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Diabetes and its vascular complications affect an increasing number of people. This disease of epidemic proportion

nowadays involves abnormalities of large and small blood vessels, all commencing with alterations of the endothelial cell

(EC) functions. 
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1. Introduction

The prevalence of diabetes mellitus (DM) is rapidly increasing worldwide . The decreased quality of life of diabetic

patients and the social and economic burden of this disease emphasize the need to establish the causative mechanisms

of DM that will finally allow the identification of new therapies to cure diabetes and its associated vascular complications.

Cardiovascular diseases (CVD) are the clinical manifestations of atherosclerosis, which represents one of the main

vascular threats of diabetes. Published data show that the risk of acute cardiovascular events (such as stroke or

myocardial infarction) is seven to ten times higher in diabetic patients compared to non-diabetic subjects . In addition,

microvascular afflictions, including retinopathy, nephropathy, neuropathy and limb ischemia, occur at a very high rate in

diabetic patients compared to non-diabetic individuals .

The primary cause of the pathophysiologic alterations of the diabetic patient’s vasculature is the exposure to high levels of

blood glucose. It is well known that high glucose (HG) can induce vascular complications in diabetic patients by affecting

the normal function of the vessel wall’s cells. Unfortunately, large-scale clinical studies have shown that despite good

glycemic control, the vascular complications persist and even evolve . This phenomenon is known as the “metabolic

memory” of the cells . The first cells of the vessel wall exposed to plasma HG are the endothelial cells (EC). Constant

plasma hyperglycemia or intermittent HG due to poor glycemic control induces EC dysfunction (ECD) . ECD is

considered a critical step in the initiation and evolution of atherosclerosis . It favors an increased trans-endothelial

transport of plasma proteins and lipoproteins (Lp), stimulates the adhesion and sub-endothelial transmigration of blood

monocytes, supports the migration and proliferation of vascular smooth muscle cells (SMC) from the media to the intima

and impedes the fibrinolytic processes, finally increasing the risk of cardiovascular events in diabetic patients .

Prolonged plasma HG induces also the formation of advanced glycation end products (AGEs), which by non-enzymatic

attachment to proteins compromise their proper functioning. The interaction between the receptor for AGE (RAGE) and

AGE proteins activates numerous signaling pathways and represents a powerful determinant of ECD . Glycated

lipoproteins (gLp), which are formed in excess in the plasma of diabetic patients, are ligands for RAGE and contribute

substantially to ECD.

2. Endothelial Cell Dysfunction in Diabetes

ECs are instrumental for maintaining the homeostasis of the vascular system due to their multiple functions. It is known

that ECs participate in the regulation of the vascular tone by secreting different vasodilators (such as nitric oxide,

prostacyclin) and vasoconstrictors (endothelin, thromboxanes). They act as a selective barrier to control the exchange of

macromolecules between the blood and tissues, control the extravasation and the traffic of pro-inflammatory leucocytes

by regulating the expression of the cell adhesion molecules and cytokines and keep the balance between the pro-

thrombotic and pro-fibrinolytic factors .

In diabetes, the primary metabolic modification is the chronically elevated blood glucose. ECs are the first cells of the

vascular wall that interact with the blood-increased glycemia and suffer structural and functional alterations . The

structural modifications of EC in diabetes start with the switch to a secretory phenotype, as demonstrated by the

overdevelopment of the rough endoplasmic reticulum (RER) and Golgi complexes, the enrichment of the intermediary

filaments and Weibel–Palade bodies, the enlargement of the inter-endothelial junctions, and the increase in the number of
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plasmalemmal vesicles favoring the formation of transendothelial channels . These modifications determine the

formation of a hyperplasic basal lamina and the increase in EC permeability, favoring the subendothelial accumulation of

native and modified LDLs, which contribute to atheroma formation .

ECD in diabetes is well documented and is regarded as an important player in the pathogenesis of CVD . Dysfunctional

ECs suffer a shift to a vasoconstrictor, pro-thrombotic and pro-inflammatory phenotypes. RAGE plays an important role in

the development of the vascular complications associated with diabetes. It was demonstrated that deletion of RAGE in

different animal models determines a significant attenuation of the atherosclerotic process . The specific deletion of

the cytoplasmic domain of RAGE of EC in transgenic mice was associated with a decrease in the inflammatory stress,

revealing a prominent role for RAGE in ECD . Studies in cultured EC have demonstrated that the interaction of different

AGEs with RAGE determines the development of oxidative stress by activation of NADPH oxidase or induction of

mitochondrial dysfunction  and lowers the bioavailability of nitric oxide (NO) . In addition, series of intracellular

phosphorylation reactions leading to the activation of MAPK (such as ERK1/2, p38), the enhancing of Jak/Stat signaling

pathway and the activation of nuclear factor kappa B (NF-kB) are induced . These effects result in the stimulation of the

synthesis of pro-inflammatory cytokines and chemokines, including interleukin-6 (IL-6), monocyte chemoattractant protein

1 (MCP-1), tumor necrosis factor α (TNFα) and transforming growth factor β (TGF-β) and the overexpression of adhesion

molecules, such as vascular cell adhesion molecule (VCAM-1) or intracellular cell adhesion molecule (ICAM-1),

exacerbating the atherosclerotic process in diabetes . Of great importance, it was demonstrated that AGEs

increase the endothelial hyper-permeability by dissociating the adherens junctions through RAGE-mDia1 binding .

Interestingly, active NF-kB is also involved in the transcription of RAGE and of some of its ligands (such as HMGB1).

Thus, the primary activation of RAGE unfortunately generates a positive feedback loop of self-sustained activation cycle,

through NF-kB, amplifying the deleterious effects of AGE/RAGE interactions  (Figure 1).

Figure 1. Schematic representation of advanced glycation end products (AGEs)/receptor for AGE (RAGE) interactions.

The figure depicts the main signaling pathways, cellular processes and transcription factors involved in the generation of

cellular dysfunction determined by AGEs. The black, thick arrows indicate the succesive activation of different signaling

pathways and transcription factors stimulated by AGEs/RAGE interaction; the two headed black arrows indicate the

interconnection between oxidative stress (ROS) and endoplasmic reticulum stress (ERS); the red arrows indicate the

stimulation (up-headed arrows) or inhibition (down-headed arrows) of cellular processes which determine the dysfunction

of endothelial cells.

In diabetic patients, the alteration of EC function was measured as: decreased forearm blood flow , increased levels

of soluble adhesion molecules such as E-selectin, soluble VCAM-1 or soluble ICAM-1 , elevated plasma levels of

von Willebrand factor (vWF) and PAI-1 . More than being just a consequence of diabetes, ECD plays an important

role in the development of microvascular (nephropathy, retinopathy, neuropathy) and macrovascular (ischemic heart

disease, stroke, peripheral vascular disease) complications of diabetes .
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3. Conclusion

Reversal of endothelial dysfunction is an open and exciting field of investigation, of fundamental relevance for many

diseases, and in particular for diabetes and atherosclerosis. The progress of biotechnology field will permit the use of

targeted nanosystems such as nanoliposomes or nanoemulsions, or the specific regulation of different proteins based on

the new CRISP/Cas9 technology to reverse endothelial dysfunction in diabetes, as well as other pathologies. In the future,

these and other promising therapies focused on EC-based translational approaches will provide powerful tools to increase

the life quality of diabetic patients.
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