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Summary

The B7-1/B7-2-CD28/CTLA-4 pathway is crucial in regulating T cell activa-
tion and tolerance. Autoantibodies to surface molecules on lymphocytes have
already been described in various immune conditions, such as autoimmune
diseases, infections and blood transfusions. The objective of this study was to
test sera from healthy individuals and from patients for association of CD28
autoantibodies with inflammatory and non-inflammatory diseases. First,
CD28 was obtained by digestion of CD28-Ig fusion protein with trypsin. The
cleavage products were separated by sodium dodecyl sulphate–page gel
electrophoresis. Additionally, a CD28/GST fusion protein was expressed in
Escherichia coli and was used to establish an enzyme-linked immunosorbent
assay for detection of autoantibodies against CD28. Sera from healthy
individuals (n = 72) and patients with different inflammatory and non-
inflammatory skin diseases (n = 196) were tested for the presence of autoan-
tibodies against CD28. Using mixed lymphocyte reaction (MLR), purified
autoantibodies against CD28 were tested for their effects on CTLA-4-Ig-
induced T cell anergy. In this study, for the first time, we describe the existence
of autoantibodies against CD28 in humans which are associated with atopic
diseases, e.g. allergic rhinitis and asthma. These antibodies stimulate T cells
and overcome the CTLA-4-Ig-induced anergy of T cells in an MLR. The exist-
ence of autoantibodies against CD28, which may have a T cell-stimulating
function, has been shown. The data indicate that autoantibodies against CD28
could be a new immunological mechanism in allergic inflammation. Addi-
tionally, autoantibodies against CD28 could be an important new marker to
discriminate between atopic diseases and other inflammatory skin diseases.
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Introduction

Initiation of T cell-dependent immune responses requires at
least two signals by the antigen-presenting cells (APC). One
signal is antigen-specific and is mediated by the ligation of
the T cell receptor (TCR) by antigen–major histocompatibil-
ity complex (MHC). However, this antigen-specific signal is
not sufficient to generate a full response and, in the absence
of a second signal, leads to clonal anergy. Successful immune
responses require a second signal mediated either by binding
of CD28 or CTLA-4 on T cells to their ligands CD80 (B7-1)
and CD86 (B7-2) expressed on APC [1,2].

CD28, a 44-kDa membrane protein, is expressed on
resting and activated T cells whereas CTLA-4 is found on

activated T cells and is expressed constitutively on regulatory
T cells (CD4+, CD25+) [3]. Initial activation of T cells after
antigen exposure is mediated by CD28-CD80 (B7-1) inter-
actions and induces proliferation and differentiation of
effector T cells. In contrast, CTLA-4 binding to B7 ligands
inhibits the response of activated T cells. Thus, CTLA-4
serves as a negative regulator of T cell activation. The abnor-
mal expression of these co-stimulatory receptors can lead to
an activation of self-reactive T cells, resulting in autoimmu-
nity [1]. Moreover, linkage for the CTLA-4 and CD28 gene
has been demonstrated in some autoimmune diseases and in
atopic dermatitis (AD) [4]. Because of these important func-
tions, alteration of the co-stimulatory pathway could result
in susceptibility to immunological diseases.
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Autoantibodies to surface molecules on lymphocytes
(ALA) have been described in human autoimmune diseases,
infections and blood transfusions [5,6]. The presence of
ALAs was shown to be correlated with disease activity [7],
lymphopenia [8], lymphocyte subset distortions [9,10] and
functional abnormalities of T cells, B cells and monocytes
[11–13]. So far, only very few targets of ALAs have been
identified in humans [CD45, b2-microglobulin and human
leucocyte antigen (HLA)-class I molecules] [14–17] and in
animals (CTLA-4) [18].

Therefore, it was the aim of this study to develop a method
for detecting autoantibodies against CD28. Then, sera from
healthy individuals and from patients with different types of
inflammatory or non-inflammatory skin diseases were tested
for the presence of autoantibodies against CD28.

