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Mice
C57BL/6J mice were obtained from Vital River (China), and TRPV3-knockout (TRPV3-KO) mice were kindly provided by Professor Bailong Xiao (Tsinghua University). All mice were housed in the specific pathogen-free (SPF) animal facility of Tsinghua University under controlled environmental conditions: temperature maintained at 24–25°C, relative humidity at 50–60%, and a 12-hour light/dark cycle. Animals had ad libitum access to standard laboratory chow and water throughout the study period. 
Cell lines
A431 cells were maintained in Dulbecco’s Modified Eagle Medium (DMEM, Gibco) supplemented with 10% fetal bovine serum (FBS, Gibco) and 100 U/mL penicillin/streptomycin (Gibco). Cell passaging was performed using 0.25% Trypsin-EDTA (Gibco) upon reaching 80–90% confluence. 
Construction of genetically modified cell lines
To generate TRPV3-knockout A431 cells, the CRISPR-Cas9 system was employed. Single-guide RNA (sgRNA) targeting the human TRPV3 gene was designed using the online tool Zlab sgRNA Designer (https://zlab.bio/guide-design-resources). The synthesized sgRNA oligos were cloned into the BbsI-linearized pSpCas9-2A-GFP plasmid via T4 DNA ligase. Following amplification and purification, the constructed plasmids were transfected into A431 cells. At 48 hours post-transfection, single cells displaying high GFP fluorescence were sorted by flow cytometry and subsequently plated into 96-well plates for clonal expansion.
Isolation and culture of mouse keratinocytes
Primary mouse keratinocytes were isolated from the dorsal skin of postnatal day 2 (P2) wild-type (WT) or genetically modified mice. The skin tissues were first sterilized in 75% ethanol for 100 s and rinsed with PBS, followed by overnight digestion at 4°C with 1.2 U/mL dispase II (Roche) to separate the epidermis from the dermis. After mechanical dissection, the epidermal sheets were further digested with Trypsin-EDTA (Gibco) at room temperature for 25 minutes to generate single-cell suspensions. The keratinocytes were then cultured in CnT-Prime Epithelial Culture Medium (CELLnTEC Advanced Cell Systems AG) for 5–6 days until reaching 70–80% confluence. To induce differentiation, the culture medium was supplemented with 1.7 mM CaCl2 for 24 hours. All subsequent experiments were performed using first-passage keratinocytes.
Mouse immunization and ELISA
Female C57BL/6J mice (7–8 weeks old) were immunized via footpad injection or intranasal administration with ovalbumin (OVA) emulsified in the indicated adjuvants. Serum samples were collected from the tail vein at specified time points post-immunization.
For the detection of antigen-specific antibodies, 96-well ELISA plates (Corning) were coated with 2 µg/mL OVA in coating buffer and incubated overnight at 4°C. After washing, the plates were blocked with 5% skim milk in PBS containing 0.05% Tween-20 (PBS-T) for 1 hour at 37°C. Serial two-fold dilutions of serum samples were added and incubated for 2 hours at room temperature. Following washing, horseradish peroxidase (HRP)-conjugated subclass-specific secondary antibodies were applied. Color development was initiated by adding ortho-phenylenediamine (OPD, MACKLIN) substrate for 3 minutes and stopped with 2 M H2SO4. The optical density at 490 nm was measured using a microplate reader (Bio-Rad). The endpoint antibody titer was defined as the highest serum dilution that yielded an OD490 value 2.1-fold greater than that of pre-immune serum.
Calcium mobilization
Changes in intracellular Ca2+ concentration were monitored in A431 cells using the fluorescent probe Fluo-4 AM (Beyotime). Cells were loaded with 1 μM Fluo-4 AM in Hanks’ Balanced Salt Solution (HBSS, containing Ca2+ and Mg2+) at 37°C for 20 minutes, followed by two washes with HBSS to remove excess dye. The stained cells were then resuspended in HBSS and exposed to various stimuli for the indicated durations. Real-time Ca2+ flux was measured using a BD Accuri™ C6 flow cytometer, and the data were analyzed with FlowJo software. 
Mass spectrometry analysis of metabolites
Farnesyl pyrophosphate (FPP) levels were quantified in primary keratinocytes from wild-type (WT) and TRPV3-KO mice following infection with Staphylococcus aureus (MOI = 10). Briefly, cells were homogenized in 500 μL of lysis buffer (50 mM NH₄HCO₃, pH 7.4, 50% isopropanol) using a combination of mechanical disruption and sonication. Subsequently, 1 mL of methanol was added for protein precipitation, and the mixture was incubated at -20°C for 20 min. After centrifugation at 14,000 ×g for 10 min at 4°C, the supernatant was transferred to a glass tube and evaporated to dryness under a gentle nitrogen stream. The residue was reconstituted in 50 μL of acetonitrile/water (1:1, v/v), and 10 μL of the solution was injected into the LC-MS/MS system.
qRT–PCR
Total RNA was isolated using the M5 HiPer Universal Plus RNA Mini Kit (Mei5bio, China) according to the manufacturer’s protocol. Reverse transcription was performed with the M5 Super Plus qPCR RT Kit (with gDNA remover, Mei5bio) to synthesize cDNA. Quantitative PCR (qPCR) assays were conducted using M5 HiPer SYBR Premix EsTaq (Mei5bio) on a LightCycler® instrument (Roche, Switzerland). All primer sequences used for qPCR are provided in this reference (https://doi.org/10.1038/s41586-026-10167-6)..
Bulk RNA-seq analysis
Bulk transcriptome datasets were obtained from UVB-treated skin tissue of healthy volunteers (GSE148535), thapsigargin (TG)-treated HEK293 cells (GSE293666), and TG-treated hESCs (GSE284753) from GEO. Data were processed in R (v4.3.2) using tidybulk (v1.18.0). Lowly expressed genes were filtered using default settings. Counts were TMM-normalized, log-transformed, and z-scored prior to visualization. Differential expression was assessed using a negative binomial generalized log-linear model with a likelihood ratio test, and genes with Benjamini-Hochberg adjusted P < 0.05 and |log2FC| > 1 were considered significant.
The scRNA-seq analysis
We analyzed single-cell transcriptome data from the epidermis of 5 healthy controls (HCs) and 5 patients with SLE (age- and sex-matched; GSE179633 and GSE281449), along with datasets for psoriasis (GSE162183) and atopic dermatitis (GSE269981) downloaded from the GEO database, as well as mouse skin infected with S. aureus (PRJNA975496) or E. faecalis (GSE229257). Data were analyzed in R (v4.3.2). For each dataset, low-quality cells were removed based on standard Seurat quality control criteria (Seurat v5.0.1), including cells with fewer than 200 detected genes, a high proportion of mitochondrial transcripts, or other dataset-specific outliers. After normalization and scaling, dimensionality reduction and clustering were performed, and cell types were annotated using canonical markers. Downstream analyses and visualization were performed using the tidyverse package set (v2.0.0).
GO enrichment analysis
To functionally describe the keratinocytes and their subtypes in different pathological conditions, we used ClusterProfiler package (version 4.10.0) for gene set enrichment analysis of Biological Process pathways in Gene Ontology (GO) database (org.Hs.eg.db package, version 3.18.0). Differential expression genes with a Benjamini-Hochberg adjusted P value < 0.05 and a log2-fold change > 1 were selected for further over-representation analyses.
Statistics
All statistical analyses and data visualizations were performed using GraphPad Prism version 9.0 or R programming language, unless specified otherwise. The specific statistical tests applied are detailed in the respective figure legends. A two-tailed test was used for all hypothesis testing to assess differences in both directions. 
