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Background: Colorectal cancer (CRC) is the third most prevalent cancer globally. In the treatment of 
CRC, surgical resection is commonly adopted, and neoadjuvant chemotherapy or immunotherapy is mainly 
administered for patients with advanced disease. However, despite the developments in the field of cancer 
treatment, the mortality rate of CRC has remained high. Therefore, novel treatments for CRC need to be 
explored. Astragalus membranaceus, commonly known in China as Huangqi (HQ), a traditional Chinese 
medicine, has been reported to be a potential antitumorigenic agent. This study aimed to investigate the 
mechanisms of action of HQ. 
Methods: Active ingredients and putative targets of HQ were obtained through a comprehensive 
search of the Traditional Chinese Medicine Systems Pharmacology database. CRC-related targets were 
retrieved from the GeneCards database and then overlapping targets were acquired. After visualization 
of the compound-disease network and protein-protein interaction (PPI) network, Gene Ontology (GO) 
and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analyses of the overlapping genes 
were performed. Additionally, HCT116 cells were treated with the active components of HQ at a 20-μM 
concentration. Cell Counting Kit-8 was used to detect cell activity, and real-time quantitative polymerase 
chain reaction was carried out to detect the expression of genes downstream of the interleukin (IL)-17 
signaling pathway.
Results: A PPI network comprising 177 nodes and 318 edges was obtained. The GO analysis of the 
overlapping genes showed enrichment in response to lipopolysaccharide and oxidative process. For the 
KEGG analysis, the AGE-RAGE signaling pathway and inflammation-related pathways, such as the IL-17 
and tumor necrosis factor (TNF) signaling pathways, were enriched. The in vitro experiments showed that 
HQ promoted the apoptosis of CRC cells by inhibiting the expression of the CCL2, CXCL8, CXCL10, and 
PTGS2 genes.
Conclusions: This study systematically revealed the multitarget mechanism of HQ in CRC through a 
network pharmacology approach. We verified that HQ promotes CRC cell death via the IL-17 signaling 
pathway. This finding provides indications for further mechanistic studies and the development of HQ as a 
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Introduction

Colorectal cancer (CRC), a noncommunicable disease, is 
the third most prevalent cancer in the world, accounting for 
approximately 10% of cancer-related fatalities (1,2). Aging, 
poor dietary habits, smoking, low physical activity, and 
obesity are the major causes of CRC (3). The proximal colon 
is the site most commonly affected by CRC (accounting 
for approximately 41% of cases), followed by the rectum 
(28%), and the distal colon (22%) (4). Laparoscopic surgery 
is widely adopted in the treatment of primary CRC, and 
resection accompanied by radiotherapy is commonly used 
to treat metastatic disease. For patients with advanced 
CRC, neoadjuvant and palliative chemotherapy is widely 
used (5-7). Despite the improvement of treatment strategies 
for CRC, the mortality rate remains between 40–50% (2). 
Therefore, further exploration of novel treatments for CRC 
patients is necessary. 

Traditional Chinese medicine (TCM), an essential 
component of complementary and alternative therapy, is 
a product of more than a thousand years of development 
and is popular in Asian countries, especially China. With 
their “multicomponent-multitarget-multipathway” 
characteristics, TCMs have clear advantages in the 
prevention and treatment of complex diseases, especially 
in the aspect of “treating the same disease with different 
treatments” (8). In the treatment of cancer in particular, 
long-term chemoradiotherapy results in adverse reactions, 
such as myelosuppression, cumulative neuropathy, 
gastrointestinal tract reactions, and organ damage, which 
severely reduce the quality of life of patients and can lead 
to treatment interruption. Additionally, chemoradiotherapy 
is often hindered by therapeutic resistance (9). In recent 
decades, TCM has been used increasingly in Western 
countries owing to its reduced side effects and its capacity 
to both prevent and treat cancer (10). 

Astragalus membranaceus, colloquially referred to as 
Huangqi (HQ), is a classical Chinese medicine commonly 
used to treat cold, diarrhea, fatigue, and anorexia (11,12). It 
can also play an important role in the treatment of heart failure 

and chronic liver disease (8,13). Recently, HQ has been shown 
to inhibit tumor growth and to decrease cell invasiveness 
and angiogenesis, and it is also capable of enhancing the 
chemosensitivity of hepatoma cells (14-16). As HQ injection 
has achieved positive results in clinical trials, it has been 
approved by the China Food and Drug Administration (17). A 
series of recent retrospective experimental studies have shown 
that conventional chemotherapeutics based on FOLFOX 
4, 5-FU, and oxaliplatin can be used in combination with 
HQ and other Chinese herbal medicines to treat mid- to 
advanced-stage CRC. It can improve the quality of life of 
patients showing that increases the tumor response rate (TRR) 
and reduce the incidence of severe neutropenia, nausea, 
vomiting, and neurotoxicity associated with chemotherapy, 
showing that HQ has a good antitumor activity in the 
treatment of CRC (9,18,19). Nevertheless, the ingredients 
and targets of HQ in CRC need to be further explored. 

It is generally believed that drug discovery requires 
a system-level multi-pharmacological approach to 
solve problems, such as the lack of efficacy of a single-
target compound and emerging drug resistance. The 
advancement of the information age has yielded innovations 
in various network technologies. Based on systems 
biology, bioinformatics, and high-throughput histology, 
network pharmacology that integrates pharmacology and 
information networks is gaining momentum (20). The 
concept of network pharmacology was first proposed by 
Hopkins in 2007 (21). It is an effective method for mapping 
the unexplored target space of natural products, which 
provides a systematic means to expand the available drug 
space of proteins related to various complex diseases. By 
taking a network pharmacology approach, researchers can 
directly identify drugs and disease targets from a large 
amount of data (22), and gain a better understanding of the 
mechanisms and pathways between them, which supports 
the discovery of new treatment options and readjustments 
to the use of approved drugs (23). Currently, the scope 
of application of network pharmacology is expanding. It 
currently includes exploration of the basic pharmacological 
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mechanisms and effects of drugs on diseases, the analysis of 
TCM theory (24), and study of TCM’s application (25). In 
this network pharmacology analysis, we aimed to investigate 
the underlying mechanism of HQ administration in the 
management of CRC at the molecular level, as well as to 
provide direction for further research in this field. We present 
the following article in accordance with the MDAR checklist 
(available at http://dx.doi.org/10.21037/tcr-20-2596).

Methods

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). This research 
does not involve human subjects, human materials, and 
therefore is not subject to approval of an institutional ethics 
committee.

Retrieval of chemical ingredients

We performed a comprehensive search of the Traditional 
Chinese Medicine Systems Pharmacology database 
(TCMSP, https://tcmspw.com/tcmsp.php) to obtain 
the chemical ingredients of A. membranaceus by using 
the keyword “Huangqi”. After retrieving the chemical 
ingredients, PubChem (https://pubchem.ncbi.nlm.nih.
gov/) was used to verify the corresponding compound name 
and molecular structure. Active compounds of HQ were 
screened under the criteria of oral bioavailability (OB) 
≥30% and drug-likeness (DL) ≥0.18.

