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Abstract
The prevalence of obesity and diabetes is rising to epidemic proportions worldwide. Insulin resistance
is central to the pathogenesis of type 2 diabetes. The role of insulin sensitive tissues and organs, such
as adipose, liver, muscle and hypothalamus, in regulating insulin sensitivity has been extensively
studied. However, the existence and nature of inter-tissue communication in the regulation of insulin
action is unresolved. A major factor in the development of insulin resistance is obesity, especially
abdominal obesity. Chronically positive energy balance leads to a process gradually progressing to
insulin resistance in obese states. Increased adipocyte size is positively correlated with the frequency
of adipocyte death in obesity. The death of the hypertrophic adipocytes facilitates the infiltration of
macrophages, which further perpetuates adipose inflammation and insulin resistance, characterized
by low liposynthetic capacity and high lipolytic capacity, causing increased release of free fatty acids
(FFA). The inflamed adipose tissue releases FFA, inflammatory cytokines, and hormones that act as
circulatory factors to regulate insulin sensitivity in distant organs. In addition, perivascular adipose
tissue participates in regulating insulin sensitivity, vascular inflammation and function in an
endocrine/paracrine manner through adipose-derived relaxing and contracting factors, cytokines and
infiltration of inflammatory cells. Thus, adipose tissue releases cytokines, hormones and lipids that
signal distant organs to regulate systemic metabolic homeostasis, as well as signal local blood vessels
to modulate vascular inflammation and function. These findings may lead to uncovering new
therapeutic targets to fight obesity and type 2 diabetes by restructuring the adipokine profile and lipid
metabolism.
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Introduction
In the United States, the incidence of obesity in adults over 15 years of age is predicted to
increase from 32% to 44.2% in males and from 37.8% to 48.3% in females between 2002 and
2010 (1). Obesity plays a principal and causative role in the development of insulin resistance
and type 2 diabetes (2). However, mechanism(s) that describe how excess fat causes
impairment of insulin sensitivity and vascular dysfunction have not yet been elucidated. Recent
advances in obesity research strongly indicate that adipose tissue is an active endocrine organ
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that secretes multiple bioactive factors categorized as adipokines and lipokines (3–4). These
adipose derived factors may provide a link between adipose tissue lipid accumulation and the
metabolic function of other insulin sensitive organs such as liver, muscle and hypothalamus,
as well as the crosstalk between perivascular adipose and blood vessels in the regulation of
vascular function.

1. Chronically Positive Energy Balance (Obesity) Gradually Progresses to
Insulin Resistance

Chronic nutrient overload leads to an increase in adipose depots that, if adipose tissue
expandability is low, are characterized by an increased presence of hypertrophic adipocytes
(5). This adipocyte hypertrophy causes endoplasmic reticulum (ER) stress (6). ER stress plays
a critical role in insulin resistance found in diabetes by modifying the expression of oxygen-
regulated protein 150 (ORP150), a molecular chaperone that protects cells from ER stress by
affecting the phosphorylation state of insulin receptor substrate-1 (IRS-1) and protein kinase
B (Akt) (6). Meanwhile, increased adipocyte size in obese mice and humans is positively
correlated with the frequency of adipocyte death. Adipocyte death in diabetic (db/db) mice is
30 fold of that in control mice and “appears to involve an alternative death pathway exhibiting
morphological features of necrosis and the leukocyte-eliciting profile of apoptosis” (7). More
than 90% of all macrophages in white adipose tissue (WAT) of obese mice and humans are
localized to dead adipocytes, where they “fuse to form syncytia that sequester and scavenge
the residual free adipocyte lipid droplet and eventually form multinucleate giant cells”, which
is a hallmark of chronic inflammation (7–8). In vitro studies revealed that co-culture of
macrophages and adipocytes with toll-like receptor 4 (TLR4) ligand, lipopolysaccharide
(LPS), markedly up-regulated interleukin-6 (IL-6) production (nearly 100-fold higher than that
of adipocyte culture alone) (9), suggesting that dead adipocytes preceded by macrophage
infiltration may synergistically orchestrate the inflammatory response in adipose tissue. This
provides a novel framework whereby the death of the hypertrophic adipocyte facilitates the
infiltration of macrophages, which in turn release inflammatory proteins causing further
recruitment of macrophages and the release of inflammatory cytokines (7). Moreover, T-
lymphocyte infiltration in visceral adipose acts as a primary event in adipose tissue
inflammation and the development of obesity-mediated insulin resistance (10). In a mouse
model of obesity-mediated insulin resistance, a 5 week high fat diet (HFD)-induced insulin
resistance was associated with a marked T-lymphocyte infiltration in visceral adipose tissue.
In contrast, recruitment of macrophages was delayed with an increase of MAC-3 positive
staining and F4/80 mRNA expression after 10 weeks of HFD. In patients with type 2 diabetes,
most macrophages were HLA-DR-positive, reflecting activation through interferon-gamma
(IFNγ), a cytokine released from CD4-positive lymphocytes (10). Obese IFNγ-deficient
animals had significantly reduced adipose expression of mRNA encoding inflammatory genes
such as tumor necrosis factor alpha (TNFα) and monocyte chemoattractant protein-1 (MCP-1),
decreased adipose inflammatory cell accumulation, and better glucose tolerance than control
animals fed the same diet (11). These suggest that adipose T-lymphocytes serve as early
contributors to obesity-mediated insulin resistance and adipose tissue macrophage invasion.

