Supplementary Data S1. Integrated multi-omics profiling of colorectal CSCs derived from HCT116 cells compared with WT HCT116
cells. Comprehensive transcriptomic, proteomic, metabolomic and lipidomic analyses are shown. The dataset includes PCA to assess
sample clustering and separation between conditions, hierarchical clustering and heatmaps of the most variable or differentially regulated
features, and differential expression analyses visualized by volcano plots. Lists of the top 25 upregulated and downregulated genes, proteins,
metabolites and lipid species are also provided. For transcriptomic datasets, differential expression analyses were performed using fold-
change and statistical significance thresholds (fold change =1.5 and false discovery rate (FDR) <0.05). For proteomics, metabolomic and
lipidomic analyses, significantly altered metabolites and lipid species were identified using fold change 21.5 and P value <0.05. PCA plots
include PERMANOVA statistics to evaluate group separation. 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. In addition, ORA was used to
identify biological processes and pathways significantly enriched among genes or proteins increased or decreased in CSCs relative to WT
cells. For metabolomic datasets, pathway enrichment was assessed using QEA, and ORA was used to identify metabolite sets or pathways
enriched among metabolites altered between conditions. For lipidomic datasets, ORA was performed to identify enriched lipid-associated
pathways or annotations among lipid species altered between conditions. 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 associated with CSCs or
WT cells. Together, these analyses provide an integrated multi-omics characterization of molecular differences between colorectal cancer

stem cells and their parental HCT116 wild-type counterparts.
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CSCs vs WT

Hierarchical clustering of the top 1000 most variable genes Heatmap of the top 50 DEGs

| |
T 1 T 1 r
I Condition

Condition

cscs
WwT
0 ¥ N Dy ) 7 N ) N &
@ @ @ @ @ = = = = =
O O O O 6]
8 49 i ! ! = = B\ = B\
< © < < < o i o i o
o« x = 2 = 5 5 5 5 6
Color Key 5 (&) (@] O (&)
I
Color Key

-4 2 0 2 4

-10 -5 0 5 10



CSCs vs WT
Fold Change vs. Adjusted p-Value
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Top 25_Upregulated genes in CSCs
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Top 25_Downregulated genes in CSCs
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CSCs vs WT
GSEA (Gene Set Enrichment Analysis) - geneontology Biological Process

I FDR < 0.05 FDR > 0.05
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defense response to symbiont
response to virus
humoral immune response
intermediate filament-based process
defense response to bacterium
antigen processing and presentation
response to type Il interferon
cell killing
response to type | interferon
molting cycle
viral process
skin development
regulation of response to wounding
negative regulation of response to biotic stimulus
wound healing
peptidyl-tyrosine modification
cytokine-mediated signaling pathway
negative regulation of response to external stimulus
epidermis development
biological process involved in symbiotic interaction
positive regulation of cell adhesion
regulation of protein transport
mRNA processing
tRNA metabolic process
protein localization to chromosome
sister chromatid cohesion
meiotic cell cycle
ribonucleoprotein complex biogenesis
organelle fission
chromosome localization
mitotic cell cycle phase transition
regulation of cell cycle phase transition
kinetochore organization
mitochondrial gene expression
mismatch repair
DNA strand elongation
regulation of chromosome organization
cell cycle G2/M phase transition
chromosome segregation
interstrand cross-link repair
DNA recombination
double-strand break repair
DNA conformation change
DNA replication
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CSCs vs WT
GSEA (Gene Set Enrichment Analysis) - geneontology Cellular_Component

I FDR <0.05 FDR > 0.05
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MHC protein complex
external side of plasma membrane
platelet alpha granule
collagen-containing extracellular matrix
endoplasmic reticulum lumen
Golgi lumen
intermediate filament cytoskeleton
cornified envelope
protein complex involved in cell adhesion
lumenal side of membrane
receptor complex
secretory granule membrane
blood microparticle
apical part of cell
endocytic vesicle
late endosome
coated vesicle
basal part of cell
endoplasmic reticulum-Golgi intermediate compartment
tertiary granule
transport vesicle
Golgi apparatus subcompartment
vacuolar membrane
cell-substrate junction
mitochondrial inner membrane
sex chromosome
mitochondrial matrix
endonuclease complex
DNA repair complex
heterochromatin
dynein axonemal particle
sno(s)RNA-containing ribonucleoprotein complex
ciliary tip
preribosome
mitochondrial protein-containing complex
spindle
site of DNA damage
centriole
intraciliary transport particle
Sm-like protein family complex
spliceosomal complex
chromosomal region
nuclear chromosome
condensed chromosome
replication fork
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CSCs vs WT
GSEA (Gene Set Enrichment Analysis) - pathway Reactome

[ FDR <0.05 FDR > 0.05
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Interferon alpha/beta signaling
Keratinization
Interferon gamma signaling
Formation of the cornified envelope
Immunoregulatory interactions between a Lymphoid and a non-Lymphoid cell
Interferon Signaling
Laminin interactions
Cholesterol biosynthesis
Platelet degranulation
Response to elevated platelet cytosolic Ca2+
Cell junction organization
Cytokine Signaling in Immune system
Cell-Cell communication
Extracellular matrix organization
Plasma lipoprotein assembly, remodeling, and clearance
Regulation of cholesterol biosynthesis by SREBP (SREBF)
Activation of gene expression by SREBF (SREBP)
Interleukin-4 and Interleukin-13 signaling
Degradation of the extracellular matrix
Type | hemidesmosome assembly
Metabolism of RNA
M Phase
DNA Repair
Mitochondrial translation
Defective homologous recombination repair (HRR) due to BRCA1 loss of function
Defective homologous recombination repair (HRR) due to PALB2 loss of function
Defective HDR through Homologous Recombination Repair (HRR) due to PALB2 loss of E
Defective HDR through Homologous Recombination Repair (HRR) due to PALB2 loss of E
Resolution of D-loop Structures through Synthesis-Dependent Strand Annealing (SDSA)
Processing of Capped Intron-Containing Pre-mRNA
Mitotic G1 phase and G1/S transition
Unwinding of DNA
S Phase
Impaired BRCA2 binding to RAD51
EML4 and NUDC in mitotic spindle formation
Resolution of D-Loop Structures
Resolution of D-loop Structures through Holliday Junction Intermediates
Cell Cycle, Mitotic
G1/S Transition
Mitotic Prometaphase
Synthesis of DNA
Mitotic Spindle Checkpoint
Cell Cycle Checkpoints
Cell Cycle
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I W FDR < 0.05

-3.0
1

-2.5
1

CSCs vs WT
GSEA (Gene Set Enrichment Analysis) - pathway KEGG

FDR > 0.05
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Staphylococcus aureus infection
Complement and coagulation cascades
Type | diabetes mellitus

Allograft rejection

Hematopoietic cell lineage
Graft-versus-host disease
Autoimmune thyroid disease
Influenza A