Materials and methods

Patients and samples

Serum samples were obtained after informed consent from a
group of randomly selected patients (n = 196) with various
skin diseases treated at the Department of Dermatology,
University Hospital Eppendorf, Hamburg. All patients with
AD included (n = 16) belonged to the extrinsic subtype [19].
In the group of patients with autoimmune diseases two
patients had scleroderma, three had autoimmune bullous
skin disease and three were diagnosed with lupus
erythematosus. Additionally, sera from a group of 72 healthy
individuals were tested for presence or absence of CD28
autoantibodies (for numbers of subgroups see Table 1). The
study was approved by the regional ethical committee.
Informed written consent was obtained from each subject.

Digestion of human CD28-Ig fusion protein with
trypsin

CD28-Ig fusion protein (R&D Systems, Minneapolis, MN,
USA) was dissolved (1 mg/ml) in phosphate-buffered saline
buffer [(PBS) containing 137 mM NaCl, 2·7 mM KCl,

7·4 mM Na2HPO4, 1·5 mM KH2PO4] and 100 ml of the
solution was digested with 50 ml trypsin (10 mg/ml) at 37°C
for 15 min. Subsequently, 1·5 ml aprotinin (10 mg/ml) and
2·5 ml N-tosyl-L-lysinechloromethyl ketone (TLCK)
(20 mg/ml) were added to inhibit trypsin. The solution was
stored at -20°C.

Sodium dodecyl sulphate–polyacrylamide gel
electrophoresis (SDS-PAGE) and immunoblot analysis

The cleavage products were separated via SDS-PAGE (10·0%
gel) with a 4% stacking gel (110 V, 150 min) under non-
reducing conditions. The cleavage products were then
transferred (50 mA, 3 h) to polyvinyl difluoride (PVDF)
membranes (Segin-Blot; Biorad, Munich, Germany). After
blocking with 5% skimmed milk for 60 min at room tem-
perature (RT) and washing in PBS (3¥) the membranes were
cut into strips. For control experiments the strips were incu-
bated with the following antibodies: monoclonal mouse anti-
human CD28 (R&D Systems), diluted 1 : 5000 in phosphate-
buffered saline (PBS), biotinylated polyclonal mouse anti-
human CD28 (R&D Systems), diluted 1 : 5000 in PBS,
monoclonal mouse anti-human IgG Fc fragment (Dianova,
Hamburg, Germany), diluted 1 : 10 000 in PBS and poly-
clonal rabbit anti-human IgG (Sigma-Aldrich, Steinheim,
Germany), diluted 1 : 3500 in PBS. For detection of CD28
autoantibodies, the sera were diluted 1 : 10 in PBS. The strips
were incubated for 1 h at room temperature (RT) in either
antibody solution or diluted sera. After washing three times,
the second antibody was added and the membranes were
incubated for 1 h at RT. For detection of monoclonal mouse
anti-human CD28 and mouse anti-human IgG Fc primary
antibodies an alkaline phosphatase (AP)-conjugated anti-
mouse IgG (Sigma-Aldrich) diluted 1 : 10 000 in PBS was
used. For detection of polyclonal rabbit anti-human IgG an
AP-conjugated goat anti-rabbit IgG (Sigma-Aldrich)
diluted 1 : 10 000 in PBS was used. The membranes
were again washed three times, and detection was performed
with 5-bromo-4-chloro-3-inodolyl phosphate/nitroblue
tetrazolium (BCIP/NBT) reagent (Sigma). Binding of the

Table 1. Association of diagnosis with anti-CD28 autoantibodies based on results from immunoblot.

Total Anti-CD28+ Anti-CD28– OR 95% CI P*

Healthy controls 72 8 64 – – –

Atopic dermatitis 16 14 2 56·00 28·4–110·4 � 0·0001

Allergic rhinitis/asthma 54 31 23 10·78 5·39–21·55 � 0·0001

Autoimmune disease 8 5 3 13·33 5·72–31·1 � 0·01

Cutaneous lymphoma 3 1 2 4·00 0·71–22·5 n.s.

