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Pemphigus is an autoimmune disease characterised by
anti-desmoglein (Dsg) antibodies in the serum of pa-
tients. The disease can be divided into pemphigus fo-
liaceus and pemphigus vulgaris. Anti-Dsgl antibody is
generally related to pemphigus with cutaneous lesion,
and the anti-Dsg3 antibody is related to pemphigus
with mucosa lesion. Twenty-nine patients with pem-
phigus vulgaris were selected in the clinical study. The
severity of the cutaneous and mucosa lesions of these
patients was evaluated using Pemphigus disease area
index (PDAI). Conventional and conformational anti-
Dsg index values were determined using enzyme-linked
immunosorbent assay (ELISA) and ethylenediamine-
tetraacetic acid-treated ELISA, respectively. The rela-
tionship between clinical phenotypes and immunologi-
cal profiles was analysed. In the correlation analysis,
both the conventional and conformational anti-Dsgl
ELISA index values were correlated with the total and
cutaneous PDAIs. In addition, conformational anti-
Dsg3 ELISA index values exhibited a positive correla-
tion with cutaneous PDAI in both types of pemphigus
vulgaris, whereas no correlation was observed for the
conventional anti-Dsg3 ELISA index values. Key words:
EDTA-treated ELISA; pemphigus disease area index;
desmoglein; pemphigus vulgaris.
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The detection of desmoglein (Dsg) antibodies in the
serum of patients is important in the diagnosis of
pemphigus. Previous research confirmed the positive
correlations between anti-Dsgl autoantibodies and ac-
tivities of cutaneous lesions (1). However, the relation
between anti-Dsg3 autoantibodies and disease activity
is controversial (2, 3). Conventional enzyme-linked im-
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munosorbent assay (ELISA) detected antibodies targeted
all antigen epitopes of Dsg. These epitopes include the
pathogenic and non-pathogenic epitopes. Kamiya et al.
(4) combined ethylenediaminetetraacetic acid (EDTA)-
treated ELISA and conventional ELISA to detect the
antibodies against the calcium-dependent conformatio-
nal epitope, which is also referred to as the pathogenic
antibodies. They found that the conformational Dsg3
ELISA index values correlated with disease activity, and
they especially focused on the low Pemphigus Disease
area index (PDAI) scores (5). We collected 54 serum
samples from 29 patients with pemphigus vulgaris (PV)
and assessed the correlation of Dsg antibodies and pem-
phigus subtypes. Moreover, the relationship between the
ELISA index values of pemphigus autoantibodies (both
conventional and conformational) and total or location-
dependent PDALI scores was analysed.

MATERIAL AND METHODS

Patients with pemphigus vulgaris

Twenty-nine patients with PV were enrolled in the study from
December 2011 to February 2014 (Table SI'). For all patients,
diagnosis was confirmed by history (suprabasal cleft and acan-
tholysis in biopsy specimen), direct and indirect immunofluo-
rescence, as well as by the detection of circulating anti-Dsgl
or anti-Dsg3 autoantibodies. After obtaining written informed
consent from patients, serum samples were collected and stored
at —70°C. A total of 54 serum samples from the 29 PV patients
were analysed. Multiple samples (2-3) from 17 patients were
collected over a period of one month to 3 months.

Disease activity

The PDALI score is the main index of disease activity (6). The
clinical case was evaluated using the total and location-depen-
dent PDAI scores. Location-dependent scores include the PDAI
scores for cutaneous and membrane lesions. The PDAI score
for cutaneous lesions was defined as the sum of PDAI-skin
score and PDAI-scalp score. Both PDAI-skin and PDAI-scalp
scores were defined as the sum of activity and damage scores.
All scores were measured by one specific dermatologist of the
research group to avoid measurement bias.
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EDTA-treated ELISA and conformational ELISA index value

Immunoreactivity was evaluated using the Dsg ELISA according
to the kit manufacturer’s instructions (MBL, Nagoya, Japan). In
order to modify the Ca*-dependent epitopes of Dsgl and Dsg3
molecules coated on the ELISA plate, the plates were treated with
0.5 mmol I'' EDTA for 30 min at room temperature. After washing
4 times with Dsg ELISA wash buffer, the conventional assay pro-
tocol was carried out. Both EDTA-untreated and EDTA-treated
ELISAs were performed with the same samples at the same time.
The differences between EDTA-untreated and EDTA-treated
ELISA index values were calculated as conformational ELISA
index values (4). Highly reactive patients’ sera, with index values
higher than 150 U/ml, were serially diluted up to 1/1600 (7).

