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1. Introduction

Cancer has long been a global threat and is the second leading
cause of death'. As one of the most common strategies for the
treatment of cancer, chemotherapy remains unsatisfactory due to
the low targeting ability and severe adverse effects of anti-cancer
drugs™®. To address these problems, targeting drug delivery
systems (TDDS), especially nanoparticle-based TDDS, have been
intensively studied and developed®. The advantages of nanoparti-
cles (NPs), such as high drug loading capacity, adjustable physio-
chemical properties and flexibility to be modified, make them
appropriate to encapsulate anti-cancer drugs and thereby alter their
solubility, stability and in vivo behavior’. Moreover, the surface
modification of NPs can prolong their circulation in the blood and
provide specific targeting so as to increase efficacy while decreas-
ing adverse effects®’. However, there are still many drawbacks
limiting NPs to meet clinical expectations. Most NPs are recog-
nized and eliminated as a foreign substance by immune system.
PEGylation of NPs can decrease the fast elimination by reticu-
loendothelial system. Some studies discovered that the repetitive
administration of PEGylated NPs can induce an immune response
which can lead to faster elimination of NPs*°. In addition, the
desired targeting capacity of NPs was especially dependent on the
surface modification, which was complicated to fabricate and
difficult to achieve'®''. Consequently, nanoparticle-based TDDS
have not yet reached their full therapeutic potential. Seeking a
safer and more effective approach is urgently demanded.

In the early 1980s, cells were exploited as carriers to deliver
drugs or nanoparticles'>'?, which significantly enhanced the reten-
tion and targeting efficiency of these drugs. Although the use of live
cell-based carriers flourished, some deficiencies remain. One of
major concern is the activity of passenger drugs, since drugs may be
digested by the lysosomes of the cell carrier'*. Moreover, it is
difficult to control the release of drug, which may be leaked or
exocytosed during transport'”. Confronted with these problems,
scientists have recently found a clue from nature to design
biomimetic, cell membrane-based nanoparticles (CMBNPs). Initi-
ally, the original CMBNPs were fabricated from a red blood cell
(RBC) membrane shell and a poly (lactic-co-glycolic acid) (PLGA)
core, via a co-extrusion process, forming a core-shell structure.
Subsequently, various CMBNPs have been explored with the
flexibility of choosing different membrane materials and different
nanoparticle cores. The translocation of a natural cell membrane to a
synthesized NP can combine the advantages of a biomimetic cell
membrane surface and the tailored flexibility of material chemis-
try'®!7. One of the most important profits is that the CMBNPs can
be disguised as autogenous cells, so as to escape immune system
elimination and prolong the circulation time in the blood, which is
extremely necessary for the enhanced permeability and retention
(EPR) effect for tumor targeting'®.

In addition, the complex components of a natural cell membrane
can be maintained in CMBNPs, which might endow the CMBNPs
with some biological functions propitious to tumor targeting'®. As
reported, numerous cells are involved in or related to the develop-
ment and progression of cancer, such as red blood cells, leukocytes,
cancer cells and even sub-cellular platelets™’, and different cells play
different parts in the process. The membrane-based functions of
cancer-related cells, including extravasation, chemotaxis, and cancer
cell adhesion, inspired researchers to explore the CMBNPs to be a
carriers for tumor-targeting drug delivery’'%. We classify
CMBNPs according to the type of source cells including red blood
cells, leukocytes, cancer cells and platelets. Different types of cell

membranes could endow CMBNPs with various functions, which
will lead to diverse in vivo biological behavior. This classification
covers most of currently reported CMBNPs and shows the basic
mechanism of the biomimetic strategy.

Besides the versatile capacity of the coated membrane, the core
of CMBNPs are also flexibly designed for various applications,
such as anti-cancer drug delivery, tumor imaging, and photother-
mal therapy. All these advantages make CMBNPs promising for
translation from bench to bedside. Therefore, in order to direct the
rational design and further improvement of CMBNPs, it is
necessary to understand their structural concepts and targeting
mechanisms. Herein, we provide an up-to-date review of various
membrane-derived CMBNPs for the treatment of cancer, as well as
the challenges and opportunities related to the application of
CMBNPs in cancer therapy.