Furthermore, insulin-resistant adipocytes, characterized by low liposynthetic capacity and high
lipolytic capacity, lead to increased release of free fatty acids (FFA), which activate TLR4-
induced IkappaB kinase (IKKβ)/c-jun N-terminal kinase (JNK) signaling, and then further
stimulate chemokines and cytokines release, amplifies insulin resistance, lipolysis and
inflammation in adipose tissue (12–13),

Thus, there is a process of gradual progression to insulin resistance in obese states (5). Increased
circulating FFA levels and inflammatory cytokines, reduced circulating adiponectin levels and
enhanced leptin resistance may all contribute to the decrease in lipid oxidation in other insulin
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sensitive organs, thereby triggering ectopic accumulation of lipids, lipotoxicity and insulin
resistance (5). (Figure 1)

2. Adipose “Talks” to Distant Organs in the Regulation of Insulin Sensitivity
Collective evidence suggests that adipose may affect liver and muscle insulin sensitivity.
Adipose-selective targeting of the glucose transporter (GLUT4) gene impaired insulin action
in muscle and liver (14), may be due to the effects of chronic hyperinsulinaemia, or via changes
in the release of an as yet unidentified adipocyte-derived molecule that affects insulin action
in other tissues, since the circulating level of FFA, leptin and TNFα did not change in mice
with adipose selective deficiency of GLUT4 (G4A−/−). It is postulated that insulin resistance
in adipose results in the redistribution of triglycerides to the liver and skeletal muscle; this leads
to insulin resistance in distant organs, since the insulin action is normal in the skeletal muscle
of G4A−/− mice ex vivo, but not in vivo (14).

Various cytokines and hormones produced by adipose tissue play a major role in the regulation
of insulin sensitivity, however, until very recently, adipose selective ablation of genes of
interest has been presented to provide direct evidence that adipose signals to distant organs to
affect insulin sensitivity through the secretion of adipokines. A recent study suggested that
JNK1 deficiency in adipose tissue suppressed HFD–induced insulin resistance in the liver;
JNK1-dependent secretion of the inflammatory cytokine IL-6 by adipose tissue upregulated
expression of the liver suppressor of cytokine signaling-3 (SOCS3), a protein that induces
hepatic insulin resistance (15).

Furthermore, increased release of free fatty acids from adipose tissue has long been linked to
muscle insulin resistance (16) and lipogenesis and steatosis in liver (17). Using quantitative
lipidomic analyses and mice deficient in adipose tissue lipid chaperones aP2 and mal1, Cao et
al. elucidated the link between metabolic alterations in adipose tissue and whole-body
metabolism through lipid signals. A robust increase in de novo lipogenesis enabled the adipose
tissue of these mice to be resistant to the deleterious effects of dietary lipid exposure. Systemic
lipid profiling also identified C16:1n7-palmitoleate as an adipose tissue-derived lipid hormone
that strongly enhances muscle insulin action and suppresses hepatosteatosis (4). Although the
adipose-generated fatty acid metabolites, such as palmitoleate may serve as novel circulatory
factors that regulate insulin actions of liver and muscle in the murine model, one of the major
concerns is that the capacity of human adipocytes for de novo biosynthesis of fatty acids is
remarkably less than that in rodent models (18). Despite this, palmitoleate acts as regulatory
signal that participates in the maintenance of a beneficial metabolic profile through its systemic
effects and has the potential to serve as a lipid signal that mediates communications between
adipose and other insulin sensitive tissues by acting as a “lipokine” (4).

