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Mendelian randomization analysis of the causal relationships

between dasatinib target genes and colorectal cancer and the
mediating role of immune cells

WU Meirong', TIAN Buning®, GAO Kai’, ZHOU Jianyu’

(1. Day Surgery Center 2. Department of Gastrointestinal Surgery, the Third Xiangya Hospital, Central South University, Changsha
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Abstract

Key words

Background and Aims: Colorectal cancer (CRC) has a complex pathogenesis, and current treatments
remain limited in efficacy for advanced metastatic disease. Dasatinib is a multi-target tyrosine kinase
inhibitor that has shown potential antitumor activity in various solid tumors. This study aimed to evaluate
the causal relationships between dasatinib-related target genes and CRC based on genetic variation, and
to explore the mediating role of immune cells, thereby providing genetic epidemiological evidence for
the prevention and targeted therapy of CRC.

Methods: Dasatinib-related target genes were identified through DrugBank, and the corresponding
eQTLs, GWAS data for CRC (ebi-a-GCST90018808), and 731 immune-cell traits were obtained from
the IEU OpenGWAS database. A two-sample Mendelian randomization (MR) framework with a two-step
mediation approach was applied: first, to assess the causal relationship between dasatinib target genes (as
exposures) and CRC; second, to evaluate the causal effects between target genes and immune cells, as
well as between immune cells and CRC; and finally, to calculate the proportion of mediated effects. Wald
ratio, inverse-variance weighted (IVW), MR-Egger, MR-PRESSO, Cochran's Q, I?, and leave-one-out
analyses were used to examine heterogeneity, horizontal pleiotropy, and robustness.

Results: MR results showed that dasatinib-associated inhibition of 4BLI was significantly associated
with a reduced risk of CRC (OR=0.511 0, 95% CI=0.323 1-0.808 0, P=0.004 1). Inhibition of YESI was
also associated with decreased CRC risk (IVW OR=0.889 9, 95% CI=0.811 6-0.975 8, P=0.013 1), with
no evident heterogeneity or horizontal pleiotropy among the corresponding SNPs. Further analysis
revealed that dasatinib-related inhibition of YES! significantly reduced the levels of IgD"CD24"AC level
(OR=0.818 0, 95% CI=0.678 2-0.986 7, P=0.035 7), and this immune cell subset itself was identified as
a risk factor for CRC (OR=1.105 7, 95% CI=1.029 6-1.187 5, P=0.005 7). Mediation analysis indicated
that IgD"CD24"AC accounted for —9.89% and 17.31% of the mediation effects in the ABL/—CRC and
YESI—CRC pathways, respectively.

Conclusion: Genetic evidence from MR suggests dasatinib-target genes ABL/ and YESI are causally
linked to reduced CRC risk, with IgD"CD24"AC partially mediating the YES/-related protective effect.
These findings point to immune-mediated mechanisms underlying dasatinib's potential influence on CRC
risk; further experimental validation and replication across populations are warranted.

