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[bookmark: _Toc137328386]Supplementary Methods and Results
Description of study outcomes
Association of SNPs with risk of NAFLD (nonalcoholic fatty liver disease) were extracted from a GWAS (GWAS) including 1483 NAFLD cases and 17781 non-cases of European descent 1. Notably, this study is largest histopathology-based NAFLD GWAS to date recruiting patients from clinics at several leading European tertiary liver centers. Since liver biopsy is still considered the gold standard for diagnosing NAFLD, the genetic variations linked to NAFLD from this study can be considered more credible than those identified through electronic medical records-based GWAS.

[bookmark: _Hlk111233323]GWAS summary statistics for alcohol-related cirrhosis(ALC) were obtained from a GWAS meta-analysis of 712 cases and 1466 controls 2. Cases were defined as patients with clinically diagnosed or biopsy-proven cirrhosis who had consumed alcohol for more than 10 years at least 60 g/d for women and 80 g/d for men. In the control group, no clinical or laboratory evidence of liver disease was present. This was confirmed by a noninvasive assessment of liver fibrosis, in the context of alcohol dependence.

SNP(single nucleotide polymorphism) associations with AIH (autoimmune hepatitis), PBC (primary biliary cirrhosis), and HCC (hepatocellular carcinoma) risk were obtained from GWAS based on UK Biobank including 906 AIH cases and 650,942 controls, 121 PBC cases and 456,227 controls, and 123 HCC cases and 456,225 controls3,4. The UK Biobank is a long-term prospective cohort study recruiting about 500 000 individuals aged between 40 and 69 years.   

The summary statistics for primary PSC were sourced from the largest genome-wide association study of PSC, which comprised 2,871 cases and 12,019 controls of European ancestry5. PSC was diagnosed based on clinical, biochemical, cholangiographic and histological criteria, and secondary causes of sclerosing cholangitis were excluded. 

Construction of protein-protein interaction network 
We first searched 6 protein-protein interaction databases (Human Protein Reference Database (HPRD, https://www.hprd.org/), Interactome INSIDER (http://interactomeinsider.yulab.org/), IntAct (https://www.ebi.ac.uk/intact/), InWeb_IM (http://www.lagelab.org/resources/), PINA (http://cbg.garvan.unsw.edu.au/pina/), BIOGRID (https://thebiogrid.org/), Interactome3D (https://interactome3d.irbbarcelona.org/))for complement component interacting protein using the entrez IDs of complement components identified by MR(mendelian randomization) as significantly associated with liver diseases.
Subsequently, we obtained validated complement component interacting proteins by selecting experimentally validated interacting proteins (Data S1- Table S9). Finally, we used the network extension method within the network topology association analysis (NTA), to obtain the top 20 ranking neighbor proteins based on each complement component and its interacting proteins, and constructed protein interaction network. In the network extension method, random walk analysis was first used to rank all proteins in the selected network based on their network proximity to the input seeds (complement components and their interacting proteins) and then return an expanded subnetwork in which nodes are the input seeds and their top ranking neighbor proteins and edges represent their relationship. In this study, we applied the " WebGestaltR" R package to conduct NTA analysis. The protein interaction networks were visualized with the Cytoscape software.
[bookmark: OLE_LINK4]
Liver diseases-associated genes
[bookmark: OLE_LINK3]In this study, we obtained the liver disease-associated genes from the DisGeNET (https://www.disgenet.org/)6 and DISEASES platform (http://diseases.jensenlab.org/)7. DisGeNET is a comprehensive discovery platform containing the publicly available collections of genes associated to human diseases that integrates data from expert scientific literature, GWAS catalogs, curated repositories, and animal models. DISEASES platform integrates gene-disease associations from automated text-mining of biomedical literature. We collected 322 ALC-associated genes, 63 NAFLD-associated genes, 191 HCC-associated genes, 190 AIH-associated genes, 264 PSC-associated genes, from the DisGeNET and DISEASES platforms (Data S1- Table S10) (accessed in August, 2022).

[bookmark: _Hlk114970084]GO enrichment analysis 
Gene ontology (GO) enrichment analysis was performed with Metascape (https://metascape.org) 8on the liver diseases-associated genes and proteins from complement components-protein interaction network. The GO biological process of co-enrichment of the above two gene sets was demonstrated by heatmap.

