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Pancreatic cancer is a leading cause of cancer-related deaths worldwide. Conventional therapies often provide limited success,
necessitating the need for novel therapeutic strategies. Oncolytic viruses (OVs) are a class of viruses that specifically target and kill
cancer cells while leaving normal cells unharmed. These viruses have shown promise in the treatment of various cancers, including
pancreatic cancer. However, their use in clinical settings has been limited by several factors. Their inability to efficiently infect and
kill tumor cells. To overcome this limitation, a cell membrane-coated oncolytic virus was developed. However, the necessity of
homologous and nonhomologous tumor cell membranes for their function has not yet been proven. This novel virus displayed
increased infectivity and killing activity against tumor cells compared to nonhomologous tumor cell membranes and noncoated
viruses. We believe that the homologous tumor cell membranes-coated OVs can enhance the therapeutic potential for pancreatic
cancer therapy.

1. Introduction

Pancreatic cancer remains a significant health care challenge
with a high rate of mortality worldwide [1–4]. Conventional
treatment methods, such as surgery, radiotherapy, and che-
motherapy, have shown limited efficacy and significant side
effects. Therefore, the search for novel and more effective
treatment strategies is crucial. Oncolytic viruses (OVs), which
are viruses capable of specifically replicating in and killing
tumor cells while sparing normal cells, have emerged as a
potential new approach for the treatment of pancreatic cancer
[5–7]. However, these viruses also face a number of challenges.

OVs have shown great potential in targeting and killing
pancreatic cancer cells. This is due to the unique biological
characteristics of tumor cells that render them susceptible to
virus infection [8, 9]. For example, some pancreatic cancer
cells express high levels of epidermal growth factor receptor
(EGFR), which can be targeted by some OVs. By binding to
EGFR, these viruses are able to specifically infect and kill

pancreatic cancer cells [10, 11]. However, the use of OVs
in pancreatic cancer treatment is also facing a number of chal-
lenges. First, not all pancreatic cancer cells can be targeted by
these viruses, limiting their therapeutic effect [12]. Second, the
stability of OVs in the body is also a concern [13]. Finally,
the effective delivery of these viruses to the tumor site remains
a challenge due to potential clearance by the immune system
or limited penetration into the tumor [14–17]. The systemic
delivery of OVs remains a major challenge in clinical treat-
ment. The viruses are easily recognized by the body’s immune
system and eliminated through antibodies or other mechan-
isms, resulting in low pharmaceutical value and insufficient
therapeutic effect [18–22]. Despite these challenges, the use
of OVs offers a promising new approach for the treatment
of pancreatic cancer. With further research and development,
it is hoped that these viruses can be improved to enhance their
therapeutic effect while addressing the issues of stability and
delivery.
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To address this issue, tumor cell membranes can be used
to modify OVs to mask their viral characteristics and reduce
their immunogenicity, thereby increasing their survival time
in the body and improving their therapeutic effect. This mod-
ification alters the virus’s immunological properties while
maintaining its oncolytic activity, allowing the virus to evade
immune clearance and target tumors more efficiently. In the
field of nanomedicine, surface modification of nanoparticles
with tumor cell membranes can help improve their targeting
ability toward tumors and enhance the therapeutic effect of
their nanodrugs [23–26]. In addition, the use of secretion-
based exosomes has also been commonly employed to address
delivery-related challenges, providing a potential solution
for targeted delivery within the body. This approach, to
some extent, can help overcome targeting issues in vivo
[27]. Genetic engineering techniques have become an effec-
tive means of regulating extracellular vesicles and enhancing
oncolytic virus inhibition of tumor cells [28]. This approach
has demonstrated promising therapeutic effects; however,
compared to membrane-bound vesicles, its manipulation is
relatively less convenient. Meanwhile, strategies for surface
modification of OVs with tumor cell membranes remain rare,
and it remains unclear whether the effects of homologous and
nonhomologous tumor cell membranes are the same.

In this study, we investigated the infection efficiency of
OVs coated with tumor cell membranes from different sources
on pancreatic cancer cells. We selected homologous tumor cell
membranes derived from Panc02 pancreatic cancer cells and
compared them with nonhomologous tumor cell membranes
derived from B16-F10 melanoma cells. We found that the
infection efficiency of the oncolytic virus coated with tumor
cell membranes was improved, and compared to nonhomolo-
gous tumor cell membranes, Panc02 cell membrane-coated
OVs had better infection performance. The virus titer in the
tumor cells was significantly increased, effectively inhibiting
tumor cell proliferation. Therefore, homologous tumor cell
membranes have the potential to improve the low infection
efficiency of OVs and solve current clinical treatment obsta-
cles, improving the therapeutic effect of tumors. Our results
suggest that tumor cell membrane-coated OVs may represent
a promising approach for the treatment of tumors, addressing
some of the current limitations in oncolytic virus therapy.

