactions are produced. The intensity of these interactions could be modified with the help of immunomodulators. They could be natural occurring or synthetically derived molecule used for modulating activities of immune system. Immunomodulators have ability to augment or reduce immune reactions depending upon nature of ailment. In their presence, immune system produces those molecules which increase the rate of reaction and increases immunity. On the other hand, these molecules may reduce the effect of immune system in order to alleviate the patients’ medical condition. Immunomodulators are natural or synthetic substances that help regulate the immune system. Immunomodulators has the ability to stimulate natural and adaptive defense mechanisms, such as cytokines, which enables the body to help itself. 

Immunomodulators are molecules that act on the pathways that regulate the immune system’s activity. As scientists have learned more about the brakes and gas pedals of the immune system, they have been able to develop therapies that can target both in order to improve the immune system’s ability to attack and eliminate cancer. With respect to the different types of immunomodulators, they can be roughly divided into four categories: checkpoint inhibitors, cytokines, agonists, and adjuvants.

There are two types of immunomodulators:

A)Immunosuppressants are the agents which suppress the immune system and are used for the control of pathological immune response in autoimmune disease, graft rejection etc.

B)Immunostimulants are the agents which are envisaged to enhance body's resistance against infections; they enhance the basal levels of immune response, and in individuals with impairment of immune response as immunotherapeutic agent.
· Immunosupressant:

· I.Agent preventing activation /initiation of Immune system

· II Agents inhibiting proliferation and expansion  of immune cells /cytotoxic drug

· III Agent interfering with antibody/antigen presentation

· 1.Immunoglobulin/Antibodies 

· A)Polyclonal antibodies

· B) Monoclonal antibody 
· i) Anti-CD MAB eg: Muromonab CD3.

· ii)Anti-compliment component MAB Eg: eculizumab 

· iii)Anti- TNF MAB eg: infliximab 

· iv) Miscellaneous MAB    
·     Eg : faralimomab 

· 2.Fusion proteins               
·    Eg:etanercept 

             3.Synthetic androgens        
             Eg: danazol.
Immunostimulant Classification:

· I) Immunostimulant of microbial origin

· Eg:BCG,muramyl dipeptide regression V, Propionibacterium  acnes, Staphylococccal protein A and lentinan.

· II) Immunostimulant of Animal origin

· 1)cytokines                  
· A) Interleukins   Eg:IL 2 and IL 11

            B)Interferons              Eg: INF alpha, INF-beta 1 and INF gamma

          C)Colony stimulating factor

· i) Granulocyte colony stimulating factor  Eg: filgrastim and pegfilgrastin 

· ii)Granulocyte macrophage colony stimulating factor Eg: sargramostim and molgramostim 

· iii) Stem cell factor   Eg: ancestim 

          2.Hormones: Eg: thymosin –alpha  and thymopoietin 

Adjuvant:
Adjuvant and delivery system

An adjuvant is defined as any compound that enhances the immune response against a vaccine antigen. The word ‘adjuvant’ comes from the Latin word ‘adjuvare’, means ‘help’ or ‘to enhance’, can be defined as any product or association of components that increases or modulates the humoral or cellular immune response against an antigen.
Adjuvants have also been shown to protect antigens from degradation, although this generally depends on the nature of adjuvant. For example, chitosan-adjuvate. 

The adjuvants can be classified based on their five potential modes of action:

 (i) immunomodulation (modification of cytokine networks), 

(ii) presentation (maintenance of antigen confirmation), 

(iii) cytotoxic T-lymphocytes (CTL) induction, 

(iv) targeting specific cells, and 

(v) depot generation
Adjuvants can be divided into two classes (delivery systems and immunopotentiators) based on their  dominant mechanisms of action. 
· Immunopotentiators activate innate immunity directly (e.g. cytokines) or through pattern recognition receptors (PRRs) (such as bacterial components), whereas delivery systems (e.g. microparticles and nanoparticles) concentrate the antigen and display antigens in repetitive patterns, target vaccine antigens to APCs and help co-localize antigens and immunopotentiators.  Thus, both immunopotentiators and delivery systems can serve to augment antigen-specific immune response in vivo.

