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The blood-brain barrier (BBB) is highly selective and acts as the interface between the central
nervous system and circulation. While the BBB is critical for maintaining brain homeostasis,

it represents a formidable challenge for drug delivery. Here we synthesized gold nanoparticles
(AuNPs) for targeting the tight junction specifically and demonstrated that transcranial picosecond
laser stimulation of these AuNPs post intravenous injection increases the BBB permeability. The
BBB permeability change can be graded by laser intensity, is entirely reversible, and involves
increased paracellular diffusion. BBB modulation does not lead to significant disruption in the
spontaneous vasomotion or the structure of the neurovascular unit. This strategy allows the

entry of immunoglobulins and viral gene therapy vectors, as well as cargo-laden liposomes.

We anticipate this nanotechnology to be useful for tissue regions that are accessible to light or
fiberoptic application and to open new avenues for drug screening and therapeutic interventions in
the central nervous system.
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Located at the interface between circulation and brain parenchyma, the BBB functions as
a protective and regulatory interface to allow the exchange of essential nutrients while
excluding the entry of the majority of hydrophilic and large molecules.1-3 The BBB is
formed by the tight-junction complex at the interfacial leaflets of brain endothelial cells
(ECs) and by low levels of transcytosis through the endothelium. The BBB is dynamically
regulated by pericytes and astrocytic end-feet processes and interacts with microglia

and neurons to constitute the neurovascular unit.3 4 In the development of therapeutics

for CNS disorders, the BBB poses a formidable challenge for the brain delivery of
systemically administered drugs. It has been estimated that the BBB excludes or limits

the delivery of 98% of small-molecule and nearly all large-molecule drugs to subtherapeutic
levels.2 ® Therefore, approaches to increase the BBB permeability are essential to advance
therapeutics for CNS diseases.

Biological and biophysical methods have been reported for modulating BBB permeability.
These include an intrahemispheric disruption of the BBB following intracarotid artery
infusion of hypertonic mannitol,8: 7 BBB permeability increase in the whole brain by

use of a vasoactive agent such as adenosine receptor agonist,® ° enhancing the transport
across the BBB by cell-penetrating peptides and transferrin receptor targeting,10-13 and
BBB-penetrating adeno-associated virus (AAV).1% 15 More recently, focused ultrasound
(FUS) excitation of circulating gas microbubbles has been shown to increase the BBB
permeability in local brain regions reversibly, which is currently undergoing early-phase
clinical trials with encouraging outcomes.16: 17 Currently, there are no molecularly targeted
approaches for the noninvasive modulation of BBB permeability.

Due to their unique physical and chemical properties, gold nanoparticles (AuNPS)

have drawn enormous interest in the biomedical field for diagnostic, imaging, and
therapeutics.18-20 We also demonstrated that the selective and remote inactivation of proteins
of interest can be achieved by nanoscale-confined heating of AuNPs using nanosecond
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laser pulses.?! Laser pulse excitation of AuNPs leads to several nanoscale responses,
including photoacoustic heating of water molecules around the AuNPs with nanosecond
laser excitation and mechanical wave generation following picosecond (ps) or femtosecond
laser pulses.22-25 Here, we present a simple nanotechnology that modulates the BBB with
picosecond-laser excitation of tight junction (TJ) targeted plasmonic AuNPs. We show that
the local biophysical effects generated by the interactions between AuNPs and laser pulses
trigger a temporary increase in the BBB permeability, which involves diffusion through

the paracellular tight junction (Figure 1a). This technology allows immunoglobulins, adeno-
associated viral vectors, and liposomes to enter the brain parenchyma without inducing any
discernible injury on vascular dynamics and brain parenchyma. These results suggest that
our approach is a promising strategy to deliver therapeutic agents safely into the CNS.

Synthesis of TJ-Targeting AUNPs and Light Modulation of the BBB

To test the feasibility of targeting a TJ complex in vivo, we selected junctional adhesion
molecule A (JAM-A), a single transmembrane glycoprotein that extends between the
luminal surfaces of ECs and is part of the TJ complex.26-28 Spherical 50 nm AuNPs were
selected, as they have a surface plasmon resonance peak around 530 nm, which matches
well with our 532 nm picosecond laser. AuUNPs were then modified by antibody BV11 to
specifically target JAM-A (AuNP-BV11, supplementary material Figure S1). Methyl ether
polyethylene glycol (mPEG) was used to backfill and stabilize AUNP-BV11. The surface of
AuUNPs was modified with mPEG as a nontargeting control (AuNP-PEG). We examined the
biodistribution and targeting of AUNP-BV11 with intravenous (IV) injections in mice. Silver
enhancement staining allows the clear visualization of AuNPs along brain vasculatures

