
Inflammation in cancer/cvd/ir:

Recent data have expanded the concept that inflammation is a critical component of tumour progression. Many cancers arise from sites of infection, chronic irritation and inflammation. It is now becoming clear that the tumour microenvironment, which is largely orchestrated by inflammatory cells, is an indispensable participant in the neoplastic process, fostering proliferation, survival and migration. In addition, tumour cells have co-opted some of the signalling molecules of the innate immune system, such as selectins, chemokines and their receptors for invasion, migration and metastasis. These insights are fostering new anti-inflammatory therapeutic approaches to cancer development.

Direct Link Found Between Chronic Inflammation, Colon Cancer

The findings, published this week in the early online edition of the website of the Proceedings of the National Academy of Science (http://www.pnas.org/), shed more light on the role that inflammation might play in cancer and suggests that measurement of this type of DNA damage might be useful in assessment and management of a patient's colorectal cancer risk.

"A number of studies have implicated chronic inflammation in the development of cancers, but the specific way that occurs is not clear," said Dr. Lawrence J. Marnett, Ph.D., director of the Hancock Research Center and the Vanderbilt Institute of Chemical Biology.

"These studies suggest a direct link between oxidative stress, like that seen in chronic inflammation, and genetic mutations that cause human disease."

The work reported in PNAS builds on years of research at Vanderbilt into how overproduction of the inflammation-causing enzyme cyclooxygenase-2 (COX-2) may contribute to cancer – and conversely, how aspirin-like drugs that block COX-2 might help treat or prevent cancer.

"When the body experiences oxidative stress, molecules called free radicals are produced, and these free radicals can damage cells – the cell membrane and the DNA," Marnett said.

The researchers examined a type of DNA damage caused by malondialdehye (MDA), a product of COX-2. The question they wanted to answer was whether the DNA damage would stop with the damaged cell or whether it would cause genetic abnormalities, or mutations, which would be replicated in future cell lines.

They built a DNA molecule that incorporated the MDA-caused damage and inserted that into mammalian kidney cells. After the cells divided, the DNA was recovered from the new cells and examined for mutations.

The researchers found that, indeed, the DNA damage had resulted in a specific type of genetic change called a "frameshift mutation." These mutations delete a small portion of DNA, effectively throwing off the "reading frame" through which the genes' instructions are interpreted and resulting in a protein that doesn't do what it is supposed to do.

Interestingly, these types of mutations are common in an inherited form of colon cancer, Hereditary Non-Polyposis Colon Cancer (HPNCC). This work suggests that these mutations, caused by inflammation and other oxidative stress, might also contribute to colorectal cancer.

Co-investigators in the research include Laurie A. VanderVeen, Muhammed F. Hashim and Yu Shyr, representing the Hancock Research Center, the VICB, the Vanderbilt-Ingram Cancer Center, the Vanderbilt Center for Molecular Toxicology and the Vanderbilt School of Medicine departments of Biochemistry and Preventive Medicine.

Pro-inflammatory Cytokines
Inflammatory Diseases include rheumatoid arthritis, ulcerative colitis, inflammatory bowel disease, psoriasis and other inflammatory skin diseases, multiple sclerosis, and septic shock. Investigations in Dr O’Neill’s Laboratory focus on the pro-inflammatory cytokines interleukin 1 (IL1) and tumor necrosis factor (TNF), both of which have been recognised by the biotechnology industry as key mediators of inflammatory disease. The overall aim of the work is to identify targets for novel therapeutics and to exploit compounds with potential to block inflammatory mediators which play a determining role in the pathogenesis of chronic inflammatory disease.
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Alzheimer's Disease and Oxygen Deprivation

A receptor is a cell surface acceptor site which selectively engages molecules in the cell's microenvironment (termed ligands), and triggers cellular responses (see Figure 1). RAGE is a receptor discovered by intestigators working in the Division of Surgical Science (the receptor is displayed schematically in Figure 2). 
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Figure 3


In constrast to some receptors which interact with only one ligand, RAGE binds several different classes of ligands, including advanced glycation endproducts or AGEs (molecules that accumulate in blood vessels and tissues in patients with diabetes), amyloids (associated with Alzheimer's disease), amphoterin (a molecule associated with tumors) and S100/calgranulins (a family of inflammatory mediators). RAGE is an acronym for Receptor for Advanced Glycation Endproducts, since AGEs were the first known ligands of the receptor. When ligands bind to RAGE, many mechanisms are activated within the cell, and the process is difficult to turn off (Fig. 3). Thus, investigators in the Division have been working on strategies to block RAGE-ligand interaction. 
	
