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Searching for essential genes and drug discovery in breast 
cancer and periodontitis via text mining and bioinformatics 
analysis
Lan Luo, Weijie Zheng, Chuang Chen and Shengrong Sun

The primary purpose of the study was (1) to search 
for the essential genes associated with breast cancer 
and periodontitis, and (2) to identify candidate drugs 
targeted to these genes for expanding the potential 
drug indications. The genes related to both breast 
cancer and periodontitis were determined by text 
mining. Gene ontology and Kyoto Encyclopedia of 
Genes and Genomes analysis were performed on these 
genes, and protein–protein interaction analysis was 
carried out to export significant module genes. Drug–
gene interaction database was employed for potential 
drug discovery. We identified 221 genes common 
to both breast cancer and periodontitis. The top six 
significant enrichment terms and 15 enriched signal 
pathways were selected. Among 24 significant genes 
demonstrated as a gene cluster, we found SERPINA1 
and TF were significantly related to poor overall survival 
between the relatively high and low groups in patients. 
Using the final two genes, 12 drugs were identified that 

had potential therapeutic effects. SERPINA1 and TF 
were screened out as essential genes related to both 
breast cancer and periodontitis, targeting 12 candidate 
drugs that may expand drug indications. Drug discovery 
using text mining and analysis of different databases 
can promote the identification of existing drugs 
that have the potential of administration to improve 
treatment in breast cancer. Anti-Cancer Drugs 32: 
1038–1045 Copyright © 2021 The Author(s). Published 
by Wolters Kluwer Health, Inc.
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Introduction
Breast cancer is the most common malignant tumor in 
women, accounting for 30% of female cancers in 2020 
[1]. Several factors are known to affect women’s risk of 
breast cancer, including lifestyle, age, radiation expo-
sure, obesity and so on [2,3]. Besides, recent studies 
have shown that the human microbiome, including 
gut microbiome, may be associated with the develop-
ment of breast cancer [4]. As one of the therapeutic 
backbones, chemotherapy can be given before or after 
surgery, which is able to alleviate clinical symptoms, 
eliminate any metastatic lesion that may exist and 
improve the survival rate of patients [5,6]. However, 
cytostatic drugs have various side effects, one of which 
is oral complications, such as mucositis, xerostomia and 
periodontal disease, to name a few [7]. In addition, the 
use of selective estrogen modulators, such as tamox-
ifen and aromatase inhibitors, have been reported to be 

associated with significant loss of bone mineral density 
(BMD), which is cited as a risk factor for periodontitis 
[8,9].

Periodontitis is a complex disease caused by the growth 
of aggressive micro-organisms on the teeth [10], and 
these pathogenic micro-organisms may participate in 
carcinogenesis through inflammation and immune reg-
ulation [11]. A recent study observed that periodontal 
inflammation plays a role in the early step metastasis 
of breast cancer by pyroptosis-induced IL-1 beta gen-
eration and downstream signaling pathways [12]. In 
addition, some specific pathogenic bacteria, such as 
Fusobacterium nucleatum, have been found to be able 
to enrich in tumors, such as human colorectal cancer 
(CRC) [13] and breast cancer [14], which are capable of 
promoting the proliferation of cancer cells and increas-
ing the possibility of metastasis through various mecha-
nisms [15,16], and may involve in tumor recurrence and 
chemotherapy resistance [17]. Therefore, effective peri-
odontal treatment may be a valuable therapy to prevent 
breast cancer [18].

Text mining method has become a powerful means to 
extract information and knowledge from a large num-
ber of scientific literature, which can provide clues for 
the repositioning of existing drugs and help for effective 
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treatment in the future [19]. The development of poten-
tial effects of traditional drugs can not only contribute to 
the discovery of new and more effective agents but also 
present tremendous opportunities for studying novel tar-
gets of pharmacology and break through the bottleneck 
of disease treatment [20]. By mining available published 
literature, combined with the analysis of various data-
bases and the use of other search and analytical tools, 
new evidence on the potential to repurpose existing 
drugs could be obtained [21].

In this study, we attempted to search for the essential 
genes related to both breast cancer and periodontitis 
and expand new indications of exited drugs targeted to 
these genes, in order to identify new targets and open 
up new possible approaches to breast cancer treatment. 
First, we used text mining to obtain the common genes 
between breast cancer and periodontitis. The in-depth 
information of these genes was integrated in the man-
ner of functional analysis and enrichment. Next, protein 
and protein interactions (PPI) analysis was performed to 
mine public databases and identify significant module 
genes with more interactions. Lastly, drug–gene interac-
tion analysis was carried out in the drug–gene interaction 
database (DGIdb), from which the candidate drugs we 
needed were finally derived. Figure  1 shows the data 
mining strategy of this study.

