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Purpose: Banxia xiexin decoction (BXXX) is a classical Chinese herbal compound for the
treatment of gastrointestinal diseases. Its ingredients are also considered helpful for cancer
rehabilitation. Here, we will explore the regulatory mechanism of BXXX acting on PD-L1 in
gastric cancer (GC).

Methods: GC samples and the general baseline data of the patients were collated.
Immunohistochemical (IHC) detected the expression of programmed cell death-ligand 1(PD-
L1), hypoxia-inducible factor-1 (HIF-1), epidermal growth factor receptor (EGFR), inter-
feron-y receptor (IFNGR) and Toll-like receptor 4 (TLR4). ELISA detected the expressions
of EGF, IFNG and IL-6 in serum samples. Network tools were used to analyze the potential
molecules of BXXX. In the cell experiment, CCK-8 detected the cell proliferation. Tunel
detected the apoptosis. Western blot detected the expression of related proteins. In animal
experiments, the tumor volume of GC-bearing mice was observed. Expression of EGF, IFNG
and IL-6 in the serum of tumor-bearing GC mice were detected by ELISA. Western blot
detected the expression of related proteins.

Results: The expressions of PD-L1, HIF-1, EGFR, IFNGR and TLR4 in the tissues of GC
patients were significantly increased, and the expressions of EGF, IFNG and IL-6 in serum
were increased. The molecular results of the network tools showed that BXXX and its main
components have a targeting effect on the key molecules of each pathway in the PD-L1
regulatory network. Cell experiments showed that BXXX can inhibit the expression of PD-
L1, HIF-1, EGFR and TLR4, but has no significant effect on the expression of IFNGR, thus
inhibiting the proliferation and promoting the apoptosis of GC cells. The results were
consistent with the animal experiments on tumor-bearing gastric cancer mice.

Conclusion: BXXX inhibited the expression of PD-L1 through multi-target and multi-
pathway regulation of major oncogenes in GC, thus effect cell proliferation and apoptosis.
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Introduction

Gastric cancer (GC) is one of the most common cancers in the world, with a 5-year
relative survival rate of about 20%. GC refers to the malignant tumor originated
from gastric mucosal epithelial cells, mainly gastric adenocarcinoma. Although
early GC has no obvious symptoms, indigestion and other gastric symptoms
gradually appear with the progress of the disease. At present, the main treatments
for GC are surgical resection and adjuvant therapy with chemotherapy or radio-

therapy. However, there are disadvantages to such treatments for their serious
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toxicity and side effects as well as easy recurrence, which
cause a major decline in patients’ life quality.'

As Chinese medicine is being studied and accepted by
more and more scientists around the world, it has become
a new method for the treatment of many diseases. Based on
the accumulating research on Chinese medical plants, var-
ious types of medical herbs have been clinically employed,
which has brought some satisfactory treatment results.”
Banxia xiexin decoction (BXXX) is a classic Chinese med-
icine prescription for treating gastrointestinal diseases.’®
Some studies have shown the effectiveness of it in treating
digestive tumors and even tumors of other systems.”’

Our previous study found that BXXX had a significant
effect on the expression of programmed cell death 1 ligand 1
(PD-L1) in GC. PD-1 receptor is an immune checkpoint
protein expressed in tumor cells, which infiltrates tumor
immune cells, down-regulates T cell activation and evades
immune response against tumor cells.® PD-1 related ligands
are PD-L1 (also known as B7-H1) and PD-L2 (also known
as B7-DC).? Interactions between PD-L1 and PD-1 lead to
inhibition of cytotoxic T cell activity, reduction of cytokines
produced by T cells, and induction of Tregs generation.'®
Such interactions protect tumor cells from destruction by
cytotoxic T cells and promote proliferation of tumor cells.
In addition, some effects of PD-L1 on tumor cells themselves
have also been studied. DNA damage in tumor cells leads to
increased expression of PD-L1, which is closely related to
the active DNA repair mechanism.'"*'? Previous studies have

| PD-L1 EXPRESSION AND PD-1 CHECKPOINT PATHWAY IN CANCER |

shown that the expression of PD-L1 is increased in GC."
The above findings collectively indicate that PD-L1 might
play a key role in the proliferation and development of GC.

