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and Curcuma aromatica Salisb. inhibits liver
metastasis of colon cancer by regulating EMT
via the CXCL8/CXCR2 axis and PI3K/AKT/mTOR
signaling pathway
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Abstract

Background: One of the most challenging aspects of colon cancer (CC) prognosis and treatment is liver-tropic
metastasis. Astragalus mongholicus Bunge—Curcuma aromatica Salisb. (AC) is a typical medication combination for
the therapy of many malignancies. Our previous studies found that AC intervention inhibits liver metastasis of colon
cancer (LMCQ). Nevertheless, the comprehensive anti-metastasis mechanisms of AC have not been uncovered.

Methods: In bioinformatics analysis, RNA-seq data of CC and LMCC patients were collected from TCGA and GEO
databases, and differentially expressed genes (DEGs) were identified. The biological processes and signaling pathways
involved in DEGs were enriched by GO and KEGG. The protein—protein interaction (PPI) network of DEGs was estab-
lished and visualized using the Cytocape software, followed by screening Hub genes in the PPl network using Degree
value as the criterion. Subsequently, the expression and survival relevance of Hub gene in COAD patients were veri-
fied. In the experimental study, the effects of AC on the inhibition of colon cancer growth and liver metastasis were
comprehensively evaluated by cellular and animal models. Finally, based on the results of bioinformatics analysis, the
possible mechanisms of AC inhibition of colon cancer EMT and liver metastasis were explored by in vivo and in vitro
pharmacological experiments.

Results: In this study, we obtained 2386 DEGs relevant to LMCC from the COAD (colon adenocarcinoma) and
GSE38174 datasets. Results of GO gene function and KEGG signaling pathway enrichment analysis suggested that
cellular EMT (Epithelial-mesenchymal transition) biological processes, Cytokine-cytokine receptor interaction and
PI3K/Akt signaling pathways might be closely related to LMCC mechanism. We then screened for CXCL8, the core hub
gene with the highest centrality within the PPI network of DEGs, and discovered that CXCL8 expression was nega-
tively correlated with the prognosis of COAD patients. In vitro and in vivo experimental evidence presented that AC
significantly inhibited colon cancer cell proliferation, migration and invasion ability, and suppressed tumor growth
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peutic strategies for LMCC.

and liver metastasis in colon cancer orthotopic transplantation mice models. Concomitantly, AC significantly reduced
CXCL8 expression levels in cell supernatants and serum. Moreover, AC reduced the expression and transcription of
genes related to the PI3K/AKT pathway while suppressing the EMT process in colon cancer cells and model mice.

Conclusions: In summary, our research predicted the potential targets and pathways of LMCC, and experimentally
demonstrated that AC might inhibit the growth and liver metastasis in colon cancer by regulating EMT via the CXCL8/
CXCR2 axis and PI3K/AKT/mTOR signaling pathway, which may facilitate the discovery of mechanisms and new thera-
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Background
Colorectal cancer (CRC), incorporating both colon and
rectal cancers, is one of the highest prevalent gastroin-
testinal malignancies worldwide [1, 2], while colon can-
cer (CC) has a greater illness incidence than rectal cancer
(RC) [3]. Nearly 90% of CRC-related deaths are triggered
by distant invasion and metastasis, and the hepatic is the
primary location for CRC metastasis [4]. Therefore, liver
metastasis is a major challenge for the prognosis and
therapy of CRC. Noteworthy, colon cancer patients are
more likely to develop liver metastases than rectal cancer
patients, which may results from the different directions
of hematogenous metastasis [5]. Thus, CC patients with
liver metastasis are a separate category that merits addi-
tional investigation and is selected for the present study.
Traditional Chinese Medicine (TCM) could suppress
the tumor cells proliferation, migration and invasion,
induce cellular autophagy, stimulate apoptosis, block
angiogenesis and improve the immunity of the body by
altering the tumor microenvironment, thus acting as a
comprehensive anti-tumor development and metasta-
sis [6, 7]. Several researches indicated that TCMs can be
an effective supplemental strategy to adjuvant chemo-
therapy in the clinical treatment of CRC patients, and
prolonged TCM therapy time can better improve the
prognosis and survival rate of CRC patients [8, 9]. The
traditional medication formula of Astragalus mongholi-
cus Bunge and Curcuma aromatica Salisb. (AC), initially
documented in "Yixuezhongzhongcanxilu", and statistical
analysis reported that AC have significant clinical effects
on inflammatory diseases and malignant tumors of the
gastrointestinal system [10]. In our previous studies, we
found favorable effectiveness of AC in the treatment of
ovarian, hepatic and colon malignancies, especially for
the prevention of liver metastasis in colon cancer ortho-
topic transplantation mice models [11-13]. Nonetheless,
the exact mechanism of action of AC in colon cancer
development and liver metastasis remains unknown.
Enormous number of CC-related microarray data has
been generated, uploaded, and stored in public data-
bases as a result of the development of high-throughput

sequencing technology and genomics, as well as the
accumulation of clinical data on tumor patients [14,
15]. Nevertheless, in independent investigations or sin-
gle cohort studies, the results are usually restricted or
inconsistent due to tissue or sample heterogeneity. As
a result, no reliable biomarkers for CC have been dis-
covered [16, 17]. However, an integrated strategy com-
bining microarray data with bioinformatics knowledge
would be innovative and may potentially overcome
these flaws [18, 19]. The Cancer Genome Atlas (TCGA)
and Gene Expression Omnibus (GEO) databases are
well-known free resources for finding novel biomarkers
in cancer research [20-22]. Reanalysis and integration
of these datasets may yield valuable insights for future
research.

In this work, we utilized bioinformatics analysis to
predict the possible targets and pathways for the treat-
ment of LMCC. Then, using colon cancer cell lines and
orthotopic transplantation animal models, we evalu-
ated the anticancer effects and possible mechanism of
AC in vitro and in vivo. As a result, these results might
open up a new perspective for study into the mecha-
nism of colon cancer liver metastasis, as well as clinical
medication development.

