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Abstract 

Purpose: To investigate the bio-active components and key targets of Astragalus membranaceus (AM) 
in the treatment of colorectal cancer (CRC) through bioinformatics analysis. 
Methods: An AM action network was constructed after taking intersection of the target genes in AM and 
CRC-related genes. After that, Protein-Protein Interaction analysis, Gene Ontology enrichment analysis 
and Kyoto Encyclopedia of Genes and Genomes pathway enrichment analysis were performed on the 
intersected genes. Then, the differential genes in GSE70772 and GSE113513 datasets were screened 
separately and intersected with genes from the PPI analysis to obtain the key targets. 
Results: After intersection with potential targets of AM and CRC-related genes, 105 genes were 
screened by PPI analysis. Then, 20 genes were identified as potential target genes of AM in GSE70772 
and GSE113513 datasets. These genes were intersected with the 105 genes. Finally, a key gene called 
MET was identified as the key target of action of AM in the treatment of CRC, and methylnissolin 
(MOL000380) was the active component of AM. 
Conclusion: MET a potential key target gene of AM, whose active component is methylnissolin, in the 
treatment of CRC. Thus, the findings of this study may provide a scientific basis for the further 
development of AM for the treatment of CRC. 
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INTRODUCTION 
 

Colorectal cancer (CRC) is a malignant tumor of 
the gastrointestinal tract. In the early stage, it is 
often accompanied by symptoms such as 
changes in bowel habits, blood in the stool and 
diarrhoea, while in the later stages, it is always 
accompanied by systemic symptoms such as 
fatigue and weight loss[1]. CRC is the third most 

common malignancy worldwide, and its mortality 
rate ranks second among all malignancies [2]. 
However, the pathogenesis of CRC is still poorly 
understood. Therefore, further research has 
begun to focus on how to effectively treat CRC 
[3]. 
 
Surgical interventions, radiotherapy and 
chemotherapy are traditional treatments for CRC, 
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but these treatments are frequently accompanied 
by side effects that have greatly affected the 
prognosis of the disease [4]. A rising number of 
studies have shown that combining traditional 
Chinese medicine (TCM) with radiotherapy or 
chemotherapy may reduce side effects and 
improve treatment outcomes [5]. In this context, 
TCM is widely used in the treatment of CRC due 
to its minimal side effects and effectiveness in 
treating various cancers [6]. Astragalus 
membranaceus (AM) is a commonly used herbal 
medicine that contains a large number of 
bioactive components and it has a wide range of 
pharmacological effects [7]. Studies have shown 
that the bio-active components of AM can not 
only modulate the immune system, but also 
reduce the side effects caused by radiotherapy 
and chemotherapy, thereby enhancing the anti-
tumor efficacy of cancer patients [8]. Therefore, 
AM has significant research implications in the 
treatment of gastrointestinal cancers [9]. The 
mechanism of action of AM in CRC treatment 
has already been explored by some studies 
using bioinformatics and network pharmacology 
[10,11], but the active components and target 
genes of AM that play key roles in CRC 
treatment still need to be further explored. 
 
Tseng et al, by transplanting the human CRC cell 
line, HCT116, into subcutaneous tumors of nude 
mice, completed GSE70772 expression profile 
dataset that included eight CRC samples and 
eight AM-treated CRC samples [12]. Shen et al 
collected cancerous and non-cancerous tissue 
samples from 14 CRC patients for the completion 
of the GSE113513 expression profile dataset 
[13]. In present study, the target genes of AM 
were intersected with CRC-related genes, and 
the pharmacological action network of AM w 
constructed. Then, the possible active target 
genes of AM in GSE70772 and GSE113513 
datasets were screened by PPI analysis, GO and 
KEGG enrichment analysis and difference 
analysis, and their expressions were analyzed in 
the original dataset to finally obtain the key 
targets and active components of AM for CRC. 
 

METHODS 
 
Analysis of the active components and 
targets of AM 
 
The main components of AM were first identified 
in the TCMSP database (Traditional Chinese 
Medicine Systems Pharmacology Database and 
Analysis Platform), and based on oral 
bioavailability (OB) and drug similarity (DL), the 
bio-active compounds in AM were further 
screened. And values of OB ≥ 30 % and DL ≥ 
0.18 were considered as thresholds for screening 

potential drug candidates. Then, target genes 
were identified for the action of AM in the 
TCMSP database, and the UniProt database 
(http://www.uniprot.org/) was used to convert the 
names of these genes. In addition, the 
Genecards database (http://www.genecards.org/) 
was used for screening CRC-related genes, and 
the selected genes with score >10 were 
identified as CRC-related genes. Finally, after 
taking intersection of the target genes of AM and 
the CRC-related genes, the AM action network of 
the intersected genes obtained and their bio-
active components were constructed using the 
cytoscape software. 
 
