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Purpose: This study reported the efficacy and underlying mechanism of agrimonolide (AM) in treating colon cancer.

Methods: Colon cancer-AM-related targets were screened from online database. AM targets for colon cancer were identified by Venn
diagram. Main molecular function, biological process, cellular component and pathways associated with AM targets for colon cancer
were analyzed by GO and KEGG enrichment analysis. Relationship of the 10 core targets of AM for colon cancer with the top 15 BP
and KEGG pathways was analyzed by Cytoscape software. A “component-target-pathway” network was constructed to select the hub
genes of AM for colon cancer. AM effects on colon cancer cell viability, proliferation, invasion, migration and apoptosis were
researched by CCK-8, colony formation, Transwell invasion, wound healing and flow cytometry assays. Tumor-bearing nude mice
models were constructed and given AM treatment. Hub gene expression in cells/tissues was detected by Western blot.

Results: A total of 107 targets were selected as AM targets for colon cancer. The 10 core targets were related to the top 15 biological
process terms and KEGG pathways. PI3K, AKT and mTOR were selected as the hub genes of AM for colon cancer. AM weakened
colon cell proliferation, invasion, migration and apoptosis inhibition, and suppressed colon cell in vivo growth. AM up-regulated
Caspase-3 and BAX proteins, down-regulated C-Myc, Cyclin D1 and BCL-2 proteins, and inactivated the PI3K/AKT/mTOR pathway
both in vitro and in vivo.

Conclusion: AM suppressed colon cancer progression through inactivating the PI3K/AKT/mTOR pathway. It may be useful for colon
cancer treatment.
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Introduction

Colon cancer is a leading malignancy associated with high recurrence, metastasis and mortality rates within 5 years.'
About 20% of colon cancer cases lose surgery treatment opportunity because of the distant metastases at the first time
diagnosis.? Pharmacological treatment is a common strategy for those metastasis patients. However, the 5-year survival
rate is as low as 10% for the metastasis patients.” Some drugs used for colon cancer treatment have limited efficacy, and
at the same time, treatment failure caused by adverse side effects and low patient compliance are common clinical
adverse events.* Therefore, novel effective drugs are particularly needed to be discovered when it comes to prolonging
the survival of colon cancer patients, especially those with metastases.

Agrimony is a traditional Chinese edible herb belonging to the Rosaceae family, which possesses multiple functions,
such as antioxidant, anticancer and hepatoprotective activities.” Agrimonolide (AM) is abundantly contained in
Agrimony, and it has been discovered to have potent antioxidant activity and strong potential against diabetes.®’
Besides, AM are able to counteract oxidative stress in hepatocytes and protect them from damage, possibly by
scavenging free radical activity and increasing antioxidant enzyme activity.® Recently, AM has been found to exert anti-
cancer activity, as demonstrated by its inhibitory effect on the proliferation and induction effect of the apoptosis of gastric

Drug Design, Development and Therapy 2023:17 2209-2222 2209
Received: 3 April 2023 © 2023 Yu and Gai. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
AT php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the

Accepted: 16 June 2023
Published: 27 July 2023

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Yu and Gai Dove

cancer cells.” Similarly, Liu et al'® demonstrated the suppression role of AM on the proliferation, invasion and migration
of ovarian cancer cells; meanwhile, AM induced the apoptosis of ovarian cancer cells, and blocked the oxidative stress in
ovarian cancer cells. It was thus proposed to be a novel agent for the treatment of ovarian cancer. However, the effect of
AM on colon cancer and the underlying mechanism have not yet been elucidated.

Network pharmacology, proposed by Hopkins et al in 2007, has been developed to be a promising approach for the
discovery of effective drugs, as it analyzes drugs and potential targets in treating disease based on the system biology.'"'?
Thus, in this study, we predicted the targets of AM for colon cancer based on network pharmacology, and then further

validated it by in vivo and in vitro experiments. This study may provide novel drug for colon cancer treatment.

