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Abstract: Background: Better diagnostic methods to detect urinary proteinuria or albuminuria, important indicators of
diabetic kidney disease, are needed. Here, we describe the development and performance qualification of a new immunoassay for the quantitation of non-albumin urinary proteins of 20 to 90 kilodaltons.
Methods: Urinary proteins, purified from pooled, 24-hour, diabetic urines, were immunoabsorbed to remove albumin,
electrophoretically characterized, and identified by mass spectrometry. Sheep anti-urinary protein polyclonal antibodies
were immunoabsorbed to remove albumin reactivity. Major immunoreactive specificities of the polyclonal antibody were
identified by Western blot. A polyclonal antibody-based competitive immunoassay was developed and performanceevaluated. An unpaired t-test (α = 0.05) and a receiver-operating characteristic curve were used to evaluate the measurement of 24-hour urinary protein excretion rates in distinguishing between normal, proteinuric, and albuminuric samples.
Results: Approximately 380 mg of urinary protein was purified from 6.0 g of total urinary proteins. Mass spectrometry
identified more than 36 different proteins in the purified preparation. The anti-urinary protein polyclonal antibody possessed significant immunoreactivity towards transferrin, IgG chains, alpha-1-acid glycoprotein, zinc-alpha-2-glycoprotein,
prostaglandin-H2-d-isomerase, and alpha-1-microglobulin. The competitive immunoassay exhibited excellent analytical
and clinical performance. Measurement of urinary protein excretion rates could distinguish between normoproteinuric and
proteinuric samples (p < 0.0001; area under the curve = 0.6900) and between normoalbuminuric and albuminuric samples
(p < 0.0001; area under the curve = 0.8782).
Conclusion: Measurement of urinary protein excretion rates using the urinary protein immunoassay is clinically equivalent to laboratory methods of quantitating total urinary protein or albumin in identifying proteinuria and albuminuria.
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Diabetes is the principal cause of end stage renal disease
(ESRD) and kidney failure [1, 2]. Worldwide, among patients initiating treatment for ESRD, 14% to 60% are diabetic [3]. In the United States in 2010, there were 50536 new
cases of diabetes-related ESRD, accounting for 54.3% of all
new cases [3]. As the incidence and prevalence of diabetes
increases to an estimated 380 million people worldwide by
the year 2025 [4], the number of patients with diabetic kidney disease will increase, with a resulting increase in morbidity and mortality.

