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ABSTRACT: Neutrophils are implicated in numerous inflammatory
diseases, and especially in acute ischemic stroke (AIS). The unchecked
migration of neutrophils into cerebral ischemic regions, and their subsequent
release of reactive oxygen species, are considered the primary causes of
reperfusion injury following AIS. Reducing the infiltration of inflammatory
neutrophils may therefore be a useful therapy for AIS. Here, inspired by the
specific cell—cell recognition that occurs between platelets and inflammatory
neutrophils, we describe platelet-mimetic nanoparticles (PTNPs) that can be
used to directly recognize, intervene, and monitor inflammatory neutrophils
in the AIS treatment and therapeutic evaluation. We demonstrate that
PTNPs, coloaded with piceatannol, a selective spleen tyrosine kinase
inhibitor, and superparamagnetic iron oxide (SPIO), a T2 contrast agent, can
successfully recognize adherent neutrophils via platelet membrane coating.
The loaded piceatannol could then be delivered to adherent neutrophils and
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detach them into circulation, thus decreasing neutrophil infiltration and reducing infarct size. Moreover, when coupled with
magnetic resonance imaging, internalized SPIO could be used to monitor the inflammatory neutrophils, associated with
therapeutic effects, in real time. This approach is an innovative method for both the treatment and therapeutic evaluation of
AIS, and provides new insights into how to treat and monitor neutrophil-associated diseases.
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acute ischemic stroke

schemic stroke is the leading cause of death and serious

long-term disability worldwide. Early administration of
recombinant tissue plasminogen activator (rtPA) is currently
the only effective thrombolytic therapy for acute ischemic
stroke (AIS) that is approved by the FDA.' ™ However, rtPA
treatment has a narrow therapeutic window and must be
provided within 4.5 h after stroke onset. As a result, less than
5% of all patients can receive this therapy.*”” Moreover,
therapeutic outcomes are further compromised by the
secondary injuries produced by cerebral ischemia and
reperfusion, which include excitotoxicity, mitochondrial
response, calcium influx, free radical damage, and inflamma-
tion.5™1° Among these processes, growing evidence has
pointed to neutrophils (NEs) as a key contributor to the
pathophysiology of AIS. NEs are generally the first and most
abundant inflammatory cells to appear in microvascular
response to ischemic stroke, especially compared with
monocytes/macrophages, which migrate to cerebral ischemic
regions during the whole acute phase of inflammation."' ™"
The abundant infiltrating NEs are associated with elevated
reactive oxygen species (ROS) and inflammatory mediators,
which worsen ischemic tissue damage.'*™"” An intervention
against the infiltration of NEs into cerebral ischemic regions
may therefore be an effective therapy for AIS.">"”
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Studies have shown that stopping NEs from adhering to
endothelial cells can alleviate NEs infiltration as well as prevent
inflammation.'®*°~** For example, inhibiting 2 integrin using
anti-f2 integrin antibodies can effectively block the adherence
of NEs to endothelial cells, but the innate bactericidal function
of NEs is also reduced due to the action of antibodies.”*~*
Piceatannol, a selective spleen tyrosine kinase (Syk) inhibitor
that blocks outside-in 2 integrin signaling in NEs, has been
demonstrated to have a potential therapeutic effect on acute
lung injury because of its prevention of neutrophil adhesion.”®
However, selective delivery of piceatannol to inflammatory
NEs remains difficult. Biodegradable nanoparticles are
promising carrier systems for the delivery of therapeutics to
target cells through the modification of ligands or antibodies
on their surfaces.””*® In previous studies, a small number of
nanotechnologies have been developed to target NEs,
including albumin nanoparticles (NPs),”® N-acetyl Pro-Gly-
Pro (Ac-PGP) modified liposomes,”” and anti-CD11b-linked*’
and anti-CD177-binding31 NPs. However, these exogenous
biofunctionalized NPs cannot imitate the complex intercellular
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Figure 1. Effective recognition, intervention, and monitoring of inflammatory neutrophils by platelet-mimetic nanoparticles (PTNPs) for the
treatment of AIS and the evaluation of their therapeutic effect. (a) A diagram of the main components of PTNPs, including the SPIO and
piceatannol coloaded PLGA core and the platelet membrane coating shell. (b) After intravenous injection, PTNPs could selectively recognize
inflammatory neutrophils via the specific affinity between P-selectin and the PSGL-1-bearing microdomain. PTNPs were then internalized into
adherent neutrophils where the loaded piceatannol was released, thus promoting the detachment of neutrophils from endothelial cells into
circulation, resulting in decreased neutrophil infiltration. When coupled with MRI, inflammatory neutrophils could be precisely monitored in real
time because of the T, contrast agent SPIO, which indicated the therapeutic effect of PTNPs.

