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Abstract. Myocardial infarction, resulting from coronary blood vessel 
blockage, inflicts lasting damage on the heart muscle. Meanwhile, 

breast cancer ranks among the most diagnosed cancers, causing 

millions of deaths annually. Mouse model research suggests that 

myocardial infarction induces systemic changes, fostering cross-
disease communication that expedites breast cancer. Using GEO2R 

for transcriptomic analysis, Cytoscape for protein-protein interaction 

(PPI), and EnrichR for enrichment analysis, we explored the 
myocardial infarction-breast cancer relationship with datasets from 

GEO. We identified 3,300 differentially expressed genes, including 6 

commonly upregulated and 18 commonly downregulated genes. PPI 

and enrichment analyses revealed RAD51 genes associated with 

homologous recombination pathways (P-value 0.02032). 

Additionally, 4 genes (RAD51, KIF4A, DTL, and DLGAP5) were 

linked to CD105+ endothelial cells (P-value 0.00002216), connecting 

myocardial infarction and breast cancer. Nevertheless, further testing 

is needed for accurate results and to support this study's transcriptomic 
analysis.  
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1. Introduction 
Myocardial infarction (MI), also referred to as a heart attack, is a condition impacting the arteries that 

provide blood to the heart muscle (myocardium), specifically known as coronary artery disease [1]. 
The region of the heart muscle deprived of blood flow or with significantly reduced blood flow, 

resulting in an inability to support the heart muscle's function, is termed infarction, and the overall 
process is referred to as myocardial infarction. Myocardial infarction (MI) results in damage to the 

heart muscle and systemic effects due to increased sympathetic activity from the central nervous 
system [2-3]. 

 For instance, the release of cytokines like interleukin (IL)-1β, in conjunction with post-MI β3 

adrenergic stimulation, triggers the activation of leukocyte progenitor cells in the bone marrow. This 
leads to a temporary increase in the number of innate immune effector cells, particularly monocytes, 

in both circulation and hematopoietic reservoirs [4]. Monocytes play a critical role in the tumor 
microenvironment, and higher levels of circulating monocytes are associated with unfavorable clinical 
outcomes in different types of cancer [5-6]. Monocytes and their derived macrophages have diverse 

roles in supporting tumors, including facilitating immune evasion, promoting angiogenesis, and 
enhancing the proliferation, migration, invasion, and metastasis of cancer cells [6-7].  

In summary, a heart attack serves as a catalyst for acute pathological stress, hastening the growth 
of breast cancer. Mechanistically, it instigates a systemic host response, centrally governed by the 

innate immune system, facilitating detrimental cross-disease communication that promotes tumor 
development. Epigenetically, a heart attack alters myeloid cells in the hematopoietic reservoir, shifting 

them toward an immunosuppressive state, leading to monocytosis, a condition exploited by tumors 
to enhance cancer growth [4][6]. 

Further investigation is needed to fully comprehend the mechanisms underlying myocardial 
infarction-induced monocyte immunosuppression in breast cancer, including the roles of ischemia, 

sympathetic and parasympathetic regulation, emergency hematopoiesis, and innate immune training 
(e.g., IFN and IL-1b/inflammasome regulation) [8-9]. Studies in mouse models suggest that 

myocardial infarction induces systemic changes, triggering inter-disease communication that 
accelerates breast cancer progression [4].  

Breast cancer is currently one of the most frequently diagnosed cancers and the fifth leading cause 
of cancer-related deaths, with an estimated 2.3 million new cases worldwide according to 

GLOBOCAN 2020 data [10]. Breast cancer ranks first in terms of the most prevalent cancers in 
Indonesia and is a major contributor to cancer-related deaths. Procedures and screening programs for 

prevention are crucial to minimize the likelihood of breast cancer incidence and facilitate early 
treatment implementation. Current projections indicate that by 2030, the annual global number of 

newly diagnosed cases will reach 2.7 million, while the number of deaths will be approximately 0.87 
million [11-13].   

