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Mendelian Randomized Study of Protective Effect of Statins on Breast Cancer
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Abstract: Objective To genetically investigate the protective effects of statins on breast cancer. Methods In-
strumental variables for the statin target gene HMGCR and five other cholesterol-regulated genes (LDLR,
PCSK9, ABCGS8, APOB, and NPCI1L1) were obtained from previous expression quantitative trait locus
(eQTL) studies. Cholesterol-regulated genes predicted by these instrumental variables served as the exposure
factors. Mendelian randomization based on pooled data (SMR) was conducted to explore the genetic effects
of exposure factors on the incidence risk of all breast cancers, ER+ breast cancer, and ER-breast cancer.
Instrumental variables for total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), and non-high-
density lipoprotein cholesterol (non-HDL-C) were derived from a previous human genome-wide association
study and restricted to be chromosomally located within 100 kb of the above cholesterol regulatory genes; the
instrumental variables could predict TC, LDL-C, or non-HDL-C levels under the regulation of the
abovementioned cholesterol-associated genes which were used as exposure factors. Two-sample Mendelian
randomization (IVW, MR-PRESSO, and MR-Egger) was used to explore the genetic effects of exposure
factors on the risk of all breast cancers, ER+ breast cancer, and ER— breast cancer. Results SMR analysis
reported that elevated HMGCR expression was significantly associated with the increased incidence risk of all
breast cancers and ER+ breast cancer (P=0.044 and P=0.039, respectively) but not with the change in
incidence risk of ER— breast cancer (P=0.190); the other five regulatory genes were not significantly
correlated with the change in incidence risk of all breast cancers, ER+ breast cancer, and ER— breast cancer
(all P>0.05). IVW analysis reported that under the regulation of HMGCR, elevated levels of peripheral TC,
LDL-C, and non-HDL-C significantly increased the incidence risk of all breast cancers (P=1.160e-05,
P=1.248e-05, and P=1.869¢-05) and the incidence risk of ER+ breast cancer (P=3.181e-04, P=2.231e-04, and
P=3.520e-04), but they were not associated with a change in the incidence risk of ER— breast cancer
(P=0.062, P=0.133, and P=0.055). The results of MR-PRESSO and MR-Egger analyses supported the IVW
results. Conclusion Statins could reduce the incidence risk of ER+ breast cancer at the genetic level, but
there is no such protective effects on ER— breast cancer.
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Table 1 Characteristics of GWAS data on study variables related to breast cancer and statins

Phenotypes/Genes Year  Population = Gender  Sample size  Sample source  Datasource  Reference (PMID)
HMGCR 2021 European Both 31 684 Whole blood eQTLGen 34475573
LDLR 2021 European Both 31 684 Whole blood eQTLGen 34475573
PCSK9 2020 European Both 73-670 Whole blood GTEx 32913098
ABCG8 2020 European Both 73-670 Cholesterol GTEx 32913 098
APOB 2020 European Both 73-670 Cholesterol GTEx 32913098
NPCIL1 2020 European Both 73-670 Cholesterol GTEx 32913 098

TC 2021 European Both 1320016 Whole blood GLGC 34 887591
LDL-C 2021 European Both 1320016 Whole blood GLGC 34 887 591
Non-HDL-C 2021 European Both 1320016 Whole blood GLGC 34 887 591

All breast cancers 2017 European Both 228 951 - BCAC 29 059 683
ER+ breast cancer 2017 European Both 175 475 - BCAC 29059 683
ER— breast cancer 2017 European Both 127 442 - BCAC 29 059 683

Notes: TC: total cholesterol; LDL-C: low-density lipoprotein cholesterol; non-HDL-C: non-high-density lipoprotein cholesterol; GLGC: Global Lipid

Genetics Consortium; BCAC: Breast Cancer Association Consortium; ER: estrogen receptor; — : none.
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Table 2 Characterization of cholesterol-regulated genes
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Genes Ensembl code Sequence Chromosome Location Effectors

HMGCR ENSG00000113161 GRCh37 05 74 632 993 — 74 657 941 Cholesterol
LDLR ENSG00000130164 GRCh37 19 11200 139 — 11244 496 Cholesterol
PCSK9 ENSG00000169174 GRCh37 01 55505221 -55530525 Cholesterol
ABCG38 ENSG00000143921 GRCh37 02 44066 110 —44 110 127 Cholesterol
APOB ENSG00000084674 GRCh37 02 21224301 — 21266945 Cholesterol
NPCIL1 ENSG00000015520 GRCh37 07 44 552 134 — 44 580 929 Cholesterol
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Table 3 Effect of six cholesterol metabolism regulatory genes on breast cancer incidence risk

