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Bullous pemphigoid (BP) is an acquired blistering skin disease  associated with the production of  IgG autoanti- 
bodies to the 230-kDa BP Ag (BPAgl). To better  characterize  the  epitopes of BPAgl, we generated immortalized 
B cell lines  secreting human mAbs (HumAbs) to BPAgl from two BP patients  whose sera reacted with native 
BPAgl but  not with a recombinant BP55 carboxyl-terminal peptide. Ab-producing B cell lines  were  established by 
EBV infection of CD40-activated PBMCs.  Three independent clonal lines  were obtained that secreted IgG Hum- 
Abs, including one IgG1 K (BP3) and two distinct l g G 4 ~  (BPI and BP2).  These  three HumAbs immunoprecipitated 
BPAgl . Blocking immunofluorescence experiments and phylogenetic studies  showed  that  these  Abs recognize 
different  epitopes of BPAgl . This  analysis with HumAbs further  extends  the  serologic  demonstration of the wide 
variety of epitopes recognized by BPAgl autoantibodies which contrasts with the limited number of epitopes 
recognied by  thyroid peroxidase monoclonal autoantibodies. The Journal of Immunology, 1994, 153: 1333. 

ullous pemphigoid (BP)3 is an autoimmune bul- 
lous skin disorder associated with production of 
autoantibodies to components of hemidesmo- 

somes (HDs), namely the BP  Ags of molecular mass 230 
kDa and 180 kDa (1-3). Immunochemical experiments 
have shown that Abs to the 230-kDa BP Ag  (BPAgl) were 
found in a majority of BP sera and BPAgl was thus re- 
ferred to as the major BP  Ag (4). Recently, cDNA was 
isolated that codes for a protein of 2606 amino acids with 
10 putative sites for N-glycosylation (3-5). Further mo- 
lecular studies have documented a monoallelism gene lo- 
calized on chromosome 6 at locus pll-p12 (6). At  the 
present time, relatively little is known about the antigenic 
peptides recognized by BP autoantibodies. Most studies 
aimed at their determination were focused on the reactivity 
of BP patients’ sera or of rabbit immune sera with fusion 
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proteins or with synthetic peptides localized at the carbox- 
yl-terminal end of BPAgl (7, 8). These studies showed 
that BP patients’ sera contain autoantibodies reactive with 
the C-terminal portion of BPAgl. Interestingly, a human 
mAb (HumAb) (MoAb-SE-HY-4B) recognizes the car- 
boxyl-terminal portion of the BPAgl (9, 10). In this con- 
text, we have recently demonstrated that 98 of 120 of BP 
sera bind  to a 55-kDa recombinant Escherichia coli-de- 
rived polypeptide (rBP55) encoded by the carboxyl-termi- 
nal portion of BPAgl cDNA (Gaucherand, M., and J. F. 
Nicolas, ~ubmitted)~ suggesting that anti-BPAgl Abs from 
the other 22 patients are directed either against the amino- 
terminal part of the native BPAgl or to a conformational 
carbohydrate epitope of the  protein. To characterize these 
Abs, we generated cell lines producing monoclonal au- 
toantibodies from two of these patients. 

Although the generation of immortalized human B cell 
lines producing HumAbs has proved to be  difficult,  recent 
progress in culturing human B lymphocytes has  now fa- 
cilitated this. In particular, we  have shown that  human 
lymphocytes can undergo long term proliferate when cul- 
tured in the presence of CDw32 (FcyRI1)-transfected fi- 
broblastic L cells with anti-CD40 and IL-4 (11, 12). The 

Gaucherand, M. and 1. F .  Nicolas. 1994. Major antigenic epitopes of bullous 
pemphigoid 230 kDa antigen map within the C-terminal and of the protein: 
evidence using a 55-kDa recombinant protein. Br. 1, Derm. ln press. 
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Table I. Characteristics of the two BP patients’  sera 

Patient 1 Patient 2 

Direct IF“ IgG 
Indirect IF 1,280 2,560 

Indirect IF + roof + roof 

Irnrnunoblot” + + 
rBPS5 Irnrnunoblot‘ - 

Immunoprecipitationd 

highest  dilution 

salt-split  skin 

(230 kDa) 
- 

+ + 
(230 kDa) 

bullous skin. 

cytes) protein extract. 

