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The metabolic abnormalities found associated with high blood glucocorticoid levels (eg rare Cushing's syndrome) include insulin-resistance, visceral obesity, hypertension, dyslipidaemia and an increased risk of cardiovascular diseases. The same constellation of abnormalities is found in the highly prevalent idiopathic obesity/insulin-resistance-(metabolic) syndrome. It is now apparent that tissuespecific changes in cortisol metabolism explain these parallels rather than altered blood cortisol levels. Primary among these changes is increased intracellular glucocorticoid reactivation, catalysed by the enzyme 11-hydroxysteroid dehydrogenase type (HSD)-1 in obese adipose tissue. Liver, skeletal muscle, endocrine pancreas, blood vessels and leukocytes express 11-HSD1 and their potential role in metabolic disease is discussed. The weight of evidence, much of it gained from animal models, suggests that therapeutic inhibition of 11-HSD1 will be beneficial in most cellular contexts, with clinical trials supportive of this concept.

Obesity and insulin-resistance (metabolic)-syndrome is one of the greatest healthcare challenges of the 21 st century. The associated cardiovascular diseases are the largest cause of premature death in the world (World Health Organisation (WHO), 2008a). WHO's projection indicated that globally in 2005 approximately 1.6 billion adults (age 15+) were overweight and at least 400 million adults were obese. Projections for 2015 are staggering, with an approximated 2.3 billion adults overweight and more than 700 million obese. At least 20 million children under the age of 5 years were overweight globally in 2005 (WHO, 2008b). Further, although obesity was once considered a problem only in high-income countries, overweight and obesity are now dramatically on the rise in low-and middle-income countries, particularly in urban settings (WHO, 2008b). With the recent high profile problems associated with promising anti-obesity/diabetes treatments such as Rimonabant (see eg. Christensen et al., 2008) and Rosiglitazone (see eg. [START_REF] Singh | The safety of rosiglitazone in the treatment of type 2 diabetes[END_REF], the unmet clinical need will continue to grow in the coming years. This review discusses the evidence for the pathophysiological role of increased glucocorticoid action, mainly within adipose tissue, catalysed by the intracellular enzyme 11 -hydroxysteroid deydrogenase type 1 (11 -HSD1) and its potential as a future anti-obesity treatment. The role of the enzyme in other important tissues associated with obesity, metabolic and cardiovascular disease are also briefly highlighted. For more detailed discussion of the potential factors regulating 11 -HSD1 levels in cells, readers are referred to recent reviews by others [START_REF] Tomlinson | 11beta-hydroxysteroid dehydrogenase type 1: a tissue-specific regulator of glucocorticoid response[END_REF].

Adipose tissue dysfunction in obesity.

The most fundamental advance in obesity research in recent years centres around the concept that obese adipose tissue is characterised by a chronic, low grade inflammation that exacerbates, and may underlie, insulin resistance and metabolic disease [START_REF] Hotamisligil | Inflammation and metabolic disorders[END_REF]. Increased adipose tissue mass is a source of many proinflammatory cytokines (adipokines), chemoattractants, prothrombotic, vasoactive and angiomodulatory factors, some of which have been directly linked to tissue and systemic insulin-resistance such as TNF- [START_REF] Hotamisligil | Adipose expression of tumor necrosis factor-alpha: direct role in obesity-linked insulin resistance[END_REF] interleukin (IL)-6 [START_REF] Rotter | Interleukin-6 (IL-6) induces insulin resistance in 3T3-L1 adipocytes and is, like IL-8 and tumor necrosis factor-alpha, overexpressed in human fat cells from insulin-resistant subjects[END_REF], monocyte chemoattractant protein (MCP)-1 [START_REF] Sartipy | Monocyte chemoattractant protein 1 in obesity and insulin resistance[END_REF], serum amyloid (SA)-A3 [START_REF] Lin | Hyperglycemia-induced production of acute phase reactants in adipose tissue[END_REF], macrophage inhibitory A c c e p t e d M a n u s c r i p t 4 factor (MIF) [START_REF] Atsumi | The proinflammatory cytokine macrophage migration inhibitory factor regulates glucose metabolism during systemic inflammation[END_REF], CXC motif chemokine ligand-14 [START_REF] Nara | Disruption of CXC motif chemokine ligand-14 in mice ameliorates obesity-induced insulin resistance[END_REF] and many others (Figure 1). There is also a reduction in insulin-sensitising adipokines such as adiponectin in obesity [START_REF] Berg | The adipocyte-secreted protein Acrp30 enhances hepatic insulin action[END_REF], Yamauchi et al., 2001).

Increased infiltration of macrophages [START_REF] Xu | Chronic inflammation in fat plays a crucial role in the development of obesity-related insulin resistance[END_REF][START_REF] Weisberg | Obesity is associated with macrophage accumulation in adipose tissue[END_REF][START_REF] Zeyda | Human adipose tissue macrophages are of an anti-inflammatory phenotype but capable of excessive pro-inflammatory mediator production[END_REF], dendritic cells [START_REF] Nguyen | A subpopulation of macrophages infiltrates hypertrophic adipose tissue and is activated by free fatty acids via Toll-like receptors 2 and 4 and JNK-dependent pathways[END_REF] and T cells of the adaptive immune system [START_REF] Wu | T-cell accumulation and regulated on activation, normal T cell expressed and secreted upregulation in adipose tissue in obesity[END_REF], particularly cytotoxic CD8+ Tcells [START_REF] Rausch | Obesity in C57BL/6J mice is characterized by adipose tissue hypoxia and cytotoxic T-cell infiltration[END_REF], further contribute to inflammatory processes in obesity. Hypertrophic, insulinresistant adipocytes disgorge free fatty acids, hi-jacking the pro-inflammatory innate immune system bacterial lipotoxin toll-like receptors (TLR)-2 and 4 on both macrophages and adipocytes [START_REF] Lin | The lipopolysaccharide-activated toll-like receptor (TLR)-4 induces synthesis of the closely related receptor TLR-2 in adipocytes[END_REF][START_REF] Shi | TLR4 links innate immunity and fatty acid-induced insulin resistance[END_REF][START_REF] Song | Activation of Toll-like receptor 4 is associated with insulin resistance in adipocytes[END_REF][START_REF] Nguyen | A subpopulation of macrophages infiltrates hypertrophic adipose tissue and is activated by free fatty acids via Toll-like receptors 2 and 4 and JNK-dependent pathways[END_REF]. Cellular stress mechanisms [START_REF] Wellen | Inflammation, stress, and diabetes[END_REF] within the lipid-laden adipocytes induce a hybrid necrotic/apoptotic-like state [START_REF] Cinti | Adipocyte death defines macrophage localization and function in adipose tissue of obese mice and humans[END_REF][START_REF] Murano | Dead adipocytes, detected as crown-like structures, are prevalent in visceral fat depots of genetically obese mice[END_REF], associated with localised hypoxia [START_REF] Ye | Hypoxia is a potential risk factor for chronic inflammation and adiponectin reduction in adipose tissue of ob/ob and dietary obese mice[END_REF][START_REF] Rausch | Obesity in C57BL/6J mice is characterized by adipose tissue hypoxia and cytotoxic T-cell infiltration[END_REF] that may be secondary to impaired angiogenesis in the rapidly expanding adipose tissue [START_REF] Lijnen | Angiogenesis and obesity[END_REF]. This ultimately causes systemic insulin resistance (Figure 1) in muscle, liver and locally in the adipose tissue itself [START_REF] Hotamisligil | Inflammation and metabolic disorders[END_REF].

Glucocorticoid effects on adipose tissue.

