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Natural anti-IgE auto-antibodies interfere with
diagnostic IgE determination
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Summary

A simple method is described which enables measurement of anti-IgE antibodies in free
form as well as in immune complexes of IgE and anti-IgE. Anti-IgE antibodies were
purified from serum of one selected blood donor with highly elevated levels of such auto-
antibodies. These purified anti-IgE auto-antibodies inhibited the measurement of
myeloma IgE. Purification also revealed that 98% of the subject's serum IgE was
masked by anti-IgE auto-antibodies. Our data suggest that IgE determinations in sera
containing anti-IgE antibodies might be underestimated.
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Introduction

The existence of auto-antibodies directed against distinct
immunoglobulin isotypes is well documented [I-IO]. For
example, anti-IgG auto-antibodies have been described
as rheumatoid factors and have been associated with
disease [1-4]. Anti-IgE auto-antibodies were first de-
scribed in 1972 [5]. Later, such IgE specific auto-anti-
bodies were reported in conjunction with different atopic
disorders [8-14] as well as non-atopic diseases with
elevated IgE serum levels [15]. However, high levels of
anti-IgE antibodies were also encountered in controls
[15, 16].

In vitro anti-IgE autoantibodies have been shown to
trigger histamine release from human basophils, tissue
mast cells and passively sensitized human bone marrow
cells [13,17,18]. In other reports, anti-IgE antibodies
failed to trigger histamine release from blood basophils
[5,18-20]. These findings suggested the existence of
different types of anti-IgE antibodies being able to either
block or to induce histamine release [18,21]. Despite the
fact that natural anti-IgE antibodies trigger histamine
release in vitro and might thus also participate in allergic
reactions in vivo, the pathophysiological role of anti-IgE
auto-antibodies still remains unclear. In the present study
we investigated why anti-IgE antibodies are not always
correlated with elevated IgE serum levels. Furthermore,
we investigated whether anti-IgE auto-antibodies are
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intact antibodies or only an entity recognizable by
immunological techniques.

To undertake the present study, we developed a simple
assay for measuring IgG anti-IgE antibodies either
occurring as 'free' antibodies (meaning antibodies which
are capable of recognizing purified IgE) or in complexes
with IgE. and we purified such anti-IgE antibodies from
human serum.

Here, we show that natural anti-IgE antibodies indeed
occur as intact antibodies. Furthermore, the purified anti-
IgE antibodies inhibited IgE determinations. Thus, our
results question the use of antibody-based immunological
methods for IgE determinations in samples containing
anti-IgE antibodies.

Materials and methods

Sera

Serum samples from 329 children and adults (ages
between 1 month and 51 years) were collected. Among
this group of blood donors 141 subjects had allergic
disease.

Antibodies

Human IgE was purified from serum of a myeloma
subject (PS IgE myeloma; a kind gift from Drs K. and T.
Ishizaka, Baltimore, U.S.A.). Purification was carried out
by HPLC gel-filtration using a 7-5x600 mm TSK-G-
3000 SW column (LKB, Bromma, Sweden) and a sample
load of 1 ml.
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Two different types of murine monoclonal IgGi anti-
bodies against human IgE were used., both of which were
produced in our laboratory [22]. The anti-IgE antibody
BSW17 recognizes the D^ region of IgE. while the anti-
IgE antibody Le27 binds to the D̂ 2 region. These
antibodies were purified from murine ascites by protein A
affinity chromatography [23]. The monoclonal anti-
human immunoglobulin antibody BS17 (a kind gift of
Biotest AG. Frankfurt, FRG) recognizes all human IgG
subclasses and to a lesser degree human IgA:. However,
no binding to human IgE was observed. This antibody
was also purified by protein A chromatography [23],

Human myeloma-derived proteins of IgGi. lgG2., IgGj,
IgGa, IgM, IgAi and IgA; isotypes were a kind gift from
Dr F. Skvaril. Institute for Cancer Research, Bern,
Switzerland. Monoclonal murine antibodies to human
IgGi. IgGi, IgGj. IgG4. IgM and IgA respectively,
labelled with horseradish peroxidase, were purchased
from Nordic Immunoiogical Laboratory (Tilburg. The
Netherlands).

