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Abstract: A major challenge in clinical proteomics is the identification of reliable biomarkers 

that help early diagnosis of disease, which will not only assist the clinician but also contribute 

to the development of personalized medicine. Urinary proteomic studies provide information 

on urine composition along with insight into renal physiology, kidney disease states, and other 

associated diseases. In the past decade, technical advances in the design of highly sensitive 

mass spectrometers and accurate protein quantitation technologies have led to the application 

of urinary proteomics in diverse research areas, including basic biomedical and clinical 

sciences. Of specific interest is the identification of biomarkers by virtue of improvements in 

instrumentation, bioinformatics, and database development. Here, we review recent discoveries 

in urinary proteomics with respect to identifying novel biomarker, its current challenges, and 

potential for future research.
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Introduction
The word “proteomics” was coined by Marc Wilkins in 1994 and traces its roots to 

 techniques such as two-dimensional gel electrophoresis (2DE) pioneered by O’Farrell and 

Klose.1–3 Proteomics elucidates the proteome and can help identify clinically relevant bio-

markers in cell types (eg, epithelial, mesangial, endothelial), tissues (eg, renal cortex), or 

specific parts of a tissue (eg, glomerulus), thus assisting in diagnosis and disease staging. 

Proteomic analyses have also enabled the de novo  establishment of protein patterns using 

mass spectrometers, soft ionization techniques, and software tools. Thus, compared to 

conventional methods of biomarker identification, proteomics detects diagnostic protein 

signatures with increased sensitivity, enabling the  invention of diagnostic tests for the 

clinic and noninvasive ways of monitoring disease and treatment. Two sources of sample 

material are routinely used in proteomic studies: body fluids (eg, urine, blood) and tissue. 

Urine is used more often due to its stability, resistance to proteolytic degradation, low 

background noise, and noninvasive sample collection method. In this review, we focus 

on work that has been reported for novel urinary biomarkers and current standing of 

urinary proteomics in prognosis and diagnosis of disease.

Use of urine for proteomic analyses  
and urinary biomarkers
Urine is produced by the kidney and allows the human body to eliminate waste products 

from blood. Many proteins and peptides can be identified in normal human urine, 

which come from various sources including filtration of plasma proteins; impaired 
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reabsorption of filtered proteins; injured glomeruli, tubules, 

infiltrating inflammatory cells, or connective tissue; and 

proteins entering urine in the urinary tract below the kidney. 

Of the urinary proteins excreted, 48% are in sediments, 49% 

soluble, and the remaining 3% are in exosomes.4–6 Thus, urine 

contains information not only from the kidney and the urinary 

tract but also from other organs, and urinary proteome analy-

sis may allow identification of biomarkers for both urogenital 

and systemic diseases. Urine protein profiling has resulted in 

the identification of 124 proteins in 2001 and approximately 

1,500 proteins in 2006.7,8 Capillary electrophoresis coupled 

to mass spectrometry (CE-MS) has detected several thousand 

urine peptides, including a variety of clinical conditions such 

as urogenital disorders9 (reviewed in Ref. 9) on a platform 

designed for clinical peptidomic assessments. Now it is 

determined that the human urinary proteome contains over 

100,000 different peptides and at least 5,000 occur with high 

frequency.9 Thus, urinary proteomic analysis is well-suited to 

identify predictive biomarkers and dissect pathogenic mecha-

nisms underlying chronic renal diseases. Recently, there has 

been growing interest in the human urine proteome as it yields 

information on renal physiology and pathophysiology, kidney 

dysfunction, novel proteins associated with pathogenic states 

in cancers, and cardiovascular, autoimmune, infectious, and 

systemic diseases.10 For example, urinary proteomic analyses 

have been used to identify disease markers for the kidney 

and urogenital tract and for distal organs such as the brain 

and intestine.11,12 Despite these benefits, one of the main 

disadvantages of using urine is the variation in protein and 

peptide concentrations as a result of changes in daily fluid 

intake. This shortcoming can be overcome by normalization 

with creatinine or other peptides routinely present in urine.13,14 

Biomarkers offer an attractive option for noninvasive diag-

nosis and prognosis of disease as they deviate significantly 

from average in correspondence with health conditions. They 

can be used for disease detection and classification, choos-

ing therapeutic agents, assessing prognosis, and monitoring 

therapeutic regimens. Urinary biomarkers have long been 

used to diagnose diseases such as urinary tract cancers and 

other malignancies, eg, fibrinopeptide A.15 Recently, basic 

considerations for using proteomics in nephrology and 

discovery of protein biomarkers for kidney diseases were 

summarized.16–18

Techniques for urinary  
proteomic studies
Numerous techniques have been developed for protein 

