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 Gene expression in luminal A breast cancer and its 
correlation with chemoradiotherapy outcome and recurrence 

INTRODUCTION 

One of the most prevalent cancers in women, 
breast cancer is also one of the most rapidly growing 
cancer types in the country (1, 2). Every year, millions 
of people get the devastating news that they have 
breast cancer, making it one of the most frequent  
malignancies in the world (3, 4). Between 2015 and 
2018, a grand total of 20.15 million women were  
diagnosed with breast cancer globally, as per the  
data. Out of the 20.2 million women diagnosed with 
breast cancer globally in 2020, around 23,000 lost 
their lives to the disease (5-7). Breast cancer occurs in 
almost every country in the world, and can affect any 
woman after puberty, and its prevalence increases 
with age (8, 9). The prognosis for a woman with breast 
cancer is better if the disease is detected and treated 
early. Breast cancer can be categorized into various 
subtypes based on molecular markers, including           
Luminal A, Luminal B, HER 2 positive, and triple          
negative (10, 11). The purpose of this study was to            
examine gene expression in type LuminalA breast 
cancer and see whether there is an association with 
clinical efficacy and recurrence (12, 13). This subtype of 
breast cancer is associated with a better prognosis 
and a reduced recurrence rate. We first aimed to  
clarify the specific expression of genes in the                
pathological process of Luminal A breast cancer,          
including gene expression data, efficacy feedback, and 
recurrence during the Luminal A breast cancer follow
-up. In order to find potential correlations, we          

examined the data in the GEO (Gene Expression 
Monibus) and TCGA (The Cancer Genome Atlas)            
databases, created patient gene expression profiles, 
and compared the results with survival analysis, GO 
(Gene Ontology) analysis, and other findings (14–16). 

Bright Human epidermal growth factor receptor-2 
(Her-2) negativity, low Ki67 expression (<14%), and 
positive for the estrogen and progesterone receptors 
are characteristics of breast cancer. It has a better 
prognosis than other subtypes. Although the cure 
rate for Luminal A breast cancer is relatively high, 
however, some patients still face challenges with  
variable response to treatment and risk of                    
recurrence. In contemporary clinical practice, we  
understand that a thorough investigation of the gene 
expression features of patients with Luminal A breast 
cancer may enable us to more precisely categorize 
patient subgroups and offer a more dependable  
foundation for individualized treatment. In light of 
this finding, the current study set out to investigate 
the link between gene expression, clinical                       
consequences, and recurrence in Luminal A breast 
cancer patients in order to identify novel diagnostic 
markers that could enhance the accuracy of diagnosis 
and treatment for this subtype. Accuracy of response 
prediction. 

The literature review indicates that type Luminal 
A breast cancer is associated with high expression 
levels of XBP 1 (X-box binding protein 1), GATA 3 
(GATA binding protein 3), FOXA 1 (Forkhead Box 
A1), TFF 3 (Trefoil Factor 3), ESR 1 (Estrogen          
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Receptor 1), SCUBE2 (Signal Peptide-CUB-EGF-Like 
Domain-Containing Protein 2), TREFOIL, and             
FACTOR3 gene (17, 18). Significant correlations have 
been found between the degree of expression and 
efficacy, recurrence, and other conditions. Of greater 
interest, a portion of these genes do not show the 
same expression range in other breast cancer types, 
which means that we may have found specific              
markers for type Luminal A breast cancer. The             
aforementioned genes' expression was subjected to a 
survival analysis, and genes with substantial survival 
importance were found (19, 20). Hereditary breast            
cancer is strongly linked to the BRCA 1 and BRCA 2 
genes. The proteins they encode play important          
functions in cells such as DNA repair and cell cycle 
regulation. Mutations in the BRCA 1 and BRCA 2 
genes can lead to impaired DNA repair mechanisms, 
increasing the risk of breast cancer (21, 22). Certain 
clinical characteristics are frequently observed in 
breast cancer patients who carry BRCA 1 and BRCA 2 
mutations. Some of the symptoms that may indicate a 
BRCA 1 or BRCA 2 mutation include a strong family 
history of the disease, breast cancer in both breasts, 
breast cancer in men, and an abnormally high rate of 
ovarian cancer (23, 24). 

