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Background: The anti-inflammatory drug sulfasalazine (SAS) has been confirmed to inhibit the growth of triple-negative
breast cancer (TNBC), but the mechanism is not clear. The aim of this study was to use network pharmacolo-
gy to find relevant pathways of SAS in TNBC patients.

Material/Methods: Through screening of the GeneCards, CTD, and ParmMapper databases, potential genes related to SAS and
TNBC were identified. In addition, gene ontology and Kyoto Encyclopedia of Genes and Genomes analyses were
performed using the R programming language. Protein—protein interaction networks were constructed using
Cytoscape. The Kaplan-Meier plotter screened genes related to TNBC prognosis. TNBC patient gene expression
profiles and clinical data were downloaded from The Cancer Genome Atlas database. A heatmap was generat-
ed using the R programming language that presents the expression of potential target genes in patients with
TNBC.

Results: Eighty potential target genes were identified through multiple databases. The bioinformatical analyses pre-
dicted the interrelationships, potential pathways, and molecular functions of the genes from multiple aspects,
which are associated with physiological processes such as the inflammatory response, metabolism of reactive
oxygen species (ROS), and regulation of proteins in the matrix metalloproteinase (MMP) family. Survival anal-
ysis showed that 12 genes were correlated with TNBC prognosis. Heatmapping showed that genes such as
those encoding members of the MMP family were differentially expressed in TNBC tissues and normal tissues.

Conclusions: Our analysis revealed that the main reasons for the inhibitory effect of SAS on TNBC cells may be inhibition of
the inflammatory response and MMP family members and activation of ROS.
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Sulfasalazine ¢ Triple Negative Breast Neoplasms
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Background

In 2020, among the top 10 major cancer types represented by
new cancer cases and the number of estimated deaths accord-
ing to gender, breast cancer (BC) will rank first as the cause
of new cases of tumors in females, and as a cause of death, it
will rank second [1]. BC is the most common type of malignant
tumor in females and includes numerous subtypes with high
heterogeneity [2]. Approximately one-fourth of breast tumors
are “triple-negative” (ER™ [estrone receptor]/PR- [progesterone
receptor]/HER2- [HER2 receptor tyrosine kinase]) breast cancer
(TNBC) and usually have a basal molecular phenotype [3]. Due
to chemotherapy resistance and the lack of TNBC-targeted ther-
apeutics, patient prognosis is grim [4]. Meanwhile, an increas-
ing number of drugs not used to treated tumors have been
shown to have critical antitumor effects. For example, aspirin
can inhibit metastasis of colon cancer cells [5] and metformin
can control the oxidative phosphorylation rate and growth of
thyroid cancer in vivo and in vitro [6]. There is a critical need
to explore more anti-resistance mechanisms and the antican-
cer effects of some non-cancer drugs in the field of TNBC. In
our previous research, we found that the anti-inflammatory
drug SAS could inhibit growth of BC cells, and TNBC cells show
particularly sensitivity to SAS. The main mechanism underly-
ing the effect of SAS is production of a large number of reac-
tive oxygen species (ROS), inducing ferroptosis [7]. However,
the study also found that in addition to the ferroptosis path-
way, there may be other mechanisms that can induce the
death of TNBC cells, such as autophagy and apoptosis. To in-
vestigate this further, we decided to reexamine the specific
reasons why SAS inhibits proliferation of TNBC cells by using
a network pharmacological method.

In 2007, Hopkins at the University of Dundee in the United
Kingdom proposed the term “network pharmacology” [8] and
then described network pharmacology as a “next-generation
drug development model” [9]. Network pharmacology is based
on the “disease gene-target drug” interaction network. It sys-
tematically and comprehensively observes the influence of
drugs on the disease network, thereby revealing the underly-
ing mechanisms of drugs that act on humans. Because of the
development of network pharmacology, we have a better un-
derstanding of the pharmacological effects of many natural
medicines and some traditional Chinese medicines [10,11].
Through network pharmacology, some traditional Chinese
medicines also have been discovered for treatment of BC [12].
However, there have been few reports about use of network
pharmacology for TNBC and the role of the SAS drug network.