Urinary proteinuria is an important clinical indicator of
diabetic glomerular kidney disease and disease progression.
The protein content of urine is the result of the physiological
processes of glomerular filtration and tubular reabsorption.
In normal individuals, moderate molecular weight proteins,
like albumin, that are not retained by the glomerulus are reabsorbed in the proximal tubules, resulting in a total protein
excretion of less than 150 mg per day [5]. As glomerular
disease progresses, the excretion of both total urinary proteins and specific proteins, such as albumin, increases and
becomes diagnostically significant [6]. Numerous studies
have shown that early therapeutic intervention in type II diabetic patients can decrease the level of urinary proteinuria
and albuminuria and can delay the onset of ESRD [7-9].
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Many quantitative assays exist to measure urinary proteinuria and albuminuria. Methods to quantitate total urinary
proteins employ dye-binding [10, 11], turbidity following
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protein precipitation [12], precipitation using trichloroacetic
acid [13], and biuret reagent [14]. Albumin can be quantitated by antibody-based methods such as nephelometry, immunoturbidimetry, radioimmunoassay, and enzyme immunoassay [15, 16]. While these methods have advantages, all
have significant disadvantages that can adversely affect their
clinical utility. Dye-binding assays quantitate proteins differently due to differential binding to various proteins making
standardization of results difficult [17, 18]. Additionally, the
measurement of urinary proteins at low concentrations of
total protein is not accurate or precise [18-20]. The accurate
and precise quantitation of urinary albumin using immunoassays can be limited by the epitopic specificity of the antibodies used in the assays, and the lack of a suitable reference
standard and reference procedure [18, 21]. Also, as albumin
is a moderately large protein of approximately 68 kilodaltons
(kDa), a significant amount of glomerular and/or tubular
impairment must have already occurred in order for a pathological amount of albumin and other large molecular weight
proteins to be detected in the urine [5]. Clearly, improved
methods of detecting urinary proteinuria are needed so that
that renoprotective therapy can be initiated, thereby reducing
disease-associated morbidity and mortality.
Here, we describe the development and performance
evaluation of a novel competitive immunoassay for the quantitation of non-albumin urinary proteins. The key components of this immunoassay are: a purified and biochemically
characterized collection of 20 kDa to 90 kDa, non-albumin,
urinary proteins that were purified from 24-hour collections
of urine from non-diabetic and diabetic patients; and an immunologically characterized polyclonal antibody specific for
the purified urinary proteins. Additionally, we demonstrate
the clinical equivalence of this new test to clinical laboratory
methods of detecting proteinuria and albuminuria by the
analysis of 24-hour urine samples obtained from a collection
of 343 normoproteinuric and proteinuric diabetic patients.
MATERIALS AND METHODOLOGY
Human Urine Samples
For the purification of urinary proteins, twenty-four hour
collections of human urine from normoproteinuric (protein
excretion < 150 mg per 24 hours; n = 5) and proteinuric diabetics (protein excretion > 150 mg per 24 hours; n = 7) were
obtained from AusAM Diagnostics, Inc. (Melbourne, Victoria, Australia). Urine from all donors was pooled (approximately 22.5 L, total volume) prior to urinary protein purification. Single timepoint collections of individual urine samples and sample pools (three to five donors), used to performance qualify the urinary protein immunoassay, were
obtained from Bioreclamation, Inc. (Westbury, NY, USA).
Twenty-four hour urine collections from 343 diabetic donors
(normoproteinuric, n = 291; proteinuric n = 52; normoalbuminuric, albumin excretion < 30 mg per 24 hours, n = 281;
albuminuric, albumin excretion > 30 mg per 24 hours, n =
62), used to evaluate the clinical equivalency of the antiurinary protein immunoassay, were obtained from the Endocrine Centre, Austin Health (Melbourne, Victoria, Australia).
Total urinary protein concentration in 24-hour samples was
determined using the Microprotein (M-TP) method, a timed
endpoint, pyrogallol red – molybdate binding assay, on
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Beckman Coulter’s SYNCHRON System (Brea, CA, USA).
Albumin concentrations were determined using the Microalbumin (MA) method, an immunoturbidimetric method, on
the SYNCHRON System. All urine samples were adjusted to
pH 9.0 and stored at -20oC prior to analysis.
All human urine samples used in these retrospective studies were collected under informed donor consent in accordance with the policies and procedures of the Institutional
Review Board of the organization that provided the samples.
Purification of Urinary Proteins from Human Urine
Urinary proteins were purified from pooled, twenty-four
hour urines collected from twelve diabetic patients as summarized in Fig. (1). Pooled human urine was thawed, 1 mM
EDTA and 150 µM PMSF were added, and urine was centrifuged at 10000 x g, 4oC, 45 minutes. The supernatant was
salt fractionated with 85% (NH4)2SO4 overnight at 4oC. Following centrifugation (10000 x g, 4oC, 45 minutes), the pellet was resuspended and dialyzed overnight at 4oC versus 50
mM Tris, pH 8.0 and 250 mM NaCl, pH 7.4. Aliquots of the
precipitated protein preparations were passed over an antihuman serum albumin antibody (Dako Cytomation, Glostrup, Denmark) immunoaffinity column to remove albumin
from the preparation. Column flow-through fractions were
collected, pooled, and concentrated using a Centriprep™
YM-30 device (EMD Millipore, Billerica, MA, USA). The
retentate from the filtration was further purified by high performance liquid chromatography (HPLC) using two
Sephadex GF-250 gel filtration columns. Column fractions
were characterized by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and aliquots corresponding to urinary proteins of molecular weight 20 to 90
kDa were pooled to yield the final preparation of urinary
proteins.
During urinary protein purification, all protein concentrations were determined using a Pierce BCA Protein Determination Kit (Thermo Scientific, Rockford, IL, USA).
Polyacrylamide Gel Electrophoresis and Western Blot
Analysis of Urinary Proteins
Purified urinary protein preparations were characterized
by the SDS-PAGE method of Fairbanks [22] and by the nondenaturing PAGE method of Ornstein [23] using precast,
Novex, 12% acrylamide gels (Life Technologies Corporation, Carlsbad, CA, USA) at 20 mA per gel for 8 hours at
4oC. Molecular weight standards (Bio-Rad Laboratories,
Hercules, CA), purified protein standards (Sigma-Aldrich),
and protein bands were visualized by staining with 1%
Coomassie Blue R250 in 50% methanol, 10% acetic acid.
For Western blot analysis, protein bands were blotted
onto polyvinylidene fluoride (PVDF) membranes (EMD
Millipore) in transfer buffer (50% methanol, 10% acetic
acid) at 200 V for 6 hours at 4oC. Membranes containing
transferred proteins were blocked with 1% casein (SigmaAldrich) in PBS and sequentially incubated for 1 hour at
room temperature in 10 µg/mL of anti-urinary protein polyclonal antibody followed by 2 µg/mL of goat anti-sheep IgGhorseradish peroxidase (Sigma-Aldrich). Immunoreactive
protein bands were visualized by the sequential addition of
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Fig. (1). The biochemical purification strategy used to purify urinary proteins from human diabetic urine. Urinary proteins, from pooled human diabetic urine, were purified by a sequential series of centrifugation, salt fractionation, affinity chromatography, and HPLC gel filtration
procedures as described in Materials and Methodology. Approximately 380 mg of purified urinary protein was obtained from approximately
2.8 g of total urinary protein.

TMB Substrate Solution (Thermo Scientific) and a 0.1 N
NaOH stop solution.

peptides detected for each specific protein is reported as the
average of the duplicate determinations from both testing
sites.

LC-MS/MS Analysis of Urinary Protein Preparations
To promote the detection of less abundant proteins in the
urinary protein preparation by liquid chromatographytandem mass spectrometry (LC-MS/MS) analysis, transferrin
(Trf) and IgG were removed from the albumin-absorbed,
urinary protein preparation by sequential immunoaffinity
absorption using an anti-Trf monoclonal antibody (SigmaAldrich Corporation, St. Louis, MO, USA) and a goat antihuman IgG antibody (Bethyl Laboratories, Inc., Montgomery, TX, USA). Absorptions were performed using the
Pierce Hybridization Buffer System (Thermo Scientific).
Urinary protein bands in slices of non-denaturing gels
were excised and eluted in 100 µL of 0.1 M TBS pH 8.4
overnight at 4oC and dialyzed versus 0.1 M TBS pH 8.4 containing NaCl and magnesium [24]. Proteins eluted from the
gel slices and aliquots of the albumin-Trf-IgG-absorbed urinary protein preparation were digested with trypsin and
endoproteinase Lys-C (Lys-C) for 1 hour at 37oC, and lyophilized. Digestions of proteins eluted from gel slices [24]
and from aliquots of the albumin-Trf-IgG-absorbed urinary
protein preparation [25] were performed as previously described. LC-MS/MS analysis of digested urinary protein and
gel slice preparations of urinary proteins was performed by
Transitions Therapeutics, Inc. (Toronto, Ontario, Canada)
and the Keck Biotechnology Resource Laboratory at Yale
University (New Haven, CT, USA), respectively. For each
protein detected, each site generated an “Average Abundance Score” (a measure of the relative confidence of specific protein detection) and reported the “Average Number of
Peptides Detected.” The abundance score and number of

