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Abstract: Breast cancer (BC) in adolescents and young adults (AYAs) accounts for 5.6% of BC in all women. BC 
in this population is often characterized as aggressive. Two-thirds of BC in AYAs belong to the hormone-receptor 
positive (HR(+))/human epidermal growth factor receptor 2 negative (HER2(-)) subtype. However, the underlying 
pathogenesis of this subtype has not been fully elucidated. To study HR(+)/HER2(-) BC in AYAs, we downloaded the 
available RNA-seq data from The Cancer Genome Atlas (TCGA) database and then performed differential expres-
sion gene screening and constructed a protein-protein interaction (PPI) network, identified the key genes, and did 
gene set enrichment analysis (GSEA). Based on the analyses, 32.26% of patients were in stage III. Additionally, we 
identified 1671 differentially expressed genes (DEGs) and 35 key genes. In addition, GSEA showed that ether lipid 
metabolism and complement and coagulation cascades were significantly enriched in the GNAI1 high expression 
phenotype. The key genes CXCL2, CXCL5, CXCL3, GPR37L1, NPY2R, OXGR1, NPW, CCL21, GNAI1, SAA1, GRM4, 
HCAR2, CX3CL1, GRM8, CCL28, SSTR1, PENK, P2RY12, NMUR1, NMU, ADCY5, TAS1R1, OXER1, GNG13, CCL16, 
CCR8, NPY5R, CXCL11, CXCL10, CXCL9, CXCL1, CXCL6, CCR4, and ANXA1 may be molecular markers of tumorigen-
esis of HR(+)/HER2(-) BC in AYAs. In addition, ether lipid metabolism and complement and coagulation cascades 
may be key pathways for GNAI1 regulation in HR(+)/HER2(-) BC in AYAs.
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Introduction

Breast cancer (BC) is the most common tumor, 
with the highest incidence in women worldwide 
[1]. BC in adolescents and young adult (AYAs) 
women between the ages of 15 and 39 years 
old [2], which accounts for 5.6% of all BC in 
women [3]. BC in this population is often char-
acterized as aggressive, involving vascular or 
lymphatic invasion, and the pathologic grade is 
grade 3 [4]. Two-thirds of BC cases in AYAs 
involve the hormone-receptor positive (HR(+))/
human epidermal growth factor receptor 2 neg-
ative (HER2(-)) subtype [5, 6]. However, the 
underlying pathogenesis of this subtype has 
not been fully elucidated. Studies have shown 
that the abnormal expression of BRCA1 is very 
common in the HR(+)/HER2(-) subtype in AYAs 
[7]. Among patients diagnosed with HR(+)/
HER2(-) BC and younger than 30 years old, 30% 
are found to have abnormal expression levels 
of BRCA1, BRCA2, or TP53 [8]. In addition, the 
abnormal expression of the PALB2 gene incre- 

ases the risk of developing HR(+)/HER2(-) BC  
in AYAs by 8 times [9]. Therefore, it is import- 
ant to understand the molecular mechanisms 
of HR(+)/HER2(-) BC in AYAs in order to develop 
new diagnostic and therapeutic strategies.

In recent years, with the development of next-
generation sequencing technologies (NGS),  
bioinformatics has matured. Bioinformatics in- 
volves the use of computers to run advanced 
algorithms to analyse massive biologic data. 
The purpose of using bioinformatics to pro- 
cess the data generated by NGS is to convert 
biologic signals into data and then convert the 
data into understandable information. Thanks 
to these technologies, we can now more easily 
identify genes and related pathways that are 
differentially expressed in disease states.

This work aimed to study differentially expres- 
sed genes (DEGs) and differentially expressed 
pathways (DEPs) of HR(+)/HER2(-) BC in AYAs, 
to provide a direction for the development of 
new tumorigenesis molecular markers.
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Materials and methods

RNA-sequencing data and bioinformatics 
analysis

As of January 2020, we collected data from 76 
BC patients between the ages of 15 and 39 
years old from The Cancer Genome Atlas (TC- 
GA) database. Considering that there are dif- 
ferent subtypes of BC [10], we excluded pati- 
ents without data regarding oestrogen recep- 
tor (ER), progesterone receptor (PR), and HER2. 
Ultimately, 31 patients with the HR(+)/HER2(-) 
subtype, were selected (HR(+) is in other words 
ER(+)/PR(+)). Para-carcinoma tissues were col-
lected from 23 patients and used as the con- 
trol group.