In addition to muscle and liver, the central nervous system (CNS) also plays crucial role in the
regulation of energy homeostasis (19). Hypothalamus acts as a primary regulatory center of
the brain responsible for mediating the effects of adipokines and other circulating metabolic
hormones (19). Specifically, the arcuate nucleus (ARC) is the area that lacks the blood brain
barrier thus allowing for the entry of peptides and proteins such as certain adipokines from the
circulation (19). There is increased interest in the central effects of adipokines on peripheral
glucose metabolism. In Lepob/ob mice with leptin deficiency, intracerebroventricular leptin
administration suppressed hepatic glucose production (20–21), causing a significant reduction
in food intake, body weight and epididymal fat (21). Similarly, intracerebroventricular
adiponectin injection resulted in increased thermogenesis, weight loss and reduction in serum
glucose and lipid levels (22). Adiponectin also potentiated the effect of leptin on thermogenesis
and lipid levels, suggesting an interactive association in their central effects (22). On the
contrary, central delivery of resistin induced hepatic insulin resistance and increased
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endogenous glucose production during hyperinsulinemic-euglycemic clamp (23). As the list
of adipokines continues to grow, the central effects of other adipokines on energy homeostasis,
peripheral insulin resistance, and beta-cell function and mass warrants further attention.

In summary, adipose-derived cytokines, hormones and lipokines may serve as circulatory
signal molecules to affect the insulin sensitivity in distant organs. Further studies are needed
to identify signaling molecules in adipose, which exert profound protective effects against
HFD-induced insulin resistance. This will aid in elucidating how adipose communicates with
liver and muscle, as well as the hypothalamus in the regulation of insulin sensitivity. (Figure
2)

3. Perivascular Adipose Regulates Vascular Function and Insulin Sensitivity
Adipocytes and perivascular adipose tissue (PVAT) are now recognized as regulators of
vascular function and insulin sensitivity (24). Characterization of the biological and
pathological functions of various adipose-derived factors over the past decade has expanded
our understanding of the communication between PVAT and blood vessels (25). Here we
summarize the relaxing and contracting effects, as well as proinflammatory effects of PVAT,
and how PVAT affects vascular function and insulin sensitivity through endocrine/paracrine
actions.

3.1 The Relaxing and Contracting Effects of Perivascular Adipose
Most biological regulatory systems maintain homeostasis through feedback mechanisms that
recognize hyper- or hypo- conditions triggering appropriate counteracting factors to return the
system to a balanced state. The modulation of vascular function by PVAT includes secreting
both relaxing and contracting factors that appear to operate in this way.

Recently, several studies have reported that PVAT is a modulator of vascular tone and that
PVAT lowers the response to a broad spectrum of vasoconstricting agonists by releasing a
transferable substance with direct vasodilator properties (26). PVAT exerts anti-contractile
effects through two distinct mechanisms: 1) by releasing transferable relaxing factors that
induce endothelium-dependent relaxation through nitric oxide (NO) release and subsequent
calcium-activated potassium channel (KCa) activation, and 2) by endothelium-independent
mechanisms involving H2O2 and subsequent activation of soluble guanylyl cyclase (sGC)
(27). The chemical nature of adipocyte-derived relaxing factor (ADRF) is still undetermined
and, as with endothelial-derived hyperpolarizing factor (EDHF), the mechanism of action as
well as the potency of the dilator response varies significantly among species and vascular
beds.

