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Abstract
Background Chemotherapeutic drugs, the indispensable therapy in the treatment of gastric cancer, contain many problems such 
as high organ toxicity and insufficient therapeutic effect. The development of nanodrug delivery carriers with both tumor target-
ing function and immune stimulation ability possesses the potential to remedy these practical defects.
Methods and results In this study, a tumor targeting nanosystem that combines chemotherapy with immunotherapy was applied 
to the treatment and prognosis of gastric cancer. The fusion vector of iPSCs and DCs exosomes, which simultaneously possess 
the ability of tumor targeting and immune factor recruitment, effectively improved the in vivo efficacy of chemotherapy drugs 
and released the suppressed T lymphocytes under the action of modified PD-1 antibody to dredge the immunotherapy process. In 
addition, extensive recruitment of immune cells to clean the environment while exposing vast tumor antigens efficiently amplified 
the anti-tumor immune effect and ensured the good prognosis.
Conclusions Nanodrug delivery system DOX@aiPS-DCexo could effectively inhibit the expansion process of gastric cancer 
MFC through synergistic chemotherapy and immunotherapy and demonstrated the capacity of improving prognosis.

Graphical Abstract
Scheme: schematic illustration of the nanostructure DOX@aiPS-DCexo and the mechanism of action.
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Abbreviations
5-FU  Fluorouracil
aPD-1  Programmed cell death protein 1 antibody
iPSCs  Induced pluripotent stem cells
DCs  Dendritic cells
DOX  Doxorubicin
BMDCs  Mouse bone marrow-derived dendritic cells
GCSC  Gastric cancer stem cells
TEM  Transmission electron microscopy
DLS  Dynamic light scattering
DMEM  Dulbecco’s modified eagle medium
FBS  Fetal bovine serum
ELISA  Enzyme-linked immunosorbent assay
PMSF  Phenylmethylsulfonyl fluoride
H&E  Hematoxylin and eosin
IVIS  In vivo imaging instruments

Introduction

Gastric cancer has become one of the most malignant tumors 
that seriously threaten human health and patients' quality of 
life due to its characteristics of insidious symptoms, short 
course, rapid development, early metastasis and relatively 
poor prognosis of disease [1–4]. Surgical treatment, radio-
therapy, chemotherapy and immunotherapy were commonly 
used in clinical treatment. Chemotherapy drugs, such as 
mitomycin, cisplatin, adriamycin and fluorouracil (5-FU), 
are the most appropriate treatment of advanced unresect-
able tumors for directly and effectively damage tumor tissue 
[5–7]. However, it can only shrink the tumor coverage and 
cannot completely remove tumor substances, resulting in a 
poor prognosis [8, 9]. Moreover, the lack of tumor tissue 
targeting, low efficacy and normal tissue toxicity of chemo-
therapy drugs seriously affects the quality of life of patient. 
Therefore, the development of accurate delivery vectors for 
chemotherapy drugs with tumor tissue targeting and well bio-
compatibility will be the research direction to improve their 
drug formation [10–12].

Pembrolizumab, an effective PD-1 inhibitor for advanced 
esophageal gastric cancer with positive expression of PD-1 
ligand, has become the first anti-PD-1 drug to be approved in 
the USA, ushering in an era of monoclonal antibody immune 
checkpoint inhibitor therapy toward clinical immunotherapy 
for gastric cancer [13–15]. However, the effect of aPD-1 alone 
is not enough to abundantly recruit immune cells to infiltrate 
tumors, so it is necessary to combine immunoadjuvant and 
other treatments to expand the efficacy of immunotherapy [13, 
16–18].

