Supplementary Data S2. Multi-omics profiling of pharmacological 3-MST inhibition in colorectal cancer stem cells. Integrated transcriptomic,
proteomic, metabolomic and lipidomic analyses comparing HCT116-derived CSCs treated with the 3-MST inhibitor HMPSNE vs. untreated CSC
controls (CSCs_CTR) are shown. The dataset includes PCA, hierarchical clustering, heatmaps of the most variable or differentially regulated features,
volcano plots of differential expression, and lists of the top 25 upregulated and downregulated genes, proteins, metabolites and lipid species.
Differential expression analyses were performed using a fold-change threshold =1.5 with statistical significance defined as false discovery rate (FDR)
<0.05 for transcriptomic datasets and P <0.05 for proteomic, metabolomic and lipidomic datasets. Functional interpretation of differential features was
performed using pathway and enrichment analyses appropriate for each omics layer. For transcriptomic and proteomic datasets, GSEA was performed
using GO biological process and cellular component annotations as well as KEGG, Reactome and Hallmark gene sets. ORA was additionally used to
identify pathways and biological processes significantly enriched among features increased or decreased following HMPSNE treatment. For
metabolomic datasets, pathway enrichment was assessed using QEA to evaluate coordinated changes in metabolite sets across metabolic pathways.
ORA was additionally applied to identify metabolite pathways significantly associated with HMPSNE treatment. For lipidomic datasets, enrichment of
lipid pathways and lipid-associated annotations was assessed using ORA. Lipid ontology enrichment was further evaluated using the LION (Lipid
Ontology) framework in both ranking and target-list modes to identify structural and functional lipid categories altered following 3-MST inhibition. The
dataset additionally includes integrated multi-omics comparisons across three experimental conditions (WT, CSCs_CTR and CSCs_HMPSNE),
including PCA analyses and differential profiles across transcriptomic, proteomic, metabolomic and lipidomic datasets. Lipid structural properties,
including fatty-acid chain length and unsaturation indices, were also analyzed to characterize lipid remodeling associated with CSC state and 3-MST
inhibition. Together, these analyses provide a comprehensive multi-omics characterization of molecular changes induced by pharmacological inhibition

of 3-MST in colorectal cancer stem cells.
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Hierarchical clustering of the top 1000 most variable genes Heatmap of the top 50 DEGs
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Top 25_Upregulated genes in treated CSCs
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Top 25_Downregulated genes in treated CSCs
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GSEA (Gene Set Enrichment Analysis) - geneontology Cellular_Component
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GSEA (Gene Set Enrichment
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GSEA (Gene Set Enrichment Analysis) - pathway KEGG
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ORA (Over-Representation Analysis)
Activation in treated CSCs
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Reactome Gene Sets

KEGG Pathway
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ORA (Over-Representation Analysis)
Activation in treated CSCs

| [R-HSA-9633012: Response of EIF2AK4 (GCN2) to amino acid deficiency

] R-HSA-9648895: Response of EIF2ZAK1 (HRI) to heme deficiency

| R-HS5A-427359: SIRT1 negatively regulates rRNA expression

| R-HSA-9818027: NFEZL2 regulating anti-oxidant/detoxification enzymes

R-HSA-381119: Unfolded Protein Response (UPR)

R-HSA-5357956: TNFR1-induced NF-kappa-B signaling pathway
R-HSA-6785807: Interleukin-4 and Interleukin-13 signaling
R-HS5A-112409: RAF-independent MAPK1/3 activation
R-HSA-5660526: Response to metal ions

R-HSA-975138: TRAF6 mediated induction of NFkB and MAP kinases upon TLR7/8 or 9 activation

R-HSA-9969901
R-HSA-5676594
R-HS5A-6803204

: Cholesterol biosynthesis from zymosterol (modified Kandutsch-Russell pathway)

: TNF receptor superfamily (TNFSF) members mediating non-canonical NF-kB pathway
: TP53 Regulates Transcription of Genes Involved in Cytochrome C Release
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R-HSA-9818025:
R-HSA-9613354:

RIP-mediated NFkB activation via ZBP1
NFE2L2 regulating TCA cycle genes
Lipophagy
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R-HSA-193639: p75NTR signals via NF-kB

R-HSA-975576: N-glycan antennae elongation in the medial/trans-Golgi
R-HS5A-9614657: FOXO-mediated transcription of cell death genes
R-HSA-549127: SLC-mediated transport of organic cations

hsa04064: NF-kappa B signaling pathway

hsa05171: Coronavirus disease - COVID-19

hsa04216: Ferroptosis

hsa04668: TNF signaling pathway

hsa05134: Legionellosis

hsa04141: Protein processing in endoplasmic reticulum
hsa04140: Autophagy - animal

hsa04380: Osteoclast differentiation

hsa04210: Apoptosis

hsa04217: Necroptosis

hsa05322: Systemic lupus erythematosus

hsa05202: Transcriptional misregulation in cancer
hsa04137: Mitophagy - animal

hsa04621: NOD-like receptor signaling pathway
hsa04130: SNARE interactions in vesicular transport
hsa00100: Steroid biosynthesis

hsa00511: Other glycan degradation

hsa04978: Mineral absorption

hsa00532: Glycosaminoglycan biosynthesis - chondroitin sulfate / dermatan sulfate
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ORA (Over-Representation Analysis)
Inhibition in treated CSCs
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Reactome Gene Sets

KEGG Pathway
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ORA (Over-Representation Analysis)