Protein-protein interaction (PPI) network

The STRING database (version 11.0) is used  
for analysing PPIs, including both direct physi-
cal interactions between proteins and indirect 
functional correlations [11]. In this study, we 
used the STRING database to construct a PPI 
network for DEGs, and the genes having an 
interaction with a combined score > 0.4 were 
considered statistically significant. Then, Cyto- 
scape (Version 3.72) was used to visualize the 
PPI network. Cytoscape was used for the gra- 
phical display and analysis of the network [12]. 
Next, we used the cytoHubba plug-in in Cyto- 
scape to analyse the PPI network and ranked 
the DEGs based on the calculated Matthews’ 

correlation coefficient (MCC) scores to select 
the top 35 genes. cytoHubba provides 11 topo-
logical methods to analyse important nodes in 
biologic networks [13].

Gene set enrichment analysis (GSEA)

GSEA is an analytical method that compares 
the differences between predefined gene sets, 
calculates scores according to the differences, 
calculates the enrichment score according to 
the score and the enrichment degree in a cer-
tain gene set, and generates plots in order to 
find which pathways differ from the preset 
parameters [14]. In this study, according to the 
correlations between genes and GNAI1 expres-
sion, we performed GSEA to generate a sequ- 
enced gene list and then to predict the differ-
ence between the overexpression and low ex- 
pression of GNAI1 on tumorigenesis. The ex- 
pression of GNAI1 was used as a phenotype 
tag. The cut-off value for the expression of  
each gene was defined by the median value. 
Normalized enrichment scores (NESs) and no- 
minal p-value (NOM p-value) were used to find 
the degree of pathway enrichment for the phe-
notype. A NOM p-value < 0.05 indicated a sig-
nificant difference.

Statistical analysis

All statistical analyses were performed using R 
statistical software (version 3.6.1). To screen 
DEGs, we used the LIMMA package in R sta- 
tistical software [15]. The definition of DEGs 
was P < 0.01 and |logFC| > 2. We used the 
cluster Profiler package in R statistical software 
[16] for Gene Ontology (GO) and Kyoto En- 
cyclopedia of Genes and Genomes (KEGG) 
functional enrichment analysis. GO and KEGG 
results were considered statistically significant 
when P < 0.01. 

Results

Patient characteristics

In this study, all patients were female, between 
the ages of 15 and 39 years old, with HR(+)/
HER(-) BC, and their pathological diagnosis  
was infiltrating ductal carcinoma. Of these pa- 
tients, 87.10% did not have distant metasta- 
sis, 41.94% were in stage N1, 54.84% were in 
stage T2, and 41.94% were in stage II (Table  
1).

Table 1. TCGA breast cancer in adolescents 
and young adults’ patient characteristics
Clinical factor n %
Age (y) < 30 5 16.13

30-34 6 19.35
35-39 20 64.52

T 1 9 29.03
2 17 54.84
3 5 16.13

N 0 9 29.03
1 13 41.94
2 6 19.35
3 3 9.68

M 0 27 87.10
X 4 12.90

Stage I 8 25.81
II 13 41.94
III 10 32.26
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Identification of DEGs

By analyzing 31 tumour tissue samples and 23 
para-carcinoma tissue samples in R software, 
we found a total of 1671 DEGs, of which 448 
were upregulated genes and 1223 were down-
regulated genes (Figure 1).

KEGG and GO functional enrichment analysis 
of DEGs

Through functional enrichment analysis of 
1671 DEGs, in the GO functional enrichment 
analysis, the DEGs in biologic processes (BP) 
were mainly enriched in the regulation of ion 
transmembrane transport, multicellular organ-
ismal homeostasis, and extracellular structure 
organization. The DEGs in cell component (CC) 
were mainly enriched in extracellular matrix 
and synaptic membrane, and the DEGs in mo- 
lecular function (MF) were mainly enriched in 
receptor ligand activity and channel activity 
(Figure 2A). In the KEGG pathway enrichment 
analysis, the DEGs in were mainly enriched in 
neuroactive ligand-receptor interaction, cyto-

kine-cytokine receptor interaction, and Pl3K-
Akt signalling pathway (Figure 2B).

