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Abstract
We report on a novel, high-dimensional method to detect autoantibodies that are complexed with
their natural autoantigens. Specifically, autoantibody-autoantigen complexes in serum or plasma
are directly incubated onto a high-density antibody microarray. Detection of the bound
autoantibody-antigen complex is made via fluorescently labeled anti-human immunoglobulin G or
other immunoglobulin isotype secondary antibodies and quantification in a microarray scanner.
Uncomplexed antibodies do not interfere with this assay. The whole process is very rapid and
applicable for high-throughput screening without the need for production of proteins or
immunoglobulin purification from the samples. Using these methods, we found that plasma from
healthy individuals contains hundreds of autoantibodies complexed with cellular proteins. Thus,
this highly sensitive, multiplex method is capable of discovering new autoantibody-antigen or
circulating immune complexes many of which will likely be useful for disease detection and
characterization.
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Introduction
Autoantibodies are produced by the humoral immune response against self-molecules. By
definition, autoantibodies are present in autoimmune diseases but they have also
occasionally been found to be associated with other diseases including cancers.1

Autoantigens could trigger an immune response because they are over/aberrantly expressed,
are mislocalized, have point mutations,2 have altered post-translational modifications
(PTMs),3 are misfolded, or are truncated due to aberrant splicing or proteolytic cleavage.4

However, it is still not well known why certain proteins become autoantigens or why some
individuals make autoantibodies and others do not. Furthermore, we have no idea how
prevalent autoantibodies are in healthy individuals. Autoantibodies are attractive sources of
potential disease biomarkers.5 Immune surveillance often occurs early during a disease
process so antibodies could potentially detect a disease before overt symptoms occur
particularly in chronic diseases. Antibody production can be amplified as part of an immune
response, so low levels of antigen can still lead to a robust signal. Antibodies are high
affinity, structurally stable reagents, reducing the need for extensive upfront purification.
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Thus, if immune complexes are identified that are specific to disease conditions, definitive
clinical screening might be possible.

In fact, there are a several assays for antigen-antibody or circulating immune complexes
(CIC) currently used in the clinic. Most of these assays have been developed for bacterial,
viral or allergen antigens. In a few cases, detection of autoantigens as CIC has been
proposed to enhance the sensitivity of cancer detection or prognosis monitoring utilizing
prostate-specific antigen (PSA),6 squamous cell carcinoma antigen,7 carcinoembryonic
antigen8 and CA-125.9 Thus, autoantigen-antibody complexes have been shown to be useful
disease biomarkers, but progress in the discovery of new CICs has been extremely slow. The
few current CIC assays that exist were developed based on known protein markers on a one-
at-a-time basis. We believe the major impediment to more broad adoption of CIC as
biomarkers is a lack of research tools to screen putative CIC in a high-throughput manner.

In contrast to CIC-related methods, there are several screening technologies for free
autoantibody detection including protein or peptide arrays,10–14 reverse capture arrays,15, 16

and SEREX (serological analysis of tumor antigens by recombinant cDNA expression
cloning).17–20 Protein array analysis to detect autoantigens is usually performed by printing
synthetic, recombinant or natural proteins on an array surface followed by incubation with
an antibody containing solution and detection of the antibody. Although high density protein
arrays are commercially available now, they are costly and if bacterially produced proteins
or synthetic peptides are used, it is uncertain that the printed proteins have relevant PTMs.
An alternative method is nucleic acid programmable protein array (NAPPA) where an
immobilized DNA template for a tagged version of the protein is translated using
reticulocyte lysate and the resulting protein immobilized via an anti-tag antibody within the
same spot.21 Reverse capture microarrays are another approach that usually involves
fractionation of proteins from tissue lysates, cell culture, serum or plasma and spotting the
fractions on a microarray. The solution containing the antibody is then incubated on the
array and the antibody detected with labeled secondary anti-human antibody. The positive
fractions are analyzed for the corresponding antigen. For SEREX methodology, tumor
mRNA is typically converted to cDNA clones, expressed in Escherichia coli and antibodies
detected via a variety of screening strategies. All of these methods require that the
autoantibody antigen binding site to be available for binding, i.e., not to be complexed with
their antigen.