Dot immunobinding assay for detection of free' anti-IgE
antibodies and IgEjanti-IgE complexes

Natural anti-IgE antibodies capable of directly recogniz-
ing purified solid-phase IgE were termed 'free' anti-IgE
antibodies. In order to assess these 'free" anti-IgE anti-
bodies in serum samples, we dotted 1 ^1 volumes of
purified human IgE (PS; 50 /ig/ml) onto nitrocellulose
(Millipore, Bedford. U.S.A., 0-45 mm. HA 304 FO). IgE/
anti-IgE complexes were measured in human serum by
dotting the murine monoclonal anti-human IgE anti-
bodies BSW17 or Le27 respectively, onto nitrocellulose
(500 ^g/ml). The nitrocellulose strips were then incubated
in a solution of casein in Tris-buffered saline (TBS-casein,
15 mg/ml casein. 50 mM Tris-HCl in 200 mM NaCl, pH
7 4) in order to prevent unspecific protein adsorption.
Subsequently, dotted nitrocellulose strips were incubated
with diluted serum (dilutions 1/2 and 1/4 in TBS-casein)
at room temperature on a shaker (Kottermann 4010,
Schonengrund. Switzerland) at 50 r.p.m. overnight. After
three washings with TBS, bound human anti-IgE anti-
bodies of IgG isotype were detected with a peroxidase-
conjugated monoclonal anti-IgG antibody (BSI7. diluted
in TBS-casein). The strips were washed three times with
TBS and developed with a 16-6% solution of 3 mg/ml 4-
chloro-l-naphthol (Merck, Darmstadt, FRG) in metha-
nol, and 0 042% hydrogen peroxide (stock solution 30%
in water) in TBS for 30 min. After washing with distilled
water, the strips were dried and the colour intensity ofthe
dots measured using a hand-held reflection densitometer
(Densitometer. Gretag. Regensdorf. Switzerland) at 600
nm to obtain relative densitometric units.

IgE determination in the presence of anti-IgE antibodies

IgE determination was carried out as described before
[24]. In brief, the monoclonal anti-human IgE antibodies
Le27 were diluted to 20 /tg/ml in 0-05 M NaHCO.i/Na2CO3
buffer. pH 9 6, and added as lOO/jI volumes to 96-we!l soft
PVC microtitre plates (Dynatech. Plochingen, FRG).
The plates were then kept in a humid atmosphere at 4 C
overnight. Supernatants were discarded and the coated
wells were filled with 200 /xl of TBS-casein (as described
above) for 2 hr in order to prevent unspecific protein
adsorption. After three washings with 0 O5'!<. Tween-20 in
phosphate-buffered saline (PBS) pH 7 4 (PBS-T). 100 /il
of IgE standard (Pharmacia) or samples containing a
mixture of standard IgE and purified natural anti-IgE
antibodies in TBS-casein were added in triplicate. After
incubation in a humid atmosphere at 4 C overnight, the
plates were washed three times with PBS-T. Then. 50 fi\ of
the '^^l-labelled monoclonal anti-IgE antibody BSWI7 in
50% PBS-T/50% TBS-casein were added to each well.
Afterwards, plates were incubated in a humid atmosphere
at room temperature overnight, washed with PBS-T and
cut into single wells. Subsequently single wells were
counted in a gamma-counter (Gammamatic, Kontron
Instruments AG, Zurich. Switzerland).

Purification of natural IgG anti-IgE antibodies

Anti-IgE antibodies were purified from serum of a drug-
allergic patient (M.D) with 'normal' IgE levels (93 U/ml)
and high levels of anti-IgE antibodies. In brief, purified
human IgE (PS; 40 mg IgE/5 g carrier) was immobilized
to a glutaraldehyde-activated silicate carrier matrix
(Boehringer Mannheim. FRG) as described by the sup-
plier. Then, by adding 2 66 ml of 1 N HCl to 20 ml of
serum. pH of the serum was lowered to 3-0. After 5 min,
the pH was raised again by adding 2-66 ml of 1 N NaOH.
The serum was immediately diluted 1/2 with 0-9% NaCl.
The diluted serum was loaded on the IgE affinity column
(7 5 X 50 mm) with a constant flow rate of 8 ml/hr. The
column was washed with 3% NaCI until absorbance at
280 nm was below 0 005 and then eluted with 3 M NaSCN.
Fractions were collected (1 ml) at a constant flow rate of
20 ml/hr. Peak fractions were pooled and immediately
dialysed against PBS pH 74. All isolation procedures
were carried out at 4 C. IgG anti-IgE activity of the
pooled fractions was assessed by the dot immunobinding
assay.

