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Abstract

Background—There is disagreement regarding the utility of urinary albumin excretion as a 

marker for capillary injury in patients with severe burn injuries. We examined protein components 

in urine specimens from patients with burn injury.

Methods—Detailed analysis was performed for a set of 5 urine specimens selected based on a 

high ratio of albumin-sized molecules by size-exclusion HPLC (AccuminR) versus albumin by 

immunoassay methods. Specimens were analyzed for total protein, α1-microglobulin, α1-acid 

glycoprotein, cystatin C, and retinol-binding protein. Urine components were analyzed by 

chromatographic and electrophoretic methods. Major components were identified by mass 

spectrometry of tryptic peptides.

Results—A subset of urine specimens had increased total protein with slight increases in 

albumin by immunoassay or by polyacrylamide gel electrophoresis. Albumin values by size-

exclusion HPLC were more than 10-fold higher. Immunoassays for α1-microglobulin and α1-acid 

glycoprotein yielded concentrations 5–10 fold higher than for albumin. Other major components 

identified included zinc-α2-glycoprotein and leucine-rich- α2-glycoprotein.

Conclusions—A subset of patients with burn injury had increased total urinary protein resulting 

primarily from increased excretion of proteins such as α1-microglobulin and α1-acid glycoprotein 

with little increase in albumin excretion. The unusual composition of urinary proteins in these 

patients may relate to decreased filtered load of albumin and increased filtered load of acute phase 
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reactants or to alterations in renal tubular protein processing. Thus, measurement of urinary 

albumin may have decreased sensitivity for detecting kidney injury in burn patients.
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1. Introduction

Increased urinary excretion of albumin is a potential early indicator both of glomerular 

injury and of systemic endothelial injury in chronic disease processes such as diabetes and 

atherosclerosis [1,2] and in acute illness or surgery [3–6]. Consequently, there has been 

interest in examining whether urinary albumin excretion can serve as a marker for kidney 

injury or risk of capillary leak syndromes in disorders such as adult respiratory distress 

syndrome or severe burn injury [7–9]. Kidney injury can occur following burn injury, 

possibly as a consequence of hemodynamic compromise or exposure to increased products 

of tissue degradation in the circulation [10–12]. For patients with burn injuries, there is 

disagreement, however, regarding whether urine albumin excretion serves as an indicator of 

injury severity or resuscitation demands [7–9]. This suggested that there might be 

complicating factors in the application of urine albumin measurements to evaluation of burn 

patients.

Of potential significance for the interpretation of albuminuria in specimens from burn 

patients, there has been recent controversy regarding the measurement of urinary albumin. A 

new procedure for measurement of urinary albumin by size-exclusion high-performance 

liquid chromatography (HPLC) obtains substantially higher albumin values than 

immunoassay procedures that have been in common usage [13–18]. Two different 

hypotheses have been proposed to explain the difference between methods: 1) 

Immunoassays fail to detect some conformationally-modified forms of albumin that are 

detected by the size-exclusion assay [13–15]. 2) the size-exclusion chromatographic method 

responds to other molecules that co-elute with albumin [19,20]. We found that some 

specimens from patients with burn injury had a >10-fold difference in values of albumin 

determined by size-exclusion chromatography vs immunoassay methods. Considering that 

major tissue injury might be a source of degraded or conformationally-modified albumin, we 

investigated the nature of proteinuria and the profound difference in albumin measurement 

by two methods applied to specimens obtained from patients with severe burn injury.

2. Materials and Methods

Specimens from patients with burn injury were collected with a protocol approved by the 

local institutional review board as previously described [9]. Urine total protein (pyrogallol 

red-molybdate), albumin (immunoturbidimetric), and creatinine (alkaline picrate method) 

were determined on a Beckman-Coulter LX20 analyzer. A second immunoturbidimetric 

method for urine albumin used reagents from Wako Diagnostics. Analysis of albumin by 

size-exclusion HPLC used the AccuminR method from AusAm Biotechnologies. 

