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Figure S1 Scatter plots for the causal association between immune cell traits and lung 

adenocarcinoma. Scatter plots of  T cell %leukocyte (A), Granulocyte %leukocyte (B), 

CD28+ CD45RA+ CD8dim %T cell (C), CD28+ CD45RA+ CD8dim AC (D), CD28- 

CD127- CD25++ CD8br %T cell (E), CD19 on IgD+ CD38br (F), CD19 on IgD- 

CD27- (G), CD25 on CD45RA+ CD4 not Treg (H), CD25 on resting Treg (I), CD25 

on CD4+ (J), CCR2 on granulocyte (K), Plasmacytoid DC %DC (L), CD39+ secreting 

Treg %secreting Treg (M) and Naive CD8br %CD8br (N). 

 



Figure S2 Leave-one-out plots for the causal association between immune cell traits 

and lung adenocarcinoma. Leave-one-out plots of Plasmacytoid DC %DC (A), CD39+ 

secreting Treg %secreting Treg (B), Naive CD8br %CD8br (C), T cell %leukocyte (D), 

Granulocyte %leukocyte (E), CD28+ CD45RA+ CD8dim %T cell (F), CD28+ 

CD45RA+ CD8dim AC (G), CD28- CD127- CD25++ CD8br %T cell (H), CD19 on 

IgD+ CD38br (I), CD19 on IgD- CD27- (J), CD25 on CD45RA+ CD4 not Treg (K), 

CD25 on resting Treg (L), CD25 on CD4+ (M) and CCR2 on granulocyte (N). 

 



Figure S3 Dynamic circular heatmap of plasma metabolites. 

 



Figure S4 Scatter plots for the causal association between plasma metabolites and 

lung adenocarcinoma. Scatter plots of 4-methyl-2-oxopentanoate levels (A), Retinol 

(Vitamin A) to linoleoyl-arachidonoyl-glycerol (18:2 to 20:4) [1] ratio (B), Retinol 

(Vitamin A) to linoleoyl-arachidonoyl-glycerol (18:2 to 20:4) [2] ratio (C), Gamma-

glutamylmethionine levels (D), 1-arachidonylglycerol (20:4) levels (E), 

Malonylcarnitine levels (F), 1-arachidonoyl-gpc (20:4n6) levels (G), 1-arachidonoyl-

GPE (20:4n6) levels (H), Cholesterol to linoleoyl-arachidonoyl-glycerol (18:2 to 20:4) 

ratio (I), 5alpha-androstan-3beta,17alpha-diol disulfate levels (J), Indole-3-carboxylate 

levels (K), 2-aminophenol sulfate levels (L), 1H-indole-7-acetic acid levels (M), 3-

hydroxyhexanoate levels (N), Linoleoyl ethanolamide levels (O), 1-stearoyl-2-

linoleoyl-gpc (18:0/18:2) levels (P), Dibutyl sulfosuccinate levels (Q), 1-palmitoyl-2-

linoleoyl-gpc (16:0/18:2) levels(R), 1-palmitoyl-2-linoleoyl-GPI (16:0/18:2) levels (S), 

Eicosapentaenoate (EPA; 20:5n3) levels (T) and Methionine levels (U). 



 

 



Figure S5 Leave-one-out plots for the causal association between plasma metabolites 

and lung adenocarcinoma. Leave-one-out plots of 4-methyl-2-oxopentanoate levels 

(A), Retinol (Vitamin A) to linoleoyl-arachidonoyl-glycerol (18:2 to 20:4) [1] ratio (B), 

Retinol (Vitamin A) to linoleoyl-arachidonoyl-glycerol (18:2 to 20:4) [2] ratio (C), 

Gamma-glutamylmethionine levels (D), 1-arachidonylglycerol (20:4) levels (E), 

Malonylcarnitine levels (F), 1-arachidonoyl-gpc (20:4n6) levels (G), 1-arachidonoyl-

