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Abstract

BACKGROUND—The accurate and precise measurement of urinary albumin is critical, since
even minor increases are diagnostically sensitive indicators of renal disease, cardiovascular events,
and risk for death. To gain insights into potential measurement biases, we systematically
compared urine albumin measurements performed by LC-MS, a clinically available
immunoturbidimetric assay, and size-exclusion HPLC.

METHODS—We obtained unused clinical urine samples from 150 patients who were stratified
by degrees of albuminuria (<20 mg/L, 20-250 mg/L, >250 mg/L) as determined by the
immunoturbidimetric assay used in our clinical laboratory (Roche Hitachi 912). Urine albumin
was then remeasured via LC-MS and HPLC (Accumin™) assays.

RESULTS—The immunoturbidimetric assay, calibrated using manufacturer-supplied serum-
derived calibrators (Diasorin), underestimated albumin compared with LC-MS. After calibration
with purified HSA, this immunoturbidimetric assay correlated well with LC-MS. HPLC
overestimated albumin compared with both LC-MS and immunoturbidimetry. The current LC-MS
and HPLC assays both performed poorly at concentrations <20 mg/L.

CONCLUSIONS—Efforts are needed to establish gold-standard traceable calibrators for clinical
assays. LC-MS is a specific method to quantify aloumin in native urine when concentrations
exceed 20 mg/L, and therefore could be employed for standardization among assays.

Degree of urinary albumin excretion is a well-established predictor of the subsequent
development of overt diabetic nephropathy (1). It is also a prognostic indicator of outcome
in most forms of renal disease (2), and a reduction in excretion by specific therapeutic
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strategies portends better renal survival (3). Microalbuminuria (urinary albumin excretion
30-300 mg/day for timed collections and 20-200 mg/g creatinine for random or spot urine
samples) is an independent marker for increased morbidity and mortality, even in the
absence of renal disease (4, 5). Further, reduction of albuminuria translates to reduced
cardiovascular events among hypertensive subjects (6). The distinction between
normoalbuminuria and microalbuminuria is arbitrary, as several population-based studies
have demonstrated that minimal incremental increases in urinary albumin excretion, even
within the reference ranges, increase risk of subsequent renal dysfunction and cardiovascular
events (7, 8). These findings highlight the importance of accurate and precise measurement
of low concentrations of albumin in urine and have spurred development of newer methods
for its quantification.

Urinary albumin has traditionally been measured using antibody-based methods including
RIA, ELISA, nephelometry, and immunoturbidimetry (9, 10). Measurement of urinary
albumin is potentially complicated by the observation that it may exist in several forms (11).
More recently, size-exclusion HPLC has been proposed as a more sensitive method to
measure urinary albumin (12). In the low range (<100 mg/L), HPLC gives higher values
than conventional immunoassays, and this has been hypothesized to be because of the
presence of immunochemically nonreactive albumin (13, 14). Indeed, increases in urinary
albumin assessed by HPLC may be an earlier predictor of a risk for progression to mature
diabetic nephropathy than when microalbuminuria is measured by standard methods (12). It
is also possible that size-exclusion HPLC methods may overestimate albumin concentration,
since it has been demonstrated that proteins of similar molecular mass may coelute with
albumin (15).

To more specifically measure urinary aloumin, methods using LC-MS have been developed
to precisely quantify intact albumin in native urine using N°-labeled human serum albumin
(HSA) (16) and BSA (17) as internal standards. Here we evaluated an LC-MS method with

an improved limit of quantification relative to the version used in the previous publications

and compared it against immunoturbidimetric and size-exclusion HPLC assays at clinically
relevant concentration ranges.

Materials and Methods

We obtained unused clinical urine samples from those submitted by patients to the Mayo
Renal Function Laboratory for clinical indications. Albumin was initially measured by a
standard immunoturbidimetric assay, and samples were selected from 3 clinically relevant
ranges (0 to <20 mg/L, 20-250 mg/L, >250 mg/L; n = 50 each). The staff in the routine
clinical Renal Function Laboratory initially measured urinary albumin on fresh (unfrozen)
urines and saved aliquots at —80 °C for future study. Samples were subsequently analyzed
by size-exclusion and LC-MS blinded to previous results. The Mayo IRB approved this
study.

