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Circulating ceramide, inflammation and insulin resistance

M.J. Watt,1 J. Boon,! D.C. Henstridge,? J.S. Oakhill,® B.A. Kingwell? and A.J. Hoy,! 'Biology of Lipid
Metabolism Laboratory, Department of Physiology, Monash University, Clayton, VIC 3800, Australia., 2Baker
IDI Heart and Diabetes Institute, Melbourne, VIC 3004, Australia and 3. Vincent's Institute of Medical
Research, Fitzroy, VIC 3065, Australia.

Obesity is associated with an increased risk géldping insulin resistance, a condition that precedes the
development of type 2 diabetes. Although this relationship is well recognised, the mechanisms linking obesity to
insulin resistance remain unresolved. Oxyglanation is that obesity is associated with amrsupply’ of lipids,
which leads to the storage of lipids in tissues such aswreahid skeletal muscle that in turn cause insulin
resistance. Another is that obesity is accompanied by low-grade inflammationgdiateheimpacts on insulin
signal transduction. Ceramide accumulation ieletal muscle is associated with thevelepment of insulin
resistance and pharmacological blockade of ceramide ameliorates lipid-induced insulin resistance in obesity
(Holland et al., 2007). Ceramides are also kmo to circulate in plasma,ven though thg are insoluble in
agueous enronments. While plasma ceramides are increased in type 2 diabetes patientt @Hap809), the
mode of ceramide transpartvivo and the role of circulating ceramide in thevdlepment of insulin resistance
and inflammation remains unresolved.

We first assessed ceramidedis in human plasma which was fractionated by fast performance liquid
chromatograpyn The eluted fractions containing lipoproteins were identified by analysis of theialdta
absorption spectrum and confirmed by measuring cholesterol in each fraction. Ceramide was transported
exclusively by very lov density lipoproteins (VLDL,[110%), lov density lipoproteins (LDL[50%) and high
density lipoproteins (HDL[#0%). Total plasma ceramide contewes increased in obese, type 2 diabetes
(T2DM) patients compared with lean, insulin semsitiged-matched individuals (Lean: 13t8L.1 vs T2DM:
17.4+ 1.3 uM). Ceramides were higher in LDL (55%,= 0.006) of T2DM, but not in VLDL P = 0.76) or
HDL (P = 0.16). LDL-ceramide was posrgly associated with insulin resistance (HOMA-IR), fasting insulin
and glucose but not body mass inda marker of adiposity), triglyceride or cholesterol. Thus, LDL-ceramide is
associated with insulin resistance in humans.

To assess circulating ceramide function in cell culture, slnapproach was used to replicate thevivo
ervironment by creating LDL containing ceramides. This method depletes the LDL core of neutral lipids which
allows for the introduction of ceramide into an intact LDL. LDL-ceramide (either C16:0 or C24:0 ceramide)
mildly decreased insulin-stimulated glucose uptak L6-GLUT4myc myotubes after 24 h treatmenB{%),
whereas no effect was observed at 6 h. The reduction in insulin resp@ssi vas not associated with an
impairment in Akt phosphorylation, suggesting no diredeatfon distal insulin signalling. Interestingly
intracellular ceramide as increased with LDL-ceramide, although we are unable to provide defmitience
for receptor-mediated uptake. LDL-ceramide \atfid pro-inflammatory signalling in R 264.7
macrophages, resulting in c-Jun terminal kinasevaiin and increased TN&-secretion, but surprisinglyot
IL-6 secretion . The conditioned media from LDL-ceramide treated macrophages decreased insulin-stimulated
glucose uptadin L6-GLUT4myc myotubes, whereas no effect was observed with LDL conditioned media.

Overall, these results sivahat ceramides are @kted in the plasma of obese, type 2 diabetes patients and
that this is related to insulin resistance, and not adiposity or generalised dyslipidemia. Furthermore, LDL-
ceramide can cause insulin resistance in skeletal myotubes, albeit, maildlyactvate pro-inflammatory
signalling in macrophages, that in turn creates a milieu that decreases insulin sensitivity.

