Concluding remarks
A biomarker and proteomic approach to the mechanisms of albuminuria in diabetes mellitus

Abstract

Diabetic nephropathy (DN) represents the most important cause of end-stage renal disease and may be attributed up to 20-40% of the causes referred to renal replacement therapies worldwide.
The explanations concerning the mechanisms of albuminuria in the course of diabetic chronic kidney disease have raised a heated debate which attempts at establishing a consensus between the glomerular theory and the tubular theory in the occurrence of albuminuria. These two theories have been proposed starting from the observation according to which the progressive decline in renal function may develop in normoalbuminuric patients with both, Type 1 and Type 2 diabetes mellitus (DM).
The assessment of proximal tubule (PT) dysfunction in the course of DM comprises a panel of urinary biomarkers which allows the diagnosis of early DN, even in the stage of normoalbuminuria. 
According to the tubular theory with regard to the mechanism of albuminuria in the course of DM and to the fact that PT dysfunction is present in normoalbuminuric patients and precedes the occurrence of albuminuria, urinary biomarkers of PT dysfunction yield a substantial benefit in the diagnosis and progression of DN. 
[bookmark: _GoBack]Advanced glycation end-products (AGEs)represent a heterogeneous group of proteins and lipids to which are covalently bound sugar end-products resulted from carbohydrate metabolism. Most likely, PT dysfunction is initiated by various types of peptide fragments, of which glycated peptides are of major import. There is an on-going debate as to what extent albumin per se is nephrotoxic and whether modification of albumin and its altered molecules, such as glycated albumin, induce a degree of nephrotoxicity. 
The aim of our studies was to clarify at what extent PT dysfunction may explain early DN in patients with Type 2 DM and if there is a link between PT dysfunction and glomerular endothelial dysfunction. Moreover, we assessed the association of glycated peptides with the PT dysfunction and the glomerular endothelium in patients with type 2 DM. In addition, we attempted to clarify a potential intervention of the PT in the processing of podocyte damage biomarkers, nephrin and vascular endothelial growth factor. In order to evaluate the pattern of endothelial dysfunction and its potential variability in different vascular territories, we assessed endothelial dysfunction in two vascular beds, the kidney and the brain, both affected by diabetic vasculopathic complications. This endothelial behaviour variability was evaluated in relation to plasma and urinary AGE-modified peptides.  
We found that in patients with Type 2DM, PT dysfunction may occur before the stage of albuminuria, a fact supported by the lack of correlation between plasma asymmetric dimethyl-arginine, a marker of endothelial dysfunction and the biomarkers of PT dysfunction, such as urinary beta2-microglobulin, urinary alpha1-microglobulin, urinary neutrophil gelatinase-associated lipocalin, and urinary kidney injury molecule-1. It is therefore possible that in early DN, sequentially, PT dysfunction precedes glomerular endothelial dysfunction. 

There is an association between PT dysfunction and podocyte damage biomarkers, nephrin and vascular endothelial growth factor (VEGF). The PT may intervene in the processing and excretion of these podocyte damage biomarkers. Serum cystatin C proved an early biomarker of renal function decline and paralelled the increase in the urinary biomarkers of PT dysfunction.
Furthermore, glomerular endothelial dysfunction is dissociated from endothelial dysfunction in the brain, thus explaining why patients with Type 2 DM may develop cerebral vessels structural and functional modifications while remaining normoalbuminuric. It may be assumed that in the course of Type 2 DM there are distinct endothelial territories, in which endothelial dysfunction occurs within different time frames. It appears that endothelial dysfunction in the cerebral vessels occurs before the endothelial impairment at the glomerular level. 	
In our studies we found that glycated peptides are associated with the PT dysfunction in normoalbuminuric patients with Type 2 DM. PT dysfunction induced by glycated peptides is the key factor which could make the difference between normo-and microalbuminuric patients. Glycated peptides are directly involved in the endothelial dysfunction in the brain vasculature.
It is conceivable that PT dysfunction precedes glomerular endothelial dysfunction, although the lack of association between parameters of endothelial dysfunction and biomarkers of PT dysfunction does not necessarily mean causality, but also cannot imply independent mechanisms of albuminuria. In patients withType 2 DM, endothelial dysfunction plays an important role in the brain vasculature and is strongly related to AGEs, while its involvement in the development of early DN is not conditional in the occurrence of albuminuria, the latter being most likely related to the nephrotoxic effect of glycated peptides on the PT, rather than on the glomerular endothelium.
Cerebral microangiopathy has a high prevalence in normotensive Type 2 DM patients. In our studies, cerebrovascular reactivity was impaired in normoalbuminuric patients with Type 2 DM patients. The cerebral vasodilatory capacity was diminished during hypercapnia induced by the breath-holding test. These cerebral haemodynamic changes correlated significantly with the duration of DM, GFR, cystatin C, plasma asymmetric dymethylarginine, plasma glycated peptides, and with parameters of inflammation. 
Our future directions will focus on the research concerning plasma and urinary proteomics in the detection of early DN. Prospective studies will be conducted on normoalbuminuric patients in order to demonstrate the role of the PT in the mechanisms of albuminuria in DN. Also, research will approach proteomic patterns of the most sensitive biomarkers which allow an accurate diagnosis of early DN. We have in view to expand our research by means of Western blotting, RNA micro-arrays, high-performance liquid chromatography and tandem mass spectrometry, as well as by Q-TOF analysis and fully automated chip Nano-electrospray ionization in conjunction with high-capacity ion trap multistage mass spectrometry in the plasma and urine of patients with Type 2 DM. 
A special emphasis will be put on urinary podocytes and their significance in diabetic nephropathy. This particular type of renal cells will be approached by cell cultures and by specific biomarkers, such as nephrin, VEGF, podocalyxin, and synaptopodin.
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