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Introduction

Pemphigus is a group of organ-specific autoimmune muco-
cutaneous disorders with an established immunological
basis. Its clinical hallmark is the presence of intraepithelial
blisters and erosions of the skin and the mucous membranes.
Histologically, IgG autoantibodies directed against adhesion
molecules desmoglein-1 and -3 in the affected epithelium
cause cell-to-cell detachment of epidermal and mucosal epi-
thelial cells (acantholysis) [1-3]. The goal of therapy is to
eliminate these pathogenic autoantibodies [4]. At present,
there are no available selective inhibitors of desmoglein
autoantibodies, and therapy is therefore based on non-spe-

cific immunosuppression.
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Summary

Uncontrolled studies have found intravenous immunoglobulin (IVIG) to be
effective in the treatment of pemphigus vulgaris (PV). The aim of this study
was to evaluate the role of IVIG in preventing IgG autoantibodies binding to
desmoglein-3 and blister formation using a controlled experimental design.
The ability of IVIG to affect the binding of IgG affinity purified from two
patients with PV to desmoglein-3 in comparison to IgG from one donor, was
conducted by enzyme-linked immunosorbent assay (ELISA). The specificity
was confirmed by competition assay. We assessed the effect of IVIG on the
induction of experimental-PV in CD1 newborn mice by subcutaneous sub-
jection of IgG affinity purified from two patients with PV. The treatment was
conducted by subcutaneous administration of IVIG together with IgG from
the pemphigus patients or appropriate control. The skin of the newborns was
examined 24-48 h later for blisters, and samples of the affected areas were
analysed by immunohistochemistry. IVIG as a whole molecule and its F(ab),
portion inhibited the binding of anti-desmoglein-3 antibody to recombinant
desmoglein-3 in a dose-dependent manner. The specificity was confirmed by
competition assays. In-vivo, IVIG and its F(ab), portion prevented blister for-
mation in the newborn mice. Cutaneous lesions were noted only in the groups
of newborn mice who were injected with IgG fractions from the PV patients.
Immunopathological evaluation revealed that IVIG prevented the formation
of acanthylosis with IgG deposition in the intercellular spaces. These results
point to the efficacy of IVIG in the prevention of blister formation in an exper-
imental PV model.
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Pemphigus vulgaris (PV), left untreated, has a natural his-
tory of relentless progression, with 50% mortality at 2 years
and almost 100% at 5 years [5]. Since the 1950s, substantial
progress has been made in the development of immuno-
modulatory agents to manage organ transplant rejection,
autoimmunity and inflammatory disorders. The survival of
PV patients improved remarkably with the introduction of
corticosteroids and cytotoxic drugs, which have powerful
anti-inflammatory and immunomodulatory effects. How-
ever, their use is severely limited by immunosuppression,
myelosuppression, and numerous side effects.

Intravenous immunoglobulin (IVIG), a blood product
prepared from donor serum, is used as a replacement ther-
apy in immunodeficient conditions. Recent studies have
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revealed an extremely wide spectrum of IVIG antibody activ-
ity. Not only does IVIG recognize a large number of bacte-
rial, viral and other infectious agent antigens, it also exhibits
anti-idiotypic specificity [6,7]. Commercial IVIG prepara-
tions contain multiple anti-idiotypic antibodies, such as
anti-factor VIII antibodies [8], anti-DNA autoantibodies [9—
11], anti-intrinsic factor antibodies [11], anti-thyroglobulin
(Tg) autoantibodies [11], anti-neutrophil cytoplasmic
antibodies [12], anti-microsomal antibodies [13], anti-
neuroblastoma antibodies [14], anti-phospholipid anti-
bodies [15], anti-platelet antibodies [16], anti-Sm idiotype
(ID-434) [17] and anti-GM, antibody [18]. Therefore, in the
last decade, IVIG has been increasingly used as an immuno-
modulatory agent in the treatment of patients with autoim-
mune and systemic inflammatory diseases, including
systemic lupus erythematosus (SLE), dermatomyositis and
polymyositis, multiple sclerosis, myasthenia gravis, Guillain—
Barre syndrome, and antiphospholipid syndrome [19,20].

