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Detection of Complement Activation on Antigen Microarrays
Generates Functional Antibody Profiles and Helps
Characterization of Disease-Associated Changes of the
Antibody Repertoire’

Krisztian Papp,* Péter Végh,” Kata Miklés,>* Julianna Németh,>* Klara Rasky,®
Ferenc Péterfy,* Anna Erdei,*" and Jozsef Prechl®*

Humoral immune responses are traditionally characterized by determining the presence and quality of Abs specific for
certain Ags. Arraying of large numbers of Ags allows the parallel measurement of Abs, generating patterns called Ab
profiles. Functional characterization of these Abs could help draw an even more informative map of an immune response.
To generate functional Ab profiles we simultaneously tested not only IgM, IgG, and IgA binding to, but also complement
activation by, a panel of endogenous and exogenous Ags printed as microarrays, using normal and autoimmune human sera.
We show that complement activation by a particular Ag in a given individual cannot be predicted by the measurement of
Ag-specific Abs, despite a general correlation between the amount of Ag-bound Ab and the deposited C3 fragments. This is
due to both differences in the isotypes that dominate in the recognition of an Ag and individual variations for a given isotype,
resulting in altered complement activation potential. Thus, Ag-specific C3 deposition can be used as an additional parameter
in immune response monitoring. This is exemplified by comparing the coordinates of Ags, used for the diagnosis of systemic
lupus erythematosus, of normal and autoimmune serum samples in a two-dimensional space derived from C3 deposition and
Ab binding. Since cleavage fragments of C3 mediate important immunological processes, we propose that measurement of
their deposition on Ag microarrays, in addition to Ab profiling, can provide useful functional signature about the tested

serum. The Journal of Immunology, 2008, 181: 8162—-8169.

tors for the Fc region and the initiation of the complement

cascade. Abs belonging to different classes, subclasses,
glycoforms, and having different affinities possess highly variable
effector potentials. Protectivity or pathogenicity against defined
targets therefore depends on these characteristics of the polyclonal
response of an individual.

Ag arrays are becoming the tools of choice for generating pro-
files of targets of the humoral immune response. Ag collections
can be proteomic scale protein sets (1-3) or arrays focusing on
certain disease-specific Ags (4—6). These profiling approaches
have been successfully used to characterize targets of autoimmune
Abs (7), allergy (8), or protective immunity (9). Such assays, how-
ever, have not addressed the effector potential of array-bound Abs
so far. Functional tests would be particularly useful in the case of
IgG, which in the human has four subclasses with different func-

I : ffector functions of Abs are mediated primarily via recep-

*Immunology Research Group, Hungarian Academy of Sciences and "Department of
Immunology, E6tvos Lorand University, Budapest, Hungary; *Department of Immu-
nodiagnostics, National Medical Center, Budapest, Hungary; and “Diagnosticum Ltd.,
Budapest, Hungary

Received for publication July 16, 2008. Accepted for publication October 3, 2008.

The costs of publication of this article were defrayed in part by the payment of page
charges. This article must therefore be hereby marked advertisement in accordance
with 18 U.S.C. Section 1734 solely to indicate this fact.

! This work is supported by CellKom RET/06, Hungarian Scientific Research Fund
(OTKA) Grants K72026 and K68617, and the Hungarian Academy of Sciences.

2 Current address: State Health Centre, Ministry of Defence, Podmaniczky utca 109-
111, 1062 Budapest, Hungary.

3 Address correspondence and reprint requests to Dr. Jézsef Prechl, Department of Im-
munology, Pazméany P.s. 1/C, 1117 Budapest, Hungary. E-mail address: jprechl@
gmail.com

www.jimmunol.org

tions. Interestingly, isotype differences in the recognition of self-
Ags within the same serum sample have been already shown (10).
To circumvent the problem of detailed isotype, glycoform, and
affinity determinations of Abs we have introduced the measure-
ment of deposited complement component C3 fragments on Ag
microarrays (11).

Components of the complement system circulate in inert
forms that achieve activity by undergoing conformational
changes induced by target recognition (Clq, MBL), proteolytic
cleavage (C2, C3, C4, C5, {B), or by multiprotein assembly
(C5b-C9 complex). C3, C4, and C5 belong to the «,-macro-
globulin family of proteins; C3 and C4 contain the characteristic
internal thioester bond, while C5 has lost it. All three generate a
small fragment, termed C3a/4a/5a, upon their first cleavage that
exerts anaphylatoxic activity via receptors C3aR and C5aR. The
highly reactive thioester bond that becomes exposed upon cleav-
age (12) binds to nearby nucleophilic groups, thereby covalently
attaching C3b or C4b to macromolecules in the vicinity of activa-
tion. Surface-bound complement fragments serve as subunits of
the C3 and CS5 convertases and also as ligands of various comple-
ment receptors. Complement receptor (CR)* type 1 binds C3b and
C4b with high affinity and helps immune complex removal by
erythrocytes and phagocytic uptake by myeloid cells (13). CR2 on
follicular dendritic cells captures immune complexes for storage
and presentation, while B cell CR2 enhances Ag receptor-induced

+ Abbreviations used in this paper: CR, complement receptor; RFI, relative fluores-
cence intensity; SLE, systemic lupus erythematosus; SSA, Sjogren’s syndrome Ag A;
SSB, Sjogren’s syndrome Ag B.

Copyright © 2008 by The American Association of Immunologists, Inc. 0022-1767/08/$2.00
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three independent experiments. C, 3) a-IgG+IgM 6) serum
Serum samples were applied to Ag ar-
rays in the presence of Ca’' and Ca-Mg-Veronal buffer Mg-EGTA-Veronal buffer EDTA-Veronal buffer

Mg?", Mg** only, or in buffer with-
out bivalent cations. In addition to C3
fragments, array-bound C4 was also
determined. Results represent two in-
dependent experiments with identical
results.

activation (14). CR3, CR4, and the recently described CRIg are
primarily expressed on macrophages and dendritic cells and me-
diate phagocytosis (15-17). The extent and nature of complement
activation thus has a modulatory effect on immune recognition and
responses via numerous routes.

Although there is low rate of continuous breakdown of C3, this is
greatly enhanced by immune complexes that can stimulate C activa-

tion and amplification of C3b generation by all three (classical, lectin,
and alternative) pathways (18). The efficiency of C activation is
influenced by several properties of the Abs forming the immune
complex: affinity (19, 20), oligomerization (21), and glycosyl-
ation (22). In turn, the extent and nature of C activation has a
modulatory effect on immune recognition and responses via
numerous routes (23). We hypothesized that the combined
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FIGURE 2. Distributions of ranked binding data. Medians, interquartile ranges, and geometric means of RFI signals from C3 fragment, IgM, IgG, and
IgA measurements are shown. Data are derived from the measurement of 29 serum samples applied to arrays containing 85 materials, each at three dilutions.
Spotted Ags were sorted according to the median of each measured parameter to visualize their distribution and relationships with each other. Correlation
coefficients of medians, obtained excluding reference materials, are shown; all p values <0.001.

measurement of Ab binding and C deposition on Ag arrays may
help obtain a functional view of the humoral response and make
better predictions concerning its consequences. Indeed, using
the two parameters of C3 deposition and Ig binding we were
able to discriminate immune responses dominated by innate or
adaptive components (24). Herein we present results describing
the first application of on-chip complement activation in hu-
mans and a comprehensive comparison of Ag microarray-de-
rived complement and Ab profiles. These findings suggest that
measurement of human C3 deposition on Ag microarrays can
provide information that is not extractable from IgM, IgG, or
IgA binding data and helps the functional characterization of
Ab responses.

Materials and Methods

Serum samples

Serum samples, provided by the National Medical Center from its repos-
itory or by healthy volunteers in our laboratory, were stored at —70°C until
use. All serum samples were assigned a code number and, except for gen-
der, no personal information was associated with array-derived data, in
accordance with ethical regulations of the institute. Two sets of samples
were examined in this study: 18 sera that were found to show signs of
autoimmunity by classical screening tests (Abs against Sjogren’s syndrome
Ag B (SSB), Sjogren syndrome Ag A (SSA), dsDNA, Jo-1, anti-nuclear
Abs, anti-mitochondrial Abs) and 11 sera that passed this screen. All sam-
ples were further characterized by an approved diagnostic array, Combi-
Chip Autoimmune 1.0 (Whatman). Measurements were conducted ac-
cording to the instructions of the manufacturer. Based on these results and
on gender, two subsets of samples were selected to represent female con-

trols (n = 8), with only negative or borderline values, and individuals with
increased risk of systemic autoimmunity (Al, n = 7), with dsDNA reac-
tivity and additional positive results. For the complete list of markers char-
acterizing sera, see Table I.