Cushing's syndrome, caused by excessive circulating glucocorticoids, and common idiopathic obesity/insulin resistance-syndrome ('metabolic syndrome') share some striking similarities. For example, excess cortisol production and release in Cushing's syndrome causes pronounced visceral fat deposition. Visceral adiposity carries with it the highest cardiovascular-disease risk relative to fat accumulated elsewhere [START_REF] Kissebah | Relation of body fat distribution to metabolic complications of obesity[END_REF][START_REF] Wajchenberg | Subcutaneous and visceral adipose tissue: their relation to the metabolic syndrome[END_REF]. Glucocorticoids thus have distinct effects on different fat depots, and cause an unfavourable redistribution of fat. Glucocorticoid receptors (GR) are more highly expressed in visceral fat [START_REF] Pedersen | Characterization of regional and gender differences in glucocorticoid receptors and lipoprotein lipase activity in human adipose tissue[END_REF] and therefore (circulating) glucocorticoids likely have a greater impact on both metabolic responses (insulin resistance, lipolysis) and adipokine expression and release through the portal blood to the liver. A number of cellular processes may be negatively affected by excessive glucocorticoid action within adipocytes (Figure 2). Glucocorticoids drive accelerated preadipocyte differentiation and adipocyte fat accumulation [START_REF] Ailhaud | Growth and differentiation of regional adipose tissue: molecular and hormonal mechanisms[END_REF], Gaillard et al., 1991, Wolf 1999, Bjorntorp and A c c e p t e d M a n u s c r i p t 5 Rosmond 2000). Glucocorticoids directly impair insulin sensitivity in adipocytes [START_REF] Sakoda | Dexamethasone-induced insulin resistance in 3T3-L1 adipocytes is due to inhibition of glucose transport rather than insulin signal transduction[END_REF] and promote free fatty acid release from mature adipocytes through hormone sensitive lipase (HSL)-mediated lipolysis [START_REF] Slavin | Hormonal regulation of hormone-sensitive lipase activity and mRNA levels in isolated rat adipocytes[END_REF].

Activity of the cellular energy sensor AMPK system is inhibited by glucocorticoids and may contribute to central fat deposition in Cushing's disease [START_REF] Christ-Crain | AMP-activated protein kinase mediates glucocorticoid-induced metabolic changes: a novel mechanism in Cushing's syndrome[END_REF], explaining the seemingly paradoxical increase in fat accumulation through fatty acid synthesis, as well as increased lipolysis through HSL. Glucocorticoids can cause both release and inhibition of inflammatory mediators from adipocytes. For example, dexamethasone (a potent synthetic glucocorticoid) treatment of the mouse 3T3-L1 adipocytes increased expression and secretion of proinflammatory SAA-3 [START_REF] Fasshauer | Serum amyloid A3 expression is stimulated by dexamethasone and interleukin-6 in 3T3-L1 adipocytes[END_REF] and prothrombotic PAI-1 (Udden et al., 2002) but suppressed IL-6 (Fasshauer et al., 2003) and adiponectin (Fasshauer et al., 2003b). As well as affecting cytokine expression and secretion, glucocorticoids may activate cellular stress and survival mechanisms in adipocytes, such as tribbles homolog (TRB)-3 signalling [START_REF] Wasef | Glucose, dexamethasone, and the unfolded protein response regulate TRB3 mRNA expression in 3T3-L1 adipocytes and L6 myotubes[END_REF], which impairs insulin signalling [START_REF] Koo | PGC-1 promotes insulin resistance in liver through PPAR-alphadependent induction of TRB-3[END_REF].

Further, cellular stress pathways are positively regulated by the glucocorticoidinducible [START_REF] Boruk | AF-2-dependent potentiation of CCAAT enhancer binding protein beta-mediated transcriptional activation by glucocorticoid receptor[END_REF] C/EBP- [START_REF] Arai | Ceramide and adenosine 5'-monophosphate-activated protein kinase are two novel regulators of 11beta-hydroxysteroid dehydrogenase type 1 expression and activity in cultured preadipocytes[END_REF]. These cellular and endoplasmic reticulum stress mechanisms are directly linked to insulin-resistance and diabetes in obesity [START_REF] Ozcan | Endoplasmic reticulum stress links obesity, insulin action, and type 2 diabetes[END_REF]. Glucocorticoids therefore regulate many adipocyte functions, from differentiation and lipid accumulation, cellular stress, and insulin resistance through to proinflammatory cytokine release and represent an attractive molecular link between the metabolic abnormalities found in common between Cushing's and metabolic syndrome (Figure 2). However, despite these phenotypic parallels, circulating glucocorticoids are generally not elevated in idiopathic obesity /metabolic syndrome [START_REF] Seckl | Minireview: 11beta-hydroxysteroid dehydrogenase type 1-a tissue-specific amplifier of glucocorticoid action[END_REF].

Glucocorticoid levels in obesity.

Although plasma cortisol levels appear normal in the metabolic syndrome or obesity, there are exaggerated dynamic cortisol responses [START_REF] Pasquali | ACTH and cortisol response to combined corticotropin releasing hormonearginine vasopressin stimulation in obese males and its relationship to body weight, fat distribution and parameters of the metabolic syndrome[END_REF] In particular, abdominal obesity associates with increased urinary free cortisol excretion and increased total cortisol production rates [START_REF] Marin | Cortisol secretion in relation to body fat distribution in obese premenopausal women[END_REF][START_REF] Stewart | Cortisol metabolism in human obesity: Impaired cortisone -> cortisol conversion in subjects with central adiposity[END_REF]. These data suggest that whilst disturbances in feed-forward drive, feedback inhibition of the HPA axis and altered peripheral clearance in the liver [START_REF] Andrew | Obesity and gender influence cortisol secretion and metabolism in man[END_REF] occur in obesity, with subtle differences between manifestations of the metabolic A c c e p t e d M a n u s c r i p t 6 syndrome, there is no strong evidence for enhanced cortisol secretion as a driver of the adipose abnormalities in humans [START_REF] Morton | 11beta-hydroxysteroid dehydrogenase type 1 and obesity[END_REF].

Nevertheless, a large body of evidence for the critical permissive role of glucocorticoids in the development of obesity and metabolic disease was demonstrated in rodent obesity models [START_REF] Shimomura | Adrenalectomy and steroid treatment in obese (ob/ob) and diabetic (db/db) mice[END_REF][START_REF] Dallman | Minireview: glucocorticoids--food intake, abdominal obesity, and wealthy nations[END_REF] underscoring the functional importance of glucocorticoids in adipose pathophysiology. Ultimately, in the absence of any evidence for high circulating glucocorticoid levels in common obesity, local tissue-level conversion of cortisone to cortisol by 11 -hydroxysteroid dehydrogenase type 1 emerged as being strongly implicated in determining local GR activation, offering an explanation for the parallels between Cushingoid-and idiopathic obesity.

-Hydroxysteroid dehydrogenase type 1.

11β-hydroxysteroid dehydrogenase type 1 (11β-HSD1) catalyses the activation of glucocorticoids (cortisol in humans, corticosterone in rodents) from inactive 11-keto steroids (cortisone, 11-dehydrocorticosterone) within intact cells. 11 -HSD1 is widely expressed in many tissues [START_REF] Ricketts | Immunohistochemical localization of type 1 11 beta-hydroxysteroid dehydrogenase in human tissues[END_REF] most highly in liver [START_REF] Tannin | Cloning and sequencing of the human cDNA for corticosteroid 11-beta-dehydrogenase. The human gene for 11 beta-hydroxysteroid dehydrogenase. Structure, tissue distribution, and chromosomal localization[END_REF] and at lower levels in adipose tissue [START_REF] Bujalska | Does central obesity reflect "Cushing's disease of the omentum[END_REF][START_REF] Rask | Tissue-specific dysregulation of cortisol metabolism in human obesity[END_REF], 2002) and in other organs and cells with high GR expression [START_REF] Whorwood | Tissue localization of 11B-hydroxysteroid dehydrogenase and its relationship to the glucocorticoid receptor[END_REF]. The activation potential of 11 -HSD1 is dependent on the provision of NADPH co-factor by the co-localised enzyme hexose-6-phosphate dehydrogenase (H6PDH) [START_REF] Atanasov | Hexose-6-phosphate dehydrogenase determines the reaction direction of 11 betahydroxysteroid dehydrogenase type 1 as an oxoreductase[END_REF][START_REF] Lavery | Hexose-6-phosphate dehydrogenase knock-out mice lack 11 beta-hydroxysteroid dehydrogenase type 1-mediated glucocorticoid generation[END_REF], in the absence of which 11 -HSD1 acts as a dehydrogenase, inactivating cortisol.

-Hydroxysteroid dehydrogenase type 1 in adipocytes.

