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Abstract

Low avidity polyreactive immunoglobulin G (IgG)
antibodies have a broad range of affinity with
dissociation constants of 10®° to 10°®. Both their low
concentration and avidity require low dilutions for
measurement in solid-phase assays, which can cause
issues due to the high total 1gG levels probably
interacting with the solid support. Here, we show that

using an assay buffer system with low conductivity
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obviously increases the sensitivity of direct ELISAS.
The antigens amyloid-f (AB) 40 and APB42 peptide,

AP40 oligomers, AB42 fibrils, DNA, tubulin, and
thyroglobulin, diluted in 0.1 M carbonate buffer, pH
9.5, were coated to the wells of polystyrene plates.
Human citrated normal plasma or the intravenous
IgG preparation  GAMMAGARD LIQUID was
diluted in phosphate-buffered saline or 20 mM
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HEPES, pH 7.4. Both buffers contained 10 mg/mL
human serum albumin. Serial dilution series were
loaded to antigen-coated and blank wells after
blocking the plate with the respective dilution buffer.
Detection of binding was achieved by an anti-human
IgG peroxidase and peroxidase staining. Reduced
dilution buffer’s conductivity increased signals by at
least 50-fold without affecting the binding selectivity.
Within the NaCl concentration range from 0 to
150 mM in 20 mM HEPES buffer, the conductivity
correlated well with the signal height (R?=0.98).
Competition experiments confirmed the assay’s
adequate selectivity. In summary, buffer systems
with low conductivity significantly increase the
signals of direct ELISA without negatively affecting
their selectivity. This simple assay modification
increases the validity of results obtained by direct

ELISAs for measurement of autoantibodies.

Keywords: Autoantibody measurement; Direct
ELISA; Assay sensitivity; Low avidity 1gGs

1. Introduction

Antibodies to foreign and self-antigens [1], which are
present without previous immunization and often
characterized by a high degree of polyreactivity [2],
are part of a human’s natural antibody repertoire.
Therefore, they are also termed naturally occurring
antibodies or natural autoantibodies [3]. Most of
these antibodies, which do not undergo affinity
maturation [4], belong to the IgG isotype, display
lower affinity and avidity for their antigens, and have
more flexible antigen-binding sites than monovalent
affinity-maturated antibodies. In addition to certain

immunomodulatory roles, involving binding to
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cytokines and regulation of T-cell responses [5],
modulation of dendritic cells [6] or the control of
certain types of B cells [7], these antibodies are
thought to serve as an initial defense mechanism
against pathogens [8]. Their binding repertoire targets
peptide [9-13] or carbohydrate epitopes [14-18]
presented by self-antigens or nucleic acids [19].
Furthermore, autoantibodies have been implicated in
the life cycle of granulocytes [20] and seem to be
important for the removal of senescent red blood [21]
and apoptotic cells in general [22]. The presence of
autoantibodies has often been associated with
disease, as reviewed by Ahmed for bleeding
disorders [23], and for other disorders as well
[24,25]. Disease-associated autoantibodies have been
described, for example, in patients with autoimmune
hemolytic anemia [26], thrombotic microangiopathies
[27], cardiovascular disease [28] or systemic lupus
erythematosus [29]. Autoantibodies for neurological
diseases, as reviewed by Neff et al. [30] and in
particular those targeting B-amyloid in the area of
Alzheimer disease [31-34], have gained particular
importance. Just recently, prothrombotic
autoantibodies [35], autoantibodies that stabilize
neutrophil extracellular traps [36], and autoantibodies
directed against type | interferons [37] have all been
described in severe COVID-19 infections. Generally,
autoantibodies may be monovalent or polyreactive
and exhibit varying affinities and avidities, with
dissociation constants ranging from 10° to 10% M
[38]. Binding of antibodies to their antigens [39]
requires close contact between complementary sites:
On the one hand, the epitope, provided by the antigen
and representing the site, i.e, the antigenic
determinant, specifically recognized by the antibody,

