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fatty acid )



JNK AP-1 IKK NF- B

( )

16

PPAR

( peptide ) 

( cytokines )

( chemokines ) 

( lipid ) 

PPARs
2 3 P PA R s

PPARs ( en-

dogenous ligand ) PPARs
24 PPARs

( transcription )

( transactivation ) PPARs

cofactor retinoid X re-

ceptor  ( RXR ) 

PPAR response elements

( transrepression ) PPARs

NF- B

3,23 PPAR PPARs

PPAR PPAR ( PPAR ) 4

TZD PPAR

( agonist )

PPAR

PPAR 3 PPAR

TZD

" " ( "fatty acid steal" hy-

pothesis )

3 T Z D

( adipocytokine ) 

adiponectin

TZD TNF- resistin 11 -hydroxys-

teroid dehydrogenase 1
3

PPAR agonist

2

TZD

1 9 9 7

TZD

2

TZD

TZD
25

( ) 26

124

TZD

( NO ) 

TGF- PAI-1

interleukin ( IL )-1 IL-6 TNF- CRP ( C-reactive protein )

- ( renin-angiotensin system )

I II

LXR-

( endothelin ) -1



protein kinase C  ( PKC ) 

TZD

PKC

( insulin-like growth factor )

TZD

TZD

TZD

( collecting duct ) amiloride

TZD
27

TZD 2

TZD ( NO ) 

TGF-

TZD

TGF-

( mesangial cell ) 

( extracellular matrix protein ) 

TZD

MMP-2  ( matrix metalloproteinases-2 ) 

collagen IV

TZD PAI-1  ( plasminogen activator in-

hibitor type 1 ) PAI-1

T Z D p i -

oglitazone ( podocyte ) PPAR-

( necrosis )
28

T Z D

( proatherogenic inflammatory cytokine ) 

interleukin  ( IL )-1 IL-6 TNF-

C- ( C-reactive protein ) rosigli-

tazone ( renal mesangial cell ) 

N F - B M C P - 1  (  m o n o c y t e

chemoattractant protein-1 ) 

pioglitazone ( glomeru-

lar endothelial cell ) PPAR- NF- B

ICAM  ( intercellular adhesion molecule )-1
29 TZD

- ( renin-an-

giotensin system ) TZD

I II

TZD I ( an-

giotensin I receptor ) mRNA

( foam cell ) 

TZD IL-1

liver-X-receptor- ( LXR- )

( mesangial cell ) TZD

LXR-

( endothelin ) -1

2

-1 -1

PKC

TZD PKC

-1 -1

125PPAR



1997 TZD PPAR

T Z D

rosiglitazone pioglitazone
5,30 TZD

2

2007 NEJM meta-analysis 31

rosiglitazone

NEJM 32

RECORD ( Rosiglitazone

Evaluated for Cardiac Outcomes and Regulation of

glycaemia in Diabetes ) study

TZD

rosiglitazone pioglitazone

1.Nathan DM. Finding new treatments for diabetes--how many,

how fast... how good? N Engl J Med 2007; 356: 437-40.

2. thiazolinedione 2

2007; 18: 11-9.

3.Yki-Jarvinen H. Thiazolidinediones. N Engl J Med 2004; 351:

1106-18.

4.Brown JD, Plutzky J. Peroxisome proliferator-activated recep-

tors as transcriptional nodal points and therapeutic targets.

Circulation 2007; 115: 518-33.

5.Kahn SE, Haffner SM, Heise MA, et al. Glycemic durability of

rosiglitazone, metformin, or glyburide monotherapy. N Engl J

Med 2006; 355: 2427-43.

6.Wellen KE, Hotamisligil GS. Inflammation, stress, and diabetes.

J Clin Invest 2005; 115: 1111-9.

7.Khovidhunkit W, Kim MS, Memon RA, et al. Effects of infec-

tion and inflammation on lipid and lipoprotein metabolism:

mechanisms and consequences to the host. J Lipid Res 2004;

45: 1169-96.

8.Chandra RK. Nutrition, immunity and infection: from basic

knowledge of dietary manipulation of immune responses to

practical application of ameliorating suffering and improving

survival. Proc Natl Acad Sci U S A 1996; 93: 14304-7.

9.Blackburn GL. Pasteur's Quadrant and malnutrition. Nature

2001; 409: 397-401.

10.Hotamisligil GS, Shargill NS, Spiegelman BM. Adipose ex-

pression of tumor necrosis factor-alpha: direct role in obesity-

linked insulin resistance. Science 1993; 259: 87-91.

11.Lord GM, Matarese G, Howard JK, Baker RJ, Bloom SR,

Lechler RI. Leptin modulates the T-cell immune response and

reverses starvation-induced immunosuppression. Nature 1998;

394: 897-901.

12.Sun L, Nicholson AC, Hajjar DP, Gotto AM, Jr., Han J.

Adipogenic differentiating agents regulate expression of fatty

acid binding protein and CD36 in the J744 macrophage cell line.

J Lipid Res 2003; 44: 1877-86.

