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INTRODUCTION 
 

Rheumatoid arthritis (RA) is a prevalent chronic 

inflammatory and autoimmune disease with global 

impact. It has been observed to affect the synovial 

membrane of joints, leading to irreversible cartilage 

degeneration, bone damage, and premature mortality  

[1, 2]. The onset and progression of RA are influenced 

by various pathophysiological factors including 

environmental and genetic triggers [3]. Recent studies 

have suggested that immunodeficiency is a characteristic 

feature of RA and plays a critical role in its early  

stages [4, 5]. In contrast to osteoarthritis, RA involves 

the infiltration of several immune cells, such as 
macrophages, T cells, neutrophils, and B lymphocytes, 

into the synovial membrane. This infiltration results  

in the over-proliferation of fibroblast-like synoviocytes 

and degradation of cartilage [6]. Despite significant 

advancements in our understanding of RA, there is  

still a scarcity of meaningful screening targets for its 

treatment. Therefore, there is an urgent need to elucidate 

more specific therapeutic targets for RA patients. 

 

Recently, immune cells in synovial membrane have 

been revealed to be critical in RA occurrence and 

development. Macrophage and monocyte are two RA 

severity-connected cells; they can secrete abundant 

degrading enzymes, chemokines, and cytokines to 

aggravate joint arthritis formation and bone destruction 

[7]. The role of T cells has also been abundantly 

explored in RA. As an anti-inflammation characteristic, 
CD8+ T cell can delay the progression of RA by 

reducing the autoimmune responses in rheumatoid 

joints [8, 9]. Th17 is another type of T cells which 
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ABSTRACT 
 

Rheumatoid arthritis (RA) is one of the most common autoimmune joint disorders that leads to cartilage 
degradation. However, its specific correlation with immune cells has not been thoroughly clarified. Based on 
the two-sample Mendelian randomization (MR) analysis, the association between RA and 731 immune 
phenotypes which include morphological parameters (MP), relative cell (RC), median fluorescence intensities 
(MFI), and absolute cells (AC) was comprehensively determined. After false discovery rate correction, RA and 
immunophenotypes were statistically associated with each other. It was observed that four immune 
phenotypes, including 1 MPs, 8 RCs, 15 MFIs, and 10 ACs were causally associated with the risk of RA. 
Meanwhile, several identified immune traits could serve as independent factors for RA and be robust against 
pleiotropy. While considering the role of RA in immune traits, the involvement of RA in multiple 
immunophenotypes including CD62L- myeloid DC AC, CD3 on secreting Treg, CD3 on activated and secreting 
Treg, and CD3 on CD4 Treg was revealed. This study is the first comprehensive evaluation of the interaction 
between immune response and RA risk, thus providing therapeutic strategies for RA from an immunological 
perspective. 
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contributes to the secretion of granulocyte macrophage 

colony-stimulating factor in innate lymphocytes and 

synovial stroma to promote autoimmune arthritis in RA 

[10]. Nevertheless, the molecular mechanism of these 

cells in RA have not been thoroughly investigated, and 

the modulation role of several other immune cells in RA 

progresses and occurrence still need to be clarified. 

 

In previous studies, CIBERSORT analysis is the most 

applied method for determining immune cell infiltration 

level in RA tissues [11, 12], whereas this method  

is casually influenced by confounding factors and 

reverse causation in observational studies. Mendelian 

randomization (MR) is an effective and powerful 

epidemiological etiology inference analytical method, 

which makes it possible to determine the correlation 

between immune trait and diseases more accurately [13, 

14]. Recently, MR method has been widely applied in 

RA pathological analysis, such as causality between 

RA, osteoporosis [15], cognitive impairment [16], and 

skin cancers [17], et al. Moreover, numerous studies 

have proved the validity of MR analysis in assessing the 

causal relationship of autoimmune diseases, including 

immune cells [18–20]. Thus, in this study, bi‑directional 

MR analysis was also employed to investigate the 

causal correlation between731 immune traits and RA, 

which can greatly improve the understanding of the 

relationship between two systems and pinpoint helpful 

insights for RA diagnosis and therapy. 

 

RESULTS 
 

Causal effect of immune traits on the risk of RA 
 

The design and flow chat of this study are outlined  

in Figure 1. Exclude immune traits with significant 

heterogeneity and pleiotropy, Supplementary Table 1 

displayed the IVW results of MR analysis in 34 pairs 

between immune traits and RA risk which reached  

a significance level (p < 0.05). Given to four 

classification phenotypes (including MP, RC, MFI, and 

AC) of immune traits, these RA risk associated immune 

cells are distributed in 1 MPs, 8 RCs, 15 MFIs, and 10 

ACs. Meanwhile, according to the panels of immune 

trait, 7 RA associated-immune cells are distributed in B 

cells, 7 belonged to cDC, 6 belonged to Maturation 

stages of T cell, 4 belonged to monocyte, 3 belonged to 

myeloid cell, 3 belonged to TBNK, 4 belonged to Treg. 

