
VU Research Portal

Vascular Insulin Resistance Through Fat

Bakker, W.

2010

document version
Publisher's PDF, also known as Version of record

Link to publication in VU Research Portal

citation for published version (APA)
Bakker, W. (2010). Vascular Insulin Resistance Through Fat: Intracellular Signaling, Genetic Interferences and
Hemodynamics. [PhD-Thesis - Research and graduation internal, Vrije Universiteit Amsterdam].

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

E-mail address:
vuresearchportal.ub@vu.nl

Download date: 23. May. 2023

https://research.vu.nl/en/publications/ba3a56f1-7dec-4931-a35b-7cdd475c737a


Summary 

 IX.1

Summary: Vascular Insulin Resistance through Fat 
 
As a consequence of the continuous rise in the prevalence of obesity, metabolic diseases 

like insulin resistance, type 2 diabetes and associated conditions such as hypertension have 
reached epidemic proportions. This thesis focuses on the contribution of vascular insulin 
resistance to the development of type 2 diabetes and hypertension, in order to elucidate 

mechanisms and to identify possible therapeutic targets. Insulin has an important regulatory 
role in controlling vascular diameter in arterioles. Insulin determines vascular diameter by 
the production of both the vasodilator nitric oxide and the vasoconstrictor endothelin-1 and 

thereby controls blood pressure and delivery of nutrients, like glucose, to insulin-responsive 
tissues. Insulin resistance is defined as insensitivity to insulin-mediated glucose uptake in 
(mainly) skeletal muscle. In vascular insulin resistance, insulin’s vasodilator effects are 

impaired resulting in insulin-mediated vasoconstriction, which can contribute to increased 
blood pressure (hypertension) and blunted glucose delivery to muscle, which can 
contribute to type 2 diabetes.  An important risk factor for the development of metabolic and 

vascular insulin resistance is fat, or obesity. Obesity is characterized by an increased fat 
mass, vascular dysfunction and decreased glucose uptake in muscle. The increased 
secretion of endocrine substances (adipokines) by excessive adipose tissue, like tumor 

necrosis factor alpha (TNFα) and free fatty acids (FFA), is associated with impairment of 
vasodilator responses in arterioles.  

Although obesity is strongly associated with the development of insulin resistance, 

type 2 diabetes and hypertension, the mechanisms behind obesity-induced vascular insulin 
resistance have not yet been elucidated.  
 

This thesis focuses on the relationships between vascular insulin resistance and fat in a 
mouse study. Vascular insulin resistance was studied by the determination of the effect of 
insulin to induce vasodilation and vasoconstriction in isolated arterioles in the pressure 

myograph. Different aspects of fat were investigated: adipose tissue and increased adiposity 
(obesity) in general and acute exposure to FFA. In order to gain insight in insulin signaling, 
vasoreactivity and mechanisms that control blood pressure and insulin-mediated blood flow 

in skeletal muscle, vascular function in combination with these different aspects of fat was 
investigated in several strains of genetically modified mice.  
 
Chapter II comprises two extensive reviews about the role of endothelial dysfunction and 
diabetes with a special focus on impaired insulin signaling and perivascular adipose tissue. 
The first review discusses the initial dysfunction of endothelial cells underlying metabolic and 

vascular alterations that contribute to the development of type 2 diabetes. The second 
review further emphasizes the role of perivascular adipose tissue and local production of 
adipokines on vasoregulation. 
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In Chapters III-VII, vascular function of arterioles of different mouse strains was 
investigated. It appeared that vascular responses to insulin in isolated arterioles of the 

mouse depends on genetic background. Arterioles isolated from mice with a Sv129*C57Bl/6 
background, as used in chapter III and IV showed a vasoconstriction to insulin in control 
mice. In contrast, arterioles isolated from mice with a C57Bl/6 background showed no 

change in diameter to insulin (Chapter V-VII). To overcome discrepancies between different 
mouse strains, conclusions based on genetic mouse models were only made by using their 
control litter mates as reference. 

 
In Chapters III and IV, the role of insulin receptor substrates (IRSs) in insulin-mediated 
vasoreactivity and their physiologic effects on vascular function was investigated. IRS 

proteins are important mediators of insulin signaling. IRS proteins are targeted by FFA 
causing disturbed intracellular insulin signaling, which could possible play a role in obesity-
induced insulin resistance. However the exact role of IRS proteins in vascular insulin 

signaling is not known. The functional gene of either IRS1 or IRS2 was deleted in mice and 
arterioles were isolated to determine the functional effects on vascular insulin signaling. 
Previously, IRS proteins have mainly been linked to activation of the NO pathway of insulin, 

