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Abstract

Background: Autoantibodies against BP180 and BP230 play major roles in bullous pemphigoid (BP). We are the first 
to describe the values of serum anti-BP180 IgG and anti-BP230 IgG enzyme-linked immunosorbent assays (ELISA) for 
diagnosis and disease monitoring of BP among Thai patients.

Objectives: We aimed to determine the diagnostic performance of anti-BP180 IgG and anti-BP230 IgG in BP, to cor-
relate disease activity with autoantibody levels through follow-ups, and to relate BP comorbidities with disease activity 
and autoantibody levels.

Methods: Consecutive patients suspected of having BP were included. Skin biopsy, direct immunofluorescence, and 
serum anti-BP180 IgG and anti-BP230 IgG tests were performed. BP disease area index (BPDAI) was evaluated at diag-
nosis and throughout follow-ups.

Results: Of 131 patients, 68 were diagnosed with BP, and 63 were included as controls. Sensitivity and specificity of se-
rum anti-BP180 IgG were 69.1% and 90.5%, respectively, while those of serum anti-BP230 IgG were 55.9% and 85.5%, 
respectively. Using anti-BP180 and anti-BP230 IgG antibodies resulted in a 7% increase in sensitivity compared with 
using anti-BP180 IgG antibody alone. Significant correlation with BPDAI was found for both autoantibodies at diagno-
sis but only for anti-BP180 IgG at follow-ups (p = 0.013). BP patients with positivity to anti-BP180 or anti-BP230 IgG 
had significantly higher BPDAI than did those without (p = 0.005). BP was associated with neurological diseases (p = 
0.025), while patients with diabetes had higher disease activity (p = 0.010).

Conclusions: While both serum autoantibodies are useful for diagnosing BP in patients with suspicious clinical fea-
tures, only anti-BP180 IgG allowed prediction of disease activity over time.
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Introduction
Bullous pemphigoid (BP) is the most common autoim-

mune bullous disease that affects elderly patients (> 60 years 
old).1 It is characterized by the presence of tissue-bound and 
circulating autoantibodies directed against the structural com-
ponents of the cutaneous basement membrane zone.2 These 
autoantibodies predominantly target two hemidesmosomal 
proteins, namely, BP180 (BPAG2 or type XVII collagen) and

BP230 (BPAG1).3 BP180 is a transmembrane protein in which 
the noncollagenous extracellular portion, namely, the NC16A 
domain, is the main immunogenic target of the autoantibod-
ies.4 The role of BP180 antibody in the pathogenesis of BP 
is well elucidated, and the antibody levels have been report-
ed to fluctuate with disease severity.5-7 Recent evidence has 
also indicated that BP patients negative for antibodies against
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Anti-BP180 IgG and anti-BP230 IgG enzyme-linked immu-
nosorbent assays

The serum samples were collected from the patients before 
initiation of systemic immunosuppressive therapy. To assess 
BP180 IgG and BP230 IgG antibody titers, commercial ELI-
SA kits (anti-BP 180-NC16a-4X and anti-BP230-CF; Euroim-
mun AG, Lübeck, Germany) were used. The serum samples 
were diluted to 1:100 in accordance with the manufacturer’s 
instructions, and the manufacturer’s cutoff value of 20 relative 
units (RU) per mL was used. 

Disease severity assessment
The severity of BP was assessed at diagnosis using the BP 

Disease Area Index (BPDAI) proposed by the International 
Pemphigoid Committee in 2012.16 The index is composed of 
both objective measurement of disease severity of skin and 
mucosa according to anatomical region, with a total score of 
120, and subjective measurement of pruritus severity, with a 
total score of 30.16 

