
Cytokines / interleukins:

Growth factors are proteins that bind to receptors on the cell surface, with the primary result of activating cellular proliferation and/or differentiation. Many growth factors are quite versatile, stimulating cellular division in numerous different cell types; while others are specific to a particular cell-type. The lists in the following Tables as well as the descriptions of several factors are not intended to be comprehensive nor complete but a look at some of the more commonly known factors and their principal activities. 

	Factor
	Principal Source
	Primary Activity
	Comments

	PDGF
	platelets, endothelial cells, placenta
	promotes proliferation of connective tissue, glial and smooth muscle cells
	two different protein chains form 3 distinct dimer forms; AA, AB and BB

	EGF
	submaxillary gland, Brunners gland
	promotes proliferation of mesenchymal, glial and epithelial cells
	 

	TGF-
	common in transformed cells
	may be important for normal wound healing
	related to EGF

	FGF
	wide range of cells; protein is associated with the ECM
	promotes proliferation of many cells; inhibits some stem cells; induces mesoderm to form in early embryos
	at least 19 family members, 4 distinct receptors

	NGF
	 
	promotes neurite outgrowth and neural cell survival
	several related proteins first identified as proto-oncogenes; trkA (trackA), trkB, trkC

	Erythropoietin
	kidney
	promotes proliferation and differentiation of erythrocytes
	 

	TGF-
	activated TH1 cells (T-helper) and natural killer (NK) cells
	anti-inflammatory (suppresses cytokine production and class II MHC expression), promotes wound healing, inhibits macrophage and lymphocyte proliferation
	at least 100 different family members

	IGF-I
	primarily liver
	promotes proliferation of many cell types
	related to IGF-II and proinsulin, also called Somatomedin C

	IGF-II
	variety of cells
	promotes proliferation of many cell types primarily of fetal origin
	related to IGF-I and proinsulin


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


Properties of Cytokines
Cytokines are small secreted proteins which mediate and regulate immunity, inflammation, and hematopoiesis. They must be produced de novo in response to an immune stimulus. They generally (although not always) act over short distances and short time spans and at very low concentration. They act by binding to specific membrane receptors, which then signal the cell via second messengers, often tyrosine kinases, to alter its behavior (gene expression). Responses to cytokines include increasing or decreasing expression of membrane proteins (including cytokine receptors), proliferation, and secretion of effector molecules.
Cytokine is a general name; other names include lymphokine (cytokines made by lymphocytes), monokine (cytokines made by monocytes), chemokine (cytokines with chemotactic activities), and interleukin (cytokines made by one leukocyte and acting on other leukocytes). Cytokines may act on the cells that secrete them (autocrine action), on nearby cells (paracrine action), or in some instances on distant cells (endocrine action).
It is common for different cell types to secrete the same cytokine or for a single cytokine to act on several different cell types (pleiotropy; see the table below.) Cytokines are redundant in their activity, meaning similar functions can be stimulated by different cytokines. Cytokines are often produced in a cascade, as one cytokine stimulates its target cells to make additional cytokines. Cytokines can also act synergistically (two or more cytokines acting together) or antagonistically (cytokines causing opposing activities). 
Their short half life, low plasma concentrations, pleiotropy, and redundancy all complicated the isolation and characterization of cytokines. Searches for new cytokines is now often conducted at the DNA level, identifying genes similar to known cytokine genes.
Cytokine Activities
Cytokine activities are characterized using recombinant cytokines and purified cell populations in vitro, or with knock-out mice for individual cytokine genes to characterize cytokine functions in vivo. Cytokines are made by many cell populations, but the predominant producers are helper T cells (Th) and macrophages. 
The largest group of cytokines stimulates immune cell proliferation and differentiation. This group includes Interleukin 1 (IL-1), which activates T cells; IL-2, which stimulates proliferation of antigen-activated T and B cells; IL-4, IL-5, and IL-6, which stimulate proliferation and differentiation of B cells; Interferon gamma (IFN), which activates macrophages; and IL-3, IL-7 and Granulocyte Monocyte Colony-Stimulating Factor (GM-CSF), which stimulate hematopoiesis.