Inhibition in treated CSCs

R-HS5A-1640170: Cell Cycle

R-H5A-69190: DNA strand elongation

R-HSA-372790: Signaling by GPCR

R-HSA-983189: Kinesins

R-H5A-69205: G1/5-Specific Transcription

R-HS5A-70326: Glucose metabolism

R-HS5A-73886: Chromosome Maintenance
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R-HSA-5620924: Intraflagellar transport
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R-HSA-156711: Polo-like kinase mediated events
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R-HS5A-9837999: Mitochondrial protein degradation
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hsa05415: Diabetic cardiomyopathy
hsa04020: Calcium signaling pathway
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hsa05150: Staphylococcus aureus infection
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hsa02010: ABC transporters
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ORA (Over-Representation Analysis)
Inhibition in treated CSCs

M5925: HALLMARK E2F TARGETS
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Hallmark Gene Sets
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G0:0051276: chromosome organization
GO:0006260: DNA replication

M5893: HALLMARK MITOTIC SPINDLE

| G0:0000228: nuclear chromosome

| G0:0140013: meiotic nuclear division

] G0:1905818: regulation of chromosome separation

| GO:0090068: positive regulation of cell cycle process
| G0:0006302: double-strand break repair

| hsa04110: Cell cycle

| R-HSA-69190: DNA strand elongation

| G0:0033044: regulation of chromosome organization
| R-HSA-372790: Signaling by GPCR

] G0:0051383: kinetochore organization

] R-H5A-983189: Kinesins

] GO:0009060: aerobic respiration

| hsa01200: Carbon metabolism

| R-HSA-69205: G1/5-Specific Transcription

| G0:1905820: positive regulation of chromosome separation
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Top 25_Upregulated proteins in treated CSCs

ROGDI
IFRD1
KIF13A
MCL1
DNAJB9
FKBP1A
CCN1
SRXN1
MFSD4A
UPP1
SLC7A11
JUN
SQSTM1
MT1E
SAT1
SLC1A4
STC2
SESN2
EDN1
DDIT4
GDF15
ADM
R3HCC1L
NGFR
GRM5

2 4 6

log2(FC)

CSCs - HMPSNE
Top 25_Downregulated proteins in treated CSCs

ZMYM3-
LZTS2-
ECD-
ASB3+
RNF5-
RSAD1+
RPUSD3+
RBM3-
COQ8B-
CLSTN3+
MGMT-
UBE2S-
PLD6-
PHLDB1+
TSPAN13-
SINHCAF-
ZFP64-
TCF7L2-
FADS1-
SKA3-
DUSP4+
ERAL1-
UBE2CH
ALKBH1-
DNAJBSA

-5

4 -3 -2-10
log2(FC)



I FDR <0.05

adenylate cyclase-modulating G protein-coupled receptor signaling p...

CSCs — HMPSNE

GSEA (Gene Set Enrichment Analysis) - geneontology Biological Process

FDR > 0.05

regulation of tube size
cytoplasmic translation
peptidyl-cysteine modification
intracellular zinc ion homeostasis
heart process

glutathione metabolic process
response to nicotine

response to amyloid-beta

mitochondrial gene expression

| T T I | | T T |
-1.5 -1.0 -05 0.0 0.5 1.0 1.5 2.0 2.5
Normalized Enrichment Score

3.0



I FDR <0.05

FDR > 0.05

CSCs — HMPSNE

GSEA (Gene Set Enrichment Analysis) - geneontology Cellular_Component

glial cell projection
protein folding chaperone complex

pigment granule

r T T T T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 22 24
Normalized Enrichment Score



CSCs - HMPSNE
GSEA (Gene Set Enrichment Analysis) - pathway Reactome

I W FDR < 0.05 FDR > 0.05
-2|.0 -1I.5 -1|.0 -0|.5 OiO Oi5 1|.0 1i5 2i0 2|.5 3i0 3i5 4i0
Selenoamino acid metabolism
Viral mRNA Translation
Eukaryotic Translation Termination
Selenocysteine synthesis
SRP-dependent cotranslational protein targeting to memb...
GTP hydrolysis and joining of the 60S ribosomal subunit
L13a-mediated translational silencing of Ceruloplasmin e...
Eukaryotic Translation Elongation
Peptide chain elongation
Eukaryotic Translation Initiation
Cap-dependent Translation Initiation
Formation of a pool of free 40S subunits
Formation of the ternary complex, and subsequently, the ...
Nonsense Mediated Decay (NMD) independent of the Ex...
Activation of the mRNA upon binding of the cap-binding c...
SARS-CoV-1 modulates host translation machinery
Translation initiation complex formation
Ribosomal scanning and start codon recognition
Cytosolic tRNA aminoacylation
Response of EIF2AK4 (GCNZ2) to amino acid deficiency
Detoxification of Reactive Oxygen Species
HSP90 chaperone cycle for steroid hormone receptors (S...
Prefoldin mediated transfer of substrate to CCT/TriC
Gluconeogenesis
Nuclear events mediated by NFE2L2
Nuclear Receptor transcription pathway
RNA Pol I CTD phosphorylation and interaction with CE during HIV infection
RNA Pol I CTD phosphorylation and interaction with CE
RNA Polymerase | Transcription Initiation
Aberrant regulation of mitotic G1/8 transition in cancer due to RB1 defects
Defective binding of RB1 mutants to E2F1,(E2F2, E2F3)
RNA Polymerase | Transcription Termination
Mitochondrial translation
Mitochondrial translation initiation
Mitochondrial translation elongation
Mitochondrial translation termination
I T T T T T T T T T T T 1
2.0 -1.5 -1.0 -05 0.0 0.5 1.0 15 20 25 3.0 3.5 4.0

