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Introduction. Atopic dermatitis (AD) is a chronic inflammatory skin disorder characterized by immune dysregulation and Th2-dominant cytokine signaling. While Janus kinase (JAK) inhibitors are effective, their benefits can diminish over time, highlighting the need for new adjunctive strategies. Cold atmospheric plasma (CAP) generates reactive species with the potential for immunomodulation, yet its synergy with molecularly targeted therapies remains largely unexplored. 
Aims. In this study we aimed to investigate whether patch delivered CAP can potentiate the efficacy of the JAK inhibitors, and to elucidate the underlying signaling mechanisms, with a focusing on the AMPK-SOCS3 axis.
Methods. Atopic dermatitis (AD) was induced in BALB/c mice, which were then treated with a CAP patch, upadacitinib, or their combination. Mechanistic studies were performed in HaCaT keratinocytes to evaluate the regulation of STAT6 downstream signaling alongside SOCS3 expression and AMPK activation.
Results. CAP treatment generated reactive oxygen species that activated AMPK leading to robust SOCS3 induction and suppression of STAT6-driven Th2 inflammation. The CAP patch-upadacitinib combination significantly reduced epidermal thickening, immune cell infiltration, and IgE levels compared with either treatment alone. Blocking AMPK abrogated SOCS3 upregulation and diminished CAP’s immunomodulatory effects, confirming AMPK as a key mediator.
Discussion. Our findings demonstrate that CAP patch amplifies the therapeutic effect of JAK inhibition by engaging the AMPK-SOCS3 signaling axis. CAP patch’s ability to enhance SOCS3 expression highlights a novel immunoregulatory pathway for precision modulation of cytokine signaling. Beyond its role as a non-invasive adjunct, CAP offers a drug-sparing advantage that may reduce the need for prolonged or high-dose JAK inhibitor therapy, potentially minimising adverse effects. These results suggest that CAP patch integration into existing therapeutic regimens could redefine treatment strategies for AD and other chronic inflammatory skin conditions.