Colorectal Neoplasms; Dasatinib; Immune Cells; Mendelian Randomization Analysis
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Figure 1 Study design of the MR analysis
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Table 1 Summary information of eQTL and GWAS databases used in the MR analysis
Data source Phenotype Sample size Cases Population Adjustment
IEU Open GWAS project(eqtl-a-ENSG00000000938) FGR 31684 — European Males and Females
IEU Open GWAS project(eqtl-a-ENSG00000010810) FYN 31 684 — European Males and Females
IEU Open GWAS project( eqtl-a-ENSG00000097007 ) ABLI 31 684 — European Males and Females
IEU Open GWAS project(eqtl-a-ENSG00000103653 ) CSK 31 684 — European Males and Females
IEU Open GWAS project(eqtl-a-ENSG00000113721) PDGFRB 31 684 — European Males and Females
IEU Open GWAS project(eqtl-a-ENSG00000186716) BCR 31 684 — European Males and Females
IEU Open GWAS project(eqtl-a-ENSG00000197122) SRC 31 684 — European Males and Females
IEU Open GWAS project(eqtl-a-ENSG00000254087 ) LYN 31 684 — European Males and Females
IEU Open GWAS project(eqtl-a-ENSG00000157404 ) KIT 31 644 — European Males and Females
IEU Open GWAS project(eqtl-a-ENSG00000142627) EPHA2 31470 — European Males and Females
IEU Open GWAS project(eqtl-a-ENSG00000173757) STATSB 31470 — European Males and Females
IEU Open GWAS project(eqtl-a-ENSG00000182866) LCK 31470 — European Males and Females
IEU Open GWAS project(eqtl-a-ENSG00000176105 ) YESI 14 263 — European Males and Females
IEU Open GWAS project(eqtl-a-ENSG00000010671) BTK 9188 — European Males and Females
IEU Open GWAS project(eqtl-a-ENSG00000119508 ) NR4A3 30 765 — European Males and Females
IEU Open GWAS project(eqtl-a-GCST90018808 ) Colorectal cancer 470 002 6581 European —
IEU Open GWAS project Immune cells — — European —
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Cochran's

P Heterogeneity Horizontal pleiotropy MR-PRESSO

ABLI inhibitor 1

Wald ratio 0.511 0(0.323 1~0.808 0) +———
BCR inhibitor 77

MR-Egger 0.9817(0.9323~1.033 7)

‘Weighted median 0.993 9(0.953 4~1.036 2)

vw 0.994 7(0.968 1~1.022 1)

1.002 1(0.935 9~1.0729)
0.986 3(0.949 8~1.024 1)

Simple mode
‘Weighted mode
CSK inhibitor 53

MR-Egger 0.952 7(0.887 4~1.022 9)

Weighted median 0.967 2(0.931 3~1.004 6)
vw 0.975 4(0.948 8~1.002 8)
Simple mode 0.987 5(0.930 7~1.047 7)
Weighted mode 0.973 3(0.9349~1.013 3)
FGR inhibitor 11

MR-Egger 1.008 1(0.788 8~1.288 4)
‘Weighted median 0.953 6(0.820 4~1.108 5)
vw 0.959 7(0.859 4~1.071 7)

0.885 4(0.682 9~1.148 0)
1.069 1(0.909 3~1.256 9)

Simple mode
‘Weighted mode

FYN inhibitor 16

MR-Egger 0.893 2(0.682 3~1.169 4)
Weighted median 1.031 1(0.907 9~1.171 1)
VW 1.102 2(0.995 6~1.215 6)
Simple mode 1.108 1(0.880 8~1.394 1)
‘Weighted mode 1.023 6(0.895 0~1.170 7)
LCK inhibitor 3

MR-Egger 0.733 0(0.095 2~5.646 5) +————
‘Weighted median 1.2332(0.810 9~1.8755)
vw 1.3059(0.925 5~1.842 5)
Simple mode 1.231 0(0.764 4~1.982 6)
Weighted mode 1.231 0(0.783 2~1.934 8)
LYN inhibitor 31

MR-Egger 1.001 1(0.869 2~1.152 9)
Weighted median 1.021 0(0.947 1~1.100 7)
vw 1.027 2(0.973 0~1.084 4)

1.006 4(0.889 5~1.138 8)
1.025 7(0.940 2~1.119 0)

Simple mode
‘Weighted mode

PDGFRB antagonist 1

Wald ratio 1.537 4(0.986 0~2.397 3)
SRC inhibitor 8

MR-Egger 1.297 5(0.646 9~2.602 6)
Weighted median 1.076 1(0.861 2~1.344 6)
VW 1.045 0(0.861 3~1.267 8)
Simple mode 1.078 4(0.796 7~1.459 7)
‘Weighted mode 1.075 3(0.836 0~1.3829)
STATS5B inhibitor 5

