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Purpose: Cell division cycle protein 45 (CDC45) plays a crucial role in DNA replication. This study investigates its role in breast 
cancer (BC) and its impact on tumor progression.
Methods: We utilized the GEO database to screen differentially expressed genes (DEGs) and conducted enrichment analysis on these 
genes. We established a Nomogram model based on CDC45 and other clinical indicators. Additionally, we performed protein-protein 
interaction (PPI) network construction, drug sensitivity analysis, and immune correlation analysis of CDC45. The function of CDC45 
was further verified through cell and animal experiments.
Results: CDC45 is highly expressed in most tumors, including BC. The expression level of CDC45 was significantly associated with 
age, sex, race, cancer stage, and molecular subtypes (all p < 0.05). CDC45 was incorporated into a Nomogram model, which showed 
moderate accuracy in predicting patient prognosis. We also analyzed the co-expression genes of CDC45, including TOPBP1, GINS2, 
MCM5, GINS1, GINS4, POLE2, MCM2, MCM6, MCM4, and MCM7. Furthermore, CDC45 expression was closely linked to 
immune infiltration levels, immune checkpoint inhibitors, and the therapeutic response to small molecule drugs. Finally, both in vitro 
and in vivo experiments confirmed the cancer-promoting effect of CDC45 in BC.
Conclusion: The expression level of CDC45 is linked to the prognosis, immune infiltration, and drug sensitivity of BC. In vitro and 
in vivo experiments have confirmed that CDC45 acts as a cancer-promoting protein in breast cancer.
Keywords: breast cancer, CDC45, prognosis, immunity, animal experiment

Introduction
Breast tumor is the most common malignancy among women.1–3 While early-stage patients are typically treated with 
surgical resection, advanced-stage patients often lose the opportunity for surgery.4 Consequently, identifying more 
effective therapeutic targets for inoperable cases has become a primary focus in BC treatment.

In addition, compared with other tumors, such as liver cancer and pancreatic cancer, the overall survival prognosis 
of BC patients is better than that of these tumors.5–7 But considering the overall number of patients and the increasing 
incidence, it is also necessary to find some effective tumor markers or therapeutic targets to help the prevention or 
treatment of BC.8

CDC45 is a protein that plays a key role in DNA replication and is part of the CDC45-MCM-Gins helicase complex 
(CMG). As one of the important components of CMG, CDC45 plays an important role in the regulation of DNA 
replication.9,10 Of course, we are more concerned about whether CDC45 can perform some specific biological functions 
in tumor cells. In previous studies, we found that CDC45 is involved in tumor genesis and development in a variety of 
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tumors. For example, CDC45 inhibits the development of acute myeloid leukemia by regulating MCM7 expression and 
inhibiting cell proliferation, which is achieved by inhibiting the PI3K/AKT pathway11; In non-small cell lung cancer, 
downregulation of CDC45 inhibits the proliferation of non-small cell lung cancer cells in vitro and in vivo and keeps the 
cells in the G2/M phase of the cell cycle.12 Therefore, the various functions involved in CDC45 are worth investigating 
in different cancers. Especially in the field of breast tumor research, the number of studies on CDC45 is limited, and its 
biological functions remain unclear.13,14

In this investigation, we used bioinformatics methods to screen out the differential molecules and finally determined 
CDC45 as the object of study. Furthermore, we not only carried out a series of complex analyses for CDC45 such as 
prognosis, immunity, and drug sensitivity, but also carried out biological function verification in vitro and vivo 
experiments. Overall, the biological function of CDC45 in BC has been explored from a comprehensive perspective.

Materials and Methods
Data Source and Processing
The raw data was downloaded from the GEO database. We analyzed both tumor tissue and normal breast tissue in the 
GSE113865 dataset.

Identification of Differentially Expressed Genes (DEGs)
The DEGs were analyzed with the limma package in R software. The threshold of DEGs was determined using a | log2- 
fold change|>2.0 and adj. p value <0.05.

