Cellular Adhesion Molecules Correlated with MI Risk 

The attachment of circulating leukocytes to the endothelium and the subsequent migration to the subendothelial region has been postulated as an important process in initating atherosclerosis. Cellular adhesion molecules are thought to mediate this process and are known to be released during inflammation. To assess whether soluble intercellular adhesion molecule-1 (sICAM-1) is associated with future risk of myocardial infarction, investigators evaluated plasma samples from 14,916 healthy men enrolled in the Physicians' Health Study. 
Four hundred seventy-four patients who developed first MI during nine years of follow-up were matched according to age and smoking with 474 controls. Cases were more likely to have diabetes, hypercholesterolemia, hypertension, and a positive family history. sICAM levels were measured from baseline blood samples taken prior to the initiation of the observation period. Baseline sICAM levels that exceeded the 75th percentile were highly correlated with risk for MI (relative risk, 1.8). Total cholesterol, D-dimer, and Lp(a) were not correlated with sICAM levels, but mild associations were seen between sICAM and fibrinogen, homocysteine, HDL cholesterol, triglyceride, endogenous tissue type plasminogen activator antigen, and particularly C-reactive protein, another marker for inflammation. 

Comment: This interesting observational study adds further to the growing evidence of a role for inflammation in MI. Further studies are needed to determine if measurement of adhesion molecule levels can identify preclinical cardiovascular disease and whether therapies aimed at neutralizing adhesion molecules might play a role in preventing acute cardiovascular events. --KA Eagle 
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The influence of adhesion molecules in inflammatory bowel diseases:

Cell adhesion molecules are a group of membrane-bound molecules that are involved in the binding of circulating leukocytes to activated endothelial cells and in the migration of these leukocytes towards the inflamed area. Cellular adhesion molecules are divided into four major families: selectins, immunoglobulin-like cell adhesion molecules, integrins, and carbohydrate ligands. Selectins (E-, P-, and L-) and their ligands, ICAM-1, VCAM-1, VLA-4, beta 2 integrins, and presumably also PECAM-1, MAdCAM-1, and alpha 4 beta 2 have been shown to be central in the development of the anatomic lesions in ulcerative colitis and Crohn's disease. Even though investigations on the effect of antibodies against cellular adhesion molecules in relation to inflammatory bowel disease are limited, an anti-inflammatory effect may be possible. Drugs which interfere with the function of cellular adhesion molecules should be tested in trials, as it only by this way can be determined whether they are beneficial and appropriate. At present, however, it is known that glucocorticoids and 5-aminosalicylic acid, which are the cornerstones in inflammatory bowel disease treatment, both interact with the synthesis and function of cellular adhesion molecules.

Adhesion Molecules II:

Introduction
Cell surface adhesion molecules play vital roles in numerous cellular processes. Some of these include: cell growth, differentiation, embryogenesis, immune cell transmigration and response, and cancer metastasis. Adhesion molecules are also capable of transmitting information from the extracellular matrix to the cell. There are four major families of cell adhesion molecules. These are the immunoglobulin (Ig) superfamily cell adhesion molecules (CAMs), integrins, cadherins, and selectins.1-4
Ig superfamily CAMs
The Ig superfamily CAMs are calcium-independent transmembrane glycoproteins.2-4 Members of the Ig superfamily include the intercellular adhesion molecules (ICAMs), vascular-cell adhesion molecule (VCAM-1), platelet-endothelial-cell adhesion molecule (PECAM-1), and neural-cell adhesion molecule (NCAM). Each Ig superfamily CAM has an extracellular domain, which contains several Ig-like intrachain disulfide-bonded loops with conserved cysteine residues, a transmembrane domain, and an intracellular domain that interacts with the cytoskeleton. Typically, they bind integrins or other Ig superfamily CAMs. The neuronal CAMs have been implicated in neuronal patterning. Endothelial CAMs play an important role in immune response and inflammation. 

Integrins
Integrins are non-covalently linked heterodimers of alpha () and beta () subunits.1, 2, 4-8 They are transmembrane proteins that are constitutively expressed, but require activation in order to bind their ligand. To date, 15  subunits and 8  subunits have been identified. These can combine in various ways to form different types of integrin receptors. The associations between  and  subunits are restricted (see Table 1 below for major integrin pairings). For example, not every  and  combination will be observed. In most cases, one  subunit combines with several different  subunits to form a subfamily of integrin receptors.1, 4, 6, 7
Integrins exhibit both “outside-in” and “inside-out” signaling properties.1, 4, 5, 9, 10 An example of “inside-out” signaling occurs when a cell stimulus, for example, triggering of the TCR/CD3 complex on an immune cell, activates the integrin receptor. This can activate it to bind its ligand. “Inside-out” signaling may also down-regulate integrin activation. “Outside-in” signaling occurs after the integrin receptor binds its ligand and a signal is transmitted from the integrin receptor into the cell. Integrins appear to have three activation states: basal avidity, low avidity, and high avidity. Additionally, cells will alter their expression of various integrin receptors depending on activation state, maturity, or lineage. Integrins are capable of binding divalent cations such as calcium, magnesium, and manganese. Magnesium and manganese alone are capable of activating integrins.

