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Tumor-associated macrophage-derived

exosome miR-194 confers cisplatin resistance
in GC cells
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Abstract

Objective At all stages of gastric cancer (GC), cisplatin is the first-line chemotherapeutic agent, but its efficacy
remains limited, with a response rate of less than 20%, largely because of resistance to the drug. It aims to determine
whether macrophage-derived exosomes are involved in the mechanism of cisplatin resistance, in order to identify
potential methods for reversing resistance and improving patient outcomes.

Methods Macrophages induced by IL-13 and IL-4 were characterized using flow cytometry, then co-cultured

with GC cells and cisplatin. Cell viability and apoptosis were subsequently evaluated through CCK-8 assays and flow

cytometry. Exosome miR-194, derived from M2 macrophages, was characterized and co-cultured with gastric cancer
cells and cisplatin to assess cell survival. Furthermore, a mouse GC model was established, and miR-194 was injected

to observe tumor growth.

ance by downregulating PTEN.

strategies in GC.

Results Results indicate that M2 macrophages enhance cisplatin resistance in gastric cancer cells mainly

through miR-194, as demonstrated by CCK-8 and apoptosis assays. Cellular uptake experiments demonstrated

that miR-194 can transfer from macrophages to GC cells and exert functional effects. Western blotting and PCR analy-
sis further confirmed that macrophage-derived miR-194 inhibits apoptosis in GC cells and enhances cisplatin resist-

Conclusion Macrophage-derived miR-194 promotes cisplatin resistance in GC cells by inhibiting apoptosis
through PTEN downregulation. These findings provide new insights and theoretical backing for clinical treatment
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Introduction

Incidence and mortality rates for gastric cancer (GC)
remain high, despite its prevalence [1, 2]. In China, GC
ranks second in mortality among malignant tumors [2].
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In early-stage GC, there are no obvious symptoms, so
most patients are detected at an advanced stage, when
surgery isn’t an option, making chemotherapy the main
treatment option [3]. According to current treatment
guidelines, platinum-based chemotherapeutic agents
remain the cornerstone of chemotherapy for GC. Cis-
platin (DDP), in particular, is a first-line drug for GC
treatment across all stages [4]. However, the effective-
ness of cisplatin alone or in combination with other
drugs remains less than 20% [5]. Therefore, elucidating
the mechanisms behind cisplatin resistance in GC cells,
identifying ways to reverse this resistance, and improving
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patient prognosis and quality of life are urgent challenges
in GC treatment [6].

Increasing evidence suggests that the occurrence
and progression of tumors depend not only on the bio-
logical characteristics of the tumor cells themselves but
also on the influence of the tumor microenvironment
(TME) [7]. The TME encompasses not only tumor cells
but also various non-malignant cells, such as inflamma-
tory cells, fibroblasts, adipocytes, extracellular matrix,
inflammatory mediators, and cytokines [8]. Tumor-
associated macrophages (TAMs), integral to TME, sig-
nificantly influence tumor progression [9]. Depending
on the stimuli from cytokines or inflammatory factors,
TAMs exhibit distinct phenotypes and functional char-
acteristics [10]. Tumor cells or other cells within the
TME can produce polarizing factors that induce TAMs
to differentiate into either the classically activated mac-
rophages (M1 subtype), which have antitumor effects, or
alternatively activated macrophages (M2 subtype), which
promote tumor progression [11]. In most malignancies,
TAMs predominantly exhibit the M2 phenotype, further
enhancing tumor malignancy, and tumor cells actively
recruit macrophages and induce their polarization into
the M2 subtype.

Exosomes are nano-sized extracellular vesicles (EVs)
with a lipid bilayer membrane, produced and released
by most cells [12]. Exosomes, present in all body fluids,
have gained attention for their role in intercellular com-
munication and potential as non-invasive tumor bio-
markers [13]. Exosomes from tumor cells are involved in
numerous cellular functions and pathological processes.
Research indicates that plasma exosome protein levels
in patients with various malignancies are significantly
linked to disease activity, therapeutic response, and drug
resistance.

In this study, we induced M2-polarized macrophages
and analyzed their association with GC resistance [14].
We then examined the relationship between exosomes
derived from M2 macrophages and cisplatin resistance
in GC. Using confocal microscopy, we observed that
miR-194 is transferred from M2 macrophage-derived
exosomes to GC cells, reducing their chemosensitivity
and apoptosis. Finally, we explored the mechanisms by
which exosome miR-194 confers cisplatin resistance in
GC, providing guidance for future research and potential
clinical applications.