Haus JM, Kasyap SR, KasumoT, Zhang R, Kelly KR, Defronzo RA & Kirwan JR2009). Plasma ceramides
are eleated in obese subjects with type 2 diabetes and correlate withwiriysef insulin resistance.
Diabetes 58, 337-343.

Holland WL, Brozinick JTWang LR Hawkins ED, Sargent KM, Liu YNarra K, Hoehn KL, Knotts TA, Siegk
A, Nelson DH, Karathanasis SK, Fontenot GK, Birnbaum MJ & Summers SA. (2007). Inhibition of
ceramide synthesis ameliorates glucocorticoid-, saturateddnd obesity-induced insulin resistance.
Cell Metabolism5, 167-179.
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Dual, but opposing, roles for the double stranded RNA-dependent protein kinase in metabolic
homeostasis

G.l. Lancaster, Baker IDI Heart and Diabetes Research Institute, 75 Commercial Road, Melbourne, VIC 3004,
Australia.

Chronic inflammation is a hallmark of obesity and contels to the deslopment of numerous diseases,
including insulin resistance, Type 2 diabetes, atherosclerosis and.dsietabolic and immune signalling
pathways are intimately linkd and understanding Wwonutrient excess promotes cellular inflammation is of
considerable importance in understanding the pathogenesis gfchmamic metabolic diseases. A recent study
in Cell identified double stranded RNdependent protein kinase (PKR) as a core component of a “metabolic
inflammasome” linking stress signalling to metabolic disease (Nakaghakra2010). Using murine embryonic
fibroblasts and macrophages from PKR-deficient mice on an inbred C57BL/6 background our results confirm
that PKR is required for the induction of pro-inflammatory responses triggered by nutrient exoessr,Hod
remarkably PKR-deficient cells had 2 to 3-fold increases in thegke of numerous intracellular lipid types,
including diacylglycerol and ceramide, lipid species didko inflammation and insulin resistance, failog
treatment with fatty acids.

To examine thean vivo consequences of PKR deletion, we placed PKR-deficient and wild type (WT) mice
on a high fat diet. PKR knockout ) mice had increased total body fat mass, higher leptitsland increased
lipid accumulation in skeletal muscle andveti Furthermore, high fat fed PKR & mice were
hyperinsulinaemic, glucose intolerant and insulin resistant, compared to WT mice. Xpeggsien analysis of
PKR-deficient and wild type macrophages, skeletal muscle wrddentified marked increases in theds of
the fatty acid transporter AF) CD36 and seeral fatty acid binding proteins ABP). While we obsemd
significantly greater recruitment of macrophages into the white adipose tissue of GKHRCE, this vas
associated with similar Vels of the pro-inflammatory genes Tnf and 16 but highermlte of the anti-
inflammatory gene 1110. & onclude that while PKR deletion may confer protection from nutrigoess-
driven inflammation, it also promotes lipid accumulation, mosgljikvia an increase in thexpression of
FAT/CD36 and specific ABP. Importantly,in vivo excess lipid accumulation appears to be the predominating
effect of PKR deletion, leading to exacerbated glucose intolerance and insulin resistance.

Nakamura, T., Furuhashi, M., Li, P., Cao, H., Tuncman, G., Sorggri¥erGorgun, C.Z., and Hotamisligil, G.S.

(2010). Double-stranded RNA-dependent protein kinase links pathogen sensing with stress and metabolic
homeostasiCell 140: 338-348.

Proceedings of the Australian Physiological Society http: //mww.aups.org.au/Proceedings/41/137P



The emerging role of HDL in glucose metabolism
B.A. Kingwell, A.K. Natoli, M. Reddy-Luthmoodoo, A.L. Carey, A.L. Sebel, D. Sviridov and B.G. Drew, Baker
IDI Heart and Diabetes Institute, Melbourne, VIC 3004, Australia. (Introduced by M.J. Watt)

The association of W@ plasma leels of high-density lipoprotein (HDL) with states of impaired glucose
metabolism and type 2 diabetes mellitus is well establishgdihe mechanistic links remain to be fully
elucidated. Recent data from our laboratory {Dekal., 2009) and others suggests that HDL directly influences
glucose metabolism through multiple mechanisms. This presentation will discuss tiggngregidence and
mechanisms by which HDL modulates glucose metabolism in thextaftehe well established actions of
HDL.