In this paper, we propose a novel, high dimensional method to detect antibodies that are
complexed with their natural autoantigens. Our protocol utilizes a high-density antibody
microarray platform that we print in-house. In the examples presented here, approximately
3600 antibodies were printed in triplicate. Some of the antibodies target the same proteins at
different peptide sequences. After addition of the solution containing the autoantibodies
(e.g., serum, plasma or lysate), antigen-autoantibody complexes will be captured on the
array as long as the epitopes for the autoantibody and the antibody on the array do not
sterically hinder each other. The captured autoantibody-antigens are then detected by
fluorescently labeled anti-human immunoglobulin G (IgG). Free plasma proteins not
complexed to their autoanibodies will be captured on the array, but they will give no signal.
Free autoantibodies not bound to antigens or complexes that do not have a corresponding
antibody on the array will be washed away from the array surface. Thus, this method detects
only autoantigen complexes present in the samples and represented on the antibody
microarray. Clearly, larger format antibody arrays like the ones shown here with broader
proteomic coverage and/or multiple antibodies to antigens of specific interest have a distinct
advantage for autoantibody-antigen discovery experiments. The whole process is very rapid
and can be designed for high throughput experiments. In addition to their biomarker utility,
more broad characterization of the full repertoire of autoantibody-antigen immune
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complexes will help us study the biogenesis and characteristics of the complexes and define
the nature of autoantigenic epitope.22

Experimental section
Autoantigen-Autoantibody Complex Detection

The completely de-identified plasma samples used were collected prior to colonoscopy
under an Institutional Review Board approved protocol and diagnosis was confirmed by
colonoscopy/pathology review. We probed these samples with our in-house printed antibody
microarrays. Each array contained approximately 3600 human-protein specific antibodies in
triplicate (10800 total spots) that are covalently immobilized via N-hydroxysuccinimide
(NHS)-ester reactive 3-D thin film surface slides (Nexterion H slide, Schott). Printed
antibodies were selected based on our differential proteomic analyses from the colon, breast,
pancreas and ovarian cancer plasma proteins or general interest as signaling and cancer-
related proteins. Briefly, the frozen microarray slides were equilibrated to room temperature
for 30 min and hydrated in 0.5% Tween 20 in phosphate buffered saline (PBS) and then
rinsed with distilled/deionized water (dd H2O). The slides were then blocked by incubation
for 30 min with 0.3% (v/v) ethanolamine in 50 mM sodium borate pH 8, followed by 30 min
with 1% BSA (w/v), 0.5% Tween 20 in PBS. Next, the arrays were washed with 0.5%
Tween 20 in PBS, followed by dd H2O. Then, the arrays were dried by centrifugation at 500
rpm for 8 min in a swinging bucket rotor with a slide rack holder (Sorvall Legend RT). The
antibody-printed area of the arrays was covered with a coverslip (mSeries Lifter Slips,
22×25×1 mm, Thermo Scientific). To detect free protein in the plasma samples, we depleted
albumin and IgG and 200 μg of the remaining protein from either the case or control sample
was labeled with Cy5 or from a reference sample (a pool of plasma from seven healthy
individuals) was labeled with Cy3, mixed and analyzed as previously described.23, 24 To
detect the presence of autoantibody-antigen complexes, 1 μl of undepleted human plasma
was diluted 1:80 in 0.1% (w/v) BSA, 0.5% Tween 20 in PBS, pipetted onto the slide at the
microarray/coverslip junction and incubated for 60 min at room temperature. Then, the
slides were washed two times for 5 min with 0.5% Tween 20 in PBS. Human bound
autoantigen-autoantibody complexes were detected after incubation with Alexa Fluor 546-
goat anti-human IgG and Alexa Fluor 647-goat anti-human IgM or Alexa Flour 647-goat
anti-human IgG alone (all highly cross absorbed and from Invitrogen; diluted 1:20000 in
0.1% BSA, 0.5% Tween 20 in PBS) for 60 min at room temperature. The arrays were
washed two times for 5 min with 0.5% Tween 20 in PBS, followed by two times with PBS
(5 min each) and once with dd H2O water followed by drying by centrifugation. As a control
to determine background levels of signal, the arrays were incubated with just secondary
antibody (no plasma added) and the resulting signals were used for background subtraction.
Finally, the slides were scanned on a GenePix 4200A microarray scanner (Axon
Instruments) to produce red (Alexa Fluor 647) and green (Alexa Fluor 546) images. Spot
intensities of the scanned array images are obtained using Genepix Pro 6.0 image analysis
software. For this, the raw Genepix Array List (GAL) file is aligned and resized to fit the
individual spot features. The average pixel intensity within a feature is used and the median
value out of triplicate is selected for the intensity calculation to reduce the effect of outliers.
For determination of the number of positive autoantibody complexes, we used a threshold of
3000 arbitrary intensity units after background subtraction.