Cadherins
The cadherins are calcium-dependent adhesion molecules.2, 4, 11, 12 The three most common cadherins are neural (N)-cadherin, placental (P)-cadherin, and epithelial (E)-cadherin. All three belong to the classical cadherin subfamily. There are also desmosomal cadherins and proto-cadherins. Cadherins are intimately involved in embryonic development and tissue organization. They exhibit homophilic adhesion. The extracellular domain consists of several cadherin repeats, each is capable of binding a calcium ion. When calcium is bound, the extracellular domain has a rigid, rod-like structure. Following the transmembrane domain, the intracellular domain is highly conserved. The intracellular domain is capable of binding the , , and  catenins. The adhesive properties of the cadherins have been shown to be dependent upon the ability of the intracellular domain to interact with cytoplasmic proteins such as the catenins.

Selectins
The selectins are a family of divalent cation dependent glycoproteins.1, 2, 4, 8 They are carbohydrate-binding proteins, binding fucosylated carbohydrates, especially, sialylated Lewisx, and mucins.1, 2, 4, 8, 13, 14 The three family members include: Endothelial (E)-selectin, leukocyte (L)-selectin, and platelet (P)-selectin. The extracellular domain of each consists of a carbohydrate recognition motif, an epidermal growth factor (EGF)-like motif, and varying numbers of a short repeated domain related to complement-regulatory proteins (CRP).

Following the transmembrane region, each has a short cytoplasmic domain. The selectins play an important role in the initial steps of leukocyte trafficking. One selectin receptor, P-selectin glycoprotein ligand-1 (PSGL-1), requires specific carbohydrate decoration for full bioactivity. 

CAMs are critical to numerous cellular processes and responses. Additionally, they also play a role in various disease states. Transendothelial migration of leukocytes is an example of one of the many roles of adhesion molecules.1, 4, 8, 15This type of leukocyte trafficking consists of four distinct steps. The first is rolling of the circulating leukocyte along endothelial cells (i.e., leukocyte rolling on a blood vessel wall). This step is selectin-mediated. The second step involves the triggering or activation of cell surface adhesion molecules, namely, the integrins. This can be accomplished through contact with specific ECM proteins, inflammatory cytokines, or chemokines. The third step involves firm adhesion; the leukocyte firmly attaches to an endothelial cell. This involves arrest of the rolling process and spreading over the endothelial surface, typically a vessel wall. The integrins and their ligands play crucial roles in this step. The fourth step is transmigration of the leukocyte through adjacent endothelial cells in a process called diapedesis. This allows the leukocyte to enter the subendothelial space. PECAM-1 is a crucial player in this step. Transendothelial migration demonstrates cooperativity between leukocyte and endothelial cell adhesion molecules. An extremely complicated process can be broken down into distinct steps, each controlled by specific cell adhesion molecules.

Tumorigenesis is another process that involves cell adhesion molecules.2, 4, 16-20 For successful tumorigenesis, there must be changes in cellular adhesivity which facilitate the disruption of normal tissue architecture. Additionally, angiogenesis must occur to provide the growing tumor with a blood supply. During metastasis, cells must be able to detach from the primary tumor, enter the blood stream through attachment to a blood vessel wall, travel through the bloodstream, and attach to a vessel wall at a secondary site in order to establish a new tumor.

Defects in cell adhesion molecules are also associated with disease states. For example, leukocyte adhesion deficiency (LAD) syndrome is associated with adhesion cascade defects. LAD I is associated with mutations in the 2 integrin. There are two forms that have been identified. The first is quite severe, with no LFA-1 (L2) expression. Patients with the second form express low levels of 2 (i.e., about 2 - 5% of normal levels). Patients with the first form of LAD I usually die within a few years of birth unless they receive a bone marrow transplantation. Patients expressing the second form of LAD I have a moderate phenotype, but experience numerous types of infections. LAD II results from a defect in the selectins. It is extremely rare and less severe than LAD I. However, patients also exhibit severe mental and growth retardation believed to be due to a generalized defect in fucose metabolism.8
CAMs also play a role in establishment of the blood-brain barrier and facilitate its penetration by immune cells. Selectins and integrins are the most important cell adhesion molecules in this process.21 CAMs have also been used by pathogenic microorganisms to evade the immune system.22
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Conclusions
Up-regulated Adhesion Molecules in blood and CSF indicate sustained potential for Inflammation in the CNS throughout the clinical spectrum of MS. Therapies interfering with cell adhesion may be of key importance in suppressing MS.

