Chapter (6)

ADIPONECTIN

Author

Samir Naim Assaad, MD, FRCP(Edin)

Introduction

Structure

Origin

Secretion

Adiponectin Receptors
Metabolic & Vascular Effects
Mechanism of Action
Adiponectin and Disease States

Nonpharmacologic & Pharmacologic Treatment of Hypoadiponectinemia



Adiponectin 2

SUMMARY

Adiponectin is a protein specifically secreted from adipose tissue. It circulates to influence other
organs as the liver, skeletal muscles, and blood vessels. An auto/paracrine effect on adipose tissue aso
exists. It has antidiabetic (by promoting insulin sensitivity), anti-inflammatory and anti-atherogenic
effects. Its secretion isinfluenced by different hormones and cytokines. Hypoadiponectinemiais

observed in obesity, type 2 diabetes, hypertension, and coronary artery disease.

AIM

A short review on the physiology of adiponectin, and its relation to different disease states.

INTRODUCTION

- Adiponectinis exclusivel y and abundantly expressed in white adipose tissue (1). It was
identified in 1995-6 by 4 different groups (2, 3).
Most of the information concerning the physiological role of adiponectin was gained by
transgenic and Knock-Out mouse models (4).
It has anti-diabetic, anti-inflammatory and anti-atherogenic effects (5). It correlates
negatively with percent body fat, waist/hip ratio and plasmainsulin, and positively with insulin
sensitivity (6, 7). In various mouse models, injection of recombinant adiponectin caused a

transient decrease in blood glucose levels (8).

STRUCTURE

Adiponectin is 244 amino acid 30 Kd protein, with high homology to collagen I11, collagen X
and complement C1g. The mature protein consists of an amino-terminal collagen-like domain
and a carboxyterminal head domain (1,5).
It circulatesin 2 forms:
- Afull length protein (fAd) [High Molecular Weight (HMW) multimer and Low
Molecular Weight (LMW)hexamer] (9, 10); HMW form appears to be more active in
insulin sensitivity and diabetes protection (11).
- A proteolytic cleavage globular C-terminal domain (gAd) which has potent
pharmacologic activity (12).
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ORIGIN
An adipose tissue specific protein (5).
Adiponectin is synthesized more from visceral adipose tissue (VAT) than subcutaneous
adipose tissue (SAT) (13). Serum adiponectin correlates positively with SAT, and negatively
with VAT (2, 9). VAT accumulation was found to be the only independent predictor of
adiponectin levels (14). In obesity, adiponectin secretion from adipose tissue is reduced (6);

therefore hypoadiponectinemia is more pronounced in visceral obesity.

SECRETION

Itis 2-3 times more in healthy women (6, 10). In boys, serum adiponectin declines with
pubertal development, with significant reduced levels in adolescent boys versus girls. In
adults, levels tend to increase with age (7,9).

It circulates in high concentration (2-10 ug/mL)(9,15), 1000 times the concentration of insulin
or leptin (7). Itshalf life is about two and half hours (13).

Different factors influence its plasmalevels (see figure 1) (15,16). Obesity is an important
association with hypoadiponectinemia. Insulin might increase (short term) or diminish
adiponectin expression (long term) (15). There is no acute effect of nutrient excess or
deprivation on adiponectin; but chronic caloric restriction increases serum adiponectin levels
(17). In addition, genetic polymorphism at chromosomal loci can be responsible for altered
levels (3,10).
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Figure 1: Factorsinfluencing adiponectin secretion

ADIPONECTIN RECEPTORS
Cdll surface receptors for adiponectin have been cloned. They initiate signal transduction through
phosphorylation and activation of AMP activated PK (18), which has pivotal role in regulating
cholesterol synthesis, lipogenesis, lipid oxidation and glucose transport and oxidation.
Two receptors were discovered: R1 has higher affinity to gAd, while R2 has equal affinity to
both gAd and fAd (12).
In skeletal muscles, R1 is abundantly expressed, while in the liver R2 is more predominant. In
the endothelium, both receptor types are expressed (R1>R2) (4).
Adiponectin receptors were aso observed in adipocytes and macrophages (19).

