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Antibodies in the serum of patients with bullous pemphigoid 

(BP) target two hemidesmosomal proteins, BP180 and BP230/bullous 

pemphigoid antigen (BPAG)1e [1]. In patients with BP who have only 

anti-BPAG1e antibodies, the autoantibodies primarily react with the 

C-terminal domain of BPAG1e (BPAG1e-C) [2,3]. Recently, we found 

that adoptive transfer of splenocytes from conditional knockout (K5- 
Cre;Bpag1-/-) mice immunized with murine BPAG1e-C leads to BP- 

like phenotypes in the recipient immunodeficient mice [4].

Interleukin (IL)− 6 levels were high in both the serum and blister 

fluid of patients with BP in a meta-analysis [5]. Ultraviolet B (UVB) 

irradiation induces IL-6 production in the skin and has been con-

sidered as a trigger to develop BP [6,7]. We aimed to elucidate the 

importance of IL-6 induction in the development of an experimental 

BP model targeting BPAG1e.

We evaluated Rag2-/- immunodeficient mice that received sple-

nocytes from K5-Cre;Bpag1-/- mice immunized with BPAG1e-C 

(Fig. 1a). Several weeks after splenocyte transplantation, scaling and 

erosions in the perioral area, ears, feet, and tail appeared in some 

recipient mice (Fig. 1b). Histological examination showed sub-

epidermal blisters with hyperkeratosis and direct immuno-

fluorescence (DIF) using anti-mouse IgG antibodies conjugated 

fluorescein isothiocyanate showed IgG deposition at the dermal- 

epidermal junction (DEJ) (Fig. 1c). Recipient mice expressing BP-like 

phenotypes had significantly higher serum levels of IL-6 than those 

without BP-like skin lesions (Fig. 1d). There were no differences in 

the concentration of IL-4, IL-17, or interferon (IFN)-γ (Fig. 1d).

Next, we analyzed the association between the secretion of IL-6 

and disease severity at the endpoint (Fig. 1e and f). As shown in 

Fig. 1f, recipient mice with severe skin findings, with a clinical score 

2 or 3, had significantly higher serum levels of IL-6 compared to 

those with mild skin changes (score 1). Furthermore, recipient mice 

that had severe lesions (score 2 or 3) developed the symptoms of BP- 

like phenotypes earlier than mice with less severe lesions (score 1) 

(Fig. 1f). Thus, IL-6 might play an essential role in both disease se-

verity and early onset of BP-like skin lesions after the adoptive 

transfer.

Serum concentrations of IL-6 were sufficiently associated with 

autoantibody titers against the DEJ according to indirect immuno-

fluorescence (Fig. 1g). Previous study revealed that murine splenic B 

cells cultured with human IL-6 increased IgG anti-DNA antibodies 

production [8], indicating that IL-6 is directly relevant to the pre-

servation and upregulation of causative autoantibody production. 

Next, we collected serum from recipient Rag2-/- mice prior to the 

development of BP-like phenotypes to measure serum IL-6 con-

centrations. Whereas mice without BP-like findings continued to 

have low serum levels of IL-6, mice that subsequently developed BP- 

like phenotypes produced IL-6 at 6 days after the adoptive transfer 

and had high levels of IL-6 at 12 days (Fig. 1h). These results revealed 

that the upregulation of IL-6 secretion occurred before the appear-

ance of BP-like skin lesions and gradually increased until the de-

velopment of BP-like phenotypes. Normal human keratinocytes 

cultured with IgG purified from the serum of patients with BP se-

creted IL-6 into the medium [9]. In our studies, the source of IL-6 is 

obscure, but antibodies induced by BPAG1e-C-immunized spleno-

cytes might contribute to IL-6 secretion from keratinocytes and 

trigger the development of BP-like phenotypes in recipient mice.

To evaluate pathogenic autoantibodies against BPAG1e, we gen-

erated hybridoma clones using lymphocytes and splenocytes derived 

from recipient Rag2-/- mice with BP-like phenotypes. Even though 

IgG in the supernatant of the hybridoma cells bound to the DEJ in 

murine skin samples, BALB/c mice that received intraperitoneal in-

jections of hybridoma cells had neither BP-like skin changes nor IgG 
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deposition at the DEJ on DIF microscopy (data not shown). Since 

previous studies demonstrated the importance of IL-6 over-

expression prior to the development of BP-like phenotypes, we fo-

cused on the induction of IL-6 in BALB/c mice that received 

hybridoma cells.

First, we exposed the shaved dorsum of BALB/c mice to 300 mJ/ 

cm2 of UVB and confirmed that IL-6 levels in the serum immediately 

elevated after UVB exposure and peaked at 24 h (Fig. 2a). Next, at 3 

days after injection of either hybridoma cells or SP2/0-Ag14 control 

cells, we exposed recipient BALB/c mice to UVB and observed them 

at 3, 6, and 9 days after exposure (Fig. 2b). At 3 days after UVB ex-

posure, there were no visible differences between the two groups 

(Fig. 2c). On day 6, mice that received hybridoma cells had extensive 

erythema with a thickened crust and scaling. The control mice that 

received SP2/0-Ag14 cells had mild erythema and scaling. At 9 days 

after UVB irradiation, the control mice had almost a normal ap-

pearance. However, the mice that received hybridoma cells had 

delayed erythematous lesions and erosions. On days 6 and 9, the 

mice that received hybridoma cells had significantly higher clinical 

scores than the control mice (Fig. 2d). On the other hand, non-UVB- 

irradiated mice that received hybridoma cells showed neither er-

ythema nor scaling (Fig. 2c).