Methods

Materials

Thermo Fisher Scientific (Waltham, MA) delivered all
the DMEM and other cultural medium components.
5-Fluorouracil was bought from Sigma-Aldrich (St.
Louis, MO). RNAiso plus kit, PrimeScript’ RT Master
Mix, TB Green® Premix Ex Taq"" II were all obtained
from Vazyme (Nanjing, China). Antibodies for PI3K
(#4292S), p-PI3K (Tyr458, #4228S), AKT (#9272S),
p-AKT (Ser4d73, #9271S), E-Cadherin (#3195S), N-Cad-
herin (#4061S), Vimentin (#3932S), Snail (#3879S) and
GAPDH (#2118S) were acquired from Cell Signaling
Technology (Danvers, MA, USA). CXCR2 (ab65968)
and CXCR1 (NBP2-16043) antibodies were obtained
from Abcam (Cambridge, UK) and Novus Biologicals
(USA).
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Bioinformatic prediction analyses

Data collection

We downloaded TCGA RNA-seq transcriptome data
for tumor and adjacent normal tissues from colon can-
cer patients (COAD) from the UCSC Xena browser
(https://xenabrowser.net/datapages/). We downloaded
RNA-seq data of normal colonic mucosa and liver
metastasis tissues from colon cancer from the GEO
(https://www.ncbi.nlm.nih.gov/geo/).

Identification of DEGs

The COAD RNA-seq dataset were normalized for
expression values adopting the edgeR package in R lan-
guage software (version R x 64 4.1.0), and the limma
package was used to screen out differentially expressed
genes (DEGs). Use the GEO2R plugin based on the
"limma" R package to screen DEGs in the GEO data-
set RNA-seq. Screening criteria: false-discovery rate
(FDR) <0.05, |log2 fold-change|> 2.

Gene set enrichment analyses

GO functional enrichment analyses and KEGG path-
way enrichment were conducted on differentially
expressed genes adopting the DAVID database (https://
david.abcc.nciferf.gov/).

PPI network analysis and visualization

A protein—protein interaction (PPI) network was built
through the combination of the Cytoscape software
(version 3.7.2; https://cytoscape.org/) and STRING
website (version 11.0, https://cn.string-db.org/) to clar-
ify the underlying molecular mechanisms of LMCC.
Only the interactions with confidence score>0.4 were
considered as signification. Then, CytoHubba and
MCODE plug-ins were used to analyze the degree of
connectivity of DEGs in the PPI network and screen
out the core functional modules and top 10 hub genes.

Expression and survival analysis of hub genes in COAD

The expression levels of hub genes in COAD patients
were performed by GEPIA2 (Gene Expression Pro-
filing Interactive Analysis 2) website (http://gepia2.
cancer-pku.cn/), an online tool for cancer and normal
gene expression analysis based on TCGA and GTEx
(Genotype -Tissue Expression) dataset. The results are
presented by box plots [23]. Furthermore, to screen
out the survival-associated genes, Kaplan—Meier sur-
vival analysis was using the Oncolnc platform (https://
www.oncolnc.org/). At last, GraphPad Prism software
(San Diego, United States) was utilized to analyze ROC
curve.
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Preparation of AC extract

The dried roots of Astragalus mongholicus Bunge
[Fabaceae] was donated by the Jiangsu Provincial Hos-
pital of Traditional Chinese Medicine. (Nanjing, China)
and dried rhizomes of Curcuma aromatica Salisb. [Zin-
giberaceae] supplied by Tongling Hetian Traditional
Chinese Medicine Decoction Pieces Co., Ltd. (Tongling,
China). The pieces were identified by Professor Tulin
Lu of Nanjing University of Chinese Medicine. Initially,
Astragalus mongholicus Bunge (100 g) and Curcuma aro-
matica Salisb. (50 g) (weight ratio 2:1) were soaked in a
round-bottomed flask with 1.5L of distilled water for
60 min, then decocted twice for one hour each time by
the heat-reflux system. Meanwhile, the Soxhlet extractor
was used to recover the essential volatile oil components.
Then, the two times extracts were mixed with volatile oil
and freeze-dried to powder. Finally, the extraction rate
of the herb was calculated as 13.81%. The freeze-dried
extract powder samples are deposited in the Key Labo-
ratory of High Technology of Prescription Research in
Jiangsu Province, Nanjing, China (voucher specimen:
NO. 20190654-AC).

In this work, the experimental doses for rats and mice
were calculated based on a conversion to the ratio of
body surface area to human. According to the results
from our earlier experimental researches, the clinical
doses of Astragalus mongholicus Bunge 30 g and Cur-
cuma aromatica Salisb. 15 g were selected [13, 24]. The
doses administered of rats and mice were converted as
follows: Rats: (30 + 15) g/day [Human dosage]*0.018[Rats
and human body surface area ratio]/200 g[Body weight of
rats] =4.05 g/kg(~4 g/kg); Mice: (30+ 15) g/day [Human
dosage] *0.0026[Mice and human body surface area
ratio]/20 g [Body weight of mice] =5.85 g/kg(~6 g/kg).

Preparation of AC-containing serum

Approximately 200 g male Sprague—Dawley (SD) rats
were supplied from Hangzhou Medical College, Hang-
zhou, China (license number: SCXK (Zhe) 2019-0002),
and raised in a specific-pathogen-free environment in
the Animal Experimental Center at Nanjing University
of Chinese Medicine. All experimental procedures were
in agreement with the Ethics Committee of the Nanjing
University of Chinese Medicine, Nanjing, China (Ethics
Committee approval No. 202105A045). A total of twenty
rats were assigned arbitrarily to the blank control or the
AC treatment group, ten rats in each group. The AC
treatment group received an intragastric injection of AC
(4 g/kg/day) for seven days, whereas the blank control
group received the equivalent physiological saline. One
hour after the final dose, rats were anesthetized with 2%
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isoflurane, and blood was obtained through the abdomi-
nal aorta and centrifuged at 3000 rpm for 15 min to
remove plasma to yield serum. All serum specimens were
inactivated by heating at 56 °C for 30 min to completely
annihilate the complement activity.

The quality control methods for AC extracts and AC-
containing serum were referenced to our previous study
[25], and the results are detailed in Additional file 1:
Tables S1-S2 and Figures S1-S3.

Cell-Based In vitro pharmacological assays

Cell culture

CT26.WT cell line (BALB/c colon origin) was acquired
from the Beijing Cancer Research Institute. Mouse nor-
mal hepatocyte line NCTC1469 was provided by Nanjing
Kexin Bio-Tech Co. LTD. All the cells were maintained
in DMEM medium containing 10% heat-inactivated fetal
bovine serum, 100U/mL penicillin, and 100 pg/mL strep-
tomycin under 37 °C, 5% CO, (Corning, USA).