Anti-idiotypic antibodies are effective in the treatment or
prevention of disease manifestations because they inhibit
the binding of the pathogenic autoantibodies to their
corresponding antigen in vitro [10,11,21,22] and in vivo
[15,17,23]. Their value may also be attributable to their
inhibitory effect on the spontaneous secretion of anti-des-
moglein by peripheral B lymphocytes, as was demonstrated
in vitro in systemic lupus erythmatosus [24]. Soluble circu-
lating immune complexes may also become aggregated and
insoluble following IVIG treatment via the idiotypic net-
work mechanism, thereby increasing their removal by the
reticuloendothelial system.

We believe that the idiotypic network is an important
mechanism for controlling the immune repertoire, as indi-
cated by mice models of SLE treated with monoclonal anti-
idiotypic antibodies [25-29]. In PV, two uncontrolled stud-
ies have so far demonstrated that anti-desmoglein antibodies
decline significantly during IVIG therapy [30,31]. However,
the clinical efficacy of IVIG and the indications for its use in
PV remain unclear, and no controlled double-blind or ani-
mal studies have been performed. The aim of the present
study was to investigate the beneficial effect of IVIG using an
in-vitro controlled design.

Methods

Production of recombinant desmoglein-3

The plasmid pVL1393 containing the extracellular domain
of desmoglein-3 (Dsg3) was a generous gift from Dr L. Diaz,
Medical College of Wisconsin, Milwaukee, WI, USA. The
extracellular portion of Dsg3 (ecDsg3) was excised, cloned
into the baculovirus expression vector pFastBacl and trans-
posed into DH10Bac cells allowing the use of the Bac-to-Bac
baculovirus expression system (Invitrogen, Carlsbad, CA,
USA). This vector was engineered to contain a stretch of six-
histidine codons (His-tag) immediately downstream of the
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inserted Dsg3 extracellular domain. The junction regions
and inserts in the vector pFastBacl-HC2-ecDsg3 were
sequenced to ensure sequence integrity. The recombinant
viral DNA was transfected into SF9 insect cells, virus ampli-
fied and the recombinant protein produced in High5 insect
cells. The culture medium (200 ml) containing the recombi-
nant ecDsg3 was incubated with 2ml Ni-NTA agarose
(Qiagen, Chatsworth, CA, USA) at 4°C for 2 h with gentle
shaking. The protein was eluted with 200 mM imidazole in a
20 mM Tris buffer pH 7-5, 100 mM NaCl. The eluted protein
of MW 70 kDa was concentrated by ultracentrifugation on
Centricon YM-30 (Amicon, Danvers, MA, USA).

Affinity purification of PV-IgG

Sera from two patients with active PV, diagnosed in accor-
dance with established criteria, and a healthy individual
(control) were obtained from the Dermatology Department
of Rabin Medical Center in Israel. Total IgG was affinity-
purified from plasmapheresis taken at an active stage of
the disease. In brief, plasma was loaded on a protein-G
sepharose column (Pharmacia Biotech, Norden AB Sollen-
tuna, Sweden) at 4°C. The column was then washed with
phosphate buffer pH 7 and the bound antibodies were eluted
using glycine-HCl buffer 0-2 M pH 2-7 and neutralized with
Tris pH9. The eluted immunoglobulins were dialysed
against phosphate-buffered saline (PBS).

The anti-desmoglein-3 binding of the affinity-purified
IgG was detected by enzyme-linked immunosorbent assay
(ELISA) and immunoblot. ELISA plates (Maxisorp, Nun-
clon, Upsala Sweden) were coated with recombinant desmo-
glein-3 (r.desmoglein-3) 5 ug/ml in PBS, expressed in a
baculovirus system, incubated overnight at 4°C. The plates
were blocked with 3% bovine serum albumin (BSA) in PBS
for 1 h at 37°C. The affinity-purified IgG were subjected to
the plates at different concentrations for 2 h at room tem-
perature. The binding was probed with goat-anti-human-
IgG conjugated to alkaline phosphatase (Jackson, Research
Laboratory Inc. West Grove, PA, USA), followed by the addi-
tion of appropriate substrate, P-nitro-phenylphosphate
(Sigma Chemical Co., St Louis, MO, USA). The colour reac-
tion was read in a Titertrek ELISA reader (SLT Labinstru-
ments, Salzburg, Austria) at OD 405 nm.

