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Fig. S1: Maintenance of LSCs with Rock inhibitor. LSCs were isolated from three human donors and cultured on mitotically inactivated 3T3-J2 feeder cells with (R+) or without (R-) Rock inhibitor. Throughout serial passages, R+, and R- LSCs were characterised for their morphology (A) (scale bar, 400 μm), population doublings (PDs) (B), colony-forming efficiency (CFE) (C), and percentage of proliferative LSCs (Ki67+ cells) (D). Wound healing assay of early-passage (P2) R+ and R- LSCs is shown in (E). 
Panel (E): Data are presented as mean ± SD from three independent donors (n=3). Statistical significance was determined using Two-way ANOVA p < 0.05 was considered significant. * p < 0.05; ** p < 0.01; *** p < 0.001; **** p < 0.0001; ns, not significant
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Figure S2: Expression of stem cell markers KRT15 and p63 in serially cultured LSCs.
(A) Validation of stem cell markers (KRT15, p63) and differentiation markers (KRT3, KRT12, MUC4) antibodies in primary corneal tissue. Scale bar, 100 μm. (B) Immunofluorescence analysis of KRT15 and p63 expression in LSCs cultured serially under R+ (passages 1, 4, and 10) and R− (passages 1, 4, and 6) conditions. Scale bar, 100 μm.
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Figure S3: Flow cytometric characterisation of immunomodulatory surface ligands in LSCs and ALI-differentiated cells. Surface expression of immunomodulatory ligands was assessed in LSCs and their ALI-differentiated derivatives from three independent donors under basal conditions and following IFN-γ treatment. The percentage of positive cells and the median fluorescence intensity (MFI) of positive cells were determined for (A) HLA-I, (B) HLA-II, (C) HLA-G, (D) HLA-E, (E) CD47, (F) PD-L1, (G) ICAM-1, (H) CD40, (I) CD86, and (J) CD80.
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Figure S4: Transcriptional profiling of T cell and NK cell immuno-ligands in LSCs and ALI-differentiated derivatives.
Heatmap of Z-scored expression of T cell (A) and NK cell (B) inhibitory and activating ligands across serially passaged LSCs cultured under R+ and R− conditions and their ALI-differentiated derivatives. (C) Median fluorescence intensity (MFI) of HLA-I, CD47, and PD-L1 in early-passage LSCs cultured in the presence or absence of Ri.
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Figure S5: CRISPR-Cas9 Off-target screening of B2M-/-CIITA-/- LSCs (clone 13).
 In silico off-target prediction was performed using Cas-OFFinder with a maximum mismatch threshold of 3, identifying candidate off-target sites for B2M (A) and CIITA (C) based on sequence similarity to the respective guide RNA targets. Sanger sequencing of all predicted off-target sites confirmed sequence identity to the wild-type reference for both B2M (B) and CIITA (D), indicating the absence of off-targets at predicted loci.
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Figure S6: Lentiviral transduction optimisation
(A) Schematic of the human CD47 (left) and mCherry control (right) lentiviral vector constructs. (B) Multiplicity of infection (MOI) determination by transduction of LSCs with the mCherry control vector, assessed by flow cytometry for the percentage of mCherry+ cells and mCherry+ MFI across titrated viral doses. (C) Representative brightfield and fluorescence images of mCherry-transduced LSCs. Scale bar, 400 μm. (D) Linear regression of PE Quantibead standards to determine antibody binding capacity (ABC) per cell in CD47-overexpressing clones. (E) Representative ddPCR controls used for quantification of viral copy number in CD47-overexpressing clones. 
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Figure S7: Schematic of the co-culture assays with (A) T cells, (B) macrophages, and (C) NK cell killing assay, together with MACS quality control by flow cytometry for cell isolation: (a) pan T cells negative selection and CellTrace Violet (CTV) staining QC, (b) monocyte (CD14+) positive selection QC, and (c) NK cell negative selection QC.
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Figure S8: Flow cytometric gating strategy for T cell activation assay. A total of 20,000 events were recorded from the all-cell gate (1), doublets were excluded (2), and live cells were selected (3). Within the CD45+ population (4), CD3+ T cells were gated (5), and proliferating cells were identified as CD3+CD45+ cells with low CellTrace Violet (CTV) signal (5). CD8+ and CD4+ T cells were then gated separately (6) and analysed for proliferation based on CTV dilution. CD8+ and CD4+ T cells were further assessed for activation by CD25 expression (7), as well as for the proliferative response of activated cells (8). In addition, CD8+ and CD4+ T cells were analysed for effector memory T cell (TEM) and central memory T cell (TCM) subsets (9) and their proliferation (10).