Increasing evidence has suggested that inflammation in the Brain is closely associated with the pathogenesis of several Degenerative Neurologic Disorders, including Parkinson's Disease, Alzheimer's Diseases, Multiple Sclerosis, Amyotrophic Lateral Sclerosis, and AIDS Dementia.

The hallmark of Brain inflammation is the activation of Glial Cells, especially that of Microglia that produce a variety of proinflammatory and NeuroToxic factors, including Cytokines, Fatty Acid Metabolites, Free Radicals - such as Nitric Oxide (NO) and SuperOxide.

Excessive production of NO, as a consequence of Nitric Oxide Synthase induction in activated Glia, has been attributed to participate in Neuro- Degeneration.

Levels of soluble cellular adhesion molecules are increased in patients with atherosclerosis, and have been found to predict coronary heart disease. Therefore these molecules have been suggested to represent laboratory markers for inflammation and activation of endothelial cells. Impaired endothelium-dependent vasodilation has been demonstrated to be an early marker of atherosclerosis. We hypothesized that soluble adhesion molecules are related to impaired endothelium-dependent vasodilation and may serve as an early marker of atherosclerosis.

Fibronectin (FN) is involved in many cellular processes, including tissue repair, embryogenesis, blood clotting, and cell migration/adhesion. Fibronectin exists in two main forms: 1) as an insoluble glycoprotein dimer that serves as a linker in the ECM (extracellular matrix), and; 2) as a soluble disulphide linked dimer found in the plasma (plasma FN). The plasma form is synthesized by hepatocytes, and the ECM form is made by fibroblasts, chondrocytes, endothelial cells, macrophages, as well as certain epithelial cells. 
Fibronectin sometimes serves as a general cell adhesion molecule by anchoring cells to collagen or proteoglycan substrates. FN also can serve to organize cellular interaction with the ECM by binding to different components of the extracellular matrix and to membrane-bound FN receptors on cell surfaces. The importance of fibronectin in cell migration events during embryogenesis has been documented in several contexts, e.g.: 1) mesodermal cell migration during gastrulation can be blocked by injection of Arg-Gly-Asp (RGD) tripeptides that block cellular FN receptors (integrins); 2) injection of anti-FN antibodies into chick embryos blocks migration of precardiac cells to the embryonic midline, and; 3) the patterns of FN deposition in developing vertebrate limbs determines the patterns of precartilage cell adhesion to the ECM, thereby specifying limb-specific patterns of chondrogenesis.

The role of the cytoskeleton in cellular adhesion molecule expression in tumor necrosis factor-stimulated endothelial cells.
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Leukocyte infiltration is a hallmark of the atherosclerotic lesion. These cells are captured by cellular adhesion molecules (CAMs), including vascular cell adhesion molecule-1 (VCAM-1), intercellular adhesion molecule-1 (ICAM-1), platelet-endothelial cell adhesion molecule (PECAM), and E-selectin, on endothelial cells (EC). We examined the role of the actin cytoskeleton in tumor necrosis factor-alpha (TNF-alpha)-induced translocation of CAMs to the cell surface. Human aortic EC were grown on 96-well plates and an ELISA was used to assess surface expression of the CAMs. TNF-alpha increased VCAM-1, ICAM-1, and E-selectin by 4 h but had no affect on the expression of PECAM. A functioning actin cytoskeleton was important for VCAM-1 and ICAM-1 expression as both cytochalasin D, an actin filament disruptor, and jasplakinolide, an actin filament stabilizer, attenuated the expression of these CAMs. These compounds were ineffective in altering E-selectin surface expression. Myosin light chains are phosphorylated in response to TNF-alpha and this appears to be regulated by Rho kinase instead of myosin light chain kinase. However, the Rho kinase inhibitor, Y27632, had no affect on TNF-alpha-induced CAM expression. ML-7, a myosin light chain kinase inhibitor, had a modest inhibitory effect on the translocation of VCAM-1 but not on ICAM-1 or E-selectin. These data suggest that the surface expression of VCAM-1 and ICAM-1 is dependent on cycling of the actin cytoskeleton. Nevertheless, modulation of actin filaments via myosin light chain phosphorylation is not necessary. The regulation of E-selectin surface expression differs from that of the other CAMs.

