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                    Abstract
The objective of the study is to analyze and identify differentially expressed advanced glycation end product (AGE)-modified proteins in diabetic rat kidney tissues. A total of 60 healthy male Sprague-Dawley rats were randomly divided into the normal control group, 1-month diabetic group, and 3-month diabetic group. Two percent streptozotocin (55 kg/kg) was intraperitoneally injected to establish the diabetic rat model. AGE-modified protein concentrations in the renal tissues were measured by ELISA. The differentially expressed AGE-modified proteins in renal tissues were separated with one-dimensional electrophoresis (1-DE) Western blotting and analyzed and identified by matrix-assisted laser desorption ionization time-of-flight mass spectrometry (MALDI-TOF-MS). AGE-modified protein concentrations in the 1-month diabetic group (420.9 ± 53.0 μg/mL) and 3-month diabetic group (618.8 ± 86.1 μg/mL) were significantly higher than the control group (332.3 ± 51.4 μg/mL) (p < 0.05 and p < 0.001, respectively). AGE-modified protein concentrations in the 3-month diabetic group were higher than in the 1-month diabetic group (p < 0.001). The blood glucose levels were positively correlated with AGE-modified protein concentrations in the diabetic groups (r = 0.4303, p = 0.4303). Four differentially expressed AGE-modified proteins were separated with 1-DE Western blotting, of which the expression levels of three proteins were twofold higher in the 3-month diabetic group as compared to the control group or 1-month diabetic group. The four upregulated proteins were identified by MALDI-TOF-MS as actin, transferrin, catalase, and albumin. Non-enzyme glycosylation of proteins may affect the structure of these proteins and probably the functions and cause kidney damage in diabetic rats.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1


Fig. 2


Fig. 3


Fig. 4


Fig. 5



                        

                    

                    
                        
                    


                    
                        
                            
                        
                    

                    

                    

                    References
	Yamagishi S. Role of advanced glycation end products (AGEs) and receptor for AGEs (RAGE) in vascular damage in diabetes. Exp Gerontol. 2011;46(4):217–24. https://doi.org/10.1016/j.exger.2010.11.007.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Taniguchi N, Takahashi M, Kizuka Y, Kitazume S, Shuvaev VV, Ookawara T, et al. Glycation vs. glycosylation: a tale of two different chemistries and biology in Alzheimer’s disease. Glycoconj J. 2016;33(4):487–97.
Article 
    CAS 
    
                    Google Scholar 
                

	Yamagishi S, Matsui T. Advanced glycation end products, oxidative stress and diabetic nephropathy. Oxidative Med Cell Longev. 2010;3(2):101–8. https://doi.org/10.4161/oxim.3.2.11148.
Article 
    
                    Google Scholar 
                

	Ikeda Y, Enomoto H, Tajima S, Izawa-Ishizawa Y, Kihira Y, Ishizawa K, et al. Dietary iron restriction inhibits progression of diabetic nephropathy in db/db mice. Am J Physiol Renal Physiol. 2013;304(7):F1028–36. https://doi.org/10.1152/ajprenal.00473.2012.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Jaleel A, Halvatsiotis P, Williamson B, Juhasz P, Martin S, Nair KS. Identification of Amadori-modified plasma proteins in type 2 diabetes and the effect of short-term intensive insulin treatment. Diabetes Care. 2005;28(3):645–52. https://doi.org/10.2337/diacare.28.3.645.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Niwa T, Miyazaki T, Katsuzaki T, Tatemichi N, Takei Y. Serum levels of 3-deoxyglucosone and tissue contents of advanced glycation end products are increased in streptozotocin-induced diabetic rats with nephropathy. Nephron. 1996;74(3):580–5. https://doi.org/10.1159/000189456.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Negre-Salvayre A, Salvayre R, Augé N, Pamplona R, Portero-Otín M. Hyperglycemia and glycation in diabetic complications. Antioxid Redox Signal. 2009;11(12):3071–109. https://doi.org/10.1089/ars.2009.2484.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Stitt AW. AGEs and diabetic retinopathy. Invest Ophthalmol Vis Sci. 2010;51(10):4867–74. https://doi.org/10.1167/iovs.10-5881.
Article 
    PubMed 
    
                    Google Scholar 
                

	Yamagishi S. Advanced glycation end products and receptor-oxidative stress system in diabetic vascular complications. Ther Apher Dial. 2009;13(6):534–9. https://doi.org/10.1111/j.1744-9987.2009.00775.x.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Ono Y, Aoki S, Ohnishi K, Yasuda T, Kawano K, Tsukada Y. Increased serum levels of advanced glycation end-products and diabetic complications. Diabetes Res Clin Pract. 1998;41(2):131–7. https://doi.org/10.1016/S0168-8227(98)00074-6.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Bierhaus A, Hofmann MA, Ziegler R, Nawroth PP. AGEs and their interaction with AGE-receptors in vascular disease and diabetes mellitus. I. The AGE concept. Cardiovasc Res. 1998;37(3):586–600.
Article 
    CAS 
    
