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h Introduction

Obesity
morbidity Insulin Type 2 Cardiovascular
and resistance diabetes diseases

mortality

Insulin resistance and type 2diabetes: satisfactory treatment
modalities remain limited.



h Introduction

Adiponectin is an antidiabetic and ’ Decreased in obesity, insulin resistance
antiatherogenic adipokine. and type 2 diabetes

Replenishment of adiponectin:
ameliorate insulin resistance, glucose intolerance

Insulin sensitizing effect:
increase fatty acid oxidation

AMPK: AMP activated protein kinase

PPAR a : peroxisome proliferator activated receptor
a



Introduction

AdipoR1 and AdipoR2 serve as the major receptors for
adiponectin, with AdipoR1 activating the AMPK pathways
and AdipoR2 activating the PPARQ pathways.

Letters to Nature

Nature 423, 762-769 (12 June 2003) | doi:10.1038/nature01705; Received 31 December
2002; Accepted 1 May 2003

Cloning of adiponectin receptors that mediate
antidiabetic metabolic effects

Toshimasa Yamauchil«2:2, Junji Kamonl-2:4, yusuke Itol, Atsushi Tsuchidal,
Takehiko Yokomizo2, Shunbun Kital, Takuya Sugiyama2, Makoto MiyagishiZ, Kazuo
Haral2, Masaki Tsunoda2, Koji Murakami€, Toshiaki Ohteki22, Shoko Uchidal,
Sato Takekawal, Hironori Wakil2, Nelson H. Tsunolf, yoichi Shibatall, yasuo
Terauchil2, Philippe Froguelll, Kazuyuki Tobel2, Shigeo Koyasu22, Kazunari
TairaZ, Toshio KitamuraZ, Takao Shimizu2, Ryozo Nagail & Takashi Kadowakil:2

Skeletal muscle Liver
— e

Predominantly AdipoR1 AdipoR1 and AdipoR2

Activates AMPK and Regulation of glucose
PPARY coactivator PGC- and lipid metabolism.
l1a as well as Ca?+

signalling pathways.

Activated by exercise

Exercise:

» Beneficial effects on obesity related diseases such
as type 2 diabetes

» Contribute to healthy longevity



h Introduction

Here we report the discovery of an orally active synthetic
small molecule that binds to and activates both AdipoR1
and AdipoR2, ameliorates insulin resistance and type 2
diabetes, and prolongs the shortened life span of db/db

mice.



2.1 Identification of small molecule agonists of AdipoR Results “

Screened a number of small molecules in the chemical library at Open Innovation
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2.1 Identification of small molecule agonists of AdipoR
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C2C12 myotubes: AdipoRon increase the phosphorylation of AMPKa; Suppression of AdipoR1
by specific siRNA greatly reduced the increase in AMPK phosphorylation induced by
AdipoRon,indicating that AdipoRon increased AMPK phosphorylation via AdipoR1.



2.1 Identification of small molecule agonists of AdipoR
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AdipoRon replenished AMPKphosphorylation stimulated by adiponectin.




Results

2.1 Identification of small molecule agonists of AdipoR
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2.1 Identification of small molecule agonists of AdipoR

J AdipoR1-AdipoRon binding
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2.1 Identification of small molecule agonists of AdipoR Results
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Intravenous injection of AdipoRon (50mg/kg bodyweight)
AdipoRon could activate AMPK in skeletal muscle and liver via AdipoR1 and AdipoR2



Summary for part 2.1

AdipoRon {EHAMPKEEERIL |, bR
AdipoR1/RIRINLHR

AdipRonBEIEERIMNEASERZRAIER | &
iEAMPK

Identification of small molecule
SHgExE=EE , AdipoRonfk#iF-Ca2* (& agonists of AdipoR

HPGC-10FRIA
Binding assay by surface plasmon resonance

AdipoRESFREIG |, E#EKiESTAdipoRon |
FFIEF N B B8 AL AMPKESER (4,



2.2 AdipoRon ameliorates diabetes via AdipoR Results
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Orally administered AdipoRon (50mg/kg body weight) for 10d.
Had no affect on bodyweight and foodintake in mice on a high-fat diet, but reduced
fasting plasma glucose and insulin levels.



Results

2.2 AdipoRon ameliorates diabetes via AdipoR
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Insulin resistance index and glucose-lowering effect of exogenous insulin



2.2 AdipoRon ameliorates diabetes via AdipoR
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Results

Hyperinsulinaemic euglycaemic clamps in mice on
a high-fat diet after 10days of treatment.

The glucose infusion rate increased, the
endogenous glucose production was suppressed,
and the glucose disposal rate was increased.

None of these parameters was improved on
AdipoRon treatment in Adipor1-/- Adipor2-/- double
knockout mice.



