Tumor Necrosis Factor (TNF) – 

A Cytokine released by activated Macrophages, similar to LymphoToxin that activated T-Cells secrete. It enhances activation of T-Cells, and induces proliferation of T-Cells and B-Cells.

- TNF also attracts additional Macrophages and Granulocytes to the site. This prompts Macrophages and other Immune Cells, to release tissue-damaging, Oxygen-containing substances and ProstaGlandins to promote Inflammation. #30
Structure/Function

TNF-alpha is a member of a family of cytokines which also includes LIF , CNTF , Oncostatin M , ILI1 , and CT-1 . All known members of the TNF-alpha cytokine family induce hepatic expression of Acute phase proteins . 

TNF-alpha is produced by many different cell types. The main sources in vivo are stimulated monocytes, fibroblasts, and endothelial cells. Macrophages, T-cells and B-lymphocytes,granulocytes, smooth muscle cells, eosinophils, chondrocytes, osteoblasts, mast cells, glial cells,and keratinocytes also produce TNF-alpha after stimulation. Glioblastoma cells constitutively produce TNF-alpha and the factor can be detected also in the cerebrospinal fluid. Human milk also contains TNF-alpha. 

Physiological stimuli for the synthesis of TNF-alpha are IL-1 , bacterial endotoxins , TNF , PDGF , and Oncostatin M . In fibroblasts the synthesis of TNF-alpha is stimulated by IFN-beta , TNF-alpha , PDGF , and viral infections. In thymic stromal cells the synthesis of TNF-alpha can be induced by NGF . TNF-alpha can also stimulate or inhibits its own synthesis, depending upon the cell type.In epithelial,endothelial, and fibroblastic cells secretion of TNF-alpha is induced by IL-17 . 

  Protein characteristics : 

TNF-alpha is a protein of 185 amino acids glycosylated at positions 73 and 172. It is synthesized as a precursor protein of 212 amino acids. Monocytes express at least five different molecular forms of TNF-alpha with molecular masses of 21.5-28 kDa. They mainly differ by post-translational alterations such as glycosylation and phosphorylation. 

  Gene structure : 

The human TNF-alpha gene has a length of approximately 5 kb and contains five exons. It maps to human chromosome 7p21-p14 between the markers D7S135 and D7S370. The murine gene maps to chromosome 5. The nucleotide sequences of TNF-alpha and G-CSF genes resemble each other in a way suggesting a possible evolutionary relationship. 

LOWLY CYTOKINE MAY PLAY ROLE IN CONTROLLING NEUROTRANSMITTERS 

COLUMBUS, Ohio -- Researchers here in collaboration with a group in California have discovered that a protein normally thought only to be a component in the immune system actually plays a key role in regulating neurotransmission in the central nervous system -- the CNS -- as well. 

The protein, tumor necrosis factor alpha, or TNF-alpha, has long been known to be a key player in controlling cell death but this new finding offers new insights into how cells interact within the human nervous system. 

Understanding this new role of TNF-alpha may provide researchers with possible new approaches to treating illnesses such as dementia, Alzheimer's disease, stroke, epilepsy and spinal cord injury. The report was published in the latest issue of the journal Science. 

The findings by Jacqueline Bresnahan, professor of neurosciences at Ohio State University; Michael Beattie, professor and chair of the same department, and colleagues at Stanford University, show that TNF-alpha is vital for controlling the strength of signal transmission between nerve cells. And the level of signal strength may play an important role in determining how nerve cells respond to injury. 

Researchers have long believed that neurons were the most important cells in the nervous system because they controlled the passage of signals throughout the CNS. They thought that glial cells -- astrocytes, oligodendrocytes and microglia -- only performed a support role for those neurons, providing oxygen and nutrients to the neurons, shielding neurons from each other, and basically cleaning up dead neurons. 

The new research, however, points to a much greater role for the glial cells since they can manufacture and release TNF-alpha into the CNS environment. The TNF-alpha apparently is able to regulate the expression of certain neurotransmitter receptors on the surface of neurons. The more of these receptors there are on the surface of the neuron, the more signals it can transmit. 

In this case, the signals arise from the binding of glutamate molecules from the fluid surrounding the cell to these receptors. When the glutamate and receptor meet, a nerve impulse, or signal, is produced. The more receptors present, the more signals are increased. 

Normally, the cytokine TNF-alpha is released as part of the inflammatory process following an injury to the cells. Based on discussions with other Ohio State colleagues on how the brainstem sends "nausea signals" to the stomach, Beattie and Bresnahan remembered that when TNF-alpha and glutamate are both present, cell signaling activity seemed to increase. 

"We wondered that since there was glutamate and TNF-alpha present in the spinal cord after injury, then maybe TNF-alpha is actually enhancing the killing effect of the normal neurotransmitter," Beattie said. 

In testing this, they exposed nerve cells first to glutamate and then to TNF-alpha. Separately, neither had an impact on the normal killing effect. But when they exposed the cells to even small amounts of both compounds, the killing effect increased 120 percent. 