and on the other hand, the part of the antibody
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involved in binding, termed a paratope or combining
site. With respect to peptide antigens, both interacting
sites usually comprise a few amino acids only, either
composed of the linear primary amino acid sequence
or representing the three-dimensional structure of the
antigen. The initial contact between these binding
sites is based on electrostatic and hydrophobic forces
which have to overcome the repulsion between the
two molecules and allow for the expulsion of water
molecules as epitope and paratope approach each
other. Electrostatic and hydrophobic forces, however,
differ in their strength over the distance they are
acting. Thus, non-dipole-based ionic interactions
decrease with the square of distance, while
hydrophobic  forces have been shown to
exponentially decrease [40]. The bonds subsequently
established between the combining site of the
antibody and the antigen’s epitope are non-covalent.
Participation of hydrogen bonds, electrostatic bonds,
or Van der Waals forces has been identified
depending on the amino acids involved in the
binding. Although all three non-covalent interactions
can be considered to be weak, the associations
obtained between antigen and antibody can be quite
strong but are usually weaker for naturally occurring
than for affinity-matured antibodies obtained after
immunization. Detection and measurement of
specific autoantibodies is useful for the diagnosis of
several diseases or providing a risk factor assessment.
Direct enzyme-linked immunosorbent — assays
(ELISAS), where the passively adsorbed antigen of
interest is allowed to bind the antibodies from the
sample, have often been applied for these purposes.
Accurate measurement can be a challenging task, as

in some cases the autoantibodies’ polyreactivity is

high and their avidity low. We carried out direct
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ELISAs on a panel of six typical autoantibodies

applying low conductivity conditions and
demonstrated that the sensitivity clearly increased

without loss of selectivity [41].

Abbreviations
AP, amyloid-3 peptide; APB40, amyloid-f peptide
40; AB42, amyloid-[3 peptide 42; CAPS, cross-linked

[-amyloid protein species; ECs, equivalence
concentration, where half-maximum binding is
obtained; ELISA, enzyme-linked immunosorbent
assay; GGL, GAMMAGARD LIQUID, Takeda’s
licensed intravenous 1gG preparation; hSA, human
serum albumin; IVIG, intravenous immunoglobulin;
OD, optical density; PBS, phosphate-buffered saline;

PBST, PBS containing 0.05% Tween 20; RT, room

temperature (18 to 25°C); G, conductivity.

2. Material and Methods

2.1 Materials

Maxisorp F96 plates (VWR, Vienna, Austria) were
used for the ELISAs. The following antigens were
passively adsorbed (= coated) to the plates: Synthetic

amyloid-f3 (AP)40 and APB42 peptide (Calbiochem,
VWR, Vienna, Austria), cross-linked [3-amyloid
protein species (CAPS, prepared from AP40) and

APB42 fibrils. Both AP conformers were kindly

provided by Brian O’Nuallain, Knoxville, Tennessee
and were prepared as described [42,43]. DNA (D-
8899), tubulin (T-6954) and thyroglobulin (T-1126)
were purchased from Sigma (Vienna, Austria) and
rabbit anti-human 1gG peroxidase (P-0214) from
DakoCytomation

(Vienna, Austria). Peroxidase
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staining reagent SureBlue was obtained from KPL
(Medac, Hamburg, Germany). The lyophilized
citrated reference plasma pool, comprising a
minimum of 100 healthy donors, was from
Technoclone (Vienna, Austria), human serum
albumin (hSA) and eight lots of the intravenous
preparation GAMMAGARD
LIQUID (GGL; Lot numbers LE12H252, LE12H253,
LE12H254, LE12H255, LE12H256, LE12H302,
LE12H303, and LE12H304) were from Takeda

Manufacturing Austria (Vienna, Austria). All other

immunoglobulin

chemicals were of the highest analytical grade. In
particular, KCI, NaCl, KH,PO,4, and Na,HPO4x2 H,0
were from VWR (Vienna, Austria) and Tween 20

(EIA grade) was from Bio-Rad (Vienna, Austria).

2.2 Methods

2.2.1 Direct ELISAs: The antigens used were diluted
to 5 pg/mL with 0.1 M carbonate buffer, pH 9.5, and
coated overnight at 4°C. Blank wells were incubated
with 0.1 M carbonate buffer only. Coating was
terminated by a washing step using phosphate-
buffered saline containing 0.05% Tween 20 (PBST;
0.8% [g/v] NaCl, 0.02% KCI, 0.02% KH,POy,,
0.126% Na,HPO,x2H,0) for the physiological

