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Objective: To assess the usefulness of enzyme-linked
immunosorbent assay (ELISA) assessment of the com-
bination of bullous pemphigoid antigen 1 (BPAG1) and
BPAG?2 in the diagnosis of bullous pemphigoid (BP).

Design: Retrospective study of serum samples from
patients with BP.

Setting: Tertiary care center.

Patients: A total of 190 patients with newly diagnosed
BP and 78 controls with other autoimmune bullous diseases.

Intervention: Serum samples were tested using com-
mercialized BPAG1 and BPAG2 ELISA and indirect
immunofluorescence (IIF).

Main Outcome Measures: The sensitivity and speci-
ficity of ELISA for the combination of BPAG1 and BPAG2
in the diagnosis of BP were contrasted with ELISA for
each of the antigens alone and with IIF.

Resuvlts: The sensitivity and specificity of ELISA for the
combination of BPAG1 and BPAG2 were 87% and 88%,

respectively, compared with 79% and 90% for BPAG2
ELISA, 61% and 96% for BPAG1 ELISA, and 81% and 63%
for ITIF. The combination of BPAG1 ELISA and BPAG?2
ELISA permitted 8% and 16% gains in sensitivity com-
pared with each of BPAG2 ELISA and BPAG1 ELISA alone,
respectively. Anti-BPAG1 antibodies were detected in 15
of 40 BP serum samples with no anti-BPAG2 antibodies
(38%) and in 8 of 13 serum samples from patients with BP
and mucosal involvement (62%) compared with 2 of 22
samples of cicatricial pemphigoid (P=.002) and 0 of 16 epi-
dermolysis bullosa acquisita serum samples (P <<.001). The
BPAG2 ELISA values were more closely correlated with ini-
tial extent of BP lesions (r=0.44, P<<.001) than BPAG1
ELISA values (r=0.16, P=.03).

Conclusion: Since the combination of BPAG1 and BPAG2
ELISA only slightly increases the sensitivity of BP diag-
nosis over BPAG2 ELISA alone, BPAG1 ELISA could be
adequately proposed in a minority of BP cases with mu-
cosal involvement and in those with no circulating anti-
BPAG2 antibodies.
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ULLOUS PEMPHIGOID (BP) 1S

the most frequent autoim-

mune blistering disease of the

skin.'” It is characterized by

circulating and tissue-
bound autoantibodies directed against 2
structural components of the hemidesmo-
somes: a 230-kDa protein of the plakin fam-
ily located in the inner plaque of hemides-
mosomes called BP antigen 1 (BPAG1),%?
and a 180-kDa transmembrane protein of
the collagen family called BPAG2.°!? The
pathogenicity of human anti-BPAG2 anti-
bodies has been demonstrated in different
humanized murine models.”*" In addi-
tion, serum levels of autoantibodies di-
rected against BPAG2-NCI16A detected by
enzyme-linked immunosorbent assay
(ELISA) have been shown to parallel dis-
ease activity in patients with BP.16%2

Currently, BPAG2 ELISA is consid-
ered a useful tool for the diagnosis of BP.
The role of anti-BPAG1 antibodies in the
pathogenesis of BP remains controver-
sial. Hall et al® showed in a rabbit model
that injection of BPAG1-derived peptides

CME available online at
www.jamaarchivescme.com

See also page 286

led to an enhanced inflammatory response
to UV-B irradiation, which was associated
with a neutrophilic and eosinophilic infil-
trate and linear deposits of IgG and C3 at
the dermoepidermal junction but with no
clinical evidence of BP lesions. Guo et al*
generated a mouse that was deficient for
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BPAGI gene expression and that developed skin fragility
but with no evidence of bullous lesions. Kiss et al*> showed
that the injection of rabbit antibodies directed against an
antigenic sequence of human BPAG1 into neonatal mice
induced clinical, histologic, and immunopathologic fea-
tures rather similar to human BP. An ELISA using a re-
combinant protein covering the N and C domains of BPAG1
has been recently commercialized.*® The usefulness of the
combination BPAG1 and BPAG2 ELISA in the diagnosis
of BP has only been evaluated in few studies.?**

The aim of the present study was to assess the use-
fulness of the routine combination of BPAG1 and BPAG2
ELISA in the diagnosis of BP. In addition, we evaluated
the correlation between BPAG1 and BPAG2 ELISA val-
ues with initial extent of BP lesions.

