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Abstract
Type 2 diabetes is responsible for the increased prevalence of ischemic heart disease, generally
related to coronary artery disease, which is associated with increased morbidity and death in
diabetic patients. Epidermal growth factor receptor (EGFR) tyrosine kinase, one of the many
factors involved in cell growth and migration has been shown to be key element in the
development of microvessel myogenic tone. In a recent study, we have shown that microvascular
dysfunction in type 2 diabetes is dependent on the exacerbation of the EGFR tyrosine kinase
phosphorylation. Thus, further elucidation of this EGFR transactivation and down stream
signaling will offer a new direction for the investigation of the mechanism of microvascular
dysfunction responsible for heart disease that occurs in type 2 diabetes. In this review, we discuss
the link between the EGFR transactivation and microvascular dysfunction that occurs in type 2
diabetes.

Type 2 Diabetes, a chronic disease, is a rapidly increasing epidemic in the whole world
affecting nearly 20 million individuals and acknowledged as a major health concern
worldwide. Type 2 Diabetes is responsible for increased prevalence of associated-vascular
complications leading to considerable morbidity and mortality (1). Although microvascular
physiopathology that has been studied over the last three decades, the scientific community
has yet to reach a definitive consensus about the underlying mechanisms involving the
fundamental processes that govern resistance artery physio-pathological function and
morphological changes associated with diabetes. It is well established that the effects of type
2 diabetes on microvessels include alteration of endothelial and smooth muscle cell (SMC)
function and induction of structural wall remodeling. Both process lead to the altered tissue
perfusion.

Studies in both human and experimental type 2 diabetic animal models have shown vascular
dysfunction and changes in structural arterial wall. These pathological consequences are
regarded as risk factors leading to increasing morbidity and mortality (2). Altered
microvascular function in type 2 diabetes may influence critical determinants of circulatory
function, including tissue local blood flow. However, the passive mechanical properties of
blood vessel walls are also critical determinants of pressure-flow-diameter relationships,
speed of pulse waves in vessels and stress distribution in vessel walls (3).

The EGFR is an 1186-amino-acid glycoprotein containing a single transmembrane domain,
an extracellular portion involved in ligand binding, and an intracellular portion harboring the
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tyrosine kinase domain. EGFR can be activated by different ligands such as EGF and
heparin-binding EGF-like. More recently angiotensin II and leptin have been shown to
transactivate EGFR (4-6). Recently, Schneider and Wolf discussed the EGFR signaling and
their roles in the development, the physiology, and the pathology (7). The tyrosine-kinase
epidermal growth factor receptor regulates key processes of cell biology, such as
proliferation, survival, differentiation during development, tissue homeostasis, and recently
has been shown in enhancing the vasculogenesis effect of stem cells (8). There is a wealth of
information with regard to the growth-promoting effects of EGFR in cultured VSMCs, but
its role in the regulation of vascular function has been recently demonstrated by our group
showing that EGFR tyrosine kinase is critical in the development of myogenic tone of
resistance artery (5,9).

In a previous work, we showed that mesenteric resistance artery (MRA) myogenic tone
development is highly dependent on epidermal growth factor receptor (RGFR) tyrosine
kinase trans-activation (5). The increase in intraluminal pressure initiates a fundamental
process including metalloproteinases 2 and 9 (MMP2/9) activation and heparin-binding
epidermal growth factor-like (HB-EGF) shedding from SMC membranes, which in turn
activates EGFR tyrosine kinase and leading to myogenic tone development (Figure 1,
published in reference 5). It is noteworthy that the underpinning mechanism(s) by which
intraluminal pressure activates MMPs remains largely unsettled. Accordingly, the need for
studies that delineate the mechanism dictating the activation of MMPs in response to
intraluminal pressure changes is becoming imperative.

The EGFR tyrosine kinase is not well characterized in term of its role in microvascular
physio-pathology. In addition, the mechanisms linking EGFR tyrosine kinase
phosphorylation to microvascular endothelial and SMC dysfunction are yet to be determined
in type 2 diabetes. Recently, it has been shown that leptin signaling pathway is mediated
through the EGFR tyrosine kinase transactivation (6). Leptin level is elevated in type 2
diabetes and this could explain the exacerbation of EGFR tyrosine kinase phosphorylation.
In a previous study we have shown that ERK1/2 MAP-Kinase is critical in myogenic tone
development (10). Our recent findings indicate that EGFR tyrosine kinase activation leads to
ERK1/2 MAP-kinase activation and this could be a potential link between EGFR tyrosine
kinase and vascular contraction. We also showed that myogenic tone of coronary arteriole is
dependent on the down stream signaling (JAK-STAT) of the EGFR tyrosine kinase
(unpublished data).

A rather limited number of studies that addressed the relationship between hyperglycemia
and altered vascular responsiveness have been conducted in the microvasculature from
diabetic models with conflicting results and conclusions. For instance, skeletal muscle
arterioles of streptozotocin-treated rats exhibit enhanced pressure-induced myogenic
responsiveness that is endothelium-independent but requires increased activation of L-type
Ca2+ channels and protein kinase C (11). Lagaud et al (12) demonstrated increased
myogenic tone (MT) in MRA from type 2 diabetic mice compared to control mice, which
was insensitive to L-NAME treatment or removal of the endothelium. Bagi et al (13),
however, showed no significant increase in MT in coronary arterioles from type 2 diabetic
mice. Small arteries (65-230 μm) from gluteal fat biopsies from patients with type 2 diabetes
demonstrated decreased myogenic responsiveness (14). Although the reasons behind these
discrepancies remains unclear, they may represent differences in vascular beds, type 1 vs.
type 2 diabetes, as well as differences in species and animal genetic background.

Our recent study, using the mesenteric resistance artery and coronary arteriole from type 2
diabetic mice, revealed an increase in myogenic tone and an alteration in endothelial cells
function assessed with reduced relaxation in response to dose-response of acetylcholine and
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shear stress (15) (Figure 2). Western blot analysis and immunostaining showed an increase
in EGFR tyrosine kinase phsophorylation in smooth muscle cells and endothelial cells of
mesenteric resistance artery and coronary arteriole from type 2 diabetic mice compared to
control (Figure 2). The increase in EGFR tyrosine kinase phosphorylation could be the result
of different factors, such as hyperglycemia as was previously demonstrated (15,16).
Interestingly, the in vivo treatment of type 2 diabetic mice with EGFR tyrosine kinase
inhibitor for two weeks reduced EGFR tyrosine kinase phosphorylation, significantly
improved the endothelial function and lowered the MT potentiation in mesenteric resistance
artery and coronary arteriole.

Additionally, we showed an induction of structural wall remodeling (eutrophic remodeling)
of mesenteric resistance artery (Figure 3) and coronary arteriole, which was improved with
EGFR tyrosine kinase inhibition (17). These data provide evidence that EGFR tyrosine
kinase represents a key element in microvascular physiopathology and could be a
therapeutic target. Interestingly, Benter et al., have shown that the early inhibition of EGFR
tyrosine kinase prevents the induction of multiple signaling pathways involved in diabetes-
induced vascular dysfunction (18). These data clearly demonstrate the key mechanism of
EGFR tyrosine kinase in cardiovascular complication in type 2 diabetes.

We strongly consider that EGFR tyrosine kinase pathway as a new and important direction
for the investigation of the overall mechanisms leading to microvascular dysfunction in type
2 diabetes. We believe that such focus will significantly facilitate our understanding of the
vulnerability of microvascular complications in type 2 diabetes and the development of
therapies to treat this disorder.
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Figure 1.
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Figure 2.
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Figure 3.
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