
Introduction 

Bullous pemphigoid (BP) is an organ-specific
autoimmune disease characterized by sub-epider-
mal blistering and tissue-bound and circulating
autoantibodies against the dermal-epidermal junction
(DEJ) [1, 2]. The pathogenic potential of autoantibod-
ies targeting hemidesmosomal proteins associated

with BP has been demonstrated both ex vivo and in
experimental animals [3–5].

Antibodies are effector molecules of the innate
and adaptive immune system secreted by plas-
mablasts and long-lived plasma cells [6].
Polyspecific, low affinity ‘natural’ IgM antibody may
be regarded as a component of the innate immune
system whilst protective IgG and IgA antibody
responses, mounted following an infection or vacci-
nation, are components of the adaptive immune
response. ‘Natural’ antibody can be germ-line encod-
ed, reactive with self-structures, and may have a
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Abstract

Bullous pemphigoid (BP) is a sub-epidermal autoimmune blistering disease associated with autoantibodies
to the dermal–epidermal junction (DEJ). Patients’ autoantibodies induce dermal–epidermal separation when
co-incubated with cryosections of human skin and leucocytes from healthy volunteers. IgG autoantibodies
trigger complement and/or leucocyte activation resulting in specific pathology in several autoimmune condi-
tions. In these diseases, IgG1 and IgG3 isotypes, but not the IgG4 subclass, are thought to trigger inflamma-
tory pathways resulting in tissue damage. The capacity of IgG4 autoantibodies to mediate tissue damage has
not yet been demonstrated. In this study, we isolated IgG1 and IgG4 autoantibodies from bullous pemhigoid
patients’ serum and analysed their blister-inducing potential in our cryosection assay. As expected, comple-
ment-fixing IgG1 autoantibodies induced sub-epidermal splits in this experimental model. Purified IgG4 did
not fix complement, but, interestingly, like IgG1, activated leucocytes and induced dermal–epidermal separation.
The potential of IgG4 autoantibodies to induce Fc-dependent dermal–epidermal separation was significantly
lower compared to IgG1. Our results demonstrate that IgG4 autoantibodies are able to activate leucocytes
and point to a hitherto less recognized function of IgG4. Moreover, for the first time, we clearly demonstrate
that BP IgG4 autoantibodies have the capacity to induce leucocyte-dependent tissue damage.
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physiological role. In contrast, autoantibodies
encountered in autoimmune disease are thought to
result from antigen driven immune responses, result-
ing in IgG and/or IgA autoantibodies that may medi-
ate the observed immunopathology as a result of
specific binding through the antibody variable region
and/or indirect effector mechanisms, triggered
through the constant regions. The latter mecha-
nisms result from interactions of the Fc regions of
antibody/antigen complexes with cellular Fc recep-
tors, expressed on a wide range of leucocytes
and/or the C1 component of the classical comple-
ment pathway [2, 7–9].

Antibodies of the IgG isotype predominate in the
systemic immune response, as reflected in serum
immunoglobulin concentration, and activate a wide
range of effector functions. Four subclasses of IgG
are defined, originally from the antigenic uniqueness
of their heavy chains, which are products of distinct
genes [10–12]. The subclasses are designated as
IgG1, IgG2, IgG3 and IgG4 in order of their serum
concentration; ~60%, 25%, 10% and 5%, respective-
ly. Although the heavy chains show > 95% sequence
homology, each IgG subclass expresses a unique
profile of effector activities [13–18]. Protein antigens
characteristically provoke IgG1 and IgG3 responses
and these isotypes are able to activate all types of Fc
receptors and the C1 component of complement.
The IgG4 subclass may be characteristic of chronic
antigen stimulation, as in autoimmune disease;
it has restricted Fc receptor activating abilities and
does not activate C1q. The IgG2 subclass often 
predominates in responses to carbohydrate anti-
gens; it has restricted Fc receptor and C1 activating
abilities [15–18].

