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Japan Academy Prize to:

Takashi Kadowaki  
Professor, Graduate School of Medicine,  
The University of Tokyo 
 
for “Molecular Basis of Type 2 Diabetes and  
Metabolic Syndrome”

Outline of the work:

Prof. Takashi Kadowaki found earlier from his own clinical/epidemiological research that (1) genetic 
predisposition, (2) impaired insulin response to glucose, and (3) obesity/insulin resistance are independent 
risk factors for type 2 diabetes. In the years that followed, while focusing on these three factors, he has 
continued to make maximum use of his expertise as a physician-scientist in collating and integrating 
epidemiological, clinical and genomic information from humans and gene expression as well as functional 
and biochemical information from genetically engineered animal models in an attempt to elucidate the 
fundamental pathophysiological bases of type 2 diabetes, including the molecular mechanisms of its onset. As 
described below, Prof. Kadowaki continues to labor at the cutting edge of global research into the molecular 
basis of type 2 diabetes and the metabolic syndrome. With a focus on insulin and adiponectin signaling, he 
has conducted a series of research projects related to the discovery of adiponectin receptors and their 
functional analyses. This work is of particular interest in that it opened up a whole new area of research in 
which Prof. Kadowaki continues to represent the leading edge.

1. �Elucidation of diabetes susceptibility genes
In 1988, Prof. Kadowaki identified a phenotype of diabetes that results from insulin receptor gene 

aberrations and elucidated one of the molecular bases of the insulin hormone receptor abnormality. He went 
on to identify multiple insulin receptor abnormalities and contributed through their functional analyses to 
elucidating the correlation between the structure and the function of the insulin receptor. He has identified 
multiple subtypes of diabetes associated with mitochondrial DNA 3243 point mutation. In doing so, he 
established and proposed the pathophysiological concept “diabetes due to mitochondrial DNA aberrations” as 
a subtype of diabetes, which accounts for about 1% of all diabetes cases. Additionally, Prof. Kadowaki 
identified type 2 diabetes susceptibility genes in Japanese and Asian populations, and his work remains on the 
leading edge of research on the “diabetes-susceptible constitutional predisposition” in Japanese and Asian 
populations. 

2. �Elucidation of the function of key molecules involved in glucose regulation and their role in the 
pathogenesis of type 2 diabetes  
While it has been widely known that the process of insulin-mediated glucose decrease starts with insulin 

binding to the insulin receptor, the rest of the process remains largely unelucidated. In 1994, Prof. Kadowaki 
was the first to engineer a mouse model deficient in the insulin receptor substrate-1 (IRS-1), which represents 
the second step in the process of insulin-mediated glucose decrease. He showed that the IRS-1-deficient mice 
were insulin-resistant, thus providing the first evidence of IRS-1 as playing an essential role in insulin action 
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and glucose metabolism. Prof. Kadowaki hypothesized that other insulin receptor substrates might be 
involved besides IRS-1 and identified IRS-2. He, then, went on to engineer whole-body and organ-specific 
IRS-1 and -2 mouse models to elucidate the role of IRS-1 and -2 in various tissues, including skeletal muscle, 
liver, pancreatic β cells, brain (hypothalamus), and the vascular system. He produced mouse models in which 
such key molecules as pancreatic β cell-derived glucokinase, NADH shuttle, adipocyte-derived PPAR-γ, and 
phosphatidylinositol-3 (PI3) kinase were genetically engineered, and clarified their functions and their roles 
in the pathogenesis of type 2 diabetes and the metabolic syndrome. Regarding the molecular mechanism of 
insulin resistance associated with obesity, Prof. Kadowaki proposed that normal, small-sized adipocytes 
secrete insulin-sensitizing hormones, while insulin-sensitizing hormones decrease as the adipocytes become 
enlarged or in the presence of obesity, thus causing insulin resistance.

3. �Discovery of the insulin-sensitizing effect of adiponectin, identification and functional analysis of the 
adiponectin receptors
Adiponectin was an adipocyte-derived hormone independently discovered by four research groups 

