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Abstract 

Drug-carrying nanoparticles can be recognized and captured by macrophages and cleared away by the immune 
system, resulting in reduced drug efficacy and representing the main drawbacks. Biomimetic nanoparticles, which are 
coated with cell membranes from natural resources, have been applied to address this problem. This type of nanopar-
ticle maintains some specific biological activities, allowing them to carry drugs reaching designated tissues effectively 
and have a longer time in circulation. This review article aims to summarize recent progress on biomimetic nanoparti-
cles based on cell membranes. In this paper, we have introduced the classification of biomimetic nanoparticles, their 
preparation and characterization, and their applications in inflammatory diseases and malignant tumors. We have 
also analyzed the shortcomings and prospects of this technology, hoping to provide some clues for basic researchers 
and clinicians engaged in this field.
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Introduction
Inflammatory diseases are a group of disorders, which 
can be categorized as acute and chronic inflammatory 
diseases. The former refers to trauma, acute infection, 
and acute immune rejection, while the latter includes 
disorders such as atherosclerosis, arthritis, inflammatory 
bowel disease, and cancers [1]. Inflammation is closely 
related to human diseases and plays a fundamental role 
in the progress of many diseases, including cancer [2]. 
Therefore, it is critical to properly manage these inflam-
matory disorders.

As far as we know, cancer is a type of disease that seri-
ously threatens human health, and its growth process 
is multifactorial. Scholars believe that the occurrence 
of tumors is related to chronic inflammation [3–6]. 

Although traditional radiotherapy and chemotherapy 
have relieved the tumor burden for patients with unre-
sectable or metastatic cancer, they also indiscriminately 
damage normal cells, leading to a series of adverse reac-
tions and causing significant physiological and psycho-
logical impacts [7]. Despite this, chemotherapeutic drugs 
with cytotoxicity remain a prioritized clinical strategy, 
though they cannot selectively target cancer cells after 
systemic administration. Furthermore, adverse reactions 
restrict the dosage of the drug, resulting in a low efficacy 
of chemotherapy. Therefore, there is an urgent need for 
a new treatment approach that can enhance the efficacy 
and reduce adverse events of antitumor drugs.

Nanoparticles provide a useful tool for effectively 
delivering therapeutic drugs in the treatment of inflam-
matory diseases and tumors. Nanoparticles can achieve 
high-dose loading of drugs by physical characteristics. In 
addition, the large pore size of newly formed blood ves-
sels inside the tumor makes it easier for nanoparticles 
to gather at the tumor site for specific accumulation, 
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which is called the enhanced permeability and retention 
(EPR) effect [8]. Although scientists have tried their best 
to modify the surface of nanoparticles to induce more 
“active targeting” capabilities, most of the current target-
ing strategies based on the EPR effect are “passive”, which 
means that the strategy of nano-delivery of drugs relies 
almost entirely on the physical properties of the nano-
particles and the tumor itself [9]. However, drug-carrying 
nanoparticles also have other drawbacks, such as cyto-
toxicity, immunogenicity, and poor targeting, limiting 
their wide clinical application [10]. In particular, these 
nanoparticles can be recognized, captured, and cleared 
away by the immune system, reducing its drug delivery 
efficacy. It has been reported that 30–99% of the nano-
particles will be eliminated by the liver after systematic 
administration, and only less than 5% of the dose will 
be delivered to the targeted tumor lesion, which makes 
the antitumor effect very limited [11]. Fortunately, a 
novel type of nanoparticles called biomimetic nanopar-
ticles based on cell membranes (BNCM) prepared from 
natural resources was recently developed. These kinds 
of nanoparticles are characterized by their specific tis-
sue targeting, low toxicity, higher histocompatibility, 
and prolonged half-life time in circulation, rendering 
them a potential candidate for effective drug delivery in 
the treatment of inflammatory diseases and tumors [12]. 
Besides, some scholars also point out that cholesterol 
levels can regulate the activity of nanoparticle enzymes 
wrapped in cell membranes. They reported that reduc-
ing membrane cholesterol levels effectively enhanced cell 
membrane permeability, which may be attributed to the 
increased enzymatic activity. The result suggested that 
the enzyme activity of cell membrane-wrapped nanopar-
ticles can be easily adjusted by tailoring the level of mem-
brane cholesterol, thereby adjusting the cell membrane 
permeability and enhancing the release of drugs inside 
the membrane.

Therefore, the authors reviewed recently published lit-
erature and sought to summarize the latest advances in 
this field, particularly the application of BNCM in the 
treatment of inflammations and malignant tumors.

Features of BNCM and underlying mechanisms
Low immunogenicity and long half‑time in circulation
Immune cells, such as macrophages, T cells, dendritic 
cells, and neutrophils, can be rapidly recruited to spe-
cific locations during the initial immune response. The 
underlying mechanism for the prolonged circulation 
of biomimetic nanoparticles based on immune cells is 
opsonization and self-recognition, delaying elimination 
by phagocytes [13].

BNCM contains molecular proteins similar to those 
found in source cells, which help evade the recognition, 

ingestion, and elimination of the macrophage phagocytic 
system. In nanoparticles without cell membrane encap-
sulation, the lack of surface-specific molecules makes 
them prone to phagocytosis by the immune system, 
leading to a significant reduction in half-life in the cir-
culation. For instance, red blood cell membranes coated 
poly(lactic-co-glycolic acid) (PLGA) nanoparticles (RBC-
NPs) had an elimination half-life of 39.6 h, which was sig-
nificantly longer than polyethylene glycol (PEG)-coated 
lipid–PLGA hybrid nanoparticles with an elimination 
half-life of only 15.8 h [14].

RBCs, responsible for transporting oxygen to tissues 
and organs, have a lifespan of approximately 120  days 
within the human body [15]. The transmembrane pro-
tein CD47, expressed on the erythrocyte membrane, 
selectively binds to signal regulatory protein (SIRP) α 
expressed on the macrophage membrane, subsequently 
releasing the “don’t eat me” signal. The activation of this 
signal assists in preventing macrophage uptake, thus 
avoiding immune system attacks, rendering RBC-NPs 
a longer circulation time in vivo [15, 16]. Platelets, frag-
ments originating from the cytoplasmic lysis of mature 
megakaryocytes in bone marrow, play a crucial role in the 
body’s hemostatic function [17]. CD47 is also expressed 
on the surface of platelets, inhibiting macrophage uptake. 
Additionally, CD55 and CD59 are expressed on plate-
lets, and the presence of these two proteins inhibits the 
immune complement system, preventing immune system 
attacks [18].

