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Background The burden on social and economic development caused by cirrhosis, a common

terminal pathological process in most liver diseases, is substantial. The liver, being the outstanding
immune organ in the body, thus emphasizing the critical role of immune cells in the pathogenesis

and progression of cirrhosis.However, there is a paucity of studies investigating the correlation
between immunophenotype and cirrhosis. The Mendelian randomization(MR) study was employed to
explore relationships between these factors, aiming to provide new directions and insights for clinical
research. Methods The genetic data associated with cirrhosis from genome-wide association studies
(GWAS) were obtained from the FinnGen R10 database.Inverse variance weighting (IVW) completing
with MR-Egger, weighted mode, simple mode, and weighted median were adopted to enhance the
robustness of our analysis. Finally, the potential association between immunophenotypes and cirrhosis
was clarified. Results Fourteen immunophenotypes closely associated with cirrhosis were identified.
Specifically, there were four distinct types of B cells, seven distinct types of Myeloid cells, one classical
dendritic cell (cDC), CCR2 on CD62L + myeloid DC; one type of Treg cell, CD39 on CD39 +secreting

Treg; one type of TBNK cells, SSC-A on NK. The robustness of the MR Study was further confirmed
through comprehensive evaluations of pleiotropy and heterogeneity. Conclusion The MR study

is the pioneering effort to offer informative and comprehensive data supporting the association
between immunophenotypes and cirrhosis. These findings have significant implications for tailoring
individualized treatment strategies, optimizing cirrhosis management, and enhancing overall survival.
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Cirrhosis represents the final stage in the progression of chronicliver disease, characterized by diffuse liver fibrosis,
pseudolobular formation, regenerative nodules, and intrahepatic vessel proliferation resulting from chronic liver
inflammation'. The main clinical manifestations included compensatory symptoms such as abdominal pain,
anorexia, nausea and fatigue; as well as decompensated manifestations including hepatomegaly, splenomegaly,
jaundice, ascites, portal hypertension, spider nevus formation and palmar erythema®. The mortality rate of
cirrhosis is approximately 1 million per year, accounting for 2% of global deaths, exerting a significant impact
on patients’ daily lives and imposing a substantial burden on social and economic development®. Currently, the
primary approach to managing cirrhosis involves addressing underlying factors, safeguarding liver function,
and providing symptomatic and supportive care. Liver transplantation represents the most efficacious treatment
for this condition; however, its widespread adoption is hindered by objective factors such as donor scarcity, high
costs, and immune rejection®. Consequently, strategies targeting early screening and diagnosis of cirrhosis can
significantly alleviate symptoms, mitigate complications, and reduce mortality rates®.
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The liver is strategically positioned not only to receive the dual blood supply via both the portal vein and
hepatic artery, but also to facilitate bidirectional communication between the liver and gut through the bile duct,
as well as portal and systemic pathways®. The role of inflammation is pivotal in the progression of cirrhosis, with
immune cells releasing inflammatory cytokines that serve as crucial mediators in facilitating communication
between the liver and the immune system’. 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®. Interactions between the immune system and the liver can potentially impact liver
homeostasis and contribute to disease.The current body of evidence, however, heavily relies on observational
studies, which are prone to limitations in sample size, flawed study design, subjective inclination and confounding
factors®. As a result, obtaining an exact association between immune cells and cirrhosis remains challenging.

The use of genetic variants strongly associated with exposure factors as instrumental variables (IVs) in MR
study allows for inference of relationship between exposure factors and outcomes, resembling randomized
controlled study (RCT)!*!1. The challenges of expensive, time-consuming, unsatisfactory compliance, and
ethical limitations associated with RCTs can be effectively addressed through the utilization of MR techniques,
enabling the establishment of relationship between exposures and outcome from observational data'?'4. 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 phenotype!>~17. This design
effectively attenuates the influence of confounding variables on the analysis and eliminates concerns regarding
reverse causality. In this investigation, we aimed to investigate the relationship between immunophenotypes and
cirrhosis using a two-sample MR analysis.