Deposit of IgC at the dermal-epidermal junction  on inflammatory peri- 

” lmmunoblot reactivity on epidermal (cultured normal human keratino- 

‘ Irnrnunoblot reactivity on the rBP55 protein. 
Immunoprecipitation reactivity on [’4Clamino acid-labeled keratinocytes. 

combination of the CD40 system (composed of the 
CDw32-L cells and anti-CD40) and EBV was recently 
shown to allow the generation of immortalized B cell lines 
and clones producing IgG  and I g A  HumAbs with a high 
frequency (F. Rousset, personal communication). Thus we 
isolated HumAbs from BP patients with unconventional 
autoantibodies to BPAgl. The present report describes the 
generation of three cloned B cell lines producing three IgG 
HumAbs specific for BPAgl. 

Materials  and  Methods 
Patients 

PBMCs were obtained from two patients with the typical clinical, his- 
tologic, and immunopathologic criteria of BP (Table I). Both patients 
presented an active but mild BP disease, with the presence of erythem- 
atous plaques and few bullae on the arms, the legs, and the trunk. They 
were untreated at the time of blood sampling. Both patients presented 
clinical improvement of their dermatosis following topical corticosteroid 
therapy. The two patients’ sera  were negative by immunoblotting on  a  BP 
recombinant protein of 55 kDa molecular mass (rBP55), which was  ob- 
tained from a cDNA sequence encoding the carboxyl-terminal region of 
the 230-kDa BP Ag. 

Lymphocyte preparation 

Heparinized peripheral blood (50 ml) was obtained by venipuncture. 
Mononuclear cells were isolated on Ficoll density gradient and washed 
three times with PBS before use. 

Establishment of B cell lines 

For each patient, B  cell lines were derived from PBMCs by EBV infec- 
tion alone (13) or by a combination of EBV infection and CD40 activa- 
tion (11). For EBV infection of B  cells  PBMCs (l0’iml) were incubated 
for 2 h at 37°C with regular gentle shaking with 10-fold concentrated 
EBV-containing supernatant from the B95-8 cell line (14,15). PBMCs 
were then washed in Iscove’s modified medium (16) supplemented with 
10% FCS, L-glutamine, and gentamycin, and cultured at a density of lo5 
cellsiwell with 200 &ml of cyclosporin A in 48-well plates (Costar, 
Cambridge, MA). EBV-transformed B  cell lines obtained from the two 
patients were maintained in culture for 3  wk and supernatants were then 
tested for anti-basement membrane one (BMZ) reactivity using indirect 
IF on  skin cryostat sections. 

Generation of B cell lines using CD40-mediated activation of B cells 
has been previously described (11). After EBV infection, PBMCs (10’ 

cellsiwell) were cocultured for 2 wk in 48-well plates (Costar) with 2.5 X 
lo4 irradiated mouse fibroblastic Ltk-  cells transfected with the human 
CDw32 molecule and 0.5 pgiml of the anti-CD4U mAb Mab89 (17). The 
B cell line supernatants were then tested for anti-BMZ activity in  an 
indirect IF assay. 

Production of B cell clones 

B cell lines that demonstrated anti-BMZ activity in their supernatants 
were subsequently cloned by limiting dilution in round-bottom microtiter 
wells. Cells were plated at 1, 3, and 9 cellsiwell. Irradiated allogenic 
PBMCs (2500 rad) were added at day 0 (lo5 cells/well) and at day 15 
(2.5 X lo4 cellsiwell). The clones were grown for 3 to 4 wk. The culture 
supernatants were then tested for their IgG anti-BMZ activity. The anti- 
BMZ-producing clones were expanded and analyzed by FACS for light 
chain expression and by ELlSA for Ig isotype production and subclasses. 

