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Bullous pemphigoid is an inflammatory subepider-
mal blistering skin disease associated with an IgG
autoimmune response to the type XVII collagen.
The immunopathologic features of bullous pemphi-
goid can be reproduced in mice by the passive trans-
fer of anti-type XVII collagen antibodies. In this
model, it is thought that blister formation depends
upon complement activation, neutrophil recruit-
ment, and some proteolytic enzymes. In this study,
we cloned hamster type XVII collagen cDNA, which
contains a 4296 bp coding region and which is pre-
dicted to be a transmembrane protein with an extra-
cellular collagenous domain, residing in type II
orientation. Antipeptide antibodies (anti-1191 IgG)
were obtained against a segment of hamster type
XVII collagen homologous with the human type
XVII collagen autoantibody-reactive site. The anti-
peptide antibodies were passively transferred to neo-
natal Syrian hamsters. The injected hamsters
developed a microscopic subepidermal blister as seen

previously in the mice. In order to test whether anti-
gen—antibody complexes and complement initiate
the subepidermal blister formation, we carried out
experiments in vitro on condition that inflammatory
cells were completely eliminated. Complement activ-
ation in sera was inhibited either by heating (at 56°C
for 30 min) or by preincubating with cobra venom
factor. When the hamster skin was incubated with
fresh anti-1191 antisera, separation of dermal—epider-
mal junction was observed. The anti-1191 IgG failed
to induce C3 deposition and dermal—-epidermal junc-
tion separation, however, if the anti-1191 IgG was
added alone or complement activation in sera was
inhibited. Under these conditions, IgG but not C3
was deposited on the basement membrane. These
results strongly suggest that antigen—antibody com-
plexes and complement initiate dermal—epidermal
junction separation. Key words: autoimmunity/basement
membrane/collagen/skin. J Invest Dermatol 118:485—492,
2002

ullous pemphigoid (BP) is an autoimmune bullous

dermatosis characterized by subepidermal blisters, a

dermal inflammatory infiltrate, and the deposition of

autoantibodies and complement along the dermal—

epidermal junction (DEJ) (Jordon et al, 1967).
Ultrastructural studies have shown that the DEJ separation in BP
lesions occurs through the lamina lucida, the electron-lucent region
that separates the basal cell plasma membrane from the underlying
basal lamina (Schaumburg-Lever et al, 1972; Dvorak et al, 1982).
This split is accompanied by an extensive inflammatory infiltrate
and the destruction of hemidesmosomal and extracellular matrix
components (Schaumburg-Lever et al, 1972; Dvorak et al, 1982;
Anhalt and Morrison, 1993).
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One of the main antigenic targets of BP autoantibodies is a
180 kDa hemidesmosome-associated glycoprotein designated as
type XVII collagen (also known as BPAG2 or BP 180). It consists
of an intracellular domain at its N-terminus, a transmembranous
segment, and an extracellular domain (Mutasim ef al, 1985; Labib
et al, 1986; Diaz et al, 1990; Giudice et al, 1991, 1992). The
extracellular domain of type XVII collagen contains a series of
collagenous domains that is interrupted by 16 (14 in murine) minor
noncollagenous (NC) domains at the C-terminus (Giudice et al,
1991; Li et al, 1993). Structural studies have shown that the type
XVII collagen ectodomain exists in a multimeric rod-like con-
formation (Hirako et al, 1996; Balding et al, 1997). BP
autoantibodies react with at least four distinct antigenic sites on
the type XVII collagen ectodomain, all of which are clustered
within a 45 amino acid NC stretch in the NC16A domain adjacent
to the transmembrane domain (Giudice et al, 1993; Zillikens et al,
1997).

Liu et al (1993) have described a mouse model of BP that
involves the passive transfer of antibodies directed against mouse
type XVII collagen. Neonatal BALB/c mice injected with these
antibodies develop a blistering skin disease that exhibits all of the
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key immunopathologic features of BP. Using this animal model,
the researchers have shown that the antibody-induced lesion
formation is dependent on complement activation (Liu et al, 1995)
and the neutrophil infiltration of the upper dermis (Liu et al, 1997).
The blockage of neutrophil recruitment into skin sites resulted in
the neutralization of the pathogenic activity of antimouse type
XVII collagen antibodies in mice. Proteinases and reactive free
radicals from infiltrating inflammatory cells have been implicated as
effector molecules contributing to tissue damage in BP lesions
(Jordon et al, 1985; Gammon, 1989). Neutrophil granules contain a
variety of proteolytic enzymes, including elastase, cathepsin G,
collagenase, and gelatinase B, which are known to degrade specific
proteins of the extracellular matrix (Senior and Campbell, 1983;
Janoff, 1985; (Weiss, 1989). Upon cell activation, these enzymes
are secreted into the pericellular space (Weiss, 1989). The DE]
separation triggered by pathogenic anti-type XVII collagen IgG
could be due to the proteolytic activity of the neutrophil elastase
alone or in concert with gelatinase B, cathepsin G, and/or other
proteolytic enzymes (Liu et al, 2000).

It is possible, however, that the complex of the anti-type XVII
collagen IgG and the complement by itself damages epidermal basal
cells to trigger clinical blister formation, because the deposition of
C3 on the antigen—antibody complexes induces the assembly of the
C5b-9 complex (Podack et al, 1982). The C5b-9 complex damages
basal cells and may initiate blister formation in BP.

We cloned the hamster type XVII collagen cDNA and obtained
antipeptide antibodies against the antigenic sites of the molecule.
Using the antibodies we investigated the initial step of blister
formation in vitro. The examination revealed that incubation of the
skin caused DE]J separation with the antibodies in the presence but
not in the absence of the complement.

MATERIALS AND METHODS

cDNA cloning and sequence analysis We isolated hamster type
XVII collagen ¢cDNA with a polymerase chain reaction (PCR) cloning
strategy. The total RNA was extracted from neonatal hamster skin
(under 24 h old) using ISOGEN (Wako Pure Chemical Industries,
Osaka, Japan). The first strand ¢cDNA was reverse transcribed from the
RNA using RNA LA PCR kit ver. 1.1 (Takara, Shiga, Japan). PCR
amplification of the ¢DNA was achieved with primers and LA Taq
DNA polymerase (Takara). The primers were designed on highly
conserved regions of type XVII collagen ¢cDNA of both humans and
mice. To extend the nucleotide sequence toward the 5” end of the
cDNA, rapid amplification of the cDNA 5" end (RACE) was applied.
For the RACE cloning, hamster double strand ¢cDNA with a 5 blunt
end was synthesized using DNA synthesis module RPN 1256
(Amersham Life Sciences, Buckinghamshire, U.K.), and the 5" blunt end
cDNA was combined with oligonucleotides 5-GTAATACGACTC-
ACTATAGGGCACGCGTGGTCGACGGCCCGGGCTGGTG-3" and
HN-CCCGACCAC-PO4. The adapter-linked cDNA was amplified by
PCR using the sense primer 5-AATACGACTCACTATAGGGCA-
CGCGTGGTC-3’, which binds to the adapter sequence, and the
antisense  primer, 5-AGATGCGAGTTCCTTCCGTGGGTACTC-
AGG-3'.