separation, purification, and identification each with its own 

merits and demerits. The urine dipstick test— screening test for 

 proteinuria—has low sensitivity (approximately 250 mg/L) 

and fails to detect microalbuminuria.19 Precipitation 

techniques detect all urinary proteins with a sensitivity 

of 2.5 mg/L, but are rarely used due to interference from 

exogenous compounds.20 The protein–creatinine ratio shows 

reliable results with urine samples obtained from a 24-hour 

collection and is a test that is now routinely used in clinical 

practice.21

Studies in urinary proteomics involve a combination of 

protein concentration techniques, separation methods, and 

mass spectrometry (MS) (Figure 1). Sample preparation 

procedures such as ultrafiltration, centrifugation, reverse 

phase separation, dialysis, lyophilization, affinity column 

or beads, and precipitation using organic solvents have 

been used to concentrate and desalt urinary proteins to 

enhance sensitivity, dynamic range, and increase efficiency 

of  protein identification. Gel-based technique or liquid 

chromatography (LC)-based technique are used to understand 

the pathophysiology and disease mechanism, while proteomic 

profiling that differentiates between affected vs healthy 

individuals employs surface enhanced laser desorption/

ionization (SELDI) technology, CE-MS, and microarray 

and microfluidic technology on chip. Biomarker discovery 

and validation for diagnosis and prognosis of diseases has 

been achieved by the latter approach. Recent advances in 

MS instrumentation and proteomic methods have fueled 

great progress in the field. In the following, we will briefly 

discuss conventional and MS-based techniques outlining 

their advantages and limitations (Table 1).

2D polyacrylamide gel electrophoresis
2D polyacrylamide gel electrophoresis (2D PAGE) is the 

most widely used method for protein separation in urinary 

proteomics.2,22 In the first dimension, proteins or polypeptides 

are separated on the basis of their net charges by isoelectric 

focusing, and in the second dimension, they are separated 

on the basis of their molecular masses by electrophoresis. 

Because it is unlikely that two molecules will be similar in 

both properties, molecules are more effectively separated in 

2D electrophoresis than in 1D electrophoresis. On separa-

tion, the proteins are stained and the spots are analyzed using 

immune detection or MS.23,24

2D difference gel electrophoresis
Two-dimensional difference gel electrophoresis (2D DIGE) 

reduces gel-to-gel variability, facilitating easy and accurate 

quantitative sample-to-sample comparisons of spots. In 2D 
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DIGE, the protein samples are labeled with fluorescent dyes 

and then separated by 2D-PAGE. Different protein samples 

are labeled with different fluorescent dyes—Cy3 and Cy5— 

and are resolved in a single 2D gel to compare the relative 

quantity of specific proteins. The gels are scanned by laser 

scanners and the image of 2D-PAGE is obtained from single 

gels. Gel-to-gel variations are the most severe problem in 

the gel-based proteomics. However, 2D DIGE solves this 

problem by resolving the multiple samples in single gels. 

The different samples, as many as the number of fluorescent 

dyes, can be studied in single gels. However, this method 

is time-consuming and applicable to proteins ranging from 

10 to 200 kDa and cannot be used for highly hydrophobic 

proteins.25,26

Mass spectrometry
MS is a widely used analytical technique that measures the 

mass-to-charge ratio of ions. On the basis of the ionization 

process of analytes (biological samples), there are 2 types 

of mass spectrometers: matrix assisted laser desorption/

ionization (MALDI) MS and electrospray ionization (ESI) 

MS. MALDI coupled with time-of-flight (TOF) analyzer 

measures the mass of intact proteins and peptides generating 

singly charged ions, which helps spectra interpretation. 

However, MALDI is more susceptible to signal suppression.27 

ESI is generally coupled with ion traps and quadruple instru-

ments and used to generate fragment ion spectra of selected 

precursor ions that are multiply charged requiring sophis-

ticated software for data analysis. LC provides a powerful 

fractionation method compatible with MS that separates large 

amounts of analytes on a LC column with high sensitivity. 

