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	Item No.
	Section
	Checklist item 
	Page No.
	Relevant text from manuscript

	1
	TITLE and ABSTRACT
	Indicate Mendelian randomization (MR) as the study’s design in the title and/or the abstract if that is a main purpose of the study
	1
	[bookmark: OLE_LINK89][bookmark: OLE_LINK87][bookmark: OLE_LINK1][bookmark: OLE_LINK85][bookmark: OLE_LINK10][bookmark: OLE_LINK3]Causal role of immune cells in cirrhosis：evidence from a two-sample Mendelian randomization study


	
	INTRODUCTION
	
	
	

	2
	Background
	Explain the scientific background and rationale for the reported study. What is the exposure? Is a potential causal relationship between exposure and outcome plausible? Justify why MR is a helpful method to address the study question
	3
	Liver is an important immune organ of the body.Cirrhosis is commonly associated with immune alterations, known as cirrhosis-related immune dysfunction (CAID), which include impaired neutrophil phagocytosis function, reduced natural killer cell activity,  expansion of TNF-producing monocytes, and elevated levels of circulating proinflammatory cytokines[8].The use of genetic variants strongly associated with exposure factors as instrumental variables(IVs) in MR study allows for  inference of causal effects between exposure factors and outcomes,resembling randomized controlled study (RCT). This design effectively attenuates the influence of confounding variables on the analysis and eliminates concerns regarding reverse causality[12].

	3
	Objectives
	State specific objectives clearly, including pre-specified causal hypotheses (if any). State that MR is a method that, under specific assumptions, intends to estimate causal effects
	3
	The MR study, in contrast to traditional observational studies, follows the principles of Mendel's second law by employing random assignment processes and prioritizing genetic mutations preceding disease phenotypes. This design effectively attenuates the influence of confounding variables on the analysis and eliminates concerns regarding reverse causality[12].
The objective of MR statistical analysis is to yield dependable results and investigate the causal relationship between immunophenotypes and cirrhosis

	
	METHODS
	
	
	

	4
	Study design and data sources
	Present key elements of the study design early in the article. Consider including a table listing sources of data for all phases of the study. For each data source contributing to the analysis, describe the following: 
	
	

	
	a)
	Setting: Describe the study design and the underlying population, if possible. Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data collection, when available.
	4
	[bookmark: OLE_LINK91][bookmark: OLE_LINK92]The data regarding cirrhosis in the Genome-wide association study(GWAS)statistics was acquired from the FinnGen R10 database.And we gathered GWAS summary statistics for SNP-related immunophenotypes  from the GWAS Catalog.These data included time of sample collection, study site, study subjects, etc.

	
	b)
	Participants: Give the eligibility criteria, and the sources and methods of selection of participants. Report the sample size, and whether any power or sample size calculations were carried out prior to the main analysis 
	4
	[bookmark: OLE_LINK2]The single-nucleotide polymorphisms (SNPs) associated with liver cirrhosis used in this study were obtained from the GWAS database. We conducted a systematic search from the GWAS catalogue database with the aim of comprehensively nerfing the relevant data and will eventually assemble a dataset of 731 immune features representing different subsets of human immune cells.
[bookmark: OLE_LINK19]This analysis emcompassed 412,181 individuals  from 4,380 Cirrhosis cases and 407,801 controls were obtained from the FinnGen database (https://finngen.gitbook.io/documentation/) .As this study was based on publicly available pooled data, no additional ethical approval or consent to participate was required.

	
	c)
	[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Describe measurement, quality control and selection of genetic variants
	4,5
	genetic variants in the article are from the GWAS Catalog and FinnGen R10 database, and we report the screening process and criteria for genetic variant instrumental variables in the article, with full details provided in Table 1 in the Supplementary file.

	
	d)
	For each exposure, outcome, and other relevant variables, describe methods of assessment and diagnostic criteria for diseases
	
	

	
	e)
	Provide details of ethics committee approval and participant informed consent, if relevant
	5,6
	[bookmark: OLE_LINK22]The study utilized publicly available data. Each GWAS study obtained approval from its respective ethics review board to ensure that informed consent had been acquired from participants, designated caregivers, or legal guardians[10].