"This was a complete surprise and validated our hypothesis," Bresnahan said. 

The real question, however, was in the details of the process -- how exactly was the killing effect enhanced. For help with the answer, they turned to Beattie's brother Eric, a post-doctoral researcher at Stanford. The lab in which Eric Beattie was conducting research was looking at the role glutamate played in signal transmission in learning and memory. 

"We wanted to know if TNF-alpha was regulating the number of receptors on the cell surface," Bresnahan explained. "If the number of receptors increased, and if there was glutamate nearby to bind to them, that would allow more calcium into the cells, killing them." 

Experiments at the Stanford lab were able to show that controlling the presence or activity of TNF-alpha had a direct relationship to the numbers of glutamate receptors on the cell surface and therefore on the amount of synaptic transmission. 

"This showed that TNF-alpha, this cytokine that is supposed to come from the immune system and not have a role in transmitting information, is actually a potent modulator of neurotransmitter interaction," Beattie said. 

Beattie and Bresnahan's work has now turned to how this process affects the speed at which nerve cells die, adding that a host of illnesses are caused by a degeneration of neurons.

Tumor necrosis factor (TNF) family members play important roles in various physiological and pathological processes, including cell proliferation, differentiation, apoptosis, modulation of immune responses and induction of inflammation. TNF acts through two receptors, TNFR1 & 2. TNFR1 is expressed by all human tissues and is the major signaling receptor for TNF-alpha. TNFR2 is mostly expressed in immune cells and mediates limited biological responses. TNFR2 binds both TNF-alpha and TNF-beta. 
TNF-alpha is representative of a still growing family of trimeric cytokines and cell-surface proteins, such as lymphotoxin-alpha (LT-alpha), Fas ligand (FasL), receptor-activator of NF-kappaB ligand (RANKL), CD40 ligand (CD40L), and TNF-related apoptosis-inducing ligand (TRAIL). Exposure of cells to TNF-alpha can result in activation of a caspase cascade leading to apoptosis. However, more commonly, the binding of TNF-alpha to its receptors causes activation of two major transcription factors, AP-1 and NF-kappaB, that in turn induces genes involved in chronic and acute inflammatory responses (Ref.1).
The binding of TNF-alpha to TNFR1 activates TNFR1-associated death domain protein (TRADD), which interacts with Fas-associated death domain protein (FADD) to induce apoptosis (Ref. 2); the binding of TNF-alpha to TNFR1 can also produce a quite opposite affect if TRADD interacts with TNF receptor-associated factor 2 (TRAF2) and receptor-interacting protein (RIP) to activate NF-kappaB, resulting in gene expression and cell survival. TNFR2 triggering can lead to NF-kappaB activation, but does not result in cell death. Importantly, the suppression of apoptosis, which is mostly dependent on NF-kappaB, augments the inflammatory response to TNF-alpha.
Overproduction of TNF as a result of age or genetic defects has been implicated in many inflammatory diseases, such as rheumatoid arthritis, which is due to TNF induced apoptosis of cartilage cells. Immunex (Seattle, WA; www.immunex.com) is trying to treat rheumatoid arthritis by reducing the levels of TNF; they have developed a protein, called Enbrel™, consisting of the extracellular ligand-binding portion of the human TNFR1 linked to the Fc portion of human IgG1. Enbrel binds specifically to soluble TNF-alpha and blocks its interaction with TNFR1, thus reducing apoptosis of cartilage cells.

Tnf-Alpha Helps Repair Damaged Axons 

Multiple sclerosis in humans has not responded well to drugs that block tumor necrosis factor-alpha (TNF-alpha), despite evidence that TNF-alpha contributes to the damage in animal models of the disease. A paper in the November issue of Nature Neuroscience now reports that TNF-alpha has two opposite effects in mice, first accelerating damage to axons and later accelerating its repair. This finding may explain the discrepancies between laboratory and clinical studies, and thus aid the development of more effective treatments for the disease.

In multiple sclerosis, the patient's immune system destroys oligodendrocytes, the insulating cells that surround axons, thus reducing the neurons' ability to communicate with each other. Oligodendrocytes can grow back, however, and increasing their rate of repair is a promising treatment approach. In the new paper, Jenny Ting and colleagues at the University of North Carolina show that mice lacking the gene for TNF-alpha or one of its receptors show less initial damage in response to a drug that kills oligodendrocytes, as expected from previous work. Surprisingly, though, the mutant mice were much slower to repair the damage, apparently because proliferation of this cell type requires TNF-alpha signals. This suggests that the effectiveness of therapies involving the TNF-alpha pathway may vary based on the timing of drug treatment. 

TNF-alpha, or tumor necrosis factor alpha, is a naturally occurring cytokine that is involved in the development and progression of many inflammatory, infectious and autoimmune diseases. In RA, TNF-alpha plays a major role in the pathology of joints. It stimulates bone and cartilage to be absorbed, facilitates inflammation and inhibits bone formulation. High levels of TNF-alpha are present in patients with both RA and Crohn's disease. Monoclonal antibody drugs that inhibit TNF-alpha are used as a treatment for both rheumatoid arthritis and Crohn's disease. Presently, the market for intravenous TNF-alpha drugs to treat these two diseases is greater that $500 million and is growing. There are approximately 1.2 million RA patients and 300,000 Crohn's patients in the U.S.

