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Abstract: Objective: To investigate whether Banxia Xiexin Decoction (BXD) reverses bone marrow mesenchymal stem
cell (BMSC)-derived exosome-induced oxaliplatin resistance in gastric cancer (GC) and to elucidate the underlying
mechanism. Methods: Oxaliplatin-resistant HGC-27 cells and human BMSCs were cultured in vitro. Exosomes were
isolated and characterized by transmission electron microscopy and marker analysis. Cell viability was assessed
using CCK-8 assays. Apoptosis, multidrug resistance proteins (MDR, MRP, LRP), stress granule (SG) formation,
and G3BP1-YWHAZ interaction were examined by flow cytometry, immunofluorescence, Western blotting, and co-
immunoprecipitation. A nude mouse xenograft model was used to evaluate in vivo effects. Results: BMSC-derived
exosomes enhanced oxaliplatin resistance in HGC-27 cells, reduced apoptosis, upregulated MDR-related proteins,
promoted SG formation, and strengthened G3BP1-YWHAZ interaction. BXD-containing serum reversed these effects
by restoring apoptosis, increasing Bax and cleaved caspase expression, suppressing resistance-associated proteins
and SG assembly, and disrupting G3BP1-YWHAZ binding. In vivo, BXD attenuated exosome-mediated chemoresis-
tance, inhibited tumor growth, and enhanced oxaliplatin-induced apoptosis. Conclusion: BMSC-derived exosomes
promote oxaliplatin resistance in GC through activation of the G3BP1-YWHAZ axis. BXD restores chemosensitivity
by interfering with this exosome-mediated pathway, supporting its use as a potential adjuvant strategy to overcome
chemotherapy resistance.
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Introduction

Gastric cancer ranks third in global incidence
and second in cancer-related mortality, remain-
ing a major health burden despite advances in
diagnosis and treatment [1, 2]. Systemic che-
motherapy continues to be a cornerstone for
patients with advanced or metastatic disease.
However, the emergence of chemoresistance
significantly limits therapeutic efficacy and
remains a major obstacle in clinical manage-
ment [3]. Chemoresistance is a multifactorial
and dynamic process involving complex molec-
ular networks that are not yet fully understood
[4]. Therefore, elucidating the mechanisms
underlying drug resistance and identifying

effective strategies to restore chemosensitivity
are critical for improving treatment outcomes in
gastric cancer.

Increasing evidence highlights the pivotal role
of the tumor microenvironment in modulating
tumor response to chemotherapy [5]. Mesen-
chymal stem cells (MSCs), an essential stromal
component, actively participate in tumor pro-
gression by regulating cancer cell proliferation,
invasion, metastasis, and therapeutic response
[6, 7]. In gastric cancer, MSC recruitment and
functional reprogramming have been linked to
tumor development and progression [8-10].
Importantly, MSCs have been identified as key
regulators of chemotherapeutic sensitivity, con-
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tributing to the acquisition of drug resistance
[11].

Exosomes, small extracellular vesicles released
by various cell types, have emerged as critical
mediators of intercellular communication with-
in the tumor microenvironment. Chemothera-
peutic stress can enhance exosome secretion,
and these vesicles have been implicated in
transmitting chemoresistance signals among
tumor cells [12, 13]. MSC-derived exosomes, in
particular, have been shown to promote drug
resistance in multiple malignancies, including
gastric cancer and multiple myeloma [14].
Experimental studies demonstrate that MSC-
derived exosomes confer resistance to agents
such as cisplatin and 5-fluorouracil in gastric
cancer models both in vitro and in vivo [15].
Mechanistically, these vesicles enhance tumor
cell survival by activating anti-apoptotic path-
ways, thereby reducing chemosensitivity [16,
17].

