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Oral pemphigoid autoantibodies preferentially target
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KEYWORDS Abstract Mucous membrane pemphigoid (MMP) comprises a heterogenous group of
Mucous membrane autoimmune subepithelial bullous diseases very frequently having oral involvement. Very few
pemphigoid; studies have investigated the immunological status of a subset of MMP, termed oral pemphigoid
Oral pemphigoid; (OP), presenting with exclusive oral lesions. In this study we show that 75% of 20 OP patients
BP180; without scarring phenotype possessed circulating autoantibodies against the BP180 molecule,

Epitope profile;
Autoantibody

indicating a prominent role of this protein as a target antigen in OP. Of note, the frequency of
reactivity against BP180 ectodomain epitopes in OP was similar to that previously reported for
MMP with cicatricial phenotype, while the lack of significant recognition of BP180 intracellular
domain appears to characterize OP with respect to other diseases of the pemphigoid group.
Finally, the combined use of sensitive techniques allowed the detection of circulating
autoantibodies in 90% of OP patients, supporting the usefulness of this approach in the
diagnosis of MMP disease.

© 2006 Elsevier Inc. All rights reserved.

branes with or without skin involvement [1]. MMP is
characterized by linear deposition of IgG, IgA, or C3 along
the epithelial basement membrane zone (BMZ). It is
recognized that scarring and loss of function are the
major sequelae of the disease, except for a subset of
patients with mucous membrane involvement restricted to
the oral mucosa [2]. Circulating autoantibodies, detectable
in a part of MMP patients, target several BMZ components
including the bullous pemphigoid antigens of 180 (BP180)

Introduction

Mucous membrane pemphigoid (MMP) is a heterogeneous
group of autoimmune chronic inflammatory subepithelial
blistering diseases predominantly affecting mucous mem-
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and 230 (BP230) kDa, the a6(p4 integrin, that represent
three major protein constituents of the basal keratinocyte
adhesion complex named hemidesmosome, and laminin 5,
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the main laminin isoform expressed in the epithelial BMZ
[2]. The most extensively characterized among MMP
patients are those with cicatricial pemphigoid (CP) [3-5].
CP primarily affects mucous membranes but it may also
involve the skin and is associated with scar formation. The
most important target of CP autoantibodies is BP180
antigen [3-5]. This transmembrane collagenic protein that
contributes to the assembly and stabilization of hemides-
mosomes, consists of a globular domain located in the
cytoplasm of the basal keratinocyte and a large extra-
cellular region composed of fifteen collagen domains
interrupted by sixteen noncollagenous (NC) sequences [6].
The importance of BP180 in maintenance of skin integrity is
sustained by the observation that mutations in the BP180
gene are associated with the non-Herlitz variant of
junctional epidermolysis bullosa, an inherited blistering
disorder characterized by skin fragility and defective
dermal—epidermal adhesion [7]. The immunodominant
region of the antigen, mapped in the membrane-proximal
noncollagenous stretch of the ectodomain, is termed NC16A
[3-5]. The frequent reactivity of CP patients autoantibo-
dies against the C-terminal portion of BP180 has suggested
that this reactivity may be responsible for the scarring
phenotype [8,9]. On the other hand, a few studies have
analyzed the humoral immune response in MMP exclusively
involving the oral cavity, also called oral pemphigoid (OP)
[10-12]. Long-term follow-up indicates that OP represents
a distinct clinical subset of MMP that rarely shows scarring
and is typically associated with a good prognosis [1,13]. OP
autoantibodies have been reported to target the a6
integrin subunit and to produce a separation of the
epithelium from the basement membrane in an organ
culture model [10,12]. In addition, a significant autoanti-
body reactivity (46%) against BP180 antigen has been
detected in a group of patients with MMP predominantly
affecting the oral cavity [11]. BP180 is also the major
target of autoantibodies from patients affected by bullous
pemphigoid (BP), the most common autoimmune sube-
pithelial blistering disease, which predominantly affects
the skin without scarring phenotype [14]. In BP, epitope
profile analysis has allowed to correlate the presence of
both skin and mucous membrane involvement and reactiv-
ity with epitopes in the extracellular domain (ECD) of
BP180 [14,15]. These findings suggest that different BP180
epitope profiles might be associated with skin versus/or
mucosal disease and also with the presence of scarring or
non-scarring phenotype. In particular, delineation of corre-
lations between the scarring sequelae and specific anti-
genic targets could be useful to orientate early treatment
of MMP patients with exclusive oral involvement at disease
onset.

