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Pathway or group of pathways Citation Known implication in CKD 

Aldosterone Signaling in Epithelial 

Cells  

33
 Aldosterone promotes podocyte loss and a 

consequent decrease in slit–pore membrane integrity, 

with consequent proteinuria. 

Fatty Acid Biosynthesis,  

Fatty Acid Elongation in 

Mitochondria,  

Fatty Acid Metabolism 

16
 Podocytes are especially vulnerable to Fatty acid 

accumulation, which leads to apoptosis and 

glomerulosclerosis.  

NRF2-mediated Oxidative Stress 

Response 

14
 Nrf2 mediates protection against tissue injury via 

antioxidant and detoxification responses to oxidative 

stress and inflammation in chronic renal failure. 

Arginine and Proline Metabolism 
10

 Reduced GFR is associated with reduced 

arginine/ADMA ratio. 

Agrin Interactions at 

Neuromuscular Junction 

19
 Agrin is a main component of the glomerular 

basement membrane 

Altered T Cell and B Cell Signaling 

in Rheumatoid Arthritis, B Cell 

Development, 

Leukocyte Extravasation Signaling,  

T Helper Cell Differentiation, 

Calcium-induced T Lymphocyte 

Apoptosis, iCOS-iCOSL Signaling 

in T Helper Cells, Leukocyte 

Extravasation Signaling, T Helper 

Cell Differentiation  

36
 Increased neutrophil and decreased lymphocyte 

numbers are associated with increased CKD 

incidence. 

PI3K Signaling in B Lymphocytes 
39

 Podocyte apoptosis is induced  

by activation of the phosphatidylinositol 3-

kinase/Akt-signaling pathway. 

Fructose and Mannose Metabolism 
3
 Low-fructose diet decreases blood pressure and 

inflammation in CKD. 

Glutathione Metabolism 
15

 Gluthathione peroxidases are increased in patients 

with CKD 

Glutamate Metabolism, Glutamate 

Receptor Signaling,  

D-glutamine and D-glutamate 

Metabolism  

24
 Animal data show that increased levels of glutamate 

lead to downregulation of 1α-hydroxylase expression, 

a mechanism for secondary HPT in CKD. 

Arginine and Proline Metabolism 
30

 Symmetric dimethylarginine (SDMA) is a uraemic 

retention solute. It stimulates reactive oxygen species 

production by monocytes in CKD. 

Autoimmune Thyroid Disease 

Signaling 

12
 Autoimmune thyroid disorders are more common in 

hemodialysis patients. 

Bile Acid Biosynthesis 
21

 Bile acid receptor activation prevents the 
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development of vascular calcification in ApoE-/- 

mice with CKD. 

Caveolar-mediated Endocytosis 

Signaling 

23
 Endocytosis by proximal tubule cells of glomerularly 

filtered proteins increases cell stress responses 

resulting in increased tubulointerstitial inflammation 

and fibrosis. 

CD28 Signaling in T Helper Cells  
20

 Animal data show that CD28-specific monoclonal 

antibodies ameliorate mesangial cell proliferation and 

extracellular matrix expansion in glomerulopathies. 

Cdc42 Signaling, Rac Signaling 
22

 Activation of Cdc42 and Rac1 in podocytes causes 

foot process effacement and subsequent proteinuria. 

Complement System  

 

4
 Renal complement activation sustains 

proinflammatory and profibrotic cellular changes and 

thereby leads to progression of CKD. 

Crosstalk between Dendritic Cells 

and Natural Killer Cells,  

Dendritic Cell Maturation  

11
 T and NK cells contain RAS elements and are 

potentially capable of producing and delivering AngII 

to inflammation sites in CKD. 

D-arginine and D-ornithine 

Metabolism 

18
 Elevated plasma ADMA level was associated with 

low GFR and macroalbuminuria. 

fMLP Signaling in Neutrophils  

 

28
 CKD patients show an increased fMLP-stimulated 

apoptosis rate of polymorphonuclear cells. 

Folate Biosynthesis, One Carbon 

Pool by Folate 

5
 CKD leads to down-regulation of folate transporter in 

the intestine, heart, liver and brain. 

Glycine, Serine and Threonine 

Metabolism  

17
 Inhibition of protein serine/threonine phosphatases 

prevents renal tubulointerstitial fibrosis in CKD 

Glycolysis/Gluconeogenesis 
35

 HIF targets glycolysis genes. Activation of HIF in 

CKD is evaluated as a new therapeutic approach. 

Glycosaminoglycan Degradation, 

O-Glycan Biosynthesis 

38
 In CKD due to diabetic nephropathy, 

glycosaminoglycans are investigated as a therapeutic 

approach through protein kinase C (PKC) inhibition. 

Glycosphingolipid Biosynthesis 
2
 Fabry disease a X-linked disorder of 

glycosphingolipid metabolism leads to CKD and 

renal failure in adulthood. 

Glyoxylate and Dicarboxylate 

Metabolism,  

Alanine Metabolism  

6
 Primary hyperoxaluria type 1 results from 

alanine:glyoxylate aminotransferase deficiency 

leading to CKD. 

Histidine Metabolism 
37

 Low serum concentrations of histidine are associated 

with inflammation, oxidative stress, and increased 

mortality in CKD. 

Intrinsic Prothrombin Activation 

Pathway  

 

1
 Increased prothrombin fragment 1+2 were found in 

CKD, consistent with a hypercoagulable state in these 

patients. 
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Suppl. Table 2: List of all pathways not previously implicated in CKD ranked in descending order 

according to the number of original candidate genes the pathway was associated with (# of connections) 

 

Pathway # of connections  

Ascorbate  and  Aldarate  Metabolism 10 

Butanoate  Metabolism 10 

Glycerolipid  Metabolism 10 

Propanoate Metabolism 10 

Valine, Leucine and Isoleucine Degradation 10 

Alanine and Aspartate Metabolism 9 

Cyanoamino Acid Metabolism 9 

Galactose Metabolism 9 

LPS/IL-1 Mediated Inhibition of RXR Function 9 

Pentose and Glucuronate Interconversions 9 

Phenylalanine Metabolism 9 

Synthesis and Degradation of Ketone Bodies 8 

Starch and Sucrose Metabolism 7 

Fcγ-Receptor-mediated Phagocytosis in Macrophages and Monocytes 6 

FXR/RXR Activation 6 

Maturity Onset Diabetes of Young(MODY) Signaling 6 

Pentose Phosphate Pathway 6 

Inositol Metabolism 5 

Phospholipase C Signaling 5 

PXR/RXR Activation 5 

Selenoaminoacid Metabolism 5 

Virus Entry via Endocytic Pathways 5 

14-3-3-mediated Signaling 4 

Pantothenate and CoA Biosynthesis 4 

Allograft Rejection Signaling 3 

Aminosugars Metabolism 3 

Cytotoxic T Lymphocyte-mediated Apoptosis of Target Cells 3 

Regulation of Actin-based Motility by Rho 3 

Aminophosphonate Metabolism 2 

Antigen Presentation Pathway 2 

Glioblastoma Multiforme Signaling 2 

Graft-versus-Host Disease Signaling 2 

Hepatic Fibrosis/Hepatic Stellate Cell Activation 2 

α-Adrenergic Signaling 2 

Methane Metabolism 2 

MSP-RON Signaling Pathway 2 

Neuropathic Pain Signaling In Dorsal Horn Neurons 2 

Neuroprotective Role of THOP1 in Alzheimer's Disease 2 

Nur77 Signaling in T Lymphocytes 2 

OX40 Signaling Pathway 2 

Type I Diabetes Mellitus Signaling 2 

 