Apoptosis is the principal mechanism through
which most chemotherapeutic agents elimi-
nate tumor cells [18, 19]. Dysregulation of
apoptotic signaling, including altered expres-
sion of pro- and anti-apoptotic proteins, plays a
central role in chemoresistance [20]. Although
MSC-derived exosomes have been associated
with resistance, the precise mechanisms by
which they enhance anti-apoptotic capacity in
gastric cancer remain incompletely defined
[21]. Recent studies indicate that G3BP1, a
core component of stress granules, interacts
with YWHAZ to suppress the pro-apoptotic
protein Bax, thereby promoting cell survival
under stress conditions [22, 23]. This G3BP1-
YWHAZ axis represents a potential molecular
link between stress responses and chemother-
apy resistance.

From the perspective of traditional Chinese
medicine (TCM), gastric cancer corresponds to
disease categories such as “yege”, “fuliang’,
and “zhengji” [24]. Its pathogenesis is tradi-
tionally attributed to deficiency of vital qi,
accumulation of phlegm, and persistence of
pathogenic toxins. The concept of “cancer
toxin”, described as unresolved pathogenic
factors resulting from imbalance of qi, blood,
and organ function, has been proposed to
underlie tumor development and progression
[25, 26].
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Banxia Xiexin Decoction, a classical TCM for-
mula, has demonstrated antitumor activity in
gastric cancer through modulation of inflamma-
tory signaling and immune-related pathways
[27, 28]. In parallel, accumulating evidence
suggests that MSC-derived exosomes can
reprogram gastric cancer cells, enhancing pro-
liferation, invasion, and drug resistance [29,
30]. Clinically, modified Banxia Xiexin Decoction
has shown potential in improving chemothera-
py response.

Based on these observations, the present
study employed in vitro and in vivo models of
gastric cancer chemoresistance to investigate
whether Banxia Xiexin Decoction can restore
oxaliplatin sensitivity by targeting MSC-derived
exosome-mediated signaling. Specifically, we
explored the role of the G3BP1-YWHAZ axis
in exosome-driven resistance and evaluated
the therapeutic potential of Banxia Xiexin
Decoction.

Methods
Reagents

RPMI-1640 (A4192301; Gibco, USA), fetal
bovine serum (10099-141; Gibco), trypsin
(CO201; Beyotime, China), dimethyl sulfoxide
(DMSO; D2650; Sigma-Aldrich, USA), and oxali-
platin (MedChemExpress; lot 343662) were
used for cell-based assays. Cell viability was
measured using CCK-8 (CO039; Beyotime).
Apoptosis was assessed using an Annexin
V-FITC/PI kit (40302ES60; YEASEN, China).
Protein concentration was determined using
a BCA kit (T9300A; Takara, Japan). Co-immu-
noprecipitation employed Protein A/G Plus
Agarose (C600689-0020; BBI Life Sciences,
China). Histological and apoptosis staining kits
included H&E (G1120; Solarbio, China) and
TUNEL (C1098; Beyotime).

Primary antibodies were as follows: anti-MDR
(sc-55510), anti-MRP (sc-18874), anti-LRP (sc-
57351) (all Santa Cruz Biotechnology, USA),
anti-G3BP1 (ab181150; Abcam, UK), anti-
YWHAZ (ER62525; Huabio, China), anti-Ki67
(HA721115; Huabio), and and anti-B-actin
(Huabio). Rabbit 18G (bs-0295P; Biosynthesis
Biotechnology, China) served as a control.
Secondary antibodies included Cy3-labeled
goat anti-rabbit 1IgG and HRP-conjugated goat
anti-rabbit/anti-mouse 1gG (Beyotime, China).
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Preparation of Banxia Xiexin Decoction

Banxia Xiexin Decoction was prepared using
the classical prescription: Pinelliae Rhizoma
(Banxia, 15 g), Zingiberis Rhizoma (Ganjiang,
15 g), Scutellariae Radix (Huanggin, 15 g),
Ginseng Radix et Rhizoma (Renshen, 15 g),
Glycyrrhizae Radix et Rhizoma (Gancao, 10 g),
Coptidis Rhizoma (Huanglian, 6 g), and Juju-
bae Fructus (Dazao, 4 pieces; ~12 g). All herbs
were purchased from Tongrentang Pharmacy
and authenticated according to the Chinese
Pharmacopoeia (2020 edition).