It might be expected, therefore, that IgG1 and
IgG3 autoantibodies would be mainly involved in the
immunopathology associated with IgG-mediated
autoimmune inflammatory conditions, including sys-
temic lupus erythematosus, myasthenia gravis, vas-
culitis and diseases induced by autoantibodies
against glomerular basement membrane, such as
Goodpasture syndrome [19–23]. However, IgG4
autoantibodies are also found and, sometimes pre-
dominate, in several autoimmune diseases, includ-
ing autoimmune blistering diseases, myasthenia
gravis, vasculitis and systemic lupus erythemato-
sus [23–29].

It is established that IgG4 can activate Fc�RI and
Fc�RIIIa, depending on receptor allotype and IgG4

glycoform [30]. Thus, IgG4, like IgG1 and IgG3 has
been shown to trigger specific granule release from
human neutrophils and to mediate antibody-depend-
ent cell-mediated toxicity in vivo [31-33]; IgG4 anti-
neutrophil cytoplasm autoantibodies were shown to
stimulate superoxide production from neutrophils
[34] and IgG4 antibodies from patients with chronic
urticaria to trigger histamine release from basophils
[35]. Thus, the capacity of IgG4 autoantibodies to
trigger leucocyte activation resulting in pathology is
under review. The inability of IgG4 to activate the
classical pathway of complement is accepted, how-
ever, there is potential for activation through the man-
nan binding lectin (MBL) pathway [36].

In a group of organ-specific autoimmune dis-
eases, blistering of skin and mucous membranes is
induced by autoantibodies against structural
epithelial proteins [2]. Interestingly, the mecha-
nisms of autoantibody-induced blister formation dif-
fer markedly. While autoantibodies from patients
with pemphigus and mucous membrane pem-
phigoid cause blisters just by binding to their 
targets, sub-epidermal blister induction by autoan-
tibodies from patients with BP and epidermolysis
bullosa acquisita seem to require subsequent acti-
vation of inflammatory pathways [2, 37]. Whereas
autoantibodies in pemhigus, BP and epidermolysis
bullosa acquisita may belong to all IgG subclasses,
the autoantibody response is strongly biased
toward IgG4. Blister induction in pemphigus seems
to be mediated by a direct binding of IgG4 autoan-
tibodies to desmosomes independent of comple-
ment- and leucocyte-activation [2, 38, 39]. However,
the pathogenic potential of IgG4 autoantibodies in
inflammatory subepidermal blistering diseases has
not yet been addressed.

In the present study, we aimed at characterizing
the pathogenic effects of IgG4 autoantibodies. For
this purpose, we used an ex vivo model of antibody-
induced leucocyte-dependent dermal–epidermal
separation [4, 40, 41]. IgG4 autoantibodies, purified
from patients with BP, induced dermal–epidermal
separation in cryosections of human skin, when
co-incubated with leucocytes from healthy volun-
teers. This effect was seen when IgG4 autoanti-
bodies were used at concentrations similar to
those in patients’ sera. IgG4 autoantibodies
showed, however, a significantly weaker potency in
inducing dermal–epidermal separation compared
with IgG1 autoantibodies.
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Materials and methods 

Patients’ sera

Serum samples were obtained from patients with BP (n=6),
before initiation of treatment, as well as from healthy
donors (n=6). Criteria for inclusion of BP patients in this
study have been previously published [4]. For the experi-
ments conducted, we obtained institutional approval issued
by the ethics committee at the Medical Faculty of the
University of Lübeck (Institutional Board Projects 04-061
and 04-144). In adherence to the Helsinki Principles, we
obtained informed consent from all patients whose materi-
al was used in this study.

