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SUPPLEMENTARY METHODS
Ascites delipidation. Acellular OC ascites was delipidated using Cleanascite Lipid Removal Reagent and Clarification (Biotech Support Group, #X2555-10). Delipidation efficiency was confirmed by Lipidomics. Lipids were analyzed by LC-MS/MS according to Reisz et al1. in OC ascites and delipidated OC ascites samples. Briefly, samples were diluted 10-fold with methanol and centrifuged, and the supernatant was analyzed on an Agilent 1290 HPLC coupled to a QTOF 5600 mass spectrometer (AB Sciex). Lipids were separated on an Acquity UPLC BEH C8 column (130 Å, 1.7 µm, 2.1 × 100 mm). Solvent A was 25% acetonitrile in water, and solvent B was 90% isopropanol and 10% acetonitrile; both solvents contained 5 mM ammonium acetate. The gradient started at 30% B, increased to 100% B at 10 min, and was held at 100% B until 12 min. The gradient was then returned to 30% B at 12.5 min and held until 15 min (total run time 15 min). The flow rate was 0.325 mL min⁻¹ until 10 min, increased to 0.4 mL min⁻¹ at 12 min, and reset to 0.325 mL min⁻¹ at 15 min. The mass spectrometer was operated in positive electrospray ionization mode (ion spray voltage 5500 V; source temperature 450°C; GS1 30 psi; GS2 35 psi; curtain gas 30 psi). Data were acquired in full-scan TOF-MS mode (m/z 300–1000; declustering potential 90 V; collision energy 10 eV) and, in the same run, by information-dependent acquisition (IDA) MS/MS in high-sensitivity mode (m/z 100–1000; collision energy 45 ± 15 eV). Qualitative lipid analysis was performed using MS-DIAL in lipidomics mode2.
Lipid metabolism inhibitors. To evaluate the contribution of cholesterol esterification and triglyceride synthesis to ascites-induced T cell suppression, CD8+ T cells were activated overnight with TAE-beads  (ratio 1:2)in RPMI or OC ascites in the presence of the ACAT inhibitor K-604 (Sigma Aldrich, SML1837) (2.5, 5 or 10 µM; Supplementary Fig. 4B), the DGAT1 inhibitor (5 µM) (Sigma-Aldrich, PZ0207), the DGAT2 inhibitor (5 µM) (Sigma-Aldrich, PZ0233), or the acyl-CoA synthetase inhibitor Triacsin C (Biomol, Cay10007448) (3 µM; Supplementary Fig. 4C), or DMSO vehicle control.
Lipid spike-in panel. To test whether specific lipid species recapitulate the suppressive effect of ascites, CD8+ T cells were activated in RPMI supplemented with water-soluble cholesterol (Sigma-Aldrich, #C4951; 2.5, 5, 10 or 20 µg ml⁻¹), the ganglioside GM3 (bovine buttermilk, ammonium salt; Cayman Chemical, #31711; 31 µg ml⁻¹), a PUFA No. 2 Free Acid Mixture (Supelco, #47015-U; 1:50 dilution), or a combined "lipids mix" of the PUFA No. 2 mixture, GM3, and cholesterol (5 µg ml⁻¹) in DMSO (Supplementary Fig. 5A).
Cholesterol and lipid synthesis gene expression in tumor-associated cell populations. 
Ex vivo, uncultured ascites cells from 20 patients were MACS-selected for CD14+ macrophages, CD3+ T cells, and size-selected (>70 µm) for tumor spheroids. Three patients contributed more than one cell population. Otherwise, samples were not patient-matched. Data were obtained from ArrayExpress accessions E-MTAB-4162 (n=11)3 , E-MTAB-5199 (n=1)4, E-MTAB-5498 (n=6)5, and E-MTAB-10611 (n=6)6 (sample IDs listed in Table S1). RNA-seq was performed as described in the original publications. Reads were aligned against hg38, with gene models from Ensembl 96. For protein-coding genes, only protein-coding transcripts were quantified; expression was calculated as transcripts per million (TPM). Cell-type contamination was corrected as previously described3. For the heatmap (Fig. S2F), a hand-picked set of genes involved in cholesterol and fatty acid synthesis were displayed. Values were row-wise Z-score normalized (ddof=0) log2(TPM+1); hierarchical clustering was performed on both axes using seaborn7, with Euclidean distance and complete linkage.