In this study in order to investigate whether OP patients
represent a distinct subset of MMP with respect to BP180
epitope profile, we have extensively characterized the
anti-BP180 humoral immune response of 20 OP patient sera
without scarring phenotype using different techniques.
Considering the low titer of OP circulating autoantibodies,
we have used to this purpose a panel of sensitive ELISA
assays that could become a useful support for diagnosis of
MMP disease in which the linear deposition of immunoglo-
bulin and complement along the BMZ is not always easily
detectable [2].

Materials and methods
Patient sera

A serological study of 20 random untreated patients
diagnosed as having exclusive oral non-scarring pemphi-
goid between 1989 and 1998 has been made retrospec-
tively. All the patients presented erosive and/or bullous
oral lesions. The diagnosis was confirmed in all cases by
histopathological examination which revealed subepithelial
blistering, and direct immunofluorescence analysis which
showed linear deposits of IgG, IgA and/or C3 at the BMZ
(Table 1). All patients had a complete ophthalmological
and dermatological examination. A flexible nasopharyngo-
scope was used to visualize the nasal mucosa, epiglottis,
pharynx, larynx and proximal esophagus. All patients were
followed up for almost 3 years and included in this study
as OP if they had had exclusively oral lesions without
scarring during the entire follow-up period. Sera from
three additional OP, one CP patient with oral, esophageal
and skin involvement, and one BP as control were used to
affinity select a BP180 random epitope library. Sera from
55 normal healthy individuals (NHI) used as controls and

Table 1 Oral pemphigoid patient sera reactivity in
immunofluorescence and immunoblot analyses

Patient Age Sex DIF I IB®

() IgG IgA 1gG IgA

OP1 54 F  IgA, + - 230 -
IgG,C3

oP2 29 F IgGC3 + - - =

OP3 41 F 1gGC3 + + - -

OP4 80 M 1gGC3 - - 180 -

oP5s 71 F IgG, - - 180 -
IgA,C3

oP6 65 F 1gGC3 + - - -

oP7 59 F Q3 - - 200 -

oP8 90 F IgG, -+ 200 -
IgA,C3

oP9 69 F IgG, - - - -
IgA,C3

OP10 69 F  IgG,lgA - - - 230

OP11 73 F IgG, - - 180 -
IgA,C3

OP12 80 M IgG,lgA + - 180,200, 180,

230 230

oP13 67 F 1gGC3 - - 180 -

OP14 67 F IgG + - 180,230 -

op15 8 F 1gGC3 - - - -

oP16 61 F  IgG - - - -

oP17 67 F 1gGC3 - - - -

op18 75 F  1gGC3 - - - -

oP19 21 F 1gGC3 - - 230 -

oP20 61 F 1gGC3 + — 230 -

AlgG and IgA titers>1:20 are considered positive (+) by indirect
immunofluorescence labeling (IIF) on salt-split skin. BReactivity
with BP180 and BP230 using cultured keratinocyte lysates. IB:
immunoblotting; DIF: direct immunofluorescence; F: female; M:
male; y: year.
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20 BP without mucous membrane involvement with
diagnosis confirmed by direct and indirect immunofluor-
escence assay. The study was approved by the Ethic
Committee and all patients gave informed consent.

Indirect immunofluorescence

All OP sera and controls were diluted 1:20 and indirect
immunofluorescence on human salt-split skin was performed
as described [16].

Immunoblotting

Immunoblotting (IB) was carried out using keratinocyte
extracts, as described [17].

Library selection

A BP180 random epitope library was selected using four MMP
patient sera and one BP serum, as described [14].

