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active preferential self‑recognition of tumor 
cells in vitro
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Abstract 

Cell membrane vesicles, as delivery carriers of drugs or biological agents in vivo, are an important therapeutic mode in 
the study of disease treatment. Tumor membrane-derived vesicles have been widely used in tumor therapy because 
of their good tumor enrichment effect. The most common method is the surface of nanoparticles coated with tumor 
cell membrane, which can effectively prolong the circulation time of particles in the blood and the enrichment of 
tumors. In this study, we prepared vesicles of different tumor cell membrane derivate and studied their targeting to 
tumors detailly. The results showed that homologous vesicles have high targeting to homologous tumor cells. The 
fluorescence of vesicles in homologous tumor cells was significantly higher than that in other tumor cells. This study 
will provide a new strategy and guidance for the clinical treatment of cancer based on the tumor cell membrane 
system.
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Introduction
Tumor is still a huge killer that seriously affects public 
life and health, and there is still a lack of effective treat-
ment at present [1]. Current treatments include surgery, 
chemotherapy, radiation therapy, and immunotherapy 
[2, 3]. Chemotherapy is the first choice in the treatment 
of cancer, but its application in clinical treatment is lim-
ited due to its serious toxic and side effects [4]. There-
fore, various methods have been developed to reduce 
the toxicity of drugs, among which the preparation of 
nanoparticles loaded chemotherapeutic drugs using 
nanotechnology can effectively reduce the toxic and side 
effects on normal tissues [5–7]. However, due to the lack 
of effective tumor targeting, chemotherapy drugs can-
not be efficiently delivered to tumor cells, thus limiting 
the effect of tumor chemotherapy. Many researchers have 
proposed modifying tumor targeting antibodies on the 
surface of the particles to improve the uptake efficiency 
of tumor cells [6, 8]. Such a research strategy can improve 
tumor targeting to a certain extent, but it is difficult to 
carry out on a large scale in clinical application due to the 
difficulties in tumor antigen identification, high antibody 
cost and difficulty in particle modification, etc. The idea 
of nanoparticles coated with cell membrane is expected 
to solve the above problems [9–11].

The surface of nanoparticles coated with the cell mem-
brane was firstly proposed by Professor Liangfang Zhang. 
He firstly proposed in PNAS that the erythrocyte mem-
brane coated on polymer nanoparticles could effectively 
prolong the circulation time of nanoparticles in the blood 
[12]. Since then, more and more researchers have found 
that many cell membranes have very different biological 
functions, which can be used to solve the difficulties in 
current research or application. Using tumor cell mem-
brane to camouflage nanoparticles can not only prolong 
the circulation time of particles in the blood, but also 
improve the concentration of particles in the tumor and 
the uptake efficiency of tumor cells [13]. Some research-
ers extracted 4T1 breast cancer cell membrane and used 
it for nano-gel camouflages to deliver the chemotherapy 
drug of docetaxel, which effectively increased the con-
centration of chemotherapeutics in tumor cells and effec-
tively inhibited the growth of tumor tissue, showing the 
advantage of tumor cell membrane in the delivery of anti-
tumor drugs [14]. Additionally, it has been reported that 
nanoparticles coated with the B16F10 cell membrane can 
provide the antigen library on the tumor cell membrane 
to DC and stimulate the anti-tumor immune response 
[15]. There are many applications of such research, and 
many good results reveal the advantages of these cell 
membrane treatment system. However, the suitable 
selection in the numerous cell membranes, especially 
tumor cell membranes, has not been discussed in detail, 

and whether xenotumor cell membranes can be selected 
for the targeted delivery of anti-tumor drugs in  vivo 
remains to be studied.