For subunit vaccines, it is highly desirable that the combination of delivery systems, immunopotentiators and isolated antigens will be required to elicit optimal immune responses.
· Adjuvants/delivery systems in vaccine research

· Potent adjuvants can improve the effectiveness of vaccines by accelerating the generation of robust immune responses, sustaining responses for a longerduration, inducing local mucosal immune responses, generating antibodies with increased avidity/ affinity and neutralization capacity, eliciting CTLs,enhancing immune responses in individuals with weakened immune systems (e.g. children, elderly or immunocompromised adults), increasing the response rate in low-responder individuals and reducing the amount of antigen needed, thus reducing the cost of vaccination programmes. 
· Adjuvants are functionally defined as components added to vaccine formulations that enhance the immunogenicity of antigens in vivo.
· Currently licensed adjuvants were developed using empirical methods, thus these are not optimal

for many of the challenges in vaccination today. In particular, the historical emphasis on humoral immune responses has led to the development of adjuvants with the ability to enhance antibody responses. 
· As a consequence, most commonly used adjuvants are effective at elevating serum antibody titres, but do not elicit significant Th1 responses or CTLs. The ability of an adjuvant to qualitatively affect the outcome of the immune response is an important consideration, because the need for vaccines against chronic infections [e.g., HIV, hepatitis C virus (HCV), tuberculosis and herpes simplex virus (HSV)] and cancer has shifted the focus to generation of cellular immune responses and adjuvants specifically geared towards eliciting this effect.
· To this end, many new and existing adjuvant formulations are being tested in various preclinical and clinical trials. An expanded understanding of the immunobiology of TLRs and other PRRs, immunoregulatory cells, DCs and the importance of specific T helper cell responses (Th1 versus Th2) in resolving particular diseases provides a framework for their continued optimization. 
· Many groups have expressed concern about the potential for nasal vaccines to result in the delivery of nasal vaccine antigens or adjuvants into the brain. Several studies have examined the ability of various compounds to enter the brain after nasal delivery and have compared nasal to systemic routes of immunization. Although many compounds, such as interferon, have the ability to enter the olfactory bulb and the brain after nasal delivery.
· New adjuvants

a. Mineral salts:
Aluminium hydroxide, Aluminium phosphate,calcium phosphate etc.

Immunostimulatory adjuvants

Immunostimulatory adjuvants includes cytokines (IL-2,IL-12,GM-CSF), Saponin (AS21), MDP derivatives , CpG oligonucleotides ,lipopolysaccharides (LPS),MPL ,Polyphosphazenes etc.

c) Lipid Particles 

Example of lipid particle adjuvants includes Emotstons (Freund`s ,SAF, MF59), Liposomes,Virosomes,ISCOMs,Cochleates etc.

D0 Microparticulate antigens 

Example includes PLG microparticles,polyaxamer particles ,virus like particles et.

e) Mucosal adjuvants 

Example of microparticulate antigens of mucosal adjutants includes heat labile enterotoxin (LT),Choleratoxins (CT),Mutant toxin (e.g.LTK63 and LTR72), microparticles, polymerized liposomes etc. 

· Recent studies, utilizing Toll like receptor (TLR) ligands, have shown that antigens associated with their ligands can produce exceptionally high antibody and rapid immune responses .

· Immunomodulation have been attributed to several macromolecular components of microorganisms which are recognized by pathogen-associated molecular patterns (PAMPs), present on cells of innate immune system.

· These components are called molecular patterns because these are structures frequently encountered in microorganisms that facilitate the innate immune response against them. Examples of immune modulation by these components include binding of compounds like lipopolysaccharides (LPS), lipopeptides and CpG motifs to distinct members of TLR family, leading to macrophages and DCs activation and the binding of glycoproteins or glycolipids to mannose receptor on phagocytes.
TLR receptor: Toll-like receptors (TLR) as adjuvant :

· Toll like receptors (TLR) are a family of pattern recognition receptors (PRR) that function as primary sensors of the innate immune system to recognize microbial pathogens. 

· TLR can be expressed on members of the innate and adaptive immune system (DCs, macrophages, granulocytes, T cells, B cells, NK cells and mast cells), as well as by endothelial and epithelial cells . More recently, TLR have been found on tumor cells, including melanoma.