SUPPLEMENTARY TABLES

Table S1: List of patients contributing to ascites pools.
	Patient ID
	Diagnosis
	Grade
	primary tumor site
	Age

	Pool 09/19
	
	
	
	

	OC_91
	HGSC
	pT3c
	ovary
	63

	OC_101
	HGSC
	pT3c
	ovary
	75

	OC_109
	HGSC
	pT3c
	ovary
	77

	OC_110
	HGSC
	pT3c
	ovary
	59

	OC_153
	HGSC
	pT3c
	ovary
	76

	OC_162
	HGSC
	pT3c
	ovary
	72

	OC_198
	HGSC
	pT3c
	ovary
	49

	Pool 10/20
	
	
	
	

	OC_91
	HGSC
	pT3c
	ovary
	63

	OC_101
	HGSC
	pT3c
	ovary
	75

	OC_162
	HGSC
	pT3c
	ovary
	72

	OC_173
	HGSC
	pT3c
	ovary
	86

	OC_195
	HGSC
	pT3c
	ovary
	72

	OC_198
	HGSC
	pT3c
	ovary
	49

	OC_211
	HGSC
	pT3c
	ovary
	65

	OC_235
	HGSC
	pT3c
	ovary
	83

	OC_240
	HGSC
	pT3c
	ovary
	83

	OC_245
	HGSC
	pT3c
	ovary
	61

	Pool 01/23
	
	
	
	

	OC_222
	HGSC
	pT3c
	ovary
	85

	OC_267
	HGSC
	pT3c
	ovary
	74

	OC_280
	HGSC
	pT3c
	ovary
	39

	OC_283
	HGSC
	pT3c
	ovary
	70

	OC_292
	HGSC
	pT3c
	ovary
	63

	OC_294
	HGSC
	pT3c
	ovary
	63

	OC_295
	HGSC
	pT3c
	ovary
	55

	OC_297
	HGSC
	pT3c
	ovary
	65

	OC_298
	HGSC
	pT3c
	ovary
	79

	OC_300
	HGSC
	pT3c
	ovary
	69

	Pool 03/24
	
	
	
	

	OC_222
	HGSC
	pT3c
	ovary
	85

	OC_267
	HGSC
	pT3c
	ovary
	74

	OC_280
	HGSC
	pT3c
	ovary
	39

	OC_281
	HGSC
	pT3c
	ovary
	69

	OC_283
	HGSC
	pT3c
	ovary
	70

	OC_292
	HGSC
	pT3c
	ovary
	63

	OC_295
	HGSC
	pT3c
	ovary
	55

	OC_297
	HGSC
	pT3c
	ovary
	65

	OC_300
	HGSC
	pT3c
	ovary
	69

	OC_309
	HGSC
	pT3c
	ovary
	73

	Pool 04/25
	
	
	
	

	OC_222
	HGSC
	pT3c
	ovary
	[bookmark: RANGE!E59]85

	OC_261
	HGSC
	pT3b
	ovary
	55

	OC_262
	HGSC
	pT3c
	ovary
	58

	[bookmark: RANGE!A62]OC_267
	HGSC
	pT3c
	ovary
	74

	OC_270
	HGSC
	pT3c
	ovary
	70

	OC_280
	HGSC
	pT3c
	ovary
	39

	OC_300
	HGSC
	pT3c
	ovary
	69

	OC-308
	HGSC
	pT3c
	ovary
	64

	OC_309
	HGSC
	pT3c
	ovary
	73




Table S2: List of reagents, media and kits.
	Product
	manufacturer
	Article number