Statistical analysis
All statistical analyses were performed in Stata version 

15.1 (StataCorp. 2017. Stata Statistical Software: Release 15. 
StataCorp LLC, College Station, TX), except for the mixed-ef-
fects quantile regression, which was performed in R version 
3.4.1 (R Core Team. 2017. R: A language and environment 
for statistical computing. R Foundation for Statistical Com-
puting, Vienna, Austria) using the “lqmm” package.17 Cate-
gorical variables were described using number and percent-
age, and tested for association using Pearson’s chi-squared or 
Fisher’s exact test. Continuous variables with normal distri-
bution were described using means and standard deviations 
(SD), and tested for differences using Student t-test, while 
those with nonnormal distribution were described using me-
dians and interquartile ranges (IQR), and tested for differenc-
es using Mann-Whitney U test. Sensitivity, specificity, posi-
tive likelihood ratio, and negative likelihood ratio were used 
to describe the ELISA tests. Receiver operating characteristic 
(ROC) curve analysis was performed to compare the diagnos-
tic performance of the ELISA tests using the area under the 
curve (AUC) and to find the optimum cutoff value for diag-
nosing BP using Youden’s index (i.e., sensitivity + specificity 
– 1). Correlations between anti-BP180 IgG, anti-BP230 IgG, 
and BPDAI at diagnosis were assessed using Spearman’s cor-
relation coefficient (ρ). Mixed-effects quantile regression anal-
ysis with adjustment for visit number was performed to deter-
mine the associations between autoantibody levels and BPDAI 
through the follow-ups. A two-sided p value of less than 0.05 
was considered statistically significant in all analyses.

Ethics statement 
This study was approved by the ethics board of Faculty of 

Medicine, Ramathibodi Hospital, Mahidol University (pro-
tocol ID 07-58-13), prior to the start of the study and per-
formed according to the Declaration of Helsinki. Written in-
formed consent was obtained from all study participants.

BP180 NC16A domain have milder phenotypes.8 BP230 is 
an intracellular protein that belongs to the plakin family.9  
Although the role of BP230 antibodies in the pathogenesis of 
BP and the correlation between anti-BP230 antibody levels 
and disease severity are not clearly established, the C-terminal 
domain of BP230 has been proposed as a major antigenic site 
recognized by BP sera.10-14

Detection of serum autoantibodies can be assessed by 
standard indirect immunofluorescence (IIF) or salt-split skin 
technique. However, these methods are time-consuming, dif-
ficult to standardize, and highly dependent on the operator’s 
skills. Several enzyme-linked immunosorbent assays (ELISAs) 
have been established with varying reported sensitivity and 
specificity, based on the techniques and recombinant proteins 
used. The ELISAs using bacterial recombinant protein of the 
BP180-NC16A domain and BP230 C-terminal domain have 
become commercially available and more convenient to use. 
Moreover, the level of the anti-BP180 ELISA more accurately 
parallels the disease activity of BP than does IIF.5,15

To our knowledge, there are no available data using anti- 
BP180 IgG and anti-BP230 IgG ELISAs as a diagnostic tool 
and for disease monitoring of BP in Thai patients. In this 
study, the main objective is to evaluate the diagnostic perfor-
mance of anti-BP180 IgG and anti-BP230 IgG ELISAs, and 
determine their relationship with BP disease activity at diag-
nosis and throughout the study. We also compared disease 
activity scores between BP patients with positive and nega-
tive autoantibodies to explore the differences between the 2 
groups. Finally, we evaluated the association of BP comorbid-
ities with disease activity and serum levels of anti-BP180 IgG 
and anti-BP230 IgG.

Methods
Study population

This study was conducted at the Dermatology outpatient 
department, Ramathibodi Hospital, Mahidol University, Bang-
kok, Thailand, between November 2014 and December 2016. 
We included all consecutive cases with clinical suspicion of BP 
presenting with vesiculobullous, urticarial, erosive, or crusting 
lesions, as well as elderly patients having urticaria, pruritic, or 
prurigo-like skin conditions. Skin biopsy for histopathology, 
direct immunofluorescence (DIF), and anti-BP180 IgG and 
anti-BP230 IgG serum level measurements were performed in 
all patients. Data including age at diagnosis, gender, duration 
of symptoms, and comorbidities were also recorded.

The diagnosis of BP was made in patients possessing all 
features of the following criteria: subepidermal separation 
with dermal eosinophilic infiltration from skin histopathol-
ogy; detection of IgG and/or C3 deposits in a linear pattern 
along the basement membrane by DIF; and linear IgG on 
the epidermal side of the skin in salt-split IIF. Patients who 
did not meet all criteria were included in the non-BP group 
as controls for the study on diagnostic performance of the  
ELISA tests.