Statistical analysis

Data analysis was performed using the Statistical Package for
Social Sciences (SPSS 19.0). All tests were two-sided, and the
significance level was set at p=0.05. The Mann—Whitney U-test
was used to compare the differences between conventional and
conformational ELISA index values. Spearman’s rank correla-
tion coefficient was used in statistical analysis to determine
the correlation between ELISA index values and PDAI scores.

RESULTS

Anti-Dsg profile and phenotypes

Twenty-nine PV patients were divided into 2 subtypes.
Mucocutaneous was the more frequent phenotype and
was observed in 21 cases (72.4%). Cutaneous domi-
nant phenotypes were observed in 8 (27.6%) cases,
and histological examination of the cutaneous lesions
demonstrated suprabasilar acantholysis. Among the 21
mucocutaneous PV patients, solely positive anti-Dsg1
or anti-Dsg3 was observed in 2 patients. Anti-Dsgl
antibodies were detected in 8 patients with cutaneous
dominant phenotype, whereas anti-Dsg3 antibody was
detected in 7 patients (Table I).
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Table 1. The frequency of positive anti-Dsgl and anti-Dsg3 in
different pemphigus vulgaris phenotypes

Mucocutaneous  Cutanous  Total

(n=21) (n=38) (n=29)

n (%) n (%) n (%)
Anti-Dsgl+ 19 (90.5) 8 (100) 27 (93.1)
Anti-Dsg3+ 19 (90.5) 7 (87.5) 26 (89.7)

Correlation of anti-Dsgl index value with PDAI

The anti-Dsgl antibody index values detected by
EDTA-treated ELISA were very low. Consequently,
the conformational ELISA index values of anti-Dsgl
calculated by EDTA-treated ELISA and conventional
ELISA were similar to those of the conventional ELISA
index values in most patients (Fig. 1). Both conven-
tional and conformational anti-Dsgl ELISA index
values were correlated to the total PDAI (Spearman
rank correlation of 0.579 and 0.547, p<0.001) and
cutaneous PDAI (Spearman rank correlation of 0.715
and 0.685, p<0.001), but were unrelated to the mucosal
PDAI (Spearman rank correlation of 0.102 and 0.087,
p=0.462 and 0.534, respectively) (Table II).

Correlation of anti-Dsg3 index value with PDAI

Unlike the case of the anti-Dsgl ELISA index values,
several patients showed a significant gap between the
conventional and conformational anti-Dsg3 ELISA
index values (Fig. 1). High titres of conventional anti-
Dsg3 antibodies were still detected in some patients
during remission, whereas conformational ELISA
index values were low (for example, cases 23, 24 and
29; Fig. 2). Both conventional and conformational
anti-Dsg3 ELISA index values exhibited positive cor-
relations with the total and mucosal PDAI, whereas
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Fig. 1. Scatter plot representation of ELISA index values. Conventional anti-Dsgl ELISA index values were similar to conformational ELISA index
values (p=0.489). However, conventional anti-Dsg3 ELISA index values were significantly higher than conformational ELISA index values (p=0.02).

Bars indicate median values.
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Table 1. Rh- and p-values of conventional and conformational ELISA index values and Pemphigus Disease Area Index (PDAI) scores

Conventional Conformational Conventional Conformational
Phenotype PDAI anti-Dsgl anti-Dsg1 anti-Dsg3 anti-Dsg3
Pemphigus vulgaris (PV)  PDAI (Total) 0.579/<0.001 0.547/<0.001 0.365/0.007 0.529/<0.001
(n=>54) Cutaneous lesions score 0.715/<0.001 0.685/<0.001 0.236/0.086 0.404/0.002
Mucous membranes score 0.102/0.462 0.087/0.534 0.288/0.035 0.383/0.004
Mucocutaneous PV (n=40)* PDALI, total 0.518/0.001 0.477/0.002 0.312/0.050 0.499/0.001
Cutaneous lesions score 0.656/<0.001 0.621/<0.001 0.166/0.307 0.377/0.016
Mucous membranes score 0.255/0.112 0.237/0.142 0.358/0.024 0.463/0.003
Cutaneous PV (n=14) PDAL, total 0.884/<0.001 0.884/<0.001 0.469/0.09 0.589/0.027
Cutaneous lesions score 0.884/<0.001

Mucous membranes score -

0.884/<0.001 0.469/0.09 0.589/0.027

n refers to the number of serum samples from a total of 29 patients.

conformational ELISA index values showed a better
correlation (Spearman rank correlation, 0.529 and
0.383, respectively, p<0.001 and p=0.004, respec-
tively). Conventional anti-Dsg3 ELISA index values
showed no correlation with the cutaneous PDAI scores
in both mucocutaneous and cutaneous PV patients.
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Fig. 2. ELISA index values and total PDAI scores (Disease activity) in
clinical course of 3 pemphigus vulgaris patients. Conventional anti-Dsg3
ELISA index values were still high in remission; however, conformational
ELISA index values were significantly low.
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However, positive correlation was observed between
the conformational anti-Dsg3 ELISA index values
and cutaneous PDAI in PV (p=0.002) and its subty-
pes (p=0.016 in mucocutaneous PV and p=0.027 in
cutaneous PV) (Table II).

