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The central event of the hemostatic process is the generation of thrombin through the tissue factor pathway. This is a highly regulated, dynamic process in which thrombin itself plays many roles, positively and negatively its production and destruction. The hemostatic process is essential to normal physiology and is also the Achilles heel of our aging population. The inappropriate generation of thrombin may lead to vascular occlusion with the consequence of myocardial infarction, stroke, pulmonary embolism, or venous thrombosis. In this review, we summarize our present views regarding the tissue factor pathway by which thrombin is generated and the roles played by extrinsic and intrinsic factor Xa generating complexes in hemostasis and the roles of the stoichiometric and dynamic inhibitors that regulate thrombin generation. 
Fibrin is the product of an activated coagulation system. It forms in the extravascular space by cleavage of fibrinogen. It is an important component of a blood clot, as well as a thrombus. However, in the context of this section, it is important to understand that fibrin can be a prominent part of exudates that develop when vascular permeability/injury has been sufficiently great to allow a large molecule like fibrinogen to cross into the extravascular space. Fibrinogen is cleaved in the extravascular space to form fibrin.

A thrombus is an aggregate of a network of fibrin, platelets, and blood elements trapped by the fibrin net. The book makes a big deal out of the difference between a clot and a thrombus, but most physicians and laymen use them synonymously.

Fibrinogen 

Chapter: 2
An acute phase protein that is part of the coagulation cascade of proteins (see fibrin). The amount of fibrinogen in the plasma can be measured as a nonspecific indicator of whether or not an inflammatory process is present in the body. Elevated fibrinogen levels also contribute to an accelerated erythrocyte sedimentation rate, which can be used as another nonspecific indicator of inflammation. The ESR can be used, as the level of fibrinogen can be, to monitor the course of a chronic inflammatory process: decreases suggest improvement, while increases suggest worsening of the process.

Fibrin fibers are the major structural component of blood clots.  Thus, determining the strength and mechanical properties of blood clots will provide new insights into the wound healing process and will advance our understanding of heart attacks and strokes.

Fibrinolysis

Once haemostasis is restored and the tissue is repaired, the clot or thrombus must be removed from the injured tissue. This is achieved by fibrinolytic pathway. The end product of this pathway is the enzyme plasmin, a potent proteolytic enzyme with a broad spectrum of activity. Plasmin is formed by activation of the proenzyme, plasminogen by either plasma or tissue activators. Tissue plasminogen activators are found in most tissues, except the liver and the placenta, where they are synthesized by endothelial cells and are found concentrated in the walls of blood vessels. The two best characterized are vascular activator (commonly known as tissue plasminogen activator -- tPA) and urokinase. There is great interest in using tPA as a therapeutic agent for dissolving blood clots: the gene for tPA has now been cloned and the expressed gene product is avaible for clinical trials. Plasminogen activator is also a product of macrophages. The level of tissue activator in the plasma is normally low, but can be increased by exercise and stress. 

Two forms of plasminogen are present in the plasma; one has a glutamic acid at the N-terminal of the polypeptide chain, and is called native or glu-plasminogen, and the other a lysine. The latter form arise as a result of partial degradation of the parent molecule by autocleavage. 

Triggering of fibrinolysis occur when the plasminogen activator, plasminogen, and fibrin are all in close proximity. Both plasminogen and its activator bind avidly to fibrin as the clot forms. This close association prevents inhibition of plasmin activity by inhibitor, and allows proteolysis of the fibrin to proceed after the production of lys-plasminogen. Plasmin inhibitors ( antiplasmins) which can control plasmin activity include: 
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-antitrypsin, -antiplasmin, C1 inhibitor, antithrombin III. 

Mediators of inflammation 

Once leukocytes have arrived at a site of infection or inflammation, they release mediators which control the later accumulation and activation of other cells. However, in inflammatory reactions initiated by the immune system, the ultimate control is exerted by the antigen itself, in the same way as it controls the immune response itself. For this reason, the cellular accumulation at the site of chronic infection, or in autoimmune reactions (where the antigen cannot ultimately be eradicated), is quite different from that at sites where the antigenic stimulus is rapidly cleared. 