Cell adhesion molecules
Cytokine-cytokine receptor interaction
Toxoplasmosis

JAK-STAT signaling pathway

Antigen processing and presentation
Inflammatory bowel disease
ECM-receptor interaction
Estrogen signaling pathway
Amoebiasis

Rheumatoid arthritis
Hepatitis C

Asthma

Focal adhesion

Lysosome

Human papillomavirus infection

Glutathione metabolism

Taste transduction

Maturity onset diabetes of the young
Nucleocytoplasmic transport
Nucleotide excision repair
Ribosome biogenesis in eukaryotes
Base excision repair

Mismatch repair

Spliceosome

Cell cycle

Homologous recombination
Fanconi anemia pathway

DNA replication
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CSCs vs WT
GSEA (Gene Set Enrichment Analysis) - Hallmark50

I W FDR < 0.05 FDR > 0.05
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interferon alpha response

interferon gamma response

TNFA signaling via NF_B

cholesterol homeostasis

response to hypoxia; HIF 1A targets

inflammation

complement cascade

"KRAS signaling, upregulated genes”

p53 pathway

blood coagulation cascade

epithelial mesenchymal transition

IL6 STAT3 signaling during acute phase response

programmed cell death; caspase pathway

apical junction complex consisting of adherens and tight junctions
allograft rejection

glycolysis and gluconeogenesis

IL2 STATS signaling

muscle differentiation

"KRAS signaling, downregulated genes"

late estrogen response

canonical beta catenin pathway

androgen response

UV response: downregulated genes

metabolism of xenobiotics

unfolded protein response; ER stress

TGF beta signaling

blood vessel formation

mTORC1 signaling
Hedgehog signaling

DNA repair
oxidative phosphorylation and citric acid cycle
sperm development and male fertility

"MYC targets, variant 2"

"MYC targets, variant 1"

cell cycle progression: G2/M checkpoint

cell cycle progression: E2F targets
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GO Cellular Components

GO Biological Process

CSCs vs WT

ORA (Over-Representation Analysis)
Activation in CSCs
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GO:0005911:
GO:0005796
GO:0009897
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GO:0042611:
G0:0098857:
GO:0043202:
GO:0030139:
GO:0031091:
GO:0005882:
GO:0030667:
GO:0031985:
GO:0042383:
G0:0098858
GO:0098636

GO:0009611:
G0O:0098609:
: regulation of immune effector process
G0O:0035239:

G0:0002697

GO:0051607
GO:0045785
GO:0098657
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GO:0009617:
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GO:0034330:
GO:0019221:
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Golgi membrane
endoplasmic reticulum lumen

: external encapsulating structure

apical part of cell
cell-cell junction

: Golgi lumen
: external side of plasma membrane

receptor complex

basal plasma membrane
MHC protein complex
membrane microdomain
lysosomal lumen
endocytic vesicle
platelet alpha granule
intermediate filament
secretory granule membrane
Golgi cisterna
sarcolemma

: actin-based cell projection
: protein complex involved in cell adhesion

response to wounding
cell-cell adhesion

tube morphogenesis

. defense response to virus

. positive regulation of cell adhesion
: import into cell

G0:0048002:
G0:0032102:

antigen processing and presentation of peptide antigen
negative regulation of response to external stimulus
inflammatory response

response to bacterium

regulation of MAPK cascade

cell junction organization

cytokine-mediated signaling pathway

epithelial cell differentiation

epidermis development

: regulation of secretion

regulation of response to biotic stimulus

: positive regulation of locomotion

chemotaxis



CSCs vs WT

ORA (Over-Representation Analysis)
Activation in CSCs

Reactome Gene Sets

R-HSA-909733: Interferon alpha/beta signaling

R-HSA-1474244: Extracellular matrix organization

R-HSA-6805567: Keratinization

R-HSA-76005: Response to elevated platelet cytosolic Caz+

R-HSA-381070: IRElalpha activates chaperones

R-HS5A-1630316: Glycosaminoglycan metabolism

R-HSA-191273: Cholesterol biosynthesis

R-H5A-9734779: Developmental Cell Lineages of the Integumentary System
R-HSA-198933: Immunoregulatory interactions between a Lymphoid and a non-Lymphoid cell
R-HSA-8957275: Post-translational protein phosphorylation

R-HSA-373076: Class A/1 (Rhodopsin-like receptors)

R-HSA-3000157: Laminin interactions

| R-HSA-9909505: Modulation of host responses by IFN-stimulated genes

| R-HSA-5173105: O-linked glycosylation

| R-HSA-6785807: Interleukin-4 and Interleukin-13 signaling

] R-HSA-6807047: Cholesterol biosynthesis via desmosterol (Bloch pathway)

] R-HSA-202733: Cell surface interactions at the vascular wall

| R-HSA-420029: Tight junction interactions

| R-HSA-9820960: Respiratory syncytial virus (RSV) attachment and entry

| R-HSA-428157: Sphingolipid metabolism

-log10(P)

KEGG Pathway

hsa04382: Cornified envelope formation

hsa04060: Cytokine-cytokine receptor interaction

hsa04514: Cell adhesion molecule (CAM) interaction

hsa04940: Type | diabetes mellitus

hsa04512: ECM-receptor interaction

hsa04820: Cytoskeleton in muscle cells

hsa04610: Complement and coagulation cascades

] hsa04142: Lysosome

hsa00100: Steroid biosynthesis

hsa03272: Virion - Hepatitis viruses

hsa04020: Calcium signaling pathway

hsa04061: Viral protein interaction with cytokine and cytokine receptor

hsa00600: Sphingolipid metabolism

hsa00601: Glycosphingolipid biosynthesis - lacto and neolacto series
hsa04670: Leukocyte transendothelial migration
hsa00511: Other glycan degradation

hsa04650: MNatural killer cell mediated cytotoxicity

hsa04360: Axon guidance

hsa04974: Protein digestion and absorption

hsa04080: Neuroactive ligand-receptor interaction
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Hallmark Gene Sets

Combined GO

CSCs vs WT

ORA (Over-Representation Analysis)
Activation in CSCs
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M5911: HALLMARK INTERFERON ALPHA RESPONSE
M5890: HALLMARK TNFA SIGNALING VIA NFKB
M5891: HALLMARK HYPOXIA

M5892: HALLMARK CHOLESTEROL HOMEOSTASIS
M5930: HALLMARK EPITHELIAL MESENCHYMAL TRANSITION
M5932: HALLMARK INFLAMMATORY RESPONSE
M5802: HALLMARK APOPTOSIS

