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Abstract The pathomechanism of antibody-mediated

tissue damage in autoimmune diseases can be best studied

in experimental models by passively transferring specific

autoantibodies into animals. The reproduction of the dis-

ease in animals depends on several factors, including the

cross-reactivity of patient autoantibodies with the animal

tissue. Here, we show that autoantibodies from patients

with epidermolysis bullosa acquisita (EBA), a subepider-

mal autoimmune blistering disease, recognize multiple

epitopes on murine collagen VII. Indirect immunofluores-

cence microscopy revealed that EBA patients’ IgG

cross-reacts with mouse skin. Overlapping, recombinant

fragments of murine collagen VII were used to characterize

the reactivity of EBA sera and to map the epitopes on

the murine antigen by ELISA and immunoblotting. The

patients’ autoantibody binding to murine collagen VII

triggered pathogenic events as demonstrated by a com-

plement fixing and an ex vivo granulocyte-dependent

dermal–epidermal separation assay. These findings should

greatly facilitate the development of improved disease

models and novel therapeutic strategies.
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Introduction

Autoantibodies cause tissue damage in a group of auto-

immune diseases. The demonstration of autoantibody

pathogenicity and the characterization of the underlying

mechanisms require the reproduction of the disease by the

passive transfer of specific antibodies into laboratory ani-

mals. Thus, the pathogenic potential of autoantibodies in

several autoimmune diseases has been established by the

passive transfer of the IgG serum fraction purified from

patients into mice or rats [1–7].

Epidermolysis bullosa acquisita (EBA), a severe

chronic subepidermal blistering disease of skin and

mucous membranes, is characterized by tissue-bound and

circulating IgG antibodies to the dermal–epidermal

junction [8]. Patients’ serum autoantibodies bind to the

290-kDa collagen VII, the major component of anchor-

ing fibrils [8, 9]. Autoantibodies in the majority of EBA

patients recognize different epitopes within the noncol-

lagenous (NC) 1 and 2 domains of collagen VII [8–11].

The pathogenic relevance of antibodies against collagen

VII is supported by compelling evidence: (1) EBA

autoantibodies were shown to recruit and activate

leucocytes ex vivo, resulting in dermal–epidermal sepa-

ration in cryosections of human skin [12]; (2) antibodies

against collagen VII induce subepidermal blisters

when passively transferred into mice [5, 13]; and
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(3) immunization with recombinant autologous collagen

VII induces an autoimmune response to this protein,

resulting in a blistering phenotype closely resembling

human EBA [14].

The replication of the major clinical, histo- and immu-

nopathological features of human EBA by the passive

transfer of antibodies specific to collagen VII into mice

greatly facilitated the dissection of the pathophysiology of

blister formation in this disease [15–17]. The existing

mouse models reproducing the blister formation in exper-

imental EBA use the passive transfer of IgG antibodies

from rabbits immunized against murine collagen VII or

EBA patients’ IgG into animals. While these studies sug-

gest that antibodies directed against different epitopes of

the NC1 domain of collagen VII are pathogenic, further

pathogenic epitopes may exist, and their relative contri-

bution for blistering in EBA has not yet been addressed.

Using patients’ autoantibodies for the passive transfer

experiments in mice has several advantages over rabbit

antibodies, especially the fact that patient autoantibodies

already possess the ‘‘ideal’’ specificity and effector func-

tions. Major disadvantages of using patients’

autoantibodies in mice include the limited availability of

patient autoantibodies as well as the fact that the degree of

cross-reactivity may be low and the epitope recognition

pattern may differ substantially for the murine compared

with the human antigen [18].

Autoantibodies from a few EBA patients were shown

to cross-react with murine skin [5, 13]. However, auto-

antibodies from other patients bound poorly or not at all

to mouse skin [5]. In addition, the epitopes on the

murine antigen recognized by EBA autoantibodies have

not yet been characterized. This information is highly

relevant for the development of standardized reagents

such as blister-inducing human monoclonal antibodies,

which could replace EBA patient autoantibodies.