The specificity of IgG obtained from the pemphigus
patients (PV-IgG) was confirmed by binding to recombinant
extracellular portion of desmoglein-3 (r.desmoglein-3)
expressed in a baculovirus system by immunoblots of epi-
dermal membrane proteins separated by sodium dodecyl
sulphate-polyacrylamide gel electrophoresis (SDS-PAGE).

Preparation of F(ab), and Fc fragments of IVIG

F(ab), and Fc fragments were prepared from commercial
IVIG Omrigam (Omrix Biopharmaceuticals™ Ltd, Weiz-
mann Science Park, Nes-Ziona, Israel). IVIG was dialysed

© 2005 British Society for Immunology, Clinical and Experimental Immunology, 142: 426—-432 427



D. Mimouni et al.

against 100 mM Na-acetate buffer, pH-4-0, and digested with
pepsin (2% W/W; Sigma) for F(ab), or papain for Fc (2% W/
W; Sigma) at 37°C 18 h [32]. Any remaining traces of undi-
gested IgG and Fc fragments were removed by binding to a
protein-A column (Pharmacia Biotech, Norden AB, Sollen-
tuna, Sweden). The efficiency of the digestion was confirmed
by 10% SDS-PAGE.

IVIG inhibition of IgG binding to r.desmoglein-3

PV-IgG, 5 pg/ml, was incubated with competitor IVIG as a
whole molecule, F(ab), and Fc portions of IVIG or control
IgG at different concentrations overnight at 4°C. The mix-
tures were added to plates coated with r.desmoglein-3, 5 ug/
ml in PBS, overnight at 4°C and then blocked with 3% BSA
in PBS for 1h at 37°C. Following overnight incubation at
4°C, the binding was probed with anti-human IgG conju-
gated to alkaline phosphatase and appropriate substrate. The
results were expressed in OD at 405 nm. The percentage of
inhibition was calculated as follows:

% Inhibition = [(OD sample IgG — OD with competitor)/
OD sample IgG] x100.

CD1 mice model of PV and treatment with IVIG

Fifty pregnant female CD1 mice (8= 10 weeks old) were
purchased from Harlan Laboratory (Jerusalem, Israel). The
experimental PV was induced by subcutaneous PV-IgG
injection or control IgG, 8 mg/mouse. The treated group
received IVIG, or F(ab),-IVIG, or Fc-IVIG, or control IgG,
5 mg/mouse, or PV-IgG (8 mg) premixed with r.desmo-
glein-3 (2 mg) overnight at 4°C with shaking. Between 24
and 48 h after treatment, the newborn mice were inspected
for the formation of blisters and erosions, and skin sections
were cut from lesional and perilesional areas and stored in
4% formalin. Immunoglobulin deposition was analysed by
immunohistochemistry.

Microscopic and immunofluorescence studies

The formalin-embedded skin samples were cut into four
slices, deparaffinized and blocked with 3% BSA. Anti-human
IgG-fluorescein isothicyanate was added to the slides for 2 h
at room temperature, and the slides were washed and anal-
ysed by confocal fluorescence microscopy.

Results

Inhibition of PV-IgG binding to r.desmoglein-3 by IVIG

Total IgG was affinity purified on protein-G column from
sera derived from two patients with PV at an active stage of
the disease. The affinity-purified IgG, named PV-IgG bound
r.desmoglein-3 in a dose-dependent manner conducted by

ELISA (Fig. 1a). The anti-r.desmoglein-3 binding was spe-
cific P < 0-001, when PV-IgG affinity purified from the two
patients was compared to the binding of IgG affinity-puri-
fied from healthy donors at concentration of 12 ug/ml,
Fig. 2a. No binding was detected to irrelevant recombinant
protein — SM220. (e.g. anti-SM22a. at 12 pg/ml bound 1-472
OD at 405 nm, PV-IgG bound 0-212, 0-179 at OD 405 nm,
respectively). The anti-r.desmoglein-3 binding specificity of
the purified PV-IgG was confirmed by inhibition assay
(Fig. 1b) (P <0-001 for both patients). IgG from a healthy
individual did not bind r.desmoglein-3 (P> 0-05).