Purification and fluoresceination of the Abs 

IgG fractions were isolated from the supernatants of the B cell lines by 
50% saturated ammonium sulfate precipitation, followed by protein G4B 
fast-flow (P-3296, Sigma Chemical Co., Saint Quentin Fallavier, France) 
affinity chromatography. The  eluate  was dialyzed against PBS and con- 
centrated to 1 mg/ml. HumAbs were dialyzed overnight at  4°C against a 
solution of carbonate/bicarbonate buffer (PH 9.3) and then incubated for 
30 mins at 37°C with an FITC solution (F7250, Sigma Chemical Co., 
F7250) diluted to 3 mdml in DMSO. FITC-conjugated Ab was separated 
from free  FlTC on a 2-ml G25 column (Columns RD-10 Sephadex  G25 
M, Pharmacia, Uppsala, Sweden) equilibrated with PBS containing 0.5 
M NaCl and 0.5% NaN,. 

Immunohistochemistry 

Indirect immunohistochemical analyses were performed according to 
previously described methods (18). Briefly, supernatants from the cell 
cultures and purified Abs were tested on  4 pm cryostat tissue sections of 
rabbit lip, normal human skin and salt-split human skin (1.0  M NaC1). 
The specific binding was revealed using FITC-conjugated goat anti-hu- 
man IgG (Zymed, San Francisco, CA) or peroxidase-conjugated goat 
anti-human IgG (Dako LSAB, Denmark). For the cloning step, only B 
cell lines with a  BMZ staining were kept for further analysis. In some IF 
competition experiments on skin sections, FITC-conjugated mouse anti- 
human IgG1 and lgG4 (Immunotech SA.,  Lumilly, France) were used. 

For immunoperoxidase electron microscopy (IEM), cryostat sections 
(10 pm) of normal human skin plunge-frozen in liquid propane were 
labeled, before  embedding in Epon, with the HumAb-containing super- 
natants using indirect immunoperoxidase staining with goat anti-human 
IgG F(ab’),-peroxidase conjugate (Tago, CA) (19,  20). A normal human 
serum and a  BP serum recognizing the 230-kDa BP Ag on immunoblot 
were used as negative and positive controls, respectively. Ultrathin sec- 
tions were observed without counterstaining. 

lmmunochemical analysis 

Immunoprecipitation of the 230-kDa BP  Ag was done from [“CC]amino 
acid-labeled keratinocytes as described earlier (2) using protein A-Sepha- 
rose ( C U B  Pharmacia, France). The patients’ sera and purified HumAbs 
(1 mdml) were used undiluted. Immunoprecipitated material was sub- 
jected to 5% to 10% gradient SDS-PAGE), and the reaction was devel- 
0pe.d on an  X-OMAT Kodak film exposed for  4 wk. 

The immunoblot assay was performed from epidermal and dermal 
extracts as previously described (21). 

Results 
Establishment of lymphoblastoid cell lines and clones 
producing anti-BMZ Abs 

B cell lines were derived from PBMCs of two BP patients, 
either with classical EBV infection or with EBV infection 
associated with CD40-mediated B cell activation. These B 
cell lines were maintained in culture 3 and 2 wk, respec- 
tively, before indirect IF assay  of the culture supernatants 
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Table I I .  6 cell lines and B cell clones  producing  anti-BMZ  and 
anti-BPAg7 Abs 

Patient 1 Patient 2 

EBV” + CD40 EBV“ + CD40 
EBV” EBVa 

Anti-BMZ  lines 0 1 0 13 
Anti-BPAgl  clones 0 BP1 0 B P2 

BP3 
Anti-BMZ  clones 0 0 0 B P4 

B P5 

,’4.8 x l o h  PBMCs were EBV infected. PBMCs were seeded  at 1 X lo5 

12.0 X 1 Oh PBMCs were EBV infected, and then seeded as in footnote a. 
cells/well  in  48-well Costar plates (see Materials and Methods). 

Table 111. Characteristics of the anti-BPAgI HumAbs 

HumAb/Patient 

BPl/Pl BP2/P2 B P3/P2 

lsotype lgC4 lgG4 IgC 1 
Light  chain K K K 
IIF” 
“normal skin BMZ  BMZ  BMZ 
“salt-split  skin  roof roof roof 
lmmunoEMb HD HD HD 
lmrnunoblot - - 230  kDa 
Immunoprecipitation  230  kDa  230  kDa 230 kDa 

a Indirect immunofluorescence. 
lmmunoelectron microscopy. 

