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Background: This study used network pharmacology method and cell model to assess the effects of Radix Astragali (RA) on
cholangiocarcinoma (CCA) and to predict core targets and molecular mechanisms.
Material/Methods: We performed an in vitro study to assess the effect of RA on CCA using CCK8 assay, the Live-Cell Analysis
System, and trypan blue staining. The components and targets of RA were analyzed using the Traditional Chinese
Medicine Systems Pharmacology database, and genes associated with CCA were retrieved from the GeneCards
and OMIM platforms. Protein—protein interactions were analyzed with the STRING platform. The components—
targets—disease network was built by Cytoscape. The TIMER database revealed the expression of core targets
with diverse immune infiltration levels. GO and KEGG analyses were performed to identify molecular-biology
processes and signaling pathways. The predictions were verified by Western blotting.

Results: Concentration-dependent antitumor activity was confirmed in the cholangiocarcinoma QBC939 cell line treated
with RA. RA contained 16 active compounds, with quercetin and kaempferol as the core compounds. The most
important biotargets for RA in CCA were caspase 3, MAPK8, MYC, EGFR, and PARP. The TIMER database re-
vealed that the expression of caspase3 and MYC was related with diverse immune infiltration levels of CCA.
The results of Western blotting showed RA significantly influenced the expression of the 5 targets that net-
work pharmacology predicted.

Conclusions: RA is an active medicinal material that can be developed into a safe and effective multi-targeted anticancer
treatment for CCA.
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Background

Cholangiocarcinoma (CCA) is the second most common hepatic
malignant tumor, and its incidence has been increasing glob-
ally [1,2]. Most patients are in advanced stage. Treatments for
patients who have unresectable or advanced CCA are limited.
Various chemotherapeutic drugs have been used for treating
CCA patients, like 5-fluorouracil, gemcitabine (GEM), cisplat-
in (CIS), and doxorubicin (DOX) [3], but CCA responds poor-
ly to these drugs [4]. The current median overall survival af-
ter standard chemotherapy regimens is less than 1 year [5].
Therefore, it is necessary to develop alternative treatment ap-
proaches for CCA.

Humans have used herbs for treating disease for at least 60 000
years [6], showing they have a wide range of pharmacological
properties, including anticancer activity [7-9]. Herbal formulae
can act on many targets through their various components and
play an integral role in key biological processes to exert ther-
apeutic roles during disease development [10]. RA is a tradi-
tional Chinese medicine which was listed as being in the top
grade in Shennong’ Materia Medica [11]. Several studies have
shown that RA has antitumor activity [12]. RA extracts can in-
hibit the growth of lung adenocarcinoma cells [13]. Zhang et al.
found that concentration-dependent antitumor activity was
confirmed in laryngeal carcinoma SCC15 cell line treated with
total RA glucosides [14], and RA can effectively promote oral
cancer Hep-2 cell line apoptosis [15]. In addition, RA has im-
mune-modulating activities [16]. It was reported that RA can
inhibit the phagocytic activity of peritoneal macrophages, pro-
mote the transformation of spleen lymphocytes [17], secrete
interleukin (IL)-2, and affect the activity of natural killer (NK)
cells [17-19]. However, there is no published study that ana-
lyzed the effect of RA in treating CCA. Therefore, we performed
the present study to assess the effect of RA on CCA and to
identify its biological target and molecular mechanism to pro-
vide a scientific reference for further research.

Network pharmacology is an emerging and novel approach for
exploring the systemic mechanisms of therapeutic compounds
in disease [20,21]. The use of network pharmacology to identify
herbal targets and potential mechanisms is becoming impor-
tant to save money, effort, and time needed for drug discov-
ery and design [22,23]. Network pharmacology has successfully
realized the construction and visualization of drug-disease—
target networks, which is helpful to evaluate the mechanism
of drugs from multiple perspectives [24,25]. Network pharma-
cology can be applied in identifying the pharmacological tar-
gets and mechanisms of RA in CCA.

Therefore, we investigated the antitumor activity of RA on CCA
in an in vitro study. We then used network pharmacology to
analysis the core targets and biological functions, pathways,
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and mechanisms of RA in treating CCA. We verified the core
targets and pathway by Western blotting. A schematic flow-
chart of the experiment design is shown in Figure 1.

Material and Methods

Preparation of freeze-dried RA water extract

Radix Astragali (root pieces, origin: Inner Mongolia, China)
was purchased from Weifang Hospital of Traditional Chinese
Medicine. We prepared aqueous extracts of freeze-dried RA.
A total of 15 g of freeze-dried RA pieces was boiled in 500 mL
water for 30 min. The water extract solution was concentrat-
ed to a volume of 250 mL. Finally, the extract solution was fil-
trated with a 0.22-pm filter to remove bacteria and then was
maintained at 4°C until use.

