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IgE class immune complexes in Felty's syndrome:
characterisation of antibody activities in isolated
complexes
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SUMMARY By means of a double polyethylene glycol (PEG) precipitation and PRIST technique
IgE was detected in 3% PEG precipitates and in the immune complex enriched fractions purified
by solid-phase Clq adsorption from sera of 11 of 20 patients with Felty's syndrome. No correlation
was found between the occurrence of complexed IgE and total protein content of the immune
complex enriched material. IgE rheumatoid factor and anti-IgE antibody activity were detected in
some of the immune complex fractions. Serum levels of complement C3, C4, and factor B were low
in IgE immune complex positive cases. Only 4 of 20 patients with articular rheumatoid arthritis had
IgE-containing immune complexes.

Felty's syndrome (FS) designates a specific associa-
tion of symptoms including rheumatoid arthritis
(RA), leucopenia, splenomegaly, and frequently
lymphadenopathy. One of the most extensively
studied laboratory features of this disease is the
appearance of granulocyte-specific antinuclear anti-
bodies of all 5 immunoglobulin (Ig) classes and often
cytoplasmic Ig inclusions in circulating polymor-
phonuclear leucocytes of these patients.` ' High
levels of circulating immune complexes (IC) are also
frequently found.4`6
When an interpretation of the cause of the

leucopenia in FS is attempted, the overloading of
neutrophils by IC leading to removal of these cells
from circulation is favoured by many. In this work we
describe the existence of circulating IC containing
IgE and certain IgE-related autoantibodies in FS.

Materials and methods

Controls and patients. Twenty control persons, 20
patients, with classical RA according to the Ameri-
can Rheumatism Association criteria, and 20
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patients with FS showing leucopenia (0- 8-4- 3 x 1 09/l)
and neutropenia (0. 1-1 4x 109/l) were selected. All
FS patients had splenomegaly at the time of investig-
ation. Sera obtained from the patients were stored at
- 30°C until studied. FS patients were 15 women and
5 men with a mean age.of 65 years (range 46-76).
The duration of the articular disease was from 1 to 30
years (mean 14 years). The RA patients and controls
were matched as to sex and age (mean age 52 years,
range 33-73, 14 women and 6 men, mean duration of
disease 8 years, range 1-20 years).

Detection of IgE in IC enriched fractions. IC-
enriched material was isolated by precipitation of
1/50 diluted serum samples by 3% polyethylene-
glycol (PEG) 6000 (Merck) solution as described by
Creighton et al.7 The protein content was determined
according to Lowry et al.8 The presence of IgE in
redissolved (phosphate buffered saline (PBS), pH
7-4) PEG fractions was detected either by the
paper radioimmunosorbent test (PRIST) technique
(Phadebas, Pharmacia, Sweden) or by means of a
double PEG precipitation assay developed in our
laboratory.9 Briefly, 50 gl of the redissolved PEG
precipitates were incubated with 50 A.l of "25I-sheep
antihuman IgE (Phadebas RAST Isotope Unit,
Pharmacia, Sweden). The labelled anti-IgE bound to
the IC was precipitated again by 3% PEG, and the
pellet was counted for radioactivity (Autogamma
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Counter, Gamma Works, Hungary). Pellets with
more than 3% of the added radioactivity were con-
sidered positive.

All batches of 25-I anti-IgE were tested with
rheumatoid factor (RF)-containing IgE negative
PEG fractions to exclude the nonspecific binding of
the labelled antibody to RF.
Measurement of IgE in IC purified on particle-

bound Clq. IC were also isolated by adsorption to
particle-bound Clq as described by Farrel et al.10
Plastic particles (Biosilon) were coated by purified
Clq (50,ug/ml to 100 mg particles) and incubated
with 100 ,ul of serum sample in the presence of 0 05
M NaCl solution (pH 7 2) containing 0 1% Tween
20. After an overnight rotation at room temperature
the particles were washed 3 times by 0 05 M NaCl. IC
was desorbed by adding 100 ,ul of 1X5 M NaCl (pH
8- 0) and subsequent incubation at room temperature
for 30 min. Fractions were dialysed against an excess
of Tris-buffered saline (pH 7-4). Determination of
IgE in IC was performed by the PRIST technique.