Materials and Methods

Screening for Colon Cancer-Related Targets

By the Genecards database, the targets of colon cancer-related diseases were searched with a score >4-fold median and
a score of >2.9521 as the screening criteria. A total of 807 colon cancer diseases-related targets were retrieved. Besides,
a total of 724 colon cancer diseases-related targets were screened from the Disgenet database, with a score >2-fold
median and a score of >0.02 as the screening criteria. Moreover, a total of 805 colon cancer discases-related targets were
obtained based on the searching of the Online Mendelian Inheritance in Man (OMIM) database. Then these targets
screened from the three above databases were standardized by the GENE module of National Center for Biotechnology
Information (NCBI). After removing the duplicate targets, 1081 colon cancer-related targets were finally screened. Our
study only involved human data in the public databases, not the use of human clinical data in Shanghai Seventh People’s
Hospital. Since the above database is a public database, registered users can view and use the data in the database. Based
on this, this study does not need to pass the ethical approval of human-related biomedical research of the Ethics
Committee of Shanghai Seventh People’s Hospital.

Screening for AM-Related Targets

AM-related targets were predicted by the Pharmmapper database with the Human Protein Targets Only (v2010, 2241) as the
target set. The top 300 Reserved Matched Targets with a median Norm Fit >0.5253 were selected. These targets were
standardized by the Uniprot and the GENE module of NCBI, and then a total of 146 AM-related targets were screened.
Further, AM-related targets were predicted by the SwissTarget Prediction database with a score of >0.1 as the screening
criteria. After being standardized by the Uniprot and the GENE module of NCBI, a total of 111 AM-related targets were
screened. Additionally, AM-related targets were predicted by the Super-PRED database with P > 50% as the screening
criteria. After being standardized by the Uniprot and the GENE module of NCBI, and a total of 105 AM-related targets were
obtained. All of these AM-related targets collected from the above three databases were standardized by the Uniprot and the
GENE module of NCBI. The duplicate targets were excluded. Finally, a total of 315 AM-related targets were screened.

Identification of AM Targets for Colon Cancer

The identification of AM targets for colon cancer was screened. Briefly, the 1081 colon cancer-related targets and the 315
AM-related targets were intersected by Venn diagram. The overlapped targets were considered as the AM targets for
colon cancer.

Protein—Protein Interaction (PPl) Network Analysis
PPI network analysis of AM targets for colon cancer was performed by using the String database with the Organism of
“Homo sapiens” and a confidence score >0.4.

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

Enrichment analysis including GO functional enrichment analysis and KEGG pathway enrichment analysis was
performed on the AM targets for colon cancer and the core network targets of PPI network. GO analysis included
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molecular function (MF), biological process (BP) and cellular component (CC), and data were obtained from the GO
database. Data of pathway enrichment analysis were acquired from the KEGG pathway database. The Hypergeometric
Distribution Model was utilized to assess whether the target gene set was significantly associated with particular GO and
biological pathway. The Hypergeometric Distribution Model was shown below (Note: “N” is the number of total genes;
“M” is the number of genes annotated in pathway, GO or subject term; “n” is the number of AM targets; “k” is the

e
=0

P-value adjusted by the Bonferroni method reflected the association strength of AM target for colon cancer with GO

number of shared genes):

or pathway. In this research, the “clusterProfiler package version 3.15.4” of the R platform was utilized to perform GO
and KEGG analysis.

Screening of Core Targets and Core Hub Genes of AM

This study used the Cytoscape software to build a “component-target-disease” network in order to screen the core targets
of AM for colon cancer. The cytoHubba plug-in of Cytoscape software was utilized to construct the core targets network
to assess the relationship between these core targets and the top 15 BP terms or the top 15 KEGG pathways. Additionally,
a “component-target-pathway” network was constructed by using the Cytoscape software in order to explain the
mechanism of AM in treating colon cancer.