While normal cells in the body often express low lev-
els of CD47, some cancer cells notably overexpress CD47 
on their membranes. When CD47 binds to SIRP α on 
the surface of phagocytes, cancer cells successfully evade 
attacks by the immune system. PD-L1 on the surface of 
cancer cells, acting as an immunosuppressive molecule, 
interferes with the host immune system’s recognition, 
serving as a significant factor enabling cancer cells to per-
sist and proliferate indefinitely in the body [19–21]. Con-
sequently, biomimetic nanoparticles derived from cancer 
cells can also achieve a prolonged time in circulation [22].

Carrying elements to boost immune response
Immunotherapy has garnered significant attention, par-
ticularly in the realm of anticancer therapies. Some 
specific cell membranes possess immune-activating 
characteristics, such as expressing immunogenic anti-
gens that can stimulate an immune response. Thus, they 
can be used for developing vaccines. Therefore, BNCM 
holds an inherent advantage in immunotherapy. When 
nanoparticles are encapsulated in cancer cell membranes, 
abundant membrane-binding proteins, and tumor-asso-
ciated antigens can be delivered to antigen-presenting 
cells (APC), thereby inducing an immune response 
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against tumors [22]. Similar to biomimetic nanosys-
tems based on eukaryotic cells, bacterial membranes 
containing specific proteins can also be combined with 
functional nano-carriers for drug delivery and immu-
nostimulation. Moreover, bacterial membranes feature 
a multitude of pathogen-associated molecular patterns 
(PAMPs), including lipopolysaccharides, peptidoglycan, 
mannose, porin, and lectin. These PAMPs can induce the 
recognition and binding of pattern recognition recep-
tors, especially toll-like receptors (TLRs), which are 
highly expressed on the surface of innate immune cells, 
thus activating the immune system [23]. Therefore, bac-
terial nanoparticles with antigen presentation capabilities 
exhibit potent antibacterial effects.

Selective targeting
BNCM can achieve selective targeting by mimicking the 
recognition and interaction mechanisms of source cells. 
The mechanism largely depends on molecules present on 
the cell membrane, which can help the immune system 
recognize and bind to specific cells or tissues [24]. Due to 
the diverse types and quantities of molecules expressed 
on the cell surface, BNCM from different sources exhibit 
distinct targeting abilities and can be used to target selec-
tive cells or tissues [25]. In contrast, nanoparticles lacking 
membrane coating exhibit a poorer selectivity due to the 
absence of specific molecules. Thus, surface modifica-
tion or functionalization is often required to achieve this 
function.

Neutrophils are the first immune cell population 
recruited toward the inflammation site, so drug-loaded 
biomimetic nanoparticles derived from neutrophils pos-
sess a natural advantage in active targeting. This advan-
tage largely relies on the lymphocyte function-associated 
antigen (LFA-1) molecule expressed on cell membranes, 
which binds to intercellular adhesion molecule-1 (ICAM-
1) on the endothelial of inflamed tissues [25]. Addition-
ally, neutrophils can directly target circulating tumor 
cells through the binding CD44 to L-selectin [25]. Simi-
larly, P-selection overexpressed on platelets also exhibits 
an affinity for excessive CD44 on the surface of cancer 
cells, which promotes the active targeting of platelets to 
tumors and the selective release of loaded drugs carried 
by BNCM-based on platelets [7].

Tumor cells possess the ability to proliferate indefi-
nitely, resist the immune system, and target homologous 
cells. Thomsen–Friedenreich antigen and E-cadherin 
provide the necessary conditions for the interaction 
between homologous tumor cells and their homolo-
gous aggregation [26]. It is worth noting that during 
the process, the cancer cell membrane can be damaged 
by membrane extraction technology, making it a chal-
lenge to maintain the integrity of the cell membrane and 

resulting in limited immune escape capabilities for tumor 
cell-derived nanoparticles. To address this limitation, 
researchers have integrated cell membranes from dif-
ferent sources to create hybrid membranes. The hybrid 
membrane inherits the characteristics of the source 
cells and enhances immune escape capabilities [24]. The 
hybridization of cells from different sources serves to 
amplify the characteristics of the original source cells, 
thus improving the antitumor effect. For instance, Jiang 
et  al. fused erythrocyte membranes with human breast 
cancer MCF-7 cells to create Melanin@RBC-M when 
encapsulating melanin nanoparticles [27]. It significantly 
enhanced the targeting ability of melanin nanoparticles 
because the hybrid cell membrane contained a fragment 
of MCF-7 cell membrane, which carried self-recognition 
biomarkers of homologous cancer cells such as N-cad-
herin, galectin-3 and epithelial cellular adhesion mol-
ecule (EpCAM).

Preparation and characterization of nanoparticles
The preparation of BNCM mainly under through three 
steps, including extraction of cell membranes, synthesis 
of core nanoparticles, and fusion of cell membrane and 
core nanoparticles (Fig. 1).

Cell membrane extraction
The cell membrane consists of a phospholipid bilayer that 
is an elastic semi-permeable structure primarily com-
posed of phospholipids and proteins. It is responsible 
for regulating the movement of substances into and out 
of cells and organelles, which is vital in the life process. 
Cell membrane extraction includes two steps, namely 
membrane dissolution and membrane purification. For 
enucleated cells such as mature red blood cells and plate-
lets, the cell membrane can be disrupted through hypo-
tonic treatment, followed by repeated cycles of freezing 
and thawing. Subsequently, differential centrifugation is 
used to eliminate soluble proteins, and the process con-
cludes with repeated extrusion to create target cell vesi-
cles [28]. However, for eukaryotic cells such as leukocytes 
and macrophages, the extraction process is more com-
plicated. Cells are separated from the surrounding tis-
sue or blood and then cultured. The nuclei of cells are 
removed through hypotonic lysis, mechanical membrane 
destruction, and sucrose gradient centrifugation, and the 
cell membrane is isolated [29]. Finally, the separated cell 
membrane is thoroughly cleansed with a plasma buffer 
and extruded using a porous polycarbonate membrane to 
form nano-vesicles [30].