Cell lines and cell culture

The CCA cell line QBC939 cells were purchased from the
Shanghai Cell Bank of the Chinese Science Academy (Shanghai,
China). Cells were cultured in Dulbecco’s modified Eagle’s
medium with 10% fetal bovine serum in a cell culture incu-
bator (Thermo Fisher Scientific, Waltham, MA, USA) at 37°C
and 5% CO.,.

Cell viability assay

QBC939 cells (5x10° cells/well) were plated into 96-well
plates and treated with various concentrations of RA (0, 100,
200, and 400 pg/mL), and PBS was used in the control group.
After 24 h, cell viability was assessed by CCK8 assay. We cul-
tured the cells for 1 h with CCK8 agent, then the optical den-
sity (OD) was measured at 450 nm on an enzyme-labeling in-
strument. Additionally, QBC939 cells were seeded into 6-well
plates and cultured until the cell density reached 50%. After
treatment with various concentrations of RA (0, 100, 200, and
400 pg/mL), the cells were imaged using an IncuCyte® S3 Live-
Cell Analysis System (Essen BioScience) every 1 h, and 9 fields
of view were imaged per well.

Trypan blue staining

After being treated with various concentrations of RA (0, 100,
200, and 400 pg/mL), QBC939 cells were digested and 50-uL
of cell suspension was mixed with 50 pL trypan blue staining
solution. The mixture was placed into a hematocytometer and
counted under a microscope within 10 min.
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Figure 1. Flowchart of the experimental procedures.
Collection chemical components and targets for RA

To evaluate the pharmacokinetics properties of RA, we used
the TCMSP database (http://Isp.nwu.edu.cn/) [26] to collect
information on chemical components for RA, which is a sys-
tems pharmacology resource used to evaluate traditional
Chinese medicines or related compounds. With the pharma-
cokinetic information retrieval filter based on the TCMSP plat-
form, the oral bioavailability (OB) and drug-likeness (DL) were
set to >30% and >0.18 to obtain qualified herbal compounds.
The chemical structures of the compounds were drawn using
ChemBioOffice 2010.

Collection of disease targets

Potential genes associated with CCA were collected from
GeneCards (https://www.genecards.org/) [27] with the key-
word “cholangiocarcinoma” and Online Mendelian Inheritance
in Man (OMIM) (https://www.omim.org/) [28] with the keyword
“bile duct carcinoma”.

Construction of components-targets-disease network
Venny2.1.0 (http://bioinfogp.cnb.csic.es/tools/venny/) [29] was

used to screen for common RA targets and CCA-related tar-
gets. Cytoscape-v3.7.1 [30] software was used to create the
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model of the target—disease and component-target network,
and the Merge function was used to construct the component-
target-disease network model. Results were further analyzed
to determine the mutual relationships in the network model.

Protein—protein interaction (PPI) data

The Search Tool for the Retrieval of Interacting Genes (STRING)
database (https://string-db.org/, ver.10.5) [31] was used to
analyze protein—protein interactions of the common targets
from the RA targets and CCA-related targets. The database
defines PPIs with confidence ranges for data scores; in the
present study, PPIs with medium confidence (0.4) were fur-
ther examined.

Gene function and pathway enrichment analysis

clusterProfiler [32] is an R package for comparing biologi-
cal themes among gene clusters, which can be used to ana-
lyze functional and pathway enrichment information on the
gene of interest. The common targets were input into the R
3.6.0 platform by clusterProfiler software, using an enrich-
ment analysis method with the Gene Ontology (GO) [33] and
Kyoto Encyclopedia of Genes and Genomes (KEGG) [34] data-
bases. Enriched GO terms were defined and relevant path-
ways with p values <0.05 were selected. Target-pathway and
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Figure 2. RA inhibits CCA cell proliferation: (A) RA inhibited the viability of QBC939 cells in a dose-dependent manner with CCK8 assay;
(B) The numbers of QBC939 cells increased slowly after RA treatment. Values represent means+SD, n=5, * P<0.05, ** P<0.01

compared with O ug/mL group.

constituent—pathway networks were built to show an overview
of the interactions between RA targets and CCA [35].

Analysis of gene expression and tumor-infiltrating immune
cells

Using the online tool TIMER (https://cistrome.shinyapps.io/
timer/) [36], we investigated the correlation between the ex-
pression of core targets and tumor-infiltrating immune cells
(B cells, CD4+ T cells, CD8+ T cells, neutrophils, macrophages,
and dendritic cells) in CCA, which is a comprehensive resource
for systematic analysis of immune infiltrates across diverse
cancer types [37].