GPE (20:4n6) levels (H), Cholesterol to linoleoyl-arachidonoyl-glycerol (18:2 to 20:4) 

ratio (I), 5alpha-androstan-3beta,17alpha-diol disulfate levels (J), Indole-3-carboxylate 

levels (K), 2-aminophenol sulfate levels (L), 1H-indole-7-acetic acid levels (M), 3-

hydroxyhexanoate levels (N), Linoleoyl ethanolamide levels (O), 1-stearoyl-2-

linoleoyl-gpc (18:0/18:2) levels (P), Dibutyl sulfosuccinate levels (Q), 1-palmitoyl-2-

linoleoyl-gpc (16:0/18:2) levels(R), 1-palmitoyl-2-linoleoyl-GPI (16:0/18:2) levels (S), 

Eicosapentaenoate (EPA; 20:5n3) levels (T) and Methionine levels (U). 



 



Figure S6 Enrichment analysis results of the causal plasma metabolites of lung 

adenocarcinoma based on the Small Molecule Pathway Database. Bar chart (A), Dot 

Plot (B). 

 



Figure S7 Forest plots of 9 mediation pathways. Forest plots of CD28- CD127- 

CD25++ CD8br %T cell via Methionine levels (A), CD28- CD127- CD25++ 

CD8br %T cell via 3-hydroxyhexanoate levels (B), T cell %leukocyte via Linoleoyl 

ethanolamide levels (C),  CD25 on CD4+ via Methionine levels (D), CCR2 on 

granulocyte on LUAD via 5alpha-androstan-3beta, 17alpha-diol disulfate levels (E), 

CD28+ CD45RA+ CD8dim %T cell via Indole-3-carboxylate levels (F), CD28+ 

CD45RA+ CD8dim AC via Indole-3-carboxylate levels (G), CD39+ secreting 

Treg %secreting Treg via 1-arachidonylglycerol (20:4) levels (H) and CD39+ 

secreting Treg %secreting Treg via 1-stearoyl-2-linoleoyl-GPC (18:0/18:2) levels (I). 



 



Table S1 The heterogeneity analysis of causality between immune cells and lung 

adenocarcinoma based on IVW and MR Egger methods.  

Exposure Method Q Q_df Q_pval 

Plasmacytoid DC %DC MR Egger 22.59  19.00  0.26  
Plasmacytoid DC %DC Inverse variance weighted 22.69  20.00  0.30  
CD39+ secreting Treg %secreting Treg MR Egger 16.58  18.00  0.55  
CD39+ secreting Treg %secreting Treg Inverse variance weighted 18.44  19.00  0.49  
Naive CD8br %CD8br MR Egger 30.38  22.00  0.11  
Naive CD8br %CD8br Inverse variance weighted 30.83  23.00  0.13  
T cell %leukocyte MR Egger 16.60  13.00  0.22  
T cell %leukocyte Inverse variance weighted 17.03  14.00  0.25  
Granulocyte %leukocyte MR Egger 26.76  19.00  0.11  
Granulocyte %leukocyte Inverse variance weighted 27.37  20.00  0.13  
CD28+ CD45RA+ CD8dim %T cell MR Egger 42.83  31.00  0.08  
CD28+ CD45RA+ CD8dim %T cell Inverse variance weighted 43.92  32.00  0.08  
CD28+ CD45RA+ CD8dim AC MR Egger 56.99  33.00  5.88E-03 
CD28+ CD45RA+ CD8dim AC Inverse variance weighted 57.05  34.00  7.93E-03 
CD28- CD127- CD25++ CD8br %T cell MR Egger 7.74  12.00  0.80  
CD28- CD127- CD25++ CD8br %T cell Inverse variance weighted 11.87  13.00  0.54  
CD19 on IgD+ CD38br MR Egger 17.50  11.00  0.09  
CD19 on IgD+ CD38br Inverse variance weighted 19.43  12.00  0.08  
CD19 on IgD- CD27- MR Egger 18.41  20.00  0.56  
CD19 on IgD- CD27- Inverse variance weighted 20.31  21.00  0.50  
CD25 on CD45RA+ CD4 not Treg  MR Egger 16.71  18.00  0.54  
CD25 on CD45RA+ CD4 not Treg  Inverse variance weighted 16.71  19.00  0.61  
CD25 on resting Treg  MR Egger 8.19  12.00  0.77  
CD25 on resting Treg  Inverse variance weighted 9.26  13.00  0.75  
CD25 on CD4+ MR Egger 6.76  10.00  0.75  
CD25 on CD4+ Inverse variance weighted 8.87  11.00  0.63  
CCR2 on granulocyte MR Egger 19.61  14.00  0.14  
CCR2 on granulocyte Inverse variance weighted 24.68  15.00  0.05  

