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Introduction

Metabolic dysfunction-associated steatotic liver disease (MASLD) is a leading cause of chronic liver
disease. Although fibrosis stage is a key determinant of clinical outcomes, the spatial metabolic alterations
underlying fibrotic remodeling and disease progression remain poorly characterized. A comprehensive
understanding of these alterations within their histological context may provide new insights into MASLD
progression. Here, we aimed to generate a spatial metabolic atlas of human MASLD liver and identify

The strongest metabolic discrimination was identified between fibrotic and non-fibrotic regions, revealing
pronounced metabolic heterogeneity within fibrotic tissue. Notably, septal regions exhibited distinct
molecular profiles differentiating progressive from regressive septa (Figure 2B).
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was performed using UMAP, as an alternative to t-SNE. Distinct metabolic signatures comprising of 1076
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Figure 2. A Summary of biomarker candidates for Fibrosis, zonation (pericentral and periportal) and micro/macrovesicular steatosis steatosis,

zonation (Figure 1) with phospholipids, ceramides and fatty acids as key driving markers (Figure 2A). obtained by applying our SHAP-based workflow to the atlas. The bubble plot in each column correspond to a selection of molecular species

A that are biomarker candidates for one of the specified condition namely Fibrosis, zonation and steatosis. The rows correspond to different
patients. The marker size represents the magnitude of the molecular species’ influence, as measured by its tissue sample-wide SHAP
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We established a comprehensive high-resolution spatial lipid atlas in MASLD, demonstrating zone-
specific alterations in lipid metabolism associated with fibrosis as well as micro/macrovesicular
steatosis. Distinct metabolic heterogeneity was observed within fibrotic tissue, including molecular
differences between progressive and regressive septa. Together, these findings provide new insights into
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Figure 1. A. Pixel-level molecular variation of DESI IMS measurements of ROIs across liver section of 36 MASLD patients. Color-coded for
Fibrosis, liver zonation and from left to right. To visualize the global structure of the high-dimensional data, UMAP was applied
with a cosine distance metric, projecting data onto two dimensions with parameters 50 neighbours and 0.01 minimal distance. This
configuration favours the preservation of global topology while maintaining local neighbourhood structure. B. Example of multimodal

trials as well as guiding the development of personalized treatment strategy.
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