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Yiwei decoction (YWD) is a formula of traditional Chinese medicine (TCM) that is
clinically effective for the prevention and treatment of gastric cancer recurrence
and metastasis. According to the theory of TCM, YWD tonifies the body and
strengthens the body’s resistance to gastric cancer recurrence and metastasis
potentially via the immune regulation of the spleen. The aims of the present study
were to investigate whether YWD-treated spleen-derived exosomes in rats inhibit
the proliferation of tumor cells, to elucidate the anticancer effects of YWD, and to
provide evidence supporting the use of YWD as a new clinical treatment for gastric
cancer. Spleen-derived exosomes were obtained by ultracentrifugation and
identified by transmission electron microscopy, nanoparticle tracking analysis,
and western blot analysis. The location of the exosomes in tumor cells was then
determined by immunofluorescence staining. After tumor cells were treated with
different concentrations of exosomes, the effect of exosomes on cell proliferation
was determined by cell counting kit 8 (CCK8) and colony formation assays. Tumor
cell apoptosis was detected by flow cytometry. Particle analysis and western blot
analysis identified the material extracted from spleen tissue supernatant as
exosomes. Immunofluorescence staining showed that spleen-derived
exosomes were taken up by HGC-27 cells, and the CCK8 assay confirmed that
the relative tumor inhibition rate of YWD-treated spleen-derived exosomes in the
30 μg/mL reached 70.78% compared to control exosomes in the 30 μg/mL (p <
0.05). Compared to control exosomes in the 30 μg/mL, the colony formation
assay indicated that YWD-treated spleen-derived exosomes in the 30 μg/mL
colonies have decreased by 99.03% (p < 0.01). Moreover, flow cytometry
analysis showed that treatment with YWD-treated exosomes in the 30 μg/mL
increased the apoptosis rate to 43.27%, which was significantly higher than that of
the control group in the 30 μg/mL (25.91%) (p < 0.05). In conclusion, spleen-
derived exosomes from YWD-treated animals inhibit the proliferation of HGC-27
cells via inducing apoptosis, suggesting that spleen-derived exosomes are
involved in mediating the antitumor effect of YWD. These results demonstrated
a novel exosome-mediated anticancer effect of YWD as a TCM formula, thereby

OPEN ACCESS

EDITED BY

Jingwen Xu,
Guangdong Pharmaceutical University,
China

REVIEWED BY

Sofian Al Shboul,
Hashemite University, Jordan
Kah Hui Wong,
University of Malaya, Malaysia
Qingmin Sun,
Affiliated Hospital of Nanjing University of
Chinese Medicine, China

*CORRESPONDENCE

Renzhao Wu,
wufeng03@126.com

Kequn Chai,
ckqmzygzs@163.com

†These authors have contributed equally
to this work and share first authorship

RECEIVED 15 January 2023
ACCEPTED 22 May 2023
PUBLISHED 01 June 2023

CITATION

Chen Y, Li Y, Wu Y, Chen S, Jin X, Chen X,
Fei B, Xue X,Wu R andChai K (2023), Yiwei
decoction promotes apoptosis of gastric
cancer cells through spleen-
derived exosomes.
Front. Pharmacol. 14:1144955.
doi: 10.3389/fphar.2023.1144955

COPYRIGHT

©2023Chen, Li, Wu, Chen, Jin, Chen, Fei,
Xue, Wu and Chai. This is an open-access
article distributed under the terms of the
Creative Commons Attribution License
(CC BY). The use, distribution or
reproduction in other forums is
permitted, provided the original author(s)
and the copyright owner(s) are credited
and that the original publication in this
journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Abbreviations: HGC-27 cells, human gastric cancer-27 cells; MFC cells, Murine forestomach carcinoma;
S180 cells, mouse malignant sarcoma cells; YWD, Yiwei decoction; TCM, traditional Chinese medicine.

Frontiers in Pharmacology frontiersin.org01

TYPE Original Research
PUBLISHED 01 June 2023
DOI 10.3389/fphar.2023.1144955

https://www.frontiersin.org/articles/10.3389/fphar.2023.1144955/full
https://www.frontiersin.org/articles/10.3389/fphar.2023.1144955/full
https://www.frontiersin.org/articles/10.3389/fphar.2023.1144955/full
https://crossmark.crossref.org/dialog/?doi=10.3389/fphar.2023.1144955&domain=pdf&date_stamp=2023-06-01
mailto:wufeng03@126.com
mailto:wufeng03@126.com
mailto:ckqmzygzs@163.com
mailto:ckqmzygzs@163.com
https://doi.org/10.3389/fphar.2023.1144955
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org/journals/pharmacology#editorial-board
https://www.frontiersin.org/journals/pharmacology#editorial-board
https://doi.org/10.3389/fphar.2023.1144955


supporting the use of YWD-treated exosomes as a new approach for the clinical
treatment of gastric cancer.
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apoptosis, tumour, spleen-derived exosomes

Introduction

The incidence and mortality of cancer are rapidly increasing
worldwide (Sung et al., 2021). An estimated more than 4.56 million
newly diagnosed cancer cases and more than 3.00 million cancer
deaths occurred in China in 2020. 38.8% of all cancer cases
diagnosed in China were digestive cancers (including colorectal
cancer, stomach cancer, liver cancer, and esophageal cancer) in 2020
(Qiu et al., 2021). Gastric cancer is a high incidence tumor. Due to
the aging population and the increase in high-risk groups, these
burden estimates will continue to increase.

At present, surgery is the only treatment that can completely
eradicate gastric cancer (Johnston and Beckman, 2019; Smyth et al.,
2020). After gastric tumors are removed, however, the cancer can
easily relapse and metastasize, resulting in poor prognosis and
reduction of quality of life (Qiu et al., 2022). Most early gastric
cancers are asymptomatic when diagnosed (Gullo et al., 2020), but
once diagnosed, they are terminal. Studies have shown that
traditional Chinese medicine (TCM) plays an active role in the
prevention and treatment of gastric cancer, especially in improving
clinical symptoms (Yang et al., 2021). Yiwei decoction (YWD) is an
empirical prescription of Traditional Chinese medicine (TCM) that
has been used for the treatment of gastric cancer in TCM clinical
practice.

