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In a recent issue of Matter, Wang et al. present macrophage
cell membrane (CM)-cloaked nanoparticles (PN-AIE MØs)
specifically designed for treating monkeypox (Mpox) [1].
Incorporating photosensitizers with aggregation-induced
emission (AIE) properties for imaging and phototherapy,
this approach efficiently targets and eradicates Mpox.

The global resurgence of Mpox as a health emergency
highlights the urgent need for novel therapeutic strategies
[2]. Traditional treatments, though somewhat effective,
need more specificity and targeted delivery capabilities,
especially against rapidly mutating viruses. Innovations in
nanotechnology [3], particularly CM-cloaked engineered
precision nanoparticles (NPs) [4], represent significant
advancements in infectious disease management. Conven-
tional nano-delivery systems often face rapid immune
clearance, typically mitigated with hydrophilic polymer
coatings like polyethylene glycol (PEG) [5]. In contrast,
biomimetic CM coatings provide a better alternative by
enhancing biocompatibility and avoiding immune detec-
tion [6]. These coatings encapsulate NPs with natural CMs,
enhancing their integration into biological systems and
targeting infection sites, exemplified by Wang et al.’s

application of macrophage CM (MCM) coatings in Mpox
treatment [1] (Figure 1).

NP technologies enhance infectious disease manage-
ment through targeted drug delivery and improved di-
agnostics. Notable types include liposomes, polymeric,
and metal-based NPs, each offering distinct benefits in
biocompatibility and delivery precision as shown in Table 1.
Safety concerns vary, focusing on cytotoxicity, immunoge-
nicity, and biodistribution. For example, metallic NPs,
although effective antimicrobials, can pose toxicity risks
and accumulate in organs. In contrast, biodegradable
polymeric NPs, such as poly (lactic-co-glycolic acid)
(PLGA) are favored for their lower toxicity and safer long-
term use, providing precise targeting that reduces systemic
side effects and adapts to pathogen mutations.

Central to Wang et al.’s innovative approach is
the synthesis of a photosensitizer endowed with AIE
properties, enhancing both phototherapy and imaging
capabilities significantly. AIE distinguishes itself from
traditional fluorophores by increasing luminescence
upon aggregation rather than diminishing. This unique
characteristic has recently been harnessed in AIE-enabled
PLGA NPs employed within advanced fluorescence life-
time imaging applications [7]. Such techniques provide
detailed visualization and mapping of cellular dynamics
at the subcellular level, revealing complex biological
processes beyond the reach of conventional imaging
methods.

The strategic selection of MCM coatings is pivotal for
their inherent ability to recognize and neutralize patho-
gens, making them highly effective for therapeutic agent
delivery directly to infection sites. This choice is not
arbitrary; macrophages play a critical role in the body’s
immune response by identifying, engulfing, and destroying
pathogens. The use of MCM exploits these natural
properties, enhancing the NP’s ability to target and treat
infections effectively [8]. Furthermore, MCM-coated
NPs have shown success in combating even bacterial
(M. tuberculosis) infection, as reported in a recent study,
underscoring their versatility and broad potential in
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treating various infectious diseases [9]. Other CMs offer
unique therapeutic benefits: erythrocyte membranes

enhance systemic circulation, leukocytes target inflamma-
tory sites, platelets home to damaged vasculature, and
cancer CMs ensure tumor-specific targeting. Each type is
chosen based on the desired therapeutic outcome.

Wang et al.’s research presents the innovative photo-
sensitizer TPE-BT-DCTBT, characterized by its near-infrared
II (NIR-II) emission and AIE properties. The synthesized
compound exhibited peak photoluminescence at 1008 nm
and UV-visible absorption at 735 nm in THF, making it suit-
able for deep tissue imaging and photothermal and photo-
dynamic therapies (PTT and PDT). It was designed to
enhance fluorescence in aggregated states, overcoming the
limitation of traditional fluorophores’ aggregation-caused
quenching. To manage its hydrophobic nature, TPE-BT-
DCTBT was encapsulated in FDA-approved PLGA via nano-
precipitation [7], enhancing its solubility and stability for
delivery. The resulting NPs, named PN-AIE MØs, incorpo-
ratedMCM coatings pre-treated with the vaccinia virus. This
pre-treatment significantly amplified the expression of viral
recognition receptors such as CCR2, CD206, and CD14 on the
macrophages, enhancing the NPs’ specificity and efficiency
in targeting and neutralizingMpox infections. Dynamic light
scattering confirmed the successful MCM coating, with PN-

