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[Abstract] Objective To explore the potential causal relationship between immune cells, plasma
metabolites and benign prostatic hyperplasia (BPH) and the mediating role of plasma metabolism by using
the mediated Mendelian randomization (MR) method. Methods Two-sample bidirectional MR analysis was
used to predict the immune phenotype that may affect BPH, and immune cells that were adversely affected
by BPH were excluded. Secondly, one-way two-sample MR analysis was used to screen plasma metabolites
associated with BPH and whether they were affected by immune cells were explored. The causal relationship
between plasma metabolites and BPH was evaluated by the same method. Finally, the mediating effect of
plasma metabolites between immune cells and BPH was further estimated. Results Through bidirectional
MR analysis, the study identified significant associations between eight immune cell phenotypes and BPH.
IVW analysis revealed that five immune cell phenotypes were protective against BPH, while three phenotypes
were significantly associated with increased BPH risk. In the MR analysis of blood metabolites and BPH, IVW
results identified 17 blood metabolite markers with significant causal associations with BPH. Among these,
eight metabolites were significantly linked to an increased risk of BPH, while nine metabolites were associated
with a reduced risk. Mediation MR analysis identified two key causal pathways. The first pathway involves
DP[CD4(+)CD8(+)]AC influencing BPH through the 5-methylthioadenosine (MTA) phosphate ratio [mediation
proportion=-12.086%, 95%CI(-22.430%, -1.742%)]. The second pathway involves CD19 on IgD(-)CD24(-)
affecting BPH via deoxycholic acid glucuronide levels [mediation proportion=-11.230%, 95%CI(-21.873%,
-0.588%)]. Both metabolites showed mediation proportions exceeding 10%, suggesting a significant mediatory
role in the relationship between immune cells and BPH. Conclusion This study highlights two distinct immune
phenotypes associated with BPH, mediated by specific plasma metabolites through mediation MR analysis. These
findings offer novel insights into the pathophysiology of BPH and identify potential biomarkers and therapeutic
targets for its diagnosis and management.
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Figure 1. Overall workflow of the study
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Table 1. Mendelian randomization results between immune cell phenotype and BPH

n i ok - IE MRS JZ MR %
ORfH (95%CI) Pl OR{H (95%CI) P
DP[CD4(+)CD8(+)]AC BPH IVW 17 0.955 (0.923, 0.987) 0.007 1.047 (0.935, 1.174) 0.425
WM 0.950 (0.906, 0.996 ) 0.032 1.073 (0.715, 1.611) 0.735
MR-Egger 0.987 (0.928, 1.049) 0.677 1.053 (0.904, 1.225) 0.507
SM 0.943 (0.875, 1.016) 0.142 1.192 (0.882, 1.611) 0.261
WME 0.939 (0.873, 1.010) 0.112 1.137 (0.859, 1.504) 0.375
CD19 on IgD(-)CD24(-) BPH IVW 22 1.042 (1.010, 1.075) 0.009  0.939 (0.833, 1.058) 0.303
WM 1.034 (0.990, 1.080) 0.134 1.325 (0.874, 2.009) 0.194
MR-Egger 1.060 (1.002, 1.122) 0.058  0.955 (0.810, 1.125) 0.578
SM 1.021 (0.954, 1.094) 0.552  0.965 (0.686, 1.359) 0.841
WME 1.032 (0.971, 1.096) 0320  0.965 (0.725, 1.285) 0.810
(D24 on sw mem BPH IVW 30 1.024 (1.008, 1.040) 0.003 1.059 (0.941, 1.192) 0.341
WM 1.039 (1.014, 1.065) 0.002 1.232 (0.806, 1.885) 0.342
MR-Egger 1.019 (0.998, 1.041) 0.090 1.079 (0.919, 1.268) 0.352
SM 1.014 (0.969, 1.061) 0.559 1.108 (0.835, 1.469) 0.482
WME 1.029 (1.001, 1.057) 0.051 1.108 (0.871, 1.409) 0.410
HVEM on T cell BPH IVW 24 1.024 (1.006, 1.043) 0.008 1.050 (0.870, 1.267) 0.611
WM 1.011 (0.985, 1.038) 0.404 1.586 (0.809, 3.112) 0.188
MR-Egger 1.008 (0.976, 1.041) 0.628 1.059 (0.813, 1.379) 0.671
SM 1.035 (0.987, 1.086) 0.173 1.059 (0.631, 1.777) 0.829
WME 1.012 (0.985, 1.041) 0.400 1.186 (0.752, 1.873) 0.468
HLA DR on CD14(-) BPH IVW 13 0.960 (0.934, 0.988) 0.005  0.981 (0.840, 1.144) 0.803
CD16(+) monocyte WM 0.955 (0.916, 0.996 ) 0.030 1.107 (0.635, 1.933) 0.722
MR-Egger 0.946 (0.895, 1.000) 0.078  0.972 (0.824, 1.145) 0.731
SM 0.960 (0.902, 1.022) 0.228  0.748 (0.532, 1.054) 0.106
WME 0.958 (0.918, 1.000) 0.072 1.102 (0.810, 1.498) 0.540