Herbs were mixed, soaked in water for 30 min,
and decocted twice. The first extraction used
8x water (w/v) and was boiled for 1 h; the
supernatant was collected. The residue was re-
decocted using 6x water (w/v) for 30 min, and
the two extracts were combined. After centrifu-
gation, filtration, and concentration, the final
stock was adjusted to 2.31 g raw herbs/mL,
corresponding to the mouse-equivalent dose
converted by body surface area (70 kg adult vs.
nude mice).

Ethics statement

Adult SPF Sprague-Dawley rats (6-8 weeks,
250-300 g; 10 males and 10 females) were
obtained from Henan Sikebeisi Biological Tech-
nology Co., Ltd. (SCXK (Yu) 2020-0005; Quality
certificate Nos. 410000000000009319 and
410000000000009320). Bone marrow mes-
enchymal stem cells (BMSCs) were sourced
from Chongqging Western Biotechnology Co.,
Ltd. A total of 22 SPF male BALB/c-nu nude
mice (4-5 weeks, 15-17 g) were purchased
from Beijing Huafukang Bioscience Co., Ltd.
(SCXK (Jing) 2024-0003). Animals were main-
tained under SPF conditions (23-25°C; 12-h
light/dark cycle) with ad libitum access to food
and water. All procedures were approved by
Hainan Medical University and conducted in
accordance with institutional guidelines, with
efforts made to minimize animal numbers and
distress.

Preparation of BXD-containing serum

Drug-containing serum was generated in two
groups: blank serum (Group A) and BXD serum
(Group B). Rats were fasted for 12 h, weighed,
and gavaged at 7 mL/kg. Group B received
Banxia Xiexin Decoction, whereas Group A
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received the same volume of saline. The decoc-
tion was warmed in a 55°C water bath and
cooled to room temperature before admini-
stration.

Rats received three gavages (first and second
doses 1 day apart; second and third doses 3 h
apart). Blood was collected 2 h after the third
gavage. Animals were anesthetized with 7%
chloral hydrate (1.5 mL/kg, i.p.), and blood was
obtained by sterile cardiac puncture and cen-
trifuged (3000 rpm, 20 min, 4°C). Serum was
heat-inactivated at 56°C for 30 min and stored
at -20°C until use.

Cell culture

The oxaliplatin-resistant gastric carcinoma cell
line HGC-27/L was purchased from Shanghai
Wenyebio Biotechnology Co., Ltd. Cells were
maintained in DMEM supplemented with 10%
FBS and 1% penicillin/streptomycin at 37°C
with 5% CO,. To preserve the resistant pheno-
type, 1 uM oxaliplatin was included in routine
culture. For experiments not involving oxaliplat-
in treatment, resistant cells were passaged at
least twice in drug-free medium and used dur-
ing logarithmic growth.

Xenograft model and treatments

Sample size was determined using G*Power
(v3.1) based on pilot data (Cohen’sd = 0.8, o =
0.05, power = 0.80), yielding = 6 mice/group;
one additional mouse per group was included
to account for ~10% attrition (7 mice/group).
Mice were randomized by block randomization
(block size = 4) using a computer-generated
sequence prepared by an investigator not
involved in interventions or outcome assess-
ment. Allocation was concealed in numbered,
opaque envelopes. Procedures were conduct-
ed under blinded conditions using coded group
labels until data analysis was completed.

