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Application of Supercritical Fluid techniques to The Processing for Regenerative Tissue Scaffold
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Fig. I The dependence of residual phospholipid weight -

on the supercritical fluid pressure in extraction process
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STATIC CARDIOMYOPLASTY WITH SYNTHETIC ELASTIC
NET SUPPRESSES VENTRICULAR DILATATION AND
DYSFUNCTION AFTER MYOCARDIAL INFARCTION IN

THE RAY

AT Kewcaguehi A Kishida? 77 Yamaoka ! Cardiovascoudar
Surgery, Tokal University, Isehard, Kanageaea, Jupan: “Tokypo
Medical qnd Dental University, Tokyva, Jupan; ‘Kyota institute of
Technology, Kyolo, Japan

Background: Rapping around the heart may prevent feft venrricle
{LV) from dilatation bur may also intedferd with diastolic velax-
ation. We develop a synthetie net with a dual elasticity! more
elastic under a low tension and Jess elastic with an increasing
tension, and tested s effect after induced myocardiat infiurction in
the it

Merthods: Pressure-volume (PV) relationships were successively
anmlyzed before (PRE), after Intravenous volume load (VL}, and 1)
minutes after occlusion of the left antecior descending artery
CMIT07, Rags were then rndomized: into groups receéiving syn-
thetic net around the heart (NET+, n=06) and only paerially behiod
LY (NET-, n=G6) ar underwent the sime PV siudies 6 weeks fater,
End-dinstolic and ead-systolic PY relationships were defined and
LV size and function compared under standardized loading condi-
tions. i

Resulis: Increase in LV epd-diassolic and endsysiolic volumes were
sipnificantly suppressed 6 weeks larer in NET+ sais, resulting in
signiticandy preserved stroke volume (Figure: §V) and ejection frac-
tion (Figure: £F) 6 weeks afier Ml Presence or absence of net did aot
vield significant hemodynaniic compromise under acute volunie load
6 weeks after ML

Conclusion: Static cardiomyoptasty using syothetic elastic net signif-
icantly suppress LV dilatation and dysfunction without resuriction
’\mmcdimdy and lae after MU o the e Met matedal and elasticity
need w be adjusted for optimal girdling effect, greatest benefits with
least functional compromise.
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Thbh, FlR. RO AN AR —E BT BRSSP SEATE LT,
ZDEBHRE HBID DRI NN T — )T — LIp\ BB BRI AN ARG 5 — LA T
EERLTD,

EbiZ, B, RV RETGRT DRV AT A 45 F B RO B S e, Ay 7 VD
LTDNASFE T AR E 24l a8 &> T, S50 AR e m_ S g5 &0
TREL LT D THRE TR 5,
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In vitro MMEEZ BAIL L AF v h— N FMAR~ORETFEA
RITHAMME Y, EEEH Y Odu)ms 2 - MEEED - ik B0 LEgs?

<KEE> Invitro TH— A BMEL ST BE0H 2 LEENER I TWVWE, AF ¥ F—iL
NERA~DH—ZHMRBERES T, MEBEIE AXyF—N FESTOR e~ A LE
TR 2o TRY, Shis, AR EREFEELELL TV, F2 T, hEEEOEHE
FHMELT, #HRBAAZIT 25— BVIEEHEAF v H— F~DHR0OBEEEE DR
b EREBOBSFEVBREOBRELE L ZRBERW L., —FH, AX v Hm— RO bR
BFF 230 2L T 2MBANE L RENTHEN, FrA7MAOCEREIZHE G Y B
FHONBIMFTELRY., AR, FUATEVBERTTAIFIZERBL, RF vy E—L Khbo
BB &, 2% v RV FRZEET SHBR~ORGFEAL AT LERFT LI,