Material and methods
Text mining
We used the database pubmed2ensembl (http://pubme-
d2ensembl.ls.manchester.ac.uk) to perform text mining. 
Pubmed2ensembl is an open website that makes it eas-
ier for biologists to find relevant literature on specific 
genomic regions or functional gene sets [22]. We input 
the search terms ‘breast cancer’ and ‘periodontitis’ to 
obtain a series of genes, and then the common genes 
were collected for further analysis.

Gene ontology and pathway enrichment
The gene ontology (GO) analysis is always used as a 
universal and useful approach for annotating genes 
products and characteristics. The Kyoto Encyclopedia 
of Genes and Genomes (KEGG) is another frequent-
ly-used open database integrating genomic, chemical, 
and systemic functional information [23]. In this study, 
we used DAVID, a web-based analysis tool that provides 
a comprehensive set of applicable annotation services to 
perform the GO and KEGG enrichment of the common 
genes.

Protein–protein interactions and module analysis
The protein–protein interactions were analyzed via the 
online STRING database (version 11.0). First, we input 
the common genes obtained from the previous steps; the 
minimum required interaction score was set to the highest 

confidence (score 0.900). The Cytoscape software was 
then employed to analyze the PPI works with the TSV 
file downloaded from the STRING database. We chose 
the app STRING and Molecular Complex Detection 
(MCODE) to calculate and select the key gene modules 
that interconnected clusters in the PPI network. The tar-
get genes were collected for the next step.

Gene data analysis
The Gene Expression Profiling Interactive Analysis 
(GEPIA; http://gepia.cancer-pku.cn/index.html) is a devel-
oped website that contained a considerable quantity 

Fig. 1

Schematic diagram of text mining and data analysis. Text mining 
was used to obtain the common genes between breast cancer and 
periodontitis. These genes were then integrated by functional analysis 
and enrichment. PPI analysis was performed to identify significant 
module genes. The final candidate drugs were carried out in DGIdb by 
gene–drug interaction analysis.

http://pubmed2ensembl.ls.manchester.ac.uk
http://pubmed2ensembl.ls.manchester.ac.uk
http://gepia.cancer-pku.cn/index.html
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of RNA sequencing expression data from the TCGA 
and the GTEx projects [24]. We conducted differential 
expression analysis and patient survival analysis of target 
genes through GEPIA and obtained genes with signifi-
cant differences in expression in the above two analyses 
for further study.

Drug–gene interactions
We used DGIdb (http://www.dgidb.org), a valuable data-
base that provides free services for searching the informa-
tion on drug–gene interactions, to explore the potential 
drugs or compounds for new treatment. The candidate 
drugs obtained from the previous step genes may be 

Fig. 2

The results of GO and KEGG enrichment analysis. (a) The top six significant enrichment terms for BP, CC and MF. (b) The top 15 enriched KEGG 
signal pathways. The color key from blue to red indicates P values (P < 0.01) from high to low, and the sizes of the circles correspond to gene 
counts enriched in each term. KEGG, Kyoto Encyclopedia of Genes and Genomes; GO, gene ontology.

http://www.dgidb.org
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the new solutions in treating breast cancer patients with 
periodontitis.

Results
Text mining, gene ontology and pathway enrichment 
analysis
Referring to the text mining analysis described above, 
we found 769 genes related to breast cancer, 737 genes 
related to periodontitis and 221 common genes in two 
lists (Fig.  1). The DAVID website was then employed 
to perform the GO and KEGG enrichment of the com-
mon genes, and Fig.  2a showed the top six significant 
enrichment terms for BP, CC and MF. The most enriched 
BP annotations included: response to organic substance, 
regulation of cell proliferation and cellular response to a 
chemical stimulus. As for CC annotations, it was signif-
icantly enriched in extracellular space, cell surface and 
extracellular region part. In MF category, the following 
items accumulated the most: receptor binding, cytokine 
activity and cytokine receptor binding. Next, the enriched 
KEGG signal pathway annotations were analyzed and 
15 pathways were selected, such as Cytokine–cytokine 
receptor interaction, TNF signaling pathway and identi-
cal protein binding (Fig. 2b).