IMMUNOASSAY

The routine clinical urine albumin assay in our laboratory is immunoturbidimetric (Roche
Hitachi 912). We used reagents and calibrators in a kit purchased from Diasorin, Inc. (SPQ
Test System). In this assay, albumin is detected using an antibody to human albumin in an
automated immunoprecipitation analysis that detects turbidity and increased light scatter.
Urine samples were centrifuged at 650g for 10 min before analysis. After incubation for
approximately 10 min, we measured the absorbance of the solution at 340 nm. For the
routine assay, we generated a calibration curve by assaying a series of manufacturer-
supplied calibrators (Diasorin) with known concentrations of albumin, using the
instrument’s data reduction capability. Concentrations for the calibrators (5.3-174 mg/L)
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and samples were interpolated from the calibration curve. In another set of experiments, we
recalibrated the instrument using serial dilutions of HSA (Sigma-Al-drich) in charcoal-
stripped urine (SeraCare Life Sciences). The stock HSA concentration (7.8 g/L) was
quantified via UV absorbance (absorptivity 3.85 x 10 at 280 nm wavelength) (18).

We quantified urinary albumin using source-induced fragmentation as described by Loo et
al. (19). In a modified version of the published protocol (17), source-induced fragmentation
of intact albumin was achieved by increasing the declustering potential voltage from 100V
to 336V on an Applied Biosystems AP15000 triple quadrupole tandem mass spectrometer.
We spiked calibrators or centrifuged urine samples (200 L) with 20 mg/L BSA (Sigma-
Aldrich), the optimal concentration to reproducibly generate an internal standard signal
response without introducing interference in the HSA signal response. After the addition of
BSA, all calibrators and samples were mixed vigorously for 20 min. We then loaded 60 L
sample onto an ABI POROS R2/10 (2.1 x 10 mm; 50 zzm bead) column using a Thermo
Scientific Aria TLX2 multiplex LC system, which allows for a vigorous cleaning cycle of
the column to reduce the possibility of carryover and diversion of waste while directing
sample to the MS. We performed LC for albumin separation using a 3-solvent system with a
total run time of 15 min. The first 3.5 min of the LC run were sent to waste, and data were
collected for the next 3.5 min, before again diverting the last 8 min of the LC run to waste.
The mobile phases consisted of solvent A (water, 0.1% formic acid), solvent B (methanol,
0.1% formic acid), and solvent C (70% formic acid, 30% isopropanol). LC flow rate was 1
mL/min beginning with 95% A and 5% B for 1.5 min, ramping to 70% A and 30% B for 0.5
min, holding at 70% A and 30% B for 2 min, ramping to 50% A and 50% B over 2.5 min,
then to 5% A and 95% B over 0.5 min, and holding there for 1 additional minute. The
column was then cleaned at a flow rate of 2.1 mL/min for 5.5 min using 4.5% A, 0.3% B,
and 95.2% C and reequilibrated with 95% A and 5% B at 1 mL/min for 1.5 min. We
monitored the BSA b, fragment (m/z 698.15) as an internal standard and quantitated the
human albumin b24+4 fragment (m/z 685.1) using an 11-point calibration curve (quadratic
fit) prepared from serial dilutions of HSA in charcoal-stripped urine as described above.

For size-exclusion HPLC (Accumin™, Aus Am Bio-technologies), we analyzed the same
urine samples with a Beckman System Gold HPLC following the Accumin protocol and
using the kit components. The Accumin Direct Total Intact Albumin Assay detects total
albumin after calibration with HSA liquid calibrators. Each sample was vortex-mixed for 10
s and centrifuged at approximately 25009 for 5 min. We transferred 50 pL supernatant from
each centrifuged sample into separate polypropylene vials and injected 25 pL onto the
column. Intact albumin was separated from other urinary proteins based on molecular size
and conformation according to the package insert. Absorbance was measured at 214 nm, and
we analyzed results using Beckman System Gold software.