2. Red blood cell membrane-coated nanoparticle

Red blood cells are the most abundant cellular constituent of the
blood with the total number in human body approaching 30
trillion™’. Human blood transfusion was first performed in France
in 1667 and around 50 million blood units are transfused every
year in clinics’®, which makes erythrocytes widely available.
Furthermore, mature erythrocytes lack a cell nucleus and orga-
nelles, so the RBC membrane is convenient to extract and purify>.

An optimal nano-sized drug delivery system requires relatively
long blood circulation to achieve effective tumor targeting and
efficacy”>?’. The immune system, however, can recognize foreign
bodies according to determinants absent on host cells or “markers of
self” normally present®®. Red blood cells, expressing a variety of
immunomodulatory markers on their cell membrane, can be
recognized as a self-component and circulate for about 40 days in
mice, and 3 months in the human body”’. One of the most typical
markers is CD47, a transmembrane protein, which can bind to the
inhibitory receptor signal regulatory protein alpha and emit a “don't
eat me” signal that inhibits phagocytosis of RBCs by immune cells.
It was reported that RBCs lacking CD47 were rapidly cleared from
the bloodstream by macrophages®’. Therefore, RBC membrane-
coated NPs, a biomimetic strategy, are able to integrate the unique
advantages of natural erythrocytes, such as long circulation, with
artificial nanoparticles, which can protect the encapsulated drug.
Red blood cell membrane-coated PLGA NPs were first reported and
laid the foundation for subsequent studies’”. After that, many
studies from different research groups were carried out to demon-
strate the utility of the RBC membrane for cancer treatment.

In order to preserve the membrane as long as possible,
researchers usually prepare RBC membrane-coated nanoparticles
with a well-established top-down method. For example, poly
(lactic-co-glycolic acid) (PLGA), a biodegradable polymer
approved by FDA, is used to fabricate the nanoparticulate cores.
The purified RBC membrane is then fused around the NPs surface
via an extrusion method™. It was shown that compared with the
bare cores, biomimetic NPs exhibited greatly prolonged circulation
time due to the preservation of “markers of self” on the RBC
membrane in a right-side-out orientation’'. Furthermore, results
indicated that the functionalized NPs demonstrated significantly
enhanced accumulation at tumor sites in a subcutaneous tumor
model due to an increased ability to utilize the EPR effect’”. Thus,
the biomimetic strategy is promising to be an alternative to
polyethylene glycol (PEG) stealth coating in a more biocompatible
way. Many studies relevant to cancer drug delivery were carried
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out after the pioneering work of the RBC membrane-disguised
nanoparticles. Zhang et al.>” has reported that the chemotherapeu-
tic drug, doxorubicin (DOX), could be efficiently loaded into
PLGA cores, which was then cloaked with RBC membrane. The
RBC membrane-coated, DOX-loaded nanoparticles exhibited sig-
nificantly increased inhibition of tumor growth and excellent
immunocompatibility compared with the free DOX, which brought
new insight to chemotherapy.