Decreased nitric oxide (NO) activity, the formation of reactive oxygen species, and increased endothelial expression of the redox-sensitive vascular cell adhesion molecule 1 (VCAM-1) gene in the vessel wall are early and characteristic features of atherosclerosis

NO may function as an immunomodulator of the vessel wall and thus mediate inflammatory events involved in the pathogenesis of atherosclerosis.

Physiological Roles of NO
Since the discovery that nitric oxide is able to induce vasodilation a large number of other roles have been described for NO. It is also known to play a role in the immune system, the nervous system, in inflammation and in programmed cell death (apoptosis). NO has also been implicated in smooth muscle relaxation, pregnancy and blood vessel formation (angiogenesis).
Role in the immune system:
NO can be produced by a number of cells involved in immune responses. In particular cytokine-activated macrophages can produce high concentrations of NO in order to kill target cells such as bacteria or tumour cells. NO-mediated cytotoxicity is often associated with the formation of nitrosyl-thiol complexes in enzymes within the target cell. NO has been shown to kill cells by disrupting enzymes involved in the Kreb's cycle, DNA synthesis and mitochondrial function. 
Role in inflammation:
NO may act as a mediator of inflammatory processes. It enhances the effect of cyclooxygenases and stimulates the production of pro-inflammatory eiconosoids. Furthermore, NO production can be induced, through the upregulation of iNOS, by a number of factors involved in inflammation, including interleukins, interferon-gamma, TNF-alpha and LPS.
Role in the nervous system:
Nitric oxide acts as a neurotransmitter in the central and peripheral nervous systems. It has also been shown to be involved in regulating apoptosis in neurones.
Nitric Oxide:

· Erectile Dysfunction - Healthwell.com - "Dilation of blood vessels necessary for a normal erection depends on a substance called nitric oxide" 

· Homocysteine: How Important? - Intelihealth - "One theory is that homocysteine somehow interferes with the ability of the lining of blood vessels - called the endothelium - to secrete nitric oxide, which helps regulate blood pressure by relaxing and expanding blood vessels when blood flow increases" 

· Vitamins enhance benefits of exercise for heart - Nutra USA, 5/25/04 - "Exercise alone has been shown to increase nitric oxide in the body ... But adding the amino acid L-arginine and the antioxidants vitamins C and E to the mix significantly magnified the effect" [WebMD] 
· Nitric Oxide a Player in Heart Health - HealthDay, 11/24/03 

· Nitric Oxide Now -- Ask Me How -  WashingtonPost.com, 10/6/03 - "In the arteries, the innermost layer of cells releases nitric oxide to signal smooth muscle cells to dilate (increase the diameter of) the arteries. This allows blood to flow more freely, particularly during exercise ... By the 1990s, many scientists saw nitric oxide as the next great weapon for treating heart disease, impotence and even bacterial infections ... Niteworks has L-arginine and also L-citrulline, which recycles spent L-arginine by resupplying it with atoms it lost producing nitric oxide ... "Ninety dollars a month? That's obscene," Murad said. "You can probably get [vitamin] C and E for pennies a day. You can probably get arginine for about a dollar a day"" - See l-citrulline at iHerb. 

· Nitric Oxide Key Player in Cell Function - HealthDay, 8/1/03 - "They found nitric oxide, a molecule that occurs naturally throughout the human body, plays a major role in assembling protein networks that direct fundamental cellular activities, such as whether cells live or die ... Cell death is linked to a number of human health problems, including heart failure, Alzheimer's disease and asthma" 

· Herbalife International Introduces Niteworks(TM) to Boost Production of Nitric Oxide to Promote Cardiovascular Health - NPI Center, 7/8/03 - "The amino acid complex includes: L-arginine, which is transported into endothelial cells to produce NO, and L-citrulline, which is transported by a different mechanism and then is recycled into L-arginine, creating more NO. This different mechanism is important because when the L-arginine transporter sees too much L-arginine, it stops absorbing, so less L-arginine in the systems means less NO production" - See iHerb l-citrulline products. 