As the drug carriers with both functional therapeutic 
and targeted delivery capacity, multiple exosomes have 
been proved to effectively improve the therapeutic effect 
of drugs. Among them, exosomes of induced pluripotent 

stem cells (iPSCs) (iPSC-exos) have been confirmed to 
possess the tumor tissue targeted ability mediated by the 
CXCR4/SDR1 axis [19–22], and they could also inhibit 
the regeneration of gastric cancer stem cells (GCSC) for 
the varieties contents such as serum albumin, keratin fiber 
binding protein trichoplein, cell transcription inhibitor 
protein Zbtb4, CDC14A and so on [23–25]. Exosomes of 
dendritic cells (DC-exos) can stimulate the mature differ-
entiation of antigen-presenting cells by regulating NF-κB 
pathways, recruit downstream lymphocytes to infiltrate 
tumor tissues and reshape the tumor immune microenvi-
ronment [26–30]. However, the simplex biological func-
tion and insufficient loading efficiency of single exosomes 
limited their application as functional drug delivery vec-
tors [31–34]. Therefore, by fusing iPSC-exos with DC-
exos, the fusion drug delivery vector iPS-DCexo can not 
only increase the uploading ability of anti-tumor drugs, 
but also retain biological functions such as tumor tissue 
targeting, tumor inhibition and immune stimulation. At 
the same time, PD-1 antibody was utilized to modified 
the fusion carrier for relieving the immunosuppression of 
lymphocytes in tumor tissues and enhancing the efficacy 
of immunotherapy [35–38]. After the package of chemo-
therapy drug doxorubicin (DOX), the converged system 
DOX@aiPS-DCexo could target and damage tumor tis-
sues and awake and amplify a series of anti-tumor immune 
responses, realizing the synergistic treatment of chemo-
therapy and immunotherapy [39–41].

In this study, we reported a tumor-killing system DOX@
aiPS-DCexo based on modified iPSC-exos and DC-exos fusion 
vector for the transport of chemotherapeutic drugs DOX. After 
injection into the body, it can target the destruction of gastric 
tumor tissue, expose a large number of tumor-related antigens, 
inhibit the regeneration and tissue remodeling of gastric can-
cer stem cells, further kill and entirely remove tumor-related 
substances through the immune cells recruitment, achieving 
the goal of effectively tumor inhibition in growth, metastasis 
and recurrence and reversing the infaust prognosis of existing 
gastric cancer treatment methods. Combined with the advan-
tages in availability of raw materials, well biocompatibility and 
low toxicity of normal tissues, the system owns the potential 
of clinical application in cancer therapy.

Methods

Cells

All cell lines used in the experiment were purchased from 
American Type Culture Collection (ATCC, Shanghai) and pre-
served in the China-Japan Union Hospital of Jilin University. 
Before use, consistency was compared according to the cell 
morphology and cell growth properties guided by the ATCC 
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website to ensure that no variation occurred. Cells besides 
iPSCs were cultured in Dulbecco’s modified eagle medium 
(DMEM high glucose, Keygenbio, cat no. KGM12800H-500) 
containing 10% fetal bovine serum (FBS, Thermo Fisher, cat 
no. 10099-141), and iPSCs were cultured in the ncTarget hPSC 
Medium (donated by China Pharmaceutical University and 
purchased from Nuwacell Biotechnologies Co., Ltd, cat no. 
RP01020). All cells were maintained in the environment at 
37 °C and 5%  CO2.

The marrow cavities of femurs and tibias of mice were dis-
sected for obtain mouse bone marrow-derived dendritic cells 
(BMDCs) and the cultivate BMDCs in the lower chamber of 
transwell plates with DMEM containing 10 ng/mL GM-CSF 
(MedChemExpress, cat no. HY-P7361) and 5 ng/mL IL-4 
(MedChemExpress, cat no. HY-P70653) for 7 days.

Animals

ICR, BALB/c mice (6–8 weeks) were purchased from Jilin 
University. ICR mice were used to analysis distribution, and 
BALB/c mice were to construct the tumor model. Mice were 
treated under protocols approved by the Institutional Animal 
Care and Use Committee.