Cell viability assay

Cell proliferation was monitored with CCK8 assay kit
(Ford Biological, China) as directed by the manufacturer.
To be specific, CT26.W T at 8 x 10° cells/well were coated
onto 96-well plates overnight. Subsequently, AC serum
and blank control rat serum at 5%, 10%, 15%, and 20%
concentrations were added. For 24 h or 48 h of treatment,
10uL of CCK8 solution was applied to each well and
incubated for one more hour, and the optical density val-
ues (OD) of the groups were then determined at 450 nm
via a Multiscan Spectrum (Multiscan FC, USA). The inhi-
bition rate (%) was calculated adopting: [(1-OD of treated
group/OD of the model control group) x 100%].

Wound healing assay

In the collective migration experiments for scratch heal-
ing, we explored the influence of the AC serum on the
migratory capacity of CT26.WT cells. Briefly, the CT26.
WT cells (1x10° cells/well) were cultured into 6-well
plates supplemented growth medium and grown to
approximately 90% density. Following incubation, the
monolayers of CT26.WT cells were lightly scratched with
a 100 pL sterile pipette tip to form several mutually per-
pendicular scratches, subsequently washing with PBS to
rinse dislodged cells. Then the different concentration
gradients of AC-containing serum were added. After
48 h, the wound gap area was monitored, and the rep-
resentative pictures were snapped at O h, 24 h, and 48 h,
respectively, utilizing a microscope matched with a digi-
tal camera (magnification,x200). Analysis of the average
distance of cell migration adopting Image] software.
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Transwell invasion assay

Next, to evaluate cell invasion, 2 x 10° cells/well CT26.WT
cells were suspended with al0% serum-free medium with
or without AC-containing serum, subsequently cultured
into the upper chambers of 24-well plates (8 um, Costar)
pre-coated with Matrigel matrix (BD Biosciences). While
NCTC1469 cells (2x10° cells/mL) were plated bottom
chambers and maintained in 500 uL. DMEM medium supple-
mented with 10% FBS. After co-culture for 24 h or 48 h, the
medium was discarded, pre-chilled PBS was washed twice,
the non-migrating cells in the upper side were gently scraped
off with a cotton swab, 500 pL of 4% paraformaldehyde was
added to each small chamber. After 15 min, rinsed 3 times
with pre-chilled PBS. Subsequently, immersed in 0.5% crystal
violet staining solution and stained for 10-15 min. PBS wash-
ing was used to wash away the excess staining solution, and
microscopic observation was carried out while keeping the
membrane of the chambers slightly moist. 400 x objective
microscope was used to examine and capture the cells, and
three photographs of different areas were fixedly selected for
each chamber, and the cells in each area were counted as the
standard for data processing. We quantified the percentage
of invading cells utilizing the Image] software. Each experi-
ment was repeated in triplicate.

Animal

Experimental models and drug administration
6—-8 weeks old male BALB/c mice (n=30) were pur-
chased from Qinglongshan Animal Breeding Farm,
Jiangning District, Nanjing City (license No: SCXK (Su)
2017 —0001). All mice were fed in a specific-pathogen-
free condition, same as "2.4" (Ethic Committee approval
No. 201906A042). To evaluate the inhibitory efficacy of
AC on liver metastasis in colon cancer in vivo, As in our
previous studies, we performed the orthotopic transplan-
tation colon cancer model to assess liver metastasis [24].
Briefly, CT26.WT cells (1 x 10° cells/mL) were injected
into the axilla (6 mice). These mice were sacrificed ten
days after injection (the tumor size grew to about 1cm?3),
these tumors were removed and chopped into 1mm3
debris. Then, the left lower abdomen of the mice was
incised and the tumor debris was attached to the cecum
colonic area of the mice using Histoacryl adhesive.
Finally, the abdominal cavity of the mice was sutured.
The identical surgical procedure was followed for the
Sham group (n=6), except for tumor attachment.
Eighteen mice were arbitrarily allocated into three
groups (n=6): the experimental model group, the 5-Fu
treatment group, and the AC treatment group (at the
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most effective dose of our previous studies). Each group
was administered the corresponding dosage of drugs for
15 days. Whereas, physiological saline at the same dose
was given to the sham and the model group. The 5-Fu
group was administered via i.p. injection at 30 mg/kg/3d
every other day. The AC was received intragastric admin-
istration at 6 g/kg/d every day. The body mass of each
group of mice was recorded every three days.

Sample collection

On day fifteen, mice were anesthetized with 2% isoflu-
rane one hour after the last dose, and whole blood was
obtained from the orbital sinus. All serum samples were
then collected at 3,000xg centrifugal speed for 10 min
and stored at — 80 °C until later experiments. The num-
ber of metastatic liver tumor nodules was evaluated and
counted during the abdominal anatomy conducted. The
liver, tumor, spleen, and thymus were extracted, weighed,
and recorded. Samples for histological examination were
stored in 4% neutral paraformaldehyde, and those for tis-
sue homogenization were stored in liquid nitrogen.

The tumor inhibition ratio (TIR), Metastasis rate
(MR), and spleen or thymus index were calculated by
the following formulas: Tumor Inhibition ratio (TIR)
(%) =(1-mean tumor weight of the AC treated group/
mean tumor weight of the model group) x 100%; Liver
Metastasis ratio (MR) (%)= (average number of metas-
tases in the AC treated group/average number of metas-
tases in the model group)x 100%; Spleen or thymus
index (mg-g~!)=(spleen weight or thymus weight/body
weight) x 100%.

Histological analysis

Preparation of liver tissue samples for routine hematox-
ylin and eosin (H&E) to observe and evaluate the mor-
phological features of liver metastasis from colon cancer
cells. Mice were sacrificed with isoflurane, and the liver
was surgically extracted. Subsequently, the whole liver
was fixed 48 h with 10% formalin. Following dehydrated
in alcohol and embedded with paraffin, and routine H&E
staining for histopathology. Histological sections were
photographed utilizing an IX51 microscope (Olympus
Corporation, Japan). The pathological image was meas-
ured and analyzed with Image] software.