Lately, high-throughput sequencing has been widely employed for prognosis evaluation, 
molecular diagnosis, and target discovery. One such developed study is called transcriptomic, which 

explores the entire set of RNA transcribed by the genome of specific tissues or cell types at various 
developmental stages and/or under specific physiological conditions [14-15]. Subsequent 

transcriptomic analysis unveils regulatory processes occurring in tissues, ultimately providing 
guidance in disease diagnosis and clinical therapy [14].  

One of the databases utilized for transcriptomic analysis is the Gene Expression Omnibus (GEO). 
The GEO database encompasses extensive and diverse gene expression patterns related to diseases, 

along with various key genes that can be utilized to explore disease initiation and progression. GEO 
data can also be used to investigate correlations between pathogenesis and molecular mechanisms, 

holding significant clinical relevance in disease research [16-17]. Therefore, we attempt to use GEO 
expression profiles to identify new biomarkers for diagnosis and therapy. 
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In this study, we obtained gene expression patterns of human myocardial infarction and breast 

cancer from the GEO database. The data acquired from GEO were then processed using GEO2R to 
obtain Differentially Expressed Genes (DEGs). These DEGs were subsequently used for protein-

protein interaction (PPI) network analysis between myocardial infarction and breast cancer. Next, the 
gene expression data were processed using EnrichR to examine which pathways and cell types are 

associated with these genes. In summary, in this study, we provide evidence regarding the correlation 
between myocardial infarction and breast cancer. 

 

2. Experimental Section 

2.1. Materials 
The dataset search was conducted using the GEO database (https://www.ncbi.nlm.nih.gov/geo/) 

with keywords "breast cancer" and "myocardial infarction". Subsequently, 2 datasets were selected, 
namely GSE24519 and GSE185645, and DEG analysis was performed using the GEO2R feature 

available in the GEO database. The results obtained were then used to create a Venn diagram using 
InteractiVenn (https://www.interactivenn.net/). The intersection of upregulated and downregulated 

genes was selected for Protein-protein Interaction analysis using the String feature in Cytoscape 
software version 3.10.1. Hub genes were identified using the CytoHubba feature in Cytoscape software 
version 3.10.1. Enrichment analysis was conducted using pathway, ontologies, and cell types features 

in the EnrichR database (https://maayanlab.cloud/Enrichr/). The research followed the flowchart 
depicted in Figure 1. 

 

 
Figure 1. Schematic/Flowchart of research 



114 
 

http://www.eksakta.ppj.unp.ac.id/index.php/eksakta 

Miftahul Khair Akbar, Fadilah Fadilah, et al. 

2.2. Tips 

2.2.1 Data Abstraction 
We obtained gene expression datasets, GSE24519 and GSE185645, from the Gene Expression 

Omnibus (GEO). The GSE24519 dataset contains information gathered from platelets of 34 patients 
with myocardial infarction and 4 healthy individuals. Meanwhile, the GSE185645 dataset consists of 

data collected from 15 patients diagnosed with triple-negative breast cancer and 1 healthy individual. 
 

2.2.2 Identification of Differentially Expressed Genes (DEGs) 
The GSE24519 and GSE185645 datasets were then analyzed using GEO2R to identify differentially 
expressed genes (DEGs). Gene expression fold change was the parameter used to assess changes in 

gene expression. The gene expression fold change was evaluated with a log2FC value considered as 
the threshold for DEGs in both datasets. Genes with a log2FC > 1 were defined as upregulated, while 

genes with a log2FC < -1 were defined as downregulated [18]. After obtaining the DEG results, a 
Venn diagram analysis was conducted to obtain the intersecting genes from both upregulated and 

downregulated sets. The genes at the intersection were used for further analysis. 
 