	IL-1 
	Macrophage 
	T,Bcellactivation;fever;inflammation 

	IL-2 
	T cells 
	T cell proliferation 

	IL-3 
	T cells 
	Growth of many cell types 

	IL-4 
	T cells 
	B cell growth and differentiation 

	IL-5 
	T cells 
	B cell, eosinophil growth 

	IL-6 
	macrophages, T cells 
	B cell stimulation,inflammation 

	IL-7 
	stromal cells 
	Early B and T cell differentiation 

	IL-8 
	macrophages 
	Neutrophil (PMN)attraction 

	IL-9 
	T cells 
	mitogen 

	IL-10 
	T cells 
	Inhibits Th1 cytokine production 

	IL-11 
	Bone marrow stroma 
	Hematopoeisis 

	IL-12 
	APC 
	Stimulates T, NK cells 

	IL-13 
	T cells 
	Similar to IL-4 

	IL-14 
	dendritic cells,T cells 
	B cell memory 

	IL-15 
	T cells 
	same as IL-2 

	IL-16 
	- 
	- 

	IFNa 
	Most cells 
	Anti-viral 

	IFNb 
	Most cells 
	Anti-viral 

	IFNg 
	T, NK cells 
	inflammation,activates macrophages 

	TGFb 
	macrophages,lymphocytes 
	depends on target 

	TNFa 
	Macrophage 
	Inflammation; tumor killing 

	TNFb 
	T cells 
	Inflammation; tumor killing;enhance phagocytosis 


IL-18 is a Cytokine which plays an important role in Th1 response through its ability to induce 


IFN- production in T-Cells and NK Cells.

Serum but not CSF concentrations of the 
Interferon-
-inducing Cytokine InterLeukin-18 (IL-18) were significantly augmented in patients with MS.

Insulin-Like Growth Factor-I (IGF-I)
IGF-I (originally called somatomedin C) is a growth factor structurally related to insulin. IGF-I is the primary protein involved in responses of cells to growth hormone (GH): that is, IGF-I is produced in response to GH and then induces subsequent cellular activities, particularly on bone growth. It is the activity of IGF-I in response to GH that gave rise to the term somatomedin. Subsequent studies have demonstrated, however, that IGF-I has autocrine and paracrine activities in addition to the initially observed endocrine activities on bone. The IGF-I receptor, like the insulin receptor, has intrinsic tyrosine kinase activity. Owing to their structural similarities IGF-I can bind to the insulin receptor but does so at a much lower affinity than does insulin itself. 

Interleukin-1 (IL-1)
IL-1 is one of the most important immune response-- modifying interleukins. The predominant function of IL-1 is to enhance the activation of T-cells in response to antigen. The activation of T-cells, by IL-1, leads to increased T-cell production of IL-2 and of the IL-2 receptor, which in turn augments the activation of the T-cells in an autocrine loop. IL-1 also induces expression of interferon- (IFN-) by T-cells. This effect of T-cell activation by IL-1 is mimicked by TNF- which is another cytokine secreted by activated macrophages. There are 2 distinct IL-1 proteins, termed IL-1- and -1-, that are 26% homologous at the amino acid level. The IL-1s are secreted primarily by macrophages but also from neutrophils, endothelial cells, smooth muscle cells, glial cells, astrocytes, B- and T-cells, fibroblasts and keratinocytes. Production of IL-1 by these different cell types occurs only in response to cellular stimulation. In addition to its effects on T-cells, IL-1 can induce proliferation in non-lymphoid cells. 
 