including Matsuzawa’s. In 2001, Prof. Kadowaki hypothesized that the insulin-sensitizing hormone secreted 
by the small-sized adipocytes described above is in itself adiponectin and discovered through experiments 
adding adiponectin to a mouse model of obesity/type 2 diabetes associated with low adiponectin levels that 
adiponectin is an adipocyte-derived anti-diabetic hormone which increases insulin sensitivity. In 2003, Prof. 
Kadowaki was the first in the world to identify the adiponectin receptors (AdipoR1/R2) by using expression 
cloning. AdipoR1 and AdipoR2 are both seven-transmembrane receptors, whose N terminus is internal and 
whose C terminus is external, and thus have a topology opposite that of GPCRs, and represent a novel 
receptor family. It is known that AdipoR1 activates AMP kinase, while AdipoR2 activates PPRA-α. In 2007, 
Prof. Kadowaki produced mice deficient in both AdipoR1 and AdipoR2 and demonstrated that these receptors 
are essential in the onset of adiponectin action. AdipoR1 inhibits neoglucogenesis, lowers steatogenesis and 
promotes fatty acid burning through AMPK kinase activation in the liver, and AdipoR2 promotes fatty acid 
burning in the liver through PPAR-α activation in the liver, thus each improves insulin resistance. In 2010, 
Prof. Kadowaki found that AdipoR1 activates the longevity gene Sirt1 downstream through AMPK kinase 
activation and that AdipoR1 regulates mitochondrial content and function through mitochondrial master 
regulator PGC-1α activation, thus promoting glucose/fatty acid burning and modulating exercise tolerance 
and insulin sensitivity. In obesity, not only the expression of adiponectin but the expression of AdipoR1 and 
AdipoR2 are decreased, thus leading to the onset of insulin resistance, the metabolic syndrome, and type 2 
diabetes. In this regard, Prof. Kadowaki et al. were the first in the world to develop small-molecule 
adiponectin receptor agonists, and they showed in animal models that these adiponectin receptor agonists 
markedly improve type 2 diabetes and the metabolic syndrome, thus demonstrating that decreased 
adiponectin-adiponectin receptor signaling represents the most critical of the mechanisms involved in the 
onset of lifestyle-related diseases such as type 2 diabetes.

 
Prof. Kadowaki’s series of research projects that led to the discovery of the insulin sensitizing effects of 

adiponectin and to the discovery and functional analysis of the adiponectin receptors constitute a highly 
original research output from Japan and a breakthrough in medical and life science research. At the same 
time, his achievements have enabled an intrinsic understanding of the molecular mechanisms of the onset of 
lifestyle-related diseases, providing a basis for radical treatment modalities for type 2 diabetes, which not 
only causes complications in many patients but also continues to affect an increasing number of individuals. 
To date, Prof. Kadowaki’s original papers and review articles have been cited more than 35,000 times. Of 
note, limiting our attention to his adiponectin- and adiponectin receptor-related papers alone, to date they 
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have received an impressive over 10,000 citations in the literature. As a leading authority in his area of 
research, which accounts for an annual total of about 2,000 papers, Prof. Kadowaki has received critical 
global acclaim.

On the basis of his excellent research achievements that led to the elucidation of the molecular basis of 
type 2 diabetes and the metabolic syndrome, Prof. Kadowaki is eminently deserving to receive the Japan 
Academy Prize.

References

  1. �Kadowaki T, Bevins CL, Cama A, Ojamaa K, Marcus-Samuels B, Kadowaki H, Beitz L, McKeon C, 
Taylor SI: Two mutant alleles of the insulin receptor gene in a patient with extreme insulin resistance. 
Science 240: 787-790, 1988

  2. �Kadowaki T, Kadowaki H, Mori Y, Tobe K, Sakuta R, Suzuki Y, Tanabe Y, Sakura H, Awata T, Goto Y, 
Hayakawa T, Matsuoka K, Kawamori R, Kamada T, Horai S, Nonaka I, Hagura R, Akanuma Y, Yazaki Y:  
A subtype of diabetes mellitus associated with a mutation of mitochondrial DNA. N.Engl.J.Med. 330: 
962-968, 1994

  3. �Tamemoto H, Kadowaki T*, Tobe K, Yagi T, Sakura H, Hayakawa T, Terauchi Y, Ueki K, Kaburagi Y, 
Satoh S, Sekihara H, Yoshioka S, Horikoshi H, Furuta Y, Ikawa Y, Kasuga M, Yazaki Y, Aizawa S: 
Insulin resistance and growth retardation in mice lacking insulin receptor substrate-1. Nature 372: 182-
186, 1994 (* corresponding author) 

  4. �Yamauchi T, Ueki K, Tobe K, Tamemoto H, Sekine N, Wada M, Honjo M, Takahashi M, Takahashi T, 
Hirai H, Tushima T, Akanuma Y, Fujita T, Komuro I, Yazaki Y, Kadowaki T: Tyrosine phosphorylation of 
the EGF receptor by the kinase JAK2 is induced by growth hormone. Nature 390: 91-96, 1997

