Table 1 MR association between drug target gene expression in blood and overall risk of breast cancer
	Gene
	ProbeChr
	Probe_bp
	topSNP
	topSNP_chr
	topSNP_bp
	Effect_allele
	Other_allele
	Freq_Effect_allele
	eQTL association
	BC association
	MR association
	
	HEIDI Test

	
	
	
	
	
	
	
	
	
	beta
	se
	p
	beta
	se
	p
	beta
	se
	p
	multi-p
	p
	nsnp

	SLC12A2
	5
	127472419
	rs17764730
	5
	127357526
	T
	C
	0.21
	-0.186
	0.009
	3.2E-86
	0.028
	0.007
	7.57E-05
	-0.150
	0.039
	1.05E-04
	2.58E-02
	1.56E-01
	20

	P4HA1
	10
	74811853
	rs6480668
	10
	74849326
	G
	A
	0.24
	0.183
	0.016
	3.35E-32
	-0.032
	0.012
	7.83E-03
	-0.176
	0.068
	9.47E-03
	1.30E-03
	4.98E-01
	8

	CA12
	15
	63643968
	rs12909041
	15
	63743677
	A
	C
	0.36
	0.039
	0.010
	1.14E-04
	-0.026
	0.008
	6.88E-04
	-0.670
	0.263
	1.08E-02
	7.12E-01
	5.35E-01
	5

	PDE1B
	12
	54958078
	rs10747699
	12
	54955324
	T
	C
	0.39
	0.406
	0.009
	0.00E+00
	0.017
	0.007
	1.31E-02
	0.041
	0.017
	1.32E-02
	2.02E-03
	3.63E-01
	3

	KCNJ11
	11
	17409142
	rs2074310
	11
	17421886
	T
	C
	0.26
	0.157
	0.012
	4.37E-38
	-0.015
	0.006
	1.99E-02
	-0.092
	0.040
	2.20E-02
	4.89E-01
	8.06E-02
	20

	NR3C1
	5
	142736286
	rs4912908
	5
	142791133
	G
	A
	0.17
	0.073
	0.010
	1.07E-13
	0.016
	0.008
	4.67E-02
	0.221
	0.115
	5.47E-02
	3.22E-03
	2.81E-02
	15

	ATP1A1
	1
	116934086
	rs6704439
	1
	116867616
	A
	C
	0.30
	0.041
	0.009
	4.39E-06
	0.015
	0.008
	5.47E-02
	0.363
	0.205
	7.64E-02
	1.74E-01
	8.28E-01
	20

	KCNJ2
	17
	68170501
	rs9890133
	17
	68169005
	G
	A
	0.15
	-0.256
	0.012
	8.02E-94
	-0.015
	0.010
	1.12E-01
	0.060
	0.038
	1.13E-01
	7.26E-01
	9.60E-01
	20

	SLC12A1
	15
	48540068
	rs964611
	15
	48597514
	A
	C
	0.15
	1.664
	0.009
	0.00E+00
	-0.012
	0.009
	1.78E-01
	-0.007
	0.005
	1.78E-01
	1.21E-01
	9.86E-01
	20

	CACNA2D2
	3
	50470954
	rs62260815
	3
	50474624
	A
	G
	0.05
	-0.142
	0.013
	8.98E-29
	-0.013
	0.010
	2.03E-01
	0.089
	0.070
	2.06E-01
	1.36E-03
	3.88E-01
	20

	AHR
	7
	17362011
	rs17643734
	7
	17162882
	G
	A
	0.03
	0.478
	0.016
	3.7E-184
	0.015
	0.013
	2.70E-01
	0.030
	0.028
	2.71E-01
	1.18E-02
	9.83E-01
	20

	ACE
	17
	61576813
	rs4277405
	17
	61548918
	C
	T
	0.35
	0.075
	0.009
	1.59E-17
	0.006
	0.006
	3.18E-01
	0.083
	0.084
	3.21E-01
	9.76E-01
	9.97E-01
	20