Similar strategies were utilized to clone the 3" end of the type XVII
collagen ¢cDNA. Specifically, the first round of PCR was carried out
with a sense primer, 5~ATCGGCCCAGGAGGAGGTTATG-3" and an
antisense primer, 5-GTTTTCCCAGTCACGAC-3" (M13 primer M4;
Takara). After this amplification, nested PCR was performed with the
nested sense primer oligomer with the sequence 5-CTGGAGACC-
TGGATTACAAC-3" and M13 primer M4 using the prior PCR product
as a template. The PCR product was cloned into vector pGEM-T Easy
(Promega, Madison, WI) and subjected to DNA sequence analysis.

Chemical synthesis of oligopeptide In human pemphigoid, the 45
amino acid stretch of type XVII collagen contains all the major epitopes
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of the molecule (Zillikens et al, 1997). We cloned hamster type XVII
collagen cDNA and compared the deduced amino acid sequence with
that of human type XVII collagen to identify the hamster type XVII
collagen epitope. The epitopes, amino acids 495-512 and 513-532,
peptides 1190 and 1191, respectively, were synthesized on an Applied
Biosystems 430 A peptide synthesizer. The peptides were then purified
by using a reverse-phase high performance liquid chromatograph
(Applied Biosystems model 150 A) equipped with an Aquapore Prep-10
C-8 column with a linear gradient of 0%—60% acetonitrile in 0.1% (vol/
vol) trifluoroacetic acid.

Immunization and immunologic assays Antisera were obtained
from young adult rabbits immunized with peptides 1190 and 1191, and
were tested for binding with hamster type XVII collagen by immunoblot
analysis. They were purified through affinity chromatography on
immobilized peptide columns.

Indirect immunofluorescence Sera obtained from immunized rabbits
and purified anti-1191 IgG were assayed for antibody titers by indirect
immunofluorescence using neonatal hamster skin as substrate (Roscoe et
al, 1985).

Preparation of hamster skin extracts The neonatal Syrian hamster
skin was washed with cold phosphate-buffered saline (PBS) and the
dermis was removed as much as possible. The skin was cut into strips
and incubated in PBS containing 2 mM ethylenediamine tetraacetic acid
and 1 mM phenylmethylsulfonyl fluoride (PMSF) at 4°C for 48 h with
one buffer change. The epidermis was separated and extracted according
to the method described by Labib ef al (1986), but with several
modifications. Briefly, the epidermis was homogenized on ice for 30 min
with 5 ml of 1.5% sodium dodecyl sulfate (SDS), 0.01 M Tris—HCI
buffer (pH 6.8) supplemented with 5% 2-mercaptoethanol, 2 mM PMSF
(Sigma Chemical, St. Louis, MO), and 10 pug per ml of pepstatin A,
antipain, leupeptin, and chymostatin (Sigma Chemical). This was boiled
for 5 min and centrifuged at 15,000¢ for 30 min. The supernatant was
harvested and stored at —80°C until use.

Immunoblotting The skin extracts and sera were analyzed by SDS
polyacrylamide gel electrophoresis (PAGE) under reducing conditions
and nonreducing conditions, respectively, according to the method of
Laemmli (Laemmli, 1970). Immunoblotting was carried out as described
by Towbin et al (1992). Antipeptide antisera were diluted 10-fold with
TBS buffer.

Administration of the anti-1191 IgG and animal evaluation
Neonatal Syrian hamsters (under 24 h old) were injected intraperitoneally
with the purified anti-1191 IgG or control IgG. Doses of the anti-1191
IgG ranged from 0.04 to 5.0 mg per g body weight, and the dose of the
control IgG was 5.0 mg per g body weight. The hamsters were
examined 24 h after the intraperitoneal injection of anti-1191 IgG. The
cutaneous change was examined by the extent of epidermis being lifted
away from the dermis by tweezers. For histochemical and
immunohistochemical studies, the non-fixed hamster skin was frozen in
OCT compound. Sections of the skin were incubated with biotinylated
anti-rabbit IgG. After the incubation they were washed with PBS and put
back into incubation with horsesradish-peroxidase-labeled streptavidin.
Goat anti-human C3 antibody was found to cross-react with hamster C3
on immunoblotting (data not shown). Therefore, the deposition of C3
was examined with goat antihuman C3 antibody and peroxidase antigoat
IgG. This process was followed by a reaction with diaminobenzidine and
counterstained with hematoxylin.

Incubation of hamster skin in the immunized serum The skin was
obtained from neonatal hamsters (24 h old) and cut into 10 X 10 mm
strips with a razor blade. They were incubated with fresh anti-1191
antisera, heat-inactivated (at 56°C for 30 min) fresh anti-1191 antisera,
anti-1191 antisera preincubated (at 37°C for 60 min) with 2.5 unit cobra
venom factor (CVF) (Venom Supplies, Tanunda, Australia), heat-
inactivated fresh anti-1191 antisera plus fresh normal rabbit sera, purified
anti-1191 IgG plus Dulbecco’s modified Eagle’s medium (DMEM),
purified anti-1191 IgG plus fresh normal rabbit sera, and purified anti-
1191 IgG plus fresh normal rabbit sera preincubated with CVF or
control nonimmunized rabbit sera at 37°C for 12 h. All sera and purified

Figure 1. Hamster type XVII collagen cDNA and the deduced amino acid sequence. The deduced amino acid sequence revealed that hamster
type XVII collagen consists of a large NC domain (NC-1), amino acids 1-569, and a C-terminal collagenous domain consisting of 14 separate segments
with a Gly-X-Y repeating sequence (underlined). The NC-1 domain is predicted to contain the transmembrane domain (amino acids 472-493, bold
and underlined). The six potential N-glycosylation sites are shown in bold face.