Normalized Enrichment Score



N FDR < 0.05

CSCs —- HMPSNE
GSEA (Gene Set Enrichment Analysis) - pathway KEGG

FDR > 0.05

Pentose phosphate pathway
Ferroptosis

Glycolysis / Gluconeogenesis
Biosynthesis of amino acids
Neuroactive ligand-receptor interaction
Arginine and proline metabolism
Cysteine and methionine metabolism
Mineral absorption

Collecting duct acid secretion

Carbon metabolism

Tyrosine metabolism

Ascorbate and aldarate metabolism
Nucleotide excision repair

DNA replication

-1.5

I I | | I I |
-1.0 -05 0.0 05 1.0 1.5 2.0 25
Normalized Enrichment Score

3.0



CSCs - HMPSNE
GSEA (Gene Set Enrichment Analysis) - community-contributed Hallmark50

BTN FDR<0.05 [ FDR > 0.05

reactive oxygen species pathway

cell cycle progression: G2/M checkpoint

cell cycle progression: E2F targets

| I I 1 I
-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
Normalized Enrichment Score

25



CSCs — HMPSNE

ORA (Over-Representation Analysis)
Activation in treated CSCs

GO Cellular Components

GO Biological Process

4

5

1ogl0(P)

-log10(P)

G0O:0030312:
GO:0042470:
GO:0005862:
GO:0005925:
G0:0098552:

GO:0043679:

GO:0009636:
G0O:0046686:
G0O:0089718:
GO:0070613:
G0:0042149:
G0O:0003018:
G0O:0006936:
GO:0042742:
GO:0062012:
GO:0032677:
G0:0006520:
G0O:0050819:
G0O:0110076:
GO:0050878:
G0O:0010460:
GO:0006418:
G0O:0010656:
G0:0048545:
G0:0045862:
G(O:2001233:

external encapsulating structure
melanosome

muscle thin filament tropomyosin
focal adhesion

side of membrane

G0:0005774: vacuolar membrane

G0:0031528: microvillus membrane

G0O:0005788: endoplasmic reticulum lumen

G0:0022625: cytosolic large ribosomal subunit

G0:0005793: endoplasmic reticulum-Golgi intermediate compartment

G0:0045178: basal part of cell

G0:0044233: mitochondria-associated endoplasmic reticulum membrane contact site
G0:0042581: specific granule

G0:0000421: autophagosome membrane

G0:0101031: protein folding chaperone complex

axon terminus

response to toxic substance

response to cadmium ion

amino acid import across plasma membrane
regulation of protein processing

cellular response to glucose starvation
vascular process in circulatory system

muscle contraction

defense response to bacterium

regulation of small molecule metabolic process
regulation of interleukin-8 production

amino acid metabolic process

negative regulation of coagulation

negative regulation of ferroptosis

regulation of body fluid levels

positive regulation of heart rate

tRNA aminoacylation for protein translation
negative regulation of muscle cell apoptotic process
response to steroid hormone

positive regulation of proteolysis

regulation of apoptotic signaling pathway



Reactome Gene Sets

KEGG Pathway

CSCs — HMPSNE

ORA (Over-Representation Analysis)
Activation in treated CSCs

R -

3
1ogl0(P)

R-HSA-9818027: NFE2L2 regulating anti-oxidant/detoxification enzymes
R-HSA-352230: Amino acid transport across the plasma membrane
R-HSA-5660526: Response to metal ions

R-HSA-379716: Cytosolic tRNA aminoacylation

R-H5A-445355: Smooth Muscle Contraction

R-HSA-9700206: Signaling by ALK in cancer

R-HSA-75205: Dissolution of Fibrin Clot

R-HSA-71291: Metabolism of amino acids and derivatives
R-HSA-983170: Antigen Presentation: Folding, assembly and peptide loading of class | MHC
R-HSA-2173782: Binding and Uptake of Ligands by Scavenger Receptors
R-HSA-2559580: Oxidative Stress Induced Senescence

R-HSA-500792: GPCR ligand binding

R-HSA-381119: Unfolded Protein Response (UPR)

R-HSA-5205647: Mitophagy

hsa04216: Ferroptosis

hsa00970: Aminoacyl-tRNA biosynthesis
hsa04141: Protein processing in endoplasmic reticulum
hsa04978: Mineral absorption

hsa04610: Complement and coagulation cascades
hsa05410: Hypertrophic cardiomyopathy
hsa04115: p53 signaling pathway

hsa04080: Neuroactive ligand-receptor interaction
hsa04140: Autophagy - animal

hsa04060: Cytokine-cytokine receptor interaction
hsa03272: Virion - Hepatitis viruses

hsa00330: Arginine and proline metabolism
hsa05171: Coronavirus disease - COVID-19
hsa01250: Biosynthesis of nucleotide sugars



CSCs — HMPSNE

ORA (Over-Representation Analysis)
Activation in treated CSCs

Hallmark Gene Sets I | M5924: HALLMARK MTORCL SIGNALING

| M5902: HALLMARK APOPTOSIS
| M5938: HALLMARK REACTIVE OXYGEN SPECIES PATHWAY
| M5891: HALLMARK HYPOXIA
| M5890: HALLMARK TNFA SIGNALING VIA NFKB
| M5922: HALLMARK UNFOLDED PROTEIN RESPONSE
| M5946: HALLMARK COAGULATION
M5934: HALLMARK XENOBIOTIC METABOLISM
M5906: HALLMARK ESTROGEMN RESPONSE EARLY
M5932: HALLMARK INFLAMMATORY RESPOMSE
M5937: HALLMARK GLYCOLYSIS
M5909: HALLMARK MYOGENESIS
M5939: HALLMARK P53 PATHWAY
M5892: HALLMARK CHOLESTEROL HOMEQOSTASIS
M5921: HALLMARK COMPLEMENT
M5941: HALLMARK UV RESPONSE UP
T T T T T
0 2 4 6 8 10 12
-ogl0(P)

