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Abstract

Complementary DNAcloning of the 130-kD pemphigus vul-
garis (PV) autoantigen (PVA) has indicated that it is a
member of the cadherin family of Ca2-dependent cell adhesion
molecules. By homology with typical cadherins, PVAhas five
extracellular domains (EC1 through EC5). To localize immu-
nogenic domains and to determine whether antibodies against
them might be pathogenic, we produced,8-galactosidase fusion
proteins with cDNAencoding different portions of the extracel-
lular domains of PVA(ECi-2, EC3-5, and each individual do-
main). Immunoblot analysis of these fusion proteins with 23
PV patients' sera demonstrated that major immunogenic re-
gions of PVAare located on the EC1, EC2, and EC4 domains.
IgG was affinity-purified from PVsera on fusion proteins repre-
senting the amino (EC1-2) and carboxy (EC3-5) terminus of
the extracellular PVA, and injected into neonatal mice. PV IgG
affinity-purified on the EC1-2 fusion protein caused suprabasi-
lar acantholysis, the typical histological finding of PV, but IgG
affinity-purified on the EC3-5 fusion protein or,6-galactosidase
alone did not. These results indicate that at least one patho-
genic epitope, which is sufficient to cause suprabasilar acantho-
lysis in neonatal mice, is located on the amino-terminal region
of PVA, an area thought to be important in cadherin homophi-
lic adhesion. (J. Clin. Invest. 1992. 90:919-926.) Key words:
acantholysis * autoimmunity * cell adhesion * desmosome * im-
munogenic domain

Introduction

Pemphigus vulgaris (PV)' is a life-threatening autoimmune
blistering disease of skin and mucous membranes. Autoanti-
bodies from patients with PVbind the keratinocyte cell surface
and cause loss of cell adhesion with resultant blister formation
(1). PV antigen (PVA), which is defined by autoantibodies
from these patients, has been characterized by immunoprecipi-
tation and immunoblotting as a 130-kD glycoprotein (2-5).
Recently, by immunoscreening with affinity-purified PV IgG,
we have isolated cDNAclones encoding PVA from an expres-

Address reprint requests to Dr. Amagai, Dermatology Branch, Build-
ing 10, Room 12N238, National Cancer Institute, National Institutes
of Health, Bethesda, MD20892.

Receivedfor publication IO March 1992.

1. Abbreviations used in this paper: DGI, desmoglein I; FP, fusion
protein; #-Gal, cro-,B-galactosidase; IF, immunofluorescence; NHEK,
cultured normal human epidermal keratinocytes; PCR, polymerase
chain reaction; PF, pemphigus foliaceus; PV, pemphigus vulgaris;
PVA, the 1 30-kD pemphigus vulgaris antigen; TBS, Tris-buffered sa-
line.

The Journal of Clinical Investigation, Inc.
Volume 90, September 1992, 919-926

sion library reflecting mRNAsequences from normal human
keratinocytes (6). The deduced amino acid sequence of PVA
was unique, but showed marked homology with members of
the cadherin family of Ca2l-dependent cell adhesion mole-
cules.

Cadherins mediate homophilic binding and are thought to
be important in establishing and maintaining epithelial and
neural tissue integrity (7, 8). The originally described cadher-
ins include E-cadherin (also called uvomorulin) (9, 10), N-
cadherin ( 1-13), P-cadherin ( 14, 15), and liver cell adhesion
molecule (16), which are all linked to the actin filament net-
work and can be found in the cell-cell adherens-type junction
( 17). More recently described members of the cadherin super-
family include desmoglein I (DGI) ( 18-21) and desmocollins I
and II (22, 23), glycoproteins of the desmosome type of cell
adhesion junction which is linked to intermediate filaments
(17).

PVA is similar in overall structure to these other cadherins
(6). Like other cadherins, PVAhas five extracellular domains
of approximately equal size, termed EC1 (amino terminus)
through EC5 (carboxy terminus of the extracellular portion),
which, except for EC5, have homology with each other. As for
typical cadherins, in PVA the homology is greatest among
EC1, EC2, and EC3. The homology of the ECl through EC4
domains of PVA to each corresponding domain of the origi-
nally described cadherins is - 50%. However, for PVA do-
mains EC1, EC2, and EC3, the homology to the corresponding
domains in DGI, - 75-80%, is much greater than to the corre-
sponding domains in the original cadherins.