Therefore, the aim of the present study was to system-

atically analyze the degree of cross-reactivity of

autoantibodies with murine collagen VII in a large

number of patients. For this purpose, we analyzed the

reactivity of patients’ autoantibodies with murine skin by

indirect immunofluorescence (IF) microscopy. Subsequently,

recombinant forms of murine collagen VII covering the

NC1 and NC2 domains of the protein were generated. The

reactivity of EBA sera with murine collagen VII was

characterized by ELISA using these recombinantly

expressed protein fragments. Further, the recognition

pattern of murine collagen VII epitopes by patients’

autoantibodies was characterized by immunoblotting and

ELISA. Finally, the pathogenic potential of patients’

autoantibodies binding to murine skin has been assessed

by a complement-fixation test and by the ex vivo auto-

antibody-induced dermal–epidermal separation assay.

Materials and methods

Human sera

Serum samples were obtained from patients with EBA

(n = 35) prior to the initiation of treatment. Patients were

characterized by: (1) blisters on the skin; (2) linear deposits

of IgG at the DEJ, as shown by direct IF microscopy;

(3) circulating IgG autoantibodies binding to the dermal

side of 1 mol/l of NaCl-split human skin, as shown by

indirect IF microscopy; and (4) immunoblot reactivity with

dermal and/or recombinant collagen VII. The distribution

of IgG subclasses in serum of EBA patients (n = 19) was

examined by indirect immunofluorescnce microscopy,

using human salt-split skin sections. The results of this

analysis are summarized in the electronic supplementary

material, ESM, Table 2. EBA patients’ autoantibodies

binding to the dermal side of the salt-split skin belonged to

all four IgG subclasses. As expected, the predominant

subclass was IgG4, followed by IgG1 and IgG2, while

IgG3 autoantibodies were detected in few EBA patients.

For the experiments conducted, we obtained approval from

the Ethics Committee of the Medical Faculty of the Uni-

versity of Freiburg, Freiburg, Germany (Institutional Board

Projects no. 318/07 and 407/08). We obtained informed

consent from patients whose material was used in the

study, in adherence to the Helsinki principles.

Cell culture

PAM 212 murine keratinocytes [19] were cultured in

DMEM (CCPro) supplemented with 10% fetal calf serum,

4 mM L-glutamine, 100 U/ml penicillin, and 100 lg/ml

streptomycin (all from Biochrom).

Heterologous expression of recombinant forms

of collagen VII in bacteria

The cDNA sequences coding for six overlapping fragments

of the NC1 and one fragment corresponding to the NC2

domain of collagen VII were cloned into prokaryotic

expression vectors and expressed in Escherichia coli fol-

lowing protocols described previously [12, 20]. Briefly,

DNA sequence data for murine collagen VII was retrieved

from GenBank using the accession number NM_007738

[21]. Primers for polymerase chain reactions (PCR) were

synthesized by MWG Biotech (Ebersberg, Germany;

Table 1). The cDNA fragments were obtained by PCR on a

cDNA pool generated by reverse transcription of mRNA

extracted from cultured PAM212 cells or on synthetic

DNA encoding for fragments of collagen VII provided by

GenScript (Piscataway, NJ, USA). Restriction sites for

BamHI and SalI were introduced by primers (Table 1).
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Collagen VII cDNA fragments were cloned into linearized

pGEX-6P-1 (Amersham Biosciences, Freiburg, Germany),

resulting in the recombinant vectors pGEX-mCOL7-1,

pGEX-mCOL7-2, pGEX-mCOL7-3, pGEX-mCOL7-4,

pGEX-mCOL7-5, pGEX-mCOL7Cr, and pGEX-mCOL7-

Z. For the generation of recombinant murine collagen VII

with a His-tag, the DNA fragments of collagen VII were

subcloned in pQE41 (Amersham Biosciences), resulting in

the recombinant vectors pQE41-mCOL7-1, pQE41-

mCOL7-2, pQE41-mCOL7-3, pQE41-mCOL7-4, pQE41-

mCOL7-5, pQE41-mCOL7Cr, and pQE41-mCOL7-Z.