but not in the brain parenchyma in the case of AUNP-BV11, and no vasculature targeting

for AUNP-PEG was observed (Figure 1b and supplementary material Figure S2). Electron
microscopy (EM) imaging shows that AUNP-BV11 colocalizes with the TJ (Figure 1c and
supplementary material Figure S3). AUNP-BV11 displays 4 times higher accumulation in
the brain in comparison to AUNP-PEG (Figure 1d) with the accumulation of AUNP-BV11
and AuNP-PEG in the brain at 0.13+ 0.025 %ID/g and 0.04+ 0.006 %ID/g, respectively
(ID/g: injection does per gram). AuNP-BV11 also shows a shorter circulation time (half-
time of approximately 10 min for AuUNP-BV11 and 2.3 h for AUNP-PEG) and organ-specific
distribution (supplementary material Figure S4a—e). Moreover, 1V administration of AuUNP-
BV11 did not cause long-term systemic toxicity, as noted by the maintenance of body
weight and a post-mortem histological (hematoxylin and eosin) analysis of all major

organs (supplementary material Figure S4f and S5). We anticipate that the AuNPs will

be slowly cleared from the body through the canonical hepatobiliary pathway.?® Estimation
of the nanoparticle density suggests ~1.5 particles/um vessel length (supplementary material
Figure S6 and Table S1), or 1 AuNP seen in 200 EM images by volume (with a 10 um

by 10 um EM image field of view and 50 nm slice thickness). Therefore, the AuUNP is
clearly visible on silver-stained histology but is not frequently observed in EM images.
When they are taken together, these observations suggest that the systemic administration of
AUNP-BV11 can selectively target the BBB along the luminal surface of vasculatures in the
brain, and it has no overt toxicity.
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Next, we characterized BBB permeability changes with three molecular tracers upon

remote laser stimulation. We applied a 532 nm picosecond laser (1 pulse, 28 ps pulse
duration, 6 mm beam diameter) transcranially to excite the TJ-targeted AUNP-BV11

at 1 h after IV injection and observed a temporary increase in BBB permeability, as
indicated by Evans blue (albumin-bound, 66 kDa) leakage through the cerebral cortex and
underlying corpus callosum (Figure 1e). In contrast, all control groups (laser excitation
alone, AUNP-BV11 injection alone, or laser excitation following systemic administration of
AUNP-PEG) failed to increase BBB permeability (Figure 1e). Moreover, the single-pulse
laser excitation does not increase the tissue temperature, as detected using an infrared
camera (supplementary material Figure S7). We then investigated whether the duration of
increased BBB permeability could be modulated by varying the laser pulse intensity. Using
Evans blue as the tracer, the BBB permeability returned to the baseline at 6 h under low
laser fluence (<5 mJ/cm?) and at 72 h with moderate and high laser fluence (10-25 mJ/
cm?) (supplementary material Figure S8a, b). To test if the temporal profile of increased
BBB permeability was size-selective following a single laser pulse excitation (5 mJ/cm?),
we coadministered tracers of different molecular weights. Leakage of a small tracer (660

Da EZ-link biotin) was detected up to 6 h, while a large tracer (70 kDa fluorescein
isothiocyanate or FITC-labeled dextran) was only detected up to 1 h after laser excitation,
consistent with albumin-binding Evans blue (Figure 1f and supplementary material Figure
S8a-c). This size selective pattern suggests a gradual closing of the leakage from 1 to 6 h. No
leakage of the three tracers was observed 24 h after laser excitation, suggesting that the BBB
functionally recovers within this time period. Furthermore, the depth of BBB modulation
(1-3 mm) is dependent on the laser fluence (2.5 mJ/cm? to 25 mJ/cm?), consistent with a
Monte Carlo simulation of light propagation in the mouse brain (supplementary material
Figure S8d). The BBB modulation is restricted to the area of the laser beam with limited
spillover to adjacent regions, an important feature in the targeting of sensitive and eloquent
regions. Specifically, reducing the laser beam size to 2.5 and 0.8 mm allows a precise tuning
of the area of BBB modulation (supplementary material Figure S9a). The use of a laser fiber
allows BBB modulation in deep brain regions such as the thalamus (supplementary material
Figure S9b).