ELISA assay

The expression levels of pro-inflammatory factors CXCL8
(MBE10287), IL1-f (MBE10289), TNF-a (MBE10037),
IFN-y (MBE10182), and IL-6 (MBE10288) of mice serum
samples and the cell supernatants were determined with
ELISA Quantitation kit (Jiancheng, Nanjing, China).
Related ELISA steps are carried out based on the instruc-
tions provided by the manufacturer.
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qRT-PCR analysis

RNAiso plus kit (Vazyme, Nanjing, China) was utilized to
extract total RNA from CT26.WT cells, tumors, and liver
tissues of mice, respectively. 500 ng of the total RNA was
synthesized into the first cDNA by employing a reverse
transcription kit (PrimeScript’ RT). cDNA amplified
was conducted with SYBR Green® Premix Ex Taq' " IL
PCR temperature cycling conditions with the following:
95 °C for 30 s, then 40 cycles of 95 °C for 10 s, 30 s at
60 °C, 95 °C for 15 s, and 60 s at 60 °C. The final exten-
sion: 95 °C for 15 s. The mRNA levels of CXCL8, CXCR2,
CXCR1, PI3K, and AKT, and E-cadherin, N-cadherin,
vimentin, snail in tissue samples and colon cancer cells
were accessed. The expression level of GAPDH was pro-
grammed as the reference, and the data were used for cal-
culation by the 2724C'method. The primers are showed in
Additional file 1: Table S3.

Western blotting analysis

Cultured CT26.W'T cells, tumors or liver tissues lysed in
RIPA buffer with PMSE, proteinase inhibitors and phos-
phatase inhibitors (Sigma-Aldrich) to yield the homoge-
nate. Following the total protein levels were quantified
via the BCA protein assay kit (Thermo Fisher Scientific,
USA). Equivalent amounts of 40 pg protein extracts were
loaded and electrophoresed with 10% SDS-PAGE, and
then transferred unto the polyvinylidene fluoride (PVDEF)
membranes. Next, after blocking with 3% BSA, the mem-
branes were incubated overnight with the corresponding
primary antibodies, subsequently washing and incubat-
ing with secondary antibodies (goat anti-rabbit). Finally,
immunoreactivity was scanned with an enhanced chemi-
luminescence system. All experiments were conducted
out in triplicate independently.

Statistical analysis

All data were calculated utilizing t-test to calculate sta-
tistical differences between the two groups and one-way
ANOVA for the more groups, using GraphPad Prism 8
software. P<0.05 Differences was defined as significant,
very/extremely significant when P<0.01 and P<0.001.
Quantitative statistical was uniformly conducted as
"mean % se".

Results

Prediction and enrichment analysis results of potential
therapeutic targets and pathways in LMCC

The flowchart of Bioinformatics analysis in this research
as shown in Fig. 1A. The COAD (Colon adenocarcinoma)
dataset downloaded from the TCGA database con-
tained 447 colon cancer tissues and 65 normal tissues.
6 normal colon tissue samples and 60 liver metastases
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tissues samples from colon cancer were acquired in the
GSE38174 datasets obtained from GEO database. We
took the differentially expressed genes when |log, FC|>2
and p <0.05 for statistics. At last, 2386DEGs (encompass-
ing 1162 up-regulated genes and 1224 down-regulated

genes) are tightly connected to LMCC obtained from
“Limma” package of R (Fig. 1B—C). To further investi-
gate the mechanism of LMCC, 2386DEGs were selected
for GO enrichment analysis, which includes biologi-
cal process, cell components, and molecular functions
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(Fig. 1D-G) and KEGG pathway analysis (Fig. 1H). GO
annotation analysis revealed that the main biological
processes in which DEGs participated were RNA tran-
scriptional regulation, cell adhesion, cell proliferation,
inflammatory response, immune response, cell-cell sign-
aling, and cell surface receptor signaling. KEGG pathway
analysis enriched 56 terms and the Neuroactive ligand-
receptor interaction pathway, Cytokine-cytokine receptor
interaction, PI3K/Akt signaling pathway, cCAMP signaling
pathway, Cell adhesion molecules (CAMs), Chemokine
signaling pathway were remarkably enriched (p<0.05).
Previously, research found that immune-related neuro-
active ligand-receptor interaction pathways can influ-
ence the interactions between microenvironmental cells
and tumor cells [26]. Activation of inflammation-related
cytokine-cytokine receptor interactions integrates with
multiple signaling pathways to modulate cancer initiation
and progression [27]. According to literature reports, the
PI3K/Akt signaling pathway modulates critical normal
cellular activities that are required for cancer and metas-
tasis, including cell survival, proliferation, cell cycle regu-
lation, angiogenesis, and metabolism [28, 29], which was
quite similar to the biological processes of GO functional
analysis. Aberrations within PI3K/Akt signaling pathway
were frequent occurrences in solid tumors and metasta-
sis, particularly in colon cancer [30]. These results sug-
gested that the Neuroactive ligand-receptor interaction,
Cytokine-cytokine receptor interaction and PI3K/Akt
signaling pathway may be responsible for an important
contribution in the mechanism of LMCC.

To further identify the hub gene in differentially
expressed genes, a PPI network of these significant DEGs
was obtained from the STRING website and visual-
ized using Cytoscape3.7.2 software, including 590 nodes
and 2367 edges. Then, we used the CytoHubba plug-in
to analyze the connectivity of each node in the PPI net-
work based on degree value, the top 100 nodes in the
network of connectivity are shown in Fig. 2A. Besides,
the MCODE plug-in was applied to compute the mod-
ules in the network with particular functionality. Module
1, which received the highest score of 20.00, contains 21
nodes and 210 edges. The top ten hub genes are CXCLS,
TIMP1, SPPI, CXCL1, SERPINE1, SAA1l, SHH, AFP,
SST, MMP1 (Fig. 2B-D). Moreover, KM survival analysis
results showed that the hub genes with significant influ-
ence on overall survival in COAD patients were CXCL8
and TIMP1 (p<0.01), and patients with low CXCL8
and TIMPlexpression have better survival (Fig. 2E-F).
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Meanwhile, A box plot showed significantly increased
expression of CXCL8 and TIMP1 in TCGA COAD sam-
ples (n=275) as compared to the normal colon samples
(match TCGA normal and GTEx data, n=349) (p<0.01)
(Fig. 2G—H). In addition, the area under the curve (AUC)
value for CXCL8 was 0.7212 (95% confidence inter-
val: 0.6777 to 0.7647, p<0.0001) (Fig. 2I), which means
that CXCL8 could be regarded as a better prognostic
biomarker for colon cancer patients. And it has been
reported that CXCL8 and its receptors do play an impor-
tant role in colorectal liver metastasis [31]. CXCL8 and
its receptors contributed to the survival, proliferation,
migration and invasion of circulating tumor cells, in
addition to promoting colorectal cancer liver metastasis
through the induction of EMT in cancer cells.