Correct ligation and in-frame insertion of the various DNA

fragments were confirmed by DNA sequence analysis.

Recombinant GST fusion and His-tagged proteins were

expressed in E. coli TOP 10 and XL1-Blue and purified by

gluthatione agarose and metallochelate affinity chroma-

tography, respectively as described [22, 23].

IF microscopy and immunoblot analysis

Detection of serum autoantibodies followed published

protocols with minor modifications [22, 24]. Briefly, after

incubating with diluted serum, the frozen sections of

murine and human skin were treated with 100-fold diluted

AlexaFluor 488 conjugated Abs to human IgG (Invitrogen).

The rabbit polyclonal antibody SA6310 was produced

as described previously [5], against the recombinant

GST-fusion protein containing a sequence of murine

collagen VII (GST-mCVIICr) generated for this study. IgG

subclass detection in the sera of patients was done

following previously described protocols [14]. Briefly,

frozen sections of human salt-split skin were incubated in a

first step with 10-fold diluted EBA sera, and in a second

step with 500-fold diluted, biotin-conjugated monoclonal

mouse Abs specific to human IgG1, IgG2, IgG3 and IgG4

(clones HP6070, HP6014, HP6047, HP6023; Invitrogen).

As a tertiary detecting reagent, we have used an Alexa-

Fluor 488-conjugated Streptavidin. Extracts of murine

dermis were prepared as described [5]. Recombinant pro-

teins were fractionated by 12% SDS-PAGE, transferred to

nitrocellulose and analyzed by immunoblotting [5].

Measurement of autoantibody levels by ELISA

ELISA using recombinant murine collagen VII was per-

formed at room temperature in 96-well microtiter plates.

The optimal working conditions of the assay were defined

by chessboard titrations with dilutions of Ag and secondary

Ab, as described [14]. The optimized ELISA was run under

the following conditions: wells were coated with equimolar

amounts of purified His-mCVII fragments in 0.1 M bicar-

bonate buffer (pH 9.6). After blocking, wells were

incubated for 1 h with a 100-fold dilution of patients’ sera

previously preadsorbed with cleared cell-lysate of bacteria

transformed with pQE41 wildtype vector. Bound Abs were

detected using a 5,000-fold dilution of an HRP-labeled

rabbit anti-mouse IgG Ab (Abcam) and orthophenylene

diamine (Dako).

Complement-fixation assay

Complement-fixing activity of EBA patients’ autoanti-

bodies to the dermal–epidermal junction was determined

using a modification of published protocols [25]. Briefly,

cryosections of human and murine skin were incubated

with EBA patient serum or normal human serum obtained

from healthy donors at 37�C for 30 min followed by

washing with PBS pH 7.2, twice for 10 min. Subsequently,

sections were treated with fresh human serum from

healthy donors as a source of mammalian complement,

Table 1 Primer sequences for

PCR amplification of cDNA

fragments of murine collagen

VII

F Forward primer, R reverse

primer

Fragment Size (bp) Primer sequences (50–30)

mCVII-1 851 F: GATCGGATCCCAGCCCAGAGATAGAGTGACCTGCAC

R: GATCGTCGACTCATGGCCGGAGACCCTGGAG

mCVII-2 957 F: GATCGGATCCCGACAGGAGGTGAACATC

R: GATCGTCGACTCATCTGTGGATCGTTAGGATG

mCVII-3 972 F: GATCGGATCCTTTGACTTAGATGATGTTCG

R: GATCGTCGACTCAGCTCTGCACAACTTGAAG

mCVII-4 788 F: GATCGGATCCCTGGAGACTCTTCAAGTTG

R: GATCGTCGACTCAGATGTCACGGATCTTTCG

mCVII-5 671 F: GATCGGATCCCCACTGAATAGTTCCCATG

R: GATCGTCGACTCACTTAATGCCAGGAGACCC

mCVIICr 698 F: GATCGGATCCACCCACGTAGCTGGTGTGGATG

R: GATCGTCGACTCACACTGGGGTCCAGGTCAAAG

mCOL-Z 491 F: GATCGGATCCTGCCAGGGCCAGTTTATTG

R: GATCGTCGACATCATCCGGGCCTCAGTCCTAG
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diluted 1:5 with Gelatin Veronal Buffer (Sigma), for