Cell Culture and AM Treatment

HCT-116 cells (YB-H197, Yubo Biotechnology Co., Shanghai, China) were maintained in Dulbecco’s modified Eagle’s
medium (DMEM) with 10% fetal bovine serum (FBS) at a condition of 37°C and 5% CO,. For AM treatment, DMEM
with 10% FBS and different concentration (0-100 uM) of AM (B30385, Shanghai Yuanye Biotechnology Co., Ltd,
Shanghai, China) was utilized to treat HCT-116 cells at 37°C and 5% CO,.

Cell Counting Kit-8 (CCK-8) Assay

HCT-116 cells (5 x 10° cells) were grown into 96-well plates with 100 uL. DMEM containing 10% FBS and different
concentration of AM (0-100 uM) at 37°C and 5% CO,. After 48 h of incubation, CCKS solution (Solar Biotechnology
Ltd., Beijing, China) with 10 pL per well was utilized to treated cells for 2 h at 37°C. The absorbance values of wells
were read at 450 nm by microplate reader (Bio-Tek Instruments Inc., Winooski, VT, USA). The “AM concentration-cell
viability” curve was made to calculate the inhibitory concentration (IC50) value. Similarly, HCT-116 cells were treated
for 48 h by DMEM containing 10% FBS and AM (0, 10, 20 and 40 uM) to detect the cell viability. Five replicates were
set for each group.

Colony Formation Assay

HCT-116 cells were prepared into single suspension (1 x 10® cells/mL) by DMEM containing 10% FBS and AM (0, 10,
20 and 40 uM). The single suspension with a volume of 1 mL was inoculated into 6-well plates for 2 weeks culture. The
culture environment was at 37°C and 5% CO,. The medium was refreshed at a 3-day interval. At the end, HCT-116 cells
were immobilized by 4% paraformaldehyde (for 15 min at room temperature) and stained by 0.1% crystal violet (for 10
min at room temperature). The colony number was counted under an inverted microscope (IX73, Olympus, Tokyo,
Japan). A community of more than 50 cells was defined as a clone.

Transwell Invasion Assay
Matrigel (BD Biosciences, San Jose, CA, USA) was diluted into serum-free DMEM at a ratio of 1:3 and then 50 puL was
collected to pre-coat the Transwell chambers. After 48 h of AM treatment, HCT-116 cells were collected and dispersed
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into serum-free DMEM (1 x 10° cells/mL). Then, 500 pL cell suspension was added into the upper chambers, while 600
pL DMEM containing 10% FBS was plated into the lower chambers. HCT-116 cells were placed for 24 h at 37°C and
5% CO, for invasion. The invasion cells were immobilized by 4% paraformaldehyde (for 15 min at room temperature)
and stained by 0.1% crystal violet (for 10 min at room temperature). Finally, the invasion cells were photographed and
counter under an inverted microscope (IX73, Olympus, Tokyo, Japan). Five non-overlapping fields were selected for
invasion cell counting.

Wound Healing Assay

After 48 h of AM treatment, HCT-116 cells were harvested for the preparation of cell suspension by serum-free DMEM
(1 x 10° cells/mL). The cell suspension was plated into 6-well plates with 1 mL per well, and incubated for 24 h at
a condition of 37°C and 5% CO,. A wound was then made at the bottom by utilizing a 10 pL sterile pipette. The original
wound was photographed and measured under an inverted microscope (IX73, Olympus, Tokyo, Japan). Then, 1 mL fresh
serum-free DMEM was added to incubate HCT-116 cells for another 24 h. Similarly, the final wound was photographed
and measured. By calculating relative wound width (final wound width/original wound width), the migration ability of
HCT-116 cells was evaluated.