AC serum inhibits the proliferation and metastasis ability
of CT26.WT Cells

Firstly, CCK8 assay results showed that AC serum
decreased CT26.WT cells viability concentration-
dependently compared with the rat serum group of
equal concentration (p <0.001), and the rat serum treated
group were no significant influence on the cell viability
compared to the blank control group (the administration
of serum concentration regarded as 0) (Fig. 3A). Because
of CCK8 assays presented that AC serum concentrations
between 15 and 20% had a similar rate of suppression of
CT26.WT cells, so we chose a 15% concentration of AC
serum for the following experiments. In migration assay,
the wound area in the AC treated group was greater than
the AC-free group, but there was no significant differ-
ence between the blank control and rat serum group,
suggested that AC treatment could independently and
significantly inhibit the migration ability of CT26.W'T
cells (Fig. 3B—C). Similar effects were also discovered in
transwell invasion assay that AC serum greatly decreased
invasion ability of CT26.WT cells (Fig. 3D-E). These
results indicated that AC serum markedly inhibited the
viability and possessed an anti-metastasis function on
colon cancer cells.

According to the results of DEGs interaction network
and survival analysis, CXCL8 may be critical in the devel-
opment and prognosis of colon cancer. As a secreted-
type cytokine, CXCLS8 is a nearly undetectable molecule
in the physiological environment, but it is activated
rapidly by a variety of factors that contribute to tumo-
rigenesis and inflammatory processes, including TNFa,
IL-1B, IEN-y, ROS, etc.[32, 33]. Therefore, we wondered

(See figure on next page.)

Fig. 2 Construction and analysis of DEGs interaction network. A PPl network of TOP 100 significantly differentially expressed RNAs. B-D Hub
modules and top genes. E-F KM survival analysis of hub genes expression in colon cancer patients. G-H The expression levels of CXCL8 and TIMP1

in COAD patients. | ROC curves of CXCL8 in COAD patients




Liu et al. Chinese Medicine

(2022) 17:91

Page 8 of 20

E
100
e
s
=
2z
E
@ 50
-
=
7
>
E™
D
=%}
0
G .|
:_.
= 24
-
=
E
= ® -
o0
=2
1
=
2 o o
2
s
= - -
«
- 4

F
Survival curve of CXCLS8 in COAD patients Survival curve of TIMP1 in COAD patients
— High expression(N=220) 100 —— High expression(N=220)
—— Low expression(N=220) é —= Low expression(N=220)
©
2
<
3
» 50
-
c
]
I
)
o Logrank p-value=0.0051
Logrank p-value=0.0024
! ' ' . . ! 01 T T T T 1
Time(days) Time(days)
*— H |
= ROC curve of CXCLS in COAD patients
= 1001
— F
i E = 80
F g 3
4 £ - 2
. g & Z
i R - 2 401
L @
53 g
'a,g 5 ~ - 20
, = , 0 20 40 60 80
CXCL8 TIMP1

COAD((Tumor)=275; (Normal)=349)

Fig. 2 (See legend on previous page.)

COAD((Tumor)=275; (Normal)=349)

False positive rate%

100




Liu et al. Chinese Medicine (2022) 17:91

Page 9 of 20

A Treat CT26.WT for 24 hours Treat CT26.WT for 48 hours
1104 110
1004 -- rat serum 6% xatserum
- - AC serum -~ 1004 - AC serum
< 90 S 90
g z
= 80 = 80
= ek =
S 70 2 704 P
| o -
o] = = 60
g o §] 38
50_ Fekk 50_ P
40 T T T T 1 40 T T T T 1
0 5 10 15 20 25 0 5 10 15 20 25
concentration(%) concentration(%)
B Blank control 15% rat serum 15% AC serum C
{ === Blank control
80 15% rat serum
= 15% AC serum i
s of o
=3
R
= g o
- Y o
; H srx
g a0f z
48h
D Blank control 15% rat serum 15% AC serum E
0 ” W Blank control
¥ R v 2 L] =i 15% rat serum
- > ,’.‘-‘:‘: SN : % 13 2 O = 15% AC serum
240 TR 3 NN e S i & E 1s0
‘3;5" 2, f"’( o B TN E
~ RS WY £
P o AL ¢ \ ‘»_ Y g
RPN '.‘“ ﬁf f‘é‘. - e kol 2 100
3 5, z oy -:'—‘\. g RSP REEY s
‘M\\;y’ .f'v. {-“ .z 5
{z :
48h A 5 3
; - 0
24h 48h
F CXCLS G IL1-B H INF-a I IFN-y J IL-6
60 “ 25 20 e 20 = 20 ns
I'—| ok
20
g z L = 15 g g1s
£ 40 [}
2 g s E E: g
E 4 z 10 10 10
g £ 10 s g k!
5 » s g E E
(&) &) s &) 5 &) 5 o 5
0 0 0 0 0
) éo& . éé‘\ éo@ é\é\ I éos éo& ; éo& :‘Q& g ée& 4@“‘
4 & ‘,Cs ‘ ¢s ?(," b & \‘Qs 7 & ?(f p q’\-, ?.
KR &gt &gt R &gt
Fig. 3 AC suppressed the growth, migration and invasion ability of CT26.WT cells. A In CCK8 experiments, AC inhibited CT26.WT cell proliferation in
a concentration-dependent manner. B-C AC inhibited the mobility of CT26.WT cells in wound-healing assay. D-E AC inhibited invasion of CT26. WT
cells. Scale bar: 20 um. F-J The content of CXCL8, IL1-3, TNF-a, IFN-y and IL-6 in the cell culture supernatant were detected by ELISA (n=3). p<0.01
(" and p <0.001(*#), compared with the blank control group; p<0.05 (*), p<0.01 (**) and p < 0.001(***), compared with the rat serum group

whether AC regulates the expression of CXCL8 and
related pro-inflammatory factors in cell supernatant.
Results of ELISA detection shown in Fig. 3F-], the levels

of CXCL8 and pro-inflammatory factors TNFa, IL-1(,
IFN-y were significantly down-regulated after AC serum
administration (p<0.01). Noteworthy, we also detected
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IL6, which has a similar function to CXCLS, but the dif-
ference in expression after AC treatment was not signifi-
cant (p>0.05). Taken together, the AC serum effectively
relieved the indicators of inflammation and down-regu-
lating the expression of colon cancer biomarker CXCL8
as determined by bioinformatics analysis but has no
impact on another pro-inflammatory chemokine IL6.
The results were highly concordance with those obtained
from bioinformatics analysis.

