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Abstract: Urine has become one of the most attractive biofluids in clinical proteomics, for its procurement is easy
and noninvasive and it contains sufficient proteins and peptides. Urinary proteomics has thus rapidly developed and
has been extensively applied to biomarker discovery in clinical diseases, especially kidney diseases. In this review,
we discuss two important aspects of urinary proteomics in detail, namely, sample preparation and proteomic tech-
nologies. In addition, data mining in urinary proteomics is also briefly introduced. At last, we present several suc-
cessful examples on the application of urinary proteomics for biomarker discovery in kidney diseases, including
diabetic nephropathy, IgA nephropathy, lupus nephritis, renal Fanconi syndrome, acute kidney injury, and renal

allograft rejection.
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1 Introduction

With the completion of the human genome pro-
jectin 2001, approximately 25000 human genes have
been identified by genomics technology and then
placed into databases. However, it is impossible to get
enough information on diseases solely by studying
the genome, for proteins are responsible for the phe-
notypes of cells. Thus, more and more researchers
have focused on the proteome studies in diseases.

Concerning kidney diseases, proteomics is a
promising approach for the detection of novel bio-
markers in biological fluids such as urine, plasma, and
serum. Among these, urine is regarded as the most
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attractive proteomic sample due to several advantages:
(1) it is noninvasive and easy to be obtained in large
amounts, (2) proteins and peptides in urine are quite
stable and less complex, and (3) the amount and
composition of urinary proteome directly reflect
changes in functions of the kidney and the urogenital
tract. Although, on the other hand, urine is also a
difficult proteomic sample due to its wide variability
in protein concentrations, this can be compensated by
standardization based on urinary creatinine (Vester-
gaard and Leverett, 1958) or urinary housekeeping
peptides, which are present almost ubiquitously in
human urine independent of age, sex, health, and drug
(Theodorescu et al., 2005). Recently, urinary pro-
teomics has become an important and efficient ap-
proach for biomarker discovery in kidney diseases. In
this review, we shall discuss preparation of urine
samples and main technological approaches as crucial
steps for urinary proteomics. Additionally, we want to
describe the data mining of proteome analysis shortly
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and present several examples on the successful ap-
plication of urinary proteomics for biomarker dis-
covery in kidney diseases.

2 Urine sample preparation

2.1 Sample collection: first-void or midstream
urine?

Collection of midstream urine is always consid-
ered as the standard for almost all urine analysis.
While no significant differences were observed be-
tween first-void and midstream urine in males, there
are significant variations in female first-void urine
compared with midstream urine, probably due to
bacterial contamination (Schaub et al., 2004). Other
studies showed that approximately 40% of bacterial
contamination in female urine samples derived from
the skin contamination (Finkel, 2006; Lifshitz and
Kramer, 2000). However, by using a prostatic fluid
indicative panel, Theodorescu et al. (2008) discov-
ered a panel of 12 novel prostate cancer (PCa) bio-
markers in the first-void urine, in addition to collec-
tion of sufficient amounts of prostatic fluid. Thus,
first-void urine may be recommended in prostate
diseases. But sometimes it is really difficult to dif-
ferentiate first-void urine and midstream urine; for
example, urine samples of newborns are usually col-
lected with a urine collection bag. The differentiation
of first-void and midstream urine, therefore, needs
extensive investigations and further elucidations.

2.2 Sample handling

Lee et al. (2008) used standard Bradford assay to
examine four common methods of protein extraction:
ethanol precipitation, vacuum centrifugation, micro-
concentration, and reverse phase trapping column.
They found, vacuum centrifugation method yielded
the highest protein concentration, probably due to its
inability in salt removal. However, when comparing
the numbers of proteins and peptides identified and
cumulative spectral count by liquid chromatography
coupled to mass spectrometry (LC-MS), no signifi-
cant differences were observed among the four
methods. Therefore, when choosing a suitable ap-
proach for protein extraction, a number of other fac-
tors, other than a method, such as the technical cost,
speed, and compatibility with downstream protocols

need to be considered.