conductivity (Gprys) and 1/10 diluted with water for

the low conductivity (GLow) conditions. Similarly, the

test samples, which were either a human citrated

normal plasma pool or the intravenous
immunoglobulin G preparation GAMMAGARD
LIQUID, were diluted in 20 mM HEPES, pH 7.2,
with/without 150 mM NaCl, but containing 10
mg/mL human serum albumin in both instances. The
respective dilution buffers had also been used before

loading the samples’ dilutions for blocking the wells

Journal of Analytical Techniques and Research

DOI: 10.26502/jatr.24

using 200 pL/well for 60 min at room temperature
(RT). The serial dilution series were loaded to
antigen-coated and blank wells (100 pL/well). After
an incubation at RT for 2 h, the plates were washed,
and bound IgG was detected with a rabbit anti-human
IgG peroxidase (100 pL/well, 1 h at RT). After a
final washing step, the reaction was stopped with 3 N
sulfuric acid (100 pL/well each), and peroxidase
measured  with  SureBlue. The plates were
subsequently measured at 450 nm using a reference
wavelength of 620 nm. For each dilution, the optical
densities (OD) of the blank wells were subtracted
from the ODs of the antigen-coated wells to

compensate for non-specific binding.

2.2.2 Competition experiments: The antigens DNA
and tubulin were used exemplarily for competition
experiments to demonstrate the selectivity of the
direct ELISAs under low conductivity conditions.
The human reference plasma pool sample, diluted in
20 mM HEPES, 20 mM NaCl, pH 7.2, was mixed
1+1 with increasing concentrations of DNA and
tubulin ranging from 6 to 50 pg/mL. Immediately
after their preparation, the mixtures were loaded to
the plate and incubated at RT for 2 h. After a washing
step, bound IgG was determined with anti-human
1gG peroxidase and SureBlue. Signals obtained in the
presence of the antigens were related to those
obtained without antigen and the percentage of

inhibition was calculated.

2.2.3 Influence of conductivity on signal strength:
In a separate experiment, using DNA as antigen, the
ionic strength of the dilution buffer was varied from 0
to 120 mM NaCl, adjusting incremental NaCl
increases of 20 mM. The direct ELISA for anti-DNA
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IgG was carried out as described above, using also
the ionic strength predefined for the dilution buffer
for the respective washing buffer. The binding curves
obtained for the serial dilutions series of the plasma
sample were evaluated for their
(ECso

GraphPad Prism 6, and providing the half-maximum

equivalence

concentration values), calculated with

binding obtained for the respective binding curve.

Physiological conductivity (Gpy)

TMB color

Substrate

Sol

reaction

Anti-human
1gG peroxidase

Natural

anti-tubulin 1gG

Tubulin

id support

DOI: 10.26502/jatr.24

3. Results

Figure 1 illustrates the overall principle of the direct

ELISAs carried out at physiological (Opnys) and low

(CLow) coONnductivity conditions, obtained by just
decreasing the NaCl concentrations from 150 mM to
zero and running the assay only in the presence of 20
mM HEPES. Of note, the buffer used for the different
washing steps during the direct ELISA also had low
conductivity, to avoid dissolving the probably labile

immune complex formed.

Low conductivity (o,,,)

Substrate

Signal

(NUNC Maxisorp F96)

Figure 1: Basic principle of the low conductivity direct ELISA format.

Remarks: Passively adsorbed antigens such as tubulin in the example coated to a NUNC Maxisorp F96 plate are

able to capture antibodies present in the test sample. The plate-immobilized antigen-antibody complex will in the

next step be detected by using an anti-human peroxidase-labelled 1gG-enzyme conjugate, the peroxidase activity of

which can easily be measured by using a chromogenic substrate. Operating the direct ELISA at low conductivity

conditions, as shown in the right part of the figure, increases its sensitivity without affecting its selectivity because

ionic interactions involved in antigen-antibody complex formation are not disrupted.
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3.1 Results for anti-AplgG contained in plasma
and the IVIG preparation GGL

Figure 2 shows the binding curves obtained by the
direct ELISA for anti-Ap40 1gG, determined in the

A

1.04
® Giow
O Gy blank

O Ophys
O Gppys blank

DOI: 10.26502/jatr.24

human reference plasma pool (panel A) and the IVIG
preparation GAMMAGARD LIQUID (panel B).