Immunoprecipation and Western blotting
Immunoprecipiation was performed as detailed in the Instructions of UltraLink Immobilized
NeutrAvidin Protein (Pierce) with specific conditions as follows. Anti-LAMB1 or HIS-tag
antibodies (10 μg, both Santa Cruz Biotechnology) were incubated with 10 μl of 10
mMNHS-biotin(Pierce) overnight at 4°C followed by removal of non-reacted excess biotin
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using centrifugal filter units (10 kD cut off, Millipore). The biotinylated LAMB1 and His-
tag and unbiotinylated LAMB1 (10 μg)antibodies were each coupled to UltraLink
Immobilized NeurtrAvidin Protein (Pierce) for 30 min at room temperature and the beads
thoroughly washed. Plasma (20 ul) from the colon cancer patient used in Fig. 2 (20 μl
diluted to 100 μl) was incubated with the 3 tubes containing NeutrAvidin beads for 30 min
at room temperature. After washing, bound immune complexes were eluted with 100 mM
glycine-HCl, pH 2.5 containing 0.01% n-Octyl β-D-glucopyranoside. Western blotting was
performed as previously described25 with the following specific conditions. Eluted
complexes were separated using non-reducing NuPAGE 4–12% Bis-Tris gel system with
MOPS SDS running buffer (NOVEX).IgG detection utilized Alexa Fluor 647 anti-human
IgG (H+L) (Molecular Probes) with an Odyssey imaging system (LI-COR) and associated
software.

Mass Spectrometry
Protein A precipitation of human IgG from 10 μl of a plasma sample from an individual that
had colon cancer was performed using Dyna Beads Protein A(Novex, Life Technologies).
Briefly, 10 μl of plasma was diluted in 200 μl PBS with 0.05 % Tween 20 and incubated
with Dyna Beads for 20 min at room temperature. After several washing steps to remove
unbound proteins, bound normal IgGs and auto AbAg complexes were eluted in 100 ul of
SDS-PAGE sample buffer at 80°C without reductant. 20 μl of the sample was separated in
4–12 % NuPAGEBis-Trisgel using MOPS running buffer (Novex, Life Technologies). The
gel was silver stained, the lane below the portion corresponding to IgG (~150 kDa) was
divided into 4 pieces, and proteins were extracted and subjected to tandem mass
spectrometry (MS/MS) on an Orbitrap XL (Thermo Scientific) as previously described.25

Results and Discussion
We have developed a high dimensional assay to discover complexes of antibodies and
antigens. A schematic describing the assay is shown in Fig. 1. Antibodies that have been
covalently linked to the array surface (Fig. 1A) are incubated with plasma that contains free
plasma proteins, IgG, free autoantibodies (AutoAb), and autoantibody-antigen (Auto AbAg)
complexes (Fig. 1B). After appropriate incubation (Fig. 1C, typically 1h), unbound proteins
and IgG’s not bound to autoantigens present on the array are washed away leaving proteins
bound to the arrayed commercial antibodies and any autoantibodies bound to these proteins
(Fig. 1D). The autoantibody-autoantigen complexes (AutoAbAg) are then detected via
fluorescently labeled, anti-human IgG secondary antibodies (Fig. 1E).