Quantitative analysis of cystatin C, α1-acid glycoprotein, α1-microglobulin, and retinol-
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binding protein were performed on a Siemens BN-II nephelometer. Polyacrylamide gels for 

sodium dodecylsulfate polyacrylamide gel electrophoresis (SDS PAGE), molecular weight 

standards, and SimpleBlue stain were from Invitrogen. Urine specimens were concentrated 

using Amicon Ultra-15 concentrators with regenerated cellulose membranes of 10 kDa 

cutoff. Immunodepletion of albumin was performed using spun columns of microparticles 

bearing polyclonal chicken antiserum directed against human albumin, as previously 

described for immunodepletion of albumin from serum. Preparative size-exclusion HPLC 

was performed on a 9.4 × 250 mm Zorbax GF-250 column from Agilent eluted with 

buffered saline as in a previous report [19]. Proteins detected in polyacrylamide gels stained 

with Coomassie blue were subjected to trypsin digestion and analysis of tryptic peptides by 

matrix-assisted laser desorption tandem time-of-flight (MALDI TOF-TOF) mass 

spectrometry using a Bruker UltraFlex mass spectrometer. Fragment spectra for peptides 

were submitted to a Mascot search engine (Matrix Science Inc; www.matrixscience.com) for 

protein identifications.

3. Results

A subset of 5 urine specimens from burn patients was selected based on a low ration of 

albumin (by immunoassay) versus total protein and a high ratio of albumin by HPLC versus 

immunoassay (albumin by HPLC > 10-fold higher than mean albumin value by 2 

immunoassay methods). This was considered as a potential means to select specimens where 

immunoassay results might be falsely low due to partially degraded or conformationally-

modified albumin, and might account for problems in detecting albuminuria in burn patients. 

As listed in Table 1, these specimens were obtained from 3 patients at timepoints between 2 

and 11 days from admission to the hospital. Although total protein was increased to a mean 

of >900 mg/l and 680 mg/g creatinine in this subset of specimens, albumin concentrations 

by immunoassay were only about 20 mg/l and represented only about 2% of the total 

protein. The size-exclusion HPLC method for albumin yielded a mean value about 20-fold 

higher, representing about 40% of the total protein. Concentrations of α1-microglobulin and 

α1-acid glycoprotein were about 10-fold higher than albumin measured by immunoassay. A 

notable characteristic of patients at the time of these urine collections was severe 

hypoalbuminemia, with a mean albumin concentration of 17 g/l.

A second subset of specimens listed in Table 2 was identified with lower total protein 

excretion, a higher ratio of albumin (by immunoassay) vs total protein, and a lower ratio of 

albumin by immunoassay versus HPLC assay. These specimens were collected from patients 

with burn injury 0–3 days from admission to the hospital. Albumin was present in much 

higher concentrations than other proteins such as α1-microglobulin and α1-acid 

glycoprotein. Hypoalbuminemia was less severe in this group, with a mean plasma albumin 

concentration of 26 g/l.

Specimens were concentrated by ultrafiltration and analyzed by SDS PAGE. Results for nine 

specimens run under reducing conditions are shown in Figure 1. One specimen had 

insufficient volume for analysis. The specimens with a low proportion of albumin by 

immunoassay showed very small amounts of albumin, while specimens with high 

proportions of albumin by immunoassay found albumin to be the major protein component. 
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The specimens with low proportions of albumin had many components more abundant than 

albumin, and these had lower masses than albumin. Similar results were obtained for SDS 

PAGE under nonreducing conditions (data not shown).

Specimens with a low proportion of albumin were pooled for further analysis. The pooled 

specimen was subjected to size-exclusion HPLC and fractions collected from this analysis 

were analyzed by SDS PAGE (Fig. 2). The major peak on size-exclusion HPLC eluted at 

9.758 min in the position expected of albumin, but SDS PAGE indicated that albumin was a 

minor component in this fraction. Based on previous reports the other major components in 

this fraction might be either partially degraded forms of albumin [13] or other proteins that 

coelute with albumin during size-exclusion HPLC [19].

