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Genetic evidence supporting 
potential causal roles of EIF4 family 
in breast cancer: a two‑sample 
randomized Mendelian study
Jin‑Yu Shi  1,8,10, Rui Wen 2,10, Jin‑Yi Chen 3, Yi‑Qian Feng 3,4, Yuan‑Yuan Zhang 5, Si‑Jia Hou 3,6, 
Yu‑Jia Xi 7,9, Jiang‑Fen Wang 1 & Ya‑Fen Zhang  1*

Translational control plays a crucial role in the regulation of apoptosis, with the EIF4 family serving 
as one of the mRNA translation factors that modulate the process of mRNA translation based on 
mRNA characteristics. To address this potential causal role of EIF4 family proteins and breast cancer, 
Mendelian randomization was employed. The study incorporated four sets of genetics instrumental 
variables, namely EIF4E, EIF4B, EIF4A, and EIF4EBP2. The outcome variables selected for analysis 
were the BCAC consortium, which included estrogen receptor positive (ER+) and estrogen receptor 
negative (ER−) samples. To assess the potential violations of the MR assumption, the primary MR 
analysis employed inverse variance weighted (IVW), and several sensitivity analyses were conducted. 
The findings of the two-sample MR analysis indicate that EIF4E has an adverse effect on breast 
cancer risk (p = 0.028). However, the evidence for the relationship between EIF4E and ER status of 
breast cancer suggests a weak association with ER+ breast cancer (p = 0.054), but not with ER- breast 
cancer (p > 0.05). The study findings indicate that EIF4A is not causally linked to the risk of ER+ breast 
cancer, but is significantly associated with an elevated risk of ER− breast cancer (p = 0.028). However, 
the evidence is inadequate to support the effects of EIF4B and EIF4EBP2 on breast cancer (p > 0.05). 
Our results suggest that EIF4 may be a potential factor in the occurrence and development of breast 
cancer, which may lead to a better understanding of its causes and prevention.
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Breast cancer (BC) is one of the most common diseases of cancer mortality among women1. The high incidence 
and therapy resistance rates lead to cancer relapse and metastasis, which account for the high mortality2. Breast 
cancer subtypes with different clinical behaviors and molecular properties make treatment and prevention 
difficult3. Depending on the status of the estrogen receptor (ER), patients with BC can be classified into ER+ 
and ER− subtypes. 70% or more of all individuals with malignant BC are ER+ patients4. For this subtype of 
patients, endocrine therapy is an essential adjuvant treatment, including aromatase inhibitors (AIs), selective 
ER downregulators (SERDs), and selective ER modulators (SERMs)4–6. Therefore, ER + BC patients generally 
have a better prognosis than those with ER− tumors, whereas ER-negative tumors are insensitive to antiestrogen 
therapy7,8. It is now increasingly recognized that possible mechanisms underlying the rapid cellular growth, 
invasiveness, and drug resistance characteristics of breast cancer cells involve the deregulation of signaling 
pathways and protein synthesis9–11. For example, it is believed that the mTOR pathway represents the core of 
several signaling pathways that regulate several essential steps in breast cancer cells, among which the eukaryotic 
initiation factor family is one of its downstream effectors12,13.
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Initiation, elongation, and termination are the 3 steps of mRNA translation14,15. Translational control regulates 
many fundamental cellular processes in eukaryotes, such as differentiation, apoptosis, and cell multiplication. 
Protein initiation factor EIF4F binds to the 5′-cap of mRNA to begin eukaryotic translation (Fig. 1)16. The cap-
binding protein EIF4E, the scaffolding subunit EIF4G and the RNA helicase EIF4A comprise the EIF4F complex16. 
EIF4E is responsible for the degree of protein synthesis and retardation. As part of the EIF4F, EIF4E attaches to 
mRNA’s 7-methylguanosine cap17. ATPase and unwinding activities of EIF4A are stimulated by EIF4B through its 
7-repeat region18. Multiple mechanisms regulate the amounts and activity of EIF4E, one of them is EIF4E-binding 
proteins (4E-BPs)13. The EIF4EBP protein exists in three forms: EIF4EBP1, EIF4EBP2, and EIF4EBP3. Since 
EIF4EBP and EIF4G have a shared binding site, 4E-BPs prevent EIF4E from binding to EIF4G by interacting with 
EIF4E and restrict the formation of EIF4F13,19,20. EIF4E signaling pathways are frequently aberrantly activated 
in breast cancer, suggesting potential therapeutic strategies21. However, it has not been reported whether the 
elevated levels of EIF4E signaling pathway protein play a potential causal role in breast cancer and its subtype 
susceptibility22.

