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Abstract: Cellular membrane engineered nanoparticles (NPs) have shown immense potential for anti-cancer
drug delivery applications. In principle, cell membrane of any type of cells can be processed to obtain purified
cellular membrane which can self-assemble to form stable and highly robust nanovesicles. These nanovesicles
retain lipid-bilayer architecture of host’s cells and much of the surface biomarkers and proteins are conserved
during top-down approach. Interestingly, nanovesicles have exhibited long plasma circulation and appreciable
tumour specific binding, which is largely suggestive of their biomimetic properties. Many pioneer studies have
demonstrated their ability to encapsulate different chemotherapeutic agents and photosensitizers of varied
chemical complexities, and releasing them in a triggered fashion. Additionally, the novel NPs system has been
developed for cancer immunotherapy. The review discusses some of the important research and applications of
cellular membrane derived nanovesicles for different forms of cancer therapy and their potential to be
developed as personalized nanomedicine.
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Introduction

Nanoparticles represents an important class of drug
delivery systems due to their ability to increase the
therapeutic efficiency of free drug formulations and
to reduce their side effects (Tennyson 2012). It can
significantly alter the pharmacokinetics of chemo-
therapeutic drugs and release them in a sustained
or triggered fashion (Jinjun et al.,, 2017). Conse-
quently, many different types of nanoparticles are
clinically approved to treat different types of can-
cers (Daniel et al., 2016). In a quest to develop bio-
compatible and more effective drug delivery sys-
tem than synthetic NPs, scientists have recently
tried to engineer the hosts” own cells to derive na-
noparticles for personalized nanomedicine (Ronnie
Fang et al., 2017). The concept involves the sequen-
tial lysis of cells to obtain the purified cellular

membrane after removal of their intercellular con-
tents. It is further reduced in size during which pro-
cess, it self-assembles into nanovesicles and can en-
capsulate drugs with varied chemical structures.
Using this biomimetic approach, the resultant nan-
ovesicles would be relatively less immunogenic and
more biocompatible than the synthetic analogues
since these NPs shared structural similarities with
cells from which these were derived. (Brian et al.,
2015). Because of their remarkable “stealth”, these
nanovesicles can evade immune recognition and
hence show improved pharmacokinetics, which can
dramatically increase accumulation of the encapsu-
lated drugs at the tumour site due to enhanced per-
meability and retention (EPR) effects. Therefore, cell
membrane derived NPs can be used to develop next
generation and advanced drug delivery platforms
for personalized drug delivery.
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Figure 1: Schematic illustration of cellular membrane derived nanovesicles

Nanovesicles have been obtained from many differ-
ent types of cells such as, RBCs, WBC, platelets, and
even from cancer cells and stem cells (Pratigyan et
al., 2020). Either these NPs can directly encapsulate
the drugs, or the purified cellular membrane can be
coated over synthetic NPs to form a hybrid drug de-
livery system (Pratigyan et al., 2020). In either way,
itis possible to conserve the plethora of host specific
biomarkers and proteins over the nanovesicle’s sur-
face which are normally present on the source cells
(Figure 1). Importantly, Che-Ming et al. had shown
that RBCs membrane can act as stealth coating over
PLGA NPs, and can significantly enhance plasma
circulation in comparison to PEG, which has been
used as a gold standard to coat synthetic NPs in or-
der to evade their immune recognition (Brian et al.,
2015). Nanovesicles are obtained from purified me-
brane via top-down approaches. The easiest way to
reduce size of cell membrane is through sonication,
that uses ultrasonic waves to fragment the lipid bi

layer, which can spontaneously reassemble to
smaller sized nanovesicles. However, it is not a re-
producible approach to derive nanovesicles and it
generated more membrane fragments (Yuan et al.,
2015). In order to derive reproducible nano