Immunofluorescence (IF) microscopy

and complement fixation test

The IF microscopy analysis followed standard protocols [4].
Briefly, cryosections of normal human skin were incubated
with 10-fold diluted BP serum or IgG subclass fractions.
The distribution of the IgG subclasses was detected using
fluorescein isothiocyanate (FITC)-conjugated monoclonal
mouse antibodies specific to human IgG1, IgG2, IgG3 and
IgG4 (clones HP6091, HP6014, HP6050 and HP6025,
respectively; all Sigma, Munich, Germany) [42]. To be able
to directly compare the titres of IgG1 and IgG4 autoanti-
bodies, we adjusted the dilutions of the FITC-conjugated
monoclonal antibodies to human IgG1 and IgG4 by fluo-
rometry, using known concentrations of human myeloma
IgG1 and IgG4 proteins (Sigma) and a multi-label counter
IgG4 (Victor3; PerkinElmer, Boston, MA, USA). The com-
plement-fixation test was performed as described [43].
Briefly, cryosections of normal human skin were incubated
with 10-fold diluted serum or IgG subclass preparations at
37°C, for 30 min, followed by washing with phosphate
buffered saline (PBS) twice for 10 min. Subsequently, sec-
tions were treated with fresh human serum as a source of
complement, diluted 1: 5 with veronal buffered saline (pH
7.4; containing 150 mM NaCl, 3 mM 5,5'-diethylbarbituric
acid, 1 mM sodium 5,5'-diethylbarbiturate, 0.15 mM CaCl2 and
0.5 mM MgCl2), at 37°C for 30 min. After washing, comple-
ment deposition was visualized with a goat anti-human C3
antibody (Kallestad Diagnostics, Austin, TX, USA).

IgG subclass purifications 

Purification of IgG1 and IgG4 antibodies from human
serum was described previously [34]. Affinity columns were
prepared using subclass-specific monoclonal antibodies
for IgG1 and IgG4 (HP6007 and HP6011, respectively) [42]

and immobilized to CNBr activated Sepharose-4B
(Amersham Biosciences, Buckinghamshire, UK). To deplete
the IgG3 fraction, up to 1 ml of serum was loaded onto a
HiTrap protein A column (Amersham Biosciences) pre-
equilibrated with PBS. The column was washed with PBS
and the bound IgG1, 2 and 4 was eluted with 0.1 M glycine,
(pH 2.7) and neutralized with 1.5 M Tris (pH 9.5). After
extensive dialysis at 4°C against the equilibration buffer (PBS
for HP6011 and Tris-saline pH 8.9 for HP6007, respectively),
the eluted IgG was loaded onto the pre-equilibrated IgG1-
specific immunoaffinity column. The flow-through fraction
was further purified against an IgG4-specific immunoaffinity
matrix. Antibodies bound to the affinity matrix were, as
before, eluted with 0.1 M glycine buffer (pH 2.7) and the low
pH was buffered with 1.5 M Tris-HCl. The eluted IgG sub-
class fractions were concentrated by ultrafiltration using
Ultrafree 4 filters (Millipore, Bradford, MA, USA) under
extensive washing with PBS (pH 7.2). Reactivity of serum and
eluted fractions was analysed by indirect IF microscopy.

Analysis of the purity of 

IgG subclass fraction

Sheep red blood cells (SRBC) were sensitized with purified
monoclonal antibodies specific for each IgG subclass, by
the chromium chloride method [44]. The appropriate IgG
subclass agglutinates such cells. Each IgG subclass was
titrated in a two-fold dilution series in 2% Hepes buffered
Roswell Park Memorial Institute (RPMI) 1640 medium (H-
RPMI), in the wells of a 96-well microtitre plate; control
wells contained 2% H-RPMI only. Positive control plates
were prepared as above using dilutions of known concen-
trations of purified IgG subclass protein. Sensitized SRBC
were added and plates incubated at room temperature for
1 hr. Relative concentrations of the IgG subclass proteins
were determined by comparison of the haemagglutination
titer end-points obtained for the IgG subclass fractions and
the corresponding purified monoclonal subclass protein.

A monoclonal antibody against CD16 (3G8, IgG1;
Serotec, Oxford, UK) and purified mouse IgG as control
antibody (Sigma) were used at a concentration of 40 µg/ml.