Material, which passed the IgE affinity column without
binding, was loaded on an affinity column based on a
monoclonal antibody against IgE (40 mg BSW17/1 g
carrier) at a constant flow rate of 10 ml/hr. in order to
isolate IgE/anti-IgE immune complexes via IgE. This
column was washed with 0-9% NaCl instead of 3% NaCl
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until A280 < 0-005 and eluted with 3 M NaSCN. In order to
isolate IgE/anti-IgE complexes which did not bind to the
BSW17 anti-IgE column the effluent from the BSWI7
column was additionally passed over another anti-IgE
affinity column (35 mg Le27/ g carrier). This antibody
recognizes the D;;2 region instead of the Dei region
(BSWI7). This anti-IgE column was also eluted as
described above-

Further purification of IgG anti-IgE antibody was
achieved by protein A chromatography. In brief, eluted
material from the affinity columns containing anti-IgE
activity was loaded on 2 5 ml of protein A agarose
(7 5 X 50 mm column) (Affi-gel protein A MAPS II kit;
Bio-Rad. Richmond, U.S.A.). Chromatography was per-
formed as described by the supplier. As elution was
carried out at pH 3 0. 500 ^1 fractions were eluted into
tubes containing 150 ^1 1 M Tris-HCI pH 9 5, in order to
raise the pH immediately. Fractions were pooled accord-
ing to IgE concentration, as measured in the dot immuno-
binding assay and then dialysed against 10 mM phosphate
buffer pH 7-4.

Protein determination

Proteins were concentrated by ultrafiltration on a mem-
brane of 10000 molecular weight cut-off (Centricon-10
microconcentrator, Amicon. Danvers, U.S.A.). Centrifu-
gation was carried out at 4200 x ^ using a Kontron A 8 24
fixed angle rotor (34 ) (Kontron Instruments AG. Zurich.
Switzerland). Protein concentrations were determined
using a dye reagent from Bio-Rad, containing an acidic
solution of Coomassie brilliant blue G-250 [25]. Purified
human IgG (Nordic Immunological Lab.. Tilburg, The
Netherlands) was used for protein standard.

Gel electrophoresis

Sodium dodecyl sulphate polyacrylamide gel electro-
phoresis (SDS-PAGE) and staining procedures were
performed with the PhastSystem (Pharmacia. Uppsala.
Sweden), consisting of a separation chamber, a develop-
ment chamber and a programmable control unit with a
microprocessor. Precast gradient gels were used with
continuous 10-15% gradient gel zones with 2% crosslink-
ing together with buffer strips of 0 20 M tricine, 0 20 M Tris
and 0-55% SDS, pH 7 5 (Pharmacia). Samples containing
10 mM Tris-HCI. 1 mM EDTA, pH 8 0. 2-5% SDS. 0 01 %
bromphenol blue and 5% /?-mercaptoethanol, in case of
reducing conditions, were heated to 95 C for 5 min, and
applied to the gels in 4 pi volumes. The gel was run at 15 C
under the following electric field conditions: 250 V, 10 0
mA, 3 0 W. After 60 accumulated volt-hours the run was
stopped.