There are four major plasma enzyme systems which have an important role in haemostasis and control of inflammation. These are the complement system, the clotting system, the fibrinolytic (plasmin) system and the kinin system

Inflammatory mediators are soluble, diffusible molecules that act locally at the site of tissue damage and infection, and at more distant sites. They can be divided into exogenous and endogenous mediators. 

Bacterial products and toxins can act as exogenous mediators of inflammation. Notable among these is endotoxin, or LPS of Gram-negative bacteria. The immune system of higher organisms has probably evolved in a veritable sea of endotoxin, so it is perhaps not surprising that this substance avokes powerful responses. For example, endotoxin can trigger complement activation, resulting in the formation of anaphylatoxins C3a and C5a which cause vasodilation and increase vascular permeability. Endotoxin also activates the Hageman factor, leading to activation of both the coagulation and fibrinolytic pathways as well as the kinin system. In addition, endotoxin elicit T cell proliferation, and have been described as superantigen for T cells. 

Early phase mediators are produced by mast cells and platelets. They are especially important in acute inflammation and include mainly histamine, serotonin and other vasoactive substances. Platelets may contribute to inflammatory responses resulting as a consequence of tissue injury, through a variety of mechanisms including: 

1. the release of vasoactive amines and other permeability factors, 

2. the release of lysosomal enzymes, 

3. the release of coagulation factors which lead to localized and generalized fibrin deposition, and 

4. the formation of platelet aggregates or trombi which result in the blocking of vessels and capillaries. 

To the early phase mediators also belong chemoatractants (e.g. C5a) and cytokines such as IL-1, IL-6, and TNF-[image: image2.png]


. 

Edema formation can be separated from phagocyte recruitment. Vasodilation in response to histamine, bradykinin, PGE[image: image3.png]
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, and complement fragments C3a and C5a results from a direct action of these substances on endothelial cells and smooth muscle vasculature with resulting leakage of plasma. This is accompanied by release of mediators, such as C5a, LTB[image: image5.png]


, and PAF, that act directly on the phagocytic cells. In addition N-formyl peptides are released from bacteria and mitochondria of damaged tissues. These mediators are potent chemoattractants that mobilize neutrophils, monocytes, and eosinophils, cause release of lysosomal contents, and activate the respiratory burst of the phagocytes with resulting production of toxic oxygen products. 

Serotonin is also capable of increasing vascular permeability, dilating capillaries and producing contraction of nonvascular smooth muscle. Most serotonin is stored in the gastrointestinal tract and central nervous system but a large amount is also stored in the dense granules of platelets. 

The prostaglandins (PG) are a family of lipid-soluble hormone-like molecules produced by different cell types in the body. For example, macrophages and monocytes are large producers of both PGE[image: image6.png]
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, neutrophils produce moderate amounts of PGE[image: image8.png]


, mast cells produce PGD[image: image9.png]


. It is important to note that, unlike histamine, prostanglandins do not exist free in tissues, but have to be synthesized and released in response to an appropriate stimulus. PGE[image: image10.png]


 enhances vascular permeability, is pyrogenic, increases sensitivity to pain, and stimulates leukocyte cAMP, which can have an important suppressive effects on release of mediators by mast cells, lymphocytes, and phagocytes. 

Thromboxane A[image: image11.png]2
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) is produced by monocytes and macrophages, as well as by platelets. It causes platelets to aggregate and constrict blood vessels and airways. These effects are somewhat opposed by the action of prostacyclin (PGI[image: image13.png]


) which is a potent vasodilator. 

