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Innate Immune Pathway Links Obesity to Insulin Resistance
Prediman K. Shah

T

he prevalence of obesity, especially among adolescents, has increased considerably over the past 20
years because of increased caloric intake and reduced physical activity. It has been estimated that 20% of
the world’s population is overweight and nearly 300
million are obese (BMI ⬎30 kg/m2).1,2 Excess body weight
and obesity are associated with the development of metabolic syndrome and type II diabetes, both of which are
associated with insulin resistance and increased risk of
cardiovascular complications.1,2
Atherothrombotic vascular disease, resulting from a complex interplay between dyslipidemia and vascular immunoinflammatory processes, is responsible for a majority of the
excess morbidity and mortality that characterizes metabolic
syndrome and type II diabetes.1,2 Several studies have shown
that obesity is associated with activation of inflammatory
pathways and that inflammatory responses are associated
with impaired insulin signaling and insulin resistance.3– 8
Considerable progress has been made in the last 2 decades in
our understanding of molecular events that link obesity to
inflammation, insulin resistance, type II diabetes, and enhanced vascular disease. Obesity-mediated skeletal muscle
insulin resistance has been linked to defects in cellular
signaling events triggered by insulin.3– 8 In obesity, the
skeletal muscle levels of several kinases such as protein
kinase C isoforms (PKC), I Kappa B Kinase-␤ (IKK-␤), and
c-jun–terminal kinase (JNK) are elevated, and these kinases
have been implicated in suppression of insulin signaling by
promoting serine phosphorylation of insulin receptor substrate (IRS) which is associated with suppression of tyrosine
phosphorylation of IRS (Figure).1 Several studies have shown
that nutrient excess and obesity are associated with elevated
levels of circulating free fatty acids, and the elevated levels of
free fatty acids can induce insulin resistance in peripheral
tissues such as muscle and liver by disrupting insulin signaling; in part through PKC epsilon–mediated downregulation
of insulin receptor (IR) gene.3–10 Recent studies have demonstrated that free fatty acids lead to activation of the innate
immune receptor, Toll-like receptor 4 (TLR-4), and the
downstream proinflammatory transcription factor NF-B
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which may play an important role in mediating inflammation
and insulin resistance.9
In this issue of Circulation Research, Kim et al provide
additional mechanistic insights into the link between obesity,
innate immunity, vascular insulin resistance, and vascular
inflammation in a murine model of high-fat diet–induced
obesity.11 The authors induced obesity in C57BL6 mice by
feeding them a high-fat diet for 8 weeks. Insulin signaling in
aortic tissue from high-fat–fed mice was impaired, as measured by reduced phosphorylation of AKT and eNOS in
response to insulin administration consistent with cellular
evidence of insulin resistance. These effects on insulin
resistance were associated with evidence of activation of
NF-kB dependent inflammatory pathways, as indicated by
increased phosphorylation of IKK-␤ and increased expression of the NF-B dependent proinflammatory genes IL-6
and ICAM-1.
To further characterize the signaling pathway by which
high-fat diet induces insulin resistance and proinflammatory
vascular response, the authors did similar studies in TLR-4 –
null mice. Despite comparative degrees of obesity and dyslipidemia, high-fat diet in mice lacking TLR-4 gene did not
induce vascular proinflammatory gene expression or cellular evidence of insulin resistance. These observations
support the contention of the authors that high-fat diet–
induced obesity is associated with TLR-4 – dependent vascular insulin resistance and proinflammatory signaling.
These findings also extend previously reported findings of
the role of innate immune signaling in insulin resistance in
other tissues.9
The authors further demonstrate that brief in vitro exposure
to palmitic acid, one of the free fatty acids that is elevated in
obesity, in concentrations that are modestly higher than those
observed in obesity and type II diabetes, could induce insulin
resistance in aortic tissue taken from nonobese wild-type
C57BL6 mice fed a normal chow but not in aortic tissue of
nonobese TLR-4 –null mice fed a normal chow. These observations are consistent with the hypothesis that free fatty acids
mediate insulin resistance and proinflammatory vascular
responses induced by high-fat diet.2–9,12 The authors provide additional in vitro data from a variety of elegant
experiments to show that palmitate mediated insulin resistance and proinflammatory vascular signaling is dependent
on activation of a cascade of intracellular pathway involving TLR-4 and its downstream adaptor molecules MyD88,
IRAK, and IKK-␤.
Collectively these in vivo and in vitro findings support the
authors contention that high-fat diet induces vascular insulin
resistance and a proinflammatory response by signaling
through TLR-4/NF-B pathway and that such effects may be
mediated, at least in part, by free fatty acids such as
palmitate.11 These observations extend previously reported
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Schematic depicts the various signaling
pathways linking obesity and cellular
insulin resistance and inflammation in
the vasculature and extravascular tissues
(see text for details). TLR indicates toll
like receptor; MyD88, myeloid differentiation factor 88; FFA, free fatty acids;
PDK1, PI3 dependent protein kinase 1;
NF-B, nuclear factor-B.

work delineating the role of innate immune signaling through
TLR-4/MyD88 pathway in hyperlipidemia–induced atherosclerosis in murine models and suggest that similar signaling
pathways may directly contribute to accelerated vascular
disease in insulin resistance syndromes.13–16
Despite compelling data to support this hypothesis, certain
limitations of this work should also be considered. The
authors do not fully define how induction of inflammatory
signaling via TLR-4 activation actually induces cellular
insulin resistance. Similarly, the role of other pathways that
may contribute to high-fat diet–induced insulin resistance
such as increased oxidant stress, increases in TNF-␣, elevated
plasma glucose levels, aging, and dysregulation of the endoplasmic reticular (ER) stress response which have also been
implicated in the pathogenesis of insulin resistance, have not
been considered or defined.1,17–19 Furthermore, a potential
contribution of inflammatory activation or downregulation of
antiinflammatory pathways in nonvascular tissues, such as
adipose tissue and macrophages, known to occur in obesity,
to arterial insulin resistance and proinflammatory signaling
has also not been defined.9 Notwithstanding these limitations,
the authors have extended our knowledge regarding the
potential mechanistic links between high-fat diet–induced
obesity, innate immunity, impaired vascular insulin signaling,
and activation of a vascular inflammatory gene program and
endothelial dysfunction, events which may prime the vasculature for development of vasoocclusive disease. These observations may provide directions for novel therapeutic interventions against insulin resistance and vascular disease.
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