Pharmacovigilance study was used to identify drugs with potential hepatotoxicity
We retrieved adverse drug event data from the US Food and Drug Administration's Adverse Event Reporting System (FAERS) compiled from the first quarter of 2004 to the last quarter of 2022 using OpenFDA (https://open.fda.gov/), which is a database for data mining and analysis of adverse drug event data. In the FAERS, adverse events can be specified at different levels of the medical dictionary for regulatory activities (MedDRA) terminology. We employed 9 preferred terms (“drug-induced liver injury”, “hepatotoxicity”, “acute hepatic failure”, “hepatic failure”, “liver disorder”, “hepatic lesion”, “liver function test increased”, “transaminases increased”, and “hepatic enzyme increased”) for collecting relevant cases associated with “drug-induced liver injury”. We have performed Yates' chi-square test and calculate relative reporting ratio (RRR) from adverse drug event data to determine the relationship between the drug and hepatotoxicity (Data S1- Table S11). In this study, Chi square values >4, number of adverse events of drugs >4, and the lower limit of the 95% confidence interval (CI) of the RRR>2 indicate that the adverse event and the drug is related and can be considered as potentially hepatotoxic agent.

Mendelian randomization
As different MR methods have different performances under different scenarios and vary in their statistical efficiency, we performed three methods of two-sample MR: inverse-variance weighted, weighted median, and MR-PRESSO. The inverse-variance weighted (IVW) method could give unbiased estimates if all the instruments are valid or there is balanced horizontal pleiotropy. Since cis-variants are less likely to be affected by pleiotropy, we use IVW approach as our primary analysis method. The weighted median method could provide robust estimates when at least 50% of the weight comes from valid instrumental variables 9. In addition, the MR pleiotropy residual sum and outlier (MR-PRESSO) method was used to detect and correct for potential outlier SNPs10


[bookmark: _Toc137328387]Table S1. Complements involved in the GWAS of Iceland. 

	SeqId
	Protein (short name)
	Protein (full name)
	Gene
	UniProt

	14100_63
	C1QC
	Complement C1q subcomponent subunit C
	C1QC
	P02747

	14136_234
	C1QR1
	Complement component C1q receptor
	CD93
	Q9NPY3

	14708_59
	CO8G
	Complement component C8 gamma chain
	C8G
	P07360

	15468_14
	FHR1
	Complement factor H-related protein 1
	CFHR1
	Q03591

	15570_99
	Complement receptor type 2
	Complement receptor type 2
	CR2
	P20023

	15584_9
	FHR2
	Complement factor H-related protein 2
	CFHR2
	P36980

	15670_15
	C1QL2
	Complement C1q-like protein 2
	C1QL2
	Q7Z5L3

	16055_3
	complement factor H-related 5
	Complement factor H-related protein 5
	CFHR5
	Q9BXR6

	16605_2
	C1T9A
	Complement C1q and tumor necrosis factor-related protein 9A
	C1QTNF9
	P0C862

	16836_1
	FHR3
	Complement factor H-related protein 3
	CFHR3
	Q02985

	19556_12
	Complement receptor type 1
	Complement receptor type 1
	CR1
	P17927

	2381_52
	C5
	Complement C5
	C5
	P01031

	2567_5
	Factor I
	Complement factor I
	CFI
	P05156

	2683_1
	iC3b
	Complement C3b, inactivated
	C3
	P01024

	2754_50
	C3
	Complement C3
	C3
	P01024

	2835_1
	Ku70
	X-ray repair cross-complementing protein 6
	XRCC6
	P12956

	2888_49
	C7
	Complement component C7
	C7
	P10643

	2946_52
	Factor D
	Complement factor D
	CFD
	P00746

	3060_43
	C9
	Complement component C9
	C9
	P02748

	3186_2
	C2
	Complement C2
	C2
	P06681

	3285_23
	C1r
	Complement C1r subcomponent
	C1R
	P00736

	4127_75
	C6
	Complement component C6
	C6
	P13671

	4129_72
	Factor B
	Complement factor B
	CFB
	P00751

	4159_130
	Factor H
	Complement factor H
	CFH
	P08603

	4480_59
	C3b
	Complement C3b
	C3
	P01024

	4967_1
	C1QBP
	Complement component 1 Q subcomponent-binding protein, mitochondrial
	C1QBP
	Q07021

	5069_9
	DAF
	Complement decay-accelerating factor
	CD55
	P08174

	5803_24
	C3d
	Complement C3d fragment
	C3
	P01024

	6304_8
	C1QT1
	Complement C1q tumor necrosis factor-related protein 1
	C1QTNF1
	Q9BXJ1

	6471_53
	FHR4
	Complement factor H-related protein 4
	CFHR4
	Q92496

	7132_55
	C1QL4
	Complement C1q-like protein 4
	C1QL4
	Q86Z23

	7251_64
	C1QT3
	Complement C1q tumor necrosis factor-related protein 3
	C1QTNF3
	Q9BXJ4

	7810_20
	C1QTNF5
	Complement C1q tumor necrosis factor-related protein 5
	C1QTNF5
	Q9BXJ0

	8840_61
	C1s
	Complement C1s subcomponent
	C1S
	P09871

	9348_1
	C1RL1
	Complement C1r subcomponent-like protein
	C1RL
	Q9NZP8



[bookmark: _Toc137328388]
Table S2. Sources of GWAS summary statistics for the analysis. 