The B cell and cDC panel both had the largest number 

of significant correlation than other panels. Among 

them, 20 immune traits (including CD45RA on TD 

CD8br, CD11c+ CD62L- monocyte monocyte, HLA 

DR+ NK AC, CCR2 on monocyte, CD14- CD16+ 

monocyte monocyte, CD39 on CD39+ CD8br, CD14+ 

CD16+ monocyte monocyte, HVEM on EM CD4+, CD3 

on CD39+ activated Treg, CD4 on CM CD4+, CD4 on 

CD45RA+ CD4+, CD14- CD16+ monocyte AC, CD45 

on CD33dim HLA DR-, Activated and resting Treg 

CD4+, CD28- CD8dim T cell, CD19 on IgD+ CD38- 

naive, CD24 on memory B cell, FSC-A on HLA DR+ 

CD8br, CD19 on IgD+ CD24-, and CD19 on IgD+) were 

negatively correlated with the risk of RA; whereas the 

other 14 immune traits (including CD45 on CD8br, 

IgD+ CD24- AC, IgD+ CD38dim AC, CD33dim HLA 

DR+ CD11b- AC, CD14+ CD16- monocyte monocyte, 

CD80 on granulocyte, CCR7 on naive CD8br, CD62L- 

CD86+ myeloid DC AC, IgD- CD24- B cell, Myeloid 

DC AC, CD66b++ myeloid cell AC, TD CD8br T cell, 

DC AC, and CD62L- myeloid DC AC) were positively 

correlated with RA risk according to MR analysis and 

scatter plots (Figures 2, 3). In addition, CD45RA on TD 

CD8br trait was discovered as the most causal effect in 

 

 
 

Figure 1. Flowchart of the study. 
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RA with OR = 0.916, 95% CI = 0.872-0.963, p = 5.44 × 

10−4 (Supplementary Table 2) by IVW analysis; similar 

results were confirmed in weighted median (OR = 

0.927, 95% CI = 0.866-0.992, p = 0.029) analysis.  

The results of pleiotropy analysis indicated there was  

no significant cross-sectional pleiotropy bias for the 

effects of selected immune traits on RA (Supplementary 

Table 3). Moreover, there were also no significant 

heterogeneities for indicated immune traits effects on 

RA (Supplementary Table 3), which showed that our 

MR analysis results of immune traits on RA were quite 

stability and reliable. 

 

Causal effect of RA on immunophenotypes 

 

Reverse MR analysis was conducted to explore the 

causal effects of RA on immune traits. Exclude the 

result with significant heterogeneity and pleiotropy, 

RA could significantly influence the risk of 4 immune 

cells, including CD62L- myeloid DC AC, CD3 on 

secreting Treg, CD3 on activated and secreting Treg, 

and CD3 on CD4 Treg (Supplementary Table 4). RA 

onset could increase the level of CD62L- myeloid DC 

AC on cDC panel (OR = 1.070, 95% CI = 1.002-

1.143, p = 0.043); but reduce the level of CD3 on 

secreting Treg (OR = 0.925, 95% CI = 0.869-0.986,  

p = 0.016), CD3 on activated and secreting Treg  

(OR = 0.923, 95% CI = 0.866-0.983, p = 0.013), and 

CD3 on CD4 Treg (OR = 0.707, 95% CI = 0.540-

0.927, p = 0.012) which were all belonged to Treg 

panel. MR–Egger and Cochrane’s Q value analyses 

indicated there were no significant heterogeneity and 

horizontal pleiotropy of RA in indicated immune traits 

(Supplementary Table 5). 

 

 
 

Figure 2. Forest plots showed the causal associations between immune traits and RA. 
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Figure 3. Scatter plots showed the immune traits significantly correlated with RA risk. 
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DISCUSSION 
 

Although it has been widely accepted that the immune 

system plays a virtual role in RA, there is still a lack  

of large-scale individual exploration to systematically 

reveal the correlation between immune cells and  

the occurrence of RA. GWAS database provide a  

well opportunity to analysis this relationship from a 

genetic perspective. Currently, researchers are primarily 

focused on identifying biomarkers associated with RA. 

However, none of these biomarkers have been validated 

through MR analysis. This study is the first to explore 

the causal correlation between RA and immune traits, 

aiming to effectively reduce systematic biases (such  

as reverse causality and confounding factors) that  

can influence the results of traditional prospective 

randomized controlled trials. In this study, 34 immune 

traits in four types of immunophenotypes (1 in MP, 8 in 

RC, 15 in MFI, and 10 in AC) had significant causal 

role on RA, among them, RA was also found to act 

significant causal role on 4 immune traits. 