Exosomes are microvesicles and are essential for intercellular
communication (Zhang and Yu, 2019). Exosomes are polymorphic
vesicle-like bodies secreted by various cell types, and they originate
from late endosomes (or polycystic endosomes) of the endocytic
system. Under electron microscopy, exosomes are mostly
30–150 nm in diameter with flat, spherical, or cup-shaped
shapes, and they are enclosed in phospholipid bilayers (Ning
et al., 2018). Exosomes not only play an important role in
tumorigenesis, growth, and metastasis (Wang et al., 2014;
Huang et al., 2020; Jia et al., 2020; Xu et al., 2020) but also
have inhibitory effects on a variety of cancers, including gastric
cancer (Fu et al., 2019), hepatocellular carcinoma (Li et al., 2020),
non-small cell carcinoma (Viaud et al., 2009; Besse et al., 2016),
and breast cancer (Shi et al., 2020). Exosomes isolated from
myeloid-derived suppressor cells (MDSCs) extracted from the
spleen have intermediate immunosuppressive capacity
compared to exosomes isolated from MDSCs in the primary
tumor region or bone marrow (Rashid et al., 2021). Reducing
CD19+ exosomes from B Cells in the spleen has the potential to
improve the antitumor effects of chemotherapy (Zhang et al.,
2019). Exosomes derived from bone marrow mesenchymal stem
cells (BM-MSC) combined with anti-tumor drugs have achieved
remarkable therapeutic effects in cancer treatment (Zhou et al.,
2021). However, to the best of our knowledge, no studies have
reported whether exosomes from the spleen after any other drug
intervention enhance antitumor effects.

At present, the existing literature studies have reported the
antitumor effects of exosomes produced by single cells, such as
splenic T Cells and B Cells (Zhang et al., 2019; Rashid et al., 2021).
As a traditional Chinese herbal medicine formula, YWD achieves an
antitumor effect by improving the body’s resistance to cancer, of
which the mode of action is likely multitargeted and involves
multiple pathways. Compared to single cells, such as T Cells and
B Cells, derived from the spleen, YWD may affect exosomes
produced by multiple cells in the spleen to improve tumor
immunity through a multitargeted and multipathway effect.

YWD is an herbal formula used for chronic prevention and
treatment of gastric cancer recurrence and metastasis. The
formula consists of Astragalus membranaceus, Pinellia ternate,
Tetrastigma hemsleyanum Diels et Gilg, Actinidia chinensis
Planch, Ophiopogon japonicus, Taraxacum mongolicum Hand,
Paeonia lactiflora Pall, Coix lacryma-jobi L.var.ma-yuen
(Roman.) Stapf, and Rabdosia amethstoides (Benth) Hara.
Because the effect of YWD is characterized by supplementing
qi and strengthening the body (enhancing the body’s resistance to
diseases), it may be related to the function of immune regulation
of the spleen. Therefore, further research into the antitumor
effects of spleen-derived exosomes is a reasonable research
direction. In this study, we hypothesized that spleen-derived
exosomes with or without YWD could enter tumor cells and
promote tumor cell apoptosis when co-cultured with tumor cells.
The spleen-derived exosomes of rats treated with YWD have a
more significant anti-tumor effect on tumor cells than the same
exosomes without YWD.

The main purpose of the present study was to investigate the
anticancer effects of YWD-treated spleen-derived exosomes and to
provide evidence for their use as a new strategy for the clinical
treatment of gastric cancer.

In the present study, control and YWD-treated spleen-derived
exosomes isolated from the supernatant of rat spleen tissue were
used to evaluate the apoptosis effect of YWD on human gastric
cancer cells (HGC-27 cells), murine forestomach carcinoma (MFC
cells), and mouse malignant sarcoma cells (S180 cells).

Materials and methods

Experimental herbs

Astragalus Membranaceus (Inner Mongolia, China), Pinellia
Ternate (Zhejiang, China), Tetrastigma Hemsleyanum Diels et
Gilg (Zhejiang, China), Actinidia chinensis Planch (Zhejiang,
China), Ophiopogon Japonicus (Zhejiang, China), Taraxacum
mongolicum Hand (Shandong, China), Paeonia lactiflora Pall
(Zhejiang, China), Coix lacryma-jobi L.var.ma-yuen (Roman.)
Stapf (Zhejiang, China), and Rabdosia amethstoides (Benth.)
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Hara (Zhejiang, China) were purchased from Hangzhou
Huadong Chinese Medicine Beverage Co. and appraised by
Zhongming Yu, Deputy Director of Zhejiang Institute of
Traditional Chinese Medicine to conform to China
Pharmacopoeia (2020 edition) or Zhejiang Chinese Medicine
Processing Standard (2015 edition) (Table 1).

Preparation of aqueous extracts of YWD

We mixed 300 g of Astragalus Membranaceus, 120 g of
Pinellia ternate, 180 g of Tetrastigma Hemsleyanum Diels et
Gilg, 300 g of Actinidia chinensis Planch, 150 g of Ophiopogon
Japonicus, 210 g of Taraxacum mongolicum Hand, 120 g of
Paeonia lactiflora Pall, 300 g of Coix lacryma-jobi L.var.ma-
yuen (Roman.) Stapf, and 300 g of Rabdosia amethstoides
(Benth) Hara. After adding 10 times the amount of water to
the mixture, the mixture was incubated for 30 min. An extract
was then obtained by heating (105°C) and refluxing three times
(2 h each time). The extract filtrate was combined and
concentrated to obtain an YWD extract with a concentration
of 1.09 g/mL (Dong et al., 2020).

Grouping and administration of rats in
preparation of serum and spleen-derived
exosomes for YWD

Twelve 12-week-old Wistar rats were obtained from the
Hangzhou Medical College [Laboratory Animal Production
License No. SCXK (Zhe) 2019–0002 and Certificate of
Conformity No. 20210813Abab0100018988] and used for the
pilot experiment, and 24 10-week-old Wistar rats were obtained
from Shanghai Slack Experimental Animal Co., Ltd. [Experimental
Animal Production License No. SCXK (Shanghai) 2022–0004 and
Certificate No. 20220004017522] were used in the subsequent
experiment. All procedures were approved by the Experimental

Animal Welfare Ethics Committee of Zhejiang Institute of
Traditional Chinese Medicine [Approval No. ZCRI Animal
Ethics Review Nos. 021 (2019) and 038 (2021)] and were
performed according to the published Guidelines for the Care
and Use of Laboratory Animals, National Institutes of Health
(NIH Publications, No. 8023, revised 1978). The rats were
divided into low, medium, and high dose gavage groups (5 g/kg,
10 g/kg, and 20 g/kg, respectively) and a control group (6 animals in
each group). After the rats were gavaged for 3 days, they were
anesthetized with 10% chloral hydrate solution (0.3 mL/100 g,
i.p.) at 3 h after gavage on the third day. The serum of low,
medium and high doses was taken out for the pre-experiment of
selecting the optimal dose of tumor inhibition; After that, low,
medium and high doses of spleens were taken out for extracting and
separation of exosomes from spleen. Based on the results of the pilot
experiment, an optimal YWD dosage of 20 g/kg was selected for the
subsequent experiments.

