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Abstract

Objective: This study aimed to investigate the causal association between various immune cell phe-
notypes and the risk of systemic lupus erythematosus (SLE) using a rigorous Mendelian randomi-
zation (MR) framework. Leveraging large-scale genome-wide association study (GWAS) summary
data, we identified 24 strong genetic instruments (SNPs; F-statistic = 19.54~3159.29). Causal infer-
ence was performed by integrating inverse-variance weighted (IVW), weighted median (WM), and
MR-Egger regression methods. Robustness was ensured through heterogeneity testing (Cochran’s
Q), horizontal pleiotropy assessment (MR-PRESSO/MR-Egger intercept), and leave-one-out sensi-
tivity analysis. The IVW method identified 24 immune phenotypes significantly associated with SLE
risk. Results: The analysis revealed that 18 immune phenotypes significantly decreased SLE risk
(OR < 1), with the proportion of CD3- lymphocytes exhibiting the strongest protective effect (34.7%
riskreduction; OR = 0.653). Conversely, 6 phenotypes increased risk (OR > 1), with CD45 expression
on CD4+ cells showing the greatest hazard (31.5% risk increase; OR = 1.315). Key findings included
the protective effects ofimmune regulatory phenotypes such as HLA DR+ T cells (OR = 0.859~0.908)
and activated CD25+ Tregs (OR = 0.923), alongside the risk effects of pro-inflammatory phenotypes
like BAFF-R+ memory B cells (OR = 1.089) and CD11b+ myeloid cells (OR = 1.136~1.148). Conclu-
sion: Specific immune cell phenotypes (e.g., Treg functional markers, HLA DR expression profiles,
and myeloid activation states) represent potential intervention targets for SLE. This study provides
causal evidence for elucidating underlying immune mechanisms and developing targeted therapeu-
tic strategies.
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Figure 1. Major overview of the study design and assumptions of the Mendelian randomisa-

tion design
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Figure 4. Funnel plot for Mendelian randomisation (MR) analysis of immune cell phenotypes and systemic lupus erythema-
tosus (SLE)
E 4. REMEREMASMHATIREZERBEH L (MR) 2 HYRHE

B DL IVW IETE N EE ML, KR T OR < 1 Y 18 Fh 42 & v] DARFR R G0 40 BEIRIE X
[, Zr%ls&: CD24 on transitional (OR = 0.852, 95% ClI: 0.728~0.997, P = 0.046). CD25 on CD45RA- CD4
not Treg (OR =0.897, 95% ClI: 0.824~0.977, P = 0.013). CD27 on T cell (OR = 0.904, 95% CI: 0.828~0.987, P
=0.025). CD28- CD8br %T cell (OR =0.817, 95% CI: 0.688~1.000, P = 0.050). CD28 on resting Treg (OR =
0.781, 95% CI: 0.632~0.965, P = 0.022). CD3- lymphocyte %lymphocyte (OR = 0.653, 95% CI: 0.469~0.980,
P = 0.040). CD4 on activated Treg (OR = 0.923, 95% CI: 0.831~1.000, P = 0.045). CM DN (CD4-CD8-) %T
cell (OR =0.893, 95% ClI: 0.816~0.977, P = 0.014). CX3CR1 on CD14+ CD16+ monocyte (OR = 0.927, 95%
Cl: 0.862~0.997, P = 0.040). HLA DR on CD14- CD16- (OR =0.915, 95% ClI: 0.843~0.985, P = 0.037). HLA
DR on DC (OR =0.890, 95% CI: 0.821~0.985, P = 0.005). HLA DR on plasmacytoid DC (OR = 0.912, 95% ClI:
0.849~0.979, P=0.011). HLA DR+ CD4+ %lymphocyte (OR =0.777, 95% CI: 0.657~0.919, P = 0.003). HLA
DR+ CD4+ %T cell (OR = 0.785, 95% CI: 0.673~0.917, P = 0.002). HLA DR+ CD8br %lymphocyte (OR =
0.863, 95% CI: 0.761~0.978, P = 0.021). HLA DR+ CD8br %T cell (OR = 0.908, 95% CI: 0.829~0.994, P =
0.037). HLA DR+ T cell %lymphocyte (OR = 0.880, 95% CI: 0.804~0.964, P = 0.006). HLA DR+ T cell %T
cell (OR =0.859, 95% CI: 0.700~0.934, P < 0.001). H: & KU 38 hin () 52 53 ) &« 14.8%. 10.3%. 9.6%-
18.3%. 21.9%. 34.7%. 7.7%- 10.7%. 7.3%. 8.5%. 11.0%. 8.8%. 22.3%. 21.5%. 13.7%. 9.2%. 12.0%.
14.1%.