	AQP1
	7
	30929070
	rs2075574
	7
	30950744
	T
	C
	0.37
	0.113
	0.013
	3.77E-19
	-0.008
	0.009
	3.50E-01
	-0.073
	0.078
	3.53E-01
	9.92E-01
	7.67E-01
	5

	SLC9A1
	1
	27459389
	rs6683016
	1
	27493194
	T
	C
	0.28
	-0.096
	0.008
	9E-31
	-0.004
	0.006
	5.37E-01
	0.041
	0.066
	5.38E-01
	4.95E-02
	7.61E-02
	20

	AOC1
	7
	150540153
	rs7806458
	7
	150476888
	G
	A
	0.28
	0.669
	0.008
	0.00E+00
	-0.003
	0.006
	6.20E-01
	-0.005
	0.009
	6.20E-01
	4.21E-02
	7.63E-01
	20

	CACNA1H
	16
	1237506
	rs117177120
	16
	1238875
	G
	T
	0.02
	0.372
	0.024
	4.41E-54
	0.004
	0.016
	7.82E-01
	0.012
	0.042
	7.82E-01
	9.90E-01
	4.21E-01
	20

	SLC16A1
	1
	113477052
	rs1049434
	1
	113456546
	A
	T
	0.32
	0.125
	0.008
	9.29E-54
	0.002
	0.006
	8.02E-01
	0.013
	0.050
	8.02E-01
	7.22E-01
	4.06E-01
	20

	GPR35
	2
	241557762
	rs2975788
	2
	241571858
	G
	A
	0.43
	0.293
	0.009
	6.2E-259
	0.002
	0.007
	8.10E-01
	0.005
	0.022
	8.10E-01
	8.83E-01
	5.79E-01
	20

	CACNA1D
	3
	53687586
	rs9830632
	3
	53735766
	G
	A
	0.29
	-0.085
	0.009
	2E-22
	-0.001
	0.007
	9.19E-01
	0.008
	0.080
	9.19E-01
	9.83E-02
	3.50E-01
	20

	ADRB2
	5
	148207176
	rs2082395
	5
	148200600
	A
	G
	0.35
	0.126
	0.008
	6.31E-56
	-0.001
	0.006
	9.37E-01
	-0.004
	0.050
	9.37E-01
	1.02E-01
	7.18E-01
	4

	CA4
	17
	58237778
	rs34820870
	17
	58244021
	G
	T
	0.16
	-0.462
	0.021
	6.1E-110
	0.001
	0.016
	9.50E-01
	-0.002
	0.036
	9.50E-01
	4.38E-02
	9.89E-01
	20

	JUN
	1
	59248125
	rs2716140
	1
	59472397
	C
	A
	0.39
	-0.228
	0.008
	3.5E-177
	0.000
	0.007
	9.57E-01
	0.002
	0.030
	9.57E-01
	3.69E-01
	9.06E-01
	20

	SCNN1D
	1
	1221612
	rs6662635
	1
	1220425
	G
	A
	0.08
	-0.475
	0.044
	4.76E-27
	-0.001
	0.031
	9.80E-01
	0.002
	0.064
	9.80E-01
	7.26E-01
	9.46E-01
	20


Beta of the eQTL association is the standard deviation change in gene expression per coded allele.  Beta of the BC association is the log odds per coded allele. Beta of MR association represents the log odds per one standard deviation increase in gene expression. A significant HEIDI p-value (<0.01) indicates that any association between gene expression and outcome may be due to linkage where there are two distinct causal variants in linkage disequilibrium.
MR, Mendelian randomization, SNP, single nuclear polymorphism, eQTL, expression quantitative trait loci, se, standard error, BC, breast cancer, multi-p, p-value for SMR estimated based on multiple SNPs, HEIDI, heterogeneity in dependent instruments, nsnp, number of SNPs for HEIDI test.


