Figure 4
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RAGE is expressed at increased levels in brains of patients with Alzheimer's disease. This includes brain cells (neurons) and cerebral blood vessels (endothelial cells and smooth muscle cells) Alzheimer's patients. Based on this observation, investigators in the Division have hypothesize that when fibrils of Aß, which comprise the amyloid in Alzheimer's disease, bind to RAGE-bearing cells (Fig. 4), their functional properties are distorted. Such altered function may have multiple consequences, such as decreased cerebral blood flow and diminished synaptic plasticity, ultimately leading to neuronal dysfunction underlying dementia.
In recent studies in collaboration with investigators at the University of Rochester and the University of Kentucky, investigators in the Division have found that RAGE has a critical role in the ability of Aß to decrease cerebral blood flow as well as the transfer of Aß from the blood to the brain parenchyma. Administration of a truncated (shortened) form of RAGE into the brain dramatically decreases Aß load. Studies in transgenic animals overexpressing RAGE in an Aß-rich environment display exaggerated behavioral, biochemical and neuropathologic abnormalities compared with the presence of Aß alone. These data are consistent with results of a past study by investigators of the Division with systemic amyloidosis. In the latter case, blockade of RAGE suppressed cellular dysfunction and amyloid deposition in parallel.

A substantial body of evidence supports the conclusion that chronic inflammation can predispose an individual to cancer, as demonstrated by the association between chronic inflammatory bowel diseases and the increased risk of colon carcinoma. Chronic inflammation is caused by a variety of factors, including bacterial, viral, and parasitic infections, chemical irritants, and nondigestible particles. The longer the inflammation persists, the higher the risk of associated carcinogenesis. This review describes some of the underlying causes of the association between chronic inflammation and cancer. Inflammatory mediators contribute to neoplasia by inducing proneoplastic mutations, adaptive responses, resistance to apoptosis, and environmental changes such as stimulation of angiogenesis. All these changes confer a survival advantage to a susceptible cell. In this article, we discuss the contribution of reactive oxygen and nitrogen intermediates, prostaglandins, and inflammatory cytokines to carcinogenesis. A thorough understanding of the molecular basis of inflammation-associated neoplasia and progression can lead to novel approaches to the prevention and treatment of cancer. [ONCOLOGY 16:217-232, 2002]
Chronic inflammation may be a causative factor in a variety of cancers. In general, the longer the inflammation persists, the higher the risk of cancer. Hence, acute inflammation, such as occurs in response to a transient infection, is not regarded as a risk factor for the development of neoplasia, although many of the same molecular mediators are generated in both acute and chronic inflammation. In general, inflammatory leukocytes such as neutrophils, monocytes, macrophages, and eosinophils provide the soluble factors that are thought to mediate the development of inflammation-associated cancer, although other cells, including the cancer cells themselves, also participate.

Inflammatory mediators include metabolites of arachidonic acid, cytokines, chemokines, and free radicals. Chronic exposure to these mediators leads to increased cell proliferation, mutagenesis, oncogene activation, and angiogenesis. The ultimate result is the proliferation of cells that have lost normal growth control. Animal models provide experimental evidence that chronic inflammation can promote cancer and further insights into possible mechanisms.

This review will summarize the clinical association between chronic inflammation and cancer and will describe the inflammatory factors and pathways that are thought to be proneoplastic. Emphasis will be placed on examining the role of the reactive oxygen and nitrogen intermediates, cytokines, and prostaglandins.