Numerous studies have shown that active TDDS can selectively
enter into tumor cells, results in better target-selectivity and finally
achieves better therapeutic effect™®. The red blood cell, however,
lacks related targeting ligands and lacks the active targeting
capacity for solid tumors, which would limit its application in
cancer treatment. Facing this problem, targeting ligand, which is
widely used in TDDS, may be combined with RBC membrane.
Chemical synthesis is a common approach for ligand modification,
while it may impair the integrity of RBC membrane. Since keeping
the integrity of the membrane is extremely vital to maintain
cellular function, the chemical method may not be appropriate. In
this regard, a so-called lipid-insertion approach has been devel-
oped™. The folate acid ligand was first conjugated to the distearoyl
phosphoethanolamine (DSPE) lipid and then ligand-linker—lipid
conjugates were inserted into RBC membrane. The ligand-func-
tionalized RBC membranes were used for nanoparticle coating to
achieve active targeting ability. Both a small molecule folate (MW
= 441 Da) and a nucleolin-targeting aptamer AS1411 (MW =
9000 Da) were successfully inserted on the RBC membrane-coated
nanoparticle, and the results showed a significant targeting effect
was achieved in model cancer cell lines in vitro. Fu et al. modified
the membrane-coated nanoparticle with a typical tumor-targeting
peptide RGD (Arg—Gly—Asp). Doxorubicin and paclitaxel were
chosen as model drugs and co-encapsulated into the magnetic
O-carboxymethyl-chitosan NP core. The tumor growth inhibition
effect of the novel system was much stronger than that of the non-
modified membrane-coated NPs*.

Besides long retention lifetime in circulation and selective
targeting ability, controllable drug release is also essential for an
ideal drug delivery system in cancer therapy. Some types of
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synthetic nanoparticles reveal excellent controlled release proper-
ties. For the biomembrane-coated NP system, it is relatively easy
to choose different core materials to achieve various purposes'’.
As shown in Fig. 1, a new near infrared (NIR) laser-responsive
RBC-mimetic NP system has been fabricated to realize long blood
circulation, controlled drug release, and synergistic chemo/photo-
thermal therapy”’. DiR, a cyanine dye, was inserted into the RBC
membrane shell and paclitaxel (PTX) was loaded in the thermo-
responsive hybrid polymeric nanoparticle cores. The results have
shown that the structure of the system could be destroyed by light-
induced hyperthermia which then triggered rapid PTX release. The
in vivo results suggested that it might be a promising delivery
system to fight against metastatic breast cancer.

3. Leukocyte membrane-coated nanoparticle drug delivery
system

White blood cells, commonly termed as leukocytes, are between
7-20 pm in diameter, which are larger than red blood cells. Most
leukocytes can do amoeboid movement, which makes them easily
migrate to and from the blood vessels to the extravascular tissues.
Thus, leukocytes are widespread in the blood vessels and
lymphatic vessels as well as other tissues. Chronic inflammation
has been characterized as one of the main features of cancer’®. A
diverse population of inflammatory cells, including neutrophils,
dendritic cells, macrophages, eosinophils and mast cells, as well as
lymphocytes, are involved in progression of the tumor’’. Tumor
cells produce various cytokines and chemokines that attract
leukocytes®’.  Unfortunately, most leukocytes subsequently
become accomplices of tumor cells under the inflammatory
microenvironment*'. Such tumor-associated macrophages or fibro-
blasts will help the metastases or neovascularization of tumor
which finally results in rapid tumor growth. Discarding the
function of tumor accomplices, leukocytes would be promising
drug delivery vehicles for tumor targeting because of their
inflammation chemotaxis. Thus, leukocyte membrane-cloaked
nanoparticles are a possibility'°.
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Figure 1 The NIR-driven drug release of the RBC-mimetic NPs (PTX-PN@DiR-RV). Adapted with permission from Ref. 37. Copyright Wiley