One dimensional and 2D chromatographic approach has been 

used in recent studies for protein identification.28–30 Multi-

dimensional protein identification technology—first intro-

duced by Yates et al—uses separation by cation-exchange 

and reversed-phase LC before MS/MS detection.31 Castagna 

et al32 exploited beads coated with a hexametric peptide 

ligand library for urinary protein concentration and equaliza-

tion and identified 383 unique gene products by LC-MS/MS 

using a linear ion trap-Fourier transform instrument In spite 

of being multidimensional and highly sensitive, LC-MS has 

several disadvantages: 1) sample digested in trypsin resulting 

in high complexity, 2) time-consuming, and 3) very sensitive 

to interfering compounds.

Sample
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Figure 1 Overview of different proteomic methodologies.
Abbreviations: 2D-Ge, two-dimensional polyacrylamide gel electrophoresis; LC-MS, liquid chromatography coupled to tandem mass spectrometry; SeLDI-TOF MS, 
surface-enhanced laser desorption/ionization time-of-flight mass spectrometry; CE-MS, capillary electrophoresis coupled to mass spectrometry.
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CE-MS is based on separation of analytes through a liquid 

filled capillary column in an electric field (300–500 V/cm) 

 coupled to ESI MS. CE-MS offers a great tool for urinary 

proteomic studies with its high sensitivity, speed, low 

sample volume, and multidimensional and low cost analysis. 

A disadvantage of CE is that it is not suitable for the analysis 

of high molecular weight proteins (.20 kDa). However, 

the urinary proteome of healthy individuals mostly contain 

low molecular weight proteins; in such cases, the restricted 

ability to analyze large native proteins does not constitute 

a severe drawback.33,34 The different CE modes that can 

be applied toward proteomic analyses have recently been 

described.35,36 Sequencing of potential protein biomarkers 

defined by CE-MS analysis can be achieved by directly inter-

facing CE with MS/MS instruments or targeted sequencing 

using LC-MS/MS. Consequently, CE-MS has emerged as an 

attractive option in proteomic technology and was introduced 

for diagnostic testing with success.

The recent SELDI technology selectively binds a  subset 

of proteins and peptides directly on the MALDI target, 

reducing sample complexity and requires a small sample 

volume ,10 µL. This technology uses protein-chip arrays 

consisting of 10 × 80-mm2 aluminum strips with eight 

 2 mm spots coupled to a mass spectrometer that detects the 

proteins.37,38 The solid-phase chromatographic surface of the 

chip can be activated either chemically or biochemically. 

Different methods of profiling urinary proteins have been 

described using SELDI-MS. Despite the ease of use of this 

technique, the disadvantage lies in difficulties with calibra-

tion, lack of precision of the determined molecular masses of 

the analytes, restriction on information to proteins binding on 

the chip surface, and reproducibility of defined biomarkers.

Protein arrays and non-MS approaches can also be used to 

detect specific proteins. Protein microarrays generally fall into 

three categories: function microarrays, analytical microarrays, 

and reverse phase microarrays.39 High-throughput profiling 

and discovery of low molecular weight markers make them an 

ideal approach for urinary proteomics. However, microarrays 

need a specific probe for each protein analyzed, have low 

density coverage allowing detection of only a few proteins, 

and they cannot detect post-translational modifications.

Application of urinary proteomics 
in renal diseases
Proteomics of kidney and urine provides an important tool for 

understanding issues in renal physiology and pathophysiology. 

A case in point is immunoglobulin A nephropathy (IgAN), 

the most common form of immune complex-mediated 

glomerulonephritis that has no noninvasive marker available 

for the diagnosis to date.40 One of the first reports was the 

analysis of urinary polypeptide markers of membranous 

glomerulonephritis by SELDI and CE-MS indicating that 

Table 1 Comparison of different proteomic analysis techniques for biomarker discovery in clinical applications

Technique Advantages Limitations

2De widely available, directly identify proteins of different  
abundance, separation of charge forms reflects post- 
translational modifications, applicable to large molecules,  
enables estimation of actual molecular weight of  
large molecules, sequencing of biomarkers easy to perform

Not applicable to molecules ,10 kDa, no automation, 
labor intensive, dynamic range, difficult to detect 
low abundance and hydrophobic protein, medium 
throughput, moderate compatibility

LC-MS Automation, high sensitivity and more likely to 
detect low abundance and hydrophobic proteins, 
multidimensional, sequencing by MS/MS