Non-melanoma skin cancer 27 9 18 4·00 1·72–9·30 n.s.

Leg ulcer 53 13 40 2·60 1·16–5·82 n.s.

Cutaneous infections 24 5 19 2·11 0·76–5·82 n.s.

Other inflammatory skin diseases 49 10 39 2·05 0·87–4·83 n.s.

Psoriasis 9 1 8 1·00 0·14–7·10 n.s.

Malignant melanoma 11 1 10 0·80 0·11–5·59 n.s.

CI: confidence interval; n.s.: not significant; OR: odds ratio. *P: Bonferroni-corrected P-value calculated by Fisher’s exact test.
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biotinylated polyclonal anti-human CD28 was detected
using a streptavidin–AP conjugate (Sigma-Aldrich). After
proper colour development, the membrane was washed in
distilled water and dried in open air.

Expression of a CD28/GST-fusion protein in
Escherichia coli

The reference sequence for human CD28 is deposited at
NM-006139. A fragment encoding the immunoglobulin-like
domain of CD28 was amplified from a human blood
cDNA library with the following primers, which included
suitable restriction sites (underlined) for cloning: sense
AAAGAATTCCCTTCAATTCAAGTAACAGGAAAC; anti-
sense AAACCCGGGAAATAGGGGACTTGGACAAAG. The
amplified fragment was then cloned via EcoRI and SmaI into
the pGEX-4T-1 vector (Amersham Biosciences, Munich,
Germany) and transformed into the protease-deficient E. coli
strain BL21-RIL (Stratagene, La Jolla, CA, USA) for large-
scale expression. Cells were grown at 37°C with shaking in
500 ml LB (Luria-Bertani) medium (1% bacto-tryptone, 1%
yeast extract, 100 mM NaCl) supplemented with 150 ml/ml
ampicillin. When the turbidity (A600) reached 0·6 (after
approximately 2 h), isopropylthio-beta-d-galactoside
(IPTG) (Biomol) was added to 0·5 mM and growth contin-
ued for 4 h. The final A600 was approximately 1·2. Cells were
then harvested by centrifugation at 4000 g at 4°C. The result-
ing pellet was resuspended in PBS and sonicated six times for
10 s each (Branson Sonifier 250) and centrifuged at 20 000 g
for 20 min. For affinity purification glutathione-sepharose
(Amersham Biosciences) was loaded onto a polypropylene
column (Pierce) and equilibrated with 5 volumes of PBS. The
bacteria lysate was loaded onto the column and the flow-
through loaded once again. The column was subsequently
washed with 10 volumes of PBS. Elution was performed with
10 mM reduced glutathione, 50 mM Tris pH 7·5, 100 mM
NaCl, 10% glycerol. The eluate was stored at -80°C.

Enzyme-linked immunosorbent assay (ELISA) for
detection of autoantibodies against CD28

Microtitre plates (Maxisorp, Nunc, Weisbaden, Germany)
were coated with 100 ml of a monoclonal mouse anti-
gluthatione-S-transferase (GST) antibody (specific for GST
from Schistosoma japonicum, diluted 1 : 2000 in PBS for 1 h
at RT. Afterwards, the plates were washed three times with
PBS + 0·1% Tween 20 and blocked with 250 ml PBS contain-
ing 1% skimmed milk powder and 0·1% Tween 20 for 1 h at
RT. After a second washing step the microtitre plates were
incubated with 100 ml of CD28/GST fusion protein diluted
1 : 2 in PBS + 0·1% Tween 20 for 1 h at RT. Subsequently, the
plates were washed, and sera as well as the positive control
(polyclonal rabbit anti-human CD28 antibody from Santa
Cruz, Heidelberg, 1 mg/ml, diluted 1 : 200 in PBS + 0·1%
Tween 20) were added. The background binding of a