	27-hydroxycholesterol
	Sigma-Aldrich
	SML2042

	β-Mercaptoethanol (β-ME)
	Sigma-Aldrich
	M3148-100ml

	Ammonium chloride
	Carl Roth GmbH
	K298.2

	Bovine serum albumin (BSA)
	Sigma Aldrich
	A7906-100G

	Dimethyl sulfoxide (DMSO)
	Sigma Aldrich
	A3672,0100

	dNTPs
	New England Biolabs
	M3148

	(D)PBS, without Ca2+, Mg2+
	BioSell
	BS.L 182-10

	EDTA, 0.5 M (pH 8.0)
	Promega
	V4231

	Ethanol, 99.9 %
	Carl Roth GmbH
	5054.1

	FACSDiva™ CS&T research beads (V7+)
	Becton Dickinson (BD)
	655051

	FACSFlow
	Becton Dickinson (BD)
	342003

	Fetal calf serum (FCS)
	Capricorn Scientific
	10270-106

	GW3965 hydrochloride
	Sigma-Aldrich
	405911-17-3

	H2O, ultra pure (u. p.)
	B. Braun
	3255.1

	HEPES
	Carl Roth GmbH
	9105.3

	L-glutamine
	PAN BioTech
	P04-80100

	Lymphocyte separation medium 1077
	Capricorn Scientific
	LSM-A

	MEM nonessential amino acid solution (100x)
	Sigma Aldrich
	M7145-100ML

	Nanomag-CLD (Beads)
	Micromod Partikeltechnik GmbH
	05-01-302

	Penicillin-Streptomycin
	PanReac AppliChem
	A8943-100ML

	Phosphate
	n.a.
	n.a.

	Q5 High-Fidelity DNA Polymerase
	New England Biolabs
	M0491S

	Q5 Reaction Buffer
	New England Biolabs
	B9027S

	QuickExtract DNA Extraction Solution 1.0
	Biozym
	101098

	RPMI-1640 medium
	Sigma-Aldrich
	R8758-500ML

	Sodium chloride
	Carl Roth GmbH
	3957.1

	Sodium pyruvate solution
	Sigma Aldrich
	S8636-100ML

	SR9243
	Cayman Chemical
	Cay18420-5

	Trypan blue solution
	Sigma Aldrich
	93595-250ml

	Universal SYBR green fast RT-qPCR mix (2x)
	ABclonal
	RK2103

	ZombieNir
	BioLegend
	423106





Table S3: List of flow cytometry antibodies used for staining or activation. 
	Antibody
	Fluorochrome
	Company
	Clone
	Product #
	Dilution