1.2 4
® Oy
O Gioy blank
O Opnys
O Gppys blank

T T
101 10° 10t
Total IgG concentration (pg/mL)

10 10° 10! 102 10%
Total 1gG concentration (pg/mL)

Figure 2: Direct ELISA binding curves for anti-AB40 1gG contained in human plasma and the intravenous 1gG
preparation GAMMAGARD LIQUID at different conductivities.

Remarks: Disaggregated AB40 peptide was passively adsorbed to NUNC Maxisorp F96 plates, while blank wells

were prepared by incubation with coating buffer alone. After blocking, the plates were incubated with serial

dilutions of a human reference plasma preparation and the IVIG preparation GAMMAGARD LIQUID. Binding

curves were established between the 1gG concentrations and signals obtained for the AB-coated and the blank wells.

Two levels of conductivity (cLow and opnys) Were adjusted by using 20 mM HEPES and 20 mM HEPES containing

0.15 M NaCl.

Before the final dilution with coating buffer, the anti-
APB40 peptide was dissolved in trifluoro acetic acid to
disintegrate any higher order Ap structures possibly
present in the lyophilized preparation. Based on our

experience from the analysis of 260 healthy plasma
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donations for anti-Ap42 1gG [44], where about 25%
of the donations showed no specific binding to AP
peptide but seemed rather to bind to the polystyrene,
we trusted in a rigorous blanking approach, loading

each dilution to a Ap40-coated (full symbols) and a
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blank well (open symbols). Both binding curves are
shown. The about 100-times increase in sensitivity is
obvious for the binding curves obtained for the
reference plasma pool and the IVIG preparation.
Applying the low conductivity conditions
furthermore enabled us to use higher sample dilutions
for the analysis and thus to further decrease the signal
obtained on the blank wells, minimizing the non-
antigen specific binding. Table 1 shows the results,

expressed as OD/mg total 1gG, determined for eight

DOI: 10.26502/jatr.24

GGL lots at both physiological and low conductivity
conditions, using plates coated with AB42, CAPS,
and Ap fibrils. The result OD/mg total 1gG was
calculated from the individual dose-response curves
obtained. Electrophoresis and electron microscopy
confirmed the presence of higher order structures in
the CAPS and Ap-fibril preparations [40,41], while a
trifluoro acetic acid treatment immediately before the
coating step maintained the monomeric structure of
the AB42 peptide [42].

OD/mg total 1gG
Lot No. Ap42 Ap42 CAPS AB42 fibrils
Sphys | SLow Increase Sphys | SLow Increase SPhys SLow Increase
LE12H252 | 0.72 | 50 69 158 | 73 46 0.6 44 73
LE12H253 | 1.98 | 65 33 2.36 | 98 41 1.22 53 43
LE12H254 | 1.58 | 55 35 2.07 | 100 48 1.28 55 43
LE12H255 | 1.91 | 46 24 2.46 | 87 35 1.3 53 41
LE12H256 | 2.6 63 24 2.27 | 115 51 1.58 87 55
LE12H302 | 1.29 | 79 62 1.55 | 120 77 1.07 64 60
LE12H303 | 2.21 | 111 50 2.23 | 140 63 1.03 85 82
LE12H304 | 1.06 | 108 102 1.3 89 69 0.4 46 116
Mean 167 | 72 50 1.98 | 103 54 1.06 61 64

Table 1: Concentrations of anti-Ap42, anti-Ap CAPS and anti-Ap fibril IgG in the intravenous 1gG
preparation GAMMAGARD LIQUID measured at two conductivities

Remarks: Anti-Ap42, anti-CAPS and anti-fibril 1gG concentrations were determined on antigen-coated and blank

wells using low (oL0w) and physiological (cpnys conductivity conditions. OD differences between coated and blank

wells were used to calculate regression lines between signals and total 1gG concentrations, expressing the binding

activities as OD per mg total 1gG.