Studies using chimeric cadherin molecules between E- and
P-cadherin, amino acid substitutions by site-directed mutagen-
esis, and epitope mapping of monoclonal antibodies that in-
hibit homophilic binding, have shown that the 113 amino-ter-
minal residues (ECI and part of the EC2 domain) are impor-
tant for determining binding function and specificity of
binding (24). The highly conserved amino acid sequence histi-
dine-alanine-valine (H-A-V) of typical cadherins (7), which is
present in ECl and thought to be the center of homophilic
binding (25), is represented in PVAand DGI by the conserva-
tively substituted sequence arginine-alanine-leucine (R-A-L)
(6, 18). Furthermore, the homology of PVAwith cadherins in
these amino-terminal domains is the same across species lines,
suggesting that, inasmuch as these areas have been evolutionar-
ily conserved, they are functionally important. These observa-
tions suggest that the amino-terminal domains of PVA, like
those of the original cadherins, might be important for the bind-
ing function of PVA, and thereby contribute to the structural
integrity of the epidermis.

Therefore, in this study, we wanted to determine whether
(a) the amino terminus of PVAis immunogenic in PVpatients
and (b) autoantibodies against this portion of the molecule can
induce the loss of cell adhesion in a neonatal mouse model of
disease.
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Methods

Humansera. Sera from patients with clinically and histologically typi-
cal PV showed characteristic cell surface immunofluorescence on
monkey esophagus and immunoprecipitated or immunoblotted the
130-kD PVA (1, 5). PV sera 1238 and 1491 were obtained by plasma-
pheresis. Disease control sera were obtained from patients with clini-
cally and histologically typical pemphigus foliaceus (PF). PF is an au-
toimmune blistering disease of epidermis, in which autoantibodies
bind DGI (26-28). These PFcontrol sera showed characteristic immu-
nofluorescence findings. Normal human sera were also used as con-
trols.

Immunofluorescence. Indirect immunofluorescence with PV sera,
affinity-purified PV IgG, or sera from neonatal mice was performed on
monkey esophagus, normal human epidermis or neonatal mouse epi-
dermis as previously described (29).

Production ofPVA fusion proteins. Seven fusion proteins (FPs) that
represent different portions of the extracellular domains of PVA(EC l-
2 FP, EC3-5 FP, ECI FP, EC2 FP, EC3 FP, EC4 FP, and EC5FP) were
produced (Fig. 1 ). EC3-5 FP was referred to as MJ315 FP in a previous
paper (6). To obtain the other FPs, we used a full-length (for the coding
region) form of PVAcDNAas a substrate for polymerase chain reac-
tion (PCR) amplification. To obtain full-length PV cDNA, the ex-
tended clones of PVA cDNA, E12 and E33 (6), were cut out from
plasmids by double digestion with XhoI and XbaI, and XbaI and NotI,
respectively. The digested E12 and E33 were ligated at their common
XbaI site and subcloned into pBluescript (Strategene, La Jolla, CA), at
XhoI and NotI sites, to yield pBlue-PV which contained the full-length
form of PVA cDNA. cDNA inserts representing each domain were
excised from pBlue-PV by PCRamplification with primers that con-
tained the appropriate restriction sites for directional, and in frame,
subcloning to the pUEX1 expression plasmid vector (Amersham
Corp., Arlington Heights, IL) (Table I). pUEXI produces an FP with
cro-f,-galactosidase (#-Gal). The sequences around the cloning sites
were confirmed by DNAsequencing.

Transformants of these expression vectors were grown at 30°C in
Luria-Bertani medium; then the expression of FPs was induced by
transferring the host cells to 42°C for 2 h. Host cell pellets were then
suspended in water and stored at -70°C until use.

The correct size FPs were produced by each pUEX1 subclone, as
confirmed by immunoblotting with anti-3-galactosidase antibodies
(Tago, Inc., Burlingame, CA) and PV sera.

