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Causal effects of blood cells on breast cancer
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Abstract 
Recent studies suggest blood cells influence breast cancer, but no Mendelian randomization (MR) studies have confirmed a 
causal relationship between specific blood cell phenotypes and breast cancer. MR analysis of blood cell phenotypes used breast 
cancer data from Finngen R11, UKB, and open genome-wide association study databases. Meta-analyzed inverse variance 
weighted results were adjusted for multiple comparisons. The reverse relationship was also explored. MR and meta-analysis 
identified significant associations between specific blood cell phenotypes and breast cancer: neutrophil perturbation response 
(side fluorescence standard deviation of neutrophil 4 in response to alhydrogel perturbation): odds ratio (OR) = 0.967, P = .0009; 
neutrophil perturbation response (forward scatter median of neutrophil 4 in response to Pam3CSK4 perturbation): OR = 0.972, 
P = .031; white blood cell perturbation response (side scatter coefficient of variation of WBC 2 in response to nigericin perturbation): 
OR = 0.972, P = .031; white blood cell perturbation response (forward scatter coefficient of variation of WBC in response to 
Pam3CSK4 perturbation): OR = 1.042, P = 8.15 × 10−5. And there was no reverse result. Neutrophil perturbation response (side 
fluorescence standard deviation of neutrophil 4 in response to alhydrogel perturbation) and white blood cell perturbation response 
(side scatter coefficient of variation of WBC 2 in response to nigericin perturbation) are protective factors for breast cancer. 
Conversely, neutrophil perturbation response (forward scatter median of neutrophil 4 in response to Pam3CSK4 perturbation) and 
white blood cell perturbation response (forward scatter coefficient of variation of WBC in response to Pam3CSK4 perturbation) 
are risk factors for breast cancer.

Abbreviations: CI = confidence interval, CV = coefficient of variation, IVs = instrumental variables, IVW = inverse variance 
weighted, LMR = lymphocyte-to-monocyte ratio, MMPs = matrix metalloproteinases, MR = Mendelian randomization, NLR = 
neutrophil-to-lymphocyte ratio, OR = odds ratio, SNPs = single nucleotide polymorphisms, TRAIL = tumor necrosis factor-related 
apoptosis-inducing ligand.
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Participants in FinnGen provided informed consent for biobank research on basis 
of the Finnish Biobank Act. Alternatively, separate research cohorts, collected 
before the Finnish Biobank Act came into effect (in September 2013) and the 
start of FinnGen (August 2017) were collected on the basis of study-specific 
consent and later transferred to the Finnish biobanks after approval by Fimea, 
the National Supervisory Authority for Welfare and Health. Recruitment protocols 
followed the biobank protocols approved by Fimea. The Coordinating Ethics 
Committee of the Hospital District of Helsinki and Uusimaa (HUS) approved 
the FinnGen study protocol (number HUS/990/2017). The FinnGen study is 
approved by the THL (approval number THL/2031/6.02.00/2017, amendments 
THL/1101/5.05.00/2017, THL/341/6.02.00/2018, THL/2222/6.02.00/2018, 
THL/283/6.02.00/2019 and THL/1721/5.05.00/2019), the Digital and 
Population Data Service Agency (VRK43431/2017-3, VRK/6909/2018-3 and 
VRK/4415/2019-3), the Social Insurance Institution (KELA; KELA 58/522/2017, 
KELA 131/522/2018, KELA 70/522/2019 and KELA 98/522/2019) and Statistics 
Finland (TK-53-1041-17). The study involving 91 types of blood cells was 
conducted in compliance with strict ethical guidelines. The research received 
approval from the Institutional Review Board (IRB) at Brigham and Women’s 
Hospital. Subjects were recruited in accordance with IRB 2019P003155 from 
multiple phlebotomy clinics in the Mass General Brigham hospital system. 
Subjects were recruited at the time of check-in/registration for their clinical blood 
draw. Once patients consented, the patient underwent their clinical blood draw 

first, then the phlebotomist drew blood tubes for the research study. Patients 
were able to request study staff to fully discuss risks, benefits, and obtain 
consent at the time of the visit. The study inclusion criteria were age > 18, already 
scheduled to have blood drawn as part of routine clinical care, and ability to 
provide informed consent. There is no selection bias in recruitment.
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1. Introduction
Breast cancer is the most prevalent cancer among women glob-
ally, with around 2 million new cases diagnosed each year. It 
ranks as a leading cause of cancer-related deaths in women, 
claiming about 600,000 lives annually. Several factors influence 
the risk of developing breast cancer, including uncontrollable 
elements such as gender (women are at higher risk), age (risk 
increases after 50), family history (particularly with first-degree 
relatives), genetic mutations (like BRCA1 and BRCA2), early 
onset of menstruation, and late menopause. Modifiable risk 
factors include prolonged use of hormone replacement therapy 
(HRT), heavy alcohol consumption, obesity, physical inactivity, 
and delayed or no childbirth. Symptoms typically involve the 
presence of lumps in the breast, alterations in shape or size, skin 
changes, nipple modifications, and swollen lymph nodes in the 
armpit area.[1,2]

Globally, breast cancer incidence has been on the rise, with 
approximately 2 million new cases and 600,000 deaths reported 
each year. The global 5-year survival rate is generally around 
80% to 85%, though this varies by region and healthcare 
access. Early-stage breast cancer often does not present clear 
symptoms, so regular screening methods such as mammograms, 
clinical examinations, and self-checks are critical for early detec-
tion and improving outcomes through timely intervention.[3] 
With advancements in medical technology, treatment methods, 
including surgery, radiotherapy, chemotherapy, and targeted 
therapy, have gradually improved the cure and survival rates for 
breast cancer.

Existing research on white blood cells in breast cancer pri-
marily focuses on their counts and proportions in relation to 
disease prognosis. Studies indicate that an increase in the total 
white blood cell count in breast cancer patients may be associ-
ated with disease progression and metastasis risk. Specifically, 
the lymphocyte-to-monocyte ratio (LMR) is considered a poten-
tial prognostic marker, with low LMR reflecting an immuno-
suppressive state and associated with poor prognosis. Changes 
in LMR may affect patient response to treatment, with low 
LMR potentially indicating poorer tolerance to chemother-
apy and radiotherapy. Additionally, higher levels of tumor- 
infiltrating lymphocytes in the tumor microenvironment are  
generally associated with better prognosis, especially in  
triple-negative breast cancer. High levels of tumor-infiltrating  
lymphocytes can not only directly kill tumor cells but also 
regulate the tumor microenvironment and enhance immune 
responses by releasing various cytokines.[4,5]

The role of neutrophils in breast cancer is mainly reflected in 
the neutrophil-to-lymphocyte ratio (NLR) and their function in 
the tumor microenvironment. High NLR is considered an inde-
pendent predictor of poor prognosis in breast cancer patients, 
reflecting systemic inflammation and immunosuppressive states. 
High NLR may be associated with higher tumor invasiveness 
and metastatic potential, as neutrophils promote tumor cell 
growth and metastasis by secreting cytokines and proteases and 
releasing neutrophil extracellular traps that further promote 
cancer cell metastasis. Moreover, neutrophils may help tumor 
cells escape immune surveillance by inhibiting the function of 
anti-tumor T cells. Studies also suggest that changes in neutro-
phil activity and function may be related to different subtypes 
of breast cancer, with certain subtypes being more sensitive to 
neutrophil activity. Targeted therapies against neutrophils are 
becoming a research focus, aiming to inhibit their pro-tumor 
effects and enhance anti-tumor immune responses. Future 
research may further elucidate the specific mechanisms of neu-
trophils in breast cancer and explore how to leverage these 
mechanisms for new therapeutic interventions.[6,7]

Mendelian randomization (MR) is an epidemiological 
approach that uses genetic variants as proxies to explore causal 
relationships between exposures and outcomes, offering several 
key benefits. First, by utilizing the random inheritance of genes, 

MR minimizes the influence of confounding factors, such as 
socioeconomic status. Second, it helps mitigate reverse causal-
ity, since genetic variants are established before the exposure 
and outcome occur. Furthermore, MR can assess the long-term 
effects of exposures, unlike studies that focus on short-term cor-
relations. Its noninvasive nature also makes it more ethically 
acceptable, particularly when randomized controlled trials 
(RCTs) are impractical or unfeasible. With the use of large-scale 
genomic data, MR studies gain increased statistical power and 
the ability to apply sophisticated techniques to untangle com-
plex causal relationships. In summary, MR offers significant 
advantages in minimizing bias and strengthening the reliability 
of causal conclusions.