Protein–protein interactions and module analysis
The protein–protein interactions were illustrated using 
the STRING website. The common genes obtained 
from above were all input, and STRING visualized the 
interactions between them (Supplementary Figure S1, 
Supplemental digital content 1, http://links.lww.com/ACD/
A393). The data in TSV format was imported into the 
Cytoscape software, where the significant gene mod-
ules were demonstrated using the app STRING and 
MCODE. The analysis showed that Cluster 1 (score: 
14.87) contained 24 nodes and 171 edges (Fig.  3), and 
Cluster 2 (score:7.75) contained 17 nodes and 62 edges 
(Supplementary Figure S2, Supplemental digital content 
1, http://links.lww.com/ACD/A393). We selected the genes 
involved in Cluster 1 to participate in the gene data 
analysis.

Gene data analysis
GEPIA showed the expression data of the 24 key genes 
collected from the previous step. We generated the dif-
ferential expression analysis and patient survival anal-
ysis of these genes and the results were presented as 
boxplots and survival plots. The expression of IGF1, 
ALB, CYR61, SPP1, CSF1, IGFBP3, TIMP1, SERPINA1, 
TF, SPARC and IL6 was significantly different between 
the normal and tumor groups, while the overall survival 
time results suggested that the expression of SERPINA1 
and TF between the relatively high and low group in 
patients was significantly related to poor overall survival 
(Fig. 4a,b, Supplementary Figure S3–S11, Supplemental 
digital content 1, http://links.lww.com/ACD/A393). As a 

result, we could choose SERPINA1 and TF for drug–gene 
interactions analysis.

Drug–gene interactions analysis
Using the final two genes, SERPINA1 and TF, we iden-
tified 12 drugs that had potential therapeutic effects for 
periodontitis in breast cancer patients, including antican-
cer drugs, anti-inflammatory drugs, astringent, cholinest-
erase inhibitors and so on (Fig.  5 and Supplementary 
Table S1, Supplemental digital content 2, http://links.
lww.com/ACD/A394). Four drugs related to SERPINA1, 
six drugs related to TF, and two drugs related to both 
genes. Some metal-based anticancer compounds had 
been screened out among these candidate drugs, such 
as Cisplatin, a platinum-based chemotherapy drug used 
to treat various types of cancers [25]; topical medications 
were also involved, such as aluminum acetate, which is 
an external astringent which tends to coagulate skin pro-
tein, reduce fluids exudation and promote the regression 
of inflammation.

Discussion
Although many studies have been carried out on the 
exact etiology and pathogenesis of breast cancer, it is 
still not completely clear [26]. As one of the factors 
that affect the prognosis quality of life of breast cancer 

Fig. 3

A significant gene module (Cluster 1) was selected using Cytoscape. 
Cluster 1 contained 24 nodes and 171 edges produced by the 
MCODE application.

http://links.lww.com/ACD/A393
http://links.lww.com/ACD/A393
http://links.lww.com/ACD/A393
http://links.lww.com/ACD/A393
http://links.lww.com/ACD/A394
http://links.lww.com/ACD/A394
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patients, periodontitis has been proved to be related 
to the occurrence and development of breast cancer 
[27–29]. Here, we identified two key genes, namely 
SERPINA1 and TF, associated with both breast cancer 
and periodontitis using text mining and gene data anal-
ysis and target 12 drugs found to have potential thera-
peutic effects.

Nowadays, treatment for periodontitis is generally cen-
tered on removing supragingival plaque and calculus, 
supplemented by antimicrobial therapy and some per-
sonalized oral hygiene instructions when necessary [30]. 
However, among breast cancer survivors, the cancer diag-
nosis has diverted people’s attention to prolonging sur-
vival time and improving quality of life, so the number of 

Fig. 4

The expression and the overall survival time of SERPINA1 and TF. (a) The expression of SERPINA1 and TF was significantly different between 
the normal and tumor groups. (b) The low expression group of SERPINA1 and TF in patients was significantly related to poor overall survival 
(P < 0.005).
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patients who have access to preventive services such as 
BMD measurement and oral health care is less than that 
of the age-matched control group [8]. Therefore, develop-
ing effective new drugs seems to be extremely important.