	Phenotype
	Total or cases/Controls
	Ancestry
	Source (PMID)

	Circulating complements components
	35559
	European 
	34857953

	Non-alcoholic fatty liver disease
	1483/17781
	European 
	32298765

	Alcohol-related cirrhosis
	712/1466
	European 
	26482880

	Autoimmune hepatitis
	821/484413
	European; 
	34594039

	Primary biliary cirrhosis
	121/456227
	European 
	34737426

	Liver cell carcinoma
	123/456225
	European 
	34737426

	Primary sclerosing cholangitis
	4796/19955
	European 
	27992413


 


[bookmark: _Toc137328389]Table S3. Summary of Drug Repositioning for NAFLD and Supporting Evidence. 

	Drug
	P value
	Hepatotoxicity
	Experimental evidence for NAFLD
	Experimental evidence for other liver diseases
	Clinical evidence for NAFLD
	Clinical evidence for other liver diseases

	Imatinib
	0.001184446
	None
	30333571
	
	
	

	Erlotinib
	0.002979136
	None
	29038049
	
	
	19139433

	Estrone
	0.003285827
	None
	
	
	
	

	Methyltestosterone
	0.005521703
	None
	
	
	
	

	Obeticholic
	0.006745599
	Exist
	
	
	
	

	Nitrofurantoin
	0.007133901
	Exist
	
	
	
	

	Lomustine
	0.013727987
	None
	
	
	
	

	Vitamin A
	0.014435258
	None
	32698042
	
	
	28371374

	Sorafenib
	0.014484035
	Exist
	
	
	
	

	Valproic acid
	0.020410536
	Exist
	
	
	
	

	Carbamazepine
	0.020727869
	Exist
	
	
	
	

	Thalidomide
	0.02088596
	None
	20088867
	
	
	

	Verteporfin
	0.020933265
	None
	33964370
	34101869
	
	

	Thrombin
	0.022970769
	None
	25138021
	
	
	

	Dexamethasone
	0.042833831
	None
	27784782
	
	
	



    The numbers in table represent the PubMed Identifier (PMID) numbers for the evidence supporting the presence of experimental or clinical evidence.

	[bookmark: _Toc137328390]Drug
	P value
	Hepatotoxicity
	Experimental evidence for AH
	Experimental evidence for other liver diseases
	Clinical evidence for AH
	Clinical evidence for other liver diseases

	Latanoprost
	0.000502087
	None
	
	
	
	

	Fenofibrate
	0.000634321
	Exist
	
	
	
	

	Verteporfin
	0.000854524
	None
	
	34101869
	
	

	Tocilizumab
	0.001002023
	Exist
	
	
	
	

	Atorvastatin
	0.001550132
	None
	
	34862975
	
	

	Bortezomib
	0.001843703
	None
	
	22991197
	
	20839030

	Interferon beta
	0.002999465
	Exist
	
	
	
	

	Clofibrate
	0.003898679
	Exist
	
	
	
	

	Gemfibrozil
	0.004669667
	None
	
	30023335
	
	10453959

	Rituximab
	0.005036851
	Exist
	
	
	
	

	Theophylline
	0.008002504
	None
	
	26165752
	20578267
	

	Tafamidis
	0.008967532
	None
	
	
	
	

	Disinfectant
	0.011152409
	None
	
	
	
	

	Disulfiram
	0.014252894
	Exist
	
	
	
	

	Azacitidine
	0.015241673
	None
	
	
	
	


Table S4. Summary of Drug Repositioning for AH and Supporting Evidence.



[bookmark: _Toc137328391]Table S5. Summary of Drug Repositioning for AIH and Supporting Evidence. 

	Drug
	Pvalue
	Hepatotoxicity
	Experimental evidence for AIH
	Experimental evidence for other liver diseases
	Clinical evidence for AIH
	Clinical evidence for other liver diseases

	Tocilizumab
	8.13E-07
	Exist
	
	
	
	

	Etonogestrel
	0.000475301
	None
	
	
	
	

	Everolimus
	0.000514755
	Exist
	
	
	
	

	Pioglitazone
	0.000894722
	None
	
	29634314
	
	14752837

	Everolimus
	0.001004045
	Exist
	
	
	
	

	Medroxyprogesterone
	0.001709524
	None
	
	6446443
	
	6446443

	Dasatinib
	0.002181247
	Exist
	
	
	
	

	Dexamethasone
	0.002301008
	None
	23523671
	30900368
	30900368
	20973887

	Paricalcitol
	0.002355756
	None
	
	33872698
	
	

	Lenalidomide
	0.002493611
	Exist
	
	
	
	

	Losartan
	0.003029359
	None
	
	34360607
	
	

	Hydrocortisone
	0.004512768
	None
	
	
	
	

	Estradiol
	0.00621199
	None
	
	33870713
	
	

	Calcitriol
	0.007805456
	None
	24171052
	28596677
	33151930
	32966467

	Rimonabant
	0.012666016
	None
	
	28363784
	
	19112166






[bookmark: _Toc137328392][bookmark: _Hlk137597961]Table S6. Summary of Drug Repositioning for PSC and Supporting Evidence. 