Immunoblotting. E. coli suspensions or proteins from cultured nor-
mal human epidermal keratinocytes (NHEK) were extracted with SDS
sample buffer with reduction, separated by SDS-PAGE, and trans-
ferred to nitrocellulose membranes (5, 6, 30). Immunoblotting with a
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Figure 1. Location of FPs representing different portions of the ex-
tracellular domains of PVA. Seven FPs were produced, the amino-
(EC1-2) and carboxy- (EC3-5) portions of the extracellular domain
of PVA and each individual domain (ECI, EC2, EC3, EC4, and
EC5). RAL indicates the portion of the arginine-alanine-leucine se-
quence, which is the same region as, and homologous to, the con-
served histidine-alanine-valine sequence of the originally described
cadherins. These sequences are hypothesized to be important in cell
adhesion. T and IP, transmembrane portion and intracytoplasmic
regions, respectively.

Table I. Summary of PVA FP

Amino acid sequency of PVApart
Cloning site

Amino Carboxy
FP 5' 3' terminus terminus Ml

kD

EC1-2 SmaI BamHI REWVKFAK--- ---TSGNEGNW 146
EC3-5 BamHI PstI EGNWFEIQ--- ---TLNNRYTG 139
ECI SmaI BamHI EWVKFAKP--- ---INDNPPVF 128
EC2 BamHI PstI SQQIFMGE--- ---VNDNFPMF 128
EC3 BamHI PstI RDSQYSAR--- ---NVREGIAF 130
EC4 BamHI PstI RPASKTFT--- ---PDFNDNCP 128
EC5 BamHI PstI TAVLEKDA--- ---YGRPHSGR 129

* Total molecular mass (Mr) of FP, which includes 116 kD of ,-Gal
contributed by pUEXI vector.

first antibody at 4°C with overnight incubation was performed with
1:50 or 1:100 dilutions of various human sera, as well as the bound or
unbound fraction of human sera passed over affinity columns. Rabbit
anti-,B-galactosidase antibody (Tago, Inc.) was also used as a first anti-
body to detect the FP. Alkaline phosphatase-conjugated goat anti-hu-
man IgG (Zymed Laboratories, Inc., San Francisco, CA) or goat anti-
rabbit IgG (Tago, Inc.) was used as a second antibody and incubated at
room temperature for 1 h (6).

Affinity purification of PV IgG. The E. coli suspension obtained
after induction of FP synthesis was incubated with '/9 vol of 0.5 M
Tris-HCl, pH 7.5, 1.5 MNaCl and l/2o vol of 10 mg/ml lysozyme at
37°C for 15 min, sonicated for 20 s on ice, and then centrifuged for 10
min at 2,400 g. The precipitated FP was partially purified by washing
sequentially with 0.5% Triton X-100 in 150 mMNaCl, 10 mMEDTA,
10 mMTris-HCI, pH 7.5, then with 2 Murea in 100 mMTris-HCl, pH
8. The remaining precipitated FP was dissolved in 8 Murea, 100 mM
Hepes, pH 7.3 and dialyzed against 50 mMHepes, pH 7.3 overnight.

Approximately 5 mg of purified FP was coupled to 3-5 ml of
washed Affi-Gel 10 beads (Bio-Rad Laboratories, Richmond, CA) in
50 mMHepes, pH 7.3, by mixing overnight at 4°C. The gel slurries
were loaded into mini-columns (Bio-Rad Laboratories) and washed
sequentially with several column volumes of 50 mMHepes, pH 7.3,
followed by Tris-buffered saline (TBS): 150 mMNaCl, 10 mMTris-
HCI, pH 7.5. The coupling of FPs to Affi-Gel 10 was confirmed by the
disappearance on SDS-PAGEof the FP bands. 10-50 ml of PV sera
diluted three times with TBS was run over each column with continu-
ous recirculation for 12-48 h. Sera that passed through the column
were collected as the pass-through fraction. The columns were washed
extensively with TBSto remove unbound components. Bound antibod-
ies were eluted from columns with 50 mMglycine, 500 mMNaCl, pH
2.3, immediately neutralized with '/5 vol of 2 MTris-HCI pH 7.5, and
dialyzed against PBS pH 7.4, at 40 overnight. The quality of eluted
affinity-purified antibodies, as well as sera depleted of FP reactivity,
were checked by indirect immunofluorescence (IF) and immunoblot-
ting against NHEKextracts. Finally, eluted antibodies were concen-
trated down from - 15 ml to 150-300 gl with microconcentrators
(Centricon 30, Amicon, Beverly, MA) to inject into neonatal mice.
From the pass-through fraction of PVsera, IgG was prepared by precipi-
tation with 40%ammonium sulfate, dialyzed against PBS, and concen-
trated to - 100 mg/ml.

