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Research on dopaminergic nerve regeneration using mRNA-loaded nanocarriers in a
Parkinson®s disease model.
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The purpose of this study was to establish the basis for treating Parkinson®
s disease by direct reprogramming dopaminergic neurons from striatal astrocytes using mRNA. It has
been shown that the chemical method of pAsp[DET] with a high N/P ratio can be used for highly
efficient mRNA transfection into astrocytes, and the physical method of sonoporation can be used for
carrier-free mRNA transfection, and the combination of chemical and physical methods can improve
the gene delivery efficien. Furthermore, the combination of chemical and physical methods can
synergistically improve the gene delivery efficiency. These studies have laid the foundation for
research on regenerative therapy, including methods for creating animal models of Parkinson®s
disease.

mRNA



¥ X C—19,. F—19—1, 2—19 (58

1. #FIERIA S D =

IMFEME = 5 (PD) L ERE D R8I AEEMEMER (DANs) OB 2 F IR &9 5 T HEE
IR T D, AFRITITHAE 15 T ALLED PD BENFEET D & S TEH Y . FIEHE D E
REMEIRBTH D, M- THREBEAIIRIERN EH45 2 L, BElbita 2l z
5%, SORBHEBEBOBEMBAEND, TOMENTRIZVELARR T, KYIZIXELE
RCTERBBEREL R, BEOL AMFEHEMNOEYMICE > TRERER SICL 2 EH
RV B ILD, PD OEBEM T4 2 BT IR E L L CHIER LI/ I TV D)3 DANs OF
YR CHh D, iPS HIEN 54 EFEE L7- DANs OBMIFZERED LN TE Y . HIFEREFTE LN
TW5 (Kikuchi T et al. Nature. 2017; 548: 592), F7-UT4E CIIARMES M7 2 h a1
Ry 5 iPS i & I EHEMEFF I K o TR KX EEMEMERR (iDANs) IZ 0 b &/ B K
TRAEEINSOH B, EHITPDET AT AOERBNIZZNOL OB T2 T A NVART ¥
—|Z X VB AL, iDANs OAKRNERESLFHE (In Vivo Direct Reprogramming) (2 & » T/3—%
VY UVERERETED I ENHMESINTRY, MilEE AV nEEIEEE LTINS
(Rivetti di Val Cervo P, et al. Nat Biotechnol. 2017; 35: 444),

mRNA (37" 2EEOfER D 72 < | BB TIRE~OISHPGF STV 5D, Lo L mRNA 24K
WEHER G L THZDITE A TN~ A TN TEER DM S, S 5121 TLRs(Toll £
ZRMICEVERESNKENGEEL L TLE Y, IFE, EarFy ) 7 & LTHEERILSE:
BIRTFEIC L > TEBN D @S LEWE AV T, TR 21X U &3 5 iflgds o Miamn
~mRNA Z B ET HHMRRE SN TWD, T D OHEM 2 AW T, 20LiEER - mRNA % iy
PIZIETE L, T ORBUT X - THHEFMICT A a4 b N2 BEES G ETE D
T ENME SN, PDET AEA~OIRFICH B RS SI TS (Feng L, et al. Small. 2013;
9: 1989),

T A IVANRY B —F O W HRRARE RIS )T 2 BAR 8 A T BB F R FIE & RN FIE
2o 6ns,

PHESHALRFIESE LT PEG {L LR U -L-Y P (PEG-PLL) 7 DB F A4 MR U <~ —
IZE 2T pDNA DEANRARETH D, TRV ZF LTV a—-KRI T /E7ny /7 dkE
BRE ARG T 25T IBAKD mRNA F5E0F ¥ U 713 E 0 mRNA AN & 2D T
SNTEY., SLFENFEEFOEALARETH S (Aini H, et al. Sci Rep. 2016; 6:
18743), L2rL, ZNETT A ba¥A MIEIT 2 mRNA B AZNZR & pDNA & O LLER 21T - 72 1F 58
IFTFAE L2V,

W FIE L U OB RIERA e E oA L EE KRR Z2HA5808 T, EYBET
T EET HEMOBENED SN TEBY, VY ) RL—a V EREN D, FHZITHEZ, B 10un
K~ A 7 a7 L0 I BITHEIZ:, B Inm REOT 2 XTI & W TZHFZERED i
TWb, Y/ KRLb— 3 OBAIIERRPNCREN Y OEE 2 EANATRER ST, /3 —
X2 RO INRGEIRIRE A~ DRIRI 7B FE AR E~DISHR R TE 5, S5k
MO n BN & WEN G FEANEEZ A S DY D Z & T, MENRELR FEAREOM L
DHIFFCTE D,

