DRUG DELIVERY
2022, VOL. 29, NO. 1, 2296-2319
https://doi.org/10.1080/10717544.2022.2100010

Taylor & Francis
Taylor &Francis Group

8 OPEN ACCESS ‘ N Checkforupdates‘

REVIEW-ARTICLE

Cell membrane-camouflaged PLGA biomimetic system for diverse
biomedical application

Jingjing Yan*, Weidong Fei?, Qiangian Song, Yao Zhu, Na Bu, Li Wang, Mengdan Zhao and Xiaoling

Zheng

Department of Pharmacy, Women’s Hospital, Zhejiang University School of Medicine, Hangzhou, China

ABSTRACT

The emerging cell membrane (CM)-camouflaged poly(lactide-co-glycolide) (PLGA) nanoparticles
(NPs) (CM@PLGA NPs) have witnessed tremendous developments since coming to the limelight.
Donning a novel membrane coat on traditional PLGA carriers enables combining the strengths
of PLGA with cell-like behavior, including inherently interacting with the surrounding environment.
Thereby, the in vivo defects of PLGA (such as drug leakage and poor specific distribution) can be
overcome, its therapeutic potential can be amplified, and additional novel functions beyond drug
delivery can be conferred. To elucidate the development and promote the clinical transformation
of CM@PLGA NPs, the commonly used anucleate and eukaryotic CMs have been described first.
Then, CM engineering strategies, such as genetic and nongenetic engineering methods and hybrid
membrane technology, have been discussed. The reviewed CM engineering technologies are
expected to enrich the functions of CM@PLGA for diverse therapeutic purposes. Third, this article
highlights the therapeutic and diagnostic applications and action mechanisms of PLGA biomimetic
systems for cancer, cardiovascular diseases, virus infection, and eye diseases. Finally, future
expectations and challenges are spotlighted in the concept of translational medicine.
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chlorin e6; CM@PLGA NPs: cell membrane-camouflaged PLGA nanoparticles; CTLs: cytotoxic T
lymphocytes; Cur: curcumin; CXCR4: C-X-C chemokine receptor type 4; DC: dendritic cell; DOX:
doxorubicin; EC: endothelial cell; FL: fluorescence; HUVEC: human umbilical vein endothelial cell;
ICG: indocyanine green; LPS: lipopolysaccharide; MM: macrophage membrane; MRI: magnetic
resonance image; MSC: mesenchymal stem cell; NSC: neural stem cell; NIR: near-infrared; PA:
photoacoustic; PLGA NPs: poly(lactide-co-glycolide) nanoparticles; PM: platelet membrane; PFP:
perfluoropentane; PTX: paclitaxel; RA: rheumatoid arthritis; RBC: red blood cell; RBCM: red blood
cell membrane; SC: stem cell; TAAs: tumor associated antigens; TAM: tumor-associated macrophages;
TCR: T-cell receptor; TME: tumor microenvironment; TRAIL: tumor necrosis factor-related
apoptosis-inducing ligand; UC: ulcerative colitis; US: ultrasounds; VEGF: vascular endothelial growth
factor; VCAM-1: vascular cell adhesion molecule-1

1. Introduction of various types of drugs, such as paclitaxel (PTX), doxoru-
bicin (DOX), cisplatin, docetaxel, and curcumin (Cur) (Swider
et al.,, 2018). The FDA has so far approved approximately 20

PLGA-based formulations for use in several indications, such

Biodegradable polymers are well-established as a mainstay
in the realm of biomedical applications owing to their ver-

satility and flexible engineering strategies. Among the numer-
ous nanocarriers, PLGA possesses attractive superiority and
has been featured in a substantial number of publications
and preclinical studies since its discovery. In the field of
medical science, PLGA was developed as a material for bio-
degradable sutures in the 1970s, followed by its use in the
production of devices such as implants, tissue grafts, pros-
thetic devices, and therapeutic devices. Presently, the tech-
nology has matured to the nanoscale. Poly(lactide-co-glycolide)
(PLGA) (MW: 4-240kDa) has been used for the encapsulation

as oncology, mental illness, and osteoarthritis (Park et al.,
2019; Allen & Evans, 2020). PLGA is polymerized from lactic
acid and glycolic acid. Monomers of lactic acid and glycolic
acid are easily decomposed into carbon dioxide and water
via the tricarboxylic acid cycle (Pandita et al., 2015). The key
merits of PLGA are biocompatibility, tunable biodegradation
rate, mechanical strength, surface flexibility for modification,
tolerance to loading a wide range of drugs, and sustained
payload release (Park et al., 2019). Of note, these properties
largely depend on the physicochemical characteristics of
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PLGA. For example, researchers could achieve a desired deg-
radation rate and drug release rate by controlling the relevant
parameters, such as polymer molecular weight, the ratio of
lactide to glycolide, and the formulation method (Makadia
& Siegel, 2011).

Despite the above advantages, PLGA has some major
drawbacks, such as initial burst release, poor biodistribution,
rapid phagocytic clearance, and short circulation half-life
that hinder its clinical usage. Several commonly used tech-
niques have been reported, such as PEGylation and target-
ing ligand modification. PEGylation, a well-established
technique, has been used to make NPs hydrophilic and
stealth to protect them from immune clearance. However,
many clinical studies have demonstrated that the appear-
ance of anti-PEG antibodies can result in faster blood clear-
ance, allergies, or even life-threatening complications (Thi
et al, 2020). An unexpected negative effect of PEGylation
on erythrocytes is impaired deformability, oxygen transport
capacity, and thus, potential organ dysfunction (de la Harpe
et al., 2019). Moreover, the targeted ligand grafting process
requires a series of chemical conjugation steps and
labor-intensive work. Additionally, the organic solvents and
highly reactive chemical reagents used to obtain the target
nanocomposite are not environmentally friendly. Our group
was devoted to the modification of PLGA by introducing
hydrophilic groups for adjusting the synthetic hydrophobic
surface, mannosylation to induce receptor-mediated endo-
cytosis, and so forth (Zheng et al., 2010; Zhu et al.,, 2019).
Nevertheless, the complex modification process tends to
affect the industrial feasibility and druggability of PLGA-based
preparations. Hence, more feasible strategies are needed to
overcome the shortcomings of PLGA without affecting its
clinical applications.

The advent of biomimetic nanotechnology ushers in a
new era of novel nanotherapeutics for effective disease inter-
vention. Since Hu et al. (2011) pioneered the invention of
erythrocyte membrane-wrapped PLGA biomimetic NPs, cell
membrane (CM)-derived drug delivery systems have expanded
rapidly in the medical field. Nature-inspired nanotherapeutics
integrate the advantages offered by the rich functionalities
of natural CMs and the engineering flexibility of synthetic
materials to form functional nanostructures. From a biological
standpoint, the outer shell of CM-camouflaged PLGA nanopar-
ticles (NPs) (CM@PLGA NPs) possesses complex antigenic
information and surface properties akin to those of original
cells. Thus, CM@PLGA NPs imitate the natural cells to navigate
the blood system, homologous target, and immune escape.
In terms of physical properties, CM cloaking can restrain the
initial burst release of cargos in circulation and enhance the
dispersibility and stability in aqueous medium via increased
surface potential and ideal particle size (Gou et al., 2021).
Furthermore, the ‘top-down’ fabrication approach exempting
labor-intensive procedures and chemical reagents, thus, is
more eco-friendly (Dash et al., 2020).

During the past decade, CM@PLGA biomimetic systems
have been applied to treat diverse diseases, such as cancer,
cardiovascular, and cerebrovascular diseases, and even the
ongoing severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2) pandemic (Table 1). The reason why PLGA is
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the starting point and often selected as the core inside the
CM among many available carriers is not only its biocom-
patibility and biodegradability but also its physical rigidity
(Makadia & Siegel, 2011), which can provide definite support
for the phospholipid layer. The outer CM is not easily
deformed or ruptured under the support of PLGA, thereby
ensuring drug delivery to the target area. In the past decade,
this field has progressed rapidly and widely. However, few
comprehensive reviews spotlighting this technology and its
clinical application potential have been published. Thus, there
is an urgent need to outline the comprehensive design,
application, and action mechanism of CM@PLGA biomimetic
systems. This review presents the information on CM uncov-
ered so far and emphasizes the surface engineering strategies
for modified membrane vesicles. More importantly, this
review highlights their therapeutic and diagnostic potentials
in different diseases and the underlying mechanisms
(Figure 1).

2. Various cell membranes

Different source cells are used to camouflage NPs including
anucleate cells, prokaryotes, and eukaryotes, which confer
NPs with source cells imitated biointerfacing functions. With
regard to prokaryotes, bacterial outer membrane vesicles
containing peptide immunogens are leveraged for antibac-
terial immunity (Anwar et al., 2021). However, because of the
need to remove peptidoglycan, bacterial membrane extraction
is tedious. Thus, the discussion of the prokaryotic membrane
is not within the scope of this review. This section describes
the characteristics of different CMs, which can be used as a
reference for selecting suitable CMs for treating various
diseases.