In the BP group, ELISAs and disease activity scores were 
assessed throughout the follow-ups when there was clinical 
improvement, clinical flare, or plan for decrement of immu-
nosuppressant(s).
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Results
Characteristics of patients

A total of 131 patients were included in this study: 68 
BP cases (28 men, 40 women; mean ± SD age: 77.8 ± 10.4 
years) and 63 non-BP cases (26 men, 37 women; mean ± SD 
age: 58.8 ± 17.4 years), see Table 1. There was a slight female 
predominance in both groups. The mean age of BP patients 
was significantly older than that of non-BP cases (p < 0.001). 
The median (IQR) durations of symptoms in BP and non-
BP groups were 4 weeks (0.43, 216) and 4 weeks (0.57, 24), 
respectively. All BP cases showed characteristic subepider-
mal separation with dermal eosinophil infiltration and linear 
deposition of IgG and/or C3 along dermoepidermal junction 
on DIF, together with salt-split IIF, demonstrating positive 
IgG in an epidermal pattern. Most BP patients had mild dis-
ease, with median (IQR) BPDAI and pruritus scores at diag-
nosis of 10 (1, 45) and 12 (10, 20), respectively. Almost half of 
the BP patients (29 patients, 42.6%) presented with localized 
disease. Mucosal involvement, mainly affecting oral mucosa, 
was observed in 4 of 68 patients (5.9%).

Characteristic
BP patients

(n = 68)
Median (IQR)

Non-BP patients
(n = 63)

Median (IQR)
p value

Age, mean ± SD 77.8 ± 10.4 58.8 ± 17.4 < 0.001

Sex, n (%)

Men 28 (41.2) 26 (41.3) 0.991

Women 40 (58.8) 37 (58.7)

Duration of 
symptoms (weeks) 4 (0.4, 216) 4 (0.4, 24) 0.522

BPDAI 10 (1, 45) N/A

Pruritus score 12 (10, 20) N/A

Anti-BP180 IgG 
(RU/mL) 99.3 (2.3, 200) 4 (2, 31.6) < 0.001

Anti-BP230 IgG 
(RU/mL) 38.9 (2, 200) 4.5 (2, 55.1) < 0.001

Table 1. Patients’ baseline characteristics

BP, bullous pemphigoid; BPDAI, bullous pemphigoid disease area index; N/A, 
not applicable; RU, relative units

The final diagnoses in the non-BP group were other au-
toimmune bullous diseases, representing 30.2% (19/63) of 
patients. They are composed of pemphigus foliaceus (9), 
pemphigus vulgaris (7), paraneoplastic pemphigus (1), and 
bullous systemic lupus erythematosus (1). The remaining 
69.8% (44/63) accounted for other nonimmunobullous diseas-
es, shown in Table 2.

Bullous pemphigoid comorbidities
Among the comorbidities, only neurological diseases (i.e., 

cerebrovascular diseases, Parkinson’s disease, Alzheimer’s dis-
ease, dementia, and epilepsy) were significantly associated

Diagnosis n (%)

Autoimmune diseases

Pemphigus foliaceus 9 (14.3)

Pemphigus vulgaris 7 (11.1)

Paraneoplastic pemphigus 1 (1.6)

Bullous systemic lupus erythematosus 1 (1.6)

Other diseases

Pruritic rash (eczema, prurigo nodularis) 15 (23.8)

Bullous insect bite reaction 8 (12.7)

Bullous leukocytoclastic vasculitis 3 (4.8)

Friction blister 3 (4.8)

Lichen planus variant 3 (4.8)

Dyshidrosis 2 (3.2)

Chronic scarring conjunctivitis 2 (3.2)

Bullous fixed drug eruption 2 (3.2)

Urticaria 1 (1.6)

Urticarial vasculitis 1 (1.6)

Erythema multiforme 1 (1.6)

Erosive lichen planus 1 (1.6)

Sweet syndrome 1 (1.6)

Spongiotic dermatitis 1 (1.6)

Vasculopathy 1 (1.6)

Table 2. The final diagnosis of controls

with BP compared with controls (odds ratio: 5.19; 95% CI: 
1.10, 24.58; p = 0.025). Forty percent of BP patients had at 
least one neurological disease. Median (IQR) anti-BP180 IgG 
levels in BP patients with and without neurological diseas-
es were 172.4 (11.7, 200) and 15.3 (2, 200), respectively (p = 
0.001). When stratified by titer levels, an anti-BP180 IgG anti-
body titer of 100 RU/mL or higher was significantly associated 
with neurological diseases (p = 0.024). However, the analysis 
did not reveal any significant association between anti-BP230 
IgG antibody levels and neurological diseases in BP patients.