KEGG database (https://www.kegg.jp/) showed the regu-
latory network of each pathway to PD-L1 (Figure 1). In

addition, according to the traditional Chinese medicine com-
pound ingredients-targeted molecular forecast by BATMAN-
TCM (http://bionet.ncpsb.org/batman-tcm/) that predicts the
molecular mechanisms of traditional Chinese medicine, so far

there has been no evidence that all any major component of
BXXX directly targets the effects of PD-L1 (CD274), but the
main components of the compound have been shown to have
targeting effects on key molecules in various pathways of the
PD-L1 regulatory network. Further analysis of the relation-
ship between the targeted molecules of the main components
Pinellia ternata, Coptis chinensis and Scutellaria baicalensis
showed that there exist differences in the mechanisms of how
they respectively influence PD-L1.

Therefore, in this paper, we focus on the whole prescrip-
tion of BXXX and the primary medical ingredients such as
Pinellia ternata, Coptis chinensis and Scutellaria baicalen-
sis as the research objects to observe and explore the main
mechanism of BXXX regulating PD-L1 in GC cells.

Methods and Materials

Medicine Preparation
Banxia xiexin decoction (BXXX, Pinellia ternata 15g,
Scutellaria baicalensis georgi 9g, dried ginger 9g, ginseng
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Figure | The main regulatory pathway of PD-LI in cancer in KEGG database.
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9g, honey-fried licorice root 9g, Coptis chinensis 3g,
jujube 4 pieces) was provided by Affiliated Hospital of
Yangzhou University.

Clinical Specimens

Data of gastric cancer (GC) patients, gastric cancer tissues,
adjacent tissues and serums were obtained from 10
patients and 10 healthy people who were admitted to
Affiliated Hospital of Yangzhou University from June to
December 2019. All samples were frozen without delay in
liquid nitrogen at —80°C. Permission has been granted for
this study by the Affiliated Hospital of Yangzhou
University. Informed consents were obtained from all
patients.

The Model Preparation of GC Xenograft

in Nude Mice

Twenty healthy female BALB/C nude mice aged 6—8 weeks
were selected from the Affiliated Hospital of Yangzhou
University. All animal procedures and experimental methods
were approved by the Committee on the Ethics of Animal
Experiments of the Affiliated Hospital of Yangzhou
University, and were conducted in accordance with the
ARRIVE guidelines. All animal experiments were conducted
according to the ethical guidelines of the Affiliated Hospital
of Yangzhou University, National Institutes of Health Guide
for the Care and Use of Laboratory Animals and the “3R”
principle. All efforts were made to minimize animal suffer-
ing. The nude mice were raised in SPF conditions. AGS cells
at logarithmic growth stage were inoculated subcutaneously
at the right back near the upper limb of nude mice by 6 x 10’
unit/mL. When the tumor tissues formed after 3-5 days,
BXXX (9g/kg) were given by gavage every day. The body
weight and tumor volume of mice were recorded during 5
weeks of modeling. Each group includes three mice.

Cell Culture

GC cells AGS (adherent cells) were purchased from the
Type Culture Collection of the Chinese Academy of
Science and incubated in DMEM (Gibco; Thermo Fisher
Scientific) supplemented with 10% FBS (Gibco; Thermo
Fisher Scientific) in a 37 °C, 5% CO, environment.

Immunohistochemistry (IHC)

GC tissues and paracancer tissues were fixed with 4% (w/v)
paraformaldehyde, deparaffinized, and embedded in paraf-
fin. The tissues were incubated with primary antibodies

against PD-L1, HIF-1, EGFR, IFNGR and TLR4 (1:100,
Santa Cruz Biotechnology, USA) overnight at 4 °C. Then
they were incubated with secondary antibodies (1:5000,
Abcam, USA) and 3,3'-diaminobenzidine tetrahydrochloride
(Sigma-Aldrich, St Louis, MO, USA) for 1 h at 37 °C.