Prediction of CRC and HQ targets

Potential targets of active compounds in HQ were retrieved 
from the TCMSP database, and their molecular names 
were converted into gene ID using the Uniprot database 
(https://www.uniprot.org/). GeneCards is a searchable, 
integrated database of human genes that provides concise 
genomic information. We searched for CRC-related genes 
and targets by using the keyword “colorectal cancer”. Then, 
we used venny (https://bioinfogp.cnb.csic.es/tools/venny/) 
to visualize the overlapping genes and targets between HQ 
and CRC for downstream analysis.

Construction of HQ-CRC target network

Cytoscape (version 3.2.1) was used to construct the 
compound-disease network. Potential active compounds, 
genes, and targets of HQ and CRC were treated as the 

components of the network. The network analysis function 
of Cytoscape was used to analyze the network topological 
parameters and to assess the significance of each node 
according to betweenness centrality (BC) and degree.

Protein-protein interaction (PPI) network

Overlapping genes and targets of HQ and CRC were input 
into the Search Tool for the Retrieval of Interacting Genes/
Proteins (STRING) database (https://string-db.org/) to 
construct the PPI network under the criteria of minimum 
required interaction score =0.4. Disconnected nodes in the 
network were hidden. 

Gene Ontology (GO) and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) enrichment analysis

Overlapping genes between HQ and CRC were subjected 
to GO and KEGG enrichment analyses. The Database 
for Annotation, Visualization, and Integrated Discovery 
(DAVID, version 6.8, https://david.ncifcrf.gov/) was used as 
the reference database. 

Cell culture and Cell Counting Kit-8 (CCK-8) assay to 
detect cell viability

The human CRC HCT116 cell line was purchased from 
the American Type Culture Collection and placed in high-
glycemic Dulbecco’s Modified Eagle Medium (DMEM; 
Guangzhou Genio Biotech Co., Ltd.) containing 1% 
penicillin/streptomycin and 10% fetal bovine serum. The 
cells were placed in an incubator at a constant temperature 
of 37 ℃ with 5% CO2, and the medium was changed every 
2 days. The cells were observed under a microscope, and 
0.25% trypsin (Guangzhou Genio Biotech Co., Ltd.) 
was used after the cells are 80–90% fused. The cells were 
digested and subculture was continued in a 1:2 ratio. Then, 
HCT116 cells in good growth condition were inoculated 
into 96-well plates at 5×103 cells/well after trypsinization 
(100 μL per well), and routinely cultured in an incubator for 
24 hours at 37 ℃ with 5% CO2. Quercetin, isorhamnetin, 
and formononetin (Sigma-Aldrich, USA) were added as 
the experimental group at a concentration of 20 μM. Cells 
treated with dimethyl sulfoxide (DMSO) solution served 
as a control group. Each group was set up with 5 multiple 
wells. After culture for 48 hours, the cells were collected, 
and 10 μL CCK-8 reagent (Promega, USA) was added to 
each well. The cells were incubated at 37 ℃ for 2 hours, 
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and then a microplate reader was used to determine the 
absorbance value (A value) at 450 nm. The experiment was 
repeated 3 times. The results were expressed in terms of cell 
viability according to the following formula: cell viability = 
(experimental absorbance – blank hole absorbance)/(control 
hole absorbance – blank hole absorbance) ×100%.

Real-time quantitative polymerase chain reaction (PCR)

Four primers, CCL2, CXCL8, CXCL10, and PTGS2, were 
purchased from Sangon Biotech Corporation (Shanghai, 
China). The sequence details are listed in Table S1. 
HCT116 cells were intervened with the above 3 drugs at a 
concentration of 20 μM for 48 hours. After that, the cells 
were collected, and RNA was extracted using the TRIzol 
method. After the purity and integrity of the RNA had 
been determined, cDNA was prepared through reverse 
transcription. The PCR conditions were the following: pre-
denaturation at 95 ℃ for 1 minute; denaturation at 95 ℃ 
for 15 seconds, annealing at 58 ℃ for 20 seconds, extension 
at 72 ℃ for 20 seconds, for 40 cycles; then, extension at 
72 ℃ for 5 minutes to terminate the reaction. After the 
completion of real-time quantitative PCR (RT-qPCR), 
the reliability of the melting curve and amplification curve 
results obtained by PCR was quantitatively analyzed, 
and the cycle threshold (Ct) was set. The ratios of CCL2, 
CXCL8, CXCL10, PTGS2 and the internal control, β-actin, 
were used to represent their relative expression levels, 
and the relative mRNA expression intensity of each was 
calculated. There were three duplicate holes in each group, 
and the test was repeated 3 times.

Statistical analysis

SPSS 22.0 (IBM Corp., Armonk, NY, USA) and GraphPad 
Prism 7 (GraphPad Software, Inc., San Diego, CA, USA) 
were used for data analysis and graphing. Differences 
between groups were analyzed using t-test or one-way 
analysis of variance. A P value <0.05 indicated a statistically 
significant difference.

Results

Retrieval of putative ingredient targets 

Using the keywords and criteria described above, we 
retrieved 24 active compounds and 360 putative target genes 

of HQ from the TCMSP database, the names of which were 
subsequently converted into gene ID using Uniprot. Detailed 
information of the selected ingredients is displayed in Table 1. 

Identification of compound-disease-related genes

The search of the GeneCards database using the term 
“colorectal cancer” identified 9,876 CRC-related genes. 
The compound targets and the disease targets were 
intersected, and the overlapping genes between HQ and 
CRC were visualized in a Venn diagram (Figure 1). 

Network visualization

The HQ-CRC network, which was constructed in 
Cytoscape, comprised 177 nodes and 318 edges. The 
network is displayed in Figure 2. Sixteen candidate 
compounds had a median of 13 degrees, which suggested 
that most HQ compounds affected multiple targets. 
Quercetin, kaempferol, and formononetin were found to 
act on 129, 47, and 24 targets, respectively. The OB of 
quercetin, kaempferol, and formononetin was 46.43%, 
41.88%, and 69.67%, respectively, indicating that they 
might be the active compounds of HQ due to their 
considerable positioning in the network.

Overlapping genes were input into the STRING 
database to construct a PPI network with a minimum 
required connection score of 0.4. As shown in Figure 3A, 
the PPI network comprised 161 nodes and 2,662 edges, 
with an average degree of 33.1. Within the network, AKT1, 
interleukin (IL)-6, and vascular endothelial growth factor 
A (VEGFA) were the predominant genes, with 109, 101, 
and 97 interactions, respectively. The top 30 genes with the 
highest number of interactions are shown in Figure 3B. 

