
700 78
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(  peroxisome proliferator-activated receptors, PPARs ) 

PPARs

PPARs

2 PPARs PPAR

PPAR

PPARs

PPARs

( Metabolic syndrome )

( PPAR )

2 ( T2DM )

( CHD )

( Cancer )

( Insulin )

( Fat )

( metabolic syndrome ) 

2 ( type 2 diabetes mellitus, T2DM )

( coronary heart disease, CHD ) 

( cluster ) 1

( central obesity ) [

( Triglyceride, TG ) /

( high-density lipoprotein cholesterol, HDL- C )

] ( fasting plasma glucose, FPG ) 

( microalbuminuria ) ( aging )

( proinflammatory state ) 
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( free fatty acids, FFA ) 
2 PPARs

F F A

( catecholamines ) ( adrenocor-

ticotropic hormone, ACTH ) ( glucagon ) 
3

( hormone-sensitive lipase, HSL ) 

( lipoprotein lipase, LPL )

( lipolysis) HSL

LPL FFA 4

( mitochondrial oxidation cy-

cle ) ( peroxisome oxi-

dation pathway ) ( C20- C24 )

( eicosapentaenoic acid, EPA ) 

( arachidonic acid ) 

( PPARs )
5 -  6

( glucose transporter, GluT ) 

( mediate ) 

FFA

( insulin resistance )
7

( impaired glucose tolerance, IGT )

( hyperinsulinemia )

HSL LPL

( prolife-

ration )

1988 Stanford Reaven GM.

8

syndrome

X, Reaven's syndrome, dysmetabolic syndrome

insulin resistance syndrome 1998

( World Health Organization, WHO ) 

metabolic syndrome T2DM

CHD
9

T2DM 5

2- 3

1998 WHO 2001

- III ( National Cholesterol

Education Program Adult Treatment Panel III, ATP

III ) 2003 ( American

Association of Clinical Endocrinologists, AACE )

2005 ( International Diabetes

Federation, IDF ) 2006

( ) 10-13

14-15 ATP III

24% ( 24% 23.4% ) 20-29

6 . 7 % 6 0 4 2 -

4 3 . 5 % 6 . 8 % 1 6

5.2% 9% [ WHO

10.9% ( 9.8% 12.4%)]

1 5 1 2

1 4 . 9 %  (  1 6 . 9 % 1 3 . 8 %  )

W H O

( waist-to-hip ratio, WHR) [ body

mass index, BMI ( ) 2 ( 2 )]

ATP III ( waist circumference,

WC ) BMI

WHR WC
17-19 WHR WC

T2DM

( ) BMI
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BMI 22-23 20-21 BMI 27- 29

14.8 BMI 29-31 26.6

BMI 20 BMI 35

BMI ( BMI

25-29 ) ( 50-

71 ) BMI
22 BMI <18.5

TG 150mg dL /

HDL-C 40mg/ dL HDL-C 50 mg/dL

2004 ATP III 23 T2DM

( low-den-

sity lipoprotein cholesterol, LDL-C ) 

LDL-C <100mg/ dL

( T2DM )

LDL-C 70 mg/dL

PPARs

( nuclear hormone receptors superfamily ) 

( ) 24- 25

PPARs

( ligand- binding domain ) DNA

( DNA-binding domain )

[ ( prostaglandins, PGs )

( leukotrienes, LTs )] ( ag-

o n i s t  ) f i b r a t e s t h i a z o l i d i n e d i o n e s

( TZDs ) ( ligand ) PPARs

9 - c i s (  9 - c i s

retinoic acid) ( retinoid X receptor, RXR ) 

( heterodimer )

DNA ( peroxisome

proliferator-responsive element, PPRE ) 

P PA R s
26 PPARs PPARs

co-factor proteins co-

activators ( recruitment ) 

PPARs co-activators ( ligand-depen-

dent ) 