Coomassie staining was carried out with Coomassie
brilliant blue R-250 (Fluka AG Buchs, Switzerland) as
described in the PhastSystem manual. Silver staining was
performed with a kit supplied by Bio-Rad, which was
modified for application to the PhastSystem. In brief, the
gel was fixed in 5O'/<. ethanoL lO'Vi, acetic acid in twice-
distilled water tor 2 min at 50 C, followed by two
fixations in W/n ethanol, S"/a acetic acid in twice-distilled
water for 2 and 4 min respectively, at 50 C. Staining steps
were carried out as described by the supplier of the
staining kit. After development, the gel was exposed to
5% acetic acid in twice-distilled water for 2 min at 50 C,
followed by treatment with \Q"A> acetic acid. 5% glycerol
(Biofinex. Praroman, Switzerland) in twice-distilled water
for 3 min at 5 0 C

Results

In order to find a suitable source of anti-IgE antibodies
for purification, we first screened 329 randomly collected
sera. 'Free' and complexed anti-IgE antibodies were
measured with a dot immunobinding assay, which was
developed for this purpose. Purified myeloma IgE and
two different types of monoclonal anti-IgE antibodies
were adsorbed onto nitrocellulose. Natural anti-IgE
antibodies, which were able to bind the adsorbed solid
phase IgE, were termed 'free' anti-IgE antibodes, whereas
IgE/anti-IgE complexes were recognized by the solid-
phase anti-IgE. Bound 'free' or complexed anti-IgE
antibodies of different IgG isotypes were revealed with
labelled monoclonal anti-IgG antibodies. Figure 1 shows
that for most sera, more IgE-IgG immune complexes
were detected than 'free' IgG anti-IgE antibodies
(r = 0 52; / ' < 0 001). Usingourasssay we determined two
types of immune complexes, namely by using either the
monoclonal antibody Le27 or BSW17 on the solid phase.
Figure 2a shows IgE-IgG immune complexes measured
in 329 randomly collected sera in order to select a serum
with high levels of IgG anti-IgE antibodies. This figure
shows that the serum from subject M.D. contained very
high levels of complexed anti-IgE antibodies of IgG
isotype. Serum M.D.. therefore, was chosen for the
purification of IgG anti-IgE antibodies. Furthermore,
this figure shows a high correlation for IgE-IgG com-
plexes measured with either the monoclonal antibody
Le27 or BSW17 on the solid phase (r = 0 95;/*< 0 001). If
serum M.D. was left out it becomes clear that in some
subjects' sera fewer complexes were detected via the
monoclonal antibody BSWI7 then via Le27 (r = 0-4I;
P < 0 001); otherwise there seemed to be a good recogni-
tion by both types of monoclonal anti-IgE antibodies
(r = 0 96; / '<0001) (Fig. 2b).

A positive correlation between serum IgE and anti-IgE
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Fig. 1. 'Free' IgG anti-IgE antibodies and IgE-IgG immune
complexes. 'Free" and comptexed IgG anti-IgE antibodies were
measured in 328 randomly collected sera. A dot immunobinding
assay was used where either myeloma IgE or murine monoclonal
anti-human IgE antibodies (Le27) were bound to the solid
phase. Solid-phase antibodies were incubated with the serum
samples. Bound 'free' IgG anti-IgE or igE-IgG immune
complexes were revealed with monoclonal anti-human IgG
labelled with horseradish peroxidase.
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Fig. 2. IgE-anti-IgE immune complexes in human sera. Human
sera (n = 329) were screened for IgE-IgG complexes. Such
complexes were measured as described in the legend to Fig. I.
(a) Results of 329 sera including the serum from subject
M.D.{t).(b) The same results excluding serum M.D. Each point
represents the mean of triplicate measurements with both anti-
IgE antibodies.

antibodies has been reported previously [5,6,8,12,14],
Interestingly, serum M.D. seemed to contain large
amounts of anti-IgE antibodies, but only normal
amounts of IgE (93 U/ml). We therefore selected 141
subjects with documented allergic disease and investi-

PRISTt
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Le27
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4400

IgE
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588

2000
2000
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Serum dilution

1/10

197

1000
1000

1/20

93

n.d.
n.d.

1/50

N.D.

