	  Cytokines in Allergic Disease

	

	The immune system is unique in that it can very selectively discriminate between self and nonself, leaving self alone while rapidly processing and destroying nonself (foreign) antigens in a primary immune response. In addition, a functioning immune system remembers previous encounters with these foreign antigens, resulting in a more vigorous and rapid secondary response (called immunologic memory). These responses depend on both T cells (dependent on the thymus gland for function) and, when specific antibody is made, B cells (which ultimately differentiate into antibody secreting plasma cells). These cells are present in bone marrow, lymphoid organs (i.e. thymus, lymph nodes, tonsils, spleen, etc) and peripheral blood. Many of these lymphoid cells look alike when viewed under a microscope. They can be categorized by the presence of specific cell surface markers called clusters of differentiation (CD). Each CD marker is given a specific number and is found on certain cell types. Thus the function of a cell can often be predicted by the specific CD marker present. For example, all mature human T cells have CD3 on their cell surface (thus they are CD3+). In contrast, human B cells are CD19+ but CD3-. CD3+ T cells can further be divided by function. T cells capable of killing target cells (called cytotoxic T cells- CTL) and/or downregulating immune responses (called suppressor T cells) are CD8+. T cells that help B cells make antibody or other T cells (such as CTL) become active are called helper T cells (TH) and are CD4+. 

While it has been appreciated for many years that TH cells existed, it was unclear how helper cells worked until recent studies showed that soluble peptides secreted by activated TH could turn on selective portions of the immune response. Initially, these glycoproteins produced by lymphocytes were called lymphokines. It is now known that many different cell types can produce these immune mediators. The current , more accurate term now used is cytokine. 

	

	  Cytokines

	

	All cytokines have certain properties in common. They are all small molecular weight peptides or glycopeptides. Many are produced by multiple cell types such as lymphocytes, monocytes/macrophages, mast cells, eosinophils, even endothelial cells lining blood vessels. Each individual cytokine can have multiple functions depending upon the cell that produces it and the target cell(s) upon which it acts (called pleiotropism). Also, several different cytokines can have the same biologic function (called redundancy). Cytokines can exert their effect through the bloodstream on distant target cells (endocrine), on target cells adjacent to those that produce them (paracrine) or on the same cell that produces the cytokine (autocrine). Physiologically it appears that most cytokines exert their most important effects in a paracrine and/or autocrine fashion. Their major functions appear to involve host defense or maintenance and repair of the blood elements (Table 1). 

Cytokines are categorized by their major specific function(s). There are four major categories of cytokines (Table 2). Interferons are so named because they interfere with virus replication. There are three major types based upon the source of the interferon. Interferon alpha (IFNa) is produced by the buffy coat layer from white blood cells and is used in treatment of a variety of malignant and immune disorders. Interferon beta (IFNb) is produced by fibroblasts and is currently being evaluated in the treatment of multiple sclerosis. Interferon gamma (IFNg) is produced by activated T cells and is an important immunoregulatory molecule, particularly in allergic diseases. 

The colony stimulating factors are so named because they support the growth and differentiation of various elements of the bone marrow. Many are named by the specific element they support such as granulocyte colony stimulating factor (G-CSF), macrophage colony stimulating factor (M-CSF), and granulocyte-macrophage colony stimulating factor (GM-CSF). Other CSFs include Interleukin (IL) -3, which can stimulate a variety of hematopoietic precursors and is being evaluated as a therapy in aplastic anemia and bone marrow transplantation; and c-Kit ligand (stem cell factor) which has recently been demonstrated as a cytokine necessary to cause the differentiation of bone marrow stem cells into their various precursor elements for eventual differentiation into RBC, WBC and megakaryocytes (platelets). 

The tumor necrosis factors (TNF) are so called because injecting them into animals causes a hemorrhagic necrosis of their tumors. TNFa is produced by activated macrophages and TNFb is produced by activated T cells (both TH and CTL). These molecules appear to be involved in the pathogenesis of septic shock and much research is aimed at trying to inhibit their activity in septic patients. Attempts have also been made to use the TNFs clinically to treat human tumors. Because of their extremely narrow therapeutic window (efficacy vs toxicity), few view this as a useful stand-alone cancer therapy. 

The largest group is the interleukins, so named because their fundamental function appears to be communication between (inter-) various populations of white blood cells (leucocytes -leukin). Interleukins (IL) are given numbers. They are produced by a variety of cell types such as monocytes/macrophages, T cells, B cells and even non-leucocytes. The major interleukins currently of greatest interest to allergists are IL-4, IL-5, IL-10 and IFNg. IL-4 causes a switch to IgE production by differentiating B cells. IFNg can inhibit that switch and prevent the production of specific IgE. IL-10 can actually inhibit the activity of IFNg, allowing the original IL-4 to proceed in the IgE cascade. Thus, an allergic response can be viewed as an allergen-specific production of excess IL-4 and/or IL-10 , lack of adequate IFNg production or both. Eosinophilic inflammation, a major component of allergic reactions, is under control of IL-5 and TNFa 


Cytokines are a unique family of growth factors. Secreted primarily from leukocytes, cytokines stimulate both the humoral and cellular immune responses, as well as the activation of phagocytic cells. Cytokines that are secreted from lymphocytes are termed lymphokines, whereas those secreted by monocytes or macrophages are termed monokines. A large family of cytokines are produced by various cells of the body. Many of the lymphokines are also known as interleukins (ILs), since they are not only secreted by leukocytes but also able to affect the cellular responses of leukocytes. Specifically, interleukins are growth factors targeted to cells of hematopoietic origin. The list of identified interleukins grows continuously with the total number of individual activities now at 22 (13 are listed in the Table below). 
	Interleukins
	Principal Source
	Primary Activity

	IL1- and -
	macrophages and other antigen presenting cells (APCs)
	costimulation of APCs and T cells, inflammation and fever, acute phase response, hematopoiesis

	IL-2
	activated TH1 cells, NK cells
	proliferation of B cells and activated T cells, NK functions

	IL-3
	activated T cells
	growth of hematopoietic progenitor cells

	IL-4
	TH2 and mast cells
	B cell proliferation, eosinophil and mast cell growth and function, IgE and class II MHC expression on B cells, inhibition of monokine production

	IL-5
	TH2 and mast cells
	eosinophil growth and function

	IL-6
	activated TH2 cells, APCs, other somatic cells
	acute phase response, B cell proliferation, thrombopoiesis, synergistic with IL-1 and TNF on T cells

	IL-7
	thymic and marrow stromal cells
	T and B lymphopoiesis

	IL-8
	macrophages, other somatic cells
	chemoattractant for neutrophils and T cells

	IL-9
	T cells
	hematopoietic and thymopoietic effects

	IL-10
	activated TH2 cells, CD8+ T and B cells, macrophages
	inhibits cytokine production, promotes B cell proliferation and antibody production, suppresses cellular immunity, mast cell growth

	IL-11
	stromal cells
	synergisitc hematopoietic and thrombopoietic effects

	IL-12
	B cells, macrophages
	proliferation of NK cells, INF- production, promotes cell-mediated immune functions

	IL-13
	TH2 cells
	IL-4-like activities

	Interferons
	Principal Source
	Primary Activity

	INF- and -
	macrophages, neutrophils and some somatic cells
	antiviral effects, induction of class I MHC on all somatic cells, activation of NK cells and macrophages

	INF-
	activated TH1 and NK cells
	induces of class I MHC on all somatic cells, induces class II MHC on APCs and somatic cells, activates macrophages, neutrophils, NK cells, promotes cell-mediated immunity, antiviral effects
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