Extraction of exosomes

After the cells were cultured continuously to a stable state, 
the culture medium was collected for 3 consecutive days and 
centrifuged at a low speed of 300× g for 10 min. Living cells 
and large cell fragments in the precipitation were discarded. 
Then, the supernatant was centrifuged at 2000× g for 10 min, 
and the precipitated dead cells were discarded. The super-
natant was continued for 10,000× g for 30 min to remove 
the cell debris and obtain the cultured liquid. The cultured 
liquid was centrifuged at 100,000× g centrifugal force for 
70 min and then, resuspended precipitation with PBS and 
centrifuged again at 100,000× g for 70 min to obtain pure 
exosomes.

SDS‑page and Western blot

All proteins were extracted in RIPA (Beyotime, cat no. 
P0013D) and PMSF (Beyotime, cat no. ST505), prepared 
in loading buffer and measured by BCA kit (Beyotime, cat 
no. P0012S). The samples were heated to 95 °C and kept 
for 10 min, and the same concentration of each groups was 
loaded in the SDS polyacrylamide gel. After running at 80 V 
for 30 min and 120 V for 90 min, protein was removed to the 
PVDF membrane at 200 mA for 90 min. In Fig. 1F, aPD-1 
was captured by the Streptavidin-HRP (Beyotime, cat no. 
A0305).

Preparation and characterizations of fusion carrier

The fusion carrier was prepared by ultrasonic extrusion. iPSCs 
exosomes and DCs exosomes were mixed at a ratio of 3:2 and 
completely suspended in an ice water bath. After 30 min of 
ultrasonic treatment with 100 w, the system was placed in a 
37 °C water bath to oscillate for 1 h. The fusion carriers were 
extruded 20 times and 20 times at 400 nm and 200 nm, respec-
tively, by liposome extruder.

To demonstrate the successful preparation of fusion vec-
tors, two types of exosomes were labeled with fluorescent cell 
membrane probes DiO (Beyotime, cat no. C1038) and DiI 
(Beyotime, cat no. C1036), respectively, before fusion. Flow 
cytometry analysis was used to observe the overlap of fluores-
cence signals after direct mixing or fusion operations.

Modification of fusion vector by PD‑1 antibody

The modification of PD-1 antibody (ProteinTech, cat no. 
18106–1-AP) was applied via streptavidin–biotin method. 
Firstly, PD-1 antibody was coupled with biotin-PEG3500-
NHS (Peng sheng Biological, Shanghai) to generate biotin-
PEG3500-aPD-1, and the binding ability of biotin-labeled 
antibodies was investigated at different antigen envelope 
concentrations. After coated with different concentrations of 
PD-1 antigen, the plate was sealed with 1% BSA (Beyotime, 
cat no. ST2249). Then, 100 μl biotin-labeled antibody with 
working concentration of 1∶1000 was added to each well. 
Streptavidin-HRP (Beyotime, cat no. A0305) was used for 
color development. After washing, TMB (Beyotime, cat no. 
ST746) substrate system was added to measure the OD value 
at 450 nm.

Meanwhile, the fusion vector was incubated with strepta-
vidin-PEG3500-DSPE (Peng sheng Biological, Shanghai) in 
37 °C water bath for 30 min. Streptavidin-fusion vector was 
co-incubated with biotin-aPD-1 for 30 min to obtain aPD-
1-modified fusion vector aiPS-DCexo, and the validation of 
the modification was proved by Western blot.

Preparation of the nanosystem DOX@aiPS‑DCexo

DOX was uploaded by ultrasonic-mechanical co-extrusion 
method. In short, the fusion vectors generated above were co-
incubated with DOX at 37 °C water bath for 1 h and then, 
co-incubated with DOX at 50 w, 37 °C water bath ultrasonic 
environment for 20 min to promote the close binding of DOX 
to the fusion vectors aiPS-DCexo. The mixture was repeat-
edly extruded by the liposome extruder through the 200 nm 
membrane five times and the 100 nm membrane five times, 
respectively, to generate the nanosystem DOX@aiPS-DCexo 
under mechanical forces.
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Encapsulation rate, drug loading capacity and drug 
release of fusion carrier

