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12.1Introduction

The increasing number of patients suffering from chronic renal failure represents one
of the major challenges to which nephrologists are faced worldwide today. For a
better therapeutic outcome of this disease earlier detection is urgently warranted in
routine clinical practice. Urine is a kind of messenger of the urinary system function.
Kidney damage or dysfunction results in release of peptides and proteins in urine
(Figure 12.1.), this renders urine analyses of wide clinical interest for evaluation of
kidney and urinary tract disorders. Urinary diagnostic can help to detect diseases that
do not produce striking signs or symptoms at an earlier stage. Following parameter
are routinely analysed for urine: method of collection, urine specific gravity, colour,
turbidity, pH, glucose, ketones, bilirubin ictotest, blood and epithelial cells, and
detection of proteins. Urinary proteins are of particular importance as their amount
and composition reflect renal function and disorder (1). The estimation of protein
amount in urine is of big importance for diagnostic as proteinuria is a marker for renal
disfunction (2) and responsible for the progression of renal failure (3). Different
methods were established to estimate the protein amount in urine, several of them
found their way in routine diagnostic for evaluation of proteinuria. However, all these
assays still not fulfil the conditions required for an adequate diagnostics. New
techniques such as the analysis of the diseased renal proteome are highly promising
to overcome some of these problems (4-9). Proteomics has enormous potential to
improve the quality of urinproteins based diagnostic, as well as providing practical
insights that will impact medical practice and therapy. Beside direct analysis of renal
tissue, mass spectrometric approaches to urinary peptide/protein profiling are
promising to have potential value in the none-invasive diagnosis, monitoring or
prediction of renal and urinary tract diseases.
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Figure 12.1. Origin of urine proteins: in the urinary system high molecular weight proteins (> 40 kDa)
are hold back in the glomerular part, whereas the low molecular weight proteins are absorbed in
tubulus. Glomerular proteinuria led to increased release of high molecular proteins and tubular
proteinuria is characterized by high excretion of low molecular weight proteins. Illustrated is the ratio of
small and large proteins release in urine depending on the origin of the proteinuria. GFR: glomerular
filtration rate.

12.2Defining proteomics and clinical proteomics

Proteomics is the systematic study of proteomes, which describes the entire protein
content of one or all cells of an organism as ell as of bodily fluids such as blood, urine
and sweat. While the genome of an organism is considered to be mostly static, the
proteome shows dynamic properties with protein profiles changing in dependence of
a variety of extra- and intracellular stimuli (i.e. cell cycle, temperature, differentiation,
stress, apoptotic signals). Proteomics can be divided into three main areas: primarily,
protein micro-characterization for large-scale identification of proteins and their post-
translational modifications; secondly, differential display proteomics for comparisons
of protein levels with potential application to a wide range of diseases; and thirdly
studies of protein-protein interactions. Clinical proteomics is the part of proteomics
that aims to characterize the interconnection between different tissues in organs or
between organ and circulatory systems together, with clinical applications for
diagnosis and therapy as ultimate target. Clinical proteomics include a large number
of areas e.g. cancer proteomics, biomarker discovery, toxicoproteomics,
pharmacoproteomics, stem cells proteomics, fluids proteomics... In clinical
application, a comparative approach of normal and abnormal status of cells, tissues
or bodily fluids is employed to identify proteins that exhibit quantitative changes in a
disease-specific manner for use as diagnostic markers or therapeutic targets. Clinical
proteomics still is a new promising analytic discipline with the following main aims: a)
discovery of biomarkers allowing an early detection, risk management or therapeutic
monitoring of diseases for the establishment of individualized treatment procedures,
b) identification of protein targets for the development of new mechanistic
intervention therapies with the promise of an improved clinical outcome.
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12.3Urinary proteomics and the advantages for clinical applications

Proteomics offer a new technology platform for identification and quantification of
novel urinary biomarkers that may lead to the development of simple and more
personalized diagnostic tests to be used in clinical practice for earlier disease
detection and/or better therapeutic outcome (10). The proteomics techniques used to
characterize urine can be divided in two groups: gel based urine proteome analysis
and gel free urine proteome analysis (Figure 12.1., Table 12.1.) (11, 12).