ELISAs based on phages displaying BP180 epitopes

Immunomicrotiter plates (Nunc, Roskilde, Denmark) were
coated with rabbit anti-\ polyclonal antibodies, in 100 ul of
50 mM bicarbonate buffer, pH 9.6, overnight at 4°C. Wells
were blocked with 200 pl of blocking solution (5% dry no-fat
milk, 0.05% Tween-20 in 1x PBS) for 1 h at 37°C. 5x10°
recombinant phages displaying BP180 epitopes in 100 ul of
blocking solution were added to each well and incubated for
1 h at 37°C with shaking. Serum samples were diluted 1:100
in blocking solution and incubated, with 1 pl bacterial
extracts, 1 ul rabbit serum, 1 pl fetal bovine serum and wt \
phage (10°pfu) for 30 min at room temperature. The mixture
was then added to each well and the plates were incubated
for 1 h at 37°C. After washing (0.05% Tween-20 in 1x PBS),
horseradish peroxidase-conjugated rabbit anti-human 1gG
(Southern Biotechnology Associates Inc, Birmingham, AL,

USA), diluted 1:20,000 in 100 pl of blocking solution with
rabbit serum (1:40) was added for 1 h at 37°C. Wells were
washed and color development was achieved by using 100 pl
per well of 3,3’,5’5-tetramethylbenzidine (Sigma, St. Louis,
MO, USA). After 20 min the reaction was stopped by adding
25 pl per well of 2 M H,SO4, and OD at 450 nm, with the
correlation wavelength set at 620 nm, was measured using a
microplate reader (Bio-Rad Laboratories Inc., Hercules, CA,
USA).

Eleven epitopes displayed on phage which had been
previously selected from a random epitope BP180 \ library
were employed (Fig. 1). Eight of them (AA 120-160, AA 151—
170, AA 176-203, AA 282-341, AA 353-399, AA 567-622; AA
773-798, AA 915-985) had previously been assayed with BP
sera [14], whereas 3 (AA 381-449, AA 1118-1145, AA 1187
1223) had never been tested before. Each serum (OP and
NHI) was assayed in duplicate for the reactivity with each
recombinant phage and the mean OD reading obtained with
not recombinant N\ phage was subtracted from the mean
reading.

Fusion protein production

A cDNA fragment encoding the amino acids 1400-1497 of
human BP180 was amplified by PCR using the BP180 cDNA as
template. The fragment was amplified with the sense 5’-
ATGGATCCCACCAGGCCAGCCTG-3’ and antisense primers 5'-
CGGAATTCACGGCTTGACAGCAATAC-3’. The underlined
sequences represent the BamHI and EcoRI restriction
sites. After BamHI and EcoRI digestion, the fragment was
cloned into pGEX-3X vector (Amersham Biosciences) in
order to obtain GST-1400 fusion protein (Fig. 1). This
recombinant protein (GST-1400) and four previously con-
structed GST fusion proteins, AA 316-367 [18], AA 1080—-1107
[14], AA 490-562 (corresponding to the NC16A domain) [4]
and AA 1331-1404 [15], were expressed in E. coli DH5alpha
(Invitrogen, Carlsbad, CA, USA) and purified by affinity
chromatography using glutathione—sepharose 4B (Amersham
Biosciences) (Fig. 1).

Keratinocyte membrane
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Figure 1

Schematic diagram representing 16 BP180 epitopes used to assess reactivity of OP sera. OP-specific epitopes are shown as

black lines, while epitopes recognized with comparable frequency by both OP and control sera are depicted as hatched lines. For each
epitope, the amino acid residues (AA) that define the antigenic sites are indicated. GST-NC16A fusion encompasses residues 490 to

562. ICD, intracellular domain; ECD, extracellular domain.
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ELISAs based on GST fusion proteins

ELISA multiwell plates (Nunc) were coated with 800 ng of
GST-NC16A or molar equivalent amounts of the other
recombinant proteins in 100 ul of 50 mM bicarbonate buffer,
pH 9.6, for 2 h at room temperature. The ELISAs were
performed as previously described by Mariotti et al. [15].