· Basal Nitric Oxide Production, Release Improved By AT(1) Receptor Blockade With Valsartan - Doctor's Guide, 2/19/03 

· Nitric Oxide Donor Curbs Asymptomatic Embolisation After Carotid Angioplasty - Doctor's Guide, 12/24/02 

· Altered Metabolic Fate Of Nitric Oxide In Type 1 Diabetes Mellitus - Doctor's Guide, 12/3/02 

· A new and easy way to predict your risk of heart attack and stroke - US News & World Report, 11/25/02 - "CRP may be more than just a marker for heart risk. It may be a causative agent. Studies suggest that it is produced not only in the liver but also inside artery walls where cellular troops are gathering to initiate an inflammatory response. CRP may promote the formation of "adhesion molecules" that, sirenlike, lure white blood cells out of the bloodstream to stick to artery walls. From there, they squirm inside the wall, where they contribute to a growing pocket of inflammation. CRP also may lower the level of nitrous oxide–"a major player in keeping blood vessels healthy," says Ridker ... most of the measures that seem to whittle CRP are the same ones already known to benefit the heart. Statins, for example, cut LDLs and boost HDL–and have been shown to reduce CRP levels by a healthy amount. And aspirin, firmly established as a cheap and effective way to cut the risk of heart attack and stroke, may lower CRP as well" - I believe they meant nitric oxide, not nitrous oxide (laughing gas).  See: 

· What is the difference between nitric oxide and nitrous oxide? - Medinox.com - "Nitrous oxide is not a free radical nor is it produced in the body" 

· Spray [ISDN] Eases Diabetic Foot Pain - WebMD, 10/3/02 - "Although the exact cause of diabetic neuropathy is unknown, researchers believe the nerve damage is related to an impaired ability to generate nitric oxide (NO). NO is used by the body to encourage healthy blood flow and oxygen circulation" 

· Pycnogenol Helps Hypertension - Natural Foods Merchandiser, 8/02 - "researchers gave 200 mg Pycnogenol to 11 mildly hypertensive patients (average age 50 years) for eight weeks. Patients were in Stage 1 hypertension—a systolic blood pressure range of 140​159 mmHg, and/or diastolic blood pressure range of 90 to 99 mmHg ... Pycnogenol reduced the systolic blood pressure to 134 mmHg and diastolic blood pressure to 94 mmHg in study participants ... Our research demonstrates Pycnogenol's ability to elevate the production of nitric oxide in the vessel walls to reduce blood pressure and help decrease hypertensive morbidity and mortality" - See iHerb (5% discount code "qc") and 


Vitacost grape seed extract/Pycnogenol products.  Note:  Pycnogenol is a patented product from pine bark.  Grape seed extract is the same compound without the patent markup.  See The Promise of Pycnogenol. 

· Four New Studies Strongly Suggest That Components From Three Types [elderberry, chokeberry and bilberry]  Of Red Berry Fruits Help Arteries - Intelihealth, 4/22/02 

· Cocoa: The Next Health Drink? - WebMD, 2/15/02 

· Nitric Oxide Gets Blood Flowing - Delicious! Online, 1/02 - "The biological gas nitric oxide (NO) lowers blood pressure, improves blood flow and blood vessel diameter, and is derived from the amino acid L-arginine ... Research has suggested that L-citrulline may be a more efficient way to get more L-arginine to the body, even better than consuming it directly, since dietary L-arginine is not readily absorbed" 

· Tibetans and Viagra - the missing link? - CNN, 11/23/01 

· Exercise Chemical May Cause Migraines - Intelihealth, 7/16/01 - "What seemed to trigger the headache was a spike in nitric oxide, a chemical that has been implicated before in migraine" 

· Possible Cause of Preeclampsia Uncovered, Likely Linked to Low Nitric Oxide Levels in Blood - WebMD, 6/7/01 

· N-acetylcysteine Improves Blood Vessels - Nutrition Science News, 5/01 - "Researchers suspect this is because NAC enhances the bioavailability of the relaxing substance nitric oxide, but because nitric oxide has a short half-life and cannot be measured by current methodology, they were unable to determine this directly. In addition, NAC may act as an antioxidant that protects nitric oxide destruction" 

· A Fish Story - Nutrition Science News, 4/01 - "daily consumption of very low daily doses of EPA/DHA (120 mg/180 mg, about one standard fish oil capsule) in an enriched milk led to a 19 percent decrease in blood triglycerides and a 19 percent increase in HDL cholesterol after six weeks ... It is unclear whether EPA is superior to DHA, although EPA has proven more potent in relaxing cow coronary arteries and producing the vasodilator gas, nitric oxide, in vitro" 
· Want a love potion? What to know before you try - CNN, 6/15/00 - "Tissue and animal studies of one form of ginseng, called panax, give some credence to the root's sexy reputation. A study published in the May 1995 issue of the journal British Pharmacology, for instance, concluded that substances in ginseng extract known as ginsenosides may work in a similar way to Viagra. Viagra enhances the effects of nitric oxide, which helps relax artery walls, allowing more blood flow into the penis. Ginsenosides may encourage the release of more nitric oxide." 
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