Neonatal mouse model of PV. Concentrated antibodies from the
affinity-purified or pass-through fractions from PV sera were injected
subcutaneously into neonatal BALB/c mice (< 24 h of age) through a
30-gauge needle as described previously (31, 32). Neonates were exam-
ined and biopsied 18 h after injection. Serum was obtained from mice
at this time and assayed for human PV antibodies by indirect IF. Skin
was studied by light microscopy for evaluation of histological changes
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and by direct IF for detection of in vivo bound PV antibodies on the
cell surface.

Results

Major immunogenic regions of PVA are on extracellular do-
mains ECI, EC2, and EC4. To determine the immunogenicity
of the extracellular domains of PVA, we produced seven /3-Gal
FPs that represent different regions of the extracellular do-
mains of PVA (Fig. 1 and Table I). EC1-2 FP and EC3-5 FP
represent amino- and carboxy-terminal portions, respectively,
of extracellular PVA. FPs representing each extracellular do-
main, ECI-EC5, were also produced. These FPs, as well as
extracts of NHEKcells cultured in high Ca2+ to induce in-
creased PVAsynthesis (6), were subjected to immunoblot anal-
ysis with 23 PV sera, 15 PF sera, and 5 normal sera. To exclude
the possibility that some of these sera had antibodies against
,3-Gal core protein, which would give pseudopositivity, ,B-Gal,
produced by the pUEX1 expression vector without an insert,
was always applied to gels with these FPs. None of the sera we
tested reacted strongly with /-Gal by immunoblot. The posi-
tion of the FPs and /3-Gal on these immunoblots was con-
firmed by staining with rabbit anti-/-Gal antibodies.

Table II summarizes the results of immunoblot analysis
and Fig. 2 shows representative immunoblots. 12 of 23 PV sera
reacted with EC1-2 FP, and out of these 12 sera 11 and 10 sera
recognized EC1 FP and EC2 FP, respectively. EC2 FP was also

recognized by one additional PV sera that did not bind to ECl-
2. EC3-5 FP was bound by 6 PV sera out of the 23, and 5 of
these 6 sera also bound to the EC4 FP. The EC4 FP was recog-
nized by an additional three sera which did not bind to the
EC3-5 FP. The EC3 FP and EC5 FP were recognized by only
one serum each. All sera that recognized any of these FPs also
bound the 130-kD PVA from extracts of NHEK. Moreover,
four sera that bound the 1 30-kD PVAfrom NHEKextracts did
not recognize any of these FPs. Two sera did not bind the PVA
from NHEKextract and did not recognize any of these FPs.
None of 15 PF sera nor 5 normal control sera recognized any of
these FPs.

These results indicate that major immunogenic regions of
PVAare on the EC1, EC2, and EC4domains, as determined by
this type of immunoblot assay.

Affinity purification of PV IgG. Because the amino-ter-
minus of cadherins is thought to be important for homophilic
binding interactions, we attempted to determine whether PV
antibodies directed against this region, as opposed to the car-
boxy-terminus of the extracellular PVA, are pathogenic. PV
IgG was affinity-purified on EC1-2 and EC3-5 FP columns
from two PVsera ( 1238 and 1491 ). These PVsera were chosen
because we had large quantities obtained by plasmapheresis. A
/3-Gal affinity column was used as a control to eliminate the
possibility of nonspecific binding of PV IgG to these affinity
columns. Affinity-purified IgG from 10-50 ml of PV sera was
examined by indirect IF and immunoblotting. Antibodies af-

Table II. Immunoblot analysis of PVAFPs with PVPatients' Sera

No. PV sera ECI-2 EC3-5 ECI EC2 EC3 EC4 EC5 NHEK* IIFt

1 1338 ++§ + ++ + - + - ++ 1280
2 1181 + ++ + + - ++ - + 80
3 1405 ++ - + + - + - + 640
4 1213 ++ - + + + + - + >320
5 1406 ++ - ++ + - - - ++ 40
6 443 ++ - ++ + - - - ++ 160
7 305 ++ - ++ + _ - - ++ 320
8 1404 + - ++ + - + - ++ 160
9 1407 + - + + - - - ++ 160