CCK-8

Cells were cultured in a 96-well plate at a density of 5 x
10° cells/well. After the cells were treated accordingly,
10 uL solution of the Cell Counting Kit-8 (CCK-8,
Dojindo Molecular Technologies, Gaithersburg, MD)
was added as the supplement. Finally, the absorbance
was measured at 450 nm using a Microplate Reader (Bio-
Rad, Hercules, CA, USA). Calculation formula: cell pro-
liferation rate = (OD e current time point = OD the starting time
point) F100%, the starting time point is the cell adherent
time point.

TUNEL

The cells were collected and then incubated at 37°C in
dark for 60 min after addition of 50uL TUNEL assay
solution (Boehringer Mannheim, Germany). The detection
solution was later discarded. The cells were washed and
sealed with anti-fluorescence quenched sealing solution for
observation under fluorescence microscope (ZEISS,
Germany). The available excitation wavelength range is
450-500nm and the emission wavelength range is 515—
565nm (green fluorescence).

Western Blot

Total cell proteins were extracted using SDS lysis buffer
(Cell Signaling Technology, Inc.). Subsequently, a BCA
assay (Thermo Fisher Scientific, Inc.) was used to detect
the protein concentrations. And an equal number of protein
samples (25 pg/lane, 5% loading buffer consists of Tris (15g),
glycine (72g) and SDS (5g), which is added with water to 1L
and diluted to 1x) were then separated by SDS-PAGE (10%
gel) for 75min at the voltage of 40mA and transferred onto
polyvinylidene difluoride membranes (5xrunning buffer
consists of Tris (15g) and glycine (72g), which is added
with water to 1L and diluted to 1x). Following blocking
with 5% non-fat milk at room temperature for 2 h, mem-
branes were incubated with primary antibodies dilute with
4°C.
Subsequently, the membranes were incubated with goat anti-

the appropriate antibody buffer overnight at

rabbit horseradish peroxidase-conjugated IgG secondary
antibodies (1:5000; cat. no. AA24142) at room temperature
for 1 h. The signals were detected using enhanced
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chemiluminescence reagent (GE Healthcare). Image
J software (version 146; National Institutes of Health,
Bethesda, MD, USA) was used to analyze the fold-changes
of protein levels. Anti- HIF-1 (1:1,000; cat. no. 36169T),
anti- EGFR (1:1,000; cat. no. 2085S), anti- STAT3 (1:1,000;
cat. no. 9139s), anti- IFNR (1:1,000; cat. no. 8455s), anti-
PD-L1 (1:1,000; cat. no. 13684s), anti- TLR4 (1:1,000; cat.
no. 143588S), anti-Na/K ATPase (1:1000, cat. no. ab199713)
and anti-GAPDH (1:1,000; cat. no. 5174S) antibodies were
obtained from Cell Signaling Technology, Inc.

Statistical Analysis

Data are shown as mean + SD (standard deviation). We
used SPSS (Version 21.0; IBM, Armonk, NY) to perform
statistical analysis. Statistical comparisons were made
using one-way analysis of variance (ANOVA). P < 0.05
was considered as statistically significant. Each experi-
ment was repeated three times.

Results
The Expression of PD-L| Related
Regulatory Factors is Abnormal in GC

Patients

Figure 1 displays the main regulatory pathway of PD-L1 in
cancer from KEGG database (https:/www.kegg.jp/). We
found that HIF-1, EGFR, IFNGR and TLR4 are the
upstream regulatory factors of PD-L1. Gastric tissues of

healthy people and GC patients were collected, and the
general baseline data of the 10 patients with GC were
recorded (Table 1). Subsequently, IHC results showed that
the expressions of PD-L1, HIF-1, EGFR, IFNGR and TLR4
were significantly increased in GC tissues compared with
para-carcinoma tissue (Figure 2A). The serum levels of
EGF, IFNG and IL-6 were tested by ELISA assay, and the

Table | The Baseline Characteristics of Gastric Cancer Patients

results showed that the expressions of them were markedly
increased in GC patients compared with healthy people
(Figure 2B). We thus established the abnormal expressions
of regulatory factors related to PD-L1 pathway in GC.