2.2 AdipoRon ameliorates diabetes via AdipoR Results “
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Treatment with AdipoRon for 10d reduced plasma concentrations of TG and FFA in wild-type mice fed a
high-fat diet, these effects were not observed in Adiporl-- Adipor2-/- double knockout mice.
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2.3 Skeletal muscle : AdipoRon activates AdipoR1-AMPK-PGC-1a pathways

Results
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In skeletal muscle, AdipoRon increased the expression of genes involved in mitochondrial biogenesis(Ppargcla
, Esrra),mitochondrial DNA replication/translation (Tfam), oxidative phosphorylation (mt-Co2), and increased
mitochondrial DNA content, increased exercise endurance. These effects were completely obliterated in Adipor1--

Adipor2-/- double knockout mice.



2.4 Liver: AdipoRon also activates AdipoR2-PPARa pathways
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AdipoRon significantly decreased the expression of Ppargcla, Pckl and G6pc in the liver.
--- Activation of AdipoR1-AMPK pathway

AdipoRon increased the expression levels of the gene encoding PPARa itself (Ppara) and its target genes.
Activation of AdipoR2—PPARa pathway



2.4 Liver: AdipoRon also activates AdipoR2-PPARa pathways
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AdipoRon significantly reduced triglyceride content and oxidative stress




2.5 WAT : AdipoRon decreases inflammation
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Results “

AdipoRon reduced the expression levels of genes encoding proinflammatory cytokines in the white

adipose tissue.

AdipoRon reduced TBARS and reduced levels of macrophage markers suchas F4/80(Emr1), and

markers for classically activated M1 macrophages such as CD11c (ltgax), but not the markers for the

alternatively activated M2 macrophages suchas CD206(Mrc1)



Summary for part 2.3-2.5
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2.6 AdipoRon ameliorates diabetes in db/db mice Results
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Intraperitoneal injectionof adiponectin, and orally administered AdipoRon reduced plasma glucose



2.6 AdipoRon ameliorates diabetes in db/db mice Results
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Orally administered AdipoRon for 2 weeks had no effects on bodyweight, foodintake, liver
weight and WAT weight.
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2.6 AdipoRon ameliorates diabetes in db/db mice
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2.6 AdipoRon ameliorates diabetes in db/db mice Results
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In the skeletal muscle of db/db mice fed a normal chow diet, AdipoRon significantly increased the expression levels
of genes involved in mitochondrial biogenesis functions and DNA content, and also Acadm and Sod2 which were
associated with decreased triglyceride content and TBARS, respectively.



2.6 AdipoRon ameliorates diabetes in db/db mice Results
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In the liver, AdipoRon significantly decreased the expression of Ppargcla, Pckl and G6pc ,increased the
expression of PPARa and its target genes. Therefore, AdipoRon significantly reduced triglyceride content,
oxidative stress and reduced the expression levels of genes encoding pro-inflammatory cytokines.




2.6 AdipoRon ameliorates diabetes in db/db mice Results “
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In the WAT, AdipoRon reduced the expression levels of genes encoding pro-inflammatory cytokines and
macrophage markers, especially the levels of markers for classically activated M1macrophages, but not the levels of
markers for the alternatively activated M2 macrophages.




2.7 AdipoRon prolonged the shortened lifespan
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Summary

AdipoR1 and AdipoR2 agonist (AdipoRon)

Liver Skeletal muscle White adipose tissues
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Mitochondrial biogenesis
Genes involved in fatty-acid combustion
Oxidative phosphorylation gene expression Decreases

Increases
Genes involved in fatty-acid combustion
Genes encoding oxidative stress-detoxifying

DZZZLZZZS Genes encoding oxidative stress-detoxifying Pro-inflammatory cytokines
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Triglyceride content

Pro-inflammatory cytokines
Oxidative stress
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Oxidative stress

Insulin sensitivity f Glucosetnlerancef ‘

Lifespan f




T SAREGER

BirD FHR

Ohios &l BVC Howrhnaoy 101 10 General and Comparative Endocrinology

http:/fwww biomedcentral.com/1472-6750/11/90 BMC
Biotechnology

RESEARCH ARTICLE Open Access

Volume 113, Issue 1, January 1999, Pages 155—164

_ ' 42314||
Design and development of a peptide-based B el Ebssoumibibant e Sralreamifs
. : ; reparation of Recombinant Gilthead Seabream (Sparus
adeOHECtIn receptor agonlst for cancer aurata) Growth Hormone and Its Use for Stimulation of Larvae
treatment Growth by Oral Administration *
Laszlo Otvos Jr', Eva Haspinger™, Francesca La Russa™, Federica Masperc™, Patiizia Graziano™, llona Kovalszky?, | Ben-Atia®, M Fine® ¢, A Tandler®, B Funkenstein®, S MauriceS, B Cavari®, A Gertler®

Sandor Lovas®, Kaushik Nama', Ralf Hoffmann®, Daniel Knappe®, Marco Cassone', John Wade” and Eva Surmacz ;