Construction of the PPI network and identifica-
tion of key genes

Among the 1671 DEGs, we used the STRING 
website to construct a PPI network of 621  
functionally related genes (Figure 3A). Then,  
we analysed the PPI network using cytoHubba 
and selected the genes with the top 35 MCC 
scores as the key genes, namely, CXCL2, CX- 
CL5, CXCL3, GPR37L1, NPY2R, OXGR1, NPW, 
CCL21, GNAI1, SAA1, GRM4, HCAR2, CX3CL1, 
GRM8, CCL28, SSTR1, PENK, P2RY12, NM- 
UR1, NMU, ADCY5, TAS1R1, OXER1, GNG13, 
CCL16, CCR8, NPY5R, CXCL11, CXCL10, CX- 
CL9, CXCL1, CXCL6, CCR4, and ANXA1 (Figure 
3B).

Identification of GNAI1-related signalling path-
ways using GSEA

Based on NESs, we found ether lipid meta- 
bolism (NES: 1.63, NOM p-value: 0.019) and 

Figure 1. Volcano plot. By analysing data for HR(+)/HER2(-) BC in AYAs and para-carcinoma tissues, we screened a 
total of 1671 DEGs. DEGs were defined as P < 0.01 and |logFC| > 2.
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complement and coagulation cascades (NES: 
1.58, NOM p-value: 0.041) were significantly 

enriched in the high GNAI1 expression pheno-
type (Figure 4A, 4B).

Figure 2. Bubble chart. Function and pathway enrichment analyses of 1671 DEGs. A. GO analysis shows the top 10 
most significant enrichments in BP (biologic processes), CC (cell component), and MF (molecular function). B. KEGG 
analysis shows the top 26 most significant enrichments. P < 0.01 was considered significant.
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Discussion

The purpose of this study was to investigate 
molecular-level changes in HR(+)/HER2(-) BC  
in AYAs, such as DEGs, intermolecular interac-

tions, and regulation between molecules and 
pathways. Comparing HR(+)/HER2(-) BC tis- 
sues in AYAs with para-carcinoma tissues, 
molecular differences between the 2 types of 
tissues may help explain the pathogenesis of 

Figure 3. PPI network. A. PPI network constructed using 621 DEGs that are functionally related. B. According to the 
MCC score, the Top 35 genes were selected as the key genes.
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this subtype. The study also provided insight 
into key genes and their main regulatory path-
ways for the future development of diagnostic 
and therapeutic strategies. Among different  
BC subtypes in AYAs, this study focused on 
patients with HR(+)/HER2(-) BC. Previous stud-
ies have shown that two-thirds of BC cases in 
AYAs involve the HR(+)/HER2(-) subtype and 
that the prognosis is worse than that of pati- 
ents with the same subtype at other ages [17, 
18]. Therefore, it is particularly important to 
understand the pathogenesis of HR(+)/HER2(-) 
BC in AYAs.

In this study, by screening DEGs and construct-
ing a PPI network, we found that GNAI1 was a 
key gene in the pathogenesis of HR(+)/HER2(-) 
BC in AYAs. GSEA showed that in BC in AYAs, 
the high GNAI1 expression phenotype was re- 
lated to ether lipid metabolism and comple-
ment and coagulation cascades. GNAI1 enco- 
des the α subunit of guanine nucleotide bind- 
ing protein and it is one of the components of 
heterotrimeric signaling molecules. GNAI1, a 
member of Gα inhibitory family, is largely ex- 
pressed in immune cells and participates in G 
protein-coupled receptor (GPCR) and non-
GPCR signaling pathways [19]. GNAI1 partici-
pates in many physiologic processes such as 
proliferation and differentiation by transducing 