VOL. 118, NO. 3 MARCH 2002

1 ATGGATETGACCAAG AAMAACAAGL GAG ATGGC AC TGAGE TCACCEAGAGA
1 MDY TKEKMNMEKRDGTEVYTER

52 ATTETEIEGMATEETAKT(AMK(ATEE"‘ZU(WG
18 I VT EIVYTTRILTSLPP 6

103 A6CACCAGCAATE GATATGL TAMGACAS6C TCTCTCREC6GI6 GAMGTCGG
35 § TS NGYAKTGE S LGEG6E6 SR

154 CTAGAGAAAC AMGCCTE AC TCATE GCAGC AGCGECTACATCAM TCAMG T
52 L EK Q@ S LTHGS S&Y INSS

205 WE&UT(ESKGCAKETKUE[T(EJ&TI’A(EMEKIICA
69 6 S I R &

256 OC6GCCTCCACCC TGCOC AACTT TCCAGGC TCCACCTTCE AMGE AMAMAC T
8 P A S T L P NS PGESTFERKT

387 CACATGAL CCGOCATGRAAC CTACE AAG 66 AGC TCCAGCEGLAAC TCCTCC
W3 H M T RHGETVY EG S S S GNS S

358 CCTGAGTACCCACGGAMS GAM TCECATCTTCTGC AM CAGIG GGCEAMGC
26 P E Y PRKELAS S ATREGRS

W9 CAAMC ACGAS ARRGCGAAAT TCE A6 TTCGACTGCAGAG TECETCTCCATCC
132 Q TR ES EIRVYVYRLQS 4SPS

%0 IC&ANE&EEMEWGAMKAME\ITTECYTWE)&CEEA
154 ¥ TELDEVYKRLILEKSE

511 TCTGCAAG TG CGAGTCOC AC CAG GAMCACC TCCAGCAC ACTCCCCATCCCC
71 $ A S ASPTRBRTS ST LPIP

562 ANGAAMGGCACCE TG6ME ACCAARTEG TG ACAGC AMGCTCCC ACTCAGTA
188 K K 6 TV ET K MY TAS SHS VY

613 TCAGE AL CTATE AC ADE AC A6C AC TG6 AL ACCAACCTTCCCTCCCAC ATG
205 $ 6 T YD TTALDTMNLGPSHM

664 TeG TCCTCCACCT TGCCTEC MGG GTCCTCC ATGGGGACCTATT ACAAL AAC
22 %5 S TLPAGS S MNGETYHNR

ns ATEKM[EEMTUT[E(T'IT(AJLNIMTEETITEM[ABSE
239 MT T QS S 5S L LNTNA s G

766 TCAGTCTTCG6AATGCCAA TAACATE6CG TCC TECTC TCCCACCCTGCTC
256 S VF & M P NN MASCSPTLL

817 OCCGEACTCAGCAGC TRC TCCTUGE TET TT6GC AT GCAMMAM CTR6CC
23 P 6 L S S C S S ¥V FGMWQMNNLA

868 CCCABCTCTTCGE TCCCAGE (CACEGCACAMCACCRC TCCCACAGCATAT
200 P S S S VP AHGETTTAPTAY

919 GECOTEAAGAAMAAL GTE OC ACAGC CACCCACTGTCACCAGCACCEETETG
37 6 VK KNY¥YPQPPTVYTSTEGY

970 TCCAC TTC TGCCACC THC AC CAC CAGCE TC CAGAG TRACGATC TCTTGCAT
324 S TS ATCTT SVY¥QSDDLLH

1821 AMGACTGCAAGT TCCTEAT TCTE AGAAAGAL AA TETACCCTCC AAG AAG
341 K D C X F LILEKDNYTPS KK

1072 GASATGEAAL TCT TGATC ATGAL CAMGE AL AGCGG6AMGE TCTTCACTECC
358 E M E L L IMTKDSGNKVYFTA4

1123 TCCCCTECCAGTE TCTUTAC AAL TTCCTTT TCAGAAGACACCC TG AARAAG
375 S P A S ¥ S TT SFSEDTLKEK

1174 GARAAGCAGECTGCATATGCC6C TE ACE CATGL CTAMGECAG ATATAART
392 EK QG AAY AADACLEK ADIN

1225 GGAGACCTAAATACTGTE TC CAC AAAMGEGL ANG GCCACCTCCE TAGAAAAC
409 6 D L M TV ST KGKAT SV EN

1276 CATAACTATE ACCGAG6C G6 (66 CAGTE6C 6GTGE AL CAGMG 6 66C 66 T
26 H N Y DRGGEGEGE S 6G6G& ARG EG

1327 G6CAGCE6 TEETGGAGEC 56 T66 (6 6AGEAMC TRGEECECTE CGCCTRCC
43 6 S G 6 G 666G 66T Y¥E A AP A

1378 T66 T6CCCCTELGGL TOC TECTGCABL T6G TG AMATGEGL TBL TEE6CLTG
4% ¥ CP CGSCCSTYVWK ®LLGEL

1429 CTECTCACCTGOC TGCTECTGCTEE GTC TGCTE TT TGECC TCATTGCTCTG
47 L L 7T WL L L L 6L LEGE LY AL

1480 GLEGAGEAGE THASGAMG CTEAANG 6L GAGTEGACGAGL THE A6 AGG ACC
¥4 L EE VYR KLKARVYDETLERT

1531 AGGGTGCAGTATT TTGAAGACAAGACEE AG AGARG TAGCANGE ACCETCTC
511 R VQ YF EDKTERTS S KDRIL

1582 CT666 TEACATGC CCGELGTEE66C CCEGATTAGECAANGCIE AGCTEEAT
528 L 6D MP &Y G PGBELGKAELD

1633 GECCACAGCCAGGE AGGOE ATCTEGL TETTTGTEAGGAACAMGE TEATG ACA
545 6 H $ Q E A I P L FVRNKLMT

1684 GAACABEAAAACG GAAATCTCCE A6 GAAAL CCTGE TOC AAAE 6TEAC ATG
562 E Q E N G N LR G NP GP KGDN

1735 GGAMG TCAAG 60C C TAAGE AGACC 6AG 6CCTTCC TREGACCE CAGGAATT
529 6 S 0 6 P K 6 D R 6 L P 6 T A 6 T

1786 OCTGEECCCC TGEGCCAC OC (GG CCCAG AMGGACC AMGE GAC AAAMGGC
56 P 6 P L G H PG PEGPKGQOQKSTE

1837 AGCATTEG A6 ATCCTGEC ATGGAM GAC CC ATAGE CCAGAGAE GACTAGAA
613 5 I 6 D P & W E 6 P IGQRGE L E

1888 GECCCCATEEGACCTCETEE TEAM CTEGGCCTCC TREGTCTEGAGAG ARG
630 6 P M 6 P R 6 E PGP P 6 5 6 EK

1939 GEAGACAG A6 GGATTECTGE AGAML ME6TCCTCGABECC TCCCTEETATC
647 6§ D R 6 I A & E Q0 6 P R & L P 6 ¥

199¢ (QCAGG TTC TG TGG 6 TCOC AG 466 TC CCAATGGC TC TCC TEGTU CACAGEG A
664 P 6 S ¥ 6 P R 6 P NG S P G P QG

2041 OCCCCAGGCTCTACGEETOCCCAMG 66C TCCGAGG TRAMG TE6 GACTCCC T
681 P P 6 S T 6 P Q 6 LR GE VY E L P

2092 GETGTCAAAS TG AC AAAGE MCTTEC66 66 CCCCC ARG ACCCARMEGETRAL
698 6§ V K 6 0 K 6 | A § P P § P K GO

2143 CAGGECEAGAME GACOC A6 466 CC TCACAGGE6AGOC TEGCE TRCELEG T
715 0 6 E X 6 P R G L TGEP G VYRGE

153

170

187

663
k38
238

%5

R

887

323

1020
3%

17
357

1122
34

1un
391

1224
"