Production and Purification of the Anti-urinary Protein
Polyclonal Antibodies
The production and purification of sheep polyclonal antibodies to the albumin-absorbed urinary protein preparation is
summarized in Fig. (2). Six outbreed sheep were sequentially
immunized with 0.5 mg of purified, albumin-absorbed, urinary protein by Rockland Immunochemicals, Inc. (Gilbertsville, PA, USA) according to their 60 day protocol. Production bleeds on all animals were performed on day 58 and
every 60 days thereafter. All prebleed, testbleed, and production bleed anti-urinary protein antibody titers were determined by direct-binding ELISA. Additionally, all prebleed,
testbleed, and production bleeds were evaluated for antiurinary protein reactivity by Western blot.
Crude sheep anti-urinary protein antiserum was diluted
1:2 in PBS, 250 mM NaCl, pH 7.4 and batch purified by
sequential immunoaffinity chromatography using a 5 mL
Protein G Plus column (Thermo Scientific) to concentrate
serum IgG, a 100 mL human serum albumin column containing 5 g of albumin to remove human serum albumin-specific
antibodies, and a 10 mL urinary protein column containing
50 mg of urinary protein to purify anti-urinary protein antibodies. One mL fractions of anti-urinary protein-specific
antibodies were eluded from the urinary protein column using 0.1 M acetic acid. Column fractions were neutralized and
monitored for protein content by absorbance at 280 nm.
Fractions with the highest absorbance were pooled and dialyzed overnight at 4oC versus PBS.
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Fig. (2). Production and biochemical purification of the sheep anti-urinary protein polyclonal antibody. Six outbred sheep were sequentially
immunized with purified human urinary protein emulsified in Complete Freund’s Adjuvant (CFA), Incomplete Freund’s Adjuvant (IFA) or
phosphate buffered saline. Sheep anti-UP polyclonal antibodies were purified from high titered antisera by sequential affinity chromatography using Sephadex columns covalently conjugated with protein G, human serum albumin, and purified urinary protein as described in Materials and Methodology.

The Urinary Protein Competitive ELISA
A competitive ELISA, employing the purified urinary
protein preparation and the purified sheep polyclonal antiurinary protein antibody preparation, was developed for use
in clinical sample analysis. In this assay, the purified urinary
protein preparation, that was absorbed to remove only albumin, was used to coat the microtiter plate and as an assay
standard. Urinary protein, coated onto the microtiter plate or
present in a clinical sample or assay standard, competed for
the binding of biotinylated sheep anti-urinary protein polyclonal antibodies. For use in the ELISA, the sheep antiurinary protein antibodies were biotinylated using an E-Z
Link Sulfo-NHS Biotinylation Kit (Thermo Scientific).
Immulon 4HBX 96-well microtiter plates (Thermo Scientific) were coated with 100 µL per well of 0.5 µg/mL of
albumin-absorbed urinary protein for 1 hour at room temperature. Following aspiration, the plate was blocked with
150 µL per well of 0.5 mg/mL ovalbumin (Sigma-Aldrich)
in PBS, 0.05% Tween-20 for 1 hour at room temperature,
and washed four times with 300 uL per well of PBS, 0.05%
Tween-20. To each well of the plate: 50 µL per well of PBS,
0.05% Tween-20; 25 µL per well of serially-diluted, albumin-absorbed urinary proteins (assay standards that are serial
dilutions of the urinary protein preparation used for sheep
immunization; 4X concentration, 100 µg/mL to 0.39 µg/mL;
final concentration, 20 µg/mL to 0.10 µg/mL) or sample dilution; and 25 µL per well of biotinylated anti-urinary protein polyclonal antibody (4X concentration, 820 ng/mL; final
concentration, 205 ng/mL) was added and incubated for 1

hour at room temperature. Following washing, color was
developed by sequential addition of 100 µL per well of a
1:25000 dilution of streptavidin-horseradish peroxidase
(Sigma-Aldrich) in PBS, 0.05% Tween-20 for 1 hour at
room temperature; 100 µL per well of TMB substrate
(Sigma-Aldrich) for 20 minutes at room temperature in the
dark; and 75 µL per well of 1 M H2SO4. The concentration
of urinary protein in samples was determined using a fourparameter standard curve fit of optical density at 450 nm
versus urinary protein concentration of assay standards.
Sample analysis results were reported as the mean of duplicate determinations.
Performance Evaluation of the Urinary Protein Competitive ELISA
The analytical performance of the urinary protein competitive ELISA was evaluated by determining the assay’s
interassay precision, dynamic range, upper limit of quantitation (ULQ), lower limit of quantitation (LLQ), accuracy, and
dilution linearity. The interassay precision of assay standards
and three pools of human urine (high, medium, and low concentrations of urinary proteins) was determined in 12 separate interassay precision runs. The average urinary protein
concentration and percent coefficient of variation (%CV)
were determined across all 12 interassay precision runs. The
ULQ and LLQ of the assay were defined as the highest and
lowest calibrator concentrations giving acceptable precision
(%CV < 20%) in the interassay precision evaluation. The
dynamic range of the assay was defined as the LLQ – ULQ.
To evaluate assay accuracy, aliquots of three urine samples
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were spiked with three concentrations of urinary protein (10,
50, and 150 µg/mL). As controls, 10, 50, and 150 µg/mL
concentrations of urinary protein were also spiked into PBS.
Spiked urine and PBS samples, and unspiked aliquots of
each urine sample, were analyzed in the immunoassay. The
% recovery of urinary protein in each spiked sample was
determined as:

val (CI) of the AUC were performed using GraphPad
PRISM 5.00 software (GraphPad Software, Inc., San Diego,
CA, USA).