Leukotrienes. LTB[image: image14.png]


 and 5-hydroxyeicosatetranoate (5-HETE), causes the chemotaxis (directed locomotion) and/or chemokinesis (general cell movement) of a number of cell types including neutrophils. The synthesis of LTB[image: image15.png]


 is inhibited by colchicine, an anti-inflammatory agent used for treatment of gout. The mixture of LTC[image: image16.png]
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 originally called slow reacting substance of anaphylaxis (SRS-A), is produced by a wide variety of cells, including monocytes and macrophages. They are spasmogenic and cause contraction of smooth muscle, mainly in the bronchus, and they have effects on mucous secretion. 
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 stimulate changes in microcirculation. For example, LXA[image: image21.png]


 induces rapid arteriolar dilation and can also antagonize LTD[image: image22.png]


-induced vasoconstriction. It suggest that LXA[image: image23.png]


 may regulate the action of vasoconstrictor leukotrienes. LXA[image: image24.png]


 can block neutrophil chemotaxis induced by both LTB[image: image25.png]


 and N-formyl-oligopeptides. Both LXA[image: image26.png]
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 inhibit cytotoxicity of natural killer cells. 

Platelets produce a group of acetyl-alkylglycerol ether analogs of phosphatidylcholine called platelet-activating factors (PAFs). PAFs cause platelet aggregation and are potent phagocyte chemoattractants and stimuli of lysosomal enzyme release and reactive oxygen product formation by neutrophils, eosinophils, and macrophages. In addition, PAFs increase the stickiness of endothelial cells for leukocytes. 

Cytokines mediating inflammatory and effector functions

Cytokines are soluble (glyco)proteins, nonimmunoglobulin in nature, released by living cells of the host, which act nonenzymatically in picomolar to nanomolar concentrations through specific receptors to regulate host cell function. Cytokines make up the fourth major class of soluble intercellular signaling molecules, alongside neurotransmitters, endocrine hormones, and autacoids. They possess typical hormonal activities: 

1. they are secreted by a single cell type, react specifically with other cell types (target cells) and regulate specific vital functions that are controlled by feedback mechanisms; 

2. they generally act at short range in a paracrine or autocrine (rather than endocrine) manner; 

3. they interact first with high-affinity cell surface receptors (distinct for each type or even subtype) and then regulate the transcription of a number of cellular genes by little understood second signals. This altered transcription (which can be an enhancement or inhibition) result in changes in cell behaviour. 

Target cells, on which cytokines transform their information signal, may be localized in any body compartment (sometimes a long distance from the site of secretion). Other type of these molecules act mostly on neighbouring cells in the microenvironment where they have been released. These are characterized as local hormones and their secretion is brought about by autocrine (only the cell or organ of secretion is affected) or paracrine mechanisms. During the paracrine secretion some cytokines may escape cell binding and may spill over into general circulation via lymph or plasma. This is important, especially for the products of lymphoid cells, which are mobile after having picked up the message in the microenvironment throughout the body and therefore their immunoregulatory products, (lymphokines, monokines, interleukins and other cytokines), despite being of local hormone character, may act in fact systemically. 

Cytokines are synthesized, stored and transported by various cell types not only inside of the immune system (lymphokines, interleukins, monokines, tumour necrosis factors, interferons) but also by other cells which are mainly studied in haematology (colony-stimulating factors), oncology (transforming growth factors), and cell biology (peptide growth factors, heat shock and other stress proteins). 

The central role of cytokines is to control the direction, amplitude, and duration of immune responses and to control the (re)modeling of tissues, be it developmentally programmed, constitutive, or unscheduled. Unscheduled remodeling is that which accompanies inflammation, infection, wounding, and repair. Individual cytokines can have pleiotropic (multiple), overlaping and sometimes contradictory functions depending on their concentration, the cell type they are acting on, and the presence of other cytokines and mediators. Thus the information which an individual cytokine conveys depend on the pattern of regulators to which a cell is exposed, and not on one single cytokine. It is supposed that all cytokines form the specific system or network of communication signals between cells of the immune system, and between the immune system and other organs. In this inter-cell signalling network, the signal is usually transfered by means of a special set of cytokines. 