2. WHEOHB

PLEOZMHIE NS 1) T A ha¥A b ~DhRA72 mRNA 255 T IEOMESL, 2) 7 A b
A R D O RN AEEMEMRR O BB MUFEIEOMNL, 3) FAERBEMRICT T o —F% Y
VIRETIVEMW OIERR D 3 8 E B E L CHFSEE I L7,

3. WD HE

(D)~ 7 ADPREEFRT A a4 MIHT 28R FEANEOMN & BEMEFEORR: E%
0 HOFAMF~ T ANGERIL, BB L7EEET A had A MxtL, AU T I/ #EF v U
7 @ pAsp[DET], pAsp[TET]. pAsP[TEP]Z#5#; L 7= Gluc (Gaussia luciferase) ¢ pDNA 3L
mRNA Z 4% 5 U | fRRFAIC B L7z BT & OB 2 /S ST #tE (Relative Light Unit
RLU) ZI7E U CEAR T AR Z 3l L7z, [FIERD FIE CTHEE O/ LFAE 1 mRNA 238 A L, 72
FERIZICIEE L, SO E 2 X » TSI ~D LB E o4 1 % 514 L 7=,

Q)T ADHRRIALT A F WA NIk DiEfs 8 ADOMESL & BEEMMEFFEOR A T A
hat A NEARAISAETH D C8-DIA ICFAEEDOTFHTRY 7 /X v U 7IZHEH L7 Gluc
mRNA ZEA L7z, SHICHEEET A h Yo b & RERICOMEFHEER F mRNA 238 A L, 72 B
BAITHEE L, BBl X - TR ~D LB E O f J 42 FEMh L 7=,

@)~ ADBERRIALT A buat A MIkT2BEFRE T /) XTIV EH NSy VT 7Y —
pDNA 5 L OV mRNA DFEA . HIFEHE & OHFFE=E CTHIF L7z Super High Speed Vibration Bubbling
(SHiSViB) &4 FAWT, 0.06%t MyE 7 /L7 2 > /opti-ME Z4R & 9 L. C3F8 H A& WE L7z



D NTIVEIRE KT, C8-DIA & 2X10Y/well T [E1. YIRL—3a 0B

fEL. 96 multi-well plate % . secNluc (secreted & 5 % &

NanoLuc) Z =2— K92 pDNA & L < | Gluc mRNA & ' : e
VR SH7- optiMEM F ) ST AT L. FL—h | ' UN;Q, 3¢
DIEN S JE W H 1 Mz, Burst kb 10 Hz, 1-5 W/cm2, (—\)IOIO OIOIQ T @

Duty kbt 50%, 5-40 OB ER A MH L= (X 1), |
IR U7 Bl EZNENORNGIE L LS8 T, £

R e L
D RLU 22 BB FEARR O 21T > 7, D. % E. [l:> o assay CB-DIAMN
. . o) — ) F T
W%y THRiET L Y K -y avoms || O lows OV
abtic ks, A RomR: PEEPLLICHE D000l & e s

# L7 pDNA &7 XTIV ZEA L. C8-DI1A flfaukk
WZEE L, ¥ U7 7V =8B TO5A LR HIE TSR 21T 7,

(BY R—F 2V ARET I~ ZDOVERK : 8 BEDMED C57BL/6 ~ w7 A Z W ARIE T I ENLE T
HEEICHEE L, B E2REBEL, ERRCEEURLE, L7 ~nbAK7 1.2 mm, %5 1.2
mm OFEZEE & ZR0H L, ZHASL) D IEELICE 2 HIA L, 4. 8 mm B ORISR A~ZEH] L 7=, 3. T5pg/uL
\ZVfiR L7= 6-OHDA % 5 43723 F T luL JEA L7, ALENNS 48 FEHfE®ZICER L, NT7 7 1>
WELL . BREROIA 2 AERL LT, B TH U2 LT et LT,

4. WA

(D~ APREEET A hrt A FPEFEIR LU TR @2 /300 eM0EGluc mRNABA (M 51E)
/LT, wotfE e 2 T, GRAP &S L Twn 4

LA GO, 2O~ AMREEET A he 3.5 | PASP[DET]

A MK L, VER—FT v A TEDRIZER 3| - PASPTET]
FEANEITZDFY VT OREEIT T2, @01
RNY~—F+ U7 KT pAsp[DET] Z T, &%)
272 pDNA & mRNA OEANFEETH H Z A5
M oT-, (X 2) ZofERE S Lo biFER
+ & LT pAsp[DET]IZ LMX1A, ASCL1. BRN2 @ mRNA