Online Library, 2016.
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A large population of cancer-related leukocytes are macro-
phages*>. Coated with macrophage membranes, nanoparticles
could display long blood circulation time similar with RBC
membrane-coated nanoparticles. Moreover, the macrophage-
camouflaged nanoparticles could possess the capability of crossing
vascular barriers and molecular recognition ability on tumor cells
through functional proteins residing on the membranes®. The
Tasciotti group first developed a macrophage membrane-coated
porous silica particle. The membranes were coated onto the silica
particles through electrostatic and hydrophobic interactions
between the positively charged particles and negatively charged
cell membranes™. The functional molecules, such as CD45,
CDl11a and glycans, were all maintained on the particle surface,
which were helpful to prevent the internalization/uptake by
macrophages, phagocytic cells or vein endothelial cells and
preferentially bind to and transport through inflamed endothelium
in tumors. Zhang et al.*’ further characterized the tumor-targeting
mechanism of macrophage membrane-coated nanoparticles. The
inflammatory-related receptors on membranes were responsible for
the tumor homing effect, since blocking LFA-1 or CXCR1 and
CXCR2 on the membrane-coated nanoparticles could significantly
inhibit the recruitment of nanoparticles by the inflammatory tissue.
Besides drug delivery, the macrophage cloaking technology could
also facilitate photothermal therapy, tumor imaging and diagnos-
tics*®*”. These papers indicated the outstanding tumor targeting or
homing effect of macrophage-derived nanovectors compared with
uncoated nanocarriers. However, the tumor homing mechanism is
still debated. Although the macrophages would be recruited to the
inflammatory site, the chemotaxis and extravasation process were
highly complex*®*°. The adhesion, cytomorphosis, and cell—cell
interaction of macrophages are necessary for drug delivery. While
the macrophage-camouflaged nanoparticles were not living cells, it
was scarcely possible to maintain all the complex functions of
macrophage cells. Therefore, the tumor-homing mechanism of
macrophage membrane-coated nanoparticles should be well stu-
died in the future, and not simply viewed as limited to chemotaxis.
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Besides homing to inflammation sites, macrophages could also
actively bind to cancer cells via receptor interactions on mem-
branes™’. This binding would promote the metastasis of cancer
cells and subsequently form metastatic lesions. Based on this
binding effect, Li's group developed a macrophage membrane-
coated liposome to target metastatic cancer cells via the interaction
between a4 integrins of the macrophage membrane and the
vascular cell adhesion molecule-1 (VCAM1) of cancer cells’’.
As they showed, the macrophage membrane decoration signifi-
cantly enhanced cellular uptake in metastatic 4T1 breast cancer
cells and suppressed lung metastasis of breast cancer (Fig. 2). To
further determine the interaction of macrophage membrane-coated
nanoparticles and tumor cells, He et al.’” developed a Janus
nanoparticle with only half-side membrane cloaking. They found
that it was the membrane coated hemisphere that adhered to and
penetrated the surface of cancer cells. This study brought new
insight and a new approach to explore the specific binding of
membrane-coated nanoparticles.

Evidence showed that neutrophils and monocytes possessed
both a circulating tumor cell (CTC) and niche-targeting property
by the intrinsic cell adhesion molecules on membranes”*. Ting
Kang et al.”> developed a neutrophil membrane-coated nanopar-
ticle for cancer metastasis prevention and therapy which could
target both CTCs in circulation and premetastatic niche. When
loaded with a proteasome inhibitor, carfilzomib, the nanoformula-
tion facilitated selective CTC apoptosis in blood and prevented the
formation of nodules at the early stage. Chan et al. also proved that
the monocyte membrane-coated nanoghosts had higher affinity for
metastatic MCF-7 breast cancer cell lines than their uncoated
counterparts™°.

Immunotherapy for cancer has drawn much attention recently.
As immune cells, T-lymphocytes play an important role in tumor
recognition and suppression. In this regard, lymphocyte mem-
brane-camouflaged nanoparticles have also been studied, and
shown to exhibit enhanced localization at the tumor site after
low-dose irradiation just as is seen with cytotoxic CD8" T cells”’.

NIR Laser

Photothermal therapy

~

Lung metastasis of breast cancer

Figure 2 Schematic illustration of macrophage membrane-coated nanovectors for photothermal therapy in subcutaneous tumor or targeting lung
metastasis of breast cancer. Adapted with permission from Refs. 47 and 51. Copyright American Chemical Society, 2016.
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Table 1  Examples of leukocyte membrane-coated nanoparticles for tumor therapy.
Membrane source Cancer model Targeting mechanism Drug-loading Ref.
LeukoLike Vectors (LLV) THP-1 and J774 cell Melanoma Inflammation adhesion None 44
line