In Fig. 2, we show images from our antibody microarray containing 3600 different
antibodies to ~3000 different proteins spotted in triplicate (total features with control spots is
10800; the full list of antibodies is shown in a Supplemental Table). Plasma samples from a
healthy control and from a patient who has colon cancer were analyzed both by our
autoantibody-antigen profiling array method and our published antibody microarray method
for proteomic profiling.23 For the latter, we labeled proteins in the colon cancer case sample
or the control plasma with Cy5 and a reference sample with Cy3. Equal total protein
amounts from the case or control samples are mixed with the reference and incubated on the
array. In Fig. 2A, especially in the blown-up inset portions, one can see a number of labeled
proteins bound to specific antibodies on the array (i.e., red or green signal is present), and a
range of apparent protein concentration is evident by the different intensity of the spots. If
the protein is higher in the reference sample, the spot will appear green. If the amounts are
approximately equal, the spot will be yellow, and if it is higher in the control or cancer
sample than the reference, it will be red. In protein biomarker profiling arrays (Fig. 2A),
antibodies to AZGP1, PEBP1, REL and THBS4 (shown in insets as solid outlined boxes)
had red/green (R/G) channel ratios of 1.12,0.44, 0.81 and 0.55 for the control sample and
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1.59, 0.68, 1.10, 0.93 for the cancer sample, respectively, and generally appeared greenish to
reddish yellow.

In Fig. 2B, we probed new arrays with diluted but unpurified plasma samples from the same
subjects. These arrays show only red signal from the Alexa Fluor 647-labeled anti-human
IgG secondary antibody bound to the IgG part of the antigen-autoantibody complex (see Fig.
1). Assessing the same four proteins as shown in the protein comparison, several differences
in the abundance of autoantibody-antigen complexes were evident. The average arbitrary red
signal intensities of the corresponding spots between the control and colon cancer case
sample were increased from 938 to 5502 for AZGP1 immune-complex(5.87 fold), from 170
to 3754f or PEBP1 immune-complex(22.08 fold), from 2506 to 6067 for REL immune-
complex (2.42 fold) and from 688 to 5891 for THBS4 immune-complex (8.56 fold) Many
spots (e.g., those in dashed box in Fig. 2B) showed little or no signal indicating
autoantibodies were not present even though the plasma concentrations of these proteins
shown in dashed boxes in Fig. 2A indicated they were generally as abundant as AZGP1,
PEBP1, REL and THBS4. When we examine the entire array, we conclude that there is no
obvious relationship between total protein and autoantibody-antigen complex level,
indicating specificity of the assay. Since most microarray scanners are capable of signal
detection at multiple wavelengths, we decided to attempt to multiplex assays for both anti-
human IgG and IgM in one array to determine the relative frequency of autoantigen
complexes between the two isotypes and determine the specificity of the assay to distinguish
the different isotypes. However, we first needed to investigate whether our assay might
show spectral dye bias. Thus, a plasma sample from the cancer patient used in Fig. 2 was
incubated on an array and the captured IgG immune complexes were simultaneously
detected with equal amounts of goat anti-human IgG antibodies labeled with either Alexa
Fluor 647 (our secondary used in most of the experiments) or Alexa Fluor 546 by the same
manufacturer. After setting microarray scanning conditions to yield an ~1:1 spot intensity
count ratio, the resulting overlay image of the two dyes showed that virtually all the detected
spots appeared yellow. When spots greater than 3000 intensity were examined, a plot of log2
transformed 635 nm/532 nm intensity ratios for each of the spots showed a clear linear 1:1
relationship and average ratio of 1.03±0.02 (mean ± std dev)(Fig 3A). Therefore,
multiplexing of different autoantibody isotypes seemed plausible.