EEBLTESG L, 7A ¥ A bbb Ry o v e .
1@%1]‘@?%’%/\@%{[3?}%% %%‘:’t%‘ f:o 72 Hj{‘ﬁﬂ f(ﬁ \z time after admition (hr)

iE L., B TH LR, HL HuC/D HUiR CTY L7223 W & 03 R i IR ~ D S bITfER T & e o 7,

2.5 PAsp[TEP]

Luminescence (RLU x107)
"
w

@7 A YA FAEAMIKTH D, C8DIA @3 5 2t amuvGluc mRNABA (EFSH)
RIS L. [FARIC Gluc mRNA O AZEIT -7, 2.5

pAsp[DET] C N/P D EHICHE- T, @ohEiE 5 NP 32
R EBADBHERINTZ (X 3), ZDZLnn, F f 2 T —npis
YUV THEELEZBEBETFET A et a MgE s N/P 8
T 554, @ N/P O pAsp[DET] 8 L CWAH 2 ¢ NP4
ERH BN o7z, FIREEEE & [RIERIC LMXIA, g’ NP2
ASCL1, NR4A2, PITX3 ® mRNA Z VT, 7 A b £5

PoA R BN EEMEM R~ L E AR ‘

FrT= 3, VLY B B AR b e~ 0 43 AL L el S - w” m W =

T&ERMho 77, time after admition (hr)

(3)SHiSViB {ETREE T /) NT V% E4. FININOKFES T

%Eé“ﬁ_‘f:o FEIC LD %%@@lﬁ?ﬁ ‘Al.m!\lanoparticle Tracking Analysis  B. Flow CytomeEI"Y‘
200-400nm T 9X 10%/mL. BiEDF i
JNTNVERENICRAESEDL Z L
DAEECTH-T(® 4, ZOF I T
NEXY U T 77U —@ 200ng O
secNluc pDNA % L < % Gluc mRNA %
JRE L., C8-DIA ZH:#% L7z Well I2¥s
M7z, BERERIICL > TEE T2
HBALTEZ A, BFFRBKGFNS D R I S e S ey AT A N T T
U U R SR R (4 A BT RS A
FEETHDHZ ENoh-oT= (X 5),

(x10")

s ] — Iel(0.29%
= 1000nm Violet(0.00%
H

Count

Concentration (particles / ml)
400
1

200
P )




5. YJRl— gi}..;%'s#-t'U?JU —iBEFEA

A. pDNAS
(4) PEG-PLL |Z44# L secNluc pDNA %

F I NRT L LB C8-DIA IR E L,
HE RS L AE D TEA LT,

TR EZITDORWVWEA LB L
T, BARERN 4.2 fFizm B L7 (K
6) ., {LFHEMRTFEAE L YHENER
TEANEEMAEDED Z LT, BB
FOEANRER LD Z L NHIEE
R ERH LN T,

Luminescence (x10° RLU)
-

o

(5) R—=F 2V IFET IV~ T ADHEST

J IR SRR 6%%%&Aéhtv¢1@mrﬁ@
FIZ T, BEEITBT D R AEB MR O &
ELULTEY., A=Y IRET L~ 7 ZOMER
JFER ST S = (X 7)),

PLEORERNS, ALFMTETHEF YV T ELTH
N/P H D pAsp[DET] Z VT, 7 A bAoA b ~EL&hg
72 mRNA SEANFRECTH D Z &, M TIEE LTFH AN
TNERNEY )R L—2 3Ty U7 7Y —0 nRNA
BANABETH D Z & EHITMLFENTIE L YR T 5L
MAGDLEDZ & THENICEEB FEADR LW EEE
5D Z ENH LMo T, AR O#IE CII LB EN
FmRNA Z W=7 A R et hvh RN AEEh AR
DIEHES) m%%@iﬁifiﬁ%&#ot%wm/m—%
U R T VBN DAY G 1E R G D T AR TR R IE
HEOMEE L) BB ER Sz,

5 10 20
US Irradiation Time (sec)

B MRNAEAFER

N
wn

=NB+
u NB-

Luminescence (x10°RLU)
-
- n ~

o
n

0

40 Neg.Con OW 1W  25W 5w

(6. PEG-PLLEY JRL =23 >(C & ZpDNAE A (HEFDEE)

25
uPEG-PLL +
" PEG-PLL -

Luminescence (x10°)
-
- n

=]
n

ii || Ii ‘I

5 sec 10 sec 20 sec 30 sec
US Irradiation Time (sec)

7. 6-OHDAZRIEUILY I AR IR I (THR R )