formulations with low polydispersity and precise
size range, cell membrane is extruded through pol-
ycarbonate membranes of fixed pores size (Yuan et
al., 2015). Another lesser reported process involves
microfluidic electroporation which involves mem-
brane fragmentation of cells with electric current
while flowing through microfluidic channels(Lang
et al. 2017). Cellular membrane derived nanovesi-
cles, irrespective of their cell source and the phys-
ico-chemical methods used for their formulation,
mimic to larger extent to liposomes in morphology.
These possess core-shell morphology, with proteins
embedded in lipid bilayer surrounding an aqueous
core, thus highly suitable to encapsulate both lipo-
philic and hydrophilic drugs simultaneously (Zehui
etal., 2020). In this review, we highlight some of the
recent developments in this field and describe the
potential application of cell membrane derived na-
noparticles for cancer therapy (Figure 2). Broadly,
the NPs have been explored to deliver the chemo-
therapeutic drugs, photothermal/photodynamic
agents and their combinations for dual therapy.
Further their use for cancer immunotherapy has
also been discussed in some detail.
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Figure 2: Applications of cellular membrane derived nanovesicles for cancer therapy

RBCs Derived Nanovesicles

The literature about the use of RBCs derived nano-
vesicles, hereby termed as Nanoerythrosomes
(NER), for anti-cancer drug delivery dates back to
the experiments conducted by Lejeune et al., who
extruded erythrocytes and thereafter covalently
linked daunorubicin with surface proteins. It
showed significantly lesser clearance of drug
through liver in comparison to similar sized lipo-
somes, and thus a superior efficacy in animal stud-
ies. The field remained unnoticed for a longer time
and it was until 2011, when Che-Ming et al. ex-
ploited RBCs membrane as alternative to PEG to
coat poly lactic-co-glycolic acid (PLGA) NPs, which
showed dramatic increase in plasma residence time
of RBCs membrane coated NPs, which was later at-
tributed to the preservation of CD-47, a “marker of
self” on its surface. It inhibits phagocytosis by inter-
acting with SIRPa complex on macrophage surface
(Che-Ming., 2011). Since then, it has been exten-
sively explored for cancer nanomedicine to encap-
sulate and deliver different combinations of drugs
(Table 1). For instance, Nanoerythrosomes based
formulations of many different chemotherapeutic
drugs such as doxorubicin (DOX), paclitaxel (PTX),
camptothecin (CPT), Fluorouracil, and their combi-
nations with photothermal/photodynamic agents
like indocyanine green (ICG), carbocyanine deriva-
tive (DiR), chlorin e6 (Ce6), perfluorocarbons
(PFTBA), gold NPs have shown significant anti-tu-
mour response in animal models(Qouc-Viet et al.,
2018). In one study, it was shown that, RBCs de-
rived nanovesicles can load DOX chloride via am-
monium sulphate gradient, much similar to clini-
cally approved liposomal nano formulation DOXIL
(Xinxin et al., 2017). Their application is not just lim-
ited to smaller sized chemotherapeutic drugs,

rather Nanoerythrosomes can also be used for gene
therapy wherein, RBCs membrane-liposomal lipid
bilayer fused hybrid NPs targeted human epider-
mal growth factor receptor 2 (HER2) positive can-
cers and selectively delivered DNA-aptamer-modi-
fied DNA tetrahedron (Wenjuan et al., 2022). Addi-
tionally it can also be used to prevent premature
degradation of drug (Sahil et al.). Interestingly,
much recently RBCs derived NPs have been shown
to enhance therapeutic response of cancer immuno-
therapy. It works by harnessing hosts” immune ca-
pabilities to destroy cancer cells. Specifically, RBCs
membrane was fused with tumour cell membrane
and further processed to form tumour associated
antigen (TAA) presenting NPs. The inherent prop-
erties of Nanoerythrosomes to be captured by mac-
rophages and dendritic cells were leveraged and
thus in this way, antigen presenting cells (APCs)
were targeted effectively. It resulted in stronger T-
cell mediated immune response in mice tumour
model probably due to higher CD8-T cell infiltra-
tion (Xiao et al., 2019). Another interesting experi-
ments were conducted by Guo et al., who utilized
Nanoerythrosomes to deliver tumour specific anti-
gen to target dendritic cells (DCs) and induce cyto-
toxic T lymphocyte (CTL) mediated response
(Yuanyuan et al.,, 2015). The group encapsulated
melanoma associated antigenic peptides in PLGA
NP and subsequently coated it with RBCs mem-
brane to enable prolonged circulation and present
antigens directly to T-cells after processing by APCs.
This nano vaccine produced much stronger and
specific immune response against melanoma cells
which resulted in higher tumour growth retarda-
tion and reduced metastasis in comparison to con-
trol sets of animals. In all these reports,
Nanoerythrosomes have been shown to enhance