Here, we select several types of tumor cells that are 
most used in tumor cell membrane studies. We extracted 
tumor cell membranes and prepared nanoscale vesicles 
using a mature preparation process. We carefully inves-
tigated the tumor-targeting of cell membrane vesicles of 
different tumor cell origins at the cell level in vitro. Flow 
cytometry results showed that homologous tumor cells 
had the highest uptake efficiency of tumor cell mem-
brane vesicles. The results of laser confocal detection 
also showed this phenomenon, and the fluorescence sig-
nal was strongest in homologous cells. This result was 
confirmed in three different tumor cell lines. Our study 
provides a basis for the tumor cell membrane antitumor 
therapy system. It is helpful to promote the application 
of tumor cell membrane system in clinical antitumor 
therapy.

Experimental
Materials
1,1-Dioctadecyl-3,3,3,3-tetramethylindodicarbocya-
nine (DID) was purchased from Liuhe Biotech company 
(China). Liposome extruder was purchased from Avanti 
Polar lipids, Inc. (Yanyi BioTECH, China). 4′,6-Diami-
dino-2-phenylindole (DAPI) (Sigma-Aldrich, St Louis, 
USA) was purchased from Xinri Biotech company and 
used according to the manufacturer’s instructions. Dul-
becco’s Modified Eagle Medium (DMEM) was pur-
chased from Huantai Inc. (Gibco, Grand Island, USA). 
Fetal bovine serum (FBS, ExCell Bio, Shanghai, China) 
was purchased from Huihong Biotech company. Fluoro-
mount aqueous mounting medium (Sigma-Aldrich, St. 
Louis, USA) was purchased from Xinri Biotech company. 
Other reagents were purchased from Sangon and used as 
received.

Cells culture
B16-F10, 4T1 and Panc02 cells were obtained from Anhui 
Medical University. They were all cultured in DMEM 
supplemented with 10% FBS in a 5% CO2 humidified 
atmosphere at 37 ℃. The cells would be passaged when 
they reached 70–80% confluence in the medium. Dur-
ing the cell passages, the cells were digested with 0.25% 
trypsin for 2 min at 37 ℃ and resuspend in 10 mL PBS. 
Then the cells were centrifuged at 800 rpm for 5 min to 
collect the cells for use.

Tumor cell membrane vesicles (TCMVs) preparation 
and characterization
For the TCMVs preparation: 10 million cells were frozen 
three times for the collection of cell lysate. Then, they 
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were suspended into 500  μL PBS. After centrifugation 
for 10 min at 400g, the cell membrane precipitation was 
collected. They were resuspended into 1 mL PBS for the 
vesicles preparation by the liposome extruder with the 
200 nm filtration membrane. DID labelled vesicles were 
prepared by the addition of 0.5 μg DID into the suspen-
sion for 0.5 h at room temperature.

The hydrodynamic diameter and zeta-potential of dif-
ferent TCMVs were detected by the dynamic light scat-
tering of Malvern Instruments (Zetasizer Nano ZS90, 
UK). The diameters of TCMVs were monitored at pre-
designed time intervals to characterize the stability of 
vesicles. In addition, the morphology of the TCMVs were 
characterized by SEM (SU8010, HITACHI, Japan).

Cells viability
For the cytotoxic effect’s examination of different TCMVs 
for the cells, 5 × 103 cells were seeded into the each well 
of 96-well plate and cultured overnight. 200 μg TCMVs 
were incubated with the cells up to 72 h. Then, the cells 
activity was examined by Cell Counting Kit-8 (CCK8) 
assay with the absorption of 450 nm by the BioTek micro-
plate reader.

Cellular uptake in vitro
For the flow cytometry (FCM) detection, the cells 
(2 × 105 cells/well) were seeded into the 24-well plates 
and cultured in the incubator of 37 °C for 24 h. The origi-
nal medium of cells were removed with the instead of 

fresh culture medium containing DID-labeled TMCVs. 
The cells were incubated with the TMVCs for 2 h. Then, 
the medium with DID-TMVCs was cleaned with PBS. 
The cells were collected with the treatment of trypsin for 
the FCM analyses by the CytoFLEX of Beckman Coulter.

