
Received: 2019.06.22
Accepted: 2019.05.17

Published: 2019.07.28

 1268   —   5   27

Discovery of the Anti-Tumor Mechanism of 
Calycosin Against Colorectal Cancer by Using 
System Pharmacology Approach

 BCF 1,2 Chen Huang*
 BDE 3 Rong Li*
 ADG 4 Wuxiang Shi
 ADEG 4 Zhaoquan Huang

  * Chen Huang and Rong Li contributed equally
 Corresponding Authors: Wuxiang Shi, e-mail: 1071041834@qq.com, Zhaoquan Huang, e-mail: hospital_huang@126.com
 Source of support: This study was supported by the National Natural Science Foundation of China (No. 81560591, 71764005, 81560134)

 Background: The aim of our study was to elucidate the biological targets and pharmacological mechanisms for calycosin 
(CC) against colorectal cancer (CRC) through an approach of system pharmacology.

 Material/Methods: Using a web-based platform, all CRC-causing genes were identified using a database of gene-disease associa-
tions (DisGeNET), and all well-known genes of CC identified using the databases of prediction of protein targets 
of small molecules (Swiss Target Prediction), drug classification, and target prediction (SuperPred). The care-
fully selected genes of CRC and CC were concurrently constructed by using a database of functional protein as-
sociation networks (STRING), and use of software for visualizing complex networks (Cytoscape), characterized 
with production of protein-protein interaction (PPI) network of CC against CRC. The important biological tar-
gets of CC against CRC were identified through topological analysis, then the biological processes and molec-
ular pathways of CC against CRC were further revealed for testing these important biotargets by enrichment 
assays.

 Results: We found that the key predictive targets of CC against CRC were estrogen receptor 2 (ESR2), ATP-binding cas-
sette sub-family G member 2 (ABCG2), breast cancer type 1 susceptibility protein (BRCA1), estrogen recep-
tor 1 (ESR1), cytochrome p450 19A1 (CYP19A1), and epidermal growth factor receptor (EGFR). Visual analy-
sis revealed that the biological processes of CC against CRC were positively linked to hormonal metabolism, 
regulation of genes, transport, cell communication, and signal transduction. Further, the interrelated molecular 
pathways were chiefly related to endogenous nuclear estrogen receptor alpha network, forkhead box protein 
A1 (FOXA1) transcription factor network, activating transcription factor 2 (ATF2) transcription factor network, 
regulation of telomerase, plasma membrane estrogen receptor signaling, estrogen biosynthesis, androgen re-
ceptor, FOXA transcription factor networks, estrogen biosynthesis, and phosphorylation of repair proteins.

 Conclusions: Use of system pharmacology revealed the biotargets, biological processes, and pharmacological pathways of 
CC against CRC. Intriguingly, the identifiable predictive biomolecules are likely potential targets for effectively 
treating CRC.
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Background

Colorectal cancer (CRC) is a highly lethal gastroenteric tumor with 
high invasiveness [1]. CRC has the third highest morbidity and 
mortality rates of all cancers worldwide. Diagnostically, the early 
symptoms of CRC are difficult to detect, and the terminal stage 
of CRC is hard to treat due to lack of effective biomarkers for 
clinical screening. If left untreated, advanced CRC will develop to 
cancer-induced remote metastasis, and the fatality rate increases 
sharply [2,3]. Pathologically, the exact pathogenesis of CRC is un-
clear. There are few currently available chemotherapeutic options 
for advanced CRC, especially in metastatic stage. The clinical ef-
fectiveness of surgical resection, chemotherapy, and radiotherapy 
for CRC is insufficient [4,5]. Therefore, more effective and less cy-
totoxic bioactive treatments for CRC need to be screened and de-
veloped, and there is an urgent need to define the pharmaco-
logical mechanisms and biotargets of potential CRC treatments.