M5915: HALLMARK APICAL JUNCTION

M5847: HALLMARK IL2 STATS SIGNALING

M5909: HALLMARK MYOGENESIS

M5939: HALLMARK P53 PATHWAY

M5946: HALLMARK COAGULATION

M5906: HALLMARK ESTROGEN RESPONSE EARLY
M5897: HALLMARK ILE JAK STAT3 SIGNALING
M5953: HALLMARK KRAS SIGNALING UP

M5208: HALLMARK ANDROGEN RESPONSE

M5950: HALLMARK ALLOGRAFT REJECTION

M5896: HALLMARK TGF BETA SIGNALING

M5956: HALLMARK KRAS SIGNALING DN

M5942: HALLMARK UV RESPONSE DN

M5911: HALLMARK INTERFERON ALPHA RESPONSE
M5890: HALLMARK TNFA SIGMALING VIA NFKB
G0:0000139: Golgi membrane

M5891: HALLMARK HYPOXIA

GO:0009611: response to wounding

hsa04382: Cornified envelope formation
G0:0005788: endoplasmic reticulum lumen

M5892: HALLMARK CHOLESTEROL HOMEOSTASIS
G0:0098609: cell-cell adhesion

G0:0030312: external encapsulating structure
G0:0045177: apical part of cell

G0:0005911: cell-cell junction

M5930: HALLMARK EPITHELIAL MESENCHYMAL TRANSITION
GO0:0005796: Golgi lumen

GO:0009897: external side of plasma membrane
G0:0043235: receptor complex

GO:0002697: regulation of immune effector process
G0:0035239: tube morphogenesis

G0:0051607: defense response to virus

hsa04060: Cytokine-cytokine receptor interaction



GO Cellular Components

GO Biological Process

CSCs vs WT

ORA (Over-Representation Analysis)
Inhibition in CSCs
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GO:0005657:
GO:0005819:
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GO:0090734:
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GO:0071162:
G0:0098798:
GO:0000939:
GO:0051233:
GO:0046540:
GO:0000796:
G0:0042575:
GO:0000794:
G0:0043240:
GO:0005876:
GO:0030990:
GO:0005721
GO:1902555:

GO:0006259:
GO:0051276:
GO:1901987:
GO:0033044:
GO:0051321:
GO:0000075:
GO:0051983:
GO:0036297:
GO:0051052:
GO:0022616:
GO:0051383:
GO:0051984:
GO:0006270:
G0:1901976:
GO:0034502:
GO:0000723:
GO:0051988:
GO:0051310:
GO:0006275:
GO:0006303:

chromosomal region

replication fork

spindle

chromosome, telomeric region
centrosome

site of DNA damage

outer kinetochore

CMG complex

mitochondrial protein-containing complex
inner kinetochore

spindle midzone

U4/U6 x U5 tri-snRNP complex
condensin complex

DMA polymerase complex
condensed nuclear chromosome
Fanconi anaemia nuclear complex
spindle microtubule

intraciliary transport particle

: pericentric heterochromatin

endoribonuclease complex

DNA metabolic process

chromosome organization

regulation of cell cycle phase transition

regulation of chromosome organization

meiotic cell cycle

cell cycle checkpoint signaling

regulation of chromosome segregation

interstrand cross-link repair

regulation of DNA metabolic process

DNA strand elongation

kinetochore organization

positive regulation of chromosome segregation

DMNA replication initiation

regulation of cell cycle checkpoint

protein localization to chromosome

telomere maintenance

regulation of attachment of spindle microtubules to kinetochore
metaphase chromosome alignment

regulation of DNA replication

double-strand break repair via nonhomologous end joining



CSCs vs WT

ORA (Over-Representation Analysis)
Inhibition in CSCs

Reactome Gene Sets R-HSA-1640170: Cell Cycle

R-H5A-69239: Synthesis of DNA

R-HSA-73894: DNA Repair

R-HSA-69190: DNA strand elongation

R-HSA-68962: Activation of the pre-replicative complex

R-HSA-72203: Processing of Capped Intron-Containing Pre-mRNA

R-HSA-453274: Mitotic G2-G2/M phases

R-H5A-606279: Deposition of new CENPA-containing nucleosomes at the centromere
R-HSA-6783310: Fanconi Anemia Pathway

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

R-H5A-1500620: Meiosis

R-H5A-72306: tRNA processing

R-H5A-68952: DNA replication initiation

R-H5A-156711: Polo-like kinase mediated events

R-H5A-5693571: Nonhomologous End-Joining (NHE])

R-HS5A-9825895: Regulation of MITF-M-dependent genes involved in DNA replication, damage repair and senescence
R-HS5A-9937383: Mitochondrial ribosome-associated quality control

R-HSA-73856: RNA Polymerase Il Transcription Termination

R-HSA-2514853: Condensation of Prometaphase Chromosomes

R-HSA-2142789: Ubiquinol biosynthesis
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KEGG Pathway

hsa03030: DNA replication

hsa04110: Cell cycle

hsa03460: Fanconi anemia pathway

] hsa03040: Spliceosome

hsa03050: Proteasome

hsa03013: Nucleocytoplasmic transport
hsa03020: RNA polymerase

hsa04914: Progesterone-mediated oocyte maturation
hsa03450: Non-homologous end-joining
hsa04115: p53 signaling pathway
hsa00240: Pyrimidine metabolism
hsa00670: One carbon pool by folate
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CSCs vs WT

ORA (Over-Representation Analysis)
Inhibition in CSCs

Hallmark Gene Sets
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M5925: HALLMARK E2F TARGETS
M5901: HALLMARK G2M CHECKPOINT
M5926: HALLMARK MYC TARGETS V1
M5951: HALLMARK SPERMATOGENESIS
M5928: HALLMARK MYC TARGETS V2
M5898: HALLMARK DMNA REPAIR
M5893: HALLMARK MITOTIC SPINDLE

M5925: HALLMAREK E2F TARGETS

R-H5A-1640170: Cell Cycle

G0:0006259: DNA metabolic process

G0:0051276: chromosome organization
GO:0006260: DNA replication

G0:0098687: chromosomal region

R-H5A-69239: Synthesis of DNA

G0:1901987: regulation of cell cycle phase transition
GO:0005657: replication fork

hsa03030: DNA replication

R-HS5A-68962: Activation of the pre-replicative complex
G0:0033044: regulation of chromosome organization
G0:0051321: meiotic cell cycle

GO:0090068: positive regulation of cell cycle process
GO:0005819: spindle

G0:0036297: interstrand cross-link repair
G0:0051052: regulation of DNA metabolic process
M5926: HALLMARK MYC TARGETS V1

GO:0000781: chromosome, telomeric region
G0:0005813: centrosome
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[PERMANOVA] F-value: 23.709; R-
squared: 0.74771; p-value (based
on 999 permutations): 0.01

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 vs WT
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Top 25_Upregulated proteins in CSCs

ALDOC
SLC17A5
LAMC2
FGFBP1
PLAU
IFIT2
NDRG1
SPRR1B
LAMB3
DNASE1L1
SPRR2D
TM7SF2
ANKRD22
GDPD3
OASL
MSMO1
AGPAT4
LMO7
F2RL1
GALNTS5
TACSTD2
DKKA1
HLA-DRB1
SPTSSB
LDHD
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CSCs vs WT

