TGF-α promotes the development of bullous pemphigoid by disrupting cellular junctions and inducing chemokine release in keratinocytes
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Supplementary materials and methods
Purification of BP180 IgG from patient serum
Serum samples from bullous pemphigoid (BP) patients were pooled for the isolation of anti-BP180 IgG. Total IgG antibodies were purified using a HiTrap™ Protein G HP column (Cytiva) according to the manufacturer’s instructions. The concentration of purified IgG was determined by a BCA protein assay kit, and purity was confirmed by SDS–PAGE. Purified IgG was aliquoted and stored at –80 °C until use. For stimulation experiments, BP180-IgG was diluted in culture medium to final concentrations of 0, 1, 2, and 5 mg/mL and applied to keratinocytes for 48 h.
Primary keratinocyte isolation and culture
Primary human keratinocytes were isolated from foreskin samples acquired during circumcision procedures at the Department of Urology, the Second Affiliated Hospital of Xi’an Jiaotong University. The tissue samples were sterilized and prepared under aseptic conditions. Subcutaneous fat was removed, and the epidermal layer was subsequently incubated with dispase II to separate the epidermis from the dermis. After enzymatic digestion with trypsin-EDTA, keratinocytes were isolated, filtered, and centrifuged to obtain a single-cell suspension. Cells were cultured in a keratinocyte-specific medium, maintained at 37°C in a 5% CO₂ incubator, with medium changes occurring every 2-3 days.
For the stimulation experiments, primary keratinocytes were treated under specified conditions with the following cytokines and inhibitors: TGF-α (100 ng/mL, varying stimulation times, PeproTech, Catalog #100-16A), TWEAK (100 ng/mL, varying stimulation times, R&D Systems, Catalog #1090-TW-025), purified human BP180 IgG (0–5 mg/mL, stimulation for 48 h), Erlotinib (10 μM, pre-treated for 1 h, CST, Catalog #5083S, Danvers, USA), Wortmannin (10 μM, pre-treated for 1 h, MCE, Catalog #HY-10197-1), TAPI-2 (10 μM, pre-treated for 1 h, Cayman, Catalog #14695-500ug), U0126 (10 μM, pre-treated for 1 h, CST, Catalog # 9903), cycloheximide (CHX, 10 μg/mL, treated for 1 h, Selleck, Catalog #S7418), and MG132 (10 μM, , treated for 1 h, Selleck, Catalog #S2619). Cells were stimulated under these conditions and collected at various time points for subsequent analysis.
[bookmark: _Hlk183159302]Enzyme-linked immunosorbent assay (ELISA)
ELISA was conducted to quantify specific protein levels in the samples, following the protocols provided by the manufacturers. The following ELISA kits were used: TGF-α ELISA Kit (Neobioscience, Catalog #EHC125a, Shenzhen, China), EGF ELISA Kit (Elabscience, Catalog #E-EL-H0059, Wuhan, China), HB-EGF ELISA Kit (4A Biotech, Catalog #CHE0144-096, Beijing, China), AREG ELISA Kit (Elabscience, Catalog #E-EL-H0237, Wuhan, China), EREG ELISA Kit (Elabscience, Catalog #E-EL-H6223, Wuhan, China), anti-BP180 IgG ELISA Kit (Medical & Biological Laboratories, Ltd., Catalog #7695CN, Beijing, China), chemokine (C-C motif) ligand (CCL) 5 ELISA Kit (Elabscience, Catalog #E-EL-H6006, Wuhan, China), chemokine (C-X-C motif) ligand 9 (CXCL9) ELISA Kit (Elabscience, Catalog #E-EL-H6062), CXCL10 ELISA Kit (Elabscience, Catalog #E-EL-H0050c), and CXCL11 ELISA Kit (Elabscience, Catalog #E-EL-H0051c). Sample processing and analysis were performed as per kit instructions. Briefly, samples and standards were added to wells pre-coated with target-specific antibodies and incubated according to specified timelines. Post-incubation, wells were washed, and a biotin-conjugated secondary antibody followed by streptavidin-horseradish peroxidase were added. The colorimetric detection was carried out using a TMB substrate (Elabscience), and absorbance was measured at the recommended wavelength on a microplate reader. Concentrations of each analyte were determined from standard curves specific to each ELISA kit.
Western blotting
Western blotting was performed as described previously[1]. Briefly, cells were lysed in RIPA buffer with added protease and phosphatase inhibitors. Protein concentrations were measured using a BCA protein assay kit. Proteins (20-30 μg) were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and then transferred onto polyvinylidene fluoride (PVDF) membranes. The membranes were blocked with 5% bovine serum albumin for 1 hour at room temperature, incubated overnight at 4°C with primary antibodies, and then with HRP-conjugated secondary antibodies for 1 hour at room temperature (Supplementary Table 2). Protein bands were visualized using an enhanced chemiluminescence (ECL) detection system and quantified with ImageJ software. Densitometric analysis was normalized against GAPDH as a loading control.