This study employed bidirectional MR alongside meta- 
analysis to explore the causal connections between 91 distinct 
blood cell phenotypes and breast cancer, highlighting its nota-
ble strengths. Bidirectional MR not only assessed the potential 
causal impact of blood cell traits on breast cancer but also inves-
tigated how breast cancer might influence these phenotypes, 
offering a comprehensive view of the 2-way causal relation-
ships. Additionally, by combining data from multiple studies 
through meta-analysis, the research increased statistical power 
and reinforced the reliability of the findings. This approach pres-
ents an innovative framework for investigating the potential 
mechanisms driving breast cancer and lays a solid foundation 
for advancing its treatment and prevention strategies.

2. Methods and materials

2.1. Study design

This study employed a sophisticated triangulation methodology 
that integrated bidirectional MR and meta-analysis to thor-
oughly investigate the causal links between 91 distinct blood 
cell phenotypes and breast cancer. The first step involved the 
collection and preprocessing of both exposure and outcome 
data. Specifically, exposure data related to the 91 blood cell phe-
notypes were carefully prepared for analysis. The MR analy-
sis was then performed independently using breast cancer data 
sourced from 3 separate and distinct databases, ensuring that 
the data for the blood cell phenotypes (the exposures) and the 
breast cancer outcomes came from independent sources. This 
approach helped to minimize potential biases that might arise if 
the same datasets were used for both the exposure and outcome 
variables.

Following the initial MR analysis, the inverse variance 
weighted (IVW) method was applied to aggregate the MR 
results for each blood cell phenotype across the 3 breast can-
cer datasets. These individual MR results were then synthesized 
through a meta-analysis, pooling findings from the 3 datasets. 
To enhance the precision and validity of the meta-analysis, the 
significance P-values obtained were adjusted for multiple com-
parisons, reducing the likelihood of Type I errors and ensuring 
the robustness of the results.

By synthesizing data from various large-scale studies, the 
research was able to offer a more comprehensive and reliable 
evaluation of the causal relationship between blood cell phe-
notypes and breast cancer. This method not only provided 
deeper insights into the research question but also contributed 
to more credible and statistically robust conclusions. In addi-
tion to exploring direct causal pathways, the study also took 
an important step in validating the causal direction. Reverse 
causality tests were conducted on the significant blood cell phe-
notype data to determine whether breast cancer could influence 
blood cell phenotypes, ensuring that the observed associations 
were truly causal and not the result of reverse causation. This 
dual approach (forward and reverse causality) strengthens the 
credibility of the causal inferences made in the study.[8]

A recent study applied the MR approach to explore the 
causal relationship between circulating antioxidant levels 
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and the risk of coronary heart disease (CHD). Using genetic 
instrumental variables and CHD outcome data from 3 separate 
databases, researchers assessed the potential link between anti-
oxidants and CHD. The IVW method was employed to calcu-
late effect sizes for each database, with careful validation of the 
genetic instruments to ensure the reliability and independence 
of the data. Following this, the IVW results from all 3 data-
bases were combined through meta-analysis, which boosted 
statistical power and reduced uncertainty in the findings. The 
comprehensive analysis ultimately revealed no substantial evi-
dence supporting a protective effect of circulating antioxidants 
against CHD, both in individual database assessments and in 
the meta-analysis. This result challenges the widely held belief 
that antioxidants may lower cardiovascular disease risk, sug-
gesting that they might not be effective as protective factors 
against CHD.[8]

It is worth mentioning that this study involved the process-
ing and analysis of publicly available data, thereby exempting 
it from further ethical review. However, the ethical approval 
of the original data is included in the ethics statement section. 
Additionally, to clearly illustrate the research process, relevant 
flowcharts have been completed (Fig. 1).

2.2. Genome-wide association study (GWAS) data sources 
for the 91 types of blood cells

This study retrieved exposure data from the publicly available 
genome-wide association study (GWAS) catalog. The original 
investigation examined how genetic variations influence the 
behavior of human blood cells under different stress conditions. 
Flow cytometry was used to analyze blood cells from more than 
4700 individuals exposed to 37 distinct perturbation scenarios, 
identifying 119 genomic loci and 96 genes linked to specific cell 
phenotypes. These phenotypes are connected to various com-
mon diseases, such as a pro-inflammatory and anti-apoptotic 
neutrophil population found in cardiometabolic conditions. 
The study’s results suggest that this methodology could improve 
disease classification and enable more personalized treatments, 
advancing the field of precision medicine.

The data from the original study on how genetic variations 
affect human blood cell responses under different stress con-
ditions involved 91 blood cell phenotypes, and the GWAS 
codes for these immune phenotypes were GCST90257015-
GCST90257105.[9] Based on recent research, we filtered the 
data according to the following criteria: P < 1 × 10−5, F > 10, 
clump_kb = 10,000, and clump_r2 = 0.001. The final number of 
single nucleotide polymorphisms (SNPs) that met these criteria 
was 887.

2.3. Sources of GWAS data on breast cancer

The outcome data for this study was primarily sourced from 3 
databases different from the exposure data sources: the Open 
GWAS database, the UKB database, and the Finngen R11 
database.

	 1.	 Open GWAS database: The breast cancer data in this 
database belongs to the Breast Cancer Association 
Consortium (BCAC), with the specific GWAS identifier 
ieu-a-1126.[10] The data includes a total of 228,951 indi-
viduals, with 122,977 cases and 105,974 controls, encom-
passing 10,680,257 SNPs. [Download link] (https://gwas.
mrcieu.ac.uk/files/ieu-a-1126/ieu-a-1126.vcf.gz).

	 2.	 Finngen R11 database: This database provides breast can-
cer data for a total of 222,080 individuals, with 20,586 
cases and 201,494 controls, covering 21,297,594 SNPs.[11] 
[Download link] (https://storage.googleapis.com/finn-
gen-public-data-r11/summary_stats/finngen_R11_C3_
BREAST_EXALLC.gz).

	 3.	 UKB database: The breast cancer data from this database 
includes a total of 385,438 individuals, with 32,029 cases 
and 353,409 controls, covering 13,984,675 SNPs (Pan-
UKB team, https://pan.ukbb.broadinstitute.org, 2020). 
[Download link] (https://pan-ukb-us-east-1.s3.ama-
zonaws.com/sumstats_flat_files/categorical-20110-both_
sexes-5.tsv.bgz).

The breast cancer data from these 3 outcome databases were 
sourced from different populations than the exposure data, thus 

Figure 1.  The process flowchart of the research methodology. IV = instrumental variable, MR = Mendelian randomization, SNP = single nucleotide polymorphism.
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avoiding data overlap and ensuring accuracy. The datasets are 
among the best in their respective databases, with sufficient 
sample sizes and SNP counts to ensure the generalizability of 
the study results.

2.4. Criteria for selection of instrumental variables (IVs)

In MR studies, selecting appropriate instrumental variables 
(IVs) is essential. To ensure a strong connection with various 
blood cell traits, this study applied a P value cutoff of less 
than 1 × 10−5, including only single nucleotide polymorphisms 
(SNPs) that met this threshold. Additionally, each blood cell 
phenotype was required to have at least 3 SNPs linked to it, 
ensuring the data’s relevance and comprehensiveness. To refine 
the selection further, the F statistic for each SNP was calcu-
lated using the formula F = (beta/SE)2 (Table S1, Supplemental 
Digital Content, http://links.lww.com/MD/O396), with only 
SNPs having an F value >10 being retained. This step helped 
eliminate weak IVs, thus improving the robustness of the find-
ings. Lastly, the data was prepared for MR analysis, and link-
age disequilibrium was addressed to avoid its influence on the 
accuracy of the results. An linkage disequilibrium threshold of 
0.001 and a distance cutoff of 10,000 kb were applied to ensure 
the independence of the SNPs, thereby enhancing the precision 
of the analysis.[12,13]

3. Statistical analysis

3.1. Causal validation between 91 types of blood cells and 
breast cancer

All data analyses were carried out using R version 4.2.1 (https://
www.r-project.org/). Initially, SNPs associated with breast can-
cer were selected from 3 independent databases, distinct from 
the exposure data sources, and matched with SNPs in the expo-
sure data, retaining only those that were common between 
both datasets. Palindromic SNPs were processed based on the 
action = 2 standard, and SNPs marked with mr_keep = false 
were excluded. Prior to performing MR-PRESSO, horizontal 
pleiotropy tests were conducted. SNPs with a P value <.05 in 
the pleiotropy test were considered horizontally pleiotropic 
and identified as outliers, which were then removed using the 
MR-PRESSO method (parameters: NbDistribution = 3000, 
SignifThreshold = 0.05). SNPs with P values >.05 were deemed 
not to exhibit pleiotropy and did not require further treatment.

