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Protein Microarrays Address the
Elephant in the Room
Protein arrays, antigen microarrays in particular, are
powerful tools for interrogating the humoral immune
response in the setting of health and disease. Whereas
antibodies against pathogen-associated antigens provide defense against infection, autoantibodies target a
wide variety of cell surface, cytoplasmic, and nuclear
self-antigens. Instead of analyzing these antibodies one
at a time in single-analyte experiments, investigators
can now perform multiplexed profiling of antibody
reactivities to a panel of antigens spotted onto planar
antigen microarrays (1, 2 ). Since their inception, antigen microarrays have been used to guide DNA vaccine
therapy (3 ), to profile antibody reactivity during viral
infections (4 ), and to identify clinical subtypes of
rheumatoid arthritis (5 ), lupus (6 ), and prostate cancer (7 ). Despite recent advances, the need for improvement in antigen microarrays is still tremendous. Some of
the unique challenges facing antigen microarrays include
technical issues regarding printing and probing, normalization strategies, and the lack of a reference sample for
standardization between experiments and laboratories.
Another issue facing antigen microarrays, and protein
arrays in general, is that proteins exist at widely different
concentrations, and the simultaneous measurement of
both low-abundance and high-abundance proteins represents a technical challenge. In this issue of Clinical
Chemistry, Hartmann et al. (8 ) describe a strategy for
accurately measuring total immunoglobulin, a highabundance protein, while still permitting measurement of
low-abundance autoantibodies. This report serves as a reminder that more research is needed to develop strategies
for improving the reproducibility and reliability of antigen microarray experiments.
Many reports of new methods in proteomics
advertise highly sensitive measurements of lowabundance proteins (9 ), but measurement of highabundance proteins is still an important application of
protein microarrays. The concentrations of cytokines
secreted during the acute phase of an immune response
can be so high that they saturate the assay, and samples
often need to be diluted more than 100-fold before
analysis. Similarly, measuring the total immunoglobulin concentration is difficult because this class of molecules is incredibly abundant, in contrast to autoantibodies, which may represent ⬍1 part in 10 000 of all
the antibodies present in a sample. To address this issue, Hartmann et al. spiked a fluorescently tagged competitor IgG molecule into serum, permitting a tunable

comparative measurement that takes advantage of the
increased dynamic range of 2-color platforms. The serum autoantibodies were measured simultaneously via
conventional single-color detection with a secondary
antibody tagged with a different fluorescent molecule.
This combined system permitted measurement of both
total immunoglobulin and autoantibodies. This approach could theoretically be used for other molecules
measured with protein microarrays; however, this
method is limited by the fact that there may be a wide
range of titers for the various autoantibodies within a
given serum sample, and competitors for multiple capture molecules would be necessary to control for this
variation.
In addition to the need for new approaches to
measure both abundant and rare proteins, many other
aspects of antigen microarrays require improvement. A
large body of literature has addressed the reproducibility and reliability of transcript-profiling platforms
(10 –13 ), but protein microarrays have been hindered
by the lack of comparable systematic studies. Antigen
microarray technology has been plagued by the heterogeneous nature of the proteins, peptides, and other
macromolecules used in this approach, in contrast to
the nucleic acids used in transcript profiling. This
antigen heterogeneity has produced substantial variability in the binding of antigens to array surfaces,
which therefore limits autoantibody detection (1 ).
Since the initial description of antigen microarrays,
different groups have used many different kinds of
array surfaces. The heterogeneity of the macromolecules and the buffers required to solubilize them may
also contribute to the observed variance, both within
and between antigen microarrays. This variance negatively affects the investigator’s ability to accurately
detect subtle yet important differences between patients or within a patient over time. Our laboratory has
recently performed a detailed comparison of many
commercially available slide surfaces and has found
that nitrocellulose-based platforms appear promising,
with minimal CVs, minimal background, and excellent
signal-to-noise ratios.
Despite advances in microarray surfaces, normalization remains an important aspect of appropriately
analyzing antigen microarray data. The method currently used by many groups for autoantigen microarrays involves normalizing to the total immunoglobulin measured by capture antibodies on the array.
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The signal from the capture antibody theoretically represents the total immunoglobulin present in a given
serum sample and controls for spurious differences
caused by variation in overall immunoglobulin concentrations. Although many groups have used this
method of normalization in published antigen microarray studies, it is far from perfect, and other normalization methods are needed. Hartmann et al. have
proposed a novel 2-color approach that may prove useful for normalization between samples. Neither of
these methods, however, controls for differences in the
spotting of individual features, and additional normalization methods need to be developed.
One approach that would control for such differences in the case of epitope-tagged antigens (such as
His-tagged antigens) would be to probe microarrays
simultaneously with serum and a His-tag–specific
monoclonal antibody. This approach is limited by the
fact that not all antigens are His-tagged, and synthesizing each antigen with a His tag would be a costly undertaking. Alternatively, a “universal reference,” such
as a reference serum sample containing many autoantibodies, would greatly facilitate standardized comparison between experiments, platforms, and laboratories.
Reference serum samples are routinely used in clinical
immunology laboratories (14 ), and pooling these samples would be one place to start toward standardizing
antigen microarrays. Disease-specific reference sera
would likely be necessary, because the potential range
of autoantigens varies greatly among disease settings.
An alternative universal reference would contain a
mixture of monoclonal antibodies directed against
most or all of the antigens on the microarray, thus ensuring a never-ending source of reference material. The
2-color antigen microarray method that we have described would allow a reference sample and an experimental serum sample from the same species to be applied simultaneously to the same array (15 ). The
creation of at least some shared reference would enable
the standardization that is desperately needed in the
field of antigen arrays.
The studies described by Hartmann et al. have
provided a method that allows the simultaneous detection of both low-abundance and high-abundance proteins via an antigen microarray platform. This method
could enable improved normalization of microarray
data. As we have pointed out, the antigen microarray
field needs more such studies. Many aspects of this
technology will require optimization and standardization if autoantigen microarrays are ultimately to be
used for improving our understanding of disease
pathogenesis, monitoring patients’ responses to therapy, determining prognosis, and developing antigenspecific therapies.
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