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Abstract

Objective:

Hepatocellular carcinoma (HCC) is a common and highly lethal malignancy of the digestive system.
The hypoxic microenvironment plays an important role in HCC invasion, migration, and metastasis. KDM5D,
a member of the KDMS5 family, remains incompletely characterized in terms of its expression profile,
biological function, and hypoxia-related regulatory mechanisms in HCC. This study aimed to systematically
evaluate KDMS5D expression in HCC and its effects on hepatoma cell migration, epithelial-mesenchymal
transition (EMT), in vivo tumorigenesis, and pulmonary colonization, and to further explore the upstream
regulatory role of the hypoxia-related transcription factor HIFIA on KDMSD, thereby providing
experimental evidence for the involvement of the HIF1A-KDMS5D-EMT axis in HCC malignant progression.
Methods:

Immunohistochemistry (IHC) and Western blotting (WB) were used to detect KDMSD expression in
clinical HCC tissues and control tissues. Public databases, including TIMER2 and TNMplot, were used to
analyze differential KDM5D expression in HCC cohorts.

HCC cell lines with relatively high KDMSD expression were screened, and stable KDMSD knockdown
cell models were established. Knockdown efficiency was verified by RT-qPCR and WB. CCK-8 assays,
colony formation assays, Transwell migration assays, and detection of EMT-related proteins were performed
to evaluate the effects of KDMSD on cell proliferation, migration, and EMT phenotype.

Nude mouse subcutaneous xenograft models and tail vein pulmonary colonization models were
established to assess the effects of KDMS5D on in vivo tumor growth and distant colonization ability.

JASPAR was used to predict potential HIF1A binding sites in the KDM5D promoter region, and ChIP-
qPCR was performed to verify HIFI1A enrichment. HIFIA siRNA, HIF1A overexpression, and CoCl-
induced hypoxia-mimetic treatment were used to examine the regulatory effects of HIF1A on KDMS5D
expression, cell migration, and EMT-related phenotypes.

Results:

Clinical sample analysis showed that KDM5D-positive IHC signals were stronger in HCC tissues than
in control tissues and were mainly localized in the nucleus (P < 0.05). WB and grayscale quantification further
confirmed increased KDMS5D protein expression in tumor tissues (P < 0.01). Public database analyses were
consistent with the clinical sample results. TIMER2 showed that KDMS5D expression was higher in LIHC
tissues than in normal tissues (P < 0.01), and TNMplot indicated elevated KDMSD expression in tumor
tissues, with a further increasing trend in metastatic samples (P = 0.0427).

Cellular experiments showed that all three shRNAs downregulated KDMS5D, among which sh-4048



exhibited the most stable knockdown efficiency (mRNA, P < 0.001; protein, P < 0.01). Functional assays
demonstrated that KDMS5D knockdown had no obvious effect on cell proliferation but significantly inhibited
HCC cell migration (P < 0.01). This was accompanied by changes in EMT-related protein expression,
including upregulation of E-cadherin and downregulation of N-cadherin, vimentin, Slug, and Snail (P < 0.05),
suggesting inhibition of the EMT process.

Animal experiments showed that KDMS5D knockdown suppressed the growth of subcutaneous
xenograft tumors in nude mice. The tumor growth curve was lower in the KDM5D knockdown group than
in the control group (P < 0.0001), and the final tumor volume was significantly reduced (P < 0.001). In the
tail vein pulmonary colonization model, the pulmonary tumor formation rate was lower in the KDM5D
knockdown group than in the control group.

Mechanistic experiments showed that HIF-1a was enriched at the target region of the KDMS5D promoter
in cells (P < 0.05). CoClz-induced hypoxia-mimetic treatment upregulated HIF-10 and was accompanied by
changes in KDMS5D expression (P < 0.05). HIF1A siRNA-mediated inhibition or HIF1A overexpression
induced corresponding changes in KDMS5D protein levels (both P < 0.05). Under KDMS5D knockdown
conditions, HIF1A overexpression or CoCl. treatment partially restored cell migration ability (P < 0.001 and
P < 0.01, respectively) and partially reversed EMT-related protein changes (P < 0.05), suggesting that the
pro-migratory and EMT-promoting effects of HIF1A are closely associated with KDMS5D status.
Conclusion:

KDMS5D is consistently upregulated in HCC tissues and public database analyses, and its expression is
associated with malignant progression of HCC. Although KDMS5D knockdown does not significantly affect
HCC cell proliferation, it suppresses cell migration, attenuates the EMT phenotype, and reduces in vivo
tumorigenic and pulmonary colonization abilities. HIF1A can bind to the KDMS5D promoter region and
regulate its expression under hypoxia-related conditions. Functional and protein-level evidence supports that
KDMS5D may serve as an important downstream mediator of HIF1A-induced migration and EMT. These
findings suggest that the HIFIA-KDMS5D-EMT axis may participate in hypoxia-driven malignant

progression of HCC and provide experimental evidence for KDMS5D as a potential therapeutic target.

Keywords: hepatocellular carcinoma; KDMSD; HIF1A; hypoxia; epithelial-mesenchymal transition;

migration and metastasis.
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