For heterogeneity testing before the MR analysis, SNPs with 
significant heterogeneity (Q_pval < 0.05) were analyzed using 
the IVW random effects model, while those without significant 
heterogeneity were analyzed using the IVW fixed effects model. 
Regardless of heterogeneity, MR-Egger and weighted median 
methods were also employed, and odds ratios (ORs) were cal-
culated. To enhance the robustness of the findings, MR analyses 
were performed for 91 blood cell phenotypes using 3 separate 
breast cancer datasets, followed by a meta-analysis of the IVW 
results from these analyses. P values from the meta-analysis 
were adjusted for multiple comparisons using the Bonferroni 
correction to reduce the risk of Type I errors. After this cor-
rection, 4 blood cell phenotypes were found to have significant 
associations with breast cancer.

3.2. Causal validation of the inverse relationship between 
positive blood cells and breast cancer

In this step, we utilized the significant blood cell phenotypes 
identified in the previous analysis as outcome variables, while 
the 3 breast cancer datasets served as the exposure variables. 
The same criteria for selecting instrumental variables and con-
ducting data analysis, as applied in the forward analysis, were 
used here. The primary goal of this phase was to assess the 

direction of the causal relationship between the 2. The results 
provided no evidence supporting the presence of reverse causal-
ity between the blood cell phenotypes and breast cancer.

3.3. Sensitivity analysis

Horizontal pleiotropy refers to a scenario where a genetic 
variant affects multiple traits independently of the exposure 
of interest, which can lead to distorted conclusions about the 
causal relationship. To minimize the influence of horizontal 
pleiotropy on our results, we conducted pleiotropy tests on the 
GWAS data. SNPs showing significant horizontal pleiotropy 
(P value < .05) were identified as outliers and excluded using 
the MR-PRESSO method. The exclusion criteria were set with 
NbDistribution = 3000 and SignifThreshold = 0.05 to ensure 
that only robust data remained for further analysis[14] (Table 
S2, Supplemental Digital Content, http://links.lww.com/MD/
O396).

Heterogeneity refers to the variation or differences that exist 
among study subjects, observations, or experimental conditions. 
In research, heterogeneity typically reflects differences between 
samples or individuals, which could arise from factors such as 
genetic diversity, environmental influences, or socioeconomic 
conditions. While heterogeneity can enhance the generaliz-
ability and representativeness of research findings, it also adds 
complexity and can complicate interpretation. In this study, we 
conducted heterogeneity tests on the data as part of the anal-
ysis process. For SNPs showing significant heterogeneity (Q_
pval < 0.05), the IVW random effects model was applied in the 
MR analysis. Conversely, for SNPs without significant heteroge-
neity, we used the IVW fixed effects model to ensure the results 
remained accurate and reliable[15] (Table S3, Supplemental 
Digital Content, http://links.lww.com/MD/O396).

4. Results

4.1. Causal validation between 91 types of blood cells and 
breast cancer

MR analyses were conducted on 91 blood cell phenotypes with 
3 sets of breast cancer data (Table S4, Supplemental Digital 
Content, http://links.lww.com/MD/O396). The IVW results 
from these MR analyses were subjected to meta-analysis (Table 
S5, Supplemental Digital Content, http://links.lww.com/MD/
O396), and the significance P values from the meta-analysis were 
corrected for multiple comparisons. Ultimately, only 4 blood 
cell phenotypes showed significant associations with breast 
cancer. Notably, 2 blood cell phenotypes (GCST90257024, 
GCST90257077) had P values < .05 after correction, but their 
β-value directions were inconsistent across several main meth-
ods, preventing their classification as positive results (Table S6, 
Supplemental Digital Content, http://links.lww.com/MD/O396).

Specifically, the blood cell phenotype Neutrophil pertur-
bation response (side fluorescence standard deviation of neu-
trophil 4 in response to alhydrogel perturbation measured by 
WDF dye; GCST90257043) had the following results: Finngen 
database: The IVW result was OR = 0.955 (95% confidence 
interval [CI]: 0.922–0.989, P = .011), with consistent β value 
directions across 3 main methods, indicating it as a protective 
factor against breast cancer. UKB database: The IVW result 
was OR = 0.973 (95% CI: 0.947–1.000, P = .05), with consis-
tent β value directions, still indicating a protective factor. Open 
GWAS database: The IVW result was OR = 0.967 (95% CI: 
0.947–0.988, P = .002), with consistent β value directions, still 
indicating a protective factor. Meta-analysis result: The IVW 
result was OR = 0.967 (95% CI: 0.952–0.982, P = .0009), with 
significance corrected using the Bonferroni method (Table S6, 
Supplemental Digital Content, http://links.lww.com/MD/O396). 
Additionally, there were 6 strongly positive SNPs identified in 

http://links.lww.com/MD/O396
https://www.r-project.org/
https://www.r-project.org/
http://links.lww.com/MD/O396
http://links.lww.com/MD/O396
http://links.lww.com/MD/O396
http://links.lww.com/MD/O396
http://links.lww.com/MD/O396
http://links.lww.com/MD/O396
http://links.lww.com/MD/O396
http://links.lww.com/MD/O396
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this causal relationship. In addition, the blood cell phenotype 
and the MR combination diagram of breast cancer from 3 data-
bases were also plotted (Fig. 2).

The blood cell phenotype Neutrophil perturbation 
response (forward scatter median of neutrophil 4 in 
response to Pam3CSK4 perturbation measured by WDF dye; 
GCST90257080) had the following results: Finngen data-
base: The IVW result was OR = 1.053 (95% CI: 0.991–1.120, 

P = .098), with consistent β value directions across 3 main 
methods, indicating it as a risk factor for breast cancer. UKB 
database: The IVW result was OR = 1.034 (95% CI: 0.993–
1.077, P = .120), with consistent β value directions, still indi-
cating a risk factor. Open GWAS database: The IVW result 
was OR = 1.057 (95% CI: 1.027–1.089, P = .0002), with 
consistent β value directions, still indicating a risk factor. 
Meta-analysis result: The IVW result was OR = 1.050 (95%  

Figure 2.  Combined MR plots of GCST90257043 on breast cancer. MR = Mendelian randomization, SNP = single nucleotide polymorphism.
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CI: 1.027–1.073, P = .001), with significance corrected using 
the Bonferroni method (Table S6, Supplemental Digital 
Content, http://links.lww.com/MD/O396). There were 5 
strongly positive SNPs identified in this causal relationship. 
And plotted the blood cell phenotype and the MR combina-
tion diagram of breast cancer from 3 databases (Fig. 3).

The blood cell phenotype white blood cell perturbation 
response (side scatter coefficient of variation of WBC 2 in 

response to nigericin perturbation measured by WNR dye; 
GCST90257099) had the following results: Finngen data-
base: The IVW result was OR = 0.984 (95% CI: 0.952–1.017, 
P = .344), with consistent β-value directions across 3 main 
methods, indicating it as a protective factor against breast can-
cer. UKB database: The IVW result was OR = 0.968 (95% CI: 
0.930–1.007, P = .109), with consistent β-value directions, still 
indicating a protective factor. Open GWAS database: The IVW 

Figure 3.  Combined MR plots of GCST90257080 on breast cancer. MR = Mendelian randomization, SNP = single nucleotide polymorphism.

http://links.lww.com/MD/O396
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result was OR = 0.968 (95% CI: 0.948–0.988, P = .002), with 
consistent β-value directions, still indicating a protective factor. 
Meta-analysis result: The IVW result was OR = 0.972 (95% CI: 
0.956–0.987, P = .031), with significance corrected using the 
Bonferroni method (Table S6, Supplemental Digital Content, 
http://links.lww.com/MD/O396). There were 9 strongly positive 
SNPs identified in this causal relationship. Similarly, a combina-
tion diagram was also plotted for the MR results (Fig. 4).

