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AFCIT TpH ISR U RE A AEMNEE T /B D~A 7 aiffhT A 2 L D5 & B okElk) &
LT, pHIEMEHT AR RF A TEM SN 7z siRNA WERIEE -/ k7 (LNP) [ZBIL. <A 7 ik
TN A AWTHEER X OUR Y R_Y A DAy BV T, WtEES X OV invitro TOREBERHMIC K D
B LR 2T CTRY., 23\ NLLEBRINTND,
FB1FIFETHY, INPBIOR I RZ A OMEEFLINI LT, AFRICE LT R EMFRBOBERLN
TUW5, siRNA Z V7= RNA TE&EEIL. MPN O mRNA 218 L+ 5720, BFEOEZ ) T 4 TIEEHST
ERWVRBDN IR TE DRSS DA THEHTH Y . DA EDOIREITHWTEDOHEENRWICHIFFS
NTW5D, LinL, siRNA [XIMF THRD TREZETHDH 12D, TN EDOEHHGIZE > TIXsiRNA 2R =F
Vo) a— ) VETHIE LT LNP ~NET 2 FEPRTF SN TE 7, R =F L7 a—/i X ERMIT.
M & R o M X DHIE 2 B CBRE S & 5 —J5C. LNP OISR 0 iAB &4l 3 2728, Hiha (K
TSV Lrend D, AT, MR EOFBEREE NS L CIEEMEZ /R L, ABIIHE~
BVAEND pH ISEMER Y R_RZ A o TEMiS 7= LNP 2 VW5 Z & T LEREA RS 570, <A 7 o
IRF R 2 L DAHRIEOMEST, WIS X OV in vitro TOMEREFTANIC X 24 FEDORBELIZIR 0 AT,
B2 ETE, IBREMATIR Y XY AV OARRE L O pH ISR Y & A &l LNP OFHlE L O %
ToTme RUNREA UL, KIIZT YV REEZFTHRY Z0 I UBRICR LT, fIBHICT I FE&GEMLT=
F Lo TT I URBER IO VR XU VI EE A LT PGlu(DET-Car)% iV 7z, PGlu(DET-Car)ix, FE&PE pH 5=
FERZBWTUEZTF Lo U7 I UHED 2 MiOIEER, IARIINVER | MiOABRKEAT L0, R~
— R LTI TF AL 2B, T pH S FICBWTE=F Lo U7 I UfEEN I — 2 2 i 2R
U 1O EBMEZ/RIIREEL 725720, R ~v—2K& L THMEE 725 pHIREMEEHF T 5, PGlu(DET-Car)lZ
%t LT, DBCO-DSPE #7 V v 7 RISIZE VEAL, IBEREM pH ISEMAR Y X% A > DSPE-PGlu(DET-Car)
187, LNP I~ A 7 aififfkT _A 2 & AW TR AT 572, LNP OFFENAIZIERKFIE, =% 7 —LiEA
B, T Fa—THESERHDLN, ~A 7 aifihT A A X 5FEEL, mOESM &R OHIEE, 27—
FEUT 4 EAFLTEY, BELNP OFREIETIASITD ANLGNTWAE HFIETH D, A 7 aifitihT /"4 AD
TR & OB/ T A — 4% | LNP OIFEHEKSC siRNA JBESEZMFT L, ~A 7 2 fitffT A 22 L DA%
Mesr L7-, F£7-. DSPE-PGlu(DET-Car)lZ B A FE(DP)2S 20, 70, 110 D H O %A L, PGlu(DET-Car){&fifi LNP %
CB20-LNPs, CB70-LNPs, CBI110-LNPs &4 fFif7=, £7., 2> Fv—/L& LT PEG {&fifi! LNP (PEG-LNP)
ZHELL7-, CB-LNPs ORI 7-£21% 110~130nm, WAL 67~94% Th o7z, F£7z, £D CB-LNPs {ZEBW\TH
PEG-LNP X ¥ H B 72 pH INEVEN { BALIZ L S 40, PGlu(DET-Car){EfifilZ 3T 2 MM a8 v 7-,
% 3 Tl CB-LNPs ORERIM 21T > 7=, F£9°. b NINRAEEML SK-OV-3-luc (ZxF LT, #XH3FE Alexa
Flour647 54 siGL3 W@ L7z LNPs %5 L, pH6.5 & pH7.4 (28I} 5 siRNA OHIENEIEER X OSIER »
IABBEIZOWTHRAE L2 E 2 A, LNPs iZ=> RY A F— RIZL > THRVIAEN TV, F2, 3T CB-
LNPs (23 C, PEG-LNPs & Fift LC pH6.5 (ZB W CHIFEE Y A ER I LTS Z & 2R Lz, #sT
PRI O 72, SK-OV-3-luc IZxF L T4 LNPs 2544, Lo 7 =7 —BORNBELIE L L T A, pH
6.5 123V T CB20-LNPs % CB70-LNPs £ ¥ & & WiB B FfiliE % -~x L. —75 CB110-LNPs /X PEG-LNPs & [l
WIE L A EBIE I Z R S ieno Tz, F72, % LNPs OFEAREEZHIE L= & 25, CB20-LNPs @ pH &
PEi% CB70-LNPs 35 L OV CB110-LNPs X ¥ &<, K pH fEikIC BV Tl O A REEZ R L2, F/2, =2 KV