30 min at 37�C. Complement deposition was visualized

with a monoclonal antibody to human C3 (Acris Anti-

bodies) and an AlexaFluor-488-conjugated anti-mouse IgG

antibody (Invitrogen).

Ex vivo cryosection assay

The ability of EBA patients’ autoantibodies to activate

human leukocytes was assessed using an ex vivo assay of

antibody-induced granulocyte-dependent dermal–epider-

mal separation in cryosections of normal human and

murine skin, respectively, as described previously [25, 26].

Sequence analysis

Protein sequences of murine and human collagen VII were

retrieved from Genbank. Sequence alignments were per-

formed using the algorithm developed by Smith and

Waterman [27]. The antigenic determinants of collagen VII

were analyzed by both MIF Bioinformatic Tools

(http://bio.dfci.harvard.edu/Tools/antigenic.html) and the

Antigenic routine of the EMBOSS package, which com-

putes an antigenic score based on a prediction algorithm

developed by Kolaskar and Tongaonkar [28].

Results

In silico analysis of antigenic epitopes of human

and murine collagen VII

The murine and human forms of pro-collagen VII both

with a length of 2,944 aa show by analysis using the

Smith–Waterman algorithm an identity and similarity of

84.1 and 89.2%, respectively (see detailed results in ESM).

B cell epitopes of murine and human collagen VII only

partly overlap as predicted by analysis using specialized

bioinformatic software (ESM, Table 1).

Analysis of cross-reactivity of EBA sera by IF

microscopy on murine skin sections

The reactivity of IgG autoantibodies from serum of 35

patients with EBA was analyzed by IF microscopy using

human and mouse skin sections. The results of this analysis

are summarized in Table 2 and representative examples are

shown in Fig. 1. Twenty-eight of 30 EBA sera, which

reacted with the dermal–epidermal junction of the human

skin, also recognized the murine epidermal basement

membrane zone.

Generation of recombinant proteins

The cDNA sequences coding for seven fragments of murine

collagen VII were cloned into prokaryotic expression

vectors and expressed in Escherichia coli (Table 1; Fig. 2).

The GST fusion and His-tagged murine collagen VII

fragments were purified by glutathione- and metallochelate-

affinity chromatography, respectively. All proteins migrated

consistently with their calculated masses when separated by

SDS-PAGE (ESM, Fig. 1).

Molecular analysis of cross-reactivity of EBA sera

with murine collagen VII

To characterize the molecular target(s) of EBA autoanti-

bodies in murine skin, the reactivity of EBA sera was

analyzed with the recombinant His-tagged fragments of

murine collagen VII by ELISA and immunoblotting. The

results of these analyses are summarized in Table 2

and representative examples are shown in Figs. 3 and 4.

IgG autoantibodies from 14 of 19 EBA patients recog-

nized recombinant murine collagen VII by immuno-

blotting.

Mapping of epitopes on murine collagen VII

recognized by EBA sera

Autoantibodies from EBA patients bind to several epitopes

within the NC1 and NC2 domains of human collagen VII

[10, 11]. The distribution of antigenic determinants rec-

ognized by EBA autoantibodies in murine collagen VII

molecule was analyzed by immunoblotting and ELISA

with different fragments of murine collagen VII (Table 2;

Fig. 4). IgG autoantibodies from 5, 4, 5, 7, 4, and none of

19 EBA patients’ sera recognized fragments 1, 2, 3, 4, 5,

and Z, respectively.