BBB Modulation Increases the Paracellular Diffusion

To examine the routes of the BBB permeability increase (paracellular versus transcellular),
we selected an electron-dense tracer, lanthanum nitrate, for EM detection.29: 30 We
performed transcardial perfusion with 2% lanthanum nitrate (12.5 mL/min) after
picosecond-laser stimulation of an AuNP-BV11 targeted brain (25 mJ/cm?2). Both ipsilateral
and control cerebral cortex tissue from equivalent brain regions were processed for EM
analysis (supplementary material Figure S10a,b). EM images reveal that in the BBB
modulation area, 51% of the TJ clefts displayed complete lanthanum (La) filling, while 49%
showed partial filling (defined as the proximal portion adjacent to the lumen; Figure 2a). In
contrast, in control tissue (with AuUNP-BV11 infusion but no picosecond-laser stimulation)
nearly 100% of the TJ clefts showed only partial filling of La (Figure 2a). Most strikingly,
following laser stimulation, La was seen to diffuse beyond the TJ cleft and line the basement
membrane and go into the brain interstitial space (Figure 2b,c and supplementary material
Figure S11). An analysis of TJ width distribution reveals the widening of TJs (Figure 2d),
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with 48 % of the TJ width larger than 10 nm post laser treatment, while most TJs are

less than 10 nm without laser treatment. 31 While we observed extravasation of La under
EM, the immunofluorescence of TJ protein Claudin-5, TJ-associated protein ZO-1, and the
adherens junction protein VE-cadherin did not show significant changes (supplementary
material Figure S12) by immunohistochemical (IHC) staining. These results suggest that the
increased BBB permeability involves the passage of luminal tracers through a widening of
the TJ cleft and allows diffusion of the electron-dense tracer into the brain interstitial space.

Effect of BBB Modulation on Vascular Dynamics and Brain Parenchyma

Cerebral arterioles tightly regulate the blood flow to match the metabolic demand and the
supply through vessel dilation and constriction, referred to as vasomotion.32 Disruption of
the vasomotion could compromise the oxygen and nutrient supply to local brain regions.
To examine whether BBB modulation impairs vasomotion, we imaged arterioles and
venules (within the treated region) at 50-150 pm below the pia surface using two-photon
/in vivo imaging in awake, head-fixed mice before and after picosecond-laser stimulation
(Figure 3a-c). The imaging depth is consistent with that in the literature to observe the
vasomotion.33 Fourier transform analysis suggests that, with low laser energy (5 mJ/cm2,
1 pulse), the arteriole vasomotion (centered around 0.1 Hz) was persistent before and after
BBB modulation (from 1 to 24 h, Figure 3d and supplementary material Figure S13a).

As expected, venules do not show vasomotion (Figure 3e and supplementary material
Figure S13b). Under a higher laser energy (25 mJ/cm?, 1 pulse), the spontaneous arteriole
vasomotion was attenuated from 1 h after laser stimulation and it was recovered in 72 h
(supplementary material Figure S13). These results suggest the BBB modulation does not
impair spontaneous vasomotion at low laser energy (5 mJ/cm?).

Next, we analyzed the structural integrity of the vasculature and the brain parenchyma
after BBB modulation. There was no significant change in the cerebral vascular density,

as indicated by lectin labeling of the vasculatures and by the immunofluorescence of
glucose transporter-1 (Glutl) (Figure 4a,b and supplementary material Figure S14). We
further examined the brain ultrastructure using EM. An increase in astrocyte end-foot
processes at 0.5 and 6 h post laser stimulation (supplementary material Figure S15)

is expected as a result of plasma proteins leaking into the brain interstitial space.

There was no change in the appearance of pre- and postsynaptic processes or the
mitochondrial morphology (supplementary material Figure S15), and observations of Golgi
silver-stained dendritic processes were similar between laser- and non-laser-treated brain
regions (supplementary material Figure S16). These ultrastructural observations were
supported by an immunofluorescence analysis of neurons and their axonal processes
(NeuN, Ankyrin-G) (Figure 4c and supplementary material Figure S17). Furthermore, mural
support of the BBB by an astrocyte end-foot process (AQP4) and pericyte (NG2) were
unaffected (Figure 4d,e and supplementary material Figure S17). In addition, there were

no significantly increased apoptotic cells 3 days after laser treatment as determined by
TUNEL staining (supplementary material Figure S18). There was, however, a significant
increase in Ibal* microglia processes and astrocyte GFAP expression 3 days after laser
excitation (supplementary material Figure S19). These indicators of reactive gliosis are
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entirely consistent with and are expected as a result of plasma proteins leaking into the brain.
This type of reactive gliosis is thought to play a neuroprotective role.34-36