Statistical analyses

Discriminating ability between patients' sera and control
sera of parameters (reactivity with four GST fusion proteins
and 11 phage displaying epitopes) was estimated using Area
Under ROC (receiver operating characteristic) Curve (AUC).
Basing on the maximization of the Youden index (J=sensi-
tivity +specificity—1) the ROC curves were used to deter-
mine a cut-off value for GST fusion proteins and phage
displaying epitopes ELISAs. The Fisher's Exact Probability
Test was used to compare the frequencies of MMP and NHI
sera reactivity to BP180 epitopes displayed on phage or
produced as GST fusion protein. A P value<0.05 was
considered significant. All statistical analyses were per-
formed using the SPSS statistical package (SPSS, Chicago,
IL, USA).

Results

BP180 is an important target of IgG autoantibodies
in OP patients

To characterize the molecular targets of OP circulating
autoantibodies we have analyzed 20 patient serum samples
by indirect immunofluorescence (lIF) on salt-split skin and 1B
with human keratinocyte extracts (Table 1). By IIF 35% (7/
20) of OP sera had IgG and 10% (2/20) IgA reacting with the
epidermal side of salt-split skin. IgG and IgA never stained
the dermal side of salt-split skin. By IB, six of 20 (30%) OP
sera lgG reacted with BP180, five of 20 (25%) reacted with
BP230 and three of 20 (15%) reacted with an antigen of
200 kDa that probably corresponds to 4 integrin subunit
[19]. IgA reactivity to BP180 and BP230 was detected by IB in
one of 20 (5%) and two of 20 (10%) OP patients, respectively
(Table 1).

MMP sera were not able to select any epitope from a
BP180 random epitope X\ library

In order to identify novel epitopes recognized by MMP sera
we have selected a random BP180 epitope N\ library [14]
with three OP and one CP serum samples that recognized
BP180 antigen by immunoblotting or ELISA (data not
shown). MMP sera were not able to select any BP180
epitope from the library, while a BP serum used as positive
control selected two BP180 epitopes mapped in the NC16A
domain (data not shown). This negative result could be due
to the low concentration of circulating anti-BP180 anti-
bodies in MMP sera, as compared to BP sera which had
previously been shown to be able to select disease specific
phages from the same random BP180 epitope N\ library
[14].

OP patient sera react with epitopes in the BP180
ectodomain

To further characterize the reactivity of OP IgG autoanti-
bodies against the BP180 antigen we have employed a panel
of 15 antigenic sites spread over the entire BP180 sequence
(Fig. 1). The reactivity of 20 OP sera and 20 BP sera without
mucosal involvement against these epitopes was assessed
using two types of ELISA assays, one based on BP180 epitopes
produced as GST fusions and the other one based on BP180
epitopes displayed on \ capsid surface. Some OP patient sera
reacted with BP180 intracellular domain (ICD) epitopes, but
this reactivity was not significantly higher than that obtained
with NHI control sera. Nine of 20 (45%) sera reacted against
the BP180 ECD (Table 2). In particular, three BP180 ECD
epitopes (NC16A, AA 1080—1107 and AA 1331-1404) showed a
significantly higher frequency of reactivity with OP sera than
with NHI control sera (Table 2). Specifically, nine of 20 (45%)
sera recognized NC16A domain, three of 20 (15%) and four of
20 (20%) reacted with epitopes in the mid-portion (AA 1080—
1107) and C-terminus (AA 1331-1404) of BP180, respectively
(Table 2). The reactivity of BP sera against ICD and ECD
epitopes was higher than that reported for OP sera (Table 2).
In particular, four and three of 20 BP patient sera recognized
AA 151-170 and AA 176203 epitopes, respectively (Table 2).
As to ECD epitopes 18, four, six and six of 20 BP patient sera
bound NC16A, AA 915-985, AA 1080—1107 and AA 1331-1404
epitopes, respectively (Table 2).

OP sera react with the most C-terminal portion of
BP180

It has been recently reported that 15 of 40 (38%) sera of
patients with CP and none of BP patient sera tested reacted
with the C-terminal portion of BP180 [9] suggesting a relation
between this reactivity and different clinical features of the
two diseases. In order to evaluate the reactivity of our 20
non-scarring OP patient sera against the C-terminal portion
of BP180 we have analyzed by IB the binding of their IgGs
against the last portion (AA 1400—1497) of BP180 produced as
GST fusion (GST-1400). As control, reactivity of 20 BP patient
sera against this BP180 C-terminal portion was also assessed.
IB was chosen because a preliminary analysis by an ELISA
based on GST-1400 recombinant protein had shown an
unexpected reactivity of NHI sera. Four of 20 OP (20%)
reacted with the C-terminal portion of BP180 (Fig. 2), while
none of 20 BP and 20 NHI sera tested reacted with GST-1400
(Table 2).