GO and KEGG Analysis
GO and KEGG pathway enrichment was conducted based on the DEGs via the clusterProfiler package of R.

Screening and Survival Analysis of Candidate Genes
In order to further identify a gene worth studying, we analyzed the top 10 differential genes. The expression of these 10 
genes in the dataset samples is shown in the form of heat maps using R statistics. To further investigate the mutations of 
candidate genes in breast tumors, we utilized the online platform (https://www.bioinformatics.com.cn) based on TCGA 
data. In addition, the Kaplan-Meier plotter was used for prognosis analysis.In addition, we relied on TCGA data to 
conduct correlation analysis between CDC45 and different clinical indicators through with the Xiantao Academic web 
server using R software.

Construction of the Nomogram Model
To predict patients’ overall survival, a nomogram model was developed using independent prognostic factors. This model 
was constructed through the Xiantao tool online database (https://www.xiantao.love/), an integrated platform that utilizes 
R software to obtain analytical data from the TCGA database. To evaluate the performance of the nomogram model, 
calibration plots were employed. Subsequently, the concordance index (C-index) was used to assess the model’s 
discrimination capability.

The Expression of CDC45 in Different Tumors
A standardized pan-cancer dataset was downloaded from the UCSC database, and the expression difference between 
tumor and normal tissue samples was identified by the standard of p-value < 0.05. R software (Version 3.6.4) was used 
for data analysis. In addition, TCGA and HPA databases were further used to verify the expression level of CDC45 in 
breast tumors.15,16

Protein-Protein Interaction (PPI) Network Analysis of CDC45
The PPI network construction and gene prediction were performed using the STRING database.17 TCGA and GEPIA 
database was used for further analysis of interacting genes in BC.18
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Analysis of the Immune Function of CDC45
Tumor immune estimation resource (TIMER) 2.0 (http://timer.cistrome.org/) was performed for an analysis of the 
immune function of CDC45 in BC, including the somatic copy number alterations and the correlation of CDC45 
expression with immune infiltration level.

Furthermore, we explored the CDC45 expression levels across breast tumor models and ICB treatments (as well as 
Cytokine treatment) using the TISMO database.

Finally, the relations between the CDC45 expression levels and chemokines were explored by the TISIDB database 
(http://cis.hku.hk/TISIDB/index.php).

Drug Sensitivity Analysis
The expression of the CDC45 gene in the gene set was performed by the GSCA (Gene Set Cancer Analysis) database 
with the small molecule/drug sensitivity.19

Cell Culture
The human breast tumor cell lines MCF-7 and MDA-MB-231 all were purchased from the National Collection of 
Authenticated Cell Cultures, Chinese Academy of Sciences (Shanghai, China). Breast tumor cells are in DMEM medium 
supplemented with 10% FBS, 1% penicillin-streptomycin grown under standard cell culture conditions (37°C, 95% 
humidity with 5% CO2).

Cell Proliferation, Migration and Invasion Assays
A clone formation assay was used to observe the proliferation of tumor cells. The cells with an adherent rate of >90% 
were taken out and planted in 6-well plates. 1000 cells were added to each hole and cultured in a CO2 incubator. After 
1 week of culture, the culture medium was discarded, 2mL methanol was added to each well and fixed for 30min. The 
methanol was discarded, and 2mL0.1% crystal violet was added to each well for 3min, and then the crystal violet was 
cleaned, photographed, and counted.

As for migration and invasion assays, we first starved the breast cells, removed the influence of serum, digested the 
cells with pancreatic enzymes, washed the cells with PBS, took 200µL suspension, and added it to the Transwell 
chamber. For specific procedures, refer to this article.20 The cells were cultured for 12~48 h, and the number of cells 
passed through was counted.