	5
	Assumptions

	Explicitly state the three core IV assumptions for the main analysis (relevance, independence and exclusion restriction) as well assumptions for any additional or sensitivity analysis
	4
	In the current MR study, genetic variation was used as an instrumental variable (IV) to assess the causal relationship between immune cells and cirrhosis, and three key assumptions had to be adhered to in order to make valid causal inferences: (1)Strong association between IVs and immunophenotypes;(2)The association between IVs and potential confounders was not observed;and (3) IVs  don’t affect cirrhosis via alternative pathways  other than exposure to immunophenotypes[13, 14].A comprehensive illustration of  the relationship between immunophenotypes and cirrhosis in our MR study(see Figure 1 online).


	6
	Statistical methods: main analysis
	Describe statistical methods and statistics used
	4,5
	

	[bookmark: OLE_LINK6]
	a)
	Describe how quantitative variables were handled in the analyses (i.e., scale, units, model)
	4,5
	In order to ensure the integrity and accuracy of the causal relationship between immune cells and liver cirrhosis, and to make the data more reliable and credible, we will select the appropriate instrument variables through the following steps :(1) Select SNPS with statistically significant associations with immunophenotypes by association analysis, often using p<1×10^-5 as the genome-wide significance threshold; Statistical power was maintained while including relevant genetic variants. Although 5×10^-8 could be used as a more stringent criterion to ensure genome-wide significance, this criterion could be moderately relaxed in related MR Studies, and p<1×10^-5 could allow the identification of SNPS moderately associated with the complex trait under study. Is a nonrandom association between different loci, assessed by two parameters r2 and kb. The value of r2 ranges from 0 to 1, and a smaller r2 means that SNPS are closer to complete linkage equilibrium, accompanied by complete random assignment, which does not meet the randomization principle of Mendelian randomization studies. The screening criteria were R^2< 0.001 and clustering distance >10000 kb. (3) To avoid bias caused by weak instrumental variables, we used F-statistics to evaluate the strength between instrumental variables and exposure factors. The screening criterion was F > 10, which met the criteria indicating a strong correlation between instrumental variables and exposure factors. Nonconformity, indicating limited strength of instrumental variables and exposure factors, was subsequently excluded.

	
	b)
	Describe how genetic variants were handled in the analyses and, if applicable, how their weights were selected
	4,5
	In order to ensure the integrity and accuracy of the causal relationship between immune cells and liver cirrhosis, and to make the data more reliable and credible, we will select the appropriate instrument variables through the following steps :(1) Select SNPS with statistically significant associations with immunophenotypes by association analysis, often using p<1×10^-5 as the genome-wide significance threshold; Statistical power was maintained while including relevant genetic variants. Although 5×10^-8 could be used as a more stringent criterion to ensure genome-wide significance, this criterion could be moderately relaxed in related MR Studies, and p<1×10^-5 could allow the identification of SNPS moderately associated with the complex trait under study. Is a nonrandom association between different loci, assessed by two parameters r2 and kb. The value of r2 ranges from 0 to 1, and a smaller r2 means that SNPS are closer to complete linkage equilibrium, accompanied by complete random assignment, which does not meet the randomization principle of Mendelian randomization studies. The screening criteria were R^2< 0.001 and clustering distance >10000 kb. (3) To avoid bias caused by weak instrumental variables, we used F-statistics to evaluate the strength between instrumental variables and exposure factors. The screening criterion was F > 10, which met the criteria indicating a strong correlation between instrumental variables and exposure factors. Nonconformity, indicating limited strength of instrumental variables and exposure factors, was subsequently excluded.

	
	c)
	Describe the MR estimator (e.g. two-stage least squares, Wald ratio) and related statistics. Detail the included covariates and, in case of two-sample MR, whether the same covariate set was used for adjustment in the two samples
	5
	[bookmark: OLE_LINK20]We performed statistical analyses using R software (version 4.2.2) and further refined the results with the Two sample MR software package (version 0.56). IVW completing with simple mode,MR-Egger,weighted mode, and weighted median were adopted to enhance the robustness of our analysis[13].The IVW method employs the Wald ratio approach to initially establish a correlation between individual SNPs.It then selects either the fixed effect model or the random effect model to analyze the impact on multiple sites, ensuring the provision of compelling causal estimation and remains the determinant analytical technique for MR investigation(P<0.05).
[bookmark: OLE_LINK17][bookmark: OLE_LINK60][bookmark: OLE_LINK13][bookmark: OLE_LINK43][bookmark: OLE_LINK68] We conducted a comprehensive analysis of heterogeneity using Cochran's Q test to evaluate the presence of heterogeneity, and employed forest plots to visually represent the effect size of each SNP.In order to detect potential horizontal pleiotropy among these SNPs, both the MR-Egger intercept and the MR-PRESSO Global test were employed to verify sensitivity analyses for MR studies [19].Among them, MR-Egger intercept recognizes horizontal pleiotropy via evaluating the intercept term into the regression analysis.The MR-PRESSO global test is designed to address horizontal pleiotropy by reassessing causality through the identification and exclusion of outliers and biases[20].The process of SNPs detection employed a systematic “Leave-one-out”procedure to guarantee the reliability of the study by emliminating SNPs with potential heterogeneity. “Leave-one-out”sensitivity analysis, funnel plots, scatter plots, and forest plots further corroborate the observed heterogeneity and robustness.