In order to reveal the mechanisms underlying the effects 
of HQ on CRC, the PPI network of HQ putative targets 
and the PPI network of CRC-related targets were merged 
to identify the candidate targets for HQ against CRC. This 
network consisted of 5,706 nodes and 139,142 edges, and 
is presented in Figure 4A. A network of significant targets 
for HQ against CRC was constructed, and it contained 
1,327 nodes and 58,194 edges (Figure 4B). The median 
values of degree centrality (DC) and BC were 61 and 4,664, 
respectively. The candidate targets were further screened, 
and 61 targets with DC >61 and BC >4,664 were identified 
(Figure 4C). A total of 61 core target genes of HQ in CRC 
were eventually identified. 

https://cdn.amegroups.cn/static/public/TCR-20-2596-supplementary.pdf
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Table 1 The final selected compounds in Astragalus membranaceus for analysis

Mol ID Molecule name MW AlogP Hdon Hacc OB (%) DL FASA- HL

MOL000211 Mairin 456.78 6.52 2 3 55.38 0.78 0.26 8.87

MOL000239 Jaranol 314.31 2.09 2 6 50.83 0.29 0.29 15.50

MOL000296 Hederagenin 414.79 8.08 1 1 36.91 0.75 0 5.35

MOL000033 (3S,8S,9S,10R,13R,14S,17R)-10,13-
dimethyl-17-[(2R,5S)-5-propan-2-yloctan-2-yl]-
2,3,4,7,8,9,11,12,14,15,16,17-
dodecahydro-1H-cyclopenta[a]phenanthren-3-ol

428.82 8.54 1 1 36.23 0.78 0 5.22

MOL000354 Isorhamnetin 316.28 1.76 4 7 49.60 0.31 0.32 14.34

MOL000371 3,9-di-O-methylnissolin 314.36 2.89 0 5 53.74 0.48 0 9.00

MOL000374 5’-hydroxyiso-muronulatol-2’,5’-di-O-glucoside 642.67 -0.95 9 16 41.72 0.69 0 2.52

MOL000378 7-O-methylisomucronulatol 316.38 3.38 1 5 74.69 0.30 0 2.98

MOL000379 9,10-dimethoxypterocarpan-3-O-β-D-glucoside 462.49 0.74 4 10 36.74 0.92 0 13.06

MOL000380 (6aR,11aR)-9,10-dimethoxy-6a,11a-
dihydro-6H-benzofurano[3,2-c]chromen-3-ol

300.33 2.64 1 5 64.26 0.42 0 8.49

MOL000387 Bifendate 418.38 2.56 0 10 31.10 0.67 0 17.96

MOL000392 Formononetin 268.28 2.58 1 4 69.67 0.21 0 17.04

MOL000398 Isoflavanone 316.33 2.42 2 6 109.99 0.30 0 15.51

MOL000417 Calycosin 284.28 2.32 2 5 47.75 0.24 0 17.10

MOL000422 Kaempferol 286.25 1.77 4 6 41.88 0.24 0 14.74

MOL000433 FA 441.45 0.01 7 13 68.96 0.71 0 24.81

MOL000438 (3R)-3-(2-hydroxy-3,4-
dimethoxyphenyl)chroman-7-ol

302.35 3.13 2 5 67.67 0.26 0 2.90

MOL000439 isomucronulatol-7,2’-di-O-glucosiole 626.67 −0.68 8 15 49.28 0.62 0 0.93

MOL000442 1,7-Dihydroxy-3,9-dimethoxy pterocarpene 314.31 3.11 2 6 39.05 0.48 0 7.95

MOL000098 Quercetin 302.25 1.50 5 7 46.43 0.28 0.38 14.40

OB, oral bioavailability; DL, drug-likeness; MW, molecular weight; AlogP, lipid-water partition coefficient log P; Hdon, hydrogen-bond 
donors; Hacc, hydrogen-bond acceptors; FASA−, fractional negative accessible surface area; HL, half-life.

GO and KEGG enrichment analysis 

The names of overlapping genes between HQ and 
CRC were converted into symbol ID with the Uniprot 
database serving as a reference. In regard to the GO 
enrichment analysis, the genes were enriched in response to 
lipopolysaccharide (LPS), RNA polymerase II transcription 
factor complex, and DNA-binding transcription activator 
activity, with an adjusted P value of 2.10E−28, 5.98E−8, 
and 1.77E−7, respectively. Details of the GO enrichment 
analysis are shown in Table S2, and the top 20 GO terms 
are shown in Figure 5. The highly enriched GO terms in 

biological processes, cellular components, and molecular 
functions included regulation of gene silencing, regulation 
of gene expression, nucleoplasm, nucleus, protein binding, 
and ubiquitin protein ligase binding.

The KEGG enrichment analysis revealed that the genes 
were enriched in AGE-RAGE, IL-17, and tumor necrosis 
factor (TNF) signaling pathways, with an adjusted P value 
of 4.37E−25, 1.42E−19, and 2.10E−19, respectively. Details 
of the KEGG enrichment analysis are given in Table S3. In 
Figure 6, the size of the spot represents the count of genes 
and the color represents the adjusted P value. 

https://cdn.amegroups.cn/static/public/TCR-20-2596-supplementary.pdf
https://cdn.amegroups.cn/static/public/TCR-20-2596-supplementary.pdf
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Gene-pathway network analysis

The gene-pathway network was constructed based on the 
significantly enriched pathways and genes that regulate these 
pathways, and is presented in Figure 7. Topological analysis 
of 20 pathways and 88 genes with BC was carried out. The 
squares represent target genes and the V-shapes represent 
pathways in the network. The network diagram suggested 
that AKT1 had the highest BC and was the core target gene. 
A number of other genes, including MAPK1, RELA, IKBKB, 
CHUK, and IL-6, also had high BC, suggesting that they 
might be key target genes of HQ in CRC.

The active component of HQ inhibits the activity of 
HCT116 cells

CRC (HCT116) cells were treated with quercetin, 
isorhamnetin, or formononetin, the three main components 
of HQ, for 48 hours. The results of CCK-8 assay showed 
that compared with the control group, the growth activity 
of HCT116 cells treated with quercetin, isorhamnetin, or 
formononetin at a concentration of 20 μM was reduced, and 
this effect was most obvious in the quercetin group (Figure 
8A). The results showed that HQ had an inhibitory effect 
on the growth of HCT116 cells.

Effect of HQ on IL-17 signaling pathway

Next, we investigated the mechanism of the inhibitive effect 
of HQ on HCT116 cells. After 48 hours of drug treatment, 
compared to that in the control cells, the mRNA expression 
intensity of CCL2, CXCL8, CXCL10, and PTGS2 was 
decreased in HCT116 cells in the experimental groups, to 
varying degrees (Figure 8B).

Discussion

Previous studies investigating HQ had revealed its anti-
oxidative and anti-inflammatory effects, as well as its 
enhancement of immune system response, which suggested 
that HQ could be an alternative potential antitumorigenic 
agent (26). In addition, formononetin, one of the active 

CRCMilkvetch Root  

8813
(98%)

161
(1.8%)

19
(0.2%)

Figure 1 Overlapping targets between potential HQ targets and 
CRC targets. HQ, Huangqi; CRC, colorectal cancer.

Figure 2 Compound-target network of HQ. The blue triangles represent targets; the orange ones represent the compounds from HQ, 
respectively. HQ, Huangqi.
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Figure 4 Identification of candidate targets of HQ against CRC. (A) The interactive PPI network of HQ putative targets and CRC-related 
targets. (B) PPI network of significant proteins extracted from A. (C) PPI network of candidate HQ targets for CRC treatment extracted 
from B. DC, degree centrality; BC, betweenness centrality; HQ, Huangqi; CRC, colorectal cancer; PPI, protein-protein interaction. 