Pre-experiment of selecting the optimal
dose of serum tumor inhibition

The drugs were administered by gavage as described above, and
the blood of rats in the low, medium, and high dose groups (5 g/kg,
10 g/kg, and 20 g/kg, respectively) as well as the control group (only
given drinking water) was collected. The supernatant was obtained
by centrifugation for 10 min at 3500 r/min, and the obtained sera
were named as low-dose YWD-treated serum, medium-dose YWD-
treated serum, high-dose YWD-treated serum, and control serum
(no YWD treatment). HGC-27 cells were cultured in RPMI
1640 medium (Cienry, China, Cat. No. CR31800-S) containing
10% fetal bovine serum at 37°C and 5% CO2. At the logarithmic
growth phase of HGC-27 cells, cells were seeded into 24-well plates
(1.5 × 104 cells/well) and cultured for 24 h to ensure adherence of
cells. Cells were then treated with 1% low-dose YWD-treated serum,
1% medium-dose YWD-treated serum, 1% high-dose YWD-treated
serum, and 1% serum control serum for 48 h. Cells were then

TABLE 1 Catalogue of information related to the source of experimental medicinal materials for the YWD [China Pharmacopoeia (2020 edition); Zhejiang Chinese
Medicine Processing Standard (2015 edition)].

Latin name Access
number

Place of
production

Source China national medical insurance drug
code

Astragalus membranaceus 170824 Inner Mongolia, China Dried roots T001700368

Pinellia Ternate 170804 Zhejiang, China Dried tuber T001300390

Tetrastigma Hemsleyanum Diels et Gilg 170830 Zhejiang, China Dried tuber T330203592

Actinidia chinensis Planch 170819 Zhejiang, China Dried root T330201963

Ophiopogon japonicus 170818 Zhejiang, China Dried tuber T001700535

Taraxacum mongolicum Hand 170901 Shandong, China Dried tuber T000200610

Paeonia lactiflora Pall 170715 Zhejiang, China Dried root T331705979

Coix lacryma-jobi L.var.ma-yuen (Roman.)
Stapf

170723 Zhejiang, China Dried mature
seeds

T000600852

Rabdosia amethstoides (Benth.) Hara 170823 Zhejiang, China Dried rhizome T330203598
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digested with trypsin and counted. The highest tumor inhibition rate
was then determined for the optimal dose.

Isolation and purification of exosomes

After euthanizing the rats, the spleens were removed, ground,
filtered in 10 mL of RPMI 1640 medium. The filtered liquid was
centrifuged at 4°C (300 × g for 10 min, 2500 × g for 15 min, and
10000 × g for 30 min) before being filtered using a 0.22 μm capsule
filter (Millipore, Billerica, MA, United States). The liquid was added
to an ultracentrifuge tube with the lower layer containing 5 mL of
30% heavy water sucrose cushion (Beckman, Germany) (in order to
embed exosomes into the heavy water sucrose cushion and achieve
the purpose of purifying exosomes) to form a visible interphase.
After 70 min of ultracentrifugation at 120000 × g and 4°C using a
SW-32Ti pendulum rotor (Optima L-90K, Beckman Coulter,
Germany), the sucrose cushion containing exosomes were
collected from the bottom of the tube and transferred to a new
tube. 1xPBS (Cienry, Zhejiang, China, Cat. No. CR20012) was then
added followed by ultracentrifugation at 120000×g and 4°C for
70 min. The precipitate was collected and filtered through a
0.45 μm capsule filter before being stored at −70°C (Zhang et al.,
2020; Wang et al., 2021). Protein concentrations were determined
using a bicinchoninic acid (BCA) kit (Beyotime, Shanghai, China,
Cat. No. P0012).

Transmission electron microscopy of
exosome morphology

In order to verify that the spleen-derived exosomes conform to
the expected appearance, transmission electron microscopy (TEM)
was performed. The purified exosome solution (20 μL) was
uniformly placed on a Formvar-carbon copper mesh sample
carrier with a diameter of 2 nm. Following incubation for 1 min
at room temperature, the exosome solution was gently aspirated
from the edge of the copper mesh with filter paper. Next, a 3% (w/v)
phosphotungstic acid solution (pH 6.8) (Ted Pella Inc., CA,
United States) was added to the copper mesh and negatively
stained for 1 min at room temperature. Finally, the copper mesh
was dried under incandescent light and placed into the sample
chamber of a transmission electron microscope (Hitachi
H7650 TEM, Tokyo, Japan) to observe and photograph exosome
morphology.

Nanoparticle tracking analysis of exosome
size

In order to find out whether the diameter of the extracted spleen
exosomes was consistent with the size of exosomes, nanoparticle
tracing analysis was performed. Sample cells were washed with
deionized water, and the NanoSight NS 300 (Malvern Panalytical,
United Kingdom) instrument was calibrated with polystyrene
microspheres (110 nm). The sample cells were then washed with
PBS (Biological Industries, Israel) and diluted with PBS at a ratio of
1:30000 and injected for detection.

Western blot assay

In order to know whether the extracted spleen exosomes have
the characteristic proteins of exosomes, the characteristic proteins of
the above three gavage doses of rats were identified to know the
repeatability of the three doses of characteristic proteins. Western
blot analysis was used to detect exosome surface markers, such as
tumor susceptibility gene 101 protein (anti-TSG101) (Abcam,
Cambridge, MA, United States, Cat. No. AB83, molecular weight:
47 KD), recombinant tetraspanin 30 cluster of differentiation 63
(anti-CD63; Abcam, Cambridge, MA, United States, Cat. No.
AB193349, molecular weight: 26–48 KD), ALG-2-interacting
protein X (anti-ALIX; Abcam, Cambridge, MA, United States,
Cat. No. AB275377, molecular weight: 96 KD), and programmed
cell death 6 (anti-ALG-2, also known as PDCD6; Protentech,
United States, Cat. No. 12303-1-AP, molecular weight: 22 KD),
glyceraldehyde-3-phosphate dehydrogenase (anti-GAPDH;
Diagbio, Hangzhou, China, Cat. No. db106, molecular weight:
36 KD) as internal reference protein. More than three of the four
proteins mentioned above need to be positive to meet the
requirements of exosome characteristic proteins (Mahul-Mellier
et al., 2009; Thery et al., 2018). After the BCA protein
concentration was quantified (Beyotime, Shanghai, China), the
proteins were separated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) using the
following gels: TSG101 and CD-63 (10 µg loaded per lane) were
separated by 10% SDS-PAGE and 5% concentrated gel; ALG-2
(0.775 µg loaded per lane) was separated by 12% SDS-PAGE and
5% concentrated gel; and ALIX (0.775 µg loaded per lane) was
separated by 8% SDS-PAGE and 5% concentrated gel. The proteins
were transferred to polyvinylidene difluoride (PVDF) membranes
(Immobilon-P, United States) under standard wet transfer
conditions. The PVDF membranes were blocked with TBST
solution containing 10% skim milk (Beyotime, China) at room
temperature for 1 h. After four washes with PBST (8 min each
wash), the PVDF membranes were incubated with the following
primary antibodies overnight at 4°C: anti-CD63, anti-TSG101, anti-
ALG-2, anti-ALIX, and anti-GAPDH antibodies (all 1:
1000 dilution). After four washes with PBST (8 min each wash),
the PVDF membranes were incubated with horseradish peroxidase
(HRP)-conjugated secondary antibodies (Abcam, Cambridge, MA,
United States, Cat. No. AB205719) at room temperature for 1 h.
After four washes with PBST (8 min each wash), the membranes
were developed using Immobilon Western HRP luminescent
reagent (Millipore, United States), and the results were analyzed.