Because of the potent and profound biological effects of cytokines, it is not surprising that their activities are tighly regulated, most notably at the levels of secretion and receptor expression. Additional regulatory mechanisms are provided by the concomitant action of different cytokines and the presence in biological fluids of specific inhibitory proteins, soluble cytokine-binding factors and specific autoantibodies. 

	Definition:

	Fibrinolysis leads to the breakdown of fibrin clots (blood clots) and is caused by the action of several enzymes.

Fibrinolysis normally occurs continuously to keep naturally occuring blood clots from growing and causing problems. However, fibrinolysis can increase under certain conditions (such as intense exercise, inadequate oxygenation of tissues, low blood sugar, or bacterial infections).

Primary fibrinolysis refers to the normal breakdown of clots, whereas secondary fibrinolysis is the breakdown of blood clots and possible abnormal bleeding due to another medical disorder, medications, or other causes.

In some situations, doctors may wish to speed up the rate of fibrinolysis. For example, when an abnormal "clot" forms in the blood vessels of the heart and results in a heart attack, man-made fibrinolytic enzymes (such as tPA, streptokinase, or Retavase) may be given to break up the culprit clot.


Leukotrienes are made in leukocytes and macrophages via the lipoxygenase pathway. They are potent constrictors of the bronchial airways. They are also important in inflammation and hypersensitivity reactions as they increase vascular permeability and attract leukocytes. Indeed, the slow-reacting substance of anaphylaxis is actually a mixture of leukotrienes.

Fibrinolysis,
the dissolution of fibrin and thrombus. Clot lysis is a complex process involving proteolytic enzymes, activators and inhibitors of plasmin and other proteases. The major activators which convert the precursor plasminogen to active plasmin are: activated Hageman factor fragments, urokinase type plasminogen activators and tissue plasminogen activator (t-PA). Upon activation, plasmin dissolves fibrin thrombi. In normal homeostasis, fibrinolysis is activated shortly after thrombus formation to restore vessel patency and blood flow. Several congenital and acquired abnormalities of the fibrinolytic system may increase the risk of thrombosis. A decrease in the concentration of plasminogen and abnormal plasminogen molecules can cause repetitive thrombosis. Infrequently, dysfibrogenaemias can cause thrombosis. Reduced fibrinolytic activity has been associated with both arterial and venous thromboses. Lipoprotein abnormalities are also linked to disorders of fibrinolysis. Thrombolytic therapy is used for the treatment of acute vascular occlusion, especially coronary arterial occlusion. There are two types of plasminogen activators used for this purpose: endogenous agents derived from human source such as tissue plasminogen activator (t-PA) and urokinase-type plasminogen activator (u-PA), and exogenous agents, such as streptokinase

Plasminogen is the precursor of plasmin, which lyses fibrin clots.

Plasminogen is converted into plasmin by tissue plasminogen activator (tPA) or urokinase-type plasminogen activator (uPA). Plasmin degrades fibrin clots (fibrinolysis) as well as intact fibrinogen (fibrinogenolysis). Plasmin also inactivates factors Va and VIIIa. Plasminogen can be decreased during thrombolytic therapy, liver disease, disseminated intravascular coagulation (DIC), and rarely, with a hereditary plasminogen deficiency.

Plasmin is thrombolytic, that is, it is the enzyme responsible for degradation of fibrin clots. Plasmin is found in human plasma as an inactive precursor, plasminogen. Plasminogen is converted to plasmin in a series of complex biochemical reactions in response to tissue damage and fibrin deposition. Activation of tissue plasminogen activator (TPA) directs the conversion of plasminogen to plasmin. Therapeutic thrombolytic plasminogen activators are widely used in management of acute myocardial infarct and peripheral arterial or graft occlusion (PAO). However, every thrombolytic plasminogen activator now commercially available carries a significant risk of hemorrhage at other systemic sites. 

A thrombus is an aggregate of a network of fibrin, platelets, and blood elements trapped by the fibrin net. The book makes a big deal out of the difference between a clot and a thrombus, but most physicians and laymen use them synonymously.