% recovery = (observed urinary protein concentration/
expected urinary protein concentration) x 100

Urinary proteins were purified from pooled, twenty-four
hour urines collected from twelve diabetic patients as described. Following removal of endogenous albumin via immunoaffinity chromatography, the urinary protein preparation was passed over a size-exclusion column and the flowthrough fractions (Fig. 3, panel A) were analyzed by reducing SDS-PAGE (Fig. 3, panel B). Electrophoretic analysis
revealed that all column fractions contained a heterogeneous

The observed concentration equals the urinary protein
concentration in each spiked sample (as determined by the
immunoassay), and the expected concentration equals the
urinary protein concentration of the spiked PBS control plus
the urinary protein concentration of the unspiked sample.
The average % recovery for each sample across all three
spiked concentrations was determined. The dilution linearity
of the assay was evaluated by determining the % recovery of
endogenous urinary protein in a sample of pooled of human
urine that was diluted from 1:5 to 1:200. All calculations of
average urinary protein concentrations, %CV, and % recovery were determined using EXCEL software (Microsoft,
Redmond, WA, USA). In all performance qualification
analyses, samples whose concentrations fell outside the analytical range of the assay were diluted and reanalyzed until
the determined concentration fell within the analytical range
of the assay. The urinary protein concentration determined
upon sample dilution was then multiplied by the sample dilution factor to determine the urinary protein concentration in
the undiluted sample.
The clinical equivalence of the urinary protein assay results to total protein assay results, determined using Beckman Coulter’s SYNCHRON M-TP method, or to albumin
assay results, determined using Beckman Coulter’s SYNCHRON MA method was evaluated by the analysis of 24
hour urine samples collected from 343 diabetic samples. All
samples were analyzed in duplicate in each of the three assay
with the mean (m) of the individual replicates reported as the
sample analysis result. Samples were classified as normoproteinuric (n = 291) or proteinuric (n = 52) based on 24 hour
total protein excretion results using the M-TP method, or as
normoalbuminuric (n = 281) or albuminuric (n = 62) based
on 24 hour excretion results using the MA method. Clinical
equivalence of 24 hour urinary protein excretion rates
(UPER, units of mg per 24 hours), determined using the urinary protein assay, in identifying proteinuria or albuminuria
was assessed by statistical comparison of UPER results in
normoproteinuric and proteinuric samples, and in normoalbuminuric and albuminuric samples using a two-tailed, unpaired t-test (α = 0.05). In these statistical comparisons, as
the sample sizes are large, standard error of the mean (SEM)
was used, instead of standard deviation, as an expression of
sample variance. Additionally, a receiver-operating characteristic (ROC) curve of UPER cutoff values was generated to
assess the ability of a UPER measurement to identify proteinuric or albuminuric samples. Graphical representation of
UPER sample analysis results, the ROC curves, and calculation of the sample replicate m, SEM, t statistics, p values,
area under the curves (AUC), and the 95% confidence inter-

RESULTS
Purification of Proteins from Human Diabetic Urine

Fig (3). Gel filtration and reducing SDS-PAGE analysis of purified
urinary proteins revealed a complex mixture of proteins that did not
contain albumin. During purification, urinary protein preparations
were subjected to HPLC size exclusion chromatography using a
GF-250 column (panel A). Column flow-through fractions were
collected (numbered in panel A) and further analyzed by reducing
SDS-PAGE (panel B). SDS-PAGE lanes 1 and 12, molecular
weight standards with molecular weights indicated in units of kilodaltons; lane 2, partially purified, albumin depleted, urinary protein
preparation that was loaded onto HPLC column; lanes 3 – 10,
HPLC column fractions 3 to 10 from panel A; and lane 11, commercially obtained, purified, human serum albumin standard.
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collection of proteins of varying molecular weights and that
the immunoaffinity procedure was successful in removing all
detectable albumin from the urinary protein preparation.
HPLC column fractions 4 through 8 (corresponding to urinary proteins of approximately 20 to 90 kDa) were pooled to
constitute the final urinary protein preparation. From approximately 22.5 L of pooled urine, containing 6 g of total
protein and 2.8 g of urinary protein (as determined by the
urinary protein immunoassay), 380 mg of purified urinary
protein was obtained, corresponded to a yield of 13.6%.
Identification of Proteins in the Urinary Protein Preparation
To identify the specific proteins present in the urinary
protein preparation, aliquots of the urinary protein preparation that were initially absorbed to remove albumin, were
further absorbed to remove Trf, and IgG. These additional
absorptions were performed to facilitate the LC-MS/MS detection of proteins and peptides in the preparation that were
present in smaller amounts than Trf and IgG. The albuminTrf-IgG absorbed urinary protein preparation and an aliquot
of the urinary protein preparation that was absorbed to remove albumin only, were analyzed by non-denaturing Western blot and stained with Coomassie Blue (Fig. 4). Both the
stained gel and the PVDF membrane demonstrated successful removal of detectable albumin from the albumin onlyabsorbed aliquot, and successful removal of albumin, Trf,
and IgG from the albumin-Trf-IgG-absorbed preparation.
The major protein bands in the albumin-Trf-IgG-absorbed
preparation (identified in Fig. (4), lane 6 by horizontal rec-
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tangles), and an aliquot of the albumin only-absorbed urinary
protein preparation were protease digested and analyzed by
LC-MS/MS. The results of the LC-MS/MS analysis of the
urinary protein preparation (Table 1) demonstrate that the
preparation consists of a very heterogeneous collection of
proteins and peptides of varying molecular weight.
Production and Biochemical Characterization of the
Sheep Polyclonal Anti-urinary Protein Antibody
Six outbred sheep were sequentially immunized with
albumin-absorbed urinary protein and anti-urinary protein
polyclonal antibodies were purified as described in Materials
and Methodology. By direct-binding ELISA, all animals
produced high-titered anti-urinary protein antisera with immunization (data not presented). Analysis of the immunoreactivity of purified anti-urinary protein polyclonal antibodies
by non-denaturing Western Blot demonstrated significant
immunoreactivity with a majority of the protein components
of the preparation (Fig. 5). Use of purified or recombinant
proteins and specific antibodies in Western blot analyses
identified Trf, IgG heavy chain, IgG kappa chain, alpha-1
acid glycoprotein, zinc alpha-2 glycoprotein, prostaglandinH2-D-isomerase, and alpha-1 microglobulin as the major
immunoreactive specificities of the anti-urinary protein
polyclonal antibodies (Fig. 5).
Performance Evaluation of the Competitive Urinary Protein ELISA
The results of the analytical performance evaluation of
the urinary protein ELISA are presented in Tables 2 and 3.

