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			Abstract

			Introduction and aim: EGF acts through EGF receptor and facilitates regeneration of tubular epithelial cells after injury. We investigated the role of urinary EGF excretion as biomarker for pathology and renal function outcome in glomerulonephritis.

			Methods: EGF urinary levels were estimated in 3 forms of glomerular diseases: 

			A.	IgA nephropathy (IgAN), as chronic glomerulonephritis, [n=50, 21 female, age 39.8yrs (18-65)]

			B.	Pauci immune rapidly progressive glomerulonephritis (RPGN), as acute glomerulonephritis, [n=38, 17 female, age 59.5yrs (25-80)] 

			C.	Nephrotic syndrome (NS) due to focal segmental glomerulosclerosis (FSGS) [n=23, 9 female, age 47.5yrs(19-79)] and minimal change disease (MCD) [n=12, 7female, age 45.5yrs (37-62)]. Ten healthy volunteers were used as controls. First morning urine samples were collected on the day of renal biopsy. Patients were followed up for 7.5±2.1yrs.

			Result: EGF urinary levels were: IgAN 0.13±0.2, FSGS 0.19±0.2, MCD 0.7±0.4, RPGN 0.15±0.3, controls 0.14±0.07pg/mgUcr. EGF urinary levels had significant negative correlation with severity of interstitial fibrosis, r=-0.6, p=0.02, in IgAN, with the percentage of fibrous crescents, r=-0.6, p=0.01 in RPGN, and finally, with the percentage of global sclerosed glomeruli, r=-0,5, p=0,04, degree of fibrosis, r=-0.6, p=0.005 and interstitial infiltration, r=-0.6, p=0.01 in patients with NS. Declining renal function was associated with reduced urinary EGF levels in IgAN (0.04±0.04 vs. 0.2±0.2pg/mgUcr, p=0.01), and FSGS (0.007±0.004 vs. 0.6±0.04pg/mgUcr, p=0.009), but not in RPGN (0.05±0.1 vs. 0.2±0.4pg/mg cr, p=NS).

			Conclusion: Reduction of EGF urinary levels in patients with glomerulonephritis is associated with “chronic” histological changes, and can predict renal function outcome mainly in patients with chronic forms of glomerulonephritis. 

		

		
			Introduction

			Glomerular diseases usually present with proteinuria, microscopic hematuria and renal function impairment. The above triad of clinical symptoms cannot discriminate between the wide range of different histological types of glomerular and/or tubular disorders. Renal biopsy remains the “gold standard” procedure for the diagnosis and validation of glomerular diseases, however, it is an invasive method, potentially followed by side effects, and cannot be routinely performed during patients follow up. Discovery of urinary biomarkers, capable to differentiate a disease, reflect severity of renal damage and predict outcome of renal function, has been the main scope for many years of research [1,2]. One such biomarker is the EGF, a peptide growth factor, which is produced by tubular epithelial cells and is excreted in the urine [3].

			EGF acts as a tubular cell survival factor and plays an imperative role in regenerating tubular epithelial cells and restoring barrier function in the healing phase of renal injury. Thus, it protects epithelial cells during kidney injury and indeed its expression within the kidney is decreased in several kidney diseases [4-7]. Aim of the present study was to assess the urinary excretion of EGF in different forms of chronic and acute glomerular diseases, to correlate these levels with the severity of histologic findings and estimate the predictive role in the course of different forms of glomerulonephritis. 

			Patients-Methods

			One hundred twenty-three patients were prospectively studied. All patients were diagnosed with primary glomerular diseases, IgAN (n=50), Focal Segmental Necrotizing Glomerulonephritis (FSGN, n=38), Focal Segmental Glomerulosclerosis (FSGS, n=23) and Minimal Change Nephropathy (MCN, n=12). Diagnosis in all patients was based on renal biopsy findings. Patients with systemic immune diseases, such as Systemic Lupus Erythematosus or Rheumatoid Arthritis, with infections or neoplasia’s, were excluded from the study. 

			First morning urine samples were collected the day of renal biopsy under sterile conditions, centrifuged at 252g for 10min and kept at -70 °C, until used. A sandwich enzyme-linked immunosorbent assay (ELISA) method was applied for the measurement of EGF. Thirty healthy individuals were used as controls. Urine cytokine levels were normalized for urine creatinine (UCR) concentration and were expressed as pg/mg Ucr. Renal biopsies were evaluated for the severity of tubular atrophy, interstitial fibrosis, and frequency of crescent formation and global sclerosed glomeruli. 