The lower limit of detection was 10 mg/L, defined as 3 times the SD of the mean signal
obtained from assaying the 0 mg/L calibrator 20 times. The limit of quantification or
functional sensitivity, defined as the point where the interassay CV reached 20%, was
determined to be 20 mg/L. Intraassay imprecision studies of 3 patient samples (19.5, 40.3,
and 127 mg/L, n = 20 replicates) yielded CVs all within a range of 4% to 6%. Interassay
imprecision studies of 12 patient samples and 3 control samples (10.2 to 232 mg/L) analyzed
over 16-20 days were more variable, in part because of urine matrix variability and/or assay
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sensitivity. These CVs ranged from as low as 8% to as high as 24%, with most samples in
the 11%-16% region. Recovery studies showed a mean recovery of 95%. Linearity studies
performed by diluting patient samples in stripped urine yielded a linear regression equation
of y = 1.035x — 0.4643, with an R2 = 0.9961 over the range of 9 to 300 mg/L.

HITACHI IMMUNOTURBIDIMETRIC ASSAY

HPLC

An operational limit of quantification was verified empirically by measuring 1 sample with a
low albumin concentration (1.04 mg/L) 10 times and demonstrating an acceptable CV
(9.65%). An interassay imprecision study (2 control samples analyzed over 20 days) yielded
CVs of 3.1% and 1.8%, with mean values of 10.8 and 65.7 mg/L, respectively. Linearity
studies, performed by diluting patient samples, yielded a linear regression equation of y =
1.0601x + 0.0609, RZ = 0.9984 over the range of 5.5 to 88 mg/L. A mean recovery of 91%
was observed.

Intraassay imprecision was measured using 3 urine concentrations (19.0, 154.4, and 208.1
mg/L) assayed in triplicate on 2 different days. CVs were 0.5%, 0.6%, and 0.4%,
respectively. Interassay imprecision was measured over 3 separate runs (n = 7 patient
samples ranging from 18.9 to 209.3 mg/L) and resulted in CVs of 0.5%, 0.6%, and 0.4%.

METHOD COMPARISON

Urine albumin concentrations consistently measured higher across all concentration ranges
with LC-MS compared with the Hitachi immunoturbidimetric platform using the Diasorin
reagents and kit serum calibrators, as evidenced by points lying below the line of identity in
Fig. 1A. Of note, the LC-MS assay calibrators were prepared from purified commercial
HSA quantitated by UV absorbance, whereas the clinical Roche immunoassay employs
prediluted serum-based calibrators (Diasorin). Because the LC-MS assay cannot accurately
quantify urine albumin <20 mg/L (see above), these points were deleted in Fig. 1B before
calculation of a regression line. The inset in Fig. 1B highlights that the correlation between
the 2 assays is similar in the clinically important microalbuminuric range (20-500 mg/L), as
in the higher protein samples (>500 mg/L). A consistent mean negative bias of 27% in the
quantifiable range for the immunoturbidimetric vs the LC-MS assay is more apparent in the
Bland-Altman plot (Fig. 1C).

