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Abstract

Objective: To elucidate the causal relationship between immune cells, gut microbiota, and hu-
man epidermal growthfactor receptor 2 positive (HER27) breast cancer for further exploration and re-
search. Methods: Two-sample Mendelian randomization (MR) and mediator MR analysis were used
to analyze the mediating role of gut flora in the causal relationship between immune cells and HER2™
breast cancer. Results: There are 37 causal associations between immune cells and HER2™" breast can-
cer, of which 14 immune cells may promote the development of HER2" breast cancer, while 23 im-

mune cells may inhibit its growth. Seven intestinal flora were found to facilitate the development of
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HER2" breast cancer, whereas nine were found to inhibit it potentially. Mediation analyses identified

some specific intestinal flora (UBA7182 sp002491115, etc.) as mediators between immune cells and

HER2™ breast cancer. Conclusion: A causal effect between immune cell phenotype and gut flora and

HER2" breast cancer may provide new therapeutic ideas and directions for the treatment of HER2"

breast cancer.
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FRAR snpH & WIS PE EE1EL bk (95% A 15 [X i)
Activated & resting Treg AC 19 Inverse variance weighted 0.043 L] 1.052(1.002 to 1.104)
Activated & secreting Treg %CD4+ 31 Inverse variance weighted 0.004 6 0.984 (0.973 to 0.995)
BAFF-R on CD20- 14 Inverse variance weighted 0.040 ’ 1.043 (1.002 to 1.087)
CD127 on CD28+ CD45RA- CD8br 19 Inverse variance weighted 0.026 ® 1.043 (1.005 to 1.082)
CD20 on IgD- CD38~ 27 Inverse variance weighted 0.006 » 1.058 (1.016 to 1.102)
CD20 on sw mem 31 Inverse variance weighted 0.028 o 1.038 (1.004 to 1.073)
CD24 on memory B cell 31 Inverse variance weighted 0.023 e 0.975 (0.955 to 0.997)
CD24 on sw mem 38 Inverse variance weighted 0.048 ® 0.977 (0.955 to 1.000)
CD25++ CD8br %CD8br 22 Inverse variance weighted 0.037 ¢ 0.958 (0.920 to 0.997)
CD25 on CD28+ CD4+ 5 Inverse variance weighted 0.017 o 0.898 (0.823 to 0.981)
CD25 on IgD+ CD38~ 28 Inverse variance weighted 0.043 ® 1.016 (1.001 to 1.032)
CD25 on unsw mem 24 Inverse variance weighted 0.012 * 1.023 (1.005 to 1.041)
CD25hi CD45RA+ CD4 not Treg %T cell 27 Inverse variance weighted 0.019 ® 1.022 (1.004 to 1.040)
CD27 on CD20- 15 Inverse variance weighted 0.012 L] 0.960 (0.931 to 0.991)
CD27 on IgD+ CD38~- unsw mem 23 Inverse variance weighted 0.023 q 0.973 (0.949 to 0.996)
CD28 on CD28+ CD45RA- CD8br 17 Inverse variance weighted 0.012 ¢ 0.935 (0.887 to 0.985)
CD28 on CD45RA+ CD4+ 13 Inverse variance weighted 0.018 4 0.948 (0.907 to 0.991)
CD3 on CD28+ DN (CD4-CD8~-) 16 Inverse variance weighted 0.039 L] 0.967 (0.937 to 0.998)
CD3 on CD39+ CD4+ 27 Inverse variance weighted 0.040 . 0.973 (0.948 to 0.999)
CD3 on HLADR+ CD4+ 26 Inverse variance weighted 0.028 L] 0.966 (0.936 to 0.996)
CD33- HLA DR- AC 21 Inverse variance weighted 0.021 ¢ 0.963 (0.933 to 0.994)
CD33 on CD33dim HLA DR+ CD11b- 22 Inverse variance weighted 0.018 2 0.976 (0.957 to 0.996)
CD33 on CD33dim HLA DR+ CD11b+ 22 Inverse variance weighted 0.036 ¢ 0.978 (0.957 to 0.999)
CD4 Treg %T cell 16 Inverse variance weighted 0.040 ® 1.052 (1.002 to 1.104)
CD4 Treg AC 21 Inverse variance weighted 0.039 03 0.962 (0.928 to 0.998)
CD62L- DC %DC 22 Inverse variance weighted 0.047 * 0.974 (0.949 to 1.000)
CD64 on CD 14+ CD 16+ monocyte 12 Inverse variance weighted 0.022 O, 0.920 (0.857 to 0.988)
CD80 on plasmacytoid DC 21 Inverse variance weighted 0.043 0 1.032 (1.001 to 1.064)
CD8br %leukocyte 16 Inverse variance weighted 0.041 @ 0.944 (0.893 to 0.998)
DP (CD4+CD8+) %leukocyte 22 Inverse variance weighted 0.036 '5 1.051(1.003 to 1.101)
EMDN (CD4-CD8-) %T cell 23 Inverse variance weighted 0.045 g 0.951 (0.905 to 0.999)
FSC-AonHLA DR+ T cell 18 Inverse variance weighted 0.012 ¢ 0.977 (0.959 to 0.995)
Gr MDSC AC 21 Inverse variance weighted 0.005 P 0.954 (0.924 to 0.986)
Granulocyte %leukocyte 25 Inverse variance weighted 0.020 :0 1.039(1.006 to 1.073)
HLA DR on CD 14~ CD 16~ 24 Inverse variance weighted 0.043 L 1.022 (1.001 to 1.043)
HLADR on DC 19 Inverse variance weighted 0.001 © 0.955 (0.929 to 0.982)
Im MDSC AC 22 Inverse variance weighted 0.014 L] 1.037 (1.007 to 1.067)
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BRI R TR X — o R R IR . XL BN T
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ABFFEAH MR A7, FIUH A TF 80 GWAS i B0 7B aod i, 5 S R ok i 98 58 Al PR 32 03 1
WFFE T 4% MG 4 i S L 5 HER2 BC Z [A] /4 A F4 77 1) FIEEAE BIIR YT H AR