Cell Transfection and Efficiency Verification
Breast tumor cell lines were incubated 1 day in advance for subsequent cell transfection. Prepare plasmid DNA for 
overexpression of CDC45 or siRNA for knockdown CDC45. In addition, lentivirus-mediated short hairpin (sh) RNA was 
used in animal experiments, and all these were purchased from Genomeditech Company (Shanghai, China). Refer to this 
article for specific transfection procedures.21

The knockdown and overexpression efficiency were verified by using Western blot. Please refer to the following for 
specific steps.22 Antibodies for CDC45 were purchased from Zen Bio, and the GAPDH antibody was purchased from 
Abcam.

Animal Experiments
To investigate the involvement of CDC45 in tumorigenesis, Stable CDC45-knockdown BC cells and control cells were 
injected with 5% Matrigel into 4-week-old immunodeficient mice. The specific procedural details can be found in the 
referenced document.23 Following this, The volume of the tumor was measured every 5 days and the subcutaneous 
tumors were collected within 4 weeks. It is important to note that all animal experiments were approved by the Animal 
Ethics Committee of Tianjin Medical University Cancer Institute and Hospital (approved No. 2024034) and were 
performed according to the animal welfare guidelines in cancer research.
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Statistical Analysis
The R software was used to perform statistical data analysis from the TCGA or GEO database. The overall survival of 
CDC45 was determined by Kaplan–Meier. A survival package was used to test the proportional risk hypothesis and 
perform Cox regression analysis. Nomogram-related models were constructed and visualized using the rms package. In 
addition, Wilcox or Kruskal was used to explore the relationship between the expression level of CDC45 and the clinical 
characteristics.The Spearman correlation analysis was used to explore the relationship between CDC45 expression and 
different immune cells.Some results are expressed as mean ± SD from at least three independent experiments (P < 0.05 
was considered statistically significant).

Results
Screening and Functional Analysis of Differentially Expressed Genes (DEGs)
Firstly, we downloaded the GSE113865 dataset from GEO and performed a DEG analysis between tumor tissue and 
normal tissue. The results (Figure 1A) showed that there were 49 up-regulated genes and 20 down-regulated genes. 
Furthermore, we conducted GO analysis for these DEGs, and the results included the Biological Process (Figure 1B), 
Cellular Component (Figure 1C), and Molecular Function (Figure 1D) analyses. However, due to the excessive number 
of functional pathways involved in the analysis, we conducted statistics on the top results with statistical differences in 
each analysis.

For example, the Biological Process most meaningful is hemidesmosome assembly; the Cellular Component most 
meaningful is cytosolic ribosome; the Molecular Function most meaningful is the structural constituent of ribosome 

Figure 1 The Screening of differentially expressed genes (DEGs) and the GO function enrichment analyses of overlapping DEGs. (A), The volcano map shows the DEGs 
(B), The GO term, biological processes of DEGs. (C), The GO term, cell components of DEGs. (D), The GO term, molecular functions of DEGs.
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(Supplementary Figure 1A). As for the KEGG pathways analyses, the results (Supplementary Figure 1B) suggested that 
these pathways are involved, including Ribosome, Coronavirus disease - COVID-19, and Vascular smooth muscle 
contraction.

The Screening Process of the CDC45 Gene
We first selected the top ten genes with the most statistical differences as candidate genes for analysis. The expression levels 
of these genes in the samples are shown in (Figure 2A). We can find that the CDC45 gene is highly expressed in the tumor, 
while other genes are all lowly expressed in the tumor compared with normal tissues. In addition, we analyzed the 
prognostic outcomes of these candidate genes (Figure 2B–K) and found that the genes with statistical differences in OS 
and RFS were as follows: EE1A1, CDC45, INPP1, SDPR, and KCNMB1. Based on the above results, although all of these 
molecules have potential for further study, we are more focused on oncogenes, so CDC45 is the object of further study.