1275
@5

1326
“@

1377
<9

149
46

142
03

130
518

1581
527

1632
4

1683
561

1734
578

1785
595

1836
612

1887
629

1938
645

1989
663

2040
680

2m
697

210
na

2193
ks 8

EXPERIMENTAL HAMSTER BULLOUS PEMPHIGOID 487

2194 CTACCTGGAGCT6 TEGETGAACC TG GAG CCAAGE CECAATGEGTCCCGCC
T2 L PG AVEEPGAKEGEAMGEP A

2245 §6CCCTGATEGAC A6 CAAGG CCC CAGAG 6T6AG CAMGGOC TRACAGEGATE
M9 6 P D G ¢ QGPRGEDQE L TGN

2296 CCTG6AALCCEM 6CCTACCAGG ACCCTCTEEAGACCC AGGAAMG CCAGGT
%6 P 6 T R 6 L PGP S6EDP GKPG

2347 6TCACAGGECCCC AAGEACCACAGE GAL TTCCTGE TASOCCTEGCCGACCE
23 ¥ TGP QGPQGLPGSPGREP

2398 GGG AL TAAAMG GTE AMCCTGECGE TCCAGGC AGAG TCATGACTE CAGAGGG A
88 G T K 6 E P 6 A P 6 R ¥ M T & EG

2449 TCATCGACAATCACTGTCCCCGGACCTCCTGEGCC TCCORGTECC ATEGGA
®W? §$ $ T I T VPG PP &P P G AMG

2500 CCCCCAGGACCTTCAGGAMCCCCAGGTCCTECTE6CCCTECTEGTCTTCCA
834 P P G P S 6 TP GP AGP AGLEP

2551 GGACAAAL AANGE CCCAACG AGG AGAGC CGGEACTTRC TGGTE AC TCATTC
851 6 ¢ T K AQRGEP 6 LAGD S F

2602 ATAAGCAG TEGLAGC TCCATCTC CGAGG TCCTC6C TECOCAMG GAGTTGAC
%8 I §$ S G S S I S EV L AAQGYD

2653 TTGCG6GGTCCCC TCGRCCCACC THGCC CACGAGE GCCACCAGGGCCTTCC
%85 L RGP LGEPPGPRGEGEPPGP S

2784 ATCCCAGGLC CAC CAGBACC CAG A6 GCC CTCCAGE 66AMGGLE TG CCAGGC
%2 I P GPPGPRGPPEGEGYPG

2755 CCACCE6GCC TACCAGBATC TTTCC TGACCEAL TC6BAMCCTTCTTCTCE
a9 p P G L P G S FLTDSETTEFTFS

2006 6GCCCTCCE66TCCACCTGGCCCCCCAGGTCCC ARGEGAGACC AAGGTGAT
B6 G P P G P PGP P EP K6 D Q6D

2857 C(CTE6 TETCCCAGGTACTCC TGS CATCC CTG6C 66 TCACTCTC ATG6AGAL
%3 P 6 ¥YP 6T PG IPGEGEH S HGE

2988 TCATCCAGCACTACATAC AGGCAGGGCCCACCTEECCCTCCAGGGCCCCCT
90 5 S S T T YRQ P PGP P PP

2959 66GCCTCCASGCTCC TTCAGCAG CTCTGECCAGGATATOC AMC GC TACATC
97 6 P P G S FS S S6Q0IQRYT

34098 GCAGAGTACATGC AG AGTGACAG CATCAGGACC TACCTCTCTGGAGTTCAG
W4 A E Y M QSDS IRTYLS GV Q

3961 6GTCCCCCAGGCCCACCAGG TCC TCCAGGGCC TETCATCACCATC ACAGGA
W1 6 PP GPPGPPEPYITITOG

3112 GAGAL TTTCEACTAC TCCCAGCTGE CAAGCCAGGTEETCAGCTAC TTRCGE
W38 E T F DY S QL ASQYVY SYLR

3163 ACATCGGGCTACGETGTCAGCCTGTCCTCTGCC TCCTC AGAMG ATATCCTE
WS T $ G Y &Y S LSS As S EDIL

3214 GCCATECTEC GAL 66 AMTGATGT6TGGC AG TTC CTECE TCAGC ACCTGGTE
W72 AMLRRNDY ®QFLRGOQHLY

3265 6GTCCCCCAGBCCCCCCTORGOC ACCAGBAGTTEE THEMGATG GG TCCCTC
9 6 P P 6 P P G P PGV E G DG S L

3316 CTGTCCTTEE ACTATGGAGAGCTGAGCAGACACATTCTCAACTATATGTCA
1206 L S L D Y 6 E L S RHILNYMS

3367 AETTUEEMT[&KTTTKKGCATECTEGC(C&(CEGECE((TGSCCTE
1123 § $ 6 I § F G H P 6

3418 CCAGEAACATCCTATGAGGAGCTGC TCACCATGCTCCEAGGGTCTGAC TAC
140 p_6 $ YEELLTMLRGSDY

3469 AGGGACATCATTGEGACCTCCAGG ACCGCCTEEACCCCCAGGTUCTIGAGGA
157 R D I I 6 P P G P P G P P G P RG

3520 CCCCCAGGTS TCTCAGCAGCCTT66 CCACC TATGC AGC TG AAMAC AGCGAC
174 P P G ¥ S A AL ATY AAENSD

3571 AMCTTCCGCAGCE AGCTGAT TG TTACC TCACAAG TCCTGATG TCCGTAGC
191 N F R § ELIGYLTSPDVYRS

3622 TTCATCATTE6CCC6CCAGGCCCCCCEE66CCCCAGEEAMC CACCTGEABAC
2268 F I I 6 P P 6 P P G P Q0 6 P P 6§ D

3673 AGTCACTTAAGES AC AN TACAG CTGGEETAGC 46 CTCCTCAGCCAGACGE
225 $ HLRDMNY S ®GE S S S S ARR

3724 66CAL TRCCTACAGC TCTTCCGT66GCATEE6G66 AGCCAATE GAGEC TCC
1242 6 T A Y S S S ¥ G M6 6 A NGG S

3775 C(TGEGCEAAG GCABAACC TT TG TACAGBAGATEE 666 TCCCTATEECACT
12259 L 6 E G R T F 6 T 6 0 6 6 P Y 6 T

3828 GACATCGGCCCAG GAGGAGG TTATG GGECAGCAGC CGE TGGCATATATGGC
1276 D I G P 6 6 6 Y 6 A A A6 G I Y G

3977 ALCGATGOUEACTCATTCCGGGC TRGCTTCACTEE ABACL TGE AT TACAAC
293 T D GDSFRAGFTGEDLDYHN

3928 AAGCTGGCAG TEAG6GTE TC TRAGAGCATGCAS C6 TCAMGGCC TACTACAA
1316 K L A ¥R V S E S MQRQGLLDQ

3979 SGGATEGC(TKA((ETECAEECCE(MTEMTEEHEEC‘E@(
1327 G M A YT Q P PSE P Q

Aae (tTC(TEG(ATtAEA&GTTﬂtTC'IECCYMIMCAA(ETGACA(ASEA(
1344 PG I SKVYF SAYSNHNYTQD

4981 CTCATGEACTTCTTCCEEACACATEGAG CTATTCC ASGCCCACCTEEGCAA
1361 L MDD F FRTHGATIPGPPGQ

4132 ANGG6AGAGE CGE 6C MCCCCAGG ACCCAAGE TGACAGGEGCC TTGCTGGA
1378 K 6 E A 6 T P G P K 6 D R G L &G

4183 CAACGAGGTCCTCCTG6GCCACC TEGCCCTCEAGE GLAGAANG GAGAC AdA