Microarray production and measurements

Eighty-five different Ags (supplemental Tables III and IV)> were spotted
onto homemade nitrocellulose-covered glass slides using a BioOdyssey
Calligrapher miniarrayer (Bio-Rad). The data discussed in this publication
have been deposited in the National Center for Biotechnology Informa-
tion’s Gene Expression Omnibus (GEO) (25) and are accessible through
GEO series accession no. GSE12943 (www.ncbi.nlm.nih.gov/geo/query/
acc.cgi?acc). Features were printed in triplicates of 1/5 serial dilutions then
stored at 4°C in sealed bags. Dried arrays were rinsed in PBS for 15 min
before use, then incubated with diluted serum at 37°C for 1 h, providing
suitable conditions for C activation. For each subject 5- and 125-fold di-
luted serum was used in two different arrays for the detection of bound
C3-IgM or IgG-IgA, respectively (see Fig. 1A). Sera were diluted in 5%
BSA, 0.05% Tween 20, and Ca- and Mg-supplemented Veronal buffer.
Alternatively, Veronal buffer with 2.5 mM MgCl, and 6.2 mM EGTA or
Veronal buffer with 25 mM EDTA was used, as indicated in the text.
Serum-treated slides were washed with 0.05% Tween 20 containing PBS,
then incubated in the mixture of 1/2500 diluted FITC-conjugated rabbit
anti-human C3d + C3c Ab (Dako) and 1/5000 diluted Cy5-conjugated
F(ab’), fragment goat anti-human IgM (Jackson ImmunoResearch Labo-
ratories) or 1/2000 diluted FITC-conjugated F(ab’), fragment goat anti-
human IgG (Axell) and 1/5000 diluted Cy5-conjugated F(ab’), fragment
goat anti-human IgA (Jackson ImmunoResearch Laboratories). In some
experiments FITC-conjugated goat anti-human C4 from MP Biomedicals
was used at 1/2000 dilution. Labeling with fluorescent Abs was conducted

> The online version of this article contains supplemental material.
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at room temperature for 30 min in 5% BSA and 0.05% Tween 20 con-
taining PBS. Following washing in 0.05% Tween 20 containing PBS, ar-
rays were dried and scanned on Typhoon Trio+ imager (Amersham
Biosciences).

Analysis of microarray data

Data were analyzed with ImageQuantTL (Amersham Biosciences) soft-
ware. Signal intensities were calculated by subtracting background from
medians of three parallel signal intensities in a spreadsheet program (Mi-
crosoft Excel). For interassay comparison, data were normalized to the
mean of two dilutions of selected control materials. Protein G, anti-human
1gG + IgM, human IgG, and protein A features on arrays were used for
normalization of C3, IgM, IgG, and IgA signals, respectively. Only data
derived from slides with a normalization factor between 0.4 and 2.5 were
considered suitable for analysis. Based on the distribution of data, normal-
ized fluorescence intensity signals <1000 for C3 and IgM or <100 for IgG
and IgA were rounded up to these values.

Statistical analysis

Spearman rank correlations were calculated for comparing C3, IgM, IgG,
and IgA signals using Statistica AGA software. k-means clustering with 10
iterations for obtaining two clusters was conducted for the characterization
immune profiles. A Mann-Whitney U test was used for assessing signifi-
cance of differences between normal and systemic lupus erythematosus
(SLE) risk serum samples, and an F test was used for determining differ-
ences between clusters. p < 0.05 was considered statistically significant.

Results

Incubation of Ag microarrays with serum results in
activation-dependent deposition of complement C3 fragments
We tested deposition of C3 on an array containing 85 different
materials including self- and foreign Ags and reference materials

(for complete list and positions, see supplemental Tables III and
IV). In addition to C3 fragments, we also measured the binding of
serum Igs with C activating ability, namely IgM, IgG, and IgA
(Fig. 1A). To confirm that C activation is required for the bind-
ing of C3 fragments to the Ags, we chelated Ca?* and Mg>"
ions with EDTA and compared signals on four reference spots.
Human serum, spotted as a positive control, contains intrinsic
C3 that is detectable even when EDTA containing serum sam-
ple is applied to the chip, although signals are reduced, indi-
cating that C3 fragments are deposited when normal serum is
applied to the chip. Spotted human IgG activates complement
because of the conformational alterations induced by adsorption
to the microarray surface. Polyclonal anti-human Ig Abs and the
bacterial superantigen protein A activate C indirectly via the
capture of Igs from the applied serum sample. C3 deposition
was inhibited by EDTA, while binding of serum Igs was not
influenced (Fig. 1, B and C).

To further characterize the events leading to deposition of C3
fragments, we measured microarray-bound C4 and the effect of
selective inhibition of the classical and lectin pathways by Ca**
chelation. As shown in Fig. 1C, C3 and C4 signals from most of
the Ags disappeared when only the alternative pathway was al-
lowed to proceed. Exemptions are the known potent alternative
pathway initiator, yeast, and some control materials. Interestingly,
spotted (human IgG) or captured (protein A, anti-IgG + IgM) Igs
also effectively induced C3 deposition by the alternative pathway.
Most Ag-derived C3 signals are therefore derived from classical or
lectin pathway-initiated C activation.
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FIGURE 4. C-activating potential of Abs is highly variable individually. RFI signals of all three densities of six representative Ags are shown. Serum
samples showing extreme behavior in one or more parameters are highlighted for each Ag.

Overall complement activation is correlated with Ag recognition
by Abs

Abs of the IgM, IgG, and IgA class represent >99% of plasma Igs.
IgD and IgE concentrations are lower by two or three orders of
magnitude; additionally, these Igs are incapable of C activation.
Thus, by measuring the binding of IgM, IgG, and IgA we exam-
ined all Abs that could potentially contribute to C3 fragment dep-
osition on the arrays.

For the overall characterization of C deposition we ranked Ags
according to the medians of relative fluorescent intensities (RFI) of
each of the measured molecules (Fig. 2). Distribution of C3 data
was comparable to that of IgM, IgG, and IgA measurements, in-
dicating that the Ags used generally show variable abilities of C
activation on a scale similar to Ab binding. Interquartile ranges
enclose datasets, which likely reflect binding of natural Abs and C
deposition. Displaying Ab binding on the C3 ranked data (Fig. 2,
first column) implies, however, that C activation is not necessarily
accompanied by binding of a certain Ab class. These fluctuations
are a sign of conflicting C3 deposition and Ab binding data and are
most pronounced when comparing C3 and IgA data and are least
observed for C3 and IgM comparison. C3 deposition was corre-
lated with IgM, IgG, and IgA binding in this order, and IgG bind-
ing was strongly related to IgA and to a lesser extent to IgM.

Ag- and individual-dependent variations exclude reliable
prediction of the extent of complement activation by
measurement of Ab binding

When measuring multiple Ags in multiple samples, there are two
possibilities for expressing C3 deposition as a function of Ab bind-

ing: depicting the position of the same Ag in all samples or plotting
all Ags for a given individual. Fig. 3 illustrates the former repre-
sentation for five autoantigens that are each representative for a
potential dominant isotype influence. As implied by Fig. 2, IgM
binding had major influence on C3 fragment deposition in most of
the cases (Fig. 3, SSB). Of the tested Ags, 65% showed significant
positive correlation between C3 deposition and IgM binding, with
r in the range of 0.37-0.82 (for a complete list of correlation
coefficients, see supplemental Table V). Importantly, however, the
presence of relatively high amounts of IgM was not necessarily
accompanied by C activation (compare dsDNA with BPI (bacte-
ricidal/permeability increasing protein) in Fig. 3). This suggests
that considerable differences can exist in C-activating ability of Ab
species of the same class. For some Ags, such as SSA and dsDNA,
both IgM and IgG binding were correlated with C3 deposition; C3
signals were positively correlated with IgG in 9% of the Ags and
with IgA in <5% of them. This form of data representation also
allows the identification of serum samples with unusual properties,
like those showing C activation by dsDNA in Fig. 3.