— AR ZIE L7z & 2 A, CB20-LNP i b mVMEE 7~ L7z, BLEL Y | pHIGEMEAR U R F A AEHf LNPs
7% CB20-LNPs |2 &iifb S iz,
FAFTRIETH Y . RFTROMEIFE ST, FERBENTB AR5 TNS,
65« FSCEEE X, FI3C 2000 - & 563 300 354 1 #9835 2, & L<IEHEIC 800 34 1 Hi#2H L T 7230y,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
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In chapter 1, The background and purpose of this study are described, focusing on the properties of LNPs and
polybetaine. RNA interference therapy based on siRNA is innovative in that it targets intracellular mRNA and
therefore has the potential to overcome diseases that cannot be treated with existing modalities, thus showing
much potential for its effectiveness in the treatment of cancer and other diseases. However, siRNAs are
extremely unstable in the bloodstream, and thus, for systemic administration of siRNAs, methods of
encapsulating siRNAs in LNPs coated with polyethylene glycol or the like have been investigated. While
modification with polyethylene glycol has the function of preventing capture by blood proteins and immune cells,
it also suppresses cellular uptake of LNPs, which is a dilemma that reduces the efficacy of the drug. In this study,
to solve the above problem by using LNPs modified with pH-responsive polybetaine, which shows positive
charge in response to weakly acidic environments such as tumor tissue and is actively taken up by cells, we
established a preparation method using a microfluidic device, evaluated physical properties, and optimized
molecular weight through in vitro functional evaluation. In chapter 2, | synthesized polybetaine conjugated
polybetaine and use it for preparing polybetaine-coated LNPs (CB-LNPs) with microfluidic device. As a result,
CB-LNPs showed around 100 nm size, 67~94% encapsulation rate, and higher pH responsibility on ¢ potential
than PEG-coated LNPs (PEG-LNPs). In chapter 3, the functions of LNPs were evaluated. On the cellular uptake
of LNPs, LNPs were incorporated via endocytosis and all CB-LNPs showed higher cellular uptake at pH 6.5 than
pH 7.4 compared to PEG-LNPs. On the gene silencing assay, at pH 6.5, CB20-LNPs showed higher gene
repression than CB70-LNPs, while CB110-LNPs showed little gene repression, as did PEG-LNPs. When the
membrane fusion ability of each LNPs was measured, the pH responsiveness of CB20-LNPs was higher than
that of CB70-LNPs and CB110-LNPs, showing strong membrane fusion ability in the low pH region. When
endosomal escape ability was measured, CB20-LNP showed the highest value. In conclusion, pH-responsive

polybetaine-modified LNPs were optimized as CB20-LNPs.
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