	Anti-human CD4
	FITC
	BioLegend
	RPA-T4
	300506
	2 µl/3x107 cell

	Anti-human CD14
	FITC
	BioLegend
	M5E2
	325604
	2 µl/3x107 cell

	Anti-human CD15
	FITC
	BioLegend
	W6D3
	301904
	2 µl/3x107 cell

	Anti-human CD16
	FITC
	BioLegend
	3G8
	302006
	2 µl/3x107 cell

	Anti-human CD19
	FITC
	BioLegend
	HIB19
	302206
	2 µl/3x107 cell

	Anti-human CD36
	FITC
	BioLegend
	5-271
	336204
	2 µl/3x107 cell

	Anti-human CD56
	FITC
	BioLegend
	HCD56
	318304
	2 µl/3x107 cell

	Anti-human CD25
	BV421
	BioLegend
	BC96
	302629
	1:200

	Anti-human CD69
	FITC
	BioLegend
	FN50
	310904
	1:200

	Anti-human IFN-γ
	APC
	BioLegend
	4S.B3
	502512
	1:200

	Anti-human IFN-γ
	PE/Cy7
	BioLegend
	4S.B3
	502527
	1:200

	Anti-human TNF
	PE/Cy7
	BioLegend
	MAb11
	502930
	1:200

	Anti-human TNF
	BV421
	BioLegend
	MAb11
	502931
	1:200

	Anti-human CD107a (LAMP-1)
	PE
	BioLegend
	H4A3
	328608
	2.5 µl/200 µl

	Anti-human IRF4
	AF647
	BioLegend
	IRF4.3E4
	646408
	1:400

	Anti-human TCR α/β
	APC
	BioLegend
	IP26
	306718
	1:300

	Anti-human CD3 (plate-bound coating and cross-linking step)
	Unconjugated
	Enzo Life Sciences
	TR66
	ALX-804-822-C100
	2 µg/ml

	Anti-human CD28 (plate-bound)
	Unconjugated (LEAF purified)
	BioLegend
	CD28.2
	302914
	2 µg/ml

	AffiniPure F(ab')₂ goat anti-mouse IgG, Fcγ fragment-specific (cross-linker)
	Unconjugated
	Jackson ImmunoResearch
	Polyclonal
	115-006-071
	13 µg/ml

	Anti-phospho-Lck (Tyr394)
	PE
	BioLegend
	A18002D
	933104
	1:300

	Anti-phospho-Zap70 (pY292)
	PE
	BD Biosciences
	J34-602
	558510
	1:300

	Anti-phospho-PLCγ1 (pY783)
	AF647
	BD Biosciences
	27/PLC
	557883
	1:300

	Anti-phospho-ERK1/2 (pT202/pY204)
	BV421
	BioLegend
	6B8B69
	369509
	1:300




Table S4: Normalized gene expression (Excel file). 
Table S5: List of primers.
	Primers
	Sequence
	Species
	Manufacturer

	h18S For
	AGTCCCTGCCCTTTGTACACA
	Human
	Biomers.net
 

	h18S Rev
	GATCCGAGGGCCTCACTAAAC
	
	

	hABCA1 For
	TGAGCTACCCACCCTATGAACA
	Human
	Sigma Aldrich
 

	hABCA1 Rev
	CCCCTGAACCCAAGGAAGTG
	
	

	hABCG1 For
	CGTGCGCTTTGTGCTGTTT
	Human
	Biomers.net
 

	hABCG1 Rev
	CCACTGTAGGTACGTGGGGAT
	
	

	hHMGCR For
	TGATTGACCTTTCCAGAGCAAG
	Human
	Biomers.net
 

	hHMGCR Rev
	CTAAAATTGCCATTCCACGAGC
	
	

	hIRF4 For
	ATCACAGCTCACGTAGAA
	Human
	Biomers.net
 

	hIRF4 Rev
	GTCCACTGTTTTGTTGAG
	
	

	hMYLIP For
	GAGAAACCGGATCTCCCAGC
	Human
	Sigma Aldrich
 

	hMYLIP Rev
	GGCCTCCTTGATGTGCAAGA
	
	

	hSREBPF1 For
	TCAGCGAGGCGGCTTTGGAG
	Human
	Sigma Aldrich
 

	hSREBPF1 Rev
	CATGTCTTCGATGTCGGTCAG
	
	

	hSQLE For
	TGACAATTCTCATCTGAGGTCCA
	Human
	Biomers.net
 

	hSQLE Rev
	CAGGGATACCCTTTAGCAGTTTT
	
	


 
Table S6: Lipid species detected in CD8⁺ T cells activated in RPMI or OC ascites

Table S7: Lipid species increased in OC ascites compared with RPMI.