After 1 week acclimatization, tumor xenografts
were established by subcutaneous injection of
a cell suspension (100 uL/mouse) into the
right axilla. Body weight and tumor size were
measured every 2 days, and tumor volume was
plotted as a growth curve. When tumors
reached 50-100 mm?3 (Day 8), mice received
daily intraperitoneal oxaliplatin (10 mg/kg). In
parallel, Groups B and C received peritumoral
injections of exosomes (10 pg in 100 L, every
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3 days). Group C additionally received oral
gavage of the full BXD prescription daily for 3
weeks.

At endpoint, mice were weighed and anesthe-
tized, tumors were excised and photographed,
and tissues were allocated for: 4% paraformal-
dehyde (H&E), 2.5% glutaraldehyde (electron
microscopy), or snap-freezing at -80°C (Wes-
tern blot and other assays).

CCK-8 assay

Cells were seeded for 12 h and then treated
according to the experimental design with
oxaliplatin (various concentrations), hMSC-
derived exosomes (20 upg/mL), and/or BXD-
containing serum (three replicates/group).
After 24 or 48 h, 10 pL CCK-8 was added
per well and incubated for 1-4 h. Absorbance
was read at 450 nm. Cell viability (%) was cal-
culated as: [(oDtreat_oDblank)/(ODcontrol_oDblank)]

100%. The inhibition rate was calculated as 1

- viability.
Flow cytometry

HGC-27/L cells were plated in 6-well plates. At
~50-60% confluence, medium was replaced
with fresh medium containing or lacking oxali-
platin (5 pg/mL), hMSC-derived exosomes (20
ug/mL), and/or drug-containing serum, and
incubated for 3 h. Cells were collected (includ-
ing adherent cells after trypsinization), washed,
and resuspended in binding buffer.

Approximately 1-5 x 10° cells were stained
with 5 pL Annexin V-FITC in 185 pL binding
buffer for 10 min at room temperature in
the dark, followed by 5 pL Pl. Samples were
kept on ice and analyzed immediately by flow
cytometry.

Immunofluorescence

Cells were washed with PBS (3 x 3 min).
After blocking, samples were incubated with
primary antibodies against G3BP1 (1:500)
and YWHAZ (1:200). Primary incubation was
performed either overnight at 4°C or for 90
min at room temperature in a humidified
chamber. After PBS washes (3 x 3 min), sam-
ples were incubated with FITC- or Cy3-
conjugated secondary antibodies (1:800) for 1
h in the dark. Nuclei were counterstained with
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DAPI for 5 min, washed, mounted with anti-fade
medium, and imaged using a confocal mic-
roscope.

Western blot

Total protein was extracted, quantified, and
20 ug per lane was separated on 10% SDS-
PAGE and transferred to PVDF membranes.
Membranes were blocked with 5% milk in TBST
and incubated overnight at 4°C with primary
antibodies against MDR (sc-55510), MRP (sc-
18874), LRP (sc-57351), G3BP1 (ab181150),
YWHAZ (ER62525), and B-actin (loading con-
trol). After TBST washes, membranes were
incubated for 1 h at room temperature with
species-matched HRP-conjugated secondary
antibodies. Signals were developed using ECL,
quantified using ImagelJ, and normalized to
B-actin.

Transmission electron microscopy (TEM)

Exosome suspensions were diluted in PBS,
and 10 pyL was applied to Formvar-carbon-
coated copper grids for 20 min. Grids were
washed on PBS droplets, fixed with 2.5% glutar-
aldehyde (5 min), rinsed with ultrapure water,
stained with uranyl oxalate (pH 7.0, 5 min), and
embedded in methylcellulose-uranyl acetate
on ice (10 min). After blotting excess liquid,
grids were air-dried (5-10 min) and examined by
TEM at 80 kV.