<ZEBA> HUREELRRIEIC L Y, AU -L-ELE: (PLLA; Mw=130,000) OFZELHE A Xy R—/L FE{E
U7, BRFEHFTCOMBIBEOTEML LRI TOHIC, #Ha 2R E(0.05~2,0x106ells/m]) D
NIH/3T3 #lf8, ¥7-i%, FiEHMRAOSMC)EA® %, 1.1~11.0 ml/om? min OMTEEITAX
PR PANER U, 24 BRI, BRHIIREK & R % ¥ RV FRIOBREMILOATRIES ST L
7=, Eio, IIHETEERTH, MIEE R X ¥ R— b FAERRIEE, B S S X MRERY 7 B BTV,
AR AR S K TF, A % % R —)b RPN T OAIIRS AR IR & bl L7c, 24 BRI Z L ICHERIRE R L,
RO LBBEORDBELEEF L, 0K, #REFTCORBEBTFHAMCAVWSIF Y YT —HFEL
T, Xy R~V FEEHAKBICHEERTEZBEKEEZ M5 L7 poly(DMAPAA-
coMPC-costearylacrylate) E G L7, A RFEILIOF ¥ VT —/7 5 R RDNABAEKE R X
;gzgkuﬁﬁéﬁ\%@%mﬁwmﬁ‘HIU\%%%WTfmmmAwﬁﬁ%§A%Mowr

<HER - BE> (1. ImL/icm? min) i BEGHEEE THIN & ETE
TRHIET, BEDRILINT 100% LY. EHIZRF vR—1
NORMEDPLIEEE CHITEGTD Z &) L, MR EE
ik, B 2PET 7 BB LSRR, REE
4.0mL/cm?2 min ClE, 7 BRCHY 22 [EICAIES B LT, &6 . . .
iz, Eg%,t‘j%—é‘@fé &A% v R— b RS RIS FBE L. B Fig.1 Xegal staining of PLLA scaffold
IREMEE AR OBREIBOCEETH D Z LBTREh lumen with after 1.1mL/cm*min perfusion
foo ., BRERSR T, $5E 3 0 BUMTEMIEE L seeding for 48h,

ol ELIT, AF w - FREOCHT UpifiE s LTk Complexes were PEl/plasmid(A), and
HF. BED 1.0mm THAREBAEETHA %y {—k"'ﬂ/ S p(D-M-S} /plasmid(B).

S A, TEITHL, BB I UBROMBTR RO HIHIaRIZE

BIEEFLTND,

2% b RPCISH L B~ OBE T ARV T, BAELET 50 F4 VAN T X
Y UT—2BVBI LT BEFIAY F—HARORISTREE ok, Fi, TOEAHRER
T4 Ty ba—)@PEL L RBECH 5 Do BH SNEE SRS AR OMI~HEL CHA
TEDEMWRIN, EFERTICHT D b—F NV AT LOFRENR TR ENTE,

Gene transfer on biodegradable porous scaffolds for tissue engineering

Tatsuya KITAGAWA'?, Akio KOBORI', Akira MURAKAMI', and Tetsuji YAMAOKA? ('Department of
Polymer Science and Engineering, Kyoto Institute of Technology, Matsugasaki, Sakyo-ku, Kyoto 606-8585,
JAPAN, and *Department of Biomedical Engineering, National Cardiovascular Center Research Institute, 5-7-1
Fujishirodai, Suita, Osaka 565-8565, JAPAN)

'Tel : +81-75-724-7823, Fax : +81-75-724-7800, E-mail : seijo@@kit.ac.jp

Keyword: Gene delivery / Porous scaffold / perfusion bioreactor

Abstract: Tissue engineering is very promising strategy to cure tissue defects, but there is not well-established
system to achieve the three-dimensional tissue regeneration in vifro. In the present study, the effect of oxygen
concentration and perfusion rate of medium on the attachment and growth of cells inside the biodegradable
PLLA scaffolds using a novel bioreactor were investigated. It was found that 1.1mL/cm®min perfusion rate is
the optimum condition for cell attachment onto the PLLA scaffold and that 4.0mL/cm®min perfusion rate is
adequate for cell growth. Moreover, we tried to establish a novel system for tissue regeneration, which is
composed of the incorporation of plasmid DNA into the scaffolds, subsequent sustained release, and direct
gene transfer to cells on the scaffolds, The burst phenomenun of DNA was strongly suppressed by use of cationic
polymers with hydrophobic groups as gene carriers.
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A F A N HRKERBRENE I BV LA RETFEA
'R A, CEEET, CRUFE
OBABTF 2, IHBETF . RBES MEEEL', HEE' LEET?