Flow Cytometry Analysis of Apoptosis

After 48 h of AM treatment, HCT-116 cells were collected and underwent the apoptosis analysis in accordance with the
Annexin V-fluorescein isothiocyanate (FITC)/propidium iodide (PI) Apoptosis Detection Kit (Yubo Biotechnology Co.,
Shanghai, China) instruction. In short, HCT-116 cells were washed by pre-cooled phosphate buffered saline (PBS) for
two times, and then dispersed into 100 pL 1 x binding buffer. Annexin V-FITC (5§ pL) and PI (10 pL) were utilized
sequentially to stain cells in the dark (for 10 min at room temperature). At last, apoptotic cells were detected by FACSort
flow cytometer (Becton Dickinson, San Jose, CA, USA) and analyzed by CellQuest software system (Becton Dickinson,
San Jose, CA, USA).

In vivo Experiment

Animal study has been ratified by Animal Ethics Committee of Seventh People’s Hospital of Shanghai University of
Traditional Chinese Medicine (IRB number: HB25a89). BALB/c nude mice (n = 12, 4-5 weeks old) were commercially
supplied by Junke Biological Engineering Co. (Nanjing, China), and were housed in a specific pathogen-free condition
with food and water freely available. Tumor-bearing nude mouse model was constructed by subcutaneous injecting HCT-
116 cells. All mice underwent subcutaneous injection of HCT-116 cells (1 x 10° cells in 100 uL PBS) on the right side of
the back. After injection, six mice were randomly selected and given AM for 28 days at a dose of 50 mg/kg body weight
every day. The other six mice without AM treatment were served as control. During the 28-day, the length and width of
tumor tissues were measured at a 7-day interval and the tumor volume was determined by 0.5 x length x width®. After 28
days, mice were deeply anaesthetized with 5% isoflurane and executed by rapid dislocation of the neck. The xenograft
tumor tissues were stripped and weighted. Then, protein expression in these xenograft tumor tissues was detected by
Western blot.

Western Blot

Radio-immuno precipitation assay (RIPA) lysis buffer (Absin Biotechnology Ltd., Shanghai, China) was applied to
extract the total proteins in HCT-116 cells and xenograft tumor tissues in line with the reagent instructions. Then this
study used BCA kit (Beyotime, Shanghai, China) to determine the concentration of total protein samples. The detection
procedure was carried out based on the instructions. A total of 50 pg total proteins was collected and separated by 10%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis. Followed by this, the proteins were transferred onto poly-
vinylidene fluoride (PVDF, Millipore, Bedford, MA, USA) membranes for the blockage by 5% skimmed milk (for 1 h at
room temperature). Next, the proteins were probed by primary antibody (overnight at 4°C) and then secondary antibody
(for 2 h at room temperature). Enhanced chemiluminescent kit (AmylJet Scientific, Wuhan, China) was responsible for
blot visualization and Image J software (National Institutes of Health, Bethesda, Maryland, USA) for blot qualification.
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The primary antibodies used in this experiment were: anti-C-Myc (ab152146, Abcam, Shanghai, China), anti-Cyclin
D1 (YT706-YMC, Biolab Technology Co., Beijing, China), anti-Caspase-3 (YT691-QRP, Biolab Technology Co.,
Beijing, China), anti-BCL-2 (ab59348, Abcam, Shanghai, China), anti-BAX (ab53154, Abcam, Shanghai, China), anti-
p-PI3K (BY-3332R, Kibo Biotechnology Co., Shanghai, China), anti-PI3K (K22576-PEC, Biolab Technology Co.,
Beijing, China), anti-p-AKT (YT-638, Biolab Technology Co., Beijing, China), anti-AKT (YT636, Biolab Technology
Co., Beijing, China), anti-p-mTOR (K24032, Biolab Technology Co., Beijing, China), anti-mTOR (YT823, Biolab
Technology Co., Beijing, China) and anti-GAPDH (YT778, Biolab Technology Co., Beijing, China). The dilution for
primary antibody was 1:1000. Goat anti-rabbit secondary antibody (abs20040, Absin Biotechnology Ltd., Shanghai,
China) was diluted to 1:5000 before using.