yxxz.whuznhmedj.com



EZHH 2025 £ 1 A% 35 %% 1 B New Medicine, Jan. 2025, Vol.35, No.1 77
g1
o g ik NP 1E [ MR45 51 JZEIMRE,
OR{H (95%CI ) PfH OR{H (95%C1) PlH
HLA DR on CD33dim HLA  BPH vw 15 0.968 (0.945, 0.991) 0.006 1.102 (0.899, 1.351) 0.348
DR(+) CD11h(-) WM 0.984 (0.955, 1.013) 0.276 1.173 (0.561, 2.452) 0.674
MR-Egger 0.986 (0.939, 1.036) 0.592 1.116 (0.887, 1.405) 0.349
SM 0.984 (0.943, 1.027) 0.474 1.056 (0.688, 1.621) 0.803
WME 0.988 (0.950, 1.027) 0.545 1.096 (0.686, 1.751) 0.703
HLA DR on B cell BPH IVW 20 0.970 (0.951, 0.990) 0.004  0.952 (0.829, 1.094) 0.490
WM 0.957 (0.932, 0.983) 0.001 1.299 (0.797, 2.117) 0.301
MR-Egger 0.963 (0.930, 0.998) 0.055 0.997 (0.827, 1.201) 0.974
SM 0.984 (0.940, 1.030) 0.494  0.990 (0.696, 1.407) 0.954
WME 0.959 (0.931, 0.987) 0.010  0.930 (0.695, 1.245) 0.630
HLA DR on HLA DR(+) NK  BPH VW 22 0.947 (0.925, 0.969) <0.001 1.110 (0.944, 1.306) 0.208
WM 0.953 (0.924, 0.984) 0.003 1.385 (0.772, 2.482) 0.282
MR-Egger 0.958 (0.922, 0.994) 0.036 1.040 (0.869, 1.245) 0.668
SM 0.956 (0.913, 1.002) 0.075 0.822 (0.563, 1.200) 0316
WME 0.952 (0.919, 0.987) 0.015 1.047 (0.774, 1.416) 0.766

VE: IVW.i5 2 Ak (inverse—variance weighting ) ;3 WME. #rAX P44k ( weighted median estimator ) ; SM.f&j A& 4% (simple mode ) ;

WM e A H &k (weighted mode ) ; MR—Egger. MR —Egger ] )3 %

®2 REMMSBPHHRRMESHTER

Table 2. The results of heterogeneity analysis of immune cells and BPH

iR 4 )a WIRES Cochran's O4¢ 115t Q_df PlH
DP[CD4(+)CD8(+)]AC BPH MR-Egger 13.751 15 0.544
Ivw 15.317 16 0.502
CD19 on IgD(-)CD24(-) BPH MR-Egger 16.334 20 0.696
vw 16.822 21 0.722
CD24 on sw mem BPH MR-Egger 27.781 28 0.476
Ivw 28.252 29 0.504
HVEM on T cell BPH MR-Egger 16.896 22 0.769
Ivw 18.289 23 0.742
HLA DR on CD14(-)CD16(+)monocyte BPH MR-Egger 11.629 11 0.392
vw 12.027 12 0.443
HLA DR on CD33dim HLA DR(+)CD11b(-) BPH MR-Egger 16.808 13 0.208
Ivw 17.797 14 0.216
HLA DR on B cell BPH MR-Egger 23.200 18 0.183
Ivw 23.504 19 0.216
HLA DR on HLA DR(+) NK BPH MR-Egger 25.461 20 0.184
vw 26.140 21 0.201