2.2.3 Construction of Protein–Protein Interaction (PPI) Network 
The data derived from identifying DEGs underwent further analysis through Protein-Protein 

Interaction (PPI) examination. Using Cytoscape software (version 3.9.1), we constructed the PPI 
association between myocardial infarction and breast cancer. Cytoscape is an open-source 

bioinformatics platform utilized for visualizing molecular interaction networks. The analysis of 
protein-protein interactions was conducted using the Search Tool for the Retrieval of Interacting 

Genes (STRING) plugin within Cytoscape, and proteins with a STRINGDB value exceeding 0.7 were 
chosen [18]. To pinpoint hub genes, we employed the CytoHubba app in Cytoscape, employing a 

combined method with a score surpassing 0.7 and sorting by degree [19]. 
  

2.2.4 Enrichment Analysis 
The data obtained from Protein–Protein Interaction was further subjected to enrichment analysis using 
EnrichR (https://maayanlab.cloud/Enrichr/). The analyses conducted include pathways, gene 

ontology, and cell Types. 
 

3. Results and Discussion 

3.1 Identification of Differentially Expressed Genes (DEGs) 
From the GSE24519 dataset, 4,482 DEGs were obtained from healthy and myocardial infarction 
samples. Subsequently, gene duplicates were removed, resulting in 2,832 DEGs, comprising 734 

upregulated genes and 2,098 downregulated genes. From the GSE185645 dataset, 1,284 DEGs were 
obtained from healthy and breast cancer samples. After removing gene duplicates, 468 DEGs were 

obtained, consisting of 311 upregulated genes and 157 downregulated genes. A Volcano Plot was used 
to visualize DEGs using GEO2R (Figure 2). 
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Figure 2. (a) The volcano plot illustrates the DEGs (Differentially Expressed Genes) contrasting the 

normal and myocardial infarction samples in the GSE24519 dataset. (b) Similarly, another 

volcano plot showcases the DEGs comparing the normal and breast cancer disease samples 
in the GSE185645 dataset. In these plots, upregulated genes are denoted by red dots, no 

significant genes by black dots, and downregulated genes by blue dots. 
 

The Venn diagram of DEGs in the GSE24519 and GSE185645 datasets is presented in Figure 3. 
The Venn diagram was created using InteractiVenn (http://www.interactivenn.net/). As seen in the 

diagram, there are 6 common upregulated genes and 18 common downregulated genes. Details of 
these common genes are presented in Table 1. 

 
Figure 3. The Venn diagram displays the shared Differentially Expressed Genes 

(DEGs) identified in both the GSE24519 and GSE185645 datasets. MI 

refers to myocardial infarction, BC refers to breast cancer, up refers to genes 
that are upregulated, and down refers to genes that are downregulated. 
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Table 1. Differentially Expressed Genes (DEGs) undergoing upregulation and downregulation from 
GSE24519 and GSE185645. 

No Gene Symbol Fold Change Gene Title 

GSE24519 GSE185645 

Upregulated 

1 

 

2 

3 

 

4 

5 

6 

RNPC3 

 

LALBA 

GRIA4 

 

PLAT 

CAV1 

SLC14A1 

 

1.159122 

 

5.730219 

2.799473 

 

1.049796 

1.034316 

2.113529 

1.2583518 

 

1.1724460 

1.6798127 

 

1.6860090 

1.8854793 

2.4922122 

RNA Binding Region (RNP1, RRM) 

Containing 3 

Lactalbumin Alpha 

Glutamate Ionotropic Receptor AMPA 

Type Subunit 4 

Plasminogen Activator, Tissue Type 

Caveolin 1 

Solute Carrier Family 14 Member 1 

(Kidd Blood Group) 

Downregulated 

1 

2 

3 

4 

 

5 

 

6 

 

7 

8 

 

9 

 

10 

11 

12 

13 

14 

15 

16 

17 

18 

CDC20 

DLGAP5 

PLK1 

UHRF1 

 

NUF2 

 

MELK 

 

PCLAF 

DTL 

 

MCM10 

 

MSR1 

HJURP 

KIF4A 

KIF14 

BGN 

H1-5 

BLM 

RAD51 

H2BC4 

-2.060426 

-4.997760 

-5.575303 

-3.760185 

 