To explore the genetic association between EIF4 family proteins and breast cancer risk, we used two-sample 
Mendelian randomization analyses (MRs). The research used genome-wide association analysis data from the 
IN study of 3301 subjects and the BCAC database of 122,977 patients and 105,974 controls. Use five approaches 
including MR-Egger,inverse-variance weighted (IVW) regression to test the potential causal association of EIF4E, 
EIF4B, EIF4A, and EIF4EBP2 with breast cancer.

Methods
The research design of this paper is shown in Fig. 2. The study was analyzed from a publicly available database 
without requiring separate ethical approval.

Data source
Heritable data on breast carcinoma were from the Breast Cancer Association Consortium (BCAC), enrolling 
122,977 patients and 105,974 controls, estimating the genotypes of approximately 21 M variants from the 1000 
Genomes Project. Samples of different estrogen hormone receptor states were contained in the BCAC. These 
samples were composed of women of European origin. Single nucleotide polymorphisms (SNPs) for ER- breast 
cancer included 21,468 cases and 105,974 controls. Summary-level data for ER+ breast cancer included 69,501 
cases and 105,974 controls. There was a filter for minor allele frequency (MAF) greater than 0.5% and an 
imputation quality score greater than 0.3 for the data23. Exposure data of EIF4E, EIF4B, EIF4A, and EIF4EBP2 
were obtained from the INTERVAL study, which measured approximately 3000 plasma proteins in a genome-
wide association studies (GWAS) analysis of 3301 individuals. The INTERVAL study recruited healthy blood 

Fig. 1.   Effects of EIF4 protein family on breast cancer cells and its pathway regulation mechanism. An activated 
S6K1-PDCD4 pathway promotes the unwinding of EIF4A, and the 4EBP-EIF4E pathway accelerates the release 
of activated EIF4E, which together promote the formation of the EIF4E complex and increase the abundance 
of MUC1-C oncoprotein in breast cancer. MUC1-C oncoprotein and activated EIF4E promote tumorigenesis, 
tumor cell metastasis, cancer cell angiogenesis and vascular invasion.
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donors of European ancestry over the age of 18 at 25 National Health Service (NHS) Blood and Transplant 
Centers from 2012 to 2014. The researchers used SOMAmers to assess potential off-target cross-reactivity and 
repeated the experiment to ensure the robustness of the protein measurements. More specific information about 
the study can be obtained from references to publicly available publications24.

Fig. 2.   Research methods to determine the causal relationship between EIF4 family-related proteins and breast 
cancer development.
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Selection of IVs
The choice of instrumental variables (IVs) determined the reliability of this MR analysis. Valid IVs must satisfy 
three fundamental assumptions: (i) IVs were not associated with confounders; (ii) IVs are correlated with 
exposure factors; (iii) IVs are not associated with outcome variables; IVs can only be associated with outcome 
variables through exposure factors. At the same time, IVs should also exclude linkage disequilibrium (LD), 
pleiotropy, heterogeneity, and population stratification25. This research screened IVs by satisfying the following 
statistical standards: (i) a GWAS-correlated P-value of 5 × 10−6, (ii) a linkage disequilibrium r2 of > 0.05, and F 
statistic for each SNP > 10. LD between SNPs was calculated from European individuals from the 1000 Genomes 
Project. Proxy SNPs could be found if IVs were unavailable (https://​snipa.​helmh​oltz-​muenc​hen.​de/​snipa3/). The 
condition of the F-statistic that the included Single nucleotide polymorphisms (SNPs) were powerful tools. We 
further excluded SNPs with allele frequencies less than 0.01. The research utilized the PhenoScanner (http://​
www.​pheno​scann​er.​medsc​hl.​cam.​ac.​uk) website to manually screen IVs for potential confounders.

