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Diagnostic performance of the “MESACUP
anti-Skin profile TEST”

Background: The “MESACUP anti-Skin profile TEST” is a new, com-
mercially available ELISA kit to detect circulating IgG autoantibodies
against desmoglein 1, desmoglein 3, BP180, BP230, and type VII
collagen, both simultaneously and more rapidly than previous assays.
Objectives: The aim of this study was to evaluate the diagnostic accuracy
of this kit for the diagnosis of pemphigus foliaceus, pemphigus vulgaris,
bullous pemphigoid and epidermolysis bullosa acquisita. Materials &
Methods: Dual-centre retrospective study in which 138 patients with
autoimmune blistering diseases were compared to 40 controls Results:
Using the MESACUP anti-Skin profile TEST, both sensitivities and
specificities for desmoglein 1, desmoglein 3, BP180, BP230, and type
VII collagen autoantibodies were similar to those obtained using pre-
vious, specific ELISA systems and 88% of the results were concordant
without any significant difference. Conclusion: The MESACUP anti-
Skin profile TEST had a similar performance to previously produced
ELISA systems. The novel kit can be used for rapid diagnosis of most
common autoimmune blistering diseases and is especially suitable for
identifying overlapping disorders.

Key words: bullous pemphigoid, diagnostics, ELISA, epidermolysis
bullosa acquisita, pemphigus foliaceus, pemphigus vulgaris

mune blistering skin diseases form a heterogeneous

group in which specific autoantibodies attack cer-
tain adhesion proteins within the connecting structures
of keratinocytes. Several methods can be used to detect
these autoantibodies for diagnostic purposes. In vivo, bound
autoantibodies can be detected by direct immunofluores-
cence (DIF) microscopy in a perilesional biopsy specimen
[1]. Indirect immunofluorescence (IIF) is also commonly
used, although the evaluation is subjective and the standard-
ization is difficult. Enzyme-linked immunosorbent assay
(ELISA) is a highly specific serological diagnostic tool,

T he pemphigus and pemphigoid groups of autoim-

Abbreviations:

Ab antibody
ASPT  MESACUP anti-Skin profile TEST
BP bullous pemphigoid

95% CIs 95% confidence intervals
col7 type VII collagen

dsgl desmoglein 1

dsg3 desmoglein 3

DIF direct immunofluorescence

EBA epidermolysis bullosa acquisita

IIF indirect immunofluorescence

MBL Medical & Biological Laboratories Co., Ltd., Nagoya,
Japan

PF pemphigus foliaceus

PV pemphigus vulgaris

which can be performed in an objective, quantitative, stan-
dardized and automated way [2].

The MBL Company (Medical & Biological Laboratories
Co., Ltd., Nagoya, Japan) has produced several ELISA
kits for the routine diagnostic detection of autoantibodies
in blistering skin diseases. All kits use human recombi-
nant autoantigens. The BP180 ELISA is coated with the
NC16A domain [3]. Another kit is in use for detection
of autoantibodies directed against the N- and C-terminal
parts of BP230 [4]. There are two other plates coated with
desmoglein 1 (dsgl) and desmoglein 3 (dsg3) to detect
pemphigus autoantibodies [5]. To diagnose epidermoly-
sis bullosa acquisita (EBA), autoantibodies against type
VII collagen (col7) are assayed using the NC1 and NC2
domains in the same ELISA plate [6-8].