IR R B AT3 o gy 38 TR A A K — oo v Y R A DR IRE ek AT AT A A T 5 ARG R T 22 T 5
®1 MEEHERKEAMS HER2 BC Z E K H A (E A
G BEAN M o 33 B T AR (95 % CT) PABI95%CD /% P

CD3" HLADR'CD4" T cell UBA7182 sp002491115  —0.004 39(—0.008 30, —0.000 49) 12.5(1.4,23.6) 0.027
CD3" CD28 DN (CD4 CD8 ) Tcell  Johnsonella ignava abun ~ —0.009 10(—0.015 60, —0.002 62) 27.1(7.8,46.4) 0.006
CD20" Igh CD38™ B Cell UBAY475 sp002161235 0.007 88(0.001 01,0.014 70) 14.0(1.8,26.1) 0.025
CD25" unswitched Memory B Cell  Faecalicatena sp002397985 0.002 78(0.000 19,0.005 37) 12.3(0.8,23.8) 0.036
CD127" CD28"CD45RA~ CD8br T cell Demequina 0.004 80(0.000 47,0.009 14) 11.4(1.1,21.7) 0.030
CD127" CD28" CD45RA™ CD8br T cell Demequinaceae 0.005 78(0.000 89,0.010 70) 13.7(2.1,25.3) 0.021
FSC-A HLA DR T cell CAG-177 5p003538135  —0.002 24(—0.004 33, —0.000 14) 9.5(0.6,18.4) 0.037