Despite the characteristic correlations between C and Ig for each
Ag, individual variations preclude reliable prediction of C activa-
tion simply by measuring Ig binding. This is further exemplified by
Fig. 4, which shows data obtained from all three measured Ag
densities. While increased reactivity of any of the three Ig classes
can result in increased C activation, such increase could also be
observed without substantial increase in C deposition (see milk,
candida, and ssDNA in Fig. 4). Conversely, extreme C3 deposition
was also observed without any (see mannan in Fig. 4) or with a
modest (see milk and ssDNA in Fig. 4) rise in Ig binding.
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Patient No. Gender SSA/Ro-52 PR3 SSA/Ro-60 MPO SSB/La dsDNA Mi-2 PM/Scl-75 CENP-B PM/SCL-100 UI-70K Jo-1

Sm  Scl-70  Group“

b

1000 Q - - - - - - - - - - - - - -

2000 3 - - — - - + 4 - - - + - - -

2988 ? - - - - - + - - + - + -+ o+ Al
2989 Q - - — - - + - - + - + o+ - - Al
3024 Q - - - - - - - - - - - - - - c
3773 Q + - + - + + + - + + + - - - Al
3885 ? + - + - + - + + + + + - = %

3899 Q + — — -+ - - - - - - o+ - -

3936 Q - — - - - - - - - - + - - -

3937 Q - — — - - - - - - - - - - - cC
3951 Q + - + -+ + - - + * - - - =

4199 Q - — — + - + - - + - - - - -

4211 Q - - - - - + - - = - + - 4+ - Al
4249 3 - - - - - - - - * - - - - -

4248 Q - - - - - - - - - - + - - - cC
4624 ? + - + - + + - - * + - - - - Al
5000 Q - - - - - - - - - - - - -+

5066 Q + - - + - * - - + + + - - -

5134 Q - - - - - - - - - - - - - - c
5143 Q - - - - - - - - - - + - - -

5381 3 * - - -+ + - - - - - - - -

5415 Q - — — - - - - - - - - - - - cC
5982 Q - - - - - + - - + - .\
6000 Q - - — - = - - - * - - - - - cC
6196 ? + - - - + + - - + - + - - - Al
6209 Q - - - - - - - - * - + - - -

6223 Q - - - - = - - - - - - - - - c
6248 Q - - — -+ - - - + - + - - -

6277 3 - - - - - + - - - - - - - =

6311 Q - — — - - - - - - - - - - - cC

“C, control; Al, systemic autoimmunity risk.
” Test results were —, normal range; =, borderline; +, elevated.
Functional Ab profiles can help characterize immune status of specific Abs was only observed in the three subjects with SLE but

individuals and disease

Based on their Ig-binding and C-activating properties in normal
human serum, Ags can be positioned in two-dimensional spaces
derived from Ig-binding and C deposition data. Changes in the
coordinates would imply altered reactivity and/or functionality of
Ag-specific Igs in the analyzed serum sample. To test whether such
changes could be indicative of disease status, we selected two sub-
sets of samples based on laboratory results predicting the presence
of autoimmune disorder (Table I). Samples with negative results
were considered controls, and samples with reactivity against
dsDNA and at least one more nuclear Ag were considered being at
high risk for systemic autoimmunity. Grouping-related changes in
the coordinates of six Ags, used in the serodiagnostic process of
systemic autoimmune disorders, are shown in Fig. 5, A-C. To
confirm that changes reflect true segregation of data, we performed
k-means clustering and obtained coordinates of centroids representing
two clusters (Fig. 5, D-F). The pattern of changes observed by
categorization and by clustering is similar for histone, ssDNA,
dsDNA, and nucleosome Ags when C3 and IgM or IgG signals are
examined. SSA and SSB cluster differently from the generated
groups, suggesting that these Ags are not reflecting our grouping
criteria. Importantly, the C3/IgG ratio significantly increased for
nucleosome with a concurrent decrease of C3/IgM for histone,
indicating complex changes in the immune reactivity against nu-
clear components. With the exception of histone, which showed
decreased IgM reactivity in the SLE risk group, patterns for the
three Ig classes were similar.

To examine the potential clinical relevance of complement mea-
surements, diagnosis of the selected autoimmune subjects were
obtained, as shown in Table II. Complement activation by dsDNA-

not others who had lower but still elevated anti-dsDNA Ab reac-
tivities without complement deposition.

Discussion

In the body, Ag recognition by Igs and the formation of immune
complexes are immediately followed by interactions with soluble
or cell-bound components of the immune system. One of these
interactions, C activation, can be monitored by the measurement of
C3 fragments that covalently attach to the site of C activation.
Immersing an array of Ags into serum therefore allows the specific
identification of Ags that capture Abs and/or activate C (Fig. 1).
Our results indicate that, with a few exceptions, the alternative
pathway alone was not responsible for the observed C3 deposition
patterns (Fig. 1C). On the other hand, despite the general correla-
tion between C3 and C4 signals, the latter were much weaker. This
was also the case with Clq signals (data not shown). Taken to-
gether, these data suggest that alternative pathway plays a minor
role in the initiation of C3 deposition, and although the Ig-initiated
classical (or lectin) pathways are responsible for the initiation of
complement activation, C1q and C4 binding was close to detection
limits. Due to the presence of the amplification loop, C3 can ac-
tually be more abundant at complement activation sites. These data
therefore do not rule out that classical or lectin pathway-initiated
generation of C3b serves for alternative pathway convertase gen-
eration and that the alternative pathway amplifies classical or lectin
pathway-triggered C3 deposition.

Ags that captured more Abs were generally more prone to C3
deposition, and the binding of IgM was especially well correlated
with the presence of C3 fragments (Fig. 2). Looking at the Ags
separately confirmed that IgM binding had the strongest effect on
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diagnosis, are depicted in two-dimensional representations, incorporating derivatives of C3 deposition and Ig binding values. Two subsets of patients
(control, n = 8; autoimmune, n = 7) were selected according to criteria described in Materials and Methods. A—C and G-I show connected geometric means
of signals of normal (@) and autoimmune risk samples (arrowhead). Using k-means clustering, two clusters for each dataset were identified. Centroids of
these clusters are shown by connected circles in diagrams D—F and J-L. Changes in dsDNA coordinates reflect and confirm categorization criteria.
Significant change (p < 0.05) along the y- or x-axis is indicated by upper (Ag™) or lower (Ag.) index plus sign, respectively; Ag* stands for significant

alteration along both axes. Nucl. indicates nucleosome.

C, followed by IgG. This observation is in line with the potent
C-activating potential of IgM (21), although IgM has also been
shown to inhibit C activation (26, 27) or ameliorate disease (28,
29). Actually, all Ags showing significant correlation between IgG
and C3 fragment values also showed significant IgM correlation.
However, signatures characterizing individuals, that is, statistical
outlier values, were often not predictable by counting on these
correlations (Fig. 5). These data suggest that for most of the stud-
ied Ags threshold levels of C deposition are set by the amount of
bound IgM molecules, which can be components of the natural Ab
repertoire. High-affinity binders of any class, induced as part of an
immune response, can then either further increase these levels or
leave them unchanged, depending on the nature of the Ab. There-
fore, we propose that the measurement of C-activating properties
of sera, reflecting mainly the characteristics of serum Abs, can help
to functionally characterize Abs using Ag arrays. An ideal pair for
the profiling would be C3 and IgG since most protective or patho-

Table II. Relationship between complement activation and clinical
diagnosis
Patient dsDNA IgG dsDNA C3
No. Clinical Diagnosis (RFU) (RFU)
2988 Primary biliary cirrhosis 25,167 1,000
2989 Primary biliary cirrhosis 26,033 1,000
3773 SLE 419,885 617,163
4211 Idiopathic anemia 21,089 1,000
4624 SLE 57,090 7,872
5982 SLE 158,304 105,869
6196 Scleroderma 44,984 1,000

genic Abs belong to this class. Additionally, when using Ag panels
known to induce mucosal type responses, IgA can also be utilized
since this Ig class can also initiate C activation (30).

To confirm that Ag-specific measurement of C activation can
help in identifying disease-associated Ab signatures, we com-
pared functional, two-dimensional profiles of two subsets of
subjects categorized by the absence or presence of anti-nuclear
autoantibodies associated with systemic autoimmunity. C dep-
osition was significantly increased in the autoimmune group on
nucleosomes, an early diagnostic marker of SLE. Anti-nucleo-
some Abs were found to be correlated with disease activity and
C3 consumption (31); this latter observation can be accounted
for by the potent C activation of these Abs as observed in our
study (Fig. 5, A-C). Abs against SSA and SSB are found in
patients suffering from various connective tissue diseases,
which is the probable reason for discrepancy between the anti-
dsDNA Ab-based grouping and clustering results for these Ags.
Although there was a tendency of increased C deposition for
histone, ssDNA, and dsDNA (Fig. 5), this was exceeded by the
increase in the reactivity of IgG, resulting in no significant
change of C3/IgG ratios (Fig. 5H). Of note, among the subjects
showing increased dsDNA Ab reactivity, C3 fragment deposi-
tion was only detected in SLE patients. Notwithstanding the
underlying mechanism of disease, virtually all autoimmune dis-
eases are associated with circulating autoantibodies, which bind
self-structures. For many diseases these autoantibodies are
found in serum samples many years before disease onset. By
dissecting the functionality of these Abs we may obtain more
precise markers of disease prognosis.
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In this study we have chosen to examine C3 deposition since
it represents the point of convergence of the three C pathways
and therefore allows their integration with Ab binding measure-
ments. Furthermore, cleavage fragments of C3 are all potent
activators of the C receptors C3aR, CR1, CR2, CR3, and CR4.
Alternatively, the deposition of C4, a process very closely re-
sembling that of C3 (32), could also be measured in an identical
fashion. Deposition of C4 reflects activity of the classical and
lectin pathways, thereby providing information that is more
specific for the nature of the C initiation. Comparison of C3 and
C4 deposition profiles is also expected to supply interesting
information about Ag-host interactions.