 Moreover, we found that these genes may be           
related to certain signaling pathways, and found that 
they regulate cellular amide metabolism                         
process,  nucleotide-glucose metabolism process,                   
nucleotide-glucose metabolism process and other 
pathways, implying that they may directly or                  
indirectly affect the efficacy and recurrence of type 
Luminal A breast cancer. This provides clues for the 
clinical selection of more targeted treatment               
strategies, as well as the possible further                   
development of targeted therapies (25, 26). In light of 
this, we are performing additional experimental            
validation to investigate the precise function of these 
genes and signaling pathways in the development of 
Luminal A breast cancer (27). We expect that in the 
future, it can provide more specific clinical guidance, 
enabling efficacy prediction and recurrence               
prevention in the treatment of type Luminal A breast 
cancer. Overall, our study makes an important         
contribution to understanding gene expression in 
type Luminal A breast cancer and its relevance to 
clinical efficacy and recurrence. 

By diving into the complex terrain of gene               
expression in Luminal A breast cancer, this                
groundbreaking study offers a new viewpoint to the 
field of scientific inquiry. The unique contribution lies 
in our focused pursuit of unraveling the specific 
genes associated with Luminal A subtype and their 
direct correlation with clinical efficacy and              
recurrence. By addressing this crucial gap in current 
understanding, we aim to unearth novel diagnostic 
markers that have the potential to revolutionize the 
precision of diagnosis and treatment response              
prediction for Luminal A breast cancer patients. This 
study, with its emphasis on the molecular intricacies 
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of Luminal A breast cancer, endeavors to pave the 
way for a paradigm shift towards personalized and 
more effective therapeutic strategies, marking a             
significant step forward in the field of breast cancer 
research. 

 
 

MATERIALS AND METHODS 
 

Luminal A breast cancer gene expression studies  
often employ publically available gene expression 
datasets collected from the whole-genome expression 
databases GEO and TCGA to examine relationships 
between gene expression and clinical effectiveness, 
recurrence, and other outcomes. 
 Data collection: We first searched and downloaded 
the gene expression dataset for type Luminal A breast 
cancer from the GEO and TCGA databases. For the 
GEO database, searches were performed using the 
keywords "breast cancer", "gene expression profile" 
and "Luminal A". For the TCGA database, we screened 
out the samples with the Luminal A types in breast 
cancer. 
 Data preprocessing: the preprocessing of the  
downloaded gene expression data. Including the            
filtering of non-expressed genes, the quality control 
of samples and genes, data standardization and other 
steps. The purpose of this step is to ensure                    
comparability of data and reduce technical bias. 
 Differential expression analysis: Differential                
expression analysis of the preprocessed data using 
the limma package in R language. The most                  
significantly differentially expressed genes were 
found by calculating the expression of each gene             
between Luminal A and normal samples. 
 Survival analysis: Survival analysis of differentially 
expressed genes using clinical data from the TCGA 
database. To examine the correlation between gene 
expression and patient survival, the Survival and  
Survminer packages in R were utilized. The analyses 
included Kaplan-Meier survival analysis and the Cox 
proportional hazards model. 
Functional enrichment analysis: The functional  
enrichment analysis was carried out using tools such 
as DAVID (Database for Annotation, Visualization, 
and Integrated Discovery) (28) and Gene Set                     
Enrichment Analysis (GSEA) (29), among others, to 
identify the biological processes and signaling               
pathways associated with the differentially expressed 
genes. 
Statistics and data visualization: All statistical  
analyses and hypothesis testing are performed in the 
R language. Data visualization was assisted with 
ggplot2, pheatmap and other related R packages. 

 
 

RESULT 
 

Through gene expression profiling, we further 
screened a number of genes positively associated 
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with ERBB 2 gene in type Luminal A breast cancer, 
including PGAP 3, GRB 7 and STARD3 et al. There is a 
tight association between high expression of these 
genes and overexpression of ERBB 2(figure 1). 