o EEETEEES

PATIENTS

Serum samples from 190 patients with a newly diagnosed BP who
were seen between 1996 and 2004 in 23 dermatologic centers in
France were used in this study. All patients fulfilled the follow-
ing inclusion criteria: (1) clinical features suggestive of BP?%;
(2) subepidermal blister on skin biopsy®; (3) linear deposits of
IgG and C3 along the basement membrane zone (BMZ) by di-
rect immunofluorescence®; and (4) serum samples tested for mea-
surement of anti-BPAG1 and anti-BPAG2 antibody values by ELISA
and for the detection of anti-BMZ antibodies by IIF on normal
and sodium chloride (NaCl)-split human skin. In addition, all pa-
tients had been previously included in 2 clinical trials,**** and pa-
tients’ clinical data were available on standardized forms. The ini-
tial extent of cutaneous lesions was evaluated by the number of
daily new blisters for 3 consecutive days at diagnosis before the
start of therapy.>*** Control serum samples were obtained from
40 patients with pemphigus, 22 patients with cicatricial pemphi-
goid (CP) and 16 patients with epidermolysis bullosa acquisita
(EBA). In patients with no circulating anti-BMZ antibodies, the
diagnosis of CP and EBA was confirmed using direct immuno-
electron microscopy. According to French law, this type of non-
interventional study on serum samples used for the routine di-
agnosis of BP does not require the approval of an ethics committee.

BPAG1 AND BPAG2 ELISA ASSAYS

Serum samples were collected for routine diagnosis before ini-
tial treatment. The ELISA procedures were all performed in 1
center. To determine anti-BPAG1 and anti-BPAG2 antibody
ELISA values, BPAG1 and BPAG2-NC16A ELISA tests (MBL,
Nagoya, Japan) were performed with 1:100 diluted serum, ac-
cording to the manufacturer’s instructions.?*** Data were ex-
pressed in units per milliliter of serum. For the evaluation of
sensitivity and specificity of ELISA assays, we used the cutoff
value proposed by the manufacturer (ie, 9 U/mL).

IIF ANALYSIS
We performed IIF serum analysis using normal and NaCl-

split human skin and anti-human IgG (The Binding Site, Bir-
mingham, England), as previously described.*

STATISTICAL ANALYSIS

Continuous and dichotomous characteristics were compared
between subgroups of patients using the Mann-Whitney non-

parametric test and the Fisher exact test, respectively. Correla-
tions of BPAG1 and BPAG2 ELISA values with the number of
daily new blisters were assessed using the Spearman rank cor-
relation coefficient. Sensitivity and specificity of BPAG1 and
BPAG2 ELISA findings were assessed in the usual manner. The
combination of BPAG1 and BPAG2 ELISA was considered
positive when BPAG1 or BPAG2 ELISA assays were positive
alone or in combination. No valid statistical comparisons of
sensitivities or specificities (eg, using the McNemar test)
between BPAG2 ELISA alone and the combination of BPAG1
and BPAG2 ELISA could be performed. Indeed, while findings
from any given sample might be positive for the combination
and negative for BPAG2 ELISA (ie, positive for BPAG1 ELISA,
thus being positive for the combination, but negative for
BPAG2 ELISA), the reverse was not possible because positive
results of BPAG2 ELISA implies being positive to the combina-
tion. Comparisons of sensitivity and specificity between ELISA
and IIF assays were performed using the McNemar test.

A P value less than .05 was considered statistically signifi-
cant. We used SAS statistical software, version 9 (SAS Insti-
tute, Cary, North Carolina).

DR RESULTS

BASELINE CLINICAL CHARACTERISTICS
OF PATIENTS WITH BP

A total of 190 patients with BP were included in the study
(115 women and 75 men), mean (SD) age, 81 (9) years.
The mean (SD) number of daily new blisters at diagno-
sis was 27 (39). Ninety-seven patients had moderate BP
(=10 new blisters/d), and 93 had extensive disease (>10
new blisters/d). Thirteen patients had mucosal involve-
ment at presentation.

SENSITIVITY AND SPECIFICITY
OF THE DETECTION OF ANTI-BPAG1
AND ANTI-BPAG2 ANTIBODIES BY ELISA

When using the cutoff value proposed by the manufac-
turer ie, 9 U/mL, anti-BPAG1 and anti-BPAG2 antibodies
were detected in 115 (61%) and 150 (79%) of the serum
samples, respectively (Table 1). Mean (SD) ELISA val-
ues of anti-BPAGI and anti-BPAG2 antibodies were 43 (44)
and 71 (58) U/mL, respectively. Among the 40 BP samples
that did not contain anti-BPAG?2 antibodies, anti-BPAG1
antibodies were detected in 15 (38%), with a mean ELISA
value of 44.9 U/mL. Anti-BPAG2 antibodies were de-
tected in 50 of the 75 serum samples without anti-BPAG1
antibodies (67%), with a mean ELISA value of 104.3 U/mL.