Figure 1: Schematic representation of the development and function of pre-treated macrophage-derived biomimetic nanoparticles (NPs) targeting
Mpox. This figure depicts the preparation of PLGA NPs encapsulating NIR-II emissive photosensitizer TPE-BT-DCTBT with aggregation-induced emission
(AIE) properties. These NPs are coated with vaccinia virus pre-treated macrophage cell membrane to form PN-AIE MØs. The pre-treatment enhances
macrophage receptor expression, enabling precise targeting ofMpox virus by PN-AIEMØs. These PN-AIEMØs facilitate targeted phototherapy uponNIR-
II laser irradiation and imaging, effectively localizing and eradicating the Mpox virus while minimizing impact on surrounding healthy tissues.

Table : Comparison of nanoparticle technologies in infectious disease
management.

NP type Characteristics Safety considerations

Liposomes Results in biocompatible
carriers; enhances drug
solubility

Low immunogenicity; risk of
fusion with endogenous
vesicles

Polymeric
NPs

Controlled release
capabilities; customizable for
targeted delivery

Biodegradable with low
toxicity; varies with polymer
composition

Metallic NPs Some of them offer
antimicrobial properties; can
offer imaging/diagnosis;
magnetic NPs can offer
magnetic targeting

Potential for heavy metal
toxicity; accumulation in
organs might cause health
issues

Dendrimers Uniform size and shape; high
drug loading efficiency

High surface charge can
cause cytotoxicity

Quantum
dots

High photostability; suitable
for long-term imaging
studies

Contain heavy metals, raising
concerns about body safety

NP, nanoparticle.

84 Shubhra et al.: Precision phototherapy and imaging



AIE MØs measuring 156.6 nm in size and -32.6 mV in zeta
potential. Upon NIR laser exposure at 808 nm for 7 minutes,
these NPs demonstrated remarkable photothermal conver-
sion, reaching temperatures up to ∼60°C and achieving a
photothermal conversion efficiency of 34.1%, substantially
surpassing that of some typical photothermal agents.

In their study, Wang et al. developed a mouse model
mimicking Mpox by injecting the vaccinia virus into
scratched mouse tails to induce characteristic pustular
lesions. The engineered NPs, PN-AIE MØs, showed
remarkable targeting and retention at infection sites for
over 72 h due to enhanced receptor expression on pre-
treated MCM. Following 808-nm laser irradiation, these
sites displayed significantly higher infrared intensity,
indicating the NPs’ effective PTT. This led to nearly
complete scab resolution and a substantial reduction in
viral loads, demonstrating the therapeutic potential of
PN-AIE MØs. Post-treatment histological analysis showed
diminished viral antigen density and tissue necrosis
alongside improved epidermal healing. Additionally, the
study highlighted PN-AIE MØs’ role in preventing viral
transmission, significantly reducing viral spread from
treated lesions. Biocompatibility tests confirmed the
safety of PN-AIE MØs for both in vitro and in vivo
applications, with no significant cytotoxic effects or
adverse impacts on major organs, underscoring their
viability for therapeutic applications.

Wang et al.’s research significantly advance Mpox
therapeutics, offering insights into using nanotechnology
for infectious diseases. Their methodology holds promise for
treating various viral infections, especially those resistant to
standard therapies. Integrating PTT with existing Mpox
treatments could enhance efficacy; co-loading NPs with
traditional antivirals might reduce drug dosages and
improve outcomes. Future enhancements could include
boosting targeting precision by adding peptides or aptamers
to MCM coatings, increasing specificity over conventional
coatings [10]. Additionally, exploring other types of NPs [11] or
the NPs’ effectiveness against other pathogens could
expand their therapeutic scope [12]. Notably, the high photo-
thermal conversion efficiency of TPE-BT-DCTBT suggests
potential applications in cancer treatment. However, regula-
tory challenges must be addressed as these NPs, potentially
classified as biologics, require rigorous safety and efficacy
evaluations to transition from lab to clinical use.

In conclusion, Wang et al.’s research lays the ground-
work for next-generation infectious disease therapeutics,
emphasizing precision, efficacy, and safety.
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