Survival analysis results 
 According to the above clinical data, the upper 

and lower tertiles of gene expression profiles were 
recorded as high and low expression, and high           
expression of the following genes GATA 3, XBP 1, 
FOXA 1, TFF 3, ESR 1, SCUBE2 was associated with 
better survival and low recurrence rate, (figure 2). 

According to the gene expression in breast cancer, 
we made GO pathway analysis, and found that               
pathways such as regulating cellular amide                
metabolism, nucleotide-sugar metabolism, and         
nucleotide-sugar metabolism played a key regulatory 
role (FDR <0.05) (figure 4). 

The GO analysis results of related pathways in 
breast cancer show that the blue part represents the 
result of FDR<0.05, involving the regulation of             
cellular amide metabolism, nucleotide sugar               
metabolism and other pathways. These pathways are 
significant in the development and occurrence of 
breast cancer, as shown by the statistical significance 
of these data. 

Ma et al. / Luminal A breast cancer: Treatment and recurrence 253 

Figure 1. A positive correlation of gene expression associated 
with ERBB 2 in breast cancer. The right vertical axis shows the 

gene name, and red indicates a positive correlation in this case 
study of ERBB 2 gene expression in breast cancer. Blue              

indicates a negative correlation. 

Figure 2. Genetic markers for breast cancer prognosis A higher death rate is associated with high XBP1 expression in breast cancer 
patients; B a higher death rate is associated with high GATA3 expression in breast cancer patients; C: The mortality rate is higher for 

breast cancer patients who express a high level of FOXA1. A greater death rate is observed in breast cancer patients with high         
expression of TFF3. E: The death rate for breast cancer patients is increased when ESR1 expression is high; A greater mortality rate 

is observed in breast cancer patients with high expression of SCUBE2. A statistically significant result is defined as P<0.05. 
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 DISCUSSION 
 

In this study, gene expression profiling of patients 
with type Luminal A breast cancer identified some 
genes associated with this subtype and further               
investigated the role of these genes in clinical efficacy 
and recurrence. The results suggest that high               
expression of certain genes is associated with better 
clinical efficacy and low recurrence rate. Insights into 
the molecular processes and personalized treatment 
of type LuminalA breast cancer can be provided by 
these new targets. 

Our interest has been piqued by the positive link 
between the PGAP 3 and ERBB 2 genes, which is 
shown in type Luminal A breast cancer. PGAP 3 is a 
phosphoglyceride lipoinositase involved in the           
regulation of the phosphatidylinositol signaling            
pathway. Its high expression may be related to the 
activation of ERBB 2 signaling pathway, thus                
promoting tumor proliferation and metastasis(29). 
Secondly, high expression of the GRB 7 gene was also 
associated with overexpression of ERBB 2. GRB 7  
encodes a signal transduction molecule involved in 
the regulation of multiple cellular growth factor            
receptor signaling pathways. High expressed GRB 7 
may enhance the activity of ERBB 2 signaling through 
its interaction with ERBB 2, thereby promoting tumor 
growth and metastasis (30). Finally, high expression of 
the STARD3 gene was also associated with                 
overexpression of ERBB 2. An integral part of               
carcinogenesis and development, STARD3 is also        
involved in the transport and metabolism of                    
cholesterol. The activation of the ERBB 2 signaling 
pathway, which impacts tumor proliferation and  
metastatic capacity, may be associated with its high 
expression (31). 