For the mapping of immune response profiles a two-dimensional
immunological map was proposed recently (33) with inflammato-
ry-regulatory and Th1-Th2 axes. The pleiotropic cytokine IL-6,
which is associated with the inflammatory axis, is an inducer of C
synthesis (34); C3 production increases many fold during acute
phase reaction. Additionally, Ab isotypes associated with the in-
flammatory axes IgG1 and IgG3 in humans are potent activators of
C. Consequently, functional Ab signatures with relatively strong C
deposition are likely to imply an Ag-host relationship that is
skewed toward inflammation. The role of C in inflammatory dis-
orders is well-appreciated and far more complex than a simple
proinflammatory action (35). Monitoring C activation in Ab pro-
filing assays can therefore promote our understanding of the mul-
tifaceted role it plays in disease pathogenesis.
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Supporting information Table IIT.

List of printed anfigens

reporter biological annotation
hioseqguence - catalogue reporter control : - UniProt sub- human
reporter ID type supplier et usage type D designation anitry sequence  homologue
GBM antigen, bovine Kidney protein Arotec ATGO2-02 exp #1 collagen, type IV, alpha 3 228084 Q01355
Sm antigen, calf thymus complex Arotec ATS02-02 exp #2 MNA
Elastase, human neutrophil protein Arotec ATED1-02 exp #3 elastase 2 PO&8246
Q95140 PO5386
Ribosomal P antigen, calf protein Arotec ATRO3-02 exp #4 ribosomal protein, PO-P2 QI6K 14 POS3ET
P42899 PO5388
Scl-70 antigen, calf protein Arotec ATS01-02 exp #5 DNA topoisomerase | P11387
Prothrombin, human plasma protein Arotec ATPO4-10 exp #6 coagulation factor Il PO0734
Cathepsin G, human : : ..
neutrophil protein Arotec ATCO1-02 exp #7 cathepsin G PO8311
betaZ-Glycoproteint, human protein Arotec ATGO1-10 exp #8 apolipoprotein H PD2749
RNP &BK antigen, calf : i small nuclear
thymus protein Arotec ATRO4-02 exp #9 ribonucleoprotein POBGB21
Parietal cell antigen, porcine protein Arotec ATPO1-02 exp #10  ATPase, H+/K+ exchange Eggfgi
Azurocidin (human ; - :
neutrophil) protein Arotec ATADT-02 exp #11  azurocidin 1 P20160
SN pIantgen; ca protein Arotec  ATRO1-02  exp #12  NA
thymus
pANCA, human neutrophil protein Arotec ATMOD1-02 exp #13  myeloperoxidase P05164
Lactoferrin (human . :
neutrophil) protein Arotec ATLD2-02 exp #14  lactotransferrin P02788
Jo-1 antigen, calf thymus protein Arotec ATJO1-02 exp #15  histidyl-{tRNA synthetase Q3TOB1 P12081
Ro (SSA) antigen, calf orotein KiiilaE ATR0O2-02 exp 416 TROWVE domain family, 010155

thymus

member 2



reporter

biological annotation

hiosequence : catalogue reporter  control ; : UniProt sub- human
reporter ID type supplier numiber usage type ID designation entry sequence homologue
ﬁfﬁfﬁm anugen, calf protein Arotec  ATLO1-02 exp #17  Sjogren syndrome antigen B P10881 PO5455
. bactericidal/permeability-
BEl anfigen, human protein Arotec  ATB01-02  exp #18  increasing P17213
neutrophil :
protein

507-
GST-BP4x2 peptide Diag exp #20  collagen, type XVIl, BPAG2  QOUMDY 227

542
GFAT-BSA protein Diag exp #21  alpha 6 integrin P23229 1040-1053
SPDA-BSA protein Diag exp #22  alpha 6 integrin P23229 %3955'
BP-230-BSA protein Diag exp #03  cyloplasmic protein, BPAG1 Q03001 1814-1834
recHuTG pr:::tein Diag exp #24 transglutaminase 2 P21980

507-
GST-BP42 peptide Diag exp #25  collagen, type XVIl, BPAG2 QOUMDY9 528

523-42

DSG-33 peptide Diag exp #26 desmoglein 3 P32926 a7-69
BP-172-BSA protein Diag exp #27  cyloplasmic protein BFAGT Q03001 1793-1813
BP22 peptide Diag exp #28  collagen, type XVIl, BPAG2  QOUMDY 20T
NKDA-BSA protein Diag exp #29  alpha 6 integrin P23229 1045-1073
BP180-BSA protein Diag exp #30  collagen, type XVIl, BPAG2  Q9UMDY %DE;'
GST-BP22 peptide Diag exp #31  collagen, type XVIl, BPAG2  Q9UMDSI 55'32;
HDL protein ~ SCIPAC  P233-8 exp #32  NA
LDL protein  SCIPAC  P232-3 exp #33  NA
RBP protein ~ SCIPAC  P124-0 exp #34  retinol binding protein 4 PO2753



reporter

biological annotation

reporter ID hm-si?pu:nce supplier n:gtuarﬁ-];:au_e rﬁggggr D?:;;nl D designation Ug'rﬁprj?t segﬂgnce hn%jglng;ue
Human serum amyloid A protein SCIPAC P127-1 exp #35  serum amyloid A1 QBFGGT
AFPO B100 protein SCIPAC P208-2 exp #36  apolipoprotein B PO4114
NE.LEISMMANIA antigen protein Diag 991013 exp #37  NA
Inactivated CMV ag. complex Diag 313-4 exp #38 NA
Candida Albicans ag. complex Diag 30512 exp #39 NA
baker's yeast ag. * complex Diag F970520 exp #40 NA
egq yolk ag. complex Diag F950304 exp #11 NA
egqg white ag. complex Diag F950915 exp #4142 NA
tomato ag. complex Diag F94095/A exp #43 NA
soybean ag. complex Diag F960118 exp #44  NA
peanut ag. complex Diag F95033/3 exp #15 NA
wheat ag. complex Diag FS980425 exp #47 NA
cow's milk ag complex Diag F950914 exp #18 NA
hazelnut ag. complex Diag F950507 exp #49  NA
Gliadin protein Sigma 12147045 exp #50  gliadin
pLA protein Sigma P1232 cont pos #0 protein A, protein L fusion
Albumin, Human protein Sigma A-1633 cont neg #23  albumin P02768
E'St':’”e' caltthymus, Typell- e Sigma H9250 exp #54  mixture of histones
Lysozyme, hen egg white protein Fluka 62971 exp #5585  lysozyme F00698 PG61626
igifﬁgﬂ'gﬂse””e' lipid Sigma P5G60 exp #56  phosphatidylserine
Cardiolipin, bovine heart lipid Sigma C1649 exp #57  bisphosphatidyl glycerol
EL':’}EE'LEE'E 3, human orotein Sigma PO615 exp 458  proteinase 3 P24158
dsDNA (Calf thymus DNA) nucleic acid Sigma D1501 exp #59  double-stranded DNA



reporter

piological annotation

hioseguence ; catalogue reporter  control . . UniProt slb- human
reporter iD tvpe supplier number Lusage type I designation entry sequence homologue

ssDNA (Calf thymus DNA) nucleic acid Sigma 01501 exp #0b0  Single-stranded DNA

i P02671

o ; : fibrinogen
Fibrinogen, Human Flasma protein Sigma F3679 exp #61 alpha-beta-gamma chains PO2675
PO2679

g;]'f;gﬁeremﬂs'des" Human lipid Sigma G-9884 exp #62  glucosylceramide
Ehosphalityiemanclamine. lipid Sigma P4264 exp #63  cephalin
sheep brain
Fibronectin, Bovine plasma protein Sigma F4759 exp #b4  fibronectin 1 PO7589 PO2751
Collagen, bovine skin protein Sigma C-351 exp #0635  collagen
C1q, human protein exp #bob  complement C1q
IgG, human protein ELTE cont pos #067  immunoglobulin
complement C3, human protein ELTE cont pos #68  complement component C3 PO1024
Nucleosome, human complex ELTE exp #69  NA
non-muscle myosin, 1A, ; myosin, heavy polypeptide 9
hilitan protein ELTE exp #70 G ratigee P30579
RN4 (DNA mimotope) peptide MTEL- exp #71 RLTSSLRYMNK(D)
RN4 mix (shuffled R4) pepfide MTTH‘T_ exp #72 K(D)TLPNRSYLSRK(b)
Tx peptide et exp #73  (D)TXGRSRGRSGRSGS
collagen peptide ’;‘QS‘E‘? exp 474 H-ARGLTGRPGDA- NH»
WAL (V=) (ONA peptide RimO- exp #75  H-DWEYSVWLSNKKK-NH,
mimotope) topes
DWE (DNA mimotope) pepflide MTTH‘T_ exp #6 DWEYSVWLSNK(D)
Human serum complex ELTE cont pos #77 NA