PVAT of normotensive rats releases a transferable factor that induces relaxation by opening
voltage-dependent K+ (Kv) channels. The anticontractile effects of perivascular fat were
reduced in aged-matched spontaneously hypertensive rats (SHR) mesenteric artery rings
compared with Wistar Kyoto rats (WKY) (28). PVAT in human internal thoracic arteries
releases a transferable relaxation factor that acts through the activation of KCa channels. PVAT
is often removed in coronary artery bypass grafting. Accordingly, retaining PVAT might be
helpful in reducing the occurrence of vasospasm of the graft vessels (29). PVAT may also be
a source of NO, since endothelial NO synthase (eNOS) expression and activity in perivascular
fat were confirmed by immunohistochemistry, western blot and citrulline assay. Perivascular
fat-derived NO plays a beneficial role in saphenous veins harvested traumatically and used as
grafts in patients undergoing coronary artery bypass surgery (30). Lee et al examined the
alterations of PVAT function in rat aorta incubated with 22 mmol/l D-glucose for 30 min, and
in aorta from streptozotocin (STZ)-induced diabetic rats (31). Under both acute and chronic
conditions, hyperglycemia enhanced the relaxation response of the vessels mediated by PVAT
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(31). In obese subjects, the local inflammation and hypoxia abolish the protective
anticontractile effects of perivascular fat (32). When human arteries with intact PVAT were
exposed to TNFα, there was a reduction in the anticontractile function of PVAT, which resulted
in a diseased obese phenotype (33). PVAT also enhanced the contractile response elicited by
perivascular nerve activation by electrical field stimulation (EFS), and this enhancement
involved the activation of tyrosine kinase and mitogen-activated protein kinase (MAPK)/
extracellular signal-regulated kinase (ERK) pathways by superoxide generated in PVAT
(34).

3.2 The Proinflammatory Effects of Perivascular Adipose
Adipose tissue depots originating from various precursor cells are functionally diverse, and
mediate disease processes in a depot-specific manner (35). The functional properties of
perivascular adipocytes, and their influence on disease of the blood vessel wall, remain to be
investigated (35). Human coronary perivascular adipocytes demonstrate a reduced state of
adipocytic differentiation when compared with adipocytes derived from subcutaneous and
visceral adipose depots (35). Secretion of anti-inflammatory adiponectin is markedly reduced,
but that of proinflammatory cytokines (IL-6, IL-8, and MCP-1) is considerably increased in
perivascular adipocytes (35). Murine aortic arch perivascular adipose tissues also express lower
levels of adipocyte-associated genes as compared with subcutaneous and visceral adipose
tissues (35). Moreover, 2 weeks of HFD feeding caused further reductions in adipocyte-
associated gene expression while concomitantly upregulating proinflammatory gene
expression in perivascular adipose tissues (35). Thus, perivascular adipocytes exhibit a reduced
differentiation and enhanced proinflammatory state. Dysfunction of perivascular adipose tissue
induced by a HFD indicates that this unique adipose depot may link metabolic signals to
inflammation in the blood vessel wall. The sensitivity of perivascular adipose tissue to the
harmful influences of excess dietary fat may serve as a driving force for inflammatory cell
recruitment to the vascular wall, which plays a primary role in development of adventitial
inflammation, as well as atherosclerotic lesions (35).

3.3 The Endocrine/Paracrine Effects of Perivascular Adipose
Endocrine and paracrine actions of adipocytes, especially those in the vicinity of cardiovascular
organs, are the key factors that most likely link obesity with cardiovascular disease (36). Two
areas of research that may provide insights into this linkage involve the vasoactive properties
of PVAT and the inflammatory changes that occur in fat as obesity progresses. Perivascular
fat may evolve from primordial cells in the adventitia or from circulating precursors migrating
through the arterial wall (37). Once deposited periarterially, adipose tissue locally releases
many adipokines that can potentially interact with the arterial wall. In addition, perivascular
fat, per se, may attract circulating monocytes through the release of chemokines such as MCP-1
(37). Some of the macrophages traversing the arterial wall to the perivascular fat may be
redirected and eventually populate the arterial wall itself, thereby enhancing vascular
inflammation (37). (Figure 3)

In vitro approaches in which coculture systems or conditioned media were used, demonstrated
that human adipocytes increased intercellular adhesion molecule-1 (ICAM-1) and platelet
endothelial cell adhesion molecule (PECAM) expression in endothelial cells (38). Mature
adipocytes release hydrosoluble protein growth factor(s) for smooth muscle cells (SMCs).
Perivascular adipose tissue stimulates SMC proliferation, which is enhanced in aged WKY
and in HFD-induced obesity but not in leptin receptor-deficient obese Zucker rats (39). These
tantalizing findings indicate that understanding of these and other factors will help define the
linkage between adipose and cardiovascular diseases and provide better remediation strategies.
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3.4 The Effects of Perivascular Adipose in Regulating Insulin Sensitivity
Different ectopic fat depots, such as visceral fat, are known to affect whole body insulin
sensitivity. Hypothetically, PVAT around resistance vessels may also contribute to insulin
resistance, possibly via direct vascular effects leading to reduced capillary cross-sectional area
in the muscle, which in turn affects muscular blood flow and glucose uptake (40). A recent
study (40) examined whether PVAT around conduit arteries (i.e. the brachial artery) influences
NO bioavailability, expressed as flow-mediated dilation (FMD), or insulin sensitivity in
humans in vivo. PVAT was negatively correlated with insulin sensitivity: the association
between PVAT and insulin sensitivity was independent of age, sex, visceral adipose tissue,
liver fat, body mass index (BMI) and further cardiovascular risk factors. No correlation could
be detected between PVAT and local endothelial function. However, there was an independent
association between PVAT and post-ischemic increase in blood flow (40). Therefore, PVAT
may play an independent role in the pathogenesis of insulin resistance. This may be due to
direct vascular effects affecting muscular blood flow.