To address the identities of the major protein components in the urine pool with a low 

proportion of albumin, further analysis was performed. In particular, there was an interest in 

ascertaining whether any of the major components were degraded forms of albumin. An 

affinity column with a polyclonal antiserum versus human albumin was used to capture 

albumin in the urine pool. Analyses of the total pool, albumin-depleted pool, and eluate of 

proteins captured by the albumin affinity column are shown in Figure 3. SDS PAGE 

indicated that the albumin depletion step effectively removed albumin (lane B), but albumin 

depletion yielded little change versus the total pool in the pattern observed by size-exclusion 

HPLC; there was just a small decrease in the size of the peak in the position of albumin. The 

eluate of proteins bound to the affinity column consisted predominantly of intact albumin, 

with smaller amounts of 3 components <30 kDa that may represent proteins adsorbed on the 

column. Some previous reports have suggested that there may be modified forms of albumin 

with decreased immunoreactivity [13]. Therefore, several of the major bands on SDS PAGE 

analysis were identified by mass spectrometry of tryptic digests as listed in Table 3. Protein 

identifications were based on tandem mass spectrometry of multiple peptides, except in the 

case of α1-microglobulin, where identification was based on a single peptide. 

Electrophoretic mobilities on SDS PAGE of identified proteins were all consistent with 

expected values. None of the major bands were identified as fragments of albumin. One of 

the bands recovered partially with proteins bound to the albumin affinity column 

corresponded to α1-microglobulin. Recovery of this protein could represent either 

nonspecific binding to the column or disulfide linkage of some molecules to albumin to form 

a heterodimer captured by the antibody.

4. Discussion

A number of reports have identified degraded or modified forms of albumin detected in 

serum or urine by techniques such as 1- or 2-dimensional electrophoresis, Western blotting, 

or mass spectrometry [22–30]. We considered that burn injury might be a disorder with 

enhanced albumin degradation or modification due to enhanced inflammation and 

extravasation of albumin into extracellular spaces. This was considered a possible 

explanation for the previously-reported lack of measured increases in albumin excretion in 

burn injury [9], if modified forms of urinary albumin fail to be detected by immunoassays as 

hypothesized in some reports [13–18]. However, that hypothesis is controversial, and it is 

not clear that there are any modified forms of albumin that cannot be detected by 

Sviridov et al. Page 4

Clin Chim Acta. Author manuscript; available in PMC 2017 September 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



immunoassays [19,20,31]. In the present report, a subset of urine specimens in which size-

exclusion HPLC values for albumin were >10-fold than immunoassay values for albumin 

were subjected to further analysis to determine whether modified forms of albumin account 

for the difference. By 1-dimensional SDS PAGE, it was clear that this subset of specimens 

contained low amounts of intact albumin. Analysis of major bands on gels did not find any 

major bands resulting from proteolytic degradation of albumin. Instead, other major 

components were identified such as α1-acid glycoprotein, α1-microglobulin, α1-antitrypsin, 

leucine-rich-α2-glycoprotein, and zinc-α2-glycoprotein. Product information for the HPLC 

albumin assay states that it is not suitable for analysis of specimens from patients with 

inflammatory disorders, and results presented here clarify why this is the case, considering 

that acute-phase proteins such as α1-acid glycoprotein become increased substantially to 

concentrations above albumin. Previous work has shown that the relatively low resolution 

size-exclusion HPLC method has difficulty resolving proteins such as α1-acid glycoprotein 

and α1-antitrypsin from albumin [19]. Burn injury is recognized to have a strong 

inflammatory component and induction of acute phase responses [32,33], and positive acute 

phase reactants have been identified in increased concentrations in urine in a variety of 

disease states [34,35].

Although burn injury, is recognized as a potent stimulator of acute-phase responses [32,33], 

there may be a timelag of 1–2 days for induction of many acute-phase reactants. This is 

consistent with the collection time of specimens with high concentrations of α1-acid 

glycoprotein (2–11 days after admission) compared with specimens not showing a high 

concentration of α1-acid glycoprotein (0–3 days). A previous study of urinary α1-acid 

glycoprotein excretion in post-surgical patients observed that peak levels of α1-acid 

glycoprotein may not be reached for several days [34]. However, not all of the increased 

protein excretion is explained by an overflow proteinuria of small proteins that are positive 

acute-phase reactants. Retinol-binding protein is considered to be a negative acute-phase 

reactant and cystatin C is not recognized as an acute phase reactant. Increases in excretion of 

these small protein components suggests a coincident impairment of tubular uptake at the 

timepoints of these specimen collections and not observed at earlier timepoints.

