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SUMMARY

This study presents data on more than 300 RA and allergic patients analysed for their serum levels of
anti-immunoglobulin isotype autoantibodies and IgE. We observed high levels of IgE in sera of RA and
allergic patients. Interestingly, we measured significantly higher specific IgE levels againstAlternaria
but not against nine other allergens in the RA compared with the allergic group. As expected, anti-IgG
autoantibodies (rheumatoid factors (RF)) of different isotypes were detected in sera from RA patients
only. However, we found increased titres of complexed anti-IgE autoantibodies in all RFþ groups and in
the allergic group. These findings may explain why despite elevated IgE levels a decreased prevalence
of allergic diseases in RA patients has been observed.
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INTRODUCTION

RA is a widely distributed disease of chronic autoimmune inflam-
mation in which the pathogenic mechanism is still unclear. The
development of RA seems to result from a series of multifactorial
events with the involvement of both T and B cell-dependent
pathways [1]. Specific autoantibodies directed against antigenic
determinants on the Fc fragment of IgG molecules have been
described and are called rheumatoid factors (RF). However, their
role in the pathogenesis of RA is still not established. The
determination of RF is routinely performed for clinical diagnosis
of RA and is one of 10 criteria defined by the American Rheuma-
tology Association (ARA) [2]. Initial RF positivity is a strong
prognostic marker for later joint damage [3]. Even the measure-
ment of diverse isotypes of RF might be of importance in the
clinical evaluation of RA [4]. Together with the number of swollen
joints and the erosion score, IgM-RF has an accuracy of predicting
outcome of RA of 70–80% [4]. IgA-RF is associated with
increased disease activity, radiological progression and prevalence
of extra-articular manifestation [5], whereas IgG-RF is suspected
of being associated with vasculitis [6].

Other anti-isotype antibodies have previously been reported to
play an important role in immunoregulation and may be also in the
pathogenesis of atopic disease. Notably, anti-IgE antibodies have
been detected in patients with atopic dermatitis, rhinitis, asthma
and hay fever [7,8].In vivo [9] and in vitro [10,11] analysis has
shown that these natural anti-IgE antibodies are able to up- or

down-regulate the effects and the synthesis of IgE. Such anti-IgE
antibodies with the capacity of down-regulating IgE are currently
being tested in clinical trials for passive immunization against IgE-
mediated diseases [12]. Another approach envisages the use of
peptide mimotopes of these particular down-regulating anti-IgE
antibodies as a means of active immunization [13].

High titres of total IgE have already been measured in sera
from patients with RA [14,15], but clinical trials showed no
increased prevalence of atopy in RA patients [16,17] or even a
decreased prevalence of atopy in RA [18]. The only known
specificity described for IgE in RA is against cartilage collagen
[19] and against Fc (IgE-RF), which is also related to extra-
articular rheumatoid vasculitis [20]. However, a potential role for
IgE in RA has not been clearly established.

In this study we compared sera from patients with rheumatoid
and allergic disease. We found high levels of IgE in sera of RA
patients and elevated titres of complexed anti-IgE. Compared with
the allergic group, sera of RA patients showed an increased specific
IgE titre against one allergen (Alternaria) but not against nine other
frequently encountered allergens.

MATERIALS AND METHODS

Reagents
Human IgG-Fc fragment was purchased at ANAWA Trading SA
(Wangen ZH, Switzerland). BSW17 and Le27 are murine IgG1
anti-IgE MoAbs, which have been produced in our laboratory [21].
IgE JW8 [22] and SUS11 [23] were produced in our laboratory.
HP6017 is an anti-human IgG MoAb, purchased at ATCC
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(CRL-1753; Manassas, VA). 4F4 was a kind gift from Dr M. P.
Samoilovich and Dr V. B. Klimovich (Hybridoma Technology
Lab., Central Research Institute for Roentgeno-Radiology, St
Petersburg, Russia). Sheep anti-humanl (APO 17) andk (APO
18) peroxidase were ordered from The Binding Site (Birmingham,
UK). A substrate solution of 16% of 4-chloro-1-napthol (Fluka
Chemie, Buchs, Switzerland; stock solution 3 mg/ml in methanol)
in 0·1% H2O2 (30%) in PBS was used. PBS–C is a solution of
1·5 mg/ml casein (Fluka; 9000-71-9) in PBS. Nitrocellulose was
ordered from Millipore Corp. (HAWG304F0; Bedford, MA).