Macrophage cell membrane-camouflaged RAW 264.7 4T1 Subcutaneous Unclear DOX 43
mesoporous silica nanocapsules (MSNCs) tumor

Macrophage cell membrane- camouflaged RAW 264.7 4T1 Subcutaneous Cancer cell recognition Photothermal 47
AuNS (MPCM-AuNSs) tumor

Macrophage membrane-coated emtansine RAW 264.7 4T1 metastasis lung Metastatic cancer cell ~ Emtansine 51
liposome (MEL) cancer binding

Neutrophil mimicking nanoparticles (NM- Mouse primary Circulating tumor cells Metastatic cancer cell ~ Carfilzomib 55
NPs) neutrophils binding

Monocyte cell membrane-derived nanoghosts U937 None Cancer cell recognition DOX 56

hCTL membrane-coated PLGA nanoparticles Human primary Gastric cancer Immune recognition PTX 57
(TPNPs) T cells

As shown in Table 1, a considerable number of leukocyte-
derived nanoparticles have been developed. Compared with coat-
ing with RBC membrane, the leukocyte membrane decoration of
nanoparticles could not only prolong the circulation in vivo, it
could actively target to inflammatory sites and cancer cells through
functional molecules on the membranes. Although it is promising
for leukocyte membrane-coated formulations, there are still some
limitations that need to be considered for their application.
Leukocyte membranes are always obtained from immortal cell
lines, which may not be as biocompatible as autogenous RBC
membranes. Moreover, leukocytes are karyocytes which express
specific main histocompatibility complex (MHC) molecules on
their surface. Consequently, the immunogenicity of this formula-
tion should be considered in the future®.

4. Cancer cell membrane-coated nanoparticle (CCNPs)

Cancer cells possess various peculiar properties compared with
blood cells, such as limitless replicative potential, immune escape
and homologous targeting abilities””. Instead of being obtained
from patient autologous plasma or a donor, cancer cells can be
easily obtained through in vitro cell culture, because of their
proliferative ability’’. During metastasis, homotypic cancer cell
aggregation is critically important for establishing secondary
lesions in distant tissues and organs®”®'. Tt is reported that the
aggregation process is based on surface adhesion molecules (e.g.,
N-cadherin, galectin-3, epithelial cell adhesion molecule
(EpCAM)) on cancer cell membranes®”. Utilization of natural cell
membranes for vehicle surface functionalization offers the unique
advantage of a complete replication of membrane surface protein
diversity from the source cells onto the engineered nanoparticles.
Inspired by the inherent immune escape and homologous adhesion
properties of cancer cells, various cancer cell membrane-coated
nanoparticles are designed for tumor targeting diagnosis and
therapy. For example, a kind of novel cancer cell membrane-
cloaked upconversion nanoprobe was developed, which exhibited
low immunogenicity and homologous targeting effects®. As
shown in Fig. 3, indocyanine green (ICG) was encapsulated in
PLGA core as probe, and the cancer cell membrane was
hybridized with DSPE-PEG to camouflage the nanoparticle
(ICNP). Together with the remarkable NIR fluorescence emission
performance of the upconversion core, the core-shell nanoparticle
was used for highly specific in vivo tumor imaging. Different core

materials can be chosen to achieve a versatile delivery system. The
anticancer agent doxorubicin (DOX) has been incorporated into a
gold nanocage to form the inner cores, which was further coated
with membrane of 4T1 breast cancer cells. The system combined
the advantages of both photothermal therapy and chemotherapy. It
has shown that the nanoparticle exhibited the superior targeting
efficiency of the 4T1 cells, higher accumulation in tumor tissue
and hyperthermia-responsive drug release behavior®. Further, a
cancer cell membrane-coated probe (indocyanine green, ICG)-
loaded lipid polymer NPs has been shown to be an excellent
nanosystem for homologous-targeting dual-modal imaging and
imaging-guided photothermal therapy.