To evaluate the potential contribution of the calibrators to the discrepancies observed
between assays, we reanalyzed the same samples after the Hitachi 912 was calibrated with
the purified HSA standard employed in the LC-MS assay. In this experiment, the values
obtained with the HSA calibrators were higher at all concentrations compared with the
Diasorin calibrators (Fig. 2A), with the bias most apparent in the Bland—Altman plot at
lower concentrations (<20 mg/L, Fig. 2B). The breakpoint observed at approximately 200
mg/L may in part reflect the procedural detail that all samples >174 mg/L are diluted 1:10
for the Hitachi assay for quantification using Diasorin reagent B; a suboptimal curve-fitting
algorithm by the instrument might also explain this result. When results for the
immunoturbidimetric and LC-MS assays were compared after calibration of both assays
with the same pure HSA calibrators, the correlation was improved (Fig. 3A), without
significant bias on the Bland—Altman plot throughout the range where the LC-MS assay
performs well (>20 mg/L; mean 2.2% difference; Fig. 3B). As in Fig. 2, breakpoints are
apparent, which may represent effects of sample dilution and/or the instrument curve-fitting
algorithm. Therefore, discrepancies between the immunoturbidimetric and LC-MS assays
appear to be largely due to calibration.
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Next, we compared results from the size-exclusion HPLC assay to those from the LC-MS
assay. The HPLC assay yielded higher results for albumin across all concentrations (Fig.
4A), with the bias more apparent at concentrations <100 mg/L, and especially <50 mg/L.
Overall, the mean difference with the HPLC assay was 34% (Fig. 4B). These results are
consistent with previous observations that HPLC gives higher values than immunoassay,
especially in the microalbuminuric range. When the HPLC assay was calibrated using pure
HSA, read-back values for the HSA calibrators correlated well with the nominal values (r2 =
0.998), although quantification was poor below 10 mg/L. Subsequently, when the Accumin
serum-based standards were quantified using the HPLC assay calibrated with pure HSA,
there was also a good correlation (r2 = 0.998), but values were substantially higher
(approximately 30%) than the nominal values for the Accumin calibrators. Therefore, the
Accumin calibrators may be another source of bias in the assay, perhaps owing to other
proteins that coelute with the albumin peak in this serum-derived reagent, and contribute to
discrepancies between HPLC and the LC-MS and immunoturbidimetric assays.

Discussion

Accurate determination of urinary albumin concentration is a key clinical test. We
developed an LC-MS assay that might serve as a reference measurement procedure for
quantifying intact albumin in urine (both immunoreactive and nonimmunoreactive) (16, 17).
Comparing results with this assay to 2 currently available commercial tests demonstrated
that an immunoturbidimetric, antibody-based test underestimates albumin when commercial,
serum-derived calibrators are used, whereas size-exclusion HPLC overestimates it. For the
antibody-based immunoturbidimetric assay we used, much of the discrepancy with LC-MS
can be attributed to calibration. Therefore, efforts at standardization between laboratories
and platforms will likely require careful attention to the calibrator materials used.

Several factors could potentially contribute to the differences we observed when the
immunoturbidimetric assay was performed with commercial, serum-based calibrators vs
pure HSA standards (Fig. 2). Antibodies used in the immunoassay were raised against native
serum and not urinary albumin. Albumin exists in a number of isoforms, and it has been
proposed that epitopes in the urine aloumin molecule might not be detected by these
commercially available antibodies, or that modification of albumin in the kidney might
result in nonimmunoreactive albumin (12, 14, 20). However, the fact that LC-MS and
immunoassay correlated quite well when the same calibrators were used (Fig. 2) argues
against this possibility. It is also conceivable that immunoassay methods could
underestimate albumin concentration because of the presence of substances in the urine
matrix that interfere with binding of the antigen to the antibody. If this were the case, the
ratio of albumin and the interfering substance might be small at lower albumin
concentrations and increase as albumin concentration rises. Therefore, one might predict
better correlation between immunoassay and LC-MS at higher albumin concentrations,
which we did not observe (Figs. 1 and 3). Finally, it is possible that native urine might
contain N-terminal fragments that are recognized by the LC-MS assay but not the antibody
assay, accounting in part for the positive bias observed with LC-MS (Fig. 1B). However,
this bias is consistently 20% to 30% across all urinary albumin ranges, and it seems unlikely
that the ratio of intact albumin to fragments would remain constant as urinary albumin
increases from normal to high concentrations. Therefore, the sum of our evidence suggests
that the antibodies in the Diasorin assay appropriately recognize urinary albumin. Because
the current LC-MS assay does not perform well in the low to mid-normal range (<20 mg/L),
our studies cannot address the performance of immunoassays in this concentration range,
which likely is of clinical and epidemiological significance.