It is necessary to mention here that some scholars 
point out that cholesterol levels can regulate the activ-
ity of nanoparticle enzymes wrapped in cell membranes. 
They reported that reducing membrane cholesterol levels 
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effectively enhanced cell membrane permeability, which 
may be attributed to the increased enzymatic activity 
[31]. The result suggested that the enzyme activity and 
permeability of cell membrane-wrapped nanoparticles 
can be easily adjusted by tailoring the level of membrane 
cholesterol, providing a new method in the phase of cell 
membrane extraction for considering how to control 
BNCM to improve permeability and release the carried 
drugs.

Types of nanoparticle core
The nanoparticle core occupies a central position and key 
role in the drug delivery system. Some materials are used 
to make nanoparticles, which include metals (gold, Fe3O4, 
metal–organic frameworks, and hollow copper sulfide), 
polymers (PLGA, liposomes, and albumin), gels (deoxy-
cholic acid chitosan derivatives and cholesterol-modified 
polysaccharides, such as dextran, mannan, pullulan and 
polyaminoacids), and mesoporous silica, among others 
[25, 32, 33]. Recently, Zou’s team synthesized two mes-
enchymal stem cell (MSC) membrane-coated silica nano-
particles (MCSNs), which have similar sizes but distinctly 
different stiffness values (MPa and GPa), and finally, they 
found that soft MCSNs had much lower macrophage 
uptake and enabled the forming of a more protein-rich 
membrane coating compared with the stiff MCSNs [34]. 
The result suggested that the elasticity of the nanoparti-
cle core can regulate the formation of BNCM and their 
nano-bio interaction.

Due to the high specific surface area, nanoparticles 
are prone to mutual attraction and aggregation, which 
can alter their physical and chemical properties [35]. 
Therefore, maintaining colloidal stability can prevent 
the occurrence of aggregation, thereby preserving the 
uniformity and dispersion of the particles. The Ham-
mett constant, as an indicator of colloidal stability, can 
be used to assess and optimize the design and applica-
tion of nanoparticles [35]. In the domain of inorganic 
nanoparticles, nanogels possess a Hamaker constant akin 
to water, which guarantees exceptional stability in bio-
logical fluids, primarily due to their limited propensity to 
aggregate [36]. Nanogels possess biocompatibility, drug-
loading capacity, and multifunctional stimulative proper-
ties and can also penetrate human skin while preserving 
the potency of encapsulated drugs [37]. These attrib-
utes collectively render nanogels an ideal platform for 
encapsulating diverse drugs or nucleic acids [38]. Nano-
gels exhibit more potent anti-inflammatory effects than 
organic gels when they are locally applied in a mouse ear 
swelling model, though both are prepared at a PH of 7 
[39]. Mesoporous silica nanoparticles (MSN) have gar-
nered attention as valuable drug carriers for achieving 
targeted drug delivery and controlled release, attribut-
ing to their highly ordered pore structure, uniform and 
controllable pore size, substantial specific surface area, 
pore volume, ease of surface modification with organic 
functional groups, and exceptional biocompatibility [40]. 
Coating the surface of MSN with cyclodextrin-modified 
hyaluronic acid (HA) could effectively prevent premature 

Fig. 1  Schematic diagram of the preparation of cell membrane-coated nanoparticles. Different cell membranes are isolated from their source cells 
and then fused with core nanoparticles to form cell membrane-coated nanoparticles
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leakage of doxorubicin (DOX) loaded in MSN, lead-
ing to enhanced antitumor efficacy [41]. The underlying 
principle is that CD44, which is overexpressed by tumor 
cells, serves as a high-affinity receptor for HA, and con-
sequently, the HA-CD44 receptor-mediated endocyto-
sis facilitates increased uptake of DOX by tumor cells. 
Metal nanomaterials are widely applied due to their 
favorable biocompatibility and physicochemical proper-
ties. For example, glutathione-modified gold nanoclus-
ters (Au29SG27) rapidly suppressed the inflammatory 
response and effectively mitigated bone tissue damage in 
treating rheumatoid arthritis [42].

Due to the advantages of PLGA, like good biodegra-
dability, biocompatibility, and non-toxic nature [43], it 
has been approved by the FDA for various drug deliv-
ery systems, such as liposomal doxorubicin, Albu-
min-bound paclitaxel, and Ferumoxytol (iron oxide 
nanoparticle compound) [44–46]. In a study [47], nano-
carriers co-loaded with hemoglobin and doxorubicin 
were camouflaged with cancer cell membranes through 
repeated extrusion. This innovative approach aimed to 
overcome chemotherapy resistance induced by hypoxia 
and achieve targeted delivery of antineoplastic drugs. 
Due to the high drug-loading capacity and ability to 
simultaneously deliver hydrophilic and hydrophobic 
drugs, liposomes are frequently employed as the core 
materials in biomimetic nanosystems. Another notewor-
thy development involves macrophage membrane-encap-
sulated and pH-responsive liposomes loaded with the 
anticancer drug emtansine. This formulation allows for 
targeted delivery to lung tumors and has demonstrated a 
significant inhibition of pulmonary metastasis in breast 
cancer [48].

Nanoparticle fusion
The fusion of nanoparticle cores with cell membranes 
is the final step, primarily achieved through extrusion, 
ultrasound, or electroporation [49]. Membrane-derived 
vesicles are generated via porous polycarbonate mem-
brane extrusion, and membrane biomimetic core–shell 
nanodrugs are obtained by co-extruding these vesicles 
with nano-core carriers [50]. Extrusion is a straightfor-
ward and effective approach, but it is unsuitable for large-
scale production, representing a significant obstacle in 
the clinical application [51]. Alternatively, the ultrasonic 
method involves co-incubating cell membrane vesi-
cles with core carriers under ultrasound to facilitate the 
encapsulation of membrane vesicles onto the core carri-
ers [52]. During this process, the appearance uniformity 
and drug-loading efficiency of biomimetic nanoparticles 
can be influenced by ultrasonic frequency, duration, and 
intensity. Furthermore, the uneven distribution of bio-
mimetic nanoparticles represents another limitation of 