Combined GO

I | M15924: HALLMARK MTORC1 SIGNALING

] G0:0030312: external encapsulating structure
| R-HSA-9818027: NFE2L2 regulating anti-oxidant/detoxification enzymes
| G0:0046686: response to cadmium ion
| G0:0072593; reactive oxygen species metabolic process
] R-HSA-352230: Amino acid transport across the plasma membrane
| M5902: HALLMARK APOPTOSIS
| hsa04216: Ferroptosis
| G0:0070613: regulation of protein processing
| G0:0042149: cellular response to glucose starvation
| GO0:0003018: vascular process in circulatory system
| R-HSA-379716: Cytosolic tRNA aminoacylation
| R-HSA-2262752: Cellular responses to stress
| R-HSA-445355: Smooth Muscle Contraction
| M5891: HALLMARK HYPOXIA
| G0:0042470: melanosome
| M5922: HALLMARK UNFOLDED PROTEIN RESPONSE
| G0:0006936: muscle contraction
| GO0:0042742: defense response to bacterium
| G0:0062012: regulation of small molecule metabolic process

0 2 4 6 8 10 12
H1og10(P)



CSCs — HMPSNE

ORA (Over-Representation Analysis)
Inhibition in treated CSCs

GO Cellular Components GO:0005667: transcription regulator complex

G0:0000228: nuclear chromosome

GO:0070603: SWI/SNF superfamily-type complex
G0:0000118: histone deacetylase complex
G0:0098687: chromosomal region

G0:0030880: RNA polymerase complex
G0:0005657: replication fork

G0:0042555: MCM complex

G0:0000792: heterochromatin

GO0:0032039: integrator complex

GO0:0005677: chromatin silencing complex

| G0:0016363: nuclear matrix

G0:0000123: histone acetyltransferase complex
G0:0016514: SWI/SNF complex

] G0:0000152: nuclear ubiquitin ligase complex

] G0:0031519: PcG protein complex

G0:0005663: DNA replication factor C complex
G0:0000214: tRNA-intron endonuclease complex
GO0:0090576: RNA polymerase |ll transcription regulator complex
GO:0000796: condensin complex

0 2 4 6 8 10 12 14
. . -log10({P)
GO Biological Process

GO0:0006338: chromatin remodeling
GO:0006281: DNA repair
GO:0006351: DNA-templated transcription
G0:0051052: regulation of DNA metabolic process
G0:0033044: regulation of chromosome organization
G0:0022616: DNA strand elongation
G0:0051276: chromosome organization
G0:0034502: protein localization to chromosome
G0:0016073: snRNA metabolic process
GO:0006383: transcription by RNA polymerase 1lI
G0:0140719: constitutive heterochromatin formation
G0:0060623: regulation of chromosome condensation
G0:2001252: positive regulation of chromosome organization
G0:0006275: regulation of DNA replication
G0:2000036: regulation of stem cell population maintenance
G0:0060765: regulation of androgen receptor signaling pathway
G0:2001032: regulation of double-strand break repair via nonhomologous end joining
G0:0000379: tRNA-type intron splice site recognition and cleavage
GO:0045005: DNA-templated DNA replication maintenance of fidelity
GO0:0042659: regulation of cell fate specification

0 5 10 15 20 25
-log10({P)



KEGG Pathway

CSCs — HMPSNE

ORA (Over-Representation Analysis)
Inhibition in treated CSCs

R-H5A-4839726: Chromatin organization

R-HSA-212165: Epigenetic regulation of gene expression

R-HSA-1640170: Cell Cycle

R-HSA-73894: DNA Repair

R-HSA-6807505: RNA polymerase Il transcribes snRNA genes

R-H5A-9842860: Regulation of endogenous retroelements

R-HS5A-69242: S Phase

R-H5A-3214815: HDACs deacetylate histones

R-HSA-3700989: Transcriptional Regulation by TP53

R-HS5A-2559583: Cellular Senescence

R-HSA-3108232: SUMO E3 ligases SUMOylate target proteins

R-HSA-76061: RNA Polymerase Il Transcription Initiation From Type 1 Promoter
R-HSA-6793080: rRNA modification in the mitochondrion

R-HSA-9013508: NOTCH3 Intracellular Domain Regulates Transcription
R-HS5A-3214842: HDMs demethylate histones

R-H5A-9675126: Diseases of mitotic cell cycle

R-HSA-2470946: Cohesin Loading onto Chromatin

R-HSA-383280: Nuclear Receptor transcription pathway

R-HSA-9917777: Epigenetic regulation by WDR5-containing histone modifying complexes
R-H5A-9772755: Formation of WDR5-containing histone-modifying complexes

5 10

1ogl10(P)

15

20

hsa03030: DNA replication

hsa03082: ATP-dependent chromatin remodeling
hsa03083: Polycomb repressive complex
hsa04110: Cell cycle

hsa03020: RNA polymerase

hsa04330: Notch signaling pathway

hsa03022: Basal transcription factors

hsa03440: Homologous recombination

hsa05202: Transcriptional misregulation in cancer
hsa03460: Fanconi anemia pathway

hsa04340: Hedgehog signaling pathway
hsa04723: Retrograde endocannabinoid signaling
hsa04630: JAK-STAT signaling pathway

hsa00310: Lysine degradation

-loglo(P)