for anti-BMZ IgG activity using  normal human skin  sec- The three HumAbs are specific  for  native BPAgl 
tions. This  difference  regarding the duration of the culture 
is explained by the more rapid growth of cells in the CD40 
system, which is  caused by the higher EBV infection rate 
of  anti-CD40-activated  B  cells (F. Rousset, unpublished 
results). As shown in Table 11, anti-BMZ IgG Ab-produc- 
ing B  cell  lines  were  obtained  only  when  cells  were  cul- 
tured in the CD40 system (14  anti-BMZ  producing  B  cell 
lines  from 96, vs none out of 96).  Consistent with the  skin 
reactivity of the  sera  from these two patients, no B  cell 
lines  producing HumAbs binding to other  skin  compo- 
nents were identified. The single  positive  B  cell  line ob- 
tained from patient 1 was  subsequently  cloned by limiting 
dilution,  resulting in 73 of 768 wells  producing  anti-BMZ 
IgG  Abs. Only one clone  producing  HumAb anti-BPAgl 
(BP1) was  kept  for  further  analysis (BPI). From patient 2, 
13 B  cell  lines  were  positive for anti-BMZ  IgG Abs at the 
initial  screening. Eight of these  positive  B  cell  lines  were 
cloned and four yielded B  cell  clones  producing  anti-BMZ 
HumAbs (BP2, BP3, BP4,  BP5); two of these HumAbs 
were demonstrated to be  specific (see below) for  BPAgl 
(BP2,  BP3). 

Characterization of HumAbs to BMZ Ags 

As shown in Table I11 and consistent with the initial 
screening  based on the use of an FITC-labeled specific 
anti-IgG, the three anti-BPAgl  HumAbs were JgG. One 
was IgGl (BP3) and two  were IgG4  (BP1 and BP2). The 
light chain was K in all three cases. The reactivity of the 
three anti-BPAgl  HumAbs to components of the BMZ 
was identical to that of natural BP autoantibodies.  Immu- 
nohistologic  analysis shows that the three HurnAbs la- 
beled the  dermal-epidermal  junction in a variety of species 
including  humans,  rabbits  (Fig. la), and mice. These 
HumAbs bind specifically to components of the BMZ of 
ectodermic-derived  epithelia as found in the skin,  esoph- 
agus, tongue, and lip. They all stained an Ag found at the 
epidermal side of salt-split  human skin (Fig. 16). Finally, 
the three HumAbs  gave a polarized staining  of the basal 
pole of cultured  keratinocytes. 

The cutaneous BMZ is composed of multiple  components 
(for a review, see Ref. 22). To further delineate the target 
Ags of these HumAbs, indirect immunoelectron micros- 
copy was performed on normal human skin and showed 
that the three HumAbs bound to HDs (Fig. 2). The  staining 
was restricted to the intracellular portion of  the  structure 
and no reactivity was found in the lamina lucida or in any 
other portion of the BMZ. No labeling  was observed at the 
keratinocyte  plasma  membrane  outside the hemidesmo- 
soma1 plaque. 

Immunochemical characterization of the Ag recognized 
within the HDs by the HumAbs  was  done using immuno- 
precipitation (Fig. 3a) and immunoblotting  (Fig. 36) tech- 
niques. The three Abs (BP1, BP2, and BP3) specifically 
immunoprecipitated  the  230-kDa BPAgl, although BP1 
exhibited  a  weaker reactivity. The band at 250 kDa labeled 
by the five HumAbs  was nonspecific as it was  also recog- 
nized using  irrelevant  HumAbs.  One  HumAb (BP3) was 
found to  be positive for reactivity with BPAgl by both 
immunoblotting and immunoprecipitation. BP1, BP2, and 
BP3 were  thus characterized as  anti-BPAgl HumAbs and 
kept  for  further  analysis of the number of B cell epitopes 
of BPAgl.  The three HumAbs were  negative by immuno- 
blotting on the rBP5.5 protein as were  the two BP patients’ 
sera.  Anti-BMZ  HumAbs BP4 and BP5  failed to precipi- 
tate and immunoblot the BPAgl and thus were considered 
not to be  specific for  BPAgl. 