Fig. (4). Non-denaturing polyacrylamide gel electrophoresis and Western blot analysis of urinary protein preparations. Albumin-depleted
urinary protein (UP) preparations that were further immunoaffinity absorbed to remove endogenous transferrin (Trf) and IgG (UP-Trf-IgG;
lanes 2-4 and 11-13) and albumin–depleted urinary protein preparations that were not absorbed to remove Trf and IgG (UP, lanes 5-10) were
subjected to non-denaturing polyacrylamide gel electrophoresis (GEL), Western blotted onto a polyvinylidene difluoride (PVDF) membrane,
and stained with Commassie Blue to reveal the protein content. Trf and human serum albumin (HSA) standards were commercially obtained
and analyzed in lanes 1 and 14 as indicated. Gel bands in lane 6, as indicated by the horizontal rectangles, were excised from the gel. The
proteins in the excised bands were eluted, digested with trypsin and Lys-C, and analyzed by LC-MS/MS to identify urinary proteins present.

A Novel Immunoassay for the Quantitation of Urinary Proteins

Table 1.

The Open Clinical Chemistry Journal, 2013, Volume 6 7

Relative Abundance of Proteins Present in Urinary Protein Preparations as Determined in Duplicate LC-MS/MS Experiments
Protein

Average Abundance Scorea

Average Number of Peptides Detectedb

Serotransferrin precursor

1650.0

74.0

Alpha-1-microglobulin

707.0

29.5

Zinc alpha-2-glycoprotein

540.0

30.5

IgG kappa chain

330.5

10.0

Alpha-1 acid glycoprotein 1

295.0

17.5

Alpha-1 acid glycoprotein 2

244.0

15.5

IgG gamma-4 chain

229.0

13.5

IgA alpha-1 chain

224.5

10.0

IgG lambda chain

195.0

9.5

IgG heavy chain

179.0

6.5

IgG gamma-1 chain

172.5

6.0

Prostaglandin-H2 D-isomerase

140.5

4.0

Alpha-1 anti-trypsin precursor

116.5

7.0

Vascular cell adhesion protein 1

77.0

3.5

Haptoglobin precursor

75.0

3.0

Apolipoprotein D precursor

74.0

1.5

CD59

73.0

2.5

Agrin precursor

68.5

1.0

Epithelial growth factor (splice isoform 2)

67.5

2.0

Alpha-2-HS glycoprotein precursor

65.0

4.5

G(M2) activator protein

64.5

2.0

Saposin

63.0

1.5

Kininogen precursor

57.5

3.0

Hepatocyte growth factor-like protein

51.0

1.5

Beta-2-glycoprotein 1

48.5

3.0

Lithostathine-1 alpha precursor

47.5

3.0

Urine protein 1

46.0

2.0

CD44

41.0

1.0

Major prion protein precursor

39.5

1.0

Gelsolin

38.5

1.0

Beta-trace 23kD glycoprotein

34.5

0.5

Calgranulin B

33.0

1.0

Calgranulin A

28.5

0.5

Thrombin

28.5

0.5

Prostasin

28.0

0.5

Serum albumin precursor

25.0

1.0

LC-MS/MS analysis of lyophilized solution phase and gel slice preparations of urinary proteins were performed by Transitions Therapeutics, Inc. and the
Keck Biotechnology Resource Laboratory at Yale University, respectively.
a
Measure of the relative confidence of protein detection. Reported score is the average of duplicate LC-MS/MS analyses of the same urinary protein preparation at both testing sites.
b
Calculated as the average number of proteins detected in duplicate LC-MS/MS analyses of the same urinary protein preparation at both testing sites.