11 -HSD1 is expressed in mouse, rat [START_REF] Napolitano | 11hydroxysteroid dehydrogenase type 1 in adipocytes: expression is differentiationdependent and hormonally-regulated[END_REF] and in human adipose tissue (Bujalska et al., 1997, Morton andSeckl 2008). 11 -HSD1 levels increase with differentiation of mature adipocytes (3T3F442A and 3T3-L1 cells)and the reaction direction is exclusively 11-ketoreduction [START_REF] Napolitano | 11hydroxysteroid dehydrogenase type 1 in adipocytes: expression is differentiationdependent and hormonally-regulated[END_REF]. Unlike the undifferentiated 3T3 cells, primary mouse preadipocytes express abundant 11 -HSD1 [START_REF] Sousa Peixoto | Preadipocyte 11beta-hydroxysteroid dehydrogenase type 1 is a keto-reductase and contributes to diet-induced visceral obesity in vivo[END_REF]. Unexpectedly, 11 -HSD1 reductase activity levels (not protein) were higher in visceral adipose preadipocytescompared to peripheral A c c e p t e d M a n u s c r i p t 7 fat preadipocytes [START_REF] Sousa Peixoto | Preadipocyte 11beta-hydroxysteroid dehydrogenase type 1 is a keto-reductase and contributes to diet-induced visceral obesity in vivo[END_REF]. This suggested that an as yet unidentified post-transcriptional level effect might exaggerate the cortisol reactivation potential of 11 -HSD1 in visceral fat preadipocytes, potentially augmenting the accumulation of visceral adiposity in obesity. This may also occur in human adipose stromal cells which express H6PDH uniformly highly throughout differentiation whilst 11 -HSD1 expression increases [START_REF] Senesi | Constant expression of hexose-6-phosphate dehydrogenase during differentiation of human adipose-derived mesenchymal stem cells[END_REF], although previous studies suggested increasing H6PDH expression may control a switch in enzyme directionality throughout differentiation [START_REF] Bujalska | 11Betahydroxysteroid dehydrogenase type 1 in differentiating omental human preadipocytes: from de-activation to generation of cortisol[END_REF]. Further clarification of this will be needed in human cells. The discrepancy between 11 -HSD1 mRNA, protein and activity levels [START_REF] Sousa Peixoto | Preadipocyte 11beta-hydroxysteroid dehydrogenase type 1 is a keto-reductase and contributes to diet-induced visceral obesity in vivo[END_REF] has also been noted in human studies [START_REF] Goedecke | Glucocorticoid metabolism within superficial subcutaneous rather than visceral adipose tisuue is a ssociated with features of the metabolic syndrome in South African women[END_REF]). An explanation for this, at least in human omental explants, seems to be at the level of H6PDH activity as discussed below [START_REF] Lee | Depot-specific regulation of the conversion of cortisone to cortisol in human adipose tissue[END_REF].

Metabolism of oxysterols by 11 -HSD1 in adiposethe recent discovery that 11 -HSD1 could metabolise oxysterol metabolites in liver (Schwiezer et al., 2004) has been extended to adipose tissue [START_REF] Wamil | 7-Oxysterols Modulate Glucocorticoid Activity in Adipocytes through Competition for 11{beta}-Hydroxysteroid Dehydrogenase Type[END_REF]. Here, competitive inhibition of 11 -HSD1 activity was seen with 7-ketocholesterol, and oxysterol metabolites were sequestered into mature 3T3 adipocytes. 7-ketocholesterol inhibited adipocyte differentaiton in vitro and suggested that in obesity or dyslipidaemia, where adipose tissue acts as a sump for the atherogenic 7-oxyterols, high adipose 11 -HSD1 in obesity might interfere with neutralisation of these potent atherogenic metabolites (Figure 2), although it remains to be determined what the relative substrate levels are in adipose tissue of obese and dyslipidaemic disease states.

11 -HSD2 in adiposethe prevailing view was that levels of the type 2 11 -HSD, which inactivates cortisol with high affinity and is expressed at high levels in mineralocorticoid receptor (MR) target tissues (this receptor's ligand binding domain cannot distinguish between cortisol and aldosterone) was not expressed in adipose tissue. However, a recent study suggests 11 -HSD2 is expressed in rat adipocytes and stromal cells, is induced by dietary fat in rats and correlated with adiposity and insulin resistance whereas 11 -HSD1 did not [START_REF] Milagro | 11-Beta hydroxysteroid dehydrogenase type 2 expression in white adipose tissue is strongly correlated with adiposity[END_REF]. 11 -HSD2, whilst consistently lower than 11 -HSD1 was also reduced in adipose from obese women [START_REF] Engeli | Regulation of 11 beta-HSD genes in human adipose tissue: Influence of central obesity and weight loss[END_REF] and may be expressed predominantly in the stromal compartment A c c e p t e d M a n u s c r i p t 8 of human visceral fat [START_REF] Lee | Depot-specific regulation of the conversion of cortisone to cortisol in human adipose tissue[END_REF]. This would make sense as aldosterone has been implicated in preadipocyte differentiation and adipokine expression in adipose, among other functions [START_REF] Guo | Mineralocorticoid receptor blockade reverses obesity-related changes in expression of adiponectin, peroxisome proliferator-activated receptorgamma, and proinflammatory adipokines[END_REF][START_REF] Hirata | Blockade of mineralocorticoid receptor reverses adipocyte dysfunction and insulin resistance in obese mice[END_REF]. If confirmed, this may also account for the increased cortisone levels found in the portal vein (along with intestinal 11 -HSD2) of obese humans [START_REF] Basu | The Liver is the Site of Splanchnic Cortisol Production in Obese Nondiabetic Humans[END_REF]. Future studies are needed to confirm the relevance of endogenous 11 -HSD2 and aldosterone activity in adipose, but this may reveal a novel link between obesity and that activated reninangiotensin-aldosterone system in hypertension.

Adipose 11β-HSD1 in obesity.

Obese rodents with leptin receptor (Zucker Leprfa/fa rats) or leptin gene mutations (Lepob/ob mice) exhibited increased adipose 11 -HSD1 [START_REF] Livingstone | Understanding the role of glucocorticoids in obesity: Tissuespecific alterations of corticosterone metabolism in obese Zucker rats[END_REF][START_REF] Masuzaki | A transgenic model of visceral obesity and the Metabolic Syndrome[END_REF], Morton et al., 2004b). In humans, 11 -HSD1 mRNA and activity is increased in subcutaneous abdominal adipose tissue of obese subjects both in vivo and in vitro [START_REF] Rask | Tissue-specific dysregulation of cortisol metabolism in human obesity[END_REF], 2002[START_REF] Lindsay | Subcutaneous adipose 11 beta-hydroxysteroid dehydrogenase type 1 activity and messenger ribonucleic acid levels are associated with adiposity and insulinemia in Pima Indians and Caucasians[END_REF], Wake et al., 2003[START_REF] Kannisto | Overexpression of 11beta-hydroxysteroid dehydrogenase-1 in adipose tissue is associated with acquired obesity and features of insulin resistance: studies in young adult monozygotic twins[END_REF][START_REF] Goedecke | Glucocorticoid metabolism within superficial subcutaneous rather than visceral adipose tisuue is a ssociated with features of the metabolic syndrome in South African women[END_REF][START_REF] Michailidou | Omental fat 11beta-HSD1 is correlated with fat cell size independently of obesity[END_REF][START_REF] Paulsen | 11Beta-HSD type 1 expression in human adipose tissue: impact of gender, obesity, and fat localization[END_REF] not a comprehensive list) with few exceptions [START_REF] Tomlinson | Expression of 11 beta-hydroxysteroid dehydrogenase type 1 in adipose tissue is not increased in human obesity[END_REF].