	
	d)
	Explain how missing data were addressed
	
	

	
	e)
	If applicable, indicate how multiple testing was addressed
	
	

	7
	Assessment of assumptions
	Describe any methods or prior knowledge used to assess the assumptions or justify their validity	
	
	

	8
	Sensitivity analyses and additional analyses
	Describe any sensitivity analyses or additional analyses performed (e.g. comparison of effect estimates from different approaches, independent replication, bias analytic techniques, validation of instruments, simulations)
	5
	We conducted a comprehensive analysis of heterogeneity using Cochran's Q test to evaluate the presence of heterogeneity, and employed forest plots to visually represent the effect size of each SNP.In order to detect potential horizontal pleiotropy among these SNPs, both the MR-Egger intercept and the MR-PRESSO Global test were employed to verify sensitivity analyses for MR studies [19].Among them, MR-Egger intercept recognizes horizontal pleiotropy via evaluating the intercept term into the regression analysis.The MR-PRESSO global test is designed to address horizontal pleiotropy by reassessing causality through the identification and exclusion of outliers and biases[20].The process of SNPs detection employed a systematic “Leave-one-out”procedure to guarantee the reliability of the study by emliminating SNPs with potential heterogeneity. “Leave-one-out”sensitivity analysis, funnel plots, scatter plots, and forest plots further corroborate the observed heterogeneity and robustness.

	9
	Software and pre-registration
	
	
	

	
	a)
	Name statistical software and package(s), including version and settings used 
	5
	We performed statistical analyses using R software (version 4.2.2) and further refined the results with the Two sample MR software package (version 0.56).

	
	b)
	State whether the study protocol and details were pre-registered (as well as when and where)
	
	

	
	RESULTS
	
	
	

	10
	Descriptive data
	
	6.7
	Immune Cells’ Data Sources
The single-nucleotide polymorphisms (SNPs) associated with cirrhosis used in this study were obtained from the Genome-wide association study(GWAS) dataset. We conducted a systematic search from the GWAS catalogue database with the aim of comprehensively nerfing the relevant data and will eventually assemble a dataset of 731 immune features representing different subsets of human immune cells.
Data Sources for Outcome Data
[bookmark: OLE_LINK11]The overall cirrhosis(emcompassed 412,181 individuals  from 4,380 Cirrhosis cases and 407,801 controls.)used in this study were obtained from the FinnGen database (the FinnGen R10 database (https://storage.googleapis.com/finngen-public-data-r10/summary_stats/finngen_R10_CIRRHOSIS_BROAD.gz).As this study was based on publicly available pooled data, no additional ethical approval or consent to participate was required.

	
	a)
	Report the numbers of individuals at each stage of included studies and reasons for exclusion. Consider use of a flow diagram
	
	

	
	b)
	Report summary statistics for phenotypic exposure(s), outcome(s), and other relevant variables (e.g. means, SDs, proportions)
	
	

	
	c)
	If the data sources include meta-analyses of previous studies, provide the assessments of heterogeneity across these studies
	
	

	
	d)
	For two-sample MR:
[bookmark: OLE_LINK7]   i.  Provide justification of the similarity of the genetic variant-exposure associations between the exposure and outcome samples
   ii.  Provide information on the number of individuals who overlap between the exposure and outcome studies
	
	

	11
	Main results
	
	
	

	
	a)
	Report the associations between genetic variant and exposure, and between genetic variant and outcome, preferably on an interpretable scale
	6,7
	Genetic Instruments for Immune Cells
To explore high-quality IVs,our study indentified 14 immunophenotypes with IVs ranging from 14 to 28 SNPs through stringent measures.The correlation P values of the IVW method were all below 0.05,confirming the reliability of our study.Each retained SNP exhibited an F-statistic exceeding the threshold of 10,indicating a minimal likelihood of weak IVs.Comprehensive sensitivity analysis was conducted on all MR results, including assessment of heterogeneity using Cochran's Q test and investigation potential pleiotropy via MR-Egger intercept and MR-Presso Global test, with P-values exceeding 0.05.
Causal Effect of Immune Cells on CRC
To explore high-quality IVs,our study indentified 14 immunophenotypes significant associations with cirrhosis.