The average interassay precision of assay calibrators and
three pools of human urine ranged from 6.9 %CV to 20.6
%CV across twelve separate precision runs. The average %
recovery (accuracy) of spiked urinary protein in all three
urine samples ranged from 104.2% to 108.3% (Table 2). In

the dilution linearity assessment, recovery of urinary protein
at all dilutions tested ranged from 96.3% to 102.9%. The
dynamic range of the urinary protein assay was determined
to be 0.08 µg/mL to 20 µg/mL (Table 3).
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Performance Evaluation of the Urinary Protein Competitive ELISA: Interassay Precision and Spike Recovery

Interassay Precisiona

Average UP Concentration
%CV
(µg/mL)

Standard 0.10 ug/mL

0.09

14.7

Standard 0.25 ug/mL

0.25

10.9

Standard 0.74 ug/mL

0.74

9.1

Standard 2.20 ug/mL

2.25

6.9

Standard 6.60 ug/mL

6.19

9.5

Standard 20.00 ug/mL

21.91

10.2

Human urine pool 1 (low)

3.40

18.9

Human urine pool 2 (med)

20.00

20.6

Human urine pool 3 (high)

66.60

20.0

Spike Recoveryb

% Recovery

Average % Recovery

Urine sample 1, 10 ug/mL

103.1

Urine sample 1, 50 ug/mL

102.3

Urine sample 1, 150 ug/mL

119.4

Urine sample 2, 10 ug/mL

97.2

Urine sample 2, 50 ug/mL

120.6

Urine sample 2, 150 ug/mL

94.7

Urine sample 3, 10 ug/mL

108.3

Urine sample 3, 50 ug/mL

94.2

Urine sample 3, 150 ug/mL

117.5

108.3

104.2

106.7

a

Interassay precision of each calibrator level and three human urine pools was determined from twelve individual interassay precision runs. The average urinary protein concentration and %CV was calculated across all twelve runs.
b
Aliquots of three human urine samples were spiked with three different concentrations of urinary protein assay standard. The average % recovery reported for
each sample is the average recovery for that sample across all three spiked concentrations.

Clinical Equivalence of the Urinary Protein ELISA Results to the Results Obtained Using Established Laboratory Methods of Quantitating Urinary Total Protein or
Albumin
The clinical equivalence of 24 hour UPER, determined
by the urinary protein immunoassay, to 24 hour total protein
excretion rates or 24 albumin excretion rates, determined
using established clinical laboratory methods, was evaluated
using an unpaired t-test and generation of a ROC curve.
Measurement of 24 hour UPER by the urinary protein immunoassay was able to distinguish between normoproteinuric (n = 291; m + SEM = 50.8 + 2.3 mg UPER per 24 hours)
and proteinuric (n = 52; m + SEM = 74.3 + 6.4 mg UPER
per 24 hours ) patient samples with statistical significance (p
< 0.0001, α = 0.05), while a ROC curve of 24 hour UPER
results in this sample collection had an AUC of 0.6900 (95%
CI = 0.6108 to 0.7692, Fig. 6). Measurement of 24 hour
UPER by immunoassay was also able to distinguish between
normoalbuminuric (n = 281; m + SEM = 43.1 + 1.6 mg
UPER per 24 hours) and albuminuric (n = 62; m + SEM =
105.2 + 6.6 mg UPER per 24 hours) patient samples with
similar statistical significance (p < 0.0001, α = 0.05), while a
ROC curve of UPER results in normoalbuminuric and albu-

Table 3.

a

Performance Evaluation of the Urinary Protein
Competitive ELISA: Dilution Linearity and Dynamic Range
Dilution linearitya

% Recovery

Urine pool, 1:5 dilution

102.6

Urine pool, 1:10 dilution

99.9

Urine pool, 1:25 dilution

96.3

Urine pool, 1:50 dilution

98.1

Urine pool, 1:75 dilution

90.4

Urine pool, 1:100 dilution

102.5

Urine pool, 1:200 dilution

97.6

Dynamic Rangeb

Value

ULQ

20 ug/mL

LLQ

0.08 ug/mL

Range of the assay

0.08 – 20 ug/mL

Percent recovery of urinary protein was determined at each dilution of a
pool of human urine.
b
Range of the assay is presented as the assay’s LLQ – ULQ. LLQ and ULQ
were defined as the lowest and highest assay calibrators with interassay
precision < 20%.
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A

3

199

69

Transferrin

IgG heavy chain

44

Alpha-1-acid glycoprotein
Zinc-alpha-2 glycoprotein

28

Prostaglandin-H2-D-isomerase
AMBP (alpha -1- microglobulin)
IgG light chain

UPER (mg per 24 hours)

106

p < 0.0001

250
200
150
100
50
0
Normoproteinuric

18

Proteinuric

B

Fig. (5). Characterization of the reactivity of the polyclonal antiurinary protein antibody with purified urinary proteins by Western
blot analysis. Aliquots of the purified urinary protein preparation,
treated by affinity chromatography to remove only albumin, and
molecular weight standards were subjected to non-denaturing polyacrylamide gel electrophoresis using a 12% acrylamide gel and
electroblotted onto a polyvinylidene difluoride membrane. Lane 1,
Coomassie Blue stained gel of electrophoretically-resolved molecular weight standards with molecular weights indicated in units of
kilodaltons. Lane 2, Coomassie Blue stained gel containing electrophoretically-resolved, albumin-depleted, urinary protein preparation. Lane 3, Western blot of electrophoretically-resolved, albumindepleted, urinary proteins indicating the bands bound by the polyclonal anti-urinary protein antibody. The identity of the major protein components of the purified urinary protein preparation bound
by the anti-urinary protein polyclonal antibody are indicated based
on the binding of monoclonal antibodies specific for each of these
proteins in separate Western blot experiments (data not presented).