Further studies have directly confirmed increased 11 -HSD1 activity using tissue microdialysis in obese subcutaneous adipose tissue [START_REF] Sandeep | Increased in vivo regeneration of cortisol in adipose tissue in human obesity and effects of the 11 beta-hydroxysteroid dehydrogenase type 1 inhibitor carbenoxolone[END_REF]. Recent studies suggest that in some cases 11 -HSD1 mRNA levels are also increased in visceral omental adipose tissue of obese women and are a strong predictor of fat cell size in this visceral depot [START_REF] Desbriere | 11beta-hydroxysteroid dehydrogenase type 1 mRNA is increased in both visceral and subcutaneous adipose tissue of obese patients[END_REF][START_REF] Michailidou | Omental fat 11beta-HSD1 is correlated with fat cell size independently of obesity[END_REF][START_REF] Paulsen | 11Beta-HSD type 1 expression in human adipose tissue: impact of gender, obesity, and fat localization[END_REF]. 11 -HSD1 might impact differentially on the pathophysiology of distinct fat depots in obesity. Peripheral adipose depots (equivalent to upper body fat in humans) express the highest levels of 11 -HSD1 (Morton et al., 2004a). Upper body fat contributes most to the circulating free fatty acid pool [START_REF] Jensen | Adipose tissue metabolism --an aspect we should not neglect?[END_REF] suggesting perhaps a dominant role for 11 -HSD1 in regulation of free fatty acids here. On the other hand, adipokine release occurs more actively in visceral fat, where GR levels are higher [START_REF] Pedersen | Characterization of regional and gender differences in glucocorticoid receptors and lipoprotein lipase activity in human adipose tissue[END_REF][START_REF] Masuzaki | A transgenic model of visceral obesity and the Metabolic Syndrome[END_REF], suggesting 11 -HSD1 activity might primarily affect adipokine profiles in this depot. The further impact that elevated visceral fat glucocorticoid action and production would have on the portal supply of adipokines and fatty acids to the liver remains important to determine (see below).

A c c e p t e d M a n u s c r i p t 9 It is of note that mice and rats with obesity of polygenic origin have low (Morton et al., 2005) or unchanged (Kloting et al., 2006) adipose, but elevated liver (Morton et al., 2005) 11 -HSD1. Therefore, the finding of high adipose 11 -HSD1 in obesity may not be universal and tissue 11 -HSD1 levels must be carefully considered in each model system as well as in humans [START_REF] Tomlinson | Expression of 11 beta-hydroxysteroid dehydrogenase type 1 in adipose tissue is not increased in human obesity[END_REF].

Visceral fat 11 -HSD1 -and portal insulin resistance.

Transgenic mice with adipose-specific 11 -HSD1 overexpression exhibited higher portal corticosterone, indicating the possibility of a paracrine effect of excess cortisol/corticosterone to modulate liver function [START_REF] Masuzaki | A transgenic model of visceral obesity and the Metabolic Syndrome[END_REF]. However, measurement of portal vein cortisol in dogs [START_REF] Basu | Splanchnic Cortisol Production in Dogs Occurs Primarily in the Liver: Evidence for Substantial Hepatic Specific 11{beta} Hydroxysteroid Dehydrogenase Type 1 Activity[END_REF] and humans indicated that visceral (fat) 11 -HSD1 is unlikely to contribute to portal cortisol levels [START_REF] Stimson | Cortisol release from adipose tissue by 11{beta}-hydroxysteroid dehydrogenase type 1 in humans[END_REF][START_REF] Basu | The Liver is the Site of Splanchnic Cortisol Production in Obese Nondiabetic Humans[END_REF]. Unexpectedly, the visceral compartment (visceral fat, gut, pancreas, spleen) actually released cortisone into the portal vein in obese humans [START_REF] Basu | The Liver is the Site of Splanchnic Cortisol Production in Obese Nondiabetic Humans[END_REF]. This could be due to intestinal 11 -HSD2 activity, or perhaps adipose stromal 11 -HSD2 [START_REF] Engeli | Regulation of 11 beta-HSD genes in human adipose tissue: Influence of central obesity and weight loss[END_REF][START_REF] Milagro | 11-Beta hydroxysteroid dehydrogenase type 2 expression in white adipose tissue is strongly correlated with adiposity[END_REF][START_REF] Lee | Depot-specific regulation of the conversion of cortisone to cortisol in human adipose tissue[END_REF].

In rodent obesity, the largest relative increase in fat depot 11 -HSD1 expression [START_REF] Livingstone | Understanding the role of glucocorticoids in obesity: Tissuespecific alterations of corticosterone metabolism in obese Zucker rats[END_REF][START_REF] Masuzaki | A transgenic model of visceral obesity and the Metabolic Syndrome[END_REF], Morton et al., 2004a) occurs in the visceral fat. Moreover, glucocorticoid 'reactivation potential' is greatest in preadipocytes from this depot, despite lower 11 -HSD1 protein levels than peripheral preadipocytes [START_REF] Sousa Peixoto | Preadipocyte 11beta-hydroxysteroid dehydrogenase type 1 is a keto-reductase and contributes to diet-induced visceral obesity in vivo[END_REF]. Future studies will be needed to determine whether this effect occurs in humanswith the intriguing recent observation that dexamethasone and insulin increased H6PDH mRNA in human omental fat organ culture, leading to increased 11 -HSD1 reductase activity, but down-regulation of 11 -HSD1 protein [START_REF] Lee | Depot-specific regulation of the conversion of cortisone to cortisol in human adipose tissue[END_REF]. If no hypothetical glucocorticoid 'spillover' occurs, then the detrimental effect of increased visceral fat 11 -HSD1 in humans will be down to intracellular regulation of cellular stress, insulin resistance and adipokine and free fatty acid release into the portal system (Figure 2).

Lessons from transgenic models of altered adipose glucocorticoid action.

A c c e p t e d M a n u s c r i p t 10 Adipose 11 -HSD1 overexpressionto test the hypothesis that high adipose 11 -HSD1 might be causal of obesity and metabolic disease 11 -HSD1 was selectively expressed using the aP2 promoter [START_REF] Masuzaki | A transgenic model of visceral obesity and the Metabolic Syndrome[END_REF]. Adipose 11 -HSD1 overexpression (aP2-11 -HSD1 mice) was comparable to that in obese humans (2-3 fold). Corticosterone levels were similarly raised in adipose tissue and in the portal but not systemic circulation. Transgenic aP2-11 -HSD1 mice exhibited intraabdominal obesity and increased fat cell size, insulin-resistant diabetes and dyslipidaemia associated with decreased adiponectin and increased TNF [START_REF] Hotamisligil | Adipose expression of tumor necrosis factor-alpha: direct role in obesity-linked insulin resistance[END_REF]. Resistin, an adipokine which promotes insulin resistance in mice [START_REF] Steppan | The hormone resistin links obesity to diabetes[END_REF] was reduced. Notably, adipose levels of the glucocorticoid-inducible [START_REF] Mcgehee Re | Differentiation-specific element: a cis-acting developmental switch required for the sustained transcriptional expression of the angiotensinogen gene during hormonal-induced differentiation of 3T3-L1 fibroblasts to adipocytes[END_REF] vasoactive propeptide angiotensinogen were highly elevated in aP2-11 -HSD1 adipose and appeared to drive the hypertension of the model [START_REF] Masuzaki | Transgenic amplification of glucocorticoid action in adipose tissue causes high blood pressure in mice[END_REF]. Finally, despite hyperleptinameia, the animals exhibited hyperphagia, indicating hypothalamic leptin resistance. Thus by increasing adipose glucocorticoid reactivation to levels seen in human metabolic syndrome, the aP2-11 -HSD1 model appeared to show that altered adipose tissue glucocorticoid metabolism could be the primary driver of many features of this disease.