Construction of PPI networks and enrichment 
analysis 
 
The PPI database was used for gene analysis, 
and the top 30 genes with the largest node 
degrees were statistically plotted while those with 
node degrees ≥10 were screened for the GO and 
KEGG enrichment analyses. 
 
Analysis of differential gene expressions 
 
CRC-related expression datasets were 
downloaded from the GEO database 
(http://www.ncbi.nlm.nih.gov/geo/). GSE70772 
and GSE113513 datasets were selected for this 
study. The former one contains 8 CRC samples 
and 8 AM-treated CRC samples, and their 
differences were analyzed using the limma 
package for R, with p-value < 0.05. The later 
contains 14 CRC samples and 14 control 
samples, and their differential genes were 
screened using the limma package, with adj. p-
value < 0.05 and |logFC |> 1. 
 
Analysis of key targets 
 
Genes up-regulated in GSE70772 dataset and 
down-regulated in GSE113513 dataset, or down-
regulated in GSE70772 dataset and up-regulated 
in GSE113513 dataset were screened out as 
possible target genes for the action of AM. 
Thereafter, these identified key genes were 
intersected with genes screened with PPI 
analysis to obtain the key targets. Then the 
expression of the key targets in GSE70772 and 
GSE113513 datasets was analyzed.  
 

RESULTS 
 
Analysis of the active components and 
targets of AM 
 
20 target components were obtained from AM 
(Supplementary Table S1). By searching the 
target genes in the TCSMP database and leaving 
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only those that could be converted into symbols 
in the Uniprot database, 16 target components 
and 177 potential targets were identified for AM 
(Supplementary Table S2). Subsequently, the 
177 potential targets associated with AM were 
intersected with the 2740 CRC-related genes 
obtained in the Genecards database, and a total 
of 132 intersected genes were obtained (Figure 1 
A). A pharmacological network was constructed 
based on the above results (Figure 1 B). 
 

 
 
Figure 1: (A) A total of 132 intersected genes were 
obtained with 177 potential targets for AM and 2740 
CRC-related genes. (B) The AM action network of the 
intersected genes 

 
Construction of PPI networks and enrichment 
analysis 
 
PPI networks for the 132 intersected genes were 
constructed (Figure 2 A). These genes were 
classified according to their node degrees from 
the largest to the smallest, and the top 30 genes 
were shown in the node degree bars (Figure 2 
B), from which a total of 105 genes with node 
degrees ≥10 were selected for subsequent 
analysis. Thereafter, GO and KEGG enrichment 
analysis were conducted on the 105 genes 
(Figure 2 C and D). 
 

 
 
Figure 2: (A) PPI networks for the 132 intersected 
genes. (B) The top 30 genes with the largest node 
degrees were shown in the node degree bars. (C-D) 
GO and KEGG enrichment analysis were performed 
on the 105 genes with node degrees ≥10. (BP, 
Biological Process: CC: Cellular Component: MF, 
Molecular Function) 

 

Differential Gene Expression Analysis 
 
First, 1215 differential genes (546 up-regulated 
genes and 669 down-regulated genes) were 
obtained by performing differential analysis on 
the GSE70772 dataset, and heat and volcano 
plots were drawn accordingly (Figures 3 A and 
B). Besides, the above differential genes were 
also subjected to enrichment analysis, and 
enrichment analysis network plots were drawn 
(Figure 3 C). Secondly, a total of 1540 differential 
genes (622 up-regulated and 918 down-
regulated genes) were determined by carrying 
out differential analysis on the GSE113513 
dataset, and heat map as well as volcano map 
were plotted (Figures 4 A and B). In addition, the 
differential genes were enriched and analyzed, 
and an enrichment analysis network map was 
plotted (Figure 4 C). 
 

 
 
Figure 3: (A-B) Heat map and volcano plot showing 
1215 differential genes in GSE70772 dataset. (C) GO 
and KEGG enrichment analyses of DEGs in 
GSE70772 dataset. 
 

 
 
Figure 4: (A-B) Heat map and volcano plot showing 
1540 differentially expressed genes in GSE113513 
dataset. (C) GO and KEGG enrichment analysis of 
DEGs in GSE113513 dataset 
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Screening of AM in CRC 
 
The differential genes from the two datasets 
were analyzed in order to screen out related 
genes up-regulated in GSE70772 dataset and 
down-regulated in GSE113513 dataset, or down-
regulated in GSE70772 dataset and up-regulated 
in GSE113513 dataset. 20 DEGs were finally 
obtained (Figure 5 A). By taking intersection of 
the 20 DEGs with the 105 genes obtained via 
PPI analysis, a key gene named MET was 
obtained (Figure 5 B). Then the gene expression 
of MET in GSE70772 dataset versus 
GSE113513 dataset was analyzed. The results 
showed that MET was highly expressed in the 
tumor group, and lowly expressed in the control 
and AM groups (Figures 5 C and D). Finally, 
Methylnissolin (MOL000380), an active 
component of AM targeting MET in CRC, was 
obtained and its chemical structure is shown in 
Figure 5 E. 
 