Top 25_Downregulated proteins in CSCs

PTTG1+
MUTYH-
TIFA-
MALT1-
SAC3D1-
ASB1+
FOXC1-
CKS1B+
NRGN-
CDCAT7-
PCLAF-
FAM111B-
GPX1-
CKS2-
CIAO3-
MT1E-
OIP5+
PSRC1-
CCNB2-
TYMSH
SELENON-
SELENOT-
GPX4-
PRSS1-
HBA1-

-6

4 -2
log2(FC)



CSCs vs WT

GSEA (Gene Set Enrichment Analysis) - geneontology Biological Process

I W FDR <0.05 FDR > 0.05
—3I.0 —2I.5 —2|.0 —1I.5 —1I.O —0|.5 0i0 Oi5 1i0 1i5 2i0 2i5 3i0
nucleoside bisphosphate metabolic process
small molecule catabolic process
fatty acid derivative metabolic process
lipid catabolic process
steroid metabolic process
antigen processing and presentation
fatty acid metabolic process
membrane lipid metabolic process
epidermis development
type Il interferon production
plasma membrane organization
mitochondrial transport
intermediate filament-based process
response to type | interferon
alcohol metabolic process
lipid localization
lipid modification
defense response to symbiont
skin development
membrane raft organization
mitochondrial gene expression
ribose phosphate metabolic process
proteasome-mediated ubiquitin-dependent protein catabolic process
non-membrane-bounded organelle assembly
negative regulation of cell cycle
postreplication repair
regulation of microtubule-based process
sister chromatid cohesion
DNA recombination
regulation of cell cycle phase transition
interstrand cross-link repair
microtubule cytoskeleton organization involved in mitosis
DNA replication
chromosome localization
regulation of mitotic cell cycle
mitotic cell cycle phase transition
positive regulation of cell cycle
spindle organization
organelle fission
meiotic cell cycle
microtubule organizing center organization
cytoplasmic translation
regulation of chromosome organization
chromosome segregation
I T T T T T T T T T T T 1
-3.0 -25 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 25 3.0

Normalized En.richment Score



CSCs vs WT

GSEA (Gene Set Enrichment Analysis) - geneontology Cellular_Component

W FDR <0.05 FDR > 0.05

-2.5 -2.0 -1.5 -1.0 -0.5 0.0 05 1.0 1.5 20 25
| ] | | 1 | I 1 I I 1

collagen-containing extracellular matrix
secretory granule membrane
endoplasmic reticulum lumen
outer membrane
mitochondrial matrix
mitochondrial inner membrane
cornified envelope
endoplasmic reticulum protein-containing complex
sarcoplasm
tertiary granule
microbody
endoplasmic reticulum-Golgi intermediate compartment
mitochondrial protein-containing complex
external side of plasma membrane
sarcolemma
desmosome
specific granule
MHC protein complex
intermediate filament cytoskeleton
lumenal side of membrane
transport vesicle
retromer complex
germ cell nucleus
sex chromosome
pericentriolar material
ciliary transition zone
midbody
protein folding chaperone complex
ciliary tip
transferase complex, transferring phosphorus-containing groups
centriolar satellite
microtubule
ubiquitin ligase complex
microtubule associated complex
ciliary basal body
replication fork
centriole
chromosomal region
nuclear chromosome
condensed chromosome
spindle

T T T T T T 1
25 -2.0 -15 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 25
Normalized Enrichment Score



CSCs vs WT

GSEA (Gene Set Enrichment Analysis) - pathway Reactome

W FDR < 0.05 FDR > 0.05
-3|.0 -2|.5 -2I.0 -1I.5 -1l.0 -0|.5 0i0 0i5 1i0 1i5 2i0 2i5 3i0
Interferon alpha/beta signaling
Mitochondrial translation initiation
Mitochondrial translation termination
Mitochondrial translation
Cholesterol biosynthesis
Keratinization
Formation of the cornified envelope
Mitochondrial translation elongation
Metabolism of lipids
Fatty acid metabolism
Branched-chain amino acid catabolism
Mitochondrial Fatty Acid Beta-Oxidation
Activation of gene expression by SREBF (SREBP)
Integrin cell surface interactions
Metabolism of steroids
Interferon gamma signaling
Sphingolipid metabolism
Cristae formation
Post-translational protein phosphorylation
Fatty acyl-CoA biosynthesis
Mitochondrial biogenesis
Signaling by ROBO receptors
Regulation of PLK1 Activity at G2/M Transition
Mitotic G2-G2/M phases
G2/M Transition
Fanconi Anemia Pathway
Recruitment of NuMA to mitotic centrosomes
Anchoring of the basal body to the plasma membrane
Mitotic Metaphase and Anaphase
Mitotic Anaphase
RHO GTPases Activate Formins
Synthesis of DNA
Diseases of DNA repair
DNA Replication
AURKA Activation by TPX2
Selenoamino acid metabolism
Influenza Viral RNA Transcription and Replication
Regulation of expression of SLITs and ROBOs
Unwinding of DNA
Cilium Assembly
Recruitment of mitotic centrosome proteins and complexes
Centrosome maturation
DNA Repair
Eukaryotic Translation Initiation
Cell Cycle
T T T T T T T T T T T T 1
-3.0 -2.5 -2.0 -15 -1.0 -0.5 0.0 05 1.0 1.5 2.0 25 3.0

Normalized Enrichment Score



CSCs vs WT
GSEA (Gene Set Enrichment Analysis) - pathway KEGG

N FDR < 0.05 FDR > 0.05
-2|.5 -2|_O -1I_5 -1I.O -0|_5 OiO 0i5 1i0 1i5 2i0 2i5 3|_0
Valine, leucine and isoleucine degradation
Fatty acid degradation
Fatty acid metabolism
Tryptophan metabolism
Butanoate metabolism
beta-Alanine metabolism
Propanoate metabolism
Pyruvate metabolism
Steroid biosynthesis
Antigen processing and presentation
Staphylococcus aureus infection
PPAR signaling pathway
2-Oxocarboxylic acid metabolism
Cell adhesion molecules
Circadian entrainment
Glycosaminoglycan degradation
Carbon metabolism
Fatty acid biosynthesis
Sphingolipid metabolism
Glycolysis / Gluconeogenesis
Metabolic pathways
Herpes simplex virus 1 infection
Signaling pathways regulating pluripotency of stem cells
Motor proteins
Nucleotide excision repair
Mismatch repair
Nucleocytoplasmic transport
Base excision repair
Oocyte meiosis
RNA polymerase
Ubiquitin mediated proteolysis
Homologous recombination
T cell receptor signaling pathway
Progesterone-mediated oocyte maturation
DNA replication
Cell cycle
Fanconi anemia pathway
T T T T T T T T T T T 1
-25 2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 15 2.0 25 3.0