MR-Egger 0.920 2(0.620 8~1.364 1)

‘Weighted median 0.982 0(0.837 0~1.1520)
vw 1.021 4(0.888 0~1.174 9)
Simple mode 0.971 9(0.760 6~1.242 0)
Weighted mode 0.974 7(0.824 8~1.151 9)
YES1 inhibitor 7

MR-Egger 0.9306(0.776 1~1.115 8)
Weighted median 0.869 3(0.775 1~0.974 9)
vw 0.889 9(0.811 6~0.975 8)

0.848 5(0.717 0~1.004 1)
0.841 4(0.741 1~0.955 4)

Simple mode
‘Weighted mode

0.3
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0.738 2 — — 0.091 5
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— 03271 — — —
— 0.1286 08511 — —
— 04827 — — —
— 0.4627 — — —
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0.5870 — — 09235
03323 09186 — 09235
09195 — — 09235
05721 — — 09235
—— 0.0577 — — —
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0.518 6 — — 0.2190
0.6555  0.1785 — 0.2190
0.640 0 — — 0.2190
0.589 6 — — 0.2190
0.7066  0.5711 0.616 9 0.644 5
08233 — — 0.644 5
0.7665  0.6779 — 0.644 5
0.8312 — — 0.644 5
0.778 9 — — 0.644 5
0.4724  0.8811 0.599 3 0.8325
0.0167 — — 0.8325
00131 09126 — 08325
0.104 4 — — 08325
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Figure 2 Forest plot of MR regression results for the causal association between dasatinib and CRC
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Table 2 MR regression results for the causal association between dasatinib and CRC
MR Heterogeneity Horizontal pleiotropy
Outcome Exposure Nsup Methods MR-PRESSO
Drug_OR(95% CI) P Cochran's Q P Egger intercept ~ S.E.
(%) global test P
CRC ABLI inhibitor 1 Wald ratio 0.5110(0.323 1~0.808 0)  0.0041  — — — — — — —
BCR inhibitor 77 MR-Egger 0.9817(0.9323~1.0337) 0.4853 0 61.6833  0.8652 0.003 4 0.0058 0.558 1 0.889 0
Weighted median  0.993 9(0.953 4~1.0362) 0.7751 — — — — — — 0.8890
vw 0.994 7(0.968 1~1.0221)  0.702 6 0 62.0294  0.8762 — — — 0.889 0
Simple mode  1.002 1(0.9359~1.0729) 0.9529 — — — — — — 0.889 0
Weighted mode  0.986 3(0.949 8~1.024 1) 04743  — — — — — — 0.889 0
CSK inhibitor 53 MR-Egger 0.9527(0.887 4~1.0029) 0.1873 8 55.6414 03044 0.007 3 0.0103 04826 0.346 5
Weighed median  0.967 2(0.931 3~1.0046) 0.0846  — = = = = = 0.3465
VW 0.975 4(0.948 8~1.0028)  0.078 6 7 56.187 1 0.3209 — — — 0.346 5
Simple mode ~ 0.987 5(0.930 7~1.0477) 0.6783  — — — — — — 0.346 5
Weighted mode  0.973 3(0.9349~1.0133)  0.1940 — — — — — — 0.346 5
FGR inhibitor 11 MR-Egger 1.008 1(0.788 8~1.288 4)  0.950 0 0 7.2329 0.6129 0.008 5 0.0194 0.6703 0.584 0
Weighted median  0.953 6(0.820 4~1.108 5)  0.5363  — — — — — — 0.584 0
VW 0.959 7(0.859 4~1.0717) 0.4654 0 7.426 5 0.684 7 = — = 0.584 0
Simple mode 0.885 4(0.6829~1.1480)  0.380 1 — — — — — — 0.584 0