minuric samples had an AUC of 0.8782 (95% CI = 0.0.8286
to 0.9278, Fig. 7).
DISCUSSION
Protein, present in the urine, is the combined result of the
physiological processes of glomerular filtration and tubular
reabsorption. Normoproteinuric individuals with normal kidney function excrete large amounts of small molecular
weight peptides and amino acids in their urine. These molecules, based on their size and charge, are freely filtered at the
glomerulus and are not reabsorbed by the renal tubules. As
diabetic kidney disease progresses, the size profile of excreted proteins changes from predominantly small molecular
weight species to predominantly large proteins of greater
than approximately 60 kDa [26-28], due to enhanced glomerular permeability and/or impaired tubular absorption [2831]. Proteinuria can be classified based on the molecular
weight of the predominant proteins present in the urine.
Glomerular proteinuria is characterized by the presence of
predominantly large molecular weight proteins, such as immunoglobulin (150 kDa), Trf (80 kDa), albumin (60 kDa),
alpha 1 anti-trypsin (52 kDa), and alpha 1 acid glycoprotein

Sensitivity%

15
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0

AUC = 0.6900
95% CI = 0.6108 to 0.7692

0

25
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75

100

125

100% - Specificity%

Fig. (6). Comparison of 24-hour urinary protein excretion rate
(UPER), measured by the polyclonal antibody-based immunoassay,
to 24-hour total protein excretion rate, measured by a clinical laboratory reference method, in identifying proteinuria. Normoproteinuric (n = 291) and proteinuric (n = 52) urine samples, classified by
the total protein reference method, were analyzed by urinary protein immunoassay and the UPER for each sample was determined.
Panel A, an unpaired, two-tailed, t-test (α = 0.05) was used to assess the statistical significance of the difference in means (m) of the
normoproteinuric (m + standard error of the mean [SEM] = 50.8 +
2.3 mg per 24 hours) and proteinuric (m + SEM = 74.3 + 6.4 mg
per 24 hours) groups. Panel B, a receiver-operating characteristics
curve of the immunoassay results. AUC, area under the curve; CI,
confidence interval.

(43 kDa). Tubular proteinuria is characterized by the presence of predominantly low molecular weight proteins, such
as alpha 1 microglobulin (26 kDa), immunoglobulin light
chains (25 kDa), retinol binding protein (20 kDa), and beta 2
microglobulin (12 kDa). In mixed proteinuria, both high and
low molecular weight proteins are predominant, while in
overflow proteinuria, monoclonal free immunoglobulin light
chains, such as Bence-Jones proteins, are commonly observed [28].
The urinary proteins that we have purified from human
urine are a heterogenous collection of acute phase reactants,
enzymes, and structural proteins derived from the serum or
the tubular epithelium [32]. Based on protein molecular
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Analytically and clinically, the urinary protein immunoassay performed well. The analytical performance results
were acceptable for a non-automated, competitive immunoassay. Clinically, the measurement of a 24 hour urinary protein excretion rate using the urinary protein immunoassay
was statistically equivalent to the measurement of either a 24
hour total protein excretion rate or a 24 hour albumin excretion rate in distinguishing between normal and pathological
samples. Notably, a ROC curve analysis of this data set
demonstrated that the urinary protein immunoassay was better able to distinguish between normoalbuminic and albuminuric samples than between normoproteinuric and proteinuric samples. We hypothesize that this difference may be
due to the large amount of small molecular weight proteins,
peptides, and amino acids detected in the total protein assay
that are not detected in the albumin or urinary protein assays.
Our novel assay development approach has several advantages. First, we performed a rigorous purification and
characterization of urinary proteins from normoproteinuric
and proteinuric diabetics and generated polyclonal antibodies
specific for this collection of proteins. The purification strategy focused on non-albumin urinary proteins in a size range
that should detect glomerular and/or tubular dysfunction.
Additionally, the use of a polyclonal antibody in the new
immunoassay permits the detection of multiple epitopes on
multiple proteins in a sample based on their concentration
and immunogenicity. The validity of this approach was confirmed by: 1) the identification of specific urinary proteins
and anti-urinary protein polyclonal antibody reactivities that
have been reported by other groups to have diagnostic significance in diabetic nephropathy, and 2) the clinical utility
of the polyclonal antibody-based immunoassay in differentiating between the different clinical categories of albuminuria. Multiple epitope detection on several proteins may afford a better measure of urinary proteinuria than the detection of epitopes on a single protein, such as albumin. Additional studies are needed to prove this hypothesis.
Despite these advantages, our studies had several limitations. The generation of polyclonal antibodies directed
against a heterogeneous collection of proteins provides a

A
UPER (mg per 24 hours)