The blood cell phenotype White blood cell perturbation 
response (forward scatter coefficient of variation of WBC 
in response to Pam3CSK4 perturbation measured by WNR 
dye; GCST90257101) had the following results: Finngen 
database: The IVW result was OR = 1.038 (95% CI: 1.002–
1.074, P = .033), with consistent β-value directions across 3 
main methods, indicating it as a risk factor for breast can-
cer. UKB database: The IVW result was OR = 1.038 (95%  

Figure 4.  Combined MR plots of GCST90257099 on breast cancer. MR = Mendelian randomization, SNP = single nucleotide polymorphism.

http://links.lww.com/MD/O396
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CI: 1.014–1.062, P = .002), with consistent β-value directions, 
still indicating a risk factor. Open GWAS database: The IVW 
result was OR = 1.054 (95% CI: 1.021–1.089, P = .001), 
with consistent β-value directions, still indicating a risk fac-
tor. Meta-analysis result: The IVW result was OR = 1.042 
(95% CI: 1.025–1.060, P = 8.15 × 10−5), with significance cor-
rected using the Bonferroni method (Table S6, Supplemental 

Digital Content, http://links.lww.com/MD/O396). There were 
5 strongly positive SNPs identified in this causal relationship. 
Similarly, a combination diagram was also plotted for the MR 
results (Fig. 5).

In addition, it is worth mentioning that we also plotted forest 
plots for the meta-analysis and multiple correction results of the 
4 highly significant blood cells mentioned above (Fig. 6).

Figure 5.  Combined MR plots of GCST90257101 on breast cancer. MR = Mendelian randomization, SNP = single nucleotide polymorphism.

http://links.lww.com/MD/O396
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4.2. Causal validation of the inverse relationship between 
positive blood cells and breast cancer

In the reverse validation process, we used the above 4 positive 
blood cell phenotypes as outcome data and breast cancer data 
from 3 different databases as exposure data. The data process-
ing and instrumental variable selection were consistent with 
the forward analysis. In this process, we did not find significant 
associations between the 4 positive blood cell phenotypes and 
breast cancer across the different databases.

Specifically, when breast cancer data from the Finngen 
R11, UKB, and Open GWAS databases were used as expo-
sure, and the blood cell phenotype neutrophil perturbation 
response (side fluorescence standard deviation of neutrophil 4 
in response to alhydrogel perturbation measured by WDF dye; 
GCST90257043) was used as outcome, the MR analysis IVW 
results were P = .288, P = .265, and P = .714, respectively, indi-
cating no causal relationship between this blood cell phenotype 
and breast cancer in any of the 3 databases.

For the blood cell phenotype neutrophil perturba-
tion response (forward scatter median of neutrophil 4 in 
response to Pam3CSK4 perturbation measured by WDF dye; 
GCST90257080), the MR analysis results were P = .953, 
P = .646, and P = .139, respectively, again indicating no reverse 
causal relationship with breast cancer.

For the blood cell phenotype White blood cell perturba-
tion response (side scatter coefficient of variation of WBC 2 
in response to nigericin perturbation measured by WNR dye; 
GCST90257099), the MR analysis results were P = .409, 
P = .474, and P = .483, respectively, indicating no reverse causal 
relationship with breast cancer.

Finally, for the blood cell phenotype White blood cell pertur-
bation response (forward scatter coefficient of variation of WBC 
in response to Pam3CSK4 perturbation measured by WNR 
dye; GCST90257101), the MR analysis results were P = .723, 
P = .259, and P = .584, respectively, indicating no reverse causal 
relationship with breast cancer in any of the databases (Table 
S7, Supplemental Digital Content, http://links.lww.com/MD/
O396).

5. Discussion
Breast cancer is the most prevalent cancer among women world-
wide, with approximately 2 million new diagnoses and 600,000 
deaths each year. In developed nations, the incidence rate ranges 
from 70 to 100 cases per 100,000 people annually, whereas in 
developing countries, it is between 30 and 50 cases per 100,000 
people. The risk of breast cancer rises significantly in women 
over the age of 50, with around 75% of cases occurring in this 

age group. Incidence rates vary across regions, being highest 
in North America and Europe, and lower in Asia and Africa. 
Genetic factors contribute to 5% to 10% of cases, and women 
with BRCA1 or BRCA2 mutations face a 50% to 85% life-
time risk of developing breast cancer. In developed countries, 
the 5-year survival rate is 85% to 90%, while in developing 
countries it is lower, at 60% to 70%. However, the survival 
rate for early-stage breast cancer detection can reach as high as 
99%.[16,17]

Research into the relationship between blood cells and 
breast cancer highlights the critical roles of circulating tumor 
cells, immune cells, platelets, and white blood cells in the ini-
tiation, progression, and metastasis of the disease. Circulating 
tumor cells, as key markers of metastasis, are closely associated 
with prognosis, with both their quantity and characteristics 
providing valuable insights. Immune cells, particularly T cells 
and natural killer (NK) cells, play a central role in anti-tumor 
immunity, with ongoing studies investigating the enhancement 
of T cell function using immune checkpoint inhibitors. Platelet 
activation, which fosters tumor growth and angiogenesis, is also 
linked to poor prognosis, with elevated platelet counts correlat-
ing with worse outcomes. Furthermore, the NLR and monocyte 
levels in white blood cells are important factors in breast cancer 
progression and metastasis. Emerging biomarkers like circulat-
ing tumor DNA and exosomes hold promise for early detection 
and monitoring of the disease. Research suggests that the inter-
actions between blood cells and the tumor microenvironment 
are intricate, involving various signaling pathways and gene 
expression modifications. Cytokines and chemokines secreted 
by blood cells influence not only tumor cell behavior but also 
other cell types within the tumor microenvironment, includ-
ing fibroblasts and endothelial cells. Additionally, combining 
anti-platelet therapy with immunotherapy is gaining attention 
as a promising approach in breast cancer treatment.[18–20] These 
studies highlight the complex roles of blood cells in the progres-
sion of breast cancer, offering new insights for the development 
of personalized treatment strategies and precision medicine. 
Ongoing research will delve deeper into these mechanisms to 
enhance treatment efficacy and improve patient outcomes.

An observational study involving over 1500 breast cancer 
patients explored the correlation between the NLR and patient 
prognosis. The findings revealed that patients with elevated NLR 
had significantly worse overall survival and disease-free survival. 
In particular, the 5-year survival rate for patients with high NLR 
(NLR ≥ 3) was substantially lower compared to those with low 
NLR (NLR < 3). Even after adjusting for potential confounders, 
including age, tumor size, lymph node involvement, and hor-
mone receptor status, NLR remained a significant independent 
prognostic factor. The study suggested that a high NLR could 

Figure 6.  Forest plot of positive results after meta-analysis. IVW = inverse variance weighted.

http://links.lww.com/MD/O396
http://links.lww.com/MD/O396
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indicate a pro-inflammatory tumor microenvironment, which 
may contribute to tumor growth and metastasis.[21] Therefore, 
NLR, as a simple and feasible blood marker, has potential clin-
ical application value, helping clinicians better assess the prog-
nosis of breast cancer patients and formulate more personalized 
treatment strategies.