Figure 3 CRC-target STRING network and core genes. (A) Network of the shared targets. The orange nodes represent targets and the 
node size is proportional to the degree centrality by topology analysis. (B) The top 30 shared targets based on degree centrality. CRC, 
colorectal cancer.
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compounds of HQ, was reported to exert an anti-angiogenic 
effect on colon cancer cells in vitro and in vivo, and in 
combination with 5-FU, it was demonstrated to increase 
the chemosensitivity of cancer cells, which indicated a 
synergistic effect with chemotherapy (15,27). However, the 
specific mechanism of the antitumorigenic effect of HQ at 
the molecular level requires further investigation. 

In enrichment analysis, response to LPS is positioned at 
a leading place, and LPS is an essential product of Gram-
negative microbiota in the gut. In addition, elevated LPS 
is commonly seen in CRC patients, even those with early-
stage adenoma (28). Through its activation of toll-like 
receptor 4 (TOR4), NF-κB, and β1 integrin-mediated cell 
adhesion, LPS is associated with the progression of CRC 
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Figure 5 GO terms of candidate targets of HQ against CRC. The top 20 GO functional categories with adjusted P values <0.05 were 
selected. GO, gene ontology; HQ, Huangqi; CRC, colorectal cancer.
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Figure 6 KEGG pathway enrichment of candidate targets of HQ against CRC. Pathways that had significant changes of adjusted P values 
<0.05 were identified. The size of the spot represents the count of genes while the color represents the adjusted P value. KEGG, Kyoto 
Encyclopedia of Genes and Genomes; HQ, Huangqi; CRC, colorectal cancer.

and promotes the progression of CRC metastasis (29-31), 
which corroborates the significant role of LPS in CRC 
treatment. Several studies reported that programmed cell 
death protein 1/programmed death-ligand 1 (PD-1/PD-L1) 
blockade therapy was effective in CRC patients and that the 
efficacy of PD-1-based immunotherapy was affected by the 
gut microbiome (32-34). Furthermore, a recent study to 
investigate the association between LPS and the failure of 
PD-1/PD-L1 therapy concluded that LPS was potentially 
the main reason for the failure of PD-1/PD-L1 therapy 
in CRC patients (35). Combined with the results of this 
network analysis, HQ was revealed to respond strongly 
to LPS, which might indicate its capacity to regulate the 
level of LPS and its potential synergistic effect with CRC 
immunotherapy. Furthermore, according to a recent 
study, LAYN expression could be adopted as a prognostic 
biomarker to determine immune infiltration in CRC (36), 
which could be a potential method to further validate the 
effect of HQ. 

Moreover, GO analysis also showed response to oxidative 
stress to be enriched. Some studies have reported that 

oxidation promotes the progression of CRC (37,38). For 
example, in colorectal cells, the butyrate level was found 
to be associated with the butyrate-induced pro-apoptotic 
process; as a result, oxidation of butyrate affected the 
butyrate protective effect in CRC. Fatty acid oxidation 
was also found to lead to CRC progression, and fatty acid 
oxidation-derived energy can induce tumor metastasis (39). 
Carnitine palmitoyl transferase 1 (CPT1), a rate-limiting 
fatty acid oxidation enzyme responsible for transporting 
fatty acid into mitochondria, has been found to be 
associated with CRC, and inhibition of CPT1A showed a 
positive outcome in CRC treatment (37). Together with 
the results of the present network analysis, these findings 
suggest that HQ is capable of regulating oxidative process, 
which might indicate an antitumorigenic effect. 

In this study, KEGG enrichment analysis showed 
that the AGE-RAGE signaling pathway was ranked first, 
followed by inflammation-related pathways, such as the IL-
17 and TNF signaling pathways. Excessive endogenous or 
exogenous advanced glycation end products (AGEs) have 
been implicated in cancer development (40). Receptor 
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Figure 7 Gene-pathway network of HQ against CRC. Topological analysis of 20 pathways and 88 genes with betweenness centrality was 
carried out. The cyan squares represent target genes, and the red triangles represent pathways. A larger size represents higher betweenness 
centrality. HQ, Huangqi; CRC, colorectal cancer.

Figure 8 The IL-17 signaling pathway was inhibited in CRC cells and regulated cell proliferation. (A) Cell activity was detected using a 
Cell Counting Kit-8 assay. (B) The expression of downstream IL-17 signaling pathway genes in drug-treated cells was determined by RT-
qPCR. Control group: DMSO; experimental groups: quercetin 20 μM, isorhamnetin 20 μM, formononetin 20 μM (*, P<0.05; **, P<0.01; 
***, P<0.001). IL; interleukin; CRC, colorectal cancer.
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for advanced glycation end products (RAGE) activation 
initiates downstream signaling pathways to promote 
inflammation, inhibit apoptosis, increase angiogenesis, and 
tumor growth and invasion (41). Specifically, the expression 
of AGE-RAGE was detected in colorectal carcinoma, 
and even in precancerous lesions such as colon adenomas, 
and has been validated by in vitro experiments and in vivo 
animal models (42-44). 

Inflammation-related pathways were also enriched 
in the KEGG analysis. Development from normal cells 
to CRC requires a number of inflammatory factors, and 
CRC is more likely to occur in patients with chronic or 
inflammatory bowel disease (45). The activation of immune 
signaling pathways by bacteria leads to a loss of hemostasis 
and creates a proneoplastic inflammatory environment. 
Both inflammasome activation and NF-κB pathway were 
reported to be stimulated by mutational scenario or 
microbes, and the NF-κB pathway was shown to mediate 
the production of cytokines, like IL-6, which is one of the 
pathogenic factors in CRC (46). The enrichment of two 
major enriched pathways reported in this study, the AGE-
RAGE and inflammation-related signaling pathways, 
confirms the antitumorigenic effect of HQ. 

Nevertheless, several limitations of this network 
analysis should be taken into consideration. First, owing 
to polypharmacy of TCM, the retrieved active compounds 
were predicted and might not be the actual molecules 
absorbed. Second, HQ consists of several compounds with 
different formulations; therefore, the antitumorigenic effects 
of the individual active compounds are still elusive. Finally, 
research results need to be validated in a cellular or animal 
model. Therefore, we performed in vitro experiments, 
which confirmed that the three active components of HQ, 
quercetin, isorhamnetin, and formononetin, promote 
the apoptosis of CRC cells by reducing the expression of 
CCL2, CXCL8, CXCL10, PTGS2, and other genes. We also 
identified CCL2, CXCL8, CXCL10, and PTGS2 as key genes 
in the IL-17 signaling pathway. Together, our findings 
verified the antitumor activity of HQ.