  5. �Eto K, Tsubamoto Y, Terauchi Y, Sugiyama T, Kishimoto K, Takahashi N, Yamauchi N, Kubota N, 
Murayama S, Aizawa T, Akanuma Y, Kasai H, Aizawa S, Yazaki Y, Kadowaki T: Role of NADH shuttle 
system in glucose-induced activation of mitochondrial metabolism and insulin secretion. Science 283: 
981-985, 1999

  6. �Terauchi Y, Tsuji Y, Satoh S, Minoura H, Murakami K, Okuno A, Inukai K, Asano T, Kaburagi Y, Ueki K, 
Nakajima H, Hanafusa T, Matsuzawa Y, Sekihara H, Yin Y, Barrett JC, Oda H, Ishikawa T, Akanuma Y, 
Komuro I, Suzuki M, Yamanura K, Kodama T, Suzuki H, Koyasu S, Aizawa S, Tobe K, Fukui Y, Yazaki 
Y, Kadowaki T: Increased insulin sensitivity and hypoglycemia in mice lacking the p85α subunit of 
phosphoinositide 3-kinase. Nature Genetics 21: 230-235, 1999

  7. �Kubota N, Terauchi Y, Miki H, Tamemoto H, Yamauchi T, Komeda K, Satoh S, Nakano R, Ishii C, 
Sugiyama T, Eto K, Tsubamoto Y, Okuno A, Murakami K, Sekihara H, Hasegawa G, Naito M, 
Toyoshima Y, Tanaka S, Shiota K, Kitamura T, Fujita T, Ezaki O, Aizawa S, Nagai R, Tobe K, Kimura S, 
Kadowaki T: PPARγ mediates high-fat diet-induced adipocyte hypertrophy and insulin resistance. 
Molecular Cell 4: 597-609, 1999

  8. �Yamauchi T, Kamon J, Waki H, Terauchi Y, Kubota N, Hara K, Mori Y, Ide T, Murakami K, Tsuboyama-
Kasaoka N, Ezaki O, Akanuma Y, Gavrilova O, Vinson C, Reitman ML, Kagechika H, Shudo K, Yoda M, 
Nakano Y, Tobe K, Nagai R, Kimura S, Tomita M, Froguel P, Kadowaki T: The fat-derived hormone 
adiponectin reverses insulin resistance associated with both lipoatrophy and obesity. Nature Medicine 
7:941-946, 2001

  9. �Yamauchi T, Kamon J, Minokoshi Y, Ito Y, Waki H, Uchida S, Yamashita S, Noda M, Kita S, Ueki K, Eto 



31

K, Akanuma Y, Froguel P, Foufelle F, Ferre P, Carling D, Kimura S, Nagai R, Kahn BB, Kadowaki T: 
Adiponectin stimulates glucose utilization and fatty-acid oxidation by activating AMP-activated protein 
kinase. Nature Medicine 8: 1288-1295, 2002

10. �Yamauchi T, Kamon J, Ito Y, Tsuchida A, Yokomizo T, Kita S, Sugiyama T, Miyagishi M, Hara K, 
Tsunoda M, Murakami K, Ohteki T, Uchida S, Waki H, Tsuno NH, Shibata Y, Terauchi Y, Froguel P, Tobe 
K, Koyasu S, Taira K, Kitamura T, Shimizu T, Nagai R, Kadowaki T: Cloning of adiponectin receptors 
that mediate antidiabetic metabolic effects. Nature 423: 762-769, 2003

11. �Kadowaki T, Yamauchi T: Adiponectin and adiponectin receptors. Endocrine Reviews 26: 439-451, 2005
12. �Kadowaki T, Yamauchi T, Kubota N, Hara K, Ueki K, Tobe K: Adiponectin and adiponectin receptors in 

insulin resistance, diabetes and metabolic syndrome-Adiponectin hypothesis-.(Review) J.Clin.Invest. 
116: 1784-1792, 2006

13. �Kubota N, Yano W, Kubota T, Yamauchi T, Itoh S, Kumagai H, Kozono H, Takamoto I, Okamoto S, 
Shiuchi T, Suzuki R, Satoh H, Tsuchida A, Moroi M, Sugi K, Noda T, Ebinuma H, Ueda Y, Kondo T, 
Araki E, Ezaki O, Nagai R, Tobe K, Terauchi Y, Ueki K, Minokoshi Y, Kadowaki T: Adiponectin 
stimulates AMP-activated protein kinase in the hypothalamus and increases food intake. Cell Metabolism 
6: 55-68, 2007