DOX loading capacities of iPS-exo, iPS-DCexo and aiPS-
DCexo were demonstrated by drug loading capacity and drug 

loading efficiency.
Drug loading capacity = mass of actual drug encapsulation/

mass of (actual drug encapsulation + polymer) × 100%
Drug loading efficiency = mass of actual drug encapsula-

tion/mass of theoretical drug encapsulation × 100%

Fig. 1  Construction and characterization of nanosystems DOX@
aiPS-DCexo. A Scheme of the preparation of DOX@aiPS-DCexo. 
B SDS-PAGE protein analysis of the whole protein expression in 
iPSCs, DCs, iPSCs exosomes and DCs exosomes. C Determination 
of optimal fusion ratio of two exosomes. D Flow cytometry analyzer 
of the fusion of the two nanoparticles. E OD values at 450 nm in dif-
ferent concentrations antigen coated plates. F WB analysis of vector-

modified PD-1 antibody. G Transmission electron microscopy (TEM) 
observation of the surface morphology of DOX@aiPS-DCexo. Scale 
bars are 100 nm. H DLS analysis of particle size distribution of nano-
system DOX@aiPS-DCexo. Encapsulation rate (I), drug loading 
capacity (J) and drug release (K) of the nanosystem DOX@aiPS-
DCexo. All data were expressed as mean ± SD. Statistical significance 
was calculated by one-way ANOVA with Tukey’s post hoc test
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The drug release curve was measured by dialysis. Phosphate 
buffers with different pH values were used as release media. 
1 ml of peripheral buffer was taken at the set time point, and 
the same amount of blank buffer was added in time. DOX 
content in all solution samples collected was detected under 
the same experimental conditions.

Uptake by macrophage RAW264.7

DOX in all groups was fluorescently labeled with rhodamine 
B. The cell line Raw264.7 was randomized to investigate cell 
uptake when cultured to 80% in DMEM high glucose medium. 
After changing the fresh medium for 12 h, particles with the 
same fluorescence amount were added and contained the cul-
ture environment for 4 h. DAPI labeled nuclei were added into 
the confocal dish 10 min before imaging.

Transwell

The Transwell system was divided into two chambers, in 
which MFC cells were cultured in the upper chamber and 
BMDCs were inoculated in the lower chamber. The nano-
particles in each treatment group were added into the tumor 
cells’ chamber and incubated for 48 h. At the end of culture, 
tumor cells in the upper compartment were collected and 
the survival rate was evaluated by MTT. Lower chamber 
immune cells were collected and incubated with CD80-PE 
(ProteinTech, cat no. 14292-1-AP) (R-PE–conjugated Goat 
Anti-Rabbit IgG(H+L), ProteinTech, cat no. SA00008-2), 
CD86-FITC (ProteinTech, cat no. FITC-65068) and CD8-
FITC (ProteinTech, cat no. FITC-65069), respectively. 
Flow cytometry was used to evaluate the degree of immune 
activation.

Distribution in vivo

All DOX in particles were labeled with FITC, and the same 
dose was given in the tail vein for each groups. IVIS (In Vivo 
Imaging System) spectral imaging system was used at 1 h, 2 h, 
4 h, 8 h, 12 h and 24 h under the same parameters.

Construction of tumor model

Gastric adenocarcinoma cell line MFC was used to simu-
late the occurrence of gastric cancer. For vaccination of 
tumors, mice were weighed and randomly divided into dif-
ferent groups (n ≥ 5), and all mice were injected with MFC 
cells (1 ×  106) after a week of normal cultivation. After 
injection one week and all tumors reach to 10 mm in diam-
eter, each mice were given drugs twice in 7 days, and the 
weight, tumor volume and survival rate were record every 
day. Three weeks later, all the surviving mice were dissected 
and the tumors were obtained and sectioned after measured. 

All tumor volumes were evaluated by the ellipsoid formula 
V = π/6 × L × W2.