Assessment of the blister-inducing

potential of autoantibodies 

Blister-inducing capacity of patients’ autoantibodies was
evaluated using an ex vivo model of autoantibody-induced
dermal–epidermal separation. Isolation of peripheral blood
leucocytes and treatment of human skin cryosections were
performed as described [4, 40, 41]. Briefly, peripheral 
blood leucocytes from healthy volunteers were isolated by 
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dextran sedimentation followed by hypotonic red blood
cell lysis in 0.2% NaCl. Cells were washed twice in RPMI
and re-suspended in the same medium at a density of
3x107 cells/ml. Six-micrometer cryosections of human
skin were washed in PBS to remove embedding medium
and incubated with 100 µl of diluted serum or IgG sub-
class preparation for 2 hrs at 37°C. Sections were
washed twice in PBS and chambers were prepared as
described [4]. Leucocytes suspensions were injected
into the chambers and incubated for 3 hrs at 37°C.
Subsequently, chambers were disassembled and sec-
tions were washed in PBS, air dried and stained with
haematoxylin and eosin. To determine the activation sta-
tus of leucocytes, the cells were re-suspended in medi-
um containing 0.05% nitroblue tetrazolium (NBT; Roth,
Karlsruhe, Germany), prior to incubation with the
cryosections. Subsequently, unfixed sections were
examined by light microscopy for the presence of dark
blue formazan precipitates.

Statistical analysis

Differences in leucocyte activation and dermal–epidermal
separation were calculated using the Fisher’s exact 

test and the OPENSTAT2 free software for LINUX (http://
www.agrivisser.com/cgi-bin/English/OpenStat2.htm) [45].

Results

Affinity purification and characterization

of IgG subclass fractions from BP 

positive sera

BP autoantibodies predominantly belong to the IgG1
and IgG4 subclasses, while IgG2 and IgG3 autoanti-
bodies are only occasionally found [27]. Therefore, in
the present study, IgG1 and IgG4 antibodies were
purified by immunoaffinity chromatography from
serum of 3 and 5 BP patients, respectively. IgG sub-
class preparations were shown to contain IgG
autoantibodies of a single subclass, as determined
by haemagglutination assay and/or IF microscopy,
respectively (Table 1 and 2). A representative exam-
ple is depicted in Figure 1. Unless otherwise stated,
reactivities of IgG1 and IgG4 autoantibodies used for
cryosection experiments were similar in antibody
preparations and original BP serum (Table 2).

IgG1, but not IgG4 autoantibodies, fix

complement to the dermal–epidermal

junction

Serum samples from BP patients and their purified
IgG1 (n=3) and IgG4 (n=5) fractions, as well as
serum samples from healthy controls, were incubat-
ed with cryosections of human skin, in the presence
of normal human serum as a source of complement.
As expected, like the original sera (Fig. 2A), IgG1
autoantibodies (Fig. 2B) fixed complement to the
basement membrane zone. In contrast, in sections
treated with IgG4 autoantibodies (Fig. 2C) or serum
from a healthy control (Fig. 2D), deposition of com-
plement at the DEJ was not detected.

IgG4 autoantibodies recruit and activate

leucocytes to the dermal–epidermal

junction

The capacity of IgG1 and IgG4 autoantibodies to
activate leucocytes at the basement membrane was
examined using frozen sections of human skin incu-

Table 1 Measurement of IgG1 and IgG4 in purified antibody

preparations

†Relative concentrations of the IgG subclass proteins were

determined by comparison of the haemagglutination titer

end-points obtained for the IgG subclass fractions and the

corresponding purified monoclonal subclass protein.

Subsequently, the IgG subclass fractions were concentrated

90–100-fold by ultrafiltration and used for the cryosection

experiments. n.d., not done.

Patients Fraction Haemagglutination assay†

IgG1

(ng/ml)

IgG4

(ng/ml)

1 IgG1 781.25 0

IgG4 0 24.4

2 IgG1 1200 <0.1

IgG4 n.d. n.d.