· Since TLR2 is expressed on many different cell types (including dendritic cells, macrophages and lymphocytes) the mechanisms by which bacterial lipopeptides manifest their adjuvant properties are diverse. Preclinical testing indicates that lipopeptides coadministered with or physically linked to Ag can

i) Induce DC maturation leading to the upregulation of co-stimulatory signals and Ag-presenting molecules
 (e.g. MHC class II, CD80, CD83, IFNg, IL-12).

ii) Stimulate macrophages to release cytokines (e.g. TNF, IL-1, IL-6).

iii) Promote the maturation and activation of B cells leading to increased production of Ag-specific IgG and IgM Abs.

iv) Boost the generation of antigen specific CD8+ T cell (CTL) responses

Two strategies are commonly utilized to generate TLR2-dependant lipopeptide vaccines:

i)Conjugating bacterial lipopetides or their synthetic analogues to peptide and

ii) Covalently linking palmitic acid to peptide antigens. Bacterial lipopeptides are structural components of cell walls.They consist of an acylated s-glycerylcysteine moiety to which a peptide can be conjugated via the cysteine residue. The bacterial lipopeptides most frequently used as vaccine adjuvants are MALP-2 and it's synthetic analogue di-palmitoyl-S-glyceryl cysteine (Pam2Cys) or tri-palmitoyl-S-glyceryl cysteine (Pam3Cys). The alternative approach to generating TLR2-dependant lipopeptide vaccines involves modifying the antigenic peptide with Nε-palmitoyl-lysine
Pre-clinical studies of these lipidated Ag constructs show that they

 i) Induce the maturation of DCs, increasing the production of pro-inflammatory cytokines
 (e.g. IL-12, TNFα, IFNg).

ii) Activate B cells to increase production of IgG Abs and 
iii) Enhance the generation of Ag specific CTL responses.

Recently, addressing different adjuvants on influenza subunit vaccines, a role for TLR2 activation in leukocyte migration to inflammation foci was suggested Pam3CSK4 was shown to be more efficient than CpG and resiquimod, respectively, TLR9 and TLR7/8 ligands, at inducing an early recruitment of CD11b+ blood cells, mainly neutrophils, at the injection site and this observation correlated with the higher capacity of Pam3CSK4 to enhance antibody responses against influenza antigens

Chicken :The three TLR2 ligands, Pam3CSK4, FSL- 1, and lipomannan, induced a mixed Th profile with upregulation of IFN-𝛾, IL-12, IL-4, and IL-13.

Horse : Horse. Stimulation of equinemonocytes with Pam3CSK4  induced the production of TNF-𝛼, IL-6, IL-1𝛽, and IL-10, and inawhole bloodassayTNF-𝛼, IL-6, and IL-1𝛽 were also induced by PGNand LTA
Swine : Swine. Immunizing pigs against mouse IgG, an increase in the anti-mouse IgG titres was observed by targeting the antibody to In bovine, Pam3CSK4 stimulation of monocyte-derived DC also induced DC maturation, with upregulation of MHC class I, MHC class II, CD40, CD80, CD86, and CD1b molecules, and lead to the production of IL-12 and TNF- 𝛼. In addition, stimulated DCs promoted IFN-𝛾 secretion when cocultured with allogeneic PBMCs TLR2

· The most extensively studied was Pam3Cys linked to outer surface protein A (OspA) of B. burgdorferi (the spirochete that causes Lyme disease). This Lyme disease vaccine (LYMErix™) was tested in over 20,000 volunteers was licensed by the FDA in 1998 for general use. The manufacturer voluntarily withdrew this product 3 years later amidst media coverage of possible autoimmune side effects which led to a decline in sales . Of note, neither the FDA nor the CDC found a connection between the vaccine and the development of autoimmunity.
· The mice inoculation with synthetic lipopeptides covalently bound to a nonimmunogenic peptide of the epidermal growth factor receptor led to the induction of specific antibodies two weeks later after one single administration and the inoculation of guinea pigs with synthetic peptides from the foot-and mouth disease virus (FMDV) conjugated with the Pam3CSS(synthetic lipopeptide di-palmitoyl-S-glyceryl cysteine lipopeptide) resulted in the induction of neutralizing antibodies and protection against viral infection

CpG Motifs :

· Other natural immune modulators include the CpG oligodeoxynucleotides (CpG ODN) from specific bacterial DNA nucleotide sequences. These sequences, which are underrepresented in vertebrate genomes and when present are methylated, are thought to be recognized as foreign resulting in an immune response.

· Bacterial DNA can act as an adjuvant and induce cytokine release. CpG oligonucleotides are adjuvants that mimic a bacterial DNA motif that is underrepresented in vertebrateDNA.

· These oligonucleotides contain a central unmethylated CpG dinucleotide, ideally flanked by two  purines (preferably GpA) and two  pyrimidines (preferably TpC or TpT). This motif is 3–20 times more common in bacterial and viral DNA than in mammalian DNA.