Abbreviations: IVW: Inverse-variance weighted; LUAD: Lung adenocarcinoma; MR: Mendelian 
randomization. 



Table S2 The pleiotropy analysis of causality between immune cells and lung 

adenocarcinoma based on MR results.  

Abbreviations: LUAD: Lung adenocarcinoma; MR: Mendelian randomization; Se: Standard error. 

Exposure Egger intercept Se P-value 

CD86+ plasmacytoid DC %DC 0.01  0.02  0.80  
CD39+ secreting Treg %secreting Treg 0.02  0.01  0.19  
Naive CD8br %CD8br -0.01  0.01  0.58  
T cell %leukocyte -0.01  0.01  0.57  
Granulocyte %leukocyte 0.01  0.02  0.52  
CD28+ CD45RA+ CD8dim %T cell -0.01  0.01  0.38  
CD28+ CD45RA+ CD8dim AC 0.00  0.01  0.85  
CD28- CD127- CD25++ CD8br %T cell 0.05  0.02  0.07  
CD19 on IgD+ CD38br 0.02  0.02  0.29  
CD19 on IgD- CD27- 0.02  0.02  0.18  
CD25 on CD45RA+ CD4 not Treg  0.00  0.01  0.93  
CD25 on resting Treg  -0.01  0.01  0.32  
CD25 on CD4+ 0.04  0.02  0.18  
CCR2 on granulocyte -0.03  0.02  0.08  



Table S3 Reverse Mendelian randomization analysis of lung adenocarcinoma on 

immune cells.  

Exposure Method Nsnp B Se OR Rev P-value 

Plasmacytoid DC %DC IVW 21 0.10 0.03 1.10 0.73 
CD39+ secreting Treg %secreting Treg IVW 20 -0.07 0.03 0.93 0.61 
Naive CD8br %CD8br IVW 24 -0.09 0.03 0.91 0.65 
T cell %leukocyte IVW 15 -0.10 0.03 0.91 0.56 
Granulocyte %leukocyte IVW 21 0.13 0.05 1.14 0.39 
CD28+ CD45RA+ CD8dim %T cell IVW 33 -0.04 0.01 0.96 0.81 
CD28+ CD45RA+ CD8dim AC IVW 35 -0.03 0.01 0.97 0.59 
CD28- CD127- CD25++ CD8br %T cell IVW 14 -0.17 0.06 0.84 0.20 
CD19 on IgD+ CD38br IVW 13 -0.18 0.05 0.83 0.42 
CD19 on IgD- CD27- IVW 22 -0.16 0.04 0.85 0.76 
CD25 on CD45RA+ CD4 not Treg IVW 20 0.12 0.04 1.12 0.86 
CD25 on resting Treg IVW 14 -0.12 0.04 0.89 0.83 
CD25 on CD4+ IVW 12 -0.13 0.04 0.88 0.58 
CCR2 on granulocyte IVW 16 0.15 0.04 1.16 0.48 

Abbreviations: B: Beta-value; IVW: Inverse-variance weighted; LUAD: Lung adenocarcinoma; 
Nsnp: Number of SNPs; OR: Odds ratio; Snp: Single nucleotide polymorphism; Se: Standard error. 



