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The Figures were in the wrong order in the PDF and HTML version of this paper. Figure 2 was published as Figure 3, Figure 3 was published as Figure 4, Figure 4 was published as Figure 6, Figure 5 was published as Figure 2, and Figure 6 was published as Figure 5. The order has now been corrected.
[image: Structural chemical formula of isoliquiritigenin. It shows two phenol rings connected by a carbon chain with a ketone group. Hydroxyl (OH) groups are attached to each phenol ring.]FIGURE 1 | The chemical formula of ISL is C15H12O4.[image: Diagram depicting molecular pathways in oral cancer involving isoliquiritigenin. Key interactions include Atk, ABCG2, and GRP78 affecting chemoresistance and β-catenin activity. ROS production involves BCL-2 and Bax elements leading to nuclear apoptosis. Caspase activity is shown with CDK1 in cell cycle regulation. Isoliquiritigenin impacts extracellular matrix degradation, indicated by MMP-2 and MMP-9, contributing to invasion. Pathways display various cellular processes such as DNA damage response and cell cycle checkpoints.]FIGURE 2 | The figure illustrates the proposed mechanisms by which ISL exerts its antitumor effects in oral cancer. ISL promotes survivin degradation by inhibiting the Akt-Wee1-CDK1 signaling pathway. It also suppresses tumor growth and enhances chemosensitivity by downregulating drug resistance - associated proteins. Moreover, its derivative S-ISL exhibits antitumor activity by modulating apoptosis- and metastasis-related proteins, including Bcl-2 and Bax, and by reducing ROS production. In addition, ISL can disrupt DNA repair mechanisms, inducing cell cycle arrest and apoptosis, thereby inhibiting tumor proliferation.[image: Diagram illustrating pathways and interactions related to gastric cancer. It includes elements like CAFs, EMT, GLUT4, PDHK1, and mTOR. Key processes shown are glycolysis, mitochondrial apoptosis, and autophagy activation. Markers such as SOX2, C-Myc, and NFAT are involved, showing complex molecular interactions contributing to cancer progression.]FIGURE 3 | The figure illustrates the mechanisms by which ISL exerts its antitumor effects in gastric cancer. ISL-17, a synthetic derivative of ISL, inhibits tumor proliferation by inducing G2/M cell cycle arrest, promoting apoptosis, increasing ROS production, and enhancing autophagy. ISL downregulates GRP78 expression and inhibits the PI3K/AKT/mTOR signaling pathway, thereby modulating the TME, suppressing the self-renewal capacity of gastric cancer stem cells, and inactivating CAFs. In addition, ISL impairs energy metabolism by inhibiting GLUT4-mediated glucose uptake and interfering with both OXPHOS and glycolysis. Through the PDHK1/PGC-1α axis, ISL induces energy collapse and ROS accumulation, highlighting its multi-targeted antitumor potential.[image: Illustration of molecular pathways in colorectal cancer. It shows interactions between molecules such as ISL, Fas, ESR2, PI3K, AKT, and others involved in processes like apoptosis and cell cycle arrest. Nutrient transport, ROS production, and tumor burden are depicted, highlighting the roles of proteins like STAT3, PPARδ, and cytokines. A schematic of the tumor environment, including blood vessels and macrophages, is also illustrated.]FIGURE 4 | The figure illustrates the mechanisms by which ISL exerts its antitumor effects in colorectal cancer. ISL activates the ESR2/PI3K/AKT signaling axis, downregulates pro-proliferative and anti-apoptotic proteins, and upregulates pro-apoptotic proteins, thereby inhibiting cell proliferation and inducing apoptosis. It also enhances TRAIL-mediated caspase-dependent apoptosis by upregulating DR5, showing synergistic effects with chemotherapeutic agents. Additionally, ISL reduces tumor-promoting M2 macrophage polarization by suppressing pro-inflammatory mediators and related signaling pathways. ISL improves gut microbiota dysbiosis by increasing butyrate-producing beneficial bacteria and reducing opportunistic pathogens. Furthermore, ISL-loaded nanoliposomes inhibit key glycolytic enzymes and disrupt energy metabolism by regulating the AMPK/mTOR signaling pathway.