Competition IF tests 

The epitope specificity of the three anti-BPAgl HumAbs 
was analyzed by the ability of each of the  three unconju- 
gated HumAbs to inhibit binding of homologous or het- 
erologous FITC-conjugated HumAbs on normal human 
skin  cryostat  sections. BMZ staining of all FITC-HumAbs 
was blocked by pretreatment of the homologous unlabeled 
HurnAb. The three HumAbs did not compete  for  binding 
of each  other,  indicating that they recognize distinct 
epitopes. In addition, preincubation of skin  sections  with 
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FIGURE 1. Indirect IF reactivity of one anti-BPAgl HumAb (BP3) on rabbit lip (a )  and on salt-split human skin (b). All 
HumAbs reacted in the same way and labeled the epidermal side of salt-split skin.  The faint dot pattern staining of the dermis 
is nonspecific and  observed  also with the anti-human IgG conjugate alone. Bar = 10 prn. 

patient’s serum  blocked  the binding of HumAbs estab- HumAbs  did not inhibit binding of IgG4 or IgGl Abs, 
lished  from  the corresponding patient, suggesting that  the respectively, present in BP sera. 
relevant B cell clone was present in vivo and  did  not arise Antibodies produced by injection of rabbits with rBP55 
as  a result of in vitro selection. As expected, preincuba- did not block  the staining of  any  of  the HumAbs, thus 
tion  of skin sections with  the  unconjugated IgGl or IgG4 confirming  that  they are specific for distinct epitopes. 
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FIGURE 2. Ultrastructural  localization of the Ag recog- 
nized by the BP3  anti-BPAgl  HumAb in normal  human  skin. 
Indirect  immunoperoxidase  pre-embedding  staining  revealed 
a specific  reactivity of the HumAb in the basal pole of basal 
layer  keratinocytes (a) with a dotted  pattern of staining  that 
represents HDs. The same pattern  was  observed  with a BP 
serum  positive  for the 230-kDa BP Ag (b). Note the absence 
of staining in a basal melanocyte  (open arrow). No counter- 
staining. n = nucleus. Bar = 500 nm. 

Differential  reactivity of the  three  anti-BPAg7 
HumAbs to BMZ components in phylogenetic studies 

Phylogenetic studies were conducted to more precisely 
characterize the BPAgl epitopes recognized by the three 
HumAbs. The phylogenetic groups tested here included 
mammals (human, monkey, mice, rats, and ferret), birds, 
reptile, batrachians, and fishes. The sera from these two 
BP patients bound the skin BMZ of the species tested  from 
each group. BP3 was specific for an epitope common to 
the BP Ags found in mammals, birds, and reptiles. The 
reactivity of BPI and  BP2 was restricted to mammals and 
both  recognized  human,  monkey,  mouse  and  rat  skin.  Thus, 
as shown in Figure  4,  two  distinct  patterns  of  reactivity  were 
found  indicating  the  existence of  at  least  two B cel l  epitopes 
on amino-terminal  part  of BPAgl. Indeed,  the  lack  of  cross- 
competition  between BPI and BP3  indicates  the  presence of 
a third  epitope.  Furthermore,  considering  the  reactivity of the 
human  serum  with  batrachians  and  fishes  and  the  lack  of 
reactivity  of  the  HumAbs on tissues  from  these  two  groups, 
a fourth  epitope is suggested. 

230 kDa, 

a 

b 
1 2 3 4 5 6 7 8  

FIGURE 3. Immunochemical  analysis of the reactivity of 
the five  anti-BMZ  HumAbs  using immunoprecipitation (a )  
and  immunoblot (6). BPI, BP2, and BP3 immunoprecipitated 
the BP Ag 1 ,  but  only BP3 immunoblotted the 230-kDa BP 
Ag. Lanes 7-5: HumAbs BP1 to BPS. Lane 6 and lane 7 Sera 
from the two BP patients (P1 and P2). Lane 8 : Serum from a 
healthy  age-matched  person. 

Discussion 

The aim  of this  study was to generate a set of  human  mono- 
clonal  IgG  autoantibodies  reacting  with  the  cutaneous  BMZ 
of patients  suffering  from  the  skin-blistering  disease  bullous 
pemphigoid. As a HumAb  reacting  with a recombinant  form 
of the  carboxyl-terminal  portion of the  molecule had  already 
been  described (lo), we  focused our attention on Abs  di- 
rected  against BPAgl but  that  would  not  react  with such a 
polypeptide. This is particularly  relevant as we had  found 
patients  whose  serum  recognized  natural BPAgl but  did  not 
react by immunoblotting  with  rBP55  protein, a recombinant 
protein  obtained  from  the cDNA that  encoded  the  carboxyl- 
terminal  portion  of BPAgl. 