For laser scanning confocal microscopy (LSCM) obser-
vation, the cells (8 × 104 cells/well) were seeded into the 
24-well plates which were covered with sterile round 
glass sheets. The cells were cultured overnight. Then, the 
DID-labeled TMCVs were added into the wells and incu-
bated with the different cells for 2 h. The culture medium 
of cells was replaced with PBS and rinsed for three times. 
1  mL of 4% formaldehyde was placed into the 24-well 
plates to fix the cells for 30 min. After rinsed three times 
with PBS, the cells were stained with DAPI for 5  min. 
Then, they were washed with PBS for three times to 
remove excess DAPI. Fluoromount aqueous mounting 
medium was used to protect the fluorescence from being 
quenched. The cellular uptake of TMVCs was observed 
by LSCM (LSM 710, Carl Zeiss Inc., Jena, Germany).

Statistical analysis
All the experiments data are expressed as mean ± S.D. 
unless otherwise noted. Significance levels were defined 
as ns (not significant, P > 0.05), *P < 0.05, **P < 0.01, 
***P < 0.001, and ****P < 0.0001, P values were calculated 
by Prism 7 software.
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Results and discussion
Characterization of tumor cell membrane vesicles (TCMVs)
Tumor cell-membrane-derived vesicles have been widely 
used for drug delivery in vivo to treat tumors because of 
their good tumor targeting. The vesicles with good dis-
persion can be obtained by conventional membrane sep-
aration and liposome extrusion. Here, we prepared three 
different tumor-derived cell membrane vesicles. As the 
results shown in Fig. 1a, the hydrodynamic diameters of 
TCMVs from Panc02, 4T1 and B16-F10 arranged from 
250 to 320  nm. Meanwhile, we measured the surface 
zeta potential of these vesicles. The zeta potential of all 
vesicles were around − 10 mV (Fig. 1b). The results were 
consistent with the negative potential of cell membranes 
reported by others. We further investigated the stabil-
ity of the artificially prepared TCMVs, we suspended 
the vesicles into the PBS of pH 7.4 with 10% FBS and 
performed the detection of diameters at different time 
points. The results in Fig.  1c demonstrated the tumor 
cell-membrane-derived vesicles exhibit good stability at 
least for 48 h. As an in vivo delivery system, good stability 
can guarantee the success rate of drug delivery in vivo. To 
further observe the shape of the vesicles, scanning elec-
tron microscopy (SEM) was used to characterize its mor-
phology. The vesicles presented the spherical structure 
with slight thick outer membrane at the margin (Fig. 1d).

Cytotoxicity of tumor cell membrane vesicles (TCMVs)
As a vector of drug delivery in vivo, the non-toxicity or 
low toxicity of TCMVs was the essential characteristics. 
Here, we selected the 4T1, Panc02 and B16-F10 cells, 
which were incubated with EV@Panc02, EV@4T1 and 
EV@B16-F10 respectively. After 24 h, the survival of dif-
ferent cells were analyzed by the CCK8. As the results 
shown in Fig. 2a, b, the survival rate of all the cells treated 
with vesicles was more than 90%, and there was no sig-
nificant decrease in survival rate with the extension of 
time. These results suggested that the tumor membrane-
derived vesicles were not toxic to the various tumor cells. 
However, vesicles can be captured by any cells in vivo, the 
cell status can be a guide for TCMVs as delivery vehicles 
in vivo. So we chose a type of nerve cell, PC12 cells, one 
of the most important cells in the body, for the detection 
whether tumor membrane-derived vesicles affect PC12 
survival. From the results in Fig. 2d, the survival rate of 
PC12 cells treated with different vesicles was higher than 
90% within 60  h. The survival rate decreased only at a 
longer time point of 72 h, but it was also higher than 85%. 
These results suggested that TCMVs can be used as safe 
in vivo delivery vectors without causing damage to cells.