Immunofluorescence staining of exosomes
entering tumor cells

In order to know whether the spleen exosomes added into the
co-culture of tumor cells could enter the tumor cells,
immunofluorescence staining was performed. Cells (0.75 × 104

cells/well) were seeded into 24-well glass coverslips (500 µL of
culture medium/well). Four groups were set up, with 3 holes in
each group [HGC-27 cells without exosome treatment group,
spleen-derived exosomes (no HGC-27 cells) group, HGC-27 cells
treated with control spleen-derived exosomes, HGC-27 cells treated

Frontiers in Pharmacology frontiersin.org04

Chen et al. 10.3389/fphar.2023.1144955

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2023.1144955


with YWD-treated spleen-derived exosomes.]. Once the cells
reached an appropriate density (approximately 80% confluence
on the coverslip), the exosomes were labeled with PKH67
(Umibio, China, Cat. No. UR52303) according to the
manufacturer’s instructions. In brief, a PKH67 staining working
solution (10 µL) was prepared bymixing the “PKH67” and “Dilution
C” solutions in a 1:9 ratio, and 990 µL of PBS was added to obtain
1000 µL of PKH67 staining working solution. Then, 10 µL of
staining solution was added to the exosomes (10 µg of control
spleen-derived exosomes and 10 µg of YWD-treated spleen-
derived exosomes, respectively) and shaken for 1 min, keeping
still for 30 min. The mixture was then added to the cover glass
containing HGC-27 cells. After incubation in the staining solution
for 17–24 h, cells were washed three times with PBS and fixed with
4% paraformaldehyde for 15 min. Cells were then washed three
times with PBS, permeabilized with 0.4% Triton™ X-100 (Vetec™,
Shanghai, China), washed three times with PBS, and incubated with
Acti-stain™ 555 Rhodamine Phalloidin (Cytoskeleton, Denver, CO,
United States, Cat. No. CA1610) for 1 h to stain the cytoplasm. Cells
were then washed five times with PBS and incubated with 1 g/mL
4′,6-diamidino-2-phenylindole (DAPI) (Coolaber, Beijing, China,
Cat. No. SL7100) to stain the nuclei. Finally, images were obtained
using a confocal laser scanning microscope (Zeiss LSM 800,
Germany).

Effect of YWD-treated exosomes on cell
proliferation

In order to understand whether spleen exosomes with or
without YWD have different anti-tumor effects on tumor cells in
co-culture, Cell Counting Kit 8 (CCK8) (Dojindo, Tokyo, Japan,
Cat. No. 10011018) experiment was performed. HGC-27 cells
(purchased from National Collection of Authenticated Cell
Cultures, China, Cat. No. TCHu22, MFC cells (purchased from
Conservation Genetics CAS Kunming Cell Bank, China, Cat. No.
KCB92020YJ, and S180 cells (purchased from Conservation
Genetics CAS Kunming Cell Bank, China, Cat. No. KCB93029YJ
were cultured in RPMI 1640 medium containing 10% fetal bovine
serum at 37°C and 5% CO2. During the logarithmic growth phase,
cells were seeded into 96-well plates (5 × 103 cells/well) (NEST,
Wuxi, China) and cultured for 24 h to ensure cell adherence. Cells
were then treated with 6.67 μg/mL paclitaxel (Haikou
Pharmaceutical Factory Co., Ltd., China, Cat. No. 12171202;
positive control group) and different concentrations of YWD-
treated exosomes (7.5 μg/mL YWD-treated group, 30 μg/mL
YWD-treated group, and 120 μg/mL YWD-treated group) and
YWD-free exosomes (untreated spleen-derived exosomes; 7.5 μg/
mL control exosomes, 30 μg/mL control exosomes, and 120 μg/mL
control exosomes). Three to four parallel wells were treated for each
concentration. Cells treated only with RPMI 1640 medium were
used as the tumor cell control group (model group). After the
treatments were completed, 10 µL of CCK8 was added to each
well followed by incubation for 3 h in the dark. After gentle
shaking, the absorbance (A450 nm) values were measured with
an enzyme marker (BioTek, Shanghai, China). The tumor cell
tumor suppression rates were then calculated using the following
two formulas: 1) tumor suppression rate relative to the tumor cell

model group (%) = (model group - experimental group)/model
group x 100%; and 2) relative tumor suppression rate compared to
the control tumor cell exosomes (%) = (control exosomes—YWD-
treated exosomes)/control exosomes x 100%

Colony formation assay

In order to understand whether the spleen exosomes with or
without YWD have different anti-tumor effects on HGC-27 tumor
cells in co-culture, colony formation assay was performed. HGC-27
cells were seeded at a density of 1000 cells/well in 24-well plates.
After 14 days, the culture was finished until cell clusters appeared.
Different concentrations of exosomes (7.5 μg/mL and 30 μg/mL)
and paclitaxel (positive control group, 6.67 μg/mL) were added to
the treatment group, After 24 h, cells were washed three times with
PBS, fixed with 4% paraformaldehyde, and stained with 0.1% crystal
violet. Using ImageJ analysis software (Chi et al., 2022), we selected
colonies in the range of 50–1000 pixels under the threshold value of
74, and we counted the number of colonies. The colony formation
rate was calculated using the following formula: colony formation
rate (%) = number of colonies/inoculum (1000) x 100% (Lin et al.,
2021; Dong et al., 2022).