Supplementary Tables
Table S1: Limbal tissue donors
	ID
	Age
	Sex
	Tissue type
	Tissue delivery & processing timeframe 

	Donor 1 (LSC_D1)
	78
	XX
	Whole eye (L)
	Within 24h after enucleation

	Donor 2 (LSC_D2)
	69
	XY
	Whole eye (L+R)
	Within 24h after enucleation

	Donor 3 (LSC_D3)
	80
	XX
	Whole eye (L+R)
	Within 24h after enucleation


















Table S2: Whole blood donors.
aw.blood_D1, w.blood_D1.2, w.blood_D1.3, w.blood_D1.4 , bw.blood_D2, w.blood_D2.2, w.blood_D2.3 , cw.blood_D7, w.blood_D7.2 , d w.blood_D8, w.blood_D8.2, w.blood_D8.3 , e w.blood_D9, w.blood_D9.2. Samples within each group (a–e) share the same genetic background; decimal-numbered replicates represent blood collected at different times.

	[bookmark: RANGE!A1:I22]ID
	Age
	Sex
	Tissue type
	Processing time frame/Fresh or Cryopreserved
	 
	MACS QC
	Assay
	Figure

	w.blood_D1a
	55
	XX
	Whole blood
	 Processed within 1h of collection / Fresh
	%CD3+ cells
	97.24%
	T cell
	Fig.4,
Fig.S8

	w.blood_D2b
	60
	XY
	Whole blood
	 Processed within 1h of collection / Fresh
	
	98.60%
	T cell
	Fig.4,
Fig.S8

	w.blood_D3
	29
	XX
	Whole blood
	 Processed within 1h of collection / Fresh
	
	94.23%
	T cell
	Fig.4,
Fig.S8

	w.blood_D4
	39
	XY
	Whole blood
	 Processed within 1h of collection / Fresh
	
	92.59%
	T cell
	Fig.4,
Fig.S8

	w.blood_D5
	26
	XY
	Whole blood
	 Processed within 1h of collection / Fresh
	%CD14+ cells
	96.83%
	Macrophage Phagocytosis
	Fig.5B

	w.blood_D6
	45
	XX
	Whole blood
	 Processed within 1h of collection / Fresh
	
	98.62%
	Macrophage Phagocytosis
	Fig.5B

	w.blood_D1.2a
	55
	XX
	Whole blood
	 Processed within 1h of collection / Fresh
	
	99.29%
	Macrophage Phagocytosis
	Fig.5 B,C,F,G

	w.blood_D7c
	31
	XY
	Whole blood
	 Processed within 1h of collection / Fresh
	
	98.51%
	Macrophage Phagocytosis
	Fig.5 B,C,F,G

	w.blood_D8d
	28
	XY
	Whole blood
	 Processed within 1h of collection / Fresh
	
	99.59%
	Macrophage Phagocytosis
	Fig.5F

	w.blood_D9e
	24
	XY
	Whole blood
	 Processed within 1h of collection / Cryopreserved
	%CD56+ cells



	93.49%
	NK killing
	Fig.6B

	w.blood_D10
	42
	XX
	Whole blood
	 Processed within 1h of collection / Cryopreserved
	
	96.25%
	NK killing
	Fig.6B

	w.blood_D11
	26
	XX
	Whole blood
	 Processed within 1h of collection / Cryopreserved
	
	87.70%
	NK killing
	Fig.6B

	w.blood_D8.2d
	28
	XY
	Whole blood
	 Processed within 1h of collection / Cryopreserved
	
	91.35%
	NK killing
	Fig 6B

	w.blood_D1.3a
	55
	XX
	Whole blood
	 Processed within 1h of collection / Cryopreserved
	
	96.09%
	NK killing
	Fig 6.B

	w.blood_D8.3d
	28
	XY
	Whole blood
	 Processed within 1h of collection / Cryopreserved
	