negative serum was taken as control. Additionally, each
serum was tested without CD28/GST fusion protein as an
additional negative control. After washing the plates, 100 ml
of the secondary antibodies for positive control (AP-
conjugated monoclonal anti-rabbit IgG Fc antibody, diluted
1 : 5000, Sigma) and for sera (AP-conjugated monoclonal
anti-human IgG Fc antibody, diluted 1 : 5000, Sigma) were
incubated for 1 h at RT. Subsequently, the plates were washed
five times and substrate [P-nitrophenyl phosphatase (pNPP)
tablets; Sigma] was added and the reaction was measured
after 60 min at 405 nm. The results for each sample were
calculated using the following formula:

anti-CD28 [OD] = ODserum + CD28/GST - ODserum - CD28/GST

- ODneg. serum control

The cut-off point was calculated on the basis of 72 sera
from healthy individuals. In this control group, in 99% of
the donors negative for CD28 autoantibodies the OD
was = 0·500, so that an OD � 0·500 was stated as positive for
autoantibodies against CD28.

Purification of CD28 autoantibodies from patient’s
sera

Autoantibodies against CD28 were purified from patient’s
sera using Protein G beads (Dynal, Oslo, Norway). First,
100 ml of the digested CD28-Ig fusion protein was added to
200 ml of Dynabeads solution and incubated for 40 min at
RT. The beads were washed twice in PBS and separated
magnetically. After separation the beads were resuspended in
500 ml of 0·1 M PBS (pH 7·0). Subsequently, the labelled
CD28-Ig fusion protein was cross-linked using triethanola-
mine (0·2 M, pH 8·2) and dimethyl pimilidate (20 mM in
triethanolamine) for 30 min at RT. The reaction was stopped
by resuspending the beads in 50 mM Tris-buffer (pH 7·5) for
15 min. After washing the beads three times with PBS,
pooled serum (300 ml) was added to the beads and incubated
for 45 min at RT. Two separate pools of serum from AD
patients with CD28 autoantibodies and from AD patients
without CD28 autoantibodies were used in these
experiments. After separation of the beads, bound antibodies
were eluted with 100 ml of 0·1 M citrate buffer (pH 2·7).
After separation the supernatants were stored at -20°C.

Mixed lymphocyte reaction

Raji cells and Jurkat cells were generously provided by Dr
Guse (University of Hamburg). Cell lines were maintained in
RPMI-1640 supplemented with 10% FCS. MLR was con-
ducted by culturing Jurkat cells (104 cells/ml) together with
fresh irradiated (30 Gy) Raji cells (104/ml) as described pre-
viously [20]. After 3 days cellular proliferation of quadrupli-
cate cultures was measured by uptake of bromodeoxyuridine
(BrdU) during the last 5 h of culture, as described previously
[21]. Purified sera (50 ml) with or without autoantibodies
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against CD28 were added alone or with 4 mg CTLA-4-Ig
(R&D Systems) on day 0 of culture.

Statistical analysis

Univariate analyses were performed to evaluate associations
between diseases and CD28 autoantibodies. Continuously
measured parameters such as age and serum IgE were com-
pared between patients with and without CD28 autoanti-
bodies using the Wilcoxon rank sum test; dichotomous
parameters (such as sex or the presence or absence of
autoantibodies) were compared using Fisher’s exact test.
Logistic regression analysis was performed to identify factors
independently predictive for the presence of CD28
autoantibodies. Bonferroni correction was used to compen-
sate for multiple testing biases. The results of anti-CD28
autoantibody ELISA in different patient groups were com-
pared using the Wilcoxon test. In order to assess the relation-
ship between immunoblot and ELISA, we calculated
Kendall’s tau-b and the corresponding P-values to test the
hypothesis that both variables are not associated.