ultrasonic preparation, as it can lead to localized high 
temperatures that affect the activity of membrane pro-
teins [53]. With the advancement of microcurrent tech-
nology, electroporation technology based on microfluidic 
chips has emerged as a standout method for preparing 
biomimetic nanoparticles due to its high repeatability 
and throughput [54]. The microfluidic chip system com-
prises five components including a sample injection port, 
a Y-type merging channel, an S-type mixing channel, an 
electroporation zone, and a sample outlet. The funda-
mental process involves the introduction of membrane 
vesicles and nano-carriers into the system via the injec-
tion port, followed by their merging in the Y-channel, 
completion of the mixing task in the S-channel, and entry 
into the electroporation area. Under the influence of an 
electrical pulse, the cell membrane envelops the core 
material [54–56]. The parameters, such as pulse volt-
age, duration, and flow rate, can be adjusted to achieve 
nanoparticles with predetermined coatings and excellent 
stability. However, it is worth noting that the high cost 
associated with electroporation technology should be 
considered in nanoparticle preparation.

Nanoparticle characterization
After biomimetic nanoparticles are prepared, it becomes 
essential to characterize their physical, chemical, and 
biological properties to verify the presence of the cell 
membrane coating on their surface, which serves as the 
foundation for subsequent experiments. Some charac-
terization methods and relevant results are shown in 
Fig. 2. In general, the efficiency of cell membrane coating 
depends on nanoparticle size, surface charge, and pro-
tein composition. The cell membrane introduces changes 
in both particle size and Zeta potential, which are typi-
cally assessed through transmission electron micros-
copy (TEM), scanning electron microscopy (SEM), 
and dynamic light scattering (DLS). TEM is commonly 
employed to detect alterations in particle size. Typi-
cally, biomimetic nanoparticles have an increased size by 
approximately 10–20  nm compared to uncoated nano-
particles. This size increase aligns with the thickness of 
the phospholipid bilayer. Moreover, SEM can visualize 
the characteristic shell–core structure of biomimetic 
nanoparticles. For instance, the average size of nanopar-
ticles increased from 225 to 247 nm after encapsulating 
the PLGA core with erythrocyte membranes [57]. DLS 
is frequently utilized to measure the Zeta potential of 
nanoparticles. The surface properties of nanoparticles 
change after cell membrane coating, resulting in shifts in 
the surface charge. Given that the in vivo performance of 
biomimetic nanoparticles hinges on the biological activ-
ity of the cell membrane and the expression of specific 
molecules on that membrane, the assessment of these 
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indicators holds particular significance. To evaluate the 
biological functionality of membrane-coated nanodrugs 
and the expression of specific membrane molecules, 
techniques such as sodium dodecyl-sulfate polyacryla-
mide gel electrophoresis (SDS-PAGE), Western blot-
ting, enzyme-linked immunosorbent assay (ELISA), 
and immunofluorescence are employed. For example, 
Western blotting analysis was employed to confirm the 
presence of the erythrocyte membrane characteristic 
protein CD47 on the surface of melanin nanoparticles 
camouflaged with erythrocyte membrane (Melin@RBC), 
and this presence was shown to reduce tumor burden in 
A549 tumor-bearing mice [16]. Similarly, by immunoflu-
orescence was used to confirm that nanoparticles derived 
from cancer cells had homologous targeting to human 
breast cancer MDA-MB-435 cells [58].

Exploratory applications of BNCM for drug delivery 
in inflammatory diseases
Acute inflammation
Ischemia–reperfusion injury
Adequate blood perfusion is critical to maintaining the 
supply of oxygen and nutrients. However, a decrease 
in tissue blood perfusion due to various reasons can 
lead to cellular damage, a condition known as ischemia 
injury. Paradoxically, restoring blood perfusion and oxy-
gen supply to ischemic organs can exacerbate this dam-
age, a phenomenon referred to as ischemia–reperfusion 
injury [59]. This type of injury can result from various 

pathological processes, including myocardial infarction, 
ischemic stroke, acute renal injury, trauma, circulatory 
arrest, and multiple organ injuries, such as those occur-
ring in the heart, brain, and kidney following blood flow 
restoration after organ transplantation [60]. Ischemia–
reperfusion injury is an inevitable occurrence in trans-
plantation, and reperfusion often causes more damage 
than ischemia. The mechanisms underlying ischemia–
reperfusion injury involve mitochondrial damage, cal-
cium overload, and inflammatory cell infiltration [61].

As of now, there is no effective solution to ischemia–
reperfusion injury, but attempts have been made by using 
BNCM techniques to rise to the challenges. Macrophage 
membranes encapsulated PLGA nanoparticles (M-NPs) 
were synthesized in a study [62]. These M-NPs possessed 
the characteristics of macrophage membranes and the 
ability to carry drugs and were able to reduce hepatic 
ischemia–reperfusion injury in a rat model of liver trans-
plantation when they were injected via tail vein pre-oper-
atively. The serum levels of inflammatory factors were 
significantly decreased, and the survival time was sig-
nificantly prolonged by the administration of M-NPs. The 
mechanism underlying this protection by M-NPs might 
be the upregulation of TLR4, which binds to lipopoly-
saccharide (LPS), reducing the serum levels of LPS and 
sequentially the release of cytokines stimulated by LPS 
[62].

A substantial amount of reactive oxygen species and 
inflammatory mediators are generated during cerebral 