METABOLIC EFFECTS
In the adipose tissue: It promotes cell proliferation and differentiation from preadipocytes to
adipocytes. It improves insulin sensitivity with stimulation of glucose uptake (by increasing
GLUT4 expression) in adipocytes (autocrine effect) (4).
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In the liver: Reduction of hepatic glucose output (20), decreased free fatty acids (FFA) influx
to the liver, increased fatty acid oxidation, and promotion of insulin sensitivity (21). Injection
of fAd in mice resulted in decreased gluconeogenesis and lipid accumulation (10).

In skeletal muscles: Augmentation of lipid oxidation, with increased glucose uptake (10, 21,
22). Thisresultsin prevention of postprandia elevation of FFA. gAd administration
improved insulin sensitivity in muscle by increasing fatty acid oxidation with areduction in
myocellular lipid accumulation (10).

Serum adiponectin correlates positively with HDL (9, 14), negatively with TGs (14, 23)
independent of obesity. This might be due to the relation of adiponectin to insulin sensitivity or
due to the activation of PPAR-a (14). Adiponectin injection in mice resultsin decreasein
plasma FFA and triglycerides (22).

It aso increases uncoupling protein expression in adipose tissue (24).

VASCULAR AND ANTI-INFLAMMATORY EFFECTS
In Apolipoprotein E deficient mice, adiponectin treatment reduced the atherosclerotic lesions
by 30% (25). Adiponectin inhibits the inflammatory response and atherogenesis by
suppressing the migration of monocytes/macrophages and their transformation into foam cells
(26, 27). It inhibits tumor necrosis factor (TNF) —a induced cell adhesion in human aortic
endothelial cells (28). These effects are demonstrated in figure2 (12, 24, 25).
Recently, adiponectin was reported to be anovel humoral vasodilator that relaxes aortic and
mesenteric rings by opening K (v) channels (29). Adiponectin induces the production of the anti-
inflammatory mediator 1L-10, while it inhibits the production of the pro-inflammatory cytokine
TNF-a (30).
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Figure 2: Protective effects of adiponectin on ather othrombosis.

MECHANISM OF ACTION

Endocrine (as a circulating hormone acting on blood vessels, liver and skeletal muscles).

Auto/Paracrine (differentiation preadipocytes to adipocytes).

- Adiponectin inhibits endothelial NF-¢ 88 signaling by c-AMP-protein kinase A dependent
pathway; this facilitates the anti-inflammatory effects of adiponectin (26).

- AMP kinase mediates the metabolic effects of adiponectin on the liver, skeletal muscles,
and adipose tissue (12). Blocking AMPK activation inhibited these effects.

- Activation of the NO synthetase, and suppression of the NADPH oxidation pathway
(whichisinvolved in superoxide generation in the endothelial cells) (12) areinvolved in
the vascul oprotective effects of adiponectin.

- Theinsulin sensitizing effect occurs through increasing insulin receptor substrate -1 and

Pl3 kinase activity (15).



Adiponectin 7

ADIPONECTIN AND DISEASE STATES

Serum adiponectin was observed to be low in individuals with obesity (even in children),
dyslipidemia, hypertension and type 2 diabetes mellitus due to decreased adiponectin gene
expression (6, 31-34). In obesity the gender differenceis preserved (10), whileit isequa in
both sexesif type 2 diabetesis present (35).

The mechanism of reduced adiponectin levels in obesity is not known, a negative feed back
was postulated. Prospective studies have reported that hypoadiponectinemiais an independent
predictor of type 2 diabetes (36).

Weight reduction (by 21%) by gastric partition surgery was associated with 40% increase in
circulating adiponectin (37).

Adiponectin and CAD
An inverse association has been found between serum adiponectin and prevalence of CAD in
cross sectional studies (38,39).
Prospective studies have demonstrated low circulating adiponectin to be an independent
predictor of CVD events in diabetic subjects (40,41).
Low adiponectin levels are associated with higher risk of myocardial infarction (42).
Adiponectin can improve lipid profile, lower C- reactive protein, inhibits transformation of
macrophages to foam cells, and improves plague stability (42).
However, in the British Women Heart and Health Study (7), and in the Strong Heart Study
(43) serum adiponectin failed to predict CHD events.

NONPHARMACOLOGIC & PHARMACOLOGIC TREATMENT OF
HYPOADIPONECTINEMIA

Weight reduction: Diet, Exercise, Gastric partition surgery (37).

Agents to increase adiponectin:

0 Thiazolidinediones especially increase the HMW form of adiponectin (3,44).

0 Endocannabinnoid receptor-1 blockers (see chapter 17).
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