Table S8. 27-HC concentrations in OC ascites and LC ascites.			
	Group
	Sample
	Concentration (nM)

	OC
	1
	104.5

	OC
	2
	97.3

	OC
	3
	113.0

	OC
	4
	101.0

	OC
	5
	122.1

	LC
	1
	0.0

	LC
	2
	0.0

	LC
	3
	30.5

	LC
	4
	12.8

	LC
	5
	6.4




SUPPLEMENTARY FIGURES
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Figure S1. OC ascites does not influence viability of CD8+ T cells. (A) Viability of CD8⁺ T cells activated with TAE beads for 16 h in RPMI, LC ascites (pure, 100%), or OC ascites (pure, 100%), assessed by Zombie Nir Live/dead staining (n = 3). Statistical analysis: one-way ANOVA. ns = not significant. (B) Representative gating strategy for identification of activated CD8+ T cells. We first gated lymphocytes (SSC-A vs. FSC-A), then single cells (FSC-H vs. FSC-A), and live cells (SSC-A vs. Zombie Nir). (C) Gating strategy for isolation of OC ascites CD8+ T cells. Acquired cells were first gated for lymphocytes (SSC-A vs. FSC-A), followed by gating for single cells (FSC-H vs. FSC-A) and live cells (SSC-A vs. Live Pacific Green). CD8+ T cells were identified based on the expression of the CD8 marker (SSCA-A vs. CD8). (D) Schematic summarizing the phenotypic differences between CD8⁺ T cells cultured in RPMI versus OC ascites, including activation, degranulation, proliferation, and cytokine production.

[image: ]
Figure S2. OC ascites suppresses SREBP-target gene expression in CD8+ T cells. (A) Schematic of the experimental workflow: HD CD8⁺ T cells were activated with TAE beads (2:1) in 41 individual OC ascites samples (pure, 100%) or RPMI (n = 12); viable CD8⁺ T cells were sorted, and RNA was isolated for bulk RNA sequencing. (B) Donut chart showing the total number of differentially expressed genes (DEGs) between OC ascites- and RPMI-cultured CD8⁺ T cells (141 total; 33 upregulated, 108 downregulated; log2FC > 1, FDR ≤ 0.1). (C) Schematic of the cholesterol and fatty acid biosynthesis (SREBP) pathway. Genes shown in red indicate transcripts downregulated in CD8⁺ T cells cultured in OC ascites. (D) Pearson correlation between FASN, HMGCR, or MYLIP and IRF4 expression in CD8+ T cells activated in RPMI alone (n = 12), analogous to the OC ascites correlation shown in Fig. 2E, values are shown as log2 counts per million (CPM) after TMM normalization. (E) Heatmap of cholesterol and lipid synthesis gene expression in tumor-associated macrophages (TAM), tumor-infiltrating lymphocytes (TIL), and tumor cells based on published RNA-seq transcriptomic data from ovarian cancer ascites 3.

[image: ]
Figure S3. Nucleofection of CD8+ T cells with scrambled vs. IRF4-targeting siRNA does not reduce cell viability. (A) Gating strategy for CD8⁺ T cells used in IRF4 knockdown experiments. Acquired cells were first gated for lymphocyte (SSC-A vs. FSC-A), followed by gating for single cells (FSC-H vs. FSC-A) and living cells (SSC-A vs. LD Fixable Near). CD8⁺ T cells were identified based on the expression of the CD8 marker, followed by assessment of CD69 expression.  (B) Representative live/dead gating confirming comparable viability between scrambled control (scr) and IRF4 knockdown (siIRF4) CD8⁺ T cells following siRNA transfection.

[image: ]
Figure S4. OC ascites contains increased amounts of lipids including CE (22:4), PC (42:7), PC (O-40:2), PC (42:6) and GM3 (d18:1/16:0). (A) Schematic of the experimental workflow: non-activated and TAE bead-activated (anti-CD2/CD3/CD28) HD CD8⁺ T cells were cultured in RPMI or OC ascites, followed by untargeted lipidomic profiling to assess alterations in lipid composition. (B) Fold enrichment of the top lipid species detected in OC ascites relative to RPMI by untargeted lipidomics, ranked by relative abundance. (C) HD CD8⁺ T cells were activated with TAE beads (2:1) in RPMI or OC ascites ± the ACAT1 inhibitor K-604 (2.5, 5, 10 µM) for 16 h. Representative flow cytometry dot plots (left) and fold-change in CD25⁺CD69⁺ frequency (right) are shown. n = 4. Friedman test. *P < 0.05, ns = not significant. (D) HD CD8⁺ T cells were activated with TAE beads (2:1) in RPMI or OC ascites ± DGAT1 inhibitor (5 µM), DGAT2 inhibitor (5 µM), or Triacsin C (3 µM) for 16 h. Representative flow cytometry dot plots (left) and summary data (right) show frequencies of CD25⁺CD69⁺ CD8⁺ T cells (n = 3 HD).