Interleukin-2 (IL-2)
IL-2, produced and secreted by activated T-cells, is the major interleukin responsible for clonal T-cell proliferation. IL-2 also exerts effects on B-cells, macrophages, and natural killer (NK) cells. The production of IL-2 occurs primarily by CD4+ T-helper cells. As indicated above, the expression of both IL-2 and the IL-2 receptor by T-cells is induced by IL-1. Indeed, the IL-2 receptor is not expressed on the surface of resting T-cells and is present only transiently on the surface of T-cells, disappearing within 6-10 days of antigen presentation. In contrast to T-helper cells, NK cells constitutively express IL-2 receptors and will secrete TNF-, IFN- and GM-CSF in response to IL-2, which in turn activate macrophages. 
 



Interleukin-6 (IL-6)
IL-6 is produced by macrophages, fibroblasts, endothelial cells and activated T-helper cells. IL-6 acts in synergy with IL-1 and TNF-( in many immune responses, including T-cell activation. In particular, IL-6 is the primary inducer of the acute-phase response in liver. IL-6 also enhances the differentiation of B-cells and their consequent production of immunoglobulin. Glucocorticoid synthesis is also enhanced by IL-6. Unlike IL-1, IL-2 and TNF-, IL-6 does not induce cytokine expression; its main effects, therefore, are to augment the responses of immune cells to other cytokines. 
 



Interleukin-8 (IL-8)
IL-8 is an interleukin that belongs to an ever-expanding family of proteins that exert chemoattractant activity to leukocytes and fibroblasts. This family of proteins is termed the chemokines. IL-8 is produced by monocytes, neutrophils, and NK cells and is chemoattractant for neutrophils, basophils and T-cells. In addition, IL-8 activates neutrophils to degranulate. 
 



Tumor Necrosis Factor- (TNF-)
TNF- (also called cachectin), like IL-1 is a major immune response-- modifying cytokine produced primarily by activated macrophages. Like IL-1, TNF- induces the expression of other autocrine growth factors, increases cellular responsiveness to growth factors and induces signaling pathways that lead to proliferation. TNF- acts synergistically with EGF and PDGF on some cell types. Like other growth factors, TNF- induces expression of a number of nuclear proto-oncogenes as well as of several interleukins. 
 



Tumor Necrosis Factor- (TNF-)
TNF- (also called lymphotoxin) is characterized by its ability to kill a number of different cell types, as well as the ability to induce terminal differentiation in others. One significant non-proliferative response to TNF- is an inhibition of lipoprotein lipase present on the surface of vascular endothelial cells. The predominant site of TNF- synthesis is T-lymphocytes, in particular the special class of T-cells called cytotoxic T-lymphocytes (CTL cells). The induction of TNF- expression results from elevations in IL-2 as well as the interaction of antigen with T-cell receptors. 
 



Interferon- (INF-)
IFN-, IFN- and IFN- are known as type I interferons: they are predominantly responsible for the antiviral activities of the interferons. In contrast, IFN- is a type II or immune interferon. Although IFN-, has antiviral activity it is significantly less active at this function than the type I IFNs. Unlike the type I IFNs, IFN- is not induced by infection nor by double-stranded RNAs. IFN- is secreted primarily by CD8+ T-cells. Nearly all cells express receptors for IFN- and respond to IFN- binding by increasing the surface expression of class I MHC proteins, thereby promoting the presentation of antigen to T-helper (CD4+) cells. IFN- also increases the presentation of class II MHC proteins on class II cells further enhancing the ability of cells to present antigen to T-cells. 
 



Colony Stimulating Factors (CSFs)
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CSFs are cytokines that stimulate the proliferation of specific pluripotent stem cells of the bone marrow in adults. Granulocyte-CSF (G-CSF) is specific for proliferative effects on cells of the granulocyte lineage. Macrophage-CSF (M-CSF) is specific for cells of the macrophage lineage. Granulocyte-macrophage-CSF (GM-CSF) has proliferative effects on both classes of lymphoid cells. Epo is also considered a CSF as well as a growth factor, since it stimulates the proliferation of erythrocyte colony-forming units. IL-3 (secreted primarily from T-cells) is also known as multi-CSF, since it stimulates stem cells to produce all forms of hematopoietic cells. 
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