-1.904452 

 

-1.901047 

 

-2.006673 

-1.035308 

 

-1.544612 

 

-1.577223 

-1.445792 

-3.904573 

-1.133570 

-1.381430 

-3.174134 

-3.383173 

-1.115733 

-1.601743 

-2.4131244 

-2.1822216 

-2.1333261 

-2.0945975 

 

-1.9604079 

 

-1.9406213 

 

-1.9144413 

-1.8734744 

 

-1.7609496 

 

-1.7540946 

-1.7338288 

-1.7234835 

-1.6418602 

-1.5240925 

-1.4331959 

-1.4321137 

-1.2453268 

-1.1862764 

Cell Division Cycle 20 

DLG Associated Protein 5 

Polo Like Kinase 1 

Ubiquitin Like with PHD and Ring 

Finger Domains 1 

NUF2 Component of NDC80 

Kinetochore Complex 

Maternal Embryonic Leucine Zipper 

Kinase 

PCNA Clamp Associated Factor 

Denticleless E3 Ubiquitin Protein Ligase 

Homolog 

Minichromosome Maintenance 10 

Replication Initiation Factor 

Macrophage Scavenger Receptor 1 

Holliday Junction Recognition Protein 

Kinesin Family Member 4A 

Kinesin Family Member 14 

Biglycan 

H1.5 Linker Histone, Cluster Member 

BLM RecQ Like Helicase 

RAD51 Recombinase 

H2B Clustered Histone 4 
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3.2 Construction of Protein–Protein Interaction (PPI) Network 
To investigate the association of DEGs, a PPI network was constructed using the STRING plugin in 

Cytoscape software. Fourteen proteins with a STRINGDB score > 0.7 were obtained. These proteins 
are DLGAP5, NUF2, MELK, PCLAF, PLK1, BLM, DTL, KIF14, CDC20, KIF4A, HJURP, 

MCM10, UHRF1, and RAD51 (Figure 4). For hub gene identification, we employed a combined 
method using CytoHubba. Ten proteins have a combined score > 0.7, with NUF2 and MELk having 

the highest degree, followed by KIF4A, DLGAP5, RAD51, PCLAF, HJURP, DTL, CDC20, and 
PLK1 (Figure 5). 

 
Figure 4. The Protein-Protein Interaction (PPI) network illustrates the interactions 

among the Differentially Expressed Genes (DEGs) identified in both the 
GSE24519 and GSE185645 datasets. 

 

 
Figure 5. Identification of hub genes.  

 

3.3 Enrichment Analysis 
The results of the enrichment analysis are shown in Table 2. From the Pathways analysis based on 

KEGG 2021 Human, 10 proteins resulting from the PPI are associated with homologous 
recombination. Gene ontology analysis covering biological processes, molecular functions, and 

cellular components indicates that 10 proteins are associated with the biological process of 
microtubule cytoskeleton organization involved in mitosis, the molecular function of ubiquitin ligase 

activator activity, and the cellular component spindle.  
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Biological processes encompass the biological goals to which genes or their products contribute. 

These processes may entail one or multiple coordinated molecular functions and often entail chemical 
or physical changes. Molecular functions encompass biochemical activities, such as specific binding 

to ligands or structures, performed by gene products. Unlike molecular functions, which describe what 
is done without indicating where or when it happens, cellular components denote the cellular locations 

where gene products are active [20-21]. Reactome analysis indicates that these 10 proteins are 
associated with phosphorylation of emi1 R-HAS. The results from the Cell Types analysis based on 

the Human Gene Atlas show that the 10 proteins resulting from the PPI are associated with CD105+ 
endothelial. 

 

Table 2. Pathways associated with 14 proteins. 

