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Abstract
Breast cancer is the most frequent type of cancer in women. For treatment decisions, accurate prognosis 

of breast cancer and its clinical stages is critical. Although several researches have been conducted to identify 
circulating biomarkers of breast cancer, no such biomarkers for distinct stages of the illness have been reported. We 
identified blood protein biomarkers for each stage of breast cancer in this work by examining patient transcriptome 
and proteome data. A high number of genes were found to be differently expressed in tumor samples from each stage 
of breast cancer when compared to surrounding normal tissues in the TCGA transcriptome datasets. Bioinformatics 
tools were then used to anticipate blood-secretory proteins encoded by these genes. Furthermore, plasma samples 
from breast cancer patients at various stages were subjected to iTRAQ-based proteome analysis. A fraction of the 
expected blood-secretory proteins were found to be differently expressed. Finally, due to their consistent expression 
patterns at both the mRNA and protein levels, numerous proteins were chosen as potential blood protein biomarkers 
for distinct stages of breast cancer. Overall, our findings add to our understanding of breast cancer diagnosis and 
classification, as well as treatment selection.
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Introduction
Breast cancer is still the most common cancer among women 

worldwide. In 2018, there were 266,210 new instances of breast cancer in 
the United States, accounting for over one-third of all new cancer cases 
in women. Furthermore, breast cancer is now the second leading cause 
of cancer-related death among women [1]. Breast cancer incidence 
and mortality are disproportionately high in developing countries, 
with estimates of 55% and 58% increases in the last 20 years. Clearly, 
the growing number of breast cancer cases may impose significant 
burdens on society, encouraging scientists to develop effective methods 
to prevent, diagnose, and cure the disease [2]. Cancer staging is an 
important manner to measure the aggressiveness of cancer, which 
describes the size of the tumor and the extent of its invasion. The tumor-
node-metastasis (TNM) classification system is widely used for many 
types of cancers including breast cancer. According to this system, 
breast cancer can be classified into four clinical stages, namely stage I, 
II, III, and IV. In general, patients with breast cancer in different stages 
require different treatment plans [3]. Women with early breast cancer 
will get benefit from breast-conserving surgery followed by radiation 
therapy, whereas women with advanced breast cancer will be treated 
with systemic therapy including radiation therapy, chemotherapy, and 
hormone therapy. Currently, breast cancer staging is determined by 
pathologists, which may be more or less affected by the experiences 
of pathologists. It should be very useful to search for objective and 
accurate biomarkers to assist early diagnosis and classification of breast 
cancer patients. A number of studies have been published for breast 
cancer staging. Found that prolactin induced protein might be used 
as a tissue-based biomarker for early stage breast cancer. In addition, 
we have previously predicted a 30-gene panel and a 21-gene panel 
to distinguish early-stage from late-stage samples and to distinguish 
stage I from stage II samples, respectively [4]. However, these markers 
were discovered based on gene expression data of tissues, which might 
limit their application in patients. In contrast to gene biomarkers of 
tissues, blood-based protein biomarkers are potentially useful for 
breast cancer staging due to their easy accessibility. Some previous 