In a number of clinical situations, quick and precise diag-
nostics of autoimmune blistering diseases is warranted
because of the need for immediate adequate treatment.
For this purpose, simultaneous performance of all ELISAs
would be ideal. The use of several ELISA kits at the same
time is however laborious and expensive. Recently, an IIF
test based on the BIOCHIP® was established, allowing the
simultaneous analysis of autoantibodies against dsg1, dsg3,
BP180 NC16A, BP230, as well as salt-split human skin and
monkey oesophagus [9]. However, in this test system, quan-
tification of serum autoantibodies is difficult. To overcome
these shortcomings, a new ELISA was created by MBL for
the more rapid detection of IgG antibodies to dsgl, dsg3,
BP180, BP230, and col7, the “MESACUP anti-Skin pro-
file TEST” (ASPT). The autoantibodies can be detected
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simultaneously in a single assay, because the wells are sep-
arately coated with the five different recombinant antigens.
According to the instructions given by the manufacturer,
the incubation times are half those of the previous ELISA
systems and one single serum sample can be tested eco-
nomically [10]. Our goal was to reveal the performance of
this new kit in a clinical setting.

Methods

We conducted a retrospective analysis of serum sam-
ples from 178 patients. 120 patients were diagnosed with
autoimmune blistering diseases between November 2008
and April 2014 at the Department of Dermatology and
Allergology, Ludwig Maximilian University, Munich, Ger-
many. Furthermore, 17 EBA serum samples were included
from the University of Liibeck, Germany and 1 from the
Philipps University Marburg, Germany. In every case the
diagnosis was based on the compatible clinical picture,
traditional histology and confirmatory results in at least
two of three distinct diagnostic methods, including DIF
microscopy, IIF microscopy (on monkey oesophagus, rab-
bit oesophagus and salt-split skin) and specific ELISAs
(BP180, BP230, dsgl, dsg3, or col7, as appropriate). Each
of these ELISA systems was used according to the manufac-
turer’s (MBL) instructions. The cut-off value was chosen
as determined by MBL. It was 6 U/mL for the col7 ELISA
test, and 9 U/mL for the BP180 and BP230 tests. For
desmogleins, a grey zone was defined between 14 and
20 U/mL for dsgl, as well as between 7 and 20 U/mL for
dsg3; results in the grey zone were regarded as negative in
this study. All sera having false positivity or negativity were
double or triple checked. DIF and IIF microscopy were per-
formed using standard laboratory methods [11]. DIF was
performed in 54% of the patients; IIF microscopy and a
specific ELISA test were performed in every case as part of
the routine diagnostics, so we could compare the previous
data with the data of the ASPT. We will refer to the distinct
MBL ELISAs performed as routine diagnostics on our sera
as ‘previous ELISAs’ throughout this article, because these
assays were performed before the ASPT was done. The
three specific diagnostic methods, i.e. the DIF microscopy,
the IIF microscopy, and the ELISAs have a high specificity
of >90%; therefore, positivity of a sample in two of these
assays had a positive predictive value of >99%. This means
that a wrong diagnosis may have occurred in 0-2 of 138
patients, which does not significantly change the results of
the study.

The ASPT was also performed according to the instructions
of MBL. The cut-off was 15 U/mL for every sub assay in
the ASPT [10]. A total of 25 PF, 40 PV, 52 BP, 21 EBA,
and 40 control serum samples were tested in the study.

All the sera from patients having PF, PV or EBA,
obtained from patients examined in the study period at the
Department of Dermatology in Munich, were included. In
addition, some EBA serum samples were selected randomly
from serum pools of the other study centres to increase
the number of samples. The number of BP sera had to be
reduced, thus from 313 available BP sera which had been
pre-tested using individual ELISA kits (MBL) for detec-
tion of BP180 and BP230 autoantibodies, 52 serum samples
were selected so that the specificities and sensitivities of the
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results approximately corresponded to those obtained in a
previous study performed on these 313 sera[11], but we also
deliberately included some samples with borderline results
so that differences in the performance were better detected.
Control sera were chosen randomly from patients in whom
bullous autoimmune diseases had been clearly excluded.
Mann-Whitney’s nonparametric, unpaired, two-tailed test
was performed for statistical comparison of autoantibody
titres. Sensitivities and specificities were calculated with
95% Cls. For comparison of (positive and negative) test
results, Fisher’s exact test was performed. GraphPad Prism
version 4.03 for Windows, GraphPad Software, San Diego,
California, USA was used for calculations, SPSS version
21.0, SPSS Inc., Chicago, IL, USA for ROC analysis.
This type of retrospective, non-interventional study on sera
does not require ethical approval in Germany.