10 709 ++ - ++ - - - + ++ >320
11 820 ++ - ++ - - - - ++ 160
12 1408 + - - ++ - - - + 160
13 1238 - ++ - - - ++ - ++ >320
14 951 - ++ - - - + - ++ 80
15 972 - + - - - ++ - + 160
16 1364 - + - - - - - + >320
17 633 - - - + - - - + 160
18 1491 - - - - - - - + >160
19 1042 - - - - - - - + 160
20 1090 - - - - - - - ++ 640
21 813 - - - - - - - + 1280
22 913 - - - - - - - - 80
23 1403 - - - - - - - - 640

Total 12 6 11 11 1 8 1 21

* NHEKindicates immunoblot results on extracts of NHEKcultured in high Ca2" medium; + denotes positive staining of the 130-kD band.
IIF indicates indirect immunofluorescence titer of sera on monkey esophagus. § ++, +, and - indicate strongly positive, positive, and

negative staining, respectively.
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Figure 2. Immunoblot analysis of PVAand PVAFPs with PV and PF
sera. NHEKextract and the seven FPs were incubated with two PV
sera (lane 1, serum 1238; lane 2, serum 820) and one PF serum (lane
3). Arrowheads indicate the positions of the 1 30-kD PVA from
NHEKextracts and each individual FP. The positions of FPs were
confirmed by anti-a-Gal antibodies (not shown).

finity-purified on both EC1-2 and EC3-5 FPs stained the cell
surface of monkey esophagus, normal human epidermis, and
neonatal mouse skin in the same pattern as do PV sera, but
with much less background (Fig. 3, B-G). The titers of concen-
trated IgG affinity-purified on EC1-2 and EC3-5 FPs were both
- 640 on normal human skin, 320 on monkey esophagus, and
320 on neonatal mouse skin. Both of these affinity-purified
IgGs recognized the 130-kD PVA on immunoblot (Fig. 4,
lanes 7 and 8). IgG that nonspecifically bound f-Gal did not
show any reactivity to the keratinocyte cell surface by immuno-
fluorescence (Fig. 3 A) nor the 1 30-kD PVA by immunoblot
(Fig. 4, lane 9). IgG affinity-purified on EC3-5 FP from PV
serum 1238 recognized EC3-5 FP (Fig. 4, lane 2), but IgG
affinity-purified on EC1-2 FP or fl-Gal did not (Fig. 4, lanes I
and 3), indicating the specificity of these affinity-purified IgGs.
The pass-through IgG from the EC3-5 FP column, but not
from the EC1-2 FP or f-Gal column, showed depletion of the
reactivity against the EC3-5 FP (Fig. 4, lanes 4-6). The pass-
through IgG from the ECl -2 and EC3-5 FP columns had di-
minished reactivity against the 1 30-kD PVAon immunoblot,
compared with the pass-through IgG from the fl-Gal column
(Fig. 4, lanes 10-12).

These high-titer, affinity-purified IgGs provided reagents to
examine the pathogenicity of antibodies directed against the
EC1-2 and EC3-5 regions of PVA.

PVIgG directed against the amino terminus of the PVA is
pathogenic in neonatal mice. PV IgG affinity-purified on EC1-
2, EC3-5, and f-Gal FPs were injected subcutaneously into
BALB/c neonatal mice which were examined 18 h after injec-
tion (Table III). IgG affinity-purified on EC1-2 from both PV
sera 1238 and 1491 caused suprabasilar acantholysis, the char-
acteristic histological finding of PV (Fig. 5, A and B). This
suprabasilar acantholysis was observed in all the mice injected
with IgG affinity-purified on EC1-2. In addition, the skin of
these mice showed human IgG deposition on the cell surface of
epidermis by direct IF (Fig. 5, B and C), and the titer of human
PV IgG in the sera of these mice was 20-80, as determined by
indirect IF on monkey esophagus. However, gross blister for-
mation was not observed in any of these mice. In contrast to
IgG affinity-purified on EC1-2, PV IgG affinity-purified on
EC3-5 failed to induce acantholysis in any of the mice injected,
even though the titers of human PV IgG in these mice sera were
equivalent to those of mice injected with IgG affinity-purified
on EC1-2 (Table III). However, in spite of similar serum titers
of PV IgG, direct IF in the skin of mice injected with IgG
affinity-purified on EC3-5 was negative or weaker than that of
mice injected with IgG affinity-purified on EC1-2 (Fig. 5, C
and D). Mice injected with IgG bound to the fl-Gal column
showed negative direct IF and negative indirect IF and did not
show acantholysis (Table III).