Results

Detection of autoantibodies against CD28 by
immunoblot

CD28-Ig fusion protein was digested with trypsin and the
cleavage products were tested for binding of either mono-
clonal or polyclonal antibodies against CD28 using Western
blots. SDS-PAGE and immunoblot analysis of digested
CD28-Ig fusion protein showed that digestion with trypsin
for 15 min at 37°C leads to a distinct cleavage product,
which was detected by monoclonal and polyclonal anti-
human CD28 antibodies but not by antibodies against
human IgG and human Fc (Fig. 1a). The polyclonal anti-
human CD28 antibody also detected smaller cleavage prod-
ucts. In contrast, the anti-human IgG and Fc-antibodies
reacted only with fragments of the Ig-part of the CD28
fusion protein and not with CD28. These results indicated
that trypsin digestion of the fusion protein leads to a dis-
tinct CD28 fragment, which did not contain residues of the
Ig-molecule. Thus, possible cross-reactions between circu-
lating antibodies directed to Fc were excluded. The second-
ary antibodies used did not show any unspecific binding
(data not shown).

For detection of autoantibodies against CD28 with this
method, sera from healthy individuals and from randomly
selected patients with different dermatological diseases were
tested (Fig. 1b). CD28 autoantibodies were present in eight
of 72 (11·1%) healthy individuals and in 53 of 196 (27·04%)
of the patient group. Table 2 shows that the presence of
CD28 autoantibodies was related to a slight trend for
younger age and female preponderance in both groups.
Univariate analysis showed that presence of CD28

autoantibodies was related highly significantly to AD [odds
ratio (OR), 25·31 (95%, CI 5·52–116·11); P � 0·0001], aller-
gic asthma/rhinitis [OR 10·78 (95%, CI 5·39–21·55);
P � 0·0001] and less significantly to autoimmune diseases,
e.g. scleroderma (Table 1). No significant relationship to any

(a)

(b)

Fig. 1. (a) Cleavage products after digestion of CD28Ig fusion protein

with trypsin. Lane 1, CD28 stained with mouse anti-human CD28

mAb. Lane 2, CD28 stained with biotinylated polyclonal mouse

anti-human CD28 antibody. Some smaller fragments of CD28-Ig are

detected by this polyclonal antibody but not by the mAb. Lanes 3–5,

detection of Ig cleavage products by rabbit anti-human IgG (lane 3),

by goat anti-human IgG (lane 4) and by mouse anti-human Fc (lane

5) polyclonal antibodies. (b) Immunoblots of four patients with

atopic dermatitis (AD) and autoantibodies to CD28 and one AD

patient without CD28 autoantibodies. As an example of CD28

autoantibodies in autoimmune disease (AI) the immunoblot of a

patient with scleroderma is presented. The patient with epidermolysis

bullosa acquisita (AI) and the patient with psoriasis (PS) were

negative for CD28 autoantibodies. Additionally, one immunoblot of a

negative serum from a blood donor fromthe control group (N) and

the molecular weight standard (MW) is shown.

Table 2. Age and sex related to anti-CD28 autoantibodies.

CD28+ CD28– P

Age (� s.d.) (years) 52·3 � 18·8 58·7 � 19·9 0·073

Sex

Male 19 69

Female 34 74 0·146

s.d.: Standard deviation.
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other inflammatory (e.g. contact dermatitis, seborrheic der-
matitis or psoriasis), bacterial, viral or fungal skin infections,
melanoma or non-melanoma skin cancer or leg ulcers was
detected. Because several factors (e.g. serum IgE level, AD,
allergic asthma/rhinitis) were related to one another, multi-
variate logistic regression analysis was performed. As shown
in Table 3, CD28 autoantibodies were related most closely to
AD and allergic asthma/rhinitis as well as to autoimmune
disease, whereas the influence of other potential factors (age,
sex and serum IgE) could be excluded.

ELISA for detection of anti-CD28 autoantibodies

In order to confirm the results obtained with the immuno-
blot method, the sera were tested for presence of autoanti-
bodies against the recombinant CD28/GST fusion protein.