Regarding disease severity, BP patients who had diabetes 
mellitus (n = 24) had significantly higher disease activity than 
did nondiabetic patients (n = 44) (p = 0.010). Median (IQR) 
BPDAI in BP patients with and without diabetes mellitus was 
20 (8, 29) and 7 (1, 42), respectively. Among 24 patients with 
diabetes mellitus, 5 had administered dipeptidyl peptidase-4 
inhibitors (DPP4i) (2 vildagliptin, 2 linagliptin, and 1 sita-
gliptin) before the onset of BP. However, there was no statis-
tically significant association between anti-BP180 IgG or an-
ti-BP230 IgG positivity and history of DPP4i use (p = 0.693 
and 0.806, respectively).
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ELISA Sensitivity,a %
(95% CI)

Specificity,a %
(95% CI)

Positive likelihood 
ratioa (95% CI)

Negative likelihood 
ratioa (95% CI)

Area under ROC 
curve (95% CI)

Anti-BP180 IgG 69.1 (56.7, 79.8) 90.5 (80.4, 96.4) 7.26 (3.34, 15.80) 0.34 (0.24, 0.49) 0.892 (0.837, 0.947)

Anti-BP230 IgG 55.9 (43.3, 67.9) 85.5 (74.2, 93.1) 3.85 (2.03, 7.30) 0.52 (0.39, 0.69) 0.749 (0.664, 0.834)

Anti-BP180 IgG or 
Anti-BP230 IgG 76.5 (64.6, 85.9) 79.0 (66.8, 88.3) 3.65 (2.21, 6.02) 0.30 (0.19, .047) N/A

Table 3. Sensitivity, specificity, positive and negative likelihood ratios, and area under ROC curve of anti-BP180 IgG and 
anti-BP230 IgG ELISAs

aDiagnostic values of manufacturer’s proposed cut-off of 20 RU/mL; CI, confidence interval; N/A, not applicable; ROC, receiver operating characteristic

ELISA Result n (%) Median BPDAI 
(IQR) p value

Anti-BP180 IgG Positive 47 (69.1) 12 (2, 44) 0.015

Negative 21 (30.9) 3 (2, 8)

Anti-BP230 IgG Positive 38 (55.9) 18 (5, 44) < 0.001

Negative 30 (44.1) 5 (2, 16)

Anti-BP180 IgG 
or Anti-BP230 
IgG

Positive 52 (76.5) 12 (2, 45) 0.005

Negative 16 (23.5) 2 (2, 6)

Table 4. Comparison of BP disease activity among anti- 
BP180 IgG and/or anti-BP230 IgG positive and negative pa-
tients

BP, bullous pemphigoid; BPDAI, bullous pemphigoid disease area index; IQR, 
interquartile range

Figure 1. Receiver operating characteristic curves of anti 
-BP180 IgG and anti-BP230 IgG ELISAs and their optimum 
cutoffs determined by maximum Youden’s index
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Diagnostic performance of anti-BP180 IgG and anti-BP230 
IgG serum levels in BP

Using the 20 RU/mL cutoff, anti-BP180 IgG antibod-
ies were positive in 47 BP patients and 6 non-BP patients, 
while anti-BP230 IgG antibodies were positive in 38 BP pa-
tients and 9 non-BP patients. The anti-BP180 IgG serum lev-
el showed sensitivity of 69.1% and specificity of 90.5%. The 
sensitivity and specificity of anti-BP230 IgG were 55.9% and 
85.5%, respectively. In comparison to anti-BP180 IgG alone, 
the combination of both anti-BP180 IgG and 230 IgG ELISA 
tests (where positivity to either of the 2 tests was considered a 
positive result) slightly increased the sensitivity from 69.1% to 
76.5% (Table 3). Of the 68 BP patients, 33 had positive results 
in both anti-BP180 IgG and anti-BP230 IgG ELISAs, where-
as 14 had positive anti-BP180 IgG alone, and 5 had positive 
anti-BP230 IgG alone. Among the 63 controls, positive an-
ti-BP180 IgG ELISA was found in 4, all of which were diag-
nosed with pemphigus foliaceus, whereas positive anti-BP230 
IgG ELISA was found in the 3 controls with the diagnosis of 
pemphigus vulgaris. 

