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Abstract
Autoimmune bullous disease autoantibodies, particularly including bullous pemphigoid (BP)-related anti-BP180-NC16A 
IgG, have been reported in a small subset of healthy individuals, but information about associated factors is lacking. We 
hypothesized that an abnormal status of immunomodulatory vitamin D could play a role in anti-BP180-NC16A autoantibody 
reactivity in healthy persons. In addition, we aimed to evaluate the cytokine profile associated with these autoantibodies. 
Plasma samples from 34 anti-BP180-NC16A IgG-reactive and 85 anti-BP180-NC16A IgG-negative healthy blood donors 
were tested for levels of 25-hydroxyvitamin D [25(OH)D] and a wide range of cytokines (IL-2, IL-4, IL-5, IL-6, IL-9, 
IL-10, IL-13, IL-17A, IL-17F, IL-21, IL-22, IFN-γ, and TNF-α). We observed that anti-BP180-NC16A IgG-reactive healthy 
subjects had significantly lower plasma 25(OH)D levels and about a two-fold higher rate of vitamin D deficiency (< 20 ng/
ml) compared to anti-BP180-NC16A IgG-negative healthy persons. In addition, anti-BP180-NC16A IgG-positive samples 
were characterized by significantly higher levels of IL-2, IL-5, IL-9, IL-10, and IL-13 which were, however, not significantly 
associated with the vitamin D levels. Our results indicate that healthy individuals with BP autoantibody reactivity share 
similarities with BP patients regarding the vitamin D status and cytokine profile (i.e., marked hypovitaminosis D and Th2 
predominance), which may have pathophysiologic implications.
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Introduction

In up to 10% of healthy individuals, circulating autoanti-
bodies, such as antinuclear antibodies (ANA) and autoanti-
bodies directed against desmosomal and hemi-desmosomal 

structural proteins, are detected [1–4]. These autoantibod-
ies, which are characteristic of rheumatic diseases and auto-
immune bullous diseases (AIBD), respectively, have been 
described to be present for up to several years before some 
individuals eventually become symptomatic [3, 4].

In a large population of more than 7000 normal blood 
donors studied for pemphigus and pemphigoid autoantibod-
ies, we previously showed that the cumulative prevalence 
of these autoantibodies was 0.9%, with bullous pemphigoid 
(BP)-associated anti-BP180-NC16A IgG being most preva-
lent (0.5%) [2]. Based on incidences of BP, the by far most 
common AIBD in Central Europe and Northern America 
[5], it has been hypothesized that approximately every 37th 
healthy individual with anti-BP180-NC16A IgG reactivity 
may develop BP [2]. However, information about factors 
associated with such autoantibodies in healthy individu-
als, including biomarkers distinguishing between resistant 
antibody-positive individuals and those who are susceptible 
to develop clinical disease, is lacking.
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Similar to what has been previously described in ANA-
positive healthy individuals [6, 7], we hypothesized that an 
abnormal status of immunomodulatory vitamin D could play 
a role in anti-BP180-NC16A reactivity in healthy people. In 
fact, hypovitaminosis D has been reported to be more com-
mon in AIBD patients than in the general population [8, 9], 
but nothing is known about vitamin D and BP autoantibodies 
in healthy populations. In addition, we aimed to evaluate the 
cytokine profile of anti-BP180-NC16A IgG-reactive versus 
anti-BP180-NC16A IgG-negative healthy blood donors, 
considering that an altered cytokine expression is found in 
BP patients [5].

Materials and methods

Blood samples

This investigation included 119 anonymized plasma sam-
ples of our previously described study cohort of normal 
blood donors from the Institutes for Transfusion Medicine 
Lübeck, Kiel, and Frankfurt (Germany) [2]. 34 anti-BP180-
NC16A IgG-reactive and 85 anti-BP180-NC16A IgG-neg-
ative specimens were used. Anti-BP180-NC16A IgG was 
detected by both the biochip-based indirect immunofluores-
cence assay (dermatology-mosaic 7) and the anti-BP180-
NC16A enzyme-linked immunosorbent assay (ELISA; all 
from EUROIMMUN AG, Lübeck, Germany) [2]. Use of 
human biological material was approved by the ethics com-
mittee of the University of Lübeck, and written informed 
consents were obtained in accordance with the Declaration 
of Helsinki.

Vitamin D measurement

Plasma 25-hydroxyvitamin D [25(OH)D] levels were meas-
ured by a 25(OH) Vitamin D ELISA Kit (Enzo Life Sci-
ences, Lörrach, Germany) according to the manufacturer’s 
instructions.