Apoptosis assay

In order to find out whether spleen exosomes with or without
YWD have different anti-tumor and pro-apoptotic effects on tumor
cell line HGC-27 when co-cultured, apoptosis assay was performed.
HCG-27 cells were cultured in 6-well plates (2 × 105 cells/well)
(NEST, Wuxi, China) with exosomes (7.5, 30, and 120 μg/mL) or
paclitaxel (positive control group; 6.67 μg/mL) for 48 h. Cells were
then washed twice with PBS, digested with trypsin (Cienry, China,
Cat. No. CR27250), and collected by centrifugation at 1000 r/min for
5 min (centrifugal radius; r = 21 cm). Cells were then resuspended at
a concentration of 1 × 106 cells/mL, and apoptosis was measured
using an apoptosis kit (Cwbiotech, Beijing, China, Cat. No.
CW25745). After adding dye-free or fluorescein isothiocyanate-
labeled Annexin V/propidium iodide (i.e., Annexin V-FITC/PI)
to 100 µL of cell suspension in flow tubes (including four flow
tubes for the control group), the cells were mixed and incubated for
15 min at room temperature in the dark. Then, 400 µL of PBS was
added to each tube and mixed well, and the apoptotic cells were
analyzed by flow cytometry (Becton Dickinson, Franklin Lakes, NJ,
United States). For each analysis, 10,000 events were evaluated with
FlowJo 7.6 software (Becton Dickinson, Franklin Lakes, NJ,
United States).

Statistical analysis

SPSS 25.0 statistical software (Chicago, IL, United States) was
used for the statistical analyses.The data are presented as the mean ±
standard deviation. If the data were normally distributed, the
Shapiro-Wilk test was utilized. Levene’s test was used to evaluate
the variance. The Bonferroni test was used for homogeneous
variance, and the Games-Howell test was used for heterogeneous
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variance. If the data were non-normally distributed, the Kruskal-
Wallis test was used. On the basis of the above tests, the three
concentrations of spleen-derived exosomes (7.5 μg/mL, 30 μg/mL,

and 120 μg/mL) were added as independent samples with drug
treatment and without drug treatment. The t-test was used if the
data showed normal distribution, and the Kruskal-Wallis test was

TABLE 2 Preliminary screening of the effects of low, medium, and high doses of rat serum containing YWD on HGC-27 cell growth.

Group Cell population (unit:
PCs/mL)

Tumor inhibition rate (%) (compared
to the model group)

Relative tumor inhibition rate (%) (compared
to the control serum group)

Model group 29.29 × 104 / /

Control serum group 27.91 × 104 / /

5 g/kg YWD-treated
serum group

32.18 × 104 0 0

10 g/kg YWD-treated
serum group

9.08 × 104 69.01% 68.49%

20 g/kg YWD-treated
serum group

6.33 × 104 78.40% 77.34%

FIGURE 1
Exosomes purified from spleen tissue supernatant. (A) Morphology of exosomes under transmission electron microscopy (×60000 magnification)
(scale bar = 200 nm). (B) Size distribution and agglutination of exosomes studied by nanoparticle tracking analysis. (C) Western blot analysis of the
TSG101 exosome-specific marker. (D) Western blot analysis of the CD63 exosome-specific marker. (E) Western blot analysis of the ALIX exosome-
specificmarker. (F)Western blot analysis of the ALG-2 exosome-specificmarker. The lanes are labelled as follows: a, control exosome group; b, low
dose YWD-treated exosomes group; c, medium dose YWD-treated exosomes group; and d, high dose YWD-treated exosomes group. (G) GAPDH
(internal reference protein). Note: Spleen-derived exosomes were extracted from rats after intragastric administration of low, middle, and high doses of
YWD (5 g/kg, 10 g/kg, and 20 g/kg, respectively).
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used if the data were non-normally distributed. p < 0.01 or p <
0.05 was considered statistically significant.

Results

Preliminary screening of the optimal dosage of gastric perfusion
found that YWD at a dosage of 20 g/kg had an optimal tumor
inhibition effect on HGC-27 cells (Table 2).

Isolation and identification of exosomes

In the present study, we used transmission electron microscopy,
nanoparticle tracking, and western blot analysis to identify exosomes.
Transmission electron microscopy illustrated that the exosomes had a
cup-shaped appearance (Figure 1A), which agreed with recent exosome
studies (Villatoro et al., 2020). Nanoparticle tracking analysis indicated
that the isolated exosomes were 100–150 nm in size (Figure 1B). The
characterization of exosomes requires at least three positive indexes,

FIGURE 2
Fluorescence staining of exosomes taken up by HGC-27 cells (×200magnification). PKH67 staining, phalloidin staining, PKH67+ phalloidin staining,
DAPI staining, and merged images of (A) HGC-27 cells without exosomes treatment, (B) spleen-derived exosomes (no HGC-27 cells), (C) HGC-27 cells
treated with control spleen-derived exosomes, and (D) HGC-27 cells treated with YWD-treated spleen-derived exosomes.
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such as TSG101, CD63, ALIX, and ALG-2 (Mahul-Mellier et al., 2009;
Thery et al., 2018). We identified these four exosomes’ characteristic
proteins, and the results were all positive. (Figures 1C–F).

Exosome entry into HGC-27 cells

We used fluorescence staining to determine whether spleen-
derived exosomes are taken up into HGC-27 cancer cells in vitro.
PKH67, phalloidin, and DAPI staining detected splenic exosomes,
cytoplasm, and nuclei, respectively, in HGC-27 cells exposed to
YWD-treated exosomes or control exosomes (Figures 2A–D). The
staining results indicated that exosomes extracted from spleen tissue
were taken up by HGC-27 cells.

YWD-treated exosomes affect tumor cell
viability

Because Chinese herbal compoundsmay have a good curative effect
on gastric tumors in the clinic, we investigated the effects of spleen-
derived control and YWD-treated exosomes on three cancer cell types
in vitro. Compared to the model group (no treatment, cells treated only
with RPMI 1640 medium were used as the tumor cell control group),
the tumor inhibition rates of control spleen-derived exosomes at
concentrations of 7.5 μg/mL, 30 μg/mL, and 120 μg/mL were
18.47%, 66.91%, and 90.80% in HGC-27 cells, respectively; at the
same concentrations, the antitumor rates of YWD-treated spleen-
derived exosomes were 30.32%, 90.33%, and 94.93%, in HGC-27
cells, respectively. In S180 cells, the tumor inhibition rates of the
control spleen-derived exosomes at concentrations of 7.5 μg/mL,
30 μg/mL, and 120 μg/mL were 2.93%, 18.86%, and 79.99%,
respectively, while the tumor inhibition rates of the YWD-treated
spleen-derived exosomes were 40.57%, 46.41%, and 89.83%,
respectively. In MFC cells, the tumor inhibition rates of the control
spleen-derived exosomes were 2.99%, 34.29%, and 41.35% at
concentrations of 7.5 μg/mL, 30 μg/mL, and 120 μg/mL, respectively,
while the tumor inhibition rates of the YWD-treated spleen-derived
exosomes were 8.12%, 46.46%, and 50.39%, respectively. Together,
these results indicated that the YWD-treated spleen-derived exosomes
have a good antitumor effect at the same concentrations compared to
the model group.