Normalized En;'ichment Score



CSCs vs WT
GSEA (Gene Set Enrichment Analysis) - Hallmark50

W FDR £0.05 FDR > 0.05

—3|.0 —2I.5 —2|.O —1I.5 —1I.0 —OI.5 OiO 0i5 1 iO 1i5 2i0

2.5

3.0

cholesterol homeostasis

interferon alpha response

interferon gamma response

response to hypoxia; HIF1A targets

TNFA signaling via NF_B

fatty acid metabolism

complement cascade

adipocyte development

blood coagulation cascade

epithelial mesenchymal transition

oxidative phosphorylation and citric acid cycle

late estrogen response

"KRAS signaling, downregulated genes”

programmed cell death; caspase pathway

IL6 STATS3 signaling during acute phase response

"KRAS signaling, upregulated genes"

metabolism of xenobiotics

peroxisomes

inflammation

IL2 STATS signaling

muscle differentiation

early estrogen response

apical junction complex consisting of adherens and tight junctions
glycolysis and gluconeogenesis

biosynthesis of bile acids
Hedgehog signaling
canonical beta catenin pathway

sperm development and male fertility

"MYC targets, variant 1"

cell cycle progression: mitotic spindle assembly
cell cycle progression: G2/M checkpoint

cell cycle progression: E2F targets

T T T T T T
-3.0 25 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
Normalized Enrichment Score

25

3.0



GO Cellular Components

GO Biological Process

CSCs vs WT

ORA (Over-Representation Analysis)
Activation in CSCs

10

15
-log10(P)

10

15

20
-log10(P)

G0:0031966:
G0:0005759:
G0:0031968:
G0:0005788:
G0:0045259:
GO:0005777:
G0:0030667:
G0:0045240:
G0:0098797:
G0:0043202:
G0:0016528:
G0:0030312:
G0:0005793:
GO:0042824:
G0:0045275:
G0:0044232:
G0:0042611:
G0:0005758:
G0:0031314:
G0:0033018:

G0:0019752:
G0:0043603:
G0:0008610:
G0:0006066:
G0:0009063:
G0:0072521:
G0:0006721:
GO:0007005:
G0:0001676:
G0:0010876:
G0:0098655:
G0:0010817:
G0:0015711:
G0O:0042180:
G0:0006104:
G0O:0006122:
G0:0006084:
G0:0043648:
G0:0006643:
G0:0033539:

mitochondrial membrane

mitochondrial matrix

organelle outer membrane

endoplasmic reticulum lumen

proton-transporting ATP synthase complex

peroxisome

secretory granule membrane

alpha-ketoacid dehydrogenase complex

plasma membrane protein complex

lysosomal lumen

sarcoplasm

external encapsulating structure

endoplasmic reticulum-Golgi intermediate compartment
MHC class | peptide loading complex

respiratory chain complex Il

organelle membrane contact site

MHC protein complex

mitochondrial intermembrane space

extrinsic component of mitochondrial inner membrane
sarcoplasmic reticulum lumen

carboxylic acid metabolic process

amide metabolic process

lipid biosynthetic process

alcohol metabolic process

amino acid catabolic process

purine-containing compound metabolic process
terpenoid metabolic process

mitochondrion organization

long-chain fatty acid metabolic process

lipid localization

monoatomic cation transmembrane transport
regulation of hormone levels

organic anion transport

ketone metabolic process

succinyl-CoA metabolic process

mitochondrial electron transport, ubiquinol to cytochrome ¢
acetyl-CoA metabolic process

dicarboxylic acid metabolic process

membrane lipid metabolic process

fatty acid beta-oxidation using acyl-CoA dehydrogenase



CSCs vs WT

ORA (Over-Representation Analysis)
Activation in CSCs

Reactome Gene Sets R-HSA-556833: Metabolism of lipids

R-HSA-9837999: Mitochondrial protein degradation
R-HSA-8949613: Cristae formation
R-H5A-70895: Branched-chain amino acid catabolism
R-HS5A-1428517: Aerobic respiration and respiratory electron transport
] R-HSA-191273: Cholesterol biosynthesis
] R-H5A-5668914: Diseases of metabolism
] R-HSA-9609507: Protein localization
| R-HSA-77286: mitochondrial fatty acid beta-oxidation of saturated fatty acids
| R-H5A-75876: Synthesis of very long-chain fatty acyl-CoAs
| R-HSA-381426: Regulation of Insulin-like Growth Factor (IGF) transport and uptake by Insulin-like Growth Factor Binding Proteins (IGFBPs)
| R-HSA-3000157: Laminin interactions
R-HS5A-1483206: Glycerophospholipid biosynthesis
R-HS5A-71064: Lysine catabolism
R-HSA-196854: Metabolism of vitamins and cofactors
R-H5A-390918: Peroxisomal lipid metabolism
R-HSA-428157: Sphingolipid metabaolism
R-H5A-211859: Biological oxidations
R-H5A-204174: Regulation of pyruvate dehydrogenase (PDH) complex
R-H5A-2024096: H5-GAG degradation

T
0.0 2.5 5.0 1.5 10.0 125 15.0 175
H10g10(P)

KEGG Pathway
= hsa00280: valine, leucine and isoleucine degradation
hsa00071: Fatty acid degradation
|
|
.
1
]
]
]
]
]
]
]
]
1
I
]
]
1
]

hsa01210: 2-Oxocarboxylic acid metabolism

hsa00620: Pyruvate metabolism

hsa04382: Cornified envelope formation

hsa04146: Peroxisome

hsa00600: Sphingolipid metabolism

hsa04975: Fat digestion and absorption

hsa00062: Fatty acid elongation

hsa00130: Ubiquinone and other terpenoid-quinone biosynthesis
hsa00100: Steroid biosynthesis

hsa04612: Antigen processing and presentation

hsa05412: Arrhythmogenic right ventricular cardiomyopathy
hsa00531: Glycosaminoglycan degradation

hsa04610: Complement and coagulation cascades
hsa04020: Calcium signaling pathway

hsa00982: Drug metabolism - cytochrome P450

hsa04979: Cholesterol metabolism

hsa04082: Neuroactive ligand signaling

hsa00630: Glyoxylate and dicarboxylate metabolism

-log10(P)



Hallmark Gene Sets

Combined GO

CSCs vs WT

ORA (Over-Representation Analysis)
Activation in CSCs

M5892
M5935

8 10 12
-logl0(P)

16

10

T
15 20 25
-log10(P)

: HALLMARK CHOLESTEROL HOMEQSTASIS
: HALLMARK FATTY ACID METABOLISM

M5936:
M5305:
M5911:
M5891:
M5307:
M5890:
M5902:
M5934:
M53930:
M5946:
M5945:
M53947:
M5939:
M59095:
M5956:
M5932:

HALLMAREK OXIDATIVE PHOSPHORYLATION
HALLMARK ADIPOGENESIS

HALLMARK INTERFERON ALPHA RESPONSE
HALLMARK HYPOXIA

HALLMARK ESTROGEN RESPONSE LATE
HALLMARK TNFA SIGNALING VIA NFKB
HALLMARK APOPTOSIS

HALLMARK XENOBIOTIC METABOLISM
HALLMARK EPITHELIAL MESENCHYMAL TRANSITION
HALLMARK COAGULATION

HALLMARK PEROXISOME

HALLMARK L2 STATS SIGNALING
HALLMARK P53 PATHWAY

HALLMARK MYOGENESIS

HALLMARK KRAS SIGNALING DN
HALLMARK INFLAMMATORY RESPONSE

G0:0019752: carboxylic acid metabolic process
G0:0031966: mitochondrial membrane

G0:0005759: mitochondrial matrix

hsa00280: Valine, leucine and isoleucine degradation
G0:0043603: amide metabolic process
R-HSA-556833: Metabolism of lipids

G0:0044283: small molecule biosynthetic process
M5892: HALLMARK CHOLESTEROL HOMEOSTASIS
G0:0031968: organelle outer membrane

M5936: HALLMARK OXIDATIVE PHOSPHORYLATION
M5905: HALLMARK ADIPOGENESIS

R-HSA-9837999: Mitochondrial protein degradation
G0:0005788: endoplasmic reticulum lumen
G0:1901568: fatty acid derivative metabolic process
hsa00380: Tryptophan metabolism

M5911: HALLMARK INTERFERON ALPHA RESPONSE
G0:0006721: terpenoid metabolic process
R-HSA-77289:
M5891: HALLMARK HYPOXIA
hsa00650: Butanoate metabolism

Mitochondrial Fatty Acid Beta-Oxidation



GO Cellular Components

GO Biological Process

CSCs vs WT

ORA (Over-Representation Analysis)
Inhibition in CSCs

-log10(P)

16

10
-log10(P)

15

20

G0:0005819:
G0:0005813:
G0:0070993:
G0:0000228:
G0O:0101031:
G0O:0005657:
G0:0005875:

G0:0031461

G0:0098687
G0:0005680
G0:0000930

G0:0000278:
G0:0006260:
G0:1905818:
G0:0006413:
G0:0031023:
G0:1905820:
G0:1903046:

G0:0051984

G0O:0006511
G0:0044770
G0:0006270
G0:0006417

spindle

centrosome

cytosolic translation preinitiation complex
nuclear chromosome

protein folding chaperone complex
replication fork

microtubule associated complex

: cullin-RING ubiquitin ligase complex
GO:0071162:

CMG complex

: chromosomal region

: anaphase-promoting complex
: gamma-tubulin complex
GO:0000796:
GO:0070652:
GO:0016272:
GO:0000940:
GO:0033588:
GO:0097361:
GO:0000242:
GO:0000159:

condensin complex

HAUS complex

prefoldin complex

outer kinetochore

elongator holoenzyme complex

cytosolic [4Fe-45] assembly targeting complex
pericentriclar material

protein phosphatase type 2A complex

mitotic cell cycle

DNA replication

regulation of chromosome separation
translational initiation

microtubule organizing center organization
positive regulation of chromosome separation
meiotic cell cycle process

: positive regulation of chromosome segregation
GO:0032886:

regulation of microtubule-based process

: ubiquitin-dependent protein catabolic process
: cell cycle phase transition

: DNA replication initiation

: regulation of translation

GO0:2001252:
G0O:0009124:
GO:0006271:
GO:0051988:
G0O:0051383:
G0O:0031109:
GO:0002098:

positive regulation of chromosome organization

nucleoside monophosphate biosynthetic process

DNA strand elongation involved in DNA replication

regulation of attachment of spindle microtubules to kinetochore
kinetochore organization

microtubule polymerization or depolymerization

tRNA wobble uridine modification



Reactome Gene Sets

KEGG Pathway

CSCs vs WT

ORA (Over-Representation Analysis)
Inhibition in CSCs

Hdoglo(P)

R-HSA-1640170: Cell Cycle

R-HSA-5617833: Cilium Assembly

R-HS5A-69239: Synthesis of DNA

R-HSA-73894: DNA Repair

R-HSA-389958: Cooperation of Prefoldin and TriC/CCT in actin and tubulin folding
R-HSA-113510: E2F mediated regulation of DNA replication

R-HSA-176412: Phosphorylation of the APC/C

R-HSA-69091: Polymerase switching

R-HSA-8956320: Nucleotide biosynthesis

R-HSA-15869: Metabolism of nucleotides

R-HSA-2564830: Cytosolic iron-sulfur cluster assembly

R-HSA-2514853: Condensation of Prometaphase Chromosomes
R-HSA-983168: Antigen processing: Ubiquitination & Proteasome degradation
R-HSA-72649: Translation initiation complex formation

R-HS5A-983189: Kinesins

R-HSA-72731: Recycling of elF2:GDP

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

R-HSA-201451: Signaling by BMP

R-HSA-432142: Platelet sensitization by LDL

R-HS5A-8953750: Transcriptional Regulation by E2F6

hsa04110: Cell cycle

hsa03030: DNA replication

hsa03460: Fanconi anemia pathway

hsa04120: Ubiquitin mediated proteolysis

hsa04660: T cell receptor signaling pathway

hsa01523: Antifolate resistance

hsa04814: Motor proteins

hsa00240: Pyrimidine metabolism

hsa03020: RNA polymerase

hsa04550: Signaling pathways regulating pluripotency of stem cells
hsa00250: Alanine, aspartate and glutamate metabolism
hsa04977: Vitamin digestion and absorption



CSCs vs WT

ORA (Over-Representation Analysis)

Inhibition in CSCs

Hallmark Gene Sets

M5925: HALLMARK E2F TARGETS
M5901: HALLMARK G2ZM CHECKPOINT

M5893: HALLMARK MITOTIC SPINDLE
M5951: HALLMARK SPERMATOGENESIS
T T T
0 5 10 20 25

-logl0(P)

Combined GO

R-HSA-1640170: Cell Cycle
M5925: HALLMARK E2F TARGETS
G0:0000278: mitotic cell cycle

G0:0006260: DNA replication
GO:0005874: microtubule
hsa04110: Cell cycle

G0O:0006413: translational initiation

G0:1903046: meiotic cell cycle process
hsa03030: DNA replication
R-HSA-69239: Synthesis of DNA
GO0:0005814: centriole

R-HSA-73894: DNA Repair

G0:0000226: microtubule cytoskeleton organization

G0:1905820: positive regulation of chromosome separation

10 15 20 25
-ogl0(P)

| G0:01010231:
| G0O:0051984:

| GO:0006511:
| GO:0005875:
| GO:0044770:
| GO:0042575:

protein folding chaperone complex

positive regulation of chromosome segregation
ubiquitin-dependent protein catabolic process
microtubule associated complex

cell cycle phase transition

DMNA polymerase complex



CSCs vs WT
Metabolomics




PC 2 (14.8 %)

15

10

-10

CSCs vs WT

-10

PC 1 (58.2 %)