Serum levels of anti-BP180 IgG and anti-BP230 IgG ELI-
SAs were significantly correlated (Spearman’s ρ = 0.633, p < 
0.001). However, ROC curve analysis revealed that the AUC 
of anti-BP180 IgG (0.892; 95% CI: 0.837, 0.947) was signifi-
cantly higher (p < 0.001) than that of anti-BP230 IgG (0.749; 
95% CI: 0.664, 0.834), see Figure 1. This signifies that the 
performance of anti-BP180 IgG was superior to that of an-
ti-BP230 IgG in diagnosing BP. The optimum cutoffs, as de-
termined by the maximum Youden’s index (i.e., the cutoffs 
that yielded the highest sensitivity and specificity simultane-
ously) for positivity were ≥ 13.5 RU/mL for anti-BP180 IgG 
ELISA and ≥ 9.19 RU/mL for anti-BP230 IgG ELISA. Using 
these cutoffs would result in sensitivity, specificity, positive 
likelihood ratio, and negative likelihood ratio of 77.9%, 87.3%, 
6.138, and 0.253, respectively, for anti-BP180 IgG, and 70.6%, 
74.2%, 2.735, and 0.396, respectively, for anti-BP230 IgG. 

The relationship between the serum levels of both ELISAs 
and BP disease severity at diagnosis 

There was a moderate correlation between serum levels of 
both autoantibodies and BPDAI at diagnosis, with ρ of 0.563 
(p < 0.001) for anti-BP180 IgG and 0.488 (p < 0.001) for anti- 
BP230 IgG.
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The relationship between the serum levels of both ELISAs 
and the BPDAI through the follow-up period

Of the 31 BP patients who had immunological follow-up, 
mean ± SD follow-up interval was 5.42 ± 2.79 months. Nine-
ty percent showed clinical improvement or were planning 
immunosuppressive drug decrement, while 10% had disease 
flare. To determine the associations between autoantibody 
levels and disease activity along the follow-ups, mixed-effects 
quantile regression analysis with adjustment for visit number 
showed that anti-BP180 IgG was significantly associated with 
BPDAI with a regression coefficient of 0.039 (95% CI: 0.008, 
0.070; p = 0.013), whereas anti-BP230 IgG was not (regression 
coefficient: 0.013; 95% CI: -0.011, 0.037; p = 0.282). In other 
words, each 1 RU/mL increase in anti-BP180 IgG level signifi-
cantly correlated to an approximately 0.04 point increase in 
median BPDAI.

The relationship between disease activity among anti-BP180 
IgG and anti-BP230 IgG ELISA positive and negative pa-
tients

The BPDAI scores were significantly higher in anti-BP180 
IgG and anti-BP230 IgG positive compared with negative pa-
tients, p = 0.015 and < 0.001, respectively (Table 4). Likewise, 
patients with positive results to either anti-BP180 IgG or an-
ti-BP230 IgG had significantly higher BPDAI than did those 
who were negative to both autoantibodies (p = 0.005).

and specificity) of the ELISA tests, i.e., avoiding the spectrum 
bias associated with the case-control design in a study on di-
agnostic test. This strengthens the diagnostic means of an-
ti-BP180 IgG and anti-BP230 IgG in a real-life situation where 
ELISA is used to differentiate BP from other blistering condi-
tions or BP-mimicking diseases in patients whose diagnosis is 
still unknown. 