AC suppresses the tumor growth of CC-orthotopic
transplantation mice model

In this experiment, the colon cancer orthotopic trans-
plantation model mice had a success rate of 100%.
5-Fluorouracil (5-Fu) is an essential chemotherapy drugs
widely used to treat colon cancer patients in the stand-
ard first-line treatment for several decades and has been
employed as a positive control drug in preclinical animal
studies [34]. The abdomens of the model mice showed
progressive swelling, accompanied by diarrhea, reduced
activity, and decreased intake of water and food. The
mice given AC had a higher quality of life than the model
group, with shiny and smooth back hair, normal behav-
ior, and increased water and food intake, while the 5-Fu
treated group were in worse mental status and sluggish
movements. The body weight change curves of mice
under the treatment period are shown in Fig. 4A, and
results revealed that AC has no discernible toxicity or
adverse effects and significantly improved the behavio-
ral state, hunger, and gastrointestinal reactivity of colon
cancer model mice. Meanwhile, as compared with the
model group, model mice of the 5-Fu and AC treated
groups had considerably lower tumor weights (p<0.01)
(Fig. 4B—C). The 5-Fu group inhibited tumors at a rate of
59.22+0.11%, and the AC group showed 36.63 4-0.09%
(Fig. 4D). Interestingly, mice in the AC treated groups
had a stronger spleen and thymus index compared to the
model group (p<0.01) (Fig. 4E—F). These results demon-
strated that AC could be an effective anticancer agent in
the colon cancer orthotopic-transplanted model mice,
and it could improve the spleen and thymus indices to
recover the immune organ function to a certain extent.

AC reduced liver metastasis in CC-orthotopic
transplantation mice model

The abdominal autopsy revealed that metastatic foci
with apparently single or numerous white nodules were
observed in the liver of the model mice (blue arrows,
Fig. 5A). While the number of metastases foci on the
liver were significantly decreased in the 5-Fu or AC
treated group (p<0.01) (Fig. 5B). Following that, H&E
staining was utilized to assess morphological altera-
tions of liver tissue of colon cancer model mice in each
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group (Fig. 5C-D). Compared to the sham group, the
model group presented distinct infiltration of tumor cells
characterized by atypicality, different dimensions, dense
arrangement and irregularity. Additionally, a large num-
ber of hepatocyte nuclei and cytoplasm are occupied by
tumor cell clusters (dark arrow). Meanwhile, hepatocyte
cord arrangement disorder (yellow arrow) and inflamma-
tory cell infiltration (red arrow) also appeared. The histo-
logical alterations in liver tissue were improved after 5-Fu
or AC treatments. Likewise, we detected the colon can-
cer prognostic biomarker CXCL8 and its associated pro-
inflammatory cytokines (IL1-B, TNF-«, IFN-y and IL-6)
in the serum of mice in each group. The ELISA results
were consistent with our in vitro cell experiments. After
AC administration, the expression levels of inflamma-
tory cytokines were significantly down-regulated, espe-
cially the levels of CXCL8, TNF-a and IEN-y (p<0.01)
(Fig. 5E-I). These results exhibited that AC could attenu-
ate the inflammation indicators and inhibit liver metasta-
sis in CC-orthotopic transplantation mice model.

ACregulated the CXCL8/PI3K/AKT pathway in Colon cancer
cells and orthotopic transplantation mice model
Results from PPI network visualization analysis indicated
that CXCL8 has the best centrality in the PPI network
constructed by DEGs and highly associated with LMCC.
The hub gene CXCLS8 is mainly enriched in Cytokine-
cytokine receptor interactions pathway. The cytokine-
cytokine receptor interactions have a crucial role in
cellular communication through their specific receptor
interactions [35]. Among these, inflammatory cytokine
CXCL8 and its receptor CXCR1/2 axis have a confirmed
regulatory role in pro-inflammation, cancer cell multipli-
cation, invasion and metastasis [36]. Additionally, PI3K
is the main intracellular downstream signal of CXCLS,
PI3K causes Akt to undergo phosphorylation, and acti-
vated Akt may have a critical regulatory action in the
cell survival, proliferation, angiogenesis, and metastasis
of tumor cell [37, 38]. In practice, several experimen-
tal evidences have documented that high expression of
CXCLS8 binds to receptors CXCR1 and CXCR2, mediates
the transcriptional process of PI3K/Akt/mTOR signal-
ing cascade, and promotes metastasis in multiple malig-
nant tumors [39, 40], specifically in colon cancer [36, 41].
Therefore, in combination with the positive effects of AC
in inhibiting liver metastasis of colon cancer, it could be
assumed that whether AC suppressed colon cancer pro-
gression and liver metastasis by modulating the CXCL8/
PI3K/AKT signaling pathway, and we then validated
in vivo and in vitro experiments respectively.

Firstly, in vitro results illustrated that the mRNA lev-
els of CXCL8, CXCR2, PI3K, AKT, and mTOR were sig-
nificantly decreased in CT26.WT cells after 24 h of AC
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treatment (p <0.01; Fig. 6A), but had no significant influ-
ence on the transcription levels of CXCR1. Then, we also
detected the tumor tissue in situ and liver tissue of mice
in each group. Consistently, results revealed that tran-
script levels of CXCL8, CXCR2 and PI3K, AKT, mTOR
in vivo were substantially lowered in the 5-Fu and AC
treated groups compared to the model group (p<0.05;

Fig. 6B—@G). Noticeably, the significant down-regulation
of the expression levels of CXCR2 proved that AC inhib-
ited the binding of the chemokine CXCL8 to receptor
CXCR2 but not CXCRI1. In addition, western blotting
analysis of chemokine receptor CXCR1 and CXCR2
protein expression showed similar trends to the corre-
sponding mRNA levels both in vivo tissue and in vitro
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Fig. 6 AC regulated the CXCL8/PI3K/AKT pathway in vivo and in vitro assays. A-G The influences of AC on the mRNA expression levels of CXCL8/
PI3K/Akt pathway connected genes in colon cancer (n=3). H-M The influences of AC on the protein expression of CXCL8/PI3K/AKT pathway

associated proteins in colon cancer (n=3) (H-1. CT26.WT cells; J-K. tumor tissues; L-M. liver tissues). p < 0.05 (*), p < 0.01(**)
sham group; p <0.05 (¥), p < 0.01(**), compared with the model or rat serum group

, compared with the
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cellular specimens following AC or 5-Fu administration.
The protein expression of CXCR2 and p-PI3K, p-AKT,
and p-mTOR were decreased among the 5-Fu, AC water
extract, and serum treated groups compared to the
model or rat serum group (p<0.05) (Fig. 6H-M). These
results indicated that AC might be inhibiting colon can-
cer development and liver metastasis via inhibiting the
CXCL8/CXCR?2 axis and the PI3K/AKT/mTOR signaling
pathway. Overall, the experimental results properly verify
the above bioinformatics forecast.