These observations indicate that EC1-2 contains at least
one pathogenic epitope which is sufficient to cause suprabasilar
acantholysis in neonatal mice and provide the first direct evi-
dence that the same antibodies that bind PVA are pathogenic
in PV.

To determine whether the epitope( s) that we identified on
ECI-2 is (are) the only pathogenic epitope(s) on PVA, we
injected neonatal mice with IgG from PV sera that were de-
pleted of EC1-2 FP reactivity by passing them over an EC1-2
FP column. The pass-through IgG from this EC1-2 FP column
did not bind EC1-2 FP on a second column, as shown by nega-
tive indirect IF of the eluted IgG from this second column. This
EC1-2 pass-through IgG, depleted of EC1-2 FP reactivity, was
able to induce not only histological suprabasilar acantholysis,
but also gross blisters, in these mice. This observation indicates
that the EC1-2 FP column could only absorb out a small por-
tion of the pathogenic antibodies from PV sera and that PVA
has other pathogenic epitope(s), which, most likely, are con-
formational epitopes that were not generated by this bacterial
FP system.

Discussion

In this study, we aimed to determine whether some regions of
PVA are more immunogenic than others and to study the
pathogenicity of PV antibodies against specific domains. The
homology of PVAwith cadherins led us to hypothesize that the
amino terminus of the extracellular PVA might be important
for keratinocyte cell-cell adhesion. We further hypothesized
that patients' autoantibodies against PVAmight directly inter-
fere with this binding region and cause loss of cell adhesion and
resultant blister formation. Therefore, we first determined
whether PV IgG showed preferential binding to the amino ter-
minal region of PVA, and then determined whether antibodies

922 Amagai et al.
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Figure 3. Indirect IF of IgG affinity-purified on EC1-2 FP, EC3-5 FP, and ,B-Gal columns. (A-C) Monkey esophagus, (D and E) normal human
skin, and (F and G) normal neonatal mouse skin were incubated with IgG affinity-purified on the EC1-2 FP (B, D, and F), the EC3-5 FP (C,
E, and G), and,-Gal (A). XlOO.

against this region were pathogenic in a well-established neona- 2 FP, and most of them also reacted with EC1 FP and EC2 FP.
tal mouse model of disease. A quarter of the sera reacted with EC3-5 FP, and most of them

Seven different FPs, which represented different portions of reacted with EC4 FP, but not with EC3 or EC5 FP. These
PVA, were produced. About half of the sera tested bound EC1- findings indicate that there are major immunogenic regions of

Pathogenic Domains of Pemphigus Vulgaris Antigen 923



1 234 5 6 7 8 9 10 1112 Table III. Passive transfer ofAffinity-purified IgG to Neonatal mice

Number
of mice

Suprabasilar
DIF* IIFt acantholysisO

3 ++ 40-80
5 - 80-160
4 -

2 ++ 20-40
2 + 40-80

ND

+

+

* Direct IF on neonatal mouse skin with FITC-conjugated anti-
human IgG antibodies. t Indirect IF titer on monkey esophagus with
mice sera at the time of biopsy (18 h after injection). § + indicates
suprabasilar acantholysis was observed by light microscopy. ND, not
determined.

Figure 4. Immunoblot analysis of affinity-purified IgG and pass-
through IgG of PV serum 1238 from EC1-2 FP, EC3-5 FP, and fl-Gal
columns. EC3-5 FP (left panel) and NHEKextract (right panel) were
incubated with IgG affinity-purified on EC1-2 (lanes I and 7), EC3-5
(lanes 2 and 8), fl-Gal (lanes 3 and 9) and pass-through IgG from
EC1-2 (lanes 4 and JO), EC3-5 (lanes 5 and 11), and fl-Gal (lanes 6
and 12). Arrowheads indicate the position of the EC3-5 FP and the
1 30-kD PVA, respectively.