In another observational study, the prognostic significance 
of the platelet-to-lymphocyte ratio (PLR) in breast cancer 
patients was assessed. This study involved over 1000 breast 
cancer patients and examined the relationship between PLR 
and survival outcomes. The findings revealed that an elevated 
PLR was strongly correlated with reduced overall survival and  
disease-free survival, particularly in patients with metastatic 
breast cancer, where the high PLR group had significantly 
poorer outcomes compared to the low PLR group. Multivariate 
analysis confirmed that high PLR was an independent predic-
tor of unfavorable prognosis. The study suggested that elevated 
PLR may indicate inflammation associated with tumor progres-
sion and reflect the pro-tumor activity of platelets, which could 
contribute to tumor growth and metastasis.[22] Therefore, PLR, 
as a simple and feasible blood marker, has potential clinical 
application value, helping clinicians better assess the progno-
sis of breast cancer patients and formulate more personalized 
treatment strategies, particularly in high-risk metastatic breast 
cancer patients.

5.1. Neutrophil perturbation response (side fluorescence 
standard deviation of neutrophil 4 in response to 
alhydrogel perturbation measured by WDF dye)

Neutrophil perturbation response refers to the way neutrophils, 
a type of white blood cell, react to specific stimuli or distur-
bances. In this context, the focus is on the side fluorescence 
standard deviation (SD) of neutrophil 4 when exposed to alhy-
drogel perturbation, as measured by WDF dye. Neutrophils play 
a critical role in the innate immune system, acting as the first 
line of defense against infections by rapidly migrating to infec-
tion sites to phagocytize and neutralize pathogens. Alhydrogel, 
an adjuvant used to boost the immune response, is employed 
here to stimulate neutrophils and observe their reaction. WDF 
dye, a specialized fluorescent marker, is used in flow cytome-
try to bind to specific neutrophil components, allowing for the 
measurement of cell characteristics such as size, granularity, and 
fluorescence intensity. Side fluorescence refers to the emitted 
light from neutrophils when they are exposed to a laser in flow 
cytometry, and the SD quantifies the variability in fluorescence 
intensity, reflecting how neutrophils respond to the alhydrogel 
stimulus. Neutrophil 4 likely refers to a distinct subset of neu-
trophils, defined by particular surface markers or functional 
traits. A higher side fluorescence SD suggests greater variation 
in the neutrophil response to alhydrogel, while a lower SD indi-
cates a more uniform response. Understanding how neutrophils 
react to various stimuli provides valuable insights into immune 
function and dysfunction, which is essential for developing 
therapies for infections, inflammatory disorders, and immune- 
related diseases.[23,24]

In breast cancer, the neutrophil perturbation response (mea-
sured by the side fluorescence standard deviation of neutrophil 
4 following alhydrogel stimulation with WDF dye) may act as a 
protective factor through several mechanisms. Firstly, a higher 
side fluorescence SD in neutrophil 4 suggests enhanced immune 
activation, boosting the anti-tumor response by stimulating T 
cells and NK cells. Additionally, these neutrophils may exhibit 
increased cytotoxicity, releasing reactive oxygen species (ROS) 
and enzymes like elastase and lysozyme to directly kill tumor 
cells. Furthermore, neutrophils stimulated by alhydrogel can 
inhibit tumor angiogenesis by releasing factors like platelet 
factor 4 and tumor necrosis factor-related apoptosis-inducing 
ligand (TRAIL), thus limiting blood and nutrient supply to the 

tumor and preventing its growth and spread. The changes in side 
fluorescence SD also reflect neutrophil modulation of the tumor 
microenvironment, where the cytokines and chemokines they 
release, such as interleukin-8 (IL-8) and tumor necrosis factor-α 
(TNF-α), can promote local inflammation, making the environ-
ment less conducive to tumor survival. Additionally, neutrophils 
4 can induce apoptosis in tumor cells through TRAIL and gran-
zyme B, further inhibiting tumor growth. Finally, the altered side 
fluorescence SD may contribute to long-term immune surveil-
lance by facilitating interactions between neutrophils, dendritic 
cells, and T cells, helping to form immune memory that can 
recognize and target tumor cells in the future. Together, these 
responses suggest that neutrophils play a crucial role in inhibit-
ing breast cancer progression and metastasis.[25–28] This forma-
tion of immune memory helps prevent tumor recurrence and 
metastasis.

Overall, this blood cell phenotype may act as a protective 
factor in breast cancer through potential mechanisms such as 
enhancing anti-tumor immune response, direct cytotoxicity, 
inhibition of tumor angiogenesis, regulation of tumor microen-
vironment, induction of tumor cell apoptosis, and promotion of 
immune memory.

5.2. Neutrophil perturbation response (forward scatter 
median of neutrophil 4 in response to Pam3CSK4 
perturbation measured by WDF dye)

The neutrophil perturbation response, specifically the forward 
scatter median of neutrophil 4 after Pam3CSK4 stimulation, is 
used to evaluate how neutrophils (a type of white blood cell) 
react to specific stimuli. In this context, Pam3CSK4, a triacy-
lated lipopeptide that activates immune responses via TLR2 
(toll-like receptor 2), is employed to simulate bacterial infec-
tion. The forward scatter median measures the intensity of light 
scattered in the forward direction by neutrophils as they pass 
through a laser in a flow cytometer. This parameter is indic-
ative of changes in cell size and internal structure, which are 
often associated with immune activation. The WDF dye used in 
the analysis binds to components of neutrophils, enabling the 
detection of various properties like cell size, granularity, and flu-
orescence intensity. A higher forward scatter median suggests 
that neutrophils undergo significant changes in size or internal 
organization, possibly indicating a stronger immune response to 
Pam3CSK4. Conversely, a lower forward scatter median reflects 
a less pronounced response with minimal alterations in neutro-
phil size or structure. Neutrophil 4 refers to a distinct subset 
of neutrophils characterized by specific markers or functions, 
which are analyzed to understand their specific role in immune 
responses.[28–30]

In breast cancer, the neutrophil perturbation response, 
reflected by the forward scatter median of neutrophil 4 in 
response to Pam3CSK4 perturbation, may act as a potential risk 
factor through several mechanisms. The increase in forward scat-
ter median following Pam3CSK4 stimulation suggests height-
ened neutrophil activity, leading to the secretion of cytokines 
and chemokines like TNF, IL-6, and IL-8, which promote tumor 
cell proliferation, invasion, and metastasis. Additionally, neu-
trophils can facilitate angiogenesis by releasing vascular endo-
thelial growth factor and matrix metalloproteinases (MMPs), 
providing nutrients and oxygen to tumors, thus supporting their 
growth and spread. Hyperactive neutrophils may also suppress 
anti-tumor immune responses by secreting IL-10 and transform-
ing growth factor-beta, which inhibit the function of T cells and 
NK cells, allowing tumor cells to evade immune surveillance. 
Furthermore, neutrophils can recruit immunosuppressive cells 
such as myeloid-derived suppressor cells and regulatory T cells, 
enhancing the immunosuppressive tumor microenvironment 
that favors tumor survival. By secreting MMPs, neutrophils 
promote tumor cell invasion and migration, while their release 
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of chemokines guides tumor cells to distant sites, aiding metas-
tasis. Lastly, neutrophils can interact with tumor cells to induce 
multidrug resistance genes, making the tumor more resistant to 
chemotherapy and radiotherapy, complicating treatment and 
worsening prognosis.[31–34]

In summary, measuring the forward scatter median of neu-
trophil 4 in response to Pam3CSK4 perturbation can reveal the 
potential mechanisms by which these cells act as risk factors 
in breast cancer. These mechanisms include promoting tumor 
growth and metastasis, promoting angiogenesis, suppressing 
anti-tumor immune response, promoting immunosuppressive 
tumor microenvironment, promoting tumor cell invasion and 
migration, and inducing tumor resistance.

