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Outline

-Brief introduction to the endocannabinoid (eCB) system and its role in
lipogenesis and lipolysis
-Obesity – associated dysregulation of the eCB system in different white
adipose depots and its role in ectopic fat formation, inflammation and
atherosclerosis, in both animal models and patients
-The endocannabinoidome and its emerging role in cardiometabolic risk and
atherosclerosis
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The eCB system:
a pleiotropic
«thrifty» system
controlling all
aspects of
metabolism, at
both central and
peripheral levels

Piazza et al, Neuron 2017

CB1 receptors play
a crucial role in
adipogenesis and
adipose tissue
metabolism

Silvestri, Cell Metab. 2013

The eCB system in hepatocytes reduces insulin sensitivity and
stimulates glucose production and de novo lipogenesis
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Dysregulation of peripheral control of energy balance by the
eCB system in obesity and insulin or leptin resistance

Site of CB1 overactivity
Modified from: Di Marzo, Gastroenterology, 2012

Aberrant eCB levels in the epididymal and subcutaneous
adipose tissue of mice with high fat diet-induced obesity (DIO)
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Elevated eCB/CB1 tone in human visceral adiposity and
metabolic syndrome
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The eCB system is down-regulated in the subcutaneous adipose tissue of
obese/OW/T2D subjects and up-regulated following bariatric surgery
Receptor

Bennetzen et al., Eur. J. Clin. Invest., 2009
Annuzzi et al., Lipids Health Dis 2010
Montecucco et al., Thrombosis and Haemostasis 2015

Endogenous ligands

eCB dysregulation might contribute to fat redistribution and
ectopic (liver) fat formation
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More and more fat in visceral depots,
adipose tissue inflammation, ectopic fat ,
insulin resistance and atherogenesis

Correlations between plasma 2-AG levels and cardio-metabolic
risk factors in abdominally obese male subjects
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One year lifestyle modification inducing a 8 cm reduction in waist
circumference reduces plasma eCB levels in abdominally obese males
Changes following intervention
(pmol/ml)

0,0

Positive correlations between
ê 2-AG levels with:
-0,5

***

-1,0

****
Anandamide

Di Marzo, Diabetologia, 2009

2-AG

ê visceral adipose tissue (VAT);
ê Free TG and TG in HDL, LDL
and VLDL cholesterol;
é HDL3-cholesterol;
ê insulin resistance

CB1 antagonism preferentially reduces visceral
adiposity in abdominally obese individuals

ADAGIO-Lipids study: Després et al, ATVB, 2009

Higher 2-AG levels were
only observed in ApoE-/mice fed a high
cholesterol diet for 12
weeks (when the
mutants develop
plaques). No differences
were found after
8 weeks
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eCB overactivity in an animal model of atherosclerosis
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CB1 blockade with rimonabant (8 mg/kg, oral, 3
months) reduces atherosclerosis in ApoE-/- mice

Sugamura et al., J Atheroscler Thromb. 2010

Rimonabant improves some, but not all, markers of atherosclerosis in obese
patients, and it works better in hypertrigliceridemic patients:
the STRADIVARIUS trial

PAV, percent atheroma volume; TAV, total atheroma volume

Nissen et al., JAMA, 2008

“Global” CB1 receptor antagonists are no longer in clinical
development for the metabolic syndrome: what’s next?

Nissen et al., JAMA, 2008

Nissen et al., JAMA, 2008

•CB1 receptors and their dysregulation due to unbalanced eCB levels play a key role in the
pathophysiology of abdominal obesity, type 2 diabetes and atherogenesis
•There are several alternative strategies to counteract CB1 dysregulation (peripherally restricted
antagonists, allosteric CB1 inhibitors, inhibitors of eCB biosynthesis and w-3 PUFAs)
•Any such strategy will have to be investigated in abdominally obese subjects with pre-diabetes or
atherosclerosis rather than in otherwise healthy, globally obese subjects

The endocannabinoidome: the expanded
endocannabinoid system
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Targeting CB2 for cardiometabolic risk and atherosclerosis?
Cannabinoid CB2 receptor potentiates obesity-associated inflammation, insulin resistance
and hepatic steatosis. Deveaux et al. PLoS One. 2009;4(6):e5844
Deficiency of CB2 cannabinoid receptor in mice improves insulin sensitivity but increases
food intake and obesity with age. Agudo et al. Diabetologia. 2010; 3(12):2629-40.
Pro-inflammatory obesity in aged cannabinoid-2 receptor-deficient mice. Schmitz et al. Int J
Obes 2016;40(2):366-79.