The application of therapeutic cancer vaccines, an exciting
strategy in the cancer immunotherapy field, has recently aroused
great attention®. Different from conventional cytotoxic drugs, the
goal of a cancer vaccine is to activate the immune system against
cancer rather than directly kill tumor cells, and has shown unique
strength. Nevertheless, stimulating an immune response against
cancer with the use of vaccines still faces difficult challenges®.
Specific short peptides were always used as vaccines to induce
dendritic-cell activation, while it was less effective because those
peptides vaccines have a short half-life and are difficult to reach
the antigen-presenting cells. In addition, adjuvants were necessary
to elevate the immune response, which was difficult to incorporate
in peptide vaccines. Moreover, it is hard to select ideal tumor
antigens to train the immune system without adjuvants. As a result,
the immunization effect and therapeutic benefits of the traditional
cancer vaccine were not satisfactory. Recently, adjuvant-loaded
PLGA NPs coated with cancer cell membrane were developed as a
novel cancer vaccine system, completely retaining all the surface
antigen of source cells’’. The results of the study showed that the
platform enabled co-delivery of multiple cancer antigens and
adjuvants in a stable nanoparticle form, and provided a promising
way to deliver cancer vaccine.

5. Platelet membrane-coated nanoparticle

Platelets, the smallest circulating blood cells, are fragments of
cytoplasm produced from mature megakaryocytes in bone mar-
row.® There are about 150,000-350,000 platelets per microliter
circulating in the blood to preserve the integrity of the vasculature.
Their average life span is 8 to 9 days.”” It is well known that
platelets play an important role in the process of hemostasis after
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Figure 3 Illustration of cancer cell membrane-biomimetic nanoparticles for targeting recognition of source cancer cell, dual-modal imaging, and
photothermal therapy. Adapted with permission from Ref. 62. Copyright American Chemical Society, 2016.

vascular injury, wound healing, inflammatory reaction and throm-
bosis’’. Recently, extensive studies show that the hemostatic
properties of platelets crucially promote the metastatic progression
of cancer in many different ways’', such as contribution to tumor
angiogenesis, assistance of tumor survival in the bloodstream and
promotion of tumor cell and vascular interactions. The recognition
and interaction between circulating tumor cells (CTCs) and
platelets has drawn wide attention. After activation, platelets
would change shape, release granules containing growth factors,
chemokines and proteases, and increase their adhesiveness to form
heteroaggregates with CTCs and leukocytes’”.

Based on the close interactions between platelets and tumor
metastasis, biomimetic strategies were developed for tumor
targeting drug delivery. Platelet transfusions have been extensively
used to treat or prevent bleeding since 1950s’, therefore the
source of platelets is reliable. Moreover, compared with other
nuclear cells, pure platelets have fewer antigen and show lower
immunogenicity’*"°.

Recently, Hu et al.’”® developed a platelet membrane-coated
nanovehicle with tumor necrosis factor (TNF)-related apoptosis-
inducing ligand (TRAIL) inserted onto the outer membrane and
Dox loaded into the inner nanoparticles (Fig. 4). The results showed
that platelet membrane-coated nanovehicle (PM-NV) had the stron-
gest antitumor efficacy on an animal model with both a subcutaneous
tumor and metastatic site’®. The authors explained that the system
could actively target CTCs based on the affinity between over-
expressed P-selectin on the platelet membrane and CD44 receptors
upregulated on the cancer cells, which could further facilitate the
apoptosis effect on CTCs induced by TRAIL. Unfortunately, there
were no related experiments in this article directly proving the
mechanism. Platelet membrane-coated nanoparticles can be applied
for tumor imaging as well. For example, a kind of platelet-mimicking
magnetic nanoparticle was reported for enhanced cancer imaging and

therapy. Fe;O, magnetic nanoparticles was coated with platelet
membrane collected from mice blood, inheriting the long blood
circulation and cancer targeting capabilities from the platelets. The
results revealed that this theranostic system can be used to enhance
tumor magnetic resonance imaging and photothermal therapy for
personalized diagnosis and therapy of cancers’’.

