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Risk Factors for Diabetes (DM) and Diabetic Nephropathy (DN) 
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Interactions Between Cytokines and 
 Diabetic Kidney Disease 
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Leukocyte Recruitment and Involvement in the Process of 
Diabetic Nephropathy 
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ICAM-1, intercellular adhesion molecule-1; MCP, monocyte chemoattractant protein-1;  
RANTES, regulated on activation, normal T cell exposed and secreted. 
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Leukocyte Infiltration in Diabetic Nephropathy 
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Sequence of Events After Leukocyte  Activation in  
Diabetic Nephropathy 
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Inflammatory Cytokines in Diabetic Nephropathy 

• Chemokines and their receptors 

– CCL2 (MCP-1) and its receptor CCR2 

– CX3CL1 (fractalkine) and its receptor CX3CR1 

– CCL5 (RANTES) and its receptor CCR5 

• Adhesion molecules 

– Intercellular adhesion molecule 1 

– Vascular cell adhesion protein 1 

– Endothelial cell-selective adhesion molecule 

– E-selectin (CD62E) 

– α- Actinin 4 

• Transcription factors 

– Nuclear factor kB 

• Inflammatory cytokines 

– IL-1, IL-6 and IL-18 

– Tumor necrosis factor 
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The Inflammatory Amplification Loop in Diabetic Nephropathy 
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Overview of Role of Inflammation in Diabetic Nephropathy 
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Intracellular Cytokine-Associated Signaling Pathways 

JAK, Janus kinase; 
Tyk, Tirosine kinase;  
STAT, signal transducer and activator of 
transcription; 
MYD88, myeloid differentiation factor-88; 
IRAK, IL receptor–associated kinase;  
TRAF, TNF receptor–associated factor;  
TAK, TGF- –associated kinase;  
NIK, NF- B–inducing kinase; 
IKK, inhibitor of NF- B kinase; 
TRADD, TNF receptor–associated death domain;  
RIP, receptor interacting protein;  
MEKK, mitogen-activated protein kinase/Erk 
kinase kinase;  
JNK, c-Jun N-terminal kinase 
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TNF Signaling Cascades play a Pivotal Role in 
Diabetic Nephropathy  
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Targets of TNF α in Pathogenesis of Diabetic Nephropathy 
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Role of Tumor Necrosis Factor-α in Diabetic Nephropathy 

 

• Disrupt the balance between vasoconstrictor and vasodilator substances 
(adenosine, nitric oxide, prostaglandins, platelet activating factor, 
endothelin-1). 

• Contraction of mesangial cells. 

• Alteration in the protein permeability barrier of the glomerulus. 

• Activation of the production of chemoattractant factors for neutrophils 
and monocytes. 

• Stimulation of the production of plasminogen-activator inhibitor type-1 
and tissue factor by mesangial and endothelial cells. 

• Induction of apoptosis mediated by the TNF-a receptor p55-associated 
death domain (TRADD), the Fas-associated death domain (FADD) and the 
insulin-like growth factor binding protein-3. 
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Role of NFκB Signaling Pathways in Diabetic Nephropathy 

Increased transcription of target genes  
 chemokines, 
 effector molecules of immunity, 
 inflammatory cytokines, and 
 cell adhesion molecules  
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Activation of Fibroblasts by Inflammatory Cytokines 

Front. Endocrinol., 06 February 2013 
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High glucose, ROS 



Process of Epithelial-to-Mesenchymal Transition  
Mediated by Inflammatory Cytokines  
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Candidate Genes for Diabetic Nephropathy 
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Inflammatory Cytokine Genetic Polymorphisms Implicated in 
Diabetic Nephropathy 
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Kidney International (2008) 74, 413–415 
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A combination of multiple genetic 
and/or environmental factors is 
considered to contribute to micro-
inflammation and diabetic 
nephropathy 

Combination of Gene and/or Environmental Factors in 
 Diabetic Nephropathy 



Therapeutic Implications of  
Cytokines in Diabetic Nephropathy 
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Mechanism Based Targeted Therapy in 
 Diabetic Nephropathy 
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Mechanism Based Targeted Therapy in 

 Diabetic Nephropathy 
 

Journal of Diabetes Research, 2013 
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1. NFkB and MCP-1 inhibitor 
(Spironlactone, Bardoxolone) 

2. TNF-𝛼 inhibitor (Pentoxifylline, 
exogenous insulin) 

3. Adipokines (adiponectin) 

4. Inhibition of ICAM, PAI and NF-𝜅
B (PPAR-𝛾 agonist, Pioglitazone) 

5. HMG-CoA Reductase Inhibitors 

6. mTOR inhibitors (Rapamycin) 

7. Aspirin and COX-2 Inhibitors 

8. Inhibition of PKC Activation 

9. GLP-1 and DPP-IV Inhibitors 
(linagliptin) 
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Anti-TNF-α Strategies for Treatment of  

Diabetic Nephropathy 
 

• Soluble TNF-a receptor fusion protein (experimental data) 

– Reduction of urinary TNF-a excretion 

– Prevention of sodium retention 

– Prevention of renal hypertrophy 

• Chimeric monoclonal antibody against TNF-a (experimental data) 

– Reduction of urinary TNF-a excretion 

– Amelioration of urinary albumin excretion 

• Pentoxifylline (experimental and clinical data) 

– Reduction of the renal over-expression of inflammatory cytokine genes 

– Reduction of urinary TNF-a excretion 

– Reduction of albuminuria and proteinuria 

– Reduction of the urinary excretion of N-acetyl-b-glucosaminidase 

Cytokine & Growth Factor Reviews 20 (2009) 165–173 
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TNF-α inhibition  
decreases plasma inflammatory cytokines  

in diabetic mice 
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Selective tumor necrosis factor-α  
(TNF-α) depletion in 
macrophages  
• Reduces macrophage 

recruitment and 
• Improves kidney histological 

changes in diabetic mice 
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Actions of Pentoxiphylline Potentially Relevant for its  
Beneficial Renal Effects in Diabetic Nephropathy 
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Progression and Regression of Renal Fibrosis are Dynamic Processes under 
the Control of Pro-fibrotic and Anti-fibrotic Systems 

AJP-Renal Physiol. Vol 289, August 2005 
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Take Home Message  

• Developing ideal therapeutic agents that effectively blunt the 
development and progression of DN is an important issue for 
physicians.  

• Inflammation especially cytokines exert an important role in 
the pathogenic complexity of development and progression 
during DN process. 

• Genetic variations may also participate in the susceptibility to 
initiation, progression, and/or therapeutic response to DN.  

• The role of cytokines in DN becoming a new era for novel 
therapeutic interventions that may benefit DN patients. 

• Further clinical trials are in need to examine such potential 
strategies in establishing remission or even regression of DN. 
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