2.1. Anucleate cells

Erythrocytes or red blood cells (RBCs) are the most numerous
blood cells in the systemic circulation. In the last century,
researchers have developed RBC-based drug carriers via
encapsulation or adsorption onto membranes (Mao et al.,
2021). The red blood cell membrane (RBCM) possesses the
merits of RBC, especially long circulation time and biocom-
patibility. The transmembrane protein CD47, which is a
self-marker, presents ‘do not eat me’ signals to phagocytes
(Oldenborg et al., 2000). Moreover, a dense coat of polysac-
charides, called ‘glycocalyx; exhibits spatial stability and also
plays a vital role in immune escape. By harnessing the bio-
compatibility of RBCM coating on PLGA NPs, the acute inflam-
matory response of the biomaterial scaffold can be eliminated
(Fan et al., 2018). Compared with PEGylation, RBCM
derived-NPs have twice the cycle time (39.6h vs. 15.8h) (Hu
et al, 2011). However, the disadvantages of RBCM coating
technology are lack of targeting and weak tissue penetration,
which inspired scientists to develop other biofilms.
Platelets are the first responders to damage and possess
various physiological functions, such as hemostasis and main-
tenance of vascular integrity. Furthermore, platelets are essen-
tial effector cells involved in the inflammatory response and
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Figure 1 Schematic illustration of CM@PLGA biomimetic system for diverse
biomedical application.

antimicrobial defense (Semple et al., 2011; Kunde & Wairkar,
2021). A variety of platelet-inspired therapeutic modalities,
including platelet-rich plasma, platelet lysate, and platelet
membrane (PM)-disguised bionic carrier, have been devel-
oped by utilizing the pathophysiological characteristics of
platelets (Kola et al., 2021). Among these, PM-derived bionic
carriers have attracted much interest because the inherent
immune tolerance and long circulation (Hu et al., 2015).
Similar to RBCM, PM is easy to extract, but PM show potential
superiority over RBCM. The various platelet receptor families
residing in PM phospholipid bilayer are accountable for high
affinity toward various disorders like tumor, injured blood
vessels, or inflamed area, which is essential for target drug
delivery or diagnostics purpose (Kunde & Wairkar, 2021). PM
disguised-PLGA bionic carriers also pretend to be decoys for
detoxification and show great potential for treating immu-
nopathy, such as immune thrombocytopenic purpura (Wei
et al, 2016).

2.2. Eukaryotes

The cancer cell membrane (CCM) possesses some specific
proteins, including Thomsen-Friedenreich antigen, galectins,
and E-cadherin, which participate in cancer progression and
metastasis through actively targeting homologous tumors
via homotypic aggregation (Kondo et al., 1998; Glinsky et al.,
2000). By virtue of merits that tumor cells are easy to pro-
liferate in vitro, abundant CCMs such as 4T1, HepG2, and
B16-OVA (B16 cells transfected with OVA antigen) can be
obtained and employed as bionic carrier coats (Gou et al.,
2021). Due to their superior homologous tumor homing, CCM
allows targeted delivery for therapeutics or diagnostic
reagents via Trojan horse approach. Further, the platform is

rich in cancer-specific antigens and can be used for vaccine
development (Xiao et al., 2021).

Mesenchymal stem cell (MSC), a multipotent fibro-like cell
isolated from skeleton, fat, embryos, and so forth, has been
a potential candidate for regenerative medicine since its
identification in 1987 (Hu et al, 2010). MSC is easy to be
amplified in vitro and has been proven to be adept at
immune surveillance evasion, inflammatory and lesion site
migration (Nakki et al., 2017). Surface molecules, such as
selectins, C-X-C chemokine receptor type 4 (CXCR4), integrin
VLA-4, and proteases, are implicated in homing to the injured
site, rolling and adhesion to endothelial cells (ECs), and tran-
sendothelial migration (Nitzsche et al., 2017). The function-
alization of MSC membranes onto synthetic NPs not only
retains the merits of low immunogenicity and inherent tumor
tropism, but also has more advantages over living cells, such
as ease of storage, higher drug loading and lower tumori-
genesis (Wu et al., 2019a). They have present excellent per-
formance in gene and drug delivery for a variety of cancer.
For instance, human umbilical cord-derived MSC
membrane-coated PLGA NPs exhibited enhanced liver tumor
targeting (Yang et al., 2018). Further, the bionic platform also
shows great therapeutic potential in myocardial infarction
and osteogenesis due to the multifunction of stem cells (Luo
et al,, 2017; Liang et al.,, 2022).

Leukocytes or white blood cells are the largest blood cells
and guard the body against disease. Once any pathogen
invasion occurs, leukocytes timely respond and render ame-
boid movements for passing through blood vessels to fulfill
their duties (Oroojalian et al., 2021). Macrophages, T and B
cells, natural killer cells, and dendritic cells (DCs) are all types
of leukocytes, and each has its biofunction. For instance,
neutrophils are among the innate immunity contributors to
eradicate foreign invaders. Monocytes activated by pathogens
become macrophages to protect the body from infection via
phagocytosis and production of multiple inflammatory medi-
ators. DCs exhibit antigen-presenting activity and activate
antigen-specific T cells. Furthermore, they are implicated in
the progression of some disorders, such as cancer and allergic
diseases. Leukocyte membrane coating confers NPs with
extended half-life, specific targeting, and passing through a
biological barrier feature. Interestingly, a study has reported
that macrophage membrane (MM) carriers work moderately
better than living cells in atherosclerosis (AS) treatment (Gao
et al., 2020a). Moreover, studies reported that nanoplatforms
coated with polarized M1 macrophage membrane have better
tumor-targeting capacity than that coated with unpolarized
MM (Hu et al., 2020; Liu et al, 2020b). Nonetheless, some
unpredictable biological effects and immunogenicity issues
caused by the major histocompatibility complex of the mem-
brane need further investigation (Oroojalian et al., 2021).

Apart from the popular choices of the above-discussed
CMs, other relevant options have also been explored, such
as ECs, beta cells, T cells, and activated fibroblasts (Fang
et al., 2018; Dash et al., 2020). Each cell possesses a par-
ticular advantage as well as an inherent defect. Abundant
anucleate cells, either drawn from the blood of patients
or donated blood, are needed. These sampling procedures



incurs high-cost and plague will impede access to donated
blood. Eukaryotic cells are easy to be amplified, but the
extraction process is relatively complex. Hence, the choice
of PLGA preparations with different CM camouflages
should be based on the disease type and patient
affordability.

Regarding the construction of CM@PLGA NPs, membrane
isolation techniques, coating processes, and characterization
approaches have been discussed in detail in Oroojalian’s
review (Oroojalian et al., 2021). Briefly, cells are first disrupted
by hypotonicity, sonication, or repeated freeze-thaw cycles
to obtain CM vesicles, which is followed by coextrusion or
sonication with PLGA NPs to obtain biomimetic core-shell
NPs. Extrusion is simple but not conducive to mass produc-
tion. Ultrasound (US) provides a high yield, but the local high
temperature may damage the protein structure. Recently,
novel microfluidic technology has been investigated for pos-
sible high-volume production.

The CM vesicles and PLGA contact may be favored by
hydrophobic interaction in order to reduce the free energy
of the system (Bose et al., 2016). The electrostatic repulsion
between negatively charged PLGA and asymmetrically
charged CM results in a right-side-out membrane orientation
on CM@PLGA NPs (Luk et al., 2014). This orientation has been
confirmed via the localization of CD47, CD44, and CXCR4
proteins, and the quantification of glycoprotein content and
sialyl groups on the membrane surface (Luk et al., 2014; Jin
et al,, 2019). Moreover, the PLGA polymer branch is inserted
into the phospholipid layer, thus, forming a hydrophobic
force and hydrogen bonding with the phospholipid layer.
Therefore, the stability of CM@PLGA nanosystem is stronger
than that of CM-wrapped mesoporous silicon NPs or
CM-inorganic hybrid nanoplatforms. The high stability of CM@
PLGA reduces the leakage of the drug and prolongs its cir-
culation time in the body.

3. Strategies for engineering CM-derived vesicles

For optimal therapeutic management, researchers are excited
to design smart nanoplatforms by functionalizing CM vesicles
to improve tissue penetration and targeting capacity, thus,
reducing off-target effects (Table 2). For instance, RBC lacks
specific proteins responsible for active targeting; therefore,
functional ligands attached to the RBCM can widen its appli-
cations. Genetic engineering, chemical conjunction, and lipid
insertion method can be applied to introduce various func-
tional groups into CM-derived vesicles (Li et al., 2022).
Furthermore, new hybrid membranes with the desired mul-
titasking ability can be obtained by the direct fusion of CMs
from different sources (Liu et al., 2021).

3.1. Genetic engineering

Genetic engineering is a versatile premodification technique
to produce additional membrane proteins before the disrup-
tion of the parent cells. Human adipose-derived stem cells
(SCs) harboring CXCR4 were bioengineered using a retroviral
vector system (Bose et al., 2018). Owing to the interaction
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between CXCR4 embedded in the membrane and stromal
cell-derived factor-1 (SDF-1) secreted by the injured tissues,
the targeting capability, and retention time in ischemic hind-
limb were robustly improved for over 14 days after the intra-
venous administration, whereas the nonengineered vesicles
lasted only 3days. By utilizing the CXCR4/SDF-1 axis, MSCs
mimicking PLGA NPs were accumulated in the bone, and the
sustained release of paracrine molecules facilitated osteopo-
rosis treatment (Zhang et al., 2022a). T cell receptor engi-
neered T cell therapy (TCR-T) is one of the great democratizing
stories of recent years. TCRs capable of recognizing certain
tumor antigens were genetically engineered into T cells
derived from the patient’s peripheral blood (Morgan et al.,
2006). CM derived from T-cell hybridoma endowed with a
melanoma-specific anti-gp100 TCR was used to disguise the
PLGA NPs (Yaman et al.,, 2020). The presence of anti-gp100
TCR led to a threefold increase in cellular uptake and a more
than twofold increase in tumor retention compared with the
control group.