Fig. 3 panels B1–B3 show the overlay and individual channels of the same portion of a
control array lacking any sample but probed with anti-human IgG (green) and IgM (red)
secondary antibodies. Very little signal was observed with either secondary antibody
indicating their high specificity for human IgG (i.e., little cross reaction to the antibodies on
the array). In panels B4–B6, the same colon cancer case sample used above was incubated,
probed with the secondary antibodies and scanned at the same laser intensity settings as the
no sample control. The overlay panel B4 shows some examples of green (spots 1 and 2), red
(spot 3) and yellow (spot 4) signals indicating autoantigen complexes with either IgM and/or
IgG. In order to see the distribution better, we graphed the signal from the average of the
triplicates to the highest 50 total intensity signal for both IgG and IgM (Fig. 3C). From this
histogram, we can see that few autoantigens had similar signal levels for IgG and IgM, and
in about half of the 50 highest signals one channel clearly predominated (18 were
complexed with IgG and 8 were with IgM). If we calculate the total intensity of immune
complexes for each isotype considering all spots having greater than 3000 spot intensity, the
combined total intensity of IgG complexes was 4.92 times higher than that of IgM
complexes, generally consistent with the relative amounts of IgG and IgM in blood. These
results indicate there is Ig-specificity in the biology of immune complex formation and that
our assay can detect that specificity. It is of note that our multiplex assay provides semi-
quantitative and qualitative information over immunoglobulin Ig-specificity. Following
discovery of immune complexes, a modified sandwich ELISA having autoantigen or anti-
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human Igs as capture agents would need to be performed with human Ig standards for
quantification.

Surprisingly, we found that the total number of autoantibody-antigen complexes were much
higher than we expected. If we take an arbitrary value of at least 3000 spot intensity after
subtraction of the negative control slide value at that spot, we have 113 putative
autoantibody-antigen IgG and 84IgM complexes out of the ~3000 distinct protein-antibody
spots on the colon cancer case array. A spot intensity of 3000 is 5.3x the average
background value for all spots prior to background subtraction, and it is a very obvious spot
(e.g. PDPB1 in Fig. 2, intensity 3754). About two-thirds of the autoantibody-antigen IgG
complexes that were present were found in both the case and control samples shown while
about one-third were distinct between the samples. The detection of these IgG and IgM
complexes were proven to be reproducible in five independent array experiments using the
same sample, and the array to array variation is presented in Table 1.

We next sought to see if we could detect the array-identified immune complexes with an
independent method. To do this, we chose the antibody that detected LABM1 (median
signal 5459) and biontinylated it (or not as a control) and an anti-HIS-tag (a second control)
antibody and bound them to UltraLink Immobilized NeutrAvidin (Pierce). Plasma (20 ul)
from the same cancer patient used for Fig. 3C was applied to the antibody-coupled gel and
after washing, elution and Western blotting, the relative levels of human IgG were detected.
As shown in Fig. 3D, human IgG detection level was high for the biotinylated LAMB1 and
barely detectable in the controls.

It is possible that human antibodies in the sample or the secondary detection reagents could
interact with proteins (e.g., a complement complex) captured at a spot not through its
antigen binding region but rather other portions such as the Fc region. To see if this this type
of interaction was prevalent, we performed array experiments in an identical manner except
the captured immune complexes were probed with Cy3-labled anti-HIS tag antibodies rather
than anti-human IgG. This procedure yielded only one spot (other than the anti-Cy dye
control antibodies printed on the array) with greater than 3000 intensity (NTRK1-3
atintensity 12369) and four spots between 1200 and 1000 (HSPA1A at 1165, SPARC at
1149, STIP1 at 1129, GTF2A2 at 1068). We are not sure why NTRK1-3 showed a fairly
high intensity (possibly a poly-histidine sequence within the antibody variable region) but it
was not detected as an autoantigen-autoantibody complex in any of our assays. Among the
others, STIP1 and GTF2A2 were part of the list of 113IgG-complexes with greater than
3000 intensity described above, but their intensities were far greater by detection with Alexa
Fluor 546-anti human IgG (5411 versus 1129, 12369 versus 1068). This result indicates
there is probably minimal interference from Ig binding at non-antigenic sites.