DISCUSSION

This research included 29 PV patients, who were di-
vided into mucocutaneous and cutaneous phenotype
groups. The mucosal dominant phenotypes were not
collected probably because our institution is a dermato-
logy-specialised hospital. Thus, patients with mucosal
dominant pemphigus proceeded to a dental clinic.

In 2 of the mucocutaneous PV patients, only anti-Dsg1
antibody was detected in the serum, and no anti-Dsg3
antibody was found. This result does not conform to the
“Dsg compensation theory.” Koga et al. (8) also repor-
ted 3 mucocutaneous PV cases with only the anti-Dsg1
antibody. The reason why mucosa lesions development
in anti-Dsg3-negative patients include: mucosa lesions
can be induced by several kinds of anti-Dsg1 antibodies
that can also induce mucosa injury; other autoantibo-
dies against keratinocytes, such as antibodies against
acetylcholine receptor (9), desmocollin (10, 11), and
plakoglobin (12), may be present in the patient serum.
We also found 8 PV patients with solely cutaneous
lesions, which is rare in clinical practice. Cutaneous
type pemphigus without mucosal involvement was also
reported by Yoshida et al. (13), who detected anti-Dsg3
antibodies in all their reported patients. Patients with
anti-Dsg3 antibody did not develop mucosal lesions
probably because of the higher Dsg3 expression in the
oral mucosa. However, the anti-Dsg3 autoantibody was
not adequately potent to induce acantholysis in mucosa.
Furthermore, the cutaneous dominant PV may be a
transient phenotype that can develop from or evolve
into the mucocutaneous phenotype.

A previous study has revealed that antibodies against
the Dsg conformational epitope are pathogenic. Most
conformational epitopes are located on the extracel-
lular EC1 and EC2 domains of Dsg, and such epitopes



are calcium-dependent. In the ELISA experiment, the
conformational epitope can be destroyed after treatment
with EDTA. The ELISA index value of antibodies
against the non-conformational epitope can be detec-
ted using this method. Therefore, the conformational
ELISA index value can be determined by subtracting
the EDTA-treated ELISA index values from the con-
ventional ELISA index values. In this study, the confor-
mational ELISA index values of anti-Dsg1 were similar
to those of conventional ELISA index values in most
patients, indicating that most portions of the anti-Dsg1
antibodies in the serum of patients target the pathogenic
conformational epitope. This result agrees with that of
Ohyama et al. (14), who used domain-swap technology.

A significant gap between the conventional and con-
formational anti-Dsg3 ELISA index values were found
in the serum of several patients. This result indicated
that non-pathogenic antibodies were present in the se-
rum of these patients and that the conventional ELISA
index did not reflect the changes in disease activity,
which is consistent with the findings of Kamiya et al.
(4) and Patsatsi et al. (1). In the correlation analysis, the
titres of conformational anti-Dsg3 ELISA index values
were not only found to be related to the activities of
mucosal lesions, but also to the activities of cutaneous
lesions. Daneshpazhooh et al. (3) used another scoring
system to assess the disease severity of PV patients
and found a weak correlation between the conventional
anti-Dsg3 ELISA index values and the severity of skin
involvement. Patsatsi et al. (1) found no significant
correlation between the conventional anti-Dsg3 ELISA
index values and any of the clinical scores, including
the autoimmune bullous skin disorder intensity score
and the PDAI scoring system. This study is the first to
demonstrate a positive correlation between anti-Dsg3
ELISA index values and activities of cutaneous lesions
detected by PDAI in PV patients.

In conclusion, conventional and conformational anti-
Dsgl ELISA index values can equally reflect the disease
activity in PV patients, therefore, EDTA-treated ELISA
is not needed in clinical work. Conventional anti-Dsg3
ELISA index values cannot reflect the disease activity
in some PV patients, whereas conformational ELISA
index values can rule out the non-pathogenic anti-Dsg3
antibodies, thus showing the correlations with both total
and cutaneous PDAIs in PV patients. Therefore, con-
formational ELISA can be used as a reliable indicator
in reflecting disease activities in PV patients.