Analysis Name P-value 

Pathway 
Biological process 

 
Molecular function 

Cellular component 
Reactome 

Cell types 

Homologous recombination 
Microtubule Cytoskeleton Organization 

Involved in Mitosis 
Ubiquitin Ligase Activator Activity 

Spindle 
Phosphorylation of Emi1 R-HSA 

CD105+ endothelial 

0.02032 
1.415e-8 

 
0.002997 

0.000002361 
0.000003371 

0.00002216 

 
The results from the PPI indicate that there are 10 genes with strong interactions are involved in 

the homologous recombination pathway based on enrichment analysis with a P-value of 0.02032. 
Homologous recombination (HR) has been associated with both myocardial infarction (MI) and 

breast cancer. Homologous recombination is a DNA repair pathway associated with myocardial 
infarction. RAD51 is one of protein that essential for homologous recombination repair [22-23]. Based 

on the DEG identification results, RAD51 are downregulated in cases of myocardial infarction and 
breast cancer. The decrease in RAD51 expression correlates with homologous recombination 

deficiency (HRD), which represents a phenotype where cells cannot efficiently mend double-strand 
DNA breaks through the homologous recombination repair mechanism. HRD is linked to various 
cancer types, such as breast cancer [24-26].  

Microtubule Cytoskeleton Organization involves in mitosis biological process of myocardial 
infarction. It highlights that cardiac microtubules, which are part of the non-sarcomeric cytoskeleton 

in cardiomyocytes, play essential roles in intracellular cargo delivery, mechanical signal transmission, 
membrane system shaping, and the organization of myofibrils and organelles. Alterations to the 

microtubule cytoskeleton have been observed in heart failure, impacting cardiac function and structure 
[27-29]. Microtubule organization involves on breast cancer progression. It emphasizes that alterations 

in microtubule stability and tubulin isotypes correlate with poor prognosis and chemotherapy 
resistance in breast cancer and other tumors [30]. Microtubules and associated proteins regulate 

critical cellular processes, such as migration and invasion, making them potential targets for cancer 

therapy. Elevated α-tubulin acetylation in metastatic and basal-like breast cancer cells promotes 

adhesion and invasive migration. Microtubule organization crucially influences breast cancer 

progression by regulating cell growth, movement, and stress responses [31-32]  
Kif4A is a protein that has been studied in the context of various diseases, including myocardial 

infarction and breast cancer. In the case of breast cancer, research has focused on the role of Kif4A in 
doxorubicin-induced apoptosis and its association with the breast cancer susceptibility gene product 

BRCA2 [33]. Specifically, Kif4A has been implicated in DNA damage response and/or DNA repair 
pathways in breast cancer. It has also been evaluated as a potential prognostic biomarker for breast 

cancer classification [34-35]. 
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 As for its connection to myocardial infarction, there is limited direct evidence available in the 

provided search results. However, Kif4A is known to play important roles in the regulation of 
eukaryotic cell mitosis, which is relevant to various diseases, including cancer, but its specific link to 

myocardial infarction is not well-documented. NUF2, a protein associated with the regulation of cell 
division, has been found to be elevated in breast cancer and other types of cancer, such as human 

osteosarcoma and pancreatic tumor [36]. However, there is no direct evidence linking NUF2 to 
myocardial infarction. The research suggests that NUF2 may serve as a potential immunological and 

prognostic marker for breast cancer and other cancers [37-38]. While there is extensive research on 
the role of various genes and proteins, including NUF2, in different types of cancer, the specific 

connection between NUF2 and myocardial infarction is not well-established based on the available 
search results. Therefore, further research would be needed to determine the potential relationship 

between NUF2 and myocardial infarction.  
Polo-like kinase 1 (PLK1) is a protein crucial for regulating cellular processes like the cell cycle 

and division. Studies have linked PLK1 to both myocardial infarction and breast cancer. Regarding 
myocardial infarction, elevated PLK1 levels have been linked to mitigating myocardial ischemia-

reperfusion injury in rats through inducing mitophagy and controlling the p-AMPK/FUNDC1 axis. 
Moreover, PLK1 is recognized as a key regulator of heart regeneration in zebrafish and is 

indispensable for cardiomyocyte proliferation. In the context of breast cancer, PLK1 has been found 
to induce the mitophagy of breast cancer cells and promote cell proliferation [39-40]. 