Statistical analyses
We used R (version 0.5.6) software for two-sample MR analyses. First, to make sure that each SNP’s alleles were 
consistent between causes and effects, we harmonized the statistics for SNP-cause and SNP-effect. Subsequently, 
several statistical methods were combined to explore the connections between causes and effects. A p-value 
less than 0.05 indicates a strong level of correlation. We primarily used the inverse variance weighting (IVW) 
method for causality analysis. When polytomous, heterogeneous and weak instrumental variables were not 
present, the analyses were conducted with IVW as the main decision criterion26,27. IVW is categorized into a 
random effects model and a fixed effects model. If p > 0.05 showed little heterogeneity, a fixed-effect model was 
advised to be employed for the following analyses. Otherwise, the random-effect model was applied. Since IVW 
requires all IVs to be valid to ensure the consistency of the results, we also used MR-egger analysis and weighted 
median analysis. By using the regression slope and intercept, the MR-Egger regression model produced a result 
that corrected for the presence of horizontal pleiotropy and offered a reasonably reliable estimate independent of 
IV validity. The weighted median analysis provided consistent causality estimates with 50% of randomly selected 
IVs. In addition, Simple Mode and weighted Mode were used to supplement the analysis of the two samples. 
These two analysis methods provide less results bias and lower type I errors.

Sensitivity analyses
In this work, various methods for sensitivity analysis were conducted. An initial assessment of IV heterogeneity 
was conducted using Cochrane’s Q-statistic. To visualize pleiotropy directly, funnel plots and forest plots were 
built. Second, we examined the directional pleiotropy of IVs using the MR-Egger intercept approach31. If the 
p-value < 0.05, the IVW estimate in the MR-Egger test might be biased. Intercepts were calculated based on the 
average horizontal pleiotropic effect across all SNPs. In contrast to the IVW technique, other methods provided 
broad confidence intervals (CI)32 and were only used as supplementary techniques. High pleiotropy was evaluated 
by applying the MR-Egger Regression Model, and final outliers were identified by MR-PRESSO. Otherwise, 
IVW results took priority. Third, to determine if a single SNP was responsible for the outcomes, we performed 
a leave-one-out sensitivity test.

Results
Characteristics of exposures and outcomes
We retrieved IVs that were related to breast cancer (P < 5 × 10−6) and excluded LD (r2 < 0.05, 10,000-kb) from the 
GWAS. The chosen SNPs’ F values were higher than the usual cutoff point of 10, suggesting that they would reduce 
the bias of causal analysis. In the MR study, a total of 12 SNPs (EIF4E: rs62143198, rs527838288, rs11084300; 
EIF4B: rs62143197, rs148800371; EIF4A: rs34436714, rs11084300, rs3859507, rs79549584, rs6792693; EIF4EBP2: 
rs10733789, rs6993770) were excluded for removing the influence of other confounders (breast cancer, immunity, 
ect). All remaining IVs were aligned to the allelic direction of exposure and outcome. In addition, they were 
correlated with the exposure factors but not the outcome variables. The final study included 46 instrumental 
variables (EIF4E: 13 SNPs; EIF4B: 13 SNPs; EIF4A: 7 SNPs; EIF4EBP2: 13 SNPs) for analysis for breast cancer 
and different ER subtypes (Supplementary Tables 1–4).