· CpG oligonucleotides are immunomodulators, can induce antibodies, and appear to be particularly effective in shifting immunity toward Th1 responses

· The CpG ODNs induce a systemic innate immune response of short duration that occurs quickly after exposure. Studies have demonstrated that CpG ODNs stimulate B-cell proliferation, expression, and production of cytokines and enhanced NK cell cytotoxicity.

· CpG ODN sequences induce lymphocyte proliferation of canine and feline spleen and lymph node cells..This technology is promising for use as vaccine adjuvants, immunotherapy for cancer, and to redirect inappropriate T helper 2 allergic immune responses toward a T helper 1 immune response.

· CpG oligodeoxynucleotide (ODN): Immunostimulatory DNA sequences containing unmethylated CpG dinucleotide in the context of particular base sequence (CpG motifs) exert a strong stimulatory influence on the immune system. 
· Such sequences which are either found naturally in bacterial DNA or produced as synthetic oligonucleotides directly activate human B-cells and plasmacytoid DCs via TLR9. 
· CpG oligos act as polyclonal activator, directly activate B-cells to proliferate and differentiate into IgG producing cells. CpG oligos also indirectly activate other cells such as monocytes and macrophages to produce a variety of proinflammatory cytokines and in particular those associated with these stimulatory influences.
·  CpG ODNs were capable of enhancing CD4+ T-cells, CD8+ T-cytotoxic cells and antibody response to a wide variety of antigens. As a result of their strong adjuvanticity and low reactogenicity, CpG ODNs are currently considered as one of the most promising adjuvants for the development of future vaccines against diverse conditions including infectious diseases, allergies or cancer.
Cytokines as adjuvants

Cytokines are naturally derived proteins that play a crucial role in controlling the immune system, and are produced in response to infection. In mammals, they provide signals that help to direct the immune response towards  either an antibody-mediated or a cell-mediated response

· An array of cytokines have been identfied and characterized in mammalian system. The most notable cytokine adjuvants studied to date include granulocyte/macrophage colony stimulating factor (GM-CSF), IFN, IL-1, IL-2, IL-6, IL-12, IL-15, IL-18 and chemokines. 
· Cytoines and their characteristics

	S.No.
	Cytokine
	Characteristics

	1
	GM-CSF
	GM-CSF is that it mobilizes DCs into the tissues after injection, thus enhancing the ability of the coinjected vaccine antigen to be presented to the cells of the immune system. The generated DCs expressed  higher levels of MHC class-I molecules and produced equally high levels of IL-12.

	2
	Type-I IFN:
	Though type-I IFNs are frequently thought of as primarily involved in antiviral immune responses, these have several other roles as well, including T-cell proliferation, NK cell activation, and cytokine induction.

	3
	IL-1:
	IL-1 is a potent proinﬂammatory cytokine with a wide range of effects on the host immune system.

These effects include the up- and down regulation of many genes, cytokine and chemokine molecules and their receptors, and adhesion molecules, resulting in the trafficking of cell populations (e.g. neutrophils) into areas of inﬂammation

	4
	IL-2
	IL-2 has been extensively studied as a vaccine adjuvant due to its pleiotrophic properties and crucial role in activating T-cell proliferation.
The potential adjuvant effects of IL-2 have been demonstrated in vaccine model systems of cattle, guinea pigs,pigs and mice.IL-2 is involved in T-cell proliferation and the induction of T-cell regulatory responses. As such, it has been investigated for its ability to induce cellular response, but its ability to induce serum antibody production has also been examined. 
IL-2 is a lymphoproliferative cytokine mainly produced by CD4+ T-cells. 

The mechanism of action appears to be through upregulation in the expression of CD48 and CD80 on DCs as well as upregulation of their respective ligands, CD2 and CD28, on CD+ T-cells.
IL-12 is commonly known as a Th1 cytokine. It induces NK, T, and B cells to produce IFNγ, and it is the primary cytokine involved in Th1 differentiation.

	6
	IL-6:
	IL-6 is a potent inﬂammatory cytokine, and has also been shown to play a role in shaping adaptive immune responses as both B-cell stimulating factor and Th17-inducing cytokine

	7

	IL-12:
	IL-12, a Th1 cytokine, induces NK cells, T and B-cells, and is also involved in Th1 differentiation.