The rigorous blanking method was also applied. The
increases in the anti-Ap 1gG binding observed ranged
from 24- to 102-times and from 35- to 77-times for
the AB42 monomer and CAPS, respectively, and

Journal of Analytical Techniques and Research

from 41- to 116-times for the AP fibrils. Similar
mean increases of 50-, 54-, and 64-times were
determined for IgG binding to the three A

conformers.
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3.2 Measurement of other autoantibodies and
selectivity confirmation

Figure 3 shows the binding curves for autoantibodies
against DNA (panel A), tubulin (panel B), and
thyroglobulin (panel C) present in a normal human
plasma pool. These curves were obtained at both
physiological (cpnys) and low conductivity (opow)
conditions, differentiated by the actual NaCl
concentration, i.e., 150 or 0 mM NaCl. Again, the
signals obtained on the antigen-coated (full symbols)
and the blank wells (open symbols) were related. The
binding of naturally occurring anti-DNA 1gG
increased by a factor of 80 when the assay was
carried out at low conductivity. Thus, the OD/mg
total 1gG increased from 0.038 to 3.0 at decreased
conductivity. Similarly, the binding of naturally
occurring anti-tubulin 1gG increased by a factor of 90
at low conductivity conditions from 0.064 at 0.15 M
NaCl to 5.74 OD/mg total IgG at 0 mM NaCl.
Finally, the binding of anti-thyroglobulin IgG
antibodies also increased by a factor of 78 when the
assay was carried out at low conductivity. The
OD/mg total 1gG values increased from 0.141 to 11.0

Journal of Analytical Techniques and Research
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when the NaCl concentration was decreased from
150 to 0 mM NaCl. The low conductivity conditions,
however, did not impact assay selectivity as shown
by the competition experiment (panel D), which was
carried out exemplarily for anti-DNA and anti-
tubulin IgGs. Addition of the respective antigens to
the sample before running the direct ELISA caused
dose-dependent signal reductions. Thus, the addition
of 50 pg DNA caused almost complete signal
reduction  (91%

concentrations resulted in dose-dependent reduced

inhibition),  while  lower

signals. Addition of 50 pg tubulin to a test sample
with a total IgG concentration of 250 png/mL caused
significant signal reduction (71% inhibition).
However, the inhibition of the antibody binding to a
solid phase-immobilized antigen by formation of the
antigen-antibody complex in solution requires usually
higher amounts of antigen than would correspond to
an equimolar level, most probably because the
antigen adopts a higher order structure after coating
[45]. Nevertheless, dose-dependent inhibition was
obtained in both cases, demonstrating the specificity
of the binding under the low conductivity conditions
as well.
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Figure 3: Direct ELISA binding curves for anti-DNA, anti-tubulin and anti-thyroglobulin 1gGs in human plasma

and competition curves for anti-DNA and anti-tubulin IgG.

Remarks: Panel A and panel B show the direct ELISA binding curves for anti-DNA and anti-tubulin 1gGs
respectively, obtained on coated and blank wells for a human reference plasma pool, while panel C shows the same
data for anti-thyroglobulin 1gG. Again, two levels of conductivity (o ow and cpnys) Were adjusted by using 20 mM
HEPES and 20 mM HEPES containing 0.15 M NaCl. Panel D finally shows the competition curves obtained by
incubating the test sample with gradually increasing levels of the antigens DNA and tubulin before the incubation
with the antigen-coated wells took place at low conductivity conditions. In particular, antigen concentrations are
plotted against the level of signal reduction observed.

3.3 Relation between ionic strength and binding of the binding curves together with their 95%

anti-DNA 1gG

The relation between ionic strength and binding of
anti-DNA 1gG contained in a human normal plasma
pool to passively adsorbed DNA was investigated by
using 20 mM HEPES buffer, pH 7.2, containing 0 to
120 mM NacCl, in 20 mM increments, and 150 mM
NaCl. Table 2 shows the EC50 values calculated for
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confidence intervals and the R? of the fitted curves.
There was a clear increase in the ECs, values with the
NaCl concentrations from 0.12 to 255.2 pg/mL when
the NaCl concentration increased from 0 to 150 mM.
All binding curves showed adequate fitting, as
demonstrated by the R2 of at least 0.99.
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NaCl concentration ECso Ifower 95% L_Jpper 95% R
[mM] [ug total 1gG/mL] confidence interval confidence interval

0 0.12 0.11 0.13 0.9983
20 0.42 0.31 0.57 0.9926
40 1.59 1.22 2.07 0.997
60 7.98 6.59 9.68 0.9951
80 23.7 20.5 27.4 0.9973
100 73.9 57 95.7 0.9984
120 202.2 119.7 341.5 0.9982
150 255.2 181 359.8 0.9993

Table 2: Anti-DNA IgG binding at different ionic strength

Remarks: Curve fitting and calculation of upper and lower 95% confidence interval limits as well as of R? was done

with GraphPad Prism 6 using the variable slope four parameter function log analyte (NaCl concentration) versus

response (OD).