	91.35%
	NK killing + Degranulation
	Fig 6B, D (both)

	w.blood_D7.2c
	31
	XY
	Whole blood
	 Processed within 1h of collection / Cryopreserved
	
	96.52%
	NK killing + Degranulation
	Fig 6C, D (differentiated)

	w.blood_D2.2b
	60
	XY
	Whole blood
	 Processed within 1h of collection / Cryopreserved
	
	89.83%
	NK killing + Degranulation
	Fig 6C,D (both)

	w.blood_D1.4a
	55
	XX
	Whole blood
	 Processed within 1h of collection / Cryopreserved
	
	96.09%
	NK killing + Degranulation
	Fig 6C ,D (LSCs)

	w.blood_D9.2e
	24
	XY
	Whole blood
	 Processed within 1h of collection / Cryopreserved
	
	93.49%
	NK killing + Degranulation
	Fig .6E

	w.blood_D12
	23
	XX
	Whole blood
	 Processed within 1h of collection / Cryopreserved
	
	80.86%
	NK killing + Degranulation
	Fig .6E

	w.blood_D2.3b
	60
	XY
	Whole blood
	 Processed within 1h of collection / Cryopreserved
	
	96.11%
	NK killing + Degranulation
	Fig 6E






	Target
	sgRNA
	Figure

	B2M
	AAGATTCAGGTTTACTCACG
	Fig. 2A, B

	 CIITA
	GGGAGGGCTTATGCCAATATC
	Fig. 2A, B


Table S3: B2M and CIITA guide RNAs for CRISPR-Cas9 editing. 



Table S4: B2M and CIITA, CRISPR-Cas9 screening & sequencing primers.
	Primer
	Forward
	Reverse
	Fig
	

	Scr.pr-B2M
	GCATGTATAGAGGAATTATG
	CGTGAGTAAACCTGAATCTT
	2D
	screening primers for B2M

	Scr.pr-CIITA
	CTGGTCTCTTCCGGTATCCC
	GATATTGGCATAAGCCTCCC
	2D
	screening primers for CIITA

	Seq.pr-B2M
	GCATGTATAGAGGAATTATG
	GACTCATTCAGGGTAGTATG
	2H
	Sanger sequencing primers for B2M

	Seq.pr-CIITA
	CTTAACAGCGATGCTGACCCC
	TGGCCTCCATCTCCCCTCTCTT
	2H
	Sanger sequencing primers for CIITA

	Seq.pr-Off-B2M-RP11
	GCCTGGCCTGAAAACAGTTC
	ATCTGGATCATCTGGGCCTT
	S5A, B
	Off target screening primers for B2M sgRNA

	Seq.pr-Off-B2M-ALDH7A1
	AGTGCTTAGATTGGTGTGTTACA
	AGGAGAGACATTGGAAGCTGT
	S5A, B
	Off target screening primers for B2M sgRNA

	Seq.pr-Off-CIITA-WNT9B
	CCTTGGGGCATGAGATCCTT
	CTTCCCCACCTCCTTTCACA
	S5C, D
	Off target screening primers for CIITA sgRNA





Table S5: RT-qPCR primers.
	Gene Target
	Forward
	Reverse
	Figure

	TP63
	CTGGAAAACAATGCCCAGAC
	GGGTGATGGAGAGAGAGCAT
	Fig. 
1D

	CD47
	TATCCTCGCTGTGGTTGGACTG
	TAGTCCAAGTAATTGTGCTAGAC
	Fig. 
3C, D





Table S6: ddPCR assay sequences for viral copy number (VCN) quantification.
	Name
	Sequence

	DelU3 forward primer
	5′-GGAAGGGCTAATTCACTCCC-3′

	DelU3 reverse primer
	5′- GGTTTCCCTTTCGCTTTCAAG -3′

	DelU3 probe-FAM
	5′-56-FAM-TGCCCGTCTGTTGTGTGACTCTG-3′-IBFQ

	RPP30 primer/ probe mix - HEX
	ddPCR Copy Number Assay: RPP30, Human (Cat. dHsaCP2500350) 





Table S7: Immunofluorescence antibodies.
	Antibody
	Company
	Code
	Dilution
	Figure