The effect of multiple freeze-thaw cycles in
urine sample handling on the urinary proteome is
another concern. By use of surface-enhanced laser
desorption/ionization time-of-flight mass spectrome-
try (SELDI-TOF-MS), Schaub et al. (2004) showed
that there were no significant changes of urine protein
profiles before freezing and after 1 to 4 freeze-thaw
cycles, but intensities at some weak peaks became
undetectable after the fifth freeze-thaw cycle. Fiedler
et al. (2007), also using SELDI-TOF-MS, found that
some relative intensities of mass signals were altered
in once-frozen samples, whereas in recurrent
freeze-thaw cycles (3%), no further significant varia-
tion was detected. In addition, it is also reported that
the levels of some urinary proteins were changed in
4-7 freeze-thaw cycles (Thongboonkerd, 2007). The
discrepancy of these findings may be explained by the
lack of technical and biological replicates. In general,
it is safe to avoid multiple freeze-thaw cycles in
clinical urine sample handling in order to minimize
the errors in experiment process.

2.3 Sample storage

Weissinger et al. (2007) reported that no sig-
nificant alterations of urine proteome were observed
in urine samples stored at —20 °C for several years.
Klasen et al. (1999) reported that the contents of urine
sample including albumin, transferrin, IgG,
al-microglobulin, and p2-microglobulin were more
stable when stored at =70 °C than at —20 °C. Zerefos
and Vlahou (2008) reported that occasional changes
of protein profile were observed for a 24-h storage at
4 °C; thus, shorter storage time (up to 6 h) at 4 °C may
be a good choice. Therefore, according to these
findings, it can be concluded that proteins and poly-
peptides are quite stable in urine samples. The stabil-
ity might be due to the fact that the urine storage time
in the bladder before voiding is sufficient to complete
proteolytic degradation by endogenous proteases.
However, exosomes in urine represent a less stability.
Zhou et al. (2006a) reported that storage at —20 °C
resulted in a major loss (72.6%) of urinary
exosome-associated proteins, whereas storage at
—80 °C resulted only in a mild loss (14%). Thus, for a
limited time, the urine can be stored at 4 °C, and for a
relatively long time, it is best to freeze at —80 °C
before analysis.
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3 Technical aspects for urinary proteomics

3.1 Mass spectrometry-based proteomic tech-
nologies

Mass spectrometry (MS) is widely used as a
method for protein identification. In this review, we
shall introduce it briefly [For more detailed informa-
tion, see (Feng et al., 2008; Palmblad et al., 2009)].
There are two main components of a mass spec-
trometer, namely, the ionization technique and the
mass analyzer. Matrix-assisted laser desorption/

ionization (MALDI) and electrospray ionization (ESI)

are the most commonly-used ionization technique to
volatilize and ionize proteins and peptides for mass
analysis with high sensitivity and accuracy. There are
four basic different types of mass analyzers:
Time-of-flight (TOF), quadrupole (Q), ion trap (IT),
and Fourier transform ion cyclotron resonance
(FTICR). For MALDI, the sample is mixed with a
matrix, followed by spotting onto a target for
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co-crystallization. At last, proteins in the sample are
ionized via laser pulses. ESI ionizes proteins out of a
solution. This method generates charged droplets in a
high-voltage field; solvent from the charged droplets
evaporates, and then multiply charged ions are gen-
erated. For a detailed overview on the advantages and
disadvantages of MALDI and ESI, please refer to the
review by Mischak et al. (2007).