Targeting of tumor cell membrane vesicles (TCMVs) 
to tumor cells
In order to further clarify the targeting ability of TCMVs 
to the various tumor cells, we labeled the TCMVs with 

Fig. 2  Cytotoxicity of tumor membrane-derived vesicles (EV@Panc02, EV@4T1 and EV@ B16-F10) to the Panc02 (a), 4T1 (b), B16-F10 (c) and PC12 
cells (d)
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DID dye. Then the TCMVs were incubated with differ-
ent tumor cells. Flow cytometry and scanning laser con-
focal scanning were used to detect the cellular uptake of 
vesicles from different tumor cell membranes, so as to 
evaluate the targeting of different vesicles to the tumors. 
For the Panc02 cells treated with EV@Panc02, EV@4T1 
and EV@B16-F10 respectively, it could be seen that the 
DID positive panc02 cells treated with EV@Panc02 were 
much more than the other vesicles (Fig. 3a). The statistic 
fluorescence also indicated that Panc02 cells internalized 
much more EV@Panc02 (Fig.  3b). To further confirm 
the results of flow cytometry, we incubated the Panc02 
cells with DID-TCMVs for 2 h to be observed under the 
laser confocal. Results in Fig. 3c shown that the red flu-
orescence of vesicles in EV@Panc02 group were much 

higher than the other groups. In order to quantify the 
experimental results as much as possible to facilitate the 
explanation of the targeting, we used software to quantify 
the red fluorescence intensity. The results supported the 
above experimental conclusions and demonstrated that 
the vesicles derived from Panc02 cell membranes had the 
highest targeting ability to Panc02 cells (Fig. 3d).

To estimate whether the vesicles from other tumors 
can target homologous tumors, the 4T1 and B16F10 
cells were treated with EV@Panc02, EV@4T1 and 
EV@ B16F10 respectively. The results of flow cytom-
etry and laser confocal demonstrated that 4T1 tumor 
cells have higher uptake efficiency for homologous 4T1 
tumor vesicles. The fluorescence of DID-EV@4T1 was 
stronger in 4T1 cells than other cells (Fig. 4). The similar 

Fig. 3  Cellular uptake of tumor TCMVs (EV@Panc02, EV@4T1 and EV@ B16F10). The percentage of positive cell (a) and geometric mean 
fluorescence intensity (b) were analyzed by the flow cytometry. The internalized vesicles into the Panc02 cells were observed by the laser confocal 
(c) and fluorescence quantify (d) with the software
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phenomenon were also found in the B16F10 cells (Fig. 5). 
Bias in uptake of different vesicles by tumor cells confirm 
differences in vesicle targeting. Therefore, homologous 
tumor cell membrane derived vesicles are more likely to 
be internalized by homologous tumor cells and can be 
used as effective drug delivery vectors in vivo.

Here, we try to identify the mechanisms by which 
homologous tumor membranes are highly targeted to 
homologous cells through the literature. Tumor cells 
are highly active cells in nature, which can prolifer-
ate and secrete constantly. They can recognize and 
transmit information between tumor cells through a 
powerful information network. We think sugar chain 
molecules on the surface of the tumor cells were the 
main functional element, they play an important role 

in the process of cognate tumor targeting. The func-
tion of the sugar chain molecules mainly is to pro-
mote information identification and communication 
between the cells and tumor cells. Due to its own 
genome disorder, a lot of sugar chain molecules were 
expressed on the surface of tumor cells, so as to main-
tain its own survival. We could successfully extract 
tumor cell membranes, which retain intact protein 
components on the cell surface, including glycopro-
teins. So, when the tumor cell recognizes the TCMVs, 
it could ingest them to recycle the sugar chain mole-
cules, and we think this might be why the tumor cell 
membrane is able to target homologous tumor cells. 
Of course, the specific mechanism needs further 
experimental verification.
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Fig. 4  Cellular uptake of tumor TCMVs (EV@Panc02, EV@4T1 and EV@ B16F10). The geometric mean fluorescence intensity (a) and percentage 
of positive cell (b) were analyzed by the flow cytometry. The internalized vesicles into the 4T1 cells were observed by the laser confocal (c) and 
fluorescence quantify (d) with the software
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