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Research progress on chloride intracellular channel protein 1 in diseases
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Abstract: Chloride intracellular channel protein 1 (CLIC1) is a redox-sensitive metamorphic protein widely distributed in the
cytoplasm and membranes of various organelles in mammalian cells. It exists in two interconvertible forms—soluble and
membrane-bound—and functions as a key sensor and effector in cellular oxidative stress responses. This review
systematically summarizes the structural characteristics of CLICI, the molecular mechanisms governing its soluble-to-
membrane form conversion, and the regulatory factors influencing its membrane localization, including pH, cholesterol, zinc
ions, and temperature. We comprehensively discuss the dual biochemical activities of CLICI—glutathione S-transferase
(GST)-like enzymatic activity and chloride ion channel activity—and their functional coupling. Accumulating evidence has
established CLIC1 as a critical regulator of multiple signaling pathways, including ERK/MAPK, Nrf2/HO-1, and PI3K/Akt/
mTOR, thereby contributing to the pathogenesis of various diseases. In oncology, CLIC1 promotes tumor cell proliferation,
migration, invasion, and metabolic reprogramming while also modulating chemotherapy resistance. In neurological disorders,
CLIC1 drives neuroinflammation by activating microglial NLRP3 inflammasome and serves as a potential biomarker for
Alzheimer’s disease and multiple sclerosis. In vascular diseases, CLIC1 mediates endothelial dysfunction, atherosclerosis,
and thrombosis. Furthermore, CLIC1 functions as a key host factor in viral replication, participating in different stages of the
viral life cycle for Chikungunya virus, influenza A virus, and porcine reproductive and respiratory syndrome virus. The
pleiotropic roles of CLIC1 across diverse pathological conditions highlight its potential as a diagnostic biomarker and
therapeutic target. Future research should focus on elucidating the tissue-specific regulatory networks of CLIC1 and
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developing highly selective inhibitors for precision treatment of CLIC1-associated diseases.
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Figure 1 Domains of CLIC1

The N-terminal thioredoxin-like domain and C-terminal a-helical domain of CLIC1 are shown, respectively. The thioredoxin-like

domain has a putative transmembrane region (black), and the a-helical domain contains a nuclear localization signal (gray). A asterisk

marks the reactive Cys residue (Cys24). The horizontal line represents the number of amino acids.
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Figure 2 Various signaling pathways involving CLIC1

CLIC1 regulates tumor, nervous system disease, and vascular inflammation processes through signaling pathways such as ERK/
MAPK, Nrf2/HO-1, and PI3K/Akt/mTOR. (+) indicates activation, and (-) indicates inhibition.
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Table 1 Role of CLIC1-related signaling pathways in different diseases/tumor types and their potential

therapeutic significance
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