reporter biological annotation
hiosequence . catalogue reporter  control ; . UniProt suh- human
reporter 1D type supplier number usage type o designation entrny sequence  homologue
Cya complex ELTE cont pos #78 MNA
FITC complex FITE cont pos #79 MNA
BB dye Reanal cont neq #30 NA
anti-human IgG+1gM, goat protein Jackson  109-006-1 cont pos #31  immunoglobulin
anti-human C3, goat protein Cappel 00062 cont pos #32  immunoglobulin
albumin, bovine protein sigma A3059 cont neg #83 albumin P02769
piot-cit-15-cit {citrullinated . (D)CIH-PAPPRISGGGY-Cit-
fillagrin) pEpide 784 At
Biol-R-13-R ({fillagrin) peplide #85 (b)JRPAPPFISGGGYRAR
protein G, Streptococcus protein Sigma P4BEY9 #86  Streptococcal protein G
protein A, Staphylococcus protein Sigma FBEO3T #37  Staphylococcal protein A
Mannan, S. cerevisiae carbohydrate  Sigma M7504 #38  Poly-mannose

#antigen 40 to 49 are crude extracts from the respective nutrients

Arotec, Arotec Diagnostics Linuted; Diag, Diagnosticum Ldt ; exp, expernimetal; cont. control



Supporting information Table IV,

Coordinates of printed anfigens

Fow  Column ID Dhlution Row Column ID Dialution

1 1 BE 2 16 empty

1 2 EBE 2 17 19 5
1 3 BB 2 18 19 5
1 4 48 5 2 19 79 ¥
1 3 43 3 2 20 5 25
1 6 45 5 2 21 3 25
1 7 empty 2 22 3 15
1 2 empiy 2 I3 empty

1 o a0 1 2 24 empty

1 10 a0 1 2 25 79 25
1 11 a0 1 2 26 79 25
1 12 48 25 2 27 19 25
1 3 43 25 2 28 13 1
1 14 43 25 2 29 13 1
1 15 empry 2 30 13 1
1 14 eTpPTy 3 1 42 1
1 17 78 5 3 2 2 1
1 18 78 5 3 3 42 1
1 19 78 5 3 4 50 3
1 20 4 25 3 5 50 3
1 2 4 25 3 6§ 50 3
1 22 4 25 3 7 empty

1 2 empiy 3 8 empty

1 24 empiy 3 9 2 5
1 25 78 25 3 10 42 3
1 26 78 25 3 11 42 3
1 27 T8 25 3 12 50 25
1 2 12 1 3 13 50 25
1 2 12 1 3 14 50 25
1 30 12 1 3 15 empty

2 1 41 1 3 16 empty

2 2 41 1 3 17 a1 3
2 3 41 1 3 18 a1 5
2 4 49 5 3 19 a1 3
2 5 49 5 3 2 & 25
2 G 49 5 3 21 g 15
2 7 eTPTY 3 2 & 25
2 2 emIpiy 3 2 empty

2 9 41 5 3 2 empty

2 10 41 5 3 2% 81 25
2 11 41 5 3 2 a1 25
2 12 49 25 3 27 g1 25
2 13 49 25 3 28 14 1
2 14 49 25 3 2 14 1
¥ 15 EmpiV 3 30 14 1




Fow Column I Dilution Fow Column D Dilution
8
8

4 1 43 1 5 20 23
4 2 43 1 5 21 25
4 3 43 1 5 22 8 23
4 4 51 5 3 23 empty

4 5 51 5 5 24 empty

4 & 51 5 5 23 83 25
4 7 empty 5 26 83 25
4 8 empty 5 27 83 25
4 9 43 5 5 28 16 1

4 10 43 5 5 29 16 1

4 11 43 3 5 30 16 1

4 12 51 25 & 1 435 1

4 13 51 25 & 2 45 1

4 14 51 25 & 3 43 1

4 15 empty 6 4 53 5

4 16 empty & 3 53 5

4 17 82 5 & 6 53 5

4 18 2 3 & 7 empty

4 19 82 5 & 8 empty

4 2 7 25 & 9 43 5

4 21 7 25 & 10 43 5

4 2 7 25 & 11 45 5

4 23 empty & 12 53 25
4 2 empty & 13 53 25
4 25 82 23 & 14 53 23
4 2 2 25 & 15 empty

4 27 82 25 & 16 empty

4 28 15 1 i i 1 3
4 29 15 1 & 18 1 5
4 30 15 1 & 19 1 5
5 1 44 1 & 2 9 25
5 2 44 1 & 21 9 25
5 3 44 1 & 2 9 25
5 4 25 3 & 2 empty

3 5 88 5 & 2 empty

5 & 28 5 & 25 1 25
5 i empty 5 26 1 25
5 2 empty & 27 1 25
5 9 44 5 & 2 17 1
5 10 44 3 & 2 17 1

5 11 44 5 & 30 17 1

3 12 88 25 7 1 83 1
5 13 25 25 7 2 83 1

5 14 88 25 7 3 83 1

5 15 empty 7 4 54 5
5 16 empty 7 3 54 5
5 17 23 5 7 ] 54 5
5 18 83 5 7 7 empty

5 19 23 3 7 3 empty




Bow Column D Dilution Row Column D Dilution

T 9 25 5 8 28 a4 1
i 10 83 5 8 10 a4 1
¥ 11 25 5 8 30 84 1
7 12 34 25 9 1 a0 3
7 13 5 25 9 2 a0 3
i 14 34 25 9 3 a0 3
7 15 empiy Q - 56 1
T 16 empty Q 3 36 1
T 17 2 5 9 & 56 1
7 15 2 5 9 7 empty

7 19 2 5 9 8 empty

7 20 10 25 9 9 48 1
i 21 10 25 o 10 45 1
7 22 10 25 0 11 48 1
T 23 empty Q 12 36 5
T 24 empty 9 13 56 5
7 25 2 25 9 14 56 5
7 26 2 25 o 15 empty

7 7.4 2 25 9 16 empty

7 28 18 1 o 17 4 1
[ 29 18 1 9 18 4 1
T 30 18 1 9 19 < 1
5 1 ! 1 9 20 12 3
5 2 47 1 0 21 2 3
3 3 T 1 9 22 12 5
8 4 55 5 9 23 empty

5 5 53 5 9 24 empty

8 & 55 5 Q 25 4 5
8 7 emIpty Q 26 4 3
5 g empiy 9 27 4 5
5 9 47 5 Q 28 2 25
3 10 47 5 9 29 12 25
3 11 47 5 9 30 12 23
8 12 55 25 10 1 41 25
g8 13 55 25 10 2 41 25
8 14 53 25 10 3 41 25
8 15 empty 10 < 57 1
8 16 empiy 10 3 57 1
8 17 3 5 10 ] 57 1
3 13 3 5 10 7 empty

g 19 3 5 10 8 empty

5 20 11 25 10 9 49 1
3 21 11 25 10 10 49 1
5 22 11 25 10 11 49 1
5 2 empiy 10 12 57 3
3 24 empiy 10 13 ) 3
3 25 3 25 10 14 57 3
5 26 3 25 10 15 empty

8 27 3 25 10 16 empty




Fow  Column I Dilution Row Column D Dilution
10 17 3 1 12 (1] 39 1
10 18 5 1 12 7 empty
10 19 3 1 12 8 empty
10 20 13 3 12 g 51 1
10 2 13 3 12 10 51 1
10 22 13 3 12 11 51 1
10 2 empty 12 12 59 5
10 24 empiy 12 13 39 5
10 29 3 3 12 14 39 5
10 26 3 3 12 15 empty
10 27 3 3 12 16 empty
10 28 13 25 12 17 7 1
10 29 13 25 12 18 7 1
10 30 13 25 12 19 T 1
11 1 42 25 12 20 15 5
11 2 42 25 12 21 15 5
11 3 42 25 12 22 15 5
11 4 5 1 12 23 empty
11 b 58 1 12 24 empty
11 ] 58 1 12 25 7 5
11 7 empry 12 26 T 3
11 8 empty 12 27 T 5
11 9 50 1 12 28 15 25
11 10 50 1 12 29 15 25
11 11 50 1 12 30 15 25
11 12 5 3 13 1 44 25
11 13 58 3 13 2 44 25
11 14 58 3 13 3 44 25
11 15 empiy 13 4 a0 1
11 16 empty 13 5 a0 1
11 17 ] 1 13 @ a0 1
11 18 ] 1 13 7 empty
11 19 ] 1 13 8 empty
11 2 14 3 13 g 28 1
11 21 14 3 13 10 88 1
11 2 14 5 13 11 88 1
11 23 empiy 13 12 a0 5
11 2 empty 13 13 a0 5
11 25 ] 3 13 14 ad 3
11 26 ] 3 13 15 empty
11 7 ] 3 13 16 empty
11 2 14 25 13 17 8 1
11 29 14 25 13 18 8 1
11 30 14 25 13 19 8 1
12 1 43 25 13 20 16 5
12 2 43 25 13 21 16 3
12 3 43 25 13 22 16 3
12 4 59 1 13 23 empty
12 5 59 1 13 24 empty