200
200

I/lOO

48

100
100

• Units of IgE measured in serum M.D. corrected for the
dilution factor.
t Commercial Phadebas IgE PRIST.
X Dot immunobinding assay, with either the murine monoclonal
anti-human IgE antihwdy Le 27 or BSW17 dotted onto
nitrocellulose as catching antibody and the labelled BSW17 or
Le27 antibody as revealing antibodies.

gated the relationship between serum IgE levels and
IgE-IgG immune complexes. IgE antibody levels were
determined with the commercial Phadebas PRIST, while
IgE-anti-IgE immune complexes were determined as
described before. Figure 3 shows that in contrast with
previous reports, we did not find a correlation between
IgE levels and IgG-IgE complexes (r = - 0-01; /> > 005).
Serum M.D. is marked with an arrow for illustration of
the high levels of anti-IgE antibodies and the low levels of
IgE detected in this serum.

This prompted us to investigate, whether the observed
'normal' IgE levels in serum M.D. might be due to an
artefact caused by anti-IgE antibodies. For this purpose,
we determined IgE levels of serum M.D. using three
different antibody-based immunoassays. In the first
assay, IgE was determined with the commercial Phadebas
IgE PRIST. Secondly, IgE was measured in a dot
immunobinding assay, where the murine monoclonal
anti-human-IgE antibody Le27 was bound to the solid
phase as capture antibody. Bound IgE antibodies were
subsequently revealed with labelled BSW17 monoclonal
anti-IgE antibody. In the third assay BSW 17 antibodies
were bound to the solid phase and labelled Le27 antibody
was used for detection. Table 1 shows that for all three
antibody-based assays, very different IgE values (cor-
rected for dilution) were obtained depending on the serum
dilution at which IgE determination was carried out.
Maximal IgE levels recovered were as high as 4900 U/ml.
Additionally, the IgE determination also differed between
the assays, suggesting that anti-IgE antibodies indeed
interfered with the determination of IgB.
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Fig. 3. Correlation between total serum IgE and IgE-anti-IgE
complexes (n= 141). IgE-anti-IgE complexes were measured as
described in the legend to Fig. I using the monoclonal anti-IgE
antibody Le27 on the solid phase. IgE levels were determined
with the commercial Phadebas IgE PRIST (Pharmacia). Data
frotn subject M.D. are indicated (|). Each point represents the
mean of triplicate measurements.

Purification of anti-IgE antibodies from serum MD

Anti-IgE antibodies were purified from serum M.D. by
three procedures. In order to isolate 'free' anti-IgE
antibodies, serum was loaded on an IgE affinity column.
Eluales containing anti-IgE antibodies were combined in
pool I. Subsequently, IgE-anti-IgE complexes present in
the effluent ofthe IgE column were purified by anti-IgE
affinity chromatography. A first anti-IgE affinity column
was prepared by coupling the monoclonal anti-IgE
antibody BSWI7 to a matrix. Elulcd immune complexes
were collected in pool 11. The effluent of this column was
loaded on another anti-IgE affinity column with the
monoclonal anti-IgE antibody Le27 coupled to the
column matrix. Eiuted IgE-Anti-IgE complexes were
combined in pool III,

Figure 4 shows that all three column eluates analysed
by SDS-PAGE contained both IgG and IgE immuno-
globulin heavy chains. This result shows that anti-IgE
antibodies present in serum M.D. seemed to be intact
immunoglobulins. Based on the staining intensity ofthe
protein bands, it can also be assumed that isolated anti-
IgE antibodies were in excess of IgE. Furthermore, it also
seemed that IgE levels were high, assuming that the
modified IgE determination gave truly high IgE levels.

In order to purify the isolated anti-IgE antibodies
further protein A chromatography was performed. Puri-
fied IgG anti-IgE antibodies were concentrated and
subsequently analysed on a SDS-gel under non-reducing
conditions. Figure 5 shows that IgG anti-IgE antibodies
were successfully separated from contaminating IgE.

IgG column eluates

Fig. 4. SDS-PAGE of isolated IgE and anti-Igh antibodies.
'Free' anti-IgE antibodies and IgE-anti-IgE immune complexes
were isolated from scrum M.D. by affinity chromatography on
an IgE column and two different anti-IgE columns. Eiuted
material was applied onto a SDS-polyacrylamide gel containing
a continuous 10-15% gradient. The gel was run under reducing
conditions and stained with Coomassie brilliant blue. Eluate 1
was derived from the IgE affinity column, whereas eluales 11 and
III belonged to the BSW17 and Le27 anti-IgE affinity columns
respectively.