Inflammation and CVD

Low-level inflammation has been identified as an important predictor of cardiovascular risk and as one of the strongest mechanisms in Cardio Vascular Diseases (CVD)

There is accumulating evidence that insulin resistance in the pre-diabetic state is associated with the presence of additional cardiovascular risk factors and increased incidence of cardiovascular disease (CVD). There is also accumulating evidence indicating that chronic sub-clinical inflammation as measured by such inflammatory markers as C-reactive protein (CRP) is associated with insulin resistance and other features of the insulin resistance syndrome, increased risk of development of typ 2 diabetes and increased cardiovascular event risk. Insulin-sensitizing agents may have greater effects in reducing cardiovascular risk than secretagogues in the pre-diabetic state, and glitazones have been found to decrease CRP levels in patients with diabetes. Statins also reduce CRP levels. Efforts to reduce CVD should include increased emphasis on improving glycaemic control, preventing development of diabetes and addressing cardiovascular risk factors in the pre-diabetic state.

   Rheumatoid arthritis (RA), systemic lupus erythematosus, and multiple sclerosis are among the group of diseases characterized by the presence of chronic inflammation contributing to significant loss of life expectancy and/or quality of life. Inflammation is increasingly being linked to conditions not generally considered to be among the group of inflammatory diseases, most notably cardiovascular disease and type 2 diabetes.

      In a study of over 27,000 apparently healthy women, Paul Ridker, MD and colleagues measured LDL cholesterol and C-reactive protein (CRP), a non-specific indicator of inflammation. In assessing the value of the two measurements over an eight-year (mean) follow up, their data suggested CRP levels to be a stronger predictor of cardiovascular events than LDL cholesterol. An expert panel convened by the American Heart Association and the CDC has since issued recommendations for the highly sensitive C-reactive protein (hs-CRP) test for assessing heart disease risk.

      Several studies have found an association between inflammatory markers and increased risk of developing diabetes. In an ancillary study of the NIH-funded Atherosclerosis Risk in Communities (ARIC) project, over 10,000 people who did not have diabetes were followed for nine years with blood sampling for a series of inflammatory markers. Those in the quartile of highest inflammatory marker levels were found to be at 20% to 60% greater risk for developing diabetes than those in the lowest quartile.

      “Markers of inflammation don't necessarily mean that you've got an abscess somewhere, where your levels are extremely high,” says Vivian Fonseca, MD. “We're talking about a very tiny increase. The normal hs-CRP for someone may be 2 mg/L, and if that person was very sick with bronchitis it might go to 100. When you happen to have diabetes and heart disease, it's about 3 or 3.5 – slightly elevated, but we now have the ways to reliably measure it at that level. We can't be certain there is a cause-effect relationship in chronic inflammation. It's an association. There is a lot of heart disease in diabetes; there is inflammation in diabetes; there is a lot of inflammation in heart disease, so the two of them are linked. The inflammation seems to be related to the amount of fat that you have and it comes before the onset of diabetes. That is the most interesting thing that has come about so far.” 

      ”It's certainly a revelation for cardiologists, given that some classical risk factors were typically diabetes, high cholesterol, and hypertension,” says Alisa E. Koch, MD, a rheumatologist at the University of Michigan. “Inflammation is being put into the vocabulary of thinking about CVD. Papers about the various inflammatory mediators have been coming out over the last 10 years or so, but I think this is only the tip of the iceberg. CRP is an old marker and a non-specific indicator of inflammation. If someone's CRP is up, it wouldn't tell me that individual has heart disease or RA, it would 

      just tell me that something is amiss. CRP can sometimes help us see if the patient is having a flare of an inflammatory disease like RA, but we take that only in conjunction with clinical signs and symptoms. To be honest, we really need better markers and that is why a lot of us are doing research.”