 However, the specific link between PLK1, myocardial infarction, and breast cancer is a 
complex area of study that requires further research to fully understand the interplay between PLK1 
and these two conditions. DLGAP5, also known as HURP, has been found to be highly expressed in 

breast cancer specimens and associated with poor prognosis in breast cancer patients [41]. However, 
there is no direct evidence linking DLGAP5 to myocardial infarction based on the available search 

results. The research suggests that DLGAP5 may act as a potential oncogene in breast cancer [42]. 
While there is extensive research on the role of various genes and proteins in different diseases, the 

specific connection between DLGAP5, myocardial infarction, and breast cancer is not well-
established based on the available search results. Therefore, further research would be needed to 

determine the potential relationship between DLGAP5, myocardial infarction, and breast cancer. 
The function of ubiquitin ligase activator activity in both myocardial infarction and breast 

cancer is complex. In myocardial infarction, the E3 ubiquitin ligase Peli1 has been associated with 
myocardial ischemia/reperfusion injury, hinting at its possible involvement in cardiac disorders. 

Moreover, the ubiquitin proteasome system, controlled by ubiquitin ligases, serves various roles in 
protein degradation, energy regulation, receptor uptake, hypertrophic response, apoptosis, and 

ischemia/reperfusion tolerance in cardiomyocytes, underscoring its importance in cardiac conditions 
[43-44].  

 Moreover, the NEDD4 family of ubiquitin ligases has been linked to cardiovascular disease, 
underscoring the wider role of ubiquitin ligases in heart-related disorders. Ubiquitin ligases like Siah2 

and Peli1 have been linked to essential cellular functions, encompassing DNA damage, cellular 
arrangement, and polarity, suggesting potential relevance across various disease states, including 

cancer and heart attacks. Notably, the activity of Siah2 has been linked to decreasing the expression 

of C/EBPδ, a tumor suppressor involved in the advancement of breast cancer [45-46]. In breast cancer, 

the E3 ubiquitin ligase UCHL1 has been identified as a potential therapeutic target, with its 

dysregulation impacting the development of aggressive forms of breast cancer. Therefore, ubiquitin 
ligase activator activity is intricately linked to the pathophysiology of both myocardial infarction and 

breast cancer, playing a role in fundamental cellular processes and disease pathways [47-48].  
The protein CDC20 is implicated in several cancer types, such as lung squamous cell carcinoma, 

breast cancer, and endometrial cancer. Elevated levels of CDC20 have been correlated with poorer 
outcomes in lung cancer, including non-small cell lung cancer (NSCLC). In breast cancer, increased 
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expression of CDC20 has been linked to reduced short-term survival rates, suggesting its potential as 

a prognostic biomarker. Additionally, increased expression of CDC20 is associated with increased 
chromosomal instability in various cancers, including breast cancer, colon cancer, and endometrial 

cancer [49-50]. Regarding myocardial infarction (MI), CDC20 showed notable enrichment in rat 
cardiomyocytes following MI, suggesting its likely role in the response to ischemic injury. Moreover, 

studies have indicated that CDC20 modulates cardiac hypertrophy by influencing LC3-dependent 
autophagy, which is relevant to MI [51-52]. In summary, CDC20 is implicated in the prognosis and 

development of various cancers, including breast cancer, lung cancer, and endometrial cancer. 
Additionally, there is ongoing research on the potential link between Pkm2 and myocardial infarction. 