Western blotting analysis

Total protein was extracted from QBC939 cells after RA treat-
ment (0, 100, 200, and 400 pg/mL) and separated by so-
dium dodecy! sulfate-polyacrylamide gel electrophoresis,
followed by transfer of the proteins onto a polyvinylidene
fluoride membrane (Millipore, Billerica, MA, USA). The pri-
mary antibodies were: caspase3 (NO.9662; Cell Signaling
Technology, Danvers, MA, USA), SAPK/JNK (NO.9252; Cell
Signaling Technology), p-SAPK/JNK (NO.4668; Cell Signaling
Technology), c-MYC (NO.9402; Cell Signaling Technology),
EGFR (NO.4267; Cell Signaling Technology), p-EGFR (N0O.3777;
Cell Signaling Technology), and PARP (NO.9542; Cell Signaling
Technology).

Statistical analysis

Statistical analysis was performed using the SPSS program
(version 23.0). All the data are presented as means+standard
deviation. Differences were evaluated by Student’s t test, with
p<0.05 considered statistically significant.

Results

RA inhibits the cell proliferation of QBC939 cells

After incubating the cells with various concentrations of RA
(0, 100, 200, and 400 pg/mL,) for 24 h, it was found that all test-
ed concentrations of RA inhibited the proliferation of QBC939
cells with the CCK8 assay (p<0.05). Compared with the control
group, growth inhibition increased in a concentration-depen-
dent manner (100, 200, 400 pug/mL) (Figure 2A). The IncuCyte®
S3 Live-Cell Analysis System was used to image surviving cells,
which clearly revealed the gradual decrease in the numbers
of QBC939 cells with increasing concentration (Figure 2B). RA
also influenced the morphological characteristics and adher-
ence of the cells to the plate; the cells displayed apoptotic
morphology (Supplementary Figure 1).

Trypan blue counting analysis

Trypan blue staining is often applied to detect cell death. As
shown in Figure 3, the living cells are non-stained, while dead
cells are dyed blue. After counting the dead cells and living
cells, we calculated the cell viability. The results showed that
compared with the control group, the cell viability significant-
ly decreased in a concentration-dependent manner after treat-
ment with RA (p<0.05).

Screening results of components and target proteins

Using the TCMSP database, 20 herbal compounds were iden-
tified, 16 of which had corresponding targets. The 97 targets
of the 16 compounds were obtained and the details are pre-
sented in Table 1. These 97 identified targets were further
investigated.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€921162-4




Wang Y. et al.:
Study on anti-cholangiocarcinoma of Radix Astragali
© Med Sci Monit, 2020; 26: €921162

LAB/IN VITRO RESEARCH

E 159 [ Living cell
I Dead cell
E
Z 10
=
5
2
g 05
&
0.0 -

0 pg/mL 100 pg/mL

200 pg/mL - 400 pg/mL

Figure 3. The effect of RA on QBC939 cells detected by trypan blue staining assay. (A-D) Represents 0, 100, 200, 400 pg/mL,
respectively. (E) Shows histogram analysis. Values represent means+SD, n=3, * P<0.05, ** P<0.01, *** P<0.001 compared with

0 pg/mL group.

Results of CCA targets

We acquired 1452 known correlated targets from GeneCards,
and 83 known related targets were acquired from OMIM. After
redundant names were deleted, 1529 known CCA-related tar-
gets were collected, and the list of targeted genes is shown
in Supplementary Table 1.

This work is licensed under Creative Common Attribution-
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Network construction

Of the 1529 known cholangiocarcinoma-related targets, 50 tar-
gets are involved in RA, and through Venny 2.1.0, the common
targets were obtained, including PGR, PTGS1, CHEK1, PRSS1,
CHRMS3, ESR1, PPARG, GSK3B, F7, BCL2, CASP3, MAPKS, CYP1A1,
SELE, ALOX5, GSTP1, AHR, NR113, GSTM1, EGFR, VEGFA, CCND1,
CASP9, PLAU, RB1, IL6, TP63, ELK1, CASP8, RAF1, PRKCA, HIF1A,
ERBB2, MYC, PTGER3, BIRC5, NOS3, HSPB1, CCNB1, NFE2L2,
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Table 1. Potential active compounds in HMM.

Molecule ID Molecule name OB (%) DL Chemical structure

MOL000211 Mairin 55.38 0.78

MOL000239 Jaranol 50.83 0.29
MOL000296 Hederagenin 36.91 0.75
MOL000033 (35,8S,9S,10R,13R,14S,17R)-10,13- 36.23 0.78

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
MOL000354 Isorhnamnetin 49.6 0.31
MOL000371 3,9-di-0O-methylnissolin 53.74 0.48
MOL000378 7-O-methylisomucronulatol 74.69 0.3
. - . - Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
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Table 1 continued. Potential active compounds in HMM.