p < 0.0001

250
200
150
100
50
0

Normoalbuminuric

Albuminuric

B

Sensitivity%

weight, both the LC/MS-MS analysis of the purified urinary
proteins and the identified specificities of the anti-urinary
protein polyclonal antibody are suggestive of a mixed proteinuric profile. Zinc-alpha-2 glycoprotein, alpha-1 acid glycoprotein, alpha-1 microglobulin, and IgG, specificities identified in our polyclonal antibody, have been identified as
specific biomarkers for diabetic nephropathy [33]. In a proteomic analysis of urines from type II diabetic patients, the
concentration of zinc-alpha-2 glycoprotein increased across
normoalbuminuric, microalbuminuric, and macroalbuminuric clinical groups, suggesting clinical utility as a biomarker
of disease progression [34]. Using two-dimensional PAGE,
multiple charged species of urinary albumin, Trf, zinc-alpha2 glycoprotein, alpha-1 antitrypsin, haptoglobulin, alpha-1
microglobulin, and alpha-1 acid glycoprotein were identified
due to differential glycosylation [35, 36]. The size selection
and charge permeability barriers of glomerular filtration may
be the reason why the presence of biochemically-modified
forms of these proteins in urine is reflective of glomerular
disease [35].
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Fig. (7). Comparison of 24-hour urinary protein excretion rate
(UPER), measured by the polyclonal antibody-based immunoassay,
to 24-hour albumin excretion rate, measured by a clinical laboratory reference method, in identifying albuminuria. Normoalbuminuric (n = 281) and albuminuric (n = 62) urine samples, classified by
the albumin reference method, were analyzed by urinary protein
immunoassay and the UPER for each sample was determined.
Panel A, an unpaired, two-tailed, t-test (α = 0.05) was used to assess the statistical significance of the difference in means (m) of the
normoalbuminuric (m + standard error of the mean [SEM] = 43.1 +
1.6 mg per 24 hours) and albuminuric (m + SEM = 105.2 + 6.6 mg
per 24 hours) groups. Panel B, a receiver-operating characteristics
curve of the immunoassay results. AUC, area under the curve; CI,
confidence interval.

limited supply of a unique immunological reagent and raises
important questions regarding antigenic crossreactivity in the
assay and which proteins and protein epitopes are most diagnostically important. In these studies, we were able to identify the predominant proteins present in the urinary protein
preparation and the major immunogenic specificities recognized by the polyclonal antibody. However, the urinary protein preparation contains proteins, and the polyclonal antibodies contain reactivities, that we have not characterized.
The studies described here were not designed to identify
which urinary proteins or protein epitopes, detected by our
immunoassay, are most diagnostically informative. Nor did
our studies address potential immunological crossreactivity
between urinary protein epitopes that may be present in the
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anti-urinary protein polyclonal antibodies and the effect of
that crossreactivity on sample analysis results. Additional
studies currently ongoing in our laboratory involve the development of individual monoclonal antibody-based immunoassays and a multiplexed panel of monoclonal antibodybased immunoassays specific for the predominant urinary
proteins present in the urinary protein preparation that are
detected by the anti-urinary protein polyclonal antibody.
These assays will allow a more thorough investigation of
antigenic reactivity and will permit the identification of the
most diagnostically informative, non-albumin, urinary proteins and protein epitopes.
Another limitation of our studies was that the specificity
of the polyclonal antibodies, and the immunoassay, could be
“biased” by the small number of patients used to generate the
sample pool from which the urinary proteins were purified
and may not be reflective of the urinary proteins in the diabetic population at-large. We were not able to examine the
urinary protein profile or reactivity in the immunoassay of
the individual patient samples that constituted the pool from
which the urinary protein preparation was purified, as these
samples were provided to us as a pool. Also, the diagnostic
utility of the polyclonal antibody used in the assay may be
limited by the inter-patient variation of proteins expressed in
urine and the differing affinity of the polyclonal antibody for
these differentially expressed proteins. Both of these scenarios are unlikely, as the diagnostic utility of the predominant
urinary proteins identified in our purified preparation and the
immunoreactive specificities detected in the anti-urinary
protein polyclonal antibody demonstrated by our results have
been validated in published studies from other laboratories.
Our current studies involving individual monoclonal antibody-based immunoassays will allow a more thorough investigation of intra- and inter-patient variation in protein
excretion.
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ABBREVIATIONS
%CV

=

percent coefficient of variation

AUC

=

area under the curve

CFA

=

Complete Freund’s Adjuvant

CI

=

confidence interval

ESRD

=

end-stage renal disease

HPLC

=

high performance liquid chromatography

IFA

=

Incomplete Freund’s Adjuvant

kDa

=

kilodaltons

LC-MS/MS

=

liquid chromatography tandem mass
spectrometry

LLQ

=

lower limit of quantitation

It is interesting to speculate whether this collection of
non-albumin urinary proteins, or specific non-albumin proteins within the 20 kDa to 90 kDa range, would provide an
earlier indication of glomerular and/or tubular dysfunction
than an albumin measurement. As urinary proteinuria is the
result glomerular filtration and tubular reabsorption based on
the size and charge of the filtered protein, it is conceivable
that a protein or proteins within this molecular weight range
may be a better indicator than albumin of the breakdown of
these physiological processes. Additional studies with single
timepoint and longitudinally-collected samples from normal
and diabetic individuals, using the urinary protein immunoassay and monoclonal antibody-based ELISA methods specific for individual proteins within this molecular weight
range, will be needed to answer this important question.

Lys-C

=

endoproteinase Lys-C

M

=

mean

ROC

=

receiver-operating characteristic

PAGE

=

polyacrylamide gel electrophoresis

PVDF

=

polyvinylidene fluoride

RT

=

room temperature

SEM

=

standard error of the mean

SDS-PAGE

=

sodium
dodecyl
sulfatepolyacrylamide gel electrophoresis

TMB

=

3,3’,5,5’ tetramethyl benzidine

Trf

=

transferrin

CONCLUSION

ULQ

=

upper limit of quantitation

The measurement of 24 hour urinary protein excretion
rates using the urinary protein immunoassay is clinically
equivalent to the Microprotein (M-TP) method to the quantitation total protein and the Microalbumin (MA) method for
the quantitation of albumin in identifying proteinuria or albuminuria.

UP

=

urinary protein

UPER

=

urinary protein excretion rate
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