11 -HSD1 deficient (11 -HSD1 -/-) mice -'global' 11 -HSD1 -/-mice demonstrated that 11 -HSD1 was the only enzyme capable of reactivating inert 11-ketosteroids to active glucocorticoids [START_REF] Kotelevtsev | 11 -hydroxysteroid dehydrogenase type 1 knockout mice show attenuated glucocorticoid inducible responses and resist hyperglycaemia on obesity or stress[END_REF]. These studies clearly demonstrated the role of the enzyme in the (hepatic) stress response to fasting, and furthermore showed that 11 -HSD1 -/-mice resisted high fat diet-induced hyperglycaemia [START_REF] Kotelevtsev | 11 -hydroxysteroid dehydrogenase type 1 knockout mice show attenuated glucocorticoid inducible responses and resist hyperglycaemia on obesity or stress[END_REF]. To investigate the potential of 11 -HSD1 deficiency as a model of anti-obesity therapy, the transgene was back-crossed on to an obesity-prone (C57Bl/6J) genetic background. C57Bl/6J-11 -HSD1 -/-mice gained significantly less weight than controls when chronically fed a high fat diet due to an enhanced metabolic rate. This occurred despite an unexpected transient hyperphagia (Morton et al., 2004b[START_REF] Densmore | 11 beta-hydroxysteroid dehydrogenase type 1 induction in the arcuate nucleus by high-fat feeding: A novel constraint to hyperphagia?[END_REF]. Moreover, in an inverse manner to ap2-11 -HSD1 mice, 11 -HSD1 -/-mice preferentially gained adipose tissue in peripheral depots rather than in the visceral depot. 11 -HSD1 -/-mice had higher adipose PPAR mRNA levels in their fat. Since PPAR ligands cause insulin sensitisation and fat A c c e p t e d M a n u s c r i p t 11 redistribution to the periphery [START_REF] Kelly | Effects of a thiazolidinedione compound on body fat and fat distribution of patients with type 2 diabetes[END_REF][START_REF] Sewter | Regional differences in the response of human pre-adipocytes to PPAR gamma and RXR alpha agonists[END_REF], a mechanism for the beneficial fat redistribution was suggested, on the assumption that increased circulating free fatty acids during high fat feeding were acting as endogenous ligands for the PPAR receptors (Xu et al., 1999). In agreement with both increased PPAR and reduced glucocorticoid action, insulin sensitisation is evident in isolated primary 11 -HSD1 -/-adipocytes which showed increased basal and insulin-stimulated glucose uptake. Further, Uncoupling protein-2 levels were higher in 11 -HSD1 -/-adipose, consistent with glucocorticoid (Xu et al., 1999) and PPAR regulation [START_REF] Digby | Depot-related and thiazolidinedione-responsive expression of uncoupling protein 2 (UCP2) in human adipocytes[END_REF]. Higher PPAR--responsive uncoupling protein (UCP)-2 expression in the 11 -HSD1 -/-adipose may drive increased energy dissipation within the adipocytes (Morton et al., 2004b). A related increase in adipose lipid oxidation (CPT-1 activity) was subsequently shown by others using 11 -HSD1 inhibitors, along with specifically reduced visceral fat mass and cell size (Berthiaume et al., 2007a). 11 -HSD1 -/-mice also exhibited reduced leptin, (perhaps a cause of the transiently increased food intake; Morton et al., 2004b[START_REF] Densmore | 11 beta-hydroxysteroid dehydrogenase type 1 induction in the arcuate nucleus by high-fat feeding: A novel constraint to hyperphagia?[END_REF], resistin and TNF mRNA levels in adipose whereas adiponectin was increased, compatible with an adipose-mediated, insulin-sensitised phenotype. 11 -HSD1 -/-mice showed improved glucose tolerance and lower fasting free fatty acids, indirectly confirming adipose insulin sensitisation.

Thus 11 -HSD1 gene deficiency is associated with a number of improvements of adipose function that highlight again the importance of adipose 11 -HSD1 in the development of metabolic disease with obesity (Figure 2).

Adipose 11β-HSD2 Overexpressing Mice -Ectopic expression of the glucocorticoidinactivating 11β-HSD2 isozyme in adipose tissue was achieved using the aP2 promoter [START_REF] Kershaw | Adipocyte-specific glucocorticoid inactivation protects against diet-induced obesity[END_REF]. 11 -HSD2 expression levels were similar to that found in the kidney, where 11 -HSD2 performs its physiological role to exclude corticosterone from the high affinity mineralocorticoid receptor. In close parallel with 11 -HSD1 -/-mice, aP2-11β-HSD2 mice resisted high fat diet-induced obesity and insulin resistance in association with decreased leptin and resistin, but increased adiponectin, PPAR and uncoupling protein-2 expression in fat tissues. The model reinforces the concept that reducing adipose levels of active glucocorticoid promotes a metabolic disease-resistant phenotype (Figure 2). Liver -Glucocorticoids impair hepatic insulin sensitivity and promote hepatic glucose production, in part by direct action on the PEPCK gene [START_REF] Barthel | Novel concepts in insulin regulation of hepatic gluconeogenesis[END_REF]Schmoll 2003, Chakravarty et al., 2005). This drives hyperglycaemia during insulin resistant states such as diabetes. The liver is also the organ with the highest 11 -HSD1 expression [START_REF] Tannin | Cloning and sequencing of the human cDNA for corticosteroid 11-beta-dehydrogenase. The human gene for 11 beta-hydroxysteroid dehydrogenase. Structure, tissue distribution, and chromosomal localization[END_REF], at least 10 times higher than adipose. Inhibition of 11 -HSD1 by carbenoxolone improved insulin sensitivity in humans and rats [START_REF] Walker | Carbenoxolone increases hepatic insulin sensitivity in man: A novel role for 11oxosteroid reductase in enhancing glucocorticoid receptor activation[END_REF][START_REF] Livingstone | Understanding the role of glucocorticoids in obesity: Tissuespecific alterations of corticosterone metabolism in obese Zucker rats[END_REF]. Early rodent studies suggested that carbenoxolone had poor efficacy within adipose issue [START_REF] Livingstone | Understanding the role of glucocorticoids in obesity: Tissuespecific alterations of corticosterone metabolism in obese Zucker rats[END_REF] and as such the antidiabetic effects of 11 -HSD1 inhibition were ascribed largely to liver inhibition. This notion was strengthened by more recent studies using specific 11 -HSD-1 inhibitors which reduced hyperglycaemia in diabetic mice [START_REF] Alberts | Selective inhibition of 11 beta-hydroxysteroid dehydrogenase type 1 decreases blood glucose concentrations in hyperglycaemic mice[END_REF]. Human adipose tissue microdialysis [START_REF] Sandeep | Increased in vivo regeneration of cortisol in adipose tissue in human obesity and effects of the 11 beta-hydroxysteroid dehydrogenase type 1 inhibitor carbenoxolone[END_REF][START_REF] Tomlinson | Inhibition of 11betahydroxysteroid dehydrogenase type 1 activity in vivo limits glucocorticoid exposure to human adipose tissue and decreases lipolysis[END_REF] have shown some efificay of carbenoxolone in adipose. Further, carbenoxolone can reduce liver triglyceride production, improve glucose tolerance and ameliorate atherogenesis with combined inhibition of liver and adipose 11 -HSD1 in dyslipidaemic or high fat dietinduced obese rodents [START_REF] Nuotio-Antar | Carbenoxolone treatment attenuates symptoms of metabolic syndrome and atherogenesis in obese, hyperlipidemic mice[END_REF][START_REF] Taylor | Sub-chronic administration of the 11beta-HSD1 inhibitor, carbenoxolone, improves glucose tolerance and insulin sensitivity in mice with diet-induced obesity[END_REF].