Pharmacological and genetic manipulation of eCB levels affects
experimental atherosclerosis
Inhibition of endocannabinoid-degrading enzyme fatty acid amide hydrolase
increases atherosclerotic plaque vulnerability in mice. Hoyer et al. J Mol Cell
Cardiol. 2014; 66:126-32
Fatty acid amide hydrolase deficiency enhances intraplaque neutrophil recruitment
in atherosclerotic mice. Lenglet et al. Arterioscler Thromb Vasc Biol. 2013; 33(2):
215-23.
Myeloid-Specific Deletion of Diacylglycerol Lipase α Inhibits Atherogenesis in ApoEDeficient Mice. Jehle et al. PLoS One 2016;11(1):e0146267.
Monoglyceride lipase deficiency modulates endocannabinoid signaling and improves
plaque stability in ApoE-knockout mice. Vujic et al. Atherosclerosis 2016; 244:9-21.

eCB-derived prostamides as negative feedback regulators of
adipogenesis

Dysregulation of eCB-related N-acylethanolamines in atherosclerosis
and their role in mouse monocyte chemotaxis and adipocyte
inflammation

Adipocytes

In morbid obese SAT, inverse
correlations were found between
PEA/OEA levels and
inflammatory mediators
Montecucco et al., Atherosclerosis, 2009
Montecucco et al., Thromb Haemost 2015

Antagonism of one of PEA proposed targets, GPR55, increases
neutrophil activation and plaque instability in mouse atherogenesis

Montecucco et al Thromb Haemost. 2016

Endocannabinoidome profiling of young Zucker rats

Dietary n-3 PUFAs as selective inhibitors of peripheral eCB
overactivity and ectopic fat deposition in obese rats
Four week administration in Zucker fa/fa rats of 0.5 g EPA + DHA/100 g of diet
(corresponding to 1.8 g/d in an 8.4-MJ/d diet in humans)
The effects were stronger
with krill oil (KO) than fish
oil (FO) and were
accompanied by reduction
of the phospholipid
biosynthetic precursors of
eCBs
There was no effect on
food intake and body
weight

Batetta et al., J Nutr 2009

Dietary n-3 fatty acids reduce eCB levels in the brain less than
peripheral tissues: less central side effects than CB1 antagonists?

Effect of 4 weeks administration
of krill oil (KO) vs. fish oil (FO)
No effect on anandamide levels
(Di Marzo et al., Int Dairy J, 2010)

Two weeks of DHA-supplemented diet in lean mice

Di Marzo et al., Int Dairy J, 2010
Woods et al., J Lipid Res, 2010

Endocannabinoidome profiling of DIO mice following krill oil
treatment
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Are the effects of dietary n-3 PUFAs also due to the direct
formation of n-3 endocannabinoidome mediators?

Meijerink et al., Br. J. Pharmacol. 2013
Wainright et al., P. Nut. Soc. 2013

Pilot study in diabetic non-human primates with
dyslipidemia
• Six diabetic, dyslipidemic non-human primates.
• Three were treated with a vehicle and three with increasing doses (50, 150 and 450 mg
phospholipids/kg/day) of n-3 PUFA rich phospholipid preparation and then washed out with
vehicle.
• The vehicle control and test items were given daily by gavage. Each dose level was given for
four weeks.
• Blood was sampled at baseline and thereafter bi-weekly

Hals et al., Lipids Health Dis 2017

Effects of exercise on the skelatal muscle endocannabinoidome
in DIO rats
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Gamelin et al., J Physiol Biochem 2016

The gut microbiome-endocannabinoidome axis
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http://www.cerc.gc.ca/chairholders-titulaires/di_marzo-eng.aspx
Adapted from Cani et al. Nat Rev Endocrinol 2016

Take home messages
The eCB system and CB1 receptors control energy homeostasis at all levels investigated thus
far
This control becomes dysfunctional under conditions leading to insulin and leptin resistance
and obesity, such as those produced by chronic high (calory) fat diets, thereby contributing to
increased cardiometabolic risk
The dysregulation of eCB tone in select regions of the brain and certain peripheral organs is a
feature of, and contributes to, the metabolic syndrome, and can be counteracted by CB1
receptor antagonists, eCB biosynthesis inhibitors and dietary n-3 PUFAs, though the potential
for unpredictable results due to the existence of a complex «endocannabinoidome» must be
examined
eCB-related mediators such as prostamides and non-eCB mono-acyl-glycerols and N-acylethanolamines, may play different roles in cardiometabolic risk via non-cannabinoid receptors
(e.g. GPR55, GPR119, TRPV1, PPARs, and receptors yet to be discovered) and by being
differently regulated by the gut microbiome
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