Statistical Analysis

Data were shown in the form of mean + standard deviation, and compared by either two-tailed paired Student’s z-test
(between two groups) or one-way analysis of variance with Tukey’s post hoc test (among three or more groups).
GraphPad Prism 6.0 software (GraphPad Software, San Diego, CA, USA) was used for statistical analysis and chart
making. Statistical significance was defined as P < 0.05.

Results

Targets of AM for Colon Cancer

Based on the analysis of the Genecards, OMIM and Disgenet databases, a total of 1801 targets for colon cancer were
screened. Besides, 315 relevant targets of AM were screened according to the prediction of the Pharmmapper,
SwissTargetPrediction and Super-PRED databases. Then, targets of AM for colon cancer were screened by Venn
diagram. Finally, a total of 107 AM targets for colon cancer were identified (Figure 1A, Table 1). Subsequently, PPI
network analysis was performed on these 107 targets using the String database, and the results are shown in Figure 1B.

Colon cancer

A

Agrimonolide

208 107 1694

Size of each list

1801

9005

T
Agrimonolide Colon cancer

Number of elements: specific (1) or shared by 2, 3, ... lists

‘ H 1902

2 (107)

1

Figure | Targets of AM for colon cancer. (A) A total of 107 AM targets for colon cancer were screened by Venn diagram. (B) PPl network analysis of AM targets for colon
cancer was performed by using the String database. The green nodes in the middle represented the larger degree values.
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Table | The 107 Targets of AM for Colon Cancer

ID Name ID Name ID Name ID Name
4363 ABCCI 1495 CTNNAI 3320 HSP90AAI 8856 NR112
6868 ADAMI7 1508 CTSB 3312 HSPA8 5156 PDGFRA
231 AKRIBI 1509 CTSD 3480 IGFIR 5159 PDGFRB
207 AKTI 1576 CYP3A4 3688 ITGBI 5290 PIK3CA
213 ALB 1612 DAPK 3716 JAKI 5294 PIK3CG
239 ALOXI2 1719 DHFR 3717 JAK2 5292 PIMI
240 ALOXS5 1803 DPP4 23,028 KDMIA 5320 PLA2G2A
283 ANG 9149 DYRKIB 3791 KDR 5328 PLAU
308 ANXAS5 1956 EGFR 688 KLF5 5347 PLKI

328 APEX| 2050 EPHB4 3958 LGALS3 5467 PPARD
367 AR 2064 ERBB2 5605 MAP2K2 5468 PPARG
6790 AURKA 2081 ERNI 5594 MAPK 5781 PTPNI I
673 BRAF 2099 ESRI 1432 MAPK 14 5894 RAFI
836 CASP3 2100 ESR2 5599 MAPK8 5979 RET

840 CASP7 7430 EZR 4233 MET 6195 RPS6KAI
873 CBRI 2260 FGFRI 4282 MIF 6198 RPS6KBI
890 CCNA2 2263 FGFR2 4322 MMPI3 6256 RXRA
891 CCNBI 2272 FHIT 4314 MMP3 6319 SCD

595 CCNDI 2324 FLT4 4316 MMP7 6513 SLC2AI
995 CDC25C 2932 GSK3B 4318 MMP9 6648 SOD2
983 CDKI 2950 GSTPI 4522 MTHFDI 6714 SRC
1017 CDK2 2990 GUSB 2475 MTOR 6783 SULTIEI
1019 CDK4 3066 HDAC2 4780 NFE2L2 7046 TGFBRI
1021 CDKé 10,014 HDAC5 4790 NFKBI 7153 TOP2A
1080 CFTR 9734 HDAC9 4843 NOS2 7298 TYMS
111 CHEKI 3091 HIFIA 1728 NQOI 7525 YESI
1312 COMT 3156 HMGCR 4835 NQO2

As a result, 106 targets shared common nodes, and the green nodes in the middle represented the larger degree values,
such as AKT1, CCND1, SRC, etc. These genes might be important targets of AM in treating colon cancer.

