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Cell membrane-derived biomimetic nanodecoys for viruses
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Viruses cause numerous acute, chronic and life-threatening
infectious diseases, and remain a major public health pro-
blem worldwide. The wide-spreading and highly pathogenic
viruses, including hepatitis virus, human immune deficiency
virus (HIV), Zika virus (ZIKV), influenza and Ebola, bring
huge medical burden (Guo et al., 2019; Holmes et al., 2016).
Currently, there are 250 million chronic HBV carriers (Yuen
et al., 2018) and 37.9 million HIV carriers worldwide (WHO,
2018, https://www.who.int/hiv/data/en/). As a global killer,
seasonal epidemics of influenza could result in about 3 to 5
million cases of severe illness and 200,000 to 650,000 deaths
annually (Woyessa et al., 2018). Up to date, SARS-CoV-2
has caused over two million cases in more than 213 coun-
tries, areas or territories with over 150,000 deaths (WHO,
2020, https://www.who.int/emergencies/diseases/novel-cor-
onavirus-2019/situation-reports/). Although anti-pathogenic
agents and vaccines were introduced into modern medicine
in the last century, an estimated 25% of annual deaths
worldwide are directly attributed to infectious diseases
(Morens et al., 2004). These epidemiological data signal a
clear urgency and highlight the importance of developing
anti-infection approaches to address the resistance or defi-
ciencies of antiviral formulations and vaccines (Bricarello et
al., 2012). For most viruses, interaction with attachment
factors and receptors expressed on the host cell membrane is
an essential process to establish infection (Marsh and Hele-
nius, 2006). Such pathogenic binding and entry mechanisms
offer opportunities for developing broadly applicable anti-

viral strategy, which subvert the interaction of specific
membrane proteins and viruses.
In recent years, cellular membrane vesicles (MVs)-based

therapeutics have been extensively investigated as delivery
systems for drugs or imaging contrast agents, as a result of
improved tolerability, targeting and circulation, as well as
their capacity to communicate with cells via signal trans-
duction and membrane fusion (Shi et al., 2020; Zhang et al.,
2020). Rather than an artificial membrane synthesized from
fully synthetic components, MVs are best owned natural
properties of the source cell membrane in a straight forward
manner. The laterally mobile, two-dimensional lipid-bilayer
environment and specific molecular compositions play an
important role in modulating the conformational equilibria of
proteins and coordinating the bioactivity of membrane con-
stituents (Lingwood and Simons, 2010). For early interrup-
tion of virus-to-host interactions, MVs that present high-
specificity mimics of cellular receptors may provide poten-
tial alternative exogenous decoys to trick viruses (Figure
1A).
For viral infection inhibition, MVs mimicking cell-surface

receptors could compete with native cellular receptors to
bind to the specific ligands. For example, Wei et al. (Wei et
al., 2018) reported a nanoparticle-based broad-spectrum anti-
virus strategy through fusing lymphocyte cell membranes
onto polymeric cores, which makes them ideal decoys of
natural CD4+ T lymphocyte cells. The resulting T-cell-
membrane-coated nanoparticles (TNPs) inherit T cell surface
antigens critical for human immunodeficiency virus (HIV)
binding, such as CD4 receptor and CCR5 or CXCR4 co-
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receptors. Through selectively binding with gp120, a key
envelope glycoprotein of HIV, TNPs effectively neutralized
HIV and inhibited viral infection of human peripheral
mononuclear blood and human-monocyte-derived macro-
phages. For viruses whose receptors are not clear, natural
host cells or medium host cells are available membrane
source. To divert Zika virus (ZIKV) away from its intended
targets, an anti-ZIKV host-mimicking nanodecoy (ND)
constructed by wrapping a polymeric core with mosquito
medium host cell membranes was developed (Rao et al.,
2019). The NDs could significantly prevent ZIKV replica-
tion in vitro, negate ZIKV-induced inflammatory and de-
generative changes, and improve the survival rate in mouse
models. What is perhaps most convenient about these cell
membrane-based viral decoys is the natural binding ability of
host cells that makes the exogenous engineering of receptor
moieties unnecessary.
However, in many cases, the host cells of some viruses are