Our previous studies confirmed that SAS leads to a more sen-
sitive growth-inhibiting phenotype in TNBC cells [7]. Moreover,
the possibility of multipurpose mechanism pathways was also
discovered. Therefore, screening of multiple databases through
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the new method of network pharmacology is helpful to find
new mechanisms underlying the phenotype.

In our research, we used different databases to mine some
genes related to SAS and TNBC. A drug network with these
genes was constructed and analyzed. New potential targets
and pathways involved in the effects of SAS on TNBC were dis-
covered. Some specific genes play important roles in the phe-
notype. Our research mainly demonstrated the effects of SAS
on three major types of genes. The first type inhibits expres-
sion of inflammation-related genes to reduce the effect of in-
flammation on TNBC. Inhibition of the matrix metalloprotein-
ase (MMP) family and increased accumulation of ROS are the
main causes of inhibition of growth and proliferation of TNBC.
Such findings help us to further study the mechanism of the
effects of SAS on TNBC and focus on developing more precise
treatment options. This is also a model for exploring the anti-
cancer effects of non-tumor drugs. A schematic diagram show-
ing the analysis procedures used for SAS target gene predic-
tion is shown in Figure 1.

Material and Methods

Data acquisition and database application

The molecular structure of SAS was obtained from PubChem
(https://pubchem.ncbi.nlm.nih.gov/). The GeneCards (https://
www.genecards.org/) knowledgebase automatically integrates
gene-centric data from approximately 150 web sources, includ-
ing genomic, transcriptomic, proteomic, genetic, clinical, and
functional information. Information on a total of 3 885 TNBC-
related genes was retrieved from the GeneCards database us-
ing “triple-negative breast cancer” as key words. According to a
GeneCards Inferred Functionality Score (GIFtS) greater than 20,
we selected the top 19.9% of genes, which comprised a total of
773 genes. The GIFtS algorithm uses the wealth of information
in GeneCards annotations to produce scores aimed at predict-
ing the degree of functionality of a gene. The PharmMapper
(http://www.lilab-ecust.cn/pharmmapper/) server is a freely ac-
cessible web server designed to identify potential target can-
didates for the given small molecules (drugs, natural products,
or other newly discovered compounds with unidentified bind-
ing targets) using a pharmacophore mapping approach [13].
The PharmMapper database was used for molecular structural
analysis to screen 69 genes related to SAS. The Comparative
Toxicogenomics Database (CTD, http://ctdbase.org/) is a ro-
bust, publicly available database with toxicogenomic infor-
mation. It provides manually curated key information about
chemical gene/protein interactions and chemical-disease and
gene-disease relationships derived from peer-reviewed scien-
tific literature [14]. The database was used to rescreen data
for 153 genes related to SAS. Data for patients with TNBC
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Figure 2. (A) Chemical structure of sulfasalazine that was downloaded from the PubChem database. (B) Identification of potential

target genes associated with both SAS and TNBC.

was obtained from The Cancer Genome Atlas (TCGA) database
(https://www.cancer.gov/). After analysis, 80 potential targets
related to both TNBC and SAS were identified.

Gene function and pathway enrichment analysis

Functional enrichment analyses of 80 potential target genes
were performed by the R programming language packages
“clusterProfiler,” “org.Hs.eg.db,” “enrichplot,” and “ggplot2.”
The gene ontology (GO) categories consisted of biological
processes (BPs) and molecular functions (MFs). KEGG (Kyoto
Encyclopedia of Genes and Genomes) enrichment analysis
was performed to determine the pathways significantly asso-
ciated with 80 potential target genes. GO analysis is a com-
monly used approach for annotating genes and gene products
according to molecular functions, biological pathways, and cel-
lular components [15]. KEGG is a useful resource for system-
atic analysis of gene functions and related high-level genome
functional information[16].
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PPI (protein—protein interaction) network construction and
module analysis

The STRING database version 11.0 (http://string-db.org/) aims
to collect and integrate interactions between proteins, includ-
ing direct (physical) interactions and indirect (functional) inter-
actions [17], and a combined score »0.95 was set as the cut-off
criterion. Then, we used Cytoscape version 3.6.0 [18] to visu-
alize the biomolecular interaction networks of the potential
genes. Molecular Complex Detection (MCODE), a plug-in used
to produce the best results for calculating correlation levels,
was subsequently used to identify the clusters in the network.

