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Development of nucleic acid-loaded nanobubbles for the neurovascular unit
protection from cerebral ischemia

Yoko, Endo-Takahashi
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In the treatment of cerebral infarction, it is important to protect both
vascular and nervous system cells, called the neurovascular unit (NVU). In this study, we attempted
to develop ultrasound-responsive and nucleic acid-loaded nanobubbles that can reach the NVU via
microvessels as nucleic acid delivery tools. We demonstrated that the coating on the surface of
nanobubbles with polysaccharides were useful for loading nucleic acids, resulting in improved
nucleic acid stability and efficient nucleic acid delivery in combination with ultrasound.
Furthermore, we also succeeded in controlling the size of nanobubbles by high-speed agitation,
termed mixing, and achieved decreasing average particle size and improving uniformity. These results

serve as fundamental technologies in the development of nanobubbles useful for nucleic acid
delivery to NVU via systemic administration.

miRNA



Neurovascular unit; NVU

NVU
NVU
Blood-brain barrier; BBB
Angiopep-2; Ang2
NVU
BBB NVU
NVU
@
REV 1,2-dipalmitoyl-sn-glycero-3-phospho-(1' -rac-glycerol)(DPPG),

1,2-dipalmitoyl-sn-glycero-3-phosphocholine (DPPC), 1,2-distearoyl-sn-glycero-3-
phosphoethanolamine-N-[methoxy(polyethylene glycol)-2000](DSPE-PEG)

NBs
Nanosight (NS500) ZSP
NBs MGC
(MGC-NBs) MGC-NBs  FITC mIRNA YOY0-1
pDNA Buffer
NBs
NBs  Amalgamator (TECHNO TP-103, Goldsmith & Revere, Inc.)
NBs
(2) NBs
in vitro

NBs 6 well (50 MHz, B-mode) (NP60OR-UBM ;
NEPA GENE, CO. LTD)

In vivo

ICR 5 g
NBs Aplio )



(3) MGC-NBs miRNA, pDNA

HeLa miRNA  miR-126 PDNA(pPcDNA3-luc)
48well HelLa 1 MIRNA PDNA MGC-
NBs 10% FCS well
(Frequency: 2 MHz, Duty: 50% Burst rate: 2.0 Hz, Intensity: 2.0 W/cm®, Time: 10 sec.)
(SONOPORE KTAC-3000; NEPA GENE, CO. LTD) 2
NBs  miRNA pDNA 2 PCR
miR-126 Luciferase assay pDNA
Cell Counting Kit-8
(4) MGC-NBs
miRNA  NBs miRNA MGC-NBs 50 1 37
SDS 15%
©) NBs
In vivo ICR 5 weeks,
male NBs Aplio ),7.5 MHz
NBs BBB ICR 5 weeks,
male 5 NBs
1 MHz 1 PBS EB
(6) MGC-NBs
Balb/c nu/nu 6 weeks, female MDA-MB-231 5x10°
50 mm?
miRNA(miR-145) MGC-NBs NBs: 120 pg, miRNA: 20 pg 1 5
25
20
< 15
@ NBs z 10
T
= 0
NBs DPPG:PEG2k=92:8 3 5
MGC g -10
£ 15
N -20
25
NBs MGC -30
MGC MGC O 02 04 06 08 1 (mgml
1. MGCEMIZHESNBsOREEBFHDEL
60
1 miRNA 50
wee £,
miRNA %
2 §3o
NBs T 20
10
0
MGC 0 0 0.40.60.8 1 (mgmi
NBs miRNA (+)
E2. MGC-NBs~ O # FARBmiRNARS 8 5Tl
NBs ¢ ¥
T 40
NBs g2
) ) NBs ggzs
in vitro %220
Z 5
3 E 10
NBs DPPG 2 s
30-92mol%  PEG2k 4-10mol% € o L= g
DPPG:DPPC:PEG2k=50:44:6 Cont Naked NBs MGC-NBs
MGC us — + + + —

miRNA 3. MGC-NBs&#BE it F Ik ZmiRNAKRAE P WA 30 2



PDNA

(2) MGC-NBs
MGC-NB
NBs PEG
MGC
(©) NBs
BBB
NBs
NBs
NBs
4
NBs
@) NBs
©)
NBs NBs
in vivo
BBB
NBs
NBs
( 5a) 3 min
NBs
( 5b)
NBs
NBs

NBs

PDNA
NBs
miRNA
NBs miRNA
NBs
MGC-NBs
NBs miRNA
NBs
NVU

m
8

Concentration (particles / ml)
Concentration (particles / ml)

W 2 X0 & N & W M

Size (nm) Size (nm)

E4. NBsDEERBICKDIHESHFOLEL
NBs

NBs
NBs
MGC miRNA

miRNA MGC- NBs

NBs 100
——mixinngNBs
NBs b mixinng
( ) — 80 A\ N\ Bs

£ <

~

B 60

r 40

0

= 20

0

0 30 60 90 120 150 180 240

BE5. S¥ L UUNBsICKSRMBOBE RERXHR
(a) HBOBERAA—DUTEIR b) RERDEFZBEEIL

300 sec

NBs 1 MHz

NBs NBs
BBB



®) 200

_ ——Saline
MGC-NBs 180 Cont-miR US(-) )
MGC-NBs o 160 | ——Cont-miR US(+) l/
E 10 miR-145 US(-)
T 120 | ——MiR-145US(+)
£
g 100
Z 80
E &0
=
P 40
20
of [ R
( 6) 12 3 45 6 7 8 9 10111213
Day
H6. HEETINIVRIIEITHZLEREBMGC-NBsD A A 15T
NBs NBs

NBs



3 2 0 1

Endo-Takahashi Y, Negishi Y 44
Gene and oligonucleotide delivery via micro- and nanobubbles by ultrasound exposure 2022
Drug Metabolism and Pharmacokinetics 100445
DOI
10.1016/j -dmpk.2022.100445
, , 36
2021
Drug Delivery System 166-174
DOI
10.2745/dds.36.166
Endo-Takahashi Yoko Negishi Yoichi 12
Microbubbles and Nanobubbles with Ultrasound for Systemic Gene Delivery 2020
Pharmaceutics 964 964
DOI

10.3390/pharmaceutics12100964

17 1 3

36

2021




miRNA

2021

PDNA

65

2021

PDNA

20

2021

Yoko Endo-Takahashi

Development of nucleic acids-coated nanobubbles and its application for cancer therapy

2021 State of the Art: Interventional & Therapeutic Ultrasound

2021




Taiki Yamaguchi, Yoko Endo-Takahashi, Kota Ono, Arina lhara, Yoichi Negishi

Ultrasound-responsive nanobubbles loading nucleic acids for cancer therapy

American Society of Gene & Cell Therapy 25th Annual Meeting

2022

miRNA-145

37

2022

miRNA DDS

35

2020

DDS

36 DDS

2020




Kota Ono, Yoko Endo-Takahashi, Kiyosumi Saito, Nobuhito Hamano, Yoichi Negishi

The Development of Nucleic Acids-loaded Nanobubbles

The 3rd Workshop for Japan-Korea Young Scientists on Pharmaceutics

2019
34

2019
DDS 35

2019

44

2019




19

2019

63

2019

2019

DDS

18

(JSTU2019)

2019




(ONO Kota)

(SAITO Kiyosumi)

(HATANAKA Yuki)

(YAMAGUCHI Taiki)