14. �Yamauchi T, Nio Y, Maki T, Kobayashi M, Takazawa T, Iwabu M, Okada-Iwabu M, Kawamoto S, 
Kubota N, Kubota T, Ito Y, Kamon J, Tsuchida A, Kumagai K, Kozono H, Hada Y, Ogata H, Tokuyama 
K, Tsunoda M, Ide T, Murakami K, Awazawa M, Takamoto I, Froguel P, Hara K, Tobe K, Nagai R, Ueki 
K, Kadowaki T: Targeted disruption of AdipoR1 and AdipoR2 causes abrogation of adiponectin binding 
and metabolic actions. Nature Medicine 13: 332-339, 2007

15. �Kubota N, Kubota T, Itoh S, Kumagai H, Kozono H, Takamoto I, Mineyama T, Ogata H, Tokuyama K, 
Ohsugi M, Sasako T, Moroi M, Sugi K, Kakuta S, Iwakura Y, Noda T, Ohnishi S, Nagai R, Tobe K, 
Terauchi Y, Ueki K, Kadowaki T: Dynamic functional relay between insulin receptor substrate-1 and -2 
in hepatic insulin signaling during fasting and feeding. Cell Metabolism 8: 49-64, 2008

16. �Yamauchi T, Hara K, Maeda S, Yasuda K, Takahashi A, Horikoshi M, Nakamura M, Fujita H, Grarup N, 
Cauchi S, Ng DPK, Ma RCW, Tsunoda T, Kubo M, Watada H, Maegawa H, Okada-Iwabu M, Iwabu M, 
Shojima N, Shin HD, Andersen G,  Witte DR, Jørgensen T, Lauritzen T, Sandbæk A, Hansen T, Ohshige 
T, Omori S, Saito I, Kaku K, Hirose H, So WY, Beury D, Chan JCN, Park KS, Tai ES, Ito C, Tanaka Y, 
Kashiwag A, Kawamori R, Kasuga M, Frogue P, Pedersen O, Kamatani N, Nakamura Y, Kadowaki T: A 
genome-wide association study in the Japanese population identifies susceptibility loci for type 2 diabetes 
at UBE2E2 and C2CD4A-C2CD4B. Nature Genetics 42: 864-868, 2010

17. �Iwabu M, Yamauchi T, Okada-Iwabu M, Sato K, Nakagawa T, Funata M, Yamaguchi M, Namiki S, 
Nakayama R, Tabata M, Ogata H, Kubota N, Takamoto I, Hayashi YK, Yamauchi N, Waki H, Fukayama 
M, Nishino I, Tokuyama K, Ueki K, Oike Y, Ishii S, Hirose K, Shimizu T, Touhara K, Kadowaki T:  
Adiponectin and AdipoR1 regulate PGC1α and mitochondria by Ca2+ and AMPK/SIRT1. Nature 464: 
1313-1319, 2010

18. �Kubota T, Kubota N, Kumagai H, Yamaguchi S, Kozono H, Takahashi T, Inoue M, Itoh S, Takamoto I, 
SasakoT, Kumagai K, Kawai T, Hashimoto S, Kobayashi T, Sato M, Tokuyama K, Nishimura S, Tsunoda 
M, Ide T, Murakami K, Yamazaki T, Ezaki O, Kawamura K, Masuda H, Moroi M, Sugi K, Oike Y, 
Shimokawa H, Yanagihara N, Tsutsui M, Terauchi Y, Tobe K, Nagai R, Kamata K, Inoue K, Kodama T, 
Ueki K, Kadowaki T: Impaired insulin signaling in the endothelial cells reduces insulin-induced glucose 
uptake by the skeletal muscle. Cell Metabolism 13: 294-307, 2011

19. �Awazawa M, Ueki K, Inabe K, Yamauchi T, Kubota N, Kaneko K, Kobayashi M, Iwane A, Sasako T, 
Ohsugi M, Takamoto I, Yamashita S, Asahara H, Akira S, Kasuga M, Kadowaki T: Adiponectin enhances 



32

insulin sensitivity by increasing hepatic IRS-2 expression via macrophage-derived IL-6 dependent 
pathway. Cell Metabolism 13: 401-412, 2011

20. �Yamauchi T, Kadowaki T: Adiponectin receptor as a key player in healthy longevity and obesity-related 
diseases.(Review) Cell Metabolism 17: 185-196, 2013