3 IgG1 1200 0

4 IgG4 0 12.2

5 IgG4 0 6.1

6 IgG4 n.d. n.d
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bated with antibody preparations from three and
five BP patients, respectively, and, subsequently,
with leucocytes from healthy volunteers. Surprisingly,
in addition to IgG1 autoantibodies (Fig. 3A), IgG4
(Fig. 3B) also induced an attachment of leucocytes
to the DEJ. To determine whether leucocytes that
attach to the DEJ become activated, cryosections
that had been previously treated with IgG4 and
IgG1 autoantibodies were incubated with leuco-

cytes in the presence of nitro blue tetrazolium. After
a 90 min incubation, dark-blue precipitates of
reduced nitro-blue tetrazolium (formazan) were
found at the DEJ of sections treated with IgG1
autoantibodies (Fig. 3D and G). Interestingly, in sec-
tions incubated with purified IgG4 autoantibodies,
deposition of formazan along the basement mem-
brane was also observed in an antibody dose-
dependent manner (Fig. 3E and G). In sections

Fig. 1 Purification of IgG1 and IgG4 autoantibodies specific to the epidermal basement membrane. IF microscopy study
of serum from patient 1 on normal human skin demonstrates deposition of mainly IgG1 (A) and IgG4 (D) and traces
of IgG2 (B) and IgG3 (C) at the dermal–epidermal junction. After purification against an affinity matrix containing mon-
oclonal antibodies specific for IgG1, IgG1 autoantibodies to the skin basement membrane can be visualized in the puri-
fied fraction (E), while IgG2 (F), IgG3 (G) and IgG4 (H) autoantibodies are not detectable. Conversely, the antibody
fraction purified against an affinity matrix specific for IgG4 demonstrated binding of autoantibodies to the basement
membrane of normal human skin exclusively belonging to the IgG4 subclass (L), whereas no deposits of IgG1 (I), IgG2
(J) or IgG3 (K) were observed (all magnifications, x200).
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treated with control IgG, no attachment of cells and
no precipitates of formazan at the DEJ were found
(Fig. 3C and F). Using the Fisher’s exact test, IgG4
autoantibodies induced significantly less formazan
deposition when compared with IgG1 autoantibod-
ies (P=0.023).

IgG4 autoantibodies induce

dermal–epidermal separation 

in cryosections of human skin

When incubated with the cryosections of human skin
in the presence of leucocytes purified from healthy
donors, both serum (n=6) (Fig. 4A) and IgG1 autoan-
tibodies (n=3) (Fig. 4B) from BP patients induced
dermal–epidermal separation. Importantly, subse-
quent addition of leucocytes to cryosections previ-
ously treated with non-complement fixing IgG4
autoantibodies (n=5) also resulted in dermal–epider-
mal separation (Fig. 4C). Sub-epidermal splits were
not observed in frozen skin sections incubated with
serum samples from healthy controls (Fig. 4D).
Fc�RIII (CD16) is constitutively expressed in a high-
copy number on neutrophils and was shown to main-
ly mediate both antibody-induced blistering in a
mouse model of BP [46] and autoantibody-induced
leucocyte attachment to the basement membrane in
the cryosection model [47]. Therefore, to investigate
the Fc-dependent leucocyte activation in our model,
we blocked the binding of IgG autoantibodies to
CD16 on granulocytes using the mAb 3G8.
Cryosections of human skin were incubated with
IgG, IgG1 and IgG4 purified from two BP patients
(n=4 sections/antibody preparation). Subsequently,
granulocytes were treated for 10 min at room temper-
ature with 3G8 or a control antibody prior to incuba-
tion with skin sections. The mAb 3G8, but not the
control antibody, caused a 86.6, 85 and 85.4% inhi-
bition of dermal–epidermal separation induced by
IgG, IgG1 and IgG4, respectively (Fig. 5).

IgG4 autoantibodies show a significantly

lower blister-inducing potential compared

to IgG1 autoantibodies

In our patients’ sera, we found lower titres of IgG1
when compared to titres of IgG4 autoantibodies

(Table 2). To directly compare the pathogenic poten-
tial of autoantibodies of IgG1 and IgG4 subclass,
IgG1 and IgG4 antibody preparations from two BP
patients were used at similar titres. When incubated
with the cryosections, IgG4 autoantibodies induced der-
mal–epidermal separation to a significantly lower extent
when compared with IgG1 autoantibodies as assessed
using the Fisher’s exact test (P=0.017) (Fig. 6).