In general, four different types of MS-based
proteomic technologies are used in proteomics,
namely, two-dimensional gel electrophoresis coupled
to mass spectrometry (2DE-MS), surface-enhanced
laser desorption/ionization coupled to mass spec-
trometry (SELDI-MS), liquid chromatography cou-
pled to mass spectrometry (LC-MS), and capillary
electrophoresis coupled to mass spectrometry
(CE-MS) (Fig. 1). Their advantages and disadvan-
tages are summarized in Table 1. In the following
section, we shall discuss the four proteomic plat-
forms in turn.
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Fig. 1 Four different types of MS-based proteomic technologies
(a) 2DE-MS; (b) SELDI-MS; (c) LC-MS; (d) CE-MS
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Table 1 Summary of advantages and disadvantages of different MS-based proteomic technologies

Technology Advantages

Disadvantages

2DE-MS

Widely available, applicable to large molecules Time-consuming, technically demanding, difficult analysis for
smaller protein (<10 kDa) and highly hydrophobic proteins

SELDI-MS Ease of operation, automation, high throughput Low reproducibility, lack of comparability, low-resolution MS

capability, low sample volume required
LC-MS
CE-MS
automation, low cost

High sensitivity, automation, multidimensionality Time-consuming, sensitive to interfering compounds

High resolution, high selectivity, fast separation, Not well suited for the analysis of high-molecular-weight
proteins (>20 kDa)

3.1.1 Two-dimensional gel electrophoresis coupled
to mass spectrometry (2DE-MS)

2DE was first reported for protein separation by
O'Farrell (1975) and is still widely used today. In 2DE,
proteins are separated in the first dimension by
isoelectric focusing (IEF) (proteins migrate to their
isoelectric point in a pH-gradient), and then in the
second dimension by sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (SDS-PAGE)
(proteins migrate on the basis of their molecular
masses). Once the separation is finished, the proteins
are stained, analyzed by computer-assisted programs,
and identified by MS [for detailed experiment proce-
dures, see review by Lopez (2007) and Penque (2009)].
2DE is time-consuming, technically demanding, and
has low reproducibility. In addition, it is difficult to
analyze smaller proteins (<10 kDa) and highly hy-
drophobic proteins by 2DE. Recently, the concept of
two-dimensional  difference gel electrophoresis
(2D-DIGE) was introduced to reduce gel-to-gel vari-
ability. In 2D-DIGE, two samples are differentially
labeled with fluorescence dyes (Cy3 and Cy5) and
mixed together and then separated within the same
2DE gel (Timms and Cramer, 2008). An internal
standard labeled with a third dye (i.e., Cy2) can be also
incorporated, thereby allowing more accurate quanti-
tative analysis. Although it is satisfactory to compare
two samples with 2D-DIGE, the comparison of sev-
eral different experiments remains challenging.

3.1.2 Surface-enhanced laser desorption/ionization
coupled to mass spectrometry (SELDI-MS)

SELDI reduces the complexity of a biological
sample by selective interactions of polypeptides with
different active surfaces (hydrophilic materials, re-
versed-phase materials, lectin or antibody affinity
reagents). After the interaction phase, only a small
fraction of polypeptides can bind to the surface of the

SELDI chip, depending on the concentration, pH, salt
content, presence of interfering compounds like lipids,
etc., while the unbound samples are washed away. A
matrix is added to the sample surface to absorb energy
and to allow vaporization and ionization by laser for
further MS detection. SELDI-MS is widely used to
detect biomarkers in a variety of diseases due to its
ease of operation and its high throughput (Huang et
al., 2009). However, there are several limitations for
SELDI-MS approach including low reproducibility
and comparability of datasets due to different chip
surfaces and conditions, as well as low resolution of
the mass spectrometer. Recently, material-enhanced
laser desorption/ionization (MELDI) with enlarged
active binding surfaces has been introduced to im-
prove the low reproducibility of binding to SELDI
surfaces (Najam-ul-Haq et al., 2007). In addition,
more appropriate mass spectrometers, such as
MALDI-TOF/TOF instruments, are described to
solve the low resolution of the mass spectrometer
(Orvisky et al., 2006).