Thrombolysis, Thrombosis, Thrombus and Embolus

Thrombolysis is the breaking up of a blood clot. 

Thrombosis is the formation or presence of a blood clot inside a blood vessel or cavity of the heart.

A thrombus is a blood clot that forms inside a blood vessel or cavity of the heart.

An embolus is a blood clot that moves through the bloodstream until it lodges in a narrowed vessel and blocks circulation.

Megakaryocyte

Large bone-marrow cells (3 micrometers in diameter) that have entered the blood system. The breakup of megakaryocytes produces platelets.

Fibrin Is Critical In Regeneration Of Myelin Sheath
Multiple sclerosis (MS) is characterized by damage to our nerve fibers' “myelin sheaths,” the thick layers of specialized insulating cells that normally wrap around them. 

Myelin damage causes nerve signals to be slowed, shorted, or blocked, resulting in the well-known difficulties MS sufferers have in controling the muscles to which those nerves lead. 

Under normal circumstances, the myelin sheath can regenerate after damage. However, factors made by the nerve and surrounding cells regulate this regenerative capacity. Our understanding of what these factors are and how they control regeneration and remyelination is still limited. 

Now, in today's issue of Neuron, a Rockefeller University research team led by Sidney Strickland reports the identification of the blood clotting factor fibrin as a critical protein in the regulation of regeneration of the myelin sheath following injury. 

The body usually makes fibrin to allow the blood to clot over a wound. However, researchers have previously also observed that it accumulates in damaged nerves immediately following the injury. Such fibrin deposition is subsequently cleared, and this clearance seems to correlate with the timing of nerve regrowth and repair. Increased deposition has also been reported at the site of nerve lesions in MS patients. 

Strickland and colleagues studied nerve regeneration in mice lacking fibrin. Strikingly, the mice lacking fibrin regenerated crushed nerves significantly faster than mice with fibrin. 

After further investigation, the researchers discovered that this is possible because fibrin normally plays a role in keeping sheath cells in an immature state in which they are not capable of regenerating the intact myelin sheath. In the absence of fibrin, sheath cells are able to mature more quickly and can more efficiently remyelinate damaged nerves. 

These results point the way toward a potentially new treatment for nerve injuries and suggest that preventing fibrin deposition may be a means to enhance the nervous system's natural regenerative capacities. 

thrombosis the formation or presence of a thrombus (a clot of coagulated blood attached at the site of its formation) in a blood vessel.

Fibrinogen linked to gum disease:

Oral biologists at UB have found increased levels of the blood-clotting factor fibrinogen in persons with periodontitis, illuminating one pathway for the relationship between poor oral health and heart disease. 

Elevated plasma fibrinogen levels are known to be an independent risk factor for cardiovascular disease by increasing the propensity for blood clots.

The UB researchers set out to define the possible fibrinogen-periodontal disease-heart disease link by measuring plasma fibrinogen levels in four groups: those with periodontal disease, with heart disease, with both diseases and with neither. Results showed fibrinogen levels to be significantly higher in persons who had periodontal disease but no heart disease, compared to all other groups. 

Extravascular fibrin deposition is an early and persistent hallmark of inflammatory responses. Fibrin is generated from plasma-derived fibrinogen, which escapes the vasculature in response to endothelial cell retraction at sites of inflammation. Our ongoing efforts to define the physiologic functions of extravasated fibrin(ogen) have led to the discovery, reported here, that fibrinogen stimulates macrophage chemokine secretion.

Our data suggest that extravascular fibrin(ogen) induces macrophage chemokine expression, thereby promoting immune surveillance at sites of inflammation.