AC inhibited the EMT process of colon cancer

In the light of the above functional GO analysis results,
biological processes that DEGs participate in were mainly
RNA transcription and cell adhesion, molecular func-
tions tend to cytoskeleton composition, and cell area
was primarily the cell membrane and surface, which cor-
relate very well with the tumor metastasis related-EMT
(Epithelial-mesenchymal transition) process. EMT is an
essential dynamic biological process responsible for dis-
tant tumor metastasis, which occurs and enhances tumor
cell migration and invasion when polarized tumor cells
develop a mesenchymal phenotype [42, 43]. To exam-
ine the results of enrichment analysis, we attempted
to illustrate the role of AC in EMT process by detect-
ing the levels of typical EMT biomarkers (E-cadherin,
N-cadherin, vimentin, snail). Likewise, qRT-PCR analy-
sis revealed that the transcript levels of N-cadherin,
vimentin and snail were significantly declined, while it
evidently increased the E-cadherin levels after AC inter-
vention in vivo and in vitro (p<0.05) (Fig. 7A-E). Addi-
tionally, the protein levels of EMT markers were detected
via western blotting, shown in Fig. 7F-K. The protein
levels of N-cadherin, vimentin and snail were downregu-
lated while the E-cadherin was upregulated significantly
in AC treated group (p<0.05). The experimentally veri-
fied results are in accordance with the predicted results.
Taken together, our results suggested that AC might well
be capable of suppressing tumor progression and liver
metastasis in colon cancer via regulating the expression
levels of EMT-related biomarkers.

Discussion

Although several substantial breakthroughs in early
diagnosis and therapy of colon cancer, the prognosis
for patients remains poor [44]. Liver-tropic metastasis
presents a daunting challenge to the treatment of colon
cancer. Consequently, the underlying pathological mech-
anism of liver metastasis in colon cancer remains to be
investigated [45]. Integrated Gene chips and bioinformat-
ics analysis are emerging strategies for discovering dif-
ferentially expressed genes and functional pathways that
contribute to cancer pathogenesis [46, 47].
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In the present study, we used TCGA COAD and
GSE38174 datasets to screen the differentially expressed
genes related to liver metastases of CC, and there were a
total of 2386 DEGs identified. Subsequently, results of the
combined KEGG and GO enrichment analysis, we dis-
covered that the Cytokine-cytokine receptor interactions,
PI3K/Akt signaling pathway and EMT process were
closely connected to the mechanism of LMCC. In malig-
nant colon tumors, the PI3K/Akt pathway is commonly
exhibited as hyperactivated due to dysregulation of the
DNA and transcription elements of the different signal-
ing pathways [48, 49]. Due to this pathway is essential for
cell survival, transcription, proliferation and growth pro-
cesses, it is possible contributes to colon cancer increased
aggressiveness and metastasis ability [50, 51]. EMT is
another key process that drives colon cancer metastasis,
which occurs during tumor growth and confers invasive
and metastatic qualities on cancer cells [52, 53]. Interest-
ingly, according to current study findings, the PI3K/Akt
signaling pathway activation is a core regulatory mecha-
nism controlling EMT in various malignancies. Aber-
rant hyper-activated PI3K/AKT pathway can inhibit the
degradation of the downstream transcription factor snail
and then attenuate the expression of E-cadherin, subse-
quently promoting the EMT and metastasis progression
of tumor cells [54, 55]. Consequently, the results also
confirm that our predictions are in accordance with those
previously published in the literature.

Furthermore, we constructed a PPI network of DEGs to
identify the hub gene. A core module was found to have
the highest score using MCOED plug-in of Cytoscape.
Then, we ranked genes on the basis of the degree of con-
nectivity and screened out the hub gene CXCLS8 in the
module. Interestingly, compared to TCGA normal and
GTEx data, CXCL8 was substantially expressed in colon
cancer patients. According to the overall survival analysis
results, while those CC patients with less CXCL8 expres-
sion have better overall survival. CXCL8, commonly
known as IL-8, and its receptors CXCR1/2 are required
for inflammatory cytokines activation and transporta-
tion, as well as tumor development and metastasis [32].
CXCR?2 is the primary functional receptor binding to
CXCLS8 [56]. Previous research reports have shown that
the combination of CXCL8 receptors CXCR1/2 promotes
the progression of colon cancer and liver metastases [57,
58]. CXCL8 plays an essential regulatory role for cell
motility, survival, angiogenesis, and proliferation in the
tumor microenvironment and is also involved in regional
anti-tumor inflammatory responses [59, 60]. In addition,
CXCL8 has been shown to induce tumor related-EMT
cascades through activation of the PI3K/AKT-ERK1/2
signaling pathway, which may also contribute to colon
cancer cells resisting anoikis [61, 62]. Interestingly, PI3K
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has been demonstrated that perform as the primary
intracellular signaling pathway downstream of CXCLS,
promoting phosphorylation of its substrate, Akt, which
is required for cell survival and migration [63]. In con-
clusion, the results of our bioinformatics analysis are
in agreement with the literature studies. The CXCLS8/
CXCR1/2 chemokine axis and PI3K/AKT signaling path-
way mediated EMT progress might well be a critical
mechanism of colon cancer liver metastasis.