Analysis of the Expression Level of CDC45 in Tumors and Its Correlation with Clinical 
Indicators
We first analyzed the expression level of CDC45 in pan-cancer and found that CDC45 was highly expressed in most 
tumors (Figure 3A), such as lung adenocarcinoma (LUAD), Prostate adenocarcinoma (PRAD), Ovarian serous cystade
nocarcinoma (OV). Only a small number of tumors have low expression levels of CDC45, such as Testicular germ cell 
tumors (TGCT). As for BC, CDC45 is highly expressed in tumor tissues compared to normal tissues, both at the 
transcriptome level (Figure 3B) and at the protein level (Figure 3C). We further analyzed the relationship between 
CDC45 expression and various clinical indicators. Take indicator age as an example, CDC45 expression is lower in 
normal tissues than in tumor tissues, and its expression level shows a decreasing trend in tumors with the increase of age 
(Figure 3D). All the results (Figure 3D–J) indicated that the CDC45 was significantly differentially expressed in age, sex, 
race, pathologic T stage, pathologic N stage, pathologic M stage, and different subtypes of breast tumors.

Figure 2 The screening process for the objective gene. (A), A heat map shown the top ten differential genes. (B-K), The prognostic analyses of these candidate genes.
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Construction of a Nomogram Based on the Different Clinical Factors
To predict the OS possibility of patients with BC, different clinical features were integrated into the Nomogram model 
(Figure 4A), and the C-index was 0.723 (95% CI=0.698–0.747), indicating that the model had a moderately accurate 
prediction effect for patients’ prognosis. In addition, calibration curves (Figure 4B–D) were used to evaluate the 
prediction efficacy of the nomogram.

Protein-Protein Interaction (PPI) Network Analysis of CDC45
We used the STRING database to analyze the genes that interact with CDC45, and PPI Network analysis was shown in 
(Figure 5A). We further analyzed the association of these genes with CDC45 in BC. Not surprisingly, similar results 
(Figure 5B) were found in breast tumor. In addition, the correlation coefficient between CDC45 and each associated gene 
(Supplementary Figure 2A-J) was analyzed, including TOPBP1, GINS2, MCM5, GINS1, GINS4, POLE2, MCM2, 
MCM6, MCM4 and MCM7 (all P<0.05).

The Immune Function Analysis of CDC45
To further explore the immune-related functions of CDC45, we first used the TIMER database to analyze the relationship 
between the expression level of CDC45 and the somatic copy number alterations in BC (Figure 6A). CDC45 CNV was 
significantly associated with the infiltration levels of B cells, CD8+ T cells, CD4+ T cells, macrophages, neutrophils, and 

Figure 3 The analysis of CDC45 expression and clinical characteristics. (A), The CDC45 expression levels in pan-cancer. (B), The transcriptome expression level expression of 
CDC45 in BC. (C), The protein expression level expression of CDC45 in BC. (D-J), The results indicated that the CDC45 was significantly differentially expressed existed in age, 
gender, race, pathologic M stage, pathologic N stage, pathologic T stage and different subtypes of breast tumors. (**P < 0.01, ***P < 0.001, ****P < 0.0001).
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dendritic cells. In addition, CDC45 expression was significantly correlated with tumor purity (Spearman’s r=0.196, 
p=4.32E-10) and various immune cells in BC, such as B cell (Figure 6B).

We further explored CDC45 gene expression levels across breast tumor mice models and Immune Checkpoint Blockade 
(ICB)-treatment modules. The ICB treatments included in this module: are anti-PD1, anti-PDL1, anti-PDL2, and anti- 
CTLA4.The results (Figure 7A and B) indicated that anti-PDL1 and anti-CTLA4 may play an important role in the treatment 
of breast tumor, with significant statistical significance(all p<0.01). In addition, we also investigate the CDC45 gene 
expression levels across breast cell lines applying Cytokine treatment (Cytokine treatments included in this module: IFNγ, 
IFNβ, TNFα, and TGFb1). The results (Figure 7C) showed that TGFb1 had remarkable statistical significance (p<0.01).