Materials and methods

Study design

The relationship between 731 immunophenotypes in seven groups and cirrhosis was evaluated using two-sample
MR analysis in our study (Table S1). Quality control procedures was employed to select immunophenotypes-
related SNPs as appropriate instrumental variables (IVs), immunophenotypes poist as exposure, and cirrhosis
function as outcome!®1,

The MR study must satisfy three key assumptions for ensuring the reliability of results: (1) Strong association
between IVs and immunophenotypes; (2) The association between IVs and potential confounders was not
observed;and (3) IVs don'taffectcirrhosis viaalternative pathways other than exposure toimmunophenotypes!'>2°.
A comprehensive illustration of the relationship between immunophenotypes and cirrhosis in our MR study
(Fig. 1).

Data sources regarding exposure and outcome

We gathered GWAS summary statistics for SNP-related immunophenotypes from the GWAS Catalog (Accession
Number range from GCST0001391 to GCST0002121).A total of 731 immunophenotypes, encompassing
various cell categories such as B cells, CDCs, TBNK cells, myeloid cells, and Treg cells. These phenotypes were
distinguished based on relative count (RC), absolute count (AC), morphological parameters (MP), and median
fluorescence intensity (MFI) (Table S4)*'-23. The data regarding cirrhosis in the GWAS statistics was acquired
from the FinnGen R10 database (https://storage.googleapis.com/finngen-public-data-r10/summary_stats/finng
en_R10_CIRRHOSIS_BROAD.gz). This analysis emcompassed 412,181 individuals from 4,380 Cirrhosis cases
and 407,801 controls.

Selection of IVs

In accordance with recent research, we selected appropriate IVs, which exhibited a statistically significant
association associated with immunophenotypes via quality control procedure (p<1x107°)2!. The screening
criterion for P values was adjusted from P<5x 1078 days to P< 1 x 10~pure due to the limited number of SNPs
meeting the P< 5 x 1078 substitution criterion, which was insufficient to provide adequate support for subsequent
studies®®. The linkage Disequilibrium (LD), serving as a non-random association between alleles of different
loci, is evaluated via two parameters, r* and kb.The value of 12 spans a range from 0 to 1, and the smaller value of
1%, implying a higher degree of proximity to complete linkage equilibrium among SNPs, concomitant with a fully
random allocation!*. The SNPs were independently aggregated based on the European 1000 Genome reference
panel, with a condition of r?<0.001 and a clump distance > 10,000 kb.

Additionally, the F-statistics were calculated to ensure a robust association between the IVs and exposure
factors. Weak IVs(F<10) were excluded in order to mitigate potential bias?®. Then, PhenoScannerV2
database(http://www.phenoscanner.medschl.cam.ac.uk/) was utilized to exclude confounding determinants or
risks that may influence the outcomes or other liver disease.Ultimately, SNPs meeting the criteria for cirrhosis
were identified (Table S3).

MR statistical analysis and quality assessment

The objective of MR statistical analysis is to yield dependable results and investigate the relationship between
immunophenotypes and cirrhosis.We performed statistical analyses using R software (version 4.2.2) and further
refined the results with the TwosampleMR 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'®?3.
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 estimation and remains the determinant analytical technique for
MR investigation (P<0.05)*%. The findings are presented as odds ratios (ORs) with 95% confidence intervals
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Fig. 1. The MR designed in this study investigated the causal relationship between immunophenotypes and
cirrhosis.

(CIs) greater than 1 were indicating a positive association with an increased risk, while those less than 1 were
associated with a protective effect.

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 (Figs. 2 and 3). 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.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!? (Table S4). 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 (Fig. 2) further corroborate the
observed heterogeneity and robustness(Figure S1-S3 and S4-S13).

Liver fibrosis is a necessary stage of various chronic liver diseases?. Studies have shown that lactylation-
associated immune infiltration is inseparable in the progression of liver fibrosis to HCC?®. The stage of liver
fibrosis usually includes grade 0 to 4.F0, no fibrosis; F1, mild fibrosis distributed in the sinusoid or portal area;
F2, significant liver fibrosis with portal fibrosis and a small amount of bridging between portal areas or hepatic
veins; F3, severe bridging fibrosis with structural distortion; F4, showing cirrhosis with fibrosis of regenerating
nodules?’.
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Fig. 2. Immunophenotype and MR study of cirrhosis. “Leave-one-out’sensitivity analysis of the the risk
relationship between CD33br HLA DR+ CD14dim AC on Myeloid cell and cirrhosis,funnel plot, forest

plot,and scatter plot.