interactions that are present in the human body, leading to
unsatisfactory specificity and biodistribution, and a relatively
short circulation time.

It is well-documented that platelets act as accomplices in
NEs infiltration at inflammation sites.””*> NEs adhering to
inflamed vessels extend a P-selectin glycoprotein ligand-1
(PSGL-1)-bearing microdomain into the vessel lumen that
scans for activated platelets present in the bloodstream via P-
selectin. Once activated, platelets bind to the NEs and aid NEs
leakage from the vessel lumen into the inflammation site.”*
These results support the idea that platelets can actively
recognize adherent NEs through cell—cell recognition. In
addition, the amount of infiltrated NEs in the ischemic area is
closely related with the acute ischemic stroke progress.'* Thus,
a way to monitor the extent of infiltrating NEs may provide a
way to evaluate therapeutic efficiency in acute ischemic stroke
and further guide personalized medication.

Inspired by this idea, we designed platelet-mimetic nano-
particles (PTNPs) to discern, intervene, and monitor activated
NE:s in inflamed endothelial cells, which will provide a strategy
for the treatment and real-time monitoring of NE-related
inflammatory diseases (Figure 1). The inner core of PTNPs is
composed of poly(lactic-co-glycolic acid) (PLGA) nano-
particles coloaded with piceatannol, for the prevention of
NE:s infiltration, and superparamagnetic iron oxide (SPIO), for
magnetic resonance imaging (MRI), which is one of the most
used noninvasive, versatile imaging modalities.>>>® The
biomimetic outer shell of PTNPs is derived from the
membranes of platelets and uses the native biocompatibility
and targeting efficiency of living platelets rather than their
promotion of NEs infiltration.””** In this way, the PTNPs
exhibit immune evasion and inflammatory NEs recognition.
Furthermore, we used a rodent model of transient middle
cerebral artery occlusion (tMCAO) to assess the treatment and
diagnosis efficacy of PTNPs. The PTNPs were expected to
selectively discern the activated NEs utilizing the specific
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affinity between P-Selectin, on platelets, and PSGL-1, on
activated NEs. After endocytosis by NEs, the incorporated
piceatannol markedly reduced NEs adhesion and migration
across the ischemic endothelium, thus decreasing infarct size
and improving neurological outcomes in AIS. Furthermore,
when coupled with MRI, the therapeutic efficacy of NEs
intervention treatment could be precisely monitored in real
time using the T, signal of SPIO within inflammatory NEs.
Our study provides a novel prospect for the personalized
therapy and diagnosis of AIS, which may conquer the possible
risk of microbleeds or hemorrhage induced by the
thrombolytic agents.

The PTNPs were composed of piceatannol and SPIO
coloaded PLGA nanoparticles as the inner core and platelet
membrane as the coating shell. To prepare the PTNPs, we first
synthesized the oleylamine-modified SPIO using a one-pot
high-temperature reductive decomposition method, as de-
scribed in previous reports.’” The crystal information and
surface chemistry of SPIO were confirmed using X-ray
diffractometry (XRD) and Fourier-transform infrared spec-
trometry (FTIR) (Figure S1), respectively. The synthesized
SPIO had a narrow size distribution, with an average particle
size of 10 nm, and an excellent superparamagnetism, with a
magnetization saturation of 89.4 emu g~ (Figure 2a; Figure
$2). Next, PLGA nanoparticles (TNPs) containing piceatannol
and SPIO were prepared using a simple emulsion solvent
evaporation method.”’ Platelets were then collected using
gradient centrifugation and subjected to repeated freeze—thaw
cycles to obtain purified membrane-derived vesicles (PV),
which were fused onto the surface of TNPs using a sonication
process.*'