5.3. White blood cell perturbation response (side scatter 
coefficient of variation of WBC 2 in response to nigericin 
perturbation measured by WNR dye)

White blood cell (WBC) perturbation response, measured 
by the side scatter coefficient of variation (CV) of WBC 2 in 
response to nigericin perturbation, is a method used to assess 
how WBCs react to specific stimuli. White blood cells are a 
vital component of the immune system, playing an essential 
role in defending the body against infections and foreign 
pathogens. Nigericin, an ionophore and antibiotic, is used in 
experimental settings to induce stress by altering intracellular 
and extracellular ion concentrations. WNR dye, a fluorescent 
marker in flow cytometry, binds to specific cell components, 
enabling the measurement of cell properties such as size, gran-
ularity, and fluorescence. Side scatter (SSC) refers to the light 
scattered at a right angle to the laser beam during flow cytom-
etry, often correlating with the granularity of the cell.[35] The 
CV, calculated as the ratio of the standard deviation to the 
mean, quantifies the relative variability within the data. In this 
case, the side scatter CV reflects the variability in the internal 
granularity of WBCs following nigericin stimulation. White 
blood cell 2 refers to a specific subset of WBCs characterized 
by unique surface markers or functional traits. A higher side 
scatter CV suggests a more diverse response of WBCs, with 
significant changes in granularity and a heterogeneous reac-
tion, while a lower CV indicates a more uniform response with 
smaller fluctuations in granularity.[36,37]

In breast cancer, the response of white blood cells (WBCs) 
to perturbations, specifically measured through the side scatter 
coefficient of variation (CV) of WBC 2 in response to nigeri-
cin, may play a protective role through various mechanisms: 
A higher CV in response to nigericin indicates a more varied 
and vigorous activation of white blood cells. This enhanced 
immune response can result in the secretion of cytokines and 
chemokines that recruit and activate other immune cells, such 
as T cells and natural killer (NK) cells, which collectively 
strengthen the body’s defense against tumor growth; Activated 
white blood cells 2 can release immune factors like TNF and 
interferon-gamma, which directly inhibit tumor cell prolifer-
ation, survival, and induce cell death (apoptosis). These cyto-
kines contribute to the suppression of tumor growth and limit 
its progression; Upon nigericin stimulation, white blood cells 2 
secrete a range of cytokines and chemokines that alter the tumor 
microenvironment, making it less favorable for tumor cells to 
thrive and spread. This includes promoting local inflammation, 
which further curtails tumor expansion and metastasis; White 
blood cells 2 can trigger apoptosis in tumor cells by releasing 
TRAIL and granzyme B. This process activates apoptotic path-
ways in tumor cells, leading to their death and hindering further 
tumor progression; Activated white blood cells 2 can produce 
factors that disrupt angiogenesis, thereby limiting the formation 
of new blood vessels that tumors rely on for nutrients and oxy-
gen. By suppressing angiogenesis, the growth and spread of the 
tumor are restricted; Through their interactions with dendritic 

cells and T cells, white blood cells 2 can help establish immune 
memory, enhancing the body’s ability to recognize and destroy 
tumor cells if encountered again. This immune memory function 
plays a key role in preventing tumor recurrence and metastasis, 
providing long-term protection against breast cancer.[38–41]

Overall, measuring the side scatter coefficient of variation of 
white blood cells 2 in response to nigericin perturbation can 
reveal the potential protective mechanisms of these cells in 
breast cancer. These mechanisms include enhancing the anti- 
tumor immune response, inhibiting tumor growth, regulating 
the tumor microenvironment, promoting tumor cell apoptosis, 
inhibiting tumor angiogenesis, and enhancing immune memory.

5.4. White blood cell perturbation response (forward 
scatter coefficient of variation of WBC in response to 
Pam3CSK4 perturbation measured by WNR dye)

White blood cell perturbation response (measured by the for-
ward scatter coefficient of variation of WBC in response to 
Pam3CSK4 perturbation using WNR dye) is employed to exam-
ine how white blood cells (WBCs) react to specific stimuli or 
perturbations. In this case, we focus on the variation in forward 
scatter (FSC) as a response to Pam3CSK4 exposure. White blood 
cells are vital components of the immune system, tasked with 
defending the body against infections and foreign pathogens. 
These cells are essential in immune responses, quickly respond-
ing to and eliminating invading microorganisms. Pam3CSK4, a 
triacylated lipopeptide and TLR2 (toll-like receptor 2) ligand, 
mimics bacterial infection and triggers immune activation. 
WNR dye is a fluorescent marker used in flow cytometry to 
label components of white blood cells, enabling the analysis of 
characteristics like cell size, internal granularity, and fluores-
cence intensity. Forward scatter (FSC) indicates the amount of 
light scattered in the forward direction when cells pass through 
a laser beam in a flow cytometer, which correlates with cell size 
and refractive index. The coefficient of variation (CV), defined 
as the ratio of the standard deviation to the mean, is a mea-
sure of data variability. In this context, the forward scatter CV 
quantifies the variability in the size and refractive index of white 
blood cells after exposure to Pam3CSK4, offering insights into 
the diversity of their response. A higher forward scatter CV 
suggests a more variable or heterogeneous response, possibly 
reflecting significant changes in cell size and internal structure. 
Conversely, a lower forward scatter CV points to a more uni-
form response with smaller variations in cell characteristics.[42]

The perturbation response of white blood cells (WBCs), mea-
sured by the forward scatter coefficient of variation (CV) in 
response to Pam3CSK4 stimulation using WNR dye, may act as 
a risk factor in breast cancer through several potential mecha-
nisms. First, an increase in forward scatter CV after Pam3CSK4 
stimulation suggests WBC hyperactivity, which can lead to the 
release of cytokines and chemokines like TNF, IL-6, and IL-8, 
promoting tumor cell proliferation, invasion, and metastasis. 
Second, WBCs can enhance angiogenesis by secreting vascular 
endothelial growth factor and MMPs, fostering the formation of 
new blood vessels that supply nutrients and oxygen to tumors, 
thereby facilitating their growth and spread. Third, hyperactive 
WBCs can suppress the function of other immune cells, such as 
T cells and NK cells, through the secretion of inhibitory cyto-
kines like IL-10 and transforming growth factor-beta, weaken-
ing the body’s anti-tumor immune response and allowing tumor 
cells to escape immune surveillance. Fourth, WBCs can recruit 
and activate immunosuppressive cells like myeloid-derived sup-
pressor cells and regulatory T cells, further reinforcing an immu-
nosuppressive tumor microenvironment that promotes tumor 
survival. Additionally, WBC-secreted MMPs can degrade the 
extracellular matrix, aiding in tumor cell invasion and migra-
tion, while chemokines attract tumor cells to new sites, facili-
tating metastasis. Lastly, interactions between WBCs and tumor 
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cells may induce multidrug resistance genes, making tumors 
more resistant to chemotherapy and radiotherapy, and worsen-
ing the prognosis. These mechanisms collectively demonstrate 
how perturbation responses of white blood cells contribute to 
the progression and spread of breast cancer.[43,44]

In summary, measuring the forward scatter coefficient of vari-
ation of white blood cells in response to Pam3CSK4 perturba-
tion can reveal the potential mechanisms by which these cells 
act as risk factors in breast cancer. These mechanisms include 
promoting tumor growth and metastasis, promoting angiogene-
sis, suppressing anti-tumor immune response, promoting immu-
nosuppressive tumor microenvironment, promoting tumor cell 
invasion and migration, and inducing tumor resistance.[45,46]

This research highlights 2 specific blood cell phenotypes that 
may act as protective factors against breast cancer, suggesting 
their potential in hindering tumor growth or enhancing immune 
defense against cancer cells. Conversely, 2 other blood cell phe-
notypes were found to be risk factors, potentially heightening 
breast cancer risk by supporting tumor progression or suppress-
ing immune function. By uncovering the links between these 
blood cell phenotypes and breast cancer, this study not only 
advances our understanding of the disease’s pathological mech-
anisms but also lays a solid foundation for future preclinical 
studies and clinical therapies, offering crucial insights for the 
development of novel prevention and treatment strategies.

The implications of these findings are far-reaching, as they 
provide vital theoretical support for future animal experiments 
and clinical applications. These results deepen our comprehen-
sion of the biological underpinnings of breast cancer and may 
inspire new strategies for prevention and therapy. By targeting 
these blood cell phenotypes, more effective interventions could 
be developed to enhance the management of breast cancer 
and improve treatment outcomes. Additionally, these findings 
open up new possibilities for personalized medicine, enabling 
treatments tailored to an individual’s specific blood cell pro-
file, which could increase treatment efficacy while minimizing 
adverse effects.