E: IVW.i# 5 2 mA ik (inverse—variance weighting ) ; MR —Egger. MR —Eggere] )2 %

K3t BPHRY E R %M
L IVW i 38 HY 17 %k BPH A7 i 25 AR
KRB = (£ 3) o He, 8 Fhmik
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(1.044, 1.184) , P=0.001]15 N W #. H4b, 9
Fh AR~ 45 BPH ARG, Hrp A s EEH
B 7K S [OR=0.908, 95%CI (0.848, 0.972) , P=
0.006] Fi1 5'- IR ( 5'-methylthioadenosine
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Table 3. Results of Mendelian randomization of plasma metabolites and BPH

iR 2 Ik SNP OR{H (95%CI) PE

I B (C3) 7K BPH VW 22 1.074 (1.025, 1.125) 0.003
N-2. k22 58 K BPH VW 23 1.097 (1.034, 1.164) 0.002
So—HERE-3B,1 70— 5 AR ER KF BPH VW 21 1.079 (1.021, 1.140) 0.007
3 AU M e TR R 7K T BPH VW 18 0.933 (0.886, 0.983) 0.009
Al IR PR -3 - iR Eh /K 7 BPH VW 20 0.960 (0.931, 0.990) 0.010
1,2- I~ H BRI AR (18:2/18:2) K BPH VW 15 0.917 (0.867, 0.970) 0.003
TR P LA K BPH VW 14 0.908 (0.848, 0.972) 0.006
TR (d18:1/17:0, d17:1/18:0) 7K F- BPH VW 18 1.085 (1.036, 1.137) 0.001
F5HK R (C16:1-DC) /K- BPH VW 22 0.953 (0.920, 0.987) 0.006
4- 23 LZE R R IR ER KT BPH VW 21 1.091 (1.023, 1.163) 0.008
1A IBE—2— S e Bt — I I e LB (16:0/18:2) 7K BPH VW 20 0.936 (0.895, 0.979) 0.004
X-13695 /K- BPH VW 15 1.142 (1.067, 1.222) <0.001
X-17328 /K- BPH VW 18 1.080 (1.026, 1.137) 0.003
X-17653 K- BPH VW 18 0.931 (0.891, 0.974) 0.002
58 P A A A A TR 7K T BPH VW 23 0.929 (0.884, 0.976) 0.004
MTARBRRE: L3 BPH VW 22 0.914 (0.868, 0.962) 0.001
o8 R - 5 AR L R BPH VW 17 1.112 (1.044, 1.184) 0.001

VE: IVW.1% 75 Z Ak (inverse—variance weighting )

F4 RE—HPN—ERZEEBEE RN

Table 4. Potential causal effects between exposure, mediator, and outcome

B ZE)E SNP Ik OR{H (95%CI) Pl
DP[CD4(+)CD8(+)JAC ()  MTABfERE: L3 19 VW 0.940 (0.899, 0.982) 0.005
(i) MR-Egger 0.896 (0.830, 0.967) 0.012
WME 0.950 (0.886, 1.019) 0.150
SM 0.959 (0.848, 1.085) 0.519
WM 0.954 (0.862, 1.054) 0.366
MTABERRER LEE (hAy ) BPH (&) 22 vw 0.914 (0.868, 0.962) <0.001
MR-Egger 0.939 (0.835, 1.057) 0311
WME 0.896 (0.828, 0.968 ) 0.006
SM 0.870 (0.748, 1.012) 0.086
WME 0.873 (0.744, 1.025) 0.112
DP[CD4(+)CD8(+)]AC (##Z)  BPH (45)m) 17 VW 0.955 (0.923, 0.987) 0.007
MR-Egger 0.987 (0.928, 1.049) 0.677
WME 0.950 (0.904, 0.998) 0.040
SM 0.943 (0.879, 1.012) 0.121
WM 0.939 (0.870, 1.013) 0.124
CDI19 on IgD(-)CD24(-) (&%) MR A R /K 23 IVW 1.065 (1.018, 1.114) 0.006
F () MR-Egger 1.063 (0.981, 1.152) 0.148
WME 1.072 (1.006, 1.143) 0.031
SM 1.096 (0.981, 1.224) 0.118
WM 1.105 (0.995, 1.228) 0.077
ot 2R R A I 7K Y- BPH (45)) 23 VW 0.929 (0.884, 0.976) 0.004
() MR-Egger 0.910 (0.830, 0.997) 0.056
WME 0.894 (0.845, 0.946) <0.001
SM 0.917 (0.809, 1.039) 0.189
WM 0.901 (0.849, 0.957) 0.002
CD19 on IgD(-)CD24(-) (Z&#& ) BPH (£5)5) 22 vw 1.042 (1.010, 1.075) 0.009
MR-Egger 1.060 ( 1.002, 1.122) 0.058
WME 1.034 (0.989, 1.080) 0.137
SM 1.021 (0.953, 1.094) 0.555
WM 1.032 (0.969, 1.098) 0.336

JE: IVW.iE 75 £ mAE (inverse—variance weighting) ; WME. oA P42 40% ( weighted median estimator ) ; SM.f £ &4tk (simple mode ) ;
WM. Je B A& % (weighted mode ) ; MR—Egger. MR —Egger#] )3 %
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Figure 2. The results of mediating effect analysis of two exposure—mediation—outcome pathways
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