BXXX and Its Major Components Target
and Regulate Key Factors in the PD-LI

Pathway

We analyzed the targeting effects of BXXX and its major
components on regulatory factors in PD-L1 related path-
ways based on the Chinese herbal compound-targeted
molecule prediction by BATMAN-TCM, and found that
although BXXX and its major components do not directly
act on PD-L1, they can regulate upstream factors of PD-L1
so as to achieve indirect regulation (Figure 3 and Table 2).

BXXX Inhibits the Proliferation and
Promotes the Apoptosis of GC Cells by
Indirectly Regulating the Expression of
PD-LI Through Multiple Pathways and
Targets

Subsequently, our experiment was further carried out with
regard to the cells. The GC cells AGS were treated with
different concentrations of drug-containing serum, and the
cells were divided into control group (cultured in normal
medium), NC group (BXXX-0%), BXXX-5%, BXXX-
10% and BXXX-20%. Cell proliferation ability was
detected by CCK-8, as shown in Figure 4A. With the
increase of BXXX concentration and the prolongation of
action time, the survival rate of AGS cells decreased sig-
nificantly. The Tunel experiment showed that BXXX pro-
moted AGS cell apoptosis in a concentration-dependent
manner (Figure 4B). Next, Western blot was used to detect

Sample Gender Age (Years) Drinking Smoking Family History of Cancer (Any Type)
| Male 38 Yes No Yes
2 Male 57 Yes Yes No
3 Male 35 No Yes Yes
4 Male 65 Yes No No
5 Male 54 Yes No No
6 Female 51 No No No
7 Female 42 No Yes No
8 Female 58 No No Yes
9 Female 46 Yea No Yes
10 Female 37 No Yes No
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Figure 2 The expression of PD-L|-related regulatory factors is abnormal in GC patients. (A) IHC detected the expression of PD-LI, HIF-1, EGFR, IFNGR and TLR4. (B)
ELISA detected the expressions of EGF, IFNG and IL-6 in serum of patients. ***P<0.001 vs normal; ##P<0.01, ###P<0.001 vs patient.

Next, we selected 20% of BXXX drug-containing serum
for the experiment, added 1uM of HIF-1 and EGFR activa-
tor ML228 and TLR4 activator LPS, and divided the cells
into control group, BXXX group, BXXX+ML228 group and
BXXX+LPS group. CCK-8 results demonstrated that
ML228 and LPS could reverse the inhibitory effect of
BXXX on cell proliferation compared with the BXXX
group (Figure S5A). Tunel results exhibited that compared

the expression of PD-L1 and its key regulators. We found
that BXXX could inhibit the expression of PD-L1, HIF-1,
EGFR and TLR4 in a dose-dependent manner, but had no
obvious effect on the expression of IFNGR (Figure 4C).
Therefore, we preliminarily concluded that BXXX indir-
ectly regulated the expression of PD-L1 through multiple
pathways and targets, thereby inhibiting the proliferation
and promoting the apoptosis of GC cells.

https://doi.org/10.2147/OTT.S288442 330 I
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Figure 3 BXXX and its major components target and regulate key factors in the PD-L| pathway.

with the BXXX group, the apoptosis rate of BXXX+ML228
group was notably reduced, but the apoptosis rate of BXXX
+LPS group showed no change (Figure 5B), indicating that
TLR4 activation had no effect on reducing the apoptosis rate
while it significantly promoted the overall proliferation rate
of cells. Western blot detected the expression of the key
regulatory factors in the pathway. ML228 and LPS were
found to have noticeably reversed the inhibitory effect of
BXXX on PD-L1, HIF-1, EGFR and TLR4 (Figure 5C).
This further indicated that BXXX indirectly regulated the
expression of PD-L1 through multiple pathways and targets,
thereby inhibiting the proliferation and promoting the apop-
tosis of GC cells.