Materials and methods

Cell culture

The mouse forestomach carcinoma line MFC and human
GC cell line MGC-803 were obtained from the Chinese
Academy of Sciences Cell Bank. Cells were maintained
in RPMI-1640 medium supplemented with 10% fetal
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bovine serum and 100 U/mL penicillin—streptomycin.
Cells were incubated at 37 °C in a humidified 5% CO,
atmosphere. Annexin V-FITC, Cell Counting Kit-8, cis-
platin, Annexin V-PE and 7-AAD were purchased from
Beyotime Biotechnology. PBMCs were obtained from
peripheral blood of volunteers in Suzhou Wuzhong peo-
ple’s Hospital, including 5 gastric cancer patients and 5
healthy volunteers, and were separated by density gradi-
ent centrifugation. To differentiate human monocytes
into macrophages in vitro, monocytes were separated
from PBMCs by negative selection using magnetic beads
(Miltenyi Biotec), and the isolated cells were cultured
in RPMI 1640 supplemented with 10% FBS (Gibco) for
7 days.

Flow cytometry

Exosomes from both MCF and MCE/DDP cells (50 pg/
mL) were used to pre-stimulate cells for 72 h. Cisplatin
(6 mg/mL) was then added for 48 h. Subsequently, cells
were stained with Annexin V-PE and 7-AAD for apopto-
sis detection via flow cytometry (BD Biosciences), with
PBS serving as the control.

Apoptosis detection

Cells were plated in six-well plates at a density of 10,000
cells/well. Apoptosis was assessed using the FITC
Annexin V/PI Apoptosis Detection Kit. In summary, 5
uL each of Annexin V-FITC and propidium iodide were
added to the wells and gently mixed. The treated cells
were analyzed using a flow cytometer (BD Biosciences).
The data were calculated and analyzed using Cell Quest
software, and the apoptosis percentage for each group
was determined.

Exosome isolation

Culture supernatants were collected upon cells reaching
80-90% confluence. The supernatant underwent a two-
step centrifugation process [15]. In brief, the 48-h culture
supernatant was collected and centrifuged at 3000xg for
20 min at 4 °C to remove cell debris. The supernatant was
further centrifuged at 10,000xg for 60 min at 4 °C, fol-
lowed by filtration through a sterile 0.22 pym microporous
filter. Finally, the filtered supernatant was ultracentri-
fuged at 120,000xg for 70 min at 4 °C, and the resulting
pellet was resuspended in an appropriate volume of PBS
to obtain the exosomes, which were stored at —80 °C.

Cellular uptake of miR-194

To label MCF/DDP exosomes, 100 pL of exosomes were
combined with 5 pL of Dil dye (5 pg/mL) in a new EP
tube and mixed thoroughly. The pellet was resuspended
in 200 pL of PBS after discarding the supernatant and
then added to the MCEF cell culture for 10-12 h. Cellular
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uptake was observed and photographed using a laser
confocal fluorescence microscope.

CCK-8 and crystal violet staining

GC cells were seeded in 96-well plates at a density
of 1500-3000 cells/well and incubated with DDP for
24-72 h. Cell viability was assessed using the Cell Count-
ing Kit-8 (CCK-8) according to the manufacturer’s
instructions. Absorbance was measured at 450 nm using
a microplate reader (FLX800, Bio-TEK).

Transfected gastric cancer cells were seeded in 60 mm
culture dishes at a density of 2x 10* cells for colony for-
mation assays. DDP was added to the culture medium
at a final concentration of 5 uM. After 1 or 2 days, the
remaining colonies were fixed with 4% paraformaldehyde
and stained with crystal violet.

MicroRNA microarray

Exosome pellets were collected from 10 mL of superna-
tant from M2-polarized macrophages and homogenized
in Trizol (Invitrogen). Total RNA was quantified using
a NanoDrop 2000c spectrophotometer (Thermo Sci-
entific, USA) and its quality was assessed via capillary
electrophoresis on an Agilent 2100 Bioanalyzer (Agilent
Technologies, CA). miRNA microarray analysis was per-
formed by Shanghai Biotechnology Corporation.

qT-PCR

Total RNA extraction was performed with Trizol (Inv-
itrogen, USA) according to the manufacturer’s guide-
lines. cDNA was synthesized using the Prime-Script RT
reagent kit (Thermo Fisher, USA). Gene expression lev-
els were quantified using quantitative polymerase chain
reaction (qPCR) with the SYBR Green PCR kit (QIA-
GEN, Dusseldorf, Germany). -actin served as the inter-
nal control. Target gene mRNA levels were normalized to
B-actin using the 2 24T method (Table 1).