Co-immunoprecipitation (Co-IP)

Whole-cell lysates from HGC-27/L cells were
prepared using a mild, non-denaturing lysis
buffer. For each reaction, 500 ug of protein was
incubated overnight at 4°C with antibodies
against G3BP1 or YWHAZ (reciprocal Co-IP).
Immune complexes were captured using
Protein A/G agarose beads, with nonspecific
IgG as a negative control. After washing and
elution, precipitated proteins were analyzed
by immunoblotting with the corresponding
antibodies.

Histopathology (H&E)

Excised xenograft tumors were fixed in 4%
paraformaldehyde, embedded in paraffin, and
sectioned at 4 um. Sections were deparaf-
finized, rehydrated, stained with hematoxylin
and eosin, dehydrated, cleared, and mounted.
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Morphological features were assessed by light
microscopy.

TUNEL assay

Tumor tissues were fixed, paraffin-embedded,
and sectioned at 4 ym. TUNEL staining was
performed according to the manufacturer’s
instructions (Beyotime, C1098). After deparaf-
finization and rehydration, sections were treat-
ed for antigen exposure and incubated with
TUNEL reaction mixture. Apoptotic cells were
identified based on positive signals under
microscopy.

Immunohistochemistry (IHC)

Paraffin sections were permeabilized with 0.5%
Triton X-100 (20 min) and washed with PBS.
Endogenous peroxidase activity was quenched
using 3% H,0, (15 min). Sections were incubat-
ed with primary antibodies (1:50); PBS served
as the negative control. After PBS washes,
HRP-conjugated secondary antibodies (1:50)
were applied for 1 h. DAB was used for chromo-
genic detection, followed by hematoxylin coun-
terstaining and bluing. Sections were dehydrat-
ed through graded ethanol, cleared in xylene,
and mounted with resin medium.

Statistical analysis

Data were analyzed using SPSS 23 and are pre-
sented as mean + SD. Normality and homoge-
neity of variance were assessed prior to para-
metric testing. For normally distributed data
with equal variances, comparisons among
groups were performed using one-way ANOVA
with appropriate post hoc tests. Otherwise, the
Kruskal-Wallis test was applied. A two-tailed P
< 0.05 was considered statistically significant.

Results

Banxia Xiexin Decoction containing-serum pro-
motes apoptosis in gastric cancer cells

CCK-8 analysis demonstrated a dose-depen-
dent reduction in gastric cancer cell viability fol-
lowing treatment with BXD-containing serum,
with the strongest effect observed at 20%,
which was selected for subsequent experi-
ments (Figure 1A).

Flow cytometry showed that BXD-containing
serum significantly increased apoptosis com-
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pared with blank rat serum (P < 0.001; Figure
1B, 1C). Immunofluorescence staining reveal-
ed a marked decrease in stress granule (SG)
formation after BXD treatment (P < 0.001;
Figure 1D, 1E). Consistently, Western blot anal-
ysis indicated reduced expression of multidrug
resistance-related proteins, including MDR (P <
0.001), MRP (P < 0.01), and LRP (P < 0.001)
(Figure 1F-I).

hBMSC-derived exosomes enhance chemore-
sistance in gastric cancer cells

Cultured hBMSCs exhibited the typical spindle-
shaped morphology under light microscopy
(Figure 2A). Transmission electron microscopy
confirmed that isolated vesicles displayed char-
acteristic cup-shaped morphology (Figure 2B).
Western blotting verified the presence of exo-
somal markers CD9 and SDCBP (Figure 2C).

Treatment with 20 pg/mL hBMSC-derived
exosomes significantly increased cell viability
(Figure 2D). Notably, exosome treatment most
effectively enhanced resistance in cells ex-
posed to 1 pg/mL oxaliplatin (Figure 2E), indi-
cating a strong pro-survival effect under che-
motherapeutic stress.