In preclinical settings, these results can inform the design of 
more precise experiments to confirm the roles of these blood cell 
phenotypes in cancer progression and explore strategies to mod-
ulate them to disrupt tumor growth. Clinically, this research can 
help identify at-risk individuals, facilitating early detection and 
preventive measures. Moreover, a deeper exploration of the 
molecular mechanisms behind these phenotypes could reveal 
new drug targets, contributing to the advancement of novel 
anti-cancer therapies.

Overall, this study not only provides new perspectives for 
basic research on breast cancer but also offers valuable informa-
tion for early diagnosis, personalized treatment, and prevention 
strategies in clinical practice, potentially significantly improving 
the survival rate and quality of life of breast cancer patients.

The significance of this study lies in its systematic and com-
prehensive exploration of the potential causal relationships 
between blood cell phenotypes and breast cancer, which is 
crucial for deepening the understanding of the mechanisms 
underlying breast cancer. The study employed a 2-sample MR 
approach, leveraging genetic variants as instrumental variables 
to effectively overcome biases caused by confounding factors 
and reverse causation in traditional observational studies. This 
allowed for a more precise investigation of the causal effects 
of hematological traits on the development and progression of 
breast cancer.

By analyzing the associations between 91 blood cell pheno-
types and breast cancer and validating the findings using data 
from 3 independent sources, the study improved the general-
izability and external validity of the results. Subsequently, a 
meta-analysis was conducted to integrate the primary results, 
further enhancing statistical power and robustness. Additionally, 
multiple testing corrections were applied to ensure the reliability 

and accuracy of the findings. Importantly, for blood cell pheno-
types showing significant associations, reverse causation anal-
yses were conducted to determine the direction of causality, 
thereby increasing the credibility of causal inferences.

The findings of this study provide important insights into 
the pathobiology of breast cancer, suggesting that certain 
blood phenotypes may not only serve as potential biomark-
ers but also play a role in its pathophysiological processes. 
This contributes to a better understanding of breast cancer 
etiology and offers a scientific basis for the development of 
early prediction tools and precision therapeutic strategies. 
Furthermore, the innovative and rigorous methodological 
approach serves as a valuable example for studying similar 
diseases, offering significant academic value and potential for 
clinical translation.

Based on multiple observational studies, this study revealed 
the causal relationship between blood cell phenotypes and 
breast cancer through genetic-level validation, achieving a 
completely randomized controlled trial at the genetic level. 
This method avoids confounding factors in observational 
studies and more accurately elucidates the relationship 
between the 2. By combining MR analysis and meta-analysis,  
the results are more reliable and credible. However, the study 
also has some limitations. Since the data mainly comes from 
European populations, the results may not fully represent the 
global population. Future research should extend to other 
ethnicities and regions to further validate and enrich these 
findings.

6. Conclusions
This study used a bidirectional MR combined with meta-analysis  
to verify the causal relationship between blood cell phenotypes 
and breast cancer. The evidence shows that the blood cell phe-
notypes Neutrophil perturbation response (side fluorescence 
standard deviation of neutrophil 4 in response to alhydrogel 
perturbation measured by WDF dye) and White blood cell per-
turbation response (side scatter coefficient of variation of WBC 
2 in response to nigericin perturbation measured by WNR dye) 
are protective factors for breast cancer. In contrast, the blood 
cell phenotypes Neutrophil perturbation response (forward 
scatter median of neutrophil 4 in response to Pam3CSK4 per-
turbation measured by WDF dye) and White blood cell pertur-
bation response (forward scatter coefficient of variation of WBC 
in response to Pam3CSK4 perturbation measured by WNR dye) 
are risk factors for breast cancer. Moreover, there is no reverse 
causal relationship between these 4 blood cell phenotypes and 
breast cancer.

By monitoring these specific blood cell phenotypes, doctors 
can identify high-risk individuals earlier and take preventive 
measures. This blood cell phenotype-based risk assessment 
method is noninvasive and highly operational, making it suitable 
for implementation during routine checkups. Understanding the 
relationship between these blood cell phenotypes and breast 
cancer risk can help develop personalized treatment and pre-
vention strategies. For instance, individuals with high-risk blood 
cell phenotypes may be considered for more frequent screenings 
or preventive measures, while those with protective phenotypes 
may avoid overtreatment.

The study’s findings provide new clues for further exploring 
the pathological mechanisms of breast cancer. Understanding 
how these blood cell phenotypes influence the development 
of breast cancer can drive the development of new therapeu-
tic methods, such as treatments targeting blood cell pheno-
types. Additionally, the results can guide public health policy 
by promoting blood cell phenotype-based screening methods in 
high-risk populations, improving early detection and treatment 
outcomes for breast cancer, thus reducing the incidence and 
mortality rates of breast cancer.



13

Liu et al.  •  Medicine (2025) 104:7� www.md-journal.com

Acknowledgments
Firstly, we express our profound thanks to all individuals and 
researchers who participated in the GWAS data for this research. 
Additionally, we extend our sincere gratitude and respect to the 
personnel involved with the associated public databases. Lastly, 
our heartfelt appreciation goes out to every author who played 
a role in contributing to this study.

Author contributions
Conceptualization: Qi Liu, Yi Zhang, Lin Yang, Dongdong Wan.
Data curation: Wei Jia, Yi Zhang, Jun Lu, Qingbin Luo.
Formal analysis: Qi Liu, Yi Zhang, Jun Lu, Lin Yang.
Investigation: Qi Liu, Wei Jia, Yi Zhang, Jun Lu, Qingbin Luo.
Methodology: Qi Liu, Wei Jia, Yi Zhang, Jun Lu, Qingbin Luo, 

Lin Yang, Dongdong Wan.
Project administration: Qi Liu, Wei Jia, Yi Zhang, Jun Lu, 

Qingbin Luo, Lin Yang, Dongdong Wan.
Resources: Dongdong Wan.
Software: Qi Liu, Wei Jia.
Supervision: Lin Yang, Dongdong Wan.
Validation: Qingbin Luo, Lin Yang, Dongdong Wan.
Visualization: Qi Liu, Wei Jia.
Writing – original draft: Qi Liu, Wei Jia, Yi Zhang, Jun Lu.
Writing – review & editing: Lin Yang, Dongdong Wan.

References
	 [1]	 Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global 

cancer statistics 2018: GLOBOCAN estimates of incidence and mor-
tality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 
2018;68:394–424.

	 [2]	 Azamjah N, Soltan-Zadeh Y, Zayeri F. Global trend of breast 
cancer mortality rate: a 25-year study. Asian Pac J Cancer Prev. 
2019;20:2015–20.

	 [3]	 Cao W, Chen HD, Yu YW, Li N, Chen WQ. Changing profiles of cancer 
burden worldwide and in China: a secondary analysis of the global 
cancer statistics 2020. Chin Med J (Engl). 2021;134:783–91.

	 [4]	 Hu RJ, Liu Q, Ma JY, Zhou J, Liu G. Preoperative lymphocyte-to- 
monocyte ratio predicts breast cancer outcome: a meta-analysis. Clin 
Chim Acta. 2018;484:1–6.

	 [5]	 Jääskeläinen MM, Tiainen S, Siiskonen H, et al. The prognostic and 
predictive role of tumor-infiltrating lymphocytes (FoxP3 + and CD8 
+) and tumor-associated macrophages in early HER2 + breast cancer. 
Breast Cancer Res Treat. 2023;201:183–92.

	 [6]	 Liu Y, He M, Wang C, Zhang X, Cai S. Prognostic value of neutrophil- 
to-lymphocyte ratio for patients with triple-negative breast cancer: a 
meta-analysis. Medicine (Baltimore). 2022;101:e29887.

	 [7]	 Cupp MA, Cariolou M, Tzoulaki I, Aune D, Evangelou E, Berlanga-
Taylor AJ. Neutrophil to lymphocyte ratio and cancer prognosis: an 
umbrella review of systematic reviews and meta-analyses of observa-
tional studies. BMC Med. 2020;18:360.

	 [8]	 Luo J, le Cessie S, van Heemst D, Noordam R. Diet-derived circulating 
antioxidants and risk of coronary heart disease: a Mendelian random-
ization study. J Am Coll Cardiol. 2021;77:45–54.