The resulting PTNPs had an average particle size of 140.3
nm, which was 16 nm larger than the uncoated TNPs, and
possessed a surface charge equivalent to that of the PVs, which
was measured as —21.9 mV using dynamic light scattering
(DLS) (Figure 2b). The increased size compared with TNPs
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Figure 2. Characterization of PTNPs. (a) Room-temperature hysteresis loop and TEM image of SPIO. (b) Particle sizes and { potentials of the
platelet vesicles, TNPs, and PTNPs, respectively. Error bars indicate SD (1 = 3). Representative TEM images of TNPs (c) and PTNPs (d). Scale
bar = 100 nm. The inset shows a single nanoparticle; scale bar = 20 nm. (e) Mass fractions of the different components of PTNPs. (f) T, relaxation
rate values (R,) of various nanoparticles at different iron concentrations. The inset shows R, values of PTNPs and their T,-weighted MRI images at
different iron concentrations. (g) CD41, CD47, and P-selectin in platelets (1), platelet vesicles (PV) (2), and PTNPs (3) determined by Western

blot assay. f-actin was used as a control.

and the similar surface charge to PVs indicated the existence of
platelet membranes on the TNPs, and this was further
confirmed by transmission electron microscopy (TEM) images
demonstrating that PTNPs displayed a unilamellar membrane
over their polymeric cores (Figure 2c,d). Moreover, evenly
distributed SPIO were observed within both uncoated and
coated spherical nanoparticles. We also verified the successful
coating by platelet membranes through colocalization of
rhodamine-labeled TNPs and DiO-labeled platelet vesicles
(Figure S3). In addition, the improved colloidal stability of
PTNPs and the slow release of piceatannol from PTNPs in a
solution of pH 7.4 phosphate buffered saline (PBS) and fetal
bovine serum (FBS) (Figure S4, SS) both suggest a protective
effect of platelet membranes during circulation.*”

To fully understand the exact composition of PTNPs, we
quantified the mass fraction of each component including
PLGA, SPIO, piceatannol, and the platelet membrane (Figure
2e, Table S1). The drug-loading capability of SPIO and
piceatannol were 22.95% and 2.77%, as measured using
inductively coupled plasma atomic emission spectrometry
(ICP-AES) and high-performance liquid chromatography
(HPLC), respectively. The platelet membrane mass, which
was obtained using the difference between the weights of
PTNPs and TNPs, made up 28.06% of the whole PTNP. It
was reported that membrane froteins make up ~40% of the
total cell membrane mass.”> Accordingly, the effective
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utilization rate of platelet membranes was calculated at
approximately 19.5%, based on an optimized weight ratio of
membrane proteins to TNPs of approximately 0.8 (w:w)
(Figure S6). From a component analysis, we found that SPIO
exhibited a relatively high loading efficiency, which may
enhance negative contrast in T,-weighted MRI images.”’ To
confirm the MRI contrast-enhancing effect of PTNPs, various
nanoparticle dispersions were evaluated using a 7.0 T MRI
system. The T,-weighted relaxation rate value (R,) of PTNPs
was calculated as 444.34 mM ™" S'~ (Figure 2f), which was
close to that of TNPs, suggesting that the platelet membrane
coating does not affect MRI functionality, and that PTNPs are
suitable as a T, contrast agent.

