The immune response elicited due to penetration of non-self organisms into the body is both dependent and independent of antigen specific contact. Tissue injury caused by antigens causes activation of the innate arm of the immune system, which itself involves cytokine release by various cells (1). In addition, antigen specific contact occurs within secondary lymphoid organs such as: lymph nodes, between APC and T cells, initiating the adaptive immune response. This also causes release of immune response mediating substances called cytokines (5). The release of cytokines triggers multifaceted immune responses to be directed and maintained in an antigen non-specific manner (1, 10, 6). 

Cytokines are antigen non-specific glycoproteins released by a variety of cell types, principally activated lymphocytes and macrophages, upon contact with antigen, that modulate the immune response (9). Their effects can be paracrine, autocrine or endocrine (10). The cytokine cascade determines whether a response to an antigen is antibody or cell mediated (3). Cytokines have short half-lives, therefore not being stored within the producing cell. Rather they are synthesized and rapidly secreted in a burst (3). While T lymphocytes form the majority of cytokine producing cells, making cytokines known as lymphokines, other cell types include: monocytes & macrophages, haematopoetic cells, endothelial cells and fibroblasts. Depending on the type of cytokine secreting cell, the cytokine is termed: colony stimulating factors (CSFs), interleukins (IL) and chemokines respectively – each having a specific function. Thus, cytokines are produced by a variety of cell types indicating their broad functional and target range (5).

As research efforts continue to identify new members of the cytokine family, it is of paramount importance that these chemical messengers of the immune system are categorized based on their function or nature of target cell (5). Cytokines that control specific immune responses regulate B and T lymphocyte function (5). The positive or negative influences surrounding cell proliferation, activation, and differentiation, cytokines have on B and T lymphocytes is cytokine type dependant. Ultimately, the particular cytokine involved will manage the intensity and duration of the immune response (3, 5). TH (T helper) cells are another major source of cytokines; the subsets (i.e.: TH1 & TH2) possess abilities to produce cytokines of characteristic type. Thus, the unique cytokine manufactured is TH cell type dependent (3). Cytokines also enhance the innate immune and inflammatory response. IL-1, IL-6, TNF-(, interferon-( and interferon-( are just some examples of cytokines that form part of this group (5). All of these assist in the regulation of the host response to microbial pathogens or viruses, and are collectively known as ‘endogenous pyrogens’. The pyrogenicity of these cytokines down regulates pathogen growth and up regulates the adaptive immune response (3). In addition, IL-1, IL-6 and TNF-( facilitate the localized acute inflammatory response (7). Chemokines, affecting leukocyte movement, form another category of cytokines. These are chemotactic cytokines capable of potently attracting neutrophils, monocytes, and lymphocytes. Together with inflammatory mediators, these regulate the expression of cell adhesion molecules on leukocyte membranes along with intracellular Ca2+ recruitment (3). Haematopoiesis stimulating cytokines, another functional group, promote formation and development of blood cells (9). Such cytokines are referred to as colony stimulating factors (CSF) and one example is: IL-3, which stimulates clonal proliferation of macrophages, granulocytes, megakaryocytes, eosinophils, basophils and mast cells (3). This convenient grouping system is somewhat arbitrary as many cytokines are pleiotropic and exhibit redundancy (3).

An antigen is any foreign body that can initiate an immune response (11). The immune response in question can be non-specific, activating the innate arm of the immune system, or antigen specific, which is principally mediated by T lymphocytes (10). However, the cytokine involvement of the latter division of the immune system is of particular interest here. The interaction between cytokines and T & B-lymphocytes and how the immune response ‘switches’ from an antigen-specific manner to an antigen non-specific manner is discussed anon. 

The initiation of an immune response occurs in an antigen specific manner involving the interaction between the antigen and T cells (1). The instigation of this response requires antigen presentation to T cells; consequently proliferation of T lymphocytes results and the production of cytokines becomes vital in maintaining the immune response (1). The presentation of the antigen to the T cells involves two independent pathways requiring antigen degradation into small peptides. Peptides formed due to protein catabolism within intracellular acid vesicles, follow the MHC class II pathway, and incidentally this involves exogenous antigens (3). Conversely, peptides formed, due to protein catabolism within the cytoplasm, will follow the MHC class I pathway, and incidentally this involves endogenous antigens (3). Such antigen processing only occurs when an antigen-presenting cell (APC) recognizes the foreign antigen, internalizing it prior to breakdown or in the case of endogenous antigens; the antigens are broken down via proteasomes (3). The presentation of the antigen involves the small peptide fragments binding to MHC class I or II molecules’ peptide binding groove. Ultimately, a particular antigen can trigger an MHC class II or I restricted response resulting in the activation of T cells (11). 