Drug efficacy aside, hepatic 11 -HSD1 is actually reduced in obesity [START_REF] Stewart | Cortisol metabolism in human obesity: Impaired cortisone -> cortisol conversion in subjects with central adiposity[END_REF][START_REF] Livingstone | Understanding the role of glucocorticoids in obesity: Tissuespecific alterations of corticosterone metabolism in obese Zucker rats[END_REF][START_REF] Rask | Tissue-specific dysregulation of cortisol metabolism in human obesity[END_REF], Morton and Seckl 2008), suggesting that it is not the primary driver of the disease process. Nevertheless, since aP2-11 -HSD1 mice exhibited elevated portal corticosterone levels, this suggested increased glucocorticoid delivery to the liver may occur, at least in rodent obesity. To address whether excess hepatic glucocorticoid (or indeed elevated hepatic 11 -HSD1 per se) could cause the metabolic syndrome, a liver-specific 11 -HSD1 overexpressing line was generated using the apoE promoter [START_REF] Paterson | Metabolic syndrome without obesity: hepatic over-expression of 11 -hydroxysteroid dehydrogenase type 1 in transgenic mice[END_REF]. ApoE-11 -HSD1 mice showed modest insulin resistance and hypertriglyceridaemia and were hypertensive due to over-expression of hepatic angiotensinogen, echoing the aP2-11 -HSD1 hypertensive mechanism. Curiously, the major effects of hepatic 11 -HSD1 overexpression were on lipid synthesis and transport enzymes rather than glucose homeostasis [START_REF] Paterson | Metabolic syndrome without obesity: hepatic over-expression of 11 -hydroxysteroid dehydrogenase type 1 in transgenic mice[END_REF], but do highlight the important role of glucocorticoids in regulation of lipid homeostasis [START_REF] Brindley | Role of glucocorticoids and fatty acids in the impairment of lipid metabolism observed in the metabolic syndrome[END_REF][START_REF] Dolinsky | Regulation of the enzymes of hepatic microsomal triacylglycerol lipolysis and re-esterification by the glucocorticoid dexamethasone[END_REF]). An attenuated metabolic syndrome driven by high liver 11 -HSD1 in mice A c c e p t e d M a n u s c r i p t 13 indicates the enzyme makes an important contribution to metabolic disease in other rodent models [START_REF] Morton | A polygenic model of the metabolic syndrome with reduced circulating and intra-adipose glucocorticoid action[END_REF][START_REF] Liu | Increased glucocorticoid receptor and 11 beta-hydroxysteroid dehydrogenase type 1 expression in hepatocytes may contribute to the phenotype of type 2 diabetes in db/db mice[END_REF]) and indeed indicates a potential therapeutic avenue in patients with a liver selective increase in 11 -HSD1 such as myotonic dystrophy [START_REF] Johansson | T Glucocorticoid metabolism and adrenocortical reactivity to ACTH in myotonic dystrophy[END_REF]. In contrast, 11 -HSD1 -/-mice exhibited increased expression of PPAR and downstream genes linked to -oxidation such as CPT-1 in liver [START_REF] Morton | Improved lipid and lipoprotein profile, hepatic insulin sensitivity, and glucose tolerance in 11beta-hydroxysteroid dehydrogenase type 1 null mice[END_REF]. Increased liver fatty acid -oxidation after 11 -HSD1 inhibitor treatment has recently been confirmed by others (Berthiaume et al., 2007b). These changes were associated with an improved lipid and lipoprotein profile in 11 -HSD1 -/-mice, including increased HDL cholesterol and reduced VLDL triglyceride levels [START_REF] Morton | Improved lipid and lipoprotein profile, hepatic insulin sensitivity, and glucose tolerance in 11beta-hydroxysteroid dehydrogenase type 1 null mice[END_REF], Morton et al., 2004a).

Skeletal muscle -Glucocorticoids potently induce insulin resistance in skeletal muscle through the glucocorticoid receptor (Dimitriadis et al., 1997, Smith and[START_REF] Smith | Skeletal muscle and nuclear hormone receptors: implications for cardiovascular and metabolic disease[END_REF].

Expression of 11 -HSD1 is held to be low in muscle tissue of mice [START_REF] Itoh | Lack of contribution of 11betaHSD1 and glucocorticoid action to reduced muscle mass associated with reduced growth hormone action[END_REF], Morton et al., 2004). Further, human 11 -HSD1 mRNA levels did not correlate with any metabolic parameters, unlike adipose 11 -HSD1 in obese PIMA Indians [START_REF] Nair | The 11beta hydroxysteroid dehydrogenase type 1 gene: genetic polymorphisms are associated with type 2 diabetes in Pima indians independently of obesity and expression in adipocyte and muscle[END_REF]. However, a number of studies have highlighted the importance of skeletal muscle as a potential site of activity of the enzyme in humans [START_REF] Whorwood | Regulation of glucocorticoid receptor alpha and beta isoforms and type I 11beta-hydroxysteroid dehydrogenase expression in human skeletal muscle cells: a key role in the pathogenesis of insulin resistance?[END_REF][START_REF] Abdallah | Increased expression of 11betahydroxysteroid dehydrogenase type 1 in type 2 diabetic myotubes[END_REF][START_REF] Jang | 11Beta hydroxysteroid dehydrogenase type 1 is expressed and is biologically active in human skeletal muscle[END_REF][START_REF] Jensen | Adipose tissue metabolism --an aspect we should not neglect?[END_REF] which may reflect a species difference. 11 -HSD1 activity appears to be lower in muscle biopsies of diabetic than control subjects, but is induced following dexamethasone administration [START_REF] Jang | Altered activity of 11beta-hydroxysteroid dehydrogenase types 1 and 2 in skeletal muscle confers metabolic protection in subjects with type 2 diabetes[END_REF]. Further, 11 -HSD1 activity is higher in myotubes derived from diabetic or insulin resistant subjects [START_REF] Whorwood | Regulation of glucocorticoid receptor alpha and beta isoforms and type I 11beta-hydroxysteroid dehydrogenase expression in human skeletal muscle cells: a key role in the pathogenesis of insulin resistance?[END_REF][START_REF] Abdallah | Increased expression of 11betahydroxysteroid dehydrogenase type 1 in type 2 diabetic myotubes[END_REF]. Skeletal muscle 11 -HSD1 is also induced after the stress of elective surgery [START_REF] Obeyesekere | Skeletal muscle 11{beta} hydroxysteroid dehydrogenase type 1 activity is upregulated following elective abdominal surgery[END_REF]. The significance of skeletal muscle 11 -HSD1 requires clarification, but represents a clearly important target tissue given the role of glucocorticoids in skeletal muscle insulin resistance.

Pancreas -Chronic glucocorticoid action can directly suppress insulin transcription and secretion [START_REF] Delaunay | Pancreatic beta cells are important targets for the diabetogenic effects of glucocorticoids[END_REF], which is often masked by the compensatory hyperinsulinaemia that results from the induction of peripheral insulin resistance by glucocorticoids. 11 -HSD1 is expressed in pancreatic islets and its expression is higher in islets from obese rodents where inhibition with carbenoxolone or selective 11 -HSD1 inhibitors [START_REF] Davani | Type 1 11beta -hydroxysteroid dehydrogenase mediates glucocorticoid activation and insulin release in pancreatic islets[END_REF], Ortsater et al., 2005) alleviates the 11-A c c e p t e d M a n u s c r i p t 14 ketoglucocorticoid-mediated suppression of insulin secretion in these models. An intriguing new finding suggests that 11 -HSD1 is expressed most highly in the glucagon secreting alpha cells, where the authors suggested the effects on insulin secretion might occur through a paracrine modulation of insulin secretion by this hormone [START_REF] Swali | 11beta-Hydroxysteroid dehydrogenase type 1 regulates insulin and glucagon secretion in pancreatic islets[END_REF]. Again more work is required to dissect the functional role of glucocorticoids and 11 -HSD1 in the endocrine pancreas. For example, in contrast to earlier studies, a recent study showed glucocorticoids directly increased islet insulin secretion through an anit-inflammatory action [START_REF] Hult | Short-term glucocorticoid treatment increases insulin secretion in islets derived from lean mice through multiple pathways and mechanisms[END_REF]. Dose and duration of glucocorticoid exposure will be an important determinant of the direct islet effects, as will the potential for alternate substrate metabolism [START_REF] Schweizer | Rapid hepatic metabolism of 7-ketocholesterol by 11beta-hydroxysteroid dehydrogenase type 1: species-specific differences between the rat, human, and hamster enzyme[END_REF][START_REF] Wamil | 7-Oxysterols Modulate Glucocorticoid Activity in Adipocytes through Competition for 11{beta}-Hydroxysteroid Dehydrogenase Type[END_REF]. Preliminary data indicate that islet insulin secretion is appropriately low from high fat fed 11 -HSD1 -/-mice (S Turban, JR Seckl and NM Morton, unpublished observations), but that is to be expected within the context of their insulin-sensitised phenotype. Work is ongoing in the Morton laboratory to characterise the phenotype of a -cell specific 11 -HSD1 overexpressing transgenic mouse created to more directly test these hypotheses.