10

12



CSCs — HMPSNE

ORA (Over-Representation Analysis)
Inhibition in treated CSCs

Hallmark Gene Sets
|
|

o
%]
o
h
[#0]

-logl0(P)
Combined GO

5 10 15 20
-log10(P)

D_|||

25

M5925: HALLMARK E2F TARGETS
M5901: HALLMARK G2M CHECKPOINT
M5895: HALLMARK WNT BETA CATENIN SIGNALING

GO:0006338: chromatin remodeling

R-HS5A-4839726: Chromatin organization
GO:0006281: DNA repair

GO:0005667: transcription regulator complex
GO:0000228: nuclear chromosome

GO:0006351: DNA-templated transcription
G0:0051052: regulation of DNA metabolic process
GO:0070603: SWI/SNF superfamily-type complex
hsa03030: DNA replication

GO:0033044: regulation of chromosome organization
R-HSA-1640170: Cell Cycle

R-HSA-73894: DNA Repair

GO:0098687: chromosomal region

hsa03083: Polycomb repressive complex
R-HSA-73762: RNA Polymerase | Transcription Initiation
GO:0000792: heterochromatin

G0:0032039: integrator complex

GO:0051276: chromosome organization
R-HS5A-3214847: HATs acetylate histones
G0:0034502: protein localization to chromosome



CSCs-HMPSNE vs CSCs-CTR
Metabolomics




PC 2 (17.9 %)

15

10

-10

-15

CSCs — HMPSNE

-10 -5 0 5 10

PC 1 (56 %)

0 CSCsCTR
CSCs HMPSNE

[PERMANOVA] F-value: 18.051; R-
squared: 0.75053; p-value (based
on 999 permutations): 0.024

The statistical significances of the
group patterns are evaluated using
PERMANOVA. Please note the
distributions are computed using the
Euclidean distance based on the
PCs in the current display.



CSCs — HMPSNE

T class

15
Cytosine
4-Guanidinobutanoi 1
Adenosine diphosph
Pantothenic acid 0.5
Lactic acid
Pyroglutamic acid 0
Biotin
Oxalic acid -0.5
4-Pyridoxic acid
Uracil -1
Guanosine diphosph
Imidazoleacetic ac -1.5

Guanidinosuccinic
L-Cystathionine
Xanthine
N6,N6,N6-Trimethyl
NAD
5-Hydroxylysine
Glycocholic acid
N-Methyl-D-asparti
Glutamine
Pipecolic acid
L-Valine
L-Tyrosine

Serine
CDP-ethanolamine
2-Aminoisobutyric
Gluconic acid
5'-Methylthioadeno
beta-Alanine
Aminoadipic acid
Hypotaurine
Niacinamide
Nicotinic acid
Propionylcarnitine
N-Acetylneuraminat
Palmitoylcarnitine
Myristoylcarnitine
Dodecanoylcarnitin
Butyrylcarnitine
Isovalerylcarnitin
Octanoylcarnitine
Isocitric acid
Taurine

Glutamic acid
Hexanoylcarnitine
Stearoylcarnitine
Phosphorylcholine
Orotic acid
N-Acetyl-L-alanine
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CSCs -

Top 25 _Increased metabolites in treated cells

Hypoxanthine
Glutamine

Cytosine
CDP-ethanolamine
N-Methyl-D-aspartic acid
Acetylcholine
Glycocholic acid
Cytidine

Guanosine diphosphate mannose
Uracil

5-Hydroxylysine
Histamine

Xanthine

Pyroglutamic acid

Biotin
4-Guanidinobutanoic acid
Pipecolic acid

NAD

Serine

Imidazoleacetic acid
Oxalic acid

Lactic acid

L-Tyrosine
Guanidinosuccinic acid
L-Valine

log2(FC)

HMPSNE

Top 25 _Decreased metabolites in treated cells

Isovalerylcarnitine-
Isocitric acid-
Butyrylcarnitine-
Hexanoylcarnitine-
Palmitoylcarnitine-
Dodecanoylcarnitine-
Stearoylcarnitine-
Myristoylcarnitine-
Orotic acid-
Propionylcarnitine-
Glutamic acid+
4-Acetamidobutanoic acid-
Niacinamide-

Nicotinic acid-
Octanoylcarnitine
cis-Aconitic acid-
Phosphorylcholine+
Aminoadipic acid+
beta-Alanine-
N-Acetyl-L-alanine-
Gluconic acid-
N-Acetylneuraminate-
5'-Methylthioadenosine-
Taurine
2-Aminoisobutyric acid+

I I
-6 -4 -2 0
log2(FC)




CSCs — HMPSNE

Quantitative Enrichment Analysis (QEA)
Overview of Enriched Metabolite Sets (Top 25)

Phenylacetate Metabolism A '
Pyrimidine Metabolism - [ )
Inositol Metabolism - o
Inositol Phosphate Metabolism -+ [ )
Warburg Effect - o
Fructose and Mannose Degradation 4 [ )
Histidine Metabolism A o
Ammonia Recycling - o

Aspartate Metabolism - P-value

0.00015
0.00010
0.00005
0.00000

o
Nicotinate and Nicotinamide Metabolism - o 0.00020
Carnitine Synthesis - ()
Propanoate Metabolism - o
Methionine Metabolism

Tyrosine Metabolism A ) .
Enrichment Ratio

@
®
L
Urea Cycle - o : g
o
®

Alanine Metabolism A

Cysteine Metabolism . 6
Lysine Degradation

Tryptophan Metabolism - ®

Glutamate Metabolism+4 @
Malate-Aspartate Shuttle -

Bile Acid Biosynthesis

Valine, Leucine and Isoleucine Degrad... 1

Pantothenate and CoA Biosynthesis -

Phosphatidylethanolamine Biosynthesis -

4 5 6 7
-log10 (p-value)