Two‑sample MR analysis
IVW results suggested a direct potential causal relationship between EIF4E and breast cancer (OR 1.04, 95% CI 
1.00–1.07, p = 0.028). There was a weak association between EIF4E and ER+ patients (OR 1.04, 95% CI 1.00–1,08, 
p = 0.054), but not ER− patients (OR 1.03, 95% CI 0.97–1.09, p = 0.34). Results from other methods were in the 
same direction (Fig. 3A). However, the findings didn’t indicate a direct connection between EIF4B and breast 
cancer (OR 0.99, 95% CI 0.96–1.03, p = 0.76). As an outcome variable, the MR results showed consistent between 
ER+ patients (OR 1.00, 95% CI 0.96–1.05, p = 0.97) and ER- patients (OR 0.98, 95% CI 0.94–1.04, p = 0.42). 
The results are shown in Fig. 3B. According to MR study of IVs, EIF4A, and breast cancer were not directly 
related (OR 1.01, 95% CI 0.97–1.06, p = 0.60). Results consistent with overall breast cancer were found in ER+ 
patients (OR 1.00, 95% CI 0.95–1.07, p = 0.90). However, we revealed a strong relationship between EIF4A and 
ER− patients (OR 1.10, 95% CI 1.01–1.20, p = 0.028) (Fig. 3C). We found that EIF4EBP2 didn’t contribute to the 
development of breast cancer (OR 0.99, 95% CI 0.96–1.02, p = 0.38). And there was also no direct association 
between EIF4EBP2 and the outcome of ER status for breast cancer (ER−: OR 1.02, 95% CI 0.97–1.08, p = 0.44; 
ER+: OR 0.99, 95% CI 0.95–1.03, p = 0.57) (Fig. 3D).

https://snipa.helmholtz-muenchen.de/snipa3/
http://www.phenoscanner.medschl.cam.ac.uk
http://www.phenoscanner.medschl.cam.ac.uk
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Sensitivity analyses
The heterogeneity test showed that the p-values of Cochran’s Q statistics were all greater than 0.05, which 
indicated that there was no heterogeneity among these SNPs (Table 1). As a result, this MR study was primarily 
analyzed using the IVW approach. According to MR-Egger regression intercepts, the IVs of different causes with 
breast cancer showed only weak evidence of pleiotropy (Table 1). Additionally, the leave-one-out test indicated 
that the potential causal relationship between breast cancer risk and different causes did not depend on a single 
SNP. The scatter plots and the forest plots are shown in Figs. 4, 5, 6 and 7.

Fig. 3.   Two-sample Mendelian randomization estimations showing the effect of EIF4E, EIF4B, EIF4A and 
EIF4EBP on the risk of breast cancer and different status of ER.
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Discussion
This is the first study to leverage MR to determine the potential causal association of EIF4E, EIF4B, EIF4A, and 
EIF4EBP2 circulating levels with breast cancer in humans. The data suggest that increased circulating levels of 
EIF4E can increase the risk of breast cancer and that patients with ER+ breast cancer can be minimally affected. 
Furthermore, high levels of EIF4A are associated with an increased risk of ER− breast cancer. However, we did 
not find evidence that EIF4A levels directly influence breast cancer incidence or the ER+ subtype. EIF4B and 
EIF4EBP2 circulating levels were not related to breast cancer risk.

As a restriction factor involved in translation initiation, EIF4E promotes the recruitment of ribosomal 
submission to control the translation process. And given that EIF4E is the regulatory intersection of multiple 
cancer-related pathways, such as PI3K/AKT, mTOR, and Ras/MAPK/Mnk, its overactivity was an important 
hallmark of many cancers33,34. The study from Fan Li et al. revealed that the high expression of EIF4E may cause 
poor prognosis in cancer patients by affecting immune cells such as macrophages in breast cancer tissue22. In 
addition, several studies have proved that EIF4E also promotes metastasis of tumor cells, cancer cell angiogenesis, 
and vascular invasion35,36. These clinical and mechanistic studies are consistent with our findings that EIF4E 
has a direct potential causal relationship with breast cancer pathogenesis and disease progression. Given the 
notion that EIF4E is one of the intersections of major signaling pathways associated with cancer, there have 
been a lot of studies to understand how targeted EIF4E can treat breast cancer36. There are both direct and 
indirect approaches to target EIF4E. One direct approach involves inhibiting the translation of EIF4E mRNA 
using specific antisense oligonucleotides (ASOs) or 7-benzyl guanosine monophosphate (Bn7GMP)13. Indirect 
strategies, on the other hand, involve targeting the EIF4E phosphorylation pathway or inhibiting the binding of 
EIF4E to other components using inhibitors such as 4EGI-1 and 4E1RCat13. Inhibitors of the mTOR pathway 
such as everolimus have also been used to indirectly target EIF4E in breast cancer37.