BXD-containing serum suppresses exosome-
mediated chemoresistance via the G3BP1-
YWHAZ axis in vitro

Oxaliplatin (5 pg/mL) significantly reduced
cell viability (P < 0.001), whereas hBMSC-
derived exosomes (20 yg/mL) partially restored
cell survival (P < 0.01). Importantly, BXD-con-
taining serum reversed this exosome-induced
survival advantage and further reduced viabili-
ty (P < 0.001, Figure 3A). Flow cytometric anal-
ysis demonstrated that oxaliplatin induced
apoptosis, which was attenuated by hBMSC-
derived exosomes (P < 0.001). BXD-containing
serum restored apoptotic levels despite the
exosome treatment (P < 0.001; Figure 3B, 3C).
Western blot (WB) analysis revealed that
hBMSC-Exo markedly upregulated the expres-
sion of chemoresistance-associated proteins
MDR, MRP, and LRP (all P < 0.001). In con-
trast, Banxia Xiexin Decoction-containing
serum counteracted this effect, markedly sup-
pressing the levels of all three proteins
(P < 0.001 for each) (Figure 3D-G). Immuno-
fluorescence analysis showed prominent co-
localization of G3BP1 and YWHAZ in control
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Figure 1. Serum containing Banxia
Xiexin Decoction triggers apopto-
sis in gastric cancer cells. (A) Cell
viability was evaluated using the
CCK-8 assay after 24 or 48 hours of
serum exposure (n = 3). (B, C) Flow
cytometry analysis of apoptosis in
HGC-27/L cells treated with blank
serum (vector group), or Banxia
Xiexin Decoction-containing serum
(BXD group) (n = 3). (D, E) Immu-
nofluorescence analysis showing
the fluorescence intensity of stress
granules (SGs) in different interven-
tion groups; red indicates SGs and
blue indicates DAPI nuclear stain-
ing (n = 3). (F-I) Western blot (WB)
analysis of gastric cancer chemore-
sistance-related proteins: (G) MDR,
(H) MRP, and (l) LRP, detected 72
hours after treatment in different
intervention groups. Group A served
as the vector control, Group B as the
untreated control, and Group C as
the Banxia Xiexin Decoction (BXD)-
treated group (n = 3). Data are ex-
pressed as mean = SD. Statistical
significance: *P < 0.05, **P < 0.01,
***pP < 0.001.
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Figure 2. hBMSC-derived exosomes enhance chemoresistance of gastric cancer cells. A. Morphology of hBMSCs
observed under a light microscope. B. Morphology of hBMSC-derived exosomes visualized by transmission electron
microscopy (TEM). C. The presence of exosomal markers CD9 and SDCBP in the vesicles was confirmed by Western
blot (WB) analysis. D. CCK-8 assay showing the proliferation of drug-resistant gastric cancer cells treated with differ-
ent concentrations of exosomes for 24 or 48 hours (n = 3). E. CCK-8 assay measuring changes in chemoresistance
of gastric cancer drug-resistant cell lines 24 or 48 hours after exosome treatment (n = 3). Data are displayed as

mean * SD. *P < 0.05, **P < 0.01, ***P < 0.001.

cells. Oxaliplatin reduced this interaction,
whereas exosome treatment restored co-local-
ization. BXD-containing serum markedly dis-
rupted G3BP1-YWHAZ co-localization (Figure
3H). Co-immunoprecipitation further confirmed
a direct interaction between G3BP1 and
YWHAZ (Figure 3l).
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BXD-containing serum reverses exosome-
induced chemoresistance in vivo