In this study, the sensitivities of anti-BP180 IgG and an-
ti-BP230 IgG were 69.1% and 55.9%, respectively. The speci-
ficities of anti-BP180 IgG and anti-BP230 IgG were 90.3% and 
85.5%, respectively. Using both antibodies resulted in only a 
7% increase in sensitivity compared with using anti-BP180 
IgG alone. This is in line with previous reports.11 Prior stud-
ies have reported the diagnostic performance of commercially 
available ELISA tests for the detection of anti-BP180 IgG and 
anti-BP230 IgG antibodies in BP patients, revealing sensitiv-
ities of 54-97.6%, and 48-60%, respectively, and specificities 
of 94.8-100% and 96-99%, respectively, as shown in Table 5. 
Although our results follow those of prior reports, the sensi-
tivity and specificity of both ELISAs were slightly lower when 
compared to those performed with the same commercial ELI-
SA.18,19 We believe that the slightly lower specificity results 
from the cross-sectional design, as mentioned above.

We also found anti-BP180 IgG and anti-BP230 IgG pos-
itivity among patients in the control group, of which ap-
proximately one-third were comprised of other autoimmune 
bullous diseases. Transition from pemphigus to bullous pem-
phigoid has been reported in the literature.20,21 Possible ex-
planations include epitope spreading, antigen cross-reactivity, 
and chance. This could consequently reduce the specificity of 
autoantibody testing. 

Due to the high specificity of both tests, anti-BP180 IgG 
and anti-BP230 IgG may be beneficial in establishing the di-
agnosis of BP in those who may have special precautions for 
performing skin biopsy, e.g., severe bleeding tendency or al-
lergy to local anesthesia, and in settings where histological or 
DIF studies are not available. Moreover, according to relatively 
low diagnostic added values of anti-BP230 IgG (7% increase 

Author (year) Manufacturer Number of 
BP patients

Number of 
controls

Anti-BP180 ELISA Anti-BP230 ELISA

Sensitivity 
(%)

Specificity 
(%)

Sensitivity 
(%)

Specificity 
(%)

1. Present study Euroimmun 68 63 69.1 90.5 55.9 85.5

2. Keller (2016)21 MBL 170 N/A 54 95 48 94

3. Esmaili (2015)19 Euroimmun 50 50 88 96 48 96

4. Damoiseaux (2012)18 Euroimmun 60 57 86.7 93 60 82.5

MBL 60 57 80 98.2 58.3 93

5. Feng (2008)15 MBL 42 42 97.6 97.6 N/A N/A

6. Yoshida (2006)10 MBL 239 430 69.9 98.8 72.4 99.5

7. D’Agosto (2004)20 MBL 36 103 66.6 100 N/A N/A

8. Kobayashi (2002)5 MBL 84 538 84.4 98.9 N/A N/A

Table 5. Characteristics and test performance of anti-BP180 and anti-BP230 ELISA assays in the diagnosis of BP.

BP, bullous pemphigoid.

Discussion
This is the first study to evaluate the diagnostic perfor-

mance of anti-BP180 IgG and anti-BP230 IgG ELISAs in BP 
among Thai patients. The cross-sectional design we used in 
the first phase of the study, in which comparison was made 
among all patients with then-unknown definite diagnosis, has 
the advantage over the case-control design used in most pre-
vious reports that compared already diagnosed BP patients 
with unrelated controls (healthy subjects or patients with oth-
er dermatological conditions)18,19 by minimizing the overesti-
mation of the measures for diagnostic values (e.g., sensitivity 
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Regarding other comorbidities, diabetes mellitus has 
been found to be increasingly associated with BP in the 
last decade.31 A recent study showed that DPP4i, especially 
vildagliptin, is associated with increased risk of BP.32 However, 
there was no significant association between diabetes melli-
tus and BP in our patients. Previous reports have found that 
DPP4i administered preceding the onset of BP targeted the 
non-NC16A domain in virtually all patients.33,34 In contrast, 
we failed to find an association between negative or positive 
BP180 IgG ELISA testing on NC16A domain in patients com-
mencing DPP4i. This discrepancy remains to be elucidated 
and requires accumulation of more cases and further investi-
gations. Interestingly, we demonstrated that BP with diabetes 
mellitus had significantly higher disease severity in general. 
A possible explanation to the higher disease severity among 
BP with diabetes mellitus is the contraindication of using sys-
temic corticosteroid in poorly controlled diabetes mellitus, 
causing difficulty in the management of moderate to severe 
BP. Moreover, high incidence (30%) of cutaneous infection 
occurred in BP with diabetes mellitus treated with topical cor-
ticosteroids, thereby restricting its extensive use.35

The limitations of this study are that the sample size was 
relatively small and that all subjects were from a single insti-
tution.