Antibody, Gene, and Nanoparticle Delivery to the Brain

Finally, we examined the ability of this strategy to deliver therapeutic agents, including
antibodies, AAV, and liposomes. By labeling the blood vessels with lectin, we demonstrated
that the systematically injected human IgG and endogenous mouse 1gG could be detected in
brain parenchyma at the ipsilateral hemisphere, in contrast to the contralateral hemisphere,
where no 1gG was detected (Figure 5a and supplementary material Figure S20 a,b). The
analysis shows that the average fluorescent intensity of laser-treated region is much higher
than that of the non-laser region (Figure 5a,d and supplementary material Figure S20a),
confirming the successful delivery of IgG into the brain. While there is considerable interest
in developing AAV for gene therapy, local delivery requires a direct intracranial injection.37
We intravenously injected AAV9-CamKII-GFP following picosecond-laser stimulation of
AUNP-BV11. We performed IHC staining of NeuN at 1 week after laser treatment. The
analysis shows 64% of cortical NeuN* neurons with clear GFP expression in the ipsilateral
hemisphere in comparison to the contralateral hemisphere, which indicated no labeling
(Figure 5b,e). Although some AAV serotypes have been shown to have the capability

of crossing the BBB, this is dependent on the genetic background and is widespread
throughout the entire brain. Focused picosecond-laser stimulation through the intact skull
or direct subcortical structures by fiber optic probes will allow the precise delivery of gene
therapy vectors at specific brain regions. A liposome is a versatile platform to deliver
anticancer, antifungal, and antibiotic drugs.38 To facilitate the detection of fluorescent
liposome (Dil-liposome) delivery into the brain parenchyma after BBB modulation, we
labeled blood vessels with lectin and perfused the animal to remove excess liposomes

from the vessels. The results show the successful delivery of Dil-liposome (Figure 5c and
supplementary material Figure S20c), supported by the higher fluorescent intensity of Dil-
liposome in the laser-treated area in comparison to the non-laser-treated region (Figure 5f
and supplementary material Figure S20d,e). In comparison with IgG (14 nm) and AAV (26
nm), the accumulation of liposome in the brain was lower possibly due to its relatively larger
size (80 nm). Therefore, BBB modulation allows antibody, gene, and liposome penetration
into the brain and indicates significant therapeutic potential.

Discussion

The BBB represents a formidable challenge for brain drug delivery, as it excludes or limits
over 95% of approved and investigational drugs. To overcome the BBB, we developed

a nanotechnology to modulate the BBB by picosecond-laser stimulation of TJ-targeted
AUNPs which, we conjecture, produces nanoscale pressure to loosen the TJs. It is critically
important that the strategies used to increase BBB permeability minimize the risks of
additional brain injury. Vasomotion has been known as vascular smooth muscle cell initiated
spontaneous constrictions and dilations in arteries and arterioles at low frequencies (centered
~0.1 Hz) and is independent of pulsatile blood flow.32: 39 40 |t has been shown to be

the physiological basis for the blood-oxygenation-level-dependent resting-state connectivity
as measured by functional magnetic resonance imaging. Our results suggest that BBB
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modulation does not impair vasomotion at a low laser intensity. Further experiments are
necessary to investigate the effect on the nutrient supply and subsequent injury to the
vulnerable brain. Moreover, using EM imaging and IHC staining, we carefully examined
the effect of the BBB modulation on the brain ultrastructure parenchyma. We demonstrated
that the BBB permeability can be modulated without evidence of overt injury to the brain
parenchyma at the light microscope resolution or at the ultrastructural damage on EM.

In this present study, we demonstrated that the increased BBB permeability is partially
due to the paracellular diffusion through the TJs. We tracked the subcellular distribution
of the La tracer following BBB disruption. We observed that the La occupied the full
length of the TJ clefts as well as the surrounding basement membrane. La was also