Detection ofIgE rheumatoid factors (RF) in PEG
fractions and sera. A solid-phase immunosorbent was
prepared from rabbit IgG bound to cyanogen
bromide activated Sephadex gel and used for isola-
tion of RF. (The immunosorbent was prepared and
kindly given to us by F. Peterfy, 'HUMAN' Institute
for Sera and Vaccine Production, Budapest.) Borate
buffer, pH 8- 2, was used supplemented by 5% bovine
serum albumin (BSA) for every step of the experi-
ment. Packed immunosorbent was suspended and
was distributed into vials under constant stirring.
PEG fraction or 1:5 diluted sera were added to the
tubes containing the immunosorbent. After 2 hours'
incubation at room temperature the free proteins
were washed off with PBS and the amount of IgE RF
activity was determined by subsequent binding of
125- I-anti-IgE antibodies of sheep origin. The bound
radioactivity was determined and the count per
minute (c.p.m.) values evaluated by deduction of the
c.p.m. values obtained using only the immunosorbent
and the buffer during the first incubation.

Higher binding than 1 1 % of the total activity was
considered to be a positive result."
IgE binding activity in sera and PEG fractions. In

preliminary experiments it was proved that heat
treatment (56°C, 240 min) of sera destroys most of
the antigen determinants important for
immunochemical detection of IgE by the Phadebas
PRIST test for IgE (Meretey et al., in preparation).
We incubated the sera or the redissolved PEG pre-
cipitates at 56°C for 240 min, the samples were
diluted 1:2 with a standard amount (10 kIU) of IgE
(from the Phadebas IgE kit), and-The-mixture was
incubated overnight at 4°C. The difference in the
quantity of available IgE by incubation with the in-

activated samples is taken as denoting presence of
IgE-binding activity. More than a 1 kIU decrease in
the measured IgE was considered to be a positive
indicator of anti-IgE activity (precision of IgE
measurement was 5 %).
Measurement ofIgE, C3, C4, and factor B levels in

sera ofpatients. IgE levels of sera were determined by
the Phadebas PRIST test (Pharmacia). Complement
factor levels (C3, C4, and B) were measured by
means of the Laurell rocket electrophoresis"2 using
specific immune sera (Behringwerke).

Statistics. The 2-tailed Student's t test was used and
the level of significance set at 5%.

Results

Occurrence ofIgE in isolated PEG fractions detected
by double PEG precipitation assay. Eleven PEG frac-
tions from sera of 20 FS patients showed more than
3% binding of labelled anti-IgE compared with the
normal control group (no positives among 20 sam-
ples) and the RA group (4 positives out of 20 investi-
gated) (Table 1). If the mean values are compared
the differences are highly significant (p<0-01 and
<0 05 respectively).

Detection ofIgE by PRIST technique in redissolved
PEG precipitates and in purified IC fractions
desorbed from solid-phase Clq. IgE was found in 5
preselected PEG fractions and in 6 of 20 Clq-
purified IC of FS patients by the Phadebas PRIST
test (Table 2). Interestingly, in 2 patients the Clq-
purified IC fraction contained measurable quantities
of IgE, though we failed to detect IgE among the
components of 3% PEG precipitable complexes of
the same sera.
The level of IgE detected either by double PEG

precipitation technique or by PRIST assay in PEG
fractions showed no correlation with the serum IgE
concentration of the given samples. Similarly the

Table 1 IgE in PEGfractions from sera

Patient n Fractions* Mean± pt
group positive SEM

(no.) (%)

Felty's
syndrome 20 11 5-61±1-49

<0 05
Rheumatoid

arthritis 20 4 2-29+0-21
<0-01

Controls 20 0 1-64±0 18

* More than 3% of added " I-anti-IgE antibody was bound to PEG
fraction as shown by the double PEG precipitation assay.
t Student's t test.
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Table 2 IgE in PEG fractions and in Clq purified IC
fractions ofsera from Felty's syndrome patients determined
by the PRIST assay

Fraction n Positive* Concentration
(no.) (kIU)t

3% PEGIC 5 5 2-08+0-18
Solid-phase Clq IC 19 6 0-76±0-06

* 0 5 kIU IgE in the IC fraction.
t Mean+ SEM of the positive samples.

amount of complexed IgE did not parallel the total
protein content of 3% PEG precipitable material.