In conclusion, serum anti-BP180 IgG and anti-BP230 IgG 
ELISAs can be considered useful and convenient methods for 
diagnosing BP in patients clinically suspected of having BP. 
However, serum anti-BP230 IgG offers low added diagnostic 
value and is not useful for monitoring disease severity; there-
fore, serum level of anti-BP180 IgG alone could be measured 
in cases of limited resources. BP patients with positivity to ei-
ther anti-BP180 IgG or anti-BP230 IgG ELISA had higher dis-
ease activity than did those without, and this finding supports 
the fact that these antibodies determine severe clinical pheno-
type. BP is associated with neurological conditions, while BP 
patients with diabetes mellitus had significantly higher disease 
severity. The significance of DDP4i in association with BP re-
mains to be elucidated.

in sensitivity), serum anti-BP180 IgG ELISA alone could be 
performed in case of limited financial resources.

Consistent with previous studies, we demonstrated that se-
rum levels of both anti-BP180 IgG and anti-BP230 IgG were 
significantly correlated with disease severity at diagnosis.11,20,22 
In terms of the disease activity throughout the course of dis-
ease, only anti-BP180 IgG showed significant fluctuation in 
parallel to the disease activity and reflected the disease se-
verity over time.5,7,14,15 We found that every 1 RU/mL increase 
in the serum anti-BP180 IgG level corresponded to an in-
crease in BPDAI score of approximately 0.04. Anti-BP230 IgG 
showed contrary results, in agreement with most studies that 
reported no association with disease progression.10,13 

In this study, we evaluated the diagnostic power by using 
the manufacturer’s suggested cutoff value of 20 RU/mL for 
both anti-BP180 IgG and anti-BP230 IgG ELISAs. From the 
ROC curve analysis using Youden’s index, the optimum cut-
offs for anti-BP180 IgG and anti-BP230 IgG from our study 
were ≥ 13.5 RU/mL and ≥ 9.19 RU/mL, respectively. These 
cutoffs offer the best balance of sensitivity and specificity, and 
hence are lower than the manufacturer’s suggested values. 
However, due to our study’s small sample size, larger studies 
with a cross-sectional design are needed to determine more 
precise and accurate cutoff values.

Our study shows that among patients diagnosed with 
BP, those with positivity to one or both antibodies had sig-
nificantly higher disease activity than did those without (p = 
0.015 and p < 0.001 for anti-BP180 IgG and anti-BP230 IgG 
only, respectively, and p = 0.005 for either anti-BP180 IgG or 
anti-BP230 IgG). This supports the notion that autoantibod-
ies attacking BP180 on the noncollagenous NC16A and BP230 
C-terminal domain are of pathological relevance and deter-
mine severe clinical phenotype. This finding is in line with a 
previous report where patients with BP who were negative for 
BP180 NC16A ELISA had milder clinical profiles.8 

In terms of BP-associated condition, as expected, we found 
that neurological diseases were significantly higher in BP pa-
tients compared to controls, with an odds ratio of 5.19. This 
is consistent with the results published to date.23-26 Degener-
ative and cerebrovascular diseases may lead to neural tissue 
damage and subsequently cause the release of cellular proteins 
such as BP180 and BP230. This could result in autoimmune 
trigger, with subsequent immune response that may manifest 
as BP. Previous studies have suggested the pathogenic role of 
anti-BP230 and the development of BP. Expression of BP230 
has been demonstrated in the human brain, and neural an-
ti-BP230 is associated with neurodegenerative disorders.27,28 
Taghipour et al. demonstrated that BP patients with neurolog-
ical disease had autoantibodies to both BP180 and BP230 pro-
teins.29 Our study, similar to that of Gambicher et al., revealed 
that only anti-BP180 was significantly associated with neuro-
logical disease.30 However, recent evidence failed to demon-
strate specific bindings of anti-BP180 antibodies in neural 
tissue in two different mammalian models.30 Therefore, more 
experimental research is required to elucidate the relationship 
between BP autoantibodies and the development of neurolog-
ical diseases.
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