1395 Q R G PP 6 PP G PR 6 Q KGDK

4234 GGAGACAAGEGLE ACCAAGTCTACACTGEGAGAAG GABGAGGAGTATTGLC
412 6 D K 6 D Q¥ Y TGERRRR RS IS

4285 ATCAAGCCATAA
e I K P *

2244
2295

765
2346

782

2397
2448
2499

833

2550
2601

867
2652
2703

901
2754
2805

935

2856
952

2907
969

2958

966
3009
1003

3060
1020

311
1037

3162
1654

3213
1071

3264
1688

3315
1185

3366
1122

3417
1139

3408
1156

3519
1173

3570
1198

3621
1207

3672
1224

3723
1241

3774
3825
1275

3876
1292

3?7
3978
1326

1343

4080
1360

4131
1377

4182
1394

4233
1411
148

4296
1432



488 YAMAMOTO ET AL

hams ter
human
mouse
canmine

hams ter
human
mouse
canine

hams ter
human
mouse
canine

hams ter
human
mouse
canine

hame ter
humen
mouse
canine

hams ter
human
mouse
canine

hamster
human
mouse
canine

hams te
human
mouse
canine

hams ter
human
mouse
canine

hamster
human
mouse
canine

hams ter
human
mouse
canine

hams ter
human
mouse
canine

hamster
human
mouse
canine

hamster
human
mouse
canine

homs ter
human
mouse
canne

hamster
human
mouse
canine

hams ter
human
mouse
canine

hams ter
human
mouse
cantne

homs ter
human
mouse
canine

1

[anp——

51
51
S1
St

101
101
101
101

151
151
151
151

201
201
201
201

251
251
251
251

301
301
381
381

351
351
351
351

481
481
41
431

451
451
451
451

501
se1
581
581

551
351
551
351

601
621
601
601

651
651
651
651

1
71

1

71
751
S
71

301
381

21

851
851
851
251

991
991
901

10 20
MDVTKKNKRD GTEYTERIVT

FEERER EREK

3@

49 3¢

EIVITRLTSL PPKGSTSNGY AKTGSLGGGS
T

FHAEERCARE AP EXEXRE
EREEXREREE RQERRXEN] &

60 2
RLEKQSLTHG SSGYINSSGS

L e
FARERRSRES CHCTEARRER
HRRERERIR KB ERERRRR

110 120
KTHMTRHGTY EGSSSGNSSP

HEEERE_ AR RXAXERRKER
HAVEREOREE RHORERORDF
F[AIFRRERE RTAXEIREER

160 1
SPSTRWTELD EVKRLLKGSR

ATRsxexRS
ATRGHERIRS

3¢
IRGNASTSSY
Temyreeaxs
TEEERERIRE
Tresxexaxs

130
EYPRKELASS

FEEEXBEARS
FREERITANY
xEsExspEs

13@

AGREEEX SRXARKEHES
SRXEIEREAK FRRIIREIES
BXXXGERTER AR ERARGXEK

k) 1@
RRAHSFASTL PNSPGSTFER

TAXETREEHK PHRFERERES
AATEASXERR S AREREREY
B

140 158
ATRGRSQTRE SEIRVRLQSA
GREREEDHR FXRIEXEXEX
CEFETEREEN PXEIERTREN
GRRETEXTER 23 EFAXERER

1% 200
SSTLPIPKKG TYETKMYT,

v
AVEENESORE KRECHRRTER

SASASPTRNT
S

FEEEREEAEY

X A RN ]ERER
INFEVEREEC PO STE AR
=

EREREEOEEX [}

218 228
SHSVSGTYDT TALDTNLPSH
*QEExcEexg eJeapTRRRR
ARSERRRERG AT RENPS
AQEESERERL CTERpEERAE

260 27
AYSAGSVFGM PNNMASCSPT

IREEFRRESY R RREREE
FRATAESENY KBRS RATRE
AXRRE AR KREITHGRGE

319 320
TAFTAYGWK NYPQPPTVTS
ATGERC RRE MRS IAAN

AFCKRRAAFE TR XRARE

AHGHR AP | ARG AR

0 n
DNVPSKKEME LLIMTKDSGK

FATEARRERE EREREXRRAN
FATEARLRXE FRAITERRIE
RITEAREERE CHERETEREE

419 420
ACLKADINGD LNTVSTKGKA
SGRRFEAKKE (B8 RERAT
TRERKXYREX SEXFERRC AN
TRRCEARRE YRR KRR

460 479
GOGOGGTHGA APAWCPLGSC

FRQENAPAAD AR FRAEE

L U

23e
MNSSTLPAGS
yeeaxexexe
srranesene
Rty

280
LLPGLSSCSS
SHESRITCRS
e v Ry

spEayaTEES

33e
TGVSTSATCT

IEEEXERARS
e xEeRS
]

388
YFTASPASYS
B S VY
R
HERCEIRNT A

432
TSVENHNYDR

L

249 250
SMOTYHNNMT TQSSSLLNTN

ATHEHERIRC FIEIIAEXER
ALAEIQR]E ARRTORERES
EEEEPEREYE SREIIIE SR

2% 00
VEGMONNLAP S5 SVPAHGTT
Srvxeant e A TTLOHASS
SrraRERIGE 433 SerED
AERRSRDE KK IQATLSCSAA

348 35
TSYQSODLLH KDCKFLILEK

FREEIENESC BRABEREIES
TERAREIEOE SV ENONERED
INFANESS¥5 SHERERORES

3N 400
TTSFSEDTLK KEKQAAYAAD

AREEFEREAC BRRRAXANER
CREERERTEC IXEAETENER
ARTEDEERE SHEIITRE

449 450
GOGSG--- -G GARGGGOSGG

STADI*GY- - -G5xe.___%
PRATXIGERS OARGIRPGE
ASASMOXINH ----R-mo-®

AGSRERE_RYy
SAGRIREGES
GG ERRGES

43¢
CSWMKMLLGL

AEEEHERAR L

499
WTWLLLG

AREREKEE K

AGERREARER
EERAREPLRE ARAREIRANR

319 529

AEEEREEOES

53¢

*
SEERRERE AN

*

349 S5¢

VRKLKARVDE LERTR--VQY

axkxsxdase X [RGTLP
HHERER KPR A X[ %

AR CORAR KAQCIONS| |

FEDK TERSSK
YG*SMD*IE*
HOVQMDK*NR
*KEEMO*AN®

DRLLGOWGY GPGLGRAELD
SESIMARAL *ADPDHIGHH
SXKQAEARGL PEERREERER

SRQUEA 5+ EACEAXLG?