7 5 0 4

Kida Hiroshi Nishimura Koyo Ogawa Koki Watanabe Akiko Feril Loreto B. Irie Yutaka Endo 11

Hitomi Kawakami Shigeru Tachibana Katsuro

Nanobubble Mediated Gene Delivery in Conjunction With a Hand-Held Ultrasound Scanner 2020

Frontiers in Pharmacology 363
DOl

10.3389/fphar.2020.00363

Kamada Takashi Miura Shiroh Kida Hiroshi Irie Ken-ichi Yamanishi Yoshihiro Hoshino 396

Tomoaki Taniwaki Takayuki

MIBG myocardial scintigraphy in progressive supranuclear palsy 2019

Journal of the Neurological Sciences 3 7
DOl

10.1016/j .jns.2018.10.019

Harada Masaya Miura Shiroh Kida Hiroshi Moritaka Taiga Irie Ken-ichi Kamada Takashi 10

Uchiyama Yusuke Shima Sayuri Mutoh Tatsuro Hoshino Tomoaki Taniwaki Takayuki

Reversible Conduction Failure in Anti-lactosylceramide-antibody-positive Combined Central and 2019

Peripheral Demyelination

Frontiers in Neurology 600
DOl

10.3389/fneur.2019.00600

Kida Hiroshi Feril Loreto B. Irie Yutaka Endo Hitomi Itaka Keiji Tachibana Katsuro 13

Influence of Nanobubble Size Distribution on Ultrasound-Mediated Plasmid DNA and Messenger RNA 2022

Gene Delivery

Frontiers in Pharmacology 855495

DOl
10.3389/fphar.2022.855495




40
Drug delivery system 2021
Clinical Neuroscience 219-221
DOI
34
2021
eurosonology: 77-79
DOI
Tanabe Hajime Higuchi Yujiro Kida Hiroshi et al. 23
Clinical and genetic features of Charcot-Marie-Tooth disease 2F and hereditary motor neuropathy 2018
2B in Japan
Journal of the Peripheral Nervous System 40 48
DOI
10.1111/jns.12252

24 4 4

96

36 DDS

2020




In-vitro gene transfer system using nanobubbles and sonoporation in glial cells

61
2020
39
2020
, Loreto Feril B, ,
93
2020
, Loreto B. Feril, ,
30

2020




Loreto B. Feril

76
2020
, Saliev Timur, , Sheng Hong, , Feril Loreto B,
2019
, s , Feril Loreto B,
18
2019

Loreto B Feril

in vivo

29

2019




Loreto B. Feril

94

2021

Hiroshi Kida, Hitomi Endo, Feril B Loreto, Yutaka Irie, Katsuro Tachibana

In-vitro CRISPR/Cas9 genome edi ng system using nanobubbles and sonopora on in glial cells

17th Asian Oceanian Congress of Neurology (AOCN 2021)

2021
Loreto B. Feril
In vitro CRI SPR/Cas9
40
2021
, Loreto B. Feril,
37 DDS

2021




Loreto B. FERIL

31

2021
Loreto B. Feril

64

2021
Loreto B. Feril

EGFR

77
2021

Hiroshi Kida, Hitomi Endo, Loreto B Feril, Katsuro Tachibana

Effect of Nanobubble Size Distribution on Ultrasound-mediated Gene Delivery.

2021 Congress of State of the Art in Asia: Interventional & Therapeutic Ultrasound

2021




Loreto B. FERIL

MRNA

2021

2022

Hiroshi Kida, Hitomi Endo, Loreto B. Feril, Yutaka Irie, Keiji Iltaka, Katsuro Tachibana

Influence of nanobubble size distribution on ultrasound-mediated plasmid DNA and messenger RNA gene delivery

21th Annual International Symposium for Therapeutic Ultrasound (ISTU 2022)

2022

Hiroshi Kida, Hitomi Endo, Loreto B. Feril, Yutaka Irie, Keiji Itaka, Katsuro Tachibana

Carrier-free mRNA sonoporation into astrocytic cells using albumin-based nanobubble

63

2022




Loreto B. FERIL

pDNA  mRNA
95
2022
Loreto B. Feril
41 25
2022

Hiroshi Kida, Hitomi Endo, Loreto B. Feril, Yutaka Irie, Katsuro Tachibana

The Effect of Bubble Size on Ultrasonic Gene Therapy.

20th Annual International Symposium for Therapeutic Ultrasound (ISTU 2021)

2021

1
Hiroshi Kida, Katsuro Tachibana 2021
Jenny Stanford Publishing 294

Ultrafine Bubbles

2021-115889 2021




(Itaka Keiji)

(KATAYAMA Yoshiki)

(Takahashi Tomoyuki)