10

O CSCs
o WT

[PERMANOVA] F-value: 26.273; R-
squared: 0.78962; p-value (based
on 999 permutations): 0.01

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 vs WT

1 N S S W c\ass class

Pipecolic acid 15 CsC

Guanidinosuccinic 1 WT

Trimethylamine N-o

Kynurenine 0.5

beta-Alanine

Citrulline 0
] | Uridine triphospha 05

Stearoylcarnitine

Palmitoylcarnitine 1

Hexanoylcarnitine

4-Pyridoxic acid -1.5

Ophthalmic acid
Taurine

Creatinine
Propionylcarnitine
Hippuric acid
Dodecanoylcarnitin
2-Aminoisobutyric
Pantothenic acid
Isovalerylcarnitin
Dimethylglycine
Myristoylcarnitine
Butyrylcarnitine
L-Cystathionine
Serotonin
Hypotaurine

AICAR
Decanoylcarnitine
Octanoylcarnitine
Allantoin

Uric acid

Creatine
S-Adenosylhomocyst
Thiamine
Imidazoleacetic ac
Aminoadipic acid
Hydroxyphenyllacti
N6,N6,N6-Trimethyl
Phenylalanine
L-Valine

L-Tyrosine
L-Tryptophan
1-Aminocyclopropan
N-Formyl-L-methion
Trimethylamine
Putrescine

3-Hydroxybutyric a
FAD
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CSCs vs WT

Hip%uric acid
7.5+
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Fold change (FC) threshold: 1.5
P-value threshold: 0.05
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CSCs vs WT

Top 25 _Increased metabolites in CSCs Top 25_Decreased metabolites in CSCs
Adenosine Hippuric acid-
Hydroxyphenyllactic acid Allantoin-
Agmatine AICAR~
4-Guanidinobutanoic acid S SAICA_R-
. . erotonin-
3-Hydroxybutyric acid Propionylcarnitine-
L-Tryptophan Uric acid-
L-Valine Citrulline+
L-Threonine Dodecanoylcarnitine

Dimethylglycine-
2-Aminoisobutyric acid-
Octanoylcarnitine

L-Tyrosine
N6,N6,N6-Trimethyl-L-lysine

Thi F{-\D Ophthalmic acid+
|am!ne Creatinine-
Isoleucine S-Adenosylhomocysteine-

1-Aminocyclopropanecarboxylic acid

Imidazoleacetic acid Trimethylamine N-oxide-
Phenylalanine Hexanoylcarnitine-
Putrescine Decanoylcarnitine-
Butyrylcarnitine-
Pyridoxine-
Myristoylcarnitine-
Stearoylcarnitine-
Pantothenic acid+
4-Pyridoxic acid+

L-Cystathionine-

Trimethylamine
Choline
N-Formyl-L-methionine
N-alpha-Acetyl-L-lysine
Aminoadipic acid

I I
o 1 2 3 4 5 -30 -20 -10
log2(FC) log2(FC)



CSCs vs WT

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

Tyrosine Metabolism A o
Tryptophan Metabolism - .
Histidine Metabolism o
Arginine and Proline Metabolism )
Betaine Metabolism -

Valine, Leucine and Isoleucine Degrad... A

Enrichment Ratio
o 3

[

o

Methionine Metabolism - o
Carnitine Synthesis - .

Phenylalanine and Tyrosine Metabolism -+

Urea Cycle

N O Ob

o
o
Taurine and Hypotaurine Metabolism o .
Fatty Acid Biosynthesis - o
Bile Acid Biosynthesis - [ )
o P-value
8e-05

@
Aspartate Metabolism - o 6e-05
°
]
®

Glycine and Serine Metabolism A

Thyroid hormone synthesis A

4e-05
2e-05
0e+00

Nicotinate and Nicotinamide Metabolism -
Estrone Metabolism
Phospholipid Biosynthesis -
Propanoate Metabolism - ()
Pyrimidine Metabolism o o
Purine Metabolism o o
Glycerolipid Metabolism - ()
Mitochondrial Beta-Oxidation of Long ... o .

Beta-Alanine Metabolism -

4 5 6 7
-log10 (p-value)



Activation in CSCs

CSCs vs WT
Over-Representation Analysis (ORA)

Overview of Enriched Metabolite Sets (Top 25)

Methionine Metabolism

Betaine Metabolism

Phenylalanine and Tyrosine Metabolism 4
Thyroid hormone synthesis

Threonine and 2-Oxobutanoate Degradation 4
Valine, Leucine and Isoleucine Degrad... -
Phospholipid Biosynthesis

Lysine Degradation

Thiamine Metabolism -

Propanoate Metabolism 4

Histidine Metabolism -

Pyruvaldehyde Degradation

D-Arginine and D-Ornithine Metabolism -
Glycerol Phosphate Shuttle 4
Phosphatidylethanolamine Biosynthesis A
Ketone Body Metabolism 4

Vitamin K Metabolism
Phosphatidylcholine Biosynthesis -
Glycine and Serine Metabolism -
Tryptophan Metabolism 4

Spermidine and Spermine Biosynthesis
Vitamin B6 Metabolism

Butyrate Metabolism

Mitochondrial Electron Transport Chain o

Catecholamine Biosynthesis 4

0.5

1.0 15 2.0 25
-l0og10 (p-value)

P-value
0.25
0.20
0.15
0.10
0.05
0.00

Enrichment Ratio

@ 4
6

o
Qs
o

10

Inhibition in CSCs

Overview of Enriched Metabolite Sets (Top 25)

Phosphatidylcholine Biosynthesis A ‘
Taurine and Hypotaurine Metabolism 4 '
Glycine and Serine Metabolism o
Vitamin B6 Metabolism -
Methionine Metabolism
Pantothenate and CoA Biosynthesis -
Betaine Metabolism -

Purine Metabolism - Enrichment Ratio

® 25
@ 5.0
® s
@ w0

Methylhistidine Metabolism 4
Arginine and Proline Metabolism o
Tryptophan Metabolism 4

Citric Acid Cycle

Amino Sugar Metabolism
P-value

Homocysteine Degradation -
Cardiolipin Biosynthesis - [ ) 0.4
0.3

0.2
Lactose Synthesis 4 0.1

Phosphatidylethanolamine Biosynthesis A o

Nucleotide Sugars Metabolism A 0.0
Catecholamine Biosynthesis 4
Ubiquinone Biosynthesis 4

Pyrimidine Metabolism 4

Carnitine Synthesis

Estrone Metabolism

Oxidation of Branched Chain Fatty Acids
Mitochondrial Beta-Oxidation of Short... 4

05 1.0 15 2.0 25
-l0og10 (p-value)



CSCs vs WT
Lipidomics
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[PERMANOVA] F-value: 50.832; R-
squared: 0.86402; p-value (based on
999 permutations): 0.008

@)
° The statistical significances of the
o 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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Top 25_Increased lipids in CSCs
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Top 25_Decreased lipids in CSCs
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Activation in CSCs