The membrane proteins of PTNPs are strongly linked to
their platelet-mimetic functions. To analyze the membrane
proteins of PTNPs, protein profiles were determined using
Coomassie Blue staining (Figure S7). Platelets and PVs were
also prepared in parallel for comparison. There was no
significant variation among membrane proteins in these three
forms. PTNPs retained most of the platelet membrane proteins
in a highly concentrated manner. Among these proteins, some
specific protein markers, including CD41, P-selectin, and
CD47, were detected on PTNPs using Western blotting
(Figure 2g). CD41, also known as integrin alIbf3, is a typical
platelet-associated protein and plays a crucial role in
coagulation.”® CD47 acts as a “don’t eat me” signal to

DOI: 10.1021/acs.nanolett.9b01282
Nano Lett. 2019, 19, 4470—-4477


http://pubs.acs.org/doi/suppl/10.1021/acs.nanolett.9b01282/suppl_file/nl9b01282_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.nanolett.9b01282/suppl_file/nl9b01282_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.nanolett.9b01282/suppl_file/nl9b01282_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.nanolett.9b01282/suppl_file/nl9b01282_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.nanolett.9b01282/suppl_file/nl9b01282_si_001.pdf
http://dx.doi.org/10.1021/acs.nanolett.9b01282

Nano Letters

a

Rhodamine Nucleus

Blocked
PSGL-1

Cy5-PTNP

Anti-Gr-1

b
TNF-a

Blocked ¢
PSGL-1 ¢

Overlay

Overlay

*%

>

e

»

Fluorescence intensity
(10° Radiance p s'cm?sr')

i

P\ \ AR
¥ oV 2 o0
0‘;‘-’ 0\“) (‘*06?

o°

e

Lyég

DAPI|

Figure 3. Specific recognition by PTNPs of inflammatory neutrophils in vitro and in vivo. (a) CLSM images of mouse neutrophils after incubation
with rhodamine-labeled PNPs and PTNPs (red). The mouse neutrophils were prestimulated with 10 4uM fMLF and stained with DAPI (blue).
Neutrophils blocked with an anti-PSGL-1 antibody were used as a control. Scale bar = 10 ym. (b) Intravital images of cremaster muscle venules of
mice who had undergone intrascrotal administration of TNF-a (0.5 ug) followed by an intravenous infusion of CyS-loaded PTNPs (red) and Alex
Fluor 488-labeled anti-Gr-1 antibody (green). Mice injected with SO ug of anti-PSGL-1 antibody were used as a control. Scale bar = 20 ym. (c) Ex
vivo fluorescence imaging of ischemic brains treated with various CyS-loaded nanoparticles. (1) Blank; (2) CyS-TNPs; (3) CyS-PTNPs; (4)
Blocked PSGL-1. (d) Quantification of the fluorescent intensity of ischemic brains. Error bars indicate SD (n = 3). **P < 0.01. (e)
Immunofluorescent image of ischemic brain sections from a tMCAO mouse treated with CyS-labeled PTNPs (purple). Neutrophils were stained

with Ly6g (red). Scale bar = 20 ym.