PVAon the amino-terminal EC1 and EC2 domains. However,
some PV sera contained antibodies that bound the more car-
boxy-terminal extracellular domain (EC4).

To characterize potentially pathogenic domains of PVA,
IgG was affinity-purified using EC1-2 and EC3-5 FP columns
from two PV patients' sera (1238 and 1491). On immuno-
blots, serum 1238 recognized the EC3-5 FP but not the EC1-2

Figure 5. Histology and direct IF of mice injected with IgG affinity-purified on EC1-2 and EC3-5 FPs. (A) Histology and (B) direct IF of the mice
injected with IgG affinity-purified on EC1-2 show suprabasilar acantholysis and cell surface IF staining, both typical of PV. The staining intensity
of the direct IF on epidermis from the mice injected with IgG affinity-purified on EC1-2 (C) is stronger than that of the mice injected with IgG
affinity-purified on EC3-5 (D).
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FP, whereas serum 1491 did not bind either FP. Nevertheless,
nondenatured EC1-2 and EC3-5 FPs were able to bind and
affinity-purify IgG from both of these sera. These affinity-puri-
fied IgGs bound the cell surface of monkey esophagus, human
epidermis and neonatal mouse epidermis by indirect IF (Fig. 3,
B-G) and recognized the 130-kD PVAby immunoblot (Fig. 4,
lanes 7 and 8). Control experiments showed that eluted IgG
from fl-Gal affinity columns was negative by indirect IF (Fig. 3
A) and immunoblot (Fig. 4, lane 9). These findings suggest
that nondenatured FPs may also express some native epitopes
which are destroyed on these FPs by the denaturing conditions
of immunoblotting.

In the neonatal mouse model of PV, IgG affinity-purified
on EC1-2 could cause suprabasilar acantholysis in the epider-
mis, the characteristic histological finding of PV, but IgG affin-
ity-purified on EC3-5, even though of equivalent IF titer, could
not. Therefore by homology with original cadherins, we specu-
late that antibodies against the amino-terminal domains of
PVAmight directly interfere with the binding domain of PVA
and initiate suprabasilar acantholysis.

In neonatal mice injected with IgG affinity-purified on
EC3-5, direct IF was weaker than that of the mice injected with
IgG affinity-purified on EC1-2. However the indirect IF titers
of sera from the mice injected with EC3-5 IgG were equivalent
to those of the mice injected with EC1-2 IgG, when tested on
both monkey esophagus and neonatal mouse skin. These ob-
servations suggest that epitopes expressed on the EC3-5 FP are
somewhat hidden or masked in vivo.

It is potentially significant that the IgG affinity-purified on
EC1-2 caused only microscopic blisters, but did not cause gross
blisters. This finding was probably not due simply to low
amounts of injected PV IgG because the indirect IF titer of sera
from mice injected with IgG affinity-purified on EC1-2 was
20-80, which is high enough to cause gross blisters (31, 32).
Furthermore, in some experiments, the IgG affinity-purified
on EC1-2 was prepared from as much as 50 ml of PV sera,
concentrated down to 150 ,ul, and injected into one mouse.
That antibodies against epitopes other than expressed on the
EC1-2 FP are pathogenic was shown by using PV IgG depleted
of reactivity against the EC1-2 FP. This IgG caused gross blis-
ters in neonatal mice. Wespeculate that, although antibodies
affinity-purified against the amino-terminal domain of PVA
can clearly initiate blister formation, antibodies against addi-
tional epitopes might augment blister formation, perhaps
through the induction of proteinase release (33) or comple-
ment activation (34, 35), which may be necessary to destroy
additional adhesion molecules on keratinocytes.

The findings of this study provide the first direct evidence
that the 1 30-kD PVA is a pathogenic autoantigen of PV and
indicate that the autoantibodies against the amino-terminal
cadherin-like binding domain of PVAare sufficient to initiate
suprabasilar acantholysis. Identifying other pathogenic epi-
topes should help to further understand, not only the function
of PVAas an adhesion molecule, but also the pathophysiology
of this disease.

Wethank Dr. Grant Anhalt (Johns Hopkins University) for advice on
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moto and Takeji Nishikawa (Keio University) for PV sera, and Drs.
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tutes of Health) for reviewing the manuscript.
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