
	Supplementary Table 1. The results of reverse MR analysisof Two-Sample MR between cathepsins family and breast cancer

	exposure
	outcome
	 MR-PRESSO global
	MR-Egger intercept
	MR-IVW
	MR-Egeer

	
	
	
	Egger intercept
	p_value
	Q
	Q_df
	Q_pval
	Q
	Q_df
	Q_pval

	cathepsin B
	Breast cancer
	0.851
	0.0040
	0.7585
	11.5325
	17
	0.8276
	11.4347
	16
	0.7819

	cathepsin E
	Breast cancer
	0.292
	-0.0170
	0.1259
	9.9679
	8
	0.2672
	6.9496
	7
	0.4341

	cathepsin F
	Breast cancer
	0.082
	0.0189
	0.3887
	15.7699
	9
	0.0718
	14.2861
	8
	0.0746

	cathepsin G
	Breast cancer
	0.493
	0.0286
	0.1182
	9.3934
	10
	0.4952
	6.4095
	9
	0.6983

	cathepsin H
	Breast cancer
	0.31
	0.0049
	0.6668
	14.7466
	9
	0.0981
	14.3873
	8
	0.0722

	cathepsin O
	Breast cancer
	0.342
	-0.0191
	0.1782
	12.5585
	11
	0.3232
	10.3811
	10
	0.4077

	cathepsin S
	Breast cancer
	0.519
	0.0011
	0.8761
	21.4179
	22
	0.4951
	21.3926
	21
	0.4352

	cathepsin V
	Breast cancer
	0.032
	0.0210
	0.4118
	19.4064
	10
	0.0353
	17.9308
	9
	0.0359

	cathepsin X
	Breast cancer
	0.827
	-0.0045
	0.5697
	7.8191
	12
	0.7991
	7.4758
	11
	0.7594

	Breast cancer
	cathepsin B
	0.787
	-0.0069
	0.4185
	71.7967
	82
	0.7822
	71.1355
	81
	0.7752

	Breast cancer
	cathepsin E
	0.675
	-0.0023
	0.7869
	76.3521
	82
	0.6551
	76.2786
	81
	0.6277

	Breast cancer
	cathepsin F
	0.505
	-0.0048
	0.5732
	81.9861
	82
	0.4797
	81.6635
	81
	0.4584

	Breast cancer
	cathepsin G
	0.549
	-0.0023
	0.7848
	80.3866
	82
	0.5297
	80.3115
	81
	0.5007

	Breast cancer
	cathepsin H
	0.471
	0.0101
	0.2409
	81.5043
	82
	0.4946
	80.1086
	81
	0.5071

	Breast cancer
	cathepsin O
	0.228
	0.0068
	0.4528
	91.6884
	82
	0.2176
	91.0487
	81
	0.2087

	Breast cancer
	cathepsin S
	0.454
	-0.0067
	0.4353
	83.0716
	82
	0.4462
	82.4458
	81
	0.4344

	Breast cancer
	cathepsin V
	0.177
	-0.0074
	0.4208
	93.8447
	82
	0.1748
	93.0923
	81
	0.1689

	Breast cancer
	cathepsin X
	0.011
	0.0123
	0.2269
	114.5137
	82
	0.0103
	112.4552
	81
	0.0119





	Supplementary Table 2. Pleiotropy and heterogeneity analyses of Two-Sample MR between cathepsins family and breast cancer

	exposure
	outcome
	nsnps
	Inverse variance weighted
	 MR-IVW 
	MR-Egeer

	
	
	
	p_value
	or
	95%CI
	p_value
	or
	95%CI
	p_value
	or
	95%CI

	[bookmark: _GoBack]cathepsin B
	Breast cancer
	18
	0.3766
	0.9818
	0.9427-1.0226
	0.4696
	0.9788
	0.9237-1.0373
	0.5163
	0.9686
	0.8814-1.0643

	cathepsin E
	Breast cancer
	9
	0.0210
	1.0644
	1.0094-1.1225
	0.0902
	1.0620
	0.9906-1.1386
	0.0219
	1.1259
	1.0402-1.2187

	cathepsin F
	Breast cancer
	10
	0.0384
	1.0664
	1.0035-1.1333
	0.3997
	1.0308
	0.9605-1.1063
	0.9645
	0.9963
	0.8502-1.1675