Finally, anti-BPAG]1 antibodies were detected in 1 pem-
phigus, 2 CP, and none of the EBA control serum samples,
while anti-BPAG2 antibodies were detected in 6 pemphi-
gus, 2 CP, and none of the EBA control samples. The sen-
sitivity and specificity of BPAG1 ELISA alone were 61% and
96%, respectively, and those of BPAG2 ELISA alone were
79% and 90%, respectively. The combination of BPAG1 and
BPAG2 ELISA increased the sensitivity from 61% with BPAG1
ELISA alone and 79% with BPAG2 ELISA alone up to 87%,
with aslightly decreased specificity to 88%. The combina-
tion of BPAG1 and BPAG2 ELISA assays was also particu-
larly useful to distinguish patients with BP who had mu-
cosal involvement from those with CP. Indeed, among the
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Table 1. Results of BPAG1 and BPAG2 ELISA in the 190 BP
Serum Samples?

BPAG1 ELISA Finding

BPAG2 ELISA I 0

Finding Positive Negative Total
Positive 100 (53) 50 (26) 150 (79)
Negative 15 (8) 25 (13) 40 (21)
Total 115 (61) 75 (39) 190 (100)

Abbreviations: BP, bullous pemphigoid; BPAG, BP antigen;
ELISA, enzyme-linked immunosorbent assay.

aAll data are reported as number (percentage) of serum samples.
A positive finding is defined as higher than 9 U/mL; negative finding,
9 U/mL or lower.

13 patients with BP from this series who had mucosal in-
volvement at presentation, anti-BPAG1 antibodies were
present in 8 cases (62%); anti-BPAG1 antibodies were de-
tected at low ELISA values (18 U/mL and 28U/mL) in only
2 of the 22 control samples from patients with CP (9%)
(P=.002) and in none of the 16 samples from patients with
EBA (P<.001).

CORRELATION BETWEEN BPAG1
AND BPAG2 ELISA VALUES AND INITIAL
EXTENT OF BP LESIONS

A mild (Spearman r=0.16) albeit significant (P=.03) cor-
relation was estimated between BPAG1 ELISA values and
the number of daily new blisters. Since a preferential as-
sociation between the presence of anti-BPAG1 antibod-
ies and localized types of BP has previously been re-
ported,??73° we compared the frequency of anti-BPAG1
antibodies between patients with moderate BP (=10 new
blisters/d) and those with extensive disease (>10 new
blisters/d). Anti-BPAG]1 antibodies were detected in 59%
of samples from patients with moderate BP and in 62%
of samples from those with extensive disease (P=.66),
with median ELISA values of 24 and 47 U/mL, respec-
tively (P=.052).

A stronger correlation was found between BPAG2
ELISA values and the number of daily new blisters (Spear-
man r=0.44, P<<.001). Anti-BPAG2 antibodies were less
frequently detected in samples from patients with mod-
erate BP (70%) than in those with extensive BP (88%)
(P=.002), with median ELISA values of 22 and 97 U/mL,
respectively (P<<.001).

COMPARISON OF THE SENSITIVITY
AND SPECIFICITY OF BPAG1
AND BPAG2 ELISA AND IIF

Anti-BMZ antibodies were detected by standard IIF in 153
of the 190 BP samples (81%), including 13 of 15 samples
with only anti-BPAG1 antibodies in ELISA (87%), 33 of
50 samples with only anti-BPAG2 antibodies (66%), 96
of 100 samples with both anti-BPAG1 and anti-BPAG2
antibodies (96%), and 11 of 25 samples with no anti-
BPAGI nor anti-BPAG2 antibodies (44%). Among the 78
control serum samples from patients with various auto-
immune bullous diseases other than BP, anti-BMZ anti-
bodies were detected by standard IIF in 1 of the 40 pem-

Table 2. Results of BPAG1 and BPAG2 ELISA and IIF
on NaCl-Split Skin in Patients With BP With Mucosal
Involvement, CP, or EBA?
BP With Mucosal
Involvement CP EBA
Assay (n=13) (n=22) (n=16)
Positive ELISA
BPAG1 8 2 0
BPAG2 11 2 0
NaCl-split skin lIF
Positive
Epidermal side 10 6 0
Dermal side 1 5 16
Both sides 0 0 0
Negative 2 1 0

Abbreviations: BP, bullous pemphigoid; BPAG, BP antigen; CP, cicatricial
pemphigoid; EBA, epidermolysis bullosa acquisita; ELISA, enzyme-linked
immunosorbent assay; IIF, indirect immunofluorescence; NaCL, sodium
chloride.

aAll data are reported as number of serum samples.

phigus samples (2.5%), 10 of the 22 CP samples (45%),
and 6 of the 16 EBA samples (38%). The sensitivity and
specificity of IIF were 81% and 63%, respectively.

