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Protein arrays typically consist of a capture protein on a
matrix, e.g., glass slide, silicon chip, or coded micropar-
ticle (1 ). The latter minimizes steric constraints and en-
hances reaction kinetics (2 ). Microarray technologies have
been used for detecting allergens (3 ) and cytokines (4 ). A
primary advantage of microarray technologies over con-
ventional immunoassays is the ability to multiplex assays.

Currently, ELISA is the method of choice for autoanti-
body detection (5 ). This method, however, is labor-inten-
sive and requires comparatively large sample and reac-
tion volumes. Nonetheless, ELISAs are currently
performed to aid differential diagnosis of certain autoim-
mune diseases. Dermatomyositis (6 ) is characterized by
detection of anti-Jo-1 IgG in patient sera. Both anti-Sm and
anti-RNP/Sm IgGs are indicative of systemic lupus ery-
thematosus (7 ). The presence of anti-Scl70 IgGs aids
diagnosis of systemic sclerosis (8 ). Anti-SSB and -SSA
IgGs are present in systemic lupus erythematosus (9 ) or
Sjögren syndrome (10 ). With microarray technologies, all
these autoantibodies can be screened simultaneously.

The Luminex particle array platform comprises a hun-
dred microparticles, each possessing a distinct fluorescent
signature generated by a blend of two internal fluorescent
dyes. Capture protein is conjugated to the bead surface, to
assay for the cognate entity within a single reaction vessel.
The instrument includes a microfluidics system and two
lasers. A 635 nm laser excites the red and infrared
classifier fluorophores that form the particular signature
of each bead set. The second laser (523 nm) excites
phycoerythrin dye used as a molecular tag for detection.
Detection of cytokines (11 ), cancer markers, and allergens
(12 ) has been reported.

Use of internal calibration curves for cytokine quantifi-
cation has been documented (13 ), but with antigen arrays,
quantification is more difficult because of the time and

expense required for antibody synthesis. Where quantifi-
cation of antibodies has been cited, competitive immuno-
assays are described that use labeled forms of the target
analyte specifically tailored for the particular assays de-
scribed (14 ). Assays for quantifying total immunoglobu-
lin content have also been described (15 ), but not in the
context of creating a reference material for a specific
antibody within the same class of immunoglobulins.

Commercial Luminex-based assays for autoantibodies
are available, e.g., from Linco Research and Zeus Scien-
tific. These tests are qualitative, however, and do not
allow for direct comparisons between assays. In this
report we describe a set of internal standards for antigen
arrays that enable interassay comparisons by creating a
point of reference for the detection of human IgG. Relative
quantification would enable monitoring of treatment ad-
ministered to combat disease.

We illustrate the use of an internal IgG calibration curve
and the detection of six autoantibodies: Jo-1 IgG, Sm IgG,
Scl-70 IgG, RNP/Sm IgG, SSB/La IgG and SSA/Ro IgG in
patient serum samples. Recombinant forms of the cognate
antigens (5 mg/L in phosphate-buffered saline, pH 7.4;
AroTec Diagnostics Ltd.) were coupled to the surface of
Luminex xMapTM carboxylated microspheres according
to the manufacturer’s instructions. Within the multiplex,
�10 000 of each antigen-coupled bead set were chal-
lenged with serum diluted 1 in 300 (50 �L), obtained from
Genesis Diagnostics. To assess the scope for quantifica-
tion, we used 22 serum samples. Each reaction mixture
was agitated at room temperature for 1 h. Tubes were
microcentrifuged for 1 min, and the resulting supernatant
was discarded. Beads were washed three times with
protein array wash buffer [50 �L; phosphate-buffered
saline (pH 7.4), containing 10 g/L bovine serum albumin,
0.2 g/L Tween 20, and 0.2 g/L sodium azide; Sigma]. The
beads were incubated with biotinylated sheep anti-hu-
man IgG antibody (Amersham Pharmacia Biotech UK)
diluted 1 in 10 000 (100 �L) and mixed for 1 h at room
temperature. Beads were washed before incubation with
streptavidin-conjugated phycoerythrin (400 ng/100 �L;
Molecular Probes) for 30 min at room temperature. Tubes
were foil-wrapped to prevent photobleaching of beads.
Beads were washed before injection into the Luminex
instrument, in which a minimum of 100 events per bead
set were analyzed. Serum was designated as positive if
the fluorescent output was greater than the upper 95%
confidence interval of the single “normal” (nondisease
state) serum sample included in each assay. The negative
control contained antigen-conjugated bead sets treated
with protein array buffer.