GO and KEGG Analysis of AM Targets for Colon Cancer

This study adjusted P < 0.01 as the screening criterion in GO functional enrichment analysis. The AM targets for colon
cancer have 75 associated terms at MF level, 1218 associated terms at BP level and 39 associated terms at CC level. The
top 15 significant terms at MF level, BP level and CC level were, respectively, shown in Figure 2A-C. Further, in KEGG
pathway enrichment analysis, we adjusted P < 0.05 as the screening criterion. There were 125 pathways associated with
AM targets for colon cancer. The top 15 significant KEGG pathways are exhibited in Figure 2D.

Relationship of AM Core Targets for Colon Cancer with the Top |15 BP and KEGG
Pathways

The core network of the top 10 core targets of AM for colon cancer is shown in Figure 3A. These core targets included
AKTI1, CCNDI1, SRC, EGFR, Caspase-3, ERBB2, ESR1, HIFIA, ALB and HSP90OAA1. Moreover, the relationship of
the 10 core targets to the top 15 BP terms and the top 15 KEGG pathways is exhibited in Figure 3B and C. It could be
found that the 10 core targets were involved in the top 15 BP terms and the top 15 KEGG pathways.

Hub Genes of AM for Colon Cancer

In order to screen the hub genes of AM for colon cancer, this study investigates the relationship between the AM targets
for colon cancer and the top 15 KEGG pathways/the top 15 BP-related terms by constructing a “component-target-
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Figure 2 GO and KEGG analysis of AM targets for colon cancer. (A-C) The top |5 significant enriched terms by GO functional enrichment analysis were shown at MF level,
BP level and CC level. (D) The top |5 significant KEGG pathways were exhibited.
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Figure 3 Relationship of AM core targets for colon cancer with the top |5 BP and KEGG pathways. (A) Core network of the top 10 core targets of AM for colon cancer.
(B) Relationship of the core network with the top I5 BP terms in GO enrichment analysis. (C) Relationship of the core network with the top 15 KEGG pathways.

pathway” network. As shown in Figure 4, PI3K, AKT and mTOR were finally selected as the hub gene as they possessed
higher degree values. Thus, in the following study, the effect of AM on the malignant behavior of colon cells and the
PI3K/AKT/mTOR pathway was explored by performing in vitro and in vivo study.

AM Inhibited the Proliferation, Invasion and Migration but Induced the Apoptosis of
Colon Cells

AM at doses of 0-100 uM was utilized to treat HCT-116 cells in order to determine the IC50 value. As presented in
Figure 5A, the IC50 value was 29.05 uM. In the following, AM at doses of 10, 20 and 40 uM were selected to treat HCT-
116 cells. CCK-8 assay, colony formation assay, Transwell invasion assay, wound healing assay and flow cytometry were
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Figure 4 Core hub genes of AM for colon cancer. Triangle nodes represented BP terms; prismatic nodes represented KEGG terms; circle nodes represented genes and dark
purple nodes indicated the higher degree values.

implemented to evaluate the effect of AM on the viability, proliferation, invasion, migration and apoptosis of HCT-116
cells. The results are exhibited in Figure 5B-F. AM at doses of 10, 20 and 40 pM distinctly weakened the viability,
proliferation, invasion and migration, but induced the apoptosis of HCT-116 cells (P < 0.05 and P < 0.01). AM at a dose
of 10 uM had no obvious effect on the invasion of HCT-116 cells. The expression of proteins related to proliferation and
apoptosis was detected by Western blot, including C-Myc, Cyclin D1, Caspase-3, BCL2 and BAX. As supplied in
Figure 5G, AM at doses of 10, 20 and 40 uM markedly increased the expression of Caspase-3 and BAX proteins, but
decreased the expression of BCL-2, C-Myc and Cyclin D1 proteins in HCT-116 cells (P < 0.05 and P < 0.01). The
promotion effect of AM at dose of 10 uM on Caspase-3 protein was insignificant. Collectively, AM possessed an
inhibition effect on the proliferation, invasion and migration, but an induction effect on the apoptosis of colon cells.