https://sciencereviews.info/

Sahil Malhotra

Science Reviews - Biology, 2022, 1(2), 1-11

the therapeutic response of conventional anti-can-
cer therapy, supposedly because of their prolonged
plasma circulation time and effective tumour accu-
mulation. Unlike synthetic NPs, these nanovesicles
can evade RES uptake by liver Kupfer cells for
longer time, which is indicative of their “stealth”
nature. It offers strong pharmacokinetics and thus

Additionally, their unique physico-chemical char-
acteristics enable encapsulation and protection of
the sensitive chemotherapeutic drugs, which other-
wise would undergo premature degradation at
physiological conditions.

more bioavailability of the

drug molecules.

Table 1: List of applications of cell membrane derived nanovesicles for cancer therapy

Cell Source and Therapeutic Methodology Core Ma- | Outcomes Ref
Application Agents terial
Red Blood Cells DOX Extrusion PLGA Tumour growth retar- | Brian et
NPs dation and increased al.
overall survival of ani-
mals
5-Fluorouracil | Extrusion Chi- Improved Pharmaco- | Al
tosan/PL | kinetics and Biodistri- | Qahtani
Chemotherapy GANP | bution etal.
Camptothecin | Extrusion Increased therapeutic | Sahil et
PEG-PCL | efficacy and reduced al
Micelle side effects
Phototherapy ICG Extrusion Decreased tumour JM. et
growth rate due to al.
thermal ablation of tis-
sue
Iron-Oxide Microfluidic Iron-ox- | Enhanced Photother- | Rao et
Electroporation | ide NPs apy al.
Chemo-Photother- | PTX/DiR Extrusion PCL Suppression of the Su et al.
mal/Photodynamic lung metastasis
Therapy
Gene Therapy DNA-aptamer | Extrusion Self -as- | Increased tumour re- | Wenjua
sembled | gression and reduced | netal
DNA ap- | side effects
tamers
Immunotherapy Tumour asso- | Sonication Stronger anti-cancer Han et
ciate antigen immune response al.
(TAA)
Melanoma as- | Extrusion PLGA Stronger immune re-
sociated anti- NPs sponse
gen
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Cancer Cells