Multiplex cytokine assay

Plasma concentrations of various cytokines (IL-2, IL-4, 
IL-5, IL-6, IL-9, IL-10, IL-13, IL-17A, IL-17F, IL-21, 
IL-22, IFN-γ, and TNF-α) were determined by the LEG-
ENDplex human Th cytokine panel (13-plex) array (Bio-
legend, Fell, Germany) according to the manufacturer’s 
protocol. The analysis was performed with the flow cytom-
eter MACSQuant Analyzer 10 (Miltenyi Biotec, Bergisch 
Gladbach, Germany).

Statistical analysis

Statistical calculations were performed using GraphPad Prism 
software (GraphPad, San Diego, CA, USA). Non-normal and 
normal distributed data were analyzed by Mann–Whitney U 
test and Welch’s t-test, respectively. In addition, Spearman’s 
rank correlation test was used. P values less than 0.05 were 
considered as significant.

Results

Anti‑BP180‑NC16A IgG‑positive healthy individuals 
have markedly low vitamin D levels

We found that individuals with anti-BP180-NC16A autoanti-
body reactivity had significantly lower 25(OH)D plasma levels 
as compared to anti-BP180-NC16A IgG-negative people. In 
addition, while a state of hypovitaminosis D was found in the 
majority of analyzed healthy individuals irrespective of anti-
BP180-NC16A autoantibody reactivity, the rate of vitamin 
D deficiency, defined as < 20 ng/ml according to the Endo-
crine Society [10], was approximately twice as high in anti-
BP180-NC16A IgG-positive compared to anti-BP180-NC16A 
IgG-negative healthy individuals (24% vs. 13%, respectively) 
(Fig. 1).

A Th2‑dominant milieu is found 
in anti‑BP180‑NC16A IgG‑positive healthy 
individuals

We observed that, in comparison to anti-BP180-NC16A 
IgG-negative individuals, anti-BP180-NC16A IgG-positive 
ones were characterized by significantly higher plasma lev-
els of IL-2, IL-5, IL-9, IL-10, and IL-13 (Fig. 2). Of note, 
these cytokines, except IL-2, represent Th2-based immune 
responses.

Vitamin D status is not correlated 
with the Th2‑dominant milieu in anti‑BP180‑NC16A 
IgG‑positive healthy individuals

25(OH)D levels were not significantly correlated with levels 
of IL-2, IL-5, IL-9, IL-10, or IL-13 in neither anti-BP180-
NC16A IgG-negative nor anti-BP180-NC16A IgG-positive 
healthy individuals, although positive mutual correlations 
between the analyzed cytokines were recorded irrespective of 
anti-BP180-NC16A autoantibody positivity (Fig. 3).
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Discussion

The hormonally active, UVB-induced vitamin D metabolite, 
1,25-dihydroxyvitamin  D3 (calcitriol), participates in regula-
tion of immune responses through binding to the vitamin D 
receptor expressed in multiple cells of the immune system 
[8]. There are several lines of evidence indicating vitamin 
D involvement in AIBD. A meta-analysis of 9 case–control 
studies revealed that the vitamin D level of patients with 
AIBD including BP was significantly lower than that in con-
trols [9]. On an experimental level, we previously showed 
that calcitriol inhibited BP180-NC16A IgG-induced secre-
tion of pro-inflammatory cytokines in a human keratinocyte 
culture [11]. In addition, calcitriol promoted regulatory T 
and B cells, inhibited pro-inflammatory Th17 cells and neu-
trophils, and attenuated autoantibody production in a mouse 
model of the BP-like pemphigoid disease epidermolysis bul-
losa acquisita [12]. Moreover, previous studies observed that 
vitamin D inhibited the expression of pemphigus and pem-
phigoid autoantigens [13, 14]. In line with these reports, our 
current work showed that anti-BP180-NC16A IgG-reactive 
healthy individuals have significantly lower plasma vitamin 
D levels and about a two-fold higher percentage of vitamin 

D deficiency compared to anti-BP180-NC16A IgG-negative 
healthy persons. These findings are intriguing in two ways, 
as previously discussed in a similar context of ANA-positive 
healthy individuals [6]. First, the observation that both BP 
autoantibody-positive healthy individuals and BP patients 
have reduced vitamin D indicates that the molecular mech-
anisms by which hypovitaminosis D would predispose to 
autoimmunity operate early in BP development, prior to the 
possible onset of clinical symptoms. Second, considering 
that AIBD patients possess some risk factors for hypovi-
taminosis D (i.e., skin lesions and pain may limit outdoor 
activities, where sun exposure may in turn trigger the dis-
ease), whereas BP180-NC16A IgG-positive healthy individ-
uals do not [9], it can be therefore assumed that an abnormal 
vitamin D status is not solely the result of disease-associated 
lifestyle changes. Nevertheless, it needs to be mentioned that 
more than half of anti-BP180-NC16A IgG-negative healthy 
individuals also had inadequate plasma vitamin D levels, 
confirming that hypovitaminosis D is common in the general 
population (irrespective of subclinical autoimmune disease 
phenomena) [9, 15, 16].

