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O’Nelll, et al., IMRI 2013
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Blood-brain barrier (BBB)

>98% of ~100% of
small large
molecule molecule
drugs do not | drugs do not
cross the cross the
BBB BBB

<1% of drug
companies have
a BBB drug
targeting
program

<1% of academic
neuroscience
programs
emphasize BBB
transport biology




BBB disruption with focused ultrasound

* Low-power, pulsed exposures
« Combined with ultrasound contrast agent (Optison, Definity)
Temporary (~hours), localized, non-invasive




BBB disruption with Focused Ultrasound

Occurs due to mechanically-induced changes and/or
stimulation to vasculature

Caused by microbubble/US interaction

Not due to heating

Exact mechanism(s) not known
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Radiation Force Bubble Oscillation Acoustic Streaming



Electron microscopy study: tight junctions
Results: # TJ proteins reduced after BBBD; restored at 4h
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BBB disruption with
focused ultrasound

Mechanical interaction
between US, microbubbles,
and vessel walls results in:

* Transient disassembly of tight
junction proteins

 Stimulation of active transport

At higher exposure levels,
Inertial cavitation occurs,
leading to vessel damage

Hynynen et al., Neuroimage 2004




Electron microscopy study: active transport

o1
5.
Q
—
—
D
=
C
0p)

3 =

[ Jcontrol
25l T [ |Sonication at 0.69 MHz

) [ Isonication at 0.26 MHz
= §. ol
o

: T
QJ o
o o 8 15f
D S
n £, T g
TI 3+ T
C T
wn 0.5 -
- T
0 Arterioles Capillaries Venules

N. Sheikov et al. Ultrasound Med. Biol. 2008




BBB disruption with
focused ultrasound

Small animal studies:

« Reliably induce BBB
disruption without tissue
damage

e Deliver a range of molecules
to the brain, including
therapeutics

e Improve outcomes in animal

disease models
Glioma, Alzheimer’s
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Characterizing BBBD with dynamic contrast enhanced MRI
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Summary of therapeutic agents delivered via FUS-BBB D

 Chemotherapy
BCNU, methotrexate, doxorubicin, liposomal doxorubicin
» Antibodies
Herceptin, BAM10 (Alzheimer’s)
* Nanoparticles
Magnetic nanoparticles
Gold nanoparticles
* Neuroprotective agent
BDNF, GDNF (Parkinson’s, stroke, traumatic brain injury)
* Viruses
SIRNA for Htt (Huntington’s disease)
 Cells
Neural precursor cells (stem cells)
Natural killer cells
e Nothing!

BBBD alone might help Alzheimer’s disease,
induce neurogenesis
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Ferrara lab

UNIVERSITY OF CALIFORNIA
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Ferrara lab

Complexation of Cu(ll) and Dox within liposomes

Problem: Even liposomal doxorubicin has substantial cardiac
toxicity and dose cannot exceed 500 mg/m? in lifetime.

Solution: Create a doxorubicin salt thatis very s  table in
circulation
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Kheirolomoom et al Molecular Pharmaceutics



Ferrara lab

Complex of Cu(ll) & Dox with liposomes

CuDox-lipo Cu-lipo
>
Kheirolomoom et al
100 nm Doxil Molecular Pharmaceutics
2010
100 nm

Lasic, D.D. et al., Biochimica
Biophysica Acta (1995) vol.
1239, 145-156
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Tumor growth

Ferrara lab
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Ferrara lab

Why do we favor thermally-sensitive
nanoparticles?

%ID delivered
depends on volume insonified,
time of insonation

100 -
Diameter
10 -
m0.5cm
%ID 1 -
m1lcm
01 | 02 cm
B4 cm
0.01 -

0.3 0.7 1.0 2.0 4.0
Time insonation (hrs)

Assumes 5% blood volume in tumor
10 sec tumor blood refresh
5 L blood volume






Ferrara lab

Liposomes or oll carriers
on bubbles

10° 106 107
Fluid Concentration (Bubble-bead aggregates/mL)

UMB 2006,
JCR, 2006 and 2007
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Core:

PFCE, T,=140 AC

Shell:

PEG-PDLA |

PEG-PLLA \J/

PEG-PCL 3

Pluronic PFC droplet Hydrophilic corona
Hydrophobic part of the shell
with drug

Tused with permission
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« Chemotherapy by PTX/PFP/PEG-PLLA
nanodroplets and ultrasound

Rapoport, N. et al., J Control Release 2009; 138(3): 268-276
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« Small Animal LabFUS System (Image Guided Therapy, Inc.)
e 16-element annular transducer, f =3 MHz, r, = 3.5 cm

Rapoport, N. et al., J Control Release 2011; 153(1): 4-15
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Maximum temperature
projection in time

MR Parameters
«SegEPI sequence, EPI=3
o2x2x3 mm (ZFI to 1x1x3mm)
»]1.3 seconds
*TR/TE = 60/10 ms
*Flip angle = 15A
«752 Hz/pixel
*Referenceless reconstruction




Tumor cells were transfected with RFP; only viable cells generated fluorescence
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**Mice that died within several days after treatment (P>4.2 MPa) were

excluded
***Survivors (N=2 for the grid trajectory) were excluded



ReSU ItS Courtesy of N. Rapoport, U. of Utah

« PTX-loaded nanodroplets + MRgFUS dramatically
decrease pancreatic tumor growth

MR guidance improves treatment outcome
* Detailed anatomic visualization
 Tumor targeting and treatment planning
 Real-time MR temperature imaging

e Treatment success Is a function of ultrasound
parameters

* Inthe absence of drug, hyperthermic conditions
could increase perfusion and inflammation thus
accelerating tumor growth.
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