Fig. 2  Characterization of nanoparticles. A Characteristic protein bands of NPCoQ10 and N-NPCoQ10 were examined by Western blotting. The 
neutrophil cell lysate was set as a positive control. B, C The hydrodynamic size (B) and surface zeta potential (C) of NPCoQ10 and N-NPCoQ10 
examined dynamic light scattering (DLS). D Release profile of NPCoQ10 and N-NPCoQ10. E Representative images of NPCoQ10 and N-NPCoQ10 detected 
by transmission electron microscopy (TEM). Samples were stained with uranyl acetate. Scale bar, 100 nm. Adapted from Ref. [65] with permission
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ischemia–reperfusion injury, leading to severe tissue 
and cell damage, even necrosis. The blood–brain barrier 
(BBB) prevents harmful substances from entering brain 
tissue, but it also hinders drug delivery, posing a signifi-
cant obstacle to brain injury treatment. In a study, nano-
vesicles derived from neutrophil membranes containing 
resolvin (RvD)2 were designed and were shown to protect 
against cerebral ischemia–reperfusion injury [63]. These 
nano-vesicles accumulated significantly in ischemic brain 
tissues after intravenous injection, leading to the effective 
removal of pro-inflammatory factors at the injury site, a 
reduction in the infarct area of the middle cerebral artery, 
and alleviation of neuroinflammation, suggesting these 
nanoparticles could pass through the BBB and release 
drugs to exert anti-inflammatory effects. In another 
study, monocyte membranes-coated rapamycin nanopar-
ticles (McM/RNPs could pass through the BBB and suc-
cessfully deliver rapamycin to inhibit the proliferation of 
inflammatory cells and significantly improve neurologi-
cal scores and cerebral infarction volume in a rat model 
of cerebral ischemia–reperfusion injury [64]. Similarly, 
coenzyme Q10 (CoQ10) nanoparticles (N-NP CoQ10) 
fused with neutrophil membranes were able to specifi-
cally target kidneys in a rat model of renal ischemia–
reperfusion injury [65]. N-NP CoQ10 possessed potent 
anti-inflammatory and antioxidant properties, effectively 
inhibited renal cell apoptosis, promoted the recovery of 
renal function, and mitigated renal ischemia–reperfu-
sion injury. These findings may underscore the poten-
tial of BNCM as a promising approach for addressing 
ischemia–reperfusion injury in clinical settings.

Pneumonia
During acute inflammatory reactions, the release of 
inflammatory mediators can lead to tissue hypoxia and 
tissue injury. Up to date, no in vivo targeting anti-inflam-
matory drugs are available. Thus, the precise delivery 
of drugs to inflammatory tissues represents a promis-
ing approach for treating inflammatory diseases. This 
was accomplished by integrating therapeutic drugs 
into denatured albumin nanoparticles, which success-
fully target pulmonary vascular endothelium [66]. This 
approach reduced pulmonary neutrophil infiltration and 
the release of inflammatory mediators in a mouse model 
of acute pneumonia and also reversed acute lung injury 
induced by lipopolysaccharide. However, this type of 
nanoparticle is prone to detachment from neutrophils, 
potentially resulting in drug misdelivery and reduced effi-
cacy. D-series resolvin (RvD) is a lipid mediator known 
for its ability to promote the resolution of tissue inflam-
mation. It has been reported that RvD2 could diminish 
the adhesion between neutrophils and endothelial cells, 
reduce the release of inflammatory factors, and inhibit 

neutrophil infiltration, expediting the regression of 
inflammation in sepsis-afflicted mice [67]. However, RvD 
has poor targeting and is susceptible to enzymatic degra-
dation in vivo. In a study, neutrophil membrane-derived 
nanocapsules (NMVs) were developed to address these 
issues [68]. RvD1 and ceftazidime (CEF) were loaded 
onto the surface and inside of these NMVs to create CEF-
RvD1-NMVs, which exhibited remarkable targeting abil-
ity towards peritoneal inflammatory vessels in a mouse 
model of peritonitis induced by pseudomonas aerugi-
nosa. Notably, CEF-RvD1-NMVs significantly enhanced 
anti-inflammatory and bacteriostatic effects compared to 
CEF-RvD1, CEF, or RvD1 alone.

The emergence of severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) triggered a global pan-
demic of coronavirus disease 2019 (COVID-2019) glob-
ally [69]. The infectivity of SARS-CoV-2 relies heavily 
on its binding to protein receptors on target cells. Two 
types of nanosponges derived from the membranes of 
human lung epithelial type II cells (Epithelial-NS) and 
macrophages (MΦ-NS), respectively, were developed for 
specific targeting [70]. These nanoparticles demonstrated 
the ability to neutralize COVID-2019 in a concentration-
dependent manner, though their effectiveness in treating 
SARS-CoV-2 infection still requires validation in appro-
priate animal models and clinical trials. Nonetheless, 
these findings offer new insights into potential solutions 
for COVID-2019 and other infections in the future.

Acute pancreatitis
Acute pancreatitis is an inflammatory disorder due to 
trypsin activation, leading to the digestion, edema, bleed-
ing, and potentially necrosis of pancreatic tissues [71]. 
Severe acute pancreatitis can cause pancreatic tissue 
necrosis, inducing the systemic inflammatory response 
syndrome or multiple organ dysfunction syndrome. 
Unfortunately, there are no effective drugs available for 
the treatment or prevention of acute pancreatitis. The 
existing drug treatments primarily focus on symptom 
relief, such as inhibiting trypsin secretion, providing 
spasmolysis and analgesia, preventing infections, and 
improving circulatory perfusion [72].

The blood–pancreatic barrier (BPB) hinders the effec-
tive transport of drugs from the bloodstream to the 
site of inflammation in the pancreas. The advent of the 
BNCM techniques has successfully solved this issue. Cel-
astrol (CLT) is a compound derived from wilfordii roots, 
known for its ability to inhibit inflammation by target-
ing nuclear transcription factor kappaB (NF-κB) [73]. 
CLT coated with neutrophil membrane (NNPs/CLT) 
could cross the BPB and selectively accumulate more 
in inflamed pancreatic tissues than uncoated CLT in a 
rat model of acute pancreatitis [74]. Administration of 
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NNPs/CLT reduced serum amylase and pancreatic mye-
loperoxidase levels and also alleviated lung injury in the 
rats (Fig.  3A–C). Additionally, NNPs/CLT could reduce 
the production of pro-inflammatory cytokines, including 
tumor necrosis factor-α (TNF-α) and interleukin-6 (IL-
6), by blocking the signaling pathway and inhibiting the 
expression of NF-κB (Fig. 3D, E).