Molecule ID Molecule name OB (%) DL Chemical structure
MOL000379 9,10-dimethoxypterocarpan-3-0-3-D- 36.74 0.92
glucoside
MOL000380 (6aR,11aR)-9,10-dimethoxy-6a,11a- 64.26 0.42
dihydro-6H-benzofurano[3,2-c] chromen-
3-ol
MOL000387 Bifendate 31.1 0.67
MOL000392 Formononetin 69.67 0.21
MOL000417 Calycosin 47.75 0.24 0 OH
Ho |
0
0
MOL000422 Kaempferol 41.88 0.24 HO
0 OH
Ho
0 OH
MOL000433 FA 68.96 0.71 0 o
OH

N
H
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Table 1 continued. Potential active compounds in HMM.

Molecule ID Molecule name

MOL000442 1,7-Dihydroxy-3,9-dimethoxy
pterocarpene

MOL000098 Quercetin

Wang Y. et al.:
Study on anti-cholangiocarcinoma of Radix Astragali
© Med Sci Monit, 2020; 26: €921162

OB (%) DL Chemical structure
39.05 0.48 OH
0
A
0 o/
HO
0.28 OH

‘ OH
HO'

NQO1, PARP1, CHEK2, HSF1, CRP, RASSF1, IRF1, ERBB3, PON1,
and HK2, which all act on the pathway of treating cholangio-
carcinoma by RA (Figure 4A, Table 2).

The 50 green nodes represent the target of cholangiocarcinoma,
and the 15 pink nodes represent the target protein of the RA
compounds. Network construction of compound disease tar-
gets consists of 67 nodes and 172 edges. Among them, 65
nodes and 107 edges directly reflect the interaction between
the RA targets and cholangiocarcinoma targets (Figure 4B).

PPI network of common targets

Protein—protein interactions (PPI) of the 50 disease-related tar-
gets were analyzed using the PPl network. After setting the in-
teraction score to medium confidence and hiding disconnect-
ed nodes in the network, the PPl network contained 48 nodes
and 361 edges (Figure 5A), with a 14.4 average node degree
and PPl enrichment p value<1.0e-16, showing the multi-tar-
get characteristics of RA. According to the degree of nodes
exported from the STRING database, the order of key targets
was analyzed, and the top 30 nodes with a degree >10 were
selected (Figure 5B).

GO and KEGG pathway analysis

GO and KEGG analyses were performed to further study the
biological process of the 50 common targets. As shown in
Figure 6A, the top 10 significantly enriched GO terms (adjust-
ed p value <0.001) were used and included the response to
ubiquitin-like protein ligase binding, DNA-binding transcription
activator activity, RNA polymerase llI-specific, nuclear receptor
activity, transcription factor activity, direct ligand regulated

sequence-specific DNA binding, proximal promoter sequence-
specific DNA binding, ubiquitin protein ligase binding, protein
heterodimerization activity, RNA polymerase Il proximal pro-
moter sequence-specific DNA binding, Hsp90 protein binding,
and E-box binding. The results were highly correlated with
anticancer activities, demonstrating that RA exerted its ef-
fects against CCA by engaging in the above biological process-
es and cell functions.

Furthermore, these 50 genes participated in 79 KEGG path-
ways with adjusted p values <0.01; after sorting the adjusted
p values, the top 20 were analyzed (Figure 6B).

Association of core targets’ expression with CCA purity
and immune infiltration

The tumor microenvironment includes cancer cells, matrix
cells, and infiltrating immune cells. Infiltrating immune cells
are an independent predictor of sentinel lymph node status
and survival of cancer patients [38,39]. Tumor purity plays a
role in analyzing immune infiltration in clinical tumor samples
by genomics methods [40]. The expressions of caspase3 and
MYC were significantly negatively correlated with tumor puri-
ty via TIMER platform, while EGFR and PARP were not associ-
ated with tumor purity. Interestingly, we found expression of
caspase3 was positively correlated with infiltration level of B
cells in CCA, and expression of MYC was positively correlated
with the infiltration level of B cells, CD4+ cells, macrophages,
neutrophils, and dendritic cells in CCA (Figure 7A, 7B).
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Figure 4. Network construction of compound disease targets. (A) Venn diagram shows common part between RA with
cholangiocarcinoma (CCA). (B) Network of RA compound targets and CCA targets. Note: drug compound1 represents
(35,85,9S,10R,13R,14S5,17R)-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-cyclopentalalphenanthren-3-ol); compound2 represents (6aR,11aR)-9,10-dimethoxy-6a,11a-dihydro-6H-
benzofurano[3,2-c]chromen-3-ol.
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Table 2. Common targets between HMM and cholangiocarcinoma.