Results

The ASPT could be performed significantly more rapidly
than previous ELISA systems, because the incubation times
were only 50% of those required in previous specific MBL
kits, and all five tests could be performed simultaneously
in one single strip of assay. Thus the time needed between
pipetting the serum into the wells until the printing of the
results was approximately 1.8 hours. The ASPT could be
performed economically even with one single serum as each
strip of assay contained eight ELISA wells; five for the
autoantigens and three for positive and negative controls.
Therefore, one strip of assay was used for each single serum
sample, and any number of strips could be used at the same
time.

Comparison of data obtained from the distinct, previously
performed MBL ELISAs with those from the ASPT showed
that results from the ASPT were concordant with those from
previous ELISAs in 88.2%. Sensitivity and specificity val-
ues of the ASPT are illustrated in figure 1. The autoantibody

%

Sensitivity Specificity
[l Dsg 1 PF [l Dsg3 PV @ BP180
[ BP230 @ BP180+BP230 [ Col7

Figure 1. Sensitivity and specificity values of the “MESACUP
anti-Skin profile TEST”. BP, bullous pemphigoid; Col7, type
VII collagen; dsgl, desmoglein 1; dsg3, desmoglein 3; EBA,
epidermolysis bullosa acquisita; PF, pemphigus foliaceus; PV,
pemphigus vulgaris.
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Figure 2. Dot diagrams showing dsgl, dsg3, BP180, BP230 and col7 autoantibody levels in PF, PV, BP, EBA and control sera.
The cut-off line is drawn with a dashed line as recommended by the manufacturer (15 AU/mL in all assays in the ASPT). CTR,

control sera. Other abbreviations see figure 1.

titres in sera from PF, PV, BP, EBA patients and controls
are shown in figure 2. The results were significantly dif-
ferent between each disease compared to the controls. The
results of the ASPT and the results obtained from previous
ELISAs did not differ significantly when comparing dsgl,
dsg3, BP180, BP230, and col7 tests (P = 0.49, 0.62, 1.0,
0.32, and 0.34, respectively).

The specificities of ASPT were 100% for dsgl in PF, dsg3
in PV, BP230 in BP, and col7 in EBA. The specificity of
ASPT for BP180 in BP was 97.5%. There were two PF
sera with false positive BP180 values in the ASPT, but these
results could be not reproduced in either a repeated ASPT
or aBP180 ELISA. Specificities were not calculated for our
previous ELISAs because of no scientific relevance, since
literature data shows a nearly 100% specificity value (fables
2-6).

In the ASPT, the sensitivities were 92.5% for dsg3 in PV,
92% for dsgl in PF, 59.62% for BP180 and 61.54% for
BP230 antibodies, and 80.95% for col7 in EBA. Using
the previous MBL ELISAs, the sensitivities for dsgl,
dsg3, BP180, BP230 and col7 ELISAs were 100%, 97.5%,
59.62%, 50.0% and 95.24%, respectively. The sensitivities
of BP180 and BP230 tests evaluated simultaneously in the
ASPT and in previous MBL ELISAs were 80.77% and 75%,
respectively (specificities: 97.5% and 100%, respectively).
The performance of the ASPT could be further optimised
by ROC curve analysis. Data are shown in figure 3. The
sensitivity for dsgl antibodies in PF could be increased
from 92% to 96% by decreasing the cut-off from 15 to
8.8 U/mL, while the specificity remained 100%. The area
under the curve (AUC) was 0.962 (95%CI, 0.889-1.0). The
dsg3 test performed even better than the dsgl. Keeping
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Figure 3. ROC analysis of dsgl, dsg3, BP180, BP230 and col7 values. Abbreviations: see figure 1.