Activation in treated cells

CSCs — HMPSNE

Overview of Enriched Metabolite Sets (Top 25)

Ammonia Recycling 4

Purine Metabolism 4

Glutamate Metabolism
Phosphatidylethanolamine Biosynthesis A
Warburg Effect

Gluconeogenesis

Nicotinate and Nicotinamide Metabolism -
Propanoate Metabolism 4

Histidine Metabolism

Threonine and 2-Oxobutanoate Degradation
Pyruvate Metabolism

Carnitine Synthesis

Transfer of Acetyl Groups into Mitoch... q
Plasmalogen Synthesis

Selenoamino Acid Metabolism
Pyrimidine Metabolism 4

Urea Cycle

Phospholipid Biosynthesis

Valine, Leucine and Isoleucine Degrad... -
Fructose and Mannose Degradation o
Citric Acid Cycle

Biotin Metabolism 4

Beta-Alanine Metabolism -

Phenylacetate Metabolism 4

Homocysteine Degradation
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Over-Representation Analysis (ORA)

Inhibition in treated cells

Overview of Enriched Metabolite Sets (Top 25)

Nicotinate and Nicotinamide Metabolism o
Lysine Degradation o

Citric Acid Cycle q

Beta-Alanine Metabolism 4

Aspartate Metabolism

Propanoate Metabolism 4

Histidine Metabolism

Malate-Aspartate Shuttle

Taurine and Hypotaurine Metabolism 4
Glucose-Alanine Cycle o
Phosphatidylcholine Biosynthesis 4
Pyrimidine Metabolism -

Warburg Effect A
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CSCs-HMPSNE vs CSCs-CTR
Lipidomics




PC 2 (22 %)
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PC 1 (49.5 %)
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[PERMANOVA] F-value: 11.801;
R-squared: 0.59599; p-value
(based on 999 permutations):
0.008

The statistical significances of
the group patterns are evaluated
using PERMANOVA. Please
note the distributions are
computed using the Euclidean
distance based on the PCs in
the current display.
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CSCs — HMPSNE
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CSCs -

Top 25_Increased lipids in treated CSCs

DG(17:0/18:3)
FFA(16:3)
TG(50:4)
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Top 25_Decreased lipids in treated CSCs
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Activation in treated CSCs

CSCs - HMPSNE
Over-Representation Analysis (ORA)

Overview of Enriched Metabolite Sets (Top 25)

Sphingolipid metabolism: integrated p... 4
16p11.2 proximal deletion syndrome -
Fas ligand pathway and stress inducti... q
TNF-alpha signaling

Synthesis of PS -

Trafficking of AMPA receptors
Glutamate binding, activation of AMPA... 4
SHC1 events in ERBB2 signaling o

PCP/CE pathway -

Nanoparticle triggered regulated necr... A
Downstream signaling events of B Cell... 4
Acyl chain remodelling of PS
Scavenging by Class H Receptors -
Keratinization o

G alpha (z) signalling events |

Response to elevated platelet cytosol... q
Signaling by the B Cell Receptor (BCR)
Sphingolipid metabolism in senescence -
Scavenging by Class B Receptors A

Ca2+ pathway -

lon transport by P-type ATPases
Degradation pathway of sphingolipids,... q
Beta-catenin independent WNT signaling
Signaling by ERBB2

Synthesis of PE
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Overview of Enriched Metabolite Sets (Top 25)

Bile acid synthesis and enterohepatic... -
Defective ABCG5 causes sitosterolemia o
SARS-CoV-2 and COVID-19 pathway A
Sterol regulatory element-binding pro... 4
Metabolic pathway of LDL, HDL and TG,... 1
Steroid hormone biosynthesis, cholest... -
Scavenging of heme from plasma A
Platelet sensitization by LDL A

Intestinal absorption o

Hedgehog ligand biogenesis o
Chylomicron remodeling A

Fatty acids and lipoproteins transpor... o
Familial hyperlipidemia type 3

Plasma lipoprotein clearance 4
Scavenging by Class F Receptors A
Vitamin D metabolism 4

Cholesterol biosynthesis via lathosterol A
Cholesterol biosynthesis via desmosterol A
Cargo recognition for clathrin-mediat... 4
HDL assembly 4

Familial hyperlipidemia type 2 4
Mevalonate pathway A

Lipid particles composition A
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ABC transporters in lipid homeostasis o
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CSCs — HMPSNE

LION enrichment analysis — ranking mode

Increased in treated CSCs
LION enrichment analysis ranking mode
CSCs_HMPSNE vs. CSCs_CTR

sphingolipids [SP]

d18:1 (sphingosine)

lipid-mediated signalling

headgroup with neutral charge

ceramide phosphocholines (sphingomyelins) [SP0301]
endosome/lysosome

N-acylsphingosines (ceramides) [SP0201]
triacylglycerols [GL0301]

glycerolipids [GL]

plasma membrane

lipid storage

lipid droplet

fatty acids and conjugates [FAO1]

fatty acids [FA]

dihexosylceramides
glycerophosphoglycerols [GP04]
diacylglycerophosphoglycerols [GP0401]
lysoglycerophospholipids
monoacylglycerophosphoglycerols [GP0405]
c22:1
monoacylglycerophosphoethanolamines [GP0205]
fatty acid with more than 24 carbons

C14:1

PG(34:2)