The therapeutic usage of chemoradiotherapy pharma-
ceutical therapies is severely limited due to the incidence
of side effects and toxicities. As a result, alternative drugs
that are very effective but have low adverse effects are
required [64]. TCM has been reported to have suppres-
sive effects majority of cancers and might even improve
life quality and survival rates while exhibiting lower side
effects than medications such as radiation and chemo-
therapy [65]. Astragalus mongholicus Bunge has been
used in TCM for a long history in China. It was com-
monly used in combination with other herbs for the ther-
apy of cancer patients [66, 67]. It is high in flavonoids,
polysaccharides and saponins, which have anti-inflam-
matory, hypolipidemic, antioxidant, and immunostimu-
lant efficacy against several types of malignancies [68,
69]. Curcuma aromatica Salisb. is another well-known
TCM that is frequently combined with Astragalus mong-
holicus Bunge to treat various cancers. According to
phytochemical studies, rhizomes of Curcuma aromatica
Salisb. are abundant in curcuminoids, sesquiterpenes
and monoterpenoids [70]. These chemical components
have been proven to have a diverse range of biological
functions, including anti-inflammatory, cytotoxic and
antibacterial activity [71-73]. And our previous study
demonstrated that the simultaneous use of Astragalus
mongholicus Bunge and Curcuma aromatica Salisb.
increased the fat-soluble ingredients content of Curcuma
aromatica Salisb. in their combinatorial herbal formu-
lations compared to single herbs, suggesting that there
may be potential synergistic effects between the multiple
bioactive constituents of AC [25]. Here, we proved that
AC has favorable anti-tumor effectiveness against colon
cancer at cellular or animal level. AC serum effectively
decreased colon cancer cell growth, migration, and inva-
sion ability. After AC intervention, the tumor weight
and liver metastasis rate of CC-orthotopic model mice
decreased significantly. At the same time point, AC could
reduce the inflammation indicators in cell supernatant
and mice serum, also up-regulated the spleen and thymus
index in mice, suggesting that it has the potential to sup-
press tumor development and metastasis and recover the
immune organ function.

We identified 13 main prototypical components in
AC water extract and serum using UPLC-QQQ-MS/MS
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(Additional file 1: Table S2). The main components from
Astragalus mongholicus Bunge are flavonoids, including
(1) Calycosin-7-glucoside, (3) Ononin, (4) Calycosin, (5)
Isomucronulatol 7-O-Glucoside, (6) Kaempferol, (7) For-
mononetin; and saponins components (8) Astragaloside
IV, (9) Astragaloside I, (10) Astragaloside III. From Cur-
cuma aromatica Salisb. are curcuminoids, such as (11)
Curcumin, (12) Demethoxycurcumin, (13) Bisdemethox-
ycurcumin. Among them, Astragaloside IV, a quality con-
trol indicator for Astragalus mongholicus Bunge, inhibits
the growth and metastasis of a variety of malignancies.
Meanwhile, it controls EMT-related and autophagy-
related pathways such as PI3K/AKT, Wnt/B-catenin and
MAPK/ERK signaling pathways [74]. Calycosin inhibits
proliferation, migration and invasion of breast cancer
cells in a time and dose-dependent manner, and also sup-
presses the progression of EMT [75]. Ononin has an anti-
inflammatory effect on lipopolysaccharide (LPS)-induced
inflammation [76], and reported to inhibit proliferation
of breast cancer cells via PI3K/AKT/mTOR signaling
pathway [77]. Formononetin as anti-invasive agent for
breast cancer, could inhibits migration and invasion of
breast cancer cells by suppressing MMP-2 and MMP-9
through PI3K/AKT signaling pathways [78]. Curcumin is
the most representative natural compound of Curcuma
aromatica Salisb., especially in the treatment of a wide
range of cancers [79]. As an adjuvant and complemen-
tary drug, Curcumin showed anticancer activity through
inhibition of Wnt/B-catenin, Notch and PI3K/Akt/mTOR
signaling pathways associated with colorectal cancer
development [80]. Notably, the biological processes and
signaling pathways involved in these compounds in the
environment of cancer are in general accordance with the
results of bioinformatic analysis in this work. It showed
that the established UPLC-QQQ-MS/MS method was
valid and reliable, and also provided a good basis for fur-
ther research on the pharmacodynamic substance basis
of AC against liver metastasis of colon cancer. In addi-
tion, 3 saponins components from Astragalus mongholi-
cus Bunge were only found in the water extract, suggested
that saponins components may be converted into other
metabolic components after absorbed into the blood. It
is also due to most Chinese herbal medicines must pass
through the blood circulation before they can work [81],
so we prepared AC-containing serum for in vitro cellular
assays.

Based on the results of bioinformatics analysis, we
investigated whether AC could regulate the CXCLS8/
CXCR2 chemokine axis mediated PI3K/AKT and EMT
signaling pathways. Firstly, in this research, ELISA assays
cleared that CXCL8 was indeed highly expressed in cell
supernatant and CC-orthotopic model mice serum.
After AC treated, the expression levels of CXCL8 and
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its induced cytokines TNFa and IL-1p were significantly
down-regulated. Then, western blotting and qRT-PCR
results demonstrated that the proteins and mRNA levels
of CXCR2 and p-PI3K, p-AKT, p-mTOR were signifi-
cantly decreased in CT26.WT cells with AC treated for
24 h, the samples from in vivo assay also obtained simi-
lar results. Moreover, we proved that AC inhibited the
binding of CXCL8 to receptor CXCR2 but not CXCRI.
Finally, typical EMT markers N-cadherin, vimentin, and
snail were significantly decreased, while the levels of
E-cadherin were evidently increased after AC interven-
tion in vivo and in vitro. Taken together, these results
suggested that AC may down-regulate CXCL8/CXCR2
chemokine axis and suppressing the PI3K/Akt/mTOR
pathway to inhibit the EMT process, thus acting on its
anti-liver metastasis effect in colon cancer (Fig. 8).
However, there are also several unresolved issues in
our study. In present study, we only identified the pro-
totypical components of AC absorbed into the blood,
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further exploration of metabolic components and meta-
bolic pathways of AC absorbed into the blood is needed,
and we will continue use components or monomers for
detailed studies. Furthermore, the exact mechanism of
AC anti-metastatic activity against colon cancer liver
metastasis remains inadequate, which warrants further
investigation to confirm the mechanism using specific
transgenic animals and mouse models of human-derived
cells.

Conclusion

In the present study, we screened the differentially
expressed genes associated with liver metastasis in
colon cancer and predicted the underlying signal-
ing pathways of LMCC using bioinformatics methods.
Then, the interaction network of DEGs was performed,
and the hub gene was further clarified by extracting and
analyzing the main regulatory network. Finally, in vitro
and in vivo experiments, as well as a literature survey,
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were used to confirm the predicted results. In conclu-
sion, our experimental evidence confirmed that AC
may suppress the growth and liver metastasis in colon
cancer by regulating EMT via the CXCL8/CXCR2 axis
and PI3BK/AKT/mTOR signaling pathway. These results
showed that AC may be an effective formula against
liver metastases of colon cancer from a potential phar-
macological mechanistic perspective.
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