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Abstract 

 Peroxisome proliferator-activated receptors (PPARs) are members of the nuclear hormone 

receptor superfamily of ligand-dependent transcription factors. The effects of PPARs are involved in 

several biological processes, such as lipid metabolism, insulin resistance, and inflammatory reaction. 

Unlike PPARα and PPARγ agonists that are both well known their physiological functions and roles 

in treating diseases, behaviors of PPARδ agonists remain vague and are currently under investigation. 

In recent studies, PPARδ ligands could be used in preventing of diabetic nephropathy. As we know, 

diabetic nephropathy is the most common cause of end stage renal disease without ideal and effective 

agent to prevent its progression. In the present review, we discussed the novel role of PPARδ in the 

management of diabetic nephropathy. 
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1. Introduction 

 Diabetes mellitus, an increasing prevalence of disease in the world [1], develops the increasing 

risk of macrovascular and microvascular complications, such as cerebrovascular disease, coronary 

artery disease, peripheral arterial disease, retinopathy, neuropathy, and nephropathy [2]. Diabetic 

nephropathy is a troublesome disease and difficult to deal with in daily practice. In recent years, 

diabetic nephropathy becomes the leading cause of end stage renal disease which needs to receive 

long-term renal replacement therapy and spend enormous expense [3]. The major pathological 

change of diabetic nephropathy includes mesangial matrix expansion, thickening of the glomerular 
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basement membrane, nodular glomerulosclerosis, and hyalinosis [4]. These structural deformities 

result in microalbuminuria, hypoalbuminemia, renal function deterioration, and hypertension. 

Beyond hyperglycemia and blood pressure control strictly, we treat diabetic nephropathy and 

postpone the reduction of glomerular filtration rate by blockade of renin-angiotensin-aldosterone 

system (RAAS) via using angiotensin converting enzyme inhibitors, angiotensin-II AT1 receptor 

blockers [5], or by antioxidants [6]. Even though medications we mentioned above used at present 

showed better efficacies in delaying the renal function progression and protecting kidney from 

further damage, however, the prevalence and incidence of diabetic nephropathy are still rising, 

accompanying with higher mortality and morbidity in modern world. Hence, developing a more 

effective drug to stop progression renal damage is urgent priority in medical research. Peroxisome 

proliferator-activated receptors (PPARs) are ligand-activated transcription factors of nuclear 

hormone receptor superfamily. Three isoforms of PPAR such as PPARα, PPARγ, and PPARδ have 

been identified in various tissues, including the kidney, with different expression level [7]. Current 

researches suggest that PPARα and PPARγ ligands may have therapeutic potential in the 

management of patients with diabetic nephropathy [8-10], but there are few of studies mentioning 

the effect of PPARδ in treating diabetic nephropathy. In this review, we will discuss the therapeutic 

role of PPARδ agonist in preventing the progression of diabetic nephropathy. 

 

2. Biological role and localization of PPARδ 

After PPARα was designated in 1990 by Isseman and Green [11], PPARγ, and PPARδ were 

identified shortly afterward. PPARs are members of the nuclear hormone receptor superfamily of 

ligand-dependent transcription factors. Unlike respectively PPARα expressed in liver, kidney, and 

heart, and PPARγ expressed in adipose tissue predominantly [12, 13], PPARδ seems to be 

ubiquitously expressed in almost all tissues [14]. In the kidney, no distinct intrarenal localization of 

PPARδ was observed; however, lower but significant expression of PPARδ was also detected in the 

urothelium of all segments of nephron, including renal cortex and medulla [15]. PPARδ is also 

expressed in early embryonic kidneys which peaks in late gestation and declines after birth [16]. 

PPARδ was also found to involve fatty acid oxidation and lipid metabolism [17, 18]. PPARδ agonist 

could decrease low-density lipoprotein (LDL) and triglyceride (TG) through enhance ATP-binding 

cassette A1 (ABCA1) expression and reverse cholesterol transport [19]. Furthermore, PPARδ has 

atheroprotective effect via antiinflammation [20-21] and could decrease blood pressure via 

endothelin-dependent signaling [22]. By the way, the effect of antiinflammation of PPARδ agonism 

was also found in mice fed with high-fructose corn syrup by attenuating NLRP3 (nucleotide-binding 

domain and leucine-rich repeat protein 3) inflammasome activation and downregulating 

proinflammatory mediators production such as caspase-1 and interleukin-1β [23]. 