A potential pathogenic relevance of the detected anti-
BP180-NC16A autoantibodies in healthy individuals has 

Fig. 1  Anti-BP180 autoantibody 
reactivity in healthy individu-
als is associated with marked 
hypovitaminosis D. Plasma 
25-hydroxyvitamin D [25(OH)
D] status of anti-BP180-NC16A 
IgG-positive (n = 34) and anti-
BP180-NC16A IgG-negative 
(n = 85) healthy individuals 
measured by enzyme-linked 
immunosorbent assay. 25(OH)
D plasma levels of ≥ 30 ng/
ml, 20–29 ng/ml, and < 20 ng/
ml were considered sufficient, 
insufficient, and deficient, 
respectively. The squares/dots 
and bars indicate individual and 
mean (± SEM) values in each 
group, respectively. *P < 0.05
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been proposed [2]. We could previously show that these 
autoantibodies formed immune complexes with recombi-
nant antigen and dose-dependently stimulated neutrophils 
in vitro, although fine-epitope mapping within NC16A 
revealed differences in the binding pattern between healthy 
individuals and BP patients [2]. BP is considered a Th2-
mediated disease in which the presence of autoreactive T 
cells with increased, therapeutically relevant Th2-associated 
cytokines (e.g., IL-5, L-10, and IL-13) in serum and blister 

fluid has been reported [5, 17]. Our observation that these 
Th2 cytokines were predominantly elevated in the blood of 
anti-BP180-NC16A IgG-reactive compared to anti-BP180-
NC16A IgG-negative individuals further suggests a subclini-
cal, BP-like pathogenic environment which may potentially 
turn into full-blown disease by additional yet-to-be-defined 
factors.

In contrast, we did not find a direct correlation between 
the low vitamin D status and the upregulated Th2 cytokines 

Fig. 2  Anti-BP180 autoantibody reactivity in healthy individuals is 
associated with Th2 predominance. Plasma levels of IL-2, IL-4, IL-5, 
IL-6, IL-9, IL-10, IL-13, IL-17A, IL-17F, IL-21, IL-22, IFN-γ, and 
TNF-α in anti-BP180-NC16A IgG-positive (n = 34) and anti-BP180-

NC16A IgG-negative (n = 85) healthy individuals measured by flow 
cytometry. The squares/dots and bars indicate individual and mean 
(± SEM) values in each group, respectively. *P < 0.05, **P < 0.01, 
***P < 0.001, ****P < 0.0001. ns not significant
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in anti-BP180-NC16A IgG-reactive individuals, which may 
at least partly be explained by the fact that we analyzed nor-
mal blood donors without any known immunological dis-
eases. In fact, different studies indicated variable correla-
tions between vitamin D levels and the cytokine output by 
Th2 cells, with mostly allergic disorders showing an inverse 
relationship while some autoimmune diseases (e.g., sys-
temic lupus erythematosus) or healthy subjects were lacking 

associations [18–20]. Interestingly, we observed a series of 
positive cross-correlations between the studied cytokines 
(i.e., IL-2, IL-5, IL-9, IL-10, and IL-13). The presence of 
these associations may either suggest a physiological inter-
play or a convergent pathway toward Th2 polarization char-
acteristic of the autoimmune process in BP patients.

Limitations of this study include lack of information 
regarding demographic data and long-term follow-up of the 
blood donors.