Serum samples
Sera from 140 patients (Table 1) with a clinical diagnosis of RA
were kindly provided by the Department of Rheumatology, Insel-
spital, Bern, Switzerland. Sera were sorted into different groups
according to their RF content. The cut-off for IgA- (17·5 U) and
IgG-RF (1·8 ng/ml) was determined by calculating the mean
þ 1 s.d. of the following groups: control, allergic, high IgE. For
IgM-RF we used the international standard (20 U). Seronegative
spondyloarthropathy is a group of chronic inflammatory diseases,
which are all associated with the HLA-B27 gene locus and
classically all have no detectable RF [24]. Our spondyloarthro-
pathy group, also provided by the Department of Rheumatology,
contained 47 sera from patients with psoriatic arthritis (n¼ 19),
ankylosing spondylitis (n¼ 14), Reiter’s disease (n¼ 8) and reac-
tive arthritis (n¼ 6). The allergic group (n¼ 51) consisted of sera
collected in the Institute of Immunology and Allergy. All sera had
a total IgE> 200 U and high reactivity for at least one allergen
measured in a standard radioallergosorbent test. In contrast, sera
with IgE < 120 U and no reactivity for any allergen-specific IgE
were used as controls (n¼ 44). Eight sera with IgE levels>200 U
(4396 222 U (mean6 s.d.)) but no specific reaction to any stan-
dard allergen were grouped as high IgE.

Determination of IgG-, IgM- and IgA-RF
IgG-RF were measured in a dot immunobinding assay according to
the method of Dereret al. [25]. One microlitre of human IgG-Fc

fragment (50mg/ml) was dotted in duplicate on nitrocellulose.
After drying the nitrocellulose was blocked with PBS–C for 1 h
in order to prevent non-specific protein absorption and thereafter
cut into strips. The strips were incubated with serum (1:20 in PBS–
C) overnight with gentle shaking and then washed three times with
PBS. Subsequently strips were incubated with sheep anti-human
l/k peroxidase antibodies at a dilution of 1:1000 for 4 h. After three
washings with PBS, the strips were developed with substrate
solution of chloronaphthol and hydrogen peroxide. The optical
density (OD) of the dots was measured using a densitometer
(Gretag Ltd, Regensdorf, Switzerland). For quantification a
polyclonal human IgG (Sandoglobulin) was used as a standard.
IgM- and IgA-RF were measured by ELISA (ImmuLisa; Immco
Diagnostics, Buffalo, NY). The results are expressed as U.

Measurement of free and complexed anti-IgE
The same assay as described above for IgG-RF was used to detect
free anti-IgE. JW8 (27mg/ml) and SUS11 (8mg/ml) were dotted,
blocked and incubated with sera (1:20 in PBS–C) as described
previously. After washing, the strips were developed with perox-
idase-conjugated anti-IgG MoAb (HP6017 1:1000 in PBS–C). For
detecting complexed anti-IgE, BSW17 (500mg/ml) and Le27
(500mg/ml) were used as described by Vassellaet al. [26]. Sera
were diluted 1:20 in PBS–C. Strips were developed with sheep
anti-humanl/k peroxidase antibodies.

Measurement of total and allergen-specific IgE
Quantitative measurement for IgE and allergen-specific IgE was
performed using a commercial dot assay kindly provided by Dr M.
Derer (Gerimmun, Fribourg, Switzerland). BSW17-Pox was used
as the developing antibody. Allergen-specific IgE was measured
against the following 10 allergens (indoor,Dermatophagoides
pteronyssinus, D. farinae, cat, dog,Alternaria; outdoor, mixture
of six grasses: rye, birch, mugwort, ribwort). Serum samples for
detecting specific IgE were diluted 1:5 and developed using a
mixture of BSW17-, Le27-and 4F4-Pox at a dilution of 1:500.
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Table 1. Patients’ data and rheumatoid factors

Rheumatoid factor
Group Age
size Male (years IgM IgG IgA

Group definition* (n) (%) 6 s.d.) (U6 s.d.)† (ng/ml6 s.d.) (U6 s.d.)

IgM-RFþ 98 25 586 14 1086 66 2·36 2·8 366 34
IgM-RF¹ 42 33 546 16 96 6 2·26 2·1 156 12

IgG-RFþ 64 28 576 15 776 74 4·26 2·7 286 23
IgG-RF¹ 76 26 576 15 806 70 0·66 0·5 326 37

IgA-RFþ 78 31 586 14 1146 73 2·56 2·9 466 34
IgA-RF¹ 62 23 576 16 336 34 2·16 2·1 106 4

Spondyloarthropathy 47 66 386 11 106 10 1·96 2·6 66 5
Allergic 51 57 296 10 96 5 1·16 1·0 66 3
High IgE 8 50 316 16 96 2 0·26 0·4 66 3
Control 44 32 386 19 126 15 0·76 0·8 86 16

*Group classification and definition as described in Materials and Methods.
†Rheumatoid factor test IgM and IgA were measured by ELISA, IgG by immunodot as described in Materials and Methods.