Chemotherapy DOX Extrusion Mesopo- | Stronger anti-tumour | Di Nie
rous Sil- | response than DOXIL | etal.
ica NPs
Jing-Yi
DOX Extrusion Iron Ox- | Homotypic binding etal.
ide NPs | and self-recognition to
same cancer cell lines | Lang et
Gelatin al.
Cisplatin Extrusion NPs Significant tumour tar-
geting along with ef-
fective anti-tumour re-
sponse and virtually
no recurrence
Photothermal Ther- | ICG Extrusion PLGA Efficient accumulation | Ze Chen
apy at tumour site and ef- | etal.
fective photothermal
effects
Chemo + Gene PTX-siRNA Extrusion PLGA Excellent synergistic Cong et
therapy effects in mice models | al.
Immunotherapy B16-F10 Mela- | Extrusion PLGA Enhanced antigen Ashley
noma derived presentation and acti- | etal.
antigens and vation of tumour spe-
CpG adjuvant cific immune response
LuC-4T1 cells Nano vaccine elicited | Xiang et
antigens and Sonication PLGA a stronger and person- | al.
adjuvant alized immune re-
sponse Flavia et
Breast Cancer Promising adjuvant al.
Cells Antigens | Extrusion Dextran | Properties
Coated
Silicon
Platelets
Chemotherapy Bufalin Sonication PLGA Active targeting Haijun
etal.
Chemo-photother- | DOX-polypyr- | Extrusion Active targeting and Long et
apy role synergistic effects al.
Leukocytes
Dual Chemo-Gene | DOX-siRNA Extrusion Lipid Improved tumour tar- | Yaliet
Therapy Nano geting and synergistic | al.
vector effects
Neutrophils Ting et
Control Metastasis | Carfilzomib Extrusion PLGA Binding to CTCs and al.
their apoptosis
NK cells Porphine De- | Extrusion mPEG- Produced Macrophage | Guanjun
Immuno- rivative PLGA polarization to induce | etal.
Phototherapy anti-tumour immunity
T-cells ICG Extrusion PLGA Higher tumour affin- | Yutong
Photothermal ity and therapeutic ef- | etal.
Therapy ficiency
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Macrophages DOX Extrusion PLGA Camouflaging proper- | Minjun

Chemotherapy ties and efficient thera- | et al.
peutic efficiency

Photothermal Extrusion Au Nano Mingjun

shells Biocompatibility and atal.

efficient PTT

Stem Cells

Bone Marrow de- DOX Extrusion Gelatin Improved therapeutic | Changy

rived mesenchymal efficiency ong et

stem cells al.

Platelets Derived Nanovesicles

Platelets have remarkable ability to evade phagocy-
tosis similar to that of RBCs probably due the pres-
ence of CD-47 on their surface (Quoc-Viet. 2018). It
was used to coat PLGA NPs containing bufalin, an
anti-neoplastic agent that can reverse multi-drug re-
sistance and inhibit angiogenesis (Haijun et al.,
2019). The NPs showed targeted binding to hepa-
toma cells due to interaction between p-selectin on
platelets membrane and CD-44 overexpressed on
cancer cells. In another report, platelet membrane
derived NPs loaded DOX and photosensitiser
polypyrrole NPs simultaneously for dual chemo-
photothermal therapy (Long et al., 2020). It caused
synergistic effect and tumour growth retardation in
orthotopic hepatocellular carcinoma model. The
NPs were biocompatible and ensured safety and ef-
ficacy for chemo-photothermal therapy. An inter-
esting application of platelet membrane cloaking
was for ferroptosis enhanced cancer immunother-
apy (Qin et al., 2020). Ferroptosis is a cell death
mechanism, quite different than apoptosis and ne-
crosis, which is due to inactivation of glutathione
peroxidase. It results in accumulation of oxidative
species leading to lipid peroxidation and cell death.
Some iron based NPs have shown potential to in-
duce ferroptosis, but their application is limited due
to their ready immune clearance and poor tumour
targeting. Therefore in order to improve tumour
targeting and localization, iron oxide NPs were
coated with platelet membrane. These NPs were co-
loaded with a potent ferroptosis inducing agent sul-
fasalazine. Iron oxide worked synergistically with
the drug to induce ferroptosis. The NPs system
showed effective tumour growth retardation and
significantly reduced metastasis. Thus, platelets de-
rived NPs are useful for tumour targeting and im-
mune evasion essential for appreciable accumula-
tion in tumour tissue.