In summary, accumulating evidence suggests perivascular adipose plays a role in the regulation
of vascular function and insulin sensitivity. We recommend that longitudinal studies, including
multiple time point samples, be dynamically undertaken in obesity bound animals to detect
and document progressive changes in the function of perivascular and other adipose tissue
depots that ultimately manifest in profound obesity-related changes such as atherosclerosis,
endothelial dysfunction, and hypertension.

4. TLR4 Acts as a Crosslink between Inflammation and Insulin Resistance
Inflammatory response is associated with insulin resistance and obesity. TLR4 is abundant in
adipose tissue and differentiated adipocytes and plays a crucial role in inflammation and
immunity (41). Since it is activated by dietary saturated fatty acids, TLR4 may be a candidate
participating in the crosstalk between inflammatory and metabolic signals. mRNA level of
TLR4 was greatly enhanced in epididymal fat pads of male (2-fold) db/db mice compared to
those of db/+ littermates. Interestingly, mRNA expression of TLR4 was increased in adipocytes
of db/db mice compared to those of lean mice, while the expression level of TLR4 mRNA in
the stromal vascular cell fraction was not increased in db/db mice (41). C3H/HeJ mice, which
have a loss-of-function mutation in TLR4, are protected against the development of HFD-
induced insulin resistance. More importantly, a loss of function mutation in TLR4 protects
against HFD-induced decrease in serum adiponectin, and increase in serum TNFα and IL-6
(12). Inflamed adipose tissue constitutes the main source of adipose-derived cytokines, which
are released from the depot and are thereby able to signal systemically (42–43). For example,
IL-6-dependent insulin resistance is mediated, at least in part, by induction of SOCS3 in insulin
target cells, which inhibits tyrosine phosphorylation of IRS (44–45); TNFα is a potent activator
of JNK, which in turn phosphorylates IRS-1 at Ser 307 (46); adiponectin sensitizes insulin
signaling by reducing p70 S6 kinase-mediated serine phosphorylation of IRS-1 (47). Thus,
Adipose TLR4 may initiate and perpetuate insulin resistance in distant organs by modulating
the production and circulatory levels of adipose-derived cytokines and hormones; this warrants
further investigation, which would be aided by development of an adipose selective deletion
of TLR4 in the murine model.

In summary, TLR4 appears to be an important mediator of obesity and insulin resistance and
a potential target for the therapy of these highly prevalent and debilitating medical conditions.

4. Future Perspectives
A strong correlation is observed between obesity and insulin resistance. However, the existence
and nature of a communication/linkage between adipose tissue and distant organs in the
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regulation of insulin action and vascular function needs further clarification. Future studies
may better elucidate the mechanisms of this communication by delving into these aspects: 1)
Clarify the primary event in adipose inflammatory cell infiltration and resultant change in the
expression profile of various adipose-derived factors, which perpetuate adipose insulin
resistance; 2) Direct and specific evidence is needed to determine if/how adipose communicates
with other insulin sensitive organs, including liver and muscle, to regulate whole body insulin
sensitivity through various adipose-derived cytokines, hormones and lipid signals; 3) The role
of adipose, as peripheral tissue, results in altered levels of systemic regulators of appetite.
Therefore, the CNS may be involved in appetite regulation and energy metabolism, thereby
affecting the insulin resistance in peripheral tissues. Adipose/CNS signaling warrants further
study. 4) Finally, studies are needed to examine the local pathogenic effects of perivascular fat
compared to the systemic effects of obesity on vascular structure and function.