Table S4 The heterogeneity analysis of causality between plasma metabolites and lung 

adenocarcinoma based on IVW and MR Egger methods.  

Exposure Method Q Q_df Q_pval 

1-arachidonoyl-gpc (20:4n6) levels Inverse variance weighted 23.09  22.00  0.40  
1-arachidonoyl-gpc (20:4n6) levels MR Egger 21.75  21.00  0.41  
1-arachidonoyl-GPE (20:4n6) levels Inverse variance weighted 25.85  28.00  0.58  
1-arachidonoyl-GPE (20:4n6) levels MR Egger 22.22  27.00  0.73  
1-arachidonylglycerol (20:4) levels Inverse variance weighted 13.25  16.00  0.65  
1-arachidonylglycerol (20:4) levels MR Egger 12.43  15.00  0.65  
1H-indole-7-acetic acid levels Inverse variance weighted 19.81  23.00  0.65  
1H-indole-7-acetic acid levels MR Egger 19.61  22.00  0.61  
1-palmitoyl-2-linoleoyl-gpc (16:0/18:2) levels Inverse variance weighted 24.69  26.00  0.54  
1-palmitoyl-2-linoleoyl-gpc (16:0/18:2) levels MR Egger 24.01  25.00  0.52  
1-palmitoyl-2-linoleoyl-GPI (16:0/18:2) levels Inverse variance weighted 24.00  19.00  0.20  
1-palmitoyl-2-linoleoyl-GPI (16:0/18:2) levels MR Egger 24.00  18.00  0.16  
1-stearoyl-2-linoleoyl-gpc (18:0/18:2) levels Inverse variance weighted 29.51  17.00  0.03  
1-stearoyl-2-linoleoyl-gpc (18:0/18:2) levels MR Egger 23.61  16.00  0.10  
2-aminophenol sulfate levels Inverse variance weighted 18.62  24.00  0.77  
2-aminophenol sulfate levels MR Egger 18.48  23.00  0.73  
3-hydroxyhexanoate levels Inverse variance weighted 7.54  11.00  0.75  
3-hydroxyhexanoate levels MR Egger 7.54  10.00  0.67  
4-methyl-2-oxopentanoate levels Inverse variance weighted 8.69  11.00  0.65  
4-methyl-2-oxopentanoate levels MR Egger 6.11  10.00  0.81  
5alpha-androstan-3beta,17alpha-diol disulfate levels Inverse variance weighted 30.38  22.00  0.11  
5alpha-androstan-3beta,17alpha-diol disulfate levels MR Egger 29.14  21.00  0.11  
Cholesterol to linoleoyl-arachidonoyl-glycerol (18:2 to 
20:4) [1] ratio Inverse variance weighted 19.23  15.00  0.20  
Cholesterol to linoleoyl-arachidonoyl-glycerol (18:2 to 
20:4) [1] ratio MR Egger 14.71  14.00  0.40  

Dibutyl sulfosuccinate levels Inverse variance weighted 63.29  27.00  9.61E-05 
Dibutyl sulfosuccinate levels MR Egger 59.07  26.00  2.23E-04 
Eicosapentaenoate (EPA; 20:5n3) levels Inverse variance weighted 25.32  21.00  0.23  
Eicosapentaenoate (EPA; 20:5n3) levels MR Egger 24.69  20.00  0.21  
Gamma-glutamylmethionine levels Inverse variance weighted 21.40  23.00  0.56  
Gamma-glutamylmethionine levels MR Egger 21.36  22.00  0.50  
Indole-3-carboxylate levels Inverse variance weighted 9.41  13.00  0.74  
Indole-3-carboxylate levels MR Egger 9.20  12.00  0.69  
Linoleoyl ethanolamide levels Inverse variance weighted 24.36  19.00  0.18  
Linoleoyl ethanolamide levels MR Egger 23.87  18.00  0.16  