macrophages and improves the immune-evading capabilities of
the resulting nanocarriers.”” To verify the antiphagocytic
capabilities of PTNPs, intracellular uptake by mouse macro-
phage RAW264.7 cells was visualized using confocal laser
scanning microscopy (CLSM). As expected, PTNPs exhibited
the lowest macrophage uptake (Figure S8). It was further
confirmed by ICP-AES analysis that the cellular uptake of
PTNPs was reduced about 50% compared with TNPs (Figure
S9), which is mainly attributed to the fact that CD47 on
PTNPs restricted the uptake by macrophage cells. In addition,
P-selectin, also known as CD62P, is a cell adhesion molecule
on the surface of activated platelets that is reported to
participate in the initial recruitment of NEs to the injury site
during acute inflammation.’* The existence of P-selectin on
PTNPs may help them to recognize activated NEs.
Collectively, we confirmed the successful fusion of platelet
vesicles onto TNPs and provided evidence to support the
platelet-mimetic functions of PTNPs by demonstrating the
presence of specialized platelet surface proteins, which should
allow PTNPs to specifically recognize inflammatory NEs.
The prerequisites for PTNPs to be able to alleviate NEs
infiltration are their selective and effective accumulation in
adherent NEs. To investigate the specific affinity of PTNPs for
inflammatory NEs in vitro, the intracellular uptake of PTNPs
by mouse NEs was measured. The NEs were isolated from
mouse bone marrow as reported in our previous studies, with
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slight modifications.*® The purity was quantified to be higher
than 95% and morphology represented a condensed poly
segmented shape (Figure S10). The obtained NEs were
prestimulated with 10 ygM N-formyl-Met-Leu-Phe (fMLF) to
mimic inflammatory NEs.*” First, a cell viability assay was
performed, and the effects of nanoparticles on NEs were
negligible (Figure S11), thus demonstrating good biocompat-
ibility of PTNPs. Subsequently, NEs were incubated with
various rhodamine-labeled nanoparticles and visualized using
CLSM (Figure 3a). Resulting images showed that the PTNP
group exhibited stronger red fluorescence compared with the
TNP group, demonstrating a biomimetic interaction between
PTNPs and NEs. Extensive experimental evidence indicates
that platelets assist NEs infiltration into inflamed tissue mainly
through the interaction of P-selectin on platelets and PSGL-1
on activated NEs.”* To confirm this, PSGL-1 proteins on NEs
were blocked using a specific anti-PSGL-1 monoclonal
antibody. The fluorescent intensity of PTNPs within NEs
was markedly decreased, suggesting a crucial role for P-selectin
in facilitating internalization of PTNPs. In accordance with
CLSM images, Prussian blue staining and quantitative analysis
using ICP-AES also showed that the PTNP group had the
highest uptake, which was about 3.4-fold higher than that of
the TNP group, and 2.3-fold higher than that of the blocked
PSGL-1 group (Figure S12). Moreover, prestimulated NEs had
significantly enhanced internalization of PTNPs compared
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Figure 4. Effective intervention and monitoring by PTNPs on inflammatory neutrophils. (a) Immunoblot image of Syk phosphorylation expression
levels in neutrophils treated with TNPs and PTNPs (piceatannol, 200 #M). The culture medium RPMI was used as the negative control. Error bars
indicate SD (n = 3). **P < 0.01. (b) Percentage of transendothelial neutrophils compared with all neutrophils after intervention with TNPs or
PTNPs (piceatannol, 200 #M) on the HUVEC monolayer model. The culture medium RPMI was used as a negative control. Tightly confluent
monolayers of HUVECs were stimulated with 10 ng/mL TNF-a for 4 h. Error bars indicate SD (n = 3). **P < 0.01. (c) Schematic of the treatment
regimen of PTNP administration and the following MRI monitoring in a tMCAO mouse model. (d) T,*-weighted coronal and transverse images at
10, 16, and 22 h after reperfusion of tMCAO mice that received SPIO-PTNPs and PTNPs 4 h before contrast.

with unstimulated NEs (Figure S13), which further indicates
the specific recognition by PTNPs of inflammatory NEs.

Although there is evidence for a high affinity between
PTNPs and inflammatory NEs, the in vivo recognition ability
by PTNPs of inflammatory NEs is inconclusive. To visualize
the in vivo interactions between nanoparticles and NEs, a
scrotal vascular inflammation model was prepared using an
intrascrotal injection of TNF-a and was monitored using real-
time fluorescence intravital microscopy.””*® Postinjection of
TNF-a for 3 h, Alexa Fluor 488-labeled antimouse Gr-1
antibody (to label NEs), and CyS-loaded PTNPs were
simultaneously administered intravenously. Using real-time
imaging, the PTNPs (red) and adhesive NEs (green) showed
marked costaining, and this phenomenon disappeared when
anti-PSGL-1 antibody was administered (Figure 3b). These
results indicate that PTNPs can target inflammatory NEs
through P-selectin on their surface, which should then aid in
the sequential internalization of PTNPs. In contrast, injection
with saline and TNPs did not exhibit any signs of
colocalization with inflammatory NEs. A similar result was
found between PTNPs and noninflammatory NEs (Figure
S14), which suggests that PTNPs can selectively discern
inflammatory NEs from circulating NEs.