Low HDL has been traditionally considered an atherosclerotic d@stoif on the basis of caeincing
epidemiology demonstrating an association withgagve crdiovascular outcomes,ven at \ery lowv levds of
LDL. The process of cholesterol remabfrom peripheral cells such as macrophages, for transport tos¢he i
and subsequent excretion is termegbrge cholesterol transport, and is generally viewed as the most important
anti-atherosclerotic action of HDL. M@ver, in addition to rererse cholesterol transport, HDL iswmd&nown to
corvey an impressie gectrum of protectie poperties including inhibition of inflammation, oxidation and
thrombosis, as well as vasodilatatva nitric oxide.

Recent gperimental and clinical deelopments linking HDL to glucose metabolism suggest yet another
beneficial action of HDL that may Y& relevance to diabetes. ¥Vhave shavn that HDL elicits reductions in
blood glucose in patients with type 2 diabetes \iDeeal., 2009) which likely occurs through multiple actions
including stimulation of pancreatfcell insulin secretion (Dxe et al., 2009; Fryirset al., 2010) and increased
glucose uptak into skeletal muscleia activation of the AMP-actiated protein kinase (AMPK) signaling
pathway (Drew et al., 2009). In addition, gien the established role of lipid accumulation and inflammation in
the pathogenesis of type 2 diabetes, it is highly likely that thersee cholesterol transport and anti-
inflammatory actions of HDL in metabolic tissues contribute to ingaransulin sensitivity and thus glucose
homeostasis. @terefore hypothesized that HDL may imypeonsulin sensitiity via lipid removal and anti-
inflammatory actions in macrophages associated witless adiposity/ectopic lipid deposition. A variety of
macrophage cell models including RiR264.7 (mouse), THP-1 (human) and primary human macrophages from
healtty participants were incubated separately with an acetylated LDL lipid challenge and then co-treated with
either HDL (5Qug/mL) or vehicle for 18 hours. Fresh conditioned media from macrophage culasegpplied
(1:10) to primary human skeletal muscle cell culturesvdéifirom 5 unmedicated patients with type 2 diabetes
for 24 hours and insulin-mediated glucose uptékdeoxyglucose) measured. In all models, acetylated LDL
treatment reduced insulin-mediated glucose uptakasal leels and co-treatment with HDL restored insulin
mediated glucose uptako ontrol levels. These data suggest that macrophage inflammation associated with
excess/ectopic adiposity is reduced by HDL and thefeetefmay contribute to impwed insulin sensitivity and
glucose homeostasis.

Research in this area is in a preliminary phase, with the potential for Hidti@teto provide metabolic
protection yet to be pven in a dironic context. Havever, findings to date provide fertile ground for mechanistic
speculation rgarding links between HDL and glucose metabolism in the context of diabetes (where HIAL is lo
and fisting plasma glucose is poorly controlled) and aerobic conditioning (where HDL is higlasting f
plasma glucose is tightly controlled). These findings highlight the possibility that HDL-raising therapies already
in advanced clinical delopment for vascular disease may alseehdficag in the preention and management
of type 2 diabetes.

Drew BG, Duffy SJ, Formosa MMAatoli AK, Henstridge DC, Penfold SA, Thomas WG, Mukhanvadd, de
Courten B, Forbes JM, Yap FKaye DM, \an Hall G, Febbraio MA, Kemp BE, Sviridd, Steinberg
GR & Kingwell BA. (2009). High-density lipoprotein modulates glucose metabolism in patients with type
2 diabetes mellitusCirculation 119,2103-2111.

