A A S
RRPC90091208 (  (, .P)

TERBEEHZELZE oM SRR ERRRE

356 356 36 356 356 35 346 356 3% 3 3586 K OHOROROIOK IO IOIOK0K
3% %
X BAABETERARBRE S
3% 3%
356 356 656 35 6 RHORORIOIOROIOIORIOCIIOIIOR 0K K

stEfgA c (MEnAtE ¥ E
5% 43k © NSC90-2320-B-038-030
PATHIR 90 8 A 129157 A3l A

HEEHA EXH/ELBLEREBFHML A



— ~ PRAHE

% R Fo & K o9 £ % (amino group) ¥4 &£ — Ik K HMaillard REMAE L —
FBAAEY BB BEMILRALAEY” (Advanced Glycosylation End Products) » ff #%
AAGEs - At B EaBEMLAREABHE A TRFENZIZRE - A5
RUAAGEs# 3 B B M B ip - £ 3% A — 1t 86 &M (inducible-Nitric Oxide
Synthase » i #4iNOS) #9& B A — AL f.69 RM B - SUABSA-AGEsA 32 mesangial ém fi2
#% » INOS#) & FLANOL R A B Ao > A LT R L AR A4 Fo 88 BRSO B AL
Fop3SMAPK 5L A M - B 4 B BPPARy# FA TR EHARHLE K - F U
rosiglutazone(PPAR-y#) 7& L&) AT K 2 IR M B ba i » A AGEs3| & #3iINOS R R EANO £
H34 T A3 ) > AP 3E %5 Frosiglutazone 4, T ¥ % B AGEs 3| A2 #)p38MAPKE AL » £&74 14
L+ BA ~rosiglutazone 5 % AGEs 3| A2 #9iNOS £ 3 A NOFE M 2 & & 3 5| p3SMAPK #17E 1L
P o
Mléess BERBLRLEY FEY-ALRE A - FRERB a8 - p38 MAPK

Abstract

Advanced glycosylation end products (AGEs) accumulation in tissue have been
implicated in diabetic related complications including diabetic nephropathy. Activation of
peroxisome proliferator activated receptor-y (PPARy) ameliorates diabetic nephropathy. In
the present study, we investigated the effects of AGEs on inducible nitric oxide synthase
(iNOS) expression and NO production, and the effects of rosiglutazone, an activator of
PPAR-y, on AGE-induced iNOS expression and nitrite release in glomerular mesangial cells.
AGEs caused a dose- and time-dependent increase of iNOS induction and nitrite
accumulation in mesangial cells. A protein tyrosine kinase inhibitor (genistein), or a p38
mitogen activated protein kinase (MAPK) inhibitor (SB203580) suppressed AGE-induced
iNOS expression and nitrite release from mesangial cells. Addition of BSA-AGEs to
mesangial cells increased p38 MAPK activities suggesting AGEs may mediate INOS
induction through p38 MAP kinase activation. Activation of PPAR-y by rosiglitazone
inhibited AGE-induced iNOS expression and nitrite release from mesangial cells.
Rosiglitazone also blocked AGE-stimulated p38 MAP kinase activation in mesangial cells.
These data suggest that rosiglitazone may prevent AGE-induced iNOS expression and
subsequent NO production by interfering with p38 MAP kinase activity.
Key Words:  AGEs, iNOS, mesangial cells, P38 MAP kinase.
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Advanced glycosylation end products (AGEs) are formed by non-enzymatic "Maillard
reaction” (1), and have been related to the pathogeneses of diabetic complications and aging
(2). In diabetic kidney, AGEs were detected in the mesangial area in glomeruli, which were
associated with a paralleled increased of inducible nitric oxide synthase (iNOS)-positive cells
and intraglomeruli NO,/NOs ™ production (3). AGEs have been shown to stimulate inducible




nitric oxide synthase (iNOS) expression and nitric oxide release from a variety of cell lines.
However, the mechanisms by which AGEs induce iNOS expression in glomerular messangial
cells have not been elucidated.