100% specificity, the sensitivity could be increased up to
95% by decreasing the cut-off value from 15 to 10.2 U/mL;
the AUC was 0.992 (95% (I, 0.978-1.0). The cut-off value
of 15 U/mL was optimal for both the BP180 and the BP230
tests in the ASPT. The AUC values for BP180 and BP230
antibodies were 0.870 (95% CI, 0.796-0.943) and 0.838
(95% CI, 0.756-0.919), respectively. The performance of
col7 ASPT could also be improved by setting the cut-off
to 11.6 U/mL, which resulted in an increase of sensitivity
to 85.7% without affecting the specificity; the AUC was
0.994 (95% (I, 0.983-1.0). By decreasing the cut-off fur-
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ther to 9 U/mL, the sensitivity could be increased to 90.5%
(specificity: 97.5%).

The specificities given above were calculated in relation to
the control sera. However, some sera from patients hav-
ing bullous autoimmune disease showed false positivity
in a number of the ASPT assays (7able 1). In PF, BP180
was falsely positive in three cases; nevertheless, all of them
were borderline positive (15.2, 15.4, 17.8 U/mL), and both
the IIF and the clinical picture were specific for PF. Three
PV patients’ sera were falsely positive: for BP180 alone,
BP230 alone, and both BP180 and BP230, respectively.



Table 1. The number of false positive results with each individual test in the “MESACUP anti-Skin profile TEST”. BP, bullous
pemphigoid; Col7, type VII collagen; dsgl, desmoglein 1; dsg3, desmoglein 3; EBA, epidermolysis bullosa acquisita; PF,

pemphigus foliaceus; PV, pemphigus vulgaris.

Diagnosis (n) dsgl (%) dsg3 (%) BP180 (%) BP230 (%) col7 (%)
PF (25) - - 3(12) 0 0
PV (40) - - 2 (5) 2 (5) 0
BP (52) 2 (3.85) 1(1.92) - - 1(1.92)
EBA (21) 2(9.52) 0 3(14.29) 0 -
Controls (40) 0 0 1 0 0

Table 2. Sensitivity and specificity values in the literature for desmoglein 1 ELISAs in pemphigus foliaceus.
Author n Sensitivity (%) Specificity (%) Manufacturer
Amagai et al. [12] 48 97.9 98.9 MBL
Huang et al. [13] 9 100 97.4 MBL
Schmidt et al. [14] 50 96 99.1 home-made
Schmidt ez al. [14] 50 100 95.7 MBL
Ishii ef al. [5] 49 96 96 home-made

In all ELISA systems, the recombinant purified ectodomain of desmoglein 1 was used.

Table 3. Sensitivity and specificity values in the literature for desmoglein 3 ELISAs in pemphigus vulgaris.
Author n Sensitivity (%) Specificity (%) Manufacturer
Amagai et al. [12] 81 97.5 97.8 MBL
Daneshpazhooh et al. [15] 73 94.5 - MBL
Hallaji et al. [16] 50 - MBL
Huang et al. [13] 20 85.0 99.1 MBL
Ishii et al. [5] 46 96 home-made
Schmidt et al. [14] 71 100.0 99.6 home-made
Schmidt et al. [14] 71 100.0 95.7 MBL
Sharma et al. [17] 27 85.2 100.0 MBL

In all ELISA systems, the recombinant purified ectodomain of desmoglein 3 was used.

According to the clinical picture, the DIF and the IIF
microscopy, two of the three cases had only PV without any
sign for an overlap syndrome. The third case with BP180
and BP230 positivity had only PV, diagnosed four years
previously. The diagnosis was confirmed with IIF, dsg3
ELISA, DIF and histology, so the sample was selected for
examination with the ASPT as a PV follow-up serum. With
the ASPT, both desmoglein results remained negative, but
the BP180 and BP230 were clearly positive (with titres
around 30 U/mL), which was also confirmed by the pre-
vious ELISA kits. The patient had an oral relapse under
immunosuppressive treatment at the time of sample tak-
ing despite negative desmoglein ELISAs. Additionally, the
serum was analysed by immunoblot, confirming reactiv-
ity with both BP180 and BP230. Without the ASPT, this
epitope spreading would not have been recognised.