  
 

 

20 Jui-Ting Chang
1
, Yao-Jen Liang

2
, and Jyh-Gang Leu

1,3
 

 

International Journal of Engineering Technology Science and Research 

IJETSR 

www.ijetsr.com 

ISSN 2394 – 3386 

Volume 2 Issue 5 

May 2015       

In recent studies, PPARδ has been introduced to play an important role for protection from renal 

damage, such as keeping renal cell survival in hyperosmotic medulla [24]. Increasing body of 

evidence suggested that PPARδ may have some beneficial effects in renal protection. We will discuss 

the role of PPARδ in kidney disease. 

 

3. The role of PPARδ in treating renal disease 

In spite of most of research about PPARδ mention that PPARδ are highly involved in the 

pathophysiology of the metabolic syndrome including lipid metabolism and anti-inflammation [7], 

more and more evidence showed that PPARδ may be used in renal protection and beneficial for 

amelioration of renal damage. Initially, Letavernier et al. indicated that PPARδ may protect the 

kidney from ischemia/reperfusion-induced acute kidney injury [25]. In this study, PPARδ
+/-

 and 

PPARδ
-/-

 mutant mice presented with more advanced renal failure process than wild-type mice, 

whereas wild-type mice pretreated with specific PPARδ ligand L-165041 could attenuate elevation of 

serum creatinine level, reduce fractional excretion of Na
+
 , medullary necrosis, and apoptosis from 

renal ischemia. Larisa et al. used rat animal model to demonstrate PPARδ agonist, HPP593, 

preventing renal necrosis under chronic ischemia by controlling oxidative stress and decreasing 

expression of pro-death protein BNIP3 (BCL2/adenovirus E1B 19 kd-interacting protein 3) [26].  

When human proximal tubule epithelial cells encountered damage or injury, PPARδ agonist seemed 

to play their role by activating the antiapoptotic Akt signaling pathway [25]. Hideki et al. suggested 

one possible PPARδ agonist, telmisartan, partially inhibited p38MAPK/HSP27 pathway to decrease 

TNF-α-stimulated VEGF-C production in human proximal renal tubular cells [27]. Another PPARδ 

agonist, GW501516, attenuated tubulointerstitial inflammation by inhibition another inflammation 

pathway (TGF-β activated kinase 1 [TAK1]-NF-κB) in proteinuric kidney [28]. Besides, PPARδ also 

protects glomerular disease. In obesity-related glomerulopathy model, Yan et al. found PPARδ 

overexpression could reduce p38 MAPK (p38 mitogen-activated protein kinase) phosphorylation and 

type IV collagen secretion in mesangial cell [29]. Mikami et al. also indicated telmisartan has 

anti-fibrotic effects in human mesangial cell by activating endogenous PPARδ through suppression 

of TGF-β1-stimulated PAI-1 (plasminogen activator inhibitor-1) and collagen IV expression by 

reducing ERK phosphorylation [30]. 

 On the other hand, nonsteroidal anti-inflammatory drugs (NSAIDs) induced nephropathy is a 

kind of the most common renal injury in daily practice, especially in elder patients with low effective 

arterial volume. Overexpression of PPARδ can prevent renal medullary interstitial cells (RMIC) 

death due to COX2 inhibition causing hypertonic stress [24].  

 Therefore PPARδ had been suggested to be able to keep renal cell survival in hypertonic 

environment in the medulla of kidney. Based on these observations, PPARδ is a critical role in 
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preventing renal disease and damage; including ischemic injury, reperfusion damage, inflammation 

process, apoptotic signaling pathway, and COX2 inhibition related hyperosmolar stress (Table 1). 

 

4. The role of PPARδ in treating diabetic nephropathy 

The pathogenesis of diabetic nephropathy is complicated and multifactor, such as hyperglycemia via 

polyol pathway [31] and protein kinase C activation [32], high blood pressure combined with 

increase intraglomerular pressure [33], inflammation [34, 35], and advanced glycation end products 

(AGEs) and receptor for AGE (RAGE) up-regulation [36]. Intensive glycemic control for diabetic 

patient with hyperglycemia can be achieved by decreasing hepatic gluconeogenesis and increasing 

insulin sensitivity. Wu et al. found activation of PPARδ could improve insulin resistance and hepatic 

steatosis in high fat diet-induced diabetic mice via fatty acid degradation and membrane lipid 

repletion [37]. Li et al. also indicated that insulin resistance of skeletal muscle could be reversed by 

activation of PPARδ through PPARδ-medicated PI3K signaling [38]. Besides, PPARδ is also 

involved in fatty acid and lipid metabolism which contribute to the core of metabolic syndrome [39]. 

These pleiotropic effects may be beneficial in preventing of diabetic nephropathy development.  

Regarding to the effect of anti-inflammation of PPARδ, increasing body of evidence showed 

that renoprotective effects by PPARδ agonist can be achieved through anti-inflammatory mechanism. 