Compared to the control spleen-derived exosomes at the same
concentrations, the YWD-treated spleen-derived exosomes at
concentrations of 7.5 μg/mL, 30 μg/mL, and 120 μg/mL
significantly decreased the HGC-27 cell viability with relative
tumor inhibition rates of 14.54% (p < 0.01), 70.78% (p < 0.05),
and 44.87% (p < 0.05), respectively (Figure 3). The best relative
antitumor effect was observed after treatment of HGC-27 cells with
30 μg/mL YWD-treated spleen-derived exosomes. Compared to the
control spleen-derived exosomes groups at the same concentrations,
the cell viability of S180 mouse sarcoma cells after treatment with
YWD-treated spleen-derived exosomes at concentrations of 7.5 μg/
mL, 30 μg/mL, and 120 μg/mL was significantly lower with relative
tumor inhibition rates of 38.78% (p < 0.05), 33.95% (p < 0.05), and
49.18% (p < 0.05), respectively (Figure 4). Compared to the control
spleen-derived exosomes groups at the same concentrations, the cell
viability of MFC cells after treatment with YWD-treated spleen-

derived exosomes at concentrations of 7.5 μg/mL, 30 μg/mL, and
120 μg/mL was lower with relative tumor inhibition rates of 5.29%,
18.52% (p = 0.05), and 15.42%, respectively, but there were no
significant differences (Figure 5).

As a positive control group, the paclitaxel group had a better
antitumor effect in HGC-27, S180, and MFC cells than the model
group.

Colony formation assay of spleen-derived
exosomes inhibiting the proliferation of
HGC-27

To verify whether spleen-derived exosomes after YWD
treatment affect tumor proliferation, we performed a colony
formation assay in HGC-27 cells (Figure 6). The average number
of colonies in the 7.5 μg/mL and 30 μg/mL YWD-treated spleen-
derived exosomes was 798.67 and 0.67, respectively, which was
significantly less than the average number of colonies in the 7.5 μg/
mL and 30 μg/mL control spleen-derived exosomes (1567.33 and
68.67, respectively; p < 0.01 or p < 0.05) with decreases of 49.04%
and 99.03%, respectively. The colony forming rates of 7.5 μg/mL and
30 μg/mL YWD-treated spleen-derived exosomes were 79.87% and
0.07%, respectively, while the colony forming rates of the 7.5 μg/mL
and 30 μg/mL spleen-derived control exosomes were 156.73% and
6.87%, respectively, which indicated that colony formation rates of
YWD-treated spleen-derived exosomes were significantly lower
compared to control spleen-derived exosomes at the same
concentrations (p < 0.01). Thus, these results indicated that
YWD-treated spleen-derived exosomes have a more significant
inhibitory effect on the proliferation of HGC-27 gastric cancer
cells compared to control spleen-derived exosomes.

As a positive control group, the paclitaxel group had a better
antitumor effect in HGC-27 than the model group.

YWD-treated exosomes promote apoptosis
of HGC-27 cells

Flow cytometry was utilized to measure the apoptosis of
HGC-27 cells after treatment with the various groups
(Table 3; Figure 7). The total apoptosis rates were 11.86%,
54.81%, 20.47%, 25.91%, 29.33%, and 43.27% in the model
group (cells treated only with RPMI 1640 medium were used
as the tumor cell control group), 6.67 μg/mL paclitaxel group,
7.5 μg/mL control spleen-derived exosomes group, 30 μg/mL
control spleen-derived exosomes group, 7.5 μg/mL YWD-
treated spleen-derived exosomes group, and 30 μg/mL YWD-
treated spleen-derived exosomes group, respectively. The
apoptosis rate in the 30 μg/mL YWD-treated spleen-derived
exosomes group was significantly higher than that in the
model group and the control spleen-derived exosomes group
(p < 0.05). In addition, the apoptosis rate in the 6.67 μg/mL
paclitaxel group was significantly higher than that of the model
group (p < 0.01). Of note, the apoptosis rate in the 120 μg/mL
control spleen-derived exosomes group and the 120 μg/mL
YWD-treated spleen-derived exosomes group failed to be
detected by flow cytometry due to low cell proliferation.
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Discussion

The anticancer effects of herbal medicine have been
emphasized in recent years, and some studies have shown that
herbal medicine has inhibitory effects on various cancers,
including intestinal cancer and liver cancer (Lee et al., 2008;
Weng et al., 2010). In the theory of TCM, healthy qi is the defense

system and repair system of the human body, and the
fundamental cause of the occurrence and development of
gastric cancer is the weakness of qi; thus, strengthening the
body’s resistance and eliminating harm is the basic principle
of TCM in treating cancer (Ji et al., 2016; Wu et al., 2022). In
many western developed countries, complementary and
alternative medicine (CAM) is advocated to manage and treat

FIGURE 3
Effects of YWD-treated and control spleen-derived exosomes on the proliferation of HGC-27 cells (×100 magnification). CCK8 assays were
performed to detect cell proliferation (n = 4) in the (A) 7.5 μg/mL control spleen-derived exosomes group. (B) 7.5 μg/mL YWD-treated spleen-derived
exosomes group. (C) 30 μg/mL control spleen-derived exosomes group. (D) 30 μg/mL YWD-treated spleen-derived exosomes group. (E) 120 μg/mL
control spleen-derived exosomes group. (F) 120 μg/mL YWD-treated spleen-derived exosomes group. (G) paclitaxel group. (H)model group (cells
treated only with RPMI 1640 medium were used as the tumor cell control group). (I) The proliferation was determined via CCK8 assay and (J) tumor
suppression rate. (Note: **p < 0.01 and *p < 0.05; #Independent sample t-test with and without YWD, indicating #p < 0.05).
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malignant tumors, and TCM is also included in CAM therapy.
Increasing evidence shows that TCM has the potential to develop
into a clinical treatment for various malignant tumors (Ye et al.,
2015). At present, there have been many studies on the anticancer
effects of single Chinese medicine and compound Chinese
medicine on gastric cancer. Because TCM combined with
surgical chemotherapy has more advantages for patient
prognosis, it is reasonable to infer that Chinese medicine has

unique antitumor advantages (Liu et al., 2017; Cao et al., 2018; Li
D H et al., 2020). A TCM compound is a prescription composed
of various herbs, which plays a complex and multitargeted role in
clinical efficacy (Tan et al., 2022). The main function of YWD is
replenishing qi and improving physical fitness, which conforms
to the basic principles of TCM theory in treating cancer.
According to the present study, YWD may affect the
production of exosomes by multiple cell types of the spleen,

FIGURE 4
Effects of YWD-treated and control spleen-derived exosomes on the proliferation of S180 cells (×200magnification). CCK8 assays were performed
to detect cell proliferation (n = 3) in the (A) 7.5 μg/mL control spleen-derived exosomes group. (B) 7.5 μg/mL YWD-treated spleen-derived exosomes
group. (C) 30 μg/mL control spleen-derived exosomes group. (D) 30 μg/mL YWD-treated spleen-derived exosomes group. (E) 120 μg/mL control
spleen-derived exosomes group, (F) 120 μg/mL YWD-treated spleen-derived exosomes group. (G) paclitaxel group. (H)model group (cells treated
only with RPMI 1640 mediumwere used as the tumor cell control group). (I) The proliferation was determined via CCK8 assay and (J) tumor suppression
rate. (Note: **p < 0.01 and *p < 0.05; #Independent sample t-test with and without YWD, indicating #p < 0.05).
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thus improving tumor immunity and making the body more
tumor resistant via multitargeted and multipathway effects. As
the spleen is the largest secondary lymphoid organ in the body, it
has a wide range of immune functions in addition to its role in
hematopoiesis and erythrocyte clearance (Lewis et al., 2019).
However, there is a lack of research on whether exosomes from
the spleen after treatment with TCM strengthen the spleen and

supplements qi, thus improving the inhibition of tumor
proliferation.