IVIG inhibited the binding of PV-IgG to r.desmoglein-3
(Fig. 2). IVIG as a whole molecule and F(ab), fraction of
IVIG inhibited the binding of PV-IgG from patient 1 at
5 ug/ml (50% binding) by 85-4-92-4%, respectively, at con-
centration of 25 ug/ml, in comparison to 9-5% inhibition
by IgG from one individual (P <0-002) (Fig.2). The
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Fig. 1. (a) Direct binding of IgG affinity purified from two pemphigus
vulgaris (PV) patients, to recombinant desmoglein-3 (r.desmoglein-3):
enzyme-linked immunosorbent assay (ELISA) was employed to detect
the binding of PV-IgG to r.desmoglein-3. IgG affinity purified from two
healthy donors were used as negative controls. The data are presented
in OD at 405 nm, mean * s.d. of three separate experiments. (b) PV-
IgG inhibition of binding to r.desmoglein by r.desmoglein: PV-IgG
purified from two PV patients, and control IgG were incubated with
different concentrations of r.desmoglein-3. The r.desmoglein-3
unbound PV-IgG was tested by ELISA on r.desmoglein-3 coated plates.
The data are presented in OD at 405 nm, mean = s.d. of three separate
experiments.
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Fig. 2. Inhibition of pemphigus vulgaris (PV)-IgG binding to recombi-
nant.desmoglein-3 (r.desmoglein-3) by IVIG: inhibition assay demon-
strating the neutralization activity of IVIG and its F(ab), portion on the
PV-IgG binding to r.desmoglein-3. The data are presented in OD at
405 nm, mean =+ s.d. of three separate experiments.

r.desmogelin-3 binding by PV-IgG derived from patient 2
was inhibited by 79-4-90-7% using whole IVIG or its F(ab),
derivative, respectively, at a concentration of 25 ug/ml, in
comparison to 8-4% inhibition by IgG from one individual
(P <0-002) (Fig. 2). The Fc portion of IVIG did not have
any effect on the PV-IgG binding to r.desmogelin-3
(P>0-05).

Prevention of blistering and erosions by IVIG (Fig. 3)

As shown in Table 1, cutaneous lesions consisting of blisters
and erosions appeared in the newborn mice which were
injected with IgG fractions from the two patients (positive
findings in seven of 10 tested mice for patient 1, eight of 10
for patient 2). No cutaneous lesions appeared in any of the
neonates in the other experimental groups.

Lesions first appeared 16—48 h after injection. They con-
sisted clinically of either discrete cutaneous vesicles or exten-

Experiment design

Protein G
column
Y
Patient’s polyclonal
anti-desmoglein-3 —_—
antibodies i
PV-IgG anti-desmoglein-3
antibodies
Neonatal mice
e L
Blistering No blistering

Fig.3. A flow chart of the experimental design.
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sive sloughing of the skin with positive Nikolsky sign (Fig. 4).
Histological analysis revealed typical suprabasilar acanthol-
ysis (Fig.5), and immunohistochemistry demonstrated
immunoglobulin deposition in the intercellular spaces
(Fig. 6). Analyses of skin taken from the other groups of
newborn mice did not show any IgG deposition in the inter-
cellular spaces.

Discussion

This study offers strong clinical and immunopathological
evidence that IVIG contain anti-anti-desmogelin-3 activity
(anti-desmoglein-3 anti-idiotypes) capable of neutralizing
the binding of PV-IgG to Dsg3. Furthermore, IVIG is a use-
ful agent in the prevention of blister formation in PV exper-
imental model in-vivo.

Dsg3 is an adhesion molecule predominantly expressed in
the basal layers of the human epidermis, the site of supra-
basilar acantholysis in PV [33]. Antibodies reactive with
Dsg3 are considered to be a highly specific serological marker
for diagnosis. In the individual patient, antibody levels cor-
relate with disease activity, showing a remarkable increase
during exacerbations and a drop during remission [34].