seen to infiltrate into the brain interstitial spaces. Moreover, we observed some TJ clefts
became wider after BBB modulation, which has also been reported after the use of FUS
to increase BBB permeability.*1 Previous studies investigated the effect of laser-AuNP
stimulation on the surrounding proteins and did not find it to be effective in denaturing the
targeted protein.42 43 It is likely that there are some reversible conformation changes of
TJ proteins. However, we did not detect any immunofluorescence changes of Claudin-5,
Z0-1, and VE-Cadherin using IHC staining, as it cannot distinguish changes of the
protein ultrastructure or redistribution. The gene and protein expression of TJ proteins
could be quantified with gPCR and Western blotting. Moreover, although we did not see
an increase in endocytotic vesicles by EM imaging following BBB disruption, a more
systematic evaluation could be conducted using different methods such as horseradish
peroxidase to elucidate the paracellular and transcellular routes involved.** The precise
mechanism remains to be studied to clarify how the laser excitation of TJ-targeted AuNPs
leads to the BBB permeability increase. Previous studies showed protein denaturation
under nanosecond-laser stimulation of AuNP.21 However, minimal protein denaturation was
detected under picosecond-laser excitation.#2- 43 One hypothesis is that picosecond-laser
stimulation of JAM-A-targeted AuNP leads to a transient pressure variation, known as the
photoacoustic effect, which leads to a Ca2* influx#®: 46 and activation of a second-messenger
cascade and ultimately leads to an increase in the BBB permeability.

Delivering light into deep-tissue regions is key for /n vivo photonic approaches. We
demonstrated that the depth of the BBB modulation is 1-3 mm depending on the laser
fluence applied. Tissue penetration can be further improved for future preclinical work and
clinical translation. Optical fiber has been studied for preclinical evaluation.*” We showed
that the BBB in the deeper brain region can be modulated using an optical fiber. On the other
hand, liposomes coated with AuUNPs and gold nanorods can absorb near-infrared (NIR) light
from 700 to 1200 nm,24 48 while NIR light has deeper penetration into the brain.

Importantly, we anticipate that this approach has complementary applications from BBB
opening using ultrasound and microbubbles. For example, it is challenging to apply
ultrasound to tissues behind complicated bone structures such as the spinal cord, while it is
straightforward to apply laser fiber optics in the spinal cord with minimal invasiveness.#”:49
Other targets of interest include the tumor margin around the surgical cavity of a brain
tumor, since it is surgically accessible by light.>% Future work includes delivery of
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therapeutic antibody, viral and nonviral vectors for disease treatment in these targets,
investigation of the precise mechanism, and long-term brain health.

Conclusion

In summary, we developed a straightforward nanotechnology utilizing picossecond-laser
excitation of TJ-targeted AuNPs to increase the BBB paracellular permeability. This
approach allows the systemic delivery of immunoglobulins, AAV particles, and liposomes to
the brain. The BBB permeability increase can be graded, is entirely reversible, and does not
impair cerebral vasodynamics at low laser intensity. There is no evidence of overt neuronal
injury. Utilizing the local interactions of AuNPs and light, we anticipate that this research
paves the way for a novel paradigm of the versatile application of AuNPs in the biomedical
field. We also anticipate this nanotechnology to open new avenues for drug screening and
therapeutic interventions in the central nervous system.
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Figure 1.

Picosecond stimulation of TJ-targeted nanoparticles reversibly modulates BBB permeability.
(a) Schematic for transcranial laser stimulation of TJ-targeted AUNP (AuNP-BV11) for
BBB modulation. Blue dots represent molecules penetrating into the brain. (b) AuNPs are
visualized by silver enhancement staining in the brain. The blood vessels are outlined by
dashed lines. The enhanced AuNPs are indicated by arrows. (c) AuNP-BV11 (arrowhead)
colocalizes with TJ detected by EM. Pseudocolours: endothelial cell (EC, red), basement
membrane (BM, blue), pericyte (P, green). (d) Quantification of AUNP-BV11 and AuNP-
PEG accumulation in the brain measured by inductively coupled plasma-mass spectrometry.
Each dot represents one mouse. (¢) BBB modulation visualized by the leakage of albumin-
binding Evans blue (25 mJ/cm?, 1 pulse). (f) BBB permeability probed by molecular tracers
(660 Da EZ-link biotin and 70 kDa fluorescein isothiocyanate (FITC) labeled dextran, 5
mJ/cm?, 1 pulse). Blood vessels were labeled by tomato lectin-Dylight 649. The confocal
images were processed with max projections of optical slices. Arrowheads indicate blood
vessels and asterisks denote dye leaked into the brain parenchyma. Scale bar: 10 um (b), 400