In body fluids, exosomes are predominantly spherical and can be
collected by sucrose pad ultracentrifugation at densities ranging
from 1.13 to 1.19 g/mL; typically, exosomes exhibit a cup-like
appearance under transmission electron microscopy with a diameter
between 40 and 100 nm (Ning et al., 2018). CD63 is cluster of

FIGURE 5
Effect of YWD-treated and control spleen-derived exosomes on the proliferation of MFC cells (×200 magnification). CCK8 assays were performed
to detect cell proliferation (n = 4) in the (A) 7.5 μg/mL control spleen-derived exosomes group. (B) 7.5 μg/mL YWD-treated spleen-derived exosomes
group. (C) 30 μg/mL control spleen-derived exosomes group. (D) 30 μg/mL YWD-treated spleen-derived exosomes group. (E) 120 μg/mL control
spleen-derived exosomes group. (F) 120 μg/mL YWD-treated spleen-derived exosomes group. (G) paclitaxel group. (H)model group (cells treated
only with RPMI 1640 mediumwere used as the tumor cell control group). (I) The proliferation was determined via CCK8 assay and (J) tumor suppression
rate. (Note: **p < 0.01 and *p < 0.05; #Independent sample t-test with and without YWD, indicating #p < 0.05).
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differentiation 63 (CD63) or lysosome-associated membrane protein 3,
is a member of the family of four transmembrane proteins that are
commonly expressed on exosomes and are characteristic of exosomes
(Jeppesen et al., 2019). CD63 is involved in signal transduction in
various types of immune cells, and it contributes to immune
metabolism (Im et al., 2021). In addition, TSG101, ALIX, and ALG-
2 are importantmarkers of exosomes (Inuzuka et al., 2013; Gurunathan
et al., 2019; Hoshino et al., 2020). In the present study, western blot
analysis indicated that the rat spleen-derived exosomes expressed
CD63, TGS101, ALIX, and ALG-2.

Exosomes have a vesicular structure composed of cell membrane-
like structures, and PHK67 is one of the markers of cell membranes,
indicating that exosomes can also be recognized by PHK-67 staining (Li
et al., 2015). In the present study, exosomes isolated from spleen tissue
had high PHK67 protein expression levels. In addition, the cytoplasm of
HGC-27 cells had high levels of PHK67 protein after treating cells with
exosomes, indicating that exosomes isolated from spleen tissues were
taken up by HGC-27 cells.

Several roles of exosomes have been reported in the literature,
including inhibiting cell proliferation, differentiation, and invasion

FIGURE 6
Colony formation assay of HGC-27 cells treated with spleen-derived exosomes (n = 3). Images of colony formation after treating HGC-27 cells with
(A) 7.5 μg/mL control spleen-derived exosomes group, (B) 7.5 μg/mL YWD-treated spleen-derived exosomes group, (C) 30 μg/mL control spleen-
derived exosomes group, (D) 30 μg/mL YWD-treated spleen-derived exosomes group, (E) paclitaxel group, and (F)model group (cells treated only with
RPMI 1640 medium were used as the tumor cell control group), (G) Colony counts in each group, and (H) Colony forming efficiency in each
group. (Note: **p < 0.01 and *p < 0.05; #Independent sample t-test or rank sum test with and without YWD, ##p < 0.01 and #p < 0.05.)
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as well as inducing apoptosis. Human umbilical cord blood
mesenchymal stromal cell-derived exosomes have been used to
deliver anti-miRNA oligonucleotides, which are specifically taken
up by tumor cells to exert antitumor functions (Han et al., 2021).
Neutrophils are the most abundant innate immune cells in the
human circulation, and exosomes from neutrophils induce

apoptosis by delivering cytotoxic proteins and activating the
cysteine aspartate signaling pathway in HGC-27 cells, human
HepG2 hepatocellular carcinoma cells, and human SW480 colon
cancer cells (Zhang et al., 2022). Exosomes carrying chimeric
antigen receptor (CAR)-expressing significantly inhibit the
growth of endogenous and exogenous mesothelin (MSLN)-

TABLE 3 Flow cytometry results of the effects of different concentrations of spleen YWD-treated exosomes on HGC-27 cell apoptosis.

Group Q1 (death,
fragments)

Q2 (late apoptosis
rate)

Q3 (early apoptosis
rate)

Q4 (healthy/
Normal)

Total apoptosis
rate

Model group 8.16 ± 2.67 2.88 ± 1.60 0.82 ± 0.30 88.13 ± 4.16 11.86 ± 5.09

Paclitaxel group 30.61 ± 17.51 13.64 ± 3.03 10.56 ± 14.81 45.10 ± 1.92 54.81 ± 2.47+

7.5 μg/mL control spleen-derived
exosomes group

16.29 ± 9.63 3.51 ± 0.73 0.67 ± 0.50 79.53 ± 9.80 20.47 ± 12.01

7.5 μg/mL YWD-treated spleen-
derived exosomes group

23.79 ± 13.25 4.06 ± 0.95 1.48 ± 2.06 70.67 ± 12.13 29.33 ± 14.87

30 μg/mL control spleen-derived
exosomes group

21.93 ± 2.50 3.88 ± 1.12 0.10 ± 0.05 74.07 ± 3.30 25.91 ± 4.09

30 μg/mL YWD-treated spleen-
derived exosomes group

32.00 ± 7.11 9.99 ± 6.38 1.27 ± 1.75 56.77 ± 1.09 43.26 ± 1.34q△

(Note: ±s; n = 3; unit = %.

qindicates the comparison between each group and the model group, in which+p < 0.01 and qp < 0.05; Δ indicates the comparison between the YWD-treated group and control group, in

which ▲p < 0.01 and △p < 0.05.