3.1.3 Liquid chromatography coupled to mass spec-
trometry (LC-MS)

LC provides a powerful fractionation method
that is compatible with virtually any type of mass
spectrometers. This method separates large amounts
of analytes on an LC-column with high sensitivity.
The column contains the sorbent materials with
various physical, chemical, and immunological
properties. When the sample dissolves in a solvent
and subsequently moves through the column, the
peptides in the sample can be separated by elution at
different time points depending on their separation
characteristics. A sequential separation using dif-
ferent matrices in two independent steps provides a
multidimensional fractionation that can generate
large amount of information. Multidimensional pro-
tein identification technology (MudPIT) or a 2D
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liquid-phase fractionation approach is well-suited for
in-depth analysis of body fluids such as urine. How-
ever, LC-MS is time-consuming, and sensitive to
interfering compounds and precipitation of analytes
on LC-column materials. Therefore, application of
LC-MS is not suitable to routine clinical analysis.
Recently, monoliths as stationary phase have been
used in nano-LC and micro-LC separations due to
their fritless design, ease of preparation, and high
permeability (Liu et al., 2009; Wu et al., 2008). The
application of monoliths can improve the separation
efficiency and analytical throughput.

3.1.4 Capillary electrophoresis coupled to mass
spectrometry (CE-MS)

CE-MS is a widely-used MS-based approach for
the proteomic analysis of body fluids such as urine.
This approach is based on CE as a front-end frac-
tionation device coupled to a mass spectrometer. CE
separates proteins with high resolution based on their
migration through a buffer-filled capillary column in
an electrical field (300 to 500 V/cm). Several advan-
tages of CE-MS are listed as follows: (1) it provides
fast and robust separation using an inexpensive cap-
illaries, (2) it is compatible with most buffers and
analytes, (3) it provides a stable constant flow, which
may avoid interfering subsequent MS detection by
buffer gradients, (4) CE can be interfaced with almost
any mass spectrometer, and (5) it has the ability to
recondition fast with NaOH after each run. A limita-
tion of CE-MS is that it is not well suited for the
analysis of high-molecular-weight proteins (>20 kDa)
as they tend to precipitate in the acidic buffers that are
generally used for CE-MS analysis. However, it is not
a considerable drawback for CE-MS, because large
proteins can be removed by ultrafiltration, and urinary
proteome contains a great number of various peptides
and low-molecular weight proteins. Another limita-
tion of CE-MS is that only small sample volume can
be loaded onto the capillary, leading to a lower se-
lectivity compared with LC. Improved methods of
ionization by micro- and nano-ion sprays, as well as
improvements of the detection limits of mass spec-
trometers, can resolve the problem to a large extent.
Advantages and disadvantages of CE-MS in regard to
biomarker discovery and clinical applications have
been described in a recent review (Mischak et al.,
2009).

3.2 Protein microarrays

As a non-MS-based approach, protein microar-
rays can be used to discover proteomic biomarkers in
biofluid samples, including serum, plasma, and urine.
More detailed information can be referred to a recent
review (Caiazzo et al., 2009). Protein microarrays are
designed to print specific antibodies or antigens onto
a support surface, generally a slide or membrane. A
single sample is hybridized to the array. The captured
antigens or antibodies are subsequently detected. This
approach allows for immune detection of multiple
proteins. However, the wide applications of protein
microarrays are restricted for several limitations,
including requirement for highly specific proteins or
antibodies and conservation of protein functionality
during immobilization, as well as the provision of the
required sensitivity.

4 Data mining

Once data have been generated, they are sub-
mitted to data mining algorithms. Generally, there are
two categories of data mining approaches: the unsu-
pervised and the supervised. The unsupervised
learning approaches, such as K-means clustering,
principal component analysis (PCA), and hierarchal
clustering, are analogous to clustering, which can
identify natural clusters on the data. While the su-
pervised learning approaches, such as classification
and regression trees, Bayesian classification, neural
networks, genetic algorithms, and support vector
machine, are analogous to classification, they need to
divide samples into a validation set and a training set
(if the training set is too large, it can be subdivided
into a training set and a test set). Feature selection and
model-building are performed on the training set and
their performances are assessed in the test set in order
to obtain better accuracy (Ahmed, 2009). In addition,
cross-validation techniques such as k-fold cross-
validation and leave-one-out cross-validation can be
used to maximize the training set size and avoid
falsely low error estimates (Dakna et al., 2009). A
detailed discussion of the advantages and disadvan-
tages of certain algorithms is beyond the scope of this
review [for more detailed information, see (Fung et
al., 2005)]. Generally, each data mining algorithm
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must be matched to the specific statistical problems to
be addressed.

