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Introduction

Type 2 diabetes mellitus (DM2) is a disease that occurs in all populations and age
groups and affects more than 10% of the population in the Western world. Over the
past few decades, as dietary habits have changed and people have become less active,
the number of people with diabetes mellitus has more than doubled globally, making
it one of the most important public health challenges to all nations. Concomitantly, a
recent study suggests that the prevalence of diabetes in Japanese adults aged 55-74
has also increased, now reaching 8.2% (1). Epidemiological studies confirm that
obesity and DM2 are closely linked and this condition is often termed the metabolic
syndrome (2-4). Life-style modification, diet, and exercise have been shown to
prevent the development of diabetes in overweight patients with impaired glucose
tolerance (5).

DM?2 is a heterogeneous, polygenic disorder characterized by defects in insulin action
in tissues (insulin resistance) and/or defects in pancreatic insulin secretion (beta cell
dysfunction), which eventually includes loss of pancreatic insulin-secreting cells.
DM?2 is a progressive and complex disorder that is difficult to treat effectively in the
long term. Diabetes complications include myocardial infarction (MI) and strokes,
diabetic neuropathy, diabetic nephropathy, and diabetic retinopathy, and result in
increasing disability, reduced life expectancy, and enormous health costs. The
development of these diabetes-related complications can be prevented and retarded by
maintaining blood glucose levels as close to normal as possible (6-9). However, in
spite of the current knowledge and new treatment protocols, currently many patients
do not reach the desired treatment goals.

The purpose of this manuscript is to briefly overview the link between inflammation
processes and DM2. Investigating the molecular mechanism(s) underlying DM?2
pathophysiology has the potential to find new molecular targets for the prevention,
treatment, and, hopefully, the cure for DM2.




Inflammation Linking Obesity and Diabetes

The potential role of the immune system in the pathogenesis of reduced insulin
sensitivity (insulin resistance) and type 2 diabetes was observed many years ago (10).
For example, when diabetic patients with rheumatoid disease were treated with high
doses of salicylic acid (aspirin) their overall glucose homeostasis improved (11, 12).
Furthermore, increased levels of markers and mediators of inflammation, oxidative
stress components, correlate with impaired insulin action (13). For example, while
markers of inflammation and coagulation are reduced with intensive lifestyle
intervention, studies show that in omental fat tissue of obese patients, macrophage
migration accumulation increases (14). The overproduction of macrophage-derived
cytokines such as TNFa (an important inflammatory factor) activates the IKK-NFkB
pathway leading to serine phosphorylation of IRS-1 and results in insulin resistance
(15, 16). This phosphorylation is mediated by IKK-f (17), which can be inhibited by
salicylates, and thus improve insulin action (18). The NFkB pathway leads also to
impaired GLUT4 translocation machinery and concomitant reduced cellular glucose
uptake (19, 20). In an as yet unpublished work, we studied GLUT4 regulation by
NF«B, demonstrating that in adipose cells and L6 myotubes, beyond its effect on the
insulin signaling cascade, NFkB: 1) interferes with insulin stimulation of cellular
Glut4 function in cellular glucose uptake, and 2) represses Glut4 gene expression at
transcription and post-transcription level, in a dose-dependent and tissue-specific
manner. Thus, obesity and type 2 diabetes are considered as low-scale chronic
inflammatory diseases.

While systemic insulin resistance in obesity can be related to macrophage-mediated
tissue inflammation, the signals underlying macrophage attraction to the adipose
depot during obesity are still unknown. In a recent review by Osborn and Olefsky
(21), the authors suggest that over-nutrition causes adipocytes to secrete chemokines
such as chemotactic protein-1 (MCP-1), leukotriene B4 (LTB4) and others, attracting
the monocytes into the adipose tissue. Indeed, recent work by Olefsky’s research
group showed that by inhibiting the LTB4 receptor, insulin sensitivity can be restored
to normalcy (22, 23). Further, PPARgamma agonists have also been shown to
enhance insulin sensitivity by reducing inflammation stimulation. Recently, Barbara
Kahn’s group identified endogenous branched fatty acid esters of hydroxy-fatty acids
(FAHFAs) that relate to metabolism and the immune system. These novel lipids have
both anti-diabetic and anti-inflammatory effects improving insulin sensitivity in
animal models (24). Additional support for the view that these products have clinical
importance as potential therapeutics has recently been demonstrated in an animal
model for colitis (25).