Analysis of potential target gene expression in TNBC
To analyze the expression of 80 potential target genes in

TNBC, we downloaded data regarding expression of genes in
220 TNBC samples from the TCGA database. The “heatmap”
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package in the R programming language was used for analy-
sis, and the expression heatmap was generated.

Survival analysis of potential target genes

The Kaplan-Meier plotter (https://kmplot.com/analysis/) is ca-
pable of assessing the effect of 54k genes on survival in 21
cancer types. The system includes gene chip and RNA-seq data,
and the sources for the databases include Gene Expression
Omnibus (GEO), The European Genome-Phenome Archive (EGA),
and TCGA [19]. In this system, we set the status of ER, PR and
HER2 to negative and identified a total of 255 patients with
TNBC. Relapse-free survival (RFS) in patients with TNBC was
assessed by Kaplan—Meier plots and the log rank P value; log
rank P<0.05 was set as the cut-off criterion.

All statistical tests were performed with R version 3.5. P<0.05
was considered to indicate a statistically significant difference.

Results

Screening and identification of TNBC- and SAS-related
genes

The molecular structure of SAS was obtained from the
PubChem database (Figure 2A). Information a total of 773
TNBC-related genes was retrieved from the GeneCards data-
base. PharmMapper was applied to identify 69 SAS-related
genes through pharmacophores. Information on genes related
to SAS was sorted from the CTD database a second time, and
153 potential target genes were identified. We first summa-
rized the data for SAS-related target genes in the PharmMapper
database and the CTD database, and these data were further
intersected with the TNBC-related target genes selected by
GeneCards (Figure 2B). Finally, 80 target genes related to SAS
and TNBC were identified (Table 1).

Gene function and pathway enrichment analyses

As shown in Figure 3A, the top 10 biological processes (BP)
included the ROS metabolic process, response to steroid hor-
mone, regulation of ROS metabolic process, cellular response
to drugs, response to lipopolysaccharide, regulation of the in-
flammatory response, cellular response to oxidative stress, re-
sponse to molecules of bacterial origin, response to oxidative
stress, and response to ROS. These functional terms are highly
relevant to regulation and metabolism of ROS. This is consis-
tent with our previous findings that TNBC death may be closely
related to metabolism of ROS. Moreover, Figure 3A also shows
the top 10 cellular components (CC), including the membrane
raft, membrane microdomain, membrane region, vesicle lu-
men, secretory granule lumen, extracellular matrix, cytoplasmic
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vesicle lumen, protein kinase complex, cyclin-dependent pro-
tein kinase holoenzyme complex, and collagen-containing ex-
tracellular matrix. This suggests that many cytokines and pro-
duction of proteins may be involved. In addition, in Figure 3A,
we can also see that the molecular functions (MFs) of the 80
genes with relatively high correlations included cytokine activ-
ity, receptor ligand activity, cytokine receptor binding, growth
factor activity, protease binding, and growth factor receptor
binding. Based on the MF results, these 80 genes are closely
associated with activation and regulation of various receptors.
The relevant signal pathways were discovered by using KEGG
analysis. The two pathways that were most significant were
the PI3K-Akt signaling pathway and the interleukin (IL)-17 sig-
naling pathway (Figure 3B). The phosphatidylinositol-3-kinase
-Akt pathway promotes cell metabolism, proliferation, and sur-
vival in response to extracellular signals. The most significant
role of IL-17 is its involvement in induction and mediation of
pro-inflammatory responses. Both of these important pathways
are involved in multiple physiological processes in TNBC cells.
The results of the above analysis lead us to believe that SAS
inhibits growth of TNBC cells for a variety of possible reasons.
The large accumulation of ROS, activation of inflammation, and
regulation of cellular metabolism could be among the reasons.
Of course, KEGG analysis gives many other pathways as well,
which are calculable results, but for the SAS and TNBC projects
that we focused on, we felt that the pathways that could cause
cell death and inflammation production made the most sense.