BXXX Inhibits Tumor Formation in GC
Bearing Mice via Multiple Targets and
Pathways

We conducted animal experiments to verify our prelimin-
ary conclusions. Tumor-bearing mice were divided into

BXXX-low, BXXX+Mid and BXXX-+High
groups. We found that the tumor volume of mice given
BXXX decreased significantly, and that the higher the
concentration of BXXX was, the higher the inhibition of
tumor growth by BXXX (Figure 6A—C). Subsequently, the
expression of related cytokines in mouse serum (Figure

control,

6D) and tumor tissues (Figure 6E) was detected, and the
result of which identified that BXXX inhibited the expres-
sion of EGF, IFNG and IL-6 in a concentration-dependent
manner. Western blot was used to detect the expressions of
proteins related to the pathway, and the detected trend was
proven to be consistent with that at the cellular level
(Figure 6F).

Discussion

It was validated in our study that the classical prescription
BXXX and its main components Pinellia ternata, Coptidis
and Scutellaria baicalensis can work to regulate the
expression of PD-L1 through multiple targets and multiple

Table 2 The Targeting Effect of BXXX and Its Main Components on Molecules

Groups PD-LI HIF-1 EGF EGFR IFNG IFNGR TLR4 IL-6
BXXX - + - + + - + +
Pinellia ternata - + - - + - + +
Coptis chinensis - - - - - — _
Scutellaria baicalensis - + - + — - +
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Figure 4 BXXX inhibits the proliferation and promotes the apoptosis of GC cells by indirectly regulating the expression of PD-L| through multiple pathways and targets.
(A) CCK-8 detected the cell viability. (B) Tunel assay detected the apoptosis of cells. (C) Western blot detected the expression of related proteins in the PD-LI pathway.
(D) Western blot detected the expression of EGFR, IFNGR and TLR4 in cell membrane. *P<0.05, **P<0.01, ***P<0.001 vs NC. Control group: cells were cultured in normal
medium; NC group: cells were cultured in BXXX-free rat serum; BXXX-5%: cells were cultured in BXXX-5% rat serum; BXXX-10%: cells were cultured in BXXX-10% rat

serum; BXXX-20%: cells were cultured in BXXX-20% rat serum.

pathways, thus inhibiting the proliferation and promoting
the apoptosis of GC cells. Our experiments laid a solid
foundation for the treatment or prevention of GC with
traditional Chinese medicine.

BXXX, first recorded by Zhang Zhongjing in his medical
work Treatise on Febrile and Miscellaneous Diseases, has
been used for centuries in Chinese history for the treatment of
gastrointestinal diseases. It proved to be effective in prevent-
ing and controlling irinotecan-induced delayed diarrhea in

recurrent small cell lung cancer.” In addition, BXXX is
shown to be helpful in the treatment of esophageal reflux
disease in adults.'* In recent years, several studies have
reported that BXXX is also effective against cancer. Yan
et al® showed that BXXX had a significant relieving effect
on colon cancer in nude mice. Wang et al'> evaluated the
efficacy and safety of BXXX in advanced liver cancer treat-
ment and found that BXXX could prolong the overall survi-

val of liver cancer patients without obvious adverse
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Figure 5 It was further found that BXXX inhibits the proliferation and promotes the apoptosis of GC cells by indirectly regulating the expression of PD-LI| through multiple
pathways and targets. (A) CCK-8 detected the cell viability. (B) Tunel assay detected the apoptosis of cells. (C) Western blot detected the expression of related proteins in
the PD-LI| pathway. (D) Western blot detected the expression of EGFR, IFNGR and TLR4 in cell membrane. *P<0.05 vs control; **P<0.001 vs Con; #P<0.05, ##P<0.01,

#H##P<0.001 vs BXXX.

reactions. So far, studies on the therapeutic potential of
BXXX in GC have been insufficient as there is only one
medical paper available on the literature database that is

related to such subject.'® However, its mechanism of action

was not investigated. In our study, we have proved that
BXXX has an inhibitory effect on GC from the cellular
level and the animal level, and it can inhibit the proliferation
and promote the apoptosis of GC cells.