                    Google Scholar 
                

	Akimoto Y, Miura Y, Toda T, Wolfert MA, Wells L, Boons GJ, et al. Morphological changes in diabetic kidney are associated with increased O-GlcNAcylation of cytoskeletal proteins including alpha-actinin 4. Clin Proteomics. 2011;8(1):15.
Article 
    
                    Google Scholar 
                

	Silva AM, Sousa PR, Coimbra JT, Bras NF, Vitorino R, Fernandes PA, et al. The glycation site specificity of human serum transferrin is a determinant for transferrin’s functional impairment under elevated glycaemic conditions. Biochem J. 2014;461(1):33–42.
Article 
    CAS 
    
                    Google Scholar 
                

	Sponsel HT, Alfrey AC, Hammond WS, Durr JA, Ray C, Anderson RJ. Effect of iron on renal tubular epithelial cells. Kidney Int. 1996;50(2):436–44. https://doi.org/10.1038/ki.1996.334.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Shah SV. Oxidants and iron in progressive kidney disease. J Ren Nutr. 2006;16(3):185–9. https://doi.org/10.1053/j.jrn.2006.04.009.
Article 
    PubMed 
    
                    Google Scholar 
                

	Bakala H, Hamelin M, Mary J, Borot-Laloi C, Friguet B. Catalase, a target of glycation damage in rat liver mitochondria with aging. Biochim Biophys Acta. 2012;1822(10):1527–34. https://doi.org/10.1016/j.bbadis.2012.05.016.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Korwar AM, Vannuruswamy G, Jagadeeshaprasad MG, Jayaramaiah RH, Bhat S, Regin BS, et al. Development of diagnostic fragment ion library for glycated peptides of human serum albumin: targeted quantification in prediabetic, diabetic, and microalbuminuria plasma by parallel reaction monitoring, SWATH, and MS. Mol Cell Proteomics. 2015;14(8):2150–9. https://doi.org/10.1074/mcp.M115.050518.
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Li Y, Wang S. Glycated albumin upregulates upstream stimulatory factor 2 gene transcription in mesangial cells. Am J Physiol Renal Physiol. 2010;299(1):F121–7. https://doi.org/10.1152/ajprenal.00074.2010.
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Doublier S, Salvidio G, Lupia E, Ruotsalainen V, Verzola D, Deferrari G, et al. Nephrin expression is reduced in human diabetic nephropathy: evidence for a distinct role for glycated albumin and angiotensin II. Diabetes. 2003;52(4):1023–30. https://doi.org/10.2337/diabetes.52.4.1023.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Ziyadeh FN, Han DC, Cohen JA, Guo J, Cohen MP. Glycated albumin stimulates fibronectin gene expression in glomerular mesangial cells: involvement of the transforming growth factor-beta system. Kidney Int. 1998;53(3):631–8. https://doi.org/10.1046/j.1523-1755.1998.00815.x.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                


Download references




Funding
This study was funded by The National Natural Science Foundation of China (grant number 81270889),and Scientific and Technological of Traditional Medicine in Gansu Province (grant number GZK-2012-35).


Author information
Authors and Affiliations
	Department of Endocrinology, The First Hospital of Lanzhou University, 1 Donggang West Road, Lanzhou, 730000, Gansu, People’s Republic of China
Jingfang Liu, Lu Wang, Xulei Tang, Songbo Fu, Yunling Tian & Lihua Ma


Authors	Jingfang LiuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Lu WangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Xulei TangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Songbo FuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yunling TianView author publications
You can also search for this author in
                        PubMed Google Scholar



	Lihua MaView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding authors
Correspondence to
                Jingfang Liu or Xulei Tang.


Ethics declarations

              
              This study was performed in strict accordance with the recommendations in the Guide for the Care and Use of Laboratory Animals of the National Institutes of Health. The protocol was approved by the Committee on the Ethics of Animal Experiments of Lanzhou University. All surgery was performed under chloral hydrate anesthesia, and every effort was made to minimize suffering.

              
                Conflict of interest

                The authors declare that they have no conflict of interest.

              
              
                Ethical approval

                All applicable international, national, and/or institutional guidelines for the care and use of animals were followed.

              
            

Rights and permissions
Reprints and permissions


About this article
       



Cite this article
Liu, J., Wang, L., Tang, X. et al. Analysis of differentially expressed advanced glycation end product-modified proteins in diabetic rat kidney.
                    Int J Diabetes Dev Ctries 38, 417–423 (2018). https://doi.org/10.1007/s13410-018-0616-3
Download citation
	Received: 08 July 2017

	Accepted: 02 February 2018

	Published: 26 February 2018

	Issue Date: October 2018

	DOI: https://doi.org/10.1007/s13410-018-0616-3


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Diabetes mellitus
	Diabetic kidney damage
	Advanced glycation end products
	Proteins
	Non-enzyme glycosylation








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					3.91.31.160
				

				Not affiliated

			

		
	
	
		
			
		
	
	© 2024 Springer Nature




	






    