PPI network analysis

With interaction and pathway exploration mining among 80
targets based on the STRING database, an entire interaction
network was constructed using Cytoscape and a total of 61
nodes and 152 edges were obtained from 80 genes. The yellow
nodes correspond to the most relevant target genes (Figure 4A).
We used MCODE in Cytoscape to calculate the optimal group-
ing of the entire network, producing two optimal subgroups
(Figure 4B, 4C) that were significantly related to theMMP and
IL families. Based on the STRING statistics, the top 15 nodes
with the most edges are presented in Figure 4D. From the re-
sults of PPI Network analysis, there are more potential path-
ways between these 15 target genes and other molecules. The
MMP and IL families in the two subgroups also showed signif-
icant differences in expression in heat map analysis. Among
them, CXCL8 and TNF were statistically significant in surviv-
al analysis, which proved that they might be associated with
prognosis. However, CXCL8 and TNF did not differ significant-
ly in expression of TNBC by heatmap analysis.

Identification of 80 prognosis-associated genes

Survival analysis was performed with the median as the cut-
off criterion. As a result, 12 genes (ABCC2, BCL2, CASP9, CDH1,
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Table 1. 80 target genes related to SAS and TNBC.

Num. Gene symbol Description Ensembl ID
1 MMP2 Matrix metallopeptidase 2 ENSG00000087245.12
"""" 2 ANXA2  AmexnA2  ENSG00000182718.16
"""" 3 NR3C2  Nuclear receptor subfamily 3, group C, member2 ~ ENSG00000151623.14
"""" 4 apcey  ATPbinding cassette, sub-family G (WHITE), member 2 (uniorblood o oo
group)
"""" 5 ANXAL  AmmexinAl  ENSGO0000135046.13
"""" 6  NOS2  Nitricoxide synthase 2,inducible ~~~ ENSG00000007171.16
"""" 7 MMPI3  Matrix metallopeptidase 13~ ENSG00000137745.11
"""" 8  MMP3  Matrix metallopeptidase3 ~ ENSG00000149968.11
"""" 9  I2RA  Interleukin 2 receptoralpha  ENSG00000134460.15
10 w0 Interleukin10 ~ ENSG000001366345
1 TMez TIMP metallopeptidase inhibitor3 ~~ ENSG00000100234.11
12 MTHR Methylenetetrahydrofolate reductase (NAD(P)H) ~ ENSG00000177000.10
13 BRCS Baculoviral IAP repeat containing5 ~ ENSG00000089685.14
14 TNFSFIIL Tumor necrosis factor (ligand) superfamily, member 11~ ENSG00000120659.14
15 EGRR Epidermal growth factor receptor ~~~ ENSG00000146648.15
16 KBk Inhibitor of kappa light polypeptide gene enhancer in B-cells, kinase beta  ENSG00000104365.13
7 NnQO1 NAD(P)H dehydrogenase, quinone1 ~ ENSG00000181019.12
18 coNEl CylinE1  ENSGO0000105173.13
19 Ak Anaplastic lymphoma receptor tyrosine kinase ~~~ ENSG00000171094.15
20 0 w2 Interleukin2 ~ ENSG0O00001094714
21 oo Cadherin 1, type 1, E-cadherin (epithelia) ~ ENSGO0000039068.18
2 me Interferon, gamma ~ ENSGO00001115374
3w Interleuking ~ ENSG00000113520.10
24 NATZ N-acetyltransferase 2 (arylamine N-acetyltransferase) ~ ENSG000001560064
25 mua Mucin 1, cell surface associated ~ ENSG00000185499.16
2% B2 B-cell CLL/ymphoma2 ~ ENSG00000171791.11
27 cNel CyinGL  ENSGO0000113328.18
28 TNFRSFIIB  Tumor necrosis factor receptor superfamily, member 116 ENSG00000164761.8
29 av Clusterin ~ ENSG00000120885.19
30 leam1 Intercellular adhesion molecule1 ~ ENSG00000090339.8
a1 oot Caveolin 1, caveolae protein ~~~ ENSGO0000105974.11
2 okl Cytochrome P450, family 1, subfamily A, polypeptide 1~ ENSGO0000140465.13
N PPARG Peroxisome proliferator-activated receptor gamma ~ ENSG00000132170.19
Y RELA V-rel avian reticuloendotheliosis viral oncogene homolog A~ ENSG00000173039.18
s o Hypoxianducle fcor 1, apha subuni (basicheiloop el pusoonooionsasts
3% oGS Glutathione S-transferasepil ~ ENSGO0000084207.15
37 oxas Chemokine (C-X-C motif) ligand8 ~ ENSG00000169429.10
38 MAPK9 Mitogen-activated protein kinase® ~ ENSGO0000050748.17
39 k2 Cyclin-dependent kinase2 ~~ ENSGO0000123374.10
40 ILIRN Interleukin 1 receptor antagonist ENSG00000136689.18
s wors e s st conmonsii MO e, CorrtComorChict el (st [ erngysen
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Table 1 continued. 80 target genes related to SAS and TNBC.