Time-consuming, quantification and measurement of 
post-translational modifications require additional 
tools, sensitive towards interfering compounds, 
medium throughput, restricted mass range

Ce-MS Reproducible, high sensitivity, low sample volume, 
multidimensional low cost, any MS/MS sequencing 
possible, appears to be a good technique for 
biomarker discovery

Not suited for larger molecules (.20 kDa), proteins 
not identified without additional steps

MALDI MS Sensitive for low molecular weight proteins, can be 
coupled with different analytical techniques

Restricted sensitivity for larger polypeptides, proteins 
not identified

SeLDI MS User friendly, high throughput, and sensitivity, low 
sample volume, TOF/TOF sequencing possible, many  
options for resolution, samples can be enriched  
for specific low abundance

Low resolution, restricted to selected peptides, 
lack of comparability, sensitive towards interfering 
compounds, not intrinsically quantitative, lack of 
protein identification

Protein-binding arrays Sensitive, rapid, samples can be compared with 
fluorescent labels

Does not detect proteins that do not bind to it, 
specificity is variable

Abbreviations: 2De, two-dimensional gel electrophoresis; MS, mass spectrometry; LC-MS, liquid chromatography coupled to tandem MS; Ce-MS, capillary electrophoresis 
coupled to MS; MALDI MS, matrix assisted laser desorption/ionization coupled to MS; SeLDI MS, surface-enhanced laser desorption/ionization coupled to MS; TOF, time-
of-flight.
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the stable level of urinary α-1-microglobulin might serve 

as the IgAN-specific biomarker.41 Further, Rocchetti et al42 

confirmed that low levels of urinary kininogen could serve 

as a marker for prediction of the poor response of IgAN to 

the ACEI therapy.