Conclusion

In conclusion, our results indicate that healthy individuals 
with BP autoantibody reactivity share similarities with BP 
patients regarding the vitamin D status and cytokine profile 
(i.e., marked hypovitaminosis D and Th2 predominance), 
which may have pathophysiologic implications.
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Fig. 3  Hypovitaminosis D is not correlated with the Th2-dominant 
milieu in anti-BP180-NC16A IgG-positive healthy subjects. Heatmap 
matrix plot of Spearman’s rank correlation coefficients (r) between 
plasma levels of 25(OH)D, IL-2, IL-5, IL-9, IL-10, and IL-13 in 
either anti-BP180-NC16A IgG-negative or anti-BP180-NC16A IgG-
positive healthy individuals. R values are presented in boxes and sig-
nificant correlations are indicated by asterisks. *P < 0.05

http://creativecommons.org/licenses/by/4.0/


 Archives of Dermatological Research

1 3

References

 1. Prüßmann J, Prüßmann W, Recke A et al (2014) Co-occurrence of 
autoantibodies in healthy blood donors. Exp Dermatol 23(7):519–
521. https:// doi. org/ 10. 1111/ exd. 12445

 2. Prüßmann W, Prüßmann J, Koga H et al (2015) Prevalence of 
pemphigus and pemphigoid autoantibodies in the general pop-
ulation. Orphanet J Rare Dis 10:63. https:// doi. org/ 10. 1186/ 
s13023- 015- 0278-x

 3. Arbuckle MR, McClain MT, Rubertone MV et al (2003) Develop-
ment of autoantibodies before the clinical onset of systemic lupus 
erythematosus. N Engl J Med 349(16):1526–1533. https:// doi. org/ 
10. 1056/ NEJMo a0219 33

 4. Raneses E, McGinley Simpson M, Rosenberg A, Coffman M, 
Meyerle J (2022) A retrospective review of autoimmune bullous 
disease antibody positivity before clinical symptoms. J Am Acad 
Dermatol 86(1):237–239. https:// doi. org/ 10. 1016/j. jaad. 2021. 02. 
003

 5. Schmidt E, Zillikens D (2013) Pemphigoid diseases. Lancet 
381(9863):320–332. https:// doi. org/ 10. 1016/ S0140- 6736(12) 
61140-4

 6. Ritterhouse LL, Crowe SR, Niewold TB et al (2011) Vitamin D 
deficiency is associated with an increased autoimmune response 
in healthy individuals and in patients with systemic lupus erythe-
matosus. Ann Rheum Dis 70(9):1569–1574. https:// doi. org/ 10. 
1136/ ard. 2010. 148494

 7. Meier HC, Sandler DP, Simonsick EM, Parks CG (2016) Associa-
tion between vitamin D deficiency and antinuclear antibodies in 
middle-aged and older U.S. adults. Cancer Epidemiol Biomark-
ers Prev 25(12):1559–1563. https:// doi. org/ 10. 1158/ 1055- 9965. 
EPI- 16- 0339

 8. Tukaj S (2020) Vitamin D in autoimmune bullous diseases. Acta 
Biochim Pol 67(1):1–5. https:// doi. org/ 10. 18388/ abp. 2020_ 2905

 9. Yang M, Wu H, Zhao M, Long H, Lu Q (2020) Vitamin D status 
in patients with autoimmune bullous dermatoses: a meta-analy-
sis. J Dermatolog Treat. https:// doi. org/ 10. 1080/ 09546 634. 2020. 
18106 06

 10. Holick MF, Binkley NC, Bischoff-Ferrari HA et al (2011) Evalua-
tion, treatment, and prevention of vitamin D deficiency: an Endo-
crine Society clinical practice guideline. J Clin Endocrinol Metab 
96(7):1911–1930. https:// doi. org/ 10. 1210/ jc. 2011- 0385

 11. Tukaj S, Grüner D, Tukaj C, Zillikens D, Kasperkiewicz M (2016) 
Calcitriol exerts anti-inflammatory effects in keratinocytes treated 
with autoantibodies from a patient with bullous pemphigoid. J Eur 
Acad Dermatol Venereol 30(2):288–292. https:// doi. org/ 10. 1111/ 
jdv. 12929

 12. Tukaj S, Bieber K, Witte M et al (2018) Calcitriol treatment 
ameliorates inflammation and blistering in mouse models of epi-
dermolysis bullosa acquisita. J Invest Dermatol 138(2):301–309. 
https:// doi. org/ 10. 1016/j. jid. 2017. 09. 009

 13. Yamamoto C, Tamai K, Nakano H et al (2008) Vitamin D3 inhib-
its expression of pemphigus vulgaris antigen desmoglein 3: Impli-
cation of a partial mechanism in the pharmacological effect of 
vitamin D3 on skin diseases. Mol Med Rep 1(4):581–583. https:// 
doi. org/ 10. 3892/ mmr.1. 4. 581

 14. Yamamoto C, Tamai K, Nakano H et al (2008) Vitamin D(3) 
inhibits expression of bullous pemphigoid antigen 1 through 
post-transcriptional mechanism without new protein synthesis. J 
Dermatol Sci 50(2):155–158. https:// doi. org/ 10. 1016/j. jderm sci. 
2007. 12. 003