5 Clinical applications of urinary proteomics
in kidney diseases

5.1 Diabetic nephropathy (DN)

DN is a serious complication of diabetes. Ac-
cording to World Health Organization, approximately
10%-20% of people with diabetes die of kidney
failure. However, regarding to diagnosis of DN, rou-
tine renal biopsy is invasive and the microalbuminu-
ria level has inadequate sensitivity and specificity.
Thus, noninvasive and earlier biomarkers are urgently
warranted to better identify and treat individuals at
high risk for DN.

Bellei et al. (2008) applied 2DE and ESI-Q-TOF
MS/MS to identify urine biomarkers for the early
renal alterations in type 2 diabetes patients. Urine
samples were obtained from type 2 diabetic patients
with normoalbuminuria (n=10), type 2 diabetic
nephropathy patients (n=12), and health subjects
(n=12). Comparing the two patients groups with
health subjects, 11 differentially-expressed proteins
were identified. Of these, 3 proteins (the prostatic acid
phosphatase precursor, the ribonuclease, and the kal-
likrein-3) decreased and 8 proteins progressively
increased, including transthyretin precursor, immu-
noglobulin kappa (Igk) chain C region, Igk chain V-II
region Cum, Igk-chain V-III region SIE, carbonic
anhydrase 1, plasma retinol-binding protein,
B2-microglobulin precursor, and 2-glycoprotein 1.

Lapolla et al. (2009) used MALDI-MS to dis-
cover protein biomarkers in urine samples from dia-
betic, nephropathic, and diabetic-nephropathic pa-
tients, as well as healthy subjects. Proteins with
masses of 1219, 1912, and 2049 Da were found to be
suitable to distinguish among the four groups and they
were identified as originating forms of uromodulin,
the collagen a-1 (I) chain precursor, and the collagen
a-5 (IV) chain precursor by MALDI-TOF/TOF.

Recently, several groups have reported the

biomarkers associated with DN in Chinese population.

In our own laboratory, we have used SELDI-TOF-MS
to discover urinary protein biomarkers for detection
of the early stage DN. Urine samples were obtained
from 106 diabetic patients with normo-, micro-, or

macroalbuminuria and 50 healthy subjects. Four
proteins of mass 4239.0, 4453.5, 5281.1, and 5898.5
Da were detected as the potential biomarkers for DN
with a specificity of 80% and a sensitivity of 75%.
The work is now in progress on identification and
validation of these proteins involved in early predic-
tion of DN (Gu et al., 2008).

Jiang et al. (2009a) used 2DE and MALDI-TOF-
MS to analyze urine samples from type 2 diabetes
patients with normoalbuminuria (DM group), micro-
albuminuria (DN1 group), macroalbuminuria (DN2
group), and control group. A total of 12 proteins were
identified as candidate biomarkers. Among them,
E-cadherin was increased by 1.3-, 5.2-, and 8.5-fold
in DM, DN1, and DN2 groups, respectively, com-
pared with control group. By using Western blot
analysis, they verified that the expression of
E-cadherin increased in urine samples from DM, DN1,
and DN2 groups. Meanwhile, by using enzyme-
linked immunosorbent assay (ELISA) analysis, uri-
nary skE-cadherin-to-creatinine ratio was found sig-
nificantly increased in DN1 and DN2 groups com-
pared with DM and control groups. Furthermore, the
decreased expression of E-cadherin in renal tubular
epithelial cells of DN was determined by immuno-
histochemical staining. Thus, E-cadherin may be
regarded as a novel DN-related biomarker. In another
study, they also used 2DE and MALDI-TOF-MS to
discover protein biomarkers for monitoring the de-
velopment and progression of DN. Urine samples
were obtained from 12 DN patients (6 type 1 and 6
type 2 diabetic patients) and 6 healthy controls. A
protein was identified as orosomucoid and was fur-
ther detected by immunoturbidimetry assay in urine
samples from 90 type 1 and type 2 diabetic patients
with normo-, micro- and macroalbuminuria and 30
healthy controls. The results show that urinary oro-
somucoid excretion rate (UOER) was progressively
up-regulated with increasing albuminuria. Thus, uri-
nary orosomucoid may be regarded as a biomarker for
DN patients (Jiang et al., 2009b).