Recently, tumor necrosis factor-related apoptosis-inducing
ligand (TRAIL) genetically expressed-human umbilical vein EC
(HUVEC) membrane tremendously increased the effective
concentrations of oxaliplatin and hydroxychloroquine (auto-
phagy inhibitor) encapsulated in PLGA by 21 and 13 times,
respectively, at the tumor site compared with the free-drug
mixture (Shi et al, 2021). Because of the existence of
chemotherapeutics-triggered protective autophagy in patients,
the study embodied good clinical foresight. To target Clec9a*
DCs, engineered peptide CBP-12-expressing CCM-coated
nanovaccine (named PLGA/STING@EPBM) was developed with
co-delivered tumor antigen and interferon stimulating gene
agonist 2'3'-cGAMP (Figure 2(a)). A retroviral vector was
designed to encode His-tagged CBP-12, which was success-
fully expressed on CM (Figure 2(b-d)). The core-shell structure
of nanovaccine was clearly visible (Figure 2(e)). CBP-12 mod-
ification favored antigen uptake and reduced the 2'3'-cGAMP
dosage by approximately sixfold to 238-fold (Gou et al., 2021).
Dose reduction facilitates fewer side effects, lower medication
costs, and improved accessibility.

In addition to the use of viruses as transgenic vectors,
Lipofectamine 3000 is also available for transducing specific
membrane proteins (Li et al., 2021c). Genetic engineering
stably expresses specific proteins on the CM, thereby avoiding
alterations in the original biological function of the CM as a
result of chemical operations. Nevertheless, gene editing in
vitro is impossible for anucleate cells. Moreover, gene trans-
fection efficiency has been the primary domain of research,
and nonviral systems are usually limited by their inefficiency.
In future studies, the quantity and homogeneity of specific
proteins on the surfaces of vesicles should be identified and
tailor-made for specific applications.

3.2. Nongenetic engineering

Nongenetic engineering is also a robust and versatile approach
to anchoring functional molecules on cell surfaces and is par-
ticularly suitable for akaryotes or functional groups that cannot
be produced via genetic engineering. Chemical modification
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Table 2. Engineering strategies of CM-derived vesicles.

Engineering Modification
method groups CM source Membrane extraction Cargos Disease Ref
Genetic CBP-12 B16-OVA, TC1, 4T1  Membrane protein STING agonist 2'3'-cGAMP Melanoma; Gou et al. (2021)
engineering extraction kit lung
cancer;
metastatic
breast
cancer
CDA47; integrin RAW 264.7 Hypotonic lysis Colchicine AS Li et al. (2022)
a4p1
CXCR4 Human Hypotonic VEGF Hindlimb Bose et al. (2018)
adipose-derived lysis + homogenize ischemia
SC
Anti-gp100 T-cell T cells 19LF6 Hypotonic lysis Trametinib Melanoma Yaman et al.
receptor (2020)
TRAIL HUVEC Lysis Oxaliplatin + hydroxychloroquine Hepatoma Shi et al. (2021)
TLR4 RAW264.7 Freeze-thaw cycles Tasquinimod uc Li et al., 2021¢)
M2pep KPC Hypotonic Gemcitabine Pancreatic Wang et al.
lysis + freeze-thaw cancer (2022a)
cycles
CXCR4 NSC Hypotonic Glyburide Stoke Ma et al. (2019)
lysis + freeze-thaw
cycles
TRAIL HUVEC Hypotonic Hydroxychloroquine RA Shi et al. (2020)
lysis + sonication
Chemical Recombinant RBC Hypotonic lysis +extrusion / Prostate Zhou et al. (2016)
conjunction hyaluronidase cancer
Lipid insertion  Anti-EGFR-iRGD RBC Low osmotic pressure Gambogic acid Colorectal Zhang et al.
cancer (2018b)
Galactose RBC Hypotonic lysis Baicalin +Hgp100,5;; + CpG Melanoma Han et al. 2019)
T7 peptide RAW 264.7 Hypotonic lysis +extrusion Saikosaponin D Breast cancer  Sun et al. (2020a)
PWSW and NGR RBC Hypotonic lysis +extrusion Euphorbia factor L1 Glioma Cui et al. (2020)
peptide
T807 RBC Hypotonic lysis + extrusion Cur Alzheimer’s Gao et al. (2020b)
disease
Folic acid RBC Hypotonic lysis DOX and ICG Hepatoma Chen et al. (2021)
Hybrid CM DC-MC38 or DC-GL261 Hypotonic CpG Colon Ma et al. (2020)
lysis + freeze-thaw carcinoma;
cycles glioma
DC-ID8 Hypotonic CpG Ovarian cancer Zhang et al.
lysis + freeze-thaw (2022b)
cycles
RBC-platelet Freeze-thaw cycles / Detoxification; Dehaini et al.
metastatic (2017)
cancer; AS
143B-RAW264.7 Isolation PTX Osteosarcoma  Cai et al. (2022)
buffer + ultrasound
RAW264.7-4T1 Freeze-thaw cycles DOX Metastatic Gong et al. (2020)
breast
cancer
RBC-REC Hypotonic lysis; / CNV Li et al. (2021b)

homogenization and

sonication

and physical lipid insertion are the two main strategies, and
each one has its pros and cons (Wang et al.,, 2015).

3.2.1. Chemical modification

Chemical modification refers to the formation of covalent
bonds between the reactive primary amines on the CM and
the activated carboxylic acid, which enables the stable
anchorage of functional molecules (Wang et al, 2015). To
improve the penetration of the nanocarrier into the tumor
tissues, Zhou et al covalently modified recombinant hyalu-
ronidase (rHUPH20) with the amino group of living RBC in a
two-step process via a cell-impermeable linker NHS-PEG-
Maleimide with different linker molecule lengths (Zhou et al.,
2016). The natural function of the RBCM was not compro-
mised. PH20-RBCM-NPs enhanced NPs diffusion through

extracellular matrix-mimicking gels and degraded the peri-
cellular hyaluronic acid matrix of the PC3 cells. Interestingly,
the long linker (MW: 3400) was more conducive to sustaining
the enzyme activity than its short counterpart (MW: 425).
The advantages of chemical grafting are that the density and
length of the modified molecules are controllable, and the
stable anchoring is particularly appropriate for biological
macromolecules. However, the linkers must be carefully cho-
sen to ensure that the conformation of the modified mole-
cule or the biological function of the CM is not altered during
the chemical reaction.

3.2.2. Lipid insertion method

Lipid insertion method relies on the physical insertion of a ligand
into the lipid bilayers with the aid of hydrophobic lipid tethers,
which can maintain the biological activity of the functional
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Figure 2. (a) PLGA/STING@EPBM structure and strategy for enhancing antitumor immunity. (b) A retroviral vector encoding His-tagged CBP-12 to transfect
B16-OVA cells. (c) Confocal laser scanning microscope images, (d) Western blot and flow cytometry confirmed CBP-12 successfully expressed on CM. (e) TEM
of PLGA/STING@EPBM (Gou et al., 2021). Copyright 2021 American Chemical Society.

molecules and the intact structure of membrane protein to the
best possible extent. In a study, N-succinimidyl palmitate was
used to lipidate anti-EGFR-IRGD recombinant proteins, and then,
insert them into RBCM, followed by enveloping PLGA NPs. Owing
to the tumor penetrating iRGD peptide and EGFR targetability,
the designed nanoplatforms were able to deeply penetrate the
multicellular spheroids in vitro and accumulate efficiently in colon
cancer with high EGFR expression in vivo (Zhang et al,, 2018b).
Another study exploited galactose-decorated RBCM-coated PLGA
NPs for reversing tumor-associated macrophages (TAMs) with
overexpressed galactose-type lectin. DSPE-PEG-Gala was incu-
bated with RBCM for 30min (Han et al., 2019). Alternatively, MM
was hybridized with DSPE-PEG-T7 peptide to leverage MM-homing
and tumor-recognizing capacity to overcome distal metastasis
(Sun et al., 2020a).

The blood-brain barrier (BBB) has always been a problem
in the treatment of brain diseases. Dual-targeting PWSW and
NGR peptide-decorated RBCM were applied to penetrate the
BBB and blood-brain tumor barrier, respectively (Cui et al.,
2020). Lipid tether DSPE-PEG,q,,-P°WSW and DSPE-PEG,,,
-NGR were synthesized using the sulfhydryl-maleimide cou-
pling method and then incubated with RBCM at 37°C for
approximately 0.5 h. After loading the euphorbia factor L1 in
the PLGA NPs, these nanomedicines were able to target the
C6 glioma cells and the cytotoxicity rate was twofold higher
than that of the unmodified NPs in the BBB/C6 coculture
model. In another study, T807, a novel neuron tau PET imag-
ing agent, was attached to the RBCM (Figure 3(a)). The linker
DSPE-PEG3400-T807 was obtained by coupling the amino-T807
with DSPE-PEG3400-NHS (Figure 3(b)). The core-shell structure
NPs could effectively cross the BBB and target tau within the
neurons in Alzheimer’s disease (Figure 3(c—f)). The concen-
tration of Cur-loaded bionic NPs in the brain was 6.3 times
higher than that of free Cur (Gao et al., 2020b).

In addition to small-molecule ligands and protein poly-
peptides, other diverse modified materials are available.

Cholesterol-modified AS1411 aptamers can be tethered to
biomimetic NPs for targeting nucleolin on tumor cells (Han
et al,, 2020). The ligand-linker-lipid insertion approach based
on hydrophobic interaction is simple and mild and avoids
the use of strong organic reagents or exhaustive purification
steps. However, one concern is that the linking of the protein
to the lipid tail needs to be carefully performed to minimize
alterations in protein conformation. Another concern is the
need for an accurate quantification method to determine the
proportion of modification on the membrane surface.