The mitogen-activated protein (MAP) kinases mediate the response of renal glomerular
mesangial cells to a variety of physiologic and pathologic stimuli. The expression of iINOS
seems to be closely related with the activation of mitogen-activated protein kinases (MAPKs).
There are three important groups of MAPKs, including p44/42 MAPK, also known as
extracellular signal-regulated kinase 1/2 (ERK 1/2), stress-activated protein kinase
(SAPK)/c-jun N-terminal kinase (JNK), and p38 MAPK. The p44/42 MAPK pathway is
preferentially activated by growth factors and mitogens, whereas the SAPK/INK and p38
MAPK pathways are preferentially activated by inflammatory cytokines and various forms of
stress (4). Engagement of AGE receptors by AGEs activates a p21 Ras and MAP kinase
dependent signal transduction pathway (5). We previously demonstrated that AGEs may
activate protein tyrosine kinase to induce p38 MAPK activation, which in turn induces iNOS
expression in C6 gliom cells and COX-2 expression in RAW 264.7 cells (6). These findings
suggest a role for the p38 MAPK pathway as important signaling mechanisms underlysing the
AGE-induced iNOS expression in renal mesangial cells.

PPARy are nuclear hormone transcription factors that regulate gene associated with lipid
and glucose metabolism. PPARy can be activated by the antidiabetic thiazolidinediones
(TZDs) and the natural occurring ligand, the J series of prostaglandins. Activation of PPAR-y
ameliorate diabetic nephropathy and reduced mesangial cell DNA synthesis without affecting
mesangial cell viability (7). Activation of PPARy also inhibits the proinflammatory pathways,
including the cytokine secretion (8,9) and iNOS expression (10,11) in a variety of cell lines.
The murine iNOS promoter contains 24 transcriptional factor binding sites, including those
for NF-kB, AP-1, CREB, and the ets family of transcription factors. Some of these
transcription factors are regulated by p38 MAPK. However, whether p38 MAPK plays a
role in inhibition of AGE-induced iNOS expression by rosilgitazone has not been
investigated.

In the present study, we investigate the effects of BSA-AGEs on iNOS expression and
NO release in glomerular mesangial cell. 'We found that BSA-AGEs stimulated a dose- and
time-dependent up-regulation of bothe iINOS protein expression and nitrite accumulation.
These effects were blocked by pretreatment of messangial cells with either rosiglitazone, the
PPARYy activator, or SB203580, the p38 MAPK inhibitor. Given rosiglitazone blocked NO
production, iINOS protein expression, and p38 MAP kinase activation in AGE-stimulated
mesangial cells, these data suggest that rosiglitazone may prevent AGE-induced iNOS
expression and subsequent NO production in mesangial cells by interfering with p38 MAP
kinase activation.
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3.1. Concentration -dependent increase of nitrite accumulation and iNOS expression caused

by BSA-AGEs in rat mesangial cells.
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3.2. Time-dependent increase of nitrite accumulation and iNOS expression caused by

BSA-AGEs in rat mesangial cells.

g

INOS

Nitrite (% of control)

a~tubulin

g

g
=1
o
[53

2 6 12 24 48 Time (h)

Time (h)

3.3. kffects of the tyrosine kinase inhibitor, genistein, on AGEs-induced iNOS expression and

nitrite release from rat mesangiai cells.
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3.4. Effects of the p38 MAPK inhibitor, SB203580, on AGEs-induced iNOS expression and
nitrite release from rat mesangial cells.
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3.5. AGEs activate p38 MAP kinase in raf mesangial cells.
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3.6. AGEs stimulated p38 MAP kinase activity was inhibited by genistein and SB203580 but

not FPT inhibitor Il in rat mesangial cells. | 1,
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3.7. Effects of the PPAR-y activator, rosiglitazone, on AGEs-induced iNOS expression from rat

mesangial cells.
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3.8. Effects of the PPAR-y activator, rosiglitazone, on AGEs stimulated p38 MAP kinase

activity in ral mesangial cells.
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