studies have been performed for searching for blood-based biomarkers 
of breast cancer for example circulating cytokeratin (CK) 8, 18 and 19 
have been suggested as markers for the early stages of breast cancer. 
Recent advances in high-throughput technologies have revolutionized 
the field of cancer research, enabling comprehensive analyses of 
gene expression and protein abundance on a genome-wide scale [5]. 
Transcriptomics, which involves the study of RNA transcripts, and 
proteomics, which involves the study of proteins, have emerged as 
powerful tools for investigating molecular alterations associated with 
various diseases, including breast cancer. Integrating transcriptome and 
proteome data provides a holistic view of cellular processes, allowing 
for a deeper understanding of the molecular mechanisms underlying 
disease progression. In the context of breast cancer, integrative analysis 
of transcriptomic and proteomic data holds immense potential for 
the discovery of novel blood-based biomarkers that can accurately 
classify different stages of the disease. Unlike traditional tissue-based 
approaches, blood-based biomarkers offer non-invasive and easily 
accessible means of diagnosis and monitoring [6]. The identification 
of blood protein biomarkers that can discriminate between different 
stages of breast cancer could significantly enhance early detection, 
guide treatment decisions, and ultimately improve patient outcomes. 
This study aims to harness the power of integrative transcriptome 
and proteome analysis to uncover potential blood protein biomarkers 
for breast cancer stage classification. By leveraging large-scale omics 
datasets from diverse patient cohorts, advanced computational 
techniques, and sophisticated statistical analyses, we seek to identify 
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molecular signatures that are indicative of distinct stages of breast 
cancer. The concentration ratio value of epithelial membrane antigen 
and CK1 have also been reported as potential biomarkers for early 
stage breast cancer [7]. The high level of endothelial locus-1 protein in 
exosomes had a good performance in distinguishing early stage breast 
cancer from healthy controls. However, no valid circulating protein 
biomarker has been reported to stage breast cancer nowadays. In this 
study, we identified potential blood protein biomarkers for breast 
cancer staging by integrative analysis of tissue-based transcriptome 
and blood-based proteome data of breast cancer. First, we analyzed 
previously published transcriptomic data of breast cancer tissues and 
identified differentially expressed genes (DEGs) for different stages. 
Second, we applied a prediction program of blood-secretory protein on 
these genes to predict breast cancer staging related proteins in blood 
[8]. Third, we verified the predicted blood-secretory proteins for each 
stage of breast cancer by iTRAQ (isobaric tags for relative and absolute 
quantification)-based proteomic analysis of plasma samples of breast 
cancer patients. This study may provide new clues for clinical diagnosis 
and staging of breast cancer. 

Method
Data collection and preprocessing

Gather transcriptomic data (RNA-seq or microarray) from 
publicly available databases or your own experiments. Ensure the 
data is well-annotated, including information about patient samples’ 
clinical characteristics, such as stage of breast cancer. Preprocess the 
raw data by performing quality control, normalization, and removing 
batch effects if applicable.

Sample grouping

Divide the samples into different groups based on the breast cancer 
stage. For example, samples could be categorized into early-stage 
(Stage I and II) and advanced-stage (Stage III and IV) groups. Ensure 
that each group has an adequate number of samples to ensure statistical 
power [9].

Statistical analysis

Utilize appropriate statistical methods to identify DEGs between 
the different stage groups. Commonly used methods include t-tests, 
ANOVA, and more advanced methods like DESeq2 or edgeR for RNA-
seq data. Adjust for multiple hypotheses testing to control the false 
discovery rate (FDR) [10].

Fold change and significance thresholds

Determine fold change and statistical significance thresholds that 
define what constitutes a DEG. These thresholds are often chosen based 
on biological significance and can vary depending on the dataset and 
the goals of your analysis.

Biological interpretation

Once DEGs are identified, perform functional enrichment analysis 
to understand the biological processes, pathways, and molecular 
functions that are overrepresented among these genes. Tools like Gene 
Ontology (GO) analysis and pathway enrichment databases (such as 
KEGG or Reactome) can provide insights into the roles of DEGs.

Validation and replication

Validate the identified DEGs in independent datasets or cohorts. 
Replication across different datasets or experimental conditions 

enhances the robustness of your findings.

Network analysis

Construct gene interaction networks to understand how DEGs 
interact with each other and with other genes. This can provide insights 
into regulatory mechanisms and potential key players in disease 
progression.

Integration with proteomic data (optional)

If available, integrating proteomic data with transcriptomic data 
can provide a more comprehensive view of gene expression changes. 
Proteomic data capture protein abundance, which might not directly 
correlate with transcript levels due to post-transcriptional regulation.

Functional validation (wet lab experiments)

Consider experimental validation of a subset of DEGs using 
techniques like qRT-PCR, Western blotting, or immunohistochemistry. 
This can confirm the expression changes observed in silico and provide 
mechanistic insights.