It is a proinflammatory cytokine that is heterodimericin structure and is produced by phagocytes and DCs in response to infection by pathogens. Initially, IL-12 plays a significant role in the modulation of the CTL response and is central to immunity against pathogens that are controlled by cell mediated mechanisms driven by Th1 cells. IL-12 biases the naïve T-cells to the Th1 pheonotype both alone and through directed IFN-γ production by NK cells

	8
	IL-15
	It is known to share several overlapping activities with IL-2, which is likely due to their extremely high homology and structural similarities.

In addition to its ability to promote both NK and T-cell development and proliferation, IL-15 is also known to augment B-cell antibody production

	9
	IL-18:
	IL-18 is produced by macrophages and kupffer cells and is a potent pleiotropic cytokine. It induces the production of IL-2 or IL-12 and enhances proliferation and activity of NK and CD8+ T-cells. Overall, this cytokine is promoter of a Th1 immune response. Although, it does not itself induce differentiation of Th1 cells, it influences Th1 cells to produce IFN-γ

	
	Cattle rBoIL-1β and rBoIL-2
	Recombinant cytokines  as a  vaccine adjuvent holds great promise wrt production of new type of effective and safe vaccine.

acts as  effective and safe adjuvant in Bovine vaccine containing BHV-1 /parainfluenza 3 combination  and killed viral bovine diarrhoea.

	
	sheep ovine rOvIL-1β
	is effective and safe  adjuvant  in commercial multivalent clostridial vaccine and an experimental vaccine against Lucilia cuprina.




What are immunomodulators used for?

Immunomodulators are used for many different types of illnesses and diseases. These include:

cancer

autoimmune disorders, including but not limited to:

lupus

rheumatoid arthritis (RA)

multiple sclerosis (MS)

psoriasis, including psoriatic arthritis

Sjögren’s disease

inflammatory bowel disease (IBD), including ulcerative colitis and Crohn’s disease

allergic conditions, including allergies, asthma, and eczema

infections

Immunomodulators are used in conditions such as:

· Multiple sclerosis (a disease in which the nerves do not function properly, characterized by weakness, numbness, loss of muscle coordination, and problems with vision, speech, and bladder control)

· HAE (a condition caused by the shortage of a protein called C1 esterase inhibitor can lead to repeated attacks of swelling, pain in the abdomen, and difficulty breathing)

· Acute lymphatic leukemia (a type of cancer that begins in the white blood cells)

· Rheumatoid arthritis (an autoimmune and inflammatory disease marked by symptoms of inflammation and pain in the joints)

· Crohn’s disease (a chronic, or long-term, condition that causes inflammation of the digestive tract)

· Ulcerative colitis (an inflammatory bowel disease that affects your large intestine, causing irritation, inflammation, and ulcers in the colon)
· Condylomata acuminata (genital warts caused by the human papillomavirus)Cryopyrin-associated periodic syndromes (a group of illnesses related to defects in the protein cryopyrin that causes recurrent episodes of fever, a hive-like rash, joint pain and swelling, red eyes, and headache)
· Deficiency of interleukin-1 receptor antagonist (a disorder in which the body attacks its own tissues causing inflammation and damages bones, nervous system, skin, lungs, liver, and joints) 
· Pericarditis (swelling and irritation of the thin, saclike tissue surrounding the heart)
· Still’s disease (a rare illness that causes high fevers, rash, and joint pain)
· Bronchiolitis obliterans (a type of obstructive lung disease of the small airways)
· Kidney transplant rejection
· Capillary leakage syndrome (a rare disorder characterized by repeated flares of massive leakage of plasma from blood vessels into neighboring body cavities and muscles)
· Friedreich's ataxia (a rare genetic disease that causes difficulty in walking, a loss of sensation in the arms and legs, and impaired speech)
· Amyotrophic lateral sclerosis (a progressive neurodegenerative disease that affects nerve cells in the brain and the spinal cord)
· Hemophagocytic lymphohistiocytosis (a rare disease that usually occurs in infants and young children)
· Demyelinating polyneuropathy (a neurological disorder characterized by progressive weakness and impaired sensory function in the arms and legs)
· Multicentric Castleman disease (an abnormal overgrowth of lymph cells in more than one part of the body that may cause symptoms and increase the risk of developing a serious infection or cancer)
· Familial cold auto-inflammatory syndrome (symptoms include rash, fever, and joint pain triggered by exposure to cold temperatures)
· Muckle wells syndrome (a disorder characterized by periodic episodes of skin rash, fever, and joint pain)
· Neonatal-onset multisystem inflammatory disease (a disorder that causes inflammation and damages the nervous system, skin, and joints)
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