Preliminary attempts, using only EBV transformation of 
blood cells of patients suffering from bullous pemphigoid 
did not yield B cell lines producing Abs reacting with the 
BMZ (23),  and accordingly, in the present study, EBV 
transformation alone did  not  yield  any line producing 
BMZ-specific Abs. In sharp contrast, the combination of 
EBV transformation and CD40, earlier shown to result in 
strong and long lasting B cell proliferation (F. Rousset, 
unpublished results), yielded one cell line from the first 
patient and 13 cell lines from the second patient. Five of 
the 14 lines established from the two patients yielded 
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R l  R2 R3 

Birds 

’ cat  

Ferm 
Mouse 
R l t  
Monkey 
Human 

Mammalians 

Anti-BPAgl HumAb : BPI, BP2,  BP3. 
BP patients  sera : BPS 

First  group of reactivity : R1 

Second  group of reactivity : R2 

Third  group of reactivity : R3 

FIGURE 4. Phylogenetic  studies.  Indirect IF reactivity of 
the anti-BPAgl  HumAbs on skin sections from  various ani- 
mal groups. Five groups  were  tested,  namely  mammals, 
birds,  reptiles,  batrachians,  and  fishes. In the figure, each line 
represents a group  and  each  open  circle  represents a positive 
staining of the BMZ in the given groups. Two HumAbs, BPI 
and BP2, gave the same  pattern of reactivity (R2), whereas 
the BP3  HumAb exhibited a unique  reactivity.  The  two BP 
patient  sera  stain all tissue  tested (R l ) .  

clones that produced HumAbs reacting particularly 
strongly with the BMZ and binding to HDs. These clones 
stably produced HumAbs over a period of at least 6 mo. 
The other B cell lines lost their reactivity during the clon- 
ing phase. Three HumAbs (BP1, BP2, and BP3) proved to 
be specific for BPAgl because they immunoprecipitated it. 
The three B cell lines (two of which were derived from 
different patients) exhibited distinct immunochemical and 
phylogenetic characteristics and  most likely correspond to 
three independent B cell clones. Thus, one IgGl and two 
IgG4 Abs were found, in accordance with the IgGl and 
IgG4 subclass distribution of anti-BMZ autoantibodies de- 
tected  in BP patients’ sera (24, 25). Cross-competition IF 
experiments for binding to the BMZ indicated that BP1 
and BP2 bound  to two epitopes of BPAgl, which are de- 
tected in  man  and ferret but  not  in cat or nonmammals. 
BP3 bound to a quite distinct epitope because there was no 
cross-competition between it (BP3) and BP1 or BP2 for 
binding to the basal membrane and because it was able to 
bind  to  the BMZ of mammalians, birds and reptiles. 

The presence of multiple B cell epitopes on BPAgl was 
previously suggested (3, 7, 8). IgG autoantibodies from 
patients with bullous pemphigoid could bind epitopes 10- 
calized on three synthetic peptides encompassing the C- 
terminal end of BPAgl cDNA (7). Using an approach sim- 
ilar to ours, the existence of two Ab binding sites on 
BPAgl (9) has  been reported. The same group of inves- 
tigators recently extended their results using the same Abs 
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on deleted clones of a mouse partial cDNA sequence en- 
coding the mouse equivalent of BPAgl. They were able to 
map the reactivity of one Ab (5E-HY-4B) within 114 
amino acid residues in  the C-terminal domain of BPAgl 
(10). Unfortunately, the other Ab (10D-HY-8B) did  not 
show any reactivity. From two patients, we obtained three 
HumAbs specific for BPAgl.  As these HumAbs do not 
cross-compete for binding to natural BPAgl with an an- 
tiserum from a rabbit immunized with  rBP55, and as they 
do not cross-compete with each other, it is likely that 1) 
these 3 HumAbs may recognize the non-C-terminal por- 
tion of BPAgl, although we cannot exclude the recogni- 
tion of a conformational/carbohydrate determinant not ex- 
pressed  by the recombinant rBP55 polypeptide; and 2) 
there are at least four different epitopes on BPAgl. 

