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Introduction
TNF also called cachexin or cachectin, is a cell signaling protein 

that is involved, along with other cytokines in acute phase immunologic 
reactions. It is produced by a variety of cells, chiefly macrophages 
and neutrophils but also mast cells, eosinophils and NK cells [1]. 
TNF’s primary roll is in the regulation of immune cells, but it is also a 
pyrogen and is able to cause fever and inflammation. It can inhibit viral 
replication and responds to sepsis by inducing Interleukins 1 and 6. It 
is one of the earliest cytokines that is produced and may have both a 
direct effect on cells and tissues and an indirect effect of inducing cell 
types to produce other cytokines. 

Structure 

TNF is produced as a type II transmembrane protein arranged as 
stable homotrimers. It is about 230 amino acids long [2]. It is synthesized 
as a 26 kD transmembrane monomer. Proteolytic cleavage by ADAM-
17, a metalloprotease TNF converting enzyme releases solubilized TNF 
(sTNF) [3]. There is a disassociation of this molecule in concentrations 
below the nanomolar range thus yielding a pyramid shaped structure 
of about 17-kD. This TNF-alpha of 17-kD is composed of two anti-
parallel sheets with anti-parallel strands forming a “jelly roll structure”, 
which is somewhat typical for both the TNF family of cytokines, and 
coincidentally for some viral capsid proteins [4]. Individual monomers 
will assemble into homotrimers which are non-covalent in nature. The 
trimers that result resemble a structure wider on top than the bottom. 

Function and Cell Signaling

The tumor necrosis factor receptor superfamily (TNFRSF) is the 
key component in immune regulation and cell proliferation [5]. There 
are two receptors that can bind TNF. They are labelled TNFR1 (55 
kDa) and TNFR2 (75 kDa). TNFR1 is the more prevalent of the two 
receptor types and can be found in most tissues. There is a high degree 
of amino acid similarity between the two receptors which comprise the 
extracellular regions. There is more homology between the intracellular 
regions [6]. Both TNFR(s) can be activated by both membrane-bound 
and soluble trimeric forms of TNF. TNFR2 is found more closely 
associated with the immune system. In either case, when contact with 
the ligand occurs TNF receptors form trimers with “groves” formed 
between the monomeric structure, thus resulting in the receptor 
undergoing a conformational change [7]. 

Pathology

TNF levels in the body are controlled usually by natural mechanisms 
of the immune systems which “clear” the protein before any damage can 
be done. However, an excess of TNF triggers inflammation, either local 
or systemic. Inflammation signs and symptoms include fever, redness, 
and swelling. It is capable of causing death to a variety of cells ranging 
from normal to cancer cells. TNF can play a part in cell proliferation, 
apoptosis, lipid metabolism and coagulation (formation) of blood clots. 
Since the primary role of TNF is cellular regulation it may respond to 
or affect sepsis by induction of Interleukins 1 and/or 6. The presence of 
TNF in the ocular environment has been linked to neovascularization 
of the cornea [5]. TNF induction by Gram negative bacterial endotoxin 
has been shown to be the cause of many systemic side effects of infection 
by this group of bacteria [8]. 

Endotoxin or more specifically the Lipid A component of the 
endotoxin molecule can also cause acute inflammation of the anterior 
chamber of the eye [9]. This occurs due to the triggering of immune 
cells such as neutrophils to produce TNF and Interleukin-1. The effects 
in the ocular environment are pronounced. Signs include swelling, 
redness and exudate production. There is also extreme sensitivity to 
light (photophobia). 

Treatment
There are natural levels of TNF in the body, but an excess of TNF 

can lead to the pathologies discussed above. There are a variety of agents 
such as TNF inhibitors or blockers, as well as anti-TNF agents. Some of 
the drugs are Adalimumab, Certolizumab, Entanercept, Golimumab, 
and Infliximab which are TNF blockers [10,11]. They are used reduce 
joint pain and swelling due to arthritis. These drugs may also be used 
to treat Crohn’s disease and colitis, as well as uveitis of the eye. Blockers 
interact directly with TNF to prevent binding and thus actions on cells. 

Should TNF blockers not work, tofacitinib (marketed as Xeljanz) 
may be used as a TNF inhibitor [12]. It is a primary treatment for 
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Abstract
Tumor Necrosis Factor (TNF) is a soluble cytokine that is found in all mammalian tissues. It is induced in response to stimuli such as trauma, infection, or by the 
presence of, or in response to an allergen. It is produced by a variety of cell types including neutrophils and macrophages. TNF has the ability to interact with other 
cytokines and stimulate their production, as well as have a direct effect on tissues that it comes into contact with. 
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rheumatoid arthritis [13]. Anti-TNF agents of all types have a number of 
side effects include redness and burning at the injection site. Coughing, 
headaches, nausea, weakness, and general malaise are also symptoms 
of the treatments. However, when used they are effective in reducing 
physiological stress due to excess TNF levels, that may be systemic or 
occur locally. 

Conclusion
Tumor necrosis factor may be thought of as first among equals as 

relative to its relationship to other cytokines. This may be considered to 
be so for a variety of reasons including the time at which it is stimulated, 
the mode of action of the cytokine itself, and the cells types involved 
and the pathologies that results. There are a number of therapies that 
have been developed and are currently used in clinical practice which 
act as TNF antagonists directly. These have greater or lesser degrees of 
therapeutic success and also side effects depending on the individual 
patient. Work on TNF and TNF induced pathogies will continue with 
the goal of improved and safer therapies.
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