3.3. Hybrid cell membranes

Hybrid CM, which is modified with different types of CM is
yet another strategy to equip the CM vesicles with multiple
intrinsic biofunctions inherited from the original parent cells
(Chen et al., 2020a). The erythrocyte-platelet hybrid mem-
brane, which retains the characteristic membrane protein of
each cell and combines the detoxification ability from eryth-
rocytes with specific adhesion to metastatic cancer cells or
AS from platelets, is the opening example by Dehaini et al.
(Dehaini et al., 2017). There are several hybrid membranes
of different cell types that wrap PLGA core thus far, such as
platelet-neutrophil (Ye et al., 2020), erythrocyte-cancer cell
(Wang et al., 2020), osteosarcoma cell-macrophage (Cai et al.,
2022), and human monocyte-genetically engineered cell
hybrid membrane (Rao et al., 2020). In addition to the natural
CM fusion, the hybridization of CM-synthetic materials such
as liposomes is also available (Wu et al., 2020).

Hybrid membranes were prepared not only by fuzing live
cells preceding the membrane extraction but also by fuzing
the CM nanovesicles. In order to resolve the unsatisfactory
clinical trial outcomes of DC-based immunotherapy, DC-tumor
fusion CM@PLGA NPs were fabricated to co-present whole
tumor antigens and costimulatory molecules (Figure 4(a))
(Ma et al., 2020). Briefly, DCs activated by lipopolysaccharide
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(LPS) were fused with MC38 or GL261 cells in the presence
of PEG (MW 1500Da) (Figure 4(b)), followed by hypotonic
lysis and freeze-thaw process to extract the CM of the fusion
cells. Unlike the fusion cells, NPs of smaller size (100 nm)
penetrated the lymphoid organs more easily to evoke T-cell
activation (Figure 4(c,d)). Furthermore, DC-GL261 fusion CM@
PLGA NPs can cross the BBB and inhibit glioma development.
As supported by a latest report, the fusion CM nanovaccine
showed strong selectivity for cognate tumor in different
patient autologous ovarian cancer xenograft models (Zhang
et al, 2022b). Conversely, MM and CCM vesicles were first
derived from RAW264.7 and 4T1 cells and then fused for
metastatic cancer treatment (Figure 4(e)) (Gong et al., 2020).
The hybrid membrane fusion was confirmed by the Forster
resonance energy transfer (FRET) method. Specific biomarkers
of each cell were then verified by Western blot and
immunogold-labeling of TEM (Figure 4(f-h)). Owing to the
homotypic homing and a4 integrin-VCAM-1 (vascular cell
adhesion molecule-1) interaction, DiR-PLGA@[RAW-4T1] NPs
accumulation approached 5.14-fold greater in lung metastasis
and 20-fold lower in the liver relative to those of uncoated
NPs. Importantly, lower DOX leakage benefit from the CM
coat in the physiological environment also reduced the rel-
evant side-effects (Figure 4(i)).

Hybrid membrane fusion-disguised PLGA NPs, instead of
a mixture of single membrane-coated NPs, recapitulated the
functions of source cells and exhibited much better behavior
than their counterpart. Researchers have been inspired to

customize different hybrid membrane groups according to
the diverse disease pathology. Careful consideration is, how-
ever, warranted on the optimized productive membrane
fusion method and the relative quantities of each source
CMs. These technologies can possibly enrich the functions
of CM@PLGA to achieve therapeutic purposes. The construc-
tion of engineered CM-camouflaged nanovesicles is the cur-
rent trend in this particular research field.

4. Application of CM@PLGA nanoplatforms
4.1. Cancer therapy

4.1.1. Chemotherapy

CM@PLGA offers unique advantages in delivering antitumor
drugs. On one hand, PLGA can be loaded with different types
of therapeutic drugs (such as hydrophilic drugs, hydrophobic
drugs, and proteins) and exhibit a sustained-release effect.
On the other hand, the encapsulation of CM can overcome
the drug leakage of PLGA, protect drugs from enzymatic
hydrolysis, and target drug delivery. For example, RBCM sig-
nificantly increased the area under curve, half-life, and the
relative bioavailability of hydrophobic obatoclax
mesylate-loaded PLGA NPs by 8.8-, 2.5-, and 4.0-times when
compared with free obatoclax mesylate, respectively, which
facilitate further drug accumulation in the tumor tissues
(Chen et al., 2020b). The combination of RBCM and PLGA
promotes stability and biocompatibility in vivo and also
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broaden clinical applications of other potential antitumor
drugs. Some defects such as the irritating blood vessels or
allergic reactions of the conventional cosolvents ethanol or
Tween can be exempted (Zhang et al., 2017).

The PLGA core can be devised to encapsulate multiple
drugs with different action mechanisms for enhanced ther-
apeutic efficacy (Jiang et al.,, 2018). For instance, vitamin E
TPGS was used to prepare RBCM-cloaked porous PLGA. The
resultant porous structure and enhanced surface area may
have elevated drug encapsulation (>93.8%). The RBCM acted
as a diffusional barrier to suppress burst drug release of PLGA
NPs in the first 12h (Xie et al.,, 2019). DOX and icotinib (EGFR
tyrosine kinase inhibitors) co-loading PLGA coated by H1975
CMs demonstrated superior homologous targeting ability and
overcame drug resistance in EGFR-mutated lung cancer. After
coating with the CM, the DOX leakage of PLGA NPs was
found to be reduced from 40% to 30% within 48h at pH 7.4
(Wu et al., 2019b). Recently, TE10 CCM and DSPE-PEG were
self-assembled on PLGA NPs dual-loading with DOX and a
chemotherapeutic sensitizer Cur to overcome the multidrug
resistance of esophageal carcinoma (Gao et al., 2021). As

displayed in Table 1, CM@PLGA has been most widely studied
for chemotherapeutic drug delivery.

4.1.2. Gene therapy

Chemo-gene combined therapy has been a promising cancer
treatment modality. In past research, HeLa CM-wrapped PLGA
NPs were developed for PTX and E7-targeting siRNA
co-delivery (Xu et al.,, 2020). CCM coating overcame the
defect of immune clearance of PLGA and the ‘self-homing
ability’ endowed tumor sites with the preferential accumu-
lation as threefold higher than that of bare NPs. Carcinogenic
genes E7 knockdown increased the intracellular PTX concen-
tration by inhibiting the AKT pathway activation and the
expression of the multidrug resistance protein, which resulted
in an 83.6% of tumor inhibition rate. Furthermore, the hema-
tological toxicity of PTX was alleviated and no pathological
changes were noted in the liver. However, this biomimetic
platform for gene transfer has rarely been reported, possibly
due to the poor gene-loading efficiency resulting from the
hydrophobicity and electronegativity of PLGA. Contrary to
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Zhang's theory stating that negatively charged cores favor
the right-side-out membrane orientation and proper formu-
lation of bionic NPs (Luk et al., 2014), increasing numbers of
the cationic cores-based bionic system have been reported
(Hao et al,, 2018; Wang et al., 2019a). Conversely, the interface
interaction between the cationic core and CM warrants fur-
ther elucidation. Nevertheless, by modifying PLGA with cat-
ionic substances or chemical conjugation as in our previous
study (Zheng et al., 2022), followed by CM camouflage, the
dilemma of low gene encapsulation efficiency and targeted
delivery can be resolved. The combination with US technol-
ogy can mediate endosome escape by forming holes, which
is essential for gene release and high-transfection efficiency
(Mura et al., 2013). Presently, this biomimetic nanotechnology
has revolutionized the development of drug delivery plat-
forms in onco-therapeutics.

4.1.3. Immunotherapy

Cancer immunotherapy, such as chimeric antigen receptor-T
cell therapy, immune checkpoint blockade therapy, and neo-
antigen vaccines has achieved remarkable clinical efficacy
2019). Recently, scientists

during the past decade (Mi et al,,
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have dedicatedly explored different immunotherapy strategies
to overcome the immunosuppressive tumor microenviron-
ment (TME) and stimulate the relevant immune responses
to defeat cancer. For instance, T-cell-derived PLGA NPs, an
imitator of cytotoxic T-lymphocytes (CTLs), have been
reported to reverse TME by preventing CTLs depletion and
immune-checkpoint blockade in an antigen-nonspecific man-
ner (Kang et al., 2020). Tumor immunogenic cell death (ICD),
induced by chemotherapy, phototherapy, or other mecha-
nisms, unleashes tumor-associated antigens (TAAs) to stim-
ulate immunity (Lesterhuis et al., 2011). However, the TME
overshadows the number and functions of immune cells. A
combination of DOX-loaded NPs coated by RAW 264.7 CM
with lymphotactin (XCL-1)-loaded sodium alginate was
designed to work along both the lines (Figure 5(a)) (Xiong
et al,, 2021). DOX-loaded PLGA exhibited an ideal sustained
drug release effect with 48.93% of DOX released within 72 h.
Because of the blocking effect of CM, the drug release rate
of CM@PLGA was reduced to 44.98% within 72h. MM facil-
itated DOX enrichment in the tumor (4.11-fold greater than
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DCs for capturing TAAs, and then, activated CD4* and CD8*
T-cells to the homolateral tumor (Figure 5(d)). An excellent
homolateral tumor inhibition rate (75.15%) in 4T1-tumor-
bearing mice indicated the double enhancement of ICD and
immunotherapy (Figure 5(e)).

Inspired by the unique tumor-targeting advantages, MM
modified with cationic PEIl further promoted antigen and
immunopotentiator uptake and conspicuously boosted
humoral and cellular immune responses (Zhang et al., 2020b).
Alternatively, LPS-treated MM-coated NPs encapsulating Fe,0,
and imiquimod were employed for polarizing TAMs instead
of targeting the tumor cells. The immunotherapy was poten-
tiated by synergetic activated IRF5 and the NF-kB signaling
pathway by Fe;O, and imiquimod, respectively (Liu et al.,
2020a). Recently, bioengineered CCM that overexpresses pep-
tides targeting M2 macrophages guided the notion of ‘one
stone (gemcitabine) kill two birds (both cancer cells and
TAMs)' (Wang et al., 2022a). Indeed, the CM-based bionic
platform is high profile for enhanced antigen or adjuvant
delivery as well as macrophage polarization in TME.