The gel based techniques use two-dimensional gel electrophoresis. This method is
powerful and widely used for the analysis of complex protein mixtures extracted from
cells, tissues or biological fluids (13). The two-dimensional gel electrophoresis
separates and characterizes proteins according to their charge/ion strength and
molecular weight in two consecutive gel electrophoresis steps: Proteins are first
separated by isoelectric focusing according to their isoelectric points and then
distinguished according to their molecular weights in SDS-polyacrylamide gel
electrophoresis. 2-D gel-electrophoresis is generally labour- and time-intensive and
without strict standardization in the applied reagents, apparatus and software for the
analysis usually not routinely applicable in clinical settings.

The gel free urine proteome analyses offer important conditions for the integration of
proteomics in routine laboratories because of the reduced sample requirement and
the high throughput and automation scale. For this reason, different methods have
been developed which effectively couple high-end mass spectrometry to array
formats, to capillary electrophoresis or to chromatography. The surface-enhanced
laser desorption/ionization (SELDI) technique offers such an opportunity for urine
analysis. Small amounts of native urine samples can be applied to the surface of a
SELDI ProteinChip without prior concentration or precipitation of the urinary proteins
(8, 14). The bound proteins may then be directly analysed by MALDI-TOF-MS
(Figure 12.2.) (15, 16). Also CE-MS coupled to the high-resolution properties of
capillary electrophoresis (CE) can be used combined with the powerful identification
ability of the electrospray time-of-flight MS to profile and sequence urinary proteins.
Liquid chromatography coupled to mass spectrometry (LC-MS) offers also a gel free
alternative for sensitive urine proteome analysis. Thus, protein profiles or single
identified proteins may be characterized as disease specific protein pattern or
biomarkers which, however, have to be validated in controlled retro- and prospective
clinical studies.
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Figure 12.2. Gel based and gel free proteomics methods in urinary proteome analyses: Gel based
urine analysis using 2D gel electrophoresis proteins will be separated according to their masses and
pls. After in-gel enzymatic digestion of the proteins the tryptic product can be analyzed by mass
spectrometry. The identification can be performed by data bank search. Gel-free urinary proteome
analysis. ProteinChip coupled to MALDI-TOF-MS (SELDI-TOF-MS) technology. Different types of
ProteinChip surfaces are available. The chips are spotted with different chromatographic surfaces for
urine protein binding. Bound proteins are then ionized with mass spectrometry resulting in protein
profiles. CE-MS coupled the high-resolution properties of capillary electrophoresis (CE) and the
powerful identification ability of the electrospray time-of-fight MS to profile urinary proteins. The
resulting protein pattern can be used for diseases discrimination. Liquid chromatography coupled to
mass spectrometry (LC-MS) offers also a gel free alternative for urine proteome analysis. Dihazi et
al. (12)
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Table 12.1. Summary of the proteomic platforms used for urine analysis, their advantages in

disadvantages.

Diagnostic tools using urine and non-invasive proteomic methods are particularly
promising for the detection and differentiation of renal deterioration early before overt
clinical symptoms during the various kidney specific or associated diseases.
Furthermore proteomics methods have the potential advantage of lower costs and
higher efficiency of patients care. Nevertheless, robustness, sensitivity, reliability and
consistency of the test systems for the detection of changes in protein expression are
crucial parameters in addition to labour and cost expenses for the acceptance of
proteomics studies in specific clinical settings such as renal diagnostics. At present
many proteomics techniques still suffer from insufficient standardization and only a
few have the potential to fulfil essential criteria for future practical clinical application.
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12.4Trends in urine proteome analysis and biomarker discovery

