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Abstract Taking inspiration from nature, the biomimetic concept has been integrated into drug delivery
systems in cancer therapy. Disguised with cell membranes, the nanoparticles can acquire various functions
of natural cells. The cell membrane-coating technology has pushed the limits of common nano-systems (fast
elimination in circulation) to more effectively navigate within the body. Moreover, because of the various
functional molecules on the surface, cell membrane-based nanoparticles (CMBNPs) are capable of
interacting with the complex biological microenvironment of the tumor. Various sources of cell membranes
have been explored to camouflage CMBNPs and different tumor-targeting strategies have been developed to
enhance the anti-tumor drug delivery therapy. In this review article we highlight the most recent advances in
CMBNP-based cancer targeting systems and address the challenges and opportunities in this field.
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1. Introduction

Cancer has long been a global threat and is the second leading
cause of death1. 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
drugs2,3. To address these problems, targeting drug delivery
systems (TDDS), especially nanoparticle-based TDDS, have been
intensively studied and developed4. 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 behavior5. 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 effects6,7. 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 NPs8,9. In addition, the
desired targeting capacity of NPs was especially dependent on the
surface modification, which was complicated to fabricate and
difficult to achieve10,11. 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 nanoparticles12,13, 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 carrier14. Moreover, it is
difficult to control the release of drug, which may be leaked or
exocytosed during transport15. 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-
try16,17. 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 targeting18.

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 targeting19. 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 platelets20, 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 delivery21,22. 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
trillion23. Human blood transfusion was first performed in France
in 1667 and around 50 million blood units are transfused every
year in clinics24, which makes erythrocytes widely available.
Furthermore, mature erythrocytes lack a cell nucleus and orga-
nelles, so the RBC membrane is convenient to extract and purify25.

An optimal nano-sized drug delivery system requires relatively
long blood circulation to achieve effective tumor targeting and
efficacy26,27. The immune system, however, can recognize foreign
bodies according to determinants absent on host cells or “markers of
self” normally present28. 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 body29. 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 macrophages29. 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 studies30. 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 method30. 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 orientation31. 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 effect32. 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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