Finally, the relations between the CDC45 expression levels and chemokines were investigated in breast tumors. As 
the (Figure 8A–S) shows, it suggested that CDC45 expression is positively correlated with these chemokines with 
statistical difference. On the contrary, the (supplementary Figure 3A-H) shows that CDC45 expression is negatively 
correlated with these chemokines with a statistical difference.

Prediction of Drug Sensitivity of CDC45 Target Gene
We performed correlation analysis between various molecule drugs and CDC45 gene expression among breast tumors in 
different databases (GDSC and CTRP). These results (Figure 9A and B) indicated that many drugs (such as I-BET-762, 
methotrexate, GSK1070916, NPK76-II-72-1, Vorinostat, and WZ3105) were negatively correlated with the expression 
level of CDC45.

CDC45 Mediates the Proliferation, Migration and Invasion of Breast Cancer
We analyzed CDC45 expression levels in common BC cell lines using the Cancer Cell Line Encyclopedia (CCLE) 
database (supplementary Figure 4A). MDA-MB-231, which displayed relatively high CDC45 expression, was chosen for 

Figure 4 Construction a Nomogram for prediction overall survival rates of patients with BC. (A), A nomogram for prediction of different survival time period of breast 
cancer patients. (B–D), Calibration curves of the nomogram in 1, 3 and 5 year overall survival rates of BC patients.
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knockdown, whereas MCF-7 was selected for overexpression. The overexpression or knockdown efficiency was well 
(supplementary Figure 4B-C). Firstly, we performed clone formation and Transwell assays to verify cell proliferation, 
migration, and invasion functions. Firstly, we conducted overexpression and knockdown of CDC45 in breast tumor cells 
and found that knockdown of CDC45 inhibited the proliferation of tumor cells (Figure 10A), while overexpression of 
CDC45 promoted the growth of tumor cells (supplementary Figure 4D). Next, we explored whether CDC45 could 
regulate the migration and invasion of BC. The results showed that the knockdown of CDC45 inhibited the migration and 
invasion of cancer cells (Figure 10B and C). Similarly, overexpression of CDC45 promoted the migration and invasion of 
tumor cells (supplementary Figure 4E and F).

Animal Experiments
To further investigate the potential role of CDC45 in vivo, a Cell line-derived xenograft (CDX) was established using 
MDA-MB-231 cells. Following the construction of the CDX model and the subsequent removal of the tumor, it was 
observed that the knockdown of CDC45 in MDA-MB-231 cells inhibited the tumor progression, which was evidenced by 

Figure 5 Analysis of co-expression genes of CDC45. (A), The PPI network of CDC45 gene was constructed by using string website. (B), Correlation analysis of co- 
expressed genes in BC.
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Arm-level Deletion

Diploid/Normal

Arm-level Gain
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Figure 6 The correlation analysis of CDC45 expression levels and various immune cells. (A), The relationship between expression level of CDC45 and the somatic copy 
number alterations in BC. (B), The relationship between expression level of CDC45 and the Immune cell infiltration level in BC.(*P < 0.05, **P < 0.01, ***P < 0.001).

Figure 7 The relationship between CDC45 gene expression levels and Immune Checkpoint Blockade (ICB)-treatments and Cytokine response. (A), The relationship 
between expression level of CDC45 and antiPDL1 response. (B), The relationship between expression level of CDC45 and antiCTLA4 and antiPD1 response. (C), The 
relations between the CDC45 expression levels and Cytokine treatment.(*P < 0.05, **P < 0.01, ***P < 0.001).
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Figure 8 The relationship between CDC45 gene expression levels and chemokines were investigated in breast tumor. (A-S), The results shown CDC45 expression was 
positively correlated with these chemokines with statistical difference.

Figure 9 The correlation analysis between various molecule drugs and CDC45 target gene among breast cancer in different database. (A), The analysis results shown from 
GDSC database. (B), The analysis results shown from CTRP database.
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a statistically significant difference in tumor volume and weight (Figure 10D). The results of in vivo experiments further 
confirmed the carcinogenic effect of CDC45 in BC.