WHO ( 1998 ) ATP III ( 2001 ) AACE ( 2003 ) ( 2006 ) IDF ( 2005 )

IGT, IFG, T2DM IGT IFG
5 5

2 3 1 3

( WHR) BMI 25kg/ m2 ( )
>0.90 90cm
>0.85 102cm 80cm 94cm

/ 88cm 80cm;
BMI>30kg/ m2 /

(2004 ) 90cm 90cm
BMI>25kg/ m2 80cm 80cm

85cm
90cm

2

TG 150mg/ dL TG 150mg/ dL TG 150mg/ dL TG 150mg/ dL TG 150mg/ dL
/ HDL-C /

HDL-C <40mg/ dL HDL-C HDL-C HDL-C
<35mg/ dL <50mg/ dL <40mg/ dL <40mg/ dL <40mg/ dL
<39mg/ dL <50mg/ dL <50mg/ dL <50mg/ dL

140/90mmHg 130/85mmHg 130/85mmHg 130/85mmHg 130mmHg

85mmHg

IGT, IFG T2DM FPG>110mg/ dL IGT IFG FPG>100mg/ dL FPG 100mg/ dL
( ) ( ) ( )
FPG 100mg/dL
(2004 )

Other features of insulin
resistance

ref 1,9-13
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PPAR , PPAR / PPAR

( ) 27- 29 PPAR

PPAR /

P -

PAR

foam cells

30,31 PPARs PPAR

PPAR

(fatty acid binding protein,

FABP ) A ( acyl-CoA oxidase )

TG FFA

PPAR / PPAR

PPAR , PPAR / PPAR

PPAR PPAR 1 PPAR 2 PPAR

3 PPAR 4 32 PPAR 1

PPAR PPAR 2

PPAR 3

PPAR 4

PPAR 2

PPAR 2 PPAR

1 PPAR 3

PPAR 2 PPAR

2

LPL HSL

( aP2 ) ( adipo-

kines ) ( leptin ) ( adipo-

nectin ) ( resistin ) [cytokines

( IL-1, IL-6, IL-8 ) - ( tu-

mor necrosis factor- , TNF- )]

PPARs
2005 WHO 33

PPARs ref 2,3,24,25,29
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10

2015 15

T2DM CHD

10-20

FFA

IL-6 TNF-

( lipase ) 

34, 35

PPARs/ RXR CCAAT

( CCAAT/ enhancer binding proteins, C/

EBPs ) ( cholesteryl ester

transfer protein, CETP ) 1

/ 1 ( adipocyte

determination and differentiation- dependent factor-

1/ sterol regulatory element binding protein-1, ADD-

1/ SREBP-1 ) 

PPAR
3 6 , 3 7

A A ( ketoacyl-

CoA thiolase ) A 3-

PPARs

PPAR PPAR / PPAR

468 aa 441 aa 475/ 505 aa*
22q13.3 6p21.2 3p25.1
66-101aa 72-137aa 110-175aa

DNA 244-468aa 215-441aa 251-477aa
foam cell

leukotriene B4 prostacyclin PGD2, PGJ2

linoleic acid, arachidonic acid, linoleic acid, arachidonic acid, eicosapentaenoic acid,
eicosapentaenoic acid, eicosapentaenoic acid, palmitic acid,
palmitic acid, palmitic acid, stearic acid
stearic acid stearic acid, oleic acid,

oleic acid
clofibrate, carbaprostacyclin rosiglitazone, 
fenofibrate, ciglitazone, 
bezafibrate, troglitazone, 
ciprofibrate, pioglitazone
gemfibrozil
- -
-

TG
FFA -
LDL-C
HDL-C -

LDL-C

- ( ) aa ref 24,25,27-29

* The translation of PPAR mRNAs gives rise to three proteins of 475-477 (PPAR 1 and 3) and 505 amino acids (PPAR 2).
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A ( enoyl-CoA hydratase/ 3-hydroxya-

cyl- CoA dehydrogenase ) apoAI

a p o A I I P PA R f i b r a t e s 3 8 , 3 9

fenofibrate gemfibrozil PPAR

FFA CETP

TG apoAI apoAII

HDL

40 PPAR

PPAR ( up-regu-

late ) ( preadipocytes ) 

