
Figure 6: CE-MS spectra from a patient with diabetic nephropathy before and after treatment with

different daily doses (as indicated) of the angiotensin-receptor blocker candesartan. Mass/charge ratio

is indicated on the left, migration time (in min) at the bottom, signal intensity is color-coded. Treatment resulted

in a reduction of polypeptides indicative of diabetic nephropathy, consequently yielding a poorer match to the

diabetic nephropathy pattern [1, 2].
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Figure 4: Protein patterns of the patients with chronic renal disease. Shown are compiled patterns 

consisting of samples from patients with focal segmental glomerulosclerosis (FSGS, N=35) IgA nephropathy 

(IgAN, N=57), minimal change disease (MCD, N=25) and membranous glomerulonephritis (MNGN, N=29). In 

comparison to Figure 2, these compiled data show a much higher degree of similarity to the macroalbuminuric

patients than to any other group. A SVM-based model was established based on polypeptides, distinguishing 

diabetic renal damage from one of the 4 other groups of chronic kidney diseases (IgAN, MCD, MNGN, FSGS). 

This model based on 17 biomarkers enabled correct classification of 42/44 samples with diabetic nephropathy, 

and 98/104 samples from patients with other chronic renal diseases. Crossvalidation resulted in 91% 

sensitivity and 89% specificity. 
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Figure 5: Non-progression (upper panel) and progression (lower panel) to diabetic nephropathy of 

patients with diabetes. On the left side CE-MS plots of urine samples from different time points (5 years, 1

year, present) are shown. The diagrams on the right side depict the progression (or non-progression) of the 

diabetes patient to diabetic nephropathy.

Diabetic nephropathy has become the most common cause of end-stage renal disease in the western world. 

Progression from normoalbuminuria to microalbuminuria (urine albumin excretion between 30 and 300

mg/day), and subsequently diabetic nephropathy usually occurs over a period of 10 to 15 years and 

represents a continuum of renal functional and structural abnormalities that are driven by a complex interplay 

between both hemodynamic and non-hemodynamic factors. Elevated urinary albumin excretion, increased 

blood pressure, and poor glycemic control are well-established risk factors for development of diabetic 

nephropathy. However, these clinical aspects explain only a minor fraction of the risk of developing diabetic 

nephropathy, and despite interventions to adequately reduce these risk factors, some patients develop 

diabetic nephropathy and progress to end-stage renal disease.

There has been an ongoing search to find markers early in the course of diabetes to better identify individuals 

at high risk for developing diabetic nephropathy. Such markers may also be used to discover new targets for 

intervention. In recent years, several new markers indicative of patho-physiologic mechanisms for diabetic 

renal injury have been uncovered. The online combination of a highly efficient separation technology with 

mass spectrometry is designed to extract the maximal information proteins present in small quantities. 

Capillary electrophoresis coupled to electrospray mass spectrometry (CE-MS) was recently developed to be a 

fast (one sample analyzed in ~60 minutes), sensitive, and automated analysis of various body fluids, including 

urine.

With this powerful tool several questions dealing with diabetic nephropathy can be addressed by the CE-MS 

analysis of urine: First, we can detect the current status of diabetic nephropathy of diabetic patients (Figure 2). 

We can also differentiate between patients with diabetes mellitus and healthy controls in general (Figure 3). 

Furthermore, we sought to evaluate if CE-MS-defined patterns derived from urinary polypeptides of patients 

with diabetic nephropathy differ from those of patients with other chronic renal diseases (Figure 4). Also we 

can make a statement of the progression of diabetic nephropathy (Figure 5). And finally, we can validate the 

treatment success of drugs, like candesartan in context of diabetic nephropathy (Figure 6 and 7).

Figure 1: Generation of compiled polypeptide patterns. Data from individual analyses (6 indivdual controls

are shown on the left as examples) are compiled to result in a “typical polypeptides pattern”, shown on the 

right. Each polypeptide is defined by its mass (X-axis, minutes), normalized migration time (Y-axis, kDa), and 

signal intensity (Z-axis). In addition, average signal intensity as well as frequency (presence within a certain 

groups of patients or controls) are calculated. These values are utilized to subsequently define potential 

biomarkers and biomarker patterns. 
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Figure 2: Protein patterns of diabetic patients and healthy controls. Upper panel: Shown are compiled 

patterns consisting of all samples from each of the four groups (Control = healthy individuals, 

Normo=normoalbuminuric patients, Micro = microalb. patients, Macro = macroalb. patients). Lower panel: 

Distribution of potential differential-diagnostic biomarkers for diabetic nephropathy in the different groups of 

patients and healthy controls. A SVM-based classification model built upon these 65 polypeptides was able to 

correctly classify all Macro and Normo samples. Upon crossvalidation, 29/30 of patients (Macro) with diabetic 

nephropathy and 27/29 normalbuminuric diabetic patients (Normo) were classified correctly (93% sensitivity 

and 97% specificity).
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Figure 3: Protein patterns of diabetic patients and healthy controls. Distribution of potential differential-

diagnostic biomarkers for diabetes in the normoalbuminuric patients and healthy controls. Forty peptides were 

tentatively identified that were of statistical significance (p < 0.05 in maxT testing) and serve as biomarkers for 

diabetes. Upon complete crossvalidation, 97% sensitivity and specificity were found. 
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Summary and conclusion

� Differentiation between subjects with and without diabetes (+/-) and for subjects with and without diabetic 

renal damage (+/-).

� Differentiation between subjects with diabetic nephropathy and other renal diseases.

� Long term diagnosis of patients for the development of diabetic nephropathy (progressor vs. non-

progessor).

� Benefits of treatment can be assessed by examining changes in disease-specific urinary polypeptides.

Proteomanalysis for the non-invasive
diagnosis of diabetic nephropathy
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Figure 7: (A) Polypeptide pattern recognition for monitoring of therapeutic effects. The list of 113 

diabetic renal damage marker polypeptides was applied to the samples undergoing candesartan treatment. A 

pattern recognition algorithm was used to specify the analogy between the sample pattern and the marker list 

(first bar). Since the marker list is composed of positive (present/increased in DRD samples) and negative 

(absent/decreased in DRD samples) markers, both types are displayed in percent in the second and the third 

bars. As a result of the treatment, the detection of “DRD positive markers” decreases in the samples of this 

patient from 74% to 15%, while the detection of “DRD negative markers” increases from 6 to 18 percent. The 

overall calculated factor for DRD decreases from 86% without treatment, to 74% at dose level 8, 69% at dose 

level 16 and down to 54 percent at dose level 32. Significant changes in polypeptide frequency and 

amplitude by candesartan treatment in type 2 diabetic patients with macroalbuminuria. 15 polypeptides 

from the list of diabetic renal damage marker were found to be significant changed during treatment with 

candesartan either in frequency of occurrence (B) or in amplitude (C). All amplitudes are expressed on a log 

scale as geometric mean with bars representing the 95 % confidence interval.
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