a variety of extracellular signals [20, 21]. Ether 
lipid metabolism is usually disordered in tumor 
cells, and the changes of the lipid metabolism 
affect many cell processes, such as prolifera-
tion, autophagy, and development [22]. In bre- 
ast cancer, it is closely related to progression 
[23]. Complement and coagulation cascades 
play an important role in the host immune 
response and help the body eliminate patho-
gens, and the interaction between the com- 
plement pathway and the coagulation cascade 
pathway also participates in many other im- 
portant biological behaviors. In tumors, the 
complement system may promote tumor grow- 
th by regulating the inflammatory response, 
and may also promote epithelial-mesenchymal 
transition (EMT) and angiogenesis [24, 25]. The 
coagulation cascade may affect the occurren- 
ce and development of tumors by affecting the 
expression of genes in tumor cells [26]. These 
studies indicate that GNAI1 may be a potential 
tumorigenesis molecular marker and therapeu-
tic target for HR(+)/HER2(-) BC in AYAs.

In addition, a total of 1671 DEGs were found in 
this study. In the GO functional enrichment 
analysis, the DEGs in BP were mainly concen-
trated in the regulation of ion transmembrane 
transport. Previous studies have shown that 
ion transmembrane transport is associated 

Figure 4. GSEA (plots from gene set enrichment analysis). The GSEA results show that in adolescents and young 
adults with HR(+)/HER2(-) subtype breast cancer, (A) ether lipid metabolism; and (B) complement and coagulation 
cascades are significantly enriched in the high GNAI1 expression phenotype. NES, Normalized enrichment score; 
NOM p-value, nominal p-value.
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with BC metastasis and chemotherapy resis-
tance [27, 28]. The DEGs in CC were mainly 
enriched in the extracellular matrix. Studies 
have shown that during the progression of BC, 
the components of the extracellular matrix can 
change greatly, for example, inducing specific 
laminins, and these changes play an impor- 
tant role in tumour progression and distant 
metastasis [29]. In the KEGG pathway enrich-
ment analysis, the DEGs were mainly enriched 
in neuroactive ligand-receptor interaction. Dis- 
turbances in neuroactive ligand-receptor inter-
action can affect neurotransmitter transmis-
sion, leading to diseases such as alcohol de- 
pendence syndrome [30]. In addition, increa- 
sed alcohol consumption increases the risk of 
BC [31]. These above-described studies also 
show that the regulation of ion transmem- 
brane transport, extracellular matrix, and neu-
roactive ligand-receptor interaction may play 
important roles in HR(+)/HER2(-) BC in AYAs.

In addition, among other hub genes, TAS1R1 
belongs to the TAS1R family, which has 3  
members: TAS1R1, TAS1R2, and TAS1R3. The 
heterodimer complex composed of TAS1R1/
TAS1R3 can be selectively activated by glu- 
tamic acid, thereby sensing the umami taste 
[32]. Although TAS1R1-TAS1R3 were originally 
found in taste neurons, studies have shown 
that it is expressed in many tissues, such as 
skeletal muscle and liver. The upregulation of 
this receptor can increase the insulin content  
in β cells [33]. As a receptor for amino acids, 
TAS1R1/TAS1R3 is also related to cell auto- 
phagy [34]. These studies also show that oth- 
er key genes have potential biological value in 
HR(+)/HER2(-) BC in AYAs.

However, in this study, the association of GN- 
AI1 expression with ether lipid metabolism and 
complement and coagulation cascades was 
reported for the first time. The specific regula-
tory mechanisms require further study.

In summary, this study analysed the RNA-seq 
data available for AYAs with HR(+)/HER2(-) BC 
and revealed that the key genes (CXCL2, CX- 
CL5, CXCL3, GPR37L1, NPY2R, OXGR1, NPW, 
CCL21, GNAI1, SAA1, GRM4, HCAR2, CX3CL1, 
GRM8, CCL28, SSTR1, PENK, P2RY12, NM- 
UR1, NMU, ADCY5, TAS1R1, OXER1, GNG13, 
CCL16, CCR8, NPY5R, CXCL11, CXCL10, CX- 
CL9, CXCL1, CXCL6, CCR4, and ANXA1) may be 
molecular markers for tumorigenesis. In addi-

tion, ether lipid metabolism and complement 
and coagulation cascades may be key path-
ways for GNAI1 regulation in HR(+)/HER2(-) BC 
in AYAs. Therefore, the biologic effects of GN- 
AI1 and 34 other key genes should be verified 
in further studies.
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