too special to obtain easily. For example, human hepatitis B
virus (HBV), which is closely related with liver cirrhosis and
hepatocellular carcinoma (HCC), only attacks primary he-
patocytes of humans, chimpanzees or Tupaia generally
(Yuan et al., 2019a; Yuan et al., 2019b). Key challenges in
the use of these primary cells for infection inhibition include

difficulties in their harvesting and preservation of their in-
tegrity. Rather than employing natural cell membrane di-
rectly, cell plasma membrane can further be engineered
artificially to display more active proteins and thereby be
endowed with specific virus-binding components. However,
most cell membrane vesicles, which are chemically en-
gineered with functional motifs, often suffer from poor
biological stability and are limited in terms of in vivo de-
livery logistics and therapeutic activity (Dehaini et al., 2016).
To address the limitations of receptor-mediated HBV an-

tiviral treatment and functional modification, HBV-specific
receptor, a nine-transmembrane transporter named sodium
taurocholate co-transporting polypeptide (hNTCP), was
naturally immobilized onto the cellular surface via a genetic
modification procedure (Liu et al., 2018). Membrane ve-
sicles derived from the modified cells, named hNTCP-MVs,
were conferred important surface properties to play a specific
biological function. The hNTCP-MV could recognize and
bind to the dissociative HBV virion with high specificity and
sensitivity in vitro due to endogenous display of hNTCP. The
treatment of hNTCP-MV could prevent viral infection,
spreading, and replication effectively in human liver chi-
meric mice, an experimental mouse model of HBV infection.
The curative therapeutic outcome indicated promising po-

Figure 1 (Color online) Cell membrane-derived biomimetic nanodecoys (A) and summary of typical biomimetic nanodecoys (B). a, Zika virus (ZIKV); b,
human immunodeficiency virus (HIV); c, hepatitis B virus (HBV).
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tential for future clinical translation and this work opens up
new perspectives for biomimetic binding strategies as valu-
able tools to overcome the clinical challenges against virus
infection.
Infectious diseases have caused incalculable misery and

death. The diversity of infectious disease threats currently
facing humanity is unprecedented. However, the complex
mechanism and progress of diseases induced by many
viruses have still not been fully known, nor did a functional
cure was achieved. Nevertheless, suppression of viral in-
fection and spreading may be the central role to prevent the
progress of virus-induced diseases, especially in the cases of
virus outbreak that lack antiviral drugs and vaccines. As an
intersection of nanotechnology and biomedical technology
(Chen and Liang, 2018), nanomedicine created novel solu-
tions for addressing some of the most pressing human health
needs (Liu et al., 2020; Wang et al., 2019; Zhang et al.,
2018). By taking inspiration from natural host cell biological
systems, MVs acted as an outstanding nano platform for
functional moieties anchoring. These nano “decoys” that
present high-specificity mimics of receptors can hinder viral
attachment and inhibit cell entry process. Due to the varied
sources from host and bioengineering cells, MVs can be
exploited to target the vast viral repertoire, and be used as a
broad-spectrum platform in antiviral therapy (Figure 1B).
Moreover, as a biomimetic delivery system, another pro-

mising feature of MVs is that MVs are flexible in custo-
mizability due to a myriad choices of loading cargos,
including antiviral drugs, immunomodulatory agents and
contrast agents/labeling probes. Moving forward, the com-
plex of “decoy” and virus due to the receptor-virus affinity
may enhance the presentation of viral antigen protein and
elicit functional immunity capable of combating virus in-
fections, which underscores the potential utility of biomi-
metic nanodecoy-based immunotherapy. It is believed that
this customizable platform has great potential to be applied
against a broad range of viruses efficiently and flexibly.
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