Gene ID Gene symbol Gene name
5241 PGR Progesterone receptor
S Prostaglandin G/H synthase 1
"""""" 1 KL Serine/threonine-protein kinase Chk1
 seas  PRSSL Typsinl
"""""" 131 CHRM3  Muscarinicacetylcholine receptorm3
Y S Estrogen receptor
 se8  PeARG Peroxisome proliferator activated receptor gamma
e esksw Glycogen synthase kinase-3beta
s owm Coagulation factorvi
s B2 Apoptosis regulatorBcl2
""""""" 86  cASP3  Caspase
© sse9 mapke Mitogen-activated protein kinase8
"""""" 1543  OWPIAL  CytochomePAsolAl
 e1 osmE Eselectin
""""""" 20  AOXS  Adachidonate S-lipoxygenase
a0 estet Glutathione S+transferaseP
e AR Aylhydrocarbon receptor
 e0 N3 Nuclear receptor subfamily 1 group | member3
e Glutathione S-transferase Mu1
"""""" 1956  EGR  Epidermalgrowth factorreceptor
a2 vEGRA Vascular endothelial growth factor A
s cnor GUSspecific cynDl
""""""" 82 A9 Gaspwse9
s P Urokinase-type plasminogen activator
o oses Rl Retinoblastoma-associated protein
 3se9owe nterleukine
s es Cellular tumor antigenps3
002 Ex ETS domain-containing protein E-1
""""""" g1 cAs8  cCaspase8
 se4  RARL RAF proto-oncogene serine/threonine-protein kinase
o sss PRKGA Protein kinase Calphatype
st wRA Hypoxia-inducible factor 1-alpha
24 B2 Receptor tyrosine-protein kinase erb82
a0 omv< MYC proto-oncogene protein
~ s;33 pTeeRs Prostaglandin E2 receptor EP3 subtype
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Table 2 continued. Common targets between HMM and cholangiocarcinoma.

Gene ID Gene symbol
332 BIRC5
a6 NOS3 it
1 MBI Heats
""""""" g1 Nl Gumi
a0 NEE22 Nucle:
"""""" 17286 NQOL  NAD(
12 emeL Pyl
""""" 11200 W2 Serine
397 ML Heats
"""""" w01 ® Crex
""""" 1186 RASSFL  Rasas
39 RELInterf
2085 EREB3  Recep
© sas PON1 Semm
s MR Hexok

Gene name

Baculoviral IAP repeat-containing protein 5

Hexokinase-2

Changes in core target expression

To verify the core targets in the network of RA and CCA, we in-
vestigated the expression of core target proteins by Western
blotting in QBC939 cells treated with RA, and found that RA
downregulated the P-EGFR/EGFR and p-MAPK8/MAPKS ra-
tios, upregulated the cleaved caspase3/caspase3 ratio, and
reduced the expression of c-MYC and PARP (Figure 8A, 8B).
Western blotting results showed concentration-dependent
antitumor activity in QBC939 cells treated with RA through
these targets (p<0.05).

Discussion

Cholangiocarcinoma is a relatively common malignant tumor
derived from the intrahepatic Due to difficulties in detection
and drug resistance, it is very important to explore the regu-
lation of CCA biological characteristics and find new treatment
methods for multi-modal management of CCA.

Network pharmacology can improve drug efficacy and the suc-
cess rate of clinical trials, as well as decrease in the costs of
drug discovery via exploring the regulation of signaling path-
ways with multiple channels [42]. In our study, the network
pharmacology findings from web-based databases revealed
core gene targets, and we explored the biological functions,

pathways, and mechanisms of RA in CCA. These findings sup-
port that RA is a promising resource with specific therapeu-
tic effects on CCA.

RA is a type of astragalus, and several studies have shown
that astragalus is associated with antitumor [12] and immune-
modulating activities [16]. In network pharmacology analysis,
the network of compound disease targets revealed querce-
tin and kaempferol as key active ingredients in RA respon-
sible for the therapeutic effects against CCA. Several studies
have suggested that quercetin is helpful for treating CCA as
a dietary phytochemical with anti-inflammatory and antitu-
mor effects [43,44] and may be useful against CCA as a can-
cer chemopreventive drug. Kaempferol has antioxidant, anti-
inflammatory, and antitumor activities [45-47]. Qin et al. [48]
showed that kaempferol has potent effects against CCA both
in vitro and in vivo via the PI3K/AKT pathway, which is involved
in apoptosis, proliferation, and invasion. In our in vitro study,
the RA extract was cytotoxic and inhibited the proliferation of
the bile duct carcinoma cell line QBC939.

