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[ Abstract] Hepatocellular carcinoma (HCC), one of the most prevalent malignant tumors causing the highest
mortality globally, imposes an especially heavy burden of disease in China. Individuals living in high-altitude areas have a
lower incidence of and mortality resulting from HCC compared with those in low-altitude regions do, potentially due to
adaptive evolution in responses to hypoxic stress. Notably, high-altitude hypoxic stress is associated with the development
and progression of HCC. Hypoxic stress may be involved in the development and progression of HCC by modulating the
senescence, apoptosis, metabolism, tumor microenvironment, and tumor immunity of HCC cells. Additionally, the latest
clinical findings indicate that high-altitude hypoxic environment has a significant impact on liver regeneration after HCC
resection surgery. However, there is still a debate going on regarding whether high-altitude hypoxic stress promotes or
inhibits the progression of HCC. This review covers three main aspects, the impact of adaptive evolution to high-altitude
hypoxic stress on the development and progression of HCC in long-term residents of high-altitude areas, the effects of
high-altitude hypoxic stress on the senescence, apoptosis, metabolism, tumor microenvironment, tumor metabolism, and
tumor immunity of HCC cells, and the effect of high-altitude hypoxic stress on liver regeneration after HCC resection. We
discussed the effect of changes in oxygen concentrations, cellular context, and tissue microenvironment on HCC
development and progression. Moreover, we highlighted the potential for using research findings on mechanisms
underlying high-altitude hypoxic stress to optimize HCC treatment strategies.
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Fig 1 The effect of hypoxia on senescence, ferroptosis, and cuproptosis in HCC

TME: tumor microenvironment; ACSL5: acyl-CoA synthetase long chain family member 5; BAMBI: BMP and activin membrane bound inhibitor; CDNK2A: cyclin

dependent kinase inhibitor 2A; CP: ceruloplasmin; HCC: hepatocellular carcinoma; HIF-1a: hypoxia inducible factor 1 subunit alpha; m6A: N6-methyladenosine;

METTL14: methyltransferase- like 14; PPARGC1A: peroxisome proliferator-activated receptor gamma coactivator 1-alpha; SLC7A11: solute carrier family 7 member 11;

TME: tumor microenvironment; YTHDF2: YTH N6-methyladenosine RNA binding protein 2.
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Fig 2 The effect of hypoxic stress on the metabolism of HCC

ACLY: ATP citrate lyase; ALDOA: aldolase, fructose-bisphosphate A; COX2: cyclooxygenase 2; ENO1: enolase 1; EP4: prostaglandin receptor 4; EphA2: EPH

receptor A2; Ephrin-A3: EPH-related receptor tyrosine kinase ligand 3; GAPDH: glyceraldehyde-3-phosphate dehydrogenase; GLUT1: glucose transporter 1; GLUT3:

glucose transporter 3; GPI: glucose-6-phosphate isomerase; HCC: hepatocellular carcinoma; HIF-1a: hypoxia inducible factor 1 subunit alpha; HK2: hexokinase 2; LDHA:

lactate dehydrogenase A; MSCs: mesenchymal stem cells; PFKFB4: 6-phosphofructo-2-kinase/fructose-2,6-biphosphatase 4; PGAM1: phosphoglycerate mutase 1; PGE,:

prostaglandin E,; PGK1: phosphoglycerate kinase 1; PKM2: pyruvate kinase M2; SREBP1: sterol regulatory element-binding protein 1; TME: tumor microenvironment;

YAP: Yes-associated protein.
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Fig 3 The effect of hypoxic stress on tumor microenvironment and tumor immunology in HCC
CAFs: cancer associated fibroblasts; CD8" T cells: cluster of differentiation 8 positive T cells; cDC2: type 2 conventional dendritic cell; CXCL5: C-X-C motif
chemokine ligand 5; ENTPD2: ectonucleoside triphosphate diphosphohydrolase 2; FAP: fibroblast activation protein alpha; HCC: hepatocellular carcinoma; HLA-DR:
human leukocyte antigen-DR; HIF-1a: hypoxia-inducible factor-1 alpha; IL-1f: interleukin-1 beta; MDSCs: myeloid-derived suppressor cells; NF-kB: nuclear factor kappa-
B; NK cells: natural killer cells; PD-1: programmed death-1; PD-LI: programmed death-ligand 1; TAMs: tumor-associated macrophages; TANs: tumor-associated
neutrophils; TEM: tumor microenvironment; TIMP2: tissue inhibitor of metalloprotease-2; Tregs: regulatory T cells; TREM-1: triggering receptor expressed on myeloid

cells 1; VEGF: vascular endothelial growth factor.
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