We next evaluated the ability of PTNPs to discern
inflammatory NEs in the ischemic region. CyS-labeled
PTNPs were intravenously injected into transient middle
cerebral artery occlusion (tMCAO) mice 24 h after
reperfusion. Ex vivo imaging of brains isolated from these
mice indicated that PTNPs exhibited higher fluorescent
intensity than TNPs in the ischemic region, suggesting a
greater accumulation of PTNPs in the ischemic region. In
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contrast, the fluorescent intensity of PTNPs was markedly
decreased following PSGL-1 treatment (Figure 3c). Quantifi-
cation analysis revealed that the fluorescent intensity in the
PTNP group was 10.4-fold higher than in the TNP group, and
3.0-fold higher than in the blocked PSGL-1 group (Figure 3d).
This accumulation of PTNPs demonstrates that they retain the
intrinsic properties of platelets, in that they can actively search
for inflammatory NEs. In addition, immunofluorescent images
of brain sections showed that PTNPs and NEs colocalized
perfectly in the ischemic region (Figure 3e), while nonimmune
isotype antibody IgG exhibited no signal (Figure S15). These
results further verify the superior ability of PTNPs to recognize
inflammatory NEs in ischemic regions, and their following
internalization.

Syk signaling plays a crucial role in the f2-integrin-mediated
firm adhesion of inflammatory NEs to vessels. As a selective
Syk inhibitor, piceatannol can inhibit Syk phosphorylation (p-
Syk) and reverse this pathway.”*° To evaluate the inhibitory
effect of PTNPs, Western blot assays were used to detect p-Syk
expression in NEs and TNF-a-stimulated NEs after incubation
with different formulations of piceatannol. TNF-a-stimulated
NEs exhibited elevated p-Syk expression (Figure 4a),
indicating massive NEs activation. After treatment with
PTNPs, p-Syk expression in TNF-a-stimulated NEs was
abolished, whereas treatment with TNPs had no visible
down-regulatory effect, probably owing to insufficient NEs
internalization. Next, NEs adhesion and infiltration with PTNP
treatment were assayed on a human umbilical vein endothelial
cell (HUVEC) monolayer model.”' Compared with controls,
PTNPs significantly reduced the numbers of adhered and
migrated NEs (Figure 4b, Figure S16), which was also verified
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Figure S. In vivo therapeutic efficacy of PTNPs on tMCAO mice. (a) CLSM images of neutrophil infiltration in ischemic brain regions after
treatment with saline, TNPs, and PTNPs. Neutrophils were immunostained with anti-Ly6g antibody (red) and nuclei were stained using DAPI
(blue). Scale bar: SO um. (b) T,-weighted images of ischemic brains at 24 h in tMCAO mice treated with saline, TNPs, and PTNPs. The black
curve indicates the infarct region. (c) 2,3,5-Triphenyltetrazolium chloride (TTC)-stained images of brain slices from the saline-, TNP-, and PTNP-
treated tMCAO mice. The white region indicates the infarct region. (d) Quantification of the infarction volumes in saline-, TNP-, and PTNP-
treated tMCAO mice. Error bars indicate SD (n = 5). *P < 0.0S. (e) Expression levels of IL-18 and TNF-« in the brains of tMCAO mice treated
with saline, TNPs, and PTNPs. Error bars indicate SD (n = §). **P < 0.01, ***P < 0.001.

using a flow cytometry quantification assay (Figure S17).
PTNPs can therefore effectively inhibit Syk phosphorylation
and impair the outside-in f2 integrin signaling, thereby
significantly alleviating NEs adhesion and migration.