Approval of ethical

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!?.

Results

Selection of instrumental variables

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.
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Traits nSNPs Pyal OR (95%CD heterogeneity.P  Pleiotropy.P
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Weighted Median 0.025 o 1.08(1.01-1.16)
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CD33 on CD66b++ myeloid cell 18
MR-Egger 0.008 +e- 1.10(1.03-1.17)
Weighted Median 0.004 o4 1.06(1.02-1.11)
IVW 0.012 » 1.04(1.01-1.08) 0.38 0.06
Weighted mode 0.011 2 4] 1.07(1.02-1.12)
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CD33 on CD33dim HLA DR- 19
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Weighted mode 0.023 gl 1.05(1.01-1.10)
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CD33 on basophil 22
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Fig. 3. Forest plots revealed that 10 immunophenotypes were identified as having a causal relationship
with cirrhosis and confirmed as significant risk factors for cirrhosis. IVW: inverse variance weighting; CI:
confidence interval; OR: odds ratio.

Exploration of the relationship of immunophenotypes on cirrhosis

The IVW method was considered the predominant research instrument, consistent with the weighted median
estimates, MR-Egger, simple mode and weighted mode to investigate the effect of cirrhosis on immunophenotypes.
After adjusting for multiple tests, significant associations were observed between 14 immunophenotypes and
cirrhosis (Table S2). Then, the 14 immunophenotypes were divided into two groups according to the OR value
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Traits nSNPs _ Pval OR (95%CD Heterogeneity.P  Pleiotropy.P
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Fig. 4. Forest plots revealed that 4 immunophenotypes were identified as having a causal relationship
with cirrhosis and confirmed as significant protective factors for cirrhosis. IVW: inverse variance
weighting;CI:confidence interval;OR:o0dds ratio.

of IVW completing with MR-Egger, Weighted-mode, Weighted-Median, and Simple-mode. The OR value
exceeding 1 was considered a significant risk factor (Fig. 3), whereas it will be deemed as protective factors
(Fig. 4).

Specially speaking, the increased number of CD33br HLA DR+ CD14dim AC(OR,,=1.03, 95%Cl=1.00-
1.06, Py,,=0.040), CD33br HLA DR+CD14dim %CD33br HLA DR+(ORy,,,=1.05, 95% Cl=1.01-1.09,
PIVW=0.023), CD25 on IgD- CD38dim(ORIVW=1.O6, 95%Cl=1.00-1.13, PIVW=O.042), CD25 on memory B
cell (OR,y=1.05, 95% Cl=1.01-1.10,P,,,,,=0.017), CD38 on CD20-(OR y,,=1.09, 95%Cl=1.00-1.20, Py, =
0.049), BAFE-R on CD20-(OR ,,=1.07, 95% Cl=1.01-1.14, P, =0.032), CD33 on CD66b ++myeloid cell
(ORyy,,=1.04, 95% Cl=1.01-1.08,P,,,=0.012), CD33 on CD33dim HLA DR- (OR,,=1.05, 95% Cl=1.02-
1.09,P1,,=0.001), CD33 on basophil (ORy,,=1.03, 95% Cl=1.01-1.05, P,,,=0.011), CD33 on Im MDSC
(ORpy,=1.06, 95% Cl=1.02-1.09,P},;,=0.01) were correlated with an elevated level of risk (Fig. 3), while CCR2
on CD62L +myeloid DC(ORIVW=O.91, 95% Cl1=0.85-0.97, PIVW=O.006), CD39 on CD39 +secreting Treg
(ORyyy=0.97, 95% Cl=0.94-0.99, P, .=0.015), SSC-A on NK(OR,,,=0.93, 95%Cl=0.89-0.98, P, =0.010)
and HLA DR on CD33dim HLA DR+CD11b+ (ORIVW:O.%, 95%Cl=0.93-099, PIVW:O.OOS) manifested
protective effects across different subtypes (Fig. 4).