13.Bouloumie A, Sengenes C, Portolan G, Galitzky J, Lafontan M.

Adipocyte produces matrix metalloproteinases 2 and 9: in-

volvement in adipose differentiation. Diabetes 2001; 50: 2080-

6.

14.Charriere G, Cousin B, Arnaud E, et al. Preadipocyte conver-

sion to macrophage. Evidence of plasticity. J Biol Chem 2003;

278: 9850-5.

15.Hotamisligil GS, Peraldi P, Budavari A, Ellis R, White MF,

Spiegelman BM. IRS-1-mediated inhibition of insulin receptor

tyrosine kinase activity in TNF-alpha- and obesity-induced in-

sulin resistance. Science 1996; 271: 665-8.

16.Hotamisligil GS. Inflammation and metabolic disorders. Nature

2006; 444: 860-7.

17.Liu G, Rondinone CM. JNK: bridging the insulin signaling and

inflammatory pathway. Curr Opin Investig Drugs 2005; 6: 979-

87.

18.Yuan M, Konstantopoulos N, Lee J, et al. Reversal of obesity-

and diet-induced insulin resistance with salicylates or targeted

disruption of Ikk . Science 2001; 293: 1673-7.

19.Cai D, Yuan M, Frantz DF, et al. Local and systemic insulin re-

sistance resulting from hepatic activation of IKK- and NF-

B. Nat Med 2005; 11: 183-90.

20.Casellini CM, Barlow PM, Rice AL, et al. A 6-month, random-

ized, double-masked, placebo-controlled study evaluating the

effects of the protein kinase C- inhibitor ruboxistaurin on skin

microvascular blood flow and other measures of diabetic pe-

ripheral neuropathy. Diabetes Care 2007; 30: 896-902.

21.Kelly DJ, Buck D, Cox A, Zhang Y, Gilbert RE. Effects of pro-

tein kinase C- inhibition on glomerular endothelial cells in ad-

vanced experimental diabetic nephropathy. Am J Physiol Renal

Physiol 2007. (In press)

126



22.Williams ME. New potential agents in treating diabetic kidney

disease: the fourth act. Drugs 2006; 66: 2287-98.

23.Lehrke M, Lazar MA. The many faces of PPAR . Cell 2005;

123: 993-9.

24.Schiffrin EL. Peroxisome proliferator-activated receptors and

cardiovascular remodeling. Am J Physiol Heart Circ Physiol

2005; 288: H1037-43.

25.Iglesias P, Diez JJ. Peroxisome proliferator-activated receptor

gamma agonists in renal disease. Eur J Endocrinol 2006; 154:

613-21.

26.Sarafidis PA, Bakris GL. Protection of the kidney by thiazo-

lidinediones: an assessment from bench to bedside. Kidney Int

2006; 70: 1223-33.

27.Semenkovich CF. TZDs and diabetes: testing the waters. Nat

Med 2005; 11: 822-4.

28.Kanjanabuch T, Ma LJ, Chen J, et al. PPAR- agonist protects

podocytes from injury. Kidney Int 2007; 71: 1232-9.

29.Ohga S, Shikata K, Yozai K, et al. Thiazolidinedione amelio-

rates renal injury in experimental diabetic rats through anti-in-

flammatory effects mediated by inhibition of NF- B activa-

tion. Am J Physiol Renal Physiol 2007; 292: F1141-50.

30.Hampton T. Diabetes drugs tied to fractures in women. JAMA

2007; 297: 1645.

31.Nissen SE, Wolski K. Effect of rosiglitazone on the risk of

myocardial infarction and death from cardiovascular causes.

N Engl J Med 2007; 356: 2457-71.

32.Home PD, Pocock SJ, Beck-Nielsen H, et al. Rosiglitazone

evaluated for cardiovascular outcomes-an interim analysis.

N Engl J Med 2007; 357: 28-38.

127PPAR

Role of PPAR for Immuno-Metabolic Influences

and Impacts on Diabetic Nephropathy

Wei-Wen Hung, Shyi-Jang Shin1, and Jer-Ming Chang

As an antidiabetic agent introduced in 1997, PPAR agonist, or thiazolidinediones (TZD), has received

much attention not only in clinical research but also in basic study about its mechanism behind the clinical ef-

fects. Evidence from clinical study of TZD use in type 2 diabetes with microalbuminuria had proved that TZD treat-

ment significantly reduced urine albumin excretion (UAE). In this article, we intended to discuss the basic patho-

physiology of diabetes from an immuno-metabolic viewpoint in the beginning. Then we tried to analyze the im-

pacts on immuno-metabolic systems with regards to TZD treatment, and describe in detail about its insulin-sen-

sitizing and anti-inflammatory effects. Finally, we went on to explore the actions of TZD on the reduction of UAE

and attenuation of renal injury. As diabetic nephropathy being the leading cause of end-stage renal disease world-

wide, the exploration of PPAR would be promising for the development of drugs to delay or prevent diabetic

nephropathy.  ( J Intern Med Taiwan 2008; 19: 121- 127 )
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