6. Conclusions

The CMBNP has shown the potential to significantly improve the
function of current nanoparticle systems in cancer therapy. It can
possess both unique functions exhibited by different cell types and
flexible designs derived from various cores. As summarized in
Table 2, CMBNPs are not limited to the four types that we
reviewed above. Bacterial membranes, stem cell membranes and
other bio-functional membranes have been explored for preparing
CMBNPs in succession. The development of new type CMBNPs
may further enrich tumor targeting strategies.

One of the most common points of the inspiring strategies
discussed above is the incredibly prolonged circulation after
coating with the cell membrane. Just like the parent cells, the
CMBNPs will be recognized as autogenous friends, which will
reduce elimination by RES system. Beyond self-recognition, like
exosomes", the natural target functionality of cell membranes can
facilitate extravasation, chemotaxis and specific cell-cell interac-
tions. With breakthroughs in research on cell function in cancer’®,
more specific cell membrane coatings will be developed to achieve
desired therapeutic benefits.

In addition to serving as vehicles for targeted drug delivery, the
CMBNPs themselves may also play roles in cancer immune modula-
tion. Zhang's group has recently reported RBC-coated CMBNPs for
antivirulence vaccination by presenting bacterial-derived antigens™>*.
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Figure 4 Schematic design of drug-loaded PM-NV for targeting and sequential drug delivery. Adapted with permission from Ref. 76. Copyright

Wiley Online Library, 2015.

Table 2  Summary of CMBNPs and their characteristics.
Types Membrane Material core Preparation Functions Refs.
method

RBC-CMBNPs RBC PLGA/Au/Silicon/  Extrusion/ Long-circulation/detoxin/vaccine 30,37,78
sonication

WBC-CMBNPs Leucocyte PLGAVsilicon/lipid ~ Extrusion/ Inflammation targeting/ extravasations 4451
sonication through inflamed endothelium

Platelet-CMBNPs Platelet PLGA/ acryl amide Extrusion CTC-targeting/restenosis targeting 76,77

nanogels
CC-CMBNPs Cancer cell PLGA Extrusion Vaccine/ natural cancer-targeting 62,63,67
Bacterial membrane- E. coli outer Au Extrusion Vaccine 79
CMBNPs membrane
MSC-CMBNPs Stem cell Gelatin nanogels Extrusion Cancer targeting 80

This study raised a possibility to introduce cancer-related antigens onto
CMBNPs to elevate cancer immune recognition. Moreover, to
specifically induce an immune response, the specific cancer cell
membrane might be isolated from tumor resection, which could
facilitate postoperative immunotherapy by CMBNPs.

Despite the current progress in the research and development of
CMBNPs, the field is still in its infancy. Several challenges are
confronting the CMBNPs in translating from bench to bedside.

Firstly, the source of cell membrane is quite limited. Except for
RBC membrane, most cell membranes are isolated from cell lines
and involve several isolation steps. The preparation process is
complex and the yield of CMBNPs is low. In this regard, there is
an urgent demand to simplify and expand the preparation process
of CMBNPs for clinical study. Secondly, there are still some
mysteries remaining to be explored to leverage this strategy in the
future. For instance, plenty of proteins are presented on the cell
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membrane. Among them, some are responsible for targeting, while
some are liable to induce immune responses. To identify the
helpful proteins and remove the unwanted proteins will definitely
promote the performance of CMBNPs in cancer therapy. Thirdly,
unlike synthetic materials, the quality of CMBNPs is arduous to
control and the safety of CMBNPs is a concern. To tackle these
challenges, a shift in focus from discovery to process development
and multi-disciplinary cooperation is needed. Overall, the emer-
gence of biomimetic design has brought a paradigm shift in cancer
treatment with nanomedicine. More efficacious and inspiring
strategies will be developed to advance cancer treatment with cell
membrane-based nanoparticles.
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