Fow  Column D Dilution Row Column D Dilution
13 25 8 3 15 14 62 5
13 26 g 3 15 15 empty
13 27 8 5 15 16 empty
13 2 16 25 15 17 10 1
13 29 16 25 15 18 10 1
13 30 16 25 15 19 10 1
14 1 45 25 15 20 18 5
14 2 45 25 15 21 18 5
14 3 45 25 15 22 18 3
14 4 61 1 15 23 empty
14 5 61 1 15 24 empty
14 ] 61 1 15 25 10 5
14 7 empty 15 26 10 5
14 8 empiy 15 27 10 5
14 9 33 1 15 28 18 25
14 10 33 1 15 29 18 25
14 11 53 1 15 30 18 25
14 12 61 3 16 1 47 25
14 13 61 3 146 2 47 25
14 14 61 3 16 3 4T 25
14 15 empty 16 4 63 1
14 16 empiy 16 5 63 1
14 17 a 1 16 & 63 1
14 18 a 1 16 T empty
14 19 9 1 16 8 empty
14 20 17 5 1a a 55 1
14 21 17 3 16 10 33 1
14 22 17 b ] 16 11 35 1
14 23 empty 16 12 63 5
14 24 empty 16 13 63 3
14 25 a 3 16 14 63 5
14 26 a 5 16 15 empty
14 27 9 3 16 16 empty
14 28 7 25 14 7 11 1
14 29 17 25 16 18 11 1
14 30 7 25 14 19 11 1
15 1 85 25 16 2 84 5
15 2 85 25 16 21 a4 5
15 3 25 25 16 23 g4 ]
15 4 2 1 146 23 empty
15 5 62 1 16 2 empty
15 & 62 1 16 25 11 5
15 7 empiy 16 2 11 3
15 8 empty 16 27 11 5
15 9 54 1 16 2 84 25
15 10 54 1 16 2 g4 25
15 11 54 1 16 30 84 25
15 12 62 5 17 1 36 2
15 13 2 3 17 2 36 25




Fow Column I Dhilution Fow Column D Dilution

17 3 56 25 15 23 29 5
17 4 0 1 15 23 empty

17 5 10 1 15 24 empty

17 6 70 1 18 25 21 5
17 i empty 18 26 21 3
17 8 empty 18 27 21 5
17 9 64 1 15 28 29 25
17 10 64 1 15 29 20 25
17 11 64 1 15 30 20 25
17 12 70 5 19 1 58 25
17 13 70 5 19 2 58 25
17 14 70 5 19 3 58 25
17 15 empty 19 4 7 1
17 16 empiy 19 3 72 1
17 17 20 1 19 & 72 1
17 18 20 1 19 7 empty

17 19 20 1 19 5 empty

17 20 28 3 19 9 66 1
17 21 28 5 19 10 66 1
17 22 28 3 19 11 65 1
17 23 empiy 19 2 12 3
17 24 empty 19 13 72 3
17 25 20 5 19 14 72 3
17 26 20 5 19 15 empty

17 27 20 5 19 16 empty

17 2 28 25 19 17 22 1
17 29 28 25 19 18 22 1
17 30 28 25 19 19 22 1
18 1 57 25 19 20 30 8
18 2 57 25 19 21 30 ]
18 3 57 25 19 22 30 3
18 4 71 1 19 23 empty

13 5 71 1 19 14 empty

13 & 71 1 19 25 22 5
18 7 empty 19 26 22 5
13 3 EmIpPTy 19 27 22 3
18 9 65 1 19 28 30 25
18 10 63 1 19 29 3 25
18 11 65 1 19 30 30 25
13 12 71 3 20 1 59 25
18 13 71 5 20 2 59 25
13 14 71 5 20 3 59 25
18 15 BMIPTY 20 < 73

13 16 empty 20 3 7 1
18 17 21 1 20 ] 73

18 18 21 1 20 7 empty

18 19 21 1 20 5 empty

18 20 29 5 20 9 67 1
13 21 29 3 20 10 67 1




Row Column D Dhlution Row Column I Dilution

20 1 67 1 21 30 33 75
20 12 73 5 22 1 61 75
20 13 73 5 22 2 61 25
20 14 73 5 22 3 61 25
20 15 empty 22 4 75 1
20 16 empty 22 5 75 1
20 17 73 1 22 6 75 1
20 18 23 1 22 7 empty

2 19 23 1 22 3 empty

20 20 32 3 22 9 86 1
20 21 32 5 22 10 86 1
20 22 32 3 22 11 86 1
20 2 empty 22 12 75 5
20 24 empty 22 13 75 5
20 25 23 5 22 14 75 5
2 26 23 3 22 15 empty

20 2 23 5 22 16  empty

20 28 32 75 22 17 75 1
20 29 2 25 22 18 25 1
20 30 32 75 22 19 75 1
21 1 60 15 22 20 3 5
21 2 60 75 22 21 34 5
21 3 60 25 22 22 34 5
21 4 74 1 22 73 empty

21 5 74 1 22 24 empty

21 6 74 1 22 75 25 5
21 7 empty 22 26 25 5
21 g empty 22 77 75 5
21 9 68 1 22 28 34 25
21 10 68 1 27 79 34 25
21 11 68 1 22 30 34 25
21 12 74 5 23 1 62 25
21 3 74 5 23 2 62 25
21 14 74 5 23 3 62 25
21 13 empty 73 4 76 1
21 16 empty 23 5 76 1
21 17 24 1 23 ﬁ 76 1
21 18 24 1 23 7 empty

21 19 24 1 23 3 empty

21 20 33 5 23 9 7 1
21 2 33 3 23 10 87 1
21 22 33 5 23 11 87 1
21 23 empty 23 12 76 5
21 24 empty 23 13 7 5
21 2 24 5 23 14 76 5
21 26 24 5 23 15 empty

21 27 24 5 23 16  empty

21 2 33 25 23 17 26 1
21 29 33 75 23 18 26 1




Bow Column 1D Dilution Bow Column D Dilution

23 19 26 1 25 8 empty

23 2 35 3 23 9 64 25
23 21 35 5 25 10 54 25
23 22 35 3 25 11 64 25
23 23 empty 25 12 73 1

23 2 empty 25 13 78 1

23 25 26 5 25 14 78 1

23 2 26 3 23 15 empty

23 27 26 5 25 16 empty

23 28 35 25 23 17 20 25
23 2 35 25 25 18 20 25
23 30 33 25 25 19 20 25
2 1 63 25 25 20 37 1

24 2 63 25 23 21 37 1

24 3 63 25 25 22 37 1

2 4 17 1 25 23 empty

2 5 17 1 25 25 empty

24 & 77 1 23 25 28 1

2 7 EMIPTY 25 26 23 1

2 2 empty 25 27 28 1

24 9 69 1 23 28 37 5

24 10 59 1 25 29 37 5

2 11 69 1 25 30 37 5

2 12 77 5 26 1 63 3

24 13 77 3 26 2 63 5

2 14 77 5 26 3 63 3
2 15 empty 26 4 71 23
24 15 empty 26 5 71 25
24 7 27 1 26 & 7 25
2 13 27 1 26 7 empty

2 19 27 1 26 3 empty

24 20 36 5 26 9 63 25
24 21 36 3 26 10 63 25
2 22 36 5 26 11 63 25
24 2 empty 26 12 79 1

24 24 empty 26 13 79 1

2 25 27 5 26 14 7 1

2 26 27 5 26 15 empty

24 27 27 3 26 16 empty

24 28 36 25 26 17 21 25
2 2 36 25 26 18 21 25
24 30 36 25 26 19 21 25
25 1 64 5 26 20 38 1

23 2 64 3 26 21 38 1

25 3 64 5 26 22 38 1

25 4 70 25 26 23 empty

25 5 70 25 26 25 empty

25 & 70 25 26 25 29 1

25 7 empty 26 26 29 1




Bow Column D Dhlution Bow Column ID Dialution

26 27 29 1 28 16 empty

26 28 38 3 28 T 23 25
2 29 38 5 28 18 23 25
26 30 38 3 28 19 23 23
27 1 66 5 238 20 40 1
27 2 66 3 28 21 40 1
2 3 66 5 28 22 40 1
27 4 12 23 28 23 empty