Sepsis
Sepsis results from infections in various body sites and is 
associated with severe infectious diseases such as severe 
pneumonia, peritonitis, cholangitis, urinary tract infec-
tions, and more. Endotoxins secreted by Gram-negative 
bacteria play a crucial role in the pathogenesis of sep-
sis by activating the inflammatory response, leading to 
the release of inflammatory mediators, which can ulti-
mately cause multiple organ dysfunction or failure [75, 
76]. Therefore, a crucial part of sepsis treatments is the 
neutralization and clearance of endotoxin. Endotoxin 
can bind to immune cells’ pattern recognition receptors 
(PRRs) [77]. PLGA core nanoparticles coated with mac-
rophage membrane (MΦ-NPs) were used to treat sepsis 
[78]. MΦ-NPs inherited the biological characteristics of 
the source cell membrane, enabling them to neutralize 
endotoxins through interactions with TLR4 and CD14 
expressed on cell membranes. MΦ-NPs showed reduced 
levels of pro-inflammatory cytokines, including IL-6, 

TNF-α, and IFN-γ. MΦ-NPs could also inhibit the acti-
vation of TLR4 in a free endotoxin environment, while 
synthetic polyethylene glycol (PEG-NPs) and erythrocyte 
membrane nanoparticles co-incubated with lipopoly-
saccharide could not, which highlighted the unique 
advantage of macrophage membrane in neutralizing 
lipopolysaccharide [78].

Others
Except for the inflammation diseases mentioned above, 
BNCM is also applied in periodontitis. Pan combined 
minocycline-loaded polydopamine nanoparticles (PM) 
with cRGD-modified cell membrane (RCM) to pre-
pare a novel type of PM@RCM, which rescues impaired 
human periodontal ligament stem cells through antioxi-
dant, anti-ferroptosis, and anti-inflammation, exhibit-
ing favorable antibacterial bioactivity both in  vivo and 
in vitro [79].

Chronic inflammation
Rheumatoid arthritis
Rheumatoid arthritis (RA) is a type of chronic, non-spe-
cific inflammatory condition characterized by joint dam-
age, which can result in cartilage and bone degradation, 
ultimately leading to joint deformities and loss of normal 
function. While biological agents have been employed 
to treat RA, many patients still experience suboptimal 

Fig. 3  Therapeutic efficacy of NNPs/CLT on inflammation in the AP rat model. A–C Serum amylase level (A), weight of ascites (B), pancreatic wet/
dry ratio (C), Serum TNF-α (D) and serum IL-6 (E) levels in the AP rats. *p < 0.05 versus sham group, #p < 0.05 versus model group, &p < 0.05 versus CLT 
solution group, and $p < 0.05 versus NPs/CLT group. Data represent mean ± SD (n = 6). Adapted from Ref. [74] with permission
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clinical outcomes. Thus, new treatments are needed to 
address this challenge [80].

RA is regarded as an autoimmune disease and the inva-
sion of immune cells into the synovial joint space plays 
a pivotal role. Neutrophils contribute to the progression 
of RA because they can stimulate synoviocytes in the 
joint to produce chemokines, attracting more neutro-
phils to the inflammatory site [81]. Activated neutrophils 
degranulate and release their contents, leading to carti-
lage destruction [82]. In addition to conventional drug 
therapies, biomimetic nanoparticle delivery strategies 
based on cell membranes have shown promise in treat-
ing RA. Researchers have developed a novel approach to 
treat rheumatoid arthritis in mouse models, including 
the collagen-induced mouse model and human trans-
genic mouse arthritis model [83]. This approach involves 
the preparation of new nanoparticles coated with poly-
mers and wrapped in neutrophil membranes [84]. Due 
to the adhesion between neutrophils and chondrocytes, 
these nanoparticles not only have the ability to neutralize 
pro-inflammatory cytokines and suppress inflammatory 
responses in arthritic mice but also possess the capability 
to aggregate and penetrate the cartilage matrix in the dis-
tal part of the femoral head, providing robust protection 
for cartilage to reduce joint damage [85].

FK506 is an effective immunosuppressant for RA 
patients who have not responded well to methotrexate. In 
a study [86], nanoparticles encapsulated in platelet mem-
branes carrying FK506 were tested in a mouse model of 
collagen-induced arthritis (CIA). These nanoparticles 
were found to be localized in synovial tissues by bind-
ing to Glycoprotein VI, which is expressed on the platelet 
membrane and interacts with type IV collagen. FK506-
loaded nanoparticles significantly reduced the degree of 
bone erosion in the ankle joint and effectively controlled 
the progression of RA. In another study conducted by 
the same research group, similar results were obtained 
using macrophage-derived microvesicles encapsulated 
with nanoparticles for RA treatment [87]. These findings 
underscore the feasibility and effectiveness of biomimetic 
nanoparticles in treating RA.

Inflammatory bowel disease
Inflammatory bowel disease (IBD) is a group of chronic 
conditions that primarily affect the gastrointestinal tract, 
leading to inflammation of the intestines and the most 
common types are Crohn’s disease and ulcerative colitis 
[88]. Current treatments for IBD focus on inflammation 
control, symptom management, and surgical interven-
tion for severe cases with complications. Anti-inflamma-
tory drugs in IBD treatment include aminosalicylic acid 
preparations, corticosteroids, and immunosuppressants. 
Keratinocyte growth factor (KGF) is secreted by stromal 

cells to stimulate epithelial proliferation [89]. The expres-
sion of endogenous KGF is increased in IBD, and KGF 
could promote mucosal repair in gastrointestinal injuries 
and colitis. However, the clinical application of KGF in 
managing IBD has been limited due to poor stability, pro-
duction difficulties, and non-specific distribution [90].

It has been found in a study [91] that the encapsulation 
of KGF in liposomes (KGF-Lips) could enhance its stabil-
ity. In subsequent studies, KGF-Lips were embedded into 
neutrophil membranes (NEM) isolated from mice and 
activated by lipopolysaccharide to create neutrophil-like 
liposomes (KGF-Neus), which exhibited remarkable sta-
bility in  vivo. Intravenous administration of KGF-Neus 
significantly reduced intestinal mucosal ulcers and neu-
trophil infiltration and promoted the recovery of intesti-
nal morphology and function in a mouse model with UC 
induced by sodium dextran sulfate [91].

Macrophages can undergo polarization into two dis-
tinct phenotypes, M1 and M2, in the context of inflamma-
tory conditions within the colon. Patients with UC often 
exhibit an increase in M1 macrophages and a decrease 
in M2 macrophages in their inflamed colon tissues. This 
imbalance between M1 and M2 macrophages has been 
associated with the progression of UC [92]. Exogenous 
administration of M2 macrophages could effectively sup-
press colitis, representing a potential therapeutic strategy 
for UC [93]. Nanoparticles encapsulating rosiglitazone, a 
compound capable of inducing macrophages to polarize 
towards M2, within macrophage membranes were able 
to target inflamed colon tissues [94]. These nanoparticles 
could release rosiglitazone, promote macrophage polari-
zation towards M2, and absorb the inflammatory media-
tors once they arrived in the inflamed colon tissues [94]. 
This approach holds promise as a potential strategy for 
treating UC by modulating macrophage polarization and 
mitigating inflammation.