Important predictive biotargets for RA in CCA were identified
as caspase3, MAPK8, MYC, EGFR, and PARP. Caspase3, a cys-
teine-aspartic acid protease, plays a central role in the execu-
tion phase of cell apoptosis. As an executioner caspase, the
caspase3 zymogen has activity after it is cleaved by an initiator
caspase when apoptotic signaling events have occurred [49].
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are likely key proteins in the interaction of cholangiocarcinoma.
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Figure 6. GO and pathway analysis. (A) GO analysis of common targets of RA and cholangiocarcinoma. The Y-axis represents
significant GO biological function processes and the X-axis represents the counts of enriched targets. The gradient of color
represents the different adjusted p values. (B) KEGG analysis for common targets of RA and cholangiocarcinoma. The Y-axis
represents significant KEGG pathways and the X-axis represents the ratio of enriched targets in a pathway to all common
targets. The size of the nodes shows count of targets, and gradient of color represents the adjusted p value.
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Figure 7. Correlation of core target expression with immune infiltration level in CCA. (A) Caspase3 expression level is significantly
negatively related to tumor purity and positively related to the infiltration level of B cells in CCA. (B) MYC expression
level is significantly negatively related to tumor purity and positively related to the infiltration level of B cells, CD4+ cells,
macrophages, neutrophils, and dendritic cells in CCA.
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Figure 8. (A, B) Changes in core target proteins in QBC939 cells after RA treatment. GADPH was used as loading control. n=3, * p<0.05
compared with O pg/mL group.
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Caspase3 plays a dominant role in the hallmark caspase cas-
cade, which is characteristic of the apoptotic pathway triggered
by extrinsic activation [50]. MAPKS, a transduction protein, con-
trols several cellular processes, including cell proliferation and
survival [51]. Nishikawa et al. reported that MAPK signaling ap-
pears to induce a biliary proliferation program in hepatocytes
or liver bipotential cells, implicating this pathway in human
CCA [52]. In human intrahepatic CCA, TNF is highly expressed
near intrahepatic CCA lesions, and CCA p-JNK, and reactive ox-
ygen species (ROS) accumulation in surrounding hepatocytes
are present, causing cholangiocellular proliferation/differen-
tiation and carcinogenesis. Targeting the ROS/TNF/INK axis
may improve intrahepatic CCA therapy [53].

C-MYC is the most well-known and studied member of the
MYC oncoprotein family and it is estimated that in up to 70%
of human cancers, c-MYC expression is elevated or deregu-
lated through different mechanisms and is associated with
an invasive cancer phenotype [54]. Many studies have dem-
onstrated that c-MYC induction promotes cholestatic liver in-
jury and CCA progression [55]. EGFR belongs to the HER/ErbB
family of tyrosine kinase receptors. In many types of cancer,
EGFR activation inhibits cell-cell adhesion by destabilizing
the complex of E-cadherin/B-catenin, promotes tumor metas-
tasis, and contributes to the procurement of a motile pheno-
type [56—58]. In CCA, overexpression of EGFR is related to tu-
mor progression [59—64], and the EGF/EGFR axis contributes
to epithelial-mesenchymal transition in CCA tumor cells, pro-
moting the progression of this type of cancer [65]. PARP is a
nuclear DNA-binding protein and is an important component
involved in single-strand break damage repair [66]. Upon DNA
damage, PARP-1 catalyzes the PARylation of acceptor proteins
and repairs damaged DNA via base excision repair to maintain
genomic stability [67]. PARP inhibitors can theoretically enhance
tumor cell death, and combining PARP inhibitors such as olapa-
rib with radiation may contribute to treatment of CCA [68].

To further explore the biological functions of the core tar-
gets, we used to TIMER database. The expression of caspase3
and MYC was negatively associated with tumor purity, which
is correlated with diverse immune infiltration levels in CCA.
Caspase3 expression levels are positively associated with the
infiltration level of B cells in CCA, and the MYC expression lev-
el is positively associated with the infiltration level of B cells,
CD4+ cells, macrophages, neutrophils, and dendritic cells in
CCA. The results of TIMER suggest that the functions of core
targets are related to immunological regulation of the tumor

LAB/IN VITRO RESEARCH

microenvironment. Immune infiltration is an emerging hall-
mark of cancer and plays an important role in tumor initiation
and progression [69,70]. The tumor microenvironment is a key
determinant in distant metastasis and development, in which
evolution of the tumor can be traced back to immune-escap-
ing clones [71]. Based on the relationship between the core
genes and immune infiltration, RA may inhibit tumor initiation
and progression by regulating the tumor microenvironment.