To quantify the analytes relative to a reference point, 11
sets of calibration beads were synthesized and incorporated
into the assay. These comprise microspheres conjugated to
known quantities of purified human IgG, ranging from 10
ng/L to 250 mg/L, to construct the calibration curve.

Three experiments were performed, each with triplicate
determinations. Mean values, 95% confidence intervals,
and CVs were determined with Microsoft Excel 97. Two-
way ANOVAs (Statistica, Ver. 6; StatSoft) were applied.
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Plotting the logarithm of known IgG concentrations
against observed fluorescence output (Fig. 1) produced a
highly robust sigmoidal trendline with a correlation coeffi-
cient exceeding 0.95 (n � 12). The antibody–antigen interac-
tion is known to exhibit this trend, as demonstrated by other
immunodetection methods (16). Median fluorescent inten-
sities (MFIs) from multiplexed antigen arrays were interpo-
lated from the IgG calibration curve constructed from a
distinct multiplexed antibody array assay with all 11 con-
centrations of IgG-coupled bead sets within a separate
reaction vessel. This enabled conversion of MFIs (ranging

from 0 to 15 000 arbitrary units) to conventional units of
measure (�g/L) relative to the known concentration of IgG
coupled to the calibration bead sets.

Interpolation of each experimental data point from the
IgG calibration curve within the linear portion of the
curve lowered the majority of CVs for the assay of each
sample (Table 1). The MFI from the SSA/Ro IgG assay of
serum sample 7 exceeded the range of the calibration
curve; therefore, no relative concentration could be deter-
mined for this sample. CVs in Table 1 highlighted in bold
denote values that increased on interpolation. Increases in
the CVs �5.73% were because the MFIs lay within the
plateau of the curve. Pairwise analysis of the platform and
samples showed the extent of the variation when these
high-scoring positives were interpolated (Fig. 1 in the
Data Supplement that accompanies the online version of
this Technical Brief at http://www. clinchem.org/content/
vol51/issue6/).

Trends in the observed MFIs for the three experiments
were consistent for all six IgG assays. For data presented
as MFI, the highest values were observed during the first
experiment, 4 days after coupling of antigen to the beads.
A significant decrease in fluorescent emission was appar-
ent by the time experiment 2 was performed 7 days after
coupling. An additional slight decrease in fluorescent
output was seen between experiments 2 and 3; the latter

Fig. 1. IgG calibration curve.
Data points represent mean values of triplicate determinations, and the error
bars indicate 95% confidence intervals. AU, arbitrary units.

Table 1. Differences (%) between the CVs obtained by subtracting the CVs of the fluorescent output in MFI from the data
interpolated from the IgG calibration curve.a

Sample

Assay

Jo IgG Sm IgG Scl70 IgG RNP/Sm IgG SSB/La IgG SSA/Ro IgG

Blank 0 �0.99 �2.09 �1.26 0 �0.75
Negative �0.42 �0.06 �1.21 �0.44 �0.59 �0.17
1 �0.33 �0.90 �1.36 �1.05 �1.32 �0.75
2 �0.75 1.57 �0.88 0.23 �0.44 0.16
3 �0.99 �0.75 �0.69 �0.90 �0.78 �0.90
4 �1.32 1.00 �0.80 0.23 �0.89 �0.25
5 �0.46 �0.39 �0.19 �0.70 �0.20 �0.47
6 �0.54 1.95 �1.13 2.04 �0.29 0.70
7 �0.56 �0.52 �0.83 �1.05 4.58 NAb