Conclusions

The results of this network pharmacology analysis revealed 
that HQ exerts a potential antitumorigenic effect on 
CRC by interfering with oxidation and inflammation-
related processes, which may provide a novel approach 
for combination treatment in CRC patients receiving 
immunotherapy.
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Supplementary

Table S1 Primer sequences

Gene name Forward Reverse Amplicon size

CCL2 CAGCCAGATGCAATCAATGCC TGGAATCCTGAACCCACTTCT 190

CXCL8 (IL8) TTTTGCCAAGGAGTGCTAAAGA AACCCTCTGCACCCAGTTTTC 194

CXCL10 GTGGCATTCAAGGAGTACCTC TGATGGCCTTCGATTCTGGATT 198

PTGS2 CTGGCGCTCAGCCATACAG CGCACTTATACTGGTCAAATCCC 94

β-actin CTCCATCCTGGCCTCGCTGT GCTGTCACCTTCACCGTTCC 268
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Table S2 The data of GO enrichment analysis including biological process, cellular component, and molecular function

Type ID Description P value P adjust Gene ID Count

Biological 
process

GO:0032496 Response to lipopolysaccharide 5.10E−32 2.10E−28 NOS2/PTGS2/MAPK14/RELA/OPRM1/JUN/AKT1/CASP3/MAPK8/CYP1A2/CYP1A1/ICAM1/SELE/VCAM1/GSTP1/SLPI/FOS/CASP9/MAPK1/IL10/IL6/
NFKBIA/CASP8/PRKCA/GJA1/IL1B/CCL2/CXCL8/NOS3/THBD/SERPINE1/MPO/CXCL11/CXCL2/PPARD/HSF1/CXCL10/CHUK

38

GO:0002237 Response to molecule of bacterial origin 2.22E−31 4.56E−28 NOS2/PTGS2/MAPK14/RELA/OPRM1/JUN/AKT1/CASP3/MAPK8/CYP1A2/CYP1A1/ICAM1/SELE/VCAM1/GSTP1/SLPI/FOS/CASP9/MAPK1/IL10/IL6/
NFKBIA/CASP8/PRKCA/GJA1/IL1B/CCL2/CXCL8/NOS3/THBD/SERPINE1/MPO/CXCL11/CXCL2/PPARD/HSF1/CXCL10/CHUK

38

GO:0048545 Response to steroid hormone 4.27E−27 5.86E−24 PGR/AR/PTGS2/ESR2/NCOA2/RXRA/ESR1/PPARG/NCOA1/RELA/RXRB/HSD3B2/HSD3B1/BCL2/CASP3/ICAM1/NR1I2/GSTP1/NR1I3/AKR1C3/
EGFR/CCND1/FOS/CDKN1A/CASP9/IL10/RB1/IL6/TP63/CAV1/COL1A1/PARP1/CLDN4/PPARA/PPARD/SPP1

36

GO:0000302 Response to reactive oxygen species 1.69E−25 1.74E−22 CCNA2/RELA/MET/JUN/AKT1/BCL2/CASP3/MAPK8/STAT1/HMOX1/CYP1B1/GSTP1/AKR1C3/MMP3/EGFR/FOS/MMP2/MMP9/MAPK1/IL10/IL6/
SOD1/NOS3/COL1A1/MPO/NFE2L2/NQO1/HSF1/CHUK

29

GO:0072593 Reactive oxygen species metabolic process 3.61E−24 2.97E−21 NOS2/PTGS2/MAPK14/AKT1/BCL2/CYP1A2/CYP1A1/ICAM1/CYP1B1/GSTP1/INSR/AKR1C3/MMP3/EGFR/CDKN1A/EIF6/IL10/POR/SOD1/HIF1A/
CAV1/IL1B/DUOX2/NOS3/IFNG/MPO/NFE2L2/NQO1/CRP/HK2

30

GO:1901654 Response to ketone 8.95E−24 6.14E−21 AR/NCOA2/PPARG/AKR1B1/NCOA1/F7/RELA/HSD3B2/HSD3B1/AKT1/ICAM1/AHR/AKR1C3/EGFR/CCND1/BCL2L1/FOS/CDKN1A/CASP9/ELK1/
ACACA/CAV1/PARP1/CLDN4/HSF1/SPP1

26

GO:0006979 Response to oxidative stress 1.32E−23 7.74E−21 PTGS1/PTGS2/CCNA2/RELA/MET/JUN/AKT1/BCL2/CASP3/MAPK8/STAT1/HMOX1/CYP1B1/GSTP1/AKR1C3/MMP3/EGFR/FOS/MMP2/MMP9/
MAPK1/IL10/IL6/SOD1/HIF1A/DUOX2/NOS3/HSPB1/COL1A1/MPO/NFE2L2/NQO1/PARP1/HSF1/CHUK

35

GO:0070482 Response to oxygen levels 2.60E−23 1.34E−20 NOS2/PTGS2/PPARG/CCNA2/F7/SLC6A4/AKT1/BCL2/CASP3/HMOX1/CYP1A1/ICAM1/VCAM1/PSMD3/SLC2A4/VEGFA/CDKN1A/PLAU/MMP2/
RAF1/HIF1A/CAV1/MYC/CCNB1/PLAT/COL1A1/NFE2L2/PPARA/PPARD/HSF1/E2F1/NPEPPS/HK2

33

GO:0031667 Response to nutrient levels 3.36E−23 1.54E−20 PTGS2/PPARG/NCOA1/F7/RELA/ADRB2/OPRM1/SLC6A4/JUN/AKT1/BCL2/MAPK8/STAT1/HMOX1/CYP1A1/ICAM1/VCAM1/GSTP1/AKR1C3/EGFR/
CCND1/CDKN1A/MAPK1/POR/SOD1/IL1B/COL1A1/MPO/NFE2L2/NQO1/PPARA/PPARD/HSF1/CXCL10/SPP1/PON1

36

GO:0046677 Response to antibiotic 2.28E−22 9.40E−20 RELA/HTR3A/OPRM1/SLC6A3/MET/JUN/BCL2/CASP3/STAT1/HMOX1/CYP1A1/ICAM1/VCAM1/CYP1B1/GSTP1/AHR/SLC2A4/CCND1/BCL2L1/
CASP9/IL10/IL6/CASP8/SOD1/IL2/COL1A1/NFE2L2/NQO1/HSF1/CHUK

30

GO:0034599 Cellular response to oxidative stress 3.38E−22 1.27E−19 CCNA2/RELA/MET/JUN/AKT1/BCL2/MAPK8/HMOX1/CYP1B1/GSTP1/AKR1C3/MMP3/EGFR/FOS/MMP2/MMP9/MAPK1/IL10/IL6/SOD1/HIF1A/
NOS3/HSPB1/MPO/NFE2L2/NQO1/PARP1/HSF1/CHUK

29

GO:0010038 Response to metal ion 3.94E−22 1.35E−19 PTGS2/SLC6A3/JUN/AKT1/BCL2/CASP3/MAPK8/HMOX1/CYP1A2/CYP1A1/ICAM1/VCAM1/PPP3CA/AKR1C3/EGFR/CCND1/FOS/CASP9/MMP9/
MAPK1/CASP8/SOD1/HIF1A/CAV1/CCNB1/IL1A/NFE2L2/NQO1/PARP1/HSF1/CHUK

31

GO:0009410 Response to xenobiotic stimulus 1.97E−21 6.22E−19 PTGS1/PPARG/CCNA2/F7/RELA/HTR3A/OPRM1/SLC6A3/CYP3A4/CYP1A2/CYP1A1/ICAM1/NR1I2/CYP1B1/GSTP1/AHR/PPP3CA/GSTM1/GSTM2/
EGFR/CASP9/RB1/POR/SOD1/NQO1/CHEK2/HSF1/E2F1