Non-invasive accessibility of urine makes it attractive for the clinical proteomics.
Different studies have already applied clinical proteomics to analyze the urinary
proteome and tried to identify markers associated with renal diseases. The majority
of these studies were carried out with a small number of individuals. Moreover these
studies reported a peptide pattern or peptide/protein masse to charge (8, 9, 17-22).
The identity of the discovered protein or peptide markers that discriminate renal
disease is still lacking in most of this studies. Since the function of the protein marker
can be very important for understanding the pathophysiology of the disease and
might shed light on the involved pathways in the disease development. Regardless of
the great promise of urine proteome analysis, the identification of urinary biomarkers
by mass spectrometry technologies for an earlier diagnosis, prognosis or prediction
of therapeutic responses in renal diseases has still many obstacles to cross.
Additional to the technical aspects, handling conditions for urine are critical. The
standardisation of urine collection is the first problem to be solved (Table 12.2.). In
our days the midstream of the second morning urine was found to be optimal and
was used with success in several studies (4, 23, 24). Urine collecting tubes should
always include appropriate amount and composition of protease inhibitors to avoid
protein degradation. After urine collection delays in analyzing the samples can result
in artefacts, the interval of time between collection and analysis should be kept as
short as possible. The delay in this handling step could have a high impact on the
urine status and protein pattern. Protein degradation caused by proteases in urine,
decreased clarity due to crystallisation of solutes, rising pH, loss of ketone bodies,
loss of bilirubin, cell lysis leading to additional proteins in samples, overgrowth of
contaminating microorganisms all these factors could be a source of artefacts in
urine proteome analysis. The fragility of urine proteome renders the standardization
of sample collection one of the main challenges facing the clinical proteomics and
biomarker discovery. Recently published papers presented optimized protocols for
urine handling for proteomics analysis (24-27). However, more intensive
investigations are needed in this area to deliver optimal protocols for handling the
fragile urinary proteome.

Important protein candidates for the therapy and for the understanding of the
pathophysiology of renal disease are mostly in low amount in urine. Using depletion
methods e.g., albumin/globulin depletion prior to proteome analysis make the access
to low abundance proteins possible. Urine prefractionation can also be very helpful to
prevent the complexity of the samples and to increase the analysis outcomes.

Additional to the biomarker identification, the quantification represent the next
challenge to overcome. Traditionally urinary proteomics used gel based or mass
spectrometry based methods (SELDI-TOF, LC-MS, CE-MS) for relative
quantification. These approaches have their disadvantages. Quantification methods
based on stable-isotope labeling coupled with mass spectrometry as the readout
could offer promising alternatives. These alternatives are either peptide or protein
based. The peptide based methods like the global internal standard technology
(GIST) (28), or isobaric tags for relative and absolute quantification (iTRAQ) (29)
have their drawback in the protein quantification, detection of posttranslational
modifications, in detection of protein degradation, and in the reproducibility in the
yield of the digestion which can result in errors in quantification. Among the protein
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based approaches the isotope-coded affinity tags (ICAT) (30) was the first
established mass spectrometry based quantification method. The ICAT have
cysteine as target amino acid for labelling. The low abundance of cysteine in proteins
results in decrease of the quantification output. In in-gel stable-isotope labeling (ISIL)
(31), protein samples are labeled with stable isotopes in the gel matrix. The labeled
proteins are digested, and analyzed by LC-MS. Isotope Coded Protein Label (ICPL)
(32) is based on isotopic labelling of all free amino groups in proteins. Although these
methods show their ability the perform relative and absolute peptide/protein
quantification, most if not all are far from being applicable as a routine methods and it
will be very challenging to implement effectively in routine urine analysis. In addition,
information about the accuracy of these techniques in practice across multiple
laboratories having various levels of expertise is still missing.

Urine collection method Advantage Disadvantage
24 h urine collection —Monitoring of the kidney function ~ — Lack of patients control
over a long period —High protein degradation

— Lack of reproducibility

— Contamination (overgrowth of
contaminating microorganisms)

— Useful only when all urine is collected
for 24 hours.

— Standardisation for proteomics almost

impossible
Random spot collection — Flexibility: Can be taken at any time —Does not represent the processes
of the day or night taking place over a 24-hour period
— Less protein degradation —Proteome is depending on dietary and
— Better patient control physical activity
—Easy to handle for proteomics
First morning urine —Free of dietary influences — Hypertonic
—Free of changes due to physical — Concentrate urine
activity — Bacterial contamination

—-Long residence time in bladder -
Protein degradation in bladder

—Protein pattern difficult to reproduce

Catheterizations of the —Invasive
bladder —Risk of introducing infection
—Risk of traumatizing the urethra and
bladder

— Urine Proteome contamination with
blood cell proteins

Second morning urine — Less protein degradation —Does not represent the processes
(midstream) — Better patient control taking place over a 24-hour period
—High reproducibility
—Free of dietary influences
—Free of changes due to physical
activity
— Relatively stable proteome

