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SUPPLEMENTARY METHODS

Focused ultrasound acoustic pressure measurement

A polyvinylidene fluoride (PVDF)-type hydrophone (Onda, Sunnyvale,
CA, USA; calibration range: 50 kHz to 20 MHz) was used to measure the
pressure distribution along the axis of the transducer and in the radial
direction. Pressure was measured at low hydrophone output amplitudes and
the plotted as Fig. S1C. The half-maximum pressure amplitude diameter of
the produced focal spot were 2-3 mm, with the length was approximately 10

mm, respectively.

BBB-opened efficiency evaluated by Gd-DTPA and Evans blue

The BBB opening effect and its correlation with the molecular size is
investigated by using gadolinium(Gd)-DTPA MR contrast agent
(Magnevist®, Bayer HealthCare, NJ, USA, molecular weight = 938 Da) and
Evans blue (EB, Sigma, St. Louis, MO, USA, molecular weight = 960 Da;
form ~70 kDa EB-albumin complex after administering into blood
circulation). Six wild-type C57B/6 male mouse were used in this evaluation,
with three different acoustic pressures were tested to assess an optimal
parameter to deliver GSK-3 inhibitor (0, 0.41, and 0.5 MPa; n=2 for each

group). After FUS treatment, the animals were applied to MR imaging



immediately after a bolus injection of Magnevist® (1 mL/kg, intravenous)
and EB (50 mg/kg, intravenous) to mark BBB-opened region, then were
sacrificed 3 hours after Evans blue injection and the brain tissues were
obtained for further evaluation (Fig. S2A). The brain tissues were extracted
and then serially sectioned with the slice thickness of 1 mm. Sections nearby
the hippocampus were acquired with a digital camera. Bilateral hippocampus
areas were selected as region-of-interest (ROI) in MR images, with the image
signal intensity (SI) been analyzed via Imagel® to present the Sl increase

ratio of FUS treated lateral against contralateral.

Magnetic resonance imaging (MRI)

MRI images were acquired via a 7-Tesla magnetic resonance scanner
(ClinScan, Bruker, Germany) and a 4-channel surface coil was placed on the
top of the mouse brain. Contrast-enhanced MRI was used to assess increased
BBB permeability via contrast agent administration. T1-weighted images
were acquired with gradient echo FLASH sequence after a bolus injection of
Magnevist® (1 mL/Kkg, intravenous injection); pulse repetition time (TR)/echo
time (TE) = 300/3.81 msec; FOV = 21x25 mm?; in-plane resolution =

173x256 pixels; slice thickness = 0.5 mm; flip angle =70°.



In vivo AV-45 PET/CT imaging

To detect AB plaque reduction after the FUS treatment, the animals in
three different treatment groups underwent brain FUS exposure and then in
vivo F-AV45 PET imaging (n = 6). The radiolabeled tracer was fully
automated synthesis of ®F-AV45 in our cGMP facility using Sumitomo
modules with
(E)-2-(2-(2-(5-(4-(tert-butoxycarbonyl(methyl)amino)styryl)pyridin-2-yloxy
)ethoxy)ethoxy)ethyl 4-methylbenzenesulfonate (AV-105; Avid
Radiopharmaceuticals, Philadelphia, PA, USA) as the precursor molecule.

The product, '®F-AV45, had a radiochemical purity of >90% and a
specific activity of >36 TBg/mmol. The compound was radiochemically

stable for at least 4 hours after completing the preparation®.

The animals were given 22.83+2.32 MBq/0.2 cc of 8F-AV45 (Eli Lily,
IN, USA) via the tail vein with a catheter immediately after FUS sonication.
According to the results of the pilot PET study, after 40 min of tracer
injection, static brain images were acquired by microPET (Inveon, Siemens
Medical Solutions, Germany). The animal preparation was performed as
previously described. The protocol for static PET imaging was similar to
that used for pilot PET studies which the energy window was set between
350 and 650 keV and the brains were placed in the center of the axial FOV
to minimize scattered radiation. The PET images were reconstructed with
the 3D-OSEM2D _z2 algorithm, and the total scanning time was 20 min to
improve the overall image quality. A reference scan was performed
immediately after the PET study with a microCT device (NanoSPECT/CT,
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Mediso, Hungary). The image analysis was performed using PMOD
(Technologies Ltd, Switzerland). The AV-45 PET images were
co-registered with the microCT images and the MR mouse brain template of
PMOD and manual ROI of hippocampus fused with co-registered AV-45
PET image, the AV-45 signal in the right and left hippocampus were

determined, respectively?.

Western immunoblot

All the samples were sonicated in 1% sodium dodecyl sulfate (SDS)
and heated to 100 °C for 5 min. Equal amounts of proteins were separated
by 10% SDS-polyacrylamide gel electrophoresis and transferred onto a
polyvinylidene difluoride (PVDF) membrane (Millipore) using 200 mA for
70 min at 4 °C. After blocking with 5% non-fat milk for 1 hour, followed by
incubation overnight with specific primary antibody, blots were incubated
with the secondary antibody conjugated with HRP for 1 hour on the second
day. The substrate solution (Western Lightning® plus ECL, PerkinElmer,
Waltham, MA, USA) was added and reacted for 1 min and enhanced
chemiluminescence signal was detected by ChemiDoc MP Imaging System
with Image LabSoftware (Bio-Rad). Signals were normalized to GAPDH.
The antibodies used were anti- GAPDH (1:2000, Genetex) and

anti-pGSK3p (1:1000, Cell signaling).