IgE and anti-IgE .serum levels

As shown in Table I. IgE levels of serum M.D. deter-
mined by routine diagnostic procedures yielded 93 U/ml.
However, about 4900 U/ml were determined in the same
serum using the same assay or monoclonal anti-IgE
antibodies, if the serum was diluted only 1/2 for IgE
determination (Table 1).

Anti-IgE antibodies purified from this serum were
recovered in a concentration of 56 9 ̂ g/ml serum (Table 2).
This would mean a 6 2-foId molar excess of anti-IgE
antibodies to IgE. if IgE levels were assumed to be 4857
U/ml (Table 2). Otherwise, if the 'true' IgE concentration
would only be 93 U/ml serum, as determined in more
dilute serum by standard procedures (Table 1), then anti-
IgE antibodies would be in 325-fotd excess. However, the
6 2-fold excess seemed more likely, as a similar ratio was
estimated based on the IgE and IgG protein bands ofthe
SDS-PAGE (Fig. 4).

The yield of'free' anti-IgE antibodies obtained from IgE
affinity chromatography was 4-1 /ig/ml serum (Table 2),
suggesting that 7 2% of IgG anti-IgE antibodies were
recovered in the form of 'free' anti-IgE. whereas 92-8%
were isolated in the form of IgE-IgG immune complexes.
These data confirm our results shown in Fig. I. also
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IgE
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IgG column eluates

Fig. 5. SDS-PAGE of purified anli-lgE antibodies of IgG
isotype. The anti-IgE containing samples as analysed in Fig. 3,
were purified further by protein A chromatography and visua-
lized on a SDS-polyacrylamide gel, which contained a con-
tinuous 10-15% gradient. The gel was run under non-reducing
conditions and silver stained. Eluate I was purified by IgE and
protein A affinity chromatography. whileeluateslland II! were
purified by BSWI 7 and Le27 anti-IgE affinity chromatography.
followed by protein A chromatography.

Table 2. Yield and ratio of IgG anti-IgE antibodies

Sample*

'Free' anti-IgE
Anti-IgE complexes

(BSW 17)
Anti-IgE complexes

(U27)

Total

Total
anti-IgEt

in&)

77
203

801

1081

Anti-IgE
(/ig/ml)

41
107

42-1

56-9

Anti-IgE-IgE
(molar ratio)

045
117

4-61

6-23

' Anti-IgE antibodies, isolated by IgE and protein A affinity
chromatography, termed 'free" anti-IgE antibodies. Anti-IgE
antibodies, isolated by anti-IgE affinity chromatography using
the monoclonal anti-IgE antibodies BSW 17 or Le27 respect-
ively, and further purified by protein A chromatography,
termed anti-IgE complexes.
t Total volume of serum, used for the isolation of anti-IgE
antibodies was 19 ml. Serum contained about 4857 U/ml IgE
(see Table I).

reporting that in serum M.D. more complexed anti-IgE
antibodies were measured than 'free' anti-IgE antibodies.
Furthermore, these results suggested that anti-IgE anti-
bodies bind to IgE in large complexes (5/1) and only few,
eventually low affinity antibodies remain free.

0 20
O
1 16

' * - •

o 12

% 4

^ 0

Human IgG Purified anti-IgE

1
i

100 400 1000 100 400 1000
Dotted immunoglobulin (ng)

Fig. 6. IgE binding to purified anti-IgE antibodies. Purified IgG
anti-IgE antibodies were dotted at maximal available concen-
tration onto nitrocellulose and incubated with human myeloma
IgE, labelled with horseradish peroxidase. Anti-IgE antibodies
isolated as 'free' anti-IgE antibodies (100 /tg/ml) are shown with
the black bar. Anti-IgE antibodies isolated from IgE-anti-lgE
complexes by affinity chromatography on a BSW 17 or Le27
anti-IgE affinity column are shown with a dotted (400 /ig/ml)
and open (10(X) /ig/ml) bar respectively. Each bar represents the
mean of triplicate measurements.

