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标题：Dysregulated ceramides metabolism by fatty acid 2-hydroxylase exposes a metabolic vulnerability to target cancer metastasis
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研究摘要：
Whereas it is appreciated that cancer cells rewire lipid metabolism to survive and propagate, the roles of lipid metabolism in metastasis remain largely unknown. In this study, using esophageal squamous cell carcinoma (ESCC) as a pulmonary metastasis model, we find that the enzyme fatty acid 2-hydroxylase (FA2H), which catalyzes the hydroxylation of free fatty acids (FAs), is enriched in a subpopulation of ESCC cells with high metastatic potential, and that FA2H knockdown markedly mitigates metastatic lesions. Moreover, increased FA2H expression is positively associated with poor survival in patients with ESCC. Lipidomics analysis identifies that two dihydroceramides-Cer(d18:0/24:0) and Cer(d18:0/24:1)-are increased in FA2H-depleted metastasizing ESCC cells. Upon administration, Cer(d18:0/24:0) and Cer(d18:0/24:1) impair the formation of overt metastases in a mouse experimental metastasis model. Then, forkhead box protein C2 (FOXC2) and FA2H are found to be co-upregulated in metastatic ESCC cell populations and ESCC specimens, and FA2H expression is further experimentally verified to be transcriptionally induced by FOXC2, which is boosted per se by tumour necrosis factor α (TNFα), a critical pro-metastasis cytokine in the tumour microenvironment, in metastasizing cells. Together, these results demonstrate that TNFα-FOXC2-FA2H is a novel signaling axis to promote metastasis, and its downstream dihydroceramide products could be promising drugs to intervene in metastasis.
癌症细胞重新配置脂质代谢以生存和传播，这一点得到了认可，但脂质代谢在转移中的作用仍 largely 未知。在本研究中，以食管鳞状细胞癌（ESCC）作为肺转移模型，我们发现催化游离脂肪酸（FAs）羟基化的酶脂肪酸 2-羟基化酶（FA2H）在具有高转移潜能的 ESCC 细胞亚群中富集，并且 FA2H 敲低显著减轻了转移性病变。此外，FA2H 表达增加与 ESCC 患者的不良预后呈正相关。脂质组学分析发现，两种二氢鞘脂-Cer(d18:0/24:0)和 Cer(d18:0/24:1)在 FA2H 耗竭的转移性 ESCC 细胞中增加。给予后，Cer(d18:0/24:0)和 Cer(d18:0/24:1)在实验性小鼠转移模型中损害了明显转移的形成。 然后，发现 forkhead box 蛋白 C2（FOXC2）和 FA2H 在转移性 ESCC 细胞群体和 ESCC 标本中共同上调，并且 FA2H 的表达通过实验进一步证实是由 FOXC2 转录诱导的，而 FOXC2 本身则由肿瘤坏死因子α（TNFα）增强，TNFα是肿瘤微环境中关键的促转移细胞因子，在转移细胞中增强。总之，这些结果表明 TNFα-FOXC2-FA2H 是促进转移的新型信号轴，其下游的二氢神经酰胺产物可能是干预转移的有希望的药物。
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#1 Monticolaria manyara REFHIFIT-STH  FHEET, 2025848

In Fig 6g, the results of the transwell experiment show that two adjacent transwell images under the action of

drugs at different concentrations obviously reuse different positions of the same image as experimental results
under different experimental conditions.
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There is an overlapping area between Fig S9j and Fig S10c, and the experiments represented by these two figures

respectively indicate different experimental contents. - .
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#1 We sincerely appreciate your meticulous review in identifying this discrepancy. We carefully examined the raw
data, and found that the image panels corresponding to experimental results under 100 uM treatment conditions
were erroneously placed in the 50 M treatment results section. As shown in Figure R1, the original source files

and the correction image have been provided. At the same time, we will communicate with the editorial office to

offer our original data and request an erratum to be published. Thank you again for your careful attention.
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#2 Regarding the image similarity identified between Fig. S10c and Fig. S9j, we sincerely apologize for the
inadvertent misplacement of images in Fig. S10c. Upon thorough review of the raw data and based on the
original image capture timestamps, we found that an error in the renaming process, combined with the
computer's automatic naming functions caused confusion, resulting in misplaced images (Figure R2). In addition,
the similarity in Fig. S10c and Fig. S9] arises from randomly captured images of the same experimental condition
in K450P cells. We will contact the editorial office to provide the original data and request the publication of an

erratum. We greatly appreciate your careful review and for bringing these issues to our attention.
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