[EE] BWRERERTHIAANAMEEFXI Y VY —0LbORERLSFRIIREEE > TV
Ve Fald, ThETI, #ROFRY SFAUHTFIEKEEERLEL, R Ly I amar Ry
arEflTa il T, BETFEASBOERAT v Y THAEBEERFICLZRY vy 20H
DEEFBENCM EIRDZ LI L TEL, AFFE T, £<HERTBEES. Thbb, K
VAHFFaFIlBKEEFEESD LI IBEFEADEROM L B L, Rkl il
BEDREMER a2 B LU ABURBEORIAIIETAHHERSEINTVEN, Hald, hFL 2L
BEAREIC L AR BB HE D R BKIER Y DT A 5T 0 8 DA LRSS AR E T DML P
CEHRDRELDIRBIIESAEH T THRERED:,

[ZERR] HFF LT AL PE LT, TAF=2oRYDPUhb 234 dNTF R BLR, HF
B4125000 OEHFHRRY =F Lo f S UUPENR EOUEERRY hF A%, Fio, BREES A b
L LT, fafnRghhgs, &) SHEE, BLU FY Iog Y UFBERL, #elAShE O Mg
FxU¥v—Freal Lz, BORLMBRENESX vV ¥Y—0XKEEF COE SMEIHER. BXT
a—7THHEVLERVWEENE, BLY AFMBSIC L VBRI LA, £/, pCMV-Luc & 04
EEREEZ T Vo — RS NVERKBTHRBLEZEIZT, RIT v w7202 0 a0 Di2ERT
FUU LT oA FORNMBENEIL T, &bIX, TOREE (R Ly 7 A0MBELS &) 3R
V= VERED VU ABRMICEZRY A AV ERESICTEMLE, Zhbodv U v—45F 2B
T, inviro 7 @ % ALERIKIZ LY pCMVLuc % COS-1 f#Il~EBAT 3 - & T, LECHEFARE
PRIZEZ BEBIIOVTERLE,

R - =88] AR LEFRENOY v ) ¥—i3, KFEF T, BAEEEZ 7L LEIEABOS
BEETAL TWD Z L RF Sk, 2% KRRRKRKRRRKRKRRC 0 N KBk 2 2 > b Leu,
FREASEEE. THRHAEEET D Len, 2 BEERLBACESFREOE CHBMED GPC T
KoTHREN, CLr7o—TJHEICTROEGR I EVBECMOIL, 0.16gL Thotz, iz, H
BRRY D FA U ICBAEZEALEBAICD, TOEARIEELTIEAREERBR T &N
AFM X VBB N L Rofe, TNHETFRAIRDNALORY Ly s RAE, 759 AIFDNA BRI ®&
NWNRBYDFALEROEL LIRBREE-TWDEEZILND, EREMEOF Y Yy —F AVE
BFEALRTHREEES, AFAF A bORDBEELY VEECRVRBRYBOMENTENT,
HERAYV D F A 0BEIE, BERRIESEMET AL TTIRAINDNA LDV F S0
AU hBEREN, BT ol ADEEERER &Y, BEREEREEDENRLETAI L TREAD
ERFBILEL RoT2bBLZ T3, —F, HEMESTFROIFA LAY dTw—0OBE T, B
CHEMSEIENHERZ LA LILDBNTORFREOEMBELDZ2HENKELL Y, Z0HTFE
ENMARBHROREE L L LEDO TRV NEELLNS,

Gene transfer with cationic/hydrophobic amphiphile micelles

Tomoko HASHIMOTO', Yumiko KOBAYASHI', Osamu MAZDA®, Akio KOBORI', Akira MURAKAMI',
and Tetsuji YAMAOKA? ('Department of Polymer Science and Engineering, Kyoto Institute of Techriology,
Matsugasaki, Sakyo-ku, Kyoto 606-8585, JAPAN, *Department of Biomedical Engineering, National
Cardiovascular Center Research Institute, 5-7-1, Fujishirodai, Suita, Osaka, 565-8565, JAPAN, and *Kyoto
Prefectural University of Medicine, Kawaramachi-Hirokoji, Kamigyo-ku, Kyoto 602-0841, JAPAN)

