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Non-agonist PPARg ligands and 
energy metabolism 



Metabolic Syndrome 



What is PPARg? 

Annu. Rev.  

Biochem. (2008) 



Role of TZDs in PPARg-mediated glucose metabolism 

Annu. Rev. Biochem. (2008) 



Severe Insulin Resistance 

Limb and buttock lipodystrophy 

Severe dyslipidaemia 

Early Onset Hypertension 

mutant control 

P467L mutation 

MRI images 

56-year-old female 

Dominant-negative PPARg mutation in human 

Nature (1999) 

Diabetes (2003) 



1.  Partial loss of function mutations in PPARg in humans 

     unambiguously cause severe insulin resistance. 

2.  PPARg agonists improve insulin-resistance and diabetes.  

3.  Most PPARg target genes are already fully “ON” in obesity. 

4. Severe side effects of PPARg full agonists (TZDs) such as heart 

failure, weight gain, fluid retention. 

5. Some PPARg ligands with poor agonist activity (partial agonists) 

still have marked anti-diabetic actions. 

 

Paradoxes regarding PPARg and insulin-resistance 

PPARg full agonist ligands : TZDs (rosiglitazone etc.) 

PPARg partial agonist ligands : MRL24, nTZDpa etc. 

Rosi 

Mbx-102 

nTZDpa 

MRL-24  

BVT.13 



1.  Partial loss of function mutations in PPARg in humans 

     unambiguously cause severe insulin resistance. 

2.  PPARg agonists improve insulin-resistance and diabetes.  

3.  Most PPARg target genes are already fully “ON” in obesity. 

4. Severe side effects of PPARg full agonists (TZDs) such as heart 

failure, weight gain, fluid retention. 

5. Some PPARg ligands with poor agonist activity (partial agonists) 

still have marked anti-diabetic actions. 

 

Paradoxes regarding PPARg and insulin-resistance 

Can we separate PPARg agonism from anti-diabetic actions? 

Are there novel mechanisms linking PPARg to insulin-

resistance?  



Inflammatory cytokines 
(TNF-a, IL-6 etc.) 

Lipids, FFAs 

CDK5 

p25 

CDK5 

p25 

PPARg 
P 

Specific target 
genes 

(adiponectin, 
adipsin etc.) 

Insulin Resistance, Ectopic Lipid Deposition 

S273 
Nucleus 

Anti-diabetic  
PPARg ligands 
(TZDs, MRL24) 

New PPARg ligands 
with no agonism 
(SR1664, 1824) 

Schematic model of PPARg phosphorylation 

and anti-diabetic PPARg ligands 

Obesity,  
high fat diets 

Choi et al., Nature (2010) 

Choi et al., Nature (2011) 



Key questions 

• What is the molecular mechanism regulating the specific gene 

expression program controlled by phosphorylation? 

     1. Different DNA occupancy by phosphorylation? 

        2. Specific modulators binding to PPARg? 
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Choi et al., Nature (2010) 



No difference of DNA occupancy by phosphorylation 

Choi et al., Nature (2010) 



PPARg KO MEFs 

Vector PPARgWT PPARgS273A 

treat cells with TNFa 

isolate PPARg-binding proteins 

NT TNFa NT TNFa NT TNFa 

M.W.  

(kDa) 

191 

97 

64 

51 

39 

28 

14 

S.M. 

PPARg 

Vector PPARgWT PPARgS273A 

Identifying PPARg-binding proteins in phosphorylation-
dependent  manner 

Choi et al., Genes & Development (2014) 



Thyroid hormone receptor-associated proteins 
(TRAP/MED) 

Trends. Endo. & Meta. (2001) 



Thrap3 (thyroid hormone receptor-associated protein 3) 
TRAP150 

• A subunit of the transcription regulatory complex TRAP/Mediator 

 (no LXXLL motif) 

 

• A component of the spliceosome 

 

• It activates pre-mRNA splicing and promotes nuclear mRNA 

degradation 

 (R/S-rich domain) 

 

• Thrap3 is a real subunit of TRAP/Mediator???? 

 

• The exact function of Thrap3 remains unclear. 

 



Thrap3 interacts with phosphorylated PPARg 
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Choi et al., Genes & Development (2014) 



Specific gene regulation by Thrap3 

Choi et al., Genes & Development (2014) 



Improved insulin sensitivity by Thrap3 ASO in vivo 

Choi et al., Genes & Development (2014) 



Improved insulin sensitivity by Thrap3 ASO in vivo 

Choi et al., Genes & Development (2014) 



Improved insulin sensitivity by Thrap3 ASO in vivo 

Choi et al., Genes & Development (2014) 



Proposed model of functional interaction  

between Thrap3 and PPARg 

Choi et al., Genes & Development (2014) 



Synthetic chemical library 

dot blot 

(anti-pSer273) 

In vitro kinase assay 

Selection  

• Can we develop the novel non-agonist PPARg ligands? 

     1. No transcriptional activation 

        2. Specific binding to PPARg 

        3. Block CDK5-mediated PPARg phosphorylation 

        4. Improve insulin sensitivity 

            5. Lack side effects including weight gain and fluid retention 

 

 

Key Question: Screening strategy to identify 

non-agonist PPARg ligands 



Drug Repositioning 



4-[(4-methylpiperazin-1-yl)methyl]-N-(4-methyl-3-{[4-(pyridin-3-yl)pyrimidin-2-yl]amino}phenyl)benzamide 

 

MW=493.6 

• marketed by Novartis  

 

• tyrosin-kinase inhibitor  

 

• works as a targeted therapy by preventing BCR-Abl, which leads to apotosis. 