There were four false-positive sera in patients having BP;
two for dsg1, one for dsg3 and one for col7. However, there
were no other clinical or laboratory signs for overlap syn-
dromes. The patient’s serum that was falsely positive for
col7 in the ASPT was repeatedly negative using the previ-
ous col7 ELISA (28.5 U/mL versus 2.38 and 2.44 U/mL,
respectively), without any signs for an EBA. Two EBA sera

were falsely positive for dsgl and three for BP180; how-
ever, we had only limited access to the clinical data, thus we
were unable to verify the possibility of overlap syndromes.
Among the negative controls, one borderline false-positive
case of BP180 was detected (16.0 U/mL with the ASPT)
which was negative using the previous ELISA or IIF.

Discussion

The sensitivities and specificities of different desmoglein
ELISA tests varied in diverse studies, even when the same
kit of the same manufacturer was used [12-15]. Literature
data for sensitivities and specificities of dsgl ELISA for
PF lie between 96%-100% and 95.7%-99.1%, respectively.
The numbers are similar for PV, the sensitivities and the
specificities of dsg3 ELISAs vary in the range of 85.2%-
100% (in most studies, however, 94%-100%) and 95.7%-
100%, respectively (tables 2, 3).

All dsgl and dsg3 kits have outstanding performances
in clinical practice, including the ASPT. Our results did
not differ significantly from the sensitivity and specificity
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Table 4. Sensitivity and specificity values in the literature for BP180 ELISAs.

Author n Sensitivity (%) Specificity (%) Manufacturer
Barnadas et al. [18] 24 92.0 96.0 MBL
Charneux et al. [19] 138 86.0 - MBL
Kobayashi et al. [3] 64 84.4 98.9 home-made
Damoiseaux et al. [20] 60 80.0 98.0 MBL
Damoiseaux et al. [20] 60 86.7 93.0 EUROIMMUN
Hofmann et al. [21] 116 93.1 98.0 home-made
Mariotti ef al. [22] 78 82.0 100.0 home-made
Roussel ef al. [23] 190 79.0 90.0 MBL
Sakuma-Oyama et al. [24] 102 89.0 98.0 MBL
Sardy et al. [11] 313 72.0 94.1 MBL
Sitaru et al. [25] 118 89.8 97.8 EUROIMMUN
Sitaru et al. [25] 118 89.0 94.8 MBL
Tampoia et al. [26] 20 90.0 98.8 MBL
Thoma-UszynskKi et al. [27] 127 95.3 94.0 home-made
Yoshida et al. [28] 239 69.9 98.8 MBL
Zillikens et al. [29] 50 94.0 99.9 home-made

Used antigens: MBL, Kobayashi et al., [12] Zillikens et al., [29] recombinant, purified NCI16A domain of BP180 protein. Euroimmun: tetramer of

the recombinant NC16A domain. Hofmann et al., [21] recombinant NC1

6A domain and the collagenous Coll5 domain+NC3-NCI domains of BP180

protein. Mariotti et al., [22] NC16A domain+the mid-portion and the C-terminus of BP180. Thoma-Uszynski et al., [27] entire extracellular domain of

BP180.

Table 5. Sensitivity and specificity values in the literature for BP230 ELISAs.