Blood vessels and the vascular wall -Glucocorticoids are angiostatic and 11 -HSD1 -/- mice show increased angiogenic responses, which contributes to their improved recovery after myocardial infarction in vivo [START_REF] Small | Preventing local regeneration of glucocorticoids by 11betahydroxysteroid dehydrogenase type 1 enhances angiogenesis[END_REF]. Angiogenesis is a key determinant of adipose tissue expansion during obesity and inhibition of this process prevents obesity [START_REF] Rupnick | Adipose tissue mass can be regulated through the vasculature[END_REF][START_REF] Lijnen | Angiogenesis and obesity[END_REF]. If the angiostatic glucocorticoid effect translates to adipose tissue, 11 -HSD1 deficiency would potentially promote a more robust angiogenic response to the rapid expansion of adipose tissue with obesity in vivo, improving vascularisation and reducing the downstream inflammatory consequences (Figure 2). A caveat to these salutary effects, however, would be a potential for an undesirable increase in angiogenesis in disease states such as cancer and diabetic retinopathy of which there is increased risk with obesity and metabolic syndrome. Both 11 -HSD1 and 11 -HSD2 appear to be expressed in human endothelial cells, and modulate inducible nitric oxide synthase (iNOS) activity [START_REF] Liu | Glucocorticoid response elements and 11{beta}-hydroxysteroid dehydrogenases in the regulation of endothelial nitric oxide synthase expression[END_REF]. The story in rodents is less clear, but suggests that expression of 11 -HSD isoforms may be both species and anatomical (perhaps fat depot) site-specific [START_REF] Hadoke | Intravascular glucocorticoid metabolism as a modulator of vascular structure and function[END_REF]. 11 -HSD1 is expressed in smooth muscle cells [START_REF] Hadoke | Intravascular glucocorticoid metabolism as a modulator of vascular structure and function[END_REF], and as described below, in macropahges. All three cell A c c e p t e d M a n u s c r i p t types are critical for the formation of atherosclerotic plaques. With the reported reduction in atherosclerotic lesions in dyslipidaemic apoE null mice of 84% using a selective 11 -HSD1 inhibitor (Hermanowkski-Vosatka et al., 2005), the search is on to define whether endothelial cells, vascular smooth muscle, macrophages or rather the improvement in liver lipid metabolism and altered release of atherogenic adipokines [START_REF] Lau | Adipokines: molecular links between obesity and atheroslcerosis[END_REF] from adipose accounts for the largest proportion of this remarkable protective effect.

Macrophages -High dose glucocorticoids potently dampen pro-inflammatory cytokine signalling by suppressing nuclear transcription factor (NF)-B and activator protein (AP)-1 signalling cascades (Riechardt and Schutz 1998). Furthermore, glucocorticoids confer phagocytic capacity to macrophages, which ingest and process apoptotic leukocytes (neutrophils) at the sites of inflammation [START_REF] Giles | Glucocorticoid augmentation of macrophage capacity for phagocytosis of apoptotic cells is associated with reduced p130Cas expression, loss of paxillin/pyk2 phosphorylation, and high levels of active Rac[END_REF]. As noted above, adipose tissue becomes infiltrated with pro-inflammatory macrophages during obesity. The LPS-TLR system is activated in adipocytes and macrophages through high free fatty acid levels in obesity [START_REF] Lin | The lipopolysaccharide-activated toll-like receptor (TLR)-4 induces synthesis of the closely related receptor TLR-2 in adipocytes[END_REF], Shi et al., 2007, Song et al., 2007[START_REF] Nguyen | A subpopulation of macrophages infiltrates hypertrophic adipose tissue and is activated by free fatty acids via Toll-like receptors 2 and 4 and JNK-dependent pathways[END_REF]. 11 -HSD1 is induced upon macrophage activation by stimuli such as lipoplysaccahride (LPS) in human monocytes and mouse macrophages [START_REF] Thieringer | 11 Beta-hydroxysteroid dehydrogenase type 1 is induced in human monocytes upon differentiation to macrophages[END_REF][START_REF] Gilmour | Local amplification of glucocorticoids by 11 beta-hydroxysteroid dehydrogenase type 1 promotes macrophage phagocytosis of apoptotic leukocytes[END_REF], Ishii et al., 2006). The enzyme is also increased by proinflammatory cytokines in fibroblasts (Hardy et al., 2006, Hardy et al., 2008) and smooth muscle cells (Cai et al., 2000), by cytokines such as TNF-and IL-1 where it may modulate inflammatory processes such as rheumatoid arthritis and atherosclerosis. From studies investigating the effects of glucocorticoids [START_REF] Giles | Glucocorticoid augmentation of macrophage capacity for phagocytosis of apoptotic cells is associated with reduced p130Cas expression, loss of paxillin/pyk2 phosphorylation, and high levels of active Rac[END_REF] on macrophage function in classical inflammatory models, the potential expression of 11 -HSD1 within adipose macrophages thus becomes highly relevant to the adipose inflammation story. 11 -HSD1 augments glucocorticoid-induced macrophage phagocytosis [START_REF] Giles | Glucocorticoid augmentation of macrophage capacity for phagocytosis of apoptotic cells is associated with reduced p130Cas expression, loss of paxillin/pyk2 phosphorylation, and high levels of active Rac[END_REF] thus promoting resolution of inflammatory processes [START_REF] Gilmour | Local amplification of glucocorticoids by 11 beta-hydroxysteroid dehydrogenase type 1 promotes macrophage phagocytosis of apoptotic leukocytes[END_REF]. The latter concept is clear within the context of classical (acute/severe) inflammatory paradigms [START_REF] Thieringer | 11 Beta-hydroxysteroid dehydrogenase type 1 is induced in human monocytes upon differentiation to macrophages[END_REF][START_REF] Gilmour | Local amplification of glucocorticoids by 11 beta-hydroxysteroid dehydrogenase type 1 promotes macrophage phagocytosis of apoptotic leukocytes[END_REF], Ishii et al., 2006, Chapman et al., 2008). It might then be expected that obesity would lead to increased activation and expression of adipose macrophage 11 -HSD1, which may help to resolve adipose inflammation. However, when 11 -HSD1 -/-mice are challenged with LPS-mediated endotoxaemia, they exhibit exaggerated systemic and (splenic) macrophage inflammatory responses [START_REF] Zhang | Macrophages from 11beta-hydroxysteroid dehydrogenase type 1-deficient mice exhibit an increased sensitivity to lipopolysaccharide stimulation due to TGF-beta-mediated up-regulation of SHIP1 expression[END_REF]. This was accompanied by an increased secretion of cytokines, particularly the glucocorticoid suppressible IL-6 [START_REF] Gilmour | Local amplification of glucocorticoids by 11 beta-hydroxysteroid dehydrogenase type 1 promotes macrophage phagocytosis of apoptotic leukocytes[END_REF] from the 11 -HSD1 -/-macrophages [START_REF] Zhang | Macrophages from 11beta-hydroxysteroid dehydrogenase type 1-deficient mice exhibit an increased sensitivity to lipopolysaccharide stimulation due to TGF-beta-mediated up-regulation of SHIP1 expression[END_REF]. The authors attributed this macrophage hyperresponsiveness to the subtly higher in vivo glucocorticoid levels driving an altered myeloid differentiation process (control and 11 -HSD1 -/- macrophages had similar LPS responses when differentiated in vitro). In contrast, 11 -HSD1 inhibition, perhaps counter intuitively, suppressed inflammatory cytokine release in J774.1 macrophage cells in vitro (Ishii et al., 2006), adding to the complex role of 11 -HSD1 in the regulation of inflammatory responses. Currently our understanding of this process relies on acute/pharmacological inflammatory stimuli often in vitro, making the outcome for 11 -HSD1 inhibition in adipose tissue macrophages where inflammation is low grade and glucocorticoid levels vary over the physiological range hard to predict. Nevertheless, they do suggest macrophage 11 -HSD1 might be a key determinant of inflammatory processes within the fat during obesity. Further studies are under way to fully characterise the phenotype of 11 -HSD1 -/-adipose tissue macrophages, but preliminary data suggest a reduced infiltration of adipose macrophages, consistent with the lower adipose TNF- (Morton et al., 2004b; most of which likely derives from the adipose macrophages), and metabolic protection seen in the model (J Battle, JR Seckl, NM Morton unpublished observations).