Malonylcarnitine levels Inverse variance weighted 24.44  18.00  0.14  
Malonylcarnitine levels MR Egger 23.02  17.00  0.15  
Methionine levels Inverse variance weighted 6.75  16.00  0.98  
Methionine levels MR Egger 6.62  15.00  0.97  
Retinol (Vitamin A) to linoleoyl-arachidonoyl-glycerol 
(18:2 to 20:4) [1] ratio Inverse variance weighted 15.40  8.00  0.05  
Retinol (Vitamin A) to linoleoyl-arachidonoyl-glycerol 
(18:2 to 20:4) [1] ratio MR Egger 10.54  7.00  0.16  
Retinol (Vitamin A) to linoleoyl-arachidonoyl-glycerol 
(18:2 to 20:4) [2] ratio Inverse variance weighted 12.52  11.00  0.33  
Retinol (Vitamin A) to linoleoyl-arachidonoyl-glycerol 
(18:2 to 20:4) [2] ratio MR Egger 10.44  10.00  0.40  

Abbreviations: IVW: inverse-variance weighted; MR: Mendelian randomization; LUAD: Lung 
adenocarcinoma. 
Note: [1] The data comes from the GCST90200907 dataset;  
[2] The data comes from the GCST90200908 dataset. 



Table S5 The pleiotropy analysis of causality between plasma metabolites and 

lung adenocarcinoma based on MR results.  

Exposure Egger intercept Se P-value 
4-methyl-2-oxopentanoate levels -0.06  0.04  0.14  
Gamma-glutamylmethionine levels -4.43E-03 0.02  0.83  
1-arachidonylglycerol (20:4) levels -0.02  0.02  0.38  
Malonylcarnitine levels -0.03  0.03  0.32  
1-arachidonoyl-gpc (20:4n6) levels -0.01  0.01  0.27  
1-arachidonoyl-GPE (20:4n6) levels -0.02  0.01  0.07  
5alpha-androstan-3beta,17alpha-diol disulfate levels -0.02  0.02  0.36  
Indole-3-carboxylate levels -0.01  0.03  0.66  
2-aminophenol sulfate levels -7.44E-03 0.02  0.72  
1H-indole-7-acetic acid levels -8.86E-03 0.02  0.66  
3-hydroxyhexanoate levels -5.78E-05 0.03  1.00  
Linoleoyl ethanolamide levels 0.01  0.02  0.55  
1-stearoyl-2-linoleoyl-gpc (18:0/18:2) levels 0.05  0.02  0.06  
Dibutyl sulfosuccinate levels 0.03  0.03  0.18  
1-palmitoyl-2-linoleoyl-gpc (16:0/18:2) levels 0.01  0.02  0.42  
1-palmitoyl-2-linoleoyl-GPI (16:0/18:2) levels -1.10E-03 0.02  0.96  
Eicosapentaenoate (EPA; 20:5n3) levels 0.01  0.02  0.48  
Methionine levels -0.01  0.03  0.73  
Retinol (Vitamin A) to linoleoyl-arachidonoyl-glycerol 
(18:2 to 20:4) [1] ratio 0.07  0.04  0.12  
Retinol (Vitamin A) to linoleoyl-arachidonoyl-glycerol 
(18:2 to 20:4) [2] ratio 0.03  0.02  0.19  
Cholesterol to linoleoyl-arachidonoyl-glycerol (18:2 to 
20:4) [1] ratio 0.04  0.02  0.06  

Abbreviations: LUAD: Lung adenocarcinoma; MR: Mendelian randomization; Se: Standard 
error. 
Note: [1] The data comes from the GCST90200907 dataset;  
[2] The data comes from the GCST90200908 dataset. 