Author n Sensitivity (%) Specificity (%) Manufacturer
Blocker et al. [30] 118 56.8 97.6 EUROIMMUN
Charneux et al. [19] 138 59.0 - MBL
Damoiseaux et al. [20] 60 58.3 93.0 MBL
Damoiseaux ef al. [20] 60 60.0 82.5 EUROIMMUN
Roussel ef al. [23] 190 61.0 96.0 MBL
Sardy et al. [11] 313 59.0 99.2 MBL
Tampoia et al. [26] 20 60.0 98.8 MBL
Thoma-UszynsKi et al. [27] 127 81.5 64.8 home-made
Yoshida et al. [28] 239 72.4 99.5 home-made

Used antigens: MBL, Yoshida et al.,. [28] recombinant N-terminal and C:
two C-terminal constructs of BP230.

-terminal domains of BP230. Thoma-Uszynski et al.,. [27] one N-terminal and

Table 6. Sensitivity and specificity values in the literature for type VII collagen ELISAs.

Author n Sensitivity (%) Specificity (%) Manufacturer
Chen et al. [32] 24 100 100 home-made
Kim et al. [33] 30 96.7 98.1 MBL
Komorowski et al. [34] 73 94.5 98.7 home-made
Marzano et al. [35] 14 86 98.6 MBL
Saleh et al. [8] 49 93.8 98.1 MBL
Terra et al. [36] 28 54 97.8 MBL

Used antigens: Chen et al.,. [32] and Komorowski et al.,. [34] entire NC1 domain of human collagen VII.

values of the specific previous kits. A few BP sera showed
false positive results for desmogleins in the ASPT. This
observation was previously reported about specific ELISA
kits 15 years ago [5, 12-14]. Although we cannot completely
exclude the possibility of overlap syndromes, the diagnosis
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remained BP in each case based on DIF microscopy and
clinical data.

Specificity and sensitivity values for BP180 and BP230
are shown in supplementary Tables 3 and 4. Since the
first BP180 ELISA, the kits have been through a huge



development. The sensitivity was only 53% with 100%
specificity in 1994 [31], but in later studies, 69.9% sensitiv-
ity was the worst result [28]. In our study, the sensitivities
were lower than in previous studies because we selected
sera with a special focus on borderline results to challenge
the diagnostic performance of the ASPT. This means sensi-
tivities for MBL BP180 and BP230 ELISAs in our previous
study (n=313) were 72% and 59% respectively [11]; those
using the current selected sera (n = 52) were 60% and 50%
respectively (with 100% specificity). The sensitivity for
BP180 using the ASPT was similar to the previous tests but
the sensitivity of BP230 in the ASPT was notably better,
the difference being 11.5%. In addition, when the BP180
and BP230 results were evaluated together, the ASPT had
a higher sensitivity in comparison with the previous MBL
ELISAs (81% versus 75%).

Chen et al. [32] developed the first col7 ELISA, which was
a sensitive and specific in-house assay (fable 6). Our ASPT
assay had 81% sensitivity and 100% specificity. The sen-
sitivity values are very variable in the literature; the data
are limited by the low number of studies and included
patients (table 6). Recently, an IIF assay was established
based on the recombinant NC1 domain of col7 expressed
on the cell surface of HEK293 cells revealing a sensitivity
and specificity of 94.5% and 98.7%, respectively [34].
Our study was somewhat limited by its retrospective nature
and the possible bias when selecting sera. However, we
could evaluate the ASPT in areal clinical setting by compar-
ing its performance to our previous results. Determination
of precise sensitivity and specificity was not our primary
goal because many studies of this kind have already been
performed. We primarily intended to compare the diagnos-
tic performance (especially in borderline cases of BP) and
the laboratory usability.

In conclusion, the ASPT has a similar clinical perfor-
mance to each previous, specific ELISA alone, so it is
suitable for routine diagnostics. The BP230 test of the ASPT
has been considerably improved compared to the previ-
ous BP230 ELISA. The incubation time of the ASPT is
just half that of the previous specific tests and the setup
of the assay makes the testing of one single serum sam-
ple economic. In addition, the ASPT is an excellent tool to
examine problematic sera, overlap syndromes, and it can
also indicate the appearance of epitope spreading during
follow-up. B
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