EBA autoantibodies fix complement to the murine

dermal–epidermal junction

To address the question whether EBA autoantibody

binding to the dermal–epidermal junction of murine skin

can activate complement locally, their complement-

binding ability was assessed ex vivo by an immuno-

fluorescent complement-fixation test. The results of this

assay are summarized in Fig. 5. In contrast to sera

from healthy donors (Fig. 5a, b), autoantibodies from 6

of 11 EBA patients showing complement-binding

potential in human skin sections (Fig. 5c), also fixed

complement at the dermal–epidermal junction of murine

skin (Fig. 5d).
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EBA sera induce dermal–epidermal separation

of murine skin cryosections

Autoantibodies against collagen VII have been shown to

recruit and activate granulocytes to the dermal–epidermal

junction and induce subepidermal splits in cryosections of

human skin when coincubated with granulocytes from

healthy donors [12, 17, 29]. To assess the ability of EBA

patient autoantibodies to induce granulocyte-dependent

dermal–epidermal separation in murine skin, sera from

EBA patients and healthy donors were incubated with

murine and human skin cryosections. Representative

examples of this assay are shown in Fig. 6. In contrast to

the normal human sera (Fig. 6a, b), after the addition of

Table 2 Cross-reactivity of EBA sera with murine collagen VII

Patient Age

(years)

Reactivity with CBT IF scoresa DES

Human

skin (IIF)a
Murine

skin (IIF)a
mCVII fragments (ELISA/IB) Human

skin

Mouse

skin

Human

skin

Mouse

skin
1 2 3 4 5 Cr Z

EBA1 51 ???? ???? X X ???? ?? ???? ????

EBA2 19 ?? ?? X X X - - - -

EBA3 20 ???? ??? X X X ?? ?? ?? ??

EBA4 13 ?? ? X n.d. n.d. n.d. n.d.

EBA5 46 ?? ? X X n.d. n.d. n.d. n.d.

EBA6 67 ? ? - - - - - - - n.d. n.d. ? -

EBA7 77 ? ? n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

EBA8 - ?? ?? X X n.d. n.d. ??? -

EBA9 59 ??? ??? n.d. n.d. n.d. n.d. n.d. n.d. n.d. ??? ? ?? -

EBA10 56 ?? ?? X X n.d. n.d. ??? ??

EBA11 89 ?? ?? X X n.d. n.d. ?? ?

EBA12 49 ? ? n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

EBA13 - ???? ???? - - - - - - - ??? - ???? ???

EBA14 66 ?? ?? n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. ? ?

EBA15 - ??? ??? X - - ???? -

EBA16 71 ??? ??? - - - - - - - - - ?? ??

EBA17 60 ??? ??? X ?? ?? ??? -

EBA18 49 ???? ??? - - - - - - - ± - ?? -

EBA19 26 ??? ?? X X n.d. n.d. ??? -

EBA20 68 ? ? n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

EBA21 40 ???? ???? X X X ? ± ???? -

EBA22 75 - - n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

EBA23 61 ? ? n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

EBA24 85 ?? ?? n.d. n.d. n.d. n.d. n.d. n.d. n.d. - - ? -

EBA25 - - - n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

EBA26 57 ?? ?? n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. - -

EBA27 49 ? - n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

EBA28 - ??? ??? X X X ?? - ?? -

EBA29 - ??? ?? n.d. n.d. n.d. n.d. n.d. n.d. n.d. ???? ± ??? ??

EBA30 - ???? ??? - - - - - - - ± - ?? ??

EBA31 69 ???? ??? X ± - ?? ?

EBA32 80 - - n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

EBA33 22 ± - n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

EBA34 7 - - n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

EBA35 - - - n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

TOTAL 30/35 28/35 5/19 4/19 5/19 7/19 4/19 3/19 0/19 11/15 6/15 20/22 10/22

a The fluorescence intensity has been scored as follows: 2 no staining, ? focal faint staining of the basal membrane, ?? faint staining of the

basal membrane, ??? medium staining of the basal membrane, ???? strong staining of the basal membrane
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human leukocytes, autoantibodies from 20 and 10 EBA

patients induced subepidermal splits in the cryosections of

(Fig. 6c) human and (Fig. 6d) murine skin, respectively.