The SERPINA1 gene is located on the long arm of 
chromosome 14 (14q32.1) [31]. It encodes α1-antit-
rypsin (ATT), the primary protease inhibitor (PI) in 
human serum, and the mutations in SERPINA1 genes 
cause alpha-I-antitrypsin deficiency (AATD), which 
manifests as pulmonary emphysema and liver cirrho-
sis [32]. Recently, SERPINA1 has been identified as 
a biomarker for a variety of diseases, such as papillary 
thyroid carcinoma [33], non–small-cell lung cancer [34] 
and breast cancer [35]. Chan et al. [36] found the sin-
gle gene SERPINA1 is a valuable predictor of survival 
in ER+ and ER+/HER2+ breast cancer patients, high 
expression of SERPINA1 predicted better clinical out-
comes in ER+ and ER+/HER2+ patients. Du et al. [37] 
analyzed SERPINA1 as one of the autophagy-related 
genes that had significant prognostic values for breast 
cancer. Tissue factor (TF) is a 47 kDa transmembrane 

glycoprotein compounded with factor VII for procoagu-
lant function during human blood coagulation [35]. TF 
expresses in a wide range of tumors, including breast 
cancer, of which high expression is associated with can-
cer metastasis and overall survival. Overexpression of 
TF leads to a hypercoagulable state, and thromboem-
bolism is among the common complications in cancer 
patients [38]. Meanwhile, the complex TF-fVIIa may 
stimulate the expression of numerous malignant phe-
notypes in breast cancer cells [39]. Therefore, TF turns 
out to be a potentially attractive target for potential 
antiangiogenic and platelet adhesion blocking strat-
egy [40,41]. Gingival crevicular fluid (GCF) is a vital 
target in the search of both periodontitis and gingivitis 
biomarkers. It has been demonstrated that the protein 
composition may reflect the pathophysiology of perio-
dontitis using proteomics approach [42]. Preiano et al. 
[43] identified the significant peptide signatures in GCF 
between two groups of gingivitis and healthy subjects 
by performing MALDI-TOF MS comparative analysis, 
and they found five peptides differentially expressed, 
including the C-terminal fragment of AAT. In a word, 

Fig. 5

Twelve drugs were collected that had potential therapeutic effects for periodontitis in breast cancer patients. Using the final list of two genes as 
the potential targets in the drug–gene interaction analysis, the list of drugs was selected as possible drug treatments.
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the investigations above supply a basis for targeting the 
key genes SERPINA1 and TF for potential treatment 
strategies.

According to our study, 12 drugs were screened out that 
may act in a variety of ways to achieve potential thera-
peutic effects for periodontitis in breast cancer patients. 
Bacterial infection induces disruption of a range of sig-
naling pathways, including inflammatory pathways, and 
the drugs capable of interfering with these pathways 
may be therapeutic. Guan et al. [44] reported that the 
NLRP3/Caspase-1/IL-1 beta signaling pathway partic-
ipated in the estrogen-mediated periodontitis and the 
consequent bone loss. In the meantime, the NLRP3 
inflammasome and its downstream IL-1 beta pathways 
have been confirmed to promote tumor growth and 
metastasis in animal and human breast cancer models 
[45], and they are considered as a novel potential target 
and could open new frontiers in breast cancer treatment 
[46]. Several NLRP3 inflammasome activation inhibi-
tors were patented, and the enormous effort to discover 
and develop activation inhibitors of NLRP3 inflam-
masome may provide new insights into the treatment 
of inflammatory protein regulatory pathways. PTGS2 
is another key gene in inflammation, which was highly 
regulated in both periodontitis and rheumatoid arthri-
tis [47]. It has been proved to be associated with breast 
cancer risk [48,49]. Tian et al. [50] described the poten-
tial prognostic value for COX-2 in basal-like breast can-
cer, the high COX-2 expression levels related to poor 
outcomes. Intervention with these inflammatory factors 
and signing pathways may provide new ideas for future 
treatment.

There existed some limitations in our study associated 
with the databases we used and the keywords we chose 
in the initial step. These databases are in a continuously 
updated state, and the threshold score we set are likely to 
be subjective. Although these drugs could be a new per-
spective for effective treatment, it is essential to execute 
further clinical trials to confirm their functions and new 
indications.

Conclusion
In summary, we identified SERPINA1 and TF as key 
candidate genes related to both breast cancer and peri-
odontitis and screened out 12 drugs targeting the candi-
date genes by using text mining and analysis of different 
databases. Efficacious oral hygiene care, combined with 
the application of new indications for exited drugs, might 
bring great benefits to the occurrence and development 
of breast cancer.
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