Immune Cells Derived Nanovesicles for Cancer
Therapy

Immune cells, called as leukocytes, comprise of dif-
ferent types of cells with unique functionalities.
Similar to other cells membrane, synthetic NPs can
also be coated with immune cells that enable them
to acquire several functionalities (Zehui et al., 2020).
Leukocytes derived NPs, termed as, leukosomes,
are well equipped with surface functionalities that
can specifically recognize tumour cells in addition
to providing long plasma circulation. Thus, it can be
a promising delivery vehicle to ensure tumour spe-
cific delivery of different drugs. For instance,
Minjuan et al. demonstrated camouflaging proper-
ties of macrophage membrane coated silica NPs
containing DOX as chemotherapeutic agent, which
produced higher therapeutic response in mice 4T1
tumour model. In another study, macrophage
membrane coated gold (Au) NPs were used for se-
lective tumour targeting in a mice 4T1 breast cancer
model and further explore it for photothermal ther-
apy. It showed prolonged circulation and tumour
specific targeting due to the presence of surface pro-
teins on macrophage membrane. Upon laser irradi-
ation, there was a strong tumoricidal response ob-
served due to localized heating effects caused by
gold NPs (Mingjun et al., 2016). Similarly, Yali et al.
developed a gene delivery vector carrying LPCAT1
siRNA along with DOX and functionalize it with
leukocytes membrane for targeted delivery to squa-
mous oesophagus carcinoma (Yali et al., 2020). Leu-
kocytes membrane functionalization enhanced the
transmigration and chemotaxis of these nano vec-
tors. The hybrid system produced synergistic anti-
tumour effects in a mice xenograft tumour model.
Another interesting example includes the Natural
Killer (NK) cells which are well-equipped with
highly potent cytolytic tools that can precisely sense
and eradicate tumour cells. Stimulated NK cells lyse
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the tumour cells via multitude of mechanisms,
mainly through their activating receptors (NKG2D,
NKp30, NKp44, NKp80), or expression of apoptosis
inducing ligands, such as against FAS/TRAIL re-
ceptors, and can also recognize monoclonal anti-
bodies against tumour markers (Hans-Gustaf et al.,
2007). Alternatively, NK cell mimetics, hereby
termed “Nano bullets”, are projected to outperform
in terms of functional apoptosis efficiency since
these cells free, nanometre sized, NKsomes, no
longer require directional chemotaxis for tumour
infiltration and migration (Chan-Hua et al., 2020).
These cell free nano constructs have been derived
from NK cell membrane, which retain much of the
surface markers and hence, cytolytic properties of
NK cells. NKsomes, unlike their precursors, can ex-
travasate through leaky vasculature of solid tu-
mours and can show relatively stronger retention
and migration characteristics. For instance, NK cells
membrane was coated over PLGA NPs encapsulat-
ing a photosensitizer for combined photo-immuno-
therapy (Guanjun et al., 2018). Some of the im-
portant activating receptors of NK cells were con-
served onto NPs surface which could induce M1
macrophage polarization and dendritic cells matu-
ration. Combined with the selective uptake by tu-
mour tissue, upon laser irradiation, it produced
pronounced cytotoxic response. In another interest-
ing study, scientists utilized Neutrophils membrane
derived NPs to neutralize circulating tumour cells
(CTCs) and prevent metastasis (Ting et al., 2017).
Neutrophils membrane functionalized PLGA NPS
loaded with proteosome inhibitor carfilzomib, were
able to bind with CTCs and induced apoptosis in
these cells and could prevent metastasis. Conclu-
sively, different types of immune cells can be engi-
neered to derive stable nanovesicles that preserve
surface functionalities of parent cells and enable tu-
mour specific recognition and targeting.