In addition to disease-specific biomarkers, stage-specific 

urinary markers can be defined, eg, urinary markers of 

diabetic nephropathy (DN). DN is the main cause of 

morbidity and mortality in patients with type 1 diabetes mel-

litus, and microalbuminuria has been established as a good 

marker for tracking development and progression of diabetic 

renal disease.43 But immunounreactive forms of albumin are 

not detected by the conventional method. Meier et al used 

CE-MS to identify urinary polypeptides and proteins and 

subsequently validated biomarkers for diabetes and DN along 

with biomarkers that differentiated between DN and other 

chronic renal diseases.44,45 Sharma et al adopted 2D DIGE 

to evaluate the urinary proteome of diabetics and identified 

α-1-antitrypsin as an unregulated peptide, later confirmed 

by immunoassay. Proteomic profiling of urine sample 

of type 2 diabetics patients (microalbuminuria with nor-

moalbuminuria) identified UbA52, an ubiquitin ribosomal 

fusion protein exclusively excreted by diabetic patients with 

proteinuria.46,47

Identification of markers for evaluation of kidney 

transplant-associated complications is one of the important 

areas of research in urinary proteomics. Acute rejection is 

a main factor that determines long-term graft function and 

survival in renal transplant patients and has been an important 

target for investigations. CE-MS was used on urinary samples 

from patients with different grades of subclinical or clinical 

acute transplant rejection, patients with urinary tract infection, 

and patients without evidence of rejection or infection.37,48 

Substantial differences were found between patients with 

transplanted kidneys and patients with native kidneys, most 

likely due to treatment with cyclosporin A, a calcineurin 

inhibitor immunosuppressant. Additional biomarkers were 

identified that allowed differentiation between infection 

and acute rejection. CE-MS of urine samples from patients 

with grades of subclinical or clinical acute transplant rejec-

tion, urinary tract infection, and patients without evidence 

of rejection or infection was performed. SELDI-TOF MS 

analysis followed by tandem MS and ProteinChip immunoas-

say identified 1-defensin and antichymotrypsin as valuable 

candidate biomarkers of acute rejection.49

Chronic allograft nephropathy is the most common cause 

of late renal allograft failure clinically characterized by a slow 

deterioration of renal function. Studies show that chronic 

renal allograft lesions progress between the 4th and 14th 

month, while serum creatinine, calculated GFR, and arterial 

pressure remain stable. The histopathologic hallmarks of 

these patients are chronic interstitial fibrosis, tubular atrophy, 

vascular occlusive changes, and glomerulosclerosis. In addi-

tion to elevated serum creatinine – usually associated with 

proteinuria and arterial hypertension – more specific and 

sensitive markers are needed to identify high-risk patients 

or initial lesions without any changes in serum creatinine or 

proteinuria. In a recent study, Quintana et al established a 

pattern for histologic lesions associated with distinct graft 

outcomes and found 14 protein ions that best discriminated 

between interstitial fibrosis and tubular atrophy and patients 

with chronic active antibody-mediated rejection.50

Acute kidney injury or acute renal failure remains a 

significant problem in critically ill patients and is typically 

diagnosed by measuring serum creatinine. Unfortunately, 

creatinine is an unreliable indicator during acute changes 

in kidney function.51,52 Lefler et al utilized 2DE MALDI-

TOF-MS and identified several proteins – including 

albumin, apolipoprotein A-IV, β-2-microglobulin, lithos-

tathine, mannose-binding lectin-associated serine protease 

2-associated protein, plasma retinol-binding protein, transfer-

rin, transthyretin, vitamin D-binding protein, and Zn α-2 gly-

coprotein – in the effluent by peptide mass fingerprinting.53 

The identification of biomarker panels in urine (NGAL, 

KIM-1, IL-18, cystatin C, α-1-microglobulin, fetuin-A, 

Gro-α, and meprin) will be important in future studies to 

validate the sensitivity and specificity of these biomarker 

panels in clinical samples from large cohorts and multiple 

clinical situations.54,55

Application of urinary proteomics 
in cancer
Urinary proteomics offers an attractive approach for cancer 

biomarker discovery in kidney and urological malignancies 

and systemic malignancies.56–60 Prostate cancer (PCa) – a 

commonly diagnosed cancer in men – relies only on a digital 

rectal examination with a serum prostate-specific antigen test. 

In a pilot study, CE-MS techniques defined potential urinary 

markers of PCa.61 The PCa biomarkers were identified with 

92% sensitivity and 96% specificity upon cross-validation. 

Using urine samples from 54 PCa and 62 benign prostatic 

hyperplasia (BPH) patients and a model with 10 potential bio-

markers resulted in the prediction of 88.9% (32/36) of the PCa 

and of 66.7% (16/24) of the BPH patients in a second blinded 

set of patient samples.62 Inclusion of age and free prostate-

specific antigen increased the sensitivity and specificity 
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to 91% and 69%, respectively. Rogers et al56 analyzed the 

urinary proteome in patients with clear cell renal carcinoma 

and compared it to healthy volunteers and patients with other 

urogenital diseases using the CE-MS technique and identified 

fibrinopeptide A as a proven biomarker for ovarian and gastric 

cancer from a pattern of 22 polypeptide masses. One of the 

first studies using 2D DIGE for the analysis of the urinary 

proteome aimed to identify biomarkers for bladder cancer 

and identified 12 differentially expressed spots.63 One of the 

differentially expressed proteins identified with a specific-

ity and sensitivity of 81.3% and 81.3%, respectively, was 

regenerating protein-1. Vlahou et al64 identified defensin as 

a urothelial (transitional cell) carcinoma (TCC) biomarker 

by analyzing urine samples (N = 94) from patients with TCC, 

patients with other urogenital diseases, and healthy donors. 

Theodorescu et al15 described the CE-MS detection and vali-

dation of biomarkers of urothelial carcinoma. In a blinded 

assessment, the prediction model based on 22 polypeptides 

correctly classified all patients with urothelial carcinoma and 

healthy volunteers (100% sensitivity and specificity). In first 

ever proteomic analysis of bladder cancer cell exosomes, 

Welton et al65 reported 353 proteins with 72 proteins not 

being previously identified. Some of the biomarkers, basigin, 

galectin-3, and 5T4, were validated using western blotting 

and flow cytometry.

Application of urinary proteomics 
in nonrenal diseases
While the main focus of urinary peptidomic analysis was 

biomarker definition for renal and urological diseases 

initially, the scope of research has broadened in recent 

years to include nonrenal diseases. Urinary proteomics can 

be applied to non-kidney diseases, particularly those with 

marked changes in circulating levels of medium molecular 

weight proteins passing through the glomerular barrier. 

Studies showing the identification and validation of urinary 

markers for nonurinogenital diseases are emerging.

CE-MS was used for the clinical follow-up of patients 

after allogeneic hematopoietic stem cell transplantation 

(HSCT).66 In a pilot study, urine samples from 40 HSCT 

patients and 5 patients with sepsis were collected over a 

100-day period with a maximum of 10 samples per patient. 