560 )
GHSQEATWLF VRNKLMTEQE
SDRSFELRMe *aHs ros

B e s

588
GNL RGNPGP
foxsxaGaxs
e xsgans

FAQEIELXAE CKARSAATAR Husrsagexs

610 620
IPGPLGHPGP EGPKGQKGST
ERAERHARRR tt)l‘t!tv
HEEEREOKER AREXEXEREK
AR Qrerkaaey

500 679
EKGDRGIAGE (QGPRGLPGVP
THREFCARER DRAHEPRIIN
EREEEREEEE XRAGE KRERE
FEAERKLRRE PRQIPERSE

719 729
GLPGWGDKG LAGPPGPKGD

AEOERERERE DYREIRRRAS

QDPGMEGPIG

AeEE ROy
rEEERTXARS
SERE RS

639
GSVGPRGPNG
PEEE RGO
PPELERHSY
LARE R 449

73
QGEKGPRGLT

FEEEIOEIRY

]
LR L L S T

7
MGPAPDGQ GPRGEQGLTG

FUERCORE AIRFR RN

780
MPGTRGLPOP

S £ T

59 )
KGDMGSQGPK GDRGLPGTAG
PEEEBIDESK K EIEXAIDE
XXKBRES X SRRKAXERDK
BEEESUKBEE AR RIIXEIDE

649 650
QRGLEGPMGP RGEPGPPGSG

BERREERERE SR RARIEREY
ERXENRKE KR BRCIAXE XRX
SCARSERE AR SR A ERENLD

699 e
SPGPQGPPGS  TGPQGLRGEY
PEXRRESIOD VAL FERRRES
P T R e T T o
TERERERRED MERIERE SR

740 e
GQEPGVRGLPG AVGEPGAKGA

RREMERE AR S EREEERES
EXETREEEE X RAEXEXEE

790 300
SADPGKPGYT GPQGPOGLPG

BERERATALE SREREXENER

TREEKAEXER 4G

gl 820
SPGRPGTKGE PGAPGRWMTA

Treer s [arx xxerR IYeG

830
EGSSTITWG

LR

849 3%
PPGPPGAMGP PGPSGTPGPA

FEREREVEEE AN SDIASIEY

360 879
GPAGLPGQTK. AQRGEPGLAG

FawkER___ __________

919 320
RGPPGPSIPG PPGPRGPPGE

R L T e
AKERTEEEXR KT LS ERXER

§3e

930
GWPGPPGLPG

s eERepay
reRExORDRY

3% 900
SEVLANGVD LRGPLGPPGP

QFrE N pQeaprseer
BExECREEE SHRIPAEIER

949 95
SFLTDSETFF SGPPGPPGPP
FERONSRTR FREVEITTEY
BEXEXIK K THEXEXTHEN

50

Se
59

190
100
10@
100

150
150
15@
15e

250
250

25¢

35@
350
35¢
350

450
450
450
450

500
500
500

550
550
550
350

650
650
650
650

e
700
00
700

258
85@
850
85@

50
950
950
950

THE JOURNAL OF INVESTIGATIVE DERMATOLOGY

hams ter —--- -- 1080
human 951 *#***¥GPPG PRGHQGEQGL PGFSTSGSSS FGLNLQGPPG PPGPQGPKGD 1000
mouse 951 wemxax - 1000
canine 951 1080
1010 1828 1030 1049 1050
hamster 1081 -GDPGYPGTP GIPGGHSHGE SSSTTYRQGP PGPPGPPGPP GSFSSSGQDI 1052
human 1@Q] KAE*S40%A] AXXCEDIERG FXFAMIYSER KEEREARSRS SBTEESEREE 1050
mouse 10B] - SEEYERTRE FRSEE[ RXA VERE| IMIIE KXSKEXFRED FA|STERRSE 105¢
camne 1601 .. ... 1250
1060 1870 1830 109 1100
hamster 1051 QRYIAEYMQS DSIRTYLSGY QOPPGPPGPP GPVITITGET FDYSQLASQV 1182
human 1051 SQERGEIEEE BXXRQISEEE EXIXSBERIE KXSTECRIAE XERSERRIE 110¢
mouse 1851 FHESSEOERS SNFREIRERE AEFEIERAEE A REKKORE KERCERERRE 1102
camine 1851 ...l i i e e 1182
1110 1120 1130 1140 115@
hamster 1101 VSYLRTSGYG VSL--SSA-S SEDILAMLRR NDVWQFLRQH LVGPPGPPGP 115¢
human 1101 *eEreEvERE PEKESHEIS BEIEXMVRQF DFOREYAIKY AMFIREAXEE 1150
mouse 11D1 FSE¥SO8%E AGH__AAKCH SXREEIXRES KRERRYIOIN SERCEREREE 115¢
camne 1101 L ...l Ll il il e 115¢
1160 1178 1189 119 1209
hamster 1151 PGYGGDGSLL SLDYGELSRH TLNYMSSSGI SFGHPGPPGP PGLPGTSYEE 1200
human 1151 FBASHEREXE SREEARERCR FXCHRERKEX X[K| SXEBXE XEKEXXEXER 1200
mouse 1151 SSAGEESKEE SAXKKEBKEE SKEXKEKIEE KXERRKFRAS REXEXROKEE 1200
canmine 1151 L oiiiiiii e it eieieeiees ceeaaiaaas 1200
1210
homster 1201 LLTMLRGSDY R- 125¢
human 1201 **SL****EF *GIVGPPGPP 1252
mouse 1201 *eerrxpAGL S- 125¢
camne 1281 .......... .. 1250
1260 1278 1280 12% 1300
hamster 1251 IGPPGPPGPP GPRGPPGYSA ALATYAAENS DNFRSELIGY LTSPDVRSFI 1382
human 1251 PERKEREXER EXXXEXERKG AXXXXEXXEK KCRAEREFCR XKEXEXKEKER 1300
mouse 1251 Ptkt'i'ttl BEEERFRERE ’ts‘t‘l'tt AEIREXEACH FERRRNE RIS lw@
carne 1251 [ teee senens veee 1300
1318 132 1330 134¢ 1350
hamster 1391 IGPPGPPGPQ GPPQD----- --- SHLRONY SWGSSSSARR GTAYSSSVGM 1358
human 1301 yerresvxxs vexvecR| |5 TDAY*S¥GSS YSSHE**Y*¢ »5Seerepy 1350
mouse 130] VessswsRax sxaxr_____ __ GRSRESH NECKECKIRE XA EEKETE] 1350
Lo 1 T B P 1350
1368 137 1330 139 1400
hamster 1351 GGANGGSLGE GRTFG--T@ GGPYGTDIGP GGGYGAAA-G GITGTDGDSF 1480
human 1351 t(mAt'llKA ‘GA!‘EAA#\I RErsrensex l'l)!l*'f. *MlmJtGLL 146@
mouse 1351 EATEEXERXK BOATH__AXF EEIEXEXREX KAEXEAXIGE KB REANE XX 1460
canine 1351 L..i.i.iil ciiiiiiiis eieiiiies eeeeieiees eeeeieeas 1400
1410 1420 1430 144e 1458
hamster 1401 RAGFTGDLDY NKLAVRVSES MOROGLLQGM AYTVQGPPGV PGPUGPPGIS 1458
human 1401 GIDYASTERE TEXTEAVEXE SETRXNEREX XIOVEXIINQ XAXEORINIE 1450
mouse 1401 *D XXEFEREE__ S XERXEXER 145¢
Lo U 1450
1460 147 1430 149 1509
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comne 1451 ...l i i i e 1560
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human 1501 rdxxsaoenys lEtllt!ttt BASRHERIE R lssm
mouse 1501 FEERICERUE SEXKERTREE KD KKCITE 155¢
carine 1501 1550

Figure 2. Direct comparison of the hamster, human, mouse, and
canine deduced amino acid sequences of type XVII collagen. The
hamster transmembrane domain (bold) is identical to those of human,
mouse, and canine. The antigenic site on type XVII collagen was not
conserved among hamster, human, mouse, and canine (box).
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Figure 3. Reactivity of antipeptide 1191 antisera and antipeptide
1190 antisera with the 180 kDa protein of hamster skin extracts.
Hamster epidermal extract known to contain type XVII collagen was
separated on a 7.5% SDS polyacrylamide gel, and transferred to a PVP
membrane. The membrane was cut and incubated with rabbit anti-1191
peptide antisera, anti-1190 antisera, or control rabbit sera.

anti-1191 IgG used on incubation with skin strips were reactive up to
1:320 dilution by indirect immunofluorescence. At the end of the
incubation, the skin strips were rinsed with PBS and frozen in OCT
compound.