C16:1

diacylglycerols [GL0201]

fatty acid with 24 carbons

PG(36:2)

very high transition temperature

PC(32:2)

monoacylglycerophosphocholines [GP0105]
Cer(42:1)

Cer(40:2)

fatty acid with 14 carbons

C26:0

negative intrinsic curvature

fatty acid with 26 carbons

mitochondrion

C22:2

C22:0

|
)|

o
—_
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20
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CSCs — HMPSNE

LION enrichment analysis — ranking mode

Decreased in treated CSCs
LION enrichment analysis ranking mode
CSCs_CTR vs. CSCs_HMPSNE

neutral intrinsic curvature
glycerophospholipids [GP]

fatty acid with more than 3 double bonds
fatty acid with 3-5 double bonds
polyunsaturated fatty acid

fatty acid with 18 carbons or less
saturated fatty acid

endoplasmic reticulum (ER)

C18:0

fatty acid with 16-18 carbons

membrane component

fatty acid with less than 2 double bonds
glycerophosphocholines [GP01]
diacylglycerophosphocholines [GP0101]
fatty acid with 4 double bonds

fatty acid with 18 carbons

above average bilayer thickness

fatty acid with 5 double bonds

fatty acid with more than 18 carbons
diacylglycerophosphoserines [GP0301]
headgroup with positive charge / zwitter-ion
glycerophosphoserines [GP03]

fatty acid with 19-21 carbons
diacylglycerophosphoinositols [GP0601]
above average lateral diffusion

fatty acid with 20 carbons

C22:6

high bilayer thickness

C22:5

glycerophosphoinositols [GP06]

C20:4

C16:0

very low lateral diffusion

high lateral diffusion
glycerophosphoethanolamines [GP02]
fatty acid with 22 carbons

below average lateral diffusion
diacylglycerophosphoethanolamines [GP0201]
fatty acid with 3 double bonds
1-alkyl,2-acylglycerophosphocholines [GP0102]

o
—
o
n
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CSCs — HMPSNE

LION enrichment analysis - target-list mode

Increased in treated CSCs
LION enrichment analysis target-list mode

headgroup with neutral charge
triacylglycerols [GL0301]

glycerolipids [GL]

lipid storage

lipid droplet

fatty acids and conjugates [FAO1]

fatty acids [FA]

sphingolipids [SP]

lipid-mediated signalling

dihexosylceramides

N-acylsphingosines (ceramides) [SP0201]
d18:1 (sphingosine)
lysoglycerophospholipids

fatty acid with more than 24 carbons
monoacylglycerophosphocholines [GP0105]
C14:1

Cer(42:1)

Cer(40:2)

C26:0
monoacylglycerophosphoethanolamines [GP0205]
C16:1

ceramide phosphocholines (sphingomyelins) [SP0301]
fatty acid with 26 carbons

C24:1

c22:1

plasma membrane

endosome/lysosome

fatty acid with 24 carbons

C22:0

diacylglycerols [GL0201]

fatty acid with 14 carbons

PG(36:2)

PC(34:3)

PC(32:2)

monounsaturated fatty acid
monoalkylglycerophosphocholines [GP0106]
monoacylglycerophosphoinositols [GP0605]
monoacylglycerophosphoglycerols [GP0405]
glycerophosphoglycerols [GP04]

fatty acid with 21 carbons
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saturated fatty acid
glycerophosphoinositols [GP06]
diacylglycerophosphoinositols [GP0601]
C18:0

positive intrinsic curvature

headgroup with negative charge

di18:2

very low lateral diffusion

very high transition temperature

very high bilayer thickness

sterols [ST01]

P1(38:3)

PI(36:2)

PI(36:1)

PE(O-34:2)

glycerophospholipids [GP]

fatty acids with 19 carbons

fatty acid with less than 2 double bonds
fatty acid with 24 carbons

fatty acid with 2 double bonds

fatty acid with 18 carbons or less

fatty acid with 18 carbons

fatty acid with 16-18 carbons

fatty acid with 16 carbons

fatty acid with 15 carbons
endoplasmic reticulum (ER)
diacylglycerophosphoserines [GP0301]
d20:1

contains ether-bond

C24:0

C22:0

C20:3

C20:2

C19:0

C18:2

C17:0

C16:0

C15:0

above average transition temperature
1-alkyl,2-acylglycerophosphoethanolamines [GP0202]

0.0

CSCs — HMPSNE

LION enrichment analysis - target-list mode

Decreased in treated CSCs

0.5
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LION enrichment analysis target-list mode



WT vs CSCs-CTR vs CSCs-HMPSNE
RNA Seq
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PCA — RNA-seq
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WT vs CSCs-CTR vs CSCs-HMPSNE

Top 50 Variable Genes

I Condiition [} 2 Condition

INSIG1 WT
FGFBP1

WFDC21P 1 CSCs_CTR

o NDRGT CSCs_HMPSNE

LAMB3
MSMO1
H2AC6 0
CYP4F11
DUSP5
HMOX1
WNT7A
LAMC2 -1
CD55
PLAUR
GADD45B
ATF3
DUSP1 -2
JUN
CHACH1
LURAP1L
DDIT4
SESN2
DDIT3
CXCL8
UPP1
NGFR
ITPRIP
CYP24A1
DHRS3
CENPF
PLK1
RRM2
NCAPG
MKI67
BIRC5
DHFR
MYBL2
TK1
DKK1
WNT16
UBE2C
OAS1
IFI27
IFITA
[ scG2
GALNTS5
TACSTD2
IFI6
KRT14




WT vs CSCs-CTR vs CSCs-HMPSNE
Proteomics




PC2 (23%)