Western blot (WB)

Protein samples of equal volume were analyzed using
SDS-PAGE and transferred onto NC membranes. The

Table 1 List of primers used for candidate genes

Gene Forward Reverse

Argl  5-CAGAAGAATGGAAGAGTCAG  5-CAGATATGCAGGGAGTCACC

iNOS  5-CTGCAGCACTTGGATCAG 5-GGAGTAGCCTGTGTGCACCT
GAAC

TGF-B  5-ATTCCTGGCGTTACCTTGG 5-AGCCCTGTATTCCGTCTCCT

IL-10 5-GCCTTATCGGAAATGATCCA  5-TGAGGGTCTTCAGCTTCTCAC

PTEN  5-AGCCTCTTGATGTGTGCATT  5-CCATTGGTAGCCAAACGGAAC
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membranes were blocked with 5% skim milk in Tris-
buffered saline, then incubated with primary antibodies
(AKT, PTEN, Bcl-2, Rabbit, 1:1000) overnight at 4 °C, fol-
lowed by a 2-h room temperature incubation with IRDye
800CW or 680 secondary antibodies (1:5000, LI-COR
Biosciences, USA) on a rotating shaker. Signal detection
was performed using ECL (GE, USA). Protein bands were
imaged using a gel analysis system, and their grayscale
values were analyzed with Image ] software.

Animal experiments

Male C57 nude mice, aged 4-6 weeks, were obtained
from the Shanghai Experimental Animal Center, China.
Tumors were established in mice by subcutaneously
injecting 300,000 cells. Ten days later, mice received
intraperitoneal injections of 10 mg/kg cisplatin (DDP) or
PBS. Before DDP treatment began, intratumoral injec-
tions of M2-Exos or miR-194 were administered twice.
Tumor volume was measured every 2 days. Following
treatment, the mice were euthanized to weigh the tumor
masses. The Animal Research Ethics Committee of the
Medical School approved all animal procedures.

Data analysis

Data were analyzed using SPSS version 21.0. Independent
samples ¢ tests were used for comparing two groups with
normally distributed data and homogeneous variance,
while one-way ANOVA was employed for comparisons
among multiple groups. Dunnett’s ¢ test was employed
for pairwise comparisons when the ANOVA indicated
statistical significance. The Kruskal-Wallis H test, a non-
parametric method, was used for data not suitable for
ANOVA. Data were presented as mean+SD.A signifi-
cance level of #=0.05 was applied, with p values below
0.05 deemed statistically significant.

Results

Macrophage M2 polarization and chemoresistance in GC
Many studies have shown that M2 macrophage polari-
zation is closely related to tumor chemoresistance,
but research on exosomes derived from macrophages
and their role in tumor resistance is scarce. To test our
hypothesis, we induced M2 macrophages (M2-MM)
using IL-1/IL-13. Figures 1A and B illustrate the use of
flow cytometry to assess surface marker expression in
M2-MM cells. In addition, quantitative analysis of rel-
evant markers was performed using PCR. As shown in
Fig. 1C, compared with non-activated macrophages,
the M2-associated marker Argl, IL-10 and TGEF-B was
significantly upregulated (p <0.001), while the M1-asso-
ciated marker iNOS showed no significant difference
(p>0.05). This confirmed the successful induction of M2
macrophages. Next, we co-cultured MFC GC cells with
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Fig. 1 M2-MM increases DPP resistance in gastric cancer cells. Flow cytometry analysis was performed to examine the expression

of M2-MM-associated markers after IL-1/IL-13 induction in the gastric cancer cell line MFC. The following markers were evaluated: A
M2-MM-associated surface markers F4/80 and CD11b. B M1 and M2 macrophage markers, CD80 and CD206. Additionally, the expression

of macrophage-related markers was quantified using PCR: C PCR analysis of macrophage-associated markers was conducted. To assess the effects
of cisplatin (DDP) on gastric cancer cell viability, different concentrations of cisplatin were co-cultured with MFC cells for 24 h and 48 h: D the CCK-8
assay was used to evaluate cell viability after co-culture with varying concentrations of DDP and MFC for 24 h and 48 h. The impact of M2-polarized
macrophages on apoptosis in gastric cancer cells was further analyzed: E flow cytometry was used to analyze apoptosis in MFC cells co-cultured
with the respective groups for 24 h, followed by quantitative analysis of apoptotic rates. For human peripheral blood mononuclear cells (PBMCs):