RESULTS

The hamster type XVII collagen cDNA sequence and
comparison of hamster, human, murine, and canine type
XVII collagen amino acid sequence Hamster type XVII
collagen cDNA and amino acid sequences are shown in Fig 1. The
coding region of the cDNA was 4296 nucleotides in length. The
nucleotide sequence of the cDNA was submitted to the GenBank
database (accession number AB027759). Examination of the 5
nucleotide sequence indicated that the deduced N-terminal region
of the type XVII collagen polypeptide consisted of a NC segment
of 569 amino acids, designed as the NC-1 domain (Fig 1). By
using three independent computer programs we predicted the
presence of one transmembrane domain within the NC-1 with a
cytoplasmic N-terminal (Cserzo et al, 1997; Hirokawa et al, 1998;
Nakai and Horton, 1999). Similarly to that in humans, mice, and
canines, hamster type XVII collagen is considered to be a
transmembrane protein with type II orientation (Giudice et al,
1992; Li et al, 1993; Xu et al, 2000).

Downstream of NC-1, 14 separate collagenous domains with a
characteristic Gly-X-Y repeat were identified. The sizes varied
from 9 to 242 amino acids (Fig 1). These collagenous domains
were separated by various sizes (4-56 amino acids) of NC
interruptions. The total number of amino acids in the collagenous
domain (570-1432) was 863, representing the C-terminal portion
of the molecule. Primary sequence analyses of the deduced hamster
type XVII collagen amino acid revealed the presence of six
potential N-glycosylation sites (Fig 1).

Human and mouse type XVII collagen were shown to consist of
1497 and 1433 amino acids, respectively, and 709 amino acids were
deduced from partial canine type XVII collagen cDNA (Giudice et
al, 1992; Li et al, 1993; Xu et al, 2000). A direct comparison of the
deduced amino acid sequences of hamster, human, mouse, and
canine type XVII collagen is depicted in Fig 2.

The identities of the total type XVII collagen amino acid
sequence of the hamster with those of the human and mouse were
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Figure 4. Separation of the DEJ of hamsters administered with
anti-1191 IgG. Neonatal hamsters were intraperitoneally injected with
IgG at doses from 0.04 to 5.0 mg anti-1191 IgG per g body weight. The
epidermis shown in this figure was obtained from a hamster injected
with 1.0 mg anti-1191 IgG per g body weight. The epidermis was easily
lifted away from the dermis with tweezers 24 h after injection (arrows).

76.4% and 89.4%, respectively, and the identity of the partial amino
acid sequence (709 amino acids) of the hamster with the canine
type XVII collagen was 82.2%. The antigenic site on the type XVII
collagen, however, was not conserved among the hamster, human,
mouse, and canine (Fig 2). The identities of the hamster with the
human, mouse, and canine were 57.5%, 71.8%, and 57.5%,
respectively. The amino acid sequences of the transmembranous
domain are identical among these species.

Characterization of rabbit antihamster type XVII collagen
antisera Reactivities of the rabbit antisera prepared against
peptides 1190 and 1191 were characterized by immunoblot
analysis. Antisera against peptide 1191 reacted with the 180 kDa
protein in hamster skin but anti-peptide 1190 antisera did not
(Fig 3). Therefore, the anti-1191 IgG (anti-hamster type XVII
collagen IgG) was purified by using 1191-peptide columns.

Clinical evaluation of neonatal hamsters injected with anti-
1191 IgG Neonatal hamsters were intraperitoneally injected with
purified anti-1191 IgG. Twenty-four hours after the injection, the
epidermis was lifted away from the dermis with tweezers in all
hamsters injected with over 0.2 mg anti-1191 IgG per g body
weight (Fig 4, arrows; Table I). One out of three hamsters injected
with 0.04 mg anti-1191 IgG per g body weight showed a
separation of the epidermis and dermis. The skin of the hamsters
injected with control rabbit IgG did not show any clinical signs or
separation in their skin (Table I).

Histologic and immunohistochemical studies of the skin of
the hamsters injected with anti-1191 IgG Histologic
examination revealed a narrow subepidermal cleft formation in
the skin of all the hamsters injected with over 0.2 mg anti-1191
IgG per g body weight (Fig 54, arrows). These changes were also
evident in one of three hamsters injected with 0.04 mg anti-1191
IgG per g body weight.

In all hamsters injected with the anti-1191 IgG, rabbit IgG was
detected on the basement membrane zone (Fig 5b, arrows). C3
bound on the basement membrane zone was also observed in all
hamsters injected with 0.04 mg anti-1191 IgG per g and 0.2 mg
anti-1191 IgG per g body weight (Fig 5c¢, arrows; Table I). The
skin of hamsters injected with control rabbit IgG did not show any
pathogenic alteration (Fig 5d—f).
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Effects of anti-1191 IgG and complement for DEJ separation
in vitro In order to examine the effects of anti-1191 IgG and
complement for DE]J separation in vitro, neonatal hamster skins
were incubated under various conditions as described in Materials
and Methods. Histologic examination of these tissues demonstrated
that, for DEJ separation, both anti-1191 IgG and complement were

THE JOURNAL OF INVESTIGATIVE DERMATOLOGY

required. Obviously there was no inflammatory cell attachment to
the basement membrane (Fig 6a, j, m, arrows). A deposition of IgG
was observed in the continual basement membrane zone (Fig 6b,
k, n, arrows). C3 was mainly detected in the basement membrane
zone over the subepidermal cleft (Fig 6c, [, o, arrows). In all hamster
skin strips incubated with anti-1191 IgG alone, fresh anti-1191

antisera preincubated with CVF, and purified anti-1191 IgG plus
fresh normal rabbit sera preincubated with CVF, a deposition of
IgG was observed in the basement membrane zone (Fig 6e, h, q,
arrows). Neither DEJ separation nor C3 deposition in the basement
membrane zone was observed in the skin, however (Fig 6d, f, g, i,
p, 1). Similar results were obtained when the skin strips were
incubated with heat-inactivated fresh anti-1191 antisera (data not
shown). There was no histologic change in any skin strip incubated

