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Glucose Schiff base Amadori 
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Receptor for AGE
(RAGE)
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Glucose Schiff base Amadori 
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RAGE Transgenic Mice

RAGE Knockout Mice

Kenrokuen Garden in Kanazawa

Diabetic nephropathy



RAGE Transgenic Mice and Induction of DiabetesRAGE Transgenic Mice and Induction of Diabetes
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PAS Stain of Renal GlomeruliPAS Stain of Renal Glomeruli
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Megsin (Mesangial Cell-specific Gene with 
Homology to Serine Protease Inhibitor)

Computer Modeling of Human Megsin

(Miyata T, et al. J. Clin. Invest. 102, 828-836, 1998)(Miyata T, et al. J. Clin. Invest. 102, 828-836, 1998)
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Generation of Triple Transgenic Mice
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Tubulointerstitial Damages
（Masson Trichrome Stain）

（16 Weeks of Age）

Wild-type

Triple Tg

(RAGE/iNOS/Meg)
Double Tg

(RAGE/iNOS)



RAGE Transgenic Mice
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RAGE and
Pancreatic β Cell Function

Kenrokuen Garden in Kanazawa

β Cell Failure in 
Type 2 Diabetes?
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Insulin Staining
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Adapted from International Diabetes Center (IDC), Minneapolis, Minnesota.; Kasuga M., J. Clin. Invest. 116:1756-1760 (2006)
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Strategies to inhibit RAGE

• Low Molecular Weight Heparin (LMWH)
• Endogenous Secretory RAGE (esRAGE)
• RAGE Shedding
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• Endogenous Secretory RAGE (esRAGE)
• RAGE Shedding
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A Splicing Variant of RAGE, esRAGE  A Splicing Variant of RAGE, esRAGE  
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Biochem J 370, 1097-1109, 2003; Biochem J 396, 109-115, 2006
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Human esRAGE ELISA Kit
(B-Bridge Int. Inc.) 

http://www1.b-bridge.com

Diabetes Res Clin Pract 73, 158, 2006
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Diabetes Metab Res Rev 23, 368, 2007; Cir J 75, 1685, 2011

Clin Chem 51, 1749, 2005Diabetologia 49, 2759, 2006; 

Diabetes Metab Res Rev 23, 368, 2007; Diabetologia 2011

JCEM 91, 4628, 2006; Free RAdic Biol Med 43, 511, 2007

J Hypertens 23, 1725, 2005

Cardiovasc Diabetol 6, 9, 2007; Diabetologia 47, 2759, 2006 

AJKD 47, 406, 2006; NDT 22, 2020, 2007

ATVB 25, 2587, 2005

DRCP 73, 158, 2006; Diabetes Care 28, 2716, 2005

ATVB 25, 2587, 2005; Int J Cardiol 132, 96, 2009

ATVB 25, 2587, 2005

ATVB 25, 2587, 2005; Diabetes Care 28, 2716, 2005, Athero 206, 2009

Atherosclerosis 190, 22, 2007; Cardiovasc Diabetol 6, 9, 2007

ATVB 27, 147, 2007; NDT 22, 2020, 2007; Diabetes Med 26, 815, 2009

Am J Nephrol 33, 313, 2011; DRCP 81, 196, 2008

DRCP 73, 158, 2006

J Crohns Colitis 5, 402, 2011

Cancer Res 71, 3582, 2011

J Neural Transm 115, 1047, 2008; Diabetes Care 2011
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InflammationRAGE Ligands
NFκB 

Activation

sRAGE

Ectodomain
Shedding 

MCP-1↑

Caffeine
(1,3,7-trimethylxanthine) etc

MMP9↑ PKA↑ [cAMP]↑

PDE

20~50 µM at a peak

SplicingesRAGE↑

Submitted 2012

Reinforcing RAGE ectodomain shedding



Necrosis
Apoptosis
Injury
Stress

Lipopolysaccharides
Bacterial DNA

AGE
AOPP
HMGB1
Heat shock proteins
C3a

Immune cells
Endothelial cells

Host defense, Inflammation, Aging, and Diseases 

RAGE

V

C

C

V

C

C

Phosphatidylserine
S100 proteins
Mac1/CD11b
Amyloid b

NFκB activation

sRAGE

esRAGE Toll-like receptors

PRRs

Bacteria



Kanazawa University
Hiroshi Yamamoto
Takuo Watanabe
Shigeru Sakurai
Seiichi Munesue
So Motoyoshi
Hidehito Saito
Dong Han
Khin Mar Myint
Ai Harashima
Masahide Asano
Noriyoshi Hashimoto

Tohoku University
Hiroshi Okamoto
Shin Takasawa
Toshio Miyata

Tokushima University
Toshio Doi

University of Tokyo
Reiko Inagi
Masaomi Nangaku

University of Toyama
Koichi Tsuneyama
Ichiro Kato

Osaka University
Yuji Kobayashi

Kanazawa castle

Hyogo Med University
Hidenori Koyama

Tokyo Women’s Medical University
Yasuko Uchigata
Mari Osawa
Junnosuke Miura

Daiichi Fine Chemical Co. Ltd

Acknowledgments

Kanazawa Medical University
Masayoshi Takeuchi
Hideto Yonekura

Monash University

Jinhua Li