Detection ofIgE class RF (anti-rabbit IgG) in sera

and PEG fractions. Six isolated PEG fractions con-

tained measurable quantities of IgE class RF activity
(Table 3). In 4 cases a high level of IgE RF was

revealed in the sera too. No correlation with total IgE
levels was demonstrated.
Measurement of anti-IgE activity in sera and PEG

fractions. IgE binding activity could be measured in
11 of 20 sera and in 3 of 20 PEG fractions of FS
patients (Table 3). No relation with the IgE level of
the same serum or PEG fraction was found.

Levels of C3, C4, and factor B in sera of IgE IC-
positive and -negative patients. The comparison of
IgE IC-positive and -negative samples revealed that
the protein levels of PEG fractions did not differ
significantly from each other (Table 4). However, in

samples with IgE IC positivity a decreased C4 con-

centration was detected, and in this respect a highly
significant difference was found between the IgE
IC-positive and -negative samples. The C4 levels
were also significantly lower than the normal range of
C4 values. The C3 and factor B values were in IgE
IC-positive sera significantly lower than those of IgE
IC-negative ones (p<0 05).

Eight serum samples from which Clq purified IC
fractions were studied were similarly compared as

regards serum complement factor levels (Table 5).
The 5 samples without IgE IC contained normal
levels of C3, C4, and factor B, but in 3 IgE IC-
positive samples the levels of complement factors
studied were reduced. The most striking differences
were found in C3 and factor B concentrations.

Relation to circulating leucocyte and granulocyte
counts. At the time of the collection of blood samples
all patients were leucopenic and granulocytopenic.
The 11 IgE IC-positive patients had significantly
higher leucocyte counts (2 07 x 109/1) than the IgE
IC-negative group (1-41 x 109/1) (p<0 05).

Discussion

Nowadays the physiological and pathological signifi-
cance of antibodies of the IgE class seems to exceed
the sphere of the atopic diseases. IgE class
rheumatoid factors,2- 15 nonorgan-specific and
granulocyte-specific antinuclear antibodies,3 16 and

Table 3 IgE RF and IgE binding activities in IC fractions ofFelty's syndrome patients

Doubk PEG test n IgE RF IgE RF Anti-IgE Anti-IgE*

PEG fraction Sera PEG fraction Sera

+ +++

IgE ICpos. 11 6 5 4 5t 2 9 7 4
IgE IC neg. 9 0 9 1 8 1 8 4 5

* For limits of positivity see 'Materials and methods'.
t Two sera were not tested.

Table 4 IC and complement levels in IgE IC positive and negative Felty patient sera

n Protein C4 C3 Factor B
content conc. * conc. * conc.*
ofIC
(mgll) (mgll) (gil) (gll)

Double PEG precipitation assay: + 6 411±183 0-10+0-Olt 0-80+0-17t 0-24+0-06t
- 6 173±31 0-26+0-04 1-33±0-20 0 40+0-05

Student's t test (p) NS 0 0025 0 05 0.05

* Normal levels: C4=0-31+0-02; C3=1 34+0 03; B=0-37+0-01 (g/l).
t p Values compared with normals: C3, p<00025; C4, p<0 0005; B, p<0 025.
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Table 5 Serum complement levels ofpatients having IgE-containing IC using solid phase Clq adsorption

n Protein C4 C3 Factor B
content conc. * conc. * conc. *
ofIC
(mg/I) (gil) (gil) (g8i)

IgE IC in Clq fraction + 3 255±74 0-12±0-03 0-61±0-14 0-14±0-04
- 5 176±38 0O28±0 05 1-47±0-2 045±0O05

Student'st test (p) NS 0 05 0-0125 0 005

* Normal levels: C4=0-31±0-02; C3=1-34+-003; B=0-37±0-01 (g/l).

bacterial antibodies" 18 have also been detected in a
wide range of nonallergic disorders, suggesting a
more general function for IgE.