Num. Gene symbol Description Ensembl ID
41 ODC1 Ornithine decarboxylase 1 ENSG00000115758.12
""" 42 NFE22 Nuclearfactor, erythroid 2-lke2 ~ ENSG00000116044.15
""" 45 nracy  MNuclear receptor subfamily 3, group G member 1 (glucocorticold L oo
receptor)
""" 44 I17A  InterleukinizA  ENSG000001121155
""" 45  TIR&  Tol-likereceptor4  ENSG00000136869.13
""" 4 ~ TPS3  Tumorproteinps3  ENSG00000141510.15
""" 47 TNF Tumornecrosisfactor  ENSG000002328103
""" 48 INSR  Insulinreceptor ENSGO000017110513
""" 49 EGF  Epidermalgowthfacor  ENSG00000138798.11
50 AP Caspase 9, apoptosis-related cysteine peptidase ~ ENSGO0000132906.17
51 CDKNIA Cyclin-dependent kinase inhibitor 1A~ ENSG00000124762.13
2 AT Catalase ~ ENSGO0000121691.4
53 ABCC2 ATP-binding cassette, sub-family Gmember2 ~ ENSG00000023839.10
~s4  mpO Myeloperoxidase ~ ENSGO00000053817
s ovm Vimentm  ENSG00000026025.13
Cos6 pcNA Proliferating cell nuclear antigen ~~ ENSG00000132646.10
S s7 FABPA Fatty acid binding protein 4, adipocyte ~~~ ENSG000001703238
58 s Secreted phosphoprotein1 ~ ENSGO0000118785.13
B R Coagulation factor Il (thrombin) ~ ENSG00000180210.14
""" 60  PIGS2  Prostaglandin-endoperoxide synthase2 ~ ENSG00000073756.11
""" 61 CINNBL  Catenin (cadherin-associated protein), betal ~ ENSGO0000168036.16
""" 62 NFKBL  Nuclear factor of kappa light polypeptide gene enhancer in B-cells 1~ ENSG00000109320.11
""" 63  TMP2  TIMPmetallopeptidase inhibitor2 ~ ENSG00000035862.12
""" 64 1B Interleukinlbeta  ENSG00000125538.11
""" 65  ccNDI CydinDI  [ENSG000001100923
""" » ""'”""'h',;;g;,:w'""'ﬁﬁi{;ﬁéﬁk&ﬁéiiéhi'b'c&i'y'béét'i&é'ééﬁé'é'n'r%'a"n"cé'r'i'n"'s'-?:éil’s”""""""'E"@;g;;,;;;,;g;;;,;;
""" 67  IGFBP3 Insulin-like growth factor binding protein3 ~ ENSG00000146674.14
""" 68  TR2  Tolllkereceptor2 ~  ENSGO00001374626
""" 69  CTSD  CathepsnD  ENSGO000011798412
720 TmMPL TIMP metallopeptidase inhibitor 1~~~ ENSG00000102265.11
BRI BAX BCl2-associated Xprotin ~~ ENSGOO000087088.19
72 sk Glycogen synthase kinase 3beta ~ ENSGO0000082701.14
73 ca2 Chemokine (C-C motif) ligand2 ~ ENSGO0000108691.9
B2 WGF Hepatocyte growth factor (hepapoietin A; scatter factor) ~ ENSG00000019991.15
75 mMmeL Matrix metallopeptidase1 ~ ENSGO0000196611.4
76 TYMP Thymidine phosphorylase ~~ ENSG00000025708.12
77w Interleukiné ~ ENSGO0000136244.11
78 A3 Caspase 3, apoptosis-related cysteine peptidase ~ ENSGO0000164305.17
79 2 Colony stimulating factor 2 (granulocyte-macrophage) ~ ENSGO0000164400.5
80 MMP9 Matrix metallopeptidase 9 ENSG00000100985.7
s ot ensd e s Common i [RUSURNR i, [Cue Cortl i ek 50 e 9 et e
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Figure 3. (A, B) Functional and pathway enrichment analysis of genes related to SAS and TNBC.