F flow cytometry was conducted to examine M2-MM marker expression after IL-1/IL-13 induction in PBMCs. Similarly, different concentrations

of cisplatin were co-cultured with human gastric cancer cells MGC-803. G CCK-8 assay evaluated the cell viability of MGC-803 co-cultured

with different concentrations of cisplatin for 24 h and 48 h. Statistical significance is indicated as follows: * p < 0.05, ** p<0.01, *** p<0.001 (N> 3)

different concentrations of DDP for 24 and 48 h and ana-
lyzed changes in cell viability. As shown in Fig. 1D, MFC
cell viability decreased with increasing concentrations
of DDP. To assess if M2-polarized macrophages induce
chemoresistance in GC cells, the cells were exposed
to DDP for 48 h and subsequently co-cultured with
M2-MM using a transwell chamber. The study found

that apoptosis rates were significantly lower in cells co-
cultured with M2-polarized macrophages compared to
those co-cultured with non-activated macrophages or
normal control cells (Fig. 1E). To confirm the effect of
M2-MM on GC chemoresistance, we analyzed human
peripheral blood mononuclear cells (PBMC) and GC
MGC-803 cells. Figure 1F demonstrates the successful
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induction of M2 polarization in PBMC using the same
method. MGC-803 cells were co-cultured with varying
DDP concentrations for 24 and 48 h. As shown in Fig. 1G,
MGC-803 cell viability also decreased with increasing
concentrations of DDP. Aligned with prior studies, cells
co-cultured with M2-MM exhibited notably reduced
apoptosis rates compared to those with non-activated
macrophages or normal control cells (Fig. 1H). Collec-
tively, these data suggest that M2-polarized macrophages
promote DDP resistance in GC cells.

Exosome-mediated chemoresistance in GC

MEC cells were exposed to exosomes isolated from
M2 macrophages for 48 h to explore their role in DDP
resistance in GC cells. The cells were then co-cultured
with 50 pg/mL DDP for 72 h. Figure 2A illustrates that
cells co-cultured with M2-exos exhibited significantly
higher viability than the control group (p<0.01). Addi-
tionally, the apoptosis rate of MFC cells co-treated with

Page 5 of 9

M2-exos was lower than that of cells treated normally
(Fig. 2B). The chemoresistance observed in human GC
MGC-803 cells (Fig. 2C, D) supports the shared role of
M2-exos in both human and mouse models. To investi-
gate the impact of M2-exos on chemoresistance in vivo,
MEC cells treated with M2-exos were subcutaneously
injected into male nude mice, with subsequent moni-
toring of tumor volume and weight changes. Figure 2E
demonstrates that the DDP group exhibited the slowest
tumor volume increase compared to the control group,
highlighting DDP’s potent antitumor effect. However,
the tumor volume in the M2-exo+DDP group increased
faster than in the DDP group alone. Furthermore, post-
treatment tumor weights were analyzed. Figure 2F and
G demonstrate that DDP markedly suppressed tumor
growth relative to the control group, whereas M2-exos
counteracted this suppression. Overall, the findings indi-
cate that M2-exos can promote DDP resistance in GC
cells in both in vitro and in vivo settings.
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Fig. 2 The impact of M2-exosomes on DPP resistance in gastric cancer cells. A Cell viability of the gastric cancer cell line MFC after co-culture
with different treatment groups was assessed using the CCK-8 assay. B Flow cytometry analysis was conducted to evaluate apoptosis in MFC cells
co-cultured with M2-exosomes, followed by a quantitative analysis of apoptotic rates. C The effect of co-culture with different treatment groups
on the cell viability of human gastric cancer cells MGC-803 was also assessed using the CCK-8 assay. D Flow cytometry analysis was performed

to evaluate apoptosis in MGC-803 cells co-cultured with M2-exosomes, followed by a quantitative analysis of apoptotic rates. E Tumor growth
curves were recorded following the subcutaneous injection of tumor cells. After the completion of treatment, the following were assessed: F

photographs of the tumors. G Tumor weights were measured. Statistical significance is indicated as follows:

* p<0.05,** p<0.01,** p<0.001
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Exosome miR-194 and chemoresistance