Comparison of the sensitivity of ELISA and IIF showed
anonsignificantly higher sensitivity of the combination of
BPAGI and BPAG2 ELISA compared with ITF (87% vs 81%)
(P=.06), whereas no difference was evidenced between the
sensitivity of IIF and that of BPAG2 ELISA alone (81% vs
79%) (P=.77). The sensitivity of IIF was higher than that
of BPAG1 ELISA alone (81% vs 61%) (P<<.001).

Finally, to compare the usefulness of ELISA and IIF
on NaCl-split skin in the diagnosis of patients with au-
toimmune bullous disease and mucosal involvement, we
analyzed the samples from 13 patients with BP with mu-
cosal involvement, 22 with CP, and 16 with EBA using
ELISA and IIF on NaCl-split human skin (Table 2). Cir-
culating antibodies directed against the epidermal side
of the detachment were detected in 10 of 13 (77%), 6 of
22 (27%), and 0 of 16 samples from patients with BP,
CP, and EBA, respectively. Antibodies against the der-
mal side of the detachment were observed in 16 EBA
samples (100%), 5 of the 22 CP samples (23%), and 1 of
the 13 samples from patients with BP with mucosal in-
volvement (8%). Finally, a staining of both the dermal
and epidermal sides of the detachment was observed in
none of the tested samples. Anti-BPAG1 and anti-
BPAG2 antibodies, respectively, were detected by ELISA
in 8 and 11 of the 13 BP samples, 2 and 2 of the 22 CP
samples, and none of the 16 EBA samples.

- TS

In the present study, the combination of BPAG1 and
BPAG2 ELISA permitted an 8% gain in sensitivity from
79% with BPAG2 ELISA alone to 87%. Yoshida et al*
using the same BPAG1 and BPAG2 ELISA reported a 27%
gain in sensitivity from 70% with BPAG2 ELISA alone
to 97% with the combination of BPAG1 and BPAG2
ELISA. It is likely that the lower benefit from the use of
the combination ELISA in our study was mainly owing
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to the recruitment of cases of newly diagnosed active dis-
ease, whereas in the study by Yoshida et al,* patients in
both active stage and remission were included. If only
patients with BP in active stage alone were considered
from the study reported by Yoshida et al,*® the sensitiv-
ity of BPAG1 and BPAG2 ELISA, as well as the gain in
sensitivity permitted by the combination of BPAG1 and
BPAG2 ELISA procedures, were close to those in the
present study: BPAG1 ELISA sensitivity of 58% vs 61%
in the present study; BPAG2 ELISA sensitivity of 84% vs
79%; and sensitivity gain with combination of BPAG1 and
BPAG2 ELISA relative to BPAG2 ELISA alone: 10% (from
84% t0 94%) vs 8% (from 79% to 87%). The 79% sensi-
tivity of the BPAG2-NC16A ELISA used in the present
study was also close to the 84% sensitivity reported by
Kobayashi et al** using the same BPAG2-NC16A ELISA.
Higher sensitivity values up to 94% have been reported
with BPAG2 ELISA using the entire ectodomain of
BPAG2,” resulting in an even lower gain in sensitivity
from the combination of BPAG1 and BPAG2 ELISA: 6%
(from 94% to 100%) in the study by Di Zenzo et al.”’

The rather low gain in sensitivity (8% to 10%) of com-
bined BPAG1 and BPAG2 ELISA for the diagnosis of BP in
our study and in that of Yoshida et al,?® which used the same
ELISA assays, raises the question of the cost-effectiveness
ratio of the routine use of the combination of these 2 as-
says. The combination assay leads to a 100% increased cost
for the diagnostic procedure (€24.00, or $32.00), which is
2-fold higher than the cost of IIF on human skin (€10.80,
or $14.00) but quite similar to that of the addition of stan-
dard IIF and NaCl-split skin ITF. Indeed, the sensitivity of
the combination of BPAG1 and BPAG2 ELISA was only
slightly higher than that of BPAG2 ELISA alone (87% vs
79%) and that of standard IIF (87% vs 81%) (P=.06).