PPAR 41,42

( FABP/ aP2)

( phosphoenolpyruvate carboxykinase, PEPCK )

FA B P L P L A

( FATP ) 

PPAR

TZDs pioglitazone rosiglitazone

FFA

PPARs 2
2

TNF- IL-1 IL-6 - ( interferon-

,  I N F - )  /

2
43,44 1.

( insulin receptor, IR )

( protein ty-

rosine kinase, PTK ) 2. PTK

( insulin receptor substrate, IRS ) 

IRS 3. IRS

(  d o c k i n g  p r o t e i n  )

Srchomology-2 domain (  SH2 ) 

a. PI-

3K ( phosphatidyl-inositol-3-kinase ) b. Ras-

MAPK ( Ras-mitogen activated protein kinase ) 

c. CAP/ Cbl/ Tc10 4.

( protein kinase ) 

( phosphatase) -

( ) 

( protein tyrosine kinase,

PTK ) ( Ser/ Thr ) 

-

5. 4 ( glu-

cose transporter-4, GluT-4 ) 

/

( apoptosis ) 

PI-3K

( nitric oxide synthase, NOS ) 

Ras-MAPK

( vascular smooth muscle cells, VSMC ) 

( plaque ) 1

( plasminogen activators inhibitor type-1, PAI-

1 ) CAP/ Cbl/ Tc10

GluT-4 / / / FFA
45

1 2 ( insulin receptor

substrate-1/ 2, IRS-1, IRS-2 ) PTK

IRS IRS

PI-3K

GluT-4

PI-3K Ras-

MAPK

1 ( insulin-like growth

factor-1, IGF-1 ) /
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46,47 B

B ( inhibitor B kinase/

nuclear factor- B, IKK/ NF- B ) c-Jun N

( c-Jun N terminal kinase, JNK ) 

( suppressors of cytokine sig-

naling, SOCS ) IKK/ NF- B

IKK

I B ( inhibitor B ) 

N F - B N F - B

IKK/ NF- B IRS

I R S

PI3-K JNK

Ras-MAPK JNK

IRS IRS

IRS

SOCS SOCS1 SOCS3

SOCS6

SOCS

IRS-1 IRS

PI3-K p85

IKK/ NF- B JNK SOCS

IRS

TZDs

PPARs48

TNF- IL-1

IKK/ NF- B JNK SOCS

PPARs
CHD 49

2003 CHD 3.5

2004 50 CHD

CHD

HDL-C

C ( high-sensi-

tivity C- reactive protein, hs-CRP ) ( ho-

mocysteine ) / (  thrombosis /

hemostasis ) ( impaired fasting glu-

cose, IFG) CHD

HDL-C ( atherosclerosis ) 

CHD 51 HDL-C

( reverse cholesterol transport ) 

( ) 

TG LDL-

C LDL-C ( oxLDL-C ) 

foam cell NF-

B TNF- IL-1

HDL-C 1 mg/dL 2-

3% LDL-C 1 mg/dL

0.6-1%
52-56

VSMC

( en-

dothelial cell, EC ) [

-1 ( vascular cell adhesion molecule-

1, VCAM-1 ) -1 ( intercellular

adhesion molecule-1, ICAM-1 )]

( chemokines ) [

( platelet derived growth factor, PDGF ) 

( vascular endothelial growth factor,

VEGF ) ] ( monocytes )

( T-cell ) 

-B ( scavenge receptor-B,

SR-B ) oxLDL-C foam cell

( plaque )

( matrix metalloproteinases, MMPs )