	 [9]	 Homilius M, Zhu W, Eddy SS, et al. Perturbational phenotyping of 
human blood cells reveals genetically determined latent traits associ-
ated with subsets of common diseases. Nat Genet. 2024;56:37–50.

	[10]	 Kurki MI, Karjalainen J, Palta P, et al; FinnGen. FinnGen provides 
genetic insights from a well-phenotyped isolated population. Nature. 
2023;613:508–18.

	[11]	 Michailidou K, Lindström S, Dennis J, et al; NBCS Collaborators. 
Association analysis identifies 65 new breast cancer risk loci. Nature. 
2017;551:92–4.

	[12]	 Wang C, Zhu D, Zhang D, et al. Causal role of immune cells in schizo-
phrenia: Mendelian randomization (MR) study. BMC Psychiatry. 
2023;23:590.

	[13]	 Long Y, Tang L, Zhou Y, Zhao S, Zhu H. Causal relationship between 
gut microbiota and cancers: a two-sample Mendelian randomisation 
study. BMC Med. 2023;21:66.

	[14]	 Hemani G, Bowden J, Davey Smith G. Evaluating the potential role 
of pleiotropy in Mendelian randomization studies. Hum Mol Genet. 
2018;27:R195–208.

	[15]	 Burgess S, Butterworth A, Thompson SG. Mendelian randomization 
analysis with multiple genetic variants using summarized data. Genet 
Epidemiol. 2013;37:658–65.

	[16]	 Ferlay J, Colombet M, Soerjomataram I, et al. Estimating the global 
cancer incidence and mortality in 2018: GLOBOCAN sources and 
methods. Int J Cancer. 2019;144:1941–53.

	[17]	 Solanki M, Visscher D. Pathology of breast cancer in the last half cen-
tury. Hum Pathol. 2020;95:137–48.

	[18]	 Schumacher TN, Schreiber RD. Neoantigens in cancer immunotherapy. 
Science (New York, NY). 2015;348:69–74.

	[19]	 Ethier JL, Desautels D, Templeton A, Shah PS, Amir E. Prognostic role 
of neutrophil-to-lymphocyte ratio in breast cancer: a systematic review 
and meta-analysis. Breast Cancer Res. 2017;19:2.

	[20]	 Zhang Q, Jia Q, Zhang J, Zhu B. Neoantigens in precision cancer 
immunotherapy: from identification to clinical applications. Chin Med 
J (Engl). 2022;135:1285–98.

	[21]	 Dirican A, Kucukzeybek BB, Alacacioglu A, et al. Do the derived neu-
trophil to lymphocyte ratio and the neutrophil to lymphocyte ratio pre-
dict prognosis in breast cancer? Int J Clin Oncol. 2015;20:70–81.

	[22]	 Zhu Y, Si W, Sun Q, Qin B, Zhao W, Yang J. Platelet-lymphocyte ratio 
acts as an indicator of poor prognosis in patients with breast cancer. 
Oncotarget. 2017;8:1023–30.

	[23]	 Li S, Yu C, Jie H, et al. Neutrophil side fluorescence: a new indicator for 
predicting the severity of patients with bronchiectasis. BMC Pulm Med. 
2022;22:107.

	[24]	 Rios MR, Garoffolo G, Rinaldi G, et al. A fluorogenic peptide-based 
smartprobe for the detection of neutrophil extracellular traps and 
inflammation. Chem Commun (Camb). 2021;57:97–100.

	[25]	 Johannessen CM, Boehm JS, Kim SY, et al. COT drives resistance to 
RAF inhibition through MAP kinase pathway reactivation. Nature. 
2010;468:968–72.

	[26]	 Skogstad A, Føreland S, Bye E, Eduard W. Airborne fibres in the norwe-
gian silicon carbide industry. Ann Occup Hyg. 2006;50:231–40.

	[27]	 Thrombosis and Hemostasis group, Hematology Society, Chinese 
Medical Association. Consensus of Chinese experts on diagnosis and 
treatment of adult primary immune thrombocytopenia (version 2012). 
Zhonghua Xue Ye Xue Za Zhi. 2012;33:975–7.

	[28]	 Dal Col J, Dolcetti R. GSK-3beta inhibition: at the crossroad between 
Akt and mTOR constitutive activation to enhance cyclin D1 protein 
stability in mantle cell lymphoma. Cell Cycle. 2008;7:2813–6.

	[29]	 Hodgkinson JL, Peters C, Kuznetsov SA, Steffen W. Three-dimensional 
reconstruction of the dynactin complex by single-particle image analy-
sis. Proc Natl Acad Sci USA. 2005;102:3667–72.

	[30]	 Lorch Y, Griesenbeck J, Boeger H, Maier-Davis B, Kornberg RD. 
Selective removal of promoter nucleosomes by the RSC chromatin- 
remodeling complex. Nat Struct Mol Biol. 2011;18:881–5.

	[31]	 Tripodi M, Filosa A, Armentano M, Studer M. The COUP-TF nuclear 
receptors regulate cell migration in the mammalian basal forebrain. 
Development. 2004;131:6119–29.

	[32]	 Kawabe M, Mandic M, Taylor JL, et al. Heat shock protein 90 inhibitor 
17-dimethylaminoethylamino-17-demethoxygeldanamycin enhances 
EphA2+ tumor cell recognition by specific CD8+ T cells. Cancer Res. 
2009;69:6995–7003.

	[33]	 Ginter PS, Shin SJ, D’Alfonso TM. Small glandular proliferations of 
the breast with absent or attenuated myoepithelial reactivity by immu-
nohistochemistry: a review focusing on the differential diagnosis and 
interpretative pitfalls. Arch Pathol Lab Med. 2016;140:651–64.

	[34]	 Summers MK, Bothos J, Halazonetis TD. The CHFR mitotic check-
point protein delays cell cycle progression by excluding Cyclin B1 from 
the nucleus. Oncogene. 2005;24:2589–98.

	[35]	 García-Alonso V, Clària J. Prostaglandin E2 signals white-to-brown 
adipogenic differentiation. Adipocyte. 2014;3:290–6.

	[36]	 Fine N, Barzilay O, Glogauer M. Analysis of human and mouse 
neutrophil phagocytosis by flow cytometry. Methods Mol Biol. 
2017;1519:1724.

	[37]	 Nathan C. Neutrophils and immunity: challenges and opportunities. 
Nat Rev Immunol. 2006;6:173–82.

	[38]	 Galdiero MR, Garlanda C, Jaillon S, Marone G, Mantovani A. Tumor 
associated macrophages and neutrophils in tumor progression. J Cell 
Physiol. 2013;228:1404–12.

	[39]	 Balkwill F. Tumour necrosis factor and cancer. Nat Rev Cancer. 
2009;9:361–71.

	[40]	 Hanahan D, Coussens LM. Accessories to the crime: functions of cells 
recruited to the tumor microenvironment. Cancer Cell. 2012;21:309–22.

	[41]	 Nozawa H, Chiu C, Hanahan D. Infiltrating neutrophils mediate the 
initial angiogenic switch in a mouse model of multistage carcinogene-
sis. Proc Natl Acad Sci USA. 2006;103:12493–8.



14

Liu et al.  •  Medicine (2025) 104:7� Medicine

	[42]	 Nimmerjahn F, Ravetch JV. Fcgamma receptors as regu-
lators of immune responses. Nat Rev Immunol. 2008;8: 
34–47.

	[43]	 Ara T, Declerck YA. Interleukin-6 in bone metastasis and cancer pro-
gression. Eur J Cancer. 2010;46:1223–31.

	[44]	 Mocellin S, Panelli MC, Wang E, Nagorsen D, Marincola FM. The dual 
role of IL-10. Trends Immunol. 2003;24:36–43.

	[45]	 Goubran HA, Kotb RR, Stakiw J, Emara ME, Burnouf T. Regulation 
of tumor growth and metastasis: the role of tumor microenvironment. 
Cancer Growth Metastasis. 2014;7:9–18.

	[46]	 Sade-Feldman M, Kanterman J, Ish-Shalom E, Elnekave M, Horwitz 
E, Baniyash M. Tumor necrosis factor-α blocks differentiation and 
enhances suppressive activity of immature myeloid cells during chronic 
inflammation. Immunity. 2013;38:541–54.


