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Abstract

mechanisms by which cancer cells regulate the supportive premetastatic niche remain unclear. This study demon-

The choroid plexus plays a crucial barrier role during LM (leptomeningeal metastasis), but the

strates that remodeling of the metabolic microenvironment alters the structure and function of choroid plexus blood
vessels, thereby disrupting vascular integrity to promote metastatic colonization by tumors. The metabolite 5-HIAA
(5-hydroxyindoleacetic acid) is aberrantly increased in the cerebrospinal fluid and choroid plexus. Before cancer cell
invasion into the choroid plexus, extracellular vesicles containing 5-HIAA specifically target blood vessels, leading to
vascular deformation, abnormal hemodynamics, impaired permeability, and enhanced cancer cell metastasis. Mecha-
nistically, 5-HIAA remodels choroid plexus vessels by activating the aryl hydrocarbon receptor, characterized by ab-
errant expression of mechanoreceptors and tight junction proteins. Therefore, this study highlights the critical role of
5-HIAA in the formation of a supportive microenvironment and underscores metabolic factors that regulate choroid
plexus plasticity, which may help prevent tumor metastatic colonization during the early stages of LM development.

Keywords leptomeningeal metastasis; choroid plexus; premetastasis niches; choroid plexus vessels; 5-hy-

droxyindoleacetic acid; extracellular vesicles
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A: schematic showing the in vivo selection of cancer cell lines with LM tendency; B: anatomical schematic of LM progression. LM cells (purple) enter

the ventricular system through the choroid plexus (bottom), disseminate through the CSF (middle) and ultimately attach to the pia mater covering the
brain (top); C: localization of LM cells in the lateral ventricle (bottom), CSF (middle) and pia mater (top) at various time points. A total of 50 000 4T1-
LM cells were injected intracardially on day 0. LM progression was monitored by BLI (bioluminescence imaging) and confocal immunofluorescence
imaging on day 3, day 7, day 10 and day 14. Day 7 was defined as the pre-LM stage and day 14 was defined as the post-LM stage. LV: lateral ventricle;
CSF: cerebrospinal fluid; LLC: Lewis lung cancer cell.
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Fig.1 Construction of the pre-LM stage model (modified from reference [11])
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A: representative confocal images (left) and 3D reconstructions (right) of CD31" blood vessels in choroid plexus from Pri mice and pre-LM mice; B:
schematic illustration (left) and quantifications (right) of the average TI (tortuosity index) of the choroid plexus vessels. / is curve length; d is direct dis-
tance; C: schematic illustration (left) and quantifications (right) of the average CV of the choroid plexus vessels; D: doppler images showing the mouse
cerebral blood flow of Pri mice and pre-LM mice. Representative images of color doppler (left) and velocity doppler (right) are presented; E: quantifi-
cation of blood flow velocity in the region of lateral ventricles; F: quantification of blood flow velocity in the region of brain parenchyma. **P<0.01,
*##%P<0.000 1, ns: not significant.

E2 PkeFMAMEEFLMEIL E BERSMINGER T ARESE ST 11]205R)
Fig.2 The choroid plexus vessels undergo significant morphological and functional changes during the early LM stage
(modified from reference [11])
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A: ELISA for the 5S-HIAA level in CSF; B: ELISA for the 5-HIAA level in CSF choroid plexus; C: ELISA for the 5-HIAA level in CSF from partici-
pants with and without LM; D: Venn diagram showing the number of significantly (P<0.05) upregulated metabolites in 4T1-LM-EV versus 4T1-Pri-EV
(blue) and LLC-LM-EV versus LLC-Pri-EV (red); E: representative confocal images of the distribution of Dil-stained 4T1-LM-EVs into CD31" vascu-
lar endothelial cells, IBA1" macrophages, PAB™ epithelial cells and PDGFRa' fibroblasts in the choroid plexus; F: quantification of E; G: representative
confocal images of Cavl (green), along with CD31" (purple) blood vessels of the choroid plexus; H: representative confocal images of VE-cadherin
(green), along with CD31" (purple) blood vessels of the choroid plexus. *P<0.05, **P<0.01, ***P<(.001, ns: not significant.
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Fig.3 Extracellular vesicles carry 5-HIAA to target choroid plexus endothelial cells, creating a pre-metastasis

microenvironment (modified from reference [11])
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