      Dr. Koch compares the evolving understanding of inflammation in CVD and other conditions to the body of knowledge gained through inflammatory disease research. “In 20 years working with rheumatoid arthritis, we've gone from knowing none of the mediators that cause the disease to knowing many of them,” she explains. “We are now taking care of inflammation with specific biologic therapies that target specific inflammatory mediators known to be important in the disease. One of the mainstays in RA therapy now is to block tumor necrosis factor alpha (TNFa), a protein one cell makes that influences other cells that causes inflammation. The TNFa blockers were developed based on that specific pathway. The state of the art has advanced, and we're more advanced in rheumatology than in cardiology because they have only recently come to think about inflammation as part of their disease process. I predict there will be markers in CVD and other conditions based on things like TNFa that will be very useful in the future.” 

      Aspirin has been demonstrated to reduce cardiac risk. Studies have suggested that nonsteroidal anti-inflammatory drugs (NSAIDs) may reduce risk of Alzheimer's disease and various cancers. There is also evidence to suggest the cholesterol-lowering statin drugs may lower risk of Alzheimer's, diabetes, and cancer. “We know that some of the drugs that we use for heart disease, such as the statins, slow inflammation,” according to Fonseca. “Some of the drugs that we use for diabetes, such as the glitazones and insulin, also lower inflammation. We can't say they are working because they lower inflammation or because of the other actions have. Someday, we'll have to find something that does nothing else but lower inflammation and then we'll have to see if it cures diabetes and heart disease. It's a tantalizing concept. Everything we have currently to treat inflammation has other actions, so we don't know if the good effects are due to inflammation or something else.”

      “It's an exciting decade for thinking about inflammatory disease,” says Koch. “The TNFa blockers are now being applied or thought about in other diseases. For example, prostatitis is now thought by many to have an inflammatory basis and there have been trials to apply some of the knowledge that we have from a disease like RA. And the knowledge we've gained about heart disease and inflammation has spilled over into rheumatology as well. It turns out that women with systemic lupus erythematosus are at greatly increased risk for cardiac disease compared to women in the general population, and RA patients are also at higher cardiac risk. The knowledge base has increased to make us think more about this, and think about it earlier. We have always diagnosed other systemic disease from our interest in rheumatology, but now even more so because of what is known about inflammation.”

Atherosclerosis and its associated vascular complications are the principal cause of cardiovascular and cerebrovascular diseases (CVDs) leading to myocardial infarction (heart attacks) and stroke (“brain attacks”), respectively. CVDs are the principal cause of death in Western civilizations, accounting for more than 40% of all deaths. According to the American Heart Association’s 2003 Heart and Stroke Statistical Update, almost 62 million Americans suffer from CVDs, which have been the number one killer in the U.S. for more than nine decades. Epidemiological studies over the past 50 years have revealed numerous risk factors for atherosclerosis, which can be grouped into factors with an important genetic component and those that are largely environmental. These environmental factors are of great importance for the general population. About 70% of strokes and 80% of heart attacks are potentially preventable by diet and lifestyle modifications, including nonsmoking, a healthy diet (low intakes of saturated and trans fat, low glycemic load, and adequate intakes of fruits and vegetables, cereal fiber, and unsaturated fat, especially omega-3 fatty acids), a healthy weight (body mass index <25 kg/m2), regular exercise, and moderate alcohol consumption. 

Most of these environmental factors affect CVD risk by improving one’s general health status, including preventing infection and inflammation and reducing oxidative stress by bolstering antioxidant defenses. Compelling evidence now points to cardiovascular inflammation and resultant oxidative stress as important triggers in the complex chain of events leading to atherosclerosis.

Inflammation is a complicated process that develops in response to infection or injury. Damaged tissue releases chemicals that attract white blood cells, which then attack microorganisms and consume damaged cells. During this process, hormone-like signaling molecules called cytokines are produced that accelerate inflammation. One cytokine, IL-6, stimulates the synthesis of C-reactive protein, which is a biomarker for inflammation (see box below).
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interaction of white blood cells—monocytes and lymphocytes—with the endothelium, which is the cell layer of the blood vessel wall that faces the blood stream. Following adherence of these white blood cells to the endothelium, they migrate across the endothelium and into the arterial wall (see figure below). Once trapped in the arterial wall, the monocytes engorge oxidized (“bad”) cholesterol and are converted into fat-laden foam cells. Formation and aggregation of foam cells is the first manifestation of atherosclerosis, leading to the narrowing of the opening of the artery and, eventually, to full-blown CVD.