Table 2 IgG1 and IgG4 autoantibodies in serum and purified

preparations of BP patients

†IgG1 and IgG4 autoantibodies binding to the dermal–

epidermal junction were detected using FITC-conjugated

monoclonal antibodies specific to IgG1 and IgG4, respectively.

The optimal dilution of secondary antibodies was adjusted by

fluorometry against known concentrations of myeloma IgG1

and IgG4.
‡Presence of complement C3 deposits at the dermal–epidermal

junction by the complement-fixation test on human skin.

Patients Fraction Immunofluorescence microscopy

IgG1† IgG4 C3‡

1 Serum 1/80 1/640 Pos

IgG1 fraction 1/80 0 Pos

IgG4 fraction 0 1/640 Neg

2 Serum 1/80 1/1280 Pos

IgG1 fraction 1/80 0 Pos

IgG4 fraction 0 1/1280 Neg

3 Serum 1/160 1/320 Pos

IgG1 fraction 1/80 0 Pos

4 Serum 1/10 1/320 Neg

IgG4 fraction 0 1/320 Neg

5 Serum 1/10 1/320 Neg

IgG4 fraction 0 1/320 Neg

6 Serum 1/160 1/1280 Pos

IgG4 fraction 0 1/1280 Neg
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Discussion 

The capacity of IgG4 autoantibodies to induce disease-
specific leucocyte-dependent tissue damage has not yet
been demonstrated. Here, we show that, after binding to

the epidermal basement membrane, IgG4 autoantibodies
recruit and activate leucocytes and induce dermal–epider-
mal separation. Compared to IgG1 against the epidermal
basement membrane, IgG4 autoantibodies show a signif-
icantly lower pathogenic capacity.

Fig. 2 IgG4 autoantibodies, in con-
trast to IgG1, do not fix complement to
the dermal–epidermal junction. In a
representative experiment, cryosec-
tions of normal human skin were incu-
bated with serum and purified antibody
preparations from patient 2 and, sub-
sequently, treated with fresh human
serum as a source of complement.
Both serum (A) and purified IgG1
autoantibodies (B) fixed complement
C3 at the dermal–epidermal junction
in a linear fashion. In contrast, incuba-
tion of cryosections with IgG4 specific
for the dermal–epidermal junction (C)

or serum from a healthy control (D)

does not result in C3 deposition (all
magnifications, x200).

Fig. 3 IgG4 autoantibodies recruit and activate leucocytes. Sections of human skin were incubated with IgG1 and IgG4
autoantibodies from a BP patient, as well as with IgG from a healthy control. Subsequent addition of leucocytes from
healthy donors leads to leucocyte attachment at the dermal–epidermal junction in sections treated with patient’s IgG1
(A) and IgG4 autoantibodies (B), but not in sections incubated with control IgG (C). Activation of leucocytes, as revealed
by the reduction of nitro blue tetrazolium (NBT) to formazan (dark precipitates), is induced by purified IgG1 (D) and IgG4
autoantibodies (E), but not by control IgG (F) (all magnifications, x400). (G) Cryosections of human skin were treated
with IgG1 (n=3) and IgG4 (n=5) antibodies (four sections/antibody preparation). Subsequently, leucocytes from healthy
donors were incubated for 90 min with the cryosections. Deposition of formazan is represented as means ± SEM of the
percent of the total length of the dermal–epidermal junction (DEJ) for each section.
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As demonstrated by numerous studies in patients
and experimental animals, only certain sub-popula-
tions of autoantibodies mediate cellular and tissue
injuries in autoimmune diseases. The subclass of
IgG autoantibodies is considered as one of the main
determinants of their pathogenic potential [17].
Indeed, IgG subclasses show marked differences in
their ability to mediate a variety of effector functions,
including complement activation and binding to the
Fc receptors on leucocytes. Much of our knowledge
on the properties of human IgG has been obtained
from the study of myeloma proteins [48–50].
However, functional assays using myeloma proteins