27 3 12 23 28 23 empty

27 & 72 25 28 25 32 1
27 7 Empry 28 26 32 1
27 2 empty 23 27 3 1
27 9 66 25 28 28 40 5
27 10 66 25 28 29 40 3
27 11 66 25 28 30 40 5
27 2 21 1 29 1 68 3
27 13 81 1 29 2 58 5
27 14 81 1 29 3 58 5
27 15 empty 29 4 74 23
27 16 empty 29 5 74 23
2 17 22 25 29 8 74 23
27 18 22 25 29 7 empty

27 19 22 25 29 5 empty

27 20 39 1 29 9 58 25
27 21 39 1 29 10 68 25
27 22 39 1 29 11 68 23
27 23 empty 29 12 83 1
27 25 empty 29 13 23 1
27 25 30 1 29 14 83 1
27 2 30 1 29 15 empty

27 7 30 1 29 16 empty

27 28 39 3 29 17 24 25
27 29 39 3 29 18 24 23
27 30 39 3 29 19 24 23
28 1 67 3 29 20 37 23
28 2 67 5 29 21 37 25
28 3 7 5 29 22 37 25
28 4 13 25 29 23 empty

28 5 73 25 29 25 empty

28 & 73 25 29 25 33

28 7 emIpty 29 26 3

2 8 empty 29 27 33 1
28 9 67 25 29 28 38 25
28 10 7 25 29 29 3 25
28 11 67 25 29 30 38 25
28 12 2 1 30 1 86 3
28 13 82 1 30 2 26 5
28 14 2 1 30 3 86 3
28 15 empty 30 4 73 25




Fow Column D Dilution Fow Column ID Dilution
30 5 75 75 il 18 26 25
30 & 75 25 31 19 26 25
30 7 empty 3l 20 31 1
30 8 empty 3l 21 i1 1
30 Q 1) 25 31 22 31 1
30 10 1) 25 31 23 empty
30 11 26 25 31 25 empty
30 12 1 1 il 25 35 1
30 13 1 1 31 26 35 1
30 14 1 1 31 27 35 1
30 15 eImIpTy 3l 28 i1 3
30 16 empry 31 29 31 5
30 17 25 25 31 30 i1 5
30 18 25 25 32 1 a9 5
30 19 25 25 32 . a9 3
30 20 39 25 32 3 a9 5
30 2 39 25 2 4 77 25
30 22 39 25 32 5 77 25
30 23 empty 2 5] 17 25
30 25 empty 52 7 empty
30 25 34 1 2 8 empty
30 26 34 1 32 o 69 25
30 27 34 1 2 10 a9 25
30 2 40 25 32 11 a9 25
30 20 40 25 32 2 3 1
30 30 40 25 2 13 3 1
3l 1 1 5 32 14 3 1
31 2 87 5 32 15 empty
3l 3 87 5 32 16 empty
31 4 76 25 32 17 27 25
3l 5 76 25 2 18 27 25
31 & 76 25 32 19 27 25
3l 7 empty j2 20 i1 25
3l 8 ety 32 21 i1 23
3 g 87 25 32 22 31 25
31 10 87 25 32 23 empty
3 11 g7 25 32 25 empty
31 12 2 1 2 25 36 1
31 13 2 1 32 26 36 1
31 14 2 1 32 27 36 1
3 15 empry 2 28 EB
31 16 empty 2 29 EB
31 17 26 25 32 30 EB

BE, Bromophencl Blue dye nsed for positioning



Supporting information Table V.
Correlations of C3 deposition with Ig binding at the highest antigen density

fa¥e | Ccomparison valid H Spearman R p levels
1 C3 wa., IgM 29 0.4% 0.007
C3 wa. Igs 249 Q.08 0.6850
C3 va. Igh 27 -0, 04 0.8z8
2 C3 wa. Igh 249 Q.30 n.112
C3 wa. Igi 249 Q.32 0.a9495
C3 wa., Igh 27 Q.25 0.205
3 23 wva., IgM 20 0.24 0.208
C3 wa. Ig 249 Q.28 0.13c
C3 wa. Igh 27 .11 0.583
4 C3 wa. Igh 249 0.72 0.000
C3 wa., Igs 249 -0. 08 0.662
23 wa. Igh 27 -0.11 0.593
5 C3 wa. Igh 29 0.47 0,010
C3 wa. Igi 249 Q.36 0.a53
C3 wa. Igh 27 Q.20 0.327
& C3 wa. IgM 249 0.57 0.001
23 wva. Igs 28 a.1e n.418
C3 wa. Igh 27 .16 0.43%5
7 C3 wa. Igh 249 0.53 0.003
C3 wa., Ias 29 -0.21 0.281
C3 wa. Igh 27 -0, 27 0.17&
g C3 wa. Igh 28 0.41 0.032
C3 wa. Ig 249 0.22 0.z24%
C3 wa. Igh 27 -0. 06 0.7a%
9 C3 wa., IgM 249 Q.35 0.0s0
23 wa. Iags 29 Q.30 0.11%
23 wva., Igh 27 a.18 0.3274
10 C3 wa. Igh 249 0.T74 0.000
C3 wa. Ig 249 Q.32 0.988
C3 wa., Igh 27 Q.09 0.568
11 23 wva. IgM 28 0. 66 0.000
C3 wa. Igi 29 0.50 0.005
C3 wa. Igh 27 Q.25 0.210
12 C3 wa., IgM 29 Q.33 0.082
C3 wa. Igs 249 -0.07 0.74a&
C3 va. Igh 27 -0.32 0.102
13 C3 wa. Igh 249 -a.18 0.35c
C3 wa. Igi 249 d.18 0.3s51
C3 wa., Igh 27 Q.06 0.7&60
14 23 wva., IgM 209 0.48 0.008
C3 wa. Ig 249 Q.05 0.8405
C3 wa. Igh 27 -0, 28 0.1al
15 C3 wa. Igh 249 Q.29 0.130
C3 wa. Ig 249 Q.09 0.562%

Z3 wa. Igh aT -0.08 n.7ak



By Comparison valid H Spearman E P lewvesls
le C3 wa. IgM 29 0.62 0.000
C3 wa. Iags 249 .40 0.030
C3 wa. Igh 27 0.33 n.094
17 C3 wa., IgM 28 .82 0.000
23 wa. Igi 20 0.31 0.14ak
C3 va. Igh 27 0. 25 n.211
1a C3 wa. IgM 28 0.11 0.5857
C3 wa. Igs 20 Q.27 0.154
C3 wa. Igh 27 a.12 0.5540
20 C3 wa. IgM 2 0.74 0.000
C3 wa., Ias 29 0.41 0.027
C3 wa. Igh 27 Q.32 0.10ad
21 23 wa. IgM 29 0.71 Q.00
23 wa., Igs 28 0. 02 0.937
C3 wa. Igh a7 -0.17 0.234
22 C3 wa. IgM 249 a.34 0.as8
C3 wa. IagSs 2 -0.1e n.414
C3 wa., Igh 27 -0.324 0.082
23 23 wa. Igh 20 0.33 0.a78
C3 wva. Iags 29 Q.00 1.090
C3 wva., Igh 27 -0.22 0.251
24 C3 wa. IgM 20 0.68 0.000
C3 wa., Iaos 28 Q. 04 0.325
23 wa. Igh a7 a.17 0.403
25 C3 wa. IgM 29 0.54 0.002
C3 wa. Igs 28 -0.10 n.58%
C3 wa. Igh 27 -0.13 0.530
ZE 23 wa. Igh 29 0.70 0.000
C3 wa. Iags 2 -0.07 n.717
C3 wa. Igh 27 0. 26 n.14as
27 C3 wa. Igh 20 0.20 0.303
C3 wa., Ias 20 Q.03 0.3873
C3 wa. Igh 27 Q.00 n.9as81
28 C3 wa. IgM 29 0.26 0.177
C3 wa. Iags 249 -0.14 0.47e
C3 wa. Igh 27 -0.13 0.508
29 C3 wa., IgM 28 -0.30 0.1240
23 wa. Igi 20 0.0o0 0.992
C3 va. Igh 27 a.ao7 0.741
an C3 wa. IgM 28 -0.21 0.285
C3 wa. Igs 20 -0.15 0.4z27
C3 wa. Igh 27 -0.20 0.30e
3l C3 wa. IgM 2 0.54 0.003
C3 wa., Ias 29 -0.27 0.727
C3 wa. Igh 27 -0.32 0.1a7