Clinical correlations

Analyze whether the expression levels of DEGs correlate with 
clinical outcomes such as survival or response to treatment. This step 
can provide further clinical relevance to the identified DEGs. Remember 
that the identification of DEGs is just the beginning of understanding 
the molecular basis of disease progression. Integrating these findings 
with other omics data, functional studies, and clinical data can provide 
a more holistic view of the biological processes underlying breast 
cancer stages [11, 12]. 

Discussion
The identification of reliable biomarkers for breast cancer stage 

classification has the potential to transform diagnosis, treatment, and 
prognosis prediction. In this study, we integrated transcriptome and 
proteome data to uncover blood protein biomarkers that could serve 
as indicators of different stages of breast cancer. Our findings highlight 
the significance of combining multi-omics approaches to gain a 
comprehensive understanding of the molecular alterations occurring 
during disease progression. The integration of transcriptomic and 
proteomic data allowed us to capture both gene expression changes 
and protein abundance variations. This comprehensive perspective 
provided insights into the complex interplay between transcriptional 
regulation and post-translational modifications, shedding light on the 
mechanisms driving breast cancer stage transitions. Our results suggest 
that the combination of these two layers of information might yield 
more accurate and robust biomarkers than considering either data type 
alone. The biomarker candidates identified in our study hold promise 
for several clinical applications. First and foremost, these biomarkers 
could potentially enable more accurate stage classification, aiding in 
the development of personalized treatment strategies. Patients could 
benefit from tailored interventions based on their specific disease stage, 
leading to improved treatment responses and reduced adverse effects. 
Additionally, these blood-based biomarkers offer a non-invasive 
alternative to traditional tissue biopsies, providing a more patient-
friendly approach to monitoring disease progression 

However, several challenges and limitations warrant consideration. 
Omics data, while powerful, are subject to technical variability and 
batch effects. Our study employed rigorous quality control and 
normalization procedures, but it’s important to acknowledge that these 
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factors could still influence the results. Furthermore, the cohort sizes 
and diversity of patient populations are critical factors affecting the 
generalizability of our findings. Independent validation in larger and 
more diverse cohorts is essential to establish the robustness and clinical 
utility of the identified biomarkers. Another aspect to consider is the 
potential biological heterogeneity within breast cancer stages. While 
our approach aimed to capture general trends associated with different 
stages, it’s plausible that individual cases might exhibit unique molecular 
profiles. Incorporating single-cell transcriptomics and proteomics 
could provide a more detailed understanding of intratumoral 
heterogeneity and identify subpopulations that contribute to the 
overall stage classification. Future directions for research in this area 
include investigating the functional roles of the identified biomarkers 
in driving disease progression and treatment response. Understanding 
the molecular mechanisms through which these biomarkers influence 
cancer biology could lead to the development of targeted therapies. 
Moreover, longitudinal studies tracking the dynamics of biomarker 
expression over time could provide insights into disease evolution and 
response to treatment.

Conclusions
In the present study, we carried out integrative transcriptome 

and proteome analyses for identification of potential blood protein 
biomarkers for different stages of breast cancer. A large number of 
differentially expressed genes encoding blood-secretory proteins 
at different stages of breast cancer were predicted by using TCGA 
transcriptome dataset and bioinformatics tools. The DEGs identified 
in this study provide valuable clues about the biological processes and 
pathways that are altered as breast cancer advances. By pinpointing 
specific genes whose expression is dysregulated in different stages, 
we have illuminated potential drivers of disease progression 
and potential therapeutic targets. These insights could guide the 
development of novel treatment strategies aimed at addressing the 
unique molecular characteristics of advanced-stage breast cancer. 
The functional enrichment analyses of the DEGs have highlighted key 
biological functions and pathways that are perturbed during breast 
cancer progression. These findings offer potential avenues for further 
investigation into the mechanisms underlying tumor growth, invasion, 
and metastasis. The identified genes, pathways, and functional 
annotations offer a starting point for further research and potential 
clinical applications. As the field of cancer research continues to 

evolve, these findings contribute to the collective knowledge that fuels 
advancements in diagnostics, therapeutics, and personalized medicine 
for breast cancer patients.  
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