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[bookmark: _Toc212664029]Figure S1 | Analysis workflow for the removal of contaminant peptides from sHLA immunopeptidome data. A soluble HLA (sHLA) contaminant list was compiled from four categories of source proteins. A list of all human immunoglobulin entries was extracted from Uniprot (https://www.uniprot.org/) consisting out of 156 IDs, of which 115 IDs were present in our dataset. From the Human Protein Atlas (https://www.proteinatlas.org/) a list of proteins corresponding to 126 IDs was sourced that are secreted by the liver into the bloodstream. Highly abundant plasma proteins were selected based on literature (16 IDs), of which 11 were present in the lists of liver-secreted blood proteins and immunoglobulins. Lastly, the top 45 most frequent protein accession IDs were included in the contaminant list (threshold: ≥ 500 hits in the entire dataset). 
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[bookmark: _Toc212664030]Figure S2 | Removal of contaminant source proteins increases data set quality of soluble HLA-I immunopeptidomes. (A) The number of unique peptides in each sample are displayed in a pair-wise manner before (darker bars) and after (lighter bars) removal of peptides derived from proteins in the curated list of ‘contamination source proteins (i.e., ‘contamination peptides’). (B) Length distribution analysis of all contamination peptides removed from the identified sHLA immunopeptidomes of HCC (red) and non-HCC (blue) patients. Plotted on the right y-axis is the relative contribution in percentage of each n-mer to the total list of removed contamination peptides. Shown are the (C) percentages of 8-11-mers and (D) predicted binders (NetMHCpan 4.1, < 2% binding rank) in each sample before (darker bars) and after (lighter bars) removal of contamination peptides. (E) The percentage of predicted binders (NetMHCpan 4.1, < 2% binding rank) within the pool of removed contamination peptides. (F) The cumulative numbers of predicted binders analyzed in this study. Predicted binders (NetMHCpan 4.1, < 2% binding rank) within the non-contaminant and contaminant list of 8-11-mers were combined and used for analysis in this study. Numbers above each bar correspond to the amount of contaminant-derived predicted binders that were added back to the dataset for further analysis.
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[bookmark: _Toc212664031]Figure S3 | Correlation of ALT levels with sHLA-I levels and the number of predicted sHLA-I binders. Correlation as determined with a Spearman correlation analysis between (A) ALT levels and sHLA-I levels (r=0.3455, p=0.3304), and (B) ALT levels and the number of predicted binders (r=0.5394, p=0.1139). Curves were fitted by a simple linear regression analysis. 
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[bookmark: _Toc212664032]Figure S4 | Gene Ontology analysis on MHC-I peptide-related source protein from the (A) HCC patient-derived and (B) HCC-unique sHLA-I total proteome (n=5). Significantly enriched GO terms (adjusted p-value < 0.05; indicated by the dashed line) among all identified source proteins are displayed, ranked by the –log10 of the Bonferroni-corrected p-value (y-axis) and by the enrichment factor relative to the human genome (x-axis). Balloon size reflects gene count, while color denotes GO term classification. Figure’s abbreviations: GO, gene ontology; HCC, hepatocellular carcinoma; sHLA, soluble Human Leukocyte Antigen. 
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[bookmark: _Toc212664033]Figure S5 | Kyoto Encyclopedia of Genes and Genomes pathway analysis on MHC-I peptide-related source protein from the HCC patient-derived sHLA-I proteome (n=5). (A) Significantly enriched KEGG pathways (adjusted p-value <0.05) among all identified source proteins are displayed, ranked by the -log10 of the Bonferroni-corrected p-value (balloon color) and by the enrichment factor relative to the human genome (x-axis). Pathway analysis revealed 22 pathways to be enriched, notably those associated with viral infection/disease, viral oncogenesis, and antigen processing and presentation. (B) (Non-significantly enriched) KEGG pathways among the HCC-unique identified source proteins containing at least 15 proteins are displayed, ranked by gene count and by the enrichment factor relative to the human genome (x-axis). Balloon size reflects gene count. Figure’s abbreviations: HCC, hepatocellular carcinoma; KEGG, Kyoto encyclopedia of genes and genomes; sHLA, soluble Human Leukocyte Antigen.
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[bookmark: _Toc212664034]Figure S6 | HCC-unique sHLA-I cargo protein-protein network. STRING protein-protein interaction network of HCC-unique sHLA source protein cargo (n=5). Edge width reflects interaction confidence ( 0.7), with thicker edges indicating stronger associations. Nodes demonstrating  10 interactions are highlighted in blue.  Five out of nine connecting nodes have been previously linked to HCC carcinogenesis (BRD1 [1, 2], HDAC1 [3-5], MED1 [6-8], SRC [9-11], and SRF1 [12]). Abbreviations: HCC, hepatocellular carcinoma; sHLA, soluble Human Leukocyte Antigen.
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[image: ]Figure S7 |  Comparison of  recorded spectra to predicted spectra of HCC-unique, TAA-derived peptides of interest. Recorded spectra of TAA-derived peptides specific to HCC samples  (Table S5; A: DCD2, B: DDX25, C: ESM1, D: H3F3A, E: MAGED4) were compared with spectra generated by PEAKS by mirroring both datasets. For each peptide detected in either the sHLA or tumor ligandome, the experimentally acquired spectrum (top) is shown together with the corresponding mirrored PEAKS-predicted spectrum (bottom) for direct spectral comparison.
[bookmark: _Toc212664036]
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Supplementary Tables
[bookmark: _Toc212664037]Table S1 | Patients’ characteristics. 
	Patient ID
	Gender
	Age 
	Etiology of disease
	HBV/ HCV/HDV (sero)statusa
	Cirrhosis
(CP)
	Fibrosis
	ALTb
	Max. tumor diameterc
	Tumor lesion no. 
	Differentiation 
grade
	MVI
	AFPd

