Enterolactone targets UFM1-mediated UFMylation of HIF-1α to suppress epithelial ovarian cancer and enhance immune checkpoint inhibitor efficacy
[image: image1.png]Enterolactone
(ENL)

| 1 Ovarian tumor
| Immune Microenvironment

UFMylation S

| |
| PD-L1 inhibitor M1 macrophage M2 macrophage ECM
I

@
Q
| | T cells 9 Dead Tumor cell Tumor cell ° MDSC
| |

Il
Il
—— PD-LI inhibitor |

|
T cells |

(VEGE

G

Dying tumor cells



Jiaxing Wang1,2. Genomics Research Center, College of Pharmacy of Harbin Medical University1, Harbin, Heilongjiang Province, China; Department of Pharmacology, National Key Laboratory of Frigid Zone Cardiovascular Diseases2, Harbin, Heilongjiang Province, China.

Introduction. Epithelial ovarian cancer (EOC) has poor survival driven by hypoxia-inducible factor-1α (HIF-1α). Enterolactone (ENL), a flaxseed-derived metabolite, has anticancer properties but targets in hypoxic EOC are unknown. The ubiquitin-fold modifier 1 (UFM1) system regulates protein homeostasis but its role in HIF-1α stability is unexplored.
Aims. Evaluate ENL effects in hypoxic EOC; identify UFM1 as ENL target; validate ENL with PD-L1 inhibitors.
Methods. Single-cell RNA-seq, TCGA/GTEx analysis, and in vitro assays (viability, Western blot, immunofluorescence, flow cytometry) were performed in HO8910/SKOV3 cells under hypoxia. Molecular docking, CETSA, and Co-IP/MS confirmed ENL-UFM1-HIF-1α axis. Mouse xenografts tested in vivo efficacy. Combination therapy with PD-L1 inhibitor was assessed.
Results. EOC cells showed high hypoxia scores. ENL reduced HIF-1α/VEGFA (IC₅₀~150μM), inhibited proliferation/migration, and induced apoptosis. ENL bound UFM1 (-7.80 kcal/mol), promoted UFM1 nuclear translocation, and enhanced HIF-1α UFMylation leading to degradation. HIF-3α activated UFM1 transcription. ENL suppressed tumor growth and enhanced PD-L1 inhibitor efficacy without toxicity.
Discussion. ENL targets UFM1-HIF-1α axis via UFM1 binding and HIF-1α UFMylation-mediated degradation. This is first evidence that dietary compounds modulate UFMylation regulating HIF-1α in cancer. ENL-PD-L1 inhibitor synergy provides rationale for ENL as ovarian cancer immunotherapy sensitizer.