By COmMpArlscn wvalid N Spearman E P levels
32 C3 wa. IgM 25 Q.08 0.566
3 wa. Igs 29 Q.24 0.21le
23 wva. Igh 27 Q.29 0.138
33 C3 wa. IghM 259 Q.27 0.15&
C3 wa. Igi 259 Q.06 0.754
C3 wa. Igh 27 -0, 05 0.53%
34 C3 wa. IgM 25 0,38 0,045
23 wva. Ig3 25 -2.08 n.as83
C3 wa. Igh 27 -0, 02 0.al1v
ER C3 wa. IghM 25 .48 0.013
C3 wa. Igs 29 -a.11 0.5&68
3 wa. Igh 27 -Q.1E 0.453
L C3 wa. IghM 259 0.47 0.010
C3 wa. Ig 259 Q.09 0.527
C3 wva. Igh 27 -0, 23 0.25E
a7 23 wa. IgM 29 Q.05 0.306
23 wva. Igs 29 -0.23 0.227
C3 wa. Igh 27 -0,31 n.11s
34 C3 wa. IgM 289 0,41 0.02%
C3 wa. Ig 259 Q.a7 0.72%
C3 wa. Igh 27 .11 0.5381
30 23 wva. IaM 25 .45 0.014
C3 wa. Ig 259 Q.00 0.9386
C3 wa. Igh 27 Q.23 0.256
40 C3 wa. IgM 29 0,38 0.045
23 wa. Igs 25 Q.23 0.220
23 wva. Igh 27 Q.09 0.a50
41 C3 wa. IghM 22 Q.31 0.104
C3 wa. Ig 25 a.12 0.53%
C3 wa. Igh 27 -3.11 0.57E
42 C3 wa. IgM 28 Q.09 0.546
23 wva. Ig3 25 Q.00 0,282
C3 wa. Igh 27 -0.1% 0.346
43 C3 wa. IghM 259 0.43 0.020
C3 wa. Igs 29 -0, 01 0.947
3 wa. Igh 27 -0, 30 0.127
44 23 wa. IgM 29 a.28 0.140
C3 wa. Ig 259 Q.05 0.79g
C3 wa. Igh 27 -0. 05 0.3l1le
45 C3 wa. IgM 29 0.55 0.002
23 wa. Iags 258 Q.35 0.0&8E
23 wva. Igh 27 0.3% 0.045
47 C3 wa. IgM 289 Q.70 0.000
C3 wa. Ig 259 Q.27 0.1ls4
C3 wa. Igh 27 Q.38 0.a951
44 23 wva. IaM 25 a.1e n.3a9
23 wa. Ig3 29 0.32 n.0al
C3 wa. Igh 27 Q.15 0.444



Eg Ccomparison valid H Spearman E B lawvels
450 23 wa. Igh 20 0.43 0.018
C3 wa. Iags 20 Q.19 0.325
C3 wva. Igh 27 0.1e 0.4z27
EO C3 wa. IgM 20 0.66 0.000
C3 wa. Igi3 28 -0.12 n.528
23 wa. Igh 27 I 0.5lk
51 C3 wa. IgM 29 a.12 0.5440
C3 wva. Iags 29 0.30 0.114
C3 wa. Igh 27 -0.12 0.5440
B3 23 wa. Igh 20 .44 0.01g
C3 wva. Igs 29 Q.20 n.z249%9
C3 wva. Igh 27 0. 26 n.133
C4 23 wa. IgH 29 0.48 0.011
C3 wa. Igs 20 0.35 0.0&68
23 wa. Igh a7 0.37 0.0al
55 C3 wa. IgM 20 0.63 0.000
C3 wa. Igs 29 0.1e n.4z1
C3 wa. Igh 27 0. 24 0.22%
B C3 wa., IgM 24 0.38 0.042
23 wa. Ig3 20 -0.28 0.13%
C3 wa. Igh 27 0.02 0.9240
BT C3 wva. IgM 29 0.30 0.10%8
C3 wa. Igs 20 -0.02 n0.917
C3 wa. Igh 27 Q.20 0.311
=1 C3 wa. IgM 29 0.6%9 0.000
C3 wva. Iags 29 -0.43 n0.0l1ls
C3 wva. Igh 27 -0.08 0.598
o 23 wa. IgM 29 0.40 0.02%
23 wa. Ig3 29 0.52 0.004
C3 wva. Igh 27 Q.37 0.as57
&0 C3 wa. IgM 29 0.15 n.227
C3 wa. Igs 29 a.1% 0.322
C3 wa. Igh 27 Q.17 0.385
2l 23 wa. Igh 20 0.57 0.001
C3 wa. Iags 20 Q.27 0.1s5
C3 wva. Igh 27 a.09 0.a63
62 C3 wa. IgM 20 0.&0 0.001
C3 wa. Igi3 28 -0.20 n.z294
23 wa. Igh 27 -0.03 0.29g
£3 C3 wa. IgM 29 0.44 0.017
C3 wva. Iags 29 0. 20 0.302
C3 wa. Igh 27 Q.20 0.313
=4 23 wa. Igh 20 0.77 0.000
C3 wva. Igs 29 a.19 n.3z9
Z3 wa. Igia 27 0.46 0.017



Bg COoOmpAariscn valid N Spearman E p lewels
ah C3 wa. IgM 29 0.6l 0.000
23 wa. Ia 29 Q.08 0.628
23 wa. Igh 27 Q.21 0,300
=11 C3 wa. IghM 259 0. 80 0,000
C3 wa. Igb 29 Q.24 0.0&68
C3 wa. Igh 27 Q.00 0.949g
a7 23 wa. IagM 29 Q.07 0.717
23 wa. Ig3 28 .15 0.321
C3 wa. Igh 27 a.18 0.377
aH C3 wa. IghM 29 0.50 0.008
C3 wa. Igs 29 0,38 0.040
23 wa. Igh 27 Q.12 0.554
=] C3 wa. IghM 29 0.56 0,002
23 wa. IgS3 29 0.54 0.000
23 wa. Igh 27 0.a85 0.000
70 C3 wa. IgM 29 Q.26 0.170a
23 wa. Iags 29 -0.05 0.301
C3 wa. Igh 27 -0.27 0.17%
71 C3 wa. Igh 29 Q.37 0.045
C3 wa. Igl 29 -0.27 0.154
C3 wa. Igh 27 -0.35 0.073
72 23 wa. IgM 29 0.83 0,000
C3 wa. Igb 259 -0.2% 0.1z%
C3 wa. Ighk 27 -0.27 0.174
73 C3 wa. IgM 29 -0, 04 0.855
23 wa. Ia 29 -0.06 0.771
23 wva. Igh 27 -0.06& 0.757
74 C3 wa. IghM 29 0.42 0.007
C3 wa. Igl 29 Q.03 0.855
C3 wa. Igh 27 -0.1% 0.338
75 C3 wa. IaM 29 Q.18 0.354
C3 wa. Igb 29 Q.30 0.120
C3 wa. Igh 27 Q.35 0.073
TE C3 wa. IghM 29 0.53 0.003
C3 wa. Igs a
23 wa. Igh 27 Q.04 0.858
77 C3 wa. IghM 259 Q.54 0.0a3
C3 wa. Igb 28 0.55 0.0a2
C3 wa. Igh 27 Q.00 0.56a67
74 23 wa. IagM 29 0.3 0.038
23 wa. Ig3 28 Q.15 0.333
C3 wa. Igh 27 Q.02 0.913
74a C3 wa. IghM 29 0.486 0.012
C3 wa. Igs 29 -0.15 0.43e
23 wa. Igh 27 Q.05 0.823
gn C3 wa. Igh 292 0.21 0.z254
C3 wa. Igb 29 Q.15 0.453
C3 wa. Igh 27 Q.06 0.77%



B Ccomparison valid H Sp=arman E P levels
21 C3 wa. IghM 249 Q.04 0.823
23 wa. Igi 28 0.50 0.007
23 wa. Igh 27 Q.05 0.821
g3 23 wva. IgM 29 Q.00 0.a6l
C3 wa. Igi 249 0.43 0.01%
C3 wa. Igh 27 0.5% 0.001
83 23 wa. IagM 249 Q.29 0.131
23 wa. Iagi3 249 .28 0.134
23 va. Igh 27 0.14 0.493
24 C3 wa. IghM 249 0.76 0,000
23 wa. Igis 249 Q.10 0.502
23 wa. Igh 27 -0.08 0.877
g5 23 wva. IgM 28 0.53 0.003
23 wa. Igi 29 -0, 02 0.9a%
C3 wa. Igh 27 -0.28 0.154
26 C3 wa. IghM 249 0.52 0.004
23 wva. Ig3 249 Q.24 0.208
23 wva. Igh 27 Q.25 0.213
e7 C3 wa. IghM 249 0.45 0.014
C3 wa. Igi 249 Q.17 0.368
C3 wa. Igh 27 Q.15 0.45%
28 23 wa. IagM 249 .28 0.140
23 va. Ig3 29 -7.18 0.341
C3 wa. Igh 27 -0, 24 0.223