Discussion
Previous studies have shown that CDC45 plays a decisive role in DNA replication, ensuring that chromosomal DNA is 
replicated only once per cell cycle.24,25 Moreover, the expression of CDC45 is closely related to the function of cancer 
cell proliferation in a variety of tumors, and CDC45 appears to be a valuable new biomarker in tumor cell biology.10,26 In 
pan-cancer research, the study of CDC45 in breast tumors is briefly involved, there are few studies on CDC45 in breast 
tumors and no in-depth exploration of its biological function and related pathways.26 In the current study, we used 
bioinformatics analysis to uncover the multifaceted biological role of CDC45 as a facilitator of cancer progression in BC. 
Our findings not only highlighted its potential as a reliable prognostic marker but also underscored its association with 
immune response modulation and its impact on the efficacy of various small-molecule drug treatments. Subsequently, 
experimental validation was conducted to corroborate CDC45’s pro-carcinogenic properties.

We first screened differential genes using samples of breast tumor tissue and normal tissue. The GO analysis 
performed by differentially expressed genes was mainly enriched in hemidesmosome assembly, cytosolic ribosome, 
and structural constituent of ribosome. While the KEGG pathway analysis is mainly enriched in the Ribosome, 
Coronavirus disease - COVID-19, and Vascular smooth muscle contraction. These analyses shed light on the functions 
of these differential genes and the important biological processes involved.

We conducted rigorous screening of candidate genes from different dimensions, including their basic expression and 
survival prognosis differences in BC. The result showed that CDC45 not only has a relatively high expression in breast 
tumors, but its high expression implies a poor prognosis for BC patients. Based on these analysis results, we finally 
selected CDC45 as the gene for our subsequent in-depth analysis and functional exploration in vitro experiments. First, 
we conducted an overall analysis of CDC45 expression in pan-cancer, and the results suggest that it is abnormally 
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Figure 10 Functional experiments and molecular mechanism exploration of knockdown CDC45. (A), The knockdown of CDC45 in MDA-MB-231 cells verified by clone 
formation. (B and C), The knockdown of CDC45 in MDA-MB-231 cells verified by Transwell migration and invasion assay respectively.(D), The knockdown of CDC45 in 
MDA-MB-231 cells verified by animal experiments.(*P < 0.05, **P<0.01,***P < 0.001, ****P < 0.0001).
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expressed in a variety of tumors, and is highly expressed in most tumors. These results seem to indicate that CDC45 
plays more of an oncogene role in tumors. In fact, many previous investigations have confirmed this view. For example, 
CDC45 can promote the progression of melanoma, and hsa_circ_0062270 can regulate CDC45 and thus play the 
opposite role27; in hepatocellular carcinoma (HCC), CDC45 may promote the development of HCC through co- 
expression with NUDT1, E2F1, CCNE2, MCM5 and CENPM.28 Not surprisingly, we also found high expression of 
CDC45 in BC, both at transcriptomic and protein levels. Further, we analyzed the relationship between CDC45 
expression levels and clinical characteristics. We found a close correlation between the expression level of CDC45 
and a variety of clinical indicators, including age, sex, race, cancer stage and different subtypes of breast tumors. These 
analyses reveal great potential for future studies of CDC45 as a clinical prognostic indicator.

In recent years, the construction of disease models has been widely used in the medical field, especially since the 
models built based on different algorithms are constantly updated, and some specific coding genes or non-coding genes 
can be used as one of the indicators of model construction.29–33 In recent years, researchers have increasingly emphasized 
the importance of the clinical translational value of their studies, with the ultimate goal of benefiting clinical patients. In 
our study, we developed a Nomogram model that includes CDC45 and additional clinical indicators to forecast the 
prognosis of BC patients. The advantage of the model we constructed is that its analytical results have been shown to 
help guide subsequent treatment strategies and improve patient outcomes. Additionally, the identification of CDC45 as 
a crucial parameter for constructing a nomogram has enabled accurate prognosis prediction for patients, marking 
a significant advancement toward achieving clinical transformation in the future.

