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We have utilized capillary electrophoresis coupled to high-resolution mass spectrometry (CE-MS) to examine
urine samples from healthy volunteers and patients with different diseases with the aim to identify disease-
specific polypeptides (biomarkers). Using this technology, typically, >1000 polypeptides can be analyzed per
sample with very high reproducibility.

Currently, we have analyzed samples from in total more than 1000 healthy volunteers and patients with IgA
nephropathy (IgAN), focal-segmental glomerulosclerosis (FSGS), membranous glomerulonephritis (MNGN),
minimal-change disease (MCD), systemic lupus erythematosus (SLE), vasculitis, and diabetic nephropathy
(DN). The data on individual samples/patients are deposited in a database and can subsequently be
compared. Comparison enables the definition of between 10 and 100 biomarkers specific for a given renal
disease, which allows diagnosis and discrimination between different renal diseases with generally 88-95%
sensitivity and specificity. These results were further validated in a blinded study. Some of these biomarkers
were identified using tandem-MS/MS sequencing.

These results suggest that CE-MS analysis of urinary polypeptides should be capable of displaying most
pathological changes in the renal system. Further, this will most likely be possible at a very early point in time,
since the initial pathological changes must be reflected by indicative changes in polypeptides. The high
number of biomarkers defined for a specific disease suggests that this approach should enable staging and
prognosis of the disease progression. The results also indicate that CE-MS analysis might be a powerful tool
for the evaluation of therapeutic strategies.
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Figure 1: (A) After electrophoretic separation, the polypeptides are ionized by the application of high voltage
and analyzed in the mass spectrometer (ESI-TOF). The combination of the two instruments yields a mass
spectrogram of mass per charge plotted against migration time. (B) Contour plot of a typical CE-MS run. m/z is
plotted against the migration time, the signal intensity is color coded. (C) Eight consecutive single spectra,
which were analyzed in 0.5 minutes (the position is indicated by the vertical yellow bar in panel B) are shown
to reveal the high amount of information contained in CE-MS analysis. The resolution of the mass
spectrometer is illustrated in a magnified view of one of the polypeptide signals shown in the lower right panel.
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Figure 2: Specialized software solution allows automated data interpretation. Electropherogram as a
two-dimensional contour plot, mass per charge on the Y-axis against the migration time in min (X-axis), signal
Intensity is color-coded. Signals that fit the criteria of “real polypeptide” signals are considered. Charge is
assigned to each of these signals, conjugated peaks are combined, and as a result a spectrum based on mass
and normalized migration time is obtained. The software enables the compilation of individual data sets to
disease specific polypeptide patterns and the depiction of spectra in a 2D and 3D view.

Figure 3: Classification using support vector machines. In general, a disease is classified based on
approx. 30 — 50 biomarkers. Each of these biomarkers represents one dimension in an n-dimensional model.
Here, a simplified model for disease based on 3 polypeptides is shown. The position of each patient (disease
red cubes; healthy green globes) is defined by the data (logarithmic amplitude) of three indicative
polypeptides. A simplified linear plane serves as separator to distinguish between the two groups healthy and
disease. It should be noted that this represent only a very simplified model since it is impossible to graphically
depict more than 3 dimensions.
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Figure 4. CE-MS analysis of an individual patient can be compared to several different diagnostic
patterns. Here the polypeptide pattern of a patient with FSGS is shown. Mass (in kDa) is indicated on the left,
normalized migration time (in minutes) at the bottom. A magnified view of the area indicated by the yellow box
IS shown on the right, with some polypeptides indicative for renal disease in general, MCD and FSGS, and in
addition coronary artery disease, are encircled. Evidently, this patient is negative for coronary artery disease,
clearly positive for markers of renal disease in general and FSGS, and shows also some indication for MCD.
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Figure 5: Potential biomarkers for vasculitis and the activity of the disease. Upper panel: compiled data
from active vasculitis (Va), vasculitis after therapy (Vi) and normal controls. Migration time (in min) is plotted
against mass (in kDa). While these data appear quite similar at first sight, in the enlarged section below,
several potential biomarkers become evident. Red arrows point to polypeptides that are present in chronic
renal disease (in addition, an entire cluster of polypeptides specific for chronic renal disease is encircled),
green arrow indicates a peptide generally present in normal controls, orange arrow indicates a potential
biomarker for vasculitis, and magenta arrows indicate potential biomarkers for active vasculitis.
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Figure 6: Urinary proteome map. For each CE-MS-defined polypeptide of a given pattern with mass (0.8-20
kDa) plotted against CE migration time (18-45 min) (left panel), the biomarker defining parameters (mass, CE
migration time, protein ID, determined polypeptide sequence, and fragment information) can be displayed
(middle panel). In addition, the amplitude distribution of the biomarker presuming a Gaussian distribution
(upper right panel) and statistical data available for selected specific diseases are shown (lower panel).
MS/MS spectrum of the biomarker (lower right panel) completes the biomarker information.

Summary and conclusion

Diagnosis of the investigated renal diseases is possible based on pre-defined polypeptide patterns with
generally 80-90% sensitivity and specificity. However a prospective study (as currently under investigation)
IS needed to confirm the results.

Variability in single biomarkers clearly indicate need for diagnostic patterns that tolerate instability and
inconsistency of individual polypeptides/biomarkers.

CE/MS may be applied towards

Early diagnosis of disease

Monitoring of disease progression

Control of therapies

Clinical trials of new drugs

|dentification of therapeutic targets
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