	HCC cohort

	1
	M
	76
	HBV
	P/N/N
	Yes (A)
	Yes
	15
	70
	1
	Poor/ Moderate
	Yes
	23

	2
	M
	52
	HBV
	P/N/N
	No 
	No
	24
	95
	1
	Moderate
	Yes
	10709

	3
	M
	59
	HBV
	P/N/N
	No 
	Yes
	51
	109
	2
	Moderate
	Yes
	35

	4
	M
	64
	Cryptogenic
	N/N/N
	Yes (C)
	Yes
	50
	61
	3
	Moderate
	Yes
	581

	5
	M
	62
	ALD
	P/N/N
	Yes (B)
	Yes
	36
	20
	3
	Good/ Moderate
	Yes
	28

	Non-HCC liver disease cohort

	6
	M
	61
	HBV
	P/N/N
	No
	No
	2609
	-
	-
	-
	-
	11

	7
	M
	26
	HBV
	P/N/P
	No
	No
	6914
	-
	-
	-
	-
	ND

	8
	F
	45
	ALD
	N/N/N
	Yes (B)
	Yes
	32
	-
	-
	-
	-
	4

	9
	M
	60
	PSC
	N/N/N
	Yes (C)
	Yes
	153
	-
	-
	-
	-
	3

	10
	M
	60
	PSC
	N/N/N
	Yes (C)
	Yes
	161
	-
	-
	-
	-
	2


a HBV serostatus was deemed positive whenever HBV DNA and/or, HBsAg and/or, anti-HBc antibodies were positive. HCV serostatus was deemed positive whenever IgG anti-HCV antibodies were positive.  HDV status was deemed positive whenever HDV RNA was positive. 
b In U/mL. 
c In mm. 
d In ng/mL. 
Table’s abbreviations: AFP, alpha fetoprotein; ALD, alcohol-related liver disease; CP, Child-Pugh score; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HDV, hepatitis D virus; MVI, microvascular invasion; ND, not determined; N, negative; P, positive; PSC, primary sclerosing cholangitis. 