The role and mechanism of exosome-derived miR-194
in GC resistance remain unexplored in current studies.
PCR analysis revealed significantly elevated miR-194
expression in macrophages, particularly in M2-polarized
macrophages, compared to MFC cells (Fig. 3A; Fig. S1).
M2-exos exhibited elevated miR-194 levels compared to
non-activated macrophages. Intracellular miR-194 levels
in MFC cells significantly increased following co-culture
with M2-polarized macrophages or M2-exos. Confo-
cal microscopy revealed Cy3-labeled signals in GC cells
treated with exosomes from Cy3-miR-194 transfected
cells, whereas no signals were observed in cells treated
with exosomes from mock-transfected macrophages
(Fig. 3B). Collectively, these data indicate that exosome-
mediated miR-194 shuttling occurs from M2 mac-
rophages to GC cells.

miR-194 decreases chemosensitivity and apoptosis

in gastric cancer cells

To determine whether miR-194 induces DDP resist-
ance in GC cells, we directly transfected MFC cells with
miR-194 mimics or a negative control and assessed the
effect of miR-194 on DDP sensitivity. Figure 4A indi-
cates that cell viability was comparable between the DDP
and DDP +miR-NC groups, whereas the miR-194 group
exhibited a significant increase in cell viability (p <0.001).
Crystal violet staining was used to examine the impact
of miR-194 on DDP resistance in MFC cells. Figure 4B
illustrates a significant increase in colony count in the
miR-194+DDP group compared to the control group.
We further analyzed DDP-induced apoptosis in GC
cells transfected with miR-194 mimics or miR-NC using
the FITC Annexin V apoptosis detection kit. As shown
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in Fig. 4C, apoptosis rates were lower in miR-194-trans-
fected GC cells than in mock-transfected cells. To inves-
tigate the role of miR-194 in chemoresistance in vivo,
male nude mice were subcutaneously injected with miR-
194-transfected MFC cells and subsequently treated with
an optimal dose of DDP. MFC cells transfected with miR-
NC were used as a negative control. Figure 4D demon-
strates that the final tumor size in the miR-194 group
exceeded that of the control group, suggesting that miR-
194 markedly reduced the chemotherapeutic efficacy of
DDP. In conclusion, the findings indicate that miR-194
diminishes chemosensitivity and apoptosis in GC cells.

Exosomal miR-194 modulates the PTEN/PI3K/AKT pathway
to enhance anti-apoptotic capacity

In our model, we sought to determine whether exosome-
mediated transfer of functional miR-194 also exerts the
same effect. We analyzed PI3K/AKT pathway proteins
in MFC cells subjected to M2-exos treatment and miR-
194 overexpression. Our findings indicate that M2-exos
reduce PTEN mRNA and protein levels and enhance
AKT phosphorylation (Fig. 5A-C). The data indicate
that exosome-mediated transfer of miR-194 contributes
to increased chemoresistance in gastric cancer cells by
modulating the PTEN/PI3K/AKT signaling pathway. In
addition, increasing evidence suggests that resistance
to apoptosis contributes to chemoresistance. Previous
reports have shown that Bcl-2, a critical anti-apoptotic
gene, is directly regulated by miR-194. Therefore, we
next examined whether miR-194 affects Bcl-2 expression.
Western blot analysis demonstrated that both M2-exos
treatment and miR-194 overexpression significantly
elevated Bcl-2 protein levels in MFC cells, potentially

- 2

F-actin

Fig. 3 Transfer of miR-194 exosomes to gastric cancer cells. A PCR analysis was conducted to assess the expression levels of miR-194 in the various
treatment groups co-cultured with MFC cells. B The localization of miR-194 in MFC cells was examined using laser confocal microscopy. Blue: DAPI

staining (nuclear marker), Green: Alexa 488 conjugated, Red: miR-194 (N> 3)
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Fig. 4 Impact of miR-194 on DDP resistance in gastric cancer cells. A Cell viability after co-culture of MFC cells with different treatment groups

was assessed using the CCK-8 assay. B Crystal violet staining was employed to visualize the effects of miR-194 on cell colony formation. C The
effects of different treatment groups on apoptosis in MFC cells were analyzed using flow cytometry, with quantitative analysis presented. D Average
tumor weights from mice injected with MFC cells transfected with either miR-194 mimic or miR-NC are shown. Statistical significance is indicated

as follows: * p<0.05, ** p<0.01, *** p<0.001 (N>3)

contributing to increased

(Fig. 5D-F).