The pathway regulating the metabolism of                
cytosamide is of great significance in breast cancer. 
Cytoamides are a class of bioactive molecules,              
including fatty acids, glycerophosphate, etc. Vital             
cellular functions like energy consumption, cell             
signaling, and biofilm structure maintenance rely on 
these chemicals. Abnormal control of cytosamide  
metabolism may have a close relationship to the          
development and occurrence of breast cancer since 
the metastasis and proliferation of breast cancer cells 
require a substantial quantity of energy supply and 
the support of cell signal transduction. Additionally, 
the nucleotide glucose metabolism pathway is a key 
player in breast cancer cases. A wide variety of             
essential biological activities rely on nucleotides,         
including cell signaling, DNA and RNA production, 
and other cellular components. There is a tight             
relationship between sugar metabolism, cell                   
proliferation, and metastasis; both pathways are         
critical for cellular energy supply. The disruption of 
DNA damage repair and cell cycle regulation, which in 
turn promotes tumor development, can be brought 
about by abnormalities in nucleotide glucose              
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Figure 3. Gene with the strongest association with ERBB 2; A: 
C12orf14, Pearson coefficient of-0.363, negative correlation,; 
B: PGAP 3, Pearson coefficient of 0.858, positive correlation. 

All the P-values were statistically significant. 

A 

B 

Figure 4. GO analysis of related pathways in breast cancer. 
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metabolism in breast cancer. 
Finding out which molecular mechanisms and 

important biological processes contribute to the             
development of breast cancer is the main reason why 
these GO pathway analysis results are important. 
Further research into these pathways will shed light 
on the pathophysiology of breast cancer and lead to 
the development of novel diagnostic and therapeutic 
targets. To provide further context for the                 
aforementioned processes, breast cancer cells may 
develop an energy metabolism imbalance, which in 
turn impacts cell proliferation and metastasis, if the 
regulation of cytosamide metabolism is disrupted. 
Abnormalities in the nucleotide sugar metabolism 
process may lead to disorders in the synthesis and 
metabolism of intracellular nucleotides, which in turn 
affect key biological processes such as DNA synthesis 
and repair, and cellular signaling. A key driving factor 
for the onset and progression of breast cancer may be 
the aberrant activation of these pathways (32, 33).  

Our future study on gene expression profiling 
analysis in relation to clinical efficacy and recurrence 
in Luminal A breast cancer allows us to make the  
following recommendations for guiding future             
therapy of this type of breast cancer. Greater survival 
and reduced recurrence rates were linked to                
increased expression of genes such GATA3, XBP1, 
FOXA1, TFF3, ESR1, and SCUBE2, according to our 
study. Patients with Luminal A breast cancer may 
benefit from improved efficacy and prognosis if more 
is learned about the functional mechanism of these 
genes and targeted therapeutic techniques are               
developed for them. Variations in gene expression 
characterize Luminal A breast cancer, which is              
characterized by its heterogeneity. Therefore, in the 
future, we can use Gene expression profiling analysis 
and other molecular markers to formulate                  
individualized treatment plans for patients. By            
selecting the most appropriate therapeutic drug and 
dose according to the patient's Gene expression             
profiling, the therapeutic effect can be improved and 
unnecessary side effects can be reduced. 

Considering the complexity and heterogeneity of 
Luminal A breast cancer, single drug treatment may 
not be able to completely control the growth and  
metastasis of the tumor. Therefore, in the future, a 
combination of multiple treatment strategies can be 
explored, such as combination chemotherapy,              
endocrine therapy, immunotherapy, etc., to enhance 
treatment effectiveness and reduce the risk of drug 
resistance and recurrence. Further preclinical            
validation and laboratory study are required to             
confirm the precise mechanism of these genes in  
Luminal A breast cancer, as our research results are 
based on the observation of gene expression profile 
analysis. Through animal models and cell                     
experiments, it is possible to gain a deeper                
understanding of the functions of these genes and 
evaluate potential therapeutic targets and drug            

sensitivity. 
In conclusion, by analyzing the Gene expression 

profiling of Luminal A breast cancer patients, we can 
identify genes related to clinical efficacy and           
recurrence, and provide a new direction for future 
treatment. The application of individualized                  
treatment, targeting specific genes, combined               
treatment strategies and pre-clinical validation             
strategies is expected to improve the prognosis and 
survival rate of Luminal A breast cancer patients. 
Future research should continue to explore these 
directions in depth and strengthen cooperation to 
achieve more effective treatment strategies and           
personalized healthcare goals. 
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