EIF4EBP is generally regarded as a translational repressor that is regulated by phosphorylation, with 
hypophosphorylated EIF4EBP able to bind to and inhibit EIF4E13,20. The rapamycin (mTOR)-4EBP1 pathway 
is one of the major signaling pathways that regulates the initiation of mammalian processes38. In the course of 
cancer development, activation of mTORC1 hyperphosphorylates 4EBP, releasing active EIF4E and stimulating 
transcription in cancer39. Several researches have confirmed that 4EBP can be used as a predictive marker 
during breast cancer treatment40. Analysis of the TCGA database also reveals a significant association between 
decreased expression of 4EBP1 and an unfavorable survival outcome38. Due to the lack of GWAS data for 
EIF4EBP, EIF4EBP1, and EIF4EBP3, only EIF4EBP2 was included in our study. Our investigation has revealed 
that EIF4EBP2 does not exert a direct effect on breast cancer. This observation may be attributed to the fact that, 
as a member of the 4EBP family of proteins, EIF4EBP2 may not be fully representative of the entire EIF4EBP 
protein family, thereby limiting its impact on breast cancer.

Eukaryotic initiation factor 4A (EIF4A) is a DEAD-box RNA helicase, which is characterized by high 
conservation41. It has been demonstrated that EIF4A activity is downregulated in breast cancer xenograft models, 
accelerating cell death and reducing angiogenesis42. EIF4B can stimulate the RNA helicase activity of EIF4A18. 
Nevertheless, Our results indicate that EIF4A does not have a direct association with breast cancer, likely because 
of the complex subtypes of the disease. However, we found an association between EIF4A and ER- breast cancer, 
which is consistent with some previous studies. It has been found that the independent predictors of adverse 
prognosis of ER-negative diseases include EIF4A1, EIF4B, and EIF4E42. The results regarding EIF4B and EIF4E 
are inconsistent with our study, but fewer studies have examined the association between EIF4B and breast cancer, 
which deserves deeper investigation. In addition, several studies in recent years have focused on the therapeutic 
strategy of targeting EIF4A in breast cancer, including the study by Cencic et al., which also suggested that 
because EIF4A is overexpressed in human ER-negative breast cancers, EIF4A is an attractive therapeutic target 
for the treatment of TNBC and validated the orally bioavailable rocaglate based molecule, MG-002, was shown 

Table 1.   The estimations of heterogeneity and horizontal pleiotropy for MR results.

Exposure Outcome Number of IVs

Pleiotropy test Heterogeneity test

MR-Egger MR-Egger
Inverse-variance 
weighted

Intercept SE p Q Q_df Q_pval Q Q_df Q_pval

EIF4E

BRCA​

13

− 5.65E−03 0.01 0.47 11.26 11 0.42 11.83 12 0.46

ER− − 5.89E−03 0.01 0.68 8.44 11 0.67 8.63 12 0.73

ER+ − 2.44E−03 0.01 0.81 13.04 11 0.29 13.11 12 0.36

EIF4B

BRCA​

13

− 5.76E−03 0.01 0.56 16.08 11 0.14 16.61 12 0.16

ER− − 4.36E−03 0.02 0.78 11.90 11 0.37 11.99 12 0.45

ER+ − 4.62E−04 0.01 0.97 17.27 11 0.10 17.27 12 0.14

EIF4A

BRCA​

7

− 3.55E−03 0.01 0.72 6.35 5 0.27 6.53 6 0.37

ER− − 1.45E−02 0.02 0.41 5.86 5 0.32 6.80 6 0.34

ER+ − 6.03E−03 0.01 0.63 7.40 5 0.19 7.79 6 0.25

EIF4EBP2

BRCA​

13

− 6.20E−03 0.01 0.49 6.70 11 0.82 7.21 12 0.84

ER− − 4.27E−03 0.02 0.79 7.25 11 0.78 7.33 12 0.84

ER+ − 3.42E−03 0.01 0.74 5.71 11 0.89 5.82 12 0.92
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to be effective in inhibiting mRNA translation and primary TNBC tumor growth by targeting and inhibiting 
EIF4A activity43. Na Zhao found that the protein level of EIF4A1 was higher in TNBC than in non-TNBC and 
verified that targeting EIF4A triggered an interferon response that synergized with chemotherapy and inhibited 