-100 1

WT vs CSCs-CTR vs CSCs-HMPSNE

PCA - Proteomics

100 1
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PC1 (46.5%)
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WT vs CSCs-CTR vs CSCs-HMPSNE

Top 50 Variable Proteins

] Condiition JJ] © Condition

ZFAT WT
MT-ND3

SELENOT 1 CSCs_CTR
HBA1
GPX4 CSCs_HMPSNE
PRSS1
SELENON
SELENOH 0
CKS2
[ CIR1
ZFP64

I TSPAN13
ALKBH1 -1
UBE2C
ERALA1
ISCA2
OIP5
CHEK1 -2
CKS1B
HELLS
SKA3
UBE2S
TYMS
UBE2T
IPPK
KNSTRN
ECD
BUB1B
KLHDC3
CDC45
RBM3
METTLA17
GRM5
FANCE
ZNF740
[ | - PLCH1

NSD3

KRT33A

LGALS7
o
BCL7A
LDHD
L
B

TACSTD2
SPTSSB
SPRR1B
SPRR2D
FGFBP1
DNAJBS
HLA-DRB1
HS3ST1




WT vs CSCs-CTR vs CSCs-HMPSNE
Metabolomics




PC2 (18.1%)
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WT vs CSCs-CTR vs CSCs-HMPSNE
PCA - Metabolomics
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PC1 (53.4%)
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WT vs CSCs-CTR vs CSCs-HMPSNE

Top 50 Variable Metabolites
. condition 2 condition

2-Aminobenzoic acid WT
Uridine
Guanosine 1 CSCs_CTR
Inosine
Agmatine CSCs_HMPSNE
| 4-Guanidinobutanoic acid

Hydroxyphenyllactic acid

Adenosine 0
||

NADH

L-Tryptophan
Glycocholic acid

Uracil

Hypoxanthine -1
CDP-ethanolamine
Glutamine
N-Methyl-D-aspartic acid
Acetylcholine
Pyridoxine -2
Pyridoxal

~ Cytidine

Cytosine

ADP

Glutathione

Isoleucine

Kynurenine

Isocitric acid
Isovalerylcarnitine
Hexanoylcarnitine
Stearoylcarnitine
Palmitoylcarnitine
Butyrylcarnitine
Myristoylcarnitine
Allantoin

Uric acid
Octanoylcarnitine
Propionylcarnitine
Dodecanoylcarnitine
SAICAR
Decanoylcarnitine
AICAR

Hippuric acid
2-Aminoisobutyric acid
Serotonin
L-Cystathionine
Citrulline
Dimethylglycine
Ophthalmic acid
Creatinine
S-Adenosylhomocysteine
Trimethylamine N-oxide



WT vs CSCs-CTR vs CSCs-HMPSNE
Lipidomics
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WT vs CSCs-CTR vs CSCs-HMPSNE

Top 50 Variable Lipids
I N i Condition [} 2 Condition

DG 16:0_17:0 WT
PC 18:1_20:5

PC 19:0_20:4 1 CSCs_CTR
DG 18:1_22:6
PS(0-19:0/22:6) CSCs_HMPSNE
PC(0-15:1/20:4)

DG 16:0_22:6

PC 22:5_16:0 0
Pl 18:0_22:6

Pl 15:0_22:5

PC 16:0_20:5

PC 19:0_20:3

PC 14:1_18:2 -1
PC(0-16:0/22:4)

PC 14:1_17:0

PC 12:0_20:1

PC 12:0_18:0

PC 12:0_18:1 -2
PC 16:0_22:6

PS 18:1_22:6
LPC(0-18:0)

Cholesterol

PC 14:0_17:0

FA 21:1

DG 17:0_18:3

TG(50:4)

TG(44:3)

FA 16:3

FA 18:3

FA 23:0

FA 22:0

FA 28:0

TG(54:5)

TG(56:6)

Cer d18:0/20:0

DG 14:0_17:0

FA 24:1

FA 22:1

TG(44:2)

Cer d18:1/22:1

TG(57:10)

TG(56:4)

TG(54:4)

TG(53:4)

TG(48:3)

TG(52:4)

TG(44:0)

DG 16:1_20:2

TG(56:3)

- TG(53:3)




WT vs CSCs-CTR vs CSCs-HMPSNE

FA_chainlength_unsaturation

CSCs_CTR CSCs_HMPSNE
DB O DB O DB O
DB 1 DB 1 DB 1
DB 2 8 DB 2 DB 2
DB 3 DB 3 DB 3
DB 4 DB 4 DB 4
DB 5 DB 5 DB 5
DB 6 DB 6 DB 6
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WT vs CSCs-CTR vs CSCs-HMPSNE

FA_chainlength_unsaturation_FC

log2(CSCs_CTR / WT)
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Protein log2FC (CSC vs WT)

RNA-Protein correlation (metabolic enzymes, CSC vs WT)

Pearsonr = 0.65

WT vs CSCs-CTR vs CSCs-HMPSNE

Pearsonr = 0.35

RNA-Protein correlation (metabolic enzymes, CSC+HMPSNE vs CSC)
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Protein log2FC (CSC vs WT)

WT vs CSCs-CTR vs CSCs-HMPSNE

RNA-Protein correlation (all genes, CSC vs WT)
Pearson r = 0.54

-10

=5 0 5
RNA log2FC (CSC vs WT)

10

Protein log2FC (CSC+HMPSNE vs CSC)

RNA-Protein correlation (all genes, CSC+HMPSNE vs CSC)
Pearsonr = 0.26

RNA log2FC (CSC+HMPSNE vs CSC)
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