[bookmark: _Hlk183159766]Quantitative real-time reverse transcriptase (qRT-PCR)
qRT-PCR was performed as previously described[2]. Total RNA was extracted from cells using the RNAiso Plus Total RNA Extraction Reagent (Takara Bio, Cat# 9108, Japan), following the manufacturer’s protocol. For cDNA synthesis, 1 µg of total RNA was reverse-transcribed using the PrimeScript™ RT Reagent Kit (Takara Bio, Cat# RR037A, Japan). Subsequent qRT-PCR analyses were performed in triplicate using SYBR Green qPCR Master Mix (Takara Bio, Cat# RR066A, Japan) on an ABI PRISM 7900HT Sequence Detection System (Applied Biosystems, USA). The expression levels of BP180 and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) were calculated using the 2^−ΔCt method, with GAPDH as the internal control. Primers for BP180: Forward: 5’-ACACCAATGCCTACTCTGCG-3’; Reverse:5’-CAAACACTGAGGAGGATGTGC-3’. Primers for GAPDH:	Forward: 5’-GCACCGTCAAGGCTGAGAAC-3’; Reverse: 5’-TGGTGAAGACGCCAGTGGA-3’.
[bookmark: _Hlk183160013]Immunofluorescence
Immunofluorescence was performed to detect specific protein markers in keratinocytes. Cells were fixed with 4% paraformaldehyde, permeabilized with 0.1% Triton X-100, and blocked with 5% BSA. Subsequently, they were incubated overnight at 4°C with primary antibodies, followed by fluorescence-conjugated secondary antibodies. These antibodies are detailed in Supplementary Table 2. Nuclei were stained with dihydrochloride (DAPI). Then, the cells were observed under a digital confocal microscope (Leica, Wetzlar, Germany).
Vibration detachment assay
Primary human keratinocytes (8 × 10^4) were seeded in 3.5-cm diameter dishes and cultured for 48 hours to promote cell adherence and growth. Subsequently, the cells were treated with Erlotinib (10 μM, pre-treated for 1 h), TGF-α (100 ng/mL), or a combination of both for an additional 48 h. Following the treatment, dishes were vibrated using a vortex at grade 4.5 for 30 minutes to induce cell detachment. Images of the cells that remained adhered to the dish post-vibration were immediately captured using phase-contrast microscopy to assess the extent of cell detachment under each treatment condition.
3-(4, 5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium bromide (MTT) assay
[bookmark: _Hlk183162659]The cytotoxicity of Erlotinib, Wortmannin, and TAPI2 on keratinocytes was evaluated using the MTT assay. Keratinocytes were seeded at a density of 5 × 10³ cells/well in 96-well plates and allowed to attach overnight. The cells were then treated with escalating concentrations of each inhibitor (0, 0.39, 0.78, 1.56, 3.13, 6.25, 12.5, 25, 50, and 100 μM) for 48 hours. Subsequently, 20 μL of MTT solution (5 mg/mL in PBS) was added to each well and incubated for 4 hours at 37°C. The formazan crystals formed were dissolved in 150 μL dimethyl sulfoxide, and the absorbance was measured at 570 nm using a microplate reader. Cell viability was quantified as a percentage of the control.
RNA sequencing analysis
Primary keratinocytes were treated with TGF-α (100 ng/mL) for 1 hour, a time point selected based on prior evidence that immediate-early gene expression downstream of EGFR signaling peaks within 30–60 minutes following stimulation, allowing capture of the acute transcriptional response[1]. Total RNA was subsequently extracted using TRIzol reagent (Invitrogen, Chelmsford, USA) as per the manufacturer’s instructions. The RNA was sent to Oebiotech Company (Shanghai, China) for sequencing. RNA integrity was verified using an Agilent 2100 Bioanalyzer; only samples with an RNA integrity number (RIN) above 7 were sequenced on the Illumina platform.
Raw sequencing data were processed with FastQC, aligned to the human reference genome (GRCh38) using the STAR aligner, and differential gene expression analysis was performed using DESeq2. Genes with an adjusted p-value (padj) < 0.05 and absolute log2 fold change > 1 were considered significantly differentially expressed. Visualization of these genes was facilitated through heatmaps and volcano plots generated in R software.
Previously published RNA sequencing datasets from wild-type (WT) and ADAM17 knockout (KO) mice skin samples[3] were reanalyzed to compare gene expression profiles. Gene Ontology (GO) enrichment analysis of these differentially expressed genes was performed using Metascape[4] to explore functional implications.
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