An important clue to the pathogenicity of Dsg3 antibodies
was provided by the study of Anhalt et al. [1], wherein the
passive transfer of IgG from patients with PV to newborn
mice resulted in the development of suprabasilar acantholy-
sis. More recent studies using the same experimental model
showed that the immunoadsorption of anti-desmoglein-3
IgG from sera of PV patients with r.desmoglein-3 abolished
blister formation [2]. Comparison of mouse and human
Dsg3 amino acid sequences demonstrated high homology
[35]. Furthermore, it has been shown that antibodies against
Dsg3 cause acantholysis in vivo in neonatal mice [36].

Table 1. Incidence of blisters and erosions in newborn mice

Source of IgG injected Treatment of No. of mice with

to newborn mice newborn mice cutaneous lesions

Patient 1 IVIG 0/10
Patient 1 Normal IgG 8/10
Patient 1 F(ab), 3/10
Patient 1 Fc 0/10
Patient 2 IVIG 0/10
Patient 2 Normal IgG 9/10
Patient 2 F(ab), 4/10
Patient 2 Fc 0/10
Patient 1 premixed with None 0/10
r.desmoglein 3
Patient 2 premixed with None 0/10
r.desmoglein 3
Control IgG IVIG 0/10
Control IgG Normal IgG 0/10
Control IgG F(ab), 0/10
Control IgG Fc 0/10
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Fig. 4. IVIG effect on the mouse skin in vivo:
cutaneous lesions expressed by extensive slough-
ing of the skin (arrow) induced in CD1 neonatal
mice by injection of IgG fractions affinity puri-
fied from pemphigus patients (a, b). Blistering
(arrow) induced in neonatal mice injected with
pemphigus vulgaris PV-IgG and F(ab), (c). No
lesions in normal serum IgG (d), no lesions in
mice injected with PV-IgG and IVIG (e) and in
mice injected with PV-IgG and Fc portion of
IVIG and PV-IgG premixed with r.desmoglein-3

().

@ (b)

Fig. 5. Histological analysis of the IVIG effect on
the mouse skin in vivo: (100x) Histological
examination of the affected mice showing sub-
epidermal clefting (arrow) with acantholysis (a)
and no clefting in control mice (b).

Fig. 6. IgG deposition in the pemphigus vulgaris
PV-IgG injected mice treated with IVIG:
immunohistochemistry slides demonstrating
intercellular binding (a) (arrow), and negative

staining in control mice (b).
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It is important to emphasize that in PV, the antibodies are
those which cause the tissue injury, in the absence of any
inflammatory mediators [1,37,38]. Therefore, in order to
reduce anti-desmoglein-3 autoantibody synthesis, only
agents that are known to suppress antibody production, alter
their action, inhibit binding to antigen or encourage anti-
body catabolism have a rational basis for use. There are only
a limited number of drugs that have this effect, and none is
restricted to desmoglein autoantibodies. Therefore, therapy
for PV is still based on non-specific immunosuppression.

Several uncontrolled clinical studies have demonstrated
the efficacy of IVIG in patients with moderate to severe pem-
phigus disease [39,40]. Furthermore, the influence of IVIG
administered to patients with PV was correlated strongly
with the clinical status and the reduction of desmoglein-1
and -3 titres [30,31].

The mechanism of action of IVIG is complex, involving
modulation of expression and function of Fc receptors,
interference with complement activation and the cytokine
network, provision of anti-idiotypic antibodies and modu-
lation of T and B cell activation, differentiation and effector
functions [7]. Its main mechanism in PV appears to be the
manipulation of the idiotypic network by its anti-idiotypic
antibodies.

In summary, IVIG has been suggested previously to be a
safe and effective agent for the treatment of PV. To the best of
our knowledge, this is the first study to confirm these find-
ings in a controlled set-up. Our findings prove that IVIG has
a specific inhibitory effect on anti-desmogleins-3, as demon-
strated in the competition assay, and that it prevents blister
formation in PV-experimental mice models.
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