2. Materials and Methods

2.1. Materials and Cells. Panc02 pancreatic cancer cells and
B16-F10 melanoma cells were obtained from Anhui Medical
University and grown in Dulbecco’s Modified Eagle’s Medium
supplementedwith 10% fetal bovine serum (FBS) (DalianMeilun
Biotechnology Co., Ltd) and antibiotics. The oncolytic virus used
in this studywas obtained from theChineseAcademy of Sciences
and modified to express a red fluorescent protein (RFP). Anti-
bodies against cell markers were purchased from Dakewei Com-
pany and used according to the manufacturers’ instructions.
DAPI was purchased from Sigma–Aldrich. Dithiobis (succinimi-
dyl propionate) (DSP), N-hydroxysuccinimide (NHS), and
Igepal CA-630 were purchased from Sigma–Aldrich. All the
solution and materials were used according to the instructions.

2.2. The Preparation of Tumor Cell Membranes-Coated OVs.
Panc02 and B16-F10 cells were grown to 80% confluence in
10 cm dishes (NEST Biotechnology Co., Ltd). The cells were
then washed with PBS and harvested using enzyme (Thermo
Fisher Scientific). The cells were pelleted by centrifugation at
500× g for 5min at 4°C. The cell pellets were resuspended in
PBS containingDSP (5mM) andNHS (50mM)with the pipette
(DLAB Scientific Co., Ltd) and incubated for 30min at room
temperature. The cross-linking reaction was stopped by add-
ing glycine (250mM) to the reaction mixture and incubating
for 10min at room temperature. The cell suspensions were
then centrifuged at 500× g for 5min at 4°C. The cell pellets
were resuspended in cold lysis buffer (50mM Tris-HCl, pH
7.4, 150mM NaCl, 1% Igepal CA-630, protease inhibitors)
and incubated on ice for 30min. The lysates were centrifuged
at 15,000× g for 30min at 4°C to collect the membrane frac-
tions. The membrane fractions were then resuspended in cold
storage buffer (20% glycerol, 50mM Tris-HCl, pH 7.4, prote-
ase inhibitors) and stored at −80°C until further use.

The oncolytic adenovirus was mixed with the tumor cell
membranes using the PBS. Then, the mixed system was pre-
pared by a liposome extruder into a membrane-coated onco-
lytic virus system. The coated viruses were then washed with
PBS and resuspended in PBS for further experiments or
storage at −80°C.

2.3. Infection of Tumor Cells with Oncolytic Virus. Panc02
cells were seeded in 24-well plates (SAINING Biotechnology
Co., Ltd) at a density of 5× 104 cells per well. The following
day, the cells were infected with the oncolytic virus of differ-
ent formulations at a multiplicity of infection of 10 plaque-
forming units per cell for 8 hr at 37°C. After infection, the
cells were washed with phosphate-buffered saline (PBS) and
cultured in a fresh medium.

2.4. Flow Cytometry Assays. Infected tumor cells were har-
vested by trypsinization, washed with PBS, and resuspended
in Hank’s Balanced Salt Solution containing 2% FBS. Finally,
the cells were analyzed by flow cytometry using a BD LSR II
instrument equippedwith FACSDiva software (BDBiosciences).
Data were analyzed using FlowJo software (Tree Star). The RFP
in the tumor cells indicated the accumulation of homologous or
nonhomologous tumor cell membrane-coated oncolytic virus.

2.5. In Vitro the Cell Viability. The proliferation of Panc02 cells
was significantly affected by the treatment of homologous or
nonhomologous tumor cell membrane coated oncolytic virus.
Therefore, we incubated the pancreatic cancer cells with differ-
ent formulations of oncolytic virus to determine the effect of
antitumor cells. The cell viability of Panc02 cells was detected by
the CCK8 kit (Cat#40203; Yeasen, Shanghai, China).