28

GO:0034614 Cellular response to reactive oxygen species 2.78E−21 8.18E−19 CCNA2/RELA/MET/JUN/AKT1/MAPK8/CYP1B1/AKR1C3/MMP3/EGFR/FOS/MMP2/MMP9/MAPK1/IL10/IL6/SOD1/NOS3/MPO/NFE2L2/NQO1/HSF1/
CHUK

23

GO:0001666 Response to hypoxia 3.42E−21 9.37E−19 NOS2/PTGS2/CCNA2/F7/SLC6A4/AKT1/BCL2/CASP3/HMOX1/CYP1A1/ICAM1/VCAM1/PSMD3/SLC2A4/VEGFA/PLAU/MMP2/RAF1/HIF1A/CAV1/
MYC/CCNB1/PLAT/NFE2L2/PPARA/PPARD/HSF1/E2F1/NPEPPS/HK2

30

GO:0036293 Response to decreased oxygen levels 8.14E−21 2.09E−18 NOS2/PTGS2/CCNA2/F7/SLC6A4/AKT1/BCL2/CASP3/HMOX1/CYP1A1/ICAM1/VCAM1/PSMD3/SLC2A4/VEGFA/PLAU/MMP2/RAF1/HIF1A/CAV1/
MYC/CCNB1/PLAT/NFE2L2/PPARA/PPARD/HSF1/E2F1/NPEPPS/HK2

30

GO:0001101 Response to acid chemical 1.21E−20 2.93E−18 PTGS2/RXRA/PPARG/AKR1B1/NCOA1/F7/RELA/SLC6A4/RXRB/KDR/AKT1/CASP3/ICAM1/GSTP1/AKR1C3/EGFR/VEGFA/BCL2L1/MMP2/ACACA/
GJA1/CCNB1/COL1A1/NQO1/COL3A1/HSF1/CHUK/E2F1/PON1

29

GO:0048608 Reproductive structure development 5.76E−20 1.32E−17 PGR/AR/PTGS2/RXRA/ESR1/PPARG/MAPK14/NCOA1/AKT1/BCL2/BAX/CASP3/ICAM1/INSR/AKR1C3/EGFR/VEGFA/CCND1/BCL2L1/MAPK1/IL10/
TP63/CASP8/SOD1/HIF1A/GJA1/NOS3/PPARD/HSF1/SPP1/IGF2

31

GO:0061458 Reproductive system development 7.05E−20 1.53E−17 PGR/AR/PTGS2/RXRA/ESR1/PPARG/MAPK14/NCOA1/AKT1/BCL2/BAX/CASP3/ICAM1/INSR/AKR1C3/EGFR/VEGFA/CCND1/BCL2L1/MAPK1/IL10/
TP63/CASP8/SOD1/HIF1A/GJA1/NOS3/PPARD/HSF1/SPP1/IGF2

31

GO:0035690 Cellular response to drug 9.18E−20 1.89E−17 NOS2/PTGS2/CHRM3/CCNA2/NCOA1/RELA/OPRM1/KCNH2/KDR/MET/HMOX1/ICAM1/CYP1B1/AHR/PPP3CA/GSTM2/MMP3/EGFR/CASP9/
MAPK1/IL10/IL6/SOD1/MYC/IL1B/NFE2L2/NQO1/CHEK2/HSF1

29

Cellular 
component

GO:0045121 Membrane raft 1.08E−16 1.74E−14 PTGS2/ADRA1B/SLC6A2/OLR1/OPRM1/ADRA1A/SLC6A3/SLC6A4/KDR/IKBKB/CASP3/HMOX1/ICAM1/SELE/HAS2/SLC2A4/INSR/EGFR/MAPK1/
CASP8/CAV1/GJA1/NOS3/CTSD

24

GO:0098857 Membrane microdomain 1.17E−16 1.74E−14 PTGS2/ADRA1B/SLC6A2/OLR1/OPRM1/ADRA1A/SLC6A3/SLC6A4/KDR/IKBKB/CASP3/HMOX1/ICAM1/SELE/HAS2/SLC2A4/INSR/EGFR/MAPK1/
CASP8/CAV1/GJA1/NOS3/CTSD

24

GO:0098589 Membrane region 2.72E−16 2.70E−14 PTGS2/ADRA1B/SLC6A2/OLR1/OPRM1/ADRA1A/SLC6A3/SLC6A4/KDR/IKBKB/CASP3/HMOX1/ICAM1/SELE/HAS2/SLC2A4/INSR/EGFR/MAPK1/
CASP8/CAV1/GJA1/NOS3/CTSD

24

GO:0090575 RNA polymerase II transcription factor complex 8.63E−10 5.98E−08 RXRA/PPARG/RXRB/JUN/NR1I2/NR1I3/FOS/RB1/HIF1A/PPARA/PPARD/E2F1/E2F2 13

GO:0005901 Caveola 1.00E−09 5.98E−08 PTGS2/ADRA1B/ADRA1A/SLC6A3/HMOX1/SELE/INSR/MAPK1/CAV1/NOS3 10

GO:0044853 Plasma membrane raft 1.47E−09 7.30E−08 PTGS2/ADRA1B/ADRA1A/SLC6A3/HMOX1/SELE/HAS2/INSR/MAPK1/CAV1/NOS3 11

GO:0005667 Transcription factor complex 8.29E−09 3.53E−07 RXRA/PPARG/RELA/RXRB/JUN/NR1I2/AHR/NR1I3/FOS/RB1/HIF1A/PARP1/PPARA/PPARD/RUNX2/E2F1/E2F2 17

GO:0044798 Nuclear transcription factor complex 1.11E−08 4.13E−07 RXRA/PPARG/RXRB/JUN/NR1I2/NR1I3/FOS/RB1/HIF1A/PPARA/PPARD/E2F1/E2F2 13

GO:0000790 Nuclear chromatin 4.97E−07 1.65E−05 AR/RXRA/ESR1/NCOA1/RELA/JUN/STAT1/RB1/TP63/HIF1A/MYC/PPARD/RUNX2/E2F1/IRF1 15

GO:0031983 Vesicle lumen 7.82E−07 2.33E−05 LYZ/MAPK14/ALOX5/GSTP1/PSMD3/SLPI/EGFR/VEGFA/MAPK1/EGF/SERPINE1/MPO/CTSD/IGF2 14

GO:0034774 Secretory granule lumen 2.44E−06 6.61E−05 LYZ/MAPK14/ALOX5/GSTP1/PSMD3/SLPI/VEGFA/MAPK1/EGF/SERPINE1/MPO/CTSD/IGF2 13

GO:1902911 Protein kinase complex 3.14E−06 7.79E−05 CCNA2/IKBKB/INSR/CCND1/CDKN1A/RB1/CCNB1/CHUK 8

GO:0060205 Cytoplasmic vesicle lumen 4.29E−06 9.84E−05 LYZ/MAPK14/ALOX5/GSTP1/PSMD3/SLPI/VEGFA/MAPK1/EGF/SERPINE1/MPO/CTSD/IGF2 13

GO:1902554 Serine/threonine protein kinase complex 7.74E−06 0.000156 CCNA2/IKBKB/CCND1/CDKN1A/RB1/CCNB1/CHUK 7