HLA DR DC

UBAT7177 sp002491225 —0.002 58(—0.005 03, —0.000 13) 5.7(0.3,11.0) 0.039
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REFE &5 snp¥ = W Tk PE LB EE (95% RIS X 18])
HER2+ Gr MDSC AC 38 Inverse variance weighted 0.052 - 0.915 (0.837 1o 1.001)
HER2+ CD3 on CD28+ DN (CD4-CD8-) 38 Inverse variance weighted 0.065 -l 0.930 (0.861 1o 1.005)
HER2+ €D27 on CD20~ 8 Inverse variance weighted 0.089 " 0.942 (0.880 1o 1.009)
HER2+ CD25hi CD45RA+ CD4 not Treg %T cell 8 Inverse variance weighted 0.140 a 0.947 (0.881 10 1.018)
HER2+ CD80 on plasmacytoid DC 38 Inverse variance weighted 0172 e 0.933 (0.845 1o 1.031)
HER2+ CD28 on CD45RA+ CD4+ 2 Inverse variance weighted 0173 - 0.943 (0.868 10 1.026)
HER2+ CD62L- DC %DC 38 Inverse variance weighted 0.197 “ 1.054 (0.973 1o 1.141)
HER2+ CDB8br %leukocyte 38 Inverse variance weighted 0.197 " 0.954 (0.888 1o 1.025)
HER2+ CD3 on CD39+ CD4+ 38 Inverse variance weighted 0228 " 0.953 (0.882 1o 1.030)
HER2+ Granulocyte %leukocyte 8 Inverse variance weighted 0233 " 0.958 (0.893 1o 1.028)
HER2+ EM DN (CD4-CD8-) %T cell 8 Inverse variance weighted 0.264 i 0.962 (0.898 1o 1.030)
HER2+ BAFF-R on CD20- a7 Inverse variance weighted 027 " 1.040 (0.970 0 1.114)
HER2+ CD25 on unsw mem 38 Inverse variance weighted 0277 " 0.960 (0.892 1o 1.033)
HER2+ FSC-Aon HLADR+ T cell 38 Inverse variance weighted 0.283 t- 1.041 (0.967 10 1.122)
HER2+ HLA DR on CD14- CD16~ 38 Inverse variance weighted 0.201 " 0.963 (0.897 10 1.033)
HER2+ CD24 on memory B cell 8 Inverse variance weighted 0333 — 0.959 (0.882 10 1.043)
HER2+ CD28 on CD28+ CD45RA- CD8br 38 Inverse variance weighted 0343 " 0.961 (0.885 10 1.043)
HER2+ CD25 on IgD+ CD38~ 38 Inverse variance weighted 0.350 < 0.965 (0.896 10 1.040)
HER2+ HLADR on DC 8 Inverse variance weighted 0.364 . 0.964 (0.889 10 1.044)
HER2+ CD25++ CDBbr %CDBbr 8 Inverse variance weighted 0433 ™ 1.034 (0.951 1o 1.123)
HER2+ CD33 on CD33dim HLA DR+ CD11b~ 8 Inverse variance weighted 0434 - 1.042 (0.940 0 1.154)
HER2+ CD27 on IgD+ CD38- unsw mem 38 Inverse variance weighted 0.4%2 " 0.967 (0.879 1o 1.064)
HER2+ CD33 on CD33dim HLA DR+ CD11b+ 38 Inverse variance weighted 0.500 l:" 1.036 (0.935 1o 1.148)
HER2+ CD3 on HLA DR+ CD4+ 38 Inverse variance weighted 0525 ~ 1.025 (0.950 1o 1.106)
HER2+ CD33- HLADR- AC 8 Inverse variance weighted 0550 " 0.972 (0.884 10 1.068)
HER2+ CD127 on CD28+ CD45RA- CD8br 38 Inverse variance weighted 0.597 " 1.021 (0.945 10 1.103)
HER2+ CD25 on CD28+ CD4+ 8 Inverse variance weighted 0617 - 0.981 (0.908 1o 1.059)
HER2+ CD24 on swmem 8 Inverse variance weighted 0653 " 0.983 (0.915 10 1.058)
HER2+ Activated & resting Treg AC 38 Inverse variance weighted 069 " 0.986 (0.919 1o 1.058)
HER2+ Activated & secreting Treg %CD4+ 38 Inverse variance weighted 0.704 & 0.985 (0.912 10 1.064)
HER2+ CD4 Treg AC 38 Inverse variance weighted 0715 " 0.967 (0.919 1o 1.060)
HER2+ CD20 on sw mem 38 Inverse variance weighted 0.724 & 0.985 (0.906 1o 1.071)
HER2+ CD4 Treg %T cell 38 Inverse variance weighted 0757 " 0.988 (0.913 10 1.068)
HER2+ €D20 on IgD- CD38~ 8 Inverse variance weighted 0.761 " 0.989 (0.923 1o 1.061)
HER2+ CD64 on CD14+ CD16+ monocyte ar Inverse variance weighted 0.854 * 0.993 (0.926 1o 1.066)

HER2+ DP (CD4+CD8+) %leukocyte 8 Inverse variance weighted 0.891 - 1.005 (0.938 o 1.077)
HER2+ Im MDSC AC 38 Inverse variance weighted 0.957 - 0.997 (0.907 1o 1.097)
0051152253
B2 FRHERRHER2 BC XY %1% 4 A & 2 A [F R
REEER snp = WIS E PlE OR (95%CI)
Bifidobacterium breve abundance in stool 15 Inverse variance weighted 0.014 " 0.855 (0.755 to 0.969)
CAG- 177 sp003538135 abundance in stool 18 Inverse variance weighted 0.049 L] 0.901 (0.813 to 1.000)
CAG -81 sp000435795 abundance in stool 14 Inverse variance weighted 0.044 n 1.101 (1.003 to 1.210)
Collinsella abundance in stool 12 Inverse variance weighted 0.006 - 1.168 (1.047 to 1.303)
Demequina abundance in stool 17 Inverse variance weighted 0.041 ! 0.673 (0.461 to 0.984)
Demequinaceae abundance in stool 13 Inverse variance weighted 0.009 - 0.638 (0.454 to 0.896)
Faecalicatena sp002397985 abundance in stool 15 Inverse variance weighted 0.023 et 0.738 (0.569 to 0.959)
Flavobacteriales abundance in stool 23 Inverse variance weighted 0.002 w4 0.640 (0.480 to 0.853)
Flavonifractor sp900199495 abundance in stool 18 Inverse variance weighted 0.041 Il 1.229 (1.008 to 1.499)
Hungatella sp9001 55545 abundance in stool 14 Inverse variance weighted 0.029 o 0.768 (0.607 to 0.973)
Johnsonella ignava abundance in stool 9 Inverse variance weighted 0.033 o— 1.345 (1.024 to 1.767)
Parachlamydiales abundance in stool 9 Inverse variance weighted 0.032 ——e—— 2014 (1.064 to3.814)
Rhodanobacter abundance in stool 16 Inverse variance weighted <0.001 e 0.541 (0.376 to 0.776)
UBA7177 sp002491225 abundance in stool 18 Inverse variance weighted 0.041 b 0.783 (0.619 to 0.990)
UBA7182 sp002491115 abundance in stool 16 Inverse variance weighted 0.030 ro— 1.388 (1.033 to 1.865)
UBA9475 sp002161235 abundance in stool 13 Inverse variance weighted 0.007 ire— 1.374 (1.091 to 1.730)
0051152253
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