Traditional Chinese medicine uses Astragalus root to enhance 
immunity, protect cardiovascular function, and treat hypogly-
cemia. Astragaloside A, formononetin, and calycosin are among 
the bioactive ingredients extracted from Astragalus root that 
have promising pharmacological benefits [6,7]. Calycosin (CC), 
a functional phytoestrogen, is pharmacologically beneficial due 
to its neuroprotection, cytoprotection, antioxidative, hypoli-
pemic, and hypoglycemic effects [8]. Moreover, CC has potent 
anti-neoplastic activities, including action against breast cancer 
and colorectal cancer. In some biological mechanisms, the sig-
naling pathways exerted by CC are related to regulation of 
WDR7-7-GPR30, HOTAIR/p-Akt, ERb/miR-17, ERb/MiR-95, and 

IGF-1R [9,10]. However, the network molecular mechanisms of 
CC against CRC are not entirely defined. System pharmacology, 
also known as network pharmacology, is an emerging method-
ology to uncover the bioinformatic findings of predictive tar-
gets, signaling pathways, and protein-to-protein interaction 
networks in “drug treating disease” [11]. Interestingly, mount-
ing evidence shows herb-isolated components to treat disor-
ders using the system pharmacological approach [12]. In the 
present study, we used the system pharmacological approach 
to screen and reveal the biological targets, bio-processes, and 
signaling pathways of CC in treating CRC. As a result, the whole 
schematic diagram was illuminated, as shown in Figure 1.

Material and Methods

Data collection and assay of CC in treating CRC

The well-known pharmacological genes of CC were obtained 
from the web-available databases of Swiss Target Prediction 
and SuperPred, and then the disease-conditioning genes of 
CRC were collected from the DisGeNET database. Subsequently, 
identified genes were pooled prior to obtaining the therapeu-
tic targets of CC in treating against CRC [13].

Network target construction and analysis of CC treating 
CRC

Further, the web-available STRING database was accessed for 
analysis of pooled therapeutic targets of CC in treating CRC, 
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Figure 1.  Schematic workflow in this study. The present report aimed to reveal the biotargets, biological processes, and molecular 
pathways of CC in treating CRC.
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followed by identification of interrelated network proteins. 
Then, the system PPI networks with all core targets were cre-
ated, resulting from the reference data greater than 0.9 using 
Cytoscape software. In addition, topological indexes following 
Network Analyzer were screened and determined for identifi-
cation of core targets. Briefly, clustering assay of system PPIs 
of CC in treating CRC was performed with the MCODE algo-
rithm, which is a method for automatically finding molecular 
complexes in large protein interaction networks [14].

Biological processes and molecular pathways by 
enrichment tests

The web-available functional enrichment analysis tool (Funrich 
software) was used to find the functional processes and bio-
logical pathways of CC in treating CRC. Then, the graphical vi-
sualization of these biological functions and signaling path-
ways was performed in accordance with referencing -LogP 
value in computational setting [15].

Results

Data collection and identification of biotargets

We isolated and collected 2753 well-established pathogenic 
genes from the DisGeNET database. According to scores, the op-
timal 200 genes were identified for further data analysis, includ-
ing 1 microRNA. We also screened and identified 40 pharma-
cological targets of CC, and 11 intersection targets of CC in 
treating CRC were obtained using FunRich software. In further 
analysis, a PPI network of CC in treating CRC was constructed 
using these 11 pooled biotargets (Figure 2).

Topology parameters of PPI network and core targets

Network Analyzer was used to analyze the topological indexes 
and PPI network of CC in treating CRC. The median of the cal-
culated degrees of freedom was set as 4, and the maximum 
degrees of freedom was set as 6. Thus, the core target screen-
ing conditions were set as 4 to 6, and 6 core target proteins 
were identified as ESR2, ABCG2, BRCA1, ESR1, CYP19A1, and 
EGFR (Figure 3).
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Figure 2.  Network analysis used for construction of a PPI network in CC in treating CRC. As a result, the pharmacological 11 biotargets 
of CC treating CRC were identified.