 

• used in the treatment of  multiple cancers, most notably Philadelphia chromosome-

positive chronic myelogenous leukemia (Ph+CML)  
 

• inhibits c-kit and PDFG receptor 

 
  

Proliferation  Proliferation  

Gleevec (Imatinib) 



MW=493.6 

• marketed by Novartis  

 

• tyrosin-kinase inhibitor  

 

• works as a targeted therapy by preventing BCR-Abl, which leads to apotosis. 

 

• used in the treatment of  multiple cancers, most notably Philadelphia chromosome-

positive chronic myelogenous leukemia (Ph+CML)  
 

• inhibits c-kit and PDFG receptor 

 
  

Proliferation  Proliferation  

Imatinib Mesylate May Improve Fasting Blood Glucose in Diabetic 

Ph+ Chronic Myelogenous Leukemia Patients  

Breccia M, Muscaritoli M, Aversa Z, Mandelli F, Alimena G 

 J. Clin Oncol. (2004) 15: 653-4655 

Gleevec improves fasting glucose in patients 



pPPARg 

PPARg 

N
T

 

G
le

e
v
e

c
 (

1
0

 μ
M

) 

ATP 

N
T

 

R
o

s
i 
(1

0
 μ

M
) 

G
le

e
v
e

c
 (

1
μ

M
) 

G
le

e
v
e

c
 (

0
.1

 μ
M

) 

G
le

e
v
e

c
 (

0
.0

1
 μ

M
) 

pRb 

Rb 

ATP 

N
T

 

N
T

 

G
le

e
v
e

c
 (

1
0

 μ
M

) 

R
o

s
i 
(1

0
 μ

M
) 

TNF-a 

N
T

 

G
le

e
v
e

c
 (

1
0

 μ
M

) 

N
T

 

R
o

s
i 
(1

0
 μ

M
) 

G
le

e
v
e

c
 (

1
μ

M
) 

G
le

e
v
e

c
 (

0
.1

 μ
M

) 

G
le

e
v
e

c
 (

0
.0

1
 μ

M
) 

pPPARg 

PPARg 

C D E 

Gleevec 

Dasatinib 

Nilotinib 

Sunitinib 

N
il
o

ti
n

ib
 

S
u

n
it

in
ib

 

D
a

s
a

ti
n

ib
 

G
le

e
v
e

c
 

R
o

s
i 

N
T

 

N
T

 

ATP 

pPPARg 

PPARg 

(1mM) 

A 

N
il
o

ti
n

ib
 

S
u

n
it

in
ib

 

D
a

s
a

ti
n

ib
 

G
le

e
v
e

c
 

R
o

s
i 

N
T

 

N
T

 

ATP 

pRb 

Rb 

(1mM) 

B 

Choi et al., Diabetes (2016) 

Gleevec blocks CDK5-mediated PPARg phosphorylation 



Gleevec is a non-agonist PPARg ligand 

Choi et al., Diabetes (2016) 



Gleevec is a non-agonist PPARg ligand 

Choi et al., Diabetes (2016) 



Gleevec improves insulin sensitivity 

Choi et al., Diabetes (2016) 



Gleevec does not induce side effects of TZDs 

Choi et al., Diabetes (2016) 



Gleevec ameliorates fatty liver 

Choi et al., Diabetes (2016) 



Gleevec ameliorates adipose tissue inflammation 

Choi et al., Diabetes (2016) 



Three types of adipocytes 

Cell (2012) 

White adipocytes Brown adipocytes  Beige adiocytes 

Stores energy 

Single large lipid droplet 

Adipokine secretion 

Pro-inflammatory 

Low mitochondria 

No UCP-1 

In obesity 

 

Dissipates energy 

Multiple lipid droplets 

high mitochondria 

UCP-1 

Anti-obesity 

 

 

 

Dissipates energy 

Multiple lipid droplets 

high mitochondria 

UCP-1 

Anti-obesity 

 

 



Beige/Brown adipocytes and thermogenesis 

Nature Med. (2013) 

PRDM16 

PGC1a 

PPARg 

UCP1 

Thermogenesis 

(Dissipates energy) 

Classical brown 

adipocyte development 
Browning 

Ucp1, Pgc-1α, Prdm16, Cidea Ucp1, Pgc-1α, Prdm16, Cidea 

Zic1, Lhx8, Epstl1 Cited1, CD137, Tbx1, Tmem26 

Multiple lipid droplet 

High mitochondria 

Multiple lipid droplet 

High mitochondria 

Obesity 

Metabolic disease 

Imbalance between 

 energy intake and expenditure  

 Resist weight gain 

 Improve glucose tolerance 

 Increase insulin sensitivity 



Immune responses and browning of white adipose tissue 

Cell (2014) 

IL-4/IL-13 

Eosinophils 

Cold exposure 

Catecholamine 
Anti-inflammatory cytokines 

Beige adipocyte differentiation 

Thermogenesis 

Energy expenditure 

 Improved glucose tolerance 

 Inflammation 

 

M2 macrophages 

Adipose tissue 

heat 

↑ Tyrosine hydroxylase 



Gleevec promotes browning of white adipose tissue 

Choi et al., Diabetes (2016) 



Gleevec increases energy expenditure 

Choi et al., Diabetes (2016) 



Hypothetical model of Gleevec in adipose tissue 

Choi et al., Diabetes (2016) 

Diabetic gene  

reprogramming 

Full-agonist 

PPARg ligands 

(TZDs) 

Non-agonist 

PPARg ligand 

(Gleevec) 

Side effects 

(fluid retention, weight 

gain, bone fracture etc.) 

CDK5 

Obesity,  

high fat diets 

P 

PPARg 

Improve  

insulin sensitivity 

Anti-inflammatory 

Responses 

(M1 to M2 conversion) 

Browning effects  

in WATs and BATs 

Increase energy expenditure 
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