5. Concluding Remarks
Recent studies have identified adipose tissue as a critical site for whole body metabolic
regulation. Growing evidence supports the concept that cytokines, peptides, hormones and
lipid signals produced within adipose tissue constitute an important component of the endocrine
effects of this site on systemic carbohydrate and lipid homeostasis, as well as the paracrine
effects on vascular function. Although the challenge to fully understand the etiology of obesity,
insulin resistance and vascular dysfunction continues, the research outlined in this review
illustrates how a better understanding of the role of adipose insulin resistance and inflammation
in the regulation of insulin action in distant organs may facilitate the development of rational
approaches to the treatment of metabolic disease. These findings may lead to identifying new
therapeutic targets to fight obesity and type 2 diabetes by affecting the adipokine profile and
lipid metabolism.
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Abbreviations

ADRF adipocyte-derived relaxing factor

Akt protein kinase B

BMI body mass index

CNS central nervous system

EC endothelial cells

EDHF endothelial-derived hyperpolarizing factor

eNOS endothelial nitric oxide synthase

ER endoplasmic reticulum

FFA free fatty acids

FMD flow-mediated dilation

GLUT glucose transporter

HFD high fat diet

ICAM-1 intercellular adhesion molecule-1
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IFNγ interferon-gamma

IKK IkappaB kinase

IL interleukin

IRS insulin receptor substrate

JNK c-jun N-terminal kinase

KCa calcium-dependent K+ Channels

Kv voltage-gated K+ channels

LPS lipopolysaccharide

MCP-1 monocyte chemoattractant protein-1

NO nitric oxide

PECAM-1 platelet endothelial cell adhesion molecule

PVAT perivascular adipose tissue

sGC soluble guanylyl cyclase

SHR spontaneous hypertensive rat

SOCS3 suppressor of cytokine signaling-3

TLR4 toll-like receptor 4

TNFα tumor necrosis factor-alpha

VSMC vascular smooth muscle cells

WAT white adipose tissue

WKY Wistar Kyoto rats
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Figure 1. Chronically Positive Energy Balance Gradually Progresses to Insulin Resistance
In obesity, increased presence of hypertrophic adipocytes is positively correlated with the
frequency of adipocyte death, which facilitates the infiltration of macrophages, thereby
sustaining and perpetuating adipose inflammation. Insulin-resistant adipocytes also
demonstrate increased release of free fatty acids (FFA) due to low liposynthetic capacity and
high lipolytic capacity. FFA activates toll-like receptor 4 (TLR4)-induced IkappaB kinase
(IKKβ)/c-jun N- terminal kinase (JNK) signaling, which further stimulates chemokine and
cytokine release, amplifies insulin resistance, lipolysis and inflammation in adipose tissue.
Thus, increased circulating FFA levels and inflammatory cytokines, reduced circulating
adiponectin levels and enhanced leptin resistance lead to decreased lipid oxidation in other
insulin sensitive tissues, thereby triggering ectopic accumulation of lipids, lipotoxicity and
insulin resistance in distant organs.
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Figure 2. Adipose May “Talk” to Distant Organs via Three Proposed Pathways
Adipose derived FFA, cytokines and hormones may act as circulatory factors to regulate the
insulin sensitivity of other insulin sensitive organs. Substrate redistribution caused by impaired
adipose insulin sensitivity promotes lipotoxicity and insulin resistance in distant organs.
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Figure 3. The Endocrine/Paracrine Effects of Perivascular Adipose
Endocrine and paracrine actions of adipose, especially those in the vicinity of cardiovascular
organs, make them prime suspects for linking obesity to cardiovascular disorders. Perivascular
fat may locally release many cytokines, hormones, and adipocyte-derived relaxing factors that
can potentially interact with the arterial wall. In addition, perivascular fat may attract
monocytes in the circulation through the release of chemokines such as monocyte
chemoattractant protein-1 (MCP-1). Some of the macrophages traversing the arterial wall to
the perivascular fat may be redirected and eventually populate the arterial wall itself, thereby
accelerating vascular inflammatory processes. EC, endothelial cells; VSMC, vascular smooth
muscle cells.
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Figure 4. TLR4 Acts as a Crosslink among Inflammation and Insulin Resistance
Inhibition of TLR4 signaling in genetically modified mice demonstrates increased adiponectin
level, and decreased IL-6 and TNFα level in the serum, as well as enhanced insulin signaling
in adipose tissue, muscle, liver, and hypothalamus compared with control mice when both are
fed a high fat diet.
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