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Lipid contents were detected by LC‒MS/MS (AB Sciex QTRAP 6500, Framingham, USA). Flow cytometric experiments were carried out 
with a BD FACSAria (BD Biosystems). Images were captured using either ZEISS LSM880 or Olympus BX-53 microscope (Olympus). The 
scRNA-seq libraries were generated using the Chromium Single Cell 3′ v.3 assay (10× Genomics). R programming language (version 4.1.1) 
was applied for statistical analyses and the generation of graphs. 

 Monocle2 R package (v2.14.0) was used to perform trajectory analysis. Flow cytometry data were analysed by Flow Jo (Ashland, OR, 
V10.8.1). CytoTRACE analysis was carried out using the CytoTRACE R package (v0.3.3) with the raw counts for cells in the intended cell
types and default parameters. The resulting CytoTRACE score for each cell was plotted on the UMAP. RNA velocity analysis was performed 
using dynamical modelling with the package scVelo(v0.2.3) to analyze cellular trajectory. Statistical significance was assessed using Prism 8.0 
software (GraphPad Software). Pathway analyses were exported using the GSEABase package (v1.48.0). For cell proliferation assay, the 
number of cells was counted with a SpectraMax M4 (Molecular Devices) under absorbance at A450. For scRNA-seq, the cellranger count 
(v5.0.1) was used to name the cells, while the SoupX R package (v1.5.2), the DoubletFinder R package (v2.0.3) and the Seurat R package 
(v4.0.2) were used to the quality control of scRNA-seq data. ClusterProfiler (v3.14.3) R package was used for GO enrichment analysis. 
GRNBoost2 (https://github.com/tmoerman/arboreto) in pySCENIC (v0.10.1) was applied to infer gene regulatory networks from raw count 
data. CellPhoneDB (v2.1.7) was applied for ligand‒receptor analysis, and the number of interactions between each pair of cell types was 
plotted by Cytoscape (v3.7.0). GSVA package (v1.34.0) and the limma package (v3.46.0) were used for Gene set variation analysis. The 
scMetabolism package (v0.2.1) was used to compute the Metabolic pathway scores for each subcluster of cells were averaged and visualized 
using the ggplot2 R package.single-cell metabolic activity of MSCs and myeloid subtype cells.
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The datasets (raw data) generated in this study are available through the Sequence Read Archive (SRA), BioProject ID: PRJNA871957. The processed single cell 
count tables are provided in Gene Expression Omnibus; GSE215001 (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE215001). The Molecular Signatures 
Database (MSigDB) can be explored at https://www.gsea-msigdb.org/gsea/msigdb. Source data are provided with this paper.

The findings from our study apply to both males and females.

Sex was considered in study design. The detail is as shown in ( Methods: Patients and specimen preparation and 
Supplementary Table 1a). 

Sex was self-reported, which is the biological sex, as validated in personal ID that is regarded as an extremely accurate 
record for sex in the country (China) where the samples were collected. The medical management system of the Nanfang 
Hospital of Southern Medical University was used to obtain this information.

The source data disaggregated by sex, actually by each individual, was provided. The consent for sharing individual-level 
data has been obtained. A total of 87 samples were collected in this study, with the ratio of male to female as of 56: 31.
 
We performed a sex-based analysis on the targeted data, and no difference was found.

×

All the individuals in this study are of Asian descent, specifically Han Chinese.

The patients were diagnosed as CD before resection; this diagnosis was confirmed by pathological examination with the 
specimens from the patients after resection.  

The patients enrolled in the control group underwent resection for non-inflammatory bowel disease ileal surgery. All 
participants in this study were of Han ethnicity. 

For the scRNA-seq analysis, 8 patients were enrolled, including 5 males with a mean age of 33.8 years and 3 females with a 
mean age of 59 years. 

Additionally, for the lipidomics analysis, 37 patients were enrolled, including 21 males and 16 females, with a mean age of 
41.5 and 47.3 years, respectively. 

The detail is as shown in Supplementary Table 1a.

The donors were recruited by Nanfang Hospital or the Sixth Affiliated Hospital of Sun Yat-sen University. Subjects were 
recruited chronologically, with no specific inclusion and exclusion criteria. A total of 60 patients who were diagnosed as CD 
and 28 patients who underwent resection in non-inflammatory bowel disease ileal surgery were enrolled in this study.