OR > 1 [1] 6 Fl e R AU I RA ML TGRS, Z730l/2: BAFF-R on IgD+ CD38- unsw mem (OR
= 1.089, 95% CI: 1.004~1.182, P = 0.039). CD11b on CD33br HLA DR+ CD14dim (OR = 1.136, 95% CI:
1.018~1.289, P = 0.023). CD11b on CD66b++ myeloid cell (OR = 1.148, 95% CI: 1.018~1.295, P = 0.024).
CD25hi CD45RA- CD4 not Treg %T cell (OR =1.109, 95% ClI: 1.025~1.201, P = 0.010). CD45 on CD4+ (OR
=1.315,95% ClI: 1.023~1.691, P = 0.033). IgD+ CD24- %B cell (OR = 1.134,95% Cl: 1.009~1.274, P =0.035)
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exposure nsnp method pval OR(95% CI)
BAFF-R on IgD+ CD38- unsw mem 21 Weighted median 0.202 —— 1.068 (0.965 to 1.181)
21 Inverse variance weighted 0.039 n—o—« 1.089 (1.004 to 1.182)
CD11b on CD33br HLA DR+ CD14dim 20 Weighted median 0.019 Ha— 1.199 (1.030 to 1.395)
20 Inverse variance weighted 0.023 :r—0—> 1.136 (1.018 to 1.268)
CD11b on CD66b++ myeloid cell 18 Weighted median 0.010 L — 1.252 (1.056 to 1.486)
18 Inverse variance weighted 0.024 "—0—> 1.148 (1.018 to 1.295)
CD24 on transitional 20 Weighted median 0.235 <« —-—| 0.875 (0.703 to 1.091)
20 Inverse variance weighted 0.046 <—0—( 0.852 (0.728 to 0.997)
CD25 on CD45RA- CD4 not Treg 26 Weighted median 0.024 — —' 0.866 (0.764 to 0.981)
26 Inverse variance weighted 0.013 —e— ‘ 0.897 (0.824 to 0.977)
CD25hi CD45RA- CD4 not Treg %T cell 31 Weighted median 0.281 »—%—A—| 1.066 (0.949 to 1.198)
31 Inverse variance weighted 0.010 ‘ —e— 1.109 (1.025 to 1.201)
CD27 on T cell 21 Weighted median 0.230 —e—i 0.927 (0.820 to 1.049)
21 Inverse variance weighted 0.025 '—0—|‘ 0.904 (0.828 to 0.987)
CD28- CD8br %T cell 16 Weighted median 0.240 <——:—| 0.858 (0.664 to 1.108)
16 Inverse variance weighted 0.050 <—Q—1 0.817 (0.668 to 1.000)
CD28 on resting Treg 6 Weighted median 0.020 <«— ‘ 0.749 (0.588 to 0.955)
6 Inverse variance weighted 0.022 <«@— w 0.781 (0.632 to 0.965)
CD3- lymphocyte %lymphocyte 6 Weighted median 0.144 <—:| 0.689 (0.419 to 1.136)
6 Inverse variance weighted 0040 <«—— 0.633 (0.409 to 0.980)
CD4 on activated Treg 26 Weighted median 0.169 — —l—| 0.922 (0.821 to 1.035)
26 Inverse variance weighted 0.049 '—0—1 0.923 (0.851 to 1.000)
CD45 on CD4+ 13 Weighted median 0.605 —_—— 1.078 (0.811 to 1.433)
13 Inverse variance weighted 0.033 ‘ —_— 1.315 (1.023 to 1.691)

CM DN (CD4-CD8-) %T cell 16 Weighted median 0.033  +— —1 0.876 (0.775 to 0.990)
16 Inverse variance weighted 0.014 —e— ‘ 0.893 (0.816 to 0.977)

CX3CR1 on CD14+ CD16+ monocyte 34 Weighted median 0.068 '—’—;| 0.899 (0.802 to 1.008)
34 Inverse variance weighted 0.040 0—0—¢ 0.927 (0.862 to 0.997)

HLA DR on CD14- CD16- 27 Weighted median 0.438 '——v—' 0.952 (0.841 to 1.078)
27 Inverse variance weighted 0.037 !—0—1‘ 0.915 (0.843 to 0.995)

HLA DR on DC 21 Weighted median <0.001 +—o— 0.836 (0.752 to 0.929)

21 Inverse variance weighted 0.005 —e— ‘ 0.890 (0.821 to 0.965)

HLA DR on plasmacytoid DC 23 Weighted median <0.001 —e— w 0.857 (0.784 to 0.937)
23 Inverse variance weighted 0.011 —e—i 0.912 (0.849 to 0.979)

HLA DR+ CD4+ %lymphocyte 22 Weighted median 0.015 «— 0.747 (0.591 to 0.944)
22 Inverse variance weighted 0.003 @o—i ‘ 0.777 (0.657 to 0.919)

HLA DR+ CD4+ %T cell 2 Weighted median 0038 <«o—— 0.793 (0.637 to 0.988)

27 Inverse variance weighted 0.002 <«o— 0.785 (0.673 to 0.917)

HLA DR+ CD8br %lymphocyte 32 Weighted median 0.079 <__L. 0.854 (0.716 to 1.018)
32 Inverse variance weighted 0.021 D—.—h 0.863 (0.761 to 0.978)

HLA DR+ CD8br %T cell 33 Weighted median 0.027 r——1‘ 0.872 (0.772 to 0.985)

33 Inverse variance weighted 0.037 »—o—c 0.908 (0.829 to 0.994)

HLA DR+ T cell%lymphocyte 29 Weighted median 0.080 — —Li 0.883 (0.769 to 1.015)
29 Inverse variance weighted 0.006 —e—i w 0.880 (0.804 to 0.964)

HLA DR+ T cell%T cell 33 Weighted median 0.034 — —¢‘ 0.880 (0.781 to 0.990)

33 Inverse variance weighted <0.001 —e—i 0.859 (0.790 to 0.934)

IgD+ CD24- %B cell 20 Weighted median 0.114 l—%— —> 1.166 (0.964 to 1.411)

20 Inverse variance weighted 0.035 ——— 1.134 (1.009 to 1.274)

—_—1
1

Figure 5. Forest plot presenting results from the Mendelian randomisation (MR) analysis of immune cell phenotypes and
systemic lupus erythematosus (SLE)
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