Statistical analysis
We used the unpaired Student’st-test and linear regression
analyses to determine the Pearson correlation coefficient from
Sigma Plot, Version 2 (Jandel Corp., San Rafael, CA).

RESULTS

Determination of IgM-, IgG- and IgA-RF
We compared sera from rheumatic and allergic patients, as in both
types of diseases anti-isotype autoantibodies are involved. As an
index for disease in the former group we measured RF, which is
one of the most characteristic laboratory parameters in RA. We
used a commercial ELISA for detecting IgM- and IgA-RF. To
determine IgG-RF an immunodot assay was performed as
described previously. Classically RA is divided into seropositive
or -negative according to IgM-RF titres. When we analysed the RA
group for this parameter 30% of the sera contained no IgM-RF
(Table 1). However, 50% of these IgM-RF¹ sera contained IgG-RF
and 26% IgA-RF (data not shown). Looking at all three isotypes,
only 15 of 140 (11%) were still RF¹. These data indicate that IgM-
RF measurement alone might be insufficient to classify either
seropositive or seronegative RA. When looking at all 140 RA sera
there was no correlation between IgM- and IgG-RF (r ¼ 0·2) and a
weak correlation between IgM- and IgA-RF (r ¼ 0·6). Therefore
we analysed RA sera for all further experiments divided into
positive and negative groups for all three isotypes. As expected,
the spondyloarthropathy group (SAP) showed low levels of IgA-
and IgM-RF and only slightly elevated IgG-RF titres. In the

allergic, the high IgE and in the control groups we found only
background levels of RF.

Determination of free and complexed anti-IgE
Another disease in which anti-immunoglobulin autoantibodies are
involved is allergy. IgG anti-IgE were shown to play an important
role in the regulation of IgE. Therefore we also analysed the sera of
RA patients for the presence of free and complexed anti-IgE using
an immunodot assay. We found no significant differences in the
level of free anti-IgE between all the seropositive and -negative
groups (Fig. 1a). Also no difference to the control group was found.
Free anti-IgE titres determined in the sera of allergic patients were
only slightly higher than those of the control group. In the
seronegative SAP, there was a significant elevation of free anti-
IgE detected by SUS11 (P¼ 0·006) and by JW8 (P¼ 0·012).

In contrast, complexed anti-IgE (Fig. 1b) was markedly ele-
vated in sera from patients suffering from RA compared with the
control group. Nevertheless, high individual variations were
observed as indicated by the large s.d. Interestingly, the RFþ

groups all showed higher values than the RF¹. This difference
was most pronounced and statistically significant for the IgM-RFþ

group compared with the corresponding negative group
(P<0·001). The serum levels of complexed anti-IgE were also
significantly higher in allergic patients compared with controls.

In summary, sera from RA patients showed no increase of free
anti-IgE but significantly elevated levels of complexed anti-IgE,
and these increased titres were even more pronounced in all RFþ

groups.
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Fig. 1. Determination of free and complexed anti-IgE. (a) Free anti-IgE measured by two different preparations of IgE: SUS11 (A) and JW8 (B). (b)
Complexed anti-IgE measured by BSW17 (A) and Le27 (B). Values displayed represent mean6 s.d.



Quantification of total and allergen-specific IgE
Next we assessed whether elevated titres of complexed anti-IgE in
RA patients were also accompanied by high levels of IgE. For this
purpose, IgE was measured by a commercial kit as described in
Materials and Methods. We observed increased total IgE levels in
sera of RA patients (Fig. 2a). Out of 140 sera 51 (36%) had IgE
titres> 200 U. Furthermore, IgE levels were significantly different
in the IgA-RFþ (P¼ 0·0004) and IgM-RFþ (P¼ 0·0036) compared
with the corresponding negative groups (Fig. 2a). This correlates
with the data obtained for complexed anti-IgE. In contrast, no
difference in total IgE was observed between the IgG-RFþ and
IgG-RF¹ group, but both groups showed increased titres compared
with the control. As expected, sera from allergic patients had the
highest IgE values.

To analyse further the high total IgE in sera of RA patients, we
investigated whether allergen-specific IgE could account for the
increased levels of total IgE. For this purpose we measured
allergen-specific IgE against 10 standard indoor/outdoor allergens.
Surprisingly, we observed a significant elevation ofAlternaria-
specific IgE in RA compared with the allergic group and a
significant difference between IgM-RFþ and IgM-RF¹ sera
(P¼ 0·006) against this allergen (Fig. 2b). This difference was
also noted in the IgG-RF and IgA-RF groups, but was not so
marked. No elevation of allergen-specific IgE in RA patients
against any of the other allergens tested was observed (Fig. 2c).