The studies were approved by the local ethical committee (NFEC-2021-053) and informed consent was obtained from the 
participant.
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Immunohistochemistry and immunofluorescence: CD31 (1 µg/ml; Mouse monoclonal; Abcam, cat: ab9498), CD26 (diluted 1:200; 
Rabbit monoclonal; DPP4, Abcam, cat: ab215711), CD142 (diluted 1:100; Rabbit monoclonal; F3, Abcam, cat: ab228968), CD54 
(1000 μg/ml; Mouse monoclonal; ICAM1, Proteintech, cat: 60299), CD146 (diluted 1:200; Rabbit monoclonal; Abcam, cat: ab757
69), CA4 (diluted 1:200; Rabbit Polyclonal; Proteintech, cat: 13931), Hoechst 33342 (12.3 mg/ml; Thermo Fisher cat: 62249), Goat 
Anti-Rabbit IgG （HRP）(diluted 1:4000, Abcam, cat: ab205718), Alexa Fluor®594 donkey anti-mouse lgG (H+L) (diluted 1:400, 
life technologies, cat: A21203) and Alexa Fluor®647 donkey anti-Rabbit lgG (H+L) (diluted 1:200, Abcam, cat: ab150075).
Flow Cytometry: Anti-human CD31 (diluted 1:100; PE; BD Biosciences, cat:303106), CD45 (diluted 1:100; FITC; BD Biosciences, 
cat:555482), CD26 (diluted 1:100; R718; BD Biosciences, cat:752183), CD54 (diluted 1:100; BV605; BD Biosciences, cat:740404), 
CD142 (diluted 1:100; BV421; BD Biosciences, cat:744003), CD146 (diluted 1:100; BV510; BioLegend, cat:361021), MCP-1
(diluted 1:100; APC; BioLegend, cat:502612) and Fixable Viability Stain 780 (diluted 1:500; APC/cy7; BD Biosciences, cat: 565388).
Magnetic-activated cell sorting: FcR Blocking Reagent (Miltenyi Biotec, cat: 130-091-935), CD31-Microbeads (Miltenyi Biotec, 
cat: 130-091-935), CD45-Microbeads (Miltenyi Biotec, cat: 130-045-801), anti-142 (Miltenyi Biotec, cat: 130-115-682), anti-CD54 
(Biolegend, cat: 322706), anti-CD26 (Biolegend, cat: 302718), anti-biotin microbeads (Miltenyi Biotec, cat: 130-090-485), anti-CD98
(Miltenyi Biotec, cat: 130105550). A concentration of 1 × 108 cells per millilitre were incubated with 5 μg of each biotin-conjugated 
antibody.

All antibodies were bought from commercial suppliers and are validated by the vendor for the species and assay used in our study.
Validated data is available on the vendors' websites.

Sample size was determined based on the complexity, cost of the experiments and sample availability.
For FACS data: Mesenchymal stem (MSC) cells (fresh samples): CF (n=8), paired CD-MAT (n=8) and H-MAT (n=10). Pericytes (fresh 
samples): CF (n=6), paired CD-MAT (n=6) and H-MAT (n=3). Endothelial cells (fresh samples): CF (n=5), paired CD-MAT (n=5) and 
H-MAT (n=3). MSC subpopulations (fresh samples): CF (n=6), paired CD-MAT (n=6) and H-MAT (n=4).
MSC cells (fresh samples): CF (n=6), paired CD-MAT (n=6) and H-MAT (n=4).
For analysis of lipid metabolites: ≥20mg adipose tissue (frozen samples) CF (n=20), paired CD-MAT (n=18) and H-MAT (n=15).
For scRNA-seq: Stromal vascular fraction (SVF) cells (fresh sample): CF (n=6), paired CD-MAT (n=3) and H-MAT (n=2).

No data was excluded.

The number of experiments performed for each panel is indicated in Figure legend. Data were replicated with independent cohort of patients.

Randomization was not performed for this study. 

Blinding was not required for this study because it was critical to identify if samples were control or CD patient to interpret the data.
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For testing nuclear markers in MSC1-S1s, cells were resuspended in 1 mL fixation/permeabilization working solution 
(Invitrogen; cat: 00-5523-00). After 30 min in the dark, 2 mL of 1X permeabilization buffer was added and then subjected to 
centrifugation at 1000 rpm at RT for 5 min. Subsequently, the cells were stained with MCP-1 (APC; BioLegend, cat: 502612) 
for 30 min in the dark and washed with 2 mL of 1X permeabilization buffer. Then, doublets and dead cells were excluded 
based on forwards and side scatter.

All flow cytometric experiments were performed by BD FACSAria (BD Biosystems).

Flow cytometry data were analysed by Flow Jo (Ashland, OR).

Cell sorting purity was between 98-99% in all experiments.

The following gating strategy was applied to analyse the cells: doublets and dead cells were excluded based on forwards and 
side scatter. Immune cells were purified using CD45-FITC, and ECs were identified using CD31-PE. Gates were created to 
collect MSCs (CD31−CD45−CD146−) and PCs (CD31−CD45−CD146+). Then, MSC1s (CD26+CD142−CD54−), MSC2s 
(CD26−CD142+CD54−) and MSC3s (CD26−CD142−CD54+) were identified from MSCs. MSC1-S1s were identified from 
MSC1s by staining with MCP-1-APC.
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