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Supplementary Figure 1. Single-cell RNA Sequencing (scRNA-seq) analysis reveals kidney cell types in LDKD and healthy
donors. (a) Clinical profiles of participants in the study. (b-c) Violin plot of UMI counts, gene numbers, mitochondrial gene
proportions, and ribosomal gene proportions in samples from healthy (b) and LDKD participants. (d) UMAP plot of LDKD
and healthy samples before (upper) and after (lower) batch effect correction. (¢) UMAP plot of kidney cells in LDKD and
healthy samples respectively. Different colors correspond to distinct cell types. (f) The proportions of cell types in LDKD
and health samples. Wilcoxon test. Only significant p-values are displayed on the right side of each cluster.
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Supplementary Figure 2. Metabolic profiles and pathway activities of kidney injury-associated cell types in LDKD and
healthy samples. (a) Heatmap showing the KEGG enrichment analysis results of metabolic pathways across distinct cell
types. Color intensity represents pathway significance, with darker shades indicating higher significance. (b) Significant
cholesterol metabolism ligand-receptor pairs in LDKD and healthy samples. Permutation test. (¢c) Pathway activity compari-
son between iTAL vs. TAL and iPT vs. PT in LDKD and healthy samples. AUC-based activity changes shown in dark pink
(positive) and dark blue (negative), with intensity reflecting adjusted p-values. Only pathways exceeding the mean -log10
(p.adj) value in any comparison are shown. (d) Violin plot of membrane lipid pathway activities in LDKD (upper) and
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Supplementary Figure 3. Spatial transcriptomics analysis for LDKD and healthy samples. (a) UMAP plot of LDKD and
healthy samples before (top) and after (bottom) batch correction. (b) Bar plot of the composition of different cell types in
each sample. Only cells with a final proportion exceeding 50% are included. (c) Scatter plot of differentially expressed
genes (DEGs) in two comparisons between LDKD and healthy samples. The x-axis represents the avg logFC for iTAL vs
TAL, and the y-axis for iPT vs PT. Point colors indicate significance type, and genes are from lipid-associated pathways. P-
values in both comparisons are based on the Wilcoxon test. (d) Highlight of significantly altered genes per cell type. Differ-
ent colors denote distinct significance types (Wilcoxon test, threshold = 0.5). Top 5 highest/lowest fold change genes are
labeled for each cell type. (e) Significant ligand-receptor interactions in the cholesterol metabolism pathway network for
LDKD and healthy samples. Significant pairs are identified via permutation testing.



a Healthy LDKD Samples

27-10042_1 27-10087_3
27-10042_2 27-10087_4
200~ 27-10042_3 27-10099 1
27-10042_4 27-10099_2
o - -
£ 150- 27-10052_1 26-10277_1
< 27-10052_2 26-10277 2
]
z 27-10067_1 26-10277_3
£ 100- 27-10067_2 163-4_1
i‘? 27-10074_1 163-4. 2
© 27-10074_2 163-4_3
50- . .
27-10074_3 164-1_1
27-10074_4 164-1_2
0- 27-10074_5 164-1_3
h>m?m?«>\}\%@& ¢\¢m¢®¢>¢>m?4>ﬂ}k\hmkgugm?«>4}«?«5§NQm«>4}«? 27-10087_1 164-8
MDA, A R AR A M M P P @
FEFFFE T FIISIEEFEIE TS ITTIIS ST 27-10087 2
LI S S S S A S A DS S S SR A S
b c 163-4_1 163-4_2 163-4_3
State Sample — — -
Samples
163-4_1
P Pt 163-4 2 p
0] . T ?‘! 10] . T, fu 163-4_3 d '
o~ L ~ Fed 164-1_1
g 4 “ g 4 “ 164-1.2 0.5mm
g 0 * T 0 f 164-13 >m — —
£ E 164-8
f ¥ b 27-10042_1 164-1_2 164-8 27-10074_1  Cluster
-10 . -10 27-10042_2
‘* ‘* : 27-10042°3 ® MC1
> & = 27-10042_4 MC2
_o0 -20 27-100521 ME3
-10 0 10 -10 0 10 27-10052 2
27-10067 1 ® MC4
umap_1 umap_1 MCS
27-10074 1 = = =1 ®

27-10074_2 27-10074_2 27-10074_3 27-10074_4 27-10074 5  ® MC6
s ] © Mc7

;. —— —=

27-10074_4
10 27-10074_5 4 e MC8
27-10087_1
~ 5 271008772 © Meo
o 27-10087_3 N MC10
go 27-10087_4 ! MG
5 27-10099_1 — J_— - —
-5 27-10099_2 ° MC12

20-10277 1 27-10087_1  27-10087_2  27-10087_3 27-10087_4

SO0 OOSIOOIOIOIOOIOOOTOIOOIOOENS
n
~
1
=)
b=
po
~
(N

29-10277_3

umap_1

® Healthy
® LDKD

Supplementary Figure 4. Spatial metabolomics analysis for LDKD and healthy samples. (a) Violin plot of metabolite feature
numbers in spatial metabolomics samples from LDKD patients and healthy donors. (b) UMAP plot of LDKD and healthy
samples before (upper) and after (lower) batch effect correction. (c) Spatial distribution of MCs in samples from remaining
LDKD patients and healthy donors. Scale bar, 0.5 mm.
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Supplementary Figure 5. Spatial distribution of characteristic metabolites for distinct MCs. Spatial distribution of the me-
tabolites: (a) CIOH8NO4, a characteristic metabolite for MC1; (b) C12H17N503SCl, a characteristic metabolite for MC2;
(c) C10H12N405Cl, a characteristic metabolite for MC4; (d) C21H3806P, a characteristic metabolite for MC6; (e)
C10H14N507PCl, a characteristic metabolite for MC7. Scale bar, 0.5 mm.
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Supplementary Figure 6. Spatial distribution of characteristic metabolites for lipid classes. Spatial distribution of the metab-
olites: (a) C23H45NOG6P, annotated as PE(P-18:1); (b) C27H50011P, annotated as PI(P-18:1); (c) C24H45NOSP, annotated
as PS(P-18:1); (d) C37H7008P, annotated as PA(34:1). Scale bar, 1 mm.
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Supplementary Figure 7. Spatial distribution similarities between lipids and characteristic metabolites of different MCs in
LDKD. Spatial distribution similarity of PI (a), PG (b), PS (c), PA (d), CPA (e), and GalCer (f) with metabolic clusters in
LDKD. The heatmap colors represent the correlation between each metabolite and different metabolic clusters, defined by
their spatial distribution similarity. Kidney regions and metabolic clusters are distinguished by distinct colors and annota-
tions. PI, phosphatidylinositol; PS, phosphatidylserine; PG, phosphatidylglycerol; PA, phosphatidic acid; CPA, cyclic phos-
phatidic acid; GalCer, galactosylceramide. For each MC, 2 or 3 characteristic metabolites were selected to characterize the
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