GO:0009925 Basal plasma membrane 7.84E−06 0.000156 MET/EGFR/ERBB2/CLDN4/ERBB3 5

GO:0000307 Cyclin-dependent protein kinase holoenzyme 
complex

2.27E−05 0.000423 CCNA2/CCND1/CDKN1A/RB1/CCNB1 5

GO:0099056 Integral component of presynaptic membrane 2.93E−05 0.000497 CHRM3/HTR3A/OPRM1/ADRA1A/SLC6A3/SLC6A4 6

GO:0062023 Collagen-containing extracellular matrix 3.00E−05 0.000497 PRSS1/F7/ACHE/ICAM1/SLPI/MMP2/MMP9/F3/SERPINE1/COL1A1/COL3A1/CTSD/PCOLCE 13

GO:0099055 Integral component of postsynaptic membrane 4.96E−05 0.000779 CHRM3/GABRA1/HTR3A/OPRM1/ADRA1A/SLC6A3/SLC6A4 7

GO:0098889 Intrinsic component of presynaptic membrane 5.67E−05 0.00084 CHRM3/HTR3A/OPRM1/ADRA1A/SLC6A3/SLC6A4 6

Molecular 
function

GO:0004879 Nuclear receptor activity 8.43E−15 2.10E−12 PGR/AR/ESR2/RXRA/ESR1/PPARG/RXRB/NR1I2/AHR/NR1I3/PPARA/PPARD 12

GO:0098531 Transcription factor activity, direct ligand 
regulated sequence-specific DNA binding

8.43E−15 2.10E−12 PGR/AR/ESR2/RXRA/ESR1/PPARG/RXRB/NR1I2/AHR/NR1I3/PPARA/PPARD 12

GO:0003707 Steroid hormone receptor activity 2.62E−12 4.35E−10 PGR/AR/ESR2/RXRA/ESR1/PPARG/RXRB/NR1I2/NR1I3/PPARA/PPARD 11

GO:0005126 Cytokine receptor binding 1.28E−10 1.60E−08 IL4/TNFSF15/CASP3/STAT1/VEGFA/IL10/IL6/CASP8/IL1B/CCL2/CXCL8/IL2/IFNG/IL1A/CXCL11/CXCL2/CXCL10/CD40LG 18

GO:0005125 cytokine activity 1.73E−10 1.72E−08 IL4/TNFSF15/VEGFA/IL10/IL6/IL1B/CCL2/CXCL8/IL2/IFNG/IL1A/CXCL11/CXCL2/CXCL10/SPP1/CD40LG 16

GO:0001228 DNA-binding transcription activator activity, 
RNA polymerase II-specific

3.34E−09 2.77E−07 PGR/AR/ESR1/RELA/RXRB/JUN/STAT1/NR1I2/NR1I3/FOS/TP63/ELK1/HIF1A/MYC/NFE2L2/PARP1/PPARA/RUNX2/E2F2/IRF1 20

GO:0001085 RNA polymerase II transcription factor binding 1.80E−08 1.28E−06 AR/ESR1/PPARG/GSK3B/JUN/AHR/FOS/RB1/ELK1/NFE2L2/PPARA/PPARD 12

GO:0020037 Heme binding 4.25E−08 2.65E−06 NOS2/PTGS1/PTGS2/HMOX1/CYP3A4/CYP1A2/CYP1A1/CYP1B1/DUOX2/NOS3/MPO 11

GO:0046906 Tetrapyrrole binding 8.89E−08 4.92E−06 NOS2/PTGS1/PTGS2/HMOX1/CYP3A4/CYP1A2/CYP1A1/CYP1B1/DUOX2/NOS3/MPO 11

GO:0019902 Phosphatase binding 1.28E−07 6.37E−06 PPARG/MAPK14/SLC6A3/MET/AKT1/BCL2/STAT1/EGFR/MAPK1/SOD1/ERBB2/PPARA 12

GO:0044389 Ubiquitin-like protein ligase binding 1.46E−07 6.60E−06 GSK3B/RELA/KCNH2/JUN/BCL2/STAT1/EGFR/CDKN1A/RB1/NFKBIA/CASP8/HIF1A/CCNB1/CHEK2/ERBB3 15

GO:0030374 Nuclear receptor transcription coactivator 
activity

1.63E−07 6.77E−06 NCOA2/PPARG/NCOA1/NR1I2/NR1I3/PRKCB/PPARA/PPARD 8

GO:0016705 Oxidoreductase activity, acting on paired 
donors, with incorporation or reduction of 
molecular oxygen

2.27E−07 8.71E−06 NOS2/PTGS1/PTGS2/HMOX1/CYP3A4/CYP1A2/CYP1A1/CYP1B1/AKR1C3/POR/NOS3 11

GO:0048018 Receptor ligand activity 4.21E−07 1.43E−05 IL4/TNFSF15/VEGFA/IL10/EGF/IL6/IL1B/CCL2/CXCL8/IL2/IFNG/IL1A/CXCL11/CXCL2/CXCL10/SPP1/IGF2/CD40LG 18

GO:0019207 Kinase regulator activity 4.32E−07 1.43E−05 CCNA2/CASP3/GSTP1/CCND1/CDKN1A/EGF/HSPB1/IL2/CCNB1/CXCL10/IGF2/ERBB3 12

GO:0019903 Protein phosphatase binding 6.11E−07 1.90E−05 PPARG/MAPK14/SLC6A3/MET/AKT1/BCL2/STAT1/EGFR/SOD1/ERBB2 10

GO:0016209 Antioxidant activity 1.15E−06 3.36E−05 PTGS1/PTGS2/GSTP1/GSTM2/SOD1/DUOX2/MPO/NQO1 8

GO:0035257 Nuclear hormone receptor binding 1.30E−06 3.60E−05 NCOA2/RXRA/ESR1/PPARG/NCOA1/STAT1/RB1/HIF1A/PRKCB/PARP1 10

GO:0031625 Ubiquitin protein ligase binding 2.57E−06 6.75E−05 GSK3B/RELA/KCNH2/JUN/BCL2/EGFR/CDKN1A/RB1/NFKBIA/CASP8/HIF1A/CHEK2/ERBB3 13

GO:0005178 Integrin binding 3.33E−06 8.30E−05 KDR/ICAM1/VCAM1/EGFR/PRKCA/IL1B/COL3A1/SPP1/IGF2 9
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Table S3 The data of KEGG pathway enrichment analysis

ID Description P value P adjust Gene ID Count

hsa04933 AGE-RAGE signaling pathway in 
diabetic complications

1.81E−27 4.37E−25 MAPK14/RELA/JUN/AKT1/BCL2/BAX/CASP3/MAPK8/STAT1/ICAM1/SELE/VCAM1/VEGFA/CCND1/MMP2/MAPK1/IL6/PRKCA/F3/IL1B/CCL2/CXCL8/PRKCB/NOS3/THBD/
SERPINE1/COL1A1/IL1A/COL3A1