Fryirs MA, Barter PJ, Apparoo M, Tuch BE, &bet FFHeather AK & Rye KA. (2010). Effects of high-density
lipoproteins on pancreatfgcell insulin secretionArteriosclerosis, Thrombosis and Vascular Biology 30:
1497 - 1499.
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Calorie restriction versus exercise: which produces the best health outcomes?

L.K. Heilbronn,! D. Samocha-Bonet,? E. Larsen-Meyer,® L. Redman,? A. Civitarese,® S. Smith® and E. Ravussin,®
!Level 6 Eleanor Harrald Building, Discipline of Medicine, The University of Adelaide, Adelaide, SA 5005,
Australia, ?Garvan Ingtitute, Darlinghurst, NSW 2010, Australia and *Pennington Biomedical Research Centre,
Baton Rouge, LA 70808-4124, USA. (Introduced by Matt Watt)

The prevalence of obesity is rapidly escalating worldwide and obesity is closely linked towHepiaent
of insulin resistance, metabolic syndrome and type 2 diabetgstieaney balance is &y in revasing the
metabolic defects associated with obesity and produces an array of health benefits that cannot be matched &
ary one drug that is currently on the matk These include impved lipid profiles and insulin sensitty,
reduced ectopic lipid deposition, blood pressure and reduced inflammgtokine production. Hwever, the
optimal method to achve regdive enelgy balance is debated. Here | compare studies of reducegy entie
to increased energy expenditure, and in particular focus on the differential effects of these interventions on lean
mass preservation, energy metabolism and insulin action.

In free living studies, moderate calorie restriction (CR) nearyayd produces greater weight lossit b
there is evidence to suggest that aerokaraise may preide equal or greater health benefits and is better to
maintain weight loss following CR. Here, | report findings from the CALERIE studies, where we compared
25% CR versus 12.5% CR plus 12.5% increase in energy expenditure by aespbiseetraining under
stringent laboratory conditions for 6-months in healtbverweight individuals. In this studyenergy
requirements were carefully assessed, all foods wewidpbfor 3.5 months whilst individuals attended weekly
training sessions to learnwado accurately count calories, and all of thexeise sessions were conducted under
supervision. Under these conditions, CR and CR+EX produced equgy efedicits; and thus equal losses in
body weight, subcutaneous fat cell size and subcutaneous, viscerakeafat ktores by MRI. No changes were
obsered in intramyocellular lipid, but CR+EX led to slightly greater prestgom of lean body mass at
3-months, and greater imp@ments in fithess and insulin sensitivity at 3- and 6-months. Similar results were
produced from the CALERIE study conducted at Washingtoreisity where participants were randomised to
either 20% CR or a 20% increase in physical activity alone.

We dso observed that energy expenditure in the 24-hour chandseraduced more than predicted based
on the loss of mass in both CR and CR+EX indicating metabolic adaptation, but there was no change in
spontaneous physical agty. Total daily energy expenditureas reduced only in CR, and was greater thas w
accounted for based on the decrease in sedentary enggydéure. This suggests that the CR group also
reduced daily actity. This result is found follwing prolonged CR in moms, although CR rodents that are
given access to a running wheekeecise more tharad-libitum fed animals. W dso observed that CR and
CR+EX produced similar increases in mitochondrial biogenesis and SKpFdssion in muscle and egdent
reductions in DM damage, although functional changes in mitochondria were not observed. Intereatingly
recently completed study that wevkaomnducted of high fat v@rfeeding also produced an increase in
mitochondrial biogenesis, despite induction of insulin resistance, lending support to the growing body of
evidence that suggests that mitochondrial dysfunction may be a consequence rather than a cause of insulil
resistance.

So, should we promote dieting oteecise? This probably depends on whether the goal is weight loss or
maximal impraement in health. Without close dietary ankereise support, xercise alone is unlikely to
produce much weight loss. Wever, dieting alone reduces sedentary gyeexpenditure and physical adty
which will promote weight rgain over time. We have shovn that the combination of CR+EX ments
reductions in total energy expenditure, and may also provide slightly greater health benefits than dieting alone.
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