Given the ability to deliver TAAs, the CCM-based biomi-
metic platform occupies a valuable niche in vaccine devel-
opment (Jin et al., 2019). This system can help develop
promising individualized vaccines with the increment in CTLs
and IFNy in the immunized mice. Breast cancer metastasis
was inhibited as a result of the disturbance of the
stromal-cancer cell interaction for the first time. However,
the author argued that the appearance of CCM antigen,
rather than PLGA NPs, may accelerate the clearance rate (Jin
et al., 2019), which conflicts with a past report (Xu et al,,
2020). Another novel study clarified the immune memory
establishment mechanism of the nanovaccines possessing
the antigenic shell of CCM (Xiao et al., 2021). These nano-
vaccines boosted the DC maturation, which subsequently
secreted cytokines to suppress Treg differentiation from CD4*
T-cells and promoted CD8" T-cells to differentiate into
central-memory (T, and effector-memory (T,,) T-cells. When
the BALB/c mice were vaccinated thrice and challenged with
4T1 cells, T¢y and Tg, of the pre-trained immune system
could differentiate into CTLs to recognize and eliminate the
cancer cells. The potentiating immunotherapy could free the
patients from chemotherapy drugs.

4.1.4. Phototherapy
Owing to negligible invasiveness, high selectivity, ease of
remote spatiotemporal control, light radiation of a specific
wavelength has been employed in phototherapy (Mura et al.,
2013). Phototherapy, including photothermal therapy (PTT)
and photodynamic therapy (PDT), not only directly eliminate
tumor by heat energy or reactive oxygen species (ROS) but
also trigger the on-demand local release of chemotherapeutics.
Importantly, phototherapy combined with biomimetic nano-
carriers has emerged as a highly promising therapeutic strategy.
Despite the conspicuously improved payload delivery, the
intact CM on the NP’s surface may block the drug release
at the tumor site. An FDA-approved photosensitizer indocy-
anine green (ICG) can absorb near-infrared (NIR) light with
a wavelength of >750nm and convert it into fluorescence,
heat energy, and simultaneously produce ROS (primary PTT
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and minor PDT) (Sun et al., 2021). NIR-triggered DOX and
ICG co-loaded RBC mimetics leveraged excellent photother-
mal conversion performance of ICG. Upon 808-nm laser
irradiation (1.5W/cm?), the local temperature remarkably
increased from 33°C to 75°C within 10 min in vitro and
approximately 89.6% of DOX at pH 5.5 was released within
120h (Chen et al., 2021). Recently, to overcome chemore-
sistance in breast cancer, an elaborate dual-target and mul-
tirelease smart DDS co-capsulating DOX, Mcl-1-siRNA and
photothermal iron-oxide NPs (ICG covalently attached to 10)
in the PLGA-chitosan cores, was finally cloaked with
MCF-7 CM (Figure 6(a)) (Guo et al., 2022). The greater and
faster release profile of DOX (~83%) and Mcl-1-siRNA (~71%)
was attributed to the high solubility of chitosan and
increased hydrolysis of PLGA at pH 5.5 combined with laser
irradiation (Figure 6(b,c)). Dox efflux from MCF-7/ADR cells
was significantly suppressed due to Mcl-1 silence (Figure
6(d)). Conversely, MCF-7 homotypic affinity and magnetic
targeting render NPs with considerable tumor enrichment
(Figure 6(e)). The synergistic chemo-PTT generated an almost
80% inhibition rate in an MCF-7/ADR tumor model (Figure
6(f)), accompanied by an insusceptible influence on the
heart and liver functions.

In the above studies, the main role of the CM was to
block the PLGA tunnels and achieve tumor-targeting drug
delivery. The following further study will demonstrate another
important role of the CM shell. As a phospholipid bilayer,
CM can load hydrophobic molecules to enhance the treating
effect of chemotherapeutic drugs loaded in PLGA. In previous
research, a PDT agent, chlorin e6 (Ce6), when inserted into
RBCM, produced ROS under a mild 660-nm LED light (5 mW/
cm?, 10 min), causing membrane damage and rapid DOX or
biological macromolecular drugs release (Gao et al., 2017a).
Another recent study reported a structure-changeable NP
with pyropheophorbide a-inserted RBCM. The photolytic
removal of the coat and inner core exposure accelerated
cellular uptake hindered by RBCM (Liu et al., 2022). Indeed,
the PDT response is more sensitive than that of PTT as the
latter required higher power density and irradiation time,
which may cause permanent skin damage. Inspired by the
above studies, CM@PLGA can be constructed as a dual
drug-loaded nanosystem for multimodal tumor combined
therapy, such as chemo-immune synergistic therapy and
light-radiation synergistic therapy. This will further enrich the
application of CM@PLGA in medical science. More interest-
ingly, this dual drug-loading system possesses the sequential
drug-releasing feature, in which molecules loaded in the CM
gets released in a limited manner, followed by a slow release
of the drug in the PLGA. Thus, CM@PLGA can be used for
the treatment of some special diseases, such as psoriasis,
wound healing, osteogenic differentiation, and anovulatory
dysfunctional uterine bleeding.

4.1.5. Other anticancer strategies

Other strategies also present alluring potentials. In order to
alleviate the hypoxic TME of most solid tumors and enhance
the chemotherapy or radiotherapy efficacy, CCM-camouflaged
PLGA nanovectors have been reported to transport
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hemoglobin and DOX to the homologous tumor and break
the hypoxia-induced chemoresistance by O, self-sufficiency
(Tian et al., 2017). The CCM-camouflaged nanovectors exhib-
ited promising oxygen-carrying capacity owing to the struc-
ture of PLGA core and the hemoglobin loaded in the PLGA.
The CM shell could reduce the leakage of oxygen during
circulation. As a result, the designed nanoplatforms achieved
an excellent antitumor effect. In another study, an artificial
perfluorocarbon-loaded RBC mimicry PLGA nanoplatforms
can absorb oxygen within the pulmonary capillaries. The
prolonged blood circulation and nanoscale are favorable for
diffusion deep into solid tumors that significantly increase
the oxygenation level from 1.6% to 24%; subsequently, radio-
therapy efficiency is remarkably enhanced without notable
additional side-effects on the major organs (Gao et al,
2017b). The aforementioned studies demonstrated that CM@
PLGA is an excellent gas delivery vehicle due to the high
gas-loading capacity of PLGA and the blocking effect of CM.
In addition to oxygen, it is suggested that CM@PLGA can be
used to deliver therapeutic gases (such as CO, NO, and H,S)
for cancer therapy in the future.

A biomimetic gas nanofactory loading glucose oxidase
(GOx) and Mn,(CO),, was designed in a combination of star-
vation therapy and gas therapy (Wang et al., 2019¢). Briefly,
GOx and Mn,(CO),, were encapsulated into the PLGA and
then coated by RBCM. Glucose is catalyzed by GOx to pro-
duce H,0,. The concomitant production of H,O, can effec-
tively trigger CO release from Mn,(CO),, which causes

mitochondrial dysfunction of the cancer cells. Meanwhile,
glucose depletion leads to cutting off of its energy supply
to starve the cancer cells. Moreover, GOx exhibited higher
catalytic activity in the tumor acidic environment but
decreased activity under neutral conditions. Furthermore, the
stable blood glucose and oxygen saturation of mice and no
CO poisoning proved the safety of the nanofactory (Wang
et al,, 2019¢).

The aforesaid studies verify the value of CM@PLGA NPs
in cancer treatment. Only when the excellent in vivo behavior
of CM coat combined with PLGA’s inclusiveness of diverse
therapeutic molecules, can outstanding antitumor strategies
be achieved through compensating for their shortcomings
and utilizing their advantages. Also, we believe that cancer
vaccines have great developmental prospects. Thus, their
combination with immunostimulants or checkpoint inhibitors
may pave the way for clinical transformation.

4.2. Cardiovascular diseases

4.2.1. Atherosclerosis

AS is a progressive inflammatory disease characterized by
the accumulation of lipids, immune cells, and fiber compo-
nents in arterial walls (Zhong et al., 2019). The gradual for-
mation of atherosclerotic plaque, sclerosis, and artery stenosis
ultimately lead to severe cardiovascular diseases, which
account for the leading number of deaths across the world
(Wang et al., 2019b). The conventional oral drugs produce
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adverse reactions due to the nonspecific distribution after
their long-term use. However, the advent of CM@PLGA can
provide effective countermeasures to these problems.
Rapamycin-loaded RBCM@PLGA nanocomplexes were con-
structed with a well-defined bio-interface to restrain the
progression of AS (Figure 7(a)) (Wang et al., 2019b). Owing
to the extensive drug-loading capacity of the PLGA core, the
loading rate and encapsulation efficiency of rapamycin (a
type of hydrophobic drug) were 7.79% and 84.5%, respec-
tively. After a month of treatment, the necrotic area, collagen,
and the numbers of smooth muscle cells were significantly
reduced. This result stems from the decreased phagocytosis
of nanocomplexes by macrophages, prolonged body circu-
lation, and increased accumulation at the lesion site (Figure
7(b-d)). The same researchers further employed MM-disguised
PLGA nanocomplexes (Figure 7(e)) (Wang et al., 2021).
Activated ECs in the damaged vessels highly expressed
VCAM-1 and secreted chemokines to recruit circulating mono-
cyte macrophages through the specific recognition of integrin
a,B, (Gimbrone & Garcia-Cardena, 2016; Yang et al., 2020).
Western blot results confirmed the retention of integrin a,B,
and CD47 on the nanosystem surface. MM decoration inhib-
ited the proinflammatory cytokines secretion as well as the
proliferation of macrophages and smooth muscle cells. The
atherosclerotic plaques targeting (Figure 7(f)) benefit from
EPR effect as well as the specific affinity between integrin
a,B, and VCAM-1 with the lowest atherosclerotic lesions

(6.59%), lipid deposition (17.41%), and necrotic core areas
(2.95%) (Wang et al., 2021) (Figure 7(g-i)). Recently, MM
co-modified by CD47 and integrin a,3, was coated onto
colchicine-loaded NPs to realize immunophagocytosis escape
and more advanced targeting in response to biological sig-
nals, thereby exhibiting an excellent antiplaque effect and
stable fragile plaques (Li et al., 2022). Sustained-release char-
acteristics inherited from PLGA, effective targeted capacity,
and satisfactory safety of long-term administration were
deemed advantageous for chronic disease management
(Yang et al., 2020).