The T lymphocyte population is divided into CD4+ and CD8+ cells, correlating to the type of co-receptor expressed in association with the T-cell receptor (TCR) (3). The appropriate TCR expressing CD4 co-receptor binds to peptide - MHC class II complexes, whilst a TCR expressing CD8 co-receptor binds to peptide - MHC class I complexes. This fundamental binding property triggers the partial activation of CD4+ T cells, which proliferate and release cytokines that adjudicate the immune response (11). While, interaction between the MHC class II molecules expressing processed antigen and CD4+ T cells partially activates such cells, additional stimulatory factors including: co stimulatory and adhesion molecules are required to achieve complete activation (8). The chief costimulatory molecule involved is B7 and its ligands, CD28 and CTLA-4 (6). In addition, a T cell specific molecule, CD2, binds to CD58, expressed by many cell types, and LFA-1 binds to ICAM-1 expressed on APC’s. The purpose of such interactions is to extend CD4+ T cell binding to APCs such that a sufficient activatory state is attained (10, 1). The activation of CD4+ T cells results in their clonal expansion and cytokine production. Likewise, CD8+ T cells (cytotoxic T cells) require activation in order to express full function. Upon recognition of peptide fragments of antigen bound to MHC class I molecules on APC, the CD8+ T cells must exhibit its activatory state before the APC can be destroyed along with its antigenic component (3, 2). The activation of CD8+ T cells occurs via two pathways. The primary pathway involves IL-2 secreted by activated CD4+ T cells and this associates with IL-2 receptors expressed on CD8+ T cells. The interaction between virus infected cells, TCR-MHC class I-peptide complexes and costimulatory factors induces CD8+ T cell proliferation and differentiation. Memory T cells are formed, which respond immediately upon second presentation of the same antigen (1). The secondary pathway avoids IL-2, only relying upon robust binding between virus infected cells and CD8+ T cells (3). Once activated, the killing mechanism of cytotoxic T cells involves perforin, granzyme and apoptotic pathways, ultimately resulting in the death of the antigen-infected cell (3). Thus, in response to specific antigen contact with T cell populations, an immune response is initiated thereby producing cytokines whose target cells fall into a wide spectrum. Whilst, the immune response discussed was essentially involving the T cell population, B-lymphocytes are also influenced by cytokines produced by CD4+ T cells (8).

B cell activation involves antibody production, which serves in the neutralization and opsonisation process of antigen and activates the complement cascade (3). B cells can act as APCs and trigger CD4+ T cell activation, as discussed previously. A key interaction is between CD40 found on B cells and CD154 expressed by activated CD4+ T cells, and this promotes up regulation of the costimulatory B7 molecules on the B cell thereby enhancing the ability of B cells to act as APCs. Upon CD4+ T cell activation, cytokines are produced which bind to their appropriate cytokine receptors expressed by B cells thereby causing cellular activation and differentiation into plasma cells - equipped for antibody production, and memory B cells (3). Meanwhile, the interaction between CD40 and CD154 described above is vital for the B cell to switch the class of antibody it can synthesize. A clinical condition known as hyper-IgM syndrome results when there is the absence of CD40-CD154 interaction, due to nonfunctional CD154 molecule, therefore producing an excess of IgM class antibody (3). Thus, the activation of B cells is dependent on cytokine production by activated CD4+ T cells, however the activation of CD4+ T cell itself requires the association between B and CD4+ T cells (10). The ‘associational’ loop is of significance for a complete immune response to be initiated in an antigen specific manner. 

Although the initiation of an immune response is largely antigen-specific, it is mediated and directed by cytokines regardless of the type of antigen responsible for the initiation. In the event of an acute inflammatory response, cytokines including IL-1, IL-6, and TNF-(, activate functions of inflammatory cells and cause increased vascular permeability ultimately leading to redness and swelling (5, 7). Other cytokines such as: interferon-( and interferon-( act to facilitate innate immune responses stimulated by viruses and microbial pathogens (10). The most important sequelae post-CD4+ T cell activation is the differentiation into TH subsets (i.e.: TH1 and TH2 cells), which have two different profiles of cytokine production, in order to select effector functions. These patterns select between a cellular response and humoral response (2). TH1 cells produce cytokines such as: IFN-(, TNF-( and IL-2 and are involved in cell mediated immunity. TH2 cells, by contrast, typically produce cytokines such as: IL-4 and IL-5. TH2 cells encourage production of antibody by B cells, commonly IgE subclass type (10). The interrelationship between TH1 and TH2 cells is that cytokines from one subset inhibit the actions of the other subset. For example, production of IL-10 and TGF-( by TH2 cells inhibits activation and proliferation of TH1 cells, whereas production of IFN-( by TH1 cells inhibits proliferation of TH2 cells (4). This allows for either subset to express dominance to maintain the immune response. Thus, once the type of immune response is selected by achieving TH0 cell differentiation, the immune response typified is maintained and mediated by cytokines (10). 

The determination of the final product of naïve TH0 cell differentiation is itself dependent on cytokines released by APC, NK cells and mast cells. For example, Listeria, an intracellular bacterium, activates dendritic cells, macrophages and NK cells to produce IL-12 and IFN-( (10). These cytokines influence the TH1 differentiation pathway, whilst pathogens like parasitic worms cause release of IL-4 by mast cells, which promotes the TH2 differentiation pathway (10). While, TH1 and TH2 cells are driven by cytokines for the direction and maintenance of the immune responses, such responses may contribute to immunopathology. For example, organ-specific immune disorders, acute allograft rejection, unexplained recurrent abortions and multiple sclerosis are characterized by TH1 cell responses. Replicas of TH1 cells are easily isolated from patients suffering from such conditions (10). In addition to the influential characteristics of cytokines on the TH0 cell differentiation, cytokines of TH2 cell similarity produced by cytotoxic T cells have regulatory and suppressor functions (10). The cytokines produced by CD4+ T cells may encourage differentiated clonal cytotoxic T cell populations. For example, IFN-( and IL-12 may encourage TC1 generation while IL-4 may encourage TC2 generation. Both varieties of cytotoxic T cells exhibit killing ability by granular-dependent mechanisms (10). Thus, the outcome of the immune response post-antigen specific initiation, whether it is cell mediated or humoral responses, is dependent on the type of cytokines produced, which in effect influence the TH0 cell differentiation pathway, in an antigen non-specific manner. 

The antigen specificity of the initiation of the immune response and the antigen non-specificity of the maintenance and direction of the same immune response is critical in eradicating the antigen. The statement stipulates the antigen specific nature of the initiation of the immune response. However, a non-specific immune response may also be elicited by the innate arm of the immune system (6). Once the immune response is initiated in an antigen-specific manner, its control is mediated by cytokines, which function in an antigen-non-specific manner. 
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