Figure 4 shows these curves (panel A) and the
and NaCl

analysis, done

regression curves between ECsg

concentrations. The correlation
between the logarithms of the ECs, values and the

NaCl concentrations, resulted in a linear relation for
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NaCl levels between 0 and 120 mM with an R? of
0.996. This clearly demonstrated that conductivity
influences the signal intensity measured in a direct
ELISA of naturally occurring anti-DNA I1gG in

human normal plasma.
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Figure 4: Anti-DNA binding curves obtained at different ionic strength.

Remarks: Part A shows the binding curves for anti-DNA IgG obtained in plasma at different ionic strength adjusted
in 20 mM HEPES buffer by addition of 0 to 150 mM NaCl. Curve fitting was obtained with GraphPad Prism 6 using

the variable slope four parameter function log analyte versus response. Part B shows the regression curve calculated

between the NaCl concentrations and the ECsy, Which indicates the 1gG concentration for which half-maximum

binding was observed. The error bars mark the 95% confidence intervals determined.

Of note, a double sandwich ELISA for the
measurement of the plasma protein B;-antitrypsin
[46], based on using antibodies obtained by
intentional immunization, did not show any changes
in performance when carried out at low conductivity
conditions (data on file).

4. Discussion

Detection and measurement of autoantibodies in
patients suffering from an autoimmune disease is
important because their levels can serve as a

diagnostic marker or indicator of disease progression.

Journal of Analytical Techniques and Research

For instance, rising levels of anti-DNA antibodies in

systemic lupus erythematosus correlate  with
increasing disease activity [47]. Other well-described
examples include anti-Ap in Alzheimer disease, anti-
thyroglobulin  in  thyroiditis, anti-tubulin  in
autoimmune liver disorders, and rheumatoid factors
in rheumatoid arthritis [48]. Clearly, results from an
autoantibody assay are only valuable when their level
of reliability is acceptable. In the case of anti-DNA
autoantibodies, three methods are mainly used for
their determination: ELISA, Farr radioimmunoassay
and Crithidia fluorescence

luciliae indirect
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antibody. These methods vary in sensitivity and
specificity. The Farr assay, for instance, detects
only anti-DNA autoantibodies with relatively high
avidity, as its procedure includes a precipitation
step with high salt concentrations for the immune
complexes formed, which causes low avidity
complexes formed to dissociate. This particular
feature can be judged as disadvantageous because
autoantibodies with moderate to low avidity may
also have clinical importance. This is obvious in
Alzheimer disease, where 1gG autoantibodies with
low to moderate avidity have been demonstrated
to bind to various epitopes presented by different
AP conformers [49]. Furthermore, the Farr assay
applies a radiolabel and is labor intensive like the
immune  fluorescence assay, which detects
autoantibodies with moderate to high avidity.
Generally, ELISAs demonstrate higher sensitivity
and are amenable to automation. Consequently,
they often become the method of choice.
ELISAs,

deficiencies. ELISA measurement can result in

Conventional however, also have
widely differing estimates on the relative titers of
anti-AB 1gG in patients with Alzheimer disease
versus age-matched controls. While an initial
study found lower titers of antibodies against Ap
monomer in patients with Alzheimer disease than
controls  [50],

subsequent studies reported equal or even

in  healthy, non-demented
increased titers of circulating anti-AB in patients
with Alzheimer disease [51]. In the latter study,
anti-AB 1gG levels were measured after their
purification from plasma using Protein G affinity
chromatography. This methodology requires the
elution of bound 1gG by acidic pH, when usually
pH 2.5 is applied. The higher anti-Ap 1gG levels
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found have been interpreted to mirror the presence
of anti-Ap antibodies circulating in complex with
Ap and dissociated by the acidic elution
conditions applied so that they became
measurable. On the other hand, the strong acidic
conditions of pH 2.5 might introduce partial 1gG
denaturation. Using mouse 1gG, Li et al. [52]
showed that pH 2.5 elution has three distinct
effects: (i) low avidity anti-Ap 1gG (artificially)
increased binding, (ii) anti-Ap 1gGs were
inactivated time-dependently and (iii) circulating
complexes formed between AP and high-avidity
anti-Ap 1gGs were dissociated. All three reactions
were shown to affect the ELISA signals. To
overcome these obvious handicaps, they proposed
a pH 3.5 elution, which resulted in increased anti-
AB titers providing an efficient degree of complex
dissociation without the negative consequences on
IgG nativity observed at the lower pH 2.5. High
background binding to empty wells [33,44] and
probable interference from other plasma proteins
or components present a challenge for the
Efforts to