 
 
Figure 5: (A) Intersection of DEGs in GSE70772 and 
GSE113513 datasets. The 20 DEGs up-regulated in 
GSE70772 dataset and down-regulated in 
GSE113513 dataset, or down-regulated in GSE70772 
dataset and up-regulated in GSE113513 dataset were 
screened out. (B) Intersection of the 20 DEGs and 105 
genes obtained by PPI analysis. (C) Expression of 
MET in GSE70772 dataset. (D) Expression of MET in 
GSE113513 dataset. (E) Chemical structure of 
methylnissolin, the bio-active components of AM 
targeting MET in CRC 

 

DISCUSSION 
 
CRC is one of the most common malignancies 
worldwide, and its etiology involves a variety of 

factors, such as genetic alterations in cancer 
cells and in the tumor cell microenvironment [14]. 
As a result, the incidence and mortality rate of 
CRC remain high [15]. At the same time, the side 
effects caused by conventional treatment of 
CRC, such as radiotherapy and chemotherapy, 
contribute to its poor prognosis [16]. TCM has 
been shown by some studies to alleviate the side 
effects of conventional therapies for CRC, so 
TCM has been recognized worldwide as one of 
the treatment options for CRC [17]. Meanwhile, 
AM, as one of the most widely used herbal 
medicines, has been used for treating many 
malignancies including CRC. However, the active 
components and key targets of AM in CRC 
treatment need to be further explored [18]. 
Therefore, this study was conducted to further 
screen the active components and key targets of 
AM in the treatment of CRC through 
bioinformatics. The active compound 
components of AM in the TCMSP database were 
screened based on OB and DL. OB is particularly 
important in the clinical treatment of most herbal 
medicines as one of the most important 
pharmacokinetic characteristics of orally 
administered drugs [19]. DL is commonly used 
as a qualitative method of analysis for drug 
design to assess whether a compound is suitable 
for use as a drug [20]. In this study, based on OB 
≥ 30 % and DL ≥ 0.18, 16 target components and 
177 potential targets of AM were screened out, 
and they were subsequently intersected with 
2740 CRC-related genes. Then, a 
pharmacological network of 132 intersected 
genes for AM in CRC therapy was constructed. 
 
Subsequently, by conducting PPI analysis on the 
132 intersected genes mentioned above, 105 
genes with node degree ≥10 were further 
screened out. And the 105 genes mentioned 
above were further analysed for GO and KEGG 
enrichment. Relevant target genes of AM were 
revealed to be enriched in biological processes 
such as chemical stress, and oxidative stress 
response, and equally enriched in lipid and 
atherosclerosis, hepatitis, MAPK, IL-17, TNF, 
etc. Interestingly, AKT1, with the highest node 
degree in the PPI network, has been shown to 
influence cancer progression by regulating 
biological functions such as cell proliferation, 
metabolism and growth [21]. Numerous studies 
have also shown that signalling pathways, such 
as MAPK, IL-17 and TNF, have an important role 
in cancer development [22-24]. The results of 
these studies not only confirm the influence of 
AM in the course of CRC by participating in the 
above-mentioned tumor-related signalling 
pathways, but also provide a scientific basis for 
the good efficacy of AM in cardiovascular and 
infectious diseases to a certain extent [25,26]. 
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After bioinformatics analysis, one key gene, 
named MET, was finally obtained, which the 
active component was methylnissolin 
(MOL000380). MET, as a proto-oncogene, has 
been studied and confirmed to play an essential 
role in the proliferation, migration and invasion of 
tumor cells [27]. It has also been demonstrated 
as an independent therapeutic target in CRC 
since it is overexpressed in CRC [28]. 
Methylnissolin has been identified as one of the 
active compounds in Danggui Buxue Decoction 
(DBD) and may play an active part in treating 
CRC [29]. In this study, methylnissolin was found 
to be one of the effective active compounds of 
AM in the treatment of CRC. This study may 
provide a potential target for the treatment of 
CRC and may inform the further development of 
AM in the treatment of CRC patients. 
 
However, this study has some limitations. Firstly, 
since the public dataset used in this study is still 
being updated, all bioactive components and 
target genes included in AM in this study are not 
comprehensive. Secondly, this study only 
analyzed the data through bioinformatics without 
experimental verification, and hence the clinical 
significance of this study needs to be confirmed. 
 

CONCLUSION 
 
The findings of this study indicate that MET is a 
key target gene of AM in the treatment of CRC, 
with the active component being methylnissolin. 
Thus, results may provide a scientific basis for 
the further development of AM for the treatment 
of CRC. 
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