[bookmark: _Toc212664038]Table S2 | Patients’ HBV viral status. 
	Patient ID
	HBsAg
(IU/L)
	Anti-HBs
(mIU/mL)
	Anti-HBc

	Anti-HBc 
(IgM)
	HBeAg
	Anti-HBe
	HBV viral load (IU/mL)
	HBV statusa
	Anti-viral
	Albumin (g/L)

	HCC cohort

	1
	>150
	Neg
	Pos
	ND
	Neg
	Neg
	<2.0E1/Neg
	C
	ENT
	45

	2
	>150
	Neg
	Pos
	Neg
	Neg
	Pos
	<2.0E1/Pos
	C
	TDF
	47

	3
	>150.000
	ND
	Pos
	Neg
	0.4030
	Pos
	5.87E4/Pos
	C
	TDF
	35

	5
	Neg
	Neg
	Pos
	ND
	ND
	Pos
	<1.0E1/Neg
	R
	None
	28

	Non-HCC liver disease cohort

	6
	14.3/P
	88.00/P
	Neg
	Neg
	Neg
	ND
	8.08E4/Pos
	A
	None
	27

	7b
	>150.000
	ND
	Pos
	Neg
	Neg
	Pos
	1.18E3/Pos
	C
	None
	33


a HBV status: acute infection (positive [pos] for HBsAg and IgM anti-HBc); chronic infection (pos for HBsAg and anti-HBc); resolved infection (HBsAg negative [neg] and anti-HBc pos). 
b Patient 7 was tested positive for HDV RNA.
Table’s abbreviations: A, acute infection; C, chronic infection; ENT, entecavir; Neg, negative; ND, not determined; Pos, positive; R, resolved infection; TDF, tenofovir.  
[bookmark: _Toc212664039]Table S3 | Patients’ HLA-I genotypes. Peripheral blood mononuclear cells (PBMC) were isolated from whole blood by Ficoll density gradient separation and stored at -80°C for HLA genotyping. DNA was isolated from PBMC using the QIAamp DNA micro kit (Qiagen, Hilden, Germany) according to manufacturer’s instructions. The HLA genotype was determined through imputation-based HLA genotyping using the Infinium Global Screening Array v.3.0 plus multi-disease BeadChip (GSAMD-24v3-0-EA; Illumina, San Diego, the U.S.A.). 

	Patient ID
	HLA-A
	HLA-B
	HLA-C

	1
	01:01
	02:01
	08:01
	14:01
	07:01
	08:02

	2
	33:01
	68:02
	52:01
	78:01
	16:01
	16:01

	3
	02:01
	32:01
	37:01
	44:02
	05:01
	06:02

	4
	01:01
	01:01
	08:01
	08:01
	07:01
	07:01

	5
	03:01
	11:01
	44:02
	44:02
	07:04
	07:04

	6
	02:01
	03:01
	07:02
	44:02
	07:02
	07:04

	7
	02:01
	30:01
	35:01a
	42:01b
	16:01
	17:01

	8
	01:01
	24:02
	08:01
	14:02
	02:02
	07:01

	9
	03:01
	11:01
	07:02
	40:02
	02:02
	07:02

	10
	01:01
	01:01
	08:01
	15:18
	07:01
	07:04



a HLA-B*35:01 or 07:235. 
b HLA-B*42:01 or 35:87. 






[bookmark: _Toc212664040]Table S4 | Identified mHLA-I peptides derived from the hepatitis B virus proteome. The entire dataset consisting of identified sHLA-I and mHLA-I immunopeptides was searched against 4 reference HBV proteomes. Identified HBV-derived peptides are listed below, including their length, source protein, sample and tissue of origin and their predicted binding as determined by NetMHCPan4.1 (binding rank ≤2.0%) to the respective donor HLA alleles. HBsAg = Hepatitis B surface antigen; N.A. = not applicable due to too short peptide sequence; N.B. = Predicted non-binder. 

	Sequence
	Length
	Source protein
	Sample
	Tissue
	Predicted binder

	FLGPLLVL
	8
	HBsAg
	Pt.3
	Tumor adjacent
	Yes

	ILSPFLPLL
	9
	HBsAg
	Pt.3
	Tumor adjacent
	Yes

	LVLQAGF
	7
	HBsAg
	Pt.3
	Tumor adjacent
	N.A.

	LVLQAGF
	7
	HBsAg
	Pt.2
	Tumor adjacent
	N.A.