4.2.2. Ischemic stroke

Ischemic stroke is generally secondary to the AS, leading to
cerebrovascular obstruction or stenosis (Bradberry et al,
2004). Therapeutic quantity of drugs crossing BBB is essential
for inducing precise pharmacological action. Taking advan-
tage of the ischemic brain-targeting ability of neural SCs
(NSCs), glyburide-loaded PLGA NPs were encapsulated with
the NSC membranes. The resultant enhanced transmission
to the ischemic brain depended on the CXCR4/SDF-1 axis in
the lesion area. CXCR4-overexpressed NSC membrane further
significantly improved the stroke targeting by 2.1-fold relative
to that by the nonfunctional NPs. Especially, in MCAO mice,
a 58% reduction was noted in the infarct volume, resulting
in improved neurological scores upon i.v. administration
(5png/kg glyburide, 3 doses) (Ma et al.,, 2019). Additional
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endpoint measures, such as oxidative stress and behavioral
deficits, could be examined whether there are specific path-
ways of effect (Alkaff et al., 2020). Considering the complexity
of stroke pathology, diverse interventions may be available.
This targeted drug delivery combined with the clinical gold
standard tissue plasminogen activator is expected to prolong
the therapeutic time-window of the latter.

4.2.3. Myocardial infarction

For treating myocardial infarction, a synthetic SC-mimicking
NPs (CMMP) consist of SCs membrane and secretome from
cardiac SCs in PLGA core to supply safe building modules
for controlled release. CMMPs have a size and surface anti-
gens consistent with true cardiac SCs, and remain stable of
membrane coating even after freeze-lysis process. By superior
binding with newborn cardiomyocytes in vitro, CMMP robustly
promoted the proliferation, division, contraction, and rolling
movement of cardiomyocytes. After intramyocardial injection,
the majority of CMMPs remained in the heart and robustly
boosted the cardiac functions, with the highest left ventric-
ular ejection fractions achieved at 4weeks. Unlike genuine
SCs, CMMP exhibited greater safety profiles without evoking
T-cell infiltration (Tang et al., 2017). Accumulating evidence
suggests that SCs exert their function through the paracrine
mechanism and the membrane-based contact between SCs
and recipient cells (Hodgkinson et al., 2016). This off-the-shelf
SCs imitator offers advantages over live cells in terms of the

ease of storage, greater stability, and less immunogenicity
and tumorigenicity, making it conducive for clinical transla-
tion. Furthermore, this platform can be extended to the
regeneration of other organ functions.

4.3. Inflammatory diseases

Inflammation is an innate protective response against harmful
triggers, whereas abnormal inflammation culminates in many
chronic and degenerative diseases (Karin & Clevers, 2016).
Autoimmune diseases such as rheumatoid arthritis and gas-
troenteritis have a fundamental connection with inflammation
(Jin et al., 2018). The biomimetic carriers harness inflamma-
tory targeting immune CM upon coating on the PLGA inner
core to form a spherical core/shell structure and exhibit
right-side-out orientation for better membrane protein expo-
sure, thereby offering a function-driven and beneficial effect
toward disease treatment.

4.3.1. Rheumatoid arthritis

Rheumatoid arthritis (RA) is a chronic autoimmune disease
and the primary cause of joint damage and disability (Smolen
et al., 2016). A neutrophil-like NP with successful translocation
of the key surface antigens has been implicated in RA man-
agement (Zhang et al., 2018a). Mimicking the source cells
enabled neutrophil-NPs target inflamed cells, inhibition of
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Figure 8. (a) Schematic illustration of TU-NPs and (b) targeting mechanisms to inhibit inflammatory cytokines. (c) The boosted cleaved caspase-3 indicates
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HUVEC activation, and neutralization of pro-arthritogenic
factors that otherwise recruited endogenous neutrophils for
inflammation cascade. Moreover, more than 80% cartilage
was maintained attributable to the stronger cartilage pene-
tration than RBC-NPs. Finally, in an arthritic mouse model,
significant joint damage was halted and a systemic thera-
peutic response following a prophylactic regimen was evoked.

In another study, platelet-mimetic NPs (PNPs) were devel-
oped for FK506 (an immunosuppressant agent) delivery show-
casing a tremendously high encapsulation efficiency of 96.7%
(He et al., 2018). The improved interaction of PNPs with
synoviocytes could be due to the affinity between GPVI
receptors on the membrane with collagen IV. After systemic
administration in collagen-induced arthritis mice, FK506-PNPs
exhibited a high accumulation in inflamed joints (2.1-fold
more than that by bare NPs), as well as a notable anti-arthritic
effect. Recently, TRAIL-anchored HUVEC membrane-coated
PLGA NPs (TU-NPs) were designed for hydroxychloroquine
delivery and sustained release in inflamed tissues (Figure
8(a)). The release rate of drugs in TU-NPs was lower than
that in bare NPs, which could be due to the coating of CM
on the PLGA NPs. The sustained drug-release feature could
decrease the drug leakage and extend the circulation time
in vivo. TRAIL targeted DR5-overexpressed activated M1 mac-
rophages at the inflammation site and induced their apop-
tosis, meanwhile, the HUVEC membrane could neutralize the
inflammatory factors (Figure 8(b,c)). Photoacoustic (PA) and
US assay revealed greater accumulation and penetration into
the inflamed paws, which was approximately 2-times deeper
than those by U-NPs after 12h of i.v. injection (Figure 8(d)).
In in vivo therapeutic effect study, magnetic resonance imag-
ing (MRI) and CT results revealed optimal joint and bone
protection in mice along with an effective prophylactic effect
with decreased serum pro-inflammation cytokines at the early
stage of RA (Figure 8(e,[f)) (Shi et al., 2020).

4.3.2. Ulcerative colitis

Ulcerative colitis (UC) is a non-curable and easy relapsing
inflammatory bowel disease that heavily compromises a
patient’s quality of life (Hendriksen et al., 1985). To reduce
the symptoms and alleged suffering, the patients have to
follow the prescription of daily administration of glucocorti-
coids and immunosuppressive agents (Neurath, 2017); how-
ever, the systemic adverse side of conventional drugs over
long-term medication cannot be ignored.

S100A9 is a molecular target that can recruit macrophages
and polarize locally into the M1 type in UC patients (Zhang
et al., 2015). Li et al. constructed a stable oral nanomedicine,
MM-PLGA-TAS, composed of TLR4-overexpressed MMs and
tasquinimod (TAS, an S100A9 inhibitor) encapsulated in PLGA
with a sustained-release profile. Because of macrophage-homing
as well as the specific affinity of TLR4 for S100a9, MM-PLGA-
TAS exhibited strong accumulation in RAW264.7 cells with
an inflammatory phenotype and dramatically high enrichment
in inflamed colonic tissues. Oral administration of MM-PLGA-
TAS (10mg/kg TAS equivalent) in colitis mice led to the lon-
gest colon length and least inflammatory response. Tissue
TUNEL assays revealed alleviation of apoptosis with the
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downregulation of the P65 and Stat3 signaling pathways by
enriched TAS (Li et al., 2021c). This oral biocompatible for-
mulation is an ideal paradigm for UC management for its
convenient, secure, and effective therapy considering that
there is no radical solution for UC yet.

4.4. Detoxication

Nanosponges, which consist of a biofilm surface and a poly-
mer core, are a novel therapeutic modality that makes full
use of nature’s mechanisms for detoxication. For instance,
RBCM-derived nanosponges can neutralize a broad spectrum
of pore-forming toxins. In addition, the increased
surface-to-volume ratio of the membrane material after coat-
ing on PLGA NPs further contributes to more efficient toxin
neutralization. In fact, the ‘toxin decoy effect’ has expanded
to the field of antipathogen, antichemotoxic agents, and
other pathological molecules.

4.4.1. Antibacterial infections

Sepsis is triggered by the uncontrolled systematic inflam-
matory responses to the systemic spread of endotoxins from
bacterial (Yaroustovsky et al., 2013). Macrophage-like NPs
(MO-NPs) retained inherent epitopes not only specifically
bind and neutralize endotoxins LPS but also sequester
proinflammatory cytokines, which ultimately quench the
dramatic immune dysregulation relative to that by RBC-NPs
or PEG-NPs (Thamphiwatana et al., 2017). In a lethal chal-
lenge, Escherichia coli bacteremia model, i.v. injection of
MO-NPs ultimately conferred a significant survival benefit
and reduction of bacterial burden in the blood and spleen
of the host. In another study, gastric epithelial CM@PLGA
loading an antibiotic defeated Helicobacter pylori-infection
based on the pathogen-host inherent adhesion mechanism.
A superior anti-H. pylori efficacy of approximately three
orders of magnitude reduction of the bacterial burden was
recorded after an oral administration of clarithromycin
(30mg/kg) once a day for five consecutive days (Angsantikul
et al.,, 2018).