Discussion

At least 10 different epithelial BMZ components have been
reported to be recognized by MMP patients autoantibodies
[2] and part of these autoantigens have been shown to be
involved in MMP pathogenesis in experimental models
[10,19,20]. On the other hand, there are a few immunolo-
gical studies focusing on OP despite the frequent observation
of this subset of MMP [21,22].

In our study combining very sensitive techniques, circulat-
ing autoantibodies against BMZ antigens could be detected in
90% of OP patients. This finding strongly suggests that the
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Table 2 Reactivity by ELISA and immunoblotting of 20 OP sera against 16 BP180 antigenic sites”

OP SERA Intracellular domain

Extracellular domain

E- E- E-
1208 151 176

E-
282

G_
316°

E-
353

E-
381

E-
1118

G- E: E-
NC16A 567 773

E-
915

OP1
OP2
OP3
OP4
OP5
OP6
OP7
OP8
OP9
OP10
OP11
OP12
OP13
OP14
OP15
OP16
OP17
OP18
OP19
OP20
Positive
sera
BP sera
NHI sera

2/20° 0/20 1/20 0/20 1/20 1/20 2/20

1/20 4/20% 3/20% 2/20 1/20 0/20 2/20
2/55 1/55 1/55 2/55 3/55 1/55 2/55

+

S

+ o+

9/20% 0/20 0/20 1/20 3/20F 1/20 0/20 4/20F 4/20F

18/20F 2/20 1/20 4/20F 6/20°F 0/20 0/20 6/20F 0/20
0/55 0/55 0/55 1/55 1/55 1/55 0/55 1/55 0/20

AReactivity of OP, BP and NHI sera against BP180 epitopes has been

assessed by ELISA, while reactivity against the epitope G-1400 has been

tested by immunoblotting. E corresponds to peptides displayed on the capsid surface. “G corresponds to peptides produced as GST-fusion
proteins. °Number of sera reactive/total number of sera tested. EDenotes a statistically significant difference in reactivity between patients

with OP or BP and NHI sera (p <0.05 by Fisher's). E-120: AA 120—-160;

E-151: AA151-170; E-176: AA176-203; E-282: AA282-341; G-316: GST-

316-367; E-353: AA 353-399; E-381: AA 381-449; G-NC16A: GST-490-562; E-567: AA 567—-622; E-773: AA773-798; E-915: AA 915-985; G-
1080: GST-1080-1107; E-1118: AA 1118—1145; E-1187: AA 1187-1223; G-1331: GST-1331-1404; G-1400: GST 1400-1497.

reported low frequency of detection of circulating auto-
antibodies in the sera of OP patients is mainly due to
insufficiently sensitive techniques rather than to unknown
targeted autoantigens. Moreover, considering IB and ELISA

1 2 3 4 5 6 7

13 14 15

i

11 12
| .

| -

Figure 2

16 17

reactivity together, 75% of the OP patients had circulating
autoantibodies against BP180 antigen indicating that this
molecule represents a major target antigen in MMP patients
with exclusive non-scarring oral lesions. A recent study on a

8 9 10 N1 N2 C+

; GST
+1400

.

18 19 20 N3 N4 C+

GST
+1400

Reactivity of 20 OP patient sera against the C-terminal portion of BP180 antigen by immunoblotting. OP sera were

preabsorbed with GST protein and tested for reactivity against the prokaryotic recombinant fusion protein GST-1400 (GST-1400—-1497).
Lanes: 1-20, OP1-OP20; N1-N4, control sera from normal healthy individuals; C+, MMP patient serum that strongly reacts with GST-

1400 used as positive control.
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large cohort of MMP with scarring phenotype and involve-
ment of various mucosal sites also reported that BP180 is the
major autoantigen recognized by these patients [23].
Altogether these data show that BP180 reactivity is a key
immunological feature shared by MMP with oral but also
multiple mucosal site involvement with or without cicatri-
cial phenotype.