A pattern of 16 differentially excreted polypeptides indicated 

early graft-vs-host-disease. A model of 31 candidate bio-

markers allowed accurate classification of urine samples in 

the training set with a sensitivity of 100% and specificity 

of 98%. Recent reports have identified urinary biomarkers 

predictive of obstructive sleep apnea, early ovarian cancer, 

and nonsmall-cell lung cancer.67–69 It is likely that urine 

testing will be used in the future to screen for more systemic 

disorders, with no or limited renal involvement.

Urinary proteomics  
and cardiovascular disease
Annually, cardiovascular disease claims over 10 million lives 

worldwide. Despite multiple clinical, electrographic, and 

biochemical characteristics, there are subgroups of patients 

who progress to life-threatening coronary artery disease 

(CAD) without overt symptoms. Early diagnosis would allow 

for life-saving treatment decisions to be made in a safe and 

cost-effective manner, reducing aggressive therapy regimens 

and nonessential invasive procedures.

Proteomic analysis of urine could yield biomarkers for 

the diagnosis and monitoring of CAD. Using CE on-line 

coupled to ESI–TOF MS, Zimmerli et al70 examined urine 

from 88 CAD patients and 282 controls. Multiple biomarker 

patterns were found to distinguish healthy controls from CAD 

patients, and 15 peptides were extracted to define a CAD 

signature panel (Table 2). Five polypeptides constituting 

the CAD-specific panel were identified as collagen type I/

type III fragments, major components of arterial walls. All 

sequenced collagen fragments were upregulated in CAD 

samples compared with controls, suggesting elevated col-

lagen degradation levels. In line with these data, increased 

circulating levels of collagenases – such as MMP-9 – have 

been reported in patients with stable angiographic coronary 

atherosclerosis or intermittent claudication.71–73 In addition to 

the collagen fragments, a membrane-associated progesterone 

receptor component 1 fragment that associates with thoracic 

ascending aorta, internal carotid artery, coronary artery, and 

left atrial appendage was identified.74 In a blinded assess-

ment, these urinary biomarkers identified CAD patients 

with .90% sensitivity and specificity. Diagnosis of CAD 

by urinary proteome analysis was further evaluated for its 

prognostic potential.

In recent studies, von Zur Muhlen et al investigated the 

ability of urine and plasma polypeptide patterns to predict 

CAD in 67 patients with new-onset or stable angina.75 

Polypeptide patterns associated with CAD were identified 

and confirmed by histology studies as peptides are derived 

from collagens of human atherosclerotic plaques. They found 

that a combination of 17 polypeptides could predict CAD 

with a sensitivity of 81%, specificity of 92%, and accuracy 

of 84%. By contrast, no polypeptide sequence in plasma 

had sufficient power to discriminate between CAD and 

non-CAD patients. Remarkably, 84 biomarkers identified 
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by Zimmerli et al were confirmed in this study including 

fragments of collagen α-1 (I and III). Together, these data 

strongly support that CAD shows specific polypeptide pat-

terns in urine. A study by Snell-Burgeon et al validated 

 urinary biomarkers for diabetes and two common complica-

tions, CAD and DN.76 In a prospective study using samples 

from the coronary artery calcification in type I diabetes, a 

versatile screening method was designed for concomitant 

diagnosis of early diabetic kidney disease and subclinical 

CAD. Using the CAD score, the cardiovascular event could 

be predicted in a cohort of 38 prospectively collected blinded 

samples with a P-value of 0.0016 that remained significant 

after adjusting for age, albumin excretion rate, systolic/ 

diastolic blood pressure, waist circumference, intra-abdom-

inal fat, HbA1c levels, and blood lipid profiles. Urinary 

proteome analysis using the online combination of CE and 

ESI-MS revealed patterns associated with the development 

of clinical CAD, even when adjusted for known CAD risk 

factors and potential confounders.

Research carried out for identification of cardiovascular 

biomarkers by urinary proteomics thus far has allowed the 

identification of CAD and non-CAD patients with high 

sensitivity, specificity, and accuracy. These highlight that 

noninvasive urine test for the detection of atherosclerotic 

disease – in particular CAD – may significantly help early 

diagnosis and treatment.