5.2 Immunoglobulin A (IgA) nephropathy

IgA nephropathy (IgAN) is the most common
type of primary glomerulonephritis clinically. It is
characterized by the presence of IgA predominant or
codominant immunoglobulin deposits in the glome-
rular mesangium. The diagnosis of IgAN can be made
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by renal biopsy, which is effective but associated with
significant risks. Thus, noninvasive biomarkers
would be desirable for predicting the diagnosis and
prognosis of this disease prior to renal biopsy.

Haubitz et al. (2005) used CE-MS to find the
IgAN-specific urinary polypeptide pattern that can
distinguish IgAN (n=45) from normal controls (n=57)
with a sensitivity of 100% and a specificity of 90%,
and from membranous nephropathy (n=13) with a
sensitivity of 77% and a specificity of 100%. Three of
the polypeptides with masses of 2752.4, 2427.1, and
2057.3 Da have been sequenced and identified as the
fragments of serum albumin. In addition, compared
with the patterns established earlier in minimal change
disease (n=16), focal segmental glomerulosclerosis
(FSGS) (n=10), and diabetic nephropathy (n=23), the
pattern of IgAN had both sensitivity and specificity of
100%.

Rocchetti et al. (2008) employed 2DE to obtain
urine protein spots from controls (n=20), IgA patients
responsive to angiotension converting enzyme in-
hibitors (ACEI) therapy (IgAN R) (n=9), and IgA
patients unresponsive to ACEI therapy (IgAN NR)
(n=9). By using nano-high performance liquid chro-
matography coupled with electrospray ionization-
tandem MS (nano-HPLC-ESI-MS/MS), three of the
spots were identified as kininogen, inter-o-trypsin
inhibitor heavy chain H4 precursor (ITIH4), and
transthyretin. Moreover, the levels of the three uri-
nary proteins were significantly different between
IgAN R and IgAN NR patients. By using im-
munoblotting, the authors confirmed that the very low
levels of urinary kininogen could be a useful marker
for prediction of the poor response to the ACEI
therapy of IgAN patients.

5.3 Lupus nephritis

Lupus nephritis is a common and serious com-
plication of systemic lupus erythematosus (SLE).
Traditionally available serological biomarkers are not
sensitive or specific to detect early active SLE ne-
phritis, such as the third and fourth components of
complement (C3, C4), and anti-double stranded DNA
antibodies (ADNA).

Recently, the application of urinary proteomic
profiling has been described using SELDI-TOF-MS
in the noninvasive diagnosis of lupus nephritis.
Mosley et al. (2006) reported that two protein ions at

m/z 3340 and 3980 Da have been detected, which can
distinguish between active and inactive lupus nephri-
tis with 92% sensitivity and specificity each. The two
biomarkers can predict early relapse and remission of
lupus nephritis, but the peptides were not further
isolated and identified. In a pilot study involving only
children and young adults with SLE or juvenile
idiopathic arthritis (JIA), a panel of eight novel bio-
markers with peaks at m/z of 2.7, 22, 23, 44, 56, 79,
100, and 133 kDa for SLE nephritis was found.
Suzuki et al. (2009) then identified the 23-kDa band
as lipocalin-type prostaglandin-D synthetase (L-
PGDS), the 56-kDa band as al-acid-glycoprotein
(AGP) or orosomucoid, the 79-kDa band as
transferring (Tf), the 133-kDa band as ceruloplasmin
(Cp), and the remaining four bands as albumin or
albumin fragments, respectively. By using immu-
nonephelometry and ELISA, they further indicated
that these proteins may be useful to predict the future
course of LN. Among the selected 27 differen-
tially-expressed protein ions in different phases of a
lupus nephritis flare, Zhang et al. (2008) identified
three potential low-molecular-weight (LMW) bio-
markers, namely, the 20 and 25 amino-acid isoforms
of hepcidin, fragments of a1-antitrypsin and albumin.
Of those, hepcidin appears to have a significant rela-
tionship with proinflammatory cytokines in lupus
kidneys. Now further evaluation of the hepcidin is
undergoing.