In order to study whether the purified IgG anti-IgE
antibodies were still capable of binding IgE even after
purification and dissociation from IgE, we dotted the
maximally available concentrations of purified anti-IgE
antibodies onto nitrocellulose. Subsequently, IgE binding
capacity was revealed with human myeloma IgE (PS),
labelled with peroxidase. Figure 6 shows that anti-IgE
antibodies purified from both 'free' anti-IgE and from
IgE anti-IgE complexes were capable of binding IgE.
Thus, intact anti-IgE antibodies were isolated by affinity
chromatography, which preserved their ability to bind
IgE.

In order lo characterize the anti-IgE antibodies of
serum M.D. in respect of their isotypes, isolated anti-IgE
antibodies were bound to solid phase. Subsequently,
isotypes were determined by adding labelled isotype-
specific antibodies. Table 3 shows the existence of anti-
IgE antibodies of IgGi, IgGi, IgG4 and IgM isotypes after
the first affinity chromatography step. No anti-IgE
antibodies of IgG? and IgA isotype were observed.
Furthermore, our results show that 17-2% ofthe isolated
anti-IgE antibodies were of IgG4 isotype, whereas 29-9%
were of IgM isotype (Table 3). These results show that
IgG4 and IgM isotypes were over-represented among
anti-IgE antibodies, as nonnal amounts of IgG4 and IgM
antibodies correspond to 2-7% and 8-1%, respectively
[26]. Furthermore, Table 3 shows an enrichment of IgG;
isotype after the second step of anti-IgE purification. This
enrichment of IgG2 relative to the other immunoglobulin
isotypes is typical for the affinity of protein A.
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Table 3. Isotypes of natural anti-IgE antibodies

Before protein A chromatographyt
'Free' anti-IgE
Anti-IgE from complexes (BSW17)
Anti-IgE from complexes (Le27)

After protein A chromatography
Anti-IgE from complexes (BSW17)
Anti-IgE from complexes (Le27)

IgG,

2-5(30-5)
6-5(33-3)

24-1 (33-4)

3-8 (39-9)
12-2(31-3)

IgGj

1-3(163)
4 0 (20-2)

18-0 (251)

4-1 (43-2)
18-6(47-8)

/ig/ml serum

IgG,

< 0-1( < 1)
0-2(1)

< 0 - 5 ( < l )

0-0(0)
<O-5(<2)

IgG4

1-7(20-8)
2-2(11-1)

141 (196)

1-6(169)
81 (20 9)

IgM

2 6(32-4)
6-9 (35-4)

15-8(21 9)

0(0)
0(0)

IgA

0(0)
0(0)
0(0)

0(0)
0(0)

* Percentage distribution of immunoglobulin isotypies in three isolated anti-IgE antibody pools,
t 'Free" anti-IgE antibodies isolated by IgE affinity chromatography and IgE-anli-IgE complexes isolated by anti-
IgE affinity chromatography using the monoclonal anti-IgE antibodies BSW 17 or Le27.

12

5 6
UJ

0
1 10 100

Purified anti-IgE (p.g/ml)
Fig. 7. Purified anti-IgE antibodies Interfere with IgE measure-
ment. Ten U/ml of IgE were measured in the presence of various
concentrations of purified anti-IgE. (•) Control, where IgE was
measured without addition of anti-IgE; (O, A) IgE measurement
in the presence of anti-IgE, purified by BSWI7 or Le27 anti-IgE
affinity chromatography, followed by purification on protein A.

In order to test whether the purified anti-IgE antibodies
were capable ofinhibiting IgE measurement, lOU IgE/ml
were assayed in the presence of various concentrations of
purified anti-IgE antibodies. IgE was determined in a
radiommunoassay, where the monoclonal anti-IgE anti-
body Le27 was bound to the solid phase and the '^'I-
labelled monoclonal anti-IgE antibody BSW 17 used for
IgE detection. Figure 7 shows that purified anti-IgE
antibodies inhibited IgE detection in a dose-dependent
way. A 40-fo!d excess of purified anti-IgE antibodies to
IgE inhibited IgE determination by 37% using anti-IgE
purified by BSW 17 affinity chromatography. Furthermore.
we also investigated whether inhibition of an assay system

using a polyclonal antiserum, for example, the commer-
cial Phadebas IgE PRIST, would occur. We obtained a
similar inhibition of IgE determination to that shown in
Fig. 7 (data not shown). Thus, purified human auto-
antibodies actually interfere with diagnostic IgE determi-
nations, questioning the use of immunologicai methods
for precise IgE measurement.