Challenges and future perspectives
Proteomics is a great tool to understand protein expression, 

post-translational modifications, and functions, which help 

to identify and classify affected from unaffected individu-

als in a clinical setting. Urinary proteomics is fast emerging 

as a powerful method for biomarker discovery, diagnostics, 

and prognostics not only for kidney disease but also for  

non kidney diseases. Proteomic techniques have greatly 

enhanced the understanding of kidney dysfunction along with 

other related diseases.26 Several candidate biomarkers have 

been identified but only a few has been validated. Thus, there 

is an urgent need for discovery, characterization, and validation 

of biomarkers to translate these results into clinical practice.

Major obstacles in urinary proteomics have been the 

lack of standards for the samples, processing, and analytical 

reproducibility.77 This has resulted in marked variability in the 

protocol followed and, as such, the results are not comparable. 

Need for standardization of sample protocol, viz, sample col-

lection, study design, cohort size, controls, and establishment 

of database of mass spectrometric methodology have been 

addressed recently by “Human Kidney and Urine Proteome 

Project” (www.hkupp.org) and “European Network for Kid-

ney and Urine Proteomics” (www.eurokup.com).78,79

Another major concern has been the lack of bioinformatics 

software for data normalization and evaluation. Earlier data 

are not comparable due to different analysis approaches 

followed.80 These issues clearly underline the need for 

a specific format for computational interpretation of the 

resulting mass spectra, which will yield information more 

likely to be specific and clinically informative.

In the future, a combination of proteomics and functional 

genomics in routine clinical practice will help with basic/

fundamental investigations of disease. Advances in sample 

processing, fractionation, and analysis will lead to a better 

understanding of low-abundance proteins known to play a 

significant role in disease.

Conclusion
This review concentrated on urinary proteomics as an 

approach with applications in human diseases. Urinary 

protein profiling is turning out to be a viable platform for 

better understanding disease pathology in clinical proteomics. 

Urinary proteomics has undergone many advances resulting 

Table 2 Application of urinary biomarkers for various diseases

Disease Biomarker Current status

Renal transplantation Interleukin-18, neutrophil gelatinase-associated lipocalin  
for graft function, β-2-microglobulin, β-defensin-1,  
α-1-antichymotrypsin for acute renal rejection

Mass spectrometic studies have identified more 
unidentifeid proteins, larger patient cohort studies 
needed for good sensitivity and specificity to be 
recommended for routine clinical use

Acute kidney injury exosomal fetuin A, cystatin C, interleukin-18, kidney injury  
molecule 1, sodium-hydrogen exchanger isoform 3, lipocalin

Most studies are based on animal models, 
translational studies to humans are needed

Bladder cancer Nuclear matrix protein 22, pro-u-plasminogen activator,  
calreticulin, γ-synuclein, regenerating protein-1

Studies needed in larger cohort to establish true 
sensitivity and specificity

Prostrate cancer Thymosin 15, α-methylacyl-coenzyme A racemose, prostatic  
inhibin-like peptide

Multiple marker approach needed

Cardiovascular disease Collagen α-1 chain (type I, III), membrane-associated  
progesterone receptor component 1

Larger cohort studies needed
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in the identification of novel proteins and candidate disease 

biomarkers, but the progress has been slow. Many challenges 

need to be addressed to validate the findings. Mass spectro-

metric methods in combination with different separation 

techniques such as gel electrophoresis, chromatographic 

affinities have proven advantageous for initial studies. How-

ever, the technology still needs to be enhanced for larger scale 

proteomic studies in order to be used as a tool in clinical 

proteomics. In addition to the technological advances, global 

standardization procedures for sample collection, planning, 

execution, and validation are immediate concerns. Such 

steps will help achieve the ultimate goal of capturing critical 

information regarding a disease in one diagnostic step.

Most of earlier urinary and renal proteomics focused on 

expression proteomics with only a few on functional analyses. 

In the future, functional proteomics along with bioinformatics 

will be useful in identifying the proteins and their role in biol-

ogy and physiology of kidneys. The future will move towards 

integration of other areas such as genomics, transcriptomics, 

and metabolomics to extract vast amounts of information and 

achieve the ultimate goal of personalized medicine.

Despite the progress in biomarker discovery, the contribu-

tion of urinary proteomics to the understanding of disease is 

modest due to difficulty of biomarker sequence identification 

and translation to immune-based assays. Our understanding 

of the human urinary proteome is incomplete with respect 

to its overall composition, dynamics, and identity of compo-

nents that vary based on physiologic state and disease.
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