We next sought to see if we could detect putative autoantigen complexes in a high
throughput manner via mass spectrometry. To do this, we utilized an approach similar to
Ohyama et al.26 by purifying the complex from the opposite direction, i.e., precipitating the
IgG with protein A and assaying for co-precipitated proteins by mass spectrometry. The
protein A precipitated IgG and proteins were run on non-reduced SDS-PAGE and after
silver staining, the lane area below the prominent IgG band at ~150kDa was divided into 4
pieces, destained, extracted, trypsinized and subjected to tandem mass spectrometry (MS/
MS) via standard methods.25 Using relatively stringent criteria for peptide/protein
identification (Peptide Prophet error rate < 0.05 and Protein Prophet Probability > 0.89), we
found 34 non-IgG or keratin related proteins in the mixture (Table 2).Of the 34, 9 were
present on the array (ACTA2, ACTB, APOA1, APOE, DCD, DSP, LARP1, SERPINA3,
TTR) and all had signals above background. The number of identifications was similar to
Ohyama et al.26 who detected 33 proteins primarily apolipoproteins (6 proteins),
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complement family members (11 proteins), coagulation related proteins (4 proteins) and 12
others. We both found ApoA1 and ApoE and both were also found via the array method.
Aside from the low number of potential autoantigens identified, this MS/MS technique
cannot readily distinguish proteins non-specifically bound to the beads without the use of
extensive controls. It is also not high throughput and there is inherent variability in the
protein A precipitation step, the gel extraction efficiency, and the MS/MS analysis that
would affect the overall reproducibility.

Concern about these issues led us to further determine the performance characteristics of our
array-based assay for autoantibody-antigen complexes both within the triplicates of a single
array and between five arrays incubated with the same sample. Within an array, when the 3
replicate spots were analyzed, 86.1% of the signal from the IgG-specific secondary and
80.0% of the IgM-specific with an intensity greater than 3000 had a coefficient of variation
(CV) of less than 0.10 (see Table 1). Between array comparisons on the same sample
yielded 59.5% and 50.3% of the IgG and IgM-specific spots with coefficients of variation
less than 0.1 (Table 1). Thus, even though some of the spots showed levels of variation that
would not be acceptable for a specific clinical assay, as a whole they indicate that the
platform is certainly reproducible enough for discovery purposes and that the signals we are
observing are consistent within and between arrays.

Biomarker studies need to be performed in more than one set of samples in order to be
believable, and a single study would not be sufficient to make any claims about specific
autoantibody complexes being good biomarkers. However, we decided to perform a small
study with 13 villous adenomas, 10 invasive cancers and 7 controls diagnosed during
surveillance colonoscopy to see if any differences were apparent. In fact, all 3 groups
showed statistically different IgG complexes at the p value level as reported in Table 3.
However, when the high dimensionality of the array is taken into account with multiple
comparison considerations and a so-called q value it taken into account, few remain
significant. This result is not particularly surprising since we are assaying for over 3000
possible autoantibody complexes with a handful of samples. Thus, this data is far too
preliminary and the sample set too small to make specific claims that these complexes could
be good biomarkers. However, this demonstration supports that idea that differences can be
found between samples (i.e., people show differences in their autoantibody-autoantigen
complexes) and the technique might ultimately yield good candidate biomarkers that can be
individually tested in larger sample sets to avoid multiple comparison testing issues.