	cathepsin G
	Breast cancer
	11
	0.9315
	1.0023
	0.9510-1.0564
	0.4038
	0.9692
	0.9004-1.0431
	0.1726
	0.9195
	0.8228-1.0275

	cathepsin H
	Breast cancer
	10
	0.2016
	0.9769
	0.9425-1.0126
	0.0301
	0.9660
	0.9364-0.9967
	0.2671
	0.9690
	0.9202-1.0204

	cathepsin O
	Breast cancer
	12
	0.3421
	0.9713
	0.9146-1.0315
	0.5284
	1.0267
	0.9459-1.1144
	0.4018
	1.0611
	0.9292-1.2117

	cathepsin S
	Breast cancer
	23
	0.8524
	1.0034
	0.9683-1.0397
	0.9775
	0.9992
	0.9476-1.0536
	0.9836
	0.9993
	0.9397-1.0629

	cathepsin V
	Breast cancer
	11
	0.7927
	1.0123
	0.9242-1.1087
	0.5439
	0.9705
	0.8810-1.0691
	0.5010
	0.9156
	0.7156-1.1715

	cathepsin X
	Breast cancer
	13
	0.8563
	0.9964
	0.9582-1.0361
	0.6618
	0.9890
	0.9414-1.0391
	0.7425
	1.0106
	0.9504-1.0746

	Breast cancer
	cathepsin B
	83
	0.1148
	1.0148
	0.9964-1.0334
	0.0199
	1.0303
	1.0047-1.0564
	0.1333
	1.0274
	0.9921-1.0639

	Breast cancer
	cathepsin E
	83
	0.1049
	1.0152
	0.9969-1.0339
	0.0947
	1.0226
	0.9961-1.0497
	0.2846
	1.0194
	0.9844-1.0556

	Breast cancer
	cathepsin F
	83
	0.9095
	1.0011
	0.9829-1.0195
	0.6952
	1.0054
	0.9786-1.0329
	0.5896
	1.0097
	0.9749-1.0458

	Breast cancer
	cathepsin G
	83
	0.9651
	0.9996
	0.9815-1.0179
	0.9046
	0.9984
	0.9723-1.0252
	0.8335
	1.0038
	0.9693-1.0395

	Breast cancer
	cathepsin H
	83
	0.7957
	0.9976
	0.9796-1.0159
	0.9567
	1.0008
	0.9736-1.0286
	0.2564
	0.9798
	0.9462-1.0147

	Breast cancer
	cathepsin O
	83
	0.4015
	0.9918
	0.9729-1.0111
	0.2186
	0.9838
	0.9585-1.0097
	0.2833
	0.9798
	0.9442-1.0168

	Breast cancer
	cathepsin S
	83
	0.9823
	0.9998
	0.9816-1.0183
	0.4482
	1.0098
	0.9846-1.0356
	0.5127
	1.0119
	0.9769-1.0482

	Breast cancer
	cathepsin V
	83
	0.7339
	0.9966
	0.9774-1.0162
	0.6294
	0.9937
	0.9685-1.0196
	0.6091
	1.0099
	0.9727-1.0484

	Breast cancer
	cathepsin X
	83
	0.9538
	0.9994
	0.9781-1.0211
	0.6082
	1.0072
	0.9800-1.0350
	0.2882
	0.9778
	0.9383-1.0189


	Supplementary Table 3. The resluts of multivariable MR analysis between cathepsins family and breast cancer.

	outcome
	IVW
	MR-Egger
	median

	
	b
	se
	pval
	or
	lci95
	upci95
	or_lci95
	or_upci95
	pval
	95% CI
	pval
	95% CI

	breast cancer
	-0.0144316
	0.014515562
	0.320117868
	0.985672037
	-0.042882102
	0.014018902
	0.958024333
	1.014117628
	0.195
	0.017 -0.055, 0.011
	0.856
	0.020 -0.043, 0.036

	
	0.005672585
	0.014988877
	0.705094125
	1.005688705
	-0.023705614
	0.035050784
	0.976573157
	1.035672303
	0.719
	0.015 -0.024, 0.035
	0.751
	0.023 -0.037, 0.052

	
	0.025504898
	0.016381314
	0.119482178
	1.025832931
	-0.006602476
	0.057612273
	0.993419272
	1.059304195
	0.107
	0.016 -0.006, 0.059
	0.4
	0.024 -0.026, 0.066