Atherosclerosis
Atherosclerosis is a chronic vascular inflammatory 
disease characterized by the deposition of atheroscle-
rotic plaques beneath the arterial endothelium, which 
can lead to lumen stenosis or occlusion, resulting in 
ischemic events and potentially life-threatening vas-
cular conditions such as acute myocardial infarction. 
Platelet has an inherent affinity with atherosclerotic 
plaques and can be considered a potential candidate 
cell targeting atherosclerotic sites, so platelet-coated 
nanoparticles (PNPs) have been utilized for develop-
ing atherosclerosis treatments [95]. Human platelets 
were fused with PLGA nanoparticles to create PNPs 
with physical and chemical properties similar to plate-
lets, and these PNPs expressed key molecules of plate-
lets, including immunomodulatory proteins, integrins, 
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and other transmembrane proteins [96]. Docetaxel-
loaded PNPs (PNP-DtX1) were tested in a rat model 
of coronary artery restenosis, and the results revealed 
that PNP-DtX1-treated rats had the average intima-to-
media ratio of 0.18 ± 0.06 and the lumen occlusion rate 
of 8%, which were significantly lower than free doc-
etaxel-treated rats that had an average intima-to-media 
ratio of 0.76 ± 0.18 and a lumen occlusion rate of 33.6% 
[96].

Similarly, platelet membrane-coated rapamycin-
loaded PLGA nanoparticles (RAP-PNP) were tested 
for atherosclerosis in an apolipoprotein E-deficient 
mouse atherosclerosis model [97]. The results showed 
that platelet membrane coating enhanced drug loading 
and entrapment efficiency of rapamycin and inhibited 
plaque development (Fig.  4A). The aorta stained with 
Sudan red quantitative results showed that the average 
plaque decreased from 50.1 ± 6.3% to 34.8 ± 2.6% after 
free rapamycin treatment (Fig. 4B). However, RAP-PNP 
therapy could further the proportion of atherosclerotic 
lesions to 14.5 ± 2.9% (Fig.  4A, B). Oil-red O staining 
of the aortic root revealed that RAP-PNP significantly 
reduced the plaque area and increased the lumen area 
(Fig. 4C). Notably, the results of H&E staining sections 
demonstrated no apparent injury in the major organs of 
mice treated with RAP-PNP for 4 weeks, including the 
heart, liver, spleen, lung, kidney, and brain (Fig.  4D). 
Further experimental results revealed that RAP-PNP 
could substantially slow the progression of atheroscle-
rosis by reducing the area of necrotic foci and the num-
ber of macrophages, increasing smooth muscle cells, 

enhancing collagen content, and stabilizing plaques 
[98].

Applications of BNCM for drug delivery in cancer 
treatments
The relationship between cancer and inflammation
German pathologist Virchow first reported the presence 
of white blood cells in tumor tissues in 1863 and pro-
posed the relationship between cancer and inflammation 
[3], getting support from other scholars [4–6]. Inflamma-
tory responses can cause gene mutations and stimulate 
cell proliferation. Activated inflammatory cells produce 
reactive oxygen species, nitrogen species, and inflamma-
tory factors, inducing DNA oxidative damage [99].

In chronic inflammation, tissue damage and repair 
occur continuously in an environment rich in reactive 
oxygen species, leading to genomic changes, such as 
point mutations, deletions, or rearrangements, which are 
key driving forces behind tumorigenesis [99, 100]. More-
over, chronic inflammation can promote cancer growth 
as it stimulates the formation of new tumor blood vessels 
by activating vascular endothelial growth factor, provid-
ing essential nutrients for tumor growth [92].

Inflammation also facilitates the process of tumor 
metastasis. Cancer metastasis is a complex, multi-step, 
dynamic process involving interactions among cancer 
cells, immune cells, inflammatory cells, and surround-
ing tissue components. The inflammatory environment 
creates favorable conditions for tumor metastasis [101]. 
During tumor progression, cancer cells secrete cytokines 
like TNF-α, IL-6, IL-8, and chemokines to recruit more 
inflammatory cells, such as neutrophils, lymphocytes, 

Fig. 4  In vivo anti-atherosclerosis efficacy of RAP-PNP (n = 6). A Representative photographs of en face Sudanese red-stained total aortas from each 
group. Scale bar = 10 mm. B Quantitative percentage of plaque area compared with total luminal surface area. C Oil-Red O detection on the section 
of aortic roots from mice after different treatments. Scale bar, 500 μm. D H&E staining of major organs of ApoE−/− mice treated with RAP-PNP 
for 4 weeks (magnification = 200 ×). Adapted from Ref. [97] with permission
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and natural killer cells, inducing the formation of the 
tumor inflammatory microenvironment [102]. Given 
the association of inflammatory cells with tumor growth 
and metastasis, BNCM can potentially deliver antitumor 
drugs.

Chemotherapy
Paclitaxel-loaded polymer nanoparticles (PPNs) were 
fused with membranes of 4T1 breast cancer cells to cre-
ate cancer cell membrane-modified PPNs (CPPNs) [26]. 
In mice with orthotopic breast tumor model and lung 
metastasis, CPPNs selectively accumulated in primary 
tumors and metastatic lymphoid nodules of the lung, sig-
nificantly inhibited the growth of primary and metastatic 
tumors, demonstrating better antitumor efficiency than 
free paclitaxel.

Inspired by loading DOX into MSN, Huang et al. sub-
sequently encapsulated MSN/DOX with iRGD, a cyclic 
tumor-penetrating peptide, to modify erythrocyte mem-
branes, creating composite nanoparticles called iRGD-
RM-(DOX/MSN) [103]. In an orthotopic breast cancer 
transplantation model, iRGD-RM-(DOX/MSN) effec-
tively targeted tumors and reduced macrophage phago-
cytosis, leading to a remarkable tumor growth inhibition 
rate of 86.29 ± 5.12%.

