Chlorogenic Acid Attenuates H1N1-Induced Lung Injury via Host Antiviral Immune Modulation
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Introduction

H1N1-induced lung injury is a major contributor to severe influenza and remains associated with limited therapeutic options. As interest in natural bioactive compounds continues to grow, chlorogenic acid (CGA), a naturally occurring phenolic compound, has demonstrated promising antiviral activity; however, its precise molecular mechanisms remain largely unclear.

Aims

This study aimed to elucidate the protective mechanisms of CGA against H1N1-induced lung injury by identifying its functional target YWHAZ and evaluating its biological relevance.

Methods

The antiviral effects of CGA were evaluated using both in vivo and in vitro H1N1 infection models. Single-cell transcriptomic sequencing combined with multi-omics analyses was performed to characterize CGA-mediated immune regulation and to predict potential mechanisms. Chemical biology approaches were subsequently applied to validate the direct interaction between CGA and YWHAZ. In addition, lung organoid models were employed to further confirm the functional role of YWHAZ in CGA-mediated protection.

Results

CGA significantly suppressed H1N1 replication and mitigated virus-induced lung injury. Single-cell analysis revealed that CGA enhanced host antiviral immune responses, while YWHAZ was identified as a key immunoregulatory target directly interacting with CGA.

Discussion

These findings suggest that CGA exerts antiviral effects against H1N1 through YWHAZ-associated immunomodulation, providing mechanistic insights into natural compound-based antiviral therapeutic strategies.