The mean OD of sera tested without CD28-GST (negative
control) was 0·21 � 0·038. Again, testing of sera with the
ELISA showed significantly (P � 0·02) enhanced titres of
autoantibodies against CD28 in patients with allergic rhinitis
and asthma compared with the control group (Fig. 2). A
significant difference (P = 0·014) was also observed between
allergic rhinitis and asthma patients compared with the
group of patients with other inflammatory skin diseases.
Increased titres compared with the control group were
observed in patients with autoimmune diseases. Compared
with the results obtained with the immunoblot method (14
of 16), fewer patients with AD (eight of 16) showed increased
titres of autoantibodies against the CD28/GST fusion
protein. In the other disease groups the results of the immu-
noblot and the ELISA were comparable (Table 4). The results

of both methods were correlated significantly (tb = 0·523,
P � 0·0001).

MLR

In order to clarify if autoantibodies against CD28 are immu-
nologically relevant, an MLR using irradiated Raji cells and
vital Jurkat cells was used. Therefore, CD28 autoantibodies
were eluted from positive sera of patients with AD. Sera from
patients with AD, which were negative for CD28 autoanti-
bodies, served as controls. Optimal results were obtained on
day 3 of culture. The experiments demonstrated that sera
containing autoantibodies against CD28 significantly
stimulated T cell proliferation, whereas sera without CD28
autoantibodies inhibited proliferation (Fig. 3). CTLA-4
engagement delivers a negative signal, inhibiting TCR- and
CD28-mediated signal transduction [2]. Thus, CTLA-4-Ig
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Table 3. Logistic regression analysis of factors influencing anti-CD28

autoantibodies.

Factor OR 95% CI P

Age 0·993 0·974–1·012 0·443

Sex 1·073 0·503–2·288 0·855

IgE (kU/l) 0·000 0·999–1·000 0·077

Allergic rhinitis/asthma 2·484 1·138–5·417 0·022

Atopic dermatitis 62·68 2–624·02 0·000

Autoimmune disease 8·909 1·572–50·48 0·014

CI: confidence interval; OR: odds ratio.
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was added, which is a well-established model for inhibition
of T cell proliferation in MLR [20]. Elutes from sera contain-
ing autoantibodies against CD28 were able to overcome the
CTLA-4-Ig-mediated inhibition of T cell proliferation, but
not sera without CD28 autoantibodies. These results dem-
onstrate that autoantibodies against CD28 are able to induce
T cell proliferation in this model of anergy.

Discussion

In this study we demonstrate that autoantibodies against
CD28 are detectable in human serum and hypothesize that
presence of these autoantibodies is related closely to atopic
diseases. Moreover, the presence of CD28 autoantibodies
may play a role for persistent stimulation of T cells and lack
of immunological tolerance in these diseases.

The pathophysiological concept of atopic diseases is based
on the finding that allergen-specific T cells (Th2-
lymphocytes) secreting mainly interleukin (IL)-4, IL-5,
IL-10, IL-13 and granulocyte–macrophage colony-
stimulating factor (GM-CSF) are preferentially expanded,
whereas interferon (IFN)-g-producing Th1 cells are less
active [22]. Cytokines such as IL-4, IL-5 and IL-13 are, to a
great extent, responsible for the eosinophilia and the switch-
ing of B cells to IgE synthesis in atopy [23]. In animal models
it has been demonstrated that the Th2 response requires
continuing co-stimulation via CD28, and treatment with
CD80 and CD86 antibodies inhibits IgE production in mice
[24,25]. Baseline expression of CD80 and CD86 on periph-
eral B cells has been demonstrated to be low in normal
donors and increased in donors with atopic dermatitis (AD)
[26]. In the presence of anti-CD28, cell proliferation and IgE
synthesis were significantly enhanced in anti-CD40+ IL-4-
stimulated peripheral mononuclear cells from patients with
AD, supporting the assumption that CD28 activation is
important in Th2-mediated inflammation [26].

CD28 signalling regulates the threshold for T cell activa-
tion and significantly decreases the number of TCR engage-
ments needed for effective T cell activation [27]. The main
effects of CD28 co-stimulation are to augment and sustain T
cell responses initiated by antigen-receptor signalling, by
promoting T cell survival and thereby enabling cytokines to
initiate T cell clonal expansion and differentiation [28,29].
Thus, autoantibodies directed to CD28 in atopic diseases
could lead to a persistent stimulation and increased survival
of Th2 cells [25]. This assumption has been supported by the
fact that sera from patients with AD, allergic rhinitis or

asthma which contain CD28 autoantibodies significantly
stimulated T cell proliferation in MLR.

