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Abstract

Formation of advanced glycation end products (AGEs) is considered a potential
link between hyperglycemia and chronic diabetic complications, including
disturbances in cell signaling. It was hypothesized that AGEs alter insulin-mediated
signaling by interfering with PI 3-kinase dependent pathway. Therefore, we studied



the effects of AGEs on the insulin-stimulated PI 3-kinase dependent signaling
transduction pathway in differentiated NIFH-3T3 L1 adipocytes. Treatment of 3T3-L1
adipocytes with AGEs inhibited the insulin-stimulated [3H] 2-deoxyglucose uptake in
a time- and dose-dependent manner, Inhibition of glucose disposal by AGEs is
associated with appearance of IRS-1 doublets presumably due to increased Ser’”’
phsophorylation and an increased induction of IRS-2 expression. Incubation of
3T3-L1 adipocytes with AGEs increased PPAR-y protein expression suggesting
AGEs-induced PPAR-y expression may affect IRS-2 expression. Furthermore,
incubation of 3T3-L1 adipocytes with AGEs reduced Akt/PKB phsophorylation and
activation.  Given the insulin-sensitive glucose transporter, GLUT-4, is a down
stream effector of Akt/PKB, it is possible that AGEs impair the insulin- stimulated
glucose transport by inhibiting Akt/PKB activation.  In order to demonstrate that
Akt/PKB is involved, we have constructed the Akt/PKB overexpression and dominant
negative mutant. Transfection of the wild type Akt or overexpression mutants
effectively increased the Akt/PKB protein expression and phosphorylation, whereas
introduction of the kinase dead mutant inhibits the insulin-induced Akt/PKB
pshophorylation. These mutants will prove useful in delineate the mechanism for
impaired cellular signal transduction in situations that are associated with diabetes. In
conclusion, our data revealed that IRS-1 and IRS-2 undergo differential regulation in
3T3-L1 adipocytes by AGEs. Further works using Akt/PKB overexpression and
dominant negative cells will be required to delineate the underneath mechanisms.
Keywords: AGEs, CML, Inuslin, signal transduction, Akt.
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Aging or prolonged elevation of glucose levels in diabetic patients results in a
number of complications including nephropathy, arteriosclerosis, retinopathy,
neuropathy, and cataracts. These complications have been related to advanced
glycosylation end products (AGEs). AGEs are fluorescent substances formed by the
non-enzymatic “Maillard reaction”, and have been considered to be an important
factor in mediating diabetic sequelae (Brownlee, 1991). We have previously
BSA -AGEs induced iNOS expression and COX-2 expression in many different cell
lines. Recently, our research interests focused on elucidating the roles of AGEs in
mediating insulin resistant.

Insulin resistance contributes importantly to the pathophysiology of type 2
diabetes mellitus. Although a full understanding of insulin action is evolving, the
discovery of insulin receptor substrate (IRS) proteins and their link to the intracellular
signaling cascades provided an important step forward. Inhibition of IRS protein
functions by serine phosphorylation represents a common molecular mechanism for



insulin resistance. Serine phosphorylation of IRS-1 may lead to impairment in the
ability of IRS-1 to activate downstream phosphatidylinositol 3-kinase-dependent
pathways. On the other hand, long-term exposure to high glucose increases IRS-2
content in rat adipocytes and it impairs glucose transport capacity together with an
impaired sensitivity to insulin stimulation of PKB activity (Bjornholm et al., 2002 ).
In the present study, we investigate the effects of AGEs on insulin-stimulated glicose
transport as well as the insulin-mediated signal transduction pathway. We found that
treatment of 3T3-L1 cells with AGEs results in impaired'glucose transport, which is
associated with differential regulation of IRS-1 and IRS-2 and an inhibition of
Akt/PKB.
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Fig. 1. Effects of CML on insulin-stimulated [*H] 2-deoxyglucose uptake in 3T3-L1
adipocytes.
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Fig. 2. Effects of BSA-AGEs on IRS-1and IRS-2 expression in 3T3-L1 cells
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Fig. 3. BSA-AGEs induce the increase in PPAR-y expression in 3T3-L1 adipocytes.
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fig. 4 Effects of e-carboxyl-methyllysine (CML) on Akt/PKB activation and
Akt/PKB kinase activity.
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Fig. 5. Expression and phosphorylation of Akt/PKB in cells expression PDK-1 and
Akt/PKB mutants.
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