AM Inactivated the PI3K/AKT/mTOR Pathway in Colon Cells
This study investigated the effect of AM on the activity of the PI3K/AKT/mTOR pathway in HCT-116 cells by
performing Western blot. The results are presented in Figure 6. It could be discovered that, AM at doses of 10, 20
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and 40 uM pronouncedly reduced the expression of p-PI3K/PI3K, p-AKT/AKT and p-mTOR/mTOR proteins in HCT-
116 cells (P < 0.05 and P < 0.01). Meanwhile, AM at a dose of 10 uM did not obviously suppress the expression of
p-mTOR/mTOR protein. Thereby, AM could inactivate the PI3K/AKT/mTOR pathway in colon cells.

AM Weakened Colon Cell Growth and Inactivated the PI3K/AKT/mTOR Pathway

In VIVO

After 28 days, mice were euthanized to harvest the xenograft tumor tissues. As revealed by Figure 7A and B, mice with
AM treatment had pronouncedly lower tumor volume and tumor weight, when relative to those without AM treatment
(P < 0.05 and P < 0.01). Meanwhile, significantly higher levels of Caspase-3 and BAX proteins, but lower levels of
C-Myc, Cyclin D1, BCL-2, p-PI3K/PI3K, p-AKT/AKT and p-mTOR/mTOR proteins were found in tumor tissues
harvested from the AM treated mice, when compared to mice without AM treatment (P < 0.01) (Figure 7C and D).
Taken together, AM could suppress the in vivo growth of colon cells, and inactivated the PI3K/AKT/mTOR pathway
in vivo. The work flow of the present study is shown in Figure 8.

Discussion

In addition to surgical resection, the treatment of colon cancer includes post-operative adjuvant chemotherapy. The
common chemotherapy drugs of colon cancer include fluoropyrimidine, oxaliplatin, capecitabine, folinic acid; besides,
cetuximab, bevacizumab, pembrolizumab and panitumumab are the common immunotherapy drugs for colon cancer.'?
Recently, nanomedicines have shown their advantages in the treatment of colon cancer; for instance, resveratrol
nanoformulations can greatly improve the solubility, stability and bioavailability of resveratrol, and control the release
of resveratrol to enhance its anticancer activity.'* As a kind of traditional Chinese medicine, AM has recently been
discovered to have anti-inflammatory and antioxidant properties,®'> and recently found to have anti-cancer activity in
some human cancers.”'® However, its effects and underlying mechanisms in colon cancer remains uncovered. This
article firstly reported the role and mechanisms of AM for colon cancer via network pharmacology. Through the analysis
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Figure 7 AM weakened colon cell growth and inactivated the PI3K/AKT/mTOR pathway in vivo. (A and B) Tumor-bearing nude mice were subjected to AM treatment (AM
group) or not (Control group). AM treatment suppressed the in vivo growth of HCT-116 cells, as evidenced by the lower tumor volume and weight in the AM group. (C and
D) AM treatment increased the expression of Caspase-3 and BAX proteins, reduced the expression of C-Myc, Cyclin DI and BCL-2 proteins, and inactivated the PI3K /
AKT/mTOR pathway in xenograft tumor tissues. *P < 0.05 and **P < 0.01 vs Control group.
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Figure 8 The work flow of the present study.