[image: ]
Figure S5. High cholesterol levels impact CD8+ T cell viability. (A) HD CD8⁺ T cells were activated with TAE beads (2:1) for 16 h in RPMI supplemented with cholesterol (2.5, 5, 10, or 20 µg/ml), GM3 ganglioside (31 µg/ml), polyunsaturated fatty acids (PUFAs, 1:50), or a mixed lipid supplement. Representative flow cytometry dot plots show CD25⁺CD69⁺ activation frequencies (top) and viability by Zombie NIR staining (bottom). Quantification of the percentage of CD25⁺CD69⁺ cells among CD8⁺ T cells (left) and the percentage of live (Zombie NIR⁻) cells (right) across conditions. Data are mean ± SEM; each dot represents one biological replicate (n = 3 HD). Statistical significance was determined by repeated-measures one-way ANOVA (**P < 0.01, ****P < 0.0001).

[image: ]

Figure S6. 27-HC/LXRβ signaling contributes to the impaired CD8⁺ T cell activation in OC ascites. (A) Untargeted lipidomics comparing OC ascites versus delipidated OC ascites. Log2 fold reduction in lipid abundance following delipidation is shown for each lipid class; each dot represents an individual lipid species, and box plots indicate median and interquartile range. (B) Frequency of TNF⁺IFN-γ⁺ CD8⁺ T cells activated with TAE beads (2:1) in RPMI, OC ascites, or delipidated OC ascites for 16 h. Representative flow cytometry dot plots (left) and summary data (right). n = 5. RM one-way ANOVA. **P < 0.01, *P < 0.05, ns = not significant. (C) IRF4 expression in HD CD8⁺ T cells activated with TAE beads (2:1) in RPMI, OC ascites, or delipidated OC ascites for 16 h. Representative histogram (left) and gMFI summary data (right). n = 5. RM one-way ANOVA. ***P < 0.001, **P < 0.01, ns = not significant. (D) Viability of HD CD8⁺ T cells activated with TAE beads (2:1) in RPMI ± 27-HC (10 µM) for 16 h, assessed by Zombie-NIR staining. (E) Frequency of TNF⁺ CD8⁺ T cells activated with TAE beads (2:1) in RPMI ± 27-HC (10 µM) for 16 h. Representative flow cytometry dot plots (left) and summary data (right). n = 3. Paired t-test. *P < 0.05. (F) CD107a surface expression in HD CD8⁺ T cells activated with TAE beads (2:1) in RPMI ± 27-HC (10 µM) for 16 h. Representative histogram (left) and gMFI summary data (right). n = 3. Paired t-test. *P < 0.05. (G) Frequency of CD25⁺CD69⁺ activated CD8⁺ T cells stimulated with TAE beads (2:1) in RPMI ± GW3965 (2 µM) for 16 h. n = 5. Paired t-test. ***P < 0.001. (H) Relative mRNA expression of ABCG1, MYLIP, and SREBF1 in HD CD8⁺ T cells stimulated with TAE beads (2:1) in RPMI ± GW3965 (2 µM), normalized to 18S rRNA and RPMI. n = 4. Paired t-test. *P < 0.05, **P < 0.01. (I) Viability of HD CD8⁺ T cells activated with TAE beads (2:1) in OC ascites ± SR9243 (50 µM) for 16 h, assessed by Zombie-NIR staining. Data are presented as mean ± SEM. Each data point represents an individual donor.
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