	Rb mAb to keratin 12/K12
	abcam
	AB185627
	1:50
	Fig. 3H, Fig. S2A

	Ms mAb to Np63
	abcam
	AB735
	1:200
	Fig. 3H, Fig. S2A, B

	Rb mAb to cytokeratin 15
	abcam
	AB52816
	1:500
	Fig. 3H, Fig. S2A, B

	Ms mAb to MUC4
	abcam
	AB60720
	1:100
	Fig. 3H, Fig. S2A

	Ms mAb Anti- Keratin K3/K76
	Merck Millipore
	CBL218-I
	1:50
	Fig. 3H, Fig. S2A





Table S8: Antibodies for flow cytometry surface marker characterisation
	Antibody
	Company
	Code
	Dilution
	Isotypic ctrl

	PE anti-human HLA- A,B,C Antibody 
	Biolegend
	311405
	1:20 in FACS buffer
	PE Mouse IgG2a,κ

	APC anti-human HLA- G Antibody 
	Biolegend
	335909
	1:20 in FACS buffer
	APC Mouse IgG2a, κ

	APC anti-human HLA- DR, DP, DQ Antibody 
	Biolegend
	361713
	1:20 in FACS buffer
	APC Mouse IgG2a, κ

	APC anti-human CD47 Antibody 
	Biolegend
	323123
	1:20 in FACS buffer
	APC Mouse IgG1, κ

	 PE anti-human CD47      Antibody 
	Biolegend
	323108
	1:20 in FACS buffer
	PE Mouse IgG1, κ

	APC anti-human CD274 (B7-H1, PD-L1) Antibody 
	Biolegend
	329707
	1:20 in FACS buffer
	APC Mouse IgG2b, κ

	APC anti-human β2m Antibody 
	Biolegend
	395711
	1:20 in FACS buffer
	APC Mouse IgG1, κ

	APC/Cyanine7 anti-human CD40 Antibody
	Biolegend
	334324
	1:20 in FACS buffer
	APC/Cyanine7 Mouse IgG1, κ

	APC anti-human CD86 Antibody 
	Biolegend
	305412
	1:20 in FACS buffer
	APC Mouse IgG2b, κ

	PE anti-human CD80 Antibody 
	Biolegend
	305208
	1:20 in FACS buffer
	PE Mouse IgG1, κ

	 APC anti-human CD54     Antibody 
	Biolegend
	353111
	1:20 in FACS buffer
	APC Mouse IgG1, κ

	PE anti-human Ki-67 Antibody 
	Biolegend
	350503
	1:20 in FACS buffer
	PE Mouse IgG1, κ





Table S9: Antibodies for flow cytometry characterisation of T-cell activation 
	Antibody
	Fluorochrome
	Company
	Cat. No.
	Dilution

	CellTrace™ Violet
	Violet (405 nm)
	Thermo Fisher
	C34557
	0.2 µM

	Anti-CD4 
	BUV395
	eBioscience
	363-0047-42
	1:50

	Anti-CD3
	BV510
	BioLegend
	300448
	1:50

	LIVE/DEAD™ Fixable Near-IR
	Near-IR (633/635 nm)
	Thermo Fisher
	L10119
	1:200

	Anti-CD25 
	PE
	eBioscience
	12-0257-42
	1:50

	Anti-CD62L
	PE/Cy7
	BioLegend
	304822
	1:50

	Anti-CD45RO 
	BV650
	eBioscience
	416-0457-42
	1:50

	Anti-CD45 
	BUV737
	eBioscience
	367-0459-42
	1:50

	Anti-CD8
	APC
	BioLegend
	980904
	1:50





Table S10: Antibodies for flow cytometry characterisation of NK cell degranulation
	Antibody
	Fluorochrome
	Company
	Cat. No.
	Dilution

	Zombie NIR™ Fixable Viability Kit
	NIR
	BioLegend
	423105
	1:200

	Anti-CD56
	APC
	BioLegend
	981204
	1:20

	Anti-CD107a
	PE
	BioLegend
	328608
	1:20





Table S11: Antibodies for flow cytometry purity assessment of MACS-sorted T cells, monocytes, and NK cells.
	