CDK2, CXCL8, EGFR, GSK3B, IFENG, IGFBP3, TNF, and TYMP)
were found to be associated with RFS in patients with TNBC.
As shown in Figure 5, patients with high expression of ABCC2,
CDH1, CDK2, CXCL8, GSK3B, and IGFBP3 had shorter RFS. In
contrast, low expression of the remaining six genes predict-
ed poor survival. Among these prognosis-related genes, BCL2,

EGFR,and IFENG were shown to be associated with ROS me-
tabolism in GO analysis and TNF and EGFR were shown to be
associated with inflammatory pathways. The KEGG shows that
BCL2 is AKT pathway-relevant and regulates cell proliferation,
cycle, and various metabolic processes. Expression of BCL2 and
CASP9 also differed significantly between TNBC and normal
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Figure 4. (A) Protein—protein interaction (PPI) network of 80 genes associated with SAS and TNBC. The 8 yellow nodes indicate the 8
genes that are connected to the highest number of other genes. (B, C) From the entire PPI network, 2 significant subgroups
were identified by MCODE in Cytoscape. (D) The top 15 nodes with the most connections among 80 nodes.
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Figure 5. The 12 genes identified by the Kaplan-Meier survival analysis were significantly associated with relapse-free survival (RFS)

among the 80 genes.
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Figure 6. Heatmap of 80 differentially expressed genes. Red color represents upregulated genes, and green represents downregulated

genes in TNBC patients and normal patients.

tissues, but there was little difference in expression of other
prognosis-related genes screened.

Differential expression of 80 genes in TNBC and normal
tissues

Differential expression analysis of genes in 220 TNBC sam-
ples was performed using the “heatmap” software package
in the R programming language. As shown in Figure 6, we
found that several genes were significantly differentially ex-
pressed. MMP family genes were significantly overexpressed
in TNBC tissues. CCNE1 and ERIC5 were also highly overex-
pressed in TNBC. However, levels of expression of peroxisome
proliferator activated receptor gamma (PPARG), BCL2, TLR4,
and FABP4 were significantly lower in TNBC than in normal

tissues, suggesting that they may be involved in suppressing
cancer development. From the results of the expression anal-
ysis, we can once again focus on BCL2, who also showed some
differences in the survival analysis. Similarly, various gene ex-
pressions in the MMP family showed significant differences.
Together with results of previous PPl analyses, we have more
reason to believe that the MMP family has an important role
in cell death caused by SAS.

Discussion

Considering that TNBC lacks ER expression and effective ther-
apeutic targets, chemotherapy is indispensable in clinical prac-
tice. The chemotherapy regimens used for TNBC mainly include
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paclitaxel and anthracyclines [20]. However, chemotherapy
leads to many inevitable problems, such as resistance and bone
marrow suppression. Therefore, it is worth investigating the
new use of old drugs. Our previous research found that SAS
has a significant inhibitory effect on TNBC cells, mainly by ac-
tivating the ferroptosis pathway to produce a large amount
of ROS to cause cell death [7]. In addition, it has also been
shown that there may be many other potential pathways in-
volved in generation of ROS. In this study, a rigorous network
pharmacological analysis of 80 genes related to SAS and TNBC
was conducted, which provides an unprecedented opportuni-
ty to determine some of the relevant pathways and indicates
an appropriate direction for future research.