The KEGG results showed that RA regulates the EGFR tyro-
sine kinase inhibitor resistance pathway as the pharmacolog-
ical mechanisms of the therapeutic effect of RA against CCA.
An EGFR inhibitor was the first targeted drug used for tumor
therapy and has been approved for treating metastatic non-
small-cell lung cancer, pancreatic cancer, colorectal cancer,
and squamous cell carcinoma of the head and neck [72]. As
EGFR expression is decreased, downstream signaling in ma-
lignant tumor cells is inhibited, leading to inhibition of metas-
tasis, growth, proliferation, differentiation, and angiogenesis
and increased cancer cell apoptosis [73]. However, nearly all
tumors acquire EGFR tyrosine kinase inhibitor resistance af-
ter various periods of time [74].

In our study, the Western blotting results showed that RA
downregulated the P-EGFR/EGFR and p-MAPK8/MAPKS ratios,
upregulated the cleaved caspase3/caspase3 ratio, and reduced
the expression of c-MYC and PARP. These in vitro results sup-
port the network pharmacology data and demonstrate that RA
affects protein expression of core genes and alters the EGFR
tyrosine kinase inhibitor resistance pathway. RA inhibits CCA
progression by promoting cell apoptosis and blocking cell pro-
liferation/differentiation and carcinogenesis.

Conclusions

RA appears to be an effective drug when used as adjuvant
therapy. The core targets identified included caspase3, MAPKS,
MYC, EGFR, and PARP in the network of RA and CCA, indicating
potential as therapeutic biomolecules for treating CCA. Further
studies are needed to demonstrate that RA is an active plant
medicinal material useful for developing a safe and effective
multi-targeted anticancer treatment for CCA.
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Supplementary Figure 1. The cells were imaged using the IncuCyte® S3 Live-Cell Analysis System. RA influenced the morphological
characteristics and adherence of the cells to the plate.
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Supplementary Table 1. Targets from OMIM.