Weighted mode  1.069 1(0.909 3~1.2569) 04373  — — — — — — 0.584 0
FYN inhibitor 16 MR-Egger 0.8932(0.6823~1.1694) 0.4252 26 18.8592  0.1704 0.027 3 0.0168 0.1276 0.0915
Weighted median  1.031 1(0.907 9~1.1711)  0.6366 ~ — — — — — — 0.091 5
VW 1.100 2(0.995 6~1.2156) 0.0609 33 223930  0.0979 — — — 0.0915
Simple mode  1.108 1(0.880 8~1.394 1) 0.3945 — = = = = = 0.091 5
Weighted mode  1.023 6(0.8950~1.1707)  0.738 2 — — — — — — 0.091 5
LCK inhibitor 3 MR-Egger 0.7330(0.095 2~5.6465)  0.8155 0 0.006 2 0.937 4 0.097 1 0.1726  0.673 8 =
Weighted median  1.2332(0.8109~1.8755) 03271 — — — — — — —
VW 1.3059(0.925 5~1.8425)  0.128 6 0 0.3225 0.851 1 — — — —
Simple mode 1.2310(0.764 4~1.9826) 04827 — — — — — — —
Weighted mode  1.231 0(0.7832~1.9348) 04627 — = = = = = =
LYN inhibitor 31 MR-Egger 1.001 1(0.869 2~1.1529)  0.988 0 0 19.770 9 0.899 9 0.003 6 0.0092 0.7019 0.923 5
Weighted median 1.021 0(0.947 1~1.1007)  0.587 0 — — — — — — 0.923 5
VW 1.0272(0.973 0~1.084 4)  0.3323 0 199204  0.9186 — — — 09235
Simple mode ~ 1.006 4(0.889 5~1.1388)  0.9195  — — — — — — 0.923 5
Weighted mode  1.025 7(0.940 2~1.1190) 05721 — — — — — — 0.9235
PDGFRB antagonist 1 Wald ratio 1.5374(0.986 0~2.3973)  0.0577 — = = == == == e
SRC inhibitor 8 MR-Egger 1.297 5(0.646 9~2.602 6)  0.491 0 37 9.5367 0.1456 0.0375 0.0589 0.5477 0.2190
Weighted median 1.076 1(0.861 2~1.3446) 0.518 6 — — — — — — 0.219 0
VW 1.0450(0.861 3~1.2678)  0.6555 31 10.181 6 0.178 5 — — — 0.2190
Simple mode ~ 1.078 4(0.796 7~1.4597)  0.6400 — — — — — — 0.2190
Weighted mode  1.075 3(0.836 0~1.3829)  0.5896  — — — — — — 0.2190
STATS5B inhibitor 5 MR-Egger 0.920 2(0.628 0~1.364 1)  0.706 6 0 2.006 4 0.571 1 -0.0176 0.0317 0.6169 0.644 5
Weighted median  0.9820(0.837 0~1.1520) 0.8233  — — — — — — 0.644 5
VW 1.021 4(0.888 0~1.1749)  0.766 5 0 23156 0.6779 — — — 0.644 5
Simple mode 0.9719(0.760 6~1.2420)  0.8312 — — — — — — 0.644 5
Weighted mode  0.974 7(0.824 8~1.1519) 0.7789  — — — — — — 0.644 5
YESI inhibitor 7 MR-Egger 0.9306(0.776 1~1.1158)  0.4724 0 1.761 5 0.881 1 0.006 7 0.0120 0.5993 0.8325
Weighted median  0.869 3(0.775 1~0.9490) 0.0167 — — — — — — 0.8325
VW 0.8899(0.811 6~0.9758) 0.013 1 0 2.0758 09126 — — — 0.8325
Simple mode  0.848 5(0.717 0~1.004 1)  0.1044  — = = = = = 0.8325
Weighted mode  0.841 4(0.741 1~0.9554)  0.037 3 — — — — — — 0.8325
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Figure 3 Forest plot of the effects of dasatinib-induced inhibition of ABLI and YESI on immune cells, and the effects of

immune cells on CRC
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