An increasing number of studies have shown that inflamma-
tion plays an important role in tumorigenesis, and TNBC is no
exception [21]. Interestingly, we found that some of the 80
genes identified in this study, such as TNF and NF-kB are sig-
nificantly related to inflammation, as are many IL family genes.
In general, SAS is broadly used to treat chronic inflammation
in the gut, joints, and retina. In addition to the obvious inhib-
itory effect of SAS on inflammation, some studies have also
shown a significant inhibitory effect on the NF-kB signaling
pathway [22]. The NF-kB transcription factor family members
isare well-documented critical components involved in cell sur-
vival and proliferation, immunity, and inflammation, thereby
acting as important mediators of cancer emergence, progres-
sion, and metastasis [23]. In a cancer setting, tumors are of-
ten characterized by elevated levels of cytokines that are pro-
duced and secreted by the classical pathway, including two
proinflammatory cytokines, TNF and IL-1B, which commonly
trigger tumor activation[24]. Indeed, emerging evidence sug-
gests that TNF fuels progression of breast cancer by promot-
ing proliferation, transformation, angiogenesis, invasion, and
metastasis [25] as well as by being vital for viability of TNBC
cell lines [26]. Inhibition of TNF by SAS was proven many years
ago [27], so expression or activity of some molecules down-
stream of TNF, such as RELA, also will be affected [22]. On the
other hand, SAS has a significant inhibitory effect on both IL-
1B [28,29] and IL-6 [30,31]. Therefore, we can generate a sci-
entific hypothesis stating that SAS inhibits the expression or
activity of inflammation-related factors and thus inhibits the
occurrence and development of TNBC. However, not enough
basic research has been conducted to confirm this hypothesis.

MMPs are a group of Zn-dependent neutral peptide endonu-
cleases characterized by transmembrane transport and secre-
tion [32], the main role of which are to degrade the extracellu-
lar matrix [33]. Recently, mechanisms by which MMPs promote
tumorigenesis and development have become relatively well
known, such as degradation of the extracellular matrix, acti-
vation of cell growth factors, and regulation of angiogenesis.
Interactions between various mechanisms jointly stimulate the

DATABASE ANALYSIS

occurrence and development of tumors. MMPs also exert many
necessary functions in breast cancer and have negative prog-
nostic value for patients with breast cancer [34]. This is con-
sistent with the results we obtained in the heatmap analysis.
MMPs are mainly produced by interstitial fibroblasts, and tu-
mor progression and poor prognosis are related to expression
of MMP1, MMP7, and MMP12 in the interstitium [35]. MMPs
have been studied in breast cancer subtypes but rarely have
been studied in TNBC. In TNBC, patients with high expression
of CD147 and MMP9 have worse prognosis than patients with
low expression of those 2 genes [36]. Many relevant studies
have been performed on MMPs and SAS, and we found that
SAS can inhibit expression and activity of MMPs. SAS inhibits
expression and activity of MMP1, MMP2, MMP3, and MMP?9,
which are activated by IL-1B [37]. Lakey RL et al. found that
mRNA expression of MMP13 increased under IL-1A cotreat-
ment with oncostatin M (OSM). However, SAS can inhibit this
phenomenon [38]. Therefore, there are reasons to speculate
that SAS can affect degradation of the extracellular matrix,
activation of cell growth factors, and regulation of angiogen-
esis by inhibiting expression and activity of MMPs in TNBC.

A large number of ROS-related biological processes were
found to be associated with the 80 genes by GO analysis.
ROS produced by peroxidation can affect various cell func-
tions. Therefore, we focused on the impact of ROS on TNBC.
ROS are known to play a controversial role during cancer ini-
tiation and progression. Studies of ROS have not come to con-
sistent conclusions regarding TNBC. A previous study found
increased ROS levels in TNBC cell lines and a dependency on
ROS for survival, because antioxidant treatment induced cell
death in TNBC cells but not in an ER -positive cell line [39].
In contrast, there is also literature showing that the decrease
in TNBC growth is due to the large accumulation of ROS [40].
Our study found that SAS promotes expression of TFRC by in-
hibiting the expression of SLC7A11, thereby inducing ferropto-
sis in MDA-MB-231 TNBC cells and producing a large amount
of ROS. It was also found in our previous study that reducing
ROS accumulation in SAS-treated TNBC cells with ferropto-
sis inhibitors can reverse the decrease in cell proliferation [7].