What is it? 
Multiple Sclerosis (MS) is a disorder of the central nervous system characterized by scars that form on the outside of the nerve cells of the brain and spinal cord. The inflammation destroys the covering of the nerve cells, leaving scar tissue in place of the cells. The nerves cannot transmit their impulses from one cell to the other, so various muscle groups are affected. The cause is unknown, and there is still some debate as to whether MS is an autoimmune condition. It may be increased in certain family groups –occurring most often in young adults between the ages of 20 and 40 years, with a higher incidence among women. The symptoms may come and go, lasting from days to months. The signs of MS are many and varied. Some of the more common symptoms include pain, weakness, paralysis, or tremor of any of the extremities; numbness or tingling in any area, facial pain, vision problems, and difficulty walking or loss of balance.

NEW YORK (Reuters Health) - Fibrin, a protein that helps form blood clots, may also be involved in regulating the repair of nerve damage, according to new study findings. The discovery (news - web sites) could lead to new strategies for repairing diseases of the nervous system, such as multiple sclerosis, although the study's author stressed that the research is still on the basic science level. 
  
In multiple sclerosis, the slow destruction of myelin--the thin, protective coating that insulates nerve fibers in the brain and spine--can lead to numbness, muscle weakness and stiffness, impaired vision and coordination problems. In nerves outside the brain or spinal cord, loss of myelin can also occur after an injury. 

Previous research has shown that fibrin accumulates in the lesions of people with multiple sclerosis, but the protein's role in nerve repair has not been studied extensively. 

Now Dr. Sidney Strickland and colleagues at Rockefeller University in New York report that fibrin seems to play a critical role in repairing damaged myelin. The researchers made the discovery by studying mice that lacked the protein. After an injury to the sciatic nerve (located in the leg), myelin regenerated much more rapidly in fibrin-free mice than in normal mice. 

Strickland's team describes fibrin's role in the repair process--at least outside the brain and spinal cord--in a report in the March 14th issue of the journal Neuron. After a nerve injury, it seems that a protein called fibrinogen can leak from the blood into the damaged nerve. Once in the nerve, fibrinogen is converted into fibrin. While this is going on, myelin-repairing cells called Schwann cells begin proliferating. But the presence of fibrin keeps Schwann cells from beginning their repair job. 

As fibrin is gradually dissolved, however, Schwann cells are able to begin repairing the damaged myelin and regenerating the myelin sheath as the nerve grows. Schwann cells help repair nerves outside of the brain and spinal cord, while a second type of cell has at least "limited capacity" to repair myelin in the brain. 

Fibrin has two effects on the repair process, Strickland told Reuters Health in an interview. As it does in other types of injury, the protein helps stop bleeding, he said. But fibrin also helps choreograph the repair process, he explained. 

The presence of fibrin tells neurons and supporting cells that there has been an injury. But the repair process does not start until the injury is resolved and fibrin stops leaking in from the blood. Strickland pointed out that just as it would not make sense to refinish a damaged floor without first repairing the leaky roof, it would not make sense to begin repairing myelin until the injury was under control. 

It may be possible to improve the regeneration of myelin by targeting fibrin in people with multiple sclerosis, Strickland said. He cautioned, however, that there is not yet an effective way to target fibrin that leaks into a nervous system injury without targeting fibrin throughout the body. Since fibrin is essential for blood clotting, blocking the protein throughout the body would not be a feasible treatment, he said. 

SOURCE: Neuron 2002;33:861-875. 

RESEARCH INTERESTS:
Regeneration failure in the adult mammalian CNS is not due to an inability of central neurons to elongate and remyelinate, but rather to the non-permissive nature of the CNS environment. Our studies identified fibrin as a novel inhibitory protein that delays nerve regeneration after sciatic nerve injury and showed that fibrin degradation correlates with nerve regeneration, while decreased proteolytic activity in the nervous tissue exacerbates damage. Fibrin, derived from the blood protein fibrinogen, is deposited in the nervous tissue after injury or disease associated with blood-brain barrier leakage. For example, in Multiple Sclerosis fibrin deposition correlates with demyelination and persists in plaques that do not show signs of repair. My research interests focus on the cellular mechanisms and molecular pathways that fibrin uses to affect remyelination and inflammation in the nervous system in an attempt to develop novel therapeutic strategies for neuroinflammatory diseases.
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