of the online database, a total of 107 common targets of AM for colon cancer were found, and 10 core targets were
discovered by establishing the PPI network, including AKT1, CCND1, SRC, EGFR, Caspase-3, ERBB2, ESR1, HIFIA,
ALB and HSP90AA1. Previous reports have revealed that the up-regulated AKT1, CCND1, SRC and EGFR can drive
the metastasis and drug-resistance of colon cancer.'®'® The up-regulated HSP9OAAI in colorectal polyps has been
suggested to be linked with the malignant lesions.® On the contrary, low ALB level has been discovered to predict
a shorter survival of colon cancer patients.”' Caspase-3 is a well-known pro-apoptotic protein. Interestingly, a recent
study has found that, it not only helps to increase the sensitivity of colon cancer cells to chemotherapy, but also inhibits
the invasion and metastasis of colon cancer cells.?? ERBB2, ESR1 and HIFIA are also discovered to be associated with
colon cancer.”> > Therefore, the 10 core targets exert important role in the progression of colon cancer, and they may be
potential targets for AM in treating colon cancer.

By GO and KEGG enrichment analysis, this study identified the top 15 MF terms, BP terms, CC terms, and the top 15
significant KEGG pathways of the common targets of AM for colon cancer. The 10 core targets were found to be
associated with the top 15 BP terms and KEGG pathways. In order to screen the hub genes, the relationship between the
AM targets for colon cancer and the top 15 BP terms and KEGG pathway were explored by the construction of
“component-target-pathway” network, and PI3K, AKT and mTOR were finally selected as the hub genes. The PI3K/

AKT/mTOR pathway is one of the most frequently dysregulated cancer-related intracellular pathway whose abnormal
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activation can induce the malignant development of human cancers, including colon cancer.”*?” Some natural drugs have
been researched to exert their anti-cancer activity in colon cancer by inactivating the PI3K/AKT/mTOR pathway.**
Thus, this study verified whether AM acts on the PI3K/AKT/mTOR pathway to treat colon cancer. Our data implied that
AM treatment suppressed the in vitro malignant behavior and in vivo growth of colon cancer cells, and inhibited the
activation of the PI3K/AKT/mTOR pathway both in vitro and in vivo. The activation of the PI3K/AKT/mTOR pathway
can initiate the expression of CyclinD1 and C-Myc, and then CyclinD1 and C-Myc lead to the malignant development of
cancer by accelerating the cell cycle progression.**>* This study suggested that AM possessed inhibition effect on the
PIBK/AKT/mTOR pathway activity and the expression of CyclinD1 and C-Myc. Previous study has revealed that the
anti-cancer function of AM is linked to its activation of pro-apoptotic factors (such as Caspase-3 and BAX) and
inhibition of anti-apoptotic protein BCL-2.” Similarly, in this study, AM was proved to increase the expression of
Caspase-3 and BAX, but reduced BCL-2 expression. Thus, these discoveries in this paper were consistent with the
previous findings. At present, some natural substances have been found to exert the inhibition role in multiple cancers by
suppressing the PI3K/AKT/mTOR pathway activity, and the suppression of the PI3K/AKT/mTOR pathway activity is
thus considered to be an effective strategy for the treatment of cancers.***> According to the available literatures, AM
can mitigate the H,O,-induced HepG2 cell damage by activating the ERK pathway;® besides, it can inactivate the INK
and p38 MAPK pathways to attenuate the lipopolysaccharide-induced inflammation in macrophages.'® In terms of tumor,
AM can activate the MAPK pathway to suppress the progression of gastric cancer.” However, the effect of AM on the
PI3BK/AKT/mTOR pathway activity has yet to be revealed. This was the first time that AM was demonstrated to block the
progression of colon cancer by inactivating the PI3K/AKT/mTOR pathway. This finding provided an important clue for
the application of AM in the clinical treatment of colon cancer.

Conclusion

In this work, the pharmacological mechanism of AM in colon cancer was investigated by network pharmacology
prediction and in vivo and in vitro study validation. It was proved that AM might suppress the progression of colon
cancer by inactivating the PI3K/AKT/mTOR pathway. Thus, AM may be a potential antitumor agent in colon cancer
treatment.
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