Table 12.2. Urine collection methods advantages and disadvantages for urine proteome analysis
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12.5 Conclusion

There is a strong need for inter-laboratory standardization of the techniques and of
the interpretation of the results at the first place. These challenges can only be
overcome by intensively collaborating teams of researcher scientists, clinicians and
statisticians also with the support of HUPO (Human Proteome Organisation
http://www.hupo.org/) and HKUPP (Website of the International Human Kidney &
Urine Proteome Project http://hkupp.kir.jp/), which try to provide organized platforms
of all information available on normal and diseased human proteomes at the
international level.

The adequate diagnosis of complex diseases e.g., renal disease with a single
biomarker seems to be an illusion. A multiple biomarker assay could deliver a better
and a more individualized diagnosis and allow therapeutic strategies that delay or
prevent the progression of the disease. Due the above named limitations and
uncertainties, urinary proteomics at present cannot replace invasive standardized
diagnostic procedures such as the renal biopsy, but holds great promise and
potential for future highly improved diagnosis and care of the patient in nephrology
(12).

Recommended literature;:

1. Killingsworth LM. Clinical applications of protein determinations in biological fluids other
than blood. Clin Chem 1982;28:1093-102.

2. Ledingham JG. Tubular toxicity of filtered proteins. Am J Nephrol 1990;10 Suppl 1:52-
7.

3. Burton C, Harris KP. The role of proteinuria in the progression of chronic renal failure.
Am J Kidney Dis 1996;27:765-75.

4. Decramer S, Wittke S, Mischak H, Zurbig P, Walden M, Bouissou F et al. Predicting the
clinical outcome of congenital unilateral ureteropelvic junction obstruction in newborn
by urinary proteome analysis. NatMed 2006;12:398-400.

5. Dihazi H. Clinical proteomics: an insight into the urinary proteome. Expert Rev
Proteomics 2006;3:481-2.

6. Knepper MA. Proteomics and the kidney. J Am Soc Nephrol 2002;13:1398-408.

7 Petricoin EF, Zoon KC, Kohn EC, Barrett JC, Liotta LA. Clinical proteomics: translating
benchside promise into bedside reality. Nat Rev Drug Discov 2002;1:683-95.

8.  Schaub S, Rush D, Wilkins J, Gibson IW, Weiler T, Sangster K et al. Proteomic-based
detection of urine proteins associated with acute renal allograft rejection.
JAmSocNephrol 2004;15:219-27.

9. O'Riordan E, Orlova TN, Mei JJ, Butt K, Chander PM, Rahman S et al. Bioinformatic
analysis of the urine proteome of acute allograft rejection. JAmSocNephrol
2004;15:3240-8.

10. Norden AG, Sharratt P, Cutillas PR, Cramer R, Gardner SC, Unwin RJ. Quantitative
amino acid and proteomic analysis: very low excretion of polypeptides > 750 Da in
normal urine. Kidney Int 2004,;66:1994-2003.

11. Dihazi H, Muller GA. Urinary proteomics: a tool to discover biomarkers of kidney
diseases. Expert Rev Proteomics 2007;4:39-50.

12. Muller GA, Muller CA, Dihazi H. Clinical proteomics--on the long way from bench to
bedside? Nephrol Dial Transplant 2007.

Page 90
eJIFCC2009V0ol20No1pp083-092



H. Dihazi The urinary proteomics: a tool to discover new and potent biomarkers for kidney damage

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Andreoli T, Ritz E, Rosivall L. Nephrology, Hypertension, Dialysis, Transplantation. In
Contrib. Proteomics in renal diseases Dihazi H, Mueller GA. Budapest: State printing
Company, Budapest, Hungary, 2006:655(163-82)pp.

Hampel DJ, Sansome C, Sha M, Brodsky S, Lawson WE, Goligorsky MS. Toward
proteomics in uroscopy: urinary protein profiles after radiocontrast medium
administration. J Am Soc Nephrol 2001;12:1026-35.

Davies H, Lomas L, Austen B. Profiling of amyloid beta peptide variants using SELDI
Protein Chip arrays. Biotechniques 1999;27:1258-61.