Fig. 4.   Heterogeneity and horizontal pleiotropy testing of the effect of EIF4E on breast cancer and its subtypes 
(ER−, ER+) risk. (A) Scatter plot showing estimates of the causal effect of EIF4E on breast cancer. The slopes of 
the lines correspond to causal assessments using different methods. (B) Funnel plots showed estimates of EIF4E 
for breast cancer, using each SNP as a tool, the inverse of the standard error of the causal estimate. Vertical lines 
show the results of IVW or MR Egger methods using all SNPs. (C) Leave-one-out analysis. Determine if any 
single SNP leads to a direct causal relationship between EIF4E and breast cancer. The horizontal line indicates 
the 95% CI. (D) Scatter plot, (E) funnel plot, and (F) leave-one-out analysis from genetically predicted the effect 
of EIF4E on ER- breast cancer. (G) Scatter plot, (H) funnel plot, and (I) leave-one-out analysis from genetically 
predicted the effect of EIF4E on ER+ breast cancer.
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triple-negative breast cancer44. Recent studies have focused on the crucial role of targeting EIF4A in TNBC, 
which deserves further investigation.

The strength of our study is that MR studies can effectively avoid confounding biases in the random 
assignment of SNPs at conception. MR can also prevent the reverse causal effect compared to other observational 
studies. Establishing a potential causal link between EIF4E and breast cancer has helped us better understand 
that EIF4E signaling would enhance the consideration of EIF4E as a target for developing new therapies.

Although in contrast to other observational studies, the MR study we conducted was effective in avoiding 
confounding bias in randomly assigned SNPs at conception and preventing reverse causal effects. The study still 
has many limitations. Firstly, our research specifically examined the genetic determinants of EIF4 families and 
did not explore other variables or potential interactions with additional risk factors for breast cancer. Secondly, 

Fig. 5.   Heterogeneity and horizontal pleiotropy testing of the effect of EIF4B on breast cancer and its subtypes 
(ER−, ER+) risk. (A) Scatter plot, (B) funnel plot, and (C) leave-one-out analysis from genetically predicted the 
effect of EIF4B on breast cancer. (D) Scatter plot, (E) funnel plot, and (F) leave-one-out analysis from genetically 
predicted the effect of EIF4B on ER− breast cancer. (G) Scatter plot, (H) funnel plot, and (I) leave-one-out 
analysis from genetically predicted the effect of EIF4B on ER+ breast cancer.
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all GWAS data are derived from European populations and the population is not representative. Thirdly, only 
EIF4EBP2 was studied, it cannot represent EIF4EBP.

Fig. 6.   Heterogeneity and horizontal pleiotropy testing of the effect of EIF4A on breast cancer and its subtypes 
(ER−, ER+) risk. (A) Scatter plot, (B) funnel plot, and (C) leave-one-out analysis from genetically predicted the 
effect of EIF4A on breast cancer. (D) Scatter plot, (E) funnel plot, and (F) leave-one-out analysis from genetically 
predicted the effect of EIF4A on ER− breast cancer. (G) Scatter plot, (H) funnel plot, and (I) leave-one-out 
analysis from genetically predicted the effect of EIF4A on ER+ breast cancer.
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Data availability
The datasets supporting the conclusions of this article are available in the IEU open gwas project repository 
(https://​gwas.​mrcieu.​ac.​uk/).

Received: 5 February 2024; Accepted: 23 August 2024

Fig. 7.   Heterogeneity and horizontal pleiotropy testing of the effect of EIF4BP2 on breast cancer and its 
subtypes (ER−, ER+) risk. (A) Scatter plot, (B) funnel plot, and (C) leave-one-out analysis from genetically 
predicted the effect of EIF4BP2 on breast cancer. (D) Scatter plot, (E) funnel plot, and (F) leave-one-out analysis 
from genetically predicted the effect of EIF4BP2 on ER− breast cancer. (G) Scatter plot, (H) funnel plot, and (I) 
leave-one-out analysis from genetically predicted the effect of EIF4BP2 on ER+ breast cancer.

https://gwas.mrcieu.ac.uk/
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