Collino M et al. found that PPARδ agonist (GW0742) could reduce neutrophil infiltration and 

decrease proinflammatory cytokine interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α) 

production by increasing expression of the suppressor of cytokine signaling (SOCS)-3 in diabetic rat 

to protect the kidney against ischemic and reperfusion injury [40]. Furthermore, the roles of AGE 

and RAGE in pathogenesis of diabetic nephropathy have also been identified recently [41, 42]. AGEs 

which accumulate in settings such as diabetes and aging played a central role in pathogenesis of 

accelerated atherosclerosis in diabetes. Interaction between AGE and RAGE, called AGE-RAGE 

axis, seemed to be involved in vascular complications of diabetes [43]. Recently, there are more and 

more researches about diabetic nephropathy prevention focusing on PPARδ. Liang et al. found that 

AGE-induced pro-inflammatory effects and apoptosis through RAGE up-regulation and NF-κB 

pathway activation can be attenuated by PPARδ agonist in human renal mesangial cell [44]. In vivo 

study using streptozotocin-induced diabetic mice, PPARδ agonist (L-165041) downregulated IL-6 

and TNF-α expressions by inhibition of RAGE and NF-κB pathway and increase superoxide 

dismutase which both might be the pathogenesis of diabetic nephropathy [45, 46]. These findings 

showed us activation of PPARδ could be a novel and promising therapeutic possibility in treating 

diabetic nephropathy. 

In some animal studies, PPARδ activation could significantly improve urine albumin excretion 

which is an early marker of renal disease and reverse several pathological changes under electron 
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microscopy. Matsushita et al. used male C57BL/6 mice treated with PPARδ agonist (GW0742). He 

found albuminuria reduction, and attenuations of macrophage accumulation and type IV collagen 

deposition. PPARδ activation also increased the expression of anti-inflammatory corepressor B-cell 

lymphoma-6 (Bcl-6), which subsequently suppressed monocyte chemoattractant protein-1 (MCP-1) 

and osteopontin (OPN) expression [47]. Lee et al. proposed that diabetic nephropathy progression 

may be suspended by PPARδ in pathological view [48]. The pathological characteristics of diabetic 

nephropathy, including glomerular basement membrane thickening, decreased number of slit pores 

between podocyte foot processes, decreased nephrin expression, and increased desmin expression 

which eventually result in the formation of albuminuria, could be reversed when giving PPARδ 

agonist (GW610742).  

Diabetic vascular disease is the most common cause leading to many kinds of complications in 

diabetes patients such as retinopathy and nephropathy. Endothelial dysfunction is also one of 

pathogenesis of diabetic vascular disease. Recently several studies indicated that PPARδ agonist 

could restore endothelial function through different ways in animal models. PPARδ agonist could 

preserve endothelial function and increasing eNOS phosphorylation by attenuating superoxide 

production and mRNA expression of prepro endothelin-1, p22
phox

, p47
phox

, and NOX-1 [49]. Tian et 

al. demonstrated PPARδ agonist could restore endothelium-dependent relaxation (EDR) in mouse 

aorta and also improve flow-mediated vasodilatation (FMD) in mesenteric resistance arteries via 

mechanisms including phosphatidylinositol 3-kinase (PI3K) and Akt pathway, and increase of 

endothelial nitric oxide synthase (eNOS) activity and NO production [50]. 

Taken together, these studies suggest PPARδ agonist should be a potential treatment in 

preventing or reversing the development and progression of diabetic nephropathy including its 

complication occurrences (Table 2).  

 

5. Conclusion  

 Diabetic nephropathy is the leading cause of end stage renal disease that has to receive regularly 

renal replacement therapy. The disease not only cost enormous expense but also can not be prevented 

ideally even though there are more and more renal protective drugs such as angiotensin converting 

enzyme inhibitors and angiotensin-II AT1 receptor blockers nowadays. Although the pathogenesis of 

diabetic nephropathy is complicated and multifactor, PPARδ agonists represent a beneficial and 

potential pharmaceutical way to prevent further renal injury or diabetic renal damage through the 

mechanisms including anti-inflammation, AGE-RAGE axis blockade, attenuation of ischemic injury, 

and pathological structure reverse. The property and function of PPARδ inspires us when we face 

diabetic nephropathy progression, however, further clinical studies are necessary with caution in use 

of this agonist in the management of diabetic nephropathy. 
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Table 1. Effects and mechanisms of PPARδ agonist was used in treating renal disease. 
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Table 2. Effects and mechanisms of PPARδ agonist was used in treating diabetic nephropathy. 

 

 