Table I. Effects of purified anti-type XVII collagen IgG on
DE]J separation

Deposition of’
Doses

Antibody (mg per g bw) Ngs/Nj* IgG C3 with control nonimmunized rabbit sera (data not shown).
Anti-hamster 5.0 2/2 2/2 1/2
DISCUSSION
type XVII 1.0 3/3 3/3 2/3
collagen IgG 0.2 3/3 3/3 3/3 We have cloned hamster type XVII collagen cDNA. The deduced
0.04 1/3 3/3 3/3 type XVII collagen polypeptide was calculated to have a molecular
Control IgG 5.0 0/2 0/2 0/2 mass of 145 kDa. It was estimated to be 180 kDa, however, based

on the mobility of SDS PAGE (Fig 3). This discrepancy could be

explained by post-translational modifications as shown in Fig 2.
It was reported that when antibodies to the mouse type XVII

collagen were passively transferred into neonatal BALB/c mice, the

“(Number of hamsters with skin separation)/(number of hamsters injected).
*Numerator and denominator represent the number of positive and injected
hamsters, respectively.
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Figure 5. Histologic examination of hamster skin injected with anti-1191 IgG or control IgG. The skins of hamsters injected with 5.0 mg
anti-1191 IgG per g body weight (a—) or 5.0 mg control IgG per g body weight (d—f) were frozen in OCT compound and sectioned. The sections
were stained with hematoxylin and eosin (4, d), anti-rabbit IgG (b, €), or anti-human C3 (¢, f). The skins of hamsters injected with anti-1191 IgG
showed a subepidermal cleft (a, arrows), an accumulation of IgG in the basement membrane zone over a subepidermal cleft (b, arrows), and a linear
deposition of C3 in the basement membrane zone (¢, arrows). The skins of hamsters injected with control IgG did not show any pathologic change (d,
e, f). Neither IgG (e) nor C3 (f) were observed. Scale bar: 30 pm.

Figure 6. Effects of anti-1191 IgG and complement on DEJ separation in vitro. Skins from neonatal hamsters were incubated with fresh anti-
1191 antisera (a—), purified anti-1191 IgG plus DMEM medium (d—f), fresh anti-1191 antisera preincubated with CVF (¢—i), heat-inactivated fresh anti-
1191 antisera plus normal rabbit serum (j—I), purified anti-1191 IgG plus fresh normal rabbit sera (m—o), and purified anti-1191 IgG plus fresh normal
rabbit sera preincubated with CVF (p—r).Sections were stained with hematoxylin and eosin (a, d, g, j, m, p), anti-rabbit IgG (b, e, h, k, n, q), or anti-
human C3 (¢, f, i, I, o, r). Skins incubated with fresh anti-1191 antisera, heat-inactivated fresh anti-1191 antisera plus fresh normal rabbit sera, and
purified anti-1191 IgG plus fresh normal rabbit sera showed a subepidermal cleft (a, j, m, arrows), IgG deposition (b, k, n, arrows), and C3 deposition in
the basement membrane zone over the subepidermal cleft (c, I, o, arrows). The skins incubated with anti-1191 IgG, fresh anti-1191 antisera preincubated
with CVF, and purified anti-1191 IgG plus normal rabbit sera preincubated with CVF showed no pathologic change in the skin (d, g, p). Although
IgG deposition was observed in the basement membrane zone (e, h, q), no C3 deposition was detected (f; i, r). Scale bar: 30 um (a, d—k, m, n, p, q),
12 um (b, ¢, 1, o, 7).
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antibodies induced a cutaneous blistering disease that reproduced all antitype XVII collagen IgG could be due to the proteolytic
of the clinical and immunopathologic features observed in human enzymes activated by complement and neutrophil recruitment (Liu
BP (Liu et al, 1993). This DEJ separation triggered by pathogenic et al, 2000). In order to examine the DEJ separation mechanism in
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hamster BP, we obtained anti-hamster type XVII collagen
antibodies by injecting into rabbits two peptides (1190 and 1191)
in the antigenic site of the molecule. As only anti-1191 antisera
were found to react with hamster type XVII collagen, anti-1191
IeG was purified from the antisera and used for pathogenic studies
of hamster BP. In neonatal hamsters injected with anti-1191 IgG,
the epidermis was lifted away from the dermis by tweezers.
Histologic examination demonstrated a narrow subepidermal cleft
formation of the skin in all hamsters injected with over 0.2 mg anti-
1191 IgG per g body weight. IgG was found to bind to the
basement membrane zone in all the anti-1191 IgG-injected
hamsters. C3 deposition in the basement membrane zone was
always detected in hamsters injected with low doses of anti-1191
IgG (0.04-0.2 mg per g body weight), but was not always seen in
hamsters injected with higher doses of anti-1191 IgG (1.0-5.0 mg
per g body weight). The higher doses of anti-1191 IgG and
complement produced more extensive damage to the basement
membrane and might destruct C3 in the basement membrane zone.
The contribution of neutrophils to the DEJ separation was reported
by using the in vitro system (Gammon et al, 1982). This showed that
when one of the leukocytes, pemphigoid antibodies, or fresh
human serum was omitted, significantly less basement membrane
zone separation occurred.

We tested the possibility that antigen—antibody complexes and
complement components may initiate the DE]J separation. In order
to test this hypothesis, we incubated hamster skin with anti-1191
IgG in combination with sera containing active or inactive
complement system. In order to inactivate the complement system,
fresh anti-1191 antisera and fresh normal rabbit sera were either
inactivated with heat (at 56°C for 30 min) or preincubated with
CVF (at 37°C for 60 min). BP-like DEJ separation was observed
exclusively when the skin was incubated with anti-1191 IgG in sera
containing active complement system. Under these conditions,
both IgG and C3 were deposited on the basement membrane zone.
In the skin incubated with anti-1191 IgG alone, IgG but not C3
was deposited on the basement membrane zone; therefore DE]
separation was not observed. An addition of sera whose comple-
ment system was inactivated with heat or CVF to anti-1191 IgG
caused IgG deposition, but neither C3 deposition on the basement
membrane zone nor epidermis—dermis detachment. It was shown
in these studies that both the anti-1191 IgG and complement
system were essential for DEJ separation. The anti-1191 IgG and
type XVII collagen complex were thought to activate the classical
pathway of complement in the sera, because C3 was deposited in
the basement membrane zone. Activated C3, in turn, produces the
terminal C5b-9 complement components on the basement mem-
brane zone to cause DEJ separation. It is likely that this DEJ
separation by anti-1191 IgG and complement is the initial step of
clinical blister formation, and proteolytic enzymes secreted by
neutrophils may work to enlarge the separation and blister
formation.

In summary, this study showed that rabbit antipeptide antibody
against the hamster counterpart of the human pemphigoid antigen
decreased dermal—epidermal cohesion and induced DEJ separation.
Histologic and immunohistochemical examination demonstrated a
narrow subepidermal cleft formation, and a deposition of IgG and
C3 in the basement membrane zone without leukocyte infiltration.
Anti-hamster type XVII collagen IgG and complement started DE]
separation in the absence of inflammatory cells. The decrease in
dermal-epidermal cohesion due to the IgG and complement
appears to play a key role in the pathogenic cascade leading to
blister formation.
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