VSMC ( basal lamina )  ( degra-

dation ) VSMC

VSMC ( fibrous cap )

CHD

FFA

(VEGF

PDGF)
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( mitogen-activated protein kinase, MAPK ) 

PPARs PPARs

PPAR FFA
57 TG HDL

PPAR IL-1

TNF- prostaglandin 6-keto-PGF1a, COX2

VCAM-1 EC PPAR

VSMC EC foam cells

VSMC ( an-

giogenosis ) ( sprout ) ( migration ) 

PPAR

( transcription factor Est-1 ) 

( down-regulate)MMPs

( urokinase-type plasminogen activator, u-PA )

VSMC

T2DM

TZDs CHD
58- 61 (conges-

tive heart failure, CHF ) CHF

TZDs T2DM

TZDs 3-5%

insulin 13.1-16.2%

TZDs TZDs insulin CHF

1% 2-3%
62 ( collecting

duct ) PPAR

VEGF

( vascular leak syndrome )

PPARs

WHO
63 2005 5,800

760 (  13%) 2030

1,140 70%

1/3

1/5

( IL-1, IL-6, IL-23, TNF- )

NF- B ( reactive oxy-

gen species, ROS ) ( NO ) PGs

COX-2

( IKK/ NF- B, JNK, SOCS-3 ) 

(  ca spase -3 ,

IAPs, Bcl-2, AP-1, P53 )

( oncogene )

PPAR PPAR

PPAR

PPAR
64-67 1. NF-

B 2 . c -myc

3. [E-

( desmoglein Dsg ) p27

- ( -catenin)] 4.

VEGF 5. COX-2

MMPs PPAR

- PPAR

IL-1, IL-6, TNF- ,

NF- B, ROS, NO, PGs COX-2

( non-steroidal anti-inflammatory drugs, NSAIDs )

COX-2 celecoxib, nimesulide

sulindac PGE2 COX-2

PPAR

- NF- B

Bcl-2 ( cys-

teine asparate protease, caspase-3/ 8/ 9 ) 

PPAR
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NF- B COX-2 Bax/ Bcl-2

caspase-3

- PPAR

( extracellular signal- regulated

kinases, ERK1/ 2 ) ( ERK1/ 2 MAPK

)

gelsolin SP-A

Mad p21

-

PPAR VEGF, PDGF, MMP-2

MMP-9 COX-2

PPARs

68 PPAR - trogli-

tazone

( phase III) 69-71 PPAR /

(  d u a l  )  -  g l i t a z a r m u r a g l i t a z a r

( Pargluva®, Bristol-Myers Squibb, Merck)

T2DM

( placebo-controlled

pioglitazone ) 

( transitional cell carcinoma )

PPARs

PPARs

P PA R s

PPARs

T2DM
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PPARs, Metabolic Syndrome and Cancer

Chang-Chen Tang1,4, Kuo Chieh2, Tsang-Shan Chen3, and Shih-Yuan Hsu4

Peroxisome proliferator-activated receptors are members of nuclear hormone receptor superfamily. PPARs

play an important role in biological functions including lipid metabolism, cell proliferation, differentiation, insulin

sensitivity, and inflammatory signaling. Growing evidence shows that PPARs have a causative relationship with

the metabolic syndrome and its related complications including obesity, T2DM, and CHD, and even with cancer.

The PPAR and PPAR agonists are clinic targets for hypertriglyceridemia and insulin resistance, respective-

ly, and drugs that modulate these receptors have been proved to improve metabolic syndrome and its related

complications. Recently, studies have shown that the activation of PPARs may inhibit carcinogenesis by down-

regulating inflammatory signaling, although more evidences are needed. However, a better understanding of di-

verse range of physiological processes and the relationship among cancer, metabolic syndrome and PPARs may

be helpful in elucidating more preventive avenues to manage cancer and metabolic syndrome and its related

complications. ( J Intern Med Taiwan 2007; 18: 244- 255 )
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