[image: Diagram illustrating cellular pathways involved in liver cancer. It features autophagy, apoptosis, and cell cycle arrest, showing interactions between proteins like PI3K, mTOR, JNK, ERK, and Nrf2. It also depicts oxidative stress and Keap1-Nrf2 signaling, emphasizing the roles of different enzymes and signaling molecules in liver cancer development. The illustration highlights oxidative stress pathways including ROS, Bax/Bcl-2, and caspase-3, with arrows showing activation and inhibition relationships.]FIGURE 5 | This figure illustrates the mechanisms by which ISL exerts its antitumor effects in hepatocellular carcinoma. ISL induces apoptosis in a dose -dependent manner by upregulating pro-apoptotic proteins and downregulating anti-apoptotic Bcl-2. It activates autophagy through inhibition of the PI3K/AKT/mTOR signaling pathway, which synergizes with apoptosis to suppress tumor growth. Additionally, ISL induces G2/M phase cell cycle arrest and triggers mitochondrial apoptosis by promoting ROS accumulation, which in turn activates the JNK/p38 MAPK pathways and inhibits the ERK pathway. Furthermore, ISL enhances radiosensitivity by upregulating Keap1, thereby promoting the ubiquitin-mediated degradation of Nrf2 and downregulating antioxidant gene expression.[image: Diagram illustrating pathways of cell damage and apoptosis in gallbladder and pancreatic cancer. The left panel shows ISL interaction, resulting in cell membrane damage, GSH depletion, ROS production, and Nrf2 nuclear translocation in gallbladder cancer. The right panel displays pathways including Rapamycin influence, autophagy, ROS production, DNA damage, and apoptosis in pancreatic cancer. Chemical structures and labels detail molecular interactions and effects, such as P62 interaction, GPX4, MDA, P38 MAPK, and cleaved PARP involvement.]FIGURE 6 | The figure illustrates the mechanisms by which ISL exerts its antitumor effects in gallbladder and pancreatic cancers. In gallbladder cancer, ISL demonstrates anticancer potential by inducing ferroptosis. This involves activation of the p62-Keap1-Nrf2-HMOX1 signaling axis and downregulation of GPX4, accompanied by increased intracellular Fe2+, ROS, and lipid peroxidation levels, along with a decreased GSH/GSSG ratio, ultimately inhibiting the proliferation of GBC cells. In pancreatic cancer, ISL promotes apoptosis and blocks autophagic flux—evidenced by the accumulation of LC3-II and p62—through activation of the p38 MAPK signaling pathway. Moreover, ISL enhances the cytotoxic effects of chemotherapeutic agents and significantly suppresses tumor growth in vivo.[image: Diagram illustrating cancer pathways involving DNA damage, mitochondrial mechanisms, and the PI3K/Akt pathway. It highlights interactions of proteins, enzymes, and cellular processes like apoptosis and the cell cycle, linked to various cancers including pancreatic, oral, gastric, colorectal, and liver. Key components include ROS, Cyt-c, caspases, and mTOR, with chemical structures of ISL and related compounds shown. The diagram is sectioned into DNA damage, mitochondrial mechanism, and PI3K/Akt pathway areas, demonstrating complex interactions and effects on cellular apoptosis and cancer development.]FIGURE 7 | This figure demonstrates the mechanisms by which ISL exerts therapeutic effects on multiple digestive system tumors. It presents three main pathways: the DNA damage - inducing pathway, the mitochondria - mediated apoptosis pathway, and the regulatory mechanism of the PI3K/Akt pathway. Through these pathways, ISL triggers processes such as DNA damage, mitochondrial membrane disruption, caspase activation, and cell cycle arrest, ultimately leading to tumor cell apoptosis, and thus plays a role in the treatment of various digestive system tumors including pancreatic cancer, gastric cancer, colorectal cancer, and liver cancer.The original article has been updated.
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