In the mice that received hybridoma cells, histological ex-

amination revealed subepidermal blisters with acanthosis and DIF 

showed IgG deposition at the DEJ on the dorsal skin (Fig. 2e). The 

skin on the abdominal region, which was not exposed to UVB, did 

not have subepidermal blister formation or IgG deposition at the DEJ 

(Fig. 2e). Furthermore, the mice that received SP2/0-Ag14 myeloma 

cells did not have histological findings consistent with BP-like phe-

notypes (Fig. 2e). UVB irradiation induced IL-6 expression in 

Fig. 1. IL-6 secretion is upregulated in mice with experimental BP targeting BPAG1e. (a) Schematic diagram of the experiments for splenocyte isolation. K5-Cre;Bpag1-/- mice were 

primed with a subcutaneous injection of BPAG1e-C protein. At 2 weeks and 4 weeks, mice were boosted with a subcutaneous injection of BPAG1e-C protein. To gain splenocytes, 

mice were sacrificed 5 weeks after the first immunization. (b) Representative images of the perioral area, ear, and foot at 21 days after splenocyte transplantation. (c) 

Representative histological images with HE staining and DIF on the sole at 21 days after splenocyte transplantation. Original magnification, 200 × . Scale bar = 50 �m. (d) When the 

score became 3 or when there were no additional skin lesions for 1 week, we measured serum concentrations of various cytokines with ELISA. Mice with experimental BP 

targeting BPAG1e had high serum levels of IL-6. Data were obtained from three or four independent experiments (n = 10 per group). (e) Evaluation of experimental BP mice: score 

1, scaling and slight erosion; score 2, erosions and crusting; score 3, severe erosions, ulcers, and crusting, or death. (f) Mice with experimental BP that had high levels of IL-6 had 

severe clinical symptoms. Relationship between the period of phenotype development and clinical severity. (g) Relationship between IL-6 concentrations and titers of auto-

antibodies against BPAG1e-C protein. (h) Upregulation of IL-6 secretion prior to the development of BP-like phenotypes. Data were obtained from three or four independent 

experiments (n = 10 per group). Data in Figs. 1d, 1 f, and 1 h are shown as means ±  SD. * P  <  0.05; * ** P  <  0.001, Student’s t-test. BP, bullous pemphigoid; BPAG, bullous pemphigoid 

antigen; DIF, direct immunofluorescence; ELISA, enzyme-linked immunosorbent assay; HE, hematoxylin and eosin; IL, interleukin.
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keratinocytes and lymphocytes of hybridoma cell-received mice 

(Fig. 2 f), suggesting that UVB might be a trigger for BP by targeting 

BPAG1e via IL-6 upregulation. On the other hand, UVB irradiation 

increased antibody titers in mice that received hybridoma cells 

(Fig. 2g). The non-exposed abdominal skin showed no IgG deposition 

at the DEJ (Fig. 2e), indicating that UVB-induced antigen exposure 

might be necessary for anti-BPAG1e antibodies to bind to the DEJ.

This is the first report demonstrating UVB-induced blister for-

mation in the presence of anti-BPAG1e antibodies. These results 

support the possibility that UVB exposure helps trigger the induc-

tion of IL-6 and the binding between autoantibodies and BPAG1e, 

leading to the development of subepidermal blistering, as in BP.
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Fig. 2. UVB exposure triggers autoimmune reactions via autoantibodies against murine BPAG1e. (a) Upregulation of IL-6 secretion with UVB exposure in BALB/c mice. (b) 

Schematic representation of the experimental paradigm. BALB/c mice were intraperitoneally injected with either hybridoma cells (HB) or SP2/0-Ag14 control cells (Con). At 3 days 

after injection, mice were exposed to UVB (300 mJ/cm2) on the shaved dorsum. Clinical findings were evaluated every 3 days. (c) Representative images of clinical findings after 

UVB exposure. (d) On days 6 and 9, clinical scores of mice that received hybridoma cells were significantly higher than those of control mice. (e) Representative histological images 

with HE staining and DIF on the dorsum and abdomen at 9 days after UVB exposure. (f) Representative immunohistochemical images with anti-IL-6 antibody on the dorsum and 

abdomen at 9 days after UVB exposure. (g) On day 9, UVB irradiation induced higher titers of autoantibodies against BPAG1e-C protein in the hybridoma cell-transferred mice 

compared to those in the non-UVB-exposed mice. Data were obtained from two independent experiments (n = 6 per group). Data in Figs. 2a, 2d, and 2 g are shown as means ±  SD. 

Scale bar = 50 �m. * P  <  0.05; * * P  <  0.01; * ** P  <  0.001, Student’s t-test. BPAG, bullous pemphigoid antigen; Con, control cells; DIF, direct immunofluorescence; HB, hybridoma 

cells; HE, hematoxylin and eosin; IL, interleukin; UVB, ultraviolet B.
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Appendix A. Supporting information

Supplementary data associated with this article can be found in 
the online version at doi:10.1016/j.jdermsci.2022.12.001.
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