Furthermore, PPI is fundamental to sustaining these life activities, so we performed an analysis of CDC45 interacting 
proteins.34 Further research was performed to explore the PPI network of CDC45, and the top ten hub genes (TOPBP1, 
GINS2, MCM5, GINS1, GINS4, POLE2, MCM2, MCM6, MCM4 and MCM7) were screened out. Immunotherapy, as 
a new way to treat cancer, has become an important anti-cancer weapon in addition to surgery, radiotherapy, endocrine 
therapy, chemotherapy, and targeted therapy.35 Immunotherapy plays an important role in some subtypes of BC, such as 
the clinical use of immune checkpoint inhibitors to treat different subtypes of breast tumors.36 Therefore, we investigated 
the relationship between CDC45 expression levels and immune function in BC. The results indicated that the expression 
of CDC45 was related to the infiltration level of various immune cells, including B cells, macrophages, neutrophils, and 
dendritic cells. Studying the immune cells linked to CDC45 expression offers a novel approach to personalized 
immunotherapy for diverse patient populations in the future, aligning with the concept of precision medicine. Of course, 
we also investigated the relationship between CDC45 expression levels and Immune Checkpoint Blockade. Anti-PDL1 
and anti-CTLA4 showed therapeutic potential in breast tumors. Finally, given that the multifactorial function of cytokines 
and chemokines in tumorigenesis has gradually emerged as potential anticancer strategies, some valuable chemokines 
and cytokines associated with CDC45 have been analyzed.37 All these results have provided important research evidence 
for the treatment of BC.

Moreover, drug resistance in BC is a frequently encountered and challenging issue in clinical settings.38,39 Numerous 
studies have explored the mechanisms of drug resistance and developed new treatments to combat it.40,41 Concomitantly, 
an analysis was conducted on the expression levels of CDC45 in relation to potential involvement in drug resistance 
alongside small molecule drugs. We used the tumor drug susceptibility multiomics database for drug susceptibility 
analysis. These small molecule drugs represented by I-BET-762, methotrexate, GSK1070916, NPK76-II-72-1, 
Vorinostat, and WZ3105 have shown poor therapeutic efficacy in breast tumors with high CDC45 expression and this 
provided a theoretical basis for future targeted therapy when drug resistance occurs. In the future, we can tailor 
therapeutic drugs or programs based on CDC45 expression levels to help to individualize the treatment of the patients. 
These findings provide strong evidence support for future clinical transformation. In addition, we also conducted cell 
experiments to explore the biological function of CDC45 in BC. In vitro and vivo experiments, we found that CDC45 
may promote the progress of tumor cells. Our study is a systematic and multi-dimensional exploration of the biological 
function of CDC45 in BC, a topic that has received limited attention in previous research. Although our experiment 
uncovered preliminary insights into the molecular pathway mechanism involving CDC45, it is crucial to acknowledge 
the limitations of our study. The complexity of the molecular mechanisms underlying CDC45 necessitates further 
exploration, which will be the focus of our future research efforts. We have conducted a preliminary investigation on 
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the biological function of CDC45. Although it shows great research potential in BC, there is still a lack of in-depth 
mechanism exploration. In addition, the number of immunodeficient mice in our animal experiments is relatively small, 
and it is worth adding more numbers for further verification.

In conclusion, we screened various differential proteins from breast tumors and normal tissues, ultimately selecting 
the CDC45 protein for further study. This selection was based on its potential as a prognostic biomarker and its 
significant biological functions. CDC45 expression levels are closely associated with immune response and drug 
resistance. By examining the expression characteristics of CDC45, we uncovered its relationship with BC. This provides 
important insights into the mechanisms underlying BC development.
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