	Drug
	Pvalue
	Hepatotoxicity
	Experimental evidence for PSC
	Experimental evidence for other liver diseases
	Clinical evidence for PSC
	Clinical evidence for other liver diseases

	Glatiramer acetate
	0.006443625
	None
	
	
	
	

	Tocilizumab
	0.006531189
	Exist
	
	
	
	

	Fluoxetine
	0.008047412
	None
	
	25102273
	
	

	Mycophenolate
	0.008345627
	None
	
	17944887
	15521841
	

	Glibenclamide
	0.009906033
	None
	
	
	
	

	Mycophenolic acid
	0.011734073
	None
	
	
	
	

	Dexamethasone
	0.014652672
	None
	30252871
	34801933
	14531538
	16981272

	Abiraterone
	0.0150108
	None
	
	
	
	

	Sorafenib
	0.015689159
	Exist
	
	
	
	

	Iodine
	0.016171113
	None
	
	
	
	10189125

	Antipruritic
	0.018416996
	None
	
	
	
	

	Calcitrio
	0.022362529
	None
	25712522
	28596677
	
	32966467

	Verteporfin
	0.02400195
	None
	
	33655469
	
	

	Vancomycin
	0.027267204
	Exist
	
	
	
	

	Atorvastatin
	0.028131091
	None
	34208774
	
	30448601
	






Table S7. Summary of Drug Repositioning for HCC and Supporting Evidence

	Drug
	Pvalue
	Hepatotoxicity
	Experimental evidence for HCC
	Experimental evidence for other liver diseases
	Clinical evidence for HCC
	Clinical evidence for other liver diseases

	Docetaxel
	0.000390189
	None
	18851881
	29251522
	16645329
	

	Tocilizumab
	0.001834789
	Exist
	
	
	
	

	Verteporfin
	0.002195563
	None
	33655469
	
	
	

	Calcitriol
	0.003070803
	None
	35611989
	25712522
	
	33341312

	Melphalan
	0.005589402
	None
	19709125
	
	34716470
	

	Lamivudine
	0.006130723
	Exist
	
	
	
	

	Etonogestrel
	0.009841387
	None
	
	
	
	

	Latanoprost
	0.010654021
	None
	
	
	
	

	furosemide
	0.011741502
	None
	
	
	
	32833292

	Metoprolol
	0.011972513
	None
	30008820
	
	
	

	Thrombin
	0.013885928
	None
	20890897
	25138021
	
	

	Somatostatin
	0.01564666
	None
	19478472;19590186
	18173562;15949036
	21804474
	26129925;34873228

	Disulfiram
	0.020462921
	Exist
	
	
	
	

	Cyclosporine
	0.020905382
	Exist
	
	
	
	

	Thalidomide
	0.028646719
	None
	16313753
	
	22346253
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[bookmark: _Toc137328394] Fig. S1. Network construction and drug repositioning for NAFLD. 
(A) C8G regulatory networks constructed from the top 20 neighboring proteins obtained by the network extension method. (B) The top 20 enriched biological processes identified between the NAFLD-associated genes and proteins from the C8G interaction network. (C) Sankey diagram of drug repositioning for NAFLD.
Abbreviations：NAFLD, nonalcoholic fatty liver disease; C8G, C8 gamma chain.
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[bookmark: _Toc137328395]Fig. S2. Network construction and drug repositioning for AIH. 
(A) C1QC regulatory networks constructed from the top 20 neighboring proteins obtained by the network extension method. (B) The top 20 enriched biological processes identified between the NAFLD-associated genes and proteins from the C1QC interaction network. (C) Sankey diagram of drug repositioning for AIH.
Abbreviations：AIH, autoimmune hepatitis; C8G, complement C8 gamma chain
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[bookmark: _Toc137328396]Fig. S3. Network construction and drug repositioning for PSC. 
(A) C8G and CFHR5 regulatory networks constructed from the top 20 neighboring proteins obtained by the network extension method. (B) The top 20 enriched biological processes identified between the PSC-associated genes and proteins from the C8G-CFHR5 interaction network. (C) Sankey diagram of drug repositioning for PSC.
[bookmark: _Hlk135593502]Abbreviations：PSC primary sclerosing cholangitis; C8G, complement C8 gamma chain; CFHR5, complement factor H-related protein 5.
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