Participation of IgE among free and IC-bound
autoantibodies has been previously described not
only in asthma and food allergy"9 20 but also in RA
and in SLE.3 13 15 According to our present data the
frequency of IgE complexes is surprisingly high in FS
compared with articular RA and normal controls.
These results compare both in frequency and con-
centration with the IgE complexes of RA patients
having other extra-articular manifestations."3
Interestingly, the double PEG precipitation method
seems to be more sensitive than the PRIST method in
demonstrating IgE in PEG fractions. Obviously the
3% PEG solution does not precipitate all of the IgE
complexes, as in 2 serum samples the IgE complexes
were detectable only in IC fractions obtained by
particle-bound Clq. As in our previous studies9 we
have not found any correlation between total serum
levels and IC-bound IgE.

IgE class RF were found in 5 sera of FS patients
investigated. We frequently found heat resistant
anti-IgE activity both in sera and in IC (11 sera and 3
PEG fractions). The principle of anti-IgE determina-
tion is based on an assumption that practically all IgE
molecules in samples are immunochemically des-
troyed during the 56°C incubation for 4 hours and
antigenic determinants of exogenously added new
IgE may be bound by antibodies retaining their bind-
ing capacity for IgE.1'

Williams et al.2" detected in normal sera anti-IgE
antibodies as natural antibodies of IgM class. IgG
type autoantibody directed against IgE was also
demonstrated in allergic and control sera by Inganas
et al.22 In PEG fractions from extra-articular RA
cases the anti-IgE activity was found mostly in the
IgG class."3 Natural anti-IgE antibodies of IgM class
do not cause release of histamine.21 We do not know
whether the anti-IgE antibodies present in FS
patients are active in a histamine releasing system or
not. IgE binding factors probably participate in the
formation of macromolecular IgE complexes.23 This

may have caused underestimation of IgE in the
present study.
Whether IgE class autoantibodies, anti-IgE fac-

tors, and the consequent formation of IgE complexes
are the result of a permanent polyclonal activation in
FS or an anomaly of the separate regulation of IgE
production and metabolism in FS is unknown. These
are questions for further study.
The significance of IgE-mediated mechanisms for

the deposition of immune complexes in tissues was
originally suggested by Cochrane.24 The locally
induced inflammation caused by vasoactive
mediators enhances the permeability of the capil-
laries, thereby forming predilection sites for the de-
position of other immune complexes. This mechan-
ism may be operative at sites where many basophils
or mast cells are present.

IC in the circulation of FS patients strongly interact
with neutrophils and are hence ingested. Thereby the
IC may contribute to the impaired function of
granulocytes.46 25 However, IgE is not a prominent
constituent in IC ingested by normal neutrophils
from sera of FS patients (Permin and Wiik, unpub-
lished data).
The degranulation of mast cells and basophils

coated by IgE having RF activity by IgG-containing
IC helps our understanding of the possible
pathogenetic role of such IC, since mediators of type
I inflammatory reactions may augment systemic IC
deposition.24 This is in harmony with the fact that FS
patients often have a number of extra-articular symp-
toms. The presence in serum of autoantibodies with
anti-IgE activity in free or in complexed form may
bind to IgE on the surface of basophils and mast cells,
possibly causing degranulation or altering the
threshold for degranulation.
We suppose that in some patients chronic immune

responses take place where IgE class antibodies are
being produced, and often circulate in complexed
form possibly similar to what has been found in
chronic schistosomiasis.2" Since RA patients treated
with gold frequently develop antigold antibodies of
the IgE class,27 it is possible that drug-induced anti-
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bodies also participate in the IgE IC. However, IgE
IC-positive cases in our material were mostly not on
gold treatment, and so this hypothesis does not
explain our findings.
A striking correlation was found between the pres-

ence of IgE IC and decreased serum complement
levels. Decreased C4 levels correlated with IgE
positivity in the PEG fractions, while C4, C3, and
factor B levels were low in patients having IgE IC as
shown by Clq adsorption. This suggests that in the
latter group the activation and consumption of the
complement system was more pronounced. The fac-
tors determining the differences among the IC iso-
lated by PEG precipitation and by Clq adsorption as
regards complement activation and consumption
have not been studied yet.

This study was supported by the Danish National Association
Against Rheumatic Diseases.
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