	Antibody
	Fluorochrome
	Company
	Cat. No.
	Dilution

	T cell MACS QC
	Anti-CD3
	BV510
	BioLegend
	300448
	1:50

	Monocytes MACS QC
	Anti-CD14
	APC
	BioLegend
	325607
	1:20

	
	Anti-CD11b
	FITC
	BioLegend
	982614
	1:20

	NK cell MACS QC
	Anti-CD3
	FITC
	BioLegend
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Table S12: Typing of Target and Effector cells.
	HLA-A

	Target ID
	Allele 1
	Allele 2
	Effector ID
	Allele 1
	Allele 2
	Mismatch

	LSC_D1
	A*25:01
	A*31:01
	w.blood_D1
	A*03:01
	A*66:01
	2

	
	
	
	w.blood_D2
	A*11:01
	A*11:01/11:04
	2

	
	
	
	w.blood_D3
	A*03:01
	A*24:02
	2

	
	
	
	w.blood_D4
	A*02:01/02:09
	A*25:01
	1

	
	
	
	w.blood_D5
	A*01:01
	A*24:02
	2

	
	
	
	w.blood_D6
	A*01:01
	A*01:01
	2

	
	
	
	w.blood_D7
	A*02:01/02:09
	A*24:02
	2

	
	
	
	w.blood_D8
	A*02:01/02:09
	A*26:01
	2

	
	
	
	w.blood_D9
	A*11:01
	A*33:03
	2

	
	
	
	w.blood_D10
	A*02:01/02:09
	A*02:01/02:09
	2

	
	
	
	w.blood_D11
	A*02:01/02:09
	A*26:01
	2

	
	
	
	w.blood_D12
	A*01:01
	A*31:01
	1




	HLA-B

	Target ID
	Allele 1
	Allele 2
	Effector ID
	Allele 1
	Allele 2
	Mismatch

	LSC_D1
	B*07:02
	B*07:02
	w.blood_D1
	B*40:02
	B*44:03
	2

	
	
	
	w.blood_D2
	B*14:01
	B*35:01
	2

	
	
	
	w.blood_D3
	B*35:02
	B*44:02/44:27
	2

	
	
	
	w.blood_D4
	B*18:01
	B*44:02/44:27
	2

	
	
	
	w.blood_D5
	B*44:02/44:27
	B*57:01
	2

	
	
	
	w.blood_D6
	B*08:01
	B*52:01
	2

	
	
	
	w.blood_D7
	B*27:05
	B*51:01
	2

	
	
	
	w.blood_D8
	B*39:01
	B*44
	2

	
	
	
	w.blood_D9
	B*15:02
	B*58:01
	2

	
	
	
	w.blood_D10
	B*13:02
	B*41:02
	2

	
	
	
	w.blood_D11
	B*15:01
	B*44:02/44:27
	2

	
	
	
	w.blood_D12
	B*35:03
	B*40:02
	2






	HLA-DRB1

	Target ID
	Allele 1
	Allele 2
	Effector ID
	Allele 1
	Allele 2
	Mismatch

	LSC_D1
	DRB1*03:01
	DRB1*15:01
	w.blood_D1
	DRB1*07:01
	DRB1*11:04
	2

	
	
	
	w.blood_D2
	DRB1*07:01
	DRB1*11:03
	2

	
	
	
	w.blood_D3
	DRB1*11:01
	DRB1*13:01
	2

	
	
	
	w.blood_D4
	DRB1*11:01
	DRB1*15:01
	1

	
	
	
	w.blood_D5
	DRB1*04:02
	DRB1*07:01
	2

	
	
	
	w.blood_D6
	DRB1*03:01
	DRB1*15:02
	1

	
	
	
	w.blood_D7
	DRB1*08:03
	DRB1*15:01
	1

	
	
	
	w.blood_D8
	DRB1*16:01
	DRB1*16:01
	2

	
	
	
	w.blood_D9
	DRB1*03:01
	DRB1*12:02
	1

	
	
	
	w.blood_D10
	DRB1*07:01
	DRB1*08:01
	2

	
	
	
	w.blood_D11
	DRB1*04:01
	DRB1*13:01
	2

	
	
	
	w.blood_D12
	DRB1*16:01
	DRB1*16:02
	2
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