8 �0.18 �0.25 �0.89 �0.59 �0.70 �0.58
9 �3.12 �2.27 �1.53 �2.24 5.73 12.28

10 �2.36 �1.42 �0.14 �1.57 �1.39 �0.42
11 �0.84 �1.37 �5.90 �1.85 4.53 2.41
12 �0.57 1.34 �0.18 0.41 �0.58 4.12
13 �0.94 �0.73 �0.09 �0.96 �0.97 �1.25
14 �0.39 �0.61 �0.39 �0.60 �0.33 �0.05
15 �29.53 �14.03 11.53 �26.63 �29.83 �20.58
16 �0.53 1.43 �0.79 �0.07 �0.25 0.88
17 �0.60 �1.15 �0.46 �1.54 �0.39 �0.57
18 �0.61 �0.76 �0.63 �1.41 �0.49 19.30
19 8.86 �2.52 �3.66 �3.41 �2.62 �2.43
20 �0.43 1.43 �1.44 1.33 �0.68 1.62
21 �0.14 �1.74 2.18 �0.56 �0.75 �0.42
22 �2.03 �0.82 �1.80 �2.23 10.16 24.82

a Values in bold increased on interpolation.
b NA, no relative concentration could be determined because the MFI in the assay exceeded the range of the calibration curve.
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was performed 8 days after coupling (Fig. 2 in the online
Data Supplement). However, on interpolation of data
points from the calibration curve, the trend was reversed
such that the highest signal was observed for experiment
3 and the lowest for experiment 1.

In parallel studies, antigen-conjugated beads stored at
4 °C gave consistent fluorescent emission within a period
of 1 month, whereas antibody-conjugated beads showed
diminished fluorescent emission (data not shown).

We identified two limitations of this methodology: The
inherent instability of antibody-coupled beads and the
occurrence of data points from test samples outside the
linear portion of the semilogarithmic calibration curve. To
resolve the latter issue, serum samples exhibiting fluores-
cent output within the plateau of the trendline should be
reassayed after further dilution. Problems with long-term
stability of protein-conjugated bead sets were evident
when the beads were stored at 4 °C. On the Luminex
platform, antibody-conjugated beads were viable for ap-
proximately 3 weeks. Antigen-conjugated beads exhibited
slightly greater longevity, although decoding of the fluo-
rescent signatures was problematic after storage at 4 °C
beyond 1 month. The constituents of the storage buffer
may have a detrimental effect on the fluorescent dyes
within the microspheres.

The reversal of the signal output profile suggests that
antibody-bound beads were more liable to degradation
than antigen-coupled bead sets within the same timescale.
The more elaborate structural complexity of antibodies
compared with antigens may account for the greater
instability of the former. Rapid freezing and lyophiliza-
tion were procedures explored as alternative methods to
prolong the shelf-life of protein-coupled beads, and both
approaches appeared to be feasible (17 ). This provides the
possibility of developing calibration bead sets as reference
materials, thus enabling Luminex assay standardization.

This study illustrated the complexity of quantifying target
analytes within antigen arrays. Production of purified anti-
bodies is laborious and expensive. Methods that can be used
for antibody purification, e.g., affinity chromatography,
could theoretically be used to obtain material comparable to
the target analyte of an antigen array. However, consistent
antibody purity is paramount for quantification.

Although this approach has broad application for the
comparison of any IgG, it will not measure absolute
concentrations of target analyte. This is largely because of
the presence of factors (e.g., soluble receptors, hetero-
philic antibodies, serum binding proteins, hemoglobin,
and lipids) in sera that can interfere with antibody-based
immunoassays (18 ). Nonetheless, this method has re-
duced intraassay variability and enables interassay com-
parisons for a wide range of antigen arrays.
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Biotechnology program. We thank Dr. Malcolm Burns
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Lupus anticoagulants (LAs) are acquired circulating anti-
coagulants that interfere with phospholipid (PL)-depen-
dent coagulation tests and are frequently associated with
thromboembolic disorders and obstetric complications.
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Supplemental data figure 1 . Interaction graph illustrating the effects of platform and 

samples on the Sm IgG assays. Comparison of data presented as median fluorescent 

intensity (MFI) in arbitrary units (denoted by circles and solid lines) and the concentration 

relative to the IgG standards, in terms of ng/mL (represented by squares and dotted lines). 

 

Supplemental data figure 2. Interaction graph illustrating the effects of platform and 

experiment on the Sm IgG assays. Data points represent the median fluorescent intensity 

(circles and solid lines) and the interpolated relative concentration (squares and dotted lines). 

The error bars denote 95% confidence intervals. 
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