Phenotypes/Genes Significant eQTL OR (95%CI) P (SMR) P (HEIDI)
HMGCR

All breast cancers rs6453133 1.112 (1.003—1.234) 0.044 0.850

ER+ breast cancer rs6453133 1.130 (1.002—-1.279) 0.039 0.424

ER- breast cancer rs6453133 1.135(0.939-1.372) 0.190 0.574
LDLR

All breast cancers rs8110515 1.027 (0.845—1.247) 0.792 0.194

ER+ breast cancer rs8110515 1.019 (0.807—1.286) 0.876 0.514

ER- breast cancer rs8110515 0.908 (0.636—1.297) 0.597 0.581
PCSK9

All breast cancers rs472495 1.004 (0.932—-1.081) 0.921 0.805

ER+ breast cancer rs472495 1.035 (0.946—-1.131) 0.454 0.912

ER- breast cancer rs472495 0.931 (0.813—-1.067) 0.307 0.862
ABCG8

All breast cancers rs78451356 0.986 (0.948—-1.025) 0.470 -

ER+ breast cancer rs78451356 0.987 (0.942—1.035) 0.594 -

ER-— breast cancer 1s78451356 0.955 (0.889—-1.027) 0.213 -
APOB

All breast cancers rs4665179 1.016 (0.984—1.050) 0.326 0.895

ER+ breast cancer rs4665179 0.996 (0.958—1.035) 0.843 0.802

ER- breast cancer rs4665179 1.043 (0.983—1.106) 0.168 0.155
NPCIL1

All breast cancers rs41279633 1.038 (0.998-1.079) 0.066 0.973

ER+ breast cancer rs41279633 1.044 (0.996—-1.094) 0.073 0.727

ER- breast cancer 1s41279633 0.999 (0.932-1.072) 0.981 0.759

Notes: eQTL: expression quantitative trait loci; SMR: Mendelian randomization based on summary data; HEIDI: heterogeneity in dependent

instruments; —: none.
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Table 4 Effect of HMGCR-regulated peripheral total cholesterol (TC) on breast cancer incidence risk

Breast cancer types MR methods Ninp OR (95% CI) P (MR) P (CO) P (MI)

All breast cancers VW 31 1.214 (1.113 - 1.324) 1.160e-05 0.992 0.847
MR-PRESSO 31 1.214 (1.143 - 1.290) 6.235e-07 - -
MR-Egger 31 1.256 (0.886 — 1.779) 0.211 - -

ER+ breast cancer IVW 31 1.209 (1.090 — 1.340) 3.181e-04 0.942 0.511
MR-PRESSO 31 1.209 (1.114 - 1.312) 8.658¢-05 - -
MR-Egger 31 1.385 (0.915 — 2.096) 0.134 - -

ER— breast cancer vw 31 1.163 (0.993 — 1.364) 0.062 0.996 0.653
MR-PRESSO 31 1.163 (1.046 — 1.293) 0.009 - -
MR-Egger 31 1.008 (0.531 -1.911) 0.981 - -

Notes: CO: Cochran’s Q test; MI: MR-Egger intercept test; N,,: Number of SNP; —: none.
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Table 5 Effect of HMGCR-regulated peripheral low-density lipoprotein cholesterol (LDL-C) on breast cancer incidence

risk

Breast cancer types MR methods Nenp OR (95% CI) P (MR) P (CO) P (MI)

All breast cancers IVw 33 1.198 (1.105 - 1.300) 1.248e-05 0.992 0.905
MR-PRESSO 33 1.198 (1.132 - 1.269) 6.019¢-07 - -
MR-Egger 33 1.174 (0.833 — 1.655) 0.366 - -

ER+ breast cancer VW 33 1.199 (1.089 — 1.321) 2.231e-04 0.970 0.856
MR-PRESSO 33 1.199 (1.114 — 1.291) 3.282¢-05 - -
MR-Egger 33 1.245 (0.827 — 1.872) 0.302 - -

ER- breast cancer VW 33 1.121 (0.966 — 1.300) 0.133 0.995 0.669
MR-PRESSO 33 1.121 (1.012 — 1.241) 0.037 - -
MR-Egger 33 0.979 (0.521 — 1.840) 0.948 - -

Note: —: none.
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Table 6 Effect of HMGCR-regulated peripheral non-high-density lipoprotein cholesterol (non-HDL-C) on breast cancer

incidence risk

Breast cancer types MR Methods Wgim OR (95%CI) P (MR) P (CO) P (MI)
All breast cancers IVW 25 1.203 (1.106 — 1.310) 1.869¢-05 0.985 0.921
MR-PRESSO 25 1.203 (1.135-1.276) 2.146e-06 - -
MR-Egger 25 1.179 (0.788 — 1.765) 0.431 - -
ER-+breast cancer IVvw 25 1.202 (1.087 — 1.330) 3.520e-04 0.922 0.927
MR-PRESSO 25 1.202 (1.110 - 1.302) 1.388e-04 - -
MR-Egger 25 1.176 (0.728 — 1.899) 0.515 - -
ER- breast cancer vw 25 1.164 (0.997 — 1.360) 0.055 0.990 0.959
MR-PRESSO 25 1.164 (1.049 — 1.293) 0.009 - -
MR-Egger 25 1.187 (0.565 — 2.492) 0.655 - -

Note: —: none.



¢ 170 - AR B 127202555 524555280 Cancer Res Prev Treat,2025,Vo0l.52,No.2

Exposures Outcomes Methods
HMGCR ER+ breast cancer SMR ——
IVvw e —
?gGCR'regulated ER+ breast cancer MR-PRESSO e
MR-Egger °
HMGCR-regulated VW
Teguialed pR+ breast cancer MR-PRESSO ——
LDL-C °
MR-Egger *
IVW —_——
HMSSE -(r:egulated ER+ breast cancer MR-PRESSO ——
non - MR-Egger ©
0.7 1.1 1.3 1.5 1.7 1.9 2.1

B 1 HMGCREAK H R4 BB E B 3k B X ER+ZLARIE & fk KUK 22 11 (9 7R 4K (=
Figure 1 Forest plot of the effect of HMGCR and its modulated cholesterol phenotype on ER+ breast cancer incidence risk
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