Due to the potential bias inherent in the IVW analysis, we further conduct investigations into heterogeneity
and pleiotropy.The Cochran Q test, MR-Egger intercept test and MR-PRESSO Global test yield P-vaules that
exceed the threshold of 0.05 (Fig. 2), indicating no evidence of heterogeneity and pleiotropy in the research
(Figs. 3 and 4).

Discussion

Cirrhosis is a chronic and progressive hepatic disorder characterized by hepatic dysfunction, portal hypertension,
and an array of complications in the advanced stages of the disease.The pathogenesis of cirrhosis is multifactorial
and complex.The liver is not only a central organ in the gut-liver axis but also a vital immune organ. Under
healthy physiological conditions, the intestinal epithelial and vascular barriers, gut microbiota, liver, and immune
system establish intricate interactions to maintain tolerance to harmless stimuli while coordinating systemic
immunity. However, in decompensated cirrhosis, this balance is disrupted, leading toCAID, characterized by
systemic inflammation and host immune deficiency?>?%. Studies indicated that the gut-liver axis plays a pivotal
role in the pathogenesis of CAID.

Compelling experimental and clinical data have irrefutably established that gut-liver-immune interactions
are mediated through pattern recognition receptors (e.g., TLR4), microbial metabolites, and hepatic stellate
cell activation, constituting a critical axis in hepatic pathophysiology**°. Intestinal barrier provides resistance
against inflammation and maintains gut immune homeostasis, intestinal epithelial cells and gut-associated
lymphoid tissues activate downstream signaling pathways—mediated by pattern recognition receptors and the
aryl hydrocarbon receptor —that enhance epithelial barrier function®. The gut microbiota and its metabolites,
such as short-chain fatty acids (SCFAs) and bile acids, can also enhance epithelial integrity and stimulate
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enterocyte proliferation through immune regulation, and reduce LPS translocation, thereby suppressesing
macrophage activation, proinflammatory cytokine production, and neutrophil infiltration, ultimately mitigating
liver injury in experimental rat models**2. However, uring the progression of cirrhosis, gut dysbiosis and
disruption of the gut-liver axis lead to CAID**%, so the gut-liver-immune axis may play a central role in the
pathogenesis of cirrhosis.

In our research, multiple immunophenotypes were found to be associated with the disease progression of
liver cirrhosis.The myeloid-derived suppressor cells (MDSCs) are characterized by their heterogeneity and
possesses potent immunosuppressive functions, encompassing distinct monocytic and granulocytic subtypes.
MDSCs typically express CD11b, CD33, and exhibit low levels of human leukocyte antigen DR in humans.
The immunohistochemical results indicated that a significant upregulation in CD33 expression among clinical
HCC patients and colon cancer patients with liver metastasis®®. Elevated levels of CD33 exhibit a positive
correlation with an unfavorable prognosis and shorter survival time in HCC patients.Furthermore, there is a
significantly higher enrichment of CD33 in fibrotic tissues compared to non-fibrotic tissues*>*. CAID can be
divided into mild systemic inflammation and severe systemic inflammation. The latter often leads to immune
paralysis and persistent impairment of the immune response to ongoing bacterial challenge. CD36+ CAFs
derived from HSCs enhance the immunosuppressive ability of CD33+MDSCs through lipid peroxidation/
p38/CEBPs axis, which mediates oxidized low-density lipoprotein uptake dependent expression of MIF, and
recruitment of CD33 + myeloid-derived suppressor cells in a MIF-and CD74-dependent manner. In contrast,
CD36 inhibitors can restore antitumor T cell responses in HCC, thereby synergistically enhancing the efficacy
of anti-programmed death-1 immunotherapy”’. In preclinical models of colorectal cancer, the anaerobic
Gram-negative bacterium Fusobacterium nucleatum has been shown to recruit MDSCs and tumor-associated
macrophages into the tumor microenvironment, thereby suppressing antitumor immune response®. Thus,
the critical role of CD33 in regulating gut-liver-immune homoeostatic interactions during the progression of
chronic liver disease is evident. Our MR analysis showed that CD33br HLA DR + CD14dim AC, CD33br HLA
DR +CD14-%CD33br HLA DR+, and the increased proportion of CD33 on CD66b ++ myeloid cells, CD33dim
HLA DR-, basophil and Im MDSC are associated with an heightened risk of cirrhosis.Therefore, strategies that
focus on inhibiting the activation of CD33 offer promising therapeutic approaches for cirrhosis management.