 

CD45RA on Terminally Differentiated CD8+ T cell was 

presented as the most significant immune trait on RA, 

and it was proven to be negatively correlated with the 

risk of RA. According to previous study, the expression 

of surface molecule CD45 is identified as hub marker  

of naive T cells differentiated into effector and memory 

T cells [21]. For example, Lanzavecchia and Sallusto 

proposed to classify CD4+ T cells into 3 subsets based 

on CD45RA and CCR7 [22]. In such model, the naive T 

cells are discovered with CD45RA+CCR7+. Upon 

antigen encounter, these naïve cells will differentiate 

into CD45RA-CCR7+ central memory T cells (TCM), 

and in further stimulation, these cells can also 

differentiate into CD45RA-CCR7- effector memory T 

cells (TEM). Compared with TEM is mostly migrated 

into inflamed samples, TCM subset is accompanied with 

a high capacity of cell proliferation and IL-2 production 

[22, 23]. Whereas in CD8+ T cells, in addition to having 

the same 3 subpopulations mentioned above, there are 

also additional CD45RA+CCR7- cell subset. According 

to previous studies, CD45RA+CCR7- CD8+ T cells have 

merely no proliferative capacity and highly sensitive  

to apoptosis, meanwhile, these cells can express high 

IFN- and perforin level, but nearly no IL-2 [24, 25]. 

Thus, CD45RA+CCR7- cell subset is presented as the 

terminally differentiated stage of memory CD8+ T cells 

and named as ultimately effector cells. Moreover, 

CD45RA+CCR7- cells have been regarded as the most 

effective CD8+ T cells for the destruction of cancer  

cells, and the quality of immune responses to cancers  

is also usually detected in the light of this cell subset 

[26]. While considering the role of CD8+ T cells in RA, 

it has been confirmed that CD8+ T cells play a virtual 

role in perpetuation of the inflammatory response and 

macrophage activation in RA synovial membrane by 

producing IFN-γ [27]. Meanwhile, it was also found that 

the peripheral blood from RA patients exhibited a 

significant increase in CD45RA–CD62L+ TCM and 

decrease in CD45RA+CD62L– terminally differentiated 

CD8+ T cells, which indicated that the non-antigen-

specific effect in RA could promote the differentiation  

of naïve T cells into central memory T cells; while  

the skewed phenotype of terminally differentiated  

CD8+ T cells in peripheral RA blood may be owing to 

the increased migration of these cells to inflammation  

sites [28, 29]. To explain this phenomenon, we also  

need to detect this skewed phenotype in RA synovial 

membrane and fluid. However, long-term follow-up  

or experimental analysis to determine the content of 

CD45RA+ terminally differentiated CD8+ T cells in RA 

synovial tissues is still extremely lacking. 

 
In addition, it was also noteworthy that the presence of 

RA was found to be correlated with increased risk of 

CD62L- myeloid DC AC, and decreased production of 

CD3 on secreting Treg, CD3 on activated and secreting 

Treg, and CD3 on CD4 Treg. Treg cells, also named 

regulatory T cells, are differentiated from the naive 

CD4+T cells. It has been proved that Treg cells play 

virtual role in immune system suppression by inhibiting 

the activity of several effector T cells, meanwhile, it  

can prevent the progression of autoimmune disease by 

secreting anti-inflammatory chemokines, like IL-10 and 

TGF-β [30, 31]. As the key immune cells of immune 

homeostasis, T cells suffer from premature aging in  

RA patients due to the thymic involution resulted 

homeostatic proliferation, enormous proliferative stress 

in antigenic exposure, and their long lifespan [32]. 

Moreover, the function of Treg cells is also impaired in 

RA tissues [33]. Repairment of Treg cells might provide 

effective approach for RA onset and course. 

 
Taken together, two-sample bidirectional MR analysis 

based on the results of GWAS cohorts was performed to 

demonstrate the potential correlation between immune 

traits and RA. Genetic IVs were applied to drive the 

conclusion of this study, and a variety of MR methods 

were conducted to analysis the causal inference. Thus, 

our results are definitely robust, and it provides an 

important direction for the clinical development of  

RA. However, there are still several limitations. First, 

the immune traits and RA datasets are collected at  

the summary-level, but there is a lack of individual 

information, so we are unable to conduct population 

stratification studies for RA patients. Second, the 

datasets of immune traits and RA come from different 

ethnic groups, although extensive sensitivity analyses 

have been performed in this study to reduce the 

influence of various confounding factors, there is still a 

certain racial heterogeneity in this MR analysis. Third, 
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in order to assess the correlation between immune traits 

and RA more comprehensively, a loose threshold SNP 

screening condition is performed, which may result an 

increasement of false positive. 

