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Figure 2: 3-D digitally compiled CE-MS contour plots of urinary polypeptides from 402 patients with 

chronic renal disease (Panel A) and 95 polypeptides that serve as specific biomarkers of renal damage 

(Renal Damage Pattern; Panels B and C). The 402 patients included patients with IgAN (n=45), focal 

segmental glomerulosclerosis (FSGS; n=30), diabetic nephropathy (n=106), acute vasculitis with nephritis 

(n=25), lupus nephritis (n=24), hypertensive renal disease (n=7), nephrosclerosis (n=4), and amyloidosis

(n=3); in addition, the group included patients with minimal-change disease (n=25), membranous 

glomerulonephritis (n=29), and a functional renal allograft (n=104). Most of these Renal Damage Pattern

polypeptides have higher signal intensities in the patients with renal disease (Panel B) compared to the 

healthy controls (Panel C).  Top-down tandem-MS identified several biomarkers, including fragments of alpha-

1-antitrypsin (solid arrow) and collagen type III alpha-1 chain (open arrow), as biomarker candidates. 

Figure 5: 3-D digitally compiled CE-MS contour plots of 25 urinary polypeptides that serve as specific 

biomarkers for IgAN (IgAN pattern). The IgAN pattern for the patient with HCV-associated 

glomerulonephritis (n=9) that tested positive for IgAN Pattern is shown in Panel A; for patients with HSP 

without nephritis (n=5) in Panel B; and for patients with HSP with nephritis (n=10) in Panel C, and for patients 

with IgAN (n=10) from the blinded subset in Panel D.  Markers 5463 (solid arrow) and 37941 (open arrow) are 

indicated as examples of polypeptides that are differentially present in the patient groups.  The intensities of 

these two signals are high in patients with IgAN and HSP with nephritis (Panels C, and D), but are low in 

healthy controls and patients with HCV-associated glomerulonephritis (Panel A) and patients with HSP without 

nephritis (Panel B).
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IgA nephropathy is the most common primary glomerulonephritis and is a frequent cause for chronic kidney 

disease in children and young adults. Glomerular deposition of IgA also characterizes other renal disorders, 

including Henoch-Schoenlein purpura nephritis and immune-complex glomerulonephritis afflicting patients with 

liver disease due to chronic infection with the hepatitis C virus. Several treatment options are often considered, 

with the goal to prevent end-stage renal failure. Unfortunately, the diagnosis currently requires an invasive 

procedure, a renal biopsy. Because of the inherent risks, repetitive renal biopsy is frequently foregone as a 

means to monitor the clinical course or response to treatment. Recent advances in the analysis of the urinary 

proteome suggest that the excreted polypeptides include disease-specific patterns. Recent studies of various 

techniques for the identification and validation of such urinary biomarkers of IgA-associated 

glomerulonephritides are reported. Currently, capillary electrophoresis coupled to mass spectrometry (CE-MS) 

offers the greatest promise. To date, it seems more likely that disease-specific urinary polypeptide biomarkers 

are comprised of a panel of several distinct and well-defined peptides rather than a single molecule. Even 

most patients in clinical remission with normal clinical testing (dipstick urinalysis and quantitative proteinuria) 

were correctly classified by the pattern of polypeptides identified by CE-MS. 

We evaluated the utility CE-MS for detection of urinary polypeptide biomarkers of renal disease in patients with 

IgA-associated glomerulonephritides. In a reference cohort of 402 patients with various renal disorders and 

207 healthy controls, we defined CE-MS patterns of renal damage and IgA nephropathy (IgAN). In a blinded 

analysis of a separate cohort of patients with IgAN (n=10), Henoch-Schoenlein purpura (HSP) with nephritis 

(n=10), and glomerulonephritis due to hepatitis C virus (HCV)-induced cirrhosis (n=9), and healthy controls 

(n=12). CE-MS indicated a Renal Damage Pattern in 80% (IgAN), 80% (HSPN), and 100% (HCV) of patients, 

respectively, and in 17% of healthy controls, with the more specific IgAN Pattern in 90% (IgAN), 90% (HSPN), 

and 11% (HCV), respectively, and in none of the healthy controls.  Based on differences in CE-MS patterns, 

the disease mechanisms may differ among various IgA-associated glomerulonephritides. With confirmation 

and refinement, such urinary testing may provide a tool for the diagnosis and monitoring of patients with IgA-

associated renal diseases that is more sensitive than current standard clinical testing and far less risky than 

renal biopsy.

Controls IgAN
patients

Figure 1: 3-D patterns of digitally compiled CE–MS data for urinary polypeptides from 207 healthy 

controls (left panel) and 45 patients with IgAN (right panel). While the data appeared very similar at first 

sight, closer examination revealed many differences.
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Figure 6: Flow chart describing dual-panel analysis to evaluate spot urine samples from 49 subjects in 

the blinded test-set by CE-MS. In the first step, samples were assessed for renal injury using the 95 

biomarkers comprising the Renal Damage Pattern. In the second step, samples positive for Renal Damage 

Pattern were analyzed for the IgAN Pattern.  After unblinding, there were 10 patients with IgAN, 10 patients 

with HSPN, 5 patients with HSP, 9 patients with HCV-associated glomerulonephritis, 3 patients with non-IgAN

renal disease, and 12 healthy controls (HC).
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Figure 3: Renal damage pattern pictured for 207 control samples (panel A) and 45 patients with IgA

nephropathy (panel B). Biomarkers up-regulated due to renal damage are highlighted in green; biomarkers 

down-regulated due to renal damage are indicated in red.
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Figure 4: IgA-nephropathy pattern pictured for 207 control samples (panel A) and 45 patients with IgA

nephropathy (panel B). Biomarkers up-regulated due to an IgA nephropathy are highlighted in green; 

biomarkers down-regulated due to an IgA nephropathy are indicated in red.
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Summary and conclusion

Development of a reliable assay with improved sensitivity for detection of glomerular injury has present-day 

implications for investigators seeking to define the location and function of the disease-susceptibility gene(s) in 

familial IgAN.  These efforts have intensified over the last several years as the number of multiplex families 

has increased [1-3].  A major limitation in the analysis of these families has been the uncertainty in assignment 

of correct phenotypes.  Some family members may have renal disease, even with normal findings by standard 

clinical urinary tests.  Furthermore, clinicians can not assume that the presence of proteinuria or hematuria

indicates IgAN because members in some multiplex families have other forms of renal disease [1].  Therefore, 

the ascertainment of the correct phenotype currently requires a renal biopsy. Our findings of an IgAN pattern in 

the setting of IgAN in remission may be a valuable non-invasive tool for assigning phenotypes [4, 5]. 