A subcutaneous xenograft model was success-
fully established. During oxaliplatin treatment,
hBMSC-derived exosomes significantly acceler-
ated tumor growth (P < 0.001). In contrast,
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Figure 3. By targeting the G3BP1/YWHAZ axis, Banxia Xiexin Decoction-containing serum suppresses hBMSC-Exo-induced chemoresistance in gastric cancer cells.
(A) CCK-8 assay assessing the proliferation capacity of gastric cancer cells under different intervention conditions (n = 3); (B, C) Apoptosis in HGC-27/L cells was
assessed by flow cytometry across three independent experiments (n = 3) in distinct intervention groups; (D-G) Western blot (WB) analysis of gastric cancer che-
moresistance-related proteins: (E) MDR, (F) MRP, and (G) LRP, in different intervention groups (n = 3); (H) Immunofluorescence analysis showing the co-localization
of G3BP1 and YWHAZ; red fluorescence indicates G3BP1; green fluorescence indicates YWHAZ; and blue fluorescence indicates DAPI-stained nuclei. Apoptosis in
HGC-27/L cells was assessed by flow cytometry across three independent experiments (n = 3) in distinct intervention groups. (I) Co-immunoprecipitation (Co-IP)
verifies the physical association between G3BP1 and YWHAZ. Data are shown as mean + SD. *P < 0.05, **P < 0.01, ***P < 0.001.
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BXD-containing serum attenuated this effect
and significantly inhibited tumor progression
(P < 0.01, Figure 4A, 4B). Histological analysis
(H&E) revealed that exosomes reduced oxalipl-
atin-induced tumor cell damage, whereas BXD
restored tumor cell injury (Figure 4C). Trans-
mission electron microscopy demonstrated
that exosomes alleviated ultrastructural dam-
age induced by oxaliplatin, while BXD treatment
promoted structural disruption. TUNEL staining
showed that exosomes suppressed apoptosis
in tumor tissues, and BXD reversed this effect,
increasing apoptotic cell numbers (Figure 4C).

BXD modulates the G3BP1-YWHAZ pathway in
vivo

Immunohistochemistry demonstrated that hB-

MSC-derived exosomes increased expression
of MDR, MRP, LRP, Ki67, and SG-related pro-
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Figure 4. In vivo experiments demonstrate
that Banxia Xiexin Decoction-containing
serum inhibits hBMSC-Exo-mediated gas-
tric cancer cell chemoresistance. A. Rep-
resentative images of nude mouse subcu-
taneous tumorigenesis and excised tumor
tissues from different intervention groups;
B. Quantitative analysis of tumor volume
among different intervention groups, n =
5; C. Hematoxylin and eosin (H&E) stain-
ing showing tumor cell damage, transmis-
sion electron microscopy (TEM) showing
ultrastructural alterations of tumor cells,
and TUNEL staining showing apoptosis in
tumor tissues from different intervention
groups. The data are shown as mean *
SD. *P < 0.05, **P < 0.01, ***P < 0.001.

teins following the oxaliplatin treatment. These
elevations were significantly reduced by BXD-
containing serum (Figure 5A). Immunofluore-
scence staining confirmed that exosomes
restored G3BP1-YWHAZ co-localization sup-
pressed by oxaliplatin, whereas BXD disrupted
this interaction (Figure 5B). Western blot analy-
sis showed that exosome treatment reduced
pro-apoptotic proteins (Bax, cleaved PARP,
cleaved caspase-9, and cleaved caspase-3)
(P < 0.001). BXD-containing serum reversed
this suppression and significantly increased
apoptotic marker expression (P < 0.01; Figure
5C-G).

Discussion
Exosomes are internalized by recipient cells pri-

marily through endocytic pathways and serve
as essential mediators of intercellular commu-
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Figure 5. In vivo experiments demonstrate that Banxia Xiexin Decoction-containing serum inhibits hBMSC-Exo-me-
diated gastric cancer cell chemoresistance by targeting the G3BP1/YWHAZ axis. A. Immunohistochemical (IHC)
analysis showing the levels of expression for MDR, MRP, LRP, Ki67, and G3BP1 in tumor tissues from different inter-
vention groups; B. Immunofluorescence analysis showing the co-localization of G3BP1 and YWHAZ in tumor tissues
from different intervention groups; C-G. Analysis of apoptotic markers in tumor tissues from different intervention
groups using Western blot (WB), focusing on Bax, cleaved PARP, cleaved caspase-9, and cleaved caspase-3. Results
are presented as mean + SD. *P < 0.05, **P < 0.01, ***P < 0.001.