improve the signal-to-noise ratio and consequently

measurement of autoantibodies.
to increase the assay sensitivity have been
disclosed for example by Brettschneider el al.,
who developed a radio-immunoprecipitation assay
for the measurement of anti-Ap 1gGs [53].
Another approach to address the same question
was proposed by Szabo et al., who tried to remove
naturally occurring antibodies binding to
polystyrene and other matrices by pre-incubating
the samples with those compounds [54]. Although
these assay-interfering antibodies were depleted to
a certain extent, depletion was not strictly limited

to the targeted population of antibodies but also
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reduced the (real) anti-Ap titers measured. Use of
low sample dilutions is another common practice
to compensate  for low  autoantibody
concentrations but this technique does not change
the signal-to-noise ratio. More basic issues
associated with the robustness of such assays are
illustrated by the following example. Anti-
prothrombin antibodies have been identified as a
hallmark of the autoimmune condition systemic lupus
erythematosus and have been detected in about 40%
of patients suffering from this disease. Interestingly,
the detection of these autoantibodies has been
associated with experimental details of their analysis,
and not only the use of untreated or y-irradiated
microtiter plates but also, and even more surprisingly,
the choice of the assay buffer has been demonstrated
to influence the results obtained [55]. Thus, patients’
samples that showed no signal when analyzed on
irradiated plates with Tris-buffered saline showed
clear positive responses when analyzed after dilution
with PBS [56]. Our approach to increase the
robustness and sensitivity of such assays was to
apply low conductivity conditions during the
whole assay. Thus, these conditions favored ionic
interactions between antigen and antibody
combining sites, which, after initial attraction has
taken  place, subsequently  supports the
establishment of other non-covalent linkages
based on shorter acting forces such as hydrogen
bonds, van der Waals forces or hydrophobic
interactions. Katnik et al. reported a similar
approach, although they only used it to preserve
the labile immune complex [57]. Unlike naturally
occurring polyreactive antibodies, antibodies to
carbohydrate epitopes are often endowed with a high

degree of specificity, allowing the selective
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recognition and binding to structural isomers of
oligosaccharides. The monoclonal antibody termed
CSLEX1, binding to the tumor-associated sialyl
Lewis® tetrasaccharide
Neu5Ac! 12—3Galpl—4[Fucal —»3]GIcNAcB  [58],
represents an archetypical example for such highly
specific antibodies. Despite its extraordinary
specificity, binding was demonstrated to occur at low
avidity only, which hampered the development of an
adequate ELISA until after the antibody-antigen
complex was washed with ten times diluted salt
solution to prevent complex dissociation. Obviously,
and in line with the strongly charged epitope due to
the presence of sialic acid, the antibody-antigen
complex formation seems to have included ionic
interactions which were enhanced at low ionic
strength. Clearly, the use of washing conditions with
low ionic strength do not resemble physiological
conditions but the given application for the detection
of a tumor-associated antigen confirmed the
feasibility of this approach. In addition, it has to be
considered that repeated epitopes which are often
displayed especially by carbohydrate autoantigens
will provide an increase in binding clearly
outperforming that of the single epitope.
Unfortunately, such additive effects, however, cannot
be mimicked by direct ELISAs. By contrast, our
approach uses rigorous blanking and low
conductivity conditions during the whole assay,
starting at the moment the sample is diluted and
loaded to the plate. As shown for several
autoantigens, these conditions considerably (at
least 50 times) increased the sensitivity of direct
ELISAs without

Although these

reducing their specificity.

beneficial effects of low
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conductivity conditions are demonstrated here for
direct ELISAs only, it seems reasonable to assume
that other methodologies, including surface
plasmon resonance or high throughput methods
such as microarray binding tests, could also

benefit from such conditions.

5. Conclusion

The use of buffers with conductivities clearly below
the normal physiological range considerably
increases the sensitivity of direct ELISAs for the
measurement of various low-avidity autoantibodies
by increasing initial ionic interactions between
antigen and antibody without decreasing their overall

specificity.
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