DISCUSSION

Anti-immunoglobulin autoantibodies have been described in both
RA and allergies. Comparing sera from allergic and rheumatic
patients we found elevated amounts of IgE in sera from RA
patients and high levels of complexed anti-IgE in all RFþ

groups. In addition, specific IgE toAlternaria was increased in
the RFþ groups compared with the allergic group.

An age-matched comparison of RA and allergic sera is not
possible because the average age of onset of disease in the RA
group is in the fourth and fifth decades of life and in childhood to
late adolescence in the allergic patients. Additionally, previous
studies have shown a declining IgE level in older people [27]. The
high levels of IgE found in the relatively older RA group are even
more surprising given these previous studies.

We noted low levels of free anti-IgE in RA patients. This
finding can be explained by the fact that most free anti-IgE is
probably bound to IgE and thus hidden in complexes. Indeed, we
have found increased amounts of complexed anti-IgE in sera from
RA patients. It was previously reported by de Clercket al. [28] that
the levels of complexed anti-IgE and IgE can be overestimated or
even false positive due to cross-reaction of RF with the catching
antibody (BSW17 and Le27 in our case). To investigate this we
analysed the correlation of complexed anti-IgE and IgE with RF.
We observed only a weak positive correlation for these parameters
(data not shown). Furthermore, it was suggested in the same paper
[27] that the use of monoclonal instead of polyclonal catching
antibodies would greatly diminish the probability of a cross-
reaction of RF with the capturing antibody. This issue is dealt
with in this study by the use of two MoAbs. Therefore a cross-
reaction of RF with the capturing antibody as a major source of
error is unlikely.

No obvious explanation for the elevated IgE levels can be
given. Other investigators interpreted similar observations in
parallel with other immunoglobulins and as a general immunolo-
gical hyperactivity [14]. Indeed there is evidence that not only total
IgE but also total IgG and IgA serum levels are increased in RA
patients apart from IgM [29]. It is well known that IL-4 is
important in the isotype switching to IgE and that the CD40/
CD40L interaction is needed for efficient activation of B and T
cells [30]. Enhanced expression of CD40 by human synovial
fibroblasts isolated from RA patients [31] and CD40L by human
synovial T cells [32] have been reported. In an animal model it was
even shown that collagen-induced arthritis was inhibited by an
antibody to CD40L [33]. In contrast, no evidence for elevated
levels of IL-4 or IL-13 in RA has been described. On the contrary,
predominant cytokines in RA are of the proinflammatory Th1-type,
such as IL-1, IL-6, IL-8 and tumour necrosis factor-alpha (TNF-a)
[34]. It has been shown that TNF-a alone cannot induce IgE but
acts synergistically with IL-4 in the induction of IgE [35].
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Fig. 2.Quantification of total and allergen-specific IgE. (a) Total serum IgE
(kU). (b)Alternaria-specific IgE (rel. optical density (OD)). (c) IgE specific
for nine allergens measured by immunodot assay (rel. OD). Results are
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Findings from Gruberet al. [36] suggest that IgE might play a
role in the pathogenesis of RA. They showed anti-IgE-dependent
release of histamine from synovial mast cells, contributing to joint
inflammation. In another study [15] elevated IgE levels in RA
patients were reported but without correlation to rheumatoid
nodules, extra-articular manifestations or RF. Furthermore IgE–
anti-IgE complexes were shown to have a positive correlation to
active disease (swollen joints) [37].

Interestingly, the presence of large amounts of IgE does not
lead to an enhanced prevalence of allergic disorders in RA patients.
On the contrary, even a decreased incidence of allergies in RA
patients has been reported recently [18]. Our finding that not only
IgE but also anti-IgE antibodies are elevated in RA patients may in
part explain this paradox. These anti-IgE antibodies may interfere
with binding of IgE and thus prevent sensitization of basophils and
mast cells. Similarly it has been found that patients treated with
anti-IgE antibodies had increased levels of IgE–anti-IgE
complexes and thereby the half-life of serum IgE was increased
[12].

Elevated levels of IgE specific for the allergen ofAlternaria in
RA are now reported for the first time. Different groups [38–41]
suggested a possible allergenic/antigenic stimulus to induce, drive
or facilitate the process of RA. However, further studies are needed
to elucidate an eventual role forAlternaria in the pathogenesis in
RA.
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