Results presented here may help explain the variable findings and controversy regarding the 

value of urine albumin measurements as a marker for kidney injury in patients with burn 

injury [7–9]. It is striking that, in some urine specimens containing >1 g/l total protein and 

substantially increased protein:creatinine ratios, there was little apparent increase in albumin 

excretion. Perhaps, this can be explained by the diminished glomerular filtration of albumin 

in the setting of severe hypoalbuminemia. In severe hypoalbuminemia, urine albumin 

measurements may have decreased sensitivity as an indicator of kidney injury. In clinical 

disorders with severe hypoalbuminemia it may be necessary to rely more on measurements 

of total urinary protein or proteins other than albumin as markers of kidney injury.

Acknowledgments

Studies were supported by the intramural research program of the Clinical Center, National Institutes of Health, 
Department of Health and Human Services, and by the ARUP Institute for Clinical and Experimental Pathology.

Sviridov et al. Page 5

Clin Chim Acta. Author manuscript; available in PMC 2017 September 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Abbreviations

MALDI TOFmatrix-assisted laser desorption/ionization time-of-flight
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Fig. 1. 
SDS PAGE of urine specimens from patients with burn injury. Lanes 1–4 represent 

specimens from patients A, B, and C with low proportions of albumin. Lanes 6–10 represent 

specimens from patients A, D, E, F, and G with high proportions of albumin. Specimens 

were analyzed after reduction with dithiothreitol. Molecular weight standards are indicated.
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Fig. 2. 
Analysis of pooled urine specimens with low albumin:total protein. The pooled specimen 

was first analyzed by size-exclusion HPLC with elution time on the x-axis and absorbance at 

280 nm on the y-axis. Fractions collected as indicated were analyzed by SDS PAGE under 

reducing conditions. The peak at 9.758 min on the size-exclusion HPLC corresponds to the 

elution position of an albumin standard.
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Fig. 3. 
SDS PAGE of a pooled specimen with a low proportion of albumin following fractionation 

on an albumin affinity column. Shown are total pooled specimen (C), specimen after 

depletion of albumin by an anti-ablumin affinity column (B), and bound components eluted 

from the albumin affinity column (A). Protein identities of numbered bands on the gel were 

determined by excising the bands, digesting them with trypsin, and analyzing the digests by 

mass spectrometry: 1) transferrin, 2) α1-proteinase inhibitor (α1-antitrypsin), 3) leucine-rich 

α2-glycoprotein, 4) α1-acid glycoprotein, 5) zinc- α2-glycoprotein, 6) α1-microglobulin, 7) 

albumin. Peptides used for identifications are listed in Table 3.
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Table 3

Identification of major protein bands on SDS PAGE. The observed mass was estimated by SDS PAGE.

Protein Identification/
SwissProt Accession

Protein Mass Tryptic Peptides
Identified

Mowse Score

Observed Reported

1) Transferrin P02787 80,000 79,600 DLLFK 337

DGAFDVAFVK

SASDLTWDNIK

MYGYEYVTAIR

2) α1-Proteinase Inhibitor P01009 50,000 50,300 IVDLVK 173

SPLFMGK

SASLHLPK

VFSNGADLSGVTEEAPLK

3) Leucine-rich α2-glycoprotein P02750 48,000 50,000 VLDLTR 128

GPLQLER

GQTLLAVAK

VAAGAFQGLR

4) α1-Acid glycoprotein P02763 40,000 40,000 SDVVYTDWK 108

EQLGEFTEALDCLR

YVGGQEHFAHLLILR

5) Zinc-α2-glycoprotein P25311 39,000 38,500 SSGAFWK 495

IDVHWTR

AGEVQEPELR

AYLEEECPATLR

6) α1-Microglobulin P02760 25,000 27,000 VVAQGVGIP 33

*
Mowse scores > 46 indicate identity or extensive homology with the specified protein (p < 0.05). For α1-microglobulin, mass spectrometric data 

was combined with electrophoretic mobility to confirm the identification.
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