did not take into account their specificity (i.e. binding
to antigens was generally mimicked by using aggre-
gated IgG) and the polyclonal nature of the autoim-
mune response in human beings. With the advent of
recombinant DNA techniques, recombinant human
(or usually chimeric mouse/human) antibodies with
specificity to known antigens were constructed and
their effector properties analysed [51–53]. Generally,
these studies found that IgG4 did not bind to and/or
activate leucocytes, leading to the proposal that IgG4,
in contrast to IgG1 and IgG3, are non-pathogenic.

In a group of autoimmune blistering skin diseases,
including BP, IgG autoantibodies against different

Fig. 4 IgG4 autoantibodies induce
dermal–epidermal separation in 
sections of human skin. Results of a
representative experiment show that
dermal–epidermal separation in sec-
tions of normal human skin is induced
by serum (A), IgG1 (B) and IgG4
autoantibodies (C) from patient 1.
Serum antibodies from a healthy con-
trol (D) do not induce sub-epidermal
splits (all magnifications, x200).

Fig. 5 A blocking monoclonal anti-
body against CD16 significantly
inhibits the autoantibody-induced
dermal–epidermal separation. Cryo-
sections of human skin were incubated
with IgG, IgG1 and IgG4 purified from
BP patients 1 and 2 (n=4 sections/
antibody preparation). Subsequently,
granulocytes were treated for 10 min
at room temperature with 3G8 or a
control antibody prior to incubation
with skin sections. Dermal–epidermal
separation is represented as means
± SEM of the percent of the total
length of the dermal–epidermal junc-
tion (DEJ) for each section.
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skin proteins induce blisters and belong predomi-
nantly to IgG1 and IgG4 subclasses with a pro-
nounced bias towards IgG4. It has been hypothe-
sized that IgG1 rather than IgG4 autoantibodies are
responsible for skin blistering in BP [54]. IgG auto-
antibodies from patients with BP bind to the cutaneous
basement membrane, recruit and activate locally 
leucocytes and induce dermal–epidermal separation
[2, 4]. Interestingly, complement is not required for
the induction of dermal–epidermal separation in this
model [4]. However, in the cryosection model, in contrast
to the in vivo situation, the leucocytes do not have to
migrate along a chemotactic gradient from blood ves-
sels to the DEJ. Instead, by incubating the cryosec-
tions with leucocytes, the cells are placed in close
contact with the DEJ. Therefore, the role of comple-
ment for autoantibody-induced blister formation can-
not be addressed using this model. On the other
hand, leucocytes play a central role for the induction
of dermal–epidermal separation in our model: omit-
ting leucocytes results in a lack of split formation,
while pepsin-generated F(ab’)2 fragments of the

split-inducing antibodies, lacking the effector Fc por-
tion, are not able to induce sub-epidermal cleavage
[4]. Cleavage of components of the anchoring com-
plexes by granulocyte-derived proteases results in
retraction of the dermis from the epidermis [40].
Bundles of elastic microfibrils of the lamina fibro-
reticularis anchor the basal lamina to the dermal
elastic fibres [55] and a recoil of these elastic fibres
could explain the development of sub-epidermal
cleavage in cryosections of non-viable skin that
strongly adhere to the glass slide.