Table 2 MR association between drug target gene expression in blood and risk of breast cancer subtype according to ER status and molecular characteristics
	BC type
	Gene
	ProbeChr
	Probe_bp
	topSNP
	topSNP_chr
	topSNP_bp
	Effect_allele
	Other_allele
	Freq_Effect_allele
	eQTL association
	BC association
	MR association
	
	HEIDI Test

	
	
	
	
	
	
	
	
	
	
	beta
	se
	p
	beta
	se
	p
	beta
	se
	p
	multi-p
	p
	nsnp

	Estrogen receptor status
	Positive
	P4HA1
	10
	74811853
	rs6480668
	10
	74849326
	G
	A
	0.24
	0.183
	0.016
	3.35E-32
	-0.045
	0.015
	2.49E-03
	-0.247
	0.084
	3.30E-03
	2.02E-04
	3.72E-01
	8

	
	
	SLC12A2
	5
	127472419
	rs17764730
	5
	127357526
	T
	C
	0.21
	-0.186
	0.009
	3.20E-86
	0.029
	0.009
	6.96E-04
	-0.158
	0.048
	8.67E-04
	8.87E-02
	1.23E-01
	20

	
	
	KCNJ11
	11
	17409142
	rs2074310
	11
	17421886
	T
	C
	0.26
	0.157
	0.012
	4.37E-38
	-0.016
	0.008
	4.20E-02
	-0.099
	0.050
	4.53E-02
	5.34E-01
	4.33E-01
	20

	
	
	PDE1B
	12
	54958078
	rs1874308
	12
	54954356
	A
	T
	0.39
	0.429
	0.009
	0.00E+00
	0.030
	0.008
	3.38E-04
	0.070
	0.019
	3.28E-04
	1.55E-02
	2.37E-01
	14

	
	Negative
	SLC12A2
	5
	127472419
	rs17764730
	5
	127357526
	T
	C
	0.21
	-0.186
	0.009
	3.20E-86
	0.037
	0.013
	5.13E-03
	-0.200
	0.072
	5.75E-03
	2.21E-01
	7.17E-01
	20

	molecular characteristics
	Luminal A-like
	P4HA1
	10
	74811853
	rs6480668
	10
	74849326
	G
	A
	0.24
	0.183
	0.016
	3.35E-32
	-0.044
	0.016
	6.35E-03
	-0.238
	0.090
	7.84E-03
	8.79E-04
	9.37E-01
	8

	
	
	PDE1B
	12
	54958078
	rs1874308
	12
	54954356
	A
	T
	0.39
	0.429
	0.009
	0.00E+00
	0.023
	0.009
	9.75E-03
	0.053
	0.020
	9.86E-03
	1.66E-02
	5.67E-01
	14

	
	
	CA12
	15
	63643968
	rs12909041
	15
	63743677
	A
	C
	0.36
	0.039
	0.010
	1.14E-04
	-0.024
	0.010
	1.51E-02
	-0.632
	0.307
	3.97E-02
	5.73E-01
	5.06E-01
	6

	
	
	SLC12A2
	5
	127472419
	rs17764730
	5
	127357526
	T
	C
	0.21
	-0.186
	0.009
	3.20E-86
	0.019
	0.009
	4.35E-02
	-0.101
	0.050
	4.46E-02
	8.34E-01
	9.57E-01
	20

	
	Luminal B-like
	P4HA1
	10
	74811853
	rs6480668
	10
	74849326
	G
	A
	0.24
	0.183
	0.016
	3.35E-32
	-0.093
	0.037
	1.11E-02
	-0.506
	0.204
	1.31E-02
	3.38E-02
	9.98E-01
	8

	
	
	GPR35
	2
	241557762
	rs2975788
	2
	241571858
	G
	A
	0.43
	0.293
	0.009
	6.23E-259
	-0.044
	0.019
	2.02E-02
	-0.151
	0.065
	2.05E-02
	4.70E-01
	1.21E-02
	20

