Cytokines are proteins produced by various cells which modulate the function of other cells of the body.  They are usually associated with mediating the cellular immune response but also play roles in the inflammatory response, nervous system and hemopoiesis
.  However regarding the inflammatory response, an example of an innate immune response, the cytokines are released in response to stimuli causing cell injury.  Comparatively in an adaptive cell-mediated immune response cytokines are released in response to specific recognition and binding of an antigen.  An antigen is a foreign protein that binds to a T cell receptor or an antibody.  An antibody also includes immunoglobulin receptors on B cells.  The adaptive immune system is divided into cell-mediated and humoral immune responses.  Cell-mediated immunity concerns the activation and proliferation of T cells and the effects they have while humoral immunity involves the equivalent process in B cells
.  

Types of cytokines are not unique to individual cell types but the same protein can be produced by a vast array of cell types.  Similarly the targets of cytokines are not limited to one cell type but can affect several different targets.  They can act in an autocrine manner, which is on the cells that release them, in a paracrine manner, on cells residing near the releasing cell or systemically in an endocrine manner.  The method by which cytokines affect their target cells is by binding to cytokine specific receptors on the target cell membrane.

There are five categories of cytokines with respect to their properties.  The first category includes those cytokines involved in innate immunity including two inflammatory cytokines: interferon and tumour necrosis factor.  A group of cytokines also control the growth, activation and differentiation of lymphocytes including interleukins two, four, five and transforming growth factor β.  During the cell-mediated response, inflammatory cells, such as macrophages, are activated by a set of cytokines including tumour necrosis factor and interferon γ.  Chemokines are another group which are involved in the chemotaxis of certain leukocytes.  Cytokines are also involved in hemopoiesis, which is the differentiation of immature leukocytes
.
During an adaptive immune response there are a great many interactions between the cells that constitute the process.  The first process that must take place before the response can begin is the capture and presentation of the antigen.  One process by which this is achieved is by a type of professional antigen presenting cells found in epithelia termed dendritic cells.  These specialised cells have dendritic processes that allow them to remain in the epithelium.  The epithelia of the skin, digestive tract and respiratory tract represent the usual site of entry for foreign microbes.  The dendritic cell ingests the protein antigens of the microbe by means of phagocytosis or pinocytosis depending on whether the antigen is particulate or soluble respectively.  Meanwhile the invasion of the microbe also initiates an innate immune response where macrophages and epithelial cells release an array of cytokines including tumour necrosis factor and interleukin-1.  These cytokines cause the dendritic cells to loss their processes resulting in their migration out of the tissue.  Chemokines present in the lymphoid tissue abundant with T cells act to attract the cells to that area via receptors expressed on the dendritic cell membrane.  
During migration the dendritic cells mature and are activated by expressing major histocompatibility complex II bound to the peptides of antigen on their cell membrane.   Peptides bound are derived from antigen associated with extracellular microbes.  The processed antigen is presented on the cell membrane bound to the complex.
In the lymphoid tissue, the activated and mature dendritic cell binds to the CD4+ naïve T helper cell.  The peptide bound to the major histocompatibility complex II molecule of the dendritic cell must bind to the T helper cell specific to it which occurs in addition to binding of co-stimulators necessary for the complete activation of the T cell.  This seemingly rare event is made possible by the continuous recirculation of T cells through lymphoid tissue.  In combination with signals received from microbes or the innate immune response to the microbe, once bound to the dendritic cell, the antigen-specific T helper cell releases cytokines.  One such cytokine, interleukin-2, acts in an autocrine manner on the T helper cell to cause clonal expansion of this antigen-specific cell and then differentiation into effector CD4+ T cells and memory CD4+ T cells.  Memory T cells remain in the circulation after the immune response to provide a rapid response in case of a repeated exposure to the microbe.  Effector CD4+ T cells primarily work to activate macrophages and B lymphocytes which are also professional antigen presenting cells.  

Naïve CD8+ T cells, also present in the lymphoid tissue, bind to major histocompatibility complex I.  Antigen bound to this complex are associated with intracellular microbes such as viruses.  Microbial proteins break down to peptides in the cytosol and are taken up into the endoplasmic reticulum where they become bound to major histocompatibility complex I and are presented on the cell membrane.

All nucleated cells express complex I on their membrane however not all cells express the co-stimulators required for T cell activation.  This does not pose a problem if the infected cell is a professional antigen presenting cell.  If this is not the case, the professional cells can phagocytose an infected cell and present the antigen on complex II.  This would activate the antigen-specific CD4+ T cell which releases cytokines that would provide enough stimuli to cause activation of the antigen-specific CD8+ T cell already bound to an antigen associated with complex I causing subsequent clonal expansion and differentiation.  The effector CD8+ T cells include cytolytic T cells and memory T cells.  The cytolytic T cells bind to the infected cells and then release enzymes that cause its lysis.
All effector T cells migrate preferentially migrate to sites of infection.  This is possible as these cells express adhesion molecules that bind to molecules expressed on endothelium in response to an invasion of microbes.  This endothelial expression is due to the presence of tumour necrosis factor and interleukin-1.  Effector T cells will roll and adhere to these areas of infection regardless of the antigen present there.  However the effector cells which recognise the antigen present will express more adhesion molecules and tend to remain at the site of infection. 

Cytokines do not merely relay messages between various cells but can play a role in determining the outcome of an immune response.  This is evident in the clonal expansion and differentiation of naïve CD4+ T cells.  During this process, macrophages that have ingested extracellular microbes produce interleukin-12 which causes CD4+ T cells to differentiate to cells of the TH1 subset.  Once this has occurred, macrophages will present antigen to the T cell via major histocompatibility complex II.  At this point the T cell’s CD40 ligand will bind to its corresponding receptor on the macrophage while simultaneously producing interferon γ which binds to its cytokine receptor on the macrophage.  These two signals cause the macrophage to begin killing the phagocytosed microbes.  This process ensures that the macrophages activated are those expressing the antigen of the ingested microbe.  In addition, the activation of macrophages causes an increased secretion of interleukin-12 and expression of major histocompatibility complex and co-stimulators thus amplifying the response.  Furthermore the activated macrophages will release cytokines that are pro-inflammatory such as tumour necrosis factor, interleukin-1 and chemokines.
If the during the activation of a naïve CD4+ T cell, they are not exposed to interleukin-12 then they will tend to differentiate to cells of the subset TH2 as is the case in helminthic infections.  These cells release interleukin-4 which acts in an autocrine manner to promote the differentiation of cells to be of subset TH2.  This cytokine also stimulates B cells to produce immunoglobulin E which coats the helminth meanwhile interleukin-5, also released by the T cell, activates eosinophils to bind to and kill the helminths.  Other cytokines released by the T cells, including interleukin-4, interleukin-10 and interleukin-13, inhibit the activation of macrophages preventing unnecessary tissue damage characteristic of an inflammatory response. 
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