Figure 3.  Identification of the most important biotargets of CC 
treating CRC. The core targets of CC against CRC were 
ESR2, ABCG2, BRCA1, ESR1, CYP19A1, and EGFR.
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Biological processes and molecular pathways of core 
biotargets

To reveal the detailed mechanisms of CC in treating CRC, 
enrichment analyses were conducted. Visualization data from 
FunRich assay showed that the biological processes of explicit 
core targets were hormone metabolism, regulation of gene 
expression, epigenetic, regulation of nucleobase, nucleoside, 
nucleotide, and nucleic acid metabolism, transport, cell com-
munication, and signal transduction (Figure 4). Furthermore, 
the bioinformatic findings of signaling pathways of explicit 
core targets in CC in treating CRC were predominantly associ-
ated with validated nuclear estrogen receptor alpha network, 
FOXA1 transcription factor network, ATF2 transcription factor 
network, regulation of telomerase, plasma membrane estrogen 
receptor signaling, estrogen biosynthesis, androgen receptor, 
FOXA transcription factor networks, estrogen biosynthesis, and 
ATM-mediated phosphorylation of repair proteins (Figure 5).

Discussion

By using the bioinformatic assays of system pharmacology, 
we obtained detailed information on functional processes and 
signaling pathways of CC in treating CRC. More importantly, 
the core biotargets of CC in treating CRC were obtained, and 
the following optimal biotargets were screened: ESR2, ABCG2, 
BRCA1, ESR1, CYP19A1, and EGFR. Based on our literature re-
view, we reasoned that these important genes/proteins were 
closely related to the development of CRC. ESR2 (estrogen recep-
tor a) is a nuclear hormone receptor that is functionally linked 
to modulation of cellular proliferation and differentiation in tar-
geting tissues or cells [16]. Increasing evidence indicates that 
excessive expression of neoplastic ESR2 is associated with low 

Horm
one metabolism

Regulation of gene ...

Regulation of ...

Tra
nsport

Cell co
munica

tion

Signal tr
ansductio

n

Top 10 of biological process enrichment

–L
og

P

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

Figure 4.  Enrichment analysis for revealing biological processes 
of core biotargets in CC in treating CRC. As a result, 
top 10 biological processes were identified.
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Figure 5.  Enrichment assay for disclosing signaling pathways 
of core biotargets in CC in treating CRC. As a result, 
the top 10 signaling pathways were identified.

survival and poor prognosis of colorectal cancer patients [17]. 
ABCG2 (ATP-binding cassette transporter G2) is a glycosylated 
transmembrane protein that has a key role in the multidrug 
resistance of tumor cells [18]. Increasing evidence shows that 
overexpression of ABCG2 is associated with the progression of 
stem cell-derived cancer cells, and ABCG2 may be a potential 
therapeutic target for treating colorectal cancer [19]. BRCA1 
is a susceptibility protein that mutates in cancer cells, and it 
has roles in regulating cell cycle, ubiquitination, and apopto-
sis [20]. Based on the literature, elevated BRCA2 mutation is 
related to the risk of developing colorectal cancer [21]. ESR1 
(estrogen receptor b) is a nuclear receptor that is highly ex-
pressed in malignant tissues, and it promotes cell proliferation 
and growth of cancer cells in a spatiotemporal manner [22]. 
In estrogenic signaling, ESR1 is a potential target for treating 
colorectal cancer [23]. CYP19A1 is a functional enzyme that 
is involved in gonadal development, sex differentiation, and 
ontogenesis [24]. CYP19A1 has a functional role in the devel-
opment of colon and rectal cancer through regulating inflam-
mation-associated pathways [25]. EGFR is a transmembrane 
tyrosine kinase that regulates cellular proliferation, differen-
tiation, neoplastic growth [26]. Thus, anti-EGFR inhibitor may 
be a promising treatment of colorectal cancer, including met-
astatic stage [27]. The literature and our present results indi-
cate that these genes/proteins may be potential pharmacolog-
ical targets of CC in treating CRC, but this needs to be verified 
by further research. In addition, these biotargets are consis-
tent with signaling pathways induced by FN, such as endog-
enous nuclear estrogen receptor alpha network, transcription 
factor network, estrogen receptor signaling, estrogen biosyn-
thesis, androgen receptor, estrogen biosynthesis, and phos-
phorylation of repair proteins.
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Conclusions

These bioinformatic data sheds light on the clinical and phar-
maceutical significance of CC in treating CRC. Intriguingly, the 
core biotargets, biological functions, and molecular pathways 
of CC in treating CRC are identified through system pharma-
cological methods. Further, these optimal biotargets of ESR2, 

ABCG2, BRCA1, ESR1, CYP19A1, and EGFR may be used for 
screening and treating colorectal cancer.
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