B cells have been proofed an integral component of the liver Immune microenvironment, encompassing
naive mature B cells, memory B cells, and plasma cells. Studies have revealed heightened expression of IgD by
naive mature B cells among patients afflicted with cirrhosis®®. CD38, which is secreted by plasma cells, becomes
activated in the context of inflammation and facilitates cellular migration to sites of inflammation®’. Furthermore,
the surface marker CD27+, indicative of memory B cells, exhibits a significant reduction in individuals with
decompensated cirrhosis and showed reduced responsiveness to TLR9 activation, thereby impairing antigen
presentation and ultimately leading to portal hypertension and hepatic dyssynthesis*!.

The primary biliary cholangitis (PBC) is an autoimmune disease affecting the intrahepatic bile ducts, and
it represents a significant etiology of cirrhosis. Rituximab, an immune agent, effectively eliminates B cells by
specifically binding to CD20 receptors on the surface of B cells and inhibiting the expansion of pdc-e2 reactive
CD8+T cells, providing an efficacious approach for treating early PBC*>%3. However, treatment with anti-CD20
alone resulted in the depletion of regulatory B cells (Breg), leading to a partial alleviation of liver inflammation
in PSC but exacerbation of colitis.The presence of serum B cell activating factor of the TNF-family (BAFF) is
responsible for this phenomenon, as it has been demonstrated to exhibit a positive correlation with the severity
of cirrhosis and facilitates B cell survival through BAFF receptors**. Similarly, compared to patients with simple
steatosis, those with NASH exhibit higher serum BAFF levels. In a methionine-choline-deficient (MCD) diet-
induced NASH mouse model, antibody-mediated BAFF neutralization alleviates hepatocyte injury and lobular
inflammation®. Additionally, it transmits costimulatory signals to T cells via the Th1/Th17 pathway in order
to promote an inflammatory response*®. Combination therapy with anti-CD20 and anti-BAFF can effectively
preserve the functionality of Breg cells, efficiently eradicate circulating and tissue B cells, and ameliorate hepatic
inflammation*”. In CCl4-induced liver fibrosis mice, B cells promote liver fibrosis. The induction of liver fibrosis
by CCl4 is significantly attenuated in B cell-deficient mice, with reduced collagen deposition, decreased immune
cell infiltration, and diminished HSCs activation, suggesting that B cells are essential in the development of liver
fibrosis*®. The aforementioned findings hightlight the pivotal role of B cells in the development and progression
of liver disease, aligning with our own investigaton. Specifically, we have observed that CD38 on CD20-B cells,
and BAFF-R on CD20-B cells are associated with an elevated risk of cirrhosis.The serologic marker alpha-
fetoprotein (AFP) is widely recognized for hepatocellular carcinoma (HCC) screening, and ongoing research
aims to identify alternative tests that can replace AFP*. Severity studies have confirmed that the severity of
HCC has been positively correlated with CD25 levels, suggesting its potential as an effective tool for early HCC
screening®. Our study also found that the increased number of CD25 on IgD-CD38-B cells and memory B cells
was correlated with an elevated risk of cirrhosis. These findings emphasize the detrimental involvement of B cells
(excluding CD27 + memory B cells) in the pathogenesis of cirrhosis.

NK cells serve a crucial role not only in the human tumor immune surveillance system but hold significant
potential for treating fibrotic diseases®!. In the context of liver fibrosis, NK cells exhibit potent anti-fibrosis effects
by directly eliminating hepatic stellate cells(HSCs) at various stage through cell-cell adhesion mechanisms. And
impaired NK cell activity has been found in both advanced liver fibrosis patients and mouse models®>>%. Tao
et al.>discovered that E-prostanoid 3 receptor (EP3) expression was significantlly down-regulated in NK cells
from mice and patients with cirrhosis. They also observed that the absence of EP3 resulted in decrease in the
cytotoxicity displayed by NK cells against activated HSCs. In conclusion, EP3 facilitates the translocation of Itga4
to the nucleus in NK cells through PKC-mediated Spic protein phosphorylation at T191, thereby upregulating
Itgad expression and promoting NK cell activation to protect LF mice®. The NKT cells, a subset of effector
lymphocytes, exhibit rapid cytokine upon activation, including interferon (IFN)-y and interleukin (IL)-4.This
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subsequently stimulates downstream NK cells. In an MR study investigating the correlation between side scatter
area (SSC-A) on NKT cells and 28-day mortality in patients with septic, it was demonstrated that NKT cells
exerted a protective effect against sepsis®. The role of chronic inflammation in fibrosis progression is significant,
and NK cells, as downstream counterparts of NKT cells, possess similar functional properties to NKT cells. Our
study further confirmed the protective effect of SSC-A on NK cell against cirrhosis, highlighting their potential
antifibrotic ability.