Multiple resistance of bacteria is a mounting trouble in
clinics. Tedizolid phosphate (TR-701) is a new antibiotic that
has been approved for acute skin infections caused by MASR
infection, but lacks an effective dosage form. The new for-
mulation of TR-701-loaded RBCM@PLGA NPs significantly
reduced the RBCs hemolysis rate of the exotoxin (Wu et al,,
2021). In an MRSA USA 300-wound infection model, the best
wound healing and MRSA growth inhibition were obtained
through the coordinated antibacterial efficacy of both RBCM
and TR-701.

Recently, RBCM-cloaked dihydroartemisinin NPs effectively
targeted Plasmodium-infected RBCs for enhanced antimalarial
efficacy, with a higher inhibition ratio and a substantially
lower ED 90 (Zuo et al., 2022). Generally, this nanosponge
preserved the toxin-binding capacity from the original cells
and enhanced the delivery of the antibiotic. The responsive
release of antibiotics in the infection spot may achieve a
more robust antibacterial efficacy with reduced drug
resistance.
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Figure 9. (a) Schematic illustration of PLGA-LPV@M for anti-inflammation and targeted antiviral treatment in COVID-19. (b) PLGA@M reduce the expression of
IL-6 and IL-1B in macrophages stimulated with virus infected supernatant. (c) NETosis in neutrophils induced by COVID-19 patient serums was quantified after
treatment with PLGA@M. (d) Fluorescence signal in liver and lung of coronavirus infected mouse. (e) The viral loads of lung and liver in coronavirus infectious
mice after treated with the NPs. (f) Radiography analysis of lung with different treatments (Tan et al., 2021). Copyright 2020 Springer Nature.

4.4.2. Antiviral infections

The COVID-19 pandemic, caused by SARS-CoV-2 infection
(Finkel et al., 2021), has unfolded into a serious public health
crisis and hampered the treatment of other diseases as well.
In severe cases, cytokine storm syndrome (CSS) is the leading
cause of high mortality (Moore & June, 2020). However, so
far, coronavirus remains mutable and wanton, making it of
paramount importance to clarify the complex pathogenesis
and develop effective treatment strategies urgently.

A focus on the host cells invaded by virus led to the
development of innovative nanosponge-inherited host CM
protein receptors such as ACE Il and CD147, that response
for virus entering hosts. Human lung epithelial type-Il cells
and human macrophage nanosponges with the right-side-out
membrane protein orientation driven by the repulsion
between the electronegative PLGA cores and the extracellular
membrane were deemed crucial for binding virus. Lung acute
toxicity test and normal blood parameters confirmed their
short-term safety. Two types of nanosponges neutralized
authentic SARS-CoV-2 in a dose-dependent manner in vitro
and performed much better than the RBCM nanosponges.
Finally, the authors argued that MM nanosponges may be
superior to lung epithelial nanosponges given the central
role of macrophages in early viral infection and late hyper-
inflammation (Zhang et al., 2020a).

In addition, excessive neutrophil extracellular traps (NETs),
the thread-like extracellular structures for eradicating virus,
also led to CSS (Tan et al., 2021). A nano-sized macrophage
mimic (PLGA@M) with excellent colloidal stability consisted
of MM shell and PLGA core for drug loading (Figure 9(a)).
The surface receptors inherited from MMs could decrease
proinflammatory cytokines IL-6 (100-fold) and IL-1(3 (10-fold)

for suppressing the activation of immune cells (Figure 9(b)).
Together, PLGA@M also significantly reduced the formation
of NETs induced by COVID-19 patient serum (Figure 9(c)).
These two aspects finally alleviated the progression of CSS.
The biodistribution indicated that PLGA-ICG@M preferred to
accumulate at the inflammation sites in surrogated
coronavirus-infected mice (Figure 9(d)). Furthermore, the lipo-
philic lopinavir (LPV) was loaded in PLGA for stabilization in
aqueous medium. ACE Il on MM could specifically target the
SARS-CoV-2 spike protein, directly capture virus, and prom-
inently guide LPV toward them. In accordance, PLGA-LPV@M
exhibited excellent synergistic effects of inflammation allevi-
ation, survival rate improvement, and viral load reduction in
a mouse model (Figure 9(ef)) (Tan et al., 2021).

CM-based nanosponges act as baits to neutralize viruses
and inflammatory factors and exempt host cells from infection
and deterioration. When compared with conventional antiviral
drugs, this technology can provide countermeasures that are
not limited by virus mutation and possible future virus species
as long as the host is the viral target. Moreover, nanosponges
can be personalized with different source CM and therapeutic
agents for efficient delivery to the hijacked virus. Considering
the systemic safety and efficiency, this coordinated strategy
can provide strong support for appropriate clinical treatment
or better managing future pandemic diseases.

4.4.3. Antichemotoxic agents or other pathological
molecules

In addition to the effect on biological pathogens, nano-
sponge can detoxify organophosphate poison that induces
life-threatening neurotoxicity by irreversibly inhibiting the
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regions in a mouse model. (g) Confocal images of choroid flat mounts after i.v. injections with different treatment. Blue, nucleus; green, CNV lesions; red, ECs.
Scale bar, 100 um (Li et al., 2021b). Copyright 2021 American Chemical Society.

acetylcholinesterase (AChE) activity. RBCM nanosponge was
driven to absorb chlorpyrifos in a dose-dependent manner.
In a rabbit model challenged with a lethal dose of chlorpy-
rifos, the mortality was abruptly decreased and AchE activity
was preserved and gradually reactivated by day 4 of the
challenge (Altaf et al., 2021).

A recent study reported noninvasive treatment of choroi-
dal neovascularization (CNV) with hybrid retinal endothelial
cell (REC) membrane and RBCM ([RBC-REC] NPs) (Figure 10(a))
(Li et al., 2021b). Coating the inner core of PLGA yielded
cellular biomimetic NPs with nanoscale spherical core-shell
structures of eximious colloidal stability (Figure 10(b)). RBCM
reduced NPs phagocytosis in vivo, and the rich surface-adhesion
molecules in REC membrane enhanced the remarkable
self-recognition ability of NPs to host RECs. Moreover, inhi-
bition of the antiangiogenic activity with reduced retinal
endotheliocyte migration, capillary tube, and microfilament

formation was validated in vitro (Figure 10(c-e)). An effective
reduction in CNV leakage in [RBC-REC]NP-treated eyes of
laser-induced CNV mouse was achieved with i.v. injection
(Figure 10(f,g)). The capability of absorbing proangiogenic
factors and blocking their effect on host RECs provide a less
invasive and alluring treatment mode, which is better than
the conventionally provided invasive intravitreal injection.

4.5. Theranostics

4.5.1. Fluorescence imaging

In addition to its potential for various disease treatments, the
bionic nanoplatform is also a prospective candidate for con-
trast agents in vivo imaging and therapeutic diagnosis (Geng
et al.,, 2020). In a past study, DiD-loaded RBCM-functionalized
PLGA was used to investigate the distribution and pharma-
cokinetics in vivo (Hu et al, 2011). ICG-loaded NPs
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camouflaged by CCM (ICNPs) exhibited excellent fluorescence
(FL)/PA imaging dual-mode and thermal responsiveness (Chen
et al., 2016). Benefitting from the homologous targeting of
CCM, tumor accumulation of ICNPs was 3.1-fold relative to
that of bare NPs. High spatial resolution and deep penetration
are conducive to real-time monitoring of body distribution.
Both H&E staining and blood biochemistry tests indicated
good biocompatibility in vivo. Recently, brain metastatic
MDA-MB 831 CM-cloaked PLGA NPs (CCNP) loaded IR 780-I
as an in vivo imaging agent to cross the BBB (Kumar et al.,
2019). The fluorescence intensity of CCNP in the brain was
twice greater than that of mPEG-PLGA until 48 h. Notably, the
presence of brain metastatic CM protein enables NPs to
breach the BBB and enhances brain retention.

4.5.2. Ultrasound imaging

US imaging is widely applied for medical diagnosis, offering
the merits of good directivity, deep tissue penetration, better
safety, and economically sounder. PLGA has been used as a
US-contrast agent. When compared with the commercial lipid
microbubbles, PLGA microbubbles present with better sta-
bility, high drug-loading capacity, and longer imaging win-
dow (Song et al,, 2018). The integration of biomimetic profile
of CM and high drug encapsulation efficiency of PLGA can
realize accurate targeting to the lesion site and superior US
performance. PM enables porous PLGA microbubbles filled
with perfluoropropane to precise target early myocardial
ischemia-reperfusion injury. The relatively higher specificity
and enhanced accumulation in the risk area contribute to
the significantly higher signal intensity (Xu et al., 2021).

4.5.3. Photoacoustic imaging

PA imaging, a fast-developing noninvasive image strategy
that offers a high contrast rate and penetration depth, has
garnered considerable attention recently. However, some
imperfections continue to exist, including the poor targeting
capacity and easy clearance of the PA contrast agent from
the systemic circulation. A novel nanoprobe DiR-loaded
CCM@PLGA (MPD), was constructed. High DiR-loading capac-
ity and the whole proteins from source cells were kept. In
living tumor xenografted mice, when compared with DiR and
DiR-loaded PLGA, MPD presented with the strongest PA sig-
nals in tumor and the least liver and spleen accumulation
with a longer circulation lifetime allowing for deep tissue
imaging (Huang et al., 2021).