implying that IRS proteins have an important role in insulin-mediated vasodilation. However, 
the data presented in chapter III and IV show an important role of both IRS1 and IRS2 in the 
ET-1 pathway of insulin. The deletion of either IRS1 or IRS2 leads to insulin-mediated 

vasodilation in muscle arterioles, due to an impaired ET-1 activation. In IRS1 deficient mice, 
this vasodilation to insulin is accompanied by an altered muscle vascularization, compared 
to control siblings (Chapter III). Our data showed that reduced IRS1 expression may partly 

explain microvascular dysfunction associated with insulin resistance. In IRS2 deficient mice, 
the vasodilation to insulin was associated with a lower blood pressure, compared to control 
siblings. (Chapter IV). Blood pressure and cardiac function were measured with 

radiotelemetry and echocardiography. The decreased blood pressure in IRS2 deficient mice 
was caused by a decrease in cardiac output and a decrease in vascular resistance by a 
specific impairment of insulin’s vasoconstrictor effects. Our data suggest that decreased 

IRS2 activity protects against hypertension. 
Deficiencies in IRS expression and function in target tissues of insulin, like skeletal 

muscle are strongly associated with insulin resistance and type 2 diabetes. The additional 

role of IRS1 and IRS2 in insulin-mediated endothelin-1 production means that the roles of 
IRS1 and IRS2 in the insulin signaling are more complex than previously thought. This may 
have important physiological implications for our understanding of the regulation of blood 

pressure and muscle perfusion. 
 
In Chapter V and VI, the mechanisms by which FFAs affect insulin-mediated vasoreactivity 

were investigated. In obesity, plasma levels of FFA are increased and are associated with 
impaired insulin signaling, impaired capillary recruitment and impaired insulin-mediated 
glucose uptake in muscle. The data described in Chapter V demonstrate that PKCθ is 
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present in the endothelium of muscle arterioles and that PKCθ is activated by FFA in muscle 
arterioles. FFAs activate PKCθ and induce insulin-mediated vasoconstriction, by a reduced 

activation of Akt and an increased activation of ERK1/2 by insulin (Chapter V). These data 
provide a new mechanism linking PKCθ activation to insulin resistance. The strong evidence 
of PKCθ activation in muscle arterioles by FFA was further investigated in adipose tissue 

arterioles in Chapter VI. This chapter shows that muscle and adipose tissue have a 
functionally distinct vasculature and that PKCθ is specifically activated in muscle arterioles, 
as opposed to adipose tissue arterioles. PKCθ activation in muscle arterioles was 

associated with insulin-mediated vasoconstriction in these arterioles and an increased blood 
flow towards adipose tissue in obese mice. These effects may promote increased nutrient 
storage in adipose tissue. 

The data described in chapter V and VI show that PKCθ is present in muscle 
arterioles and is activated by FFA, resulting in insulin-mediated vasoconstriction and offers a 
new mechanism in which FFA can induce decreased muscle glucose uptake and insulin 

resistance. 
 
In Chapter VII, the preliminary results of the effects of local secretion of adipokines on 

vascular function are described. This chapter examines the effects of perivascular adipose 
tissue (PVAT) isolated from lean and obese mice on insulin sensitivity and insulin-mediated 
vasoreactivity of vessels of lean mice. The data described in this chapter shows that PVAT 
is present around skeletal muscle arterioles in lean mice and that it is increased in obese 
mice. PVAT isolated from lean mice induces insulin-mediated vasodilation in a co-incubation 
with muscle arterioles of lean mice, by activation of AMPK. This vasodilator response to 

insulin was blunted in a co-incubation with perivascular adipose tissue from obese mice 
(Chapter VII). The blunted vasodilation was probably a result from the reduced production 
of adiponectin by PVAT isolated from obese mice.  

Our data showed that PVAT influences vasoreactivity in-vitro by the local 
production of adipokines. In our set up, PVAT was not in direct contact with the arteriole and 
the effects on insulin-mediated vasoreactivity were entirely dependent on the secretion 

profile of the PVAT. The identification of specific adipokine secreted by lean and obese 
PVAT helps us to find specific treatment of vascular dysfunction to prevent increased blood 
pressure and blunted muscle perfusion in obesity. 

 
In conclusion, adipose tissue and increased adiposity (obesity) in general, as well as fatty 
acids (FFA) contribute to vascular insulin resistance. In isolated muscle arterioles, we 

showed that these different aspects of fat induce insulin-mediated vasoconstriction and have 
important implications for muscle perfusion and blood pressure regulation. Both IRS proteins 
and PKCθ are important regulatory proteins in vascular insulin signaling. Together with 

newly identified adipose tissue round arterioles (PVAT), these are promising therapeutic 
targets for future studies on vascular dysfunction and insulin resistance.  

 