5.4 Renal Fanconi syndrome (FS)

Cutillas et al. (2003) used nanoflow LC/ESI-
MS/MS to discover more than 100 polypeptides in
urine from three patients with Dent’s disease (a form
of FS). The smallest peptide with the mass of 1.4 kD
was identified as bradykinin. In larger polypeptides,
the authors also found the complement components
and albumin. More recently, Cutillas et al. (2004)
applied three different methods (uLC, 2DE, and
multidimensional LC of isotopically labeled proteins)
to assess the qualitation and quantitation of urinary
proteome in Dent’s disease. They found that several
vitamin and prosthetic group carrier proteins, apoli-
poproteins, complement components, and potentially
bioactive peptides were excreted at higher levels in
patients with Dent’s disease than in normal controls.
Recently, Drube et al. (2009) used CE-MS to detect
urinary LMW proteome profiling of the study group
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(7 paediatric patients with cystinosis and 6 patients
with ifosfamide-induced FS) compared with control
subjects (54 healthy volunteers and 45 patients suf-
fering from other renal diseases). The results showed
that the urinary proteome derived from osteopontin,
uromodulin, and collagen alpha-1. The decreased
levels of osteopontin and uromodulin indicated the
impaired function of tubular excretion in FS patients.
While collagen alpha-1 was either increased or de-
creased, this indicates that early starting tubular fibro-
sis may be the reason for the development of renal
insufficiency in patients with FS.

5.5 Acute kidney injury (AKI)

AKI, previously referred as acute renal failure
(ARF), is acommon clinical problem with in-hospital
incidence of 5% to 30%-50% in intensive care units.
Despite the current improvements in diagnostics and
therapeutics, the mortality and morbidity associated
with AKI remain high.

Nguyen et al. (2005) used SELDI-TOF-MS to
identify urinary biomarker patterns to predict AKI in
children undergoing cardiopulmonary bypass (CPB).
SELDI-TOF-MS analysis of AKI patients at baseline
(t=0) versus at 2 and 6 h post-CPB revealed that
proteins of 6.4, 28.5, 43 and 66 kDa were signifi-
cantly enhanced as urine biomarkers. The sensitivity
and specificity of the 28.5-, 43- and 66-kDa bio-
markers for the prediction of AKI at 2 h post-CPB
were 100%. The area under the receiver-operating
characteristic (ROC) curve for the three biomarkers is
0.98. Furthermore, the 6.4-kDa urinary biomarker
displayed the highest increase in peak intensity at 2 h
post-CPB. A further study using tandem mass spec-
trometry (MS/MS) has identified the protein of
6.4 kDa as aprotinin (Nguyen et al., 2008). The au-
thors subsequently employed SELDI-TOF-MS and
functional assays to quantify urinary aprotinin levels
in pediatric patients undergoing CPB. The result
showed that urinary aprotinin levels at 2 h after ini-
tiation of CPB were extremely powerful biomarkers
for the development of AKI and its adverse effects. In
the subjects receiving aprotinin therapy, urinary
aprotinin levels may also be regarded as a predictor of
acute kidney injury. Ho et al. (2009) also used
SELDI-TOF-MS to identify urinary biomarker pat-
terns from 22 patients with AKI and 22 patients
without AKI before, during, and after CPB surgery.

Two novel peaks with masses of 2.43 and 2.78 kDa
were detected to be more prominent in postoperative
non-AKI urine samples. The 2.78-kDa protein was
finally identified as hepcidin-25, an important regu-
lator in iron homeostasis. The increase of hepcidin-25
in non-AKI patients may suggest a specific role for
iron sequestration in modulating AKI.