The killing progresses and malignancy degrees of tumor 
tissue were detected by hematoxylin and eosin (H&E) stain-
ing. The immune infiltration was demonstrated by CD8-
FITC immunofluorescence staining. Tumor tissue was pre-
pared into single cell suspension, CD80-PE and CD86-FITC 
immunofluorescence staining, and flow cytometry was used 
to analyze the activation of antigen-presenting cells in tumor 
tissue of mice. Blood was collected from the eyeball of the 
mice before death, and the concentration of cytokines was 
analyzed by ELISA.

Statistical analysis

All results were expressed as mean ± SD. For the single 
factor analysis, student t test was applied for two groups 
and the one way ANOVA was applied for multiple groups. 
All statistical analyses were performed by GraphPad prism 
software, and the P < 0.05 was considered as statistical 
significance.

Results

Synthesis and characterization of DOX@aiPS‑DCexo

The synthesis diagram of the fusion system is shown 
in Fig. 1A. Firstly, DCs and iPSCs exosomes from the 
medium were extracted separately by super centrifuga-
tion, and the characteristic proteins of exosomes and 
functional proteins of maternal cells were been proved 
(Fig. 1B). Under the optimal fusion ratio of 3:2 (Fig. 1C), 
flow cytometry analysis of the convergence degree of the 
two fluorescence signals proved the successful fusion of 
the two exosomes (Fig. 1D). PD-1 antibody was com-
bined with biotin to mediate antibody modification on 
membrane carriers with streptavidin (Fig. 1E), and the 
high expression of aPD-1 on the modified fusion vector 
was confirmed by Western blot analysis (Fig. 1F). Trans-
mission electron microscopy (TEM) observation dem-
onstrated the uniform shape of fusion carrier (Fig. 1G), 
and the hydration particle size with stable distribution 
at about 140 nm was detected by dynamic light scatter-
ing (DLS) (Fig. 1H). Then, DOX was uploaded into the 
nanovector as the chemotherapy drug. Compared with 
single exosome, the fusion vector owned higher encapsu-
lation amount and loading rate (Fig. 1I, J), and the formed 
nanosystem presented stable drug release in the simulated 
in vivo environment and relatively violent release in the 
acidic environment (Fig. 1K).
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Synergistic anti‑tumor ability of chemotherapy 
and immunotherapy of DOX@aiPS‑DCexo in vitro

Under the action of DCs exosomes, nanoparticles were sig-
nificantly easier to be taken up by macrophages than those 
in the unfused group, and the fusion vector group increased 
the cellular uptake of drugs through the high DOX upload 

rate, and this increase would not be erased after the PD-1 
antibody-modified vector (Fig. 2A). Chemotherapeutic 
drugs enable the nanosystem to demonstrate a strong killing 
ability of gastric cancer cells (Fig. 2B). To test synergistic 
immune stimulated effect under the combined therapy at the 
cellular level, Transwell experiment is performed as shown 
in Fig. 2C. Series of flow cytometry analysis showed that 
the DC cells in the system were heavily polarized (Fig. 2D, 
E), and cytotoxicity CD8+T cells widely proliferated 
(Fig. 2F), and tumor cell mortality obviously increased 
(Fig. 2G), which demonstrated the synergistic therapeutic 
effect of the nanosystem.

Distribution and biosafety of DOX@aiPS‑DCexo in vivo

The biodistribution of several particles was analyzed in 
Institute of Cancer Research (ICR) mice, respectively. All 

Fig. 2  Nanosystems attack tumor tissues through direct killing and 
immune activation. A Confocal microscopy observation in different 
groups of nanoparticles by RAW264.7 cells at different time points. 
Scale bars are 20 μm. B The survival rate of tumor cells after direct 
killing by the nanosystem. (C) Schematic diagram of transwell exper-
iment. D, E Flow cytometry analyzer of the expression of CD80 and 
CD86 in the transwell system. F Flow cytometry analyzer of the acti-
vation of CD8+T cells in the lower lumen of transwell. G The sur-
vival rate of tumor cells after killing by the nanosystem in transwell. 
All data were expressed as mean ± SD. Statistical significance was 
calculated by one-way ANOVA with Tukey’s post hoc test