The population of Treg cells accounts for approximately 5-10% of the CD4+T lymphocytes and plays a
indispensable role in maintaining immune homeostasis in the intestines and regulating infections®*.Our study
also demonstrated that the increased number of CD39 on CD39 + secreting Treg cells appears to confer a protective
effect against cirrhosis.The gut-liver axis has displayed as a prominent research focus in recent years, offering a
viable approach for alleviating chronic liver disease through the administration of oral antibiotics, probiotics,
and biological agents.Bifidobacterium longum subspecies infantis 35,624 (B infantis) serves a remarkable role
in the management of intestinal inflammation in both humans and mice by activating DCs within the intestines
and inducing the expression of Treg cells in the mucosal lining”’. Additionally, it significantly inhibits the pro-
inflammatory NF-xb pathway induced by lipopolysaccharide(LPS), thereby improving immune homeostasis®.
Treatment with fluoroquinolone antibiotics leads to an elevation in the quantity of peripheral Treg cells, which
is facilitated by DCs and contributes to the mitigation of the proinflammatory environment associated with
cirrhosis®.

The cell surface receptor HLA-DR, which belongs to the MHC class II family, is expressed on various immune
cells and lymphoid tissues. The downregulation of HLA-DR, which are commonly observed among myeloid
cells including monocytes, dendritic cells, neutrophils, expression in monocytes is associated with an elevated
susceptibility to liver diseases, such as viral hepatitis, cirrhosis, and acute-on-chronic liver failure (ACLF)%°.
The expression of HLA-DR gradually diminishes as liver disease progresses, and is closely related with the
development of complications and unfavorable prognosis in chronic liver disease®!. Meanwhile, the expression of
CCR2 is observed on CD14"8"/CD16 classical monocytes, and its level in monocytes was significantly reduced
in individuals with HCV and NAFLD compared to healthy controls®!. These findings imply that HLA-DR and
CCR2 function as protective factors against inflammation and fibrosis.In our findings, the increased number of
CCR2 on CD62L + myeloid dendritic cells and HLA DR on CD33dim HLA DR + cells demonstrated a significant
correlation with a decreased risk of cirrhosis, which aligns with previous researchs.

In summary, our study has made significant strides in comprehending the relationship of immunophenotypes
on cirrhosis, primarily utilizing IVW combined with weighted median, weighted mode, MR-Egger, and simple
mode approaches to investigate relationship of 731 immunophenotypes on cirrhosis. Our findings were consistent
with horizontal pleiotropy, which effectively minimized confounding factors, and all F-statistics exceeded 10,
thereby ensuring the robust statistical power of the MR Study and mitigating instrument bias.However, 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<1x10-5), 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 relationship between immunophenotypes and cirrhosis was solely investigated, without delving
into their underlying mechanisms.

Conclusion

This study unveils the association between immunophenotypes and cirrhosis.Following this study,4
immunophenotypes suggest potential protective effects against cirrhosis, while 10 immunophenoytpes were
associated with an elevated risk.CD33 and B-cell-associated immunophenotypes are closely correlated with the
susceptibility to cirrhosis and warrant particular attention.

These findings shed light on the intricate interplay between immunophenotypes and cirrhosis, thereby
providing valuable references and recommendations for clinical practice. In the future, further academic
research is warranted to delve into the impact of immunophenotypes on the progression of cirrhosis, while
animal and molecular experiments are necessary to unveil underlying molecular mechanisms.

Data availability
The original contributions presented in the study are included in the article Supplementary Material.Further
inquiries can be directed to the corresponding authors.
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