Urinary exosomes containing both membrane
proteins and cytosolic proteins are normally secreted
into the urine from all nephron segments. Recently,
the exosomes are regarded as a source of urinary
biomarkers (Hoorn et al., 2005). Zhou et al. (2006b)
used two-dimensional difference in gel electrophoresis,
MALDI-TOF/TOF, and LC-MS/MS to identify uri-
nary protein biomarkers in exosomes from rats sub-
jected to kidney injury by cisplatin injection. Urinary
exosomal fetuin-A was validated by Western blotting
to be increased by 31.6-fold in the early phase of
ischemia/reperfusion and increased in three patients
on intensive care units with AKI compared with those
without AKI. Thus, urinary exosomal fetuin-A may
be a potential biomarker of AKI.

5.6 Renal allograft rejection

Renal transplantation has emerged as the best
renal replacement therapy for many patients with
end-stage renal failure. Acute rejection (AR) is the
major impediment for the long-term allograft survival.
At present, the diagnosis of renal allograft rejection is
made by renal biopsy, which is inconvenient and costly,
and is associated with significant risks. Therefore,
there is a high need to develop noninvasive and reli-
able methods for detecting biomarkers of rejection.

Schaub et al. (2005) used SELDI-TOF-MS to
discover three prominent peak clusters, which were
found in 17 of 18 (94%) patients with AR episodes but
only in 4 of 22 (18%) patients without clinical and
histologic evidence for rejection and in 0 of 28 normal
controls. A follow-up study revealed that these pro-
teins in the mass ranges of 5270-5550 Da and
10530-11000 Da derived from non-tryptic cleaved
forms of PB2-microglobulin. In vitro experiments
demonstrated that the cleavage of intact
B2-microglobulin requires a urine pH <6 and the
presence of aspartic proteases. Compared with stable
transplanted patients and healthy individuals, patients
with acute tubulointerstitial rejections had lower urine
pH and higher amounts of aspartic proteases. These
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factors ultimately lead to increased amounts of
cleaved urinary p2-microglobulin, which may be re-
garded as a useful biomarker of acute tubular injury. In
another study, two proteins (B-defensin-1 and
al-antichymotrypsin) were identified by O'Riordan et
al. (2007) as potentially useful candidate biomarkers
of acute rejection.

Quintana et al. (2009) used mass spectrometry to
obtain polypeptide patterns from urine from two
groups, including 32 with chronic allograft dysfunc-
tion (14 with pure interstitial fibrosis and tubular
atrophy and 18 with chronic active antibody-
mediated rejection) and 18 control subjects (8 stable
recipients and 10 healthy control subjects). In their
study, they found 14 protein ions best discriminated
between the two groups. These protein ions could
identify patients with chronic allograft dysfunction
with a sensitivity of 100%.

6 Conclusion

Urinary proteomics has great potential in bio-
marker discovery of kidney diseases and non-kidney
diseases such as coronary artery atherosclerosis (von
Zur Muhlen et al., 2009), prostate cancer (Theodorescu
et al., 2008), and urinary bladder cancer (Saito et al.,
2005). To date, more and more laboratories have en-
gaged in urinary proteomic research and a great num-
ber of satisfying advances have been achieved, among
which biomarker discovery in kidney diseases dis-
cussed above is one of the most exciting and significant
ones. In addition, urinary proteome analysis can pro-
vide information to better understand the renal
(patho)physiology.

At present, in order to minimize the errors,
standardizations of urinary proteome analysis are
urgently needed. The recommended steps of bio-
marker discovery can include (1) a clear clinical
question, (2) protocols for sampling and sample
preparation to minimize the inevitable biological
variability in urine, (3) analysis by technological
platforms with high throughput and high reproduci-
bility, (4) analysis by appropriate statistical methods
combined with the clear clinical question, (5) valida-
tion of the potential biomarkers by analyzing larger
patient groups and running blinded samples, and (6)
sequencing of the potential biomarkers.
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