FUNCTION 
Tumor necrosis factor-alpha (TNF-A) is a pleiotropic inflammatory cytokine.  It was first isolated by Carswell et al. in 1975 in an attempt to identify tumor necrosis factors responsible for necrosis of the sarcoma Meth A (Carswell et al., 1975).  Most organs of the body appear to be affected by TNF-A, and the cytokine serves a variety of functions, many of which are not yet fully understood.  The cytokine possesses both growth stimulating properties and growth inhibitory processes, and it appears to have self regulatory properties as well.  For instance, TNF-A induces neutrophil proliferation during inflammation, but it also induces neutrophil apoptosis upon binding to the TNF-R55 receptor (Murray, et al., 1997).  The cytokine is produced by several types of cells, but especially by macrophage.  Tracey and Cerami suggest two beneficial functions of TNF-A which have lead to its continued expression (1990).  First, the low levels of the cytokine may aid in maintaining homeostasis by regulating the body's circadian rhythm.  Furthermore, low levels of TNF-A promote the remodeling or replacement of injured and senescent tissue by stimulating fibroblast growth. 

Additional beneficial functions of TNF-A include its role in the immune response to bacterial, and certain fungal, viral, and parasitic invasions as well as its role in the necrosis of specific tumors.  Lastly it acts as a key mediary in the local inflammatory immune response.  TNF-A is an acute phase protein which initiates a cascade of cytokines and increases vascular permeability, thereby recruiting macrophage and neutrophils to a site of infection.  TNF-A secreted by the macrophage causes blood clotting which serves to contain the infection.  Without TNF-A, mice infected with gram negative bacteria experience septic shock (Janeway et al., 1999). 

The pathological activities of TNF-A have attracted much attention.  For instance, although TNF-A causes necrosis of some types of tumors, it promotes the growth of other types of tumor cells.  High levels of TNF-A correlate with increased risk of mortality (Rink & Kirchner, 1996).  TNF-A participates in both inflammatory disorders of inflammatory and non inflammatory origin (Strieter al., 1993).   Originally sepsis was believed to result directly from the invading bacteria itself, but it was later recognized that host system proteins, such as TNF-A induced sepsis in response. Exogenous and endogenous factors from bacteria, viruses, and parasites stimulate production of TNF-A and other cytokines. Lipopolysaccharide from from bacteria cell walls is an especially potent stimulus for TNF-A synthesis (Tracey and Cerami, 1993).  When cytokine production increases to such an extent that it escapes the local infection, or when infection enters the bloodstream, sepsis ensues.  Systematic edema results in low blood volume, hypoproteinanemia, neutropenia and then neutrophilia (Janeway et al., 1999).  Body organs fail and death may result. Victims of septic shock experience fever, falling blood pressure, myocardial suppression, dehydration, acute renal failure and then respiratory arrest (Tracey and Cerami, 1993). 

TNF-A exhibits chronic effects as well as resulting in acute pathologies. To link to a diagram of cellular responses involved in chronic inflammation, please click  here.  [Continue scrolling through the slides to view illustrations of chronic inflammation].  If TNF-A remains in the body for a long time, it loses its anti tumor activity.  This can occur due to polymerization of the cytokine, shedding of TNF receptors by tumor cells, excessive production of anti-TNF antibodies, found in patients with carcinomas or chronic infection, and disruptions in the alpha-2 makroglobulin proteinase system which may deregulate cytokines.  Prolonged overproduction of TNF-A also results in a condition known as cachexia, which is characterized by anorexia, net catabolism, weight loss and anemia and which occurs in illnesses such as cancer and AIDS.  Cachectin and TNF-A were once considered different proteins, but in 1985 researchers discovered that the two proteins were homologous (Beutler et al., 1985a). 

Systematic Effects of TNF in Acute v. Chronic Exposure

  
  

	ACUTE,  HIGH DOSE
	CHRONIC, LOW DOSE

	Shock and tissue injury
	Weight loss

	Catabolic hormone release
	Anorexia

	Vascular leakage syndrome
	Protein catabolism

	Adult respiratory distress disorder
	Lipid depletion

	Gastrointestinal necrosis
	Hepatosplenomegaly

	Acute renal tube necrosis
	Subendocardial inflammation

	Adrenal hemorrhage
	Insulin reisistance

	Decreased muscle membrane potentials
	Enhanced rate of tumor metastic

	Disseminated intravascular coagulation
	Acute phase protein release

	Fever
	Endothelial activation


TNF-A seems to serve as a mediator in various pathologies.  A few such examples include:  Septic shock, Cancer, AIDS, Transplantation rejection, Multiple Sclerosis, Diabetes, Rheumatoid arthritis, Trauma, Malaria, Meningitis, Ischemia-Reperfusion Injury, and Adult respiratory distress syndrome.
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