ACKNOWLEDGEMENTS

The study was supported in part by The Research Special Fund
for Public Welfare Industry of Health: Guideline-oriented Re-
search in the Management of Some Common and Severe Skin
Diseases (201002016).

Pemphigus vulgaris autoantibodies and PDAI scores 465

REFERENCES

1. Patsatsi A, Kyriakou A, Giannakou A, Pavlitou-Tsiontsi
A, Lambropoulos A, Sotiriadis D. Clinical significance
of anti-desmoglein-1 and -3 circulating autoantibodies in
Pemphigus Patients Measured by Area Index and Intensity
Score. Acta Derm Venereol 2014; 94: 203-206.

2. Bracke S, Speeckaert R, Van Geel N, De Bacquer D, Lam-
bert J. Evaluation of commercially available ELISA assays
as a tool for monitoring and managing pemphigus patients:
a prospective study. Eur J Dermatol 2013; 23: 33-39.

3. Daneshpazhooh M, Chams-Davatchi C, Khamesipour A,
Mansoori P, Taheri A, Firooz A, et al. Desmoglein 1 and
3 enzyme-linked immunosorbent assay in Iranian patients
with pemphigus vulgaris: correlation with phenotype, se-
verity, and disease activity. J Eur Acad Dermatol Venereol
2007; 21: 1319-1324.

4. Kamiya K, Aoyama Y, Shirafuji Y, Hamada T, Morizane
S, Fujii K, et al. Detection of antibodies against the non-
calcium-dependent epitopes of desmoglein 3 in pemphigus
vulgaris and their pathogenic significance. Br J Dermatol
2012; 167: 252-261.

5. Kamiya K, Aoyama Y, Shirafuji Y, Hamada T, Morizane S,
Fujii K, et al. A higher correlation of the antibody activities
against the calcium-dependent epitopes of desmoglein
3 quantified by ethylenediaminetetraacetic acid-treated
enzyme-linked immunosorbent assay with clinical disease
activities of pemphigus vulgaris. J Dermatol Sci 2013; 70:
190-195.

6. Rosenbach M, Murrell DF, Bystryn JC, Dulay S, Dick S,
Fakharzadeh S, et al. Reliability and convergent validity of
two outcome instruments for pemphigus. J Invest Dermatol
2009; 129: 2404-2410.

7. Cheng SW, Kobayashi M, Tanikawa A, Kinoshita-Kuroda
K, Amagai M, Nishikawa T. Monitoring disease activity
in pemphigus with enzyme-linked immunosorbent assay
using recombinant desmogleins 1 and 3. Br J Dermatol
2002; 147: 261-265.

8. Koga H, Ohyama B, Tsuruta D, Ishii N, Hamada T, Dainichi
T, et al. Five Japanese cases of antidesmoglein 1 antibody-
positive and antidesmoglein 3 antibody-negative pemphi-
gus with oral lesions. Br J Dermatol 2012; 166: 976-980.

9. Nguyen VT, Ndoye A, Shultz LD, Pittelkow MR, Grando
SA. Antibodies against keratinocyte antigens other than
desmogleins 1 and 3 can induce pemphigus vulgaris-like
lesions. J Clin Invest 2000; 106: 1467—1479.

10. Rafei D, Muller R, Ishii N, Llamazares M, Hashimoto T,
Hertl M, et al. IgG autoantibodies against desmocollin 3 in
pemphigus sera induce loss of keratinocyte adhesion. Am
J Pathol 2011; 178: 718-723.

11. Muller R, Heber B, Hashimoto T, Messer G, Mullegger R,
Niedermeier A, et al. Autoantibodies against desmocollins
in European patients with pemphigus. Clin Exp Dermatol
2009; 34: 898-903.

12. Ishii M, Izumi J, Fujiwara H, Ito M, Hamada M. Immuno-
blotting detection of gamma-catenin (plakoglobin) antibody
in the serum of a patient with paraneoplastic pemphigus.
Br J Dermatol 2001; 144: 377-379.

13. Yoshida K, Takae Y, Saito H, Oka H, Tanikawa A, Amagai
M, et al. Cutaneous type pemphigus vulgaris: a rare clinical
phenotype of pemphigus. J] Am Acad Dermatol 2005; 52:
839-845.

14. Ohyama B, Nishifuji K, Chan PT, Kawaguchi A, Yamashita
T, Ishii N, et al. Epitope spreading is rarely found in pem-
phigus vulgaris by large-scale longitudinal study using
desmoglein 2-based swapped molecules. J Invest Dermatol
2012; 132: 1158-1168.

Acta Derm Venereol 95