29

hsa05418 Fluid shear stress and 
atherosclerosis

3.18E−24 3.84E−22 MAPK14/RELA/KDR/JUN/IKBKB/AKT1/BCL2/MAPK8/HMOX1/ICAM1/SELE/VCAM1/GSTP1/GSTM1/GSTM2/VEGFA/FOS/MMP2/MMP9/CAV1/IL1B/CCL2/NOS3/PLAT/THBD/
IFNG/IL1A/NFE2L2/NQO1/CHUK

30

hsa05161 Hepatitis B 3.73E−22 3.01E−20 MAPK14/CCNA2/RELA/JUN/IKBKB/AKT1/BCL2/BAX/CASP3/MAPK8/STAT1/FOS/CDKN1A/CASP9/MMP9/MAPK1/RB1/IL6/ELK1/NFKBIA/CASP8/RAF1/PRKCA/MYC/CXCL8/
PRKCB/BIRC5/CHUK/E2F1/E2F2

30

hsa04657 IL-17 signaling pathway 2.36E−21 1.42E−19 PTGS2/MAPK14/GSK3B/RELA/JUN/IL4/IKBKB/CASP3/MAPK8/MMP1/MMP3/FOS/MMP9/MAPK1/IL6/NFKBIA/CASP8/IL1B/CCL2/CXCL8/IFNG/CXCL2/CXCL10/CHUK 24

hsa05167 Kaposi sarcoma-associated 
herpesvirus infection

3.12E−21 1.51E−19 PTGS2/MAPK14/GSK3B/RELA/JUN/IKBKB/AKT1/BAX/CASP3/MAPK8/STAT1/ICAM1/PPP3CA/VEGFA/CCND1/FOS/CDKN1A/CASP9/MAPK1/RB1/IL6/NFKBIA/CASP8/RAF1/
HIF1A/MYC/CXCL8/CXCL2/CHUK/E2F1/E2F2

31

hsa05215 Prostate cancer 5.33E−21 2.15E−19 AR/GSK3B/RELA/IKBKB/AKT1/BCL2/GSTP1/MMP3/EGFR/CCND1/CDKN1A/CASP9/PLAU/MMP9/MAPK1/EGF/RB1/NFKBIA/RAF1/ERBB2/PLAT/CHUK/E2F1/E2F2 24

hsa05219 Bladder cancer 1.65E−19 5.72E−18 MMP1/EGFR/VEGFA/CCND1/CDKN1A/MMP2/MMP9/MAPK1/EGF/RB1/RAF1/ERBB2/MYC/CXCL8/RASSF1/E2F1/E2F2 17

hsa04668 TNF signaling pathway 2.10E−19 6.34E−18 PTGS2/MAPK14/RELA/JUN/IKBKB/AKT1/CASP3/MAPK8/ICAM1/SELE/VCAM1/MMP3/FOS/MMP9/MAPK1/IL6/NFKBIA/CASP8/IL1B/CCL2/CXCL2/CXCL10/CHUK/IRF1 24

hsa05163 Human cytomegalovirus infection 6.31E−19 1.70E−17 PTGS2/MAPK14/GSK3B/RELA/IKBKB/AKT1/BAX/CASP3/PPP3CA/EGFR/VEGFA/CCND1/CDKN1A/CASP9/MAPK1/RB1/IL6/ELK1/NFKBIA/CASP8/RAF1/PRKCA/MYC/IL1B/
CCL2/PTGER3/CXCL8/PRKCB/CHUK/E2F1/E2F2

31

hsa05212 Pancreatic cancer 3.23E−18 7.82E−17 RELA/IKBKB/AKT1/BAX/MAPK8/STAT1/EGFR/VEGFA/CCND1/BCL2L1/CDKN1A/CASP9/MAPK1/EGF/RB1/RAF1/ERBB2/CHUK/E2F1/E2F2 20

hsa05160 Hepatitis C 3.90E−18 8.59E−17 RXRA/GSK3B/RELA/IKBKB/AKT1/BAX/CASP3/STAT1/EGFR/CCND1/CDKN1A/CASP9/MAPK1/EGF/RB1/NFKBIA/CASP8/RAF1/MYC/IFNG/CLDN4/PPARA/CXCL10/CHUK/
E2F1/E2F2

26

hsa05223 Non-small cell lung cancer 8.50E−17 1.71E−15 RXRA/RXRB/AKT1/BAX/EGFR/CCND1/CDKN1A/CASP9/MAPK1/EGF/RB1/RAF1/PRKCA/ERBB2/PRKCB/RASSF1/E2F1/E2F2 18

hsa05222 Small cell lung cancer 1.93E−16 3.59E−15 NOS2/PTGS2/RXRA/RELA/RXRB/IKBKB/AKT1/BCL2/BAX/CASP3/CCND1/BCL2L1/CDKN1A/CASP9/RB1/NFKBIA/MYC/CHUK/E2F1/E2F2 20

hsa01522 Endocrine resistance 7.19E−16 1.24E−14 ESR2/ESR1/MAPK14/JUN/AKT1/BCL2/BAX/MAPK8/EGFR/CCND1/FOS/CDKN1A/MMP2/MMP9/MAPK1/RB1/RAF1/ERBB2/E2F1/E2F2 20

hsa05142 Chagas disease (American 
trypanosomiasis)

1.64E−15 2.65E−14 NOS2/MAPK14/RELA/JUN/IKBKB/AKT1/MAPK8/FOS/MAPK1/IL10/IL6/NFKBIA/CASP8/IL1B/CCL2/CXCL8/IL2/SERPINE1/IFNG/CHUK 20

hsa05225 Hepatocellular carcinoma 3.79E−15 5.73E−14 GSK3B/MET/AKT1/BAX/HMOX1/GSTP1/GSTM1/GSTM2/EGFR/CCND1/BCL2L1/CDKN1A/MAPK1/RB1/ELK1/RAF1/PRKCA/MYC/PRKCB/NFE2L2/NQO1/E2F1/E2F2/IGF2 24

hsa04659 Th17 cell differentiation 4.37E−15 6.22E−14 RXRA/MAPK14/RELA/RXRB/JUN/IL4/IKBKB/MAPK8/STAT1/AHR/PPP3CA/FOS/MAPK1/IL6/NFKBIA/HIF1A/IL1B/IL2/IFNG/CHUK 20

hsa04066 HIF-1 signaling pathway 6.36E−15 8.55E−14 NOS2/RELA/AKT1/BCL2/HMOX1/INSR/EGFR/VEGFA/CDKN1A/MAPK1/EGF/IL6/PRKCA/HIF1A/ERBB2/PRKCB/NOS3/SERPINE1/IFNG/HK2 20

hsa05169 Epstein-Barr virus infection 2.60E−14 3.31E−13 MAPK14/CCNA2/RELA/JUN/IKBKB/AKT1/BCL2/BAX/CASP3/MAPK8/STAT1/ICAM1/PSMD3/CCND1/CDKN1A/CASP9/RB1/IL6/NFKBIA/CASP8/MYC/CXCL10/CHUK/E2F1/
E2F2

25

hsa04625 C-type lectin receptor signaling 
pathway

3.44E−14 4.17E−13 PTGS2/MAPK14/RELA/JUN/IKBKB/AKT1/MAPK8/STAT1/PPP3CA/MAPK1/IL10/IL6/NFKBIA/CASP8/RAF1/IL1B/IL2/CHUK/IRF1 19