 15. Palacios C, Gonzalez L (2014) Is vitamin D deficiency a major 
global public health problem? J Steroid Biochem Mol Biol 144(Pt 
A):138–145. https:// doi. org/ 10. 1016/j. jsbmb. 2013. 11. 003

 16. Cashman KD, Dowling KG, Škrabáková Z et al (2016) Vitamin 
D deficiency in Europe: pandemic? Am J Clin Nutr 103(4):1033–
1044. https:// doi. org/ 10. 3945/ ajcn. 115. 120873

 17. Belmesk L, Muntyanu A, Cantin E et al (2022) Prominent role 
of type 2 immunity in skin diseases-beyond atopic dermatitis. 
J Cutan Med Surg 26(1):33–49. https:// doi. org/ 10. 1177/ 12034 
75421 10278 58

 18. Keleş E, Özkara Ş, İlhan N, Güngör H, Karlıdağ T, Yalçın Ş 
(2015) The relationship between Th1/Th2 balance and 1α, 
25-dihydroxyvitamin  D3 in patients with allergic rhinitis. Turk 
Arch Otorhinolaryngol 53(4):139–143. https:// doi. org/ 10. 5152/ 
tao. 2015. 1187

 19. Schneider L, Colar da Silva AC, Werres Junior LC, Alegretti AP, 
Pereira dos Santos AS, Santos M, Sassi R, Heemann B, Pfaffen-
seller B, Tavares Brenol JC, Monticielo OA (2015) Vitamin D 
levels and cytokine profiles in patients with systemic lupus erythe-
matosus. Lupus 24(11):1191–1197. https:// doi. org/ 10. 1177/ 09612 
03315 584811

 20. Azizieh F, Alyahya KO, Raghupathy R (2016) Association 
between levels of vitamin D and inflammatory markers in healthy 
women. J Inflamm Res 9:51–57. https:// doi. org/ 10. 2147/ JIR. 
S1032 98

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1111/exd.12445
https://doi.org/10.1186/s13023-015-0278-x
https://doi.org/10.1186/s13023-015-0278-x
https://doi.org/10.1056/NEJMoa021933
https://doi.org/10.1056/NEJMoa021933
https://doi.org/10.1016/j.jaad.2021.02.003
https://doi.org/10.1016/j.jaad.2021.02.003
https://doi.org/10.1016/S0140-6736(12)61140-4
https://doi.org/10.1016/S0140-6736(12)61140-4
https://doi.org/10.1136/ard.2010.148494
https://doi.org/10.1136/ard.2010.148494
https://doi.org/10.1158/1055-9965.EPI-16-0339
https://doi.org/10.1158/1055-9965.EPI-16-0339
https://doi.org/10.18388/abp.2020_2905
https://doi.org/10.1080/09546634.2020.1810606
https://doi.org/10.1080/09546634.2020.1810606
https://doi.org/10.1210/jc.2011-0385
https://doi.org/10.1111/jdv.12929
https://doi.org/10.1111/jdv.12929
https://doi.org/10.1016/j.jid.2017.09.009
https://doi.org/10.3892/mmr.1.4.581
https://doi.org/10.3892/mmr.1.4.581
https://doi.org/10.1016/j.jdermsci.2007.12.003
https://doi.org/10.1016/j.jdermsci.2007.12.003
https://doi.org/10.1016/j.jsbmb.2013.11.003
https://doi.org/10.3945/ajcn.115.120873
https://doi.org/10.1177/12034754211027858
https://doi.org/10.1177/12034754211027858
https://doi.org/10.5152/tao.2015.1187
https://doi.org/10.5152/tao.2015.1187
https://doi.org/10.1177/0961203315584811
https://doi.org/10.1177/0961203315584811
https://doi.org/10.2147/JIR.S103298
https://doi.org/10.2147/JIR.S103298

	Bullous pemphigoid anti-BP180-NC16A autoantibody reactivity in healthy individuals is associated with marked hypovitaminosis D and Th2-like cytokine predominance
	Abstract
	Introduction
	Materials and methods
	Blood samples
	Vitamin D measurement
	Multiplex cytokine assay
	Statistical analysis

	Results
	Anti-BP180-NC16A IgG-positive healthy individuals have markedly low vitamin D levels
	A Th2-dominant milieu is found in anti-BP180-NC16A IgG-positive healthy individuals
	Vitamin D status is not correlated with the Th2-dominant milieu in anti-BP180-NC16A IgG-positive healthy individuals

	Discussion
	Conclusion
	Acknowledgements 
	References