	MENITSGFLGPL
	12
	HBsAg
	Pt.2
	Tumor adjacent
	N.B.

	STSNPLGFFPDH
	12
	HBsAg
	Pt.2
	Tumor adjacent
	N.B.





[bookmark: _Toc212664041]Table S5 | TAAs from which peptides were found in both the plasma sHLA-I and tissue mHLA-I peptidome from HCC patients.
	Source protein
	Peptide
from sHLA-I
	Position
	HLA typea
	Donor
	mHLA-I presentation
	sHLA-I presentation

Non-HCC 
	IEDBc

	
	
	
	
	
	Tumor
	Tumor-adjacent
	
	

	ABCC3
	VAVERVKEY
	1255-1263
	B*78:01
C*16:01a
	HCC 2
	No
	Yes
	Yes
	●


	BCL2L1
	MAAVKQAL
	83-90
	B*78:01
C*16:01a
	HCC 2
	Yesb
	Yesb
	Yes
	●


	BCL2L1
	MQVLVSRI
	159-166
	B*52:01
	HCC 2
	Yes
	Yes
	Yesb
	●

	CDK4
	FGLARIYSY
	159-167
	C*16:01
	HCC 2
	Yes
	Yes
	Yes
	○


	CDK4
	ISTVREVAL
	51-59
	C*16:01
	HCC 2
	Yes
	Yes
	Yes
	○

	DCD2
	EVKPVIHSR
	116-124
	A*33:01a
A*68:02
	HCC 2
	Yesb
	No
	No
	NR

	DDX25
	ETYLHRIGR
	426-434
	A*33:01
	HCC 2
	Yes
	Yes
	No
	●

	ESM1
	VPAHLVAA
	12-19
	B*78:01
	HCC 2
	Yes
	No
	No
	●

	FOXO1
	SVKTTTHSW
	644-652
	A*32:01a
B*44:02
C*06:02
	HCC 3
	No
	Yesb
	Yesb
	○●


	FOXO1
	VAQPNSRVL
	484-492
	B*52:01a
B*78:01
	HCC 2
	No
	Yes
	Yes
	●

	GANAB
	SISDVFRQY
	371-379
	C*16:01
	HCC 2
	Yes
	Yes
	Yes
	○

	HSDL1
	SRADLIKQY
	58-66
	B*44:02
C*06:02a
	HCC 3
	Yes
	Yes
	Yesb
	○●


	H3F3A
	MPKDIQLAR
	121-129
	A*33:01a
B*78:01
	HCC 2
	Yes
	Yes
	No
	○●


	LZTFL1
	VAALKSEF
	215-222
	C*16:01
	HCC 2
	Yesb
	Yesb
	Yesb
	NR

	MAGED4
	AAAAARTAF
	120-128
	C*16:01
	HCC 2
	Yesb
	Yesb
	No
	●

	MFGE8
	VASYKVAY
	216-223
	C*16:01
	HCC 2
	Yesb
	No
	Yes
	●

	MIA2
	ASEFQILKY
	598-606
	A*01:01a
C*07:01
	HCC 1
	Yes
	Yes
	Yes
	○●

	RPTOR
	FALQREQEL
	209-217
	B*52:01
B*78:01
C*16:01a
	HCC 2
	Yesb
	Yes
	Yes
	○●


	SUPT7L
	TLTDVAHEY
	181-189
	C*16:01
	HCC 2
	Yes
	Yes
	Yesb
	○

	ZC3H14
	KTTNVRQTY
	139-147
	A*32:01a
C*06:02
	HCC 3
	Yes
	Yes
	Yes
	○●




a In silico predicted HLA-binding allele with the highest putative affinity for the peptide of interest. 
b A different peptide from the same TAA was identified from tissue mHLA. 
c Peptides are annotated based on their IEDB classification as HLA ligands and/or T cell epitopes. Reported sequences are marked as identified in a novel (○), the same (●), or an additional (○●) HLA supertype context. No peptides were classified as immunogenic (i.e., positive multimer binding and/or IFNg production). 
Table’s abbreviations: HLA, human leukocyte antigen; IEDB, Immune Epitope Database; NR, not reported. 
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