"Tel : +81-75-724-7823, Fax : +81-75-724-7800, E-mail : seijo@kit.ac.ip

Keyword: gene transfer / amphiphilic / transcription efficiency / micelle

Absatact: An optimum motecular design of effective non-viral gene carriers has not been clarified yet, In the
present work, we are focusing on the last step of the gene transfer, the recognition by the transcription factors in
cells. We synthesized various amphiphilic-type non-viral gene carriers and investigated the relationship between
their self-organization structures in agueous media and the transcription efficiency in vitro. The amphiphilic
carriers were found to lead to the improved gene expression resulted from the adequate sirength of polyplexes
and their eagy disassembly,
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HAp BE{LRIRMENA R 7V OBGRERE £ RE DS

VIR TR e, 2B AT

Ok 12, MAEA . AL (LEET 2
<HE>
IR, FHREBERAS Y R— FEEE LT, BESfEIcEn=a5 -5, HLAEEDES
ERELSFRENTHAY, EEAXTHADICHFMEOMBERE#HIN TV B, RFE T,
aF—Fb3, BREMIENTARES THEL BV IHESEE T ER TS I L2 BME L,
BNBEERX v =NV FTHAERYAEE, R n—FA07 oy 2 kESICLY, Fikikx
FTHNRYUBFEEE N Fa S e ERE, g FaXd 7574 NHAD) EEAILL. inwitrolz
BT DS BEMORGEIT o, E5IC, Ty PETIEBATAZ LT, HABEEL
MR QI PE b kL gt T Ol
<EB>
Oligo L-lactic acid(OLLA). polyethylene glycol(PEG), & T 1,10-decanedicarboxylic acid(DDA)
(2, ¥ L LT diphenyl ether, flfEE LT tin()oxide £A0% T, 180°C. 30mmHg T THEEEBK
BEHGEICLD, #a R0 OLLAPEG =V F 7 a vy J REAE T AR L, BREERECLY R
Ry PRRAA FaFf 2 ERidg, WM e LT, SRR, I vito MAKSBERETL,. RE
BEEONCL D, BAp AN A FuF b L, invitrolZ 817 B MIEBREERE1To T, W T, —
EHEAT v PETIREAL, NS FurfrAR~OHREHFERSETEHE L,
<HEHR-EBE>
R 11579 OLLA/PEG = F 7o v 7 HEAEOERICHI Uiz, H oIz 2 R VoMo
R UORBITELI U b A ARIEEF L, £, PEG MR ELL S |5 Z & T, WEHRE,
OREBERETE S BRI, HAp AN FR/LVOMIREHEER, 7y PERTEA
EROFEF. HAp #ak. BX
U PEG D LR & & Hiz, Table 1. Results of multiblock copolymerization of OLLA, PEG, and DDA
H@E% < HETEME. FEARRAMEAS Polymer  Feedratio  Composition® -Yield(%) Mn® Mw® MwMn Muliblock

< - e OLLA/PEG OLLA/PEG tndex®
HEEIcRETAI ENRERBEIN Coet) - (wirer) "
. L EXb. HA 2 LE(m)-10 90710 89711 7 34000 58000 1.69 17
- & p WAL LE(m)}20 80720 78122 59 33000 51000 1.56 35
OLLA/PEG =AF7 v v 7 # gm0 7m0 67/33 78 28000 37000 133 43
EAAL Fo XA OEESGE LEmE0. 6040 58/42 77 1700022000 126 33