To monitor whether PTNPs can ameliorate NEs infiltration
in AIS, we constructed a murine tMCAO model for in vivo
studies. These models were intravenously administered with
PTNPs or SPIO-PTNPs (only SPIO-loaded PTNPs) every 6 h
followed by MRI detection 4 h later (Figure 4c). Moreover,
T,* weighted sequences of tMCAO mice prior to each
administration of SPIO-PTNPs or PTNPs were also acquired
to exclude the presence endogenous sources of negative
contrast (Figure S18). Mice treated with SPIO-PTNPs
exhibited a marked MRI contrast effect, which manifested as
intensely low signal areas with a punctate distribution on the
ipsilateral side of ischemic brain tissue (Figure 4d). Addition-
ally, the punctate regions of signal loss grew more intense over
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time. Nonspecific retention was almost absent from the
contralateral brain region, consistent with ex vivo imaging
and Prussian blue staining results. Normal mice that
underwent the same injection regime with SPIO-TNPs showed
no contrast effect (data not shown). In contrast, following
treatment with PTNDPs, the punctate signal loss was markedly
attenuated, indicating the successful detachment of NEs from
the activated vascular endothelial cells and into blood
circulation, as a result of the piceatannol action. The
quantification analysis was further confirmed the significant
marked MRI contrast effect between tMCAO mice respectively
received SPIO-PTNPs and PTNPs by calculating the total
number of dark voxels in the ischemic region (Figure S19). In
brief, NEs infiltration could be monitored using MRI after
SPIO-PTNPs injection, suggesting the viability of PTNPs for
diagnosing AIS. When coloaded with the therapeutic agent,
PTNPs can act in acute ischemic stroke and measure treatment
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outcome in patients and may thus be an effective tool for
treating AIS and evaluating the therapeutic effect of this
treatment.

Reduced NEs infiltration is closely associated with
therapeutic effects in AIS. In addition to using real-time MRI
contrast, immunofluorescence and Prussian blue staining
images of brain slices were used to evaluate inflammatory
NEs infiltration. The infiltration of NEs labeled with Ly6g in
mice treated with PTNPs was significantly reduced compared
with the TNP group (Figure Sa). Additionally, the Prussian
blue staining image from the SPIO-PTNP group showed that
iron was mainly distributed in the luminal surfaces or
perivascular spaces of cerebral vessels, which is consistent
with a previous re%)ort of the distribution of recruited NEs in
ischemic regions.”” In contrast, in the PTNP group there was
no iron distribution around vessels in the ischemic brain
(Figure S20a). The myeloperoxidase (MPO) activity was also
markedly reduced when treating mice with PTNPs (Figure
S21). These results provide further evidence that PTNPs can
efficiently detach NEs from activated vascular endothelial cells
and release them into circulation. However, it was no accident
that most of the iron was found in the spleen and liver of the
animals in both the TNP and PTNP groups (Figure S20b).

The mice treated with PTNPs also exhibited higher
neurological scores and decreased infarct volumes (Figure
Sb,c; Figure S22). In addition, quantification analysis showed
that the infarct volume of mice treated with PTNPs was
significantly decreased, by approximately 26.2% compared with
that of mice treated with TNPs (Figure Sd). The levels of
inflammatory factors, such as TNF-a and IL-1, in infarct half-
brains were also significantly decreased following PTNPs
treatment (Figure Se), which was beneficial in AIS because of
its alleviation of inflammation. As demonstrated by these
experiments, intervening in the adhesion and migration of
inflammatory NE:s is an effective way to treat AIS. The delivery
of piceatannol via PTNPs can improve its therapeutic effect via
the selective targeting of inflammatory NEs.

In conclusion, we have developed an NE intervention tactic
that involves the use of PTNPs for the effective treatment of
AIS and the real-time therapeutic evaluation of this treatment.
These biomimetic nanoparticles can effectively recognize
inflammatory NEs in cerebral ischemic regions, be internalized
by taking advantage of the specific affinity between platelets
and polarized NEs, and release the NEs intervention drug, thus
leading to an effective reduction of infiltrating NEs in cerebral
ischemic regions. Importantly, we were able to monitor the
infiltrating NEs associated with the therapeutic effect using the
same biomimetic nanoparticles. This strategy can reduce
infarct size and improve neurological outcomes, and it exhibits
a very good effect on AIS and the real-time evaluation of its
own efficacy. Its use will provide new insights into the
treatment and diagnosis of AIS, and it offers broad potential
applications for other inflammatory disorders.
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