Nelson RW. The use of bioreactive probes in protein characterization. Mass Spectrom
Rev 1997;16:353-76.

Clarke W, Silverman BC, Zhang Z, Chan DW, Klein AS, Molmenti EP. Characterization
of renal allograft rejection by urinary proteomic analysis. AnnSurg 2003;237:660-4.
Haubitz M, Wittke S, Weissinger EM, Walden M, Rupprecht HD, Floege J, et al. Urine
protein patterns can serve as diagnostic tools in patients with IgA nephropathy. Kidney
Int 2005;67:2313-20.

Mischak H, Kaiser T, Walden M, Hillmann M, Wittke S, Herrmann A, et al. Proteomic
analysis for the assessment of diabetic renal damage in humans. ClinSci(Lond)
2004;107:485-95.

Rogers MA, Clarke P, Noble J, Munro NP, Paul A, Selby PJ, Banks RE. Proteomic
profiling of urinary proteins in renal cancer by surface enhanced laser desorption
ionization and neural-network analysis: identification of key issues affecting potential
clinical utility. Cancer Res 2003;63:6971-83.

Weissinger EM, Wittke S, Kaiser T, Haller H, Bartel S, Krebs R, et al. Proteomic
patterns established with capillary electrophoresis and mass spectrometry for
diagnostic purposes. Kidney Int 2004;65:2426-34.

Wittke S, Fliser D, Haubitz M, Bartel S, Krebs R, Hausadel F, et al. Determination of
peptides and proteins in human urine with capillary electrophoresis-mass spectrometry,
a suitable tool for the establishment of new diagnostic markers. J Chromatogr A
2003;1013:173-81.

Haubitz M, Bohnenstengel F, Brunkhorst R, Schwab M, Hofmann U, Busse D.
Cyclophosphamide pharmacokinetics and dose requirements in patients with renal
insufficiency. Kidney Int 2002;61:1495-501.

Schaub S, Wilkins J, Weiler T, Sangster K, Rush D, Nickerson P. Urine protein profiling
with surface-enhanced laser-desorption/ionization time-of-flight mass spectrometry.
Kidney Int 2004;65:323-32.

Tantipaiboonwong P, Sinchaikul S, Sriyam S, Phutrakul S, Chen ST. Different
techniques for urinary protein analysis of normal and lung cancer patients. Proteomics
2005;5:1140-9.

Thongboonkerd V, Chutipongtanate S, Kanlaya R. Systematic evaluation of sample
preparation methods for gel-based human urinary proteomics: quantity, quality, and
variability. J Proteome Res 2006;5:183-91.

Zhou H, Yuen PS, Pisitkun T, Gonzales PA, Yasuda H, Dear JW, et al. Collection,
storage, preservation, and normalization of human urinary exosomes for biomarker
discovery. Kidney Int 2006;69:1471-6.

Ji J, Chakraborty A, Geng M, Zhang X, Amini A, Bina M, Regnier F. Strategy for
qualitative and quantitative analysis in proteomics based on signature peptides. J
Chromatogr B Biomed Sci Appl 2000;745:197-210.

Ross PL, Huang YN, Marchese JN, Willamson B, Parker K, Hattan S, et al.
Multiplexed protein quantitation in Saccharomyces cerevisiae using amine-reactive
isobaric tagging reagents. Mol Cell Proteomics 2004;3:1154-69.

Gygi SP, Rist B, Gerber SA, Turecek F, Gelb MH, Aebersold R. Quantitative analysis
of complex protein mixtures using isotope-coded affinity tags. Nat Biotechnol
1999;17:994-9.

Page 91
eJIFCC2009V0ol20No1pp083-092



H. Dihazi The urinary proteomics: a tool to discover new and potent biomarkers for kidney damage

31. Asara JM, Zhang X, Zheng B, Christofk HH, Wu N, Cantley LC. In-Gel Stable-Isotope
Labeling (ISIL): a strategy for mass spectrometry-based relative quantification. J
Proteome Res 2006;5:155-63.

32. Schmidt A, Kellermann J, Lottspeich F. A novel strategy for quantitative proteomics
using isotope-coded protein labels. Proteomics 2005;5:4-15.

Page 92
eJIFCC2009V0ol20No1pp083-092