◂

Fig. 3  In vivo tumor targeting and biosafety of nanosystems DOX@
aiPS-DCexo. A IVIS observed metabolic distribution and tumor tar-
geting in the nanosystem. Circles in red dotted line for sites of sub-
cutaneous tumor inoculation. B Analysis of metabolism of nanosys-

tem by fluorescence signal of organs in vivo. C HE staining of organ 
sections to analyze biosafety. Scale bars are 100  μm. All data were 
expressed as mean ± SD. Statistical significance was calculated by 
one-way ANOVA with Tukey’s post hoc test
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the particles presented fluorescence due to the DOX labeled 
with fluorescent dye FITC, and the fluorescence signal was 
detected by the IVIS system. The nanosystem DOX@aiPS-
DCexo accumulated in tumor tissue 1 h after injection, by 
contrast, group without iPS-exo failed in the tumor target 
(Fig. 3A). The comparison of fluorescence signal quantiza-
tion in each organ also proved that the nanosystem DOX@
aiPS-DCexo tend to accumulate in tumors rather than major 
organs (Fig. 3B). At the same time, the nanosystem DOX@
aiPS-DCexo injected through the tail vein would not pro-
duce organotoxicity to the major organs heart, liver, spleen, 
lung, spleen, which proved the feasibility of the safe appli-
cation of nanoparticles in vivo (Fig. 3C).

Anti‑tumor capabilities of the nanosystems DOX@
aiPS‑DCexo

The anti-tumor capacity of the nanosystem was tested in the 
subcutaneous tumor model formed by the gastric adenocarci-
noma cells MFC, the strategy of tumor implantation and treat-
ment are shown in Fig. 4A. Compared with the PBS group, the 
fusion system DOX@aiPS-DCexo currently suppressed the 
process of tumor expansion, prolonged the survival rates and 
kept the stable weight (Fig. 4B–D), and this inhibitory effect 
could be more clearly reflected by dissecting the tumor of mice 
at the end point of treatment (Fig. 4E). H&E staining of tumor 
tissue sections visually presented the destruction of tumor tis-
sue by chemotherapy drugs and the improvement of malignant 
degree of tumor tissue by immunotherapy (Fig. 4F). In the 
analysis of tumor tissue immune microenvironment, we found 
that DC-exos fusion group could effectively recruit dendritic 
cells and stimulate their mature differentiation (Fig. 4G), and 
with the assistant of aPD-1, the tissue infiltration of cytotoxic 
CD8+T cells was greatly increased (Fig. 4H). A consistent 
pattern of cytokine changes also demonstrated the immune 
activation (Fig. 4I). In conclusion, the fusion system DOX@
aiPS-DCexo efficiently inhibits tumor growth through syner-
gistic chemotherapy and immunotherapy.

Discussions and conclusions

In recent years, exosomes have been gradually applied in clini-
cal oncology therapy in the form of targeted drug delivery or 
anti-tumor therapy. iPSCs are pluripotent stem cells generated 
by the reprogramming of somatic cells, widely used in organ 
transplantation and disease treatment for the available source, 
ethical safety and integrated characteristics of stem cells. 
iPSCs exosomes were confirmed to possess tumor tissue tar-
geting capacity mediated by the CXCR4/SDR1 axis, and this 
targeting ability is confirmed in Fig. 3A. Moreover, its content 
substances can significantly inhibit the proliferation and dif-
ferentiation of gastric cancer stem cells, effectively prevent 
the remodeling of tumor tissues and inhibit the recurrence of 
tumors. However, the direct killing ability of iPSCs exosomes 
was not efficient enough to destroy the formed tumor tissue 
and requires further combination with tumor tissue injury 
treatment, making them more suitable for application as the 
functional targeted delivery vectors for anti-tumor drugs.