anti-apoptotic capacity

Discussion

Currently, cisplatin remains a cornerstone chemothera-
peutic agent for treating GC, but resistance to cisplatin-
based chemotherapy diminishes its efficacy in some
tumor patients [16]. Research has shown that multiple
molecular mechanisms contribute to cisplatin resist-
ance in gastric cancer cells [17]. Mechanisms such as
increased detoxification through altered glutathione
transferase and metallothionein levels, along with height-
ened activity of cell membrane drug efflux pumps like
P-glycoprotein, BCRP, and multidrug resistance proteins,
lower the intracellular concentration of toxic drugs [17].
Other mechanisms include enhanced DNA repair capa-
bilities and defective or inhibited apoptosis-related path-
ways. However, the exact mechanisms behind cisplatin
resistance in GC remain unclear [18]. Therefore, further
exploration of the mechanisms driving cisplatin resist-
ance and identifying molecular targets to reverse this
resistance holds significant clinical value in overcoming
chemotherapy challenges in GC patients.

Macrophages, known as tumor-associated mac-
rophages (TAMs), are essential stromal cells within
the tumor microenvironment. Tumor-associated mac-
rophages (TAMs) are diverse, including M2 macrophages
that facilitate tumor growth and M1 macrophages that
suppress tumor progression. The tumor microenviron-
ment is typically enriched with factors that favor the
differentiation of M2 macrophages.M2 macrophages
significantly contribute to tumor growth, invasion, and
metastasis in various cancers. Research by Dijkgraaf et al.
[19] has shown that TAMs are closely linked to tumor cell
chemoresistance, with chemotherapy inducing the dif-
ferentiation of macrophages into M2 macrophages that
further enhance the resistance of tumor cells to chemo-
therapeutic agents.

Exosomes, crucial for intercellular communication,
significantly influence tumorigenesis, growth, inva-
sion, metastasis, and drug resistance [20]. Recent stud-
ies have shown that exosomes influence drug resistance
in target cells by transferring proteins or microRNAs
(miRNAs). For example, Xiao et al. [21] showed that
cisplatin treatment increased exosome secretion in
the lung adenocarcinoma cell line A549, with a sig-
nificant elevation in exosomal miR-21 and miR-133
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Fig.5 Regulation of DDP resistance in gastric cancer cells by miR-194 through the PTEN/AKT signaling pathway. A WB analysis was conducted

to evaluate the expression levels of PTEN and phosphorylated AKT (p-AKT) in gastric cancer cells co-cultured with M2-exosomes (M2-exo). B
Quantitative analysis of PTEN and p-AKT expression levels, showing the impact of M2-exo on these signaling proteins. C PCR analysis confirmed
the expression levels of PTEN and p-AKT in gastric cancer cells after co-culture with M2-exo. D Another set of WB analysis reiterating the effects

of M2-exo on PTEN and p-AKT expression levels. E Quantitative analysis of PTEN, p-AKT and Bcl-2 expression levels. F PCR analysis confirmed

the expression levels of PTEN and p-AKT in gastric cancer cells after co-culture with miR-21. Statistical significance is indicated as follows: * p <0.05,

¥ p<0.01,**p<0.001 (N=3)

levels. Transferring these miRNA-rich exosomes to
sensitive cells markedly enhanced their resistance to
cisplatin. Similarly, exosomes enriched with miR-155
from monocytes have been shown to increase cispl-
atin resistance in neuroblastoma cells [22]. This study
demonstrates that exosomes from M2-polarized
macrophages can induce DDP resistance in GC cells
in vitro and in vivo, indicating that tumor-associated
macrophages may enhance GC invasiveness via exo-
some secretion.

Our data demonstrate that exosomal miR-194 derived
from tumor-associated macrophages reduces GC cell
sensitivity to chemotherapy and inhibits apoptosis. This
discovery offers fresh perspectives on the mechanisms
underlying drug resistance in GC. Additionally, we inves-
tigated how miR-194 enhances DDP resistance in GC
cells. MiR-194 influences tumor cell malignancy via the
PTEN/PI3K/AKT signaling pathway across multiple can-
cer types, including gastric cancer [23].

In summary, our findings suggest that targeting
exosome-mediated miRNA transfer, particularly miR-
194, may represent a promising strategy for overcom-
ing chemoresistance in GC. Understanding the role of
exosomes and their miRNA cargo in drug resistance
could open new avenues for developing therapeutic

interventions aimed at enhancing the efficacy of chemo-
therapy in GC patients.
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