SUPPLEMENTARY RESULTS

Determination of the FUS exposure level
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After FUS-mediated BBB opening, animals were administered
Magnevist® and EB intravenously, then T1-weighted MR images were
acquired to evaluate the contrast signal intensity changes and EB marked
BBB-opened regions. The result showed a similar signal intensity change
(22.51+1.92% vs. 23.24+1.88%) between 0.41 MPa and 0.5 MPa group (Fig.
S2B) but there was some obvious hemorrhages in 0.5 MPa group (Fig. S2C
bottom panel). 0.41 MPa was therefore considered as a safe parameter to be

employed in AD transgenic animal experiment.

Level of phosphorylated GSK-3B protein in transgenic mice
hippocampus

The hippocampus of transgenic mice treated with AR alone and FUS
+AR were collected, and the protein level of phosphorylated GSK-33 were
further measured by western immunoblot. The phosphorylated GSK-3f3
were known as inactivated form of GSK-3p. The results showed that the
combination of FUS and AR treatment significantly enhanced the inhibition
effect of AR through the increase of phosphorylated GSK-3p (0.71+0.08 v.s.

1.540.27, p<0.05).

AV45-PET imaging to evaluate AB plaque reduction

We investigate the feasibility in using radiolabeled AV-45 PET
imaging to detect the 3 amyloid depositions in vivo. Figure S4 compares the
in vivo PET imaging observation of AV-45 uptake in the hippocampus in

GSK-3 inhibitor alone (Fig. S4A) and GSK-3 inhibitor combined with FUS



exposure (Fig. S4B); the right hemisphere received FUS exposure and the
left hemisphere served as the control). The fusion of AV-45 uptake
distribution with MR image template is shown in Fig. S4C and Fig S4D,
respectively, to demonstrate its anatomical distribution. Figure S3E showed
the corresponding EB distribution for reference of the BBB-opened area.
For GSK-3 inhibitor alone, similar AV-45 uptake in both hemispheres of the
hippocampus was observed (see Fig. S4A and S4C). After combining with
sequential FUS treatment, the AV-45 uptake in the treated hippocampus was
identified to be distribution changed from in vivo PET imaging observation,
when comparing with the untreated hippocampus (see Fig. S4B and S4D).
The ratio of radiological count between treated lateral to contralateral was
shown in Fig. S4F. In AR alone group, the AV-45 uptake was similar in
both hemisphere and the ratio was 1.01+0.01, whereas in AR+FUS group,
the ratio was 0.97+0.02. Since the difference in signal change was not
statistically significant (p = 0.0781; 40% in power analysis between means
of 0.04 (1.01 vs 0.97)), a further high-sensitivity ex-vivo quantification
examination, autoradiography (ARG), was further performed (demonstrated

as the main result in Fig. 3).
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SUPPLELENTARY FIGURES
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Figure S1. Focused ultrasound energy deposition. The location of
hippocampus which was exposed to focused ultrasound in (A) transversal
view and (B) coronal view, and (C) the measured pressure distribution on
focused plane. The half-maximum pressure amplitude diameter of the
produced focal spot were 2-3 mm, with the length was approximately 10 mm,

respectively.
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Figure S2. Contrast-enhanced MR signal intensity change and
corresponding EB-stained brain observation for BBB-opening
assessment. (A) Experimental procedure diagram showing from FUS
exposure to animal tissue extraction; (B) MR signal intensity change
(presented in the ratio of right to left hemisphere brain). Signal intensity
showed a 22.51 + 1.92% increase at 0.41-MPa exposure level, whereas with
a similar 23.24 + 1.88% at 0.5-MPa exposure level, comparing to a slight
1.54 £ 1.17% increase in sham control (i.e., 0-MPa group). (C) Gd-DTPA
and Evans blue dye leakage marked BBB opening regions under 0- (n=3),

0.41- (n=3), and 0.5-MPa (n=3) exposure level.
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Figure S3. Level of phosphorylated GSK-3B protein in transgenic mice
hippocampus The hippocampus of transgenic mice treated with AR alone
or FUS+AR were collected, and the protein level of phosphorylated
GSK-3B3 were further measured by western immunoblot. (A) The
representative gel pictures were illustrated in triplicate. (B) The quantitative
results showed that the combination of FUS and AR treatment significantly
enhanced the inhibition effect of AR through the increase of phosphorylated
GSK-3p (0.71£0.08 v.s. 1.5+0.27, p<0.05). AR = AR-A014418; FUS =

focused ultrasound; TG = transgenic.
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Figure S4. A representing image of AV-45 uptake in the transversal
plane at the region of the hippocampus. (A) AR alone (n=6) and (B)
AR+FUS treatment (n=6). (C-D) The AV-45 PET images fused with the
MRI mouse brain template. The darker region represents the reduced AV-45
uptake after AR+FUS treatment. (E) A Evans blue dye was also applied to
confirm the BBB-opened area in treated hemisphere in (D). (F) With 5
weeks of AR+FUS treatment, the AV-45 uptake slightly reduced at the FUS
exposure site (by 3.96%) but without statistical significance (p = 0.078)
compared to respective contralateral hippocampus (right/left). AR =

AR-A014418; FUS = focused ultrasound; SUV = standardized uptake value.
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