Interestingly, the phylogenetic study shows that  we  can 
distinguish two groups of HumAbs : two HumAbs (BP1 
and BP2) staining an epitope present on mammalian tis- 
sues only  and one HumAb (BP3) recognizing an epitope 
found  on  mammalian as well as nonmammalian  skin  (birds 
and  reptiles). BP sera  have  previously  been  found  to  immu- 
nostain skin kom animals  such  as  fishes,  amphibians,  rep- 
tiles,  birds,  and  mammals.  In  summary,  the  three  human 
monoclonal  autoantibodies  generated  in  the  present  study 
confirm  the  heterogeneity of human  autoantibody  binding 
sites  on BPAgl. This  heterogeneity  contrasts  with  the  re- 
stricted  specificity of autoantibodies  to  thyroid  peroxidase 
found  in  patients  with  autoimmune  thyroid  disease (26). 

References 

1. Jordon, R. E., C.  T. Trifthauser, and A. L. Schoeter.  1971. Direct 
immunofluorescent studies of pemphigus and bullous pemphigoid. 
Arch.  Dermatol. 103:486. 

2. Stanley, J.  R., P. Hawley-Nelson, S. H. Yuspa, E. M. Shevach, and 
S. I. Katz. 1981. Characterization of bullous pemphigoid antigen : a 
unique basement membrane protein of stratified squamous epithelia. 
Cell 24:897. 

3. Stanley, J. R., T. Tanaka, S. Mueller, V. Klaus-Kovtun, and D.  Roop. 
1988. Isolation of complementary DNA for bullous pemphigoid an- 
tigen by use of patients’ autoantibodies. J .  Clin. Invest. 82:1864. 

4. Mueller, S., V. Klaus-Kovtum, and J .  R. Stanley. 1989. A 230-kD 
basic protein is the major bullous pemphigoid antigen. J. Invest. 
Dermatol. 92:33. 

5. Sawamura, D., K. Li, M. L. Chu, and J. Uitto. 1991. Human bullous 
pemphigoid antigen (BPAgl): amino acid sequences deduced from 
cloned cDNAs predict biologically important peptide segments and 
protein domains. J.  Biol.  Chem. 266:I7784. 

6 .  Sawamura, D., K. Nomura, Y. Sugita, M. G. Mattei, M. L. Chu, 
R. Knowlton, and J. Uitto. 1990. Bullous pemphigoid antigen: 
cDNA  cloning  and mapping of the gene to the short arm of human 
chromosome 6. Genomics 8:722. 

7. Rico, M. J., N. J.  Korman, J.  R. Stanley, T. Tanaka, and R. P. Hail. 
1990. IgG antibodies from patients with bullous pemphigoid bind to 
localized epitopes  on  synthetic peptides encoded by bullous pem- 
phigoid antigen cDNA. J. Immunol. 145:3728. 

8. Tanaka, T., N. J. Korman, H. Shimizu, R. A. J. Eady, V. Klaus- 
Kovtum, K. Cehrs, and J. R. Stanley. 1990. Production of rabbit 
antibodies against carboxy-terminal epitopes encoded by bullous 
pemphigoid cDNA. J. Invest. Dermatol. 94r617. 



The Journal of Immunology 1339 

9.  Sugi, T., T. Hashimoto, T. Hibi, and T. Nishikawa. 1989. Production 
of human monoclonal anti-basement membrane zone (BMZ) anti- 
bodies from a patient with  bullous pemphigoid (BP) by Epstein-Barr 
virus transformation. J. Clin. Invest. 84:1050. 

10. Hashimoto, T.,  M. Amagai, T. Ebihara, S. Gamou, N. Shimizu, 
T.  Tsubata, A. Hasegawa, K. Miki, and  T. Nishikawa. 1993. Further 
analyses of epitopes  for human monoclonal anti-basement mem- 
brane zone antibodies produced by stable human hybridoma cell 
lines constructed with Epstein-Barr virus transformants. J. Invest. 
Dermatol. 100:310. 

11. Banchereau, J., P. de Paoli, A. VallC,  E. Garcia, and F. Rousset. 
1991. Long term human B cell lines dependent on interleukin-4 and 
antibody to CD40. Science 251:70. 