ROS also plays an important role in TNBC radiotherapy. In
combination with radiation, niclosamide treatment result-
ed in a significant increase in ROS generation and induction
of apoptosis in parental and radioresistant TNBC cells in vitro
and TNBC xenograft tumors in vivo [41]. Moreover, ROS have
been reported to be associated with chemotherapy resistance
in TNBC. Lu Lu et al. demonstrated that MYC and MCL1 co-
operated in maintaining chemotherapy-resistant cancer stem
cells (CSCs) in TNBC. MYC and MCL1 increased mitochondri-
al oxidative phosphorylation (mtOXPHOS) and generation of
ROS, which are involved in maintenance of CSCs [41]. Previous
results have shown that SAS increases accumulation of ROS,
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which is the main cause of inhibition of growth and prolifera-
tion of TNBC. However, some specific mechanisms are still un-
clear. From our GO analysis, approximately 25% of genes were
shown to be associated with regulation of ROS. Here, we se-
lected some genes from among 80 potential target genes for
analysis. From the results, ANXA1, NOS2 and NQO1 were the
genes that appeared most frequently in ROS-related biologi-
cal processes. Giovanna Leoni et al. described a novel signal-
ing pathway that is activated by an endogenous formyl pep-
tide receptor ligand and ANXA1, which mediate activation of
ROS by an epithelial nicotinamide adenine dinucleotide phos-
phate oxidase [42]. Bhaskar S et al. found that copper sulfate
results in increased lipoprotein oxidation which results in in-
creased expression of NOS2 mRNA [2]. Studies on NQO1 and
ROS have shown a continued increasing trend. In 2018, Luo S
et al. found in a study of glioblastoma multiforme that knock-
ing out NQO1 increased the number of ROS and decreased cell
proliferation. In contrast, overexpression of NQO1 attenuates
ROS and increases cell proliferation [43]. Treatment with the
PPARG agonist pioglitazone can trigger changes in metabolic
patterns, change the cellular energy supply pattern from glu-
cose oxidation to fatty acid oxidation, and inhibit pyruvate ox-
idation to reduce glutathione levels. These metabolic changes
cause a significant increase in ROS levels in cancer cells [44].
Similar to pioglitazone, SAS can act as an agonist of PPARG,
increasing PPARG expression [45]. Therefore, this also may be
the explanation for the large amount of ROS produced in SAS-
treated tumor cells. Both nuclear factor, erythroid 2 such as 2
(NFELE2) and NAD(P)H quinone dehydrogenase 1 (NQO1) are
important factors involved in the oxidative peroxidation reac-
tion, and SAS can generate a large amount of ROS by increasing
their expression and activity [46]. Consequently, SAS can dam-
age cells by peroxidation by NFELE2 and NQO1. This could be
another reason for accumulation of ROS in SAS-treated cells. In
short, SAS may stimulate accumulation of ROS in cells through
different pathways, thereby inhibiting the growth of TNBC cells.

However, we must admit that our research still has some lim-
itations. First, our research lacks the support of basic experi-
ments. In addition, there are not enough data supporting clinical
use of SAS in patients with TNBC. Furthermore, in the survival
analysis, we did not have sufficient data to explore the effect
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Figure 7. Schematic diagram of potential pathways for SAS to
inhibit growth and proliferation of TNBC cells.

of the 80 genes on the rate of overall survival (OS) in patients
with TNBC. We chose RFS as the indicator. RFS mainly reflects
recurrence and progression of the disease, but the best indi-
cator for the survival time of patients is still OS.

Conclusions

In summary, we first used different databases to identify 80
genes linked with a noncancer drug (SAS) and the BC type with
the worst prognosis (TNBC). Finally, we found that SAS may re-
duce development of TNBC by inhibiting expression of inflam-
mation-related genes and MMP-related genes. Simultaneously
stimulating expression of genes related to the oxidative stress
pathway and increasing the accumulation of intracellular ROS
may also be one of the potential mechanisms by which SAS
suppresses cancer (Figure 7). Therefore, our research can set
the direction for follow-up research on SAS and provide a the-
oretical basis for clinical treatment of SAS in TNBC.
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