Discussion

The existence of anti-IgE auto-antibodies in human
serum has been reported previously [5-18]. In the present
study, anti-IgE antibodies were isolated by their capacity
to bind human IgE or in case of immune complexes,
isolation was performed via murine monoclonal anti-
human IgE antibodies. In a selected serum from an
allergic subject with very high anti-IgE serum levels, over
90% of the purified anti-IgE was derived from immune
complexes, demonstrating that a great proportion of anti-
IgE was binding to IgE. This observation is in accordance
with the literature, where much higher amounts of IgE-
anti-IgE immune complexes than free anti-IgE antibodies
have been described [8,14]. Furthermore. anti-IgE anti-
bodies were reported to correlate with IgE serum levels
[5,6.8,12,14]. In the present study by measuring IgE levels
as well as anti-IgE or their immune complexes no
correlation was observed. We therefore investigated
whether the missing correlation might be due to an
artefact of the IgE determination assay, whereby IgE in
immune complexes might not be accessible for the
xenogenic anti-IgE revealing antibodies. Here we showed
that IgE determination could be inhibited by the purified
anti-IgE auto-antibodies. At present we have to speculate
why higher IgE levels were detected in relatively undiluted
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serum. It is possible that IgE might still be recognized in
large immune complexes, while a subsequent dilution of
serum may affect the molar composition of the immune
complexes leading to smaller IgE anti-IgE complexes
with a lower accessibility for xenogenic anti-IgE anti-
bodies. Nevertheless, these results clearly show that
natural anti-IgE antibodies do interfere with diagnostic
IgE determinations. Based on these results, we will
investigate the observation that some patients with
allergic asthma or rhinitis, for example, do not show
elevated IgE levels [27]. Furthermore, incidences where
patients undergo an anaphylactic shock without showing
positive skin tests, elevated total IgE might eventually be
explained by the existence of masking but not blocking
anti-IgE antibodies. In this context it might also be of
interest that subject M.D., whose serum was used to
isolate anti-IgE antibodies, underwent two anaphylactic
shocks to prophyphenazone and aspirin within the 2 years
preceeding blood donation.

The technique developed here for determination of
anli-lgE antibody is similar to any other immunodot
assay [28] with the same reproducibility (data not shown).
Our definition of 'free' anti-IgE antibody only implies
that these antibodies have a free antigen binding site. As
shown by the purification procedure (Fig. 4), immune
complexes are present in this fraction, too. We therefore
decided not to standardize such 'free' anti-IgE antibodies
in terms of ng protein. Furthermore, we also did not
standardize IgE-anti-lgE complexes measured in human
serum as the composition of such complexes might vary
widely vary between different blood donors. Indeed our
data show that in some subjects more 'complexes' were
detected by the Le27 and in a few subjects more by
BSW 17. Thus, because our detection system is always
itself a complex we probably miss those complexes mainly
composed of antibodies similar to the capture antibody.
Interestingly, several features of rheumatoid factor
parallel our findings with anti-IgE antibodies. For exam-
ple, in most sera with high rheumatoid factor activity in
immune complexes, only low or undetectable levels of free
rheumatoid factor were described [29.30]. Furthermore.
rheumatoid factors have been demonstrated to be com-
posed of al) immunoglobulin isotypes [31]. For IgG
isotype rheumatoid factor it has been shown that IgG[
and IgG^ were the most abundant subclasses [32,33],
simitar to those demonstrated for anti-IgE antibodies in
this manuscript. The question of whether anti-IgE anti-
bodies are as strongly subclass-restricted as rheumatoid
factor is under investigation.
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