	
	b)
	Report MR estimates of the relationship between exposure and outcome, and the measures of uncertainty from the MR analysis, on an interpretable scale, such as odds ratio or relative risk per SD difference
	
	

	
	c)
	If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period
	
	

	[bookmark: OLE_LINK8]
	d)
	Consider plots to visualize results (e.g. forest plot, scatterplot of associations between genetic variants and outcome versus between genetic variants and exposure)
	
	See Figure 2,3,4  and Supplementary Figure S1-13 online.

	12
	Assessment of assumptions
	
	
	

	
	a)
	Report the assessment of the validity of the assumptions
	
	

	
	b)
	Report any additional statistics (e.g., assessments of heterogeneity across genetic variants, such as I2, Q statistic or E-value)
	
	

	13
	Sensitivity analyses and additional analyses
	
	
	

	
	a)
	Report any sensitivity analyses to assess the robustness of the main results to violations of the assumptions
	
	

	[bookmark: OLE_LINK9]
	b)
	Report results from other sensitivity analyses or additional analyses
	
	See  Supplementary Figure S1-13 online.

	
	c)
	Report any assessment of direction of causal relationship (e.g., bidirectional MR)
	
	

	
	d)
	When relevant, report and compare with estimates from non-MR analyses
	
	

	
	e)
	Consider additional plots to visualize results (e.g., leave-one-out analyses)
	
	See  Figure 2 and Supplementary Figure S1-13 online.

	
	DISCUSSION
	
	
	

	14
	Key results 
	Summarize key results with reference to study objectives
	11
	(1)The role of immune cells in liver cirrhosis has been highlighted by MR study.
(2)The immune-cell marker CD33, along with B cells, is correlated with an elevated susceptibility to liver cirrhosis.
(3)Immunophenotypes has the potential to emerge as a novel target for the diagnosis and treatment of liver cirrhosis.


	15
	Limitations
	Discuss limitations of the study, taking into account the validity of the IV assumptions, other sources of potential bias, and imprecision. Discuss both direction and magnitude of any potential bias and any efforts to address them 
	10
	our study also has certain limitations. Firstly, our data source primarily consisted of adults with European ancestry, which may compromise the generalizability and accuracy of the researchs. Therefore, it is necessary to validate these results in larger and more ethnically diverse patient cohorts in the future. Secondly, although we rigorously screened 731 immunophenotypes using robust methods, certain phenotypes were unable to be analyzed due to the limitations in the available data. Moreover, the selection criteria for IVs in our study were relatively permissive (p<1×10-5), potentially resulting in an elevated risk of false positives. However, it is worth noting that all IVs exhibited a robust F-statistic >10, thereby mitigating potential biases arising from weak instrument bias.Finally,the causal relationship between immunophenotypes and cirrhosis was solely investigated, without delving into their underlying mechanisms.

	16
	Interpretation
	
	
	

	
	a)
	Meaning: Give a cautious overall interpretation of results in the context of their limitations and in comparison with other studies
	
	

	
	b)
	Mechanism: Discuss underlying biological mechanisms that could drive a potential causal relationship between the investigated exposure and the outcome, and whether the gene-environment equivalence assumption is reasonable. Use causal language carefully, clarifying that IV estimates may provide causal effects only under certain assumptions 
	
	

	
	c)
	Clinical relevance: Discuss whether the results have clinical or public policy relevance, and to what extent they inform effect sizes of possible interventions
	
	

	17
	Generalizability   
	Discuss the generalizability of the study results (a) to other populations, (b) across other exposure periods/timings, and (c) across other levels of exposure
	
	

	
	OTHER INFORMATION
	
	
	

	18
	Funding
	Describe sources of funding and the role of funders in the present study and, if applicable, sources of funding for the databases and original study or studies on which the present study is based
	
	

	19
	Data and data sharing 
	Provide the data used to perform all analyses or report where and how the data can be accessed, and reference these sources in the article. Provide the statistical code needed to reproduce the results in the article, or report whether the code is publicly accessible and if so, where
	
	

	20
	Conflicts of Interest  
	All authors should declare all potential conflicts of interest
	
	The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
[bookmark: _GoBack]
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