Tumor immunotherapy is an important synergistic means 
of chemotherapy, but the effect of immunotherapy is limited 
by the characteristics of tumor hypoxic microenvironment, 
such as less infiltration of immune cells and loss of cytotoxic-
ity due to lymphocyte suppression. Dendritic cells’ exosomes 
have been proved to be effective in recruiting immune cells 
to gather at the tumor site, stimulating the mature differen-
tiation of antigen-presenting cells and facilitating the presen-
tation of tumor-associated antigens to downstream lympho-
cytes to generate a series of anti-tumor immune responses. 
This immune-enhancing effect was further amplified by lifting 
immunosuppression of lymphocytes by vector-modified with 
PD-1 antibody. Therefore, by fusion vector based on iPSCs 
exosomes with DCs exosomes and modified with aPD-1, and 
the functional fusion vector aiPS-DCexo could provide the 
targeted delivery for anti-tumor drugs to tumor tissues and 
enhance the efficacy of tumor immunotherapy. The immune 
stimulation effect of fusion vectors was well demonstrated in 
Transwell experiments (Fig. 2C–G).

Chemotherapeutic drugs play an important role in the clini-
cal treatment of gastric cancer and other tumors which are 
difficult to be surgically resected. However, most chemothera-
peutic drugs seriously affect the quality of life of patients due 
to their low efficacy and high organ toxicity. Utilizing fusion 
vector aiPS-DCexo as targeted delivery vector of chemother-
apy drugs can efficaciously inhibit tumor expansion, ensure the 
weight of tumor-bearing mice and increase the survival rate of 
mice due to weakened organ toxicity (Fig. 4).

The poor prognosis of chemotherapy is also an urgent prob-
lem that needs to be solved in tumor clinical treatment. Even if 
the tumor tissue is damaged temporarily, the tumor stem cells 
will proliferate and differentiate into recurrent tumors. The 
introduction of iPSCs exosomes can particularly inhibit the 

Fig. 4  Construction of tumor model and investigation of tumor 
destructed capacity. A Schematic diagram of tumor model construc-
tion and treatment. Survival rate (B), body weights (C) and tumor 
volumes (D) of mice during treatment progress. E Photos of anatomi-
cal tumors at the end point of treatment. F H&E staining of tumor 
tissue sections. Scale bars are 100 μm. G Flow cytometry analyzer of 
the activation of dendritic cells in tumor tissue. H Confocal observa-
tion of tumor tissue CD8 T cells infiltration, red for CD8 T cells and 
DAPI for nucleus. I Changes of cytokine content in tumor interstitial 
fluid. All data were expressed as mean ± SD. Statistical significance 
was calculated by one-way ANOVA with Tukey’s post hoc test

◂
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proliferation of tumor stem cells and prevent tumor remodeling. 
At the same time, the massive exposure of tumor associated 
antigens after the action of chemotherapeutic drugs provides an 
opportunity for the immune response. After DC-exos recruits 
and infiltrate lots of immune cells, the efficient anti-tumor 
immune response can remove the "garbage" substances gener-
ated after tumor necrosis and promote a large number of mem-
ory immune cells, completely eliminating the risk of recurrence.

In summary, in this study, we fused iPSCs exosomes with 
DCs exosomes, modified with aPD-1, and uploaded DOX to 
manufacture a gastric cancer targeted killing system DOX@
aiPS-DCexo for synergistic chemotherapy and immunotherapy. 
In the exploration of gastric adenocarcinoma MFC solid tumor 
model, nanoparticles DOX@aiPS-DCexo targeted accumulate 
in tumor tissues in vivo, destroyed tumor structure and exposed 
a mass of tumor-associated antigens, then recruited immune 
cells to infiltrate and removed the inhibition of cytotoxic CD8+T 
cells, which amplifying the anti-tumor immune response layer 
by layer, realizing the synergistic effect of immunotherapy on 
chemotherapy and improving the odious prognosis of gastric 
cancer. Combined with the characteristics of availability of raw 
materials, good biocompatibility and no organ toxicity in vivo, 
the nanosystem is suitable to be applied as the carrier for mul-
tiple anti-tumor chemotherapy drugs to achieve accurate deliv-
ery and synergistic treatment, or be applied in the prognosis of 
surgical treatment, with the broad clinical application prospects.
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