Clin Chem. Author manuscript; available in PMC 2014 January 27.
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Size-exclusion HPLC has been purported to measure total urinary albumin, including
immunoreactive and nonimmunoreactive albumin (13). In fact, some studies have suggested
that measurement of urinary albumin by HPLC can predict the onset of overt albuminuria in
type 1 and type 2 diabetics 3.9 and 2.4 years earlier, respectively, than a standard
immunoassay (12, 14). It has been proposed that the epitopes on the albumin molecule
might be altered by conformational changes as a result of incomplete processing by the
lysosomal pathway, particularly in early diabetic nephropathy (21, 22). Other studies have
suggested that size-exclusion HPLC assay can resolve albumin separately from other
proteins of similar molecular size (9). In addition, a recent study confirmed that multiple
proteins were present in the size-exclusion HPLC peak used to quantify albumin in urine,
and additional analysis to identify proteins in the “albumin peak” using reversed-phase
HPLC and MS suggested that albumin actually comprised only 70% of the material in this
peak (15). In our study, HPLC gave higher results than LC-MS and immunoassay across all
concentration ranges, and this effect was more pronounced at low concentration ranges (<50
mg/L). Based on the current results, we cannot exclude the possibility that
nonimmunoreactive albumin exists; however, given the nature of the LC-MS assay, in order
for this to be the case these immunononreactive fragments would have to either totally lack
(or have modified portions of) the amino-terminal 24 amino acids, or have different affinity
for the reversed-phase column than the intact albumin molecule. It is still conceivable that
nonimmunoreactive albumin might exist in the lowest concentration ranges (<20 mg/L),
where our current study cannot compare LC-MS and HPLC.

LC-MS is a novel method for quantification of urinary albumin that relies strictly on the
mass-to-charge of a specific protein fragment, whereas other traditional methods rely on
antibody affinity and/or size. This LC-MS method reliably detects albumin with an intact N-
terminus, and we therefore believe it provides a specific means for measurement of albumin
concentration, recognizing its potential limitations. The LC-MS assay is currently not
sensitive at very low albumin concentrations (<20 mg/L; Fig. 1) owing to high signal-to-
noise ratio and will need further refinements to achieve a lower limit of quantification.
Because this method is relatively time consuming and requires expensive instruments, it
may not be practical for routine urine albumin measurements; however, it could be
invaluable to standardize between assays and calibrators that are used commonly across
clinical practices. Furthermore, refinement of this assay to detect concentrations <20 mg/L
in native urine, and other fragments of albumin, could allow further study into the nature,
quantity, and clinical relevance of urinary albumin species in this concentration range for
renal disease and cardiovascular morbidity.
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Fig. 3. Urine albumin by immunoassay using HSA standardsvsLC-M S
(A), Correlation. (B), Bland—Altman plot. Inset in A depicts the microalbuminuric range in
greater detail on a linear scale.

Clin Chem. Author manuscript; available in PMC 2014 January 27.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuei\ Joyiny Vd-HIN

Shaikh et al.

A

HPLC method,
albumin concentration (mg/L)

@

Difference, % of average,

HPLC and LC-MS

10000 - >
u
-
-
1000 -
L] ‘ -
-
100+ " g
j Identity
- Regression
102
y=0.8976x+0.39026
R?=0.9593
1 T T
1 10 100 1000 10000
LC-MS method,
albumin concentration (mg/L)
200
150 - "
amn ¥ =
L L]
100 L ™ +20
,,,,, LE R =
} -Jl'. - =
n, &8 UL oy - -
I NG N L
LR ' % o
Average = 34.4% - L
04 6=282% [ ] L]
S . g
-50 T T
10 100 1000

Albumin concentration average (mg/L),
HPLC and LC-MS

Fig. 4. Urinary albumin by HPLC vsLC-M S
(A), Correlation. (B), Bland—-Altman plot.
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