3. Results and Discussion

The extracted Panc02 and B16 tumor cell membranes were
mixed with the oncolytic virus at a certain ratio and then
prepared into membrane-coated oncolytic virus systems
using a liposome extruder. The prepared different systems
were dissolved in PBS and their average sizes were detected
using a dynamic light scattering instrument. The detection
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results showed that the unmodified oncolytic virus had a
hydrodynamic diameter of approximately 91nm (Figure 1(a)).
After modification with B16 cell membranes, the diameter of
the oncolytic virus was approximately 123 nm (Figure 1(b)),
and after modification with PANC02 cell membranes, the
diameter of the oncolytic virus was approximately 125 nm
(Figure 1(c)). There was no significant difference in size
between the two different cell membrane-modified OVs.

Many OVs possess specific binding sites on their struc-
tures, which allow them to bind to receptors on the surface of
human tumor cells and subsequently enter the cells. How-
ever, mouse tumor cells lack several receptors, making it
difficult for OVs to effectively infect and enter these cells.
The mechanisms underlying the differences in oncolytic
virus infection between human and mouse tumor cells are
not yet fully understood. However, it has been suggested that
differences in cell surface receptor expression, intracellular
signaling pathways, and immune responses may play a role
in determining the susceptibility of these cells to oncolytic
virus infection. Further studies are needed to elucidate these
mechanisms and develop more effective oncolytic virus
therapies for human cancer. To further verify whether the
infection efficiency of OVs modified by homologous and
nonhomologous tumor cell membranes is affected, we incu-
bated different OVs with Panc02 cells. Since the oncolytic
virus expresses RFP, it can be used as an indicator of virus
titer inside tumor cells. We analyzed the intensity of red
fluorescence in tumor cells after different treatments using
flow cytometry. The experimental results in Figure 2 showed
that the oncolytic virus without cell membrane encapsulation
had a certain infection ability to tumor cells, and the oncolytic
virus encapsulated by tumor cell membranes had a higher
infection ability. Especially, the homologous tumor cell
membrane-encapsulated oncolytic virus had the best infection
effect, indicating that homologous tumor cell membrane is a
potential strategy to improve the infection efficiency of OVs.

After confirming the infection ability of different oncolytic
virus systems, we further explored whether they could improve
the killing effect on tumors. We incubated Panc02 tumor cells
with different formulations of tumor cell membrane-modified
OVs at 37°C for 24 hr, and then added CCK8 reagent to differ-
ent samples. The absorbance of different sample wells was
detected at 450nm to evaluate their killing ability to tumor cells.
The results in Figure 3 showed that infection with OVs could
induce tumor cell death, and the killing ability was stronger with
tumor cell membrane-modified OVs. Among them, homolo-
gous tumor cell membrane-encapsulated OVs had a more sig-
nificant killing ability. These findings suggest that homologous
tumor cell membrane, as a good modification system, can be
used to solve the problem of low infection efficiency and poor
treatment outcomes of OVs. Tumor cells often express spe-
cific proteins on their surfaces that are different from those on
normal cells. When OVs are coated with the membrane of a
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FIGURE 1: The diameter of tumor cell membrane-coated oncolytic viruses. The diameters of OVs (a), mB16-OVs (b), and m Panc02-OVs
(c) measured by the Zetasizer Nano ZS.
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FIGURE 2: The infection ability of different formulations of oncolytic
viruses in Panc02 cells was evaluated by flow cytometry. ∗p <0:05,
∗∗∗p <0:001.
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tumor cell, they inherit these specific proteins. These proteins
can interact with similar or complementary proteins on the
surface of tumor cells in the body, facilitating the targeting
and adherence of the nanoparticles to those cells. This can
lead to receptor-mediated endocytosis, where the tumor cells
internalize the OVs, allowing for the delivery of therapeutic
agents directly inside the tumor cells.

4. Conclusion

Overall, OVs, as a highly potential tumor treatment strategy,
are expected to solve the problem of poor treatment effect in
current clinical tumor treatment. However, the low infectiv-
ity and induced body clearance mechanism of OVs seriously
hinder the improvement of its effect. The existing tumor cell
membrane coating strategy is an effective method to solve
this problem, but whether the homologous tumor cell mem-
brane is used to modify, or whether the nonhomologous
tumor cell membrane can achieve the same effect, there are
not many relevant studies to explore. Our research results
show that the oncolytic virus wrapped in tumor cell mem-
brane can improve the infection ability to tumor cells, but the
homologous tumor cell membrane has a better effect. There-
fore, the cell membrane derived from the same tumor cell is
expected to become an excellent solution to improve the infec-
tion efficiency of tumor cells, thereby increasing its intracellu-
lar concentration and promoting the death of cancer cells. This
study can greatly promote the clinical treatment plan based on
OVs and improve the treatment effect of tumors.
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