The adherence of monocytes to the endothelium and subsequent migration into the arterial wall are caused by presentation of “sticky” proteins called cellular adhesion molecules on the surface of endothelial cells. Inflammatory cytokines directly stimulate the production of these adhesion molecules. Furthermore, studies in patients and experimental animals have found that there is an abundance of adhesion molecules on arterial sites prone to atherosclerosis. For example, the very first change in the arterial wall in response to feeding rabbits a high-cholesterol diet is the presentation of adhesion molecules, even before foam cells and atherosclerotic lesions become discernable. Studies in mice have also found that genetic deficiencies of adhesion molecules are associated with significantly delayed atherosclerosis. Therefore, adhesion molecules may be an important target for the prevention and treatment of atherosclerosis and CVD.

What dietary or therapeutic agents might be able to block or inhibit production of endothelial adhesion molecules? Since regulation of these molecules has been related to inflammation and oxidative stress, antioxidants may exert inhibitory effects. To test this hypothesis, we investigated the role of three antioxidants—alpha-lipoic acid, glutathione, and vitamin C—in the production of adhesion molecules in cultured human endothelial cells and in mice.

Alpha-lipoic acid is a naturally occurring compound that appears to be useful in treating pathologies associated with oxidative stress. For example, alpha-lipoic acid has been safely used for more than 30 years in Europe to prevent and treat complications associated with diabetes, such as protein glycation, abnormal glucose utilization, polyneuropathy, and cataracts. Alpha-lipoic acid can also bind to, or chelate, metals like iron and copper. Exogenously supplied lipoic acid is readily absorbed by cells and tissues and then rapidly reduced to its potent antioxidant form, dihydrolipoate. 

We found that alpha-lipoic acid significantly inhibits both the formation of adhesion molecules and the adherence of monocytes to endothelial cells in culture. However, to our surprise these processes were not influenced by vitamin C or glutathione, suggesting that general oxidative stress does not play a significant role in the activation of human endothelial cells to produce adhesion molecules. Because alpha-lipoic acid also is a good metal chelator, we hypothesized that metals may be involved in the production of adhesion molecules. 

There is now widespread appreciation that atherosclerosis is a chronic inflammatory disease in which monocytes interact with activated endothelium. Our data provide new evidence that alpha-lipoic acid, due to its metal chelating and, possibly, antioxidant functions, inhibits endothelial activation both in cultured human cells and in mice, thus potentially delaying atherosclerosis and CVD. Elucidating the precise mechanisms by which alpha-lipoic acid disrupts endothelial adhesion molecule expression will be important in identifying other agents that may be specific and effective in inhibiting the initiation and progression of atherosclerosis and other inflammatory diseases.

C-reactive Protein 

C-reactive protein, or CRP, is produced in the liver and has emerged as a strong predictor of clinical events of cardiovascular diseases, such as heart attacks and stroke, even in cases where cholesterol levels may be normal.  For this reason, CRP assays may become a routine part of blood tests for determining CVD risk.  CRP levels in the blood are normally undetectable or very low; high levels are strongly associated with inflammation.  CRP is a biomarker for the metabolic disorder called syndrome X, type II diabetes, hypertension, and CVD, and is linked to body mass.  CRP levels may be lowered by physical activity, anti-inflammatory drugs like aspirin, and through weight loss in obese individuals.  Recent studies have detected CRP in atherosclerotic lesions, where it has been found to attract white blood cells called monocytes and to increase the production of adhesion molecules in endothelial cells (see accompanying article).  Although few studies have investigated the relationship between antioxidants and CRP, a small study on patients with peripheral artery disease by Belgian researchers recently found that CRP levels in blood were inversely correlated with vitamin C levels.  This finding, along with other evidence on vitamin E, suggests that antioxidants may play an anti-inflammatory role.
PAGE  
1