Nevertheless, the combination of BPAG1 and BPAG2
ELISA was a useful tool in 2 limited groups of patients.
The first group consisted of patients with no circulating
anti-BPAG2 antibodies, since anti-BPAG1 antibodies were
detected in 15 of 40 (38%) and in 6 of 10 (60%) samples
with no anti-BPAG2 antibodies from patients with ac-
tive BP in the present study and in that by Yoshida et al,*
respectively. Second, the combination of BPAG1 and
BPAG2 ELISA could also be useful to distinguish be-
tween patients with BP with mucosal involvement and
patients with CP, since anti-BPAG1 antibodies were
present in 62% of samples from mucosally involved BP
(8 0of 13) and in 2 of the 22 patients from the CP group
(9%) (P=.002), with low ELISA values (18 and 28 U/mL,
respectively). Low levels of anti-BPAG1 antibodies have
previously been reported in a few samples from patients
with CP using immunoblot analysis.>"*

In the present study, the specificity of the combina-
tion of BPAG1 and BPAG2 ELISA was rather good: 88%.
However, low ELISA values of anti-BPAG1 and anti-
BPAG?2 antibodies have occasionally been reported in pa-
tients with various conditions identified from a “waste
blood list,” as well as in elderly patients with various pru-
ritic dermatoses not corresponding to autoimmune bul-
lous diseases.**!

Although the specificity of BPAG1 and BPAG2 ELISA
depends on the proportion of serum samples from pa-
tients with pemphigus and subepidermal autoimmune

bullous disease in the control group, the combination of
BPAG]1 and BPAG2 ELISA had a higher specificity than
standard IIF in the diagnosis of BP (88% vs 63%)
(P=.006). This difference was even higher (88% vs 58%)
(P=.002) when only the group of subepidermal autoim-
mune bullous diseases was analyzed (ie, after pemphi-
gus samples from the control group were excluded), al-
though low ELISA values of anti-BPAG?2 antibodies were
occasionally detected in pemphigus foliaceus samples, in
association with anti-desmoglein 1 antibodies.* Indi-
rect immunofluorescence on NaCl-split skin had a rather
good value in the diagnosis of EBA and BP: antibodies
directed against the dermal side of NaCl-split skin were
detected in 16 of 16 EBA samples and in only 1 of 13 BP
samples, whereas antibodies directed against the epider-
mal side of NaCl-split skin were detected in 10 of 13 BP
samples and in none of the 16 EBA samples. On the con-
trary, the different labelings observed with CP samples
(epidermal or dermal side) did not allow a clear identi-
fication of CP samples with this technique.’*** There-
fore, both ELISA and NaCl-split skin IIF had a good value
in the diagnosis of BP and EBA and a poor value in the
diagnosis of CP.

In the present study, a rather strong correlation be-
tween BPAG2 ELISA values and initial extent of BP le-
sions was found (r=0.44, P<<.001), whereas we only ob-
served a rather low correlation between BPAG1 ELISA
values and disease extent (r=0.16, P=.03). Anti-BPAG2
antibodies have been previously demonstrated to be
strongly associated with disease activity in BP,'**? whereas
the relationship between BPAG1 ELISA values and dis-
ease activity remains controversial.?**"* Yoshida et al*®
evidenced a correlation between BPAG1 ELISA values and
BP activity in only 5 of the 10 patients they studied,
whereas 2 other studies suggested that anti-BPAG1 an-
tibodies could be preferentially associated with local-
ized types of BP.?"¢ QOur results did not confirm these
data, since anti-BPAG1 antibodies were detected in 59%
and 62% of patients with moderate and extensive BP, re-
spectively (P=.66).

In conclusion, the present study does not argue for a
routine use of the combination of BPAG1 and BPAG2
ELISA assays in the diagnosis of BP. The use of BPAG1
ELISA could be adequately proposed in a minority of BP
cases with no circulating anti-BPAG2 antibodies and in
patients with mucosal involvement at presentation.
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Notable Notes

Articles of Faith:
Bruiser

Although it was never my
intent with “Articles of
Faith” to mock or belittle
folk, home, or alternative
remedies, it would surely
be hard to do so, when
modern medicine can’t of-
fer alegitimate option of its
own. I don’t know how
many times a day I, as a
dermatologist, have to ad-
mit to the frail, the antico-
agulated, or the just plain
clumsy that there is really
nothing I can do for their
bruising. Well, here’s
Bruiser to illustrate some of
the things that have been
suggested to make those
ugly boo-boos go away
faster (Figure).

Mark S. Bernhardt, MD

Contact Dr Bernhardt at
1601 E Broward Blvd, Ft
Lauderdale, FL 33301
(cheesedb@aol.com).

Figure. Body, olive oil; legs, blackstrap molasses or honey; tail, hemorrhoid ointment; wattle, hot water
bottle; neck, ice; head, petroleum jelly; snout, mustard; eyes, quail eggs; and ears, keys (chilled).
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