12. Banchereau, J., and F. Rousset. 1991.  Growing human B lympho- 
cytes in the CD40 system. Nature 353:678. 

13. Rickinson, A. B., D. Crawford, and M. A. Epstein. 1977. Inhibition 
of the in vitro outgrowth of Epstein-Barr virus-transformed lympho- 
cytes by thymus-dependent lymphocytes  from  infectious mononu- 
cleosis patients. Clin. Exp. Immunol. 28:72. 

14. Miller, G., and M. Lipman. 1973. Release of infectious Epstein-Barr 
virus by transformed marmoset leukocytes. Proc.  Natl. Acad. Sci. 
USA 70:190. 

15. Brown, N. A,, and G.  Miller. 1982. Immunoglobulin expression by 
human B lymphocytes clonally transformed by Epstein-Barr Virus. 
J. Immunol. 128:24. 

16. ChrBtien, I., J. PBne,  F.  BriBre,  M. De Waal, F. Rousset, and J. E. De 
Vries. 1990. Regulation of human IgE synthesis. I. Human IgE syn- 
thesis in vitro  is  determined by the reciprocal antagonistic effects of 
interleukin 4 and interferon-y. Eur. J. Immunol. 20:243. 

17. VallC, A,, C. Zuber, T. Defrance, 0. Djossou, M. de Rie, and 
J. Banchereau. 1989. Activation of human B lymphocytes through 
CD40 and interleukin 4. Eur. J.  Immunol. 19:1463. 

18. Michalaki, H., M.-J. Staquet, A. Cerri, E. Berti, P. Roche, 
P. Machado, and J.-F. Nicolas. 1992. Expression of the cu6/@4 inte- 

grin in lesional skin differentiates bullous pemphigoid (BP) from 
epidermolysis bullosa acquisita (EBA). J. Invest. Dermatol. 98:204. 

19. Haftek, M., J. Viac, D. Schmitt, M. Gaucherand, and J. Thivolet. 
1986. Ultrastructural quantitation of desmosome and differentiation- 
related keratinocyte membrane antigen. Arch. Dermatol. Res. 278: 
283. 

20. Shimuzu, H., and T. Nishikawa. 1993. Recent advances in electron 
microscopic immunocytochemistry in dermatology. Eur. J. Derma- 
tol. 3:635. 

21. Machado, P., H. Michalaki, P. Roche, M. Gaucherand, J. Thivolet, 
and J.-F. Nicolas. 1992. Serological diagnosis of bullous pemphigoid 
(BP): comparison of the sensitivity of indirect immunofluorescence 
on salt-split skin to immunoblotting. Br. J. Dermatol. 126:236. 

22. Uitto, J.,  and  A. M. Christiano. 1992. Molecular genetics of the 
cutaneous basement membrane zone, perspectives on peidermolysis 
bullosa and other blistering skin diseases. J .  Clin. Invest. 90:687. 

23. Viac, J., J. Paire, C. Desgranges, K. Iwatsuki, and J. Thivolet. 1986. 
Epstein-Barr virus-transformed lymphocytes from patients with bul- 
lous diseases produce autoantibodies to cytokeratins. Clin. Immunol. 
Immunopathol. 39:277. 

24. Birds, P., P. S .  Friedman, N. Ling, A. G. Birds, and R. A. Thompson. 
1986.  Subclass distribution of IgG autoantibodies in bullous pem- 
phigoid. J. Invest. Dermatol. 86:21. 

25. Bernard, P.,  P. Aucouturier, F. Denis, and J. M. Bonnetblanc. 1990. 
Immunoblot analysis of IgG subclasses of circulating antibodies in 
bullous pemphigoid. Clin. Immunol.  Immunopathol. 54:484. 

26. Chazenbalk, G. D., S. Portolano, D. Russo, J.  S. Hutchison, 
B. Rapoport, and S .  McLachlan. 1993. Human organ-specific auto- 
immune disease: molecular cloning  and expression of  an autoanti- 
body gene repertoire for a major autoantigen reveals an antigenic 
immunodominant region and restricted immunoglobulin gene usage 
in the target organ. J .  Clin. Invest. 92:62. 