			Result

			Clinical characteristics from patients are shown in Table 1 and levels of urinary EGF in different forms of glomerulopathies are depicted in Figure 1.

			Table 1: Clinical characteristics of patients at time of diagnosis.
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							Figure 1: EGF urinary excretion in different forms of glomerular diseases, differences with healthy controls.

						
					

				
			

			Correlations of EGF Urinary Levels with Laboratory and Histological Findings at Time of Renal Biopsy-Diagnosis

			In patients with IgAN and FSGS/MCN urinary excretion of EGF had negative correlation with the severity of TIN fibrosis, p=0.02 and p=0.005, respectively. In patients with FSNG there was no correlation between EGF urinary levels and degree of tubulointerstitial levels, but there was significant negative correlation with the percentage of global sclerosed glomeruli and fibrous crescents, p=0.01 and p=0.001, respectively, (Table 2) and (Figure 2). 

			Table 2: Correlations of EGF urinary levels with severity of histologic lesions. 
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							Figure 2: Differences in EGF urinary levels, according to different histologic findings.

						
					

				
			

			EGF Urinary Excretion as a Predictive Factor to Renal Function Outcome 

			 EGF urinary levels had significant correlations with eGFR at last follow up. FSGS patients were separated to progressors and non-progressors, according to their renal function outcome, EGF urinary levels at time of renal biopsy were significantly lower to progressors compared to those who retained renal function (Figure 3 & 4).
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							Figure 3: Correlation of EGF urinary levels with percentage of global sclerosed glomeruli and degree of tubular atrophy in patients with nephrotic syndrome (due to FSGS and MCN).
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							Figure 4: Correlation of EGF urinary levels with renal function outcome.

						
					

				
			

			Discussion

			Primary glomerular diseases have different etiologies, immune reactions, histology, and different outcome of renal function. Primary glomerular diseases are characterized by the presence of acute and/or chronic lesions. Common acute lesions include endothelial hyperplasia, focal necrosis, cellular crescent formation, inflammatory infiltration, while chronic lesions consist of focal or global sclerosis, fibrous crescents and tubulointerstitial fibrosis. 

			IgAN is characterized by the presence of both acute and chronic lesions, however the vast majority of patients develop chronic renal pathology and progress slowly to renal function impairment. FSNG is the typical form of acute glomerulonephritis, characterized by necrosis and extra capillary proliferation. MCN and FSGS are the principal causes of nephrotic syndrome, and they also share many histological findings. Podocyte injury and fusion of foot processes, with or without podocyte hypertrophy and hyperplasia, and only scarce inflammatory findings are common findings in both diseases and so, differential diagnosis between FSGS and MCN is usually difficult [7]. Description of biomarkers definitely associated with particular histologic findings should be extremely useful in distinguishing between FSGS and MCN and predicting renal function outcome in other types of glomerulonephritis [8].

			In the present study there was significant reduction in urinary levels of EGF in FSGS patients, compared to MCN, which can discriminate the two entities. More interestingly, there was also a negative correlation with the degree of glomerulosclerosis, fibrous crescent formation and TIN fibrosis. Furthermore, urinary levels of EGF at time of diagnosis could predict long term renal function outcome of all types of glomerulonephritis included in the study. 

			EGF is produced by epithelial cells, it stimulates the activation of nuclear factor (NF)-kB and cyclin D1 expression in human proximal tubular cells and thus, participates in the regulation of cell proliferation [9]. 

			EGF urinary levels at time of diagnosis, in all four types of glomerular diseases studied, showed a negative correlation with chronic histologic findings in renal biopsy and also, they seemed to have a predictive value in renal function outcome, as EGF excretion was significantly lower in patients who progressed during follow up compared with those patients whose renal function remained stable. It could be a simplified explanation, advocating that given the tubular origin of EGF, its production will be eliminated in cases of tubular atrophy, seen in advanced stages of renal impairment. However, EGF receptor which is expressed at tubular epithelial cells, after activation by urinary proteins, seems to have a central role in this procedure. EGFR is used by EGF and TGF-β, which antagonize for the receptor, and also, have opposite results [10]. Our results suggest that EGF urinary levels are able to discriminate between MCN and FSGS, and also predict renal function outcome in acute and chronic forms of primary glomerulopathies. 
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