1<
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nm (c), 4 mm (e), 1 mm (slide scanning images in f), 40 um (confocal images in f). Data are
expressed as mean + SD (n=3 mice).
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Figure2.
BBB modulation involves the paracellular route (25 mJ/cm?, 1 pulse, 2 h post laser

treatment). (a) Electron microscopy imaging of lanthanum (La) infused TJs of brain
microvasculature. Glycocalyx is visible on the lumen wall. Fifteen TJs were analyzed in

the no laser group. Thirty-five TJs were analyzed in the laser group. (b) La diffusion into
the basement membrane (*) and interstitial space (empty arrowheads). (c) Distribution of
La in brain interstitial space (left) at the treatment region, labeled by empty arrowheads in
the enlarged picture (right). (d) Electron microscopy imaging of TJs. The narrowest location
of each TJ cleft was measured using Fiji/lmageJ. Thirty-one TJs were analyzed in the no
laser group. Twenty-one TJs were analyzed in the laser group. Abbreviations: tight junction
(TJ), lumen (L, red), basement membrane (BM, blue), pericyte (P, green), macrophage (MP,
cyan). Scale bars: 200 nm ((a), (c, right), (d)), 2 um ((b,) left), 500 nm ((b), right), 1 um ((c),
left).
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Figure 3.
BBB modulation does not disrupt spontaneous vasomotion in the awake mouse (5 mJ/cm?, 1

pulse). (a) Representative /n vivo two-photon microscopy image of a fluorescent angiogram
through a thinned-skull window in an awake, head-fixed mouse. The white box indicates

a selected ROI containing a pair of an arteriole and a venule. For all of the vasomotion
recordings, the arteriole and venules were imaged at 50-150 um below the pia. (b, ¢)
Diameter changes and percentage changes of the diameter of the arteriole and venule
segment over the recorded time course. (d, €) Fourier transform analysis of the percentage
change of diameter in (c), demonstrating the arteriole oscillations around 0.1 Hz (d, indicate
by the arrows). No spontaneous vasomotion in the venule segment was observed (e). Scale
bar: 50 um. Shaded areas represent SEM. Seven pairs of arterioles and venules in three mice
were analyzed.
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Figure 4.
BBB modulation does not change the cerebral vasculature density and preserves the cellular

architecture of the brain parenchyma (25 mJ/cm?, 1 pulse). (a) Tomato lectin labelled blood
vessels. Quantifying the area fraction shows no significant change in vessel density. (b) The
IHC staining of glucose transporters Glutl. No significant difference was measured between
the normal brain and the brain after BBB modulation. (c—e) The IHC staining of neuronal
nucleus and axon indicated by NeuN and Ankyrin-G (c), water transporter of the astrocyte
end-feet indicated by AQP4 (d), and the pericyte indicated by NG2 (e) (72 h post laser
stimulation). CD31 indicates blood vessels. No significant difference was measured with and
without laser treatment. Scale bar: 400 pm (a), 40 um (b—e). Each dot represents a field of
view (FOV). No significant difference (P> 0.05) between the “No laser” group and “Laser”
group was determined using a two-sample £ Test at each time point for each maker. Data are
expressed as mean £ SD (n=20 FOVs from three mice).
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Figure5.

BSB modulation enables delivery of antibody, gene therapy vector, and liposome. (a)
Delivery of human IgG antibody into the brain by BBB modulation (5 mJ/cm?, 1 pulse). (b)
Delivery of AAV-CamKII-GFP into the brain (10 mJ/cm?2, 1 pulse). (c) Delivery of liposome
into the brain (5 mJ/cm?, 1 pulse). (d—f) Quantification and statistical analysis of human

1gG (d), AAV-GFP (e), and Dil-liposome (f) in the ipsilateral (Laser) and contralateral
hemispheres (No laser). The average intensity of each brain section (five brain sections in
total) was analyzed in (a) and (c) with settings of the lower threshold level of 5005 and

the upper threshold of 65535. The ratio of AAV-GFP/NeuN of confocal images in (b) was
analyzed. Each dot represents a field of view (FOV). Five FOVs were analyzed. By labeling
of the blood vessels with lectin, confocal images in (a) and (c) clearly show the extravasation
of human IgG and Dil-liposome with laser treatment, in contrast to contralateral side without
laser treatment. By staining of NeuN, the confocal image in (b) shows the colocalization of
AAV-GFP and NeuN. All of the confocal images were processed with max projections of
optical slices. Scale bar: 1 mm (slide scanning images in (a—c)), 40 um (confocal images in
(a—c)). Data expressed as Mean * SD (n=5 FOVs). **: P<0.01, ***: P<0.001.
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