4.5.4. Magnetic resonance imaging
MRI contrast agent, lipid-chelated gadolinium, was inserted
into the lipid bilayer of PM-coated PLGA NPs (PNP) for AS
detection. PNP can bind foam cells, collagen, and activated
ECs when compared to PEG-modified or RBCM-coated NPs.
In addition to mature AS, it targets pre-atherosclerotic lesions.
Thus, it can be said that enhanced accumulation of gadolin-
ium at the plaque regions can enable live detection of AS
(Wei et al., 2018).

Neuroinflammation is involved in brain damage caused
by stroke. Selective and accurate monitoring is, thus, a

prerequisite for corresponding therapy. Recently, an innova-
tive magnetic nanoprobe (NMNP) for enhanced neuroinflam-
mation imaging was reported (Tang et al.,, 2021). Briefly,
superparamagnetic iron oxide-loaded PLGA nanocore was
coated with a biomimetic shell of neutrophil membrane. The
successful transfer of adhesion molecules and CD47 from
neutrophils granted NMNPs with an excellent binding affinity
to activate the endothelium and avoid immune phagocytosis,
respectively. After the i.v. administration in tMCAO mice,
NMNP could target inflamed cerebral microvessels, and the
fluorescence intensity was 7.9-fold higher than that of the
RMNP group. Indeed, enhanced MRI contrast with the largest
number of dark voxels in the ischemic region was detected
on intravital imaging, which indicates an alluring prospect
for neuroinflammation MRI.

Each imaging method has its limitations, so integrating
different technologies in one system can achieve more infor-
mative and precise images by complementing their strengths.
An A549 CM-coated nanoprobe was delicately designed to
achieve mutual complementary F MR/PA/FL tri-modality
imaging (Li et al., 2020). Thanks to homologous targeting
endowed by A549CM, first, rapid real-time scanning with
high sensitivity can be performed by FL imaging, after which
F MRI can be conducted to reveal more precise anatomical
information of tumors with a higher signal to noise ratio,
and finally, PA imaging can vividly demonstrate the hetero-
geneous intratumoral distribution of NPs with a high spatial
resolution. Alternatively, multifunctional bionic ‘nanoplatelets;
consisting of PM coat and PLGA core coloading with nano-
carbons (CNs, a PA imaging contrast), DOX, and perfluoro-
pentane (PFP), were specifically tailored for early diagnosis
and therapy of tumor (Li et al., 2021a). Under 808-nm 2.0W/
cm? NIR and 5-min irradiation, NPs could reach 67.6°C due
to the desirable photothermal conversion property of CNs.
The local hyperthermia initiated the optical droplet vapor-
ization of PFP, and the liquid-gas change remarkably
enhanced the US imaging. Moreover, the combined cavitation
effect with hyperthermia and the enhanced phase changed
fluidity of PLGA, resulted in the release of 77.76% DOX.
Through the specific binding of P-selectin with CD44, tar-
geted NPs revealed 4.56-fold higher tumor accumulation
compared to bare NPs. Finally, under the multimodel PA/FL/
US image guide, ‘'nanoplatelets’ displayed an outstanding
synergistic PTT-chemo therapy considering that the tumors
were completely ablated.

The aforementioned examples provide a new feasible
strategy for image-guided therapy and demonstrate a valid
multimodal theranostic system that combines an imaging
technique with the delivery of therapeutic agents to maxi-
mize drug efficacy. Moreover, the natural membrane-coating
technology makes the detection system biocompatible,
immune-exempted, and offering more selective and precise
outcomes.

5. Conclusion and perspectives

The present article comprehensively introduces the recent
advancements in the CM@PLGA biomimetic system from the



perspective of CM origin, membrane vesicle modification,
and applications of disease treatment and diagnosis. The last
decade witnessed a boom of CM-camouflaged techniques
along with the exploration of different sources of CM. Further
flexible modification on membrane vesicles has realized the
expected function enhancement on the premise of not sub-
verting their biological functions. Genetic engineering pre-
serves CM functions to their maximum extent; lipid insertion
with an abundant source of ligand is most labor-saving and
hybrid membranes can optimize diverse combinations. Innate
lesion-homing capabilities of CM provide excellent drug deliv-
ery and multimodal diagnosis across varied fields, including
cancer, immune diseases, and infectious diseases. For instance,
integration of different mechanisms such as immunotherapy,
light therapy, and ferroptosis can overcome tumor resistance
(Wang et al.,, 2022b). Notably, the bionic system with an
increased surface area upon the coating on PLGA core is
more conducive for exposure and stretching of antigen or
receptor-binding protein and shows great talents in immu-
noregulation, anti-inflammatory, pathological molecular block-
ade, and nanosponge detoxification. The synergistic decoy
effect for virus captures and pro-inflammatory factors neu-
tralization provides a new treatment model for wanton capri-
cious COVID-19 or the inevitable future epidemics. Recently,
scientists have pioneered the existence of tumor-resident
intracellular microbiota as accomplices of metastasis (Fu et al.,
2022). Accordingly, targeting them in primary or circulating
tumor cells seems to be an intriguing attempt to impede
metastasis. In addition, further cutting-edge advancements
in disease pathology are expected to give rise to opportu-
nities for different disease interventions such as immune
diseases antiphospholipid syndrome in gynecopathy due to
the ubiquitous intercellular interaction.

PLGA-based preparations have been applied in clinics for
decades, thanks to their superior safety, biodegradability, and
outstanding diverse drug-loading tolerance. When compared
to other nanocarriers, such as liposomes or micelles, pro-
longed dosing interval conferred by the unique sustained
release mechanism of PLGA formulations has been deemed
a critical requirement for chronic diseases. More excitingly,
the desired degradation rate and drug release rate of PLGA
nanocarriers can be achieved by regulating the ratio of lac-
tide to glycolide polymer, molecular weight, and formulation
method. The advent of nature-inspired CM-camouflaged tech-
nique by transferring the cell’s dialogue mechanism and
surface properties to nanocarriers is indeed a new revolution.
Results have shown that CM coating prevents the initial burst
release, endows PLGA NPs with excellent stealth features,
facilitates immune escape and navigation to the site of inter-
est, and improves drug therapy index by minimizing their
off-target toxicity. Moreover, PLGA provides certain support
to the CM and improves the stability of the entire nanosys-
tem in blood circulation. The dual drug-loading nanosystem
combines the advantages of CM and PLGA and meets some
special drug requirements by realizing the sequential release
of the drugs. Furthermore, CM@PLGA has demonstrated great
advantages in gas delivery, making it a potential nanocarrier
in the field of gas therapy. The attractiveness of this platform
is not limited to the field of drug delivery. In contrast to
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whole-cell carriers, they not only exhibit cell-like behavior
by the inherited membrane functional proteins or antigens
but also overcomes the problem of storage, latent contam-
ination, and clogging of the blood vessels. Unlike living cells,
100-200 nm-range size upon the CM coating onto PLGA NPs
is more capable to penetrate and cross the tissue barriers.
Generally, CM narrows the gap between the synthetic mate-
rial PLGA and the organisms, meanwhile, PLGA is the most
direct bridge to clinical transformation for CM-coating tech-
nology. In conclusion, CM@PLGA can overcome the flaws of
CM and PLGA in drug delivery. The combination of CM and
PLGA, thus, enables relatively more efficient drug delivery
and safer disease treatment.

Despite the enthusiasm for its delightful efficiency, the
proposed platform is still in its infancy, and there are some
issues demanding solutions before appropriate clinical appli-
cations. The first requirement is the acquisition and quality
control of CM. Autologous cells are reliable for personalized
therapy, albeit their time-consuming feature may delay a
patient’s ‘timely’ treatment. Xenogeneic cells need to be
strictly matched and allergens and tumorigenic factors should
be removed from CCM. The homogeneity of the vesicles also
warrants consideration, as batch differences continue to exist
due to the inconsistent expression of the membrane proteins
in different cell cycles (Le et al., 2021). Second, the prepara-
tion process needs further optimization. The integrity of the
CM after extraction with the least membrane protein function
destruction and the coating ratio on PLGA, especially for
non-nucleated cells with limited sources have not been men-
tioned in most of the past studies. Moreover, the most widely
used extrusion-coating method has not been deemed con-
ducive to industrialization, often resulting in batch differences
due to the manual multistep coating process. It is, therefore,
necessary to develop uniform standards for the preparation
and storage processes. Third, the in vivo behavior and safety
aspects of the vector warrant further scrutiny, especially relat-
ing to the manner of its entrance into target cells and
drug-release behavior, the rupture time of the membrane
coat in body’s circulation, and the metabolic mechanism.
Related studies have mainly investigated the curative efficacy
and side effects on major organs. Nevertheless, as CM is a
complex communicator, the least impact on the normal phys-
iological functions, such as PM-based carrier, not affecting
the hemostatic function should be reported. In addition, the
immunogenicity of allogeneic cells cannot be ignored, while
gene-editing techniques may be available to eliminate the
immunogenic membrane proteins (Xu et al,, 2019). Although
the biosafety of PLGA molecules is high, the embolic toxicity
and inflammatory response of PLGA should be evaluated
after being prepared into micro-nano sizes. Finally, its effec-
tiveness is depended on the source animals, and hence spe-
cies variation between mice and humans cannot be ignored.
Nevertheless, extensive clinical evaluations need to be eval-
uated in detail. Presently, the RBCM-camouflaged PLGA plat-
form is under preparation for clinical trials. Considering its
unprecedented advantages over traditional synthetic material
nanotechnology, CM@PLGA biomimetic platforms are bound
to demonstrate important implications for human disease
interventions.
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