Lymphocytes and dendritic cells -With the recent discovery that T cells of the adaptive immune system are involved in coordinating the early and chronic inflammatory events in adipose tissue during obesity [START_REF] Wu | T-cell accumulation and regulated on activation, normal T cell expressed and secreted upregulation in adipose tissue in obesity[END_REF][START_REF] Rausch | Obesity in C57BL/6J mice is characterized by adipose tissue hypoxia and cytotoxic T-cell infiltration[END_REF], it is also of note that T lymphocytes express 11 -HSD1, and this increases as the cells become polarised into Th1 and Th2 subtypes [START_REF] Zhang | The expression of 11 beta-hydroxysteroid dehydrogenase type I by lymphocytes provides a novel means for intracrine regulation of glucocorticoid activities[END_REF]. B cells also express 11 -HSD1 [START_REF] Zhang | The expression of 11 beta-hydroxysteroid dehydrogenase type I by lymphocytes provides a novel means for intracrine regulation of glucocorticoid activities[END_REF] although their role in adipose inflammation is unclear. Dendritic cells (bone marrow derived) are also implicated in the infiltration of, and inflammation within, adipose tissue in obesity [START_REF] Nguyen | A subpopulation of macrophages infiltrates hypertrophic adipose tissue and is activated by free fatty acids via Toll-like receptors 2 and 4 and JNK-dependent pathways[END_REF]. This cell type, at least as derived after extensive culture and a positive selection process in vitro, also expressed 11 -HSD1 [START_REF] Zhang | The expression of 11 beta-hydroxysteroid dehydrogenase type I by lymphocytes provides a novel means for intracrine regulation of glucocorticoid activities[END_REF]. in obesity. However, this remains to be conclusively demonstrated in primary cells derived from the fat where a number of these important cells types are found [START_REF] Zeyda | Human adipose tissue macrophages are of an anti-inflammatory phenotype but capable of excessive pro-inflammatory mediator production[END_REF].

-HSD1 Inhibitors as Therapeutics.

To date, pharmacological intervention with 11 -HSD1 inhibition in vivo has shown the full range of protective metabolic, anti-obesity, anti-inflammatory and antiatherogenic effects with a growing body of evidence for beneficial effects in man [START_REF] Walker | Carbenoxolone increases hepatic insulin sensitivity in man: A novel role for 11oxosteroid reductase in enhancing glucocorticoid receptor activation[END_REF][START_REF] Andrews | Effects of the 11 beta-hydroxysteroid dehydrogenase inhibitor carbenoxolone on insulin sensitivity in men with type 2 diabetes[END_REF], Hermanowski-Vosatka, et al., 2005[START_REF] Sandeep | Increased in vivo regeneration of cortisol in adipose tissue in human obesity and effects of the 11 beta-hydroxysteroid dehydrogenase type 1 inhibitor carbenoxolone[END_REF][START_REF] Tomlinson | Inhibition of 11betahydroxysteroid dehydrogenase type 1 activity in vivo limits glucocorticoid exposure to human adipose tissue and decreases lipolysis[END_REF], see Hughes et al, 2008 for an extensive review).

Many pieces to the therapeutic jigsaw remain to be placed in terms of making 11 -HSD1 the next potential major obesity and metabolic syndrome pharmacotherapy as other prime candidates fall by the wayside (Christensen et al., 2007, Singh andLocke, 2008). The role and effect of 11 -HSD1 inhibition of macrophage function in adipose and atherosclerotic lesions is unclear. Equally, lymphocyte and other immunocytes express 11 -HSD1 [START_REF] Zhang | The expression of 11 beta-hydroxysteroid dehydrogenase type I by lymphocytes provides a novel means for intracrine regulation of glucocorticoid activities[END_REF]. Determining the role of 11 -HSD1 in these cells is critical to the application of inhibitors and may present unwanted adverse effects during acute infection or acute-or severe/chronic-inflammation (Chapman et al., 2008). Clarification of the potentially beneficial effects on (adipose and myocardial) angiogenesis will be needed. Central effects of 11 -HSD1 on appetite [START_REF] Densmore | 11 beta-hydroxysteroid dehydrogenase type 1 induction in the arcuate nucleus by high-fat feeding: A novel constraint to hyperphagia?[END_REF] have been observed and some (Hermanowski-Vosatka 2005, [START_REF] Gu | Discovery of 4-heteroarylbicyclo[2.2.2octyltriazoles as potent and selective inhibitors of 11beta-HSD1: novel therapeutic agents for the treatment of metabolic syndrome[END_REF][START_REF] Wang | Inhibition of 11beta-hydroxysteroid dehydrogenase type 1 reduces food intake and weight gain but maintains energy expenditure in diet-induced obese mice[END_REF], but not all inhibitor studies report an effect on food intake. Since this appears to be weight loss, this could be a positive therapeutic effect. The role and direct effects of 11 -HSD1 in subpopulations of the endocrine pancreas during the inflammatory processes of diabetes (Donath et al., 2005) and in skeletal muscle with insulin resistance also require clarification. Finally, it is important to note that with inhibition of cortisol regeneration as a therapeutic strategy, care must be taken to consider effects in cells also expressing MR and low levels of the cortisol-inactivating 11 -HSD2 enzyme, potentially even the adipocytes and A c c e p t e d M a n u s c r i p t 18 macrophages [START_REF] Hirata | Blockade of mineralocorticoid receptor reverses adipocyte dysfunction and insulin resistance in obese mice[END_REF][START_REF] Gilmour | Local amplification of glucocorticoids by 11 beta-hydroxysteroid dehydrogenase type 1 promotes macrophage phagocytosis of apoptotic leukocytes[END_REF]. Notably, cortisol cannot distinguish between MR and GR whereas the potent anti-inflammatory steroid dexamethasone (note: 11keto-dexamethosone activates GR comparably) despite binding MR with higher affinity than GR, does not transactivate MR-mediated gene transcription [START_REF] Rebuffat | The 11-ketosteroid 11-ketodexamethasone is a glucocorticoid receptor agonist[END_REF]. The complexities of 11 -HSD1 inhibition as a potential therapeutic strategy to reduce cortisol levels in metabolic disease in a coassociated inflammatory state where dexamethasone (or indeed other steroid analogues such as prednisolone) is indicated, for example, will require careful validation within the disease-and tissue-specific context.

Summary and persepctives.

Loss of glucocorticoid reactivation by 11 -HSD1 reduces formation of new fat cells, improves insulin sensitivity, increases fat oxidation in liver and adipocytes, promotes a favourable redistribution of fat, reduces cellular stress, favourably alters adipokine secretion from adipocytes and reduces infiltration of adipose macrophages in obesity.

There may potentially be beneficial effects of reduced glucocorticoid spillover (likely only in subcutaneous fat in humans) on local adipose macrophages, other immunocytes and the local vasculature. Some of these effects may be mediated by altered expression of 11 -HSD1 within those cell types in an intracrine manner. To date these benefits appear to offset any potential detrimental effects, such as those predicted by the impaired inflammation pro-resolution effect in 11 -HSD1 -/- macrophages [START_REF] Gilmour | Local amplification of glucocorticoids by 11 beta-hydroxysteroid dehydrogenase type 1 promotes macrophage phagocytosis of apoptotic leukocytes[END_REF]. Ongoing studies using cell-specific transgenic manipulation and ever increasingly potent, selective, and tissue-targeted inhibitors (eg CNS permeable for hypothalamic appetite and cognitive applications) are helping to elucidate the complex biology of this intracellular signalling system and its potential in combating the most devastating and costly disease burden of the modern era. 1. Inactive cortisone from the blood is converted to active cortisol by 11 -HSD1 within the cell. 2. This promotes preadipocyte differentiation, which contributes to (central) obesity during caloric excess. 3. As adipocytes become hypertrophic, 11 -HSD1 levels and intracellular cortisol levels rise causing the following hypothetical effects within the adipocyte (clockwise from far left): increased (+) LPL expression (lpl) and lipid uptake; impaired (-) angiogenic vascularisation responses from surrounding blood vessels; suppression (-) of AMPKinase, with a consequent increase in (+) lipogenesis and reduction (-) in fat oxidation; increased (+) ER stress; a variable effect on adipokine secretion including increased (+) angiotensinogen (angtn), which leads to hypertension, and suppression (-) of adiponectin, which exacerbates systemic insulin resistance; direct impairment of the insulin signalling cascade (eg IRS 1 or 2) and insulin-responsive glucose uptake (GluT4); increased (+) lipolysis through HSL; spillover of locally produced cortisol which may affect neighbouring cells and contribute to insulin resistance in other organs (eg portal drainage to the liver). 4. Competitive metabolism of cholesterol metabolites and glucocorticoids may lead to accumulation of atherogenic oxysterols (7-kC = 7 ketocholesterol, 7-ohC = 7 hydroxycholesterol) within the fat/systemically. 
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