Nutrients, Gut Microbiomes, Immunomodulation and
Metabolism

Certain grains, mushrooms, and microbes, including bacteria and yeast, contain
polysaccharides like beta-glucans. Beta-glucans are primary components of the cell
wall of certain bacteria, yeast, and more. These components are recognized by
specific receptors (such as Dectin-1) on immune cells leading to immune stimulatory
action against bacteria or the fungi, for example (26). The discovery that these
compounds are able to interact with and modulate the activity of specific receptors on
immune cells suggested that they might have a role as anti-tumor adjunct products
(27). On the other hand, the increase in the incidence of type 1 diabetes in developed
countries with better sanitary conditions suggests a role for microbial exposure in
preventing type 1 diabetes (28). Supporting evidence recently demonstrated that
systemic treatment of pre- diabetic NOD mice with [B-glucan can delay the
appearance of diabetes (28). Further, oral administration of the B-glucan effectively
prevented the development of high-fat- diet-induced fatty liver in mice as well as
ameliorating the development of atherosclerosis in susceptible mice.

The discovery by Gordon’s group that gut microbiota affect obesity and metabolism
(29) led to increased efforts to understand the underlying causes of the various
microbiota on glucose homeostasis. For example, artificial sweeteners affect
microbiota content, resulting in impaired glucose tolerance. Recent evidence
demonstrated that the microbiota induce increased levels of branched-chain amino
acids (BCAAs) leading to insulin resistance (30). Understanding the relationship
between nutrients, specific microbiota host, gut barrier function, and intestinal
immunity response is yet not fully understood (31).

In conclusion, the modern life style, high-fat diet, and lack of exercise have been
shown to trigger the development of DM2 in overweight patients with impaired
glucose tolerance. The increased levels of markers and mediators of inflammation and
oxidative stress components correlate with impaired insulin action (20, 32). Recent
findings suggest that aberrations in the communication between the innate immune
system and the gut microbiota might contribute to complex diseases as well as to
obesity and diabetes (33). Taken together, this knowledge is important for
personalized nutrition to predict and prevent diabetes (34, 35).



Technion Diabetes Research Activity

Several projects are currently being conducted by various investigators at the
Technion. A few examples of such projects are outlined below.

A. Schneur Center for Diabetes Research:

1. Studies focused on understanding glucose transporters GLUT4
regulation in diabetes and obesity. PI: Prof. Eddy Karnieli. The recent
projects focus on body weight regulation and glucose homeostasis by a
CYP2EI - NRF2 pathway, and by the ANAHK protein. The studies
are conducted in tissue culture human adipose cells as well as in
specific KO mice models.

2. Studies utilizing tissue engineering techniques and biodegradable 3D
constructs to treat diabetes. PI: Prof. Shulamit Levenberg. The studies
focus on: a) engineering functional insulin secreting islets aiming to
cure type 1 diabetes; b) overcoming peripheral tissue insulin resistance
in a long-term manner by producing an engineered vascularized tissue.
This construct will be implanted into an animal model of DM2 to
enhance the overall glucose uptake, therefore restoring normal blood
glucose levels (Co-PI: Prof. Eddy Karnieli)

B. Dr. Mogher Khamaisi (PI) is conducting research aiming at exploring the
molecular mechanisms for impaired wound healing in long-standing diabetes
by combining in vivo and in vitro studies and using human stem cells and
other differentiated cells.

C. Prof. Andrew Levy (PI) is conducting long-standing research in
pharmacogenetics investigating the role of haptoglobin subtypes in predicating
diabetes complications and the molecular mechanism(s) involved. In addition,
his team is studying the role of vitamin E to mitigate diabetes complications
based on haptoglobin subtypes.
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