Conclusions
We present a novel method to profile autoantibody-antigen complexes present in blood or
bodily fluid samples. Our platform appears to be specific for Ig molecules and has
reproducibility sufficient for discovery purposes. Any potential biomarkers discovered could
certainly be readily adapted to well controlled single analyte assays with standards and
calibration to yield low coefficients of variation. This protocol detects endogenous
autoantigens that are captured on high density antibody arrays and requires very minimal
sample preparation. If deemed interesting, two or more isotypes of immunoglobulins (e.g.,
IgG and IgM) can be analyzed simultaneously in multiplex assay using two or more scanner
wavelengths (e.g., Cy3 and Cy5). We conclude that in the colon cancer case and control
samples tested, there were more autoantigen-IgG than –IgM complexes and that different
autoantigens usually have strong preference for one over the other. We also found different
autoantibody complexes in the samples from the colon cancer patients than in the plasma
from healthy individuals. While it is interesting to speculate that the disease is the cause of
this difference and that specific autoantibody complexes may be diagnostic for colon cancer,
we need to perform this assay with many more samples from multiple sets of colon cancer
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patients before we can make any claims about specific complexes being diagnostic. Finally,
we speculate that the free autoantigen concentration in combination with the amount of
autoantigen-antibody complex and free autoantibody might even be more informative in
terms of disease status than a single biomarker alone.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. A schematic overview of the autoantibody-autoantigen complex profiling array method
(A) Antibodies are spotted onto slides and covalently linked via N-hydroxysuccinimide
(NHS)-ester reactive groups to the slide. (B) The sample containing the autoantibody
complexes, free plasma proteins and IgGs is applied to the array. (C) Proteins in the serum
or plasma samples are affinity captured when the appropriate commercial antibody is
present on the antibody microarray surface. (D) Only plasma proteins that bind tightly to the
capture antibodies on the array will remain after washing. (E) The autoantibody-antigen
complex is detected by fluorescently tagged, anti-human secondary antibody.
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Figure 2. Protein and autoantibody-antigen complexes in control and colon cancer plasma
samples
(A) Plasma protein biomarkers were profiled by our antibody microarray method. IgG and
albumin depleted proteins (200 μg) from colon cancer case or control sample were labeled
with Cy5 dye (red) and incubated with 200 μg of a similarly depleted pooled reference
sample labeled with Cy3 dye (green). (B) Autoantibody-antigen complexes (AutoAbAg)
were profiled using our novel method. Undepleted and unlabeled plasma samples from the
same patients that were analyzed in A for proteomic profiling were screened for AutoAgAb
complex formation as described in Fig. 1. Proteins in the solid-outlined boxed regions show
no significant change in colon cancer and control plasma but their levels of immune-
complex are significantly higher in cancer. Proteins within the dashed-outlined boxes are
relatively abundant proteins that do not show any significant AutoAbAg complex detection.
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Figure 3. Simultaneous IgG and IgM multiplex autoantibody-antigen complex array analysis
To assess spectral bias, IgG complexes were detected simultaneously with anti-human IgG
antibodies labeled with two dyes and their spot intensities were plotted on Cy5 and Cy 3
log2 coordinates (panel A). IgG complexes showing >3000 intensities are all found clustered
near a slope 1 trend line. Detection of IgG- and IgM-antigen complexes using the secondary
anti-human Ig reagents with no sample (panels B1–B3) or the colon cancer case sample
(panels B4–B6) was performed. Panels B4 and B5 show CRB3 (spot 1: intensity 2863) and
TAGLN2 (spot 2: intensity 2703) are exclusively associated with IgG autoantibodies (i.e.,
not visible in panel B6). Conversely, TNC (spot 3: intensity 3653) is a putative autoantigen
that is complexed only with IgM autoantibodies (only visible in panels B4 and B6). Some
autoantigens are associated with both IgG and IgM autoantibodies as exemplified by spot 4
(CD5L: spot intensities 7135 (IgG) and 20927 (IgM)). Panel C shows the top 50 detected
putative autoantigens on a total intensity basis with the signal from the IgG- and IgM-
specific secondary antibodies associated with the autoantibody-antigen specific array
antibody indicated. The C2 spot intensity detected as aIgG complex is 57837. Panel D
shows the presence of array identified IgG complexes in the plasma via
immunoprecipitation of the discovered autoantigens followed by Western blotting detection
of coimmunoprecipitated IgGs. For immunoprecipitation, the same antibody used for
microarray was biotinylated and coupled to UltraLink Immobilized NeutrAvidin gel
(PIERCE). LAMB1 antibody precipitated sample shows intense IgG detection at much
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higher levels than immunoprecipitations performed with non-botinylated LAMB1 antibody
or biotinylated anti-HIS tag antibody.
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Table 1

Reproducibility of the microarray for autoantibody-antigen assay

a Intra-array coefficient of variation b Inter-array coefficient of variation

IgG-complex IgM-complex IgG-complex IgM-complex

CV<0.1 86.1% 80.0% 59.5% 50.3%

0.1<CV<0.2 9.7% 12.3% 31.1% 31.9%

0.2<CV<0.3 1.3% 4.6% 4.5% 8.1%

0.3<CV 2.9% 3.2% 5.0% 7.3%

Five microarrays were independently incubated with the same colon cancer plasma. Median spot intensity at each antibody position was used and
only spots showing >3000 intensity were selected for CV calculation.

a
 

b
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