On the other hand, we were not able to identify in our OP
cohort the previously described reactivity against a
~120 kDa band indicating the presence of autoantibodies
against the a6 integrin subunit [10,12,24], whereas three
patients had autoantibodies against an antigen of ~200 kDa
that could correspond to B4 integrin [19]. This different
result could be due to the different substrates (bovine
gingival lysate and prostate carcinoma DU145 cells versus
epidermal keratinocyte extracts) or lysate preparation
conditions or detection methods employed.

Previous studies have demonstrated that IgA autoanti-
bodies specific for BP180 ectodomain are typically detected
in CP but not in BP patient sera [5,25]. Furthermore, in CP
patients the presence of both circulating IgG and IgA anti-
BMZ antibodies has been associated with more severe and
persistent disease manifestations [26]. In the present study,
although seven of 20 OP patients had IgA deposition at the
BMZ, only few had circulating IgA reacting with BP180
antigen by both immunoblotting (1/20) and indirect
immunofluorescence (2/20), suggesting that IgA autoanti-
bodies may not play a major role in the pathogenesis of OP
disease.

As to the epitope pattern of BP180, OP patients sera did
not significantly recognize ICD of the antigen. This lack of
reactivity appears to distinguish OP from both BP, that
significantly recognized E-151 and E-176 in the BP180 ICD,
and CP which have been previously demonstrated to
significantly target BP180 ICD epitopes [5]. On the other
hand, most of the OP reactivity was directed against
epitopes in the BP180 ectodomain, similarly to what
reported for CP [4]. Indeed, four BP180 ECD epitopes
(NC16A, AA 1080-1107, AA 1331-1404 and AA 1400-1497)
showed a higher reactivity with OP sera than with NHI sera.
Of note, four of 20 OP patients (20%) had circulating
autoantibodies against the most C-terminal portion of
BP180 (AA 1400-1497) and six of 20 OP (30%) reacted al
least with one of two C-terminal antigenic sites tested (AA
1331-1404 and/or AA 1400-1497), indicating that previously
described reactivity of CP patients against this BP180 region
[4,9]1 may be not specifically related with the cicatricial
phenotype that is absent in our patients. On the other hand,
the lack of reactivity of 20 BP sera without mucosal
involvement against GST-1400 is in agreement with pre-
viously reported data and suggests a possible relation
between the recognition of the C-terminal portion of
BP180 and the mucous membrane involvement typically
present in MMP patients. In addition, OP sera displayed a low
frequency of reactivity against the NC16A domain (45%). This
reactivity is similar to previously reported data on CP
patients [4,5] and appears to distinguish MMP from BP which
is characterized by a high frequency of NC16A recognition
[15] and a different clinical presentation. Interestingly, five
of six OP sera that reacted with BP180 by IB on keratinocyte
extracts were negative by ELISA, suggesting the existence of
additional BP180 antigenic sites that are not represented in

our panel of epitopes. These epitopes could be dependent on
antigen denaturation or generated by post-translational
modifications of the BP180 molecule. In conclusion, the
frequency of reactivity (50%) against BP180 ECD in our non-
scarring OP patient population appears similar to that
previously reported for CP patients [4,5], while the lack of
significant recognition of BP180 ICD appears to characterize
OP with respect to both BP and CP [5,14]. Altogether these
results highlight the importance of BP180 ectodomain as
target of OP autoantibodies and suggest that the peculiar
clinical phenotype may be related to a reactivity against
specific regions of BP180.

Finally, up to 90% of OP patients were positive combining
very sensitive techniques such as indirect immunofluores-
cence on salt-split skin, immunoblotting on keratinocyte
extracts and ELISA assays for detection of anti-BP180 IgGs,
suggesting a role of this approach as valuable support for
diagnosis of MMP disease. Furthermore, the identification of
BP180 epitopes recognized by OP patients could be relevant
for the design of innovative therapies based on specific
immunoadsorption strategies.
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