	
	
	SLC12A2
	5
	127472419
	rs17764730
	5
	127357526
	T
	C
	0.21
	-0.186
	0.009
	3.20E-86
	0.044
	0.020
	3.24E-02
	-0.236
	0.111
	3.34E-02
	2.45E-02
	1.73E-02
	20

	
	
	CACNA1D
	3
	53687586
	rs9830632
	3
	53735766
	G
	A
	0.29
	-0.085
	0.009
	2.00E-22
	0.042
	0.020
	3.17E-02
	-0.499
	0.238
	3.59E-02
	1.59E-01
	6.17E-01
	20

	
	
	CA12
	15
	63643968
	rs12909041
	15
	63743677
	A
	C
	0.36
	0.039
	0.010
	1.14E-04
	-0.056
	0.023
	1.29E-02
	-1.457
	0.697
	3.66E-02
	9.74E-01
	8.70E-01
	6

	
	
	ATP1A1
	1
	116934086
	rs6704439
	1
	116867616
	A
	C
	0.30
	0.041
	0.009
	4.39E-06
	0.050
	0.022
	2.10E-02
	1.216
	0.590
	3.92E-02
	3.08E-01
	9.63E-01
	20

	
	
	NR3C1
	5
	142736286
	rs4912908
	5
	142791133
	G
	A
	0.17
	0.073
	0.010
	1.07E-13
	0.047
	0.023
	3.76E-02
	0.649
	0.324
	4.53E-02
	1.80E-01
	3.31E-01
	14

	
	luminal B/HER2-negative-like
	SLC12A2
	5
	127472419
	rs17764730
	5
	127357526
	T
	C
	0.21
	-0.186
	0.009
	3.20E-86
	0.054
	0.017
	1.82E-03
	-0.292
	0.095
	2.08E-03
	4.36E-02
	6.53E-01
	20

	
	
	SCNN1D
	1
	1221612
	rs6662635
	1
	1220425
	G
	A
	0.08
	-0.475
	0.044
	4.76E-27
	-0.206
	0.080
	1.03E-02
	0.434
	0.174
	1.26E-02
	7.41E-01
	3.35E-01
	20

	
	HER2-enriched
	KCNJ11
	11
	17409142
	rs2074310
	11
	17421886
	T
	C
	0.26
	0.157
	0.012
	4.37E-38
	-0.041
	0.027
	1.28E-01
	-0.258
	0.171
	1.31E-01
	5.89E-01
	6.21E-01
	20

	
	
	ACE
	17
	61576813
	rs4277405
	17
	61548918
	C
	T
	0.35
	0.075
	0.009
	1.59E-17
	0.069
	0.026
	7.99E-03
	0.918
	0.363
	1.13E-02
	7.14E-01
	1.93E-01
	20

	
	Triple-negative
	AOC1
	7
	150540153
	rs7806458
	7
	150476888
	G
	A
	0.28
	0.669
	0.008
	0.00E+00
	-0.031
	0.016
	4.97E-02
	-0.046
	0.024
	4.97E-02
	2.68E-01
	9.62E-01
	20


Beta of the eQTL association is the standard deviation change in gene expression per coded allele.  Beta of the BC association is the log odds per coded allele. Beta of MR association represents the log odds per one standard deviation increase in gene expression. A significant HEIDI p-value (<0.01) indicates that any association between gene expression and outcome may be due to linkage where there are two distinct causal variants in linkage disequilibrium.
MR, Mendelian randomization, SNP, single nuclear polymorphism, eQTL, expression quantitative trait loci, se, standard error, BC, breast cancer, multi-p, p-value for SMR estimated based on multiple SNPs, HEIDI, heterogeneity in dependent instruments, nsnp, number of SNPs for HEIDI test
21