 

In conclusion, this study demonstrates the causal 

interaction patterns between several immune traits and 

RA through bidirectional MR analysis. Although its 

underlying mechanisms for the detected correlation 

need to be further elicited, the findings still provide 

novel insights to psychoimmunology of RA onset, and 

extend the intervention and prevention of RA. 

 

MATERIALS AND METHODS 
 

Genome-wide association study (GWAS) data sources 

 

Based on the summary data from GWAS database,  

two-sample MR analysis was used to evaluate the 

bidirectional causal correlation between 731 immune 

traits (including 7 immune panels) and RA. The  

GWAS data for 731 immune traits were acquired  

from the GWAS Catalog from GCST90001391 to 

GCST90002121 which include 32 morphological 

parameters (MP), 192 relative cell (RC) counts, 389 

median fluorescence intensities (MFI) reflecting surface 

antigen levels, and 118 absolute cells (AC) counts [13]. 

A total of 3,757 Sardinian normal cases were performed 

in this study. After adjusting for covariates age2, age, 

and sex, approximately 22 million single nucleotide 

polymorphisms (SNPs) genotyped with high-density 

arrays were conducted with Sardinian sequence-based 

reference panel [34]. The GWAS data for RA (Ncase = 

12,555, Ncontrol = 240,862) were publicly available  

from the FinnGen database which includes 500,000 

Finnish biobank individuals, and independent genomic 

loci were identified by comparing with healthy control. 

 

Instrumental variables (IVs) selection for MR 

analysis 

 

Filtering steps were performed for each immune trait 

and RA dataset to meet valid IVs according to previous 

research [13, 35]. For immune traits, the significance 

thresholds were set to 1 × 10−5, and then PLINK 

software was applied to extract the significant and 

independent SNPs with linkage disequilibrium r2 = 

0.001 within 10 Mb distance [19, 20, 36]. A total of  

7 to 1,786 independent immunophenotype IVs were 

selected for further analysis. For RA, the genome-wide 

significance thresholds were adjusted to 5 × 10−8, and 

the linkage disequilibrium was adjusted to r2 = 0.001 

within 10 Mb distance [37]. In addition, to avoid the 

weak instrumental bias of MR analysis, the proportion 

of phenotypic variation explained and F-statistic were 

also calculated to test the robustness of SNPs, and SNPs 

with F-statistics < 10 were removed from this study. 

Ultimately, 12 SNPs were screened out when using RA 

as exposure factors for further reverse direction MR 

analysis. 

 

Statistical analysis 

 

The “TwoSampleMR” R package was performed to 

estimate the correlation between immune traits and  

the risk of RA. Robust analytical methods, including 

weighted median, inverse variance weighting (IVW), 

mode-based methods, MR pleiotropy residual sum  

and outlier (MR-PRESSO), and MR Egger were  

mainly employed. Among them, the IVW analysis  

was used as the primary method in this study, and 

Cochran’s Q statistic test and funneled plot was  

utilized to examine the heterogeneity of SNPs. If there 

was possible heterogeneity within SNPs which was 

indicated by the rejected null hypothesis, the random-

effect IVW was applied instead of the fixed-effect  

IVW [38]. Pleiotropy is another outlier that could 

substantially affect the results of estimation. Thus, we 

also applied MR Egger and MR-PRESSO regression 

analyses to exclude possible bias resulted by horizontal 

pleiotropy [39, 40]. The main MR analysis methods 

were also repeated to examine the causal role of RA on 

immune traits. 

 

Availability of data and materials 

 

The datasets used and/or analyzed during the current 

study are available from the corresponding author on 

reasonable request. 
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RA: rheumatoid arthritis; MR: Mendelian randomization; 

TCM: central memory T cells; TEM: effector memory 

T cells; GWAS: genome-wide association study;  
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MFI: median fluorescence intensities; AC: absolute 

cells; SNPs: single nucleotide polymorphisms; IVs: 

Instrumental variables; IVW: inverse variance weighting. 
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SUPPLEMENTARY MATERIALS 

 

Supplementary Tables 

 

 

 

Please browse Full Text version to see the data of Supplementary Tables 1–5. 

 

Supplementary Table 1. MR results of all immune traits identified in MR analysis. 

Supplementary Table 2. Sensitive analysis for causal associations of identified immune traits on RA risk. 

Supplementary Table 3. Heterogeneity and pleiotropy analyses of identified immune traits on RA. 

Supplementary Table 4. Sensitive analysis for causal associations of RA on immune traits. 

Supplementary Table 5. Heterogeneity and pleiotropy analyses of RA on immune traits. 
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