	
	0.001525971
	0.015378356
	0.920956852
	1.001527136
	-0.028615607
	0.03166755
	0.971789942
	1.032174302
	0.984
	0.016 -0.031, 0.030
	0.729
	0.023 -0.052, 0.036

	
	-0.006753707
	0.013287884
	0.611270659
	0.993269048
	-0.03279796
	0.019290547
	0.96773406
	1.019477811
	0.593
	0.013 -0.033, 0.019
	0.944
	0.023 -0.044, 0.047

	
	0.022989837
	0.019752307
	0.244461926
	1.02325614
	-0.015724684
	0.061704359
	0.984398303
	1.06364784
	0.228
	0.020 -0.015, 0.063
	0.953
	0.028 -0.053, 0.056

	
	-0.003866199
	0.013170484
	0.769101594
	0.996141265
	-0.029680348
	0.02194795
	0.970755788
	1.022190578
	0.776
	0.013 -0.030, 0.022
	0.563
	0.019 -0.047, 0.026

	
	-0.028134217
	0.019332576
	0.14559312
	0.972257865
	-0.066026066
	0.009757633
	0.936106463
	1.009805394
	0.129
	0.019 -0.068, 0.009
	0.545
	0.025 -0.065, 0.034

	
	-0.030107357
	0.01725571
	0.081023782
	0.970341355
	-0.063928547
	0.003713834
	0.938072025
	1.003720739
	0.074
	0.017 -0.065, 0.003
	0.193
	0.024 -0.078, 0.016

	
	Heterogeneity test statistic = 389.4127 on 353 degrees of freedom, (p-value = 0.0884)
	intercept =0.393
	0.001 -0.002, 0.004
	
	





	Supplementary Table 4. The resluts of multivariable MR analysis between cathepsins family and breast cancer（Exclude cathepsin V）.

	outcome
	IVW
	MR-Egger
	median

	
	b
	se
	pval
	or
	lci95
	upci95
	or_lci95
	or_upci95
	pval
	95% CI
	pval
	95% CI

	breast cancer
	-0.012881321
	0.014661625
	0.379632361
	0.987201288
	-0.041618106
	0.015855464
	0.959236037
	1.015981829
	0.315
	0.017 -0.051, 0.017
	0.7
	0.020 -0.048, 0.032

	
	0.022766085
	0.014888637
	0.126241826
	1.02302721
	-0.006415644
	0.051947814
	0.993604892
	1.053320772
	0.126
	0.015 -0.006, 0.053
	0.26
	0.023 -0.019, 0.071

	
	0.018055819
	0.016266924
	0.267011377
	1.018219811
	-0.013827352
	0.049938991
	0.986267807
	1.051206961
	0.252
	0.016 -0.013, 0.051
	0.697
	0.024 -0.037, 0.055

	
	0.010604949
	0.015260242
	0.487093057
	1.010661381
	-0.019305126
	0.040515024
	0.980880025
	1.041346955
	0.547
	0.016 -0.021, 0.040
	0.71
	0.023 -0.036, 0.053

	
	-0.009263321
	0.013323046
	0.486876371
	0.990779451
	-0.035376492
	0.016849849
	0.965241942
	1.016992608
	0.486
	0.013 -0.035, 0.017
	0.139
	0.021 -0.073, 0.010

	
	0.016417576
	0.016986679
	0.333795475
	1.016553085
	-0.016876314
	0.049711467
	0.983265294
	1.050967813
	0.335
	0.017 -0.017, 0.050
	0.192
	0.025 -0.016, 0.082

	
	-0.009969985
	0.013051822
	0.44494062
	0.990079551
	-0.035551555
	0.015611586
	0.965072979
	1.015734083
	0.444
	0.013 -0.036, 0.016
	0.6
	0.019 -0.047, 0.027

	
	-0.021214689
	0.017343003
	0.221238327
	0.97900876
	-0.055206975
	0.012777597
	0.946289269
	1.01285958
	0.208
	0.017 -0.056, 0.012
	0.495
	0.024 -0.064, 0.031

	
	Heterogeneity test statistic = 389.4127 on 353 degrees of freedom, (p-value = 0.0746)
	intercept =0.623
	0.002 -0.002, 0.004
	
	