nication within the tumor microenvironment
[31, 32]. Accumulating evidence indicates that
exosomes contribute to the acquisition of che-
moresistance in multiple malignancies. In gas-
tric cancer, MSC-derived exosomes have been
reported to enhance resistance both in vitro
and in vivo [10, 11]. Consistent with previous
studies [16, 17, 33], our findings further dem-
onstrate that MSC-derived exosomes signifi-
cantly reduce oxaliplatin sensitivity in gastric
cancer cells, promoting survival and attenuat-
ing apoptosis. These results reinforce the con-
cept that stromal-tumor interactions mediated
by exosomes are critical determinants of thera-
peutic response.

2532

Stress granules (SGs) represent a conserved
adaptive response to cellular stress, including
chemotherapy. Under cytotoxic conditions,
untranslated mRNAs and associated proteins
aggregate to form SGs, thereby facilitating cel-
lular survival [34-36]. G3BP1 is a central scaf-
folding protein required for SG assembly and
functional maintenance. Previous reports have
shown that G3BP1 interacts with YWHA family
proteins, including YWHAZ, to suppress Bax
expression and enhance anti-apoptotic signal-
ing in gastric cancer [22, 37]. In the present
study, we observed that MSC-derived exo-
somes promoted G3BP1-YWHAZ co-localiza-
tion and strengthened their interaction, accom-
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panied by reduced apoptotic signaling. These
findings support the notion that the G3BP1-
YWHAZ axis functions as a pivotal molecular
bridge linking stress granule dynamics to che-
moresistance [22].

Importantly, Banxia Xiexin Decoction effectively
counteracted these effects. BXD-containing
serum induced apoptosis, reduced SG forma-
tion, and downregulated MDR-related proteins
in vitro. Mechanistically, BXD disrupted the
interaction between G3BP1 and YWHAZ, the-
reby restoring Bax expression and caspase
activation. In xenograft models, BXD reversed
exosome-mediated resistance, increased pro-
apoptotic markers, and suppressed tumor
growth during oxaliplatin treatment. Together,
these results suggest that BXD enhances che-
mosensitivity by targeting an exosome-driven
anti-apoptotic signaling cascade rather than
acting solely as a direct cytotoxic agent.

Several limitations merit consideration. First,
the specific cargo within MSC-derived exo-
somes responsible for modulating the G3BP1-
YWHAZ interaction was not identified. Compre-
hensive exosomal profiling and functional vali-
dation will be necessary to clarify this upstream
regulatory mechanism. Second, although BXD
disrupted the G3BP1-YWHAZ axis, it remains
unclear whether the decoction directly influ-
ences exosome production, cargo composition,
or uptake, and the drug-containing serum con-
tains a complex mixture of unknown bioactive
compounds and metabolites, whose concen-
trations are difficult to control or quantify.
Therefore, it remains unclear whether the
observed effects are due to specific active
ingredients, synergistic interactions with serum
components, or indirect consequences of sys-
temic metabolism. Third, rescue experiments
were not performed to definitively establish
causality between the G3BP1-YWHAZ interac-
tion and apoptotic regulation. Fourth, the me-
chanistic findings were derived from a single
gastric cancer cell line and require confirmation
in additional models. Finally, the use of rat-
derived drug-containing serum introduces vari-
ability in active compound composition and
limits precise pharmacokinetic interpretation.
Future studies integrating chemical character-
ization, targeted molecular approaches, and
multi-model validation will be essential to fur-
ther define the active constituents and their
mechanisms.

2533

Overall, this study identifies that Banxia Xiexin
Decoction modulates exosome-mediated sig-
naling pathways involving the G3BP1-YWHAZ
axis and provides experimental evidence that
it can modulate this axis to restore chemo-
sensitivity.
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