CSCs vs WT
Over-Representation Analysis (ORA)

Overview of Enriched Metabolite Sets (Top 25)

Sphingolipid metabolism: integrated p... 1
Bile acid synthesis and enterohepatic... -
Defective ABCG5 causes sitosterolemia -

SARS-CoV-2 and COVID-19 pathway A
Sterol regulatory element-binding pro... 1
Metabolic pathway of LDL, HDL and TG,... |
Steroid hormone biosynthesis, cholest... -
Scavenging of heme from plasma -
Platelet sensitization by LDL A

Intestinal absorption o

Hedgehog ligand biogenesis o
Chylomicron remodeling A

Fatty acids and lipoproteins transpor...
Familial hyperlipidemia type 34

Plasma lipoprotein clearance
Scavenging by Class F Receptors -
Vitamin D metabolism o

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 -

Lipid particles composition A

Familial hyperlipidemia type 1 o

3 4
-10g10 (p-value)

Enrichment Ratio

® 100
@ 200
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P-value

0.0075
0.0050
0.0025
0.0000

Inhibition in CSCs

Overview of Enriched Metabolite Sets (Top 25)

Phospholipid Biosynthesis A

16p11l.2 proximal deletion syndrome -
Sphingolipid metabolism: integrated p... 1
Synthesis of PS -

Trafficking of AMPA receptors
Hemostasis 4

Glutamate binding, activation of AMPA... 4
SHC1 events in ERBB2 signaling -

PCP/CE pathway A

Downstream signaling events of B Cell... 4
Acyl chain remodelling of PS
Acetylcholine synthesis 4

Scavenging by Class H Receptors -

G alpha (z) signalling events o

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

Ca2+ pathway A

lon transport by P-type ATPases
Beta-catenin independent WNT signaling
Signaling by ERBB2 4

Synthesis of PE

Immunoregulatory interactions between... 4

Kennedy pathway from sphingolipids A

Sphingolipid pathway
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CSCs vs WT

LION enrichment analysis — ranking mode

Increased in CSCs
LION enrichment analysis ranking mode
CSCs vs. WT

triacylglycerols [GL0301]

lipid storage

lipid droplet

headgroup with neutral charge
glycerolipids [GL]

very high bilayer thickness

C20:1

below average lateral diffusion
1-alkyl,2-acylglycerophosphoethanolamines [GP0202]
C22:1

very low lateral diffusion

above average transition temperature
headgroup with negative charge
above average bilayer thickness
C22:2

fatty acids and conjugates [FA01]
fatty acids [FA]
glycerophosphoglycerols [GP04]
C20:2

C26:1

d18:1 (sphingosine)

high transition temperature

fatty acid with 26 carbons
diacylglycerophosphoglycerols [GP0401]
PE(O-36:2)

fatty acid with more than 24 carbons
contains ether-bond

low lateral diffusion

d18:0 (dihydrosphingosine)
PE(O-34:2)

monounsaturated fatty acid

PE(38:2)

PE(40:2)
glycerophosphoethanolamines [GP02]
d20:1

PC(40:2)

mitochondrion

dihexosylceramides

very high transition temperature
PG(36:1)

o

10 20
-LOG(FDR g-value)



polyunsaturated fatty acid

neutral intrinsic curvature

high lateral diffusion
glycerophosphocholines [GPO1]

fatty acid with more than 3 double bonds
fatty acid with 3-5 double bonds
endoplasmic reticulum (ER)

below average transition temperature
above average lateral diffusion

below average bilayer thickness

fatty acid with 4 double bonds
headgroup with positive charge / zwitter-ion
diacylglycerophosphocholines [GP0101]
low transition temperature

low bilayer thickness
glycerophospholipids [GP]

saturated fatty acid

C20:4

fatty acid with 18 carbons or less

fatty acid with 16-18 carbons

fatty acid with less than 2 double bonds
membrane component

C16:0

fatty acid with 5 double bonds

C22:6

average bilayer thickness

C20:3

fatty acid with 3 double bonds

fatty acid with 16 carbons

very high lateral diffusion

Cc22:5

average lateral diffusion

d18:2

fatty acid with more than 18 carbons
C22:4

di6:1

very low bilayer thickness

C20:5

fatty acid with 22 carbons

very low transition temperature

CSCs vs WT

LION enrichment analysis — ranking mode

Decreased in CSCs

LION enrichment analysis ranking mode

WT vs. CSCs

o

10

-LOG(FDR g-value)

20
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triacylglycerols [GL0301]

lipid storage

lipid droplet

glycerolipids [GL]

headgroup with neutral charge

C20:1

1-alkyl,2-acylglycerophosphoethanolamines [GP0202]
very high bilayer thickness

contains ether-bond

C22:2

above average bilayer thickness

PE(O-36:2)

PE(40:2)

glycerophosphoethanolamines [GP02]

negative intrinsic curvature

Cc22:1

monounsaturated fatty acid

fatty acid with 2 double bonds

C26:1

below average lateral diffusion

very low lateral diffusion

mitochondrion

PI(38:3)

PE(O-34:3)

PE(O-34:2)

PE(O-32:2)

PE(38:2)
PC(40:2)
low lateral diffusion

C20:2

high transition temperature

above average transition temperature
PI(36:2)

fatty acid with 26 carbons

high bilayer thickness

fatty acid with more than 24 carbons
dihexosylceramides

d18:0 (dihydrosphingosine)

C24:1

C18:1

0.

o

CSCs vs WT
LION enrichment analysis - target-list mode

Increased in CSCs

5.0
-LOG(FDR g-value)

7.5

LION enrichment analysis target-list mode

10.0



fatty acid with more than 3 double bonds
neutral intrinsic curvature

fatty acid with 3-5 double bonds
glycerophosphocholines [GP01]

above average lateral diffusion
endoplasmic reticulum (ER)
polyunsaturated fatty acid
glycerophospholipids [GP]
diacylglycerophosphocholines [GP0101]
high lateral diffusion

headgroup with positive charge / zwitter-ion
membrane component

fatty acid with 4 double bonds

below average bilayer thickness

below average transition temperature
fatty acid with 18 carbons or less

low transition temperature

low bilayer thickness

fatty acid with 16-18 carbons

C22:6

fatty acid with 5 double bonds

C20:4

average bilayer thickness

average lateral diffusion

very high lateral diffusion

C22:4

fatty acid with less than 2 double bonds
C22:5

very low bilayer thickness

fatty acid with 22 carbons

C16:0

C20:3

saturated fatty acid

C20:5
1-alkyl,2-acylglycerophosphocholines [GP0102]
fatty acid with 3 double bonds

fatty acid with 16 carbons

fatty acid with more than 18 carbons
average transition temperature

fatty acid with 15 carbons

CSCs vs WT

LION enrichment analysis - target-list mode

Decreased in CSCs

LION enrichment analysis target-list mode
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