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Abstract: Objective To explore the relationship between AH and genetic susceptibility of BC, as well as the potential
mediating mechanisms, given that epidemiological investigations have explored the association between autoimmune
hyperthyroidism (AH) and the risk of developing breast cancer ( BC) while the causality is controversial and the potential
mediating pathways remain unclear due to confounding factors. Methods Two — sample Mendelian randomization (MR) was
employed to investigate the causal relationship between AH and BC, with molecularly stratified analyses encompassing all
receptor — defined subtypes (ER + BC, ER - BC, luminal A - like, luminal B - like, luminal B/HER2 - negative - like,
HER2 - enriched - like, and TNBC). Additionally, the two — step Mendelian randomization ( TSMR) method was used to

investigate the mediating role of immune regulatory factors. Statistical inference primarily utilized inverse variance — weighted
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(IVW) estimators, complemented by pleiotropy — robust sensitivity validation protocols. Heterogeneity was evaluated using

Cochran’ s Q test. Pleiotropy was detected by combining the MR — Egger intercept term and the MR — PRESSO method to

ensure the robustness and reliability of the research results. Results

Genetically predicted AH was causally associated with

luminal B —like BC (OR =0.940, 95% CI; 0.900 —0.983, P =6.05 x10™*) , whereas AH was not observed to be causally

associated with other subtypes of overall BC. The cathepsin Z ( CTSZ) was determined to be a mediator of the association

between AH and luminal B - like BC, with a mediation ratio of 11.494% (95% CI; 2.124% -43.623% ). Conclusion

This study suggests that AH increases the expression of CTSZ and thus reduces the genetic susceptibility to luminal B — like

BC, and understanding this mechanism provides new insights for the development of BC prevention strategies and interventions.

Keywords: Autoimmune hyperthyroidism; Cathepsin Z; Luminal B - like breast cancer; Genetic instrumental variable;

Cytokines; Chemokines
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Fig.3 Forest plot of MR analysis of causal effects of autoimmune hyperthyroidism on breast cancer
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Table 1 Pleiotropy and heterogeneity test of the MR analysis of autoimmune hyperthyroidism on breast cancer

2t MR - Egger Ivw MR - Egger
(eX:} Q_df P1E Qfa Q_df P{H 7 se P1{H
SR 41.562 12 0.000 42.128 13 0.000 0. 006 0.014 0.693
ER + FL g 27.864 12 0.006 30.592 13 0.004 0.015 0.014 0.300
ER - FLRE 28.771 12 0. 004 29.155 13 0. 006 -0.009 0.022 0. 696
Luminal A 3| ffs 24.515 10 0.006 24. 608 11 0.010 0.003 0.015 0.850
Luminal B %Y 7 7.977 10 0.631 8.409 11 0.676 0.014 0.021 0.526
Luminal B %) HER2 A3 M I 19.201 10 0.038 20.397 11 0.040 0.019 0.025 0.448
HER2 BHM: RS ZL AR 21.858 10 0.016 21.987 11 0.025 0.011 0.045 0.813
= HIEFLIR 15.050 10 0.130 15.214 11 0.172 0.007 0.022 0.748
28 %R ik SNPHI ¥ & OR (95% CI) PlE
MR Egger 14 ¢ 0.941(0.841~1.053) 0310
CTSB Weighted mode 14 0.997(0.929~1.070) 0.935
Inverse variance weighted 14 0.990(0.936~1.047) 0.725
MR Egger 14 0.981(0.896~1.076) 0.701
CTSE Weighted mode 14 0.995(0.933~1.060) 0.868
Inverse variance weighted 14 0.962(0.920~1.007) 0.094
MR Egger 14 1.053(0.961~1.153) 0.289
CTSF Weighted mode 14 1.014(0.946~1.086) 0.707
Inverse variance weighted 14 0.972(0.925~1.021) 0.250
MR Egger 14 0.962(0.847~1.092) 0.557
CTSG Weighted mode 14 0.949(0.881~1.023) 0.197
Inverse variance weighted 14 0.979(0.921~1.041) 0.491
§g§§ MR Egger 14 0.971(0.866~1.087) 0614
e CTSH Weighted mode 14 0.991(0.922~1.065) 0.805
& Inverse variance weighted 14 0.965(0.914~1.019) 0.201
MR Egger 14 1.090(0.995~1.193) 0.088
cTSO Weighted mode 14 1.066(1.000~1.137) 0.072
Inverse variance weighted 14 1.054(1.007~1.103) 0.023
MR Egger 14 1.043(0.953~1.142) 0.380
cTss Weighted mode 14 1.002(0.942~1.066) 0.948
Inverse variance weighted 14 0.985(0.941~1.030) 0.508
MR Egger 14 0.976(0.892~1.069) 0611
cTsL Weighted mode 14 0.982(0.918~1.052) 0.624
Inverse variance weighted 14 1.014(0.969~1.061) 0.548
MR Egger 14 1.088(0.994~1.191) 0.093
cTsz Weighted mode 14 1.104(1.024~1.190) 0.023
Inverse variance 14 1.075(1.027~1.124) 1.803x10°
O‘BS D‘Dﬂ 0'95 l:.)D 1:.)5 |I‘|0 |l15
OR (95% CI)
B4 55tk BRI ) BE TCHERE X 20 2R 1 il R RSSO0 9 R BEHLAL 23 BT i BRI
Fig.4 Forest plot of MR analysis of causal effects of autoimmune hyperthyroidism on cathepsins
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Table 2  Pleiotropy and heterogeneity test of the MR analysis of autoimmune hyperthyroidism on cathepsins
755y MR - Egger VW MR - Egger
Q18 Q_df PE 018 Q_df P1E R se PlE
CTSB 18.489 12 0.102 20.092 13 0.093 0.025 0.024 0.328
CTSE 12.240 12 0.427 12.494 13 0.488 -0.010 0.020 0.627
CTSF 11.459 12 0.490 15.465 13 0.279 -0.039 0.020 0.069
CTSG 23.664 12 0.023 23.858 13 0.033 0.009 0.028 0.759
CTSH 18.788 12 0.094 18.807 13 0.129 -0.003 0.025 0.914
CTSO 7.554 12 0.819 8.252 13 0.827 -0.016 0.020 0.420
CTSS 8. 144 12 0.774 10. 196 13 0.678 -0.028 0.020 0.178
CTSL 11.858 12 0.457 12.759 13 0.467 0.019 0.020 0.361
CTSZ 10.476 12 0.574 10.573 13 0.647 -0.006 0.020 0.761

TG TN R A 1 M RvE2E (SD) ,#fk 8.1% (OR =1.081, 95% CI:1.024 ~1.141, P =
% CCL2 . CXCLIOIL — 8 7K 4> 3 F+ &5 3.4% 0.005) 4.9% (OR =1.049, 95% CI:1.003 ~1.096,
(OR=1.034, 95% CI.1.000 ~1.070, P =0.048) ., P =0.036) {04 i+ £ & & 8 4% 1F ( Bonferroni £%
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