Discussion

Several animal models of blister formation by the

passive transfer of collagen VII-specific antibodies into

mice have been recently established [5, 13, 30]. In

addition to demonstrating the autoimmune nature of

EBA, these models represent exquisite tools for study-

ing the cellular and molecular aspects of the

autoantibody-induced tissue damage [5, 16, 17, 23, 25].

However, among other limitations, the epitopes recog-

nized by patient autoantibodies may not match when

murine collagen VII is compared with its human

ortholog. Previous studies and our present analysis

indeed show a relatively low degree of homology

between human and murine collagen VII compared with

the homology of other collagen molecules [31]. In

addition, a cross-reactivity of autoantibodies with

murine skin could not be previously documented in all

tested EBA patients [5]. Furthermore, as our present in

silico analysis shows, the predicted B cell epitopes on

murine and human collagen VII only partly overlap.

Despite these possible limitations, patient autoantibodies

are in theory ideal reagents in terms of both specificity

and effector functions to use for the study of blister

formation. Therefore, in the present work, we charac-

terized the epitopes on murine collagen VII recognized

by EBA patient autoantibodies.

In a first set of experiments, we analyzed the reactivity

of serum autoantibodies with the dermal–epidermal junc-

tion in a large group of EBA patients. In line with previous

data [5], the results show a cross-reactivity of EBA auto-

antibodies with murine skin in the majority of our EBA

patients. As expected, these EBA sera specifically reacted

with recombinant murine collagen VII as demonstrated by

immunoblot analysis.

To map the epitopes on murine collagen VII recognized

by the EBA sera, we used overlapping recombinant frag-

ments covering the NC1 and NC2 domains of this antigen.

The overall pattern of reactivity is matching the one

reported for the reactivity with the human collagen VII

fragments [10, 11, 32]. We show that autoantibodies in

EBA sera react with different epitopes within the NC1, but

not NC2, domains of murine collagen VII.

In further experiments, we addressed the pathogenic

relevance of autoantibodies from a relatively large number

of EBA patients cross-reacting with murine skin. Because

of the limited amounts of EBA serum, we used two ex

vivo assays to assess the effector functions of autoanti-

bodies. The capacity of autoantibodies to fix complement

C3 at the murine dermal–epidermal junction was reduced

compared to their ability to activate complement on

human skin sections. This finding is compatible with the

Fig. 1 Cross-reactivity of EBA

patients sera with murine skin

by immunofluorescence

microscopy. Cryosections of

a–d murine and e, f human skin

were incubated with a serum

from a rabbit immunized with

GST-mCVIICr (SA6310),

b,e serum from EBA3, c,f serum

from EBA1, and d normal

human serum (NHS). After

washing in PBS, sections were

incubated with a anti-rabbit IgG

and b–f anti-human IgG both

labeled with AlexaFluor 488

(magnifications, all 9200)

Fig. 2 Recombinant fragments of collagen VII generated in this

study. Collagen VII is composed of three identical a chains, each

consisting of a central triple helical collagenous domain, flanked by a

large amino-terminal noncollagenous domain (NC1) and a smaller

carboxy-terminal noncollagenous domain (NC2). Fragments of

murine collagen VII cDNA corresponding to the NC1 and NC2

domains were cloned into pGEX-6P-1 and pQE41 and expressed in

E. coli. Amino acid residue numbers are shown above the fragments

1348 K. Csorba et al.



Fig. 3 Immunoblot analysis of the EBA sera reactivity with mCVII.

His-tagged recombinant mCVII fragments 1, 2, 3, 4, 5 and Z (lanes 2–
8) as well as His-DHFR (lane 1) were separated by 12% SDS-PAGE

and electrophoretically transferred to nitrocellulose. The membranes

were immunoblotted with a serum from patients EBA1, b EBA3, and

c normal human serum (NHS). Migration positions of molecular

weight markers (kDa) are shown on the left

Fig. 4 Analysis of the

reactivity of EBA sera with

murine collagen VII by ELISA.