(Note: The abscissa is Annexin V-FITC (FITC), which indicates early cell apoptosis; The ordinate Propidium Iodide (PI) indicates the middle and late stage of apoptosis and necrotic cells.).

FIGURE 7
Flow cytometry results of the effect of different treatment groups on HGC-27 cell apoptosis (n = 3).
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positive triple-negative breast cancer (TNBC) cells (Yang P et al.,
2021). In the present study, treatment with YWD-treated spleen-
derived exosomes inhibited the proliferation of HGC-27 and
S180 cells as shown by the CCK8 assay, indicating that these
cells are sensitive to YWD-treated spleen-derived exosomes. And
it showed that compared with S180 cells, HGC-27 cells are the most
sensitive to YWD-treated spleen-derived exosomes.

Colony forming efficiency (CFE) is a measure of the viability of a
cell group formed by the progenies of a single cell that proliferates
for more than six generations in vitro (Xu et al., 2019). The colony
formation assay of HGC-27 proliferation inhibition by YWD-
treated spleen-derived exosomes showed that the number of
colonies decreased by 49.04% in the 7.5 μg/mL group and by
99.03% in the 30 μg/mL group. The colony formation rate of the
30 μg/mL YWD-treated spleen-derived exosomes group (0.07%)
was significantly lower than that of the 30 μg/mL control spleen-
derived exosomes group (6.87%). These results indicated that YWD-
treated spleen-derived exosomes inhibit the colony formation of
HGC-27 cells in a dose-dependent manner.

Because a distinctive feature of tumors is apoptosis resistance
(Carneiro and El-Deiry, 2020), induction of apoptosis is an
important direction in antitumor research (Shimbo et al., 2014;
Lou et al., 2015). Annexin V-FITC/PI staining is a commonly used
flow cytometry apoptosis assay. PI is a nucleic acid dye that does not
penetrate intact cell membranes, but it penetrates the cell membrane
in cells with advanced apoptosis and necrotic cells. In healthy cells,
phosphatidylserine (PS) is only distributed on the inner side of lipid
bilayer of cell membrane, while in early apoptosis, PS in the cell
membrane flips from the inner side to the outside of the lipid
membrane. PS ectopia occurs before nuclear rupture, DNA
fragmentation, and the appearance of apoptosis-associated
proteins, rendering Annexin V binding to PS an important
marker event in the early stages of apoptosis (Chen et al., 2020).
In the present study, flow cytometry analysis indicated that the
number of Annexin V+/PI + HGC-27 cells was increased in the
YWD-treated spleen-derived exosomes groups, indicating that the
apoptosis rate significantly increased with increasing concentrations
of YWD-treated exosomes.

Chinese herbal medicine is traditionally used to prevent and
treat many diseases in China, especially autoimmune diseases
and tumors. Studies have suggested that Astragalus
membranaceus (11.8%) is the most frequently used single
medicine in the combination of TCM with chemotherapy for
cancer treatment (Shih et al., 2021), which is consistent with the
monarch drug of YWD. Previous studies have reported that A.
membranaceus has a potential immunomodulatory effect when
used in combination with chemotherapy and radiotherapy
because it promotes the activity of lymphocytes, natural killer
(NK) cells, and macrophages. Astragalus membranaceus has been
demonstrated to increase the secretion of interferon and tumor
necrosis factor (TNF) as well as activate lymphocytes, NK cells,
and macrophages to resist tumors. In addition, A. membranaceus
cooperates with IL-2 to stimulate NK cells activated by
lymphokines to attack tumor cells (Yoshida et al., 1997; No
author listed, 2003). In addition, Astragalus polysaccharide
(APS) modulates host organism immunity by activating the
TLR4-mediated MyD88-dependent signaling pathway to
enhance immunity and exert antitumor effects (Zhou et al.,

2017). The petroleum ether fraction (PEF) of trichothecene
triggers extrinsic and intrinsic apoptotic pathways, and it
increases oxidative stress in cervical cancer HeLa cells, thereby
inhibiting tumor cell viability (Xiong et al., 2015). Radix
Ophiopogonis inhibits transforming growth factor beta 1
(TGF-β1)-mediated metastatic behavior of MDA-MB-231 cells
by regulating the integrin subunit beta 1 (ITGB1)/focal adhesion
kinase (FAK)/Src/AKT/β-catenin signaling axis (Zhu et al.,
2020). In addition, exosomes contain immune-related
molecular substances, such as FasL, tumor necrosis factor-
related apoptosis-inducing ligand (TRAIL)-related TNF family
proteins, and transmembrane proteins (Stenqvist et al., 2013;
Cheng et al., 2021), which may be related to their antitumor
effects. However, the specific mechanisms require further
investigation.

Given the complex ingredients of the formula, it is difficult to
determine its exact mechanism of action, which is one of the
limitations of this study: Chinese herbal compound contains
many potentially useful components, so it is difficult to
understand the metabolism process and anti-tumor mechanism
in vivo as clearly as the chemical monomer.

In general, the anti-tumor effect was improved by the influence
of spleen exosomes, which has been reported in this paper, but the
clearer mechanism needs to be designed and carried out in the next
study, such as the overall related experiments of exosomes entering
tumor bodies, and the effects on tumor growth metabolism and
immunohistochemistry.

In the present study, both YWD-treated and control group of
spleen-derived exosomes could enter tumor cells when co-cultured with
tumor cells; YWD-treated spleen-derived exosomes had
antiproliferative effects on MFC, S180, and HGC-27 tumor cells
in vitro, with HGC-27 cells showing the most sensitive response.
The spleen-derived exosomes of rats treated with YWD have more
significant anti-tumor effect on tumor cells than the same exosomes
without YWD; The mechanism of spleen-derived exosomes inhibiting
the proliferation of HGC-27 cells may be related to enhanced cell
apoptosis.We intend to further investigate differentmolecular signals of
these exosomes and their specific mechanisms of action in the future.

Conclusion

The present study investigated the effect of YWD on the
proliferation and apoptosis of HGC-27 gastric cancer cells via
spleen-derived exosomes. The results showed that the YWD-treated
spleen-derived exosomes inhibited HGC-27 cell proliferation but
induced HGC-27 cell apoptosis. Flow cytometry analysis showed
that the total apoptosis rate of the experimental group was 43.27%,
which was significantly higher than that of the control group (25.91%).
The CCK8 assay confirmed that, compared to the control spleen-
derived exosomes group, the relative tumor inhibition rate was 70.78%
in the YWD-treated spleen-derived exosomes group. Colony formation
assay indicated that comparedwith the control group, the YWD-treated
spleen-derived exosomes group’s colony lumps have reduced by
99.03%. These findings indicated that YWD inhibits the growth of
gastric cancer cells through spleen-derived exosomes. These results
provide a basis for the development of Chinese medicine therapy for
clinical application in gastric cancer treatment.
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