Cancer Cell Membrane Derived Nanoparticles

Cancer cells are known to exhibit strong homotypic
cell-cell adhesion which is mainly mediated by N-
cadherin, carcinoembryonic antigen, etc (Ziling et
al., 2020). Significant number of studies have
demonstrated that much similar to RBCs membrane,
cancer membrane can also be utilized to derive ki-
netically stable NPs and can also be coated over syn-
thetic NPs to form a hybrid nanoparticle system
(Zehui et al., 2020). Their application for drug deliv-
ery is based on the stronger homotypic cell binding
exhibited by the cancer cells and thus the resultant
cell membrane coated NPs could also show

stronger and targeted tumour delivery. Ronnie et al.
functionalized PLGA NPs surface with cancer cell
membrane and studied their potential for cancer
vaccine and for drug delivery. For proof of concept
studies, the group selected the mouse melanoma
cell lines as a model to obtain purified cellular mem-
brane and showed that the resulting NPs retained
much of the surface biomarkers specific to their
source cells. These NPs delivered tumour associ-
ated antigens to dendritic cells, which subsequently
stimulated T-cells to produce tumour specific im-
mune response. In another interesting study, Jing-
Yi et al. coated DOX loaded iron oxide NPs with dif-
ferent cell membranes and studied their self-recog-
nition tendency in-vivo mice tumour models. Two
different types of tumour models, namely murine
hepatocellular carcinoma (H22) and human squa-
mous epithelia (UM-SCC-7), were simultaneously
developed in the left and right limbs of the mouse
respectively. These tumour bearing mice were in-
jected with NPs prepared by coating DOX/iron ox-
ide NPs with hepatocellular membrane. After in-
vivo administration, higher DOX accumulation was
observed in the hepatocellular carcinoma, suggest-
ing self-recognition and tumour-selective targeting
of these nanoparticles (Jing-Yiet al., 2016). It further
resulted in reduced tumour growth rate in animals
injected with homotypic NPs prepared from the
same source of cells. Similarly, cancer cells derived
NPs can also be used to co-deliver a chemothera-
peutic drug and gene editing tools simultaneously,
which was demonstrated by the highly specific and
targeted delivery of PTX and siRNA to homotypic
cancer in mice (Cong et al., 2020). Extending the ap-
plication of cancer cell membrane derived nanopar-
ticles, MCF-7 cell membrane was coated over PLGA
NPs encapsulating indocyanine green for photo di-
agnostics and phototherapy (Ze et al., 2016). Some
of the important cell adhesion markers like EpCAM,
N-cadherin, galectin, were shown to be descended
from the source cells onto NPs surface during the
top-down approach. The hybrid NPs system had
shown reduced clearance through liver and kidneys,
and prolonged tumour accumulation in compari-
son to uncoated NPs suggesting strong homologous
binding.

Cancer cell membrane has immense potential to be
used for cancer immunotherapy due to the presence
of myriad of tumour associated antigens (TAAs)
which can induce much stronger and specific im-
mune response against cancer cells and thus can be
utilized as cancer vaccines (Ziling et al., 2020). For
this, cancer cells derived NPs can be the ideal
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candidate due to the absence of nucleus and it re-
tains most of the surface antigens. For instance,
breast cancer cells derived membrane was coated
over the silicon NPs functionalized with dextran for
cancer immunotherapy (Flavia et al., 2017). The de-
veloped nano vaccine induced expression of im-
mune stimulatory signals over the immune cells
and secretion of inflammatory cytokines (Flavia et
al., 2017). Thus, in addition to providing long circu-
lation, cancer cells derived NPs can be utilized for
active targeting due to their self-recognition ten-
dency and the conservation of tumour associated
antigens can make it suitable for cancer immuno-
therapy.

Stem-cells Derived Nanoparticles

Stem cells have been immensely utilized for regen-
erative medicine. In literature, there are fewer re-
ports regarding utility of stem cells membrane for
anti-cancer therapy. After being inspired by camou-
flaging properties of other cells types, scientists
functionalized DOX loaded nanogels with bone
marrow derived mesenchymal stem cells mem-
brane (Chengyong et al., 2016). Compared to the un-
coated nanogels, it demonstrated enhanced tumour
targeting and accumulation, and thus significantly
increased therapeutic efficiency and reduced side
effects. In another study, umbilical cord derived
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