CTLA-4 has a crucial role in regulating peripheral T cell
tolerance [30], and CTLA-4 blockade in vivo augments
anti-tumour immunity [31] and exacerbates autoimmune
responses [32]. It is likely that CTLA-4 also has an inhibitory
function in atopic diseases. The importance of CD28/B7
pathway in the in vivo immune response to allergen was
described in recent studies examining the effects of B7 block-
ade with CTLA-4-Ig, a soluble fusion protein inhibitor of
B7-1 and B7-2. Administration of CTLA-4-Ig to mice before
allergenic stimulation led to a significant reduction of
bronchoalveolar lavage (BAL) peribronchial eosinophilia,
mucous cell hyperplasia, Th2 cytokine contents in BAL fluid
and airway hyperreactivity (AHR) in response to airway
antigen challenge [33–35]. The fact that CD28 autoanti-
bodies overcome CTLA-4-mediated T cell inhibition in MLR
indicates that the lack of Th2 tolerance in AD and other
atopic diseases might be the result of chronic stimulation via
stimulating CD28 autoantibodies.

Recently, it has been demonstrated that a considerable
percentage of patients with AD mount IgE autoantibodies
against a broad variety of human proteins [36]. Additionally,
IgG-reactive autoantigens have been characterized in AD
patients [37]. As the autoantibodies against CD28 are of the
IgG isotype, this finding supports the suggestion that
autoimmune phenomena occur frequently in AD. All
patients with AD in this study belong to the ‘extrinsic’
subtype. Therefore, an association between autoantibodies
against CD28 and the ‘intrinsic’ or ‘extrinsic’ subtypes
cannot be concluded from our data.

In the majority of positive sera autoantibodies against
CD28 could be detected both against the CD28-Ig fusion
protein (immunoblot) and the recombinant CD28/GST
(ELISA). Interestingly, six sera from patients with AD
showed positive reactions to the CD28-Ig fusion protein but
not to CD28/GST. It may be suggested that this difference is
due to different epitopes or to a different spatial structure of
the two proteins used. This assumption is supported by the
results of Matsui et al. [38], who demonstrated the presence
of different epitopes on CTLA-4 in a large number of
patients with systemic autoimmune diseases, which implies
that different patients may recognize different three-
dimensional conformations of the protein. However,
autoantibodies against CD28 were not detected in their
study. In our patient group we found autoantibodies against
CD28 in patients also with autoimmune diseases. These

Table 4. Correlation between positive results obtained with immunoblot and enzyme-linked Immunsosorbent assay (ELISA).

Total

Immunoblot

CD28+
ELISA

CD28+

Immunoblot versus ELISA

tb P

Controls 72 8 9 0·448 � 0·0001

Patients 196 90 79 0·546 � 0·0001

Total 258 98 88 0·523 � 0·001
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differences are probably the result of differences between
the used antigens.

On the other hand, the autoantibodies produced in several
diseases could recognize distinct epitopes of the recombi-
nant CD28 molecules. Future investigations focusing on this
topic may provide new insights into the pathophysiology of
atopic or autoimmune diseases.

Because CD28 is a central regulatory receptor in immune-
mediated diseases, we are convinced that these autoantibod-
ies are not only serum markers for immune-mediated
diseases (e.g. E-selectin [39] or soluble cytokine receptors
[40]), but can also be an important tool to discriminate
between specific diseases. This suggestion is supported by the
fact that the difference between allergic diseases and other
inflammatory skin diseases was statistically significant,
although only a relatively small number of patients were
tested. Additionally, it will be extremely important to inves-
tigate whether autoantibodies against CD28 are correlated
with course and severity of atopic or autoimmune diseases.
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