Therefore, to investigate the pathogenic potential
of IgG1 and IgG4 autoantibodies, we used this ex
vivo model of dermal–epidermal separation and IgG
autoantibodies of different subclasses isolated from
BP patients. IgG1 and IgG4 serum fractions were
purified by sequential immunoaffinity chromatogra-
phy and used at concentrations similar to those of
IgG1 and IgG4 autoantibodies in serum. Consistent
with previous studies [51, 56], in our present study,
purified IgG4, in contrast to IgG1 autoantibodies, after
binding to the cutaneous basement membrane, did not

Fig. 6 IgG4 autoantibodies show a
lower pathogenic capacity compared
with IgG1. In the upper panel,
cryosections of human skin were
incubated with IgG1 or IgG4 autoanti-
bodies purified from patient 2, both
adjusted at an end-point titer of 1:80
by IF microscopy. Subsequent addi-
tion of leucocytes leads to blister for-
mation in cryosections treated with
IgG1 autoantibodies (A). In contrast,
IgG4 autoantibodies (B) fail to recruit
leucocytes to the dermal–epidermal
junction and to induce dermal–epider-
mal separation (magnification, x400).
The lower panel (C) shows the extent
of dermal–epidermal separation after
incubating the cryosections with IgG1
and IgG4 preparations from two BP
patients (n=4 sections/antibody
preparation). Dermal–epidermal sep-
aration is represented as means ±
SEM of the percent of the total length
of the dermal–epidermal junction
(DEJ) for each section. The reactivity
of the antibody preparations as deter-
mined by their end-point titres by
immunofluorescence microscopy is
represented on the X-axis.
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activate the complement system by the classical path-
way as revealed by the complement binding assay.

In a next set of experiments, we evaluated the
potential of IgG1 and IgG4 autoantibodies to recruit
and activate leucocytes at the DEJ. Interestingly, we
found that in addition to IgG1, IgG4 autoantibodies also
demonstrate a dose-dependent leucocyte-activating
capacity. These findings contradict the current
accepted view on the interaction of IgG4 with leuco-
cytes [15, 17], but are in agreement with a few previ-
ous reports describing similar functional properties of
IgG4 [31, 34, 35]. Importantly, Fc-dependent activa-
tion of leucocytes by IgG4 autoantibodies resulted in
sub-epidermal cleavage formation in the cryosec-
tions. To the best of our knowledge, this is the first
report demonstrating disease-specific leucocyte-
dependent tissue damage triggered by IgG4 autoan-
tibodies. Our results are in line with recent studies
demonstrating that both polyclonal human IgG1 and
IgG4 from patients with Wegener’s granulomatosis
and chronic urticaria can activate leucocytes [34,
35]. To directly compare the pathogenic potential of
IgG1 with IgG4 autoantibodies, we used prepara-
tions containing similar concentrations of these
autoantibodies. Under these conditions, IgG4
autoantibodies induced significantly less separation
compared to IgG1 autoantibodies. In addition to the
isotype, the molecular specificity of autoantibodies is
another major determinant of their pathogenic poten-
tial. Using the ex vivo cryosection model, we previ-
ously showed that autoantibodies against the
immunodominant domain of BP180 induce
dermal–epidermal separation [4]. It has been also
documented that autoantibodies against this immun-
odominant region are predominantly of IgG1 sub-
class, whereas autoantibodies targeting other frag-
ments of B180 mainly belong to IgG4 subclasses
[54]. Thus, the lower potential of IgG4 autoantibodies
to induce dermal–epidermal separation documented
by our present studies may be associated with differ-
ential molecular specificity, which, in turn, may be a
direct determinant of autoantibody pathogenicity.

Taking into account our present data as well as pre-
vious work [31, 34, 35], we speculate that in patients,
complement-fixing IgG1 may initiate the inflammatory
cascade and recruit leucocytes. Nevertheless, IgG4
autoantibodies, which predominate, may activate the
inflammatory cells already infiltrating the upper dermis
and thus amplify the recruitment of additional leuco-
cytes and the extent of blister formation. Therefore,

when associated with IgG1 and/or IgG3 autoantibod-
ies, IgG4 may significantly contribute to the pathology
induced by autoantibodies in antibody-induced granu-
locyte-mediated autoimmune diseases.

In conclusion, IgG4 autoantibodies induce leuco-
cyte activation and dermal–epidermal separation in
cryosections of human skin. IgG4 autoantibodies
show a significantly lower pathogenic potential com-
pared to IgG1 autoantibodies.
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