Levels of serum IgG

autoantibodies were measured

in triplicate by ELISA using

recombinant fragments of

murine collagen VII as

described in ‘‘Materials and

methods’’. OD readings of

serum samples from patients

EBA1, EBA21 and from a

healthy donor are given as

mean ± SD

Fig. 5 EBA patient

autoantibodies fix complement

to the dermal–epidermal

junction of murine skin sections.

Frozen sections of human (a,c)

and murine (b,d) skin were

incubated with serum from a

healthy donor (a,b) and from

EBA1 patient (c,d). After

washing in phosphate-buffered

saline, the sections were further

incubated with fresh human

serum as a source of

complement. C3 deposits were

visualized by incubation with a

monoclonal antibody specific to

human C3 followed by an

AlexaFluor-488-conjugated

anti-mouse IgG antibody. While

normal human serum (a,b) did

not fix complement in the

cryosections, the EBA serum

bound complement at the

dermal–epidermal junction of

both human (c) and murine (d)

skin sections

Cross-reactivity of murine collagen VII 1349



assumption that EBA autoantibodies recognize fewer

(pathogenic) epitopes on murine collagen VII compared to

its human ortholog. Importantly, autoantibodies from a

subgroup of the EBA sera which induced dermal–epi-

dermal separation in human skin were also pathogenic in

the murine skin. In line with our previous observation that

complement activation is not required for the granulocyte-

dependent dermal–epidermal separation in this model

[22], the ability of EBA autoantibodies to induce sub-

epidermal splits did not closely match their complement-

fixing properties. In EBA patients, the autoantibodies

against collagen VII belong to different IgG subclasses

and their complement-fixing ability does not correlate

with the inflammatory or classical clinical forms of the

disease [33]. However, since results from in vivo models

of EBA demonstrate that complement activation is a

prerequisite for the antibody-induced blistering and sug-

gest that IgG subclass of autoantibodies is determining

their pathogenicity, further investigation of the association

of complement-binding capacity and IgG subclass of

autoantibodies with disease activity in EBA patients is

required [14, 16].

One major disadvantage of using IgG from EBA

patients for in vivo studies is their low availability [18].

This issue could be addressed by generating human auto-

antibodies recombinantly or by classical hybridoma

technology in quantities sufficient to sustain long-term

research using this model. Our present results provide the

rationale and the tools to develop recombinant or mono-

clonal human autoantibodies specific to collagen VII. The

characterization of the pathogenic epitopes recognized by

patient autoantibodies is also relevant for addressing fur-

ther questions, including the epitope-specific affinity

purification of patient serum autoantibodies, the develop-

ment of an improved animal model by peptide

immunization, and the induction of immunological

tolerance.

In conclusion, our results demonstrate for the first time

that blister-inducing EBA autoantibodies recognize multi-

ple epitopes on murine collagen VII. Patient autoantibodies

binding to murine collagen VII epitopes retain in part their

pathogenic activity. Our results significantly add to the

rationale of studying the blister formation in EBA by

passively transferring patients’ autoantibodies and suggest

the existence of multiple pathogenic epitopes in EBA. In

addition, the reagents developed in this work should be

useful for pathogenetic studies and the development of

more specific therapeutic approaches.
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Fig. 6 EBA patient

autoantibodies induce dermal–

epidermal separation in sections

of murine skin. Frozen sections

of human (a,c) and murine (b,d)

skin were incubated with serum

from a healthy donor (a,b) and

from EBA1 patient (c,d). After

washing in phosphate-buffered

saline, the sections were further

incubated with fresh human

serum as a source of leucocytes.

In contrast to sections incubated

with serum from a healthy

donor (a,b), sections treated

with serum from the EBA

patient (c,d) developed dermal–

epidermal separation after

incubation with normal human

granulocytes
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