3304

Dove!

OncoTargets and Therapy 2021:14


https://www.dovepress.com
https://www.dovepress.com

Dove Feng et al

1000 5 on
-=- BXXX-Low
_ - BXXX-Mid
"E 80071 . Bxxx-High
e e
E Bw‘_ e
g ek
3
E 400+ =
F 200
T 10 12 14 16 18 20 22 24
30- 100+
=y I oy
E £ E
2 2 2
w ) ©
@ i 2
100+ 1507 400~
80-
- = — 3004
2 E 1001 Z
= 604 E
g £ 2 2001
w40 o
o £ 5 - 100
204 |; i
o LB 0
PD-L1 G S a— e, 5
w
HIF-1 Gl — o— i ]
»
EGFR GEEED Wb s b c
IFNGR M Sl — — E 3
-3
TLR4 EEED = e O
GAPDH CEND GEND GEND == é

Relative protein expression

=

P
e“jﬂ_ 4’& e"p}

o

Figure 6 BXXX inhibits tumor formation in GC-bearing mice via multiple targets and pathways. (A) Pictures of each group of mice. (B) Pictures of tumor tissues of mice in
each group. (C) Statistical analysis diagram of tumor tissue volume. ELISA detected the expressions of EGF, IFNG and IL-6 in animal tissues (D) and serum (E). (F) Western
blot detected the expressions of related proteins in the PD-L| pathway. *P<0.05, **P<0.01, ***P<0.001 vs Con.
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The chemical composition of Chinese herbal compound
is complex, and its pharmacological action is the compre-
hensive or integrated action of multiple active components
contained in one prescription through multiple channels,
links and targets.'” Due to the large number of pharmacody-
namic components in Chinese herbal compounds, the com-
plexity of their action is greater than that of chemical drugs
with a single pharmacodynamic component. Therefore, the
theories and methods of network pharmacology and multi-
direction pharmacology are an important inspiration for the
study of the action mechanism of Chinese herbal
compound.'®

BXXX is mainly composed of Pinellia ternata, Coptis
chinensis, Scutellaria baicalensis georgi, ginseng and other
traditional Chinese medicine monomers. Through the analysis
of network tools, we found that the main components of
BXXX have targeting effects on the key molecules of HIF-1,
EGFR, IFNGR and TLR4 in each pathway of PD-L1 regula-
tory network. And we verified the inference through both
cellular and animal experiments. PD-L1 plays an important
role in the proliferation and immune regulation of GC cells.'®
The expression of PD-L1 in tumor-activated neutrophils is
closely related to the progression of GC and the survival rate
of GC patients. In addition, Chakrabarti et al demonstrated that
Hedgehog signaling induces PD-L1 expression in GC to pro-
mote cell proliferation. This indicated that BXXX can regulate
PD-L1 by acting on the key factors of PD-L1, and ultimately
plays a role in the proliferation and apoptosis of GC cells.

In our experiments, we found that TLR4 agonist LPS
does not significantly reduce the apoptosis rate of GC
cells, but it can overall promote the proliferation rate of
cells. We hypothesized that the cause of that might be an
inflammatory signaling pathway downstream of TLR4.
After LPS-induced activation of the pathway, it did not
only stimulate apoptosis and necrosis but also accelerated
the cell cycle and increased the proliferation ability of the
cells. Therefore, after LPS-induced TLR4 activation, the
apoptosis of the cells was not significantly decreased, but
the overall proliferation level of the cells was increased. In
addition, in the experiment, BXXX has an effect on the
expression of EGF, which is different from the previous
prediction results. The reason is that the BATMAN-TCM
website predicts that BXXX has no direct effect on EFG,
but BXXX has regulatory effects on other pathways such
as EGFR, PD-L1, HIF-1 and TLR4, that is, BXXX can
indirectly affect the expression of EGF through other path-

way mechanisms.

Conclusion

This article demonstrated that BXXX inhibited the expres-
sion of PD-L1 through multi-target and multi-pathway
regulation of major oncogenes in GC.
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