Photothermal therapy
A novel photothermal conversion agent based on mac-
rophage membrane (MPCM)-camouflaged gold nano-
shells (AuNS) was designed for the photothermal therapy 
of cancer [104]. Compared with the bare AuNS, MPCM-
AuNS showed significantly enhanced blood reten-
tion time, while the bare AuNS was almost eliminated 
from the blood after 24  h in mice bearing 4T1 tumors 
(Fig.  5A). In addition, fluorescence imaging confirmed 
that MPCM-AuNS was significantly accumulated in 
tumor tissues and had a longer circulation time (Fig. 5B). 
Further experimental results revealed that tumor tissues 
in the MPCM-AuNS group were ablated obviously after 
near-infrared irradiation, and only a black scar was left 
at the primary tumor site 25 days after irradiation, while 
tumor volumes in the control groups kept increasing 
(Fig.  5C, D). Similarly, graphene quantum dots (GQDs) 
and DOX were encapsulated with glioma homologous 
cancer cell membranes to synthesize GQDs/DOX@CCM 
nanoparticles [105]. GQDs/DOX@CCM nanoparticles 
within actively targeted to mouse glioma cells in  vitro. 
Under laser stimulation, cell membranes on the surface 
of these nanoparticles began to cleave and release DOX, 
which significantly increased cell uptake and showed a 
high efficiency in killing tumor cells.

Fig. 5  In vivo circulation time, accumulation and antitumor effects of MPCM-AuNs in the 4T1-tumor-bearing mice. In vivo circulation time 
of the MPCM-AuNSs and AuNSs and their accumulation at the tumor sites. A Relative fluorescence signal intensity of nanoparticles in blood 
after intravenous injection. B In vivo fluorescence time-lapse imaging of nude mice bearing 4T1 tumor after the intravenous injection 
of nanoparticles during 48 h. C Photographs of the tumor region were time-lapse acquired and systematically administrated after 5 min of NIR 
irradiation. D Photographs of relevant tumors originated from each group in C. Scale bar = 2 cm. Adapted from Ref. [104] with permission



Page 12 of 15Qiu et al. European Journal of Medical Research          (2024) 29:523 

Tumor vaccine
A poly PLGA nano-vaccine encapsulated within eryth-
rocyte membranes (Man-RBC-NPhgp) was developed 
and loaded with the antigen peptide (hgp10025-33) and 
monophosphoryl lipid (MPLA), an agonist of TLR4, and 
embedded mannose on cell membranes [106]. Man-RBC-
NPhgp could target the mannose receptors on lympho-
cytes and enhance lymphocyte uptake. Man-RBC-NPhgp 
enhanced IFN-γ secretion and CD8 + T cell response in 
melanoma immunotherapy. Man-RBC-NPhgp induced 
cytotoxic T lymphocytes with an impressive content 
of 36.6%, which was significantly higher than free pep-
tide + MPLA (hgp + M) (27.6%) and PLGA-NPhgp + M 
(28.4%), which highlighted the superiority of nano-tumor 
vaccines.

Summary and prospect
Although the design and application of BNCM in disease 
control is still in its infancy, this new type of drug deliv-
ery is expected to become a new generation of drug deliv-
ery methods. These nanoparticles can be better used in 
disease diagnosis and treatment according to the biologi-
cal characteristics of nano-carriers. This technique was 
initially developed by using erythrocyte membrane coat-
ing to prolong the circulation time of nanoparticles. With 
the deepening of research, various cell membrane types 
have been used as sources of membranes, including white 
blood cells, platelets, cancer cells, NK cells, and others.

According to the different biological characteristics of 
different cell membranes and the flexibility of nano-core 
materials, the development of BNCM has a broad appli-
cation prospect. For example, in inflammatory diseases, 
BNCM represented by neutrophil membranes reaches 
the focus of inflammation under chemotaxis and releases 
the drugs carried by nanoparticles after interaction with 
tissue cells. In the context of cancers, nanoparticles 
enveloped in cancer cell membranes inherit the unique 
characteristics of their source cells. This homologous 
targeting ability allows them to seek out tumor tissues 
once they enter the bloodstream actively. The continued 
research and development of BNCM hold great promise 
for revolutionizing drug delivery and improving disease 
diagnosis and treatment across various medical fields.

BNCM represents a promising drug delivery method 
rooted in natural cells, which can enhance drug utiliza-
tion, mitigate adverse reactions, and enable precise drug 
targeting. Nonetheless, several issues, including the high 
receptor affinity, in  vivo circulation, cytotoxicity, and 
clinical transformation, necessitate further optimization 
to advance this technology. For instance, using many 
immune cells to prepare BNCM for treating inflamma-
tory diseases could induce or exacerbate inflammation 

through interactions with the immune system. In the 
context of mesenchymal stem cells, while their excreted 
components exhibit anti-inflammatory and immune-
related effects, they may also have the unintended conse-
quence of directly or indirectly promoting tumorigenesis 
or accelerating the progression of existing tumors.

Additionally, the complex process of extracting cell 
membranes and the need for repeatability pose sig-
nificant challenges for industrial-scale production. For 
instance, blood cells extracted from the bloodstream 
undergo purification, drug loading, and reintegration. 
During the separation process, it is crucial to maintain 
their cellular activity. Disruption of the cell structure can 
trigger the expression of signals like “find me” and “eat 
me”, leading to phagocytosis. This extraction method pre-
sents a substantial challenge.

Moreover, a considerable gap exists between laboratory 
research and clinical application, and numerous obsta-
cles must be surmounted. While substantial progress has 
been made in laboratory research, the safety and efficacy 
of BNCM still need to be verified by high-quality, large-
scale data. Therefore, conducting more comprehensive 
biological investigations is imperative to explore the 
mechanisms, biological effects, and strategies for mitigat-
ing potential toxicity.

Finally, it is essential to mention the establishment of 
rigorous quality control standards to ensure the absence 
of contamination during nanoparticle preparation, pre-
venting potential harm arising from immune responses 
against these particles. While challenges persist in the 
application of BNCM, it is undeniable that their natu-
ral advantages and potential applications hold great 
promise. This drug delivery system based on natural cell 
membranes is poised to pioneer a new frontier in drug 
delivery, sparking renewed interest in nanomedicine 
design and application.
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