Gene/locus Gene/locus name Gene/locus MIM number
BCC1 Basal cell carcinoma, susceptibility to, 1 605462
wva Oncogene MYC, lung carcinoma-derived 164850
e Oncogene MYC, lung carcinoma-derived 164850
Beas2 Breast carcinoma amplified sequence2 605783
oamt Breast carcinoma amplified sequence 2 605783
eRNT Papillary thyroid carcinoma with papillary renal neoplasia 605642
PTeRRN Papillary thyroid carcinoma with papillary renal neoplasia 605642
CRccPl Papillary renal cell carcinoma, translocation-associated 179755
PRCC Papillary renal cell carcinoma, translocation-associated 179755
B2 Basal cell carcinoma, susceptibility to,2 613058
Nwtes Nonmedullary thyroid carcinoma3 606240
mBcBIL ATP-binding cassette, subfamily B, member 11 (bile salt export pump) 603201
e ATP-binding cassette, subfamily B, member 11 (bile salt export pump) | 603200
s ATP-binding cassette, subfamily B, member 11 (bile salt export pump) 03200
P2 ATP-binding cassette, subfamily B, member 11 (bile salt export pump) 603200
B2 ATP-binding cassette, subfamily B, member 11 (bile salt export pump) 603200
Be37 G protein-coupled bile acid receptor 1~~~ 610147
GPBARL G protein-coupled bile acid receptor 1~ 610147
Cmion i@g;ﬁggg'n;’e”'ss;;;n;;ft;'15;;;;;;a;t;;j;;@;;v;n;;gmg{e'a inrenal om0
s 'E'i;;iiaﬁﬁsgggagg';&a;;at'y"'1'5;,';,4;;;55;;;@;;v';n};;gmgf;;a inrenal om0
o Eiﬁgg;’ﬁglggagg';}an;;;i;;'15;,';;4;;;;{5;;;@;,wn;;gmgf;a inrenal comos
bR Distupted in renal carcinoma2 602773
Reca Distupted in renal carcinoma2 602773
mnDEC Microtia with nasolacrimal duct imperforation and eye coloboma 611863
w1 Nasopharyngeal carcinoma 1 07107
NPcAL Nasopharyngeal carcinoma1 07107
locsssser Acyl-CoA thicesterase 7-lke 611963
soar Solute carrier family 10 (sodium/bile acid cotransporter family), member 6 613366
Csicions Solute carier family 10 (sodium/bile acid cotransporter family), member 6 613366
Csicioa7 Solute carrier family 10 (sodium/bile acid cotransporter family), member7 611459
Cssasks Solute carrier family 10 (sodium/bile acid cotransporter family), member 7 611459
B3 Basal cell carcinoma, susceptibility to, 3 613059
NP2 Nasopharyngeal carcinoma, susceptibility to,2 161550
Bcc6 Basal cell carcinoma, susceptibility to,6 613063
CARIDL Bile acid synthesis defect, congenital,2 604741
CsRosBL Bile acid synthesis defect, congenital, 2 604741
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Gene/locus Gene/locus name Gene/locus MIM number
CBAS2 Bile acid synthesis defect, congenital, 2 604741
NCRNAOOLO7 Papillary thyroid carcinoma susceptibility candidate 1gene 617400
st Papillary thyroid carcinoma susceptibility candidate 1gene 617400
B Basal cell carcinoma, susceptibility to, 5~~~ 613062
e Bile acid coenzyme A: amino acid N-acyltransferase (ghycine corss
N-choloyltransferase)
e Carboxyl-ester lipase (bile-salt stimulated lipase) 114840
et Carboxyl-ester lipase (bile-salt stimulated lipase) 114840
BT Carboxyl-ester lipase (bile-salt stimulated lipase) 114840
moovs Carboxyl-ester lipase (bile-salt stimulated lipase) 114840
Csmmt Squamous cell carcinoma antigen recognized by Tcells 1 605041
CHomst Squamous cell carcinoma antigen recognized by Tcells 1 605041
e Anal canal carcinoma 105580
Bcca Basal cell carcinoma, susceptibility to, 4 613061
a2 Aquaporin-2 (collecting duct) w777
sz Squamous cell carcinoma antigen recognized by Tcells 3 s11684
P00 Squamous cell carcinoma antigen recognized by Tcells3 s11684
Cmasoss Squamous cell carcinoma antigen recognized by Tcells3 sl1684
Cmei0 Squamous cell carcinoma antigen recognized by Tcells3 sl1684
Csicio Solute carrier family 10 (sodium/bile acid cotransporter family), member2 601205
N2 Solute carrier family 10 (sodium/bile acid cotransporter family), member2 601205
eeAM Solute carrier family 10 (sodium/bile acid cotransporter family), member2 601205
Csiciomr Solute carrier family 10 (sodium/bile acid cotransporter family), member 1 182396
Nt Solute carrier family 10 (sodium/bile acid cotransporter family), member 1 182396
CWomce Hepatocellular carcinoma-downregulated mitochondrial carrier protein 600011
CClaofes Hepatocellular carcinoma-downregulated mitochondrial carrier protein 600911
CHceats Hepatocellular carcinoma-associated transcript 5 615613
WA Hepatocellular carcinoma-associated transcript 5 615613
msec Palmoplantar carcinoma, multiple selthealing 616964
em immature colon carcinoma transcript 1. 603000
ost immature colon carcinoma transcript 1. 603000
bcc Deleted in colorectal carcinoma 10470
CmRMvL Deleted in colorectal carcinoma 120470
CHePPS2 Deleted in colorectal carcinoma 120470
Cceomps SR iy clade B (ovalbumin), member 4 (squamous cell coosis
e Serpin peptidase inhibitor, clade B (ovalbumin), member 4 (squamous cell st

carcinoma antigen 2)
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Gene/locus Gene/locus name Gene/locus MIM number
Serpin peptidase inhibitor, clade B (ovalbumin), member 3 (squamous cell
SERPINB3 P ¢ ) (5 600517
carcinoma antigen 1)
Serpin peptidase inhibitor, clade B (ovalbumin), member 3 (squamous cell
SCCA1 L ¢ ) s 600517
carcinoma antigen 1)
TCO Thyroid carcinoma, nonmedullary, with cell oxyphilia 603386
BCAS4 Breast carcinoma amplified sequence 4 607471
BCAS1 Breast carcinoma amplified sequence 602968
NABC1 Breast carcinoma amplified sequence 602968
38-inhibited cutaneous squamous cell carcinoma-associated lon
PICSAR s ) ; . B 617191
intergenic noncoding RNA
38-inhibited cutaneous squamous cell carcinoma-associated lon
LINCO0162 p . . E & 617191
intergenic noncoding RNA
38-inhibited cutaneous squamous cell carcinoma-associated lon
NLC1C s ) ; E B 617191
intergenic noncoding RNA
Solute carrier family 10 (sodium/bile acid cotransporter family) member 3
SLC10A3 . y10( g Y) 312090
(protein p3)
P3 Solute carrier family 10 (sodium/bile acid cotransporter family) member 3 312090
(protein p3)
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