The spindle cellular component is associated with both myocardial infarction and breast cancer. 
In myocardial infarction, the involvement of cardiac macrophages, which exhibit a spindle-shaped 

and elongated appearance, plays a crucial role in the inflammatory cascade following the sudden loss 
of cardiomyocytes. This cascade leads to cardiac fibrosis and heart failure [53-54]. In breast cancer, 

the spindle cellular component is associated with spindle cell carcinoma, an infrequent subtype 
distinguished by predominant spindle-shaped cells. Spindle cell carcinoma encompasses diverse 

elements such as in situ or ductal, lobular, squamous, or mixed infiltrating carcinoma. It is 
characterized by sizable, well-defined tumors, frequently exhibiting cystic formations. Generally, the 

prognosis is favorable, marked by low expression of estrogen receptor (ER) and progesterone receptor 
(PR), and relatively rare occurrences of lymph node metastasis. Timely detection and suitable 

treatment are imperative for favorable outcomes [55-56].  

The Reactome pathway "Cell Cycle" (R-HSA) is linked to both myocardial infarction and breast 
cancer. In terms of myocardial infarction, genes related to inflammation and the cell cycle have been 

recognized as potential biomarkers for diagnosing and predicting acute myocardial infarction. This 
indicates a potential involvement of the cell cycle in the pathophysiology of myocardial infarction 

[57].  In the case of breast cancer, the regulation of the cell cycle by non-coding RNAs (ncRNAs) has 
been shown to affect the efficiency of CDK4/6 inhibition, which is a key pathway in cancer 

development and treatment [58-59].  
Additionally, circular RNAs (circRNAs) have been found to regulate cell cycle-related genes 

and promote the growth of estrogen receptor-positive breast cancer cells, further highlighting the role 
of the cell cycle in breast cancer development and progression [60]. These findings indicate that the 

cell cycle, as represented by the "Cell Cycle" (R-HSA) pathway, is intricately linked to the pathogenesis 
of myocardial infarction and breast cancer. Dysregulation of the cell cycle, influenced by various 

genetic and molecular factors, can contribute to the development and progression of these conditions 
[61-62]. Further research into the specific mechanisms underlying the involvement of the cell cycle in 

myocardial infarction and breast cancer is warranted to identify potential therapeutic targets and 
diagnostic markers. 

The results of the enrichment analysis referring to cell types indicate that there are 6 genes, 
namely BLM, RAD51, KIF4A, MCM10, DTL, and DLGAP5, associated with CD105+ Endothelial 

cell type with a P-value of 1.020e-7. The results in this study differ from those obtained by Graeme 
using a mouse model. Graeme's research indicated that myocardial infarction and breast cancer are 

related through Ly6Chigh monocytes [4].  CD105+ endothelial cells are a subtype of endothelial cells 
expressing the CD105 protein on their cell surface. CD105 (Endoglin) is a cell membrane glycoprotein 

dominantly expressed in various cell types within the vascular system, with higher expression in 
developing endothelial cells. It is involved in blood vessel development and serves as a robust marker 

of neovascularization [63-64].  
Endoglin increases in heart failure due to excessive pressure, heart failure due to volume 

overload, and acute myocardial infarction. It is currently known that endoglin is involved in several 
physiological processes and malignancies. CD105 has been studied in relation to breast cancer, and a 

2004 study published in Clinical Cancer Research found that CD105 expression in breast carcinoma 
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tissue microarrays was associated with neoangiogenesis, or the formation of new blood vessels in 

tumors [65-67]. CD105 exhibits greater specificity in assessing microvessel density (MVD) within 
tumor tissues compared to broad endothelial markers like CD31, CD34, and von Willebrand factor 

(vWF). The assessment of neovascularization using CD105 is closely associated with prognostic 
indicators in breast cancer [68].  

 

4. Conclusion 
In summary, employing a range of bioinformatics tools for gene expression analysis, we constructed 

a protein-protein interaction (PPI) network linking myocardial infarction and breast cancer. Our 
results indicate a significant association between myocardial infarction and breast cancer via 

homologous recombination pathways and CD105+ endothelial cell types. Further validation through 
in vitro and in vivo studies is warranted to confirm our findings. These results could serve as a basis 

for future investigations into the molecular mechanisms underlying the connection between 
myocardial infarction and breast cancer. 
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