a:Determined by H-NMR.
ERAZFYER—N FE LTOAE  bDetermined by GPC with THF as eluent, using polysiyrenes standards.
Fﬁ 'I'§7j§7j_‘<ﬂ'j‘£ é ﬂf:(, c:Repeating number of [PLL A-PEG) diblock segments calculated from the composition and Mn.
1)T.Taguchi,A.Kishida,M.Akashi, Chem Lett 1998:8:711-2
Soft Tissue Regeneration Using Novel Biodegradable Hydrogel /HAp Composite Materials.
Yusuke NAKAMURA!?, Akio KOBORI!, Akira MURAKAMIY, and Tetsuji YAMAOKA?
(*Department of Polymer Science and Engineering, Kyoto Institute of Technology, Sakyo-ku, Kyoto
606-8585, Japan 2Department of Biomedical Engineering. National Cardiovascular Center
Research Institute)
ITel: +81-75-724-7823, Fax: +81-75-724-7800, E-mail: seijo@kit.ac.jp
Key Word: OLLA / PEG / multiblock copolymer / soft tissue / regeneration / hydroxyapatite
Abstract: Antigenicity of collagen or its composite has been pointed out for the scaffold in soft
tissue regeneration. We have been trying to achieve the soft tissue regeneration using various
synthetic polymer scaffolds. In this study, we prepared composite materials of OLLA/PEG
multiblock copolymer hydrogels with various PEG compositions and hydroxyapatite(HAp). These
materials were processed into porous structure, seeded with NIH/3T3 cells, and their attachment
and proliferation were evaluated in vitro. They were also implanted into rat subcutaneous tissues
for assessing tissue regeneration activities in vivo. The higher HAp deposition of hydrogels with
larger PEG contents caused better results both in vitro and in vivo,
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ARVY-RIVHBABY 7oy 7 EBAEKEIELE
7T A3 KDNA & DFAEER
MEXLT KE#H— - O&FNT - HHEES - KPR
HIf BAMT, BLERERE LAEZ

<fEE>
BE, BRABRETEEENOFENANGEETIEV AN AMOEETFELEEF YV ¥—2 LT
BFF AR v —DEESEDBNTND, T=FAMODTS52I FDNA LEEREY 7Ly s 2
ERRTAIOIESTTEONT AV HERY v — 2BV ALERLEN, IFFvmR)v—2 7
TAIFDNA EOMEMERANMTER L, HALRVAENTHE TR 7L v s ABRMIELIZC <,
BEFREADRPE DI EWVIESNH D, BAZINETI, T S/ ERILRFULE
EFETAH RVIV Y -RYVHUBABY 70y 7 HEARRPRY T RS KEUE - RIABABS 7oy
JHEAGESTOFREMES B LV KBBEPTROSEL, RERENEETARIRTF e
AV MBERE LT - Vo VBOESIERSFIEARFMTAIEERHLTWS Y, £
THARFRTE, REEVRY YAy PRER L A5 F A 48 B ORE 21T
WV, BoNE I EARBEETREERX Y VY=L LTEMT 54-DIZ7F5 XTI FDNA LDHEY 7Ly
I ATHEBIIEL TR L, ZOIEA3REIFEFAEFLLTVARLD, EXFETHLTS
A FDNA LEERRY 7Ly 7 AZHAL, MBIV IATAEEZ T2 7T ONR) BLESEHRS DSRRIC
LY IEANBETIE, EHLELTOVRWVESFEORY YU AV P TCRTISAI FDNA %
BECcEd, RV vy s 20BEBLTT 72 FDNA BT A0T, BOBEFRRED®EEFYT
T LMl TED,

<FEE>

T 3/ EN 4 BbEhieRKY YooK
UgLEE AB P71 v 7 SEEA&KPLys™-b-PLA -
[m, n]:m nixZERENRY v razy bBIT
F7F Faz—y POERE)DERBLURE
CEEHZHETDIEALOMNET2 " &
HENTIENETTRI FDNA LERIADD
FAFUNT =F(CIALTREL, RV Ly
7 ATERRBIC L THRET L/, &6, B2 O
CIA FETRAELERY Sy s X% pH 74,
ITCTA > Fa~—1tL, FiEHHEORY 7
Ly 7 AQREEIZDOT LR L,
<fEF - EE>

(AlC/A 0 02505075 1 12646 2 25 3 4

(B)CIA 0 02505075 1 12615 2

Fig. 1. Agarose gel electrophoresis of polyplexes

BToENIEANTIAI FDNA L C/A L
PP LETRELRY SV y 7 AEFEHKTE D
LM ENT(Fig. 1A), 7=, CAAKLD 2D

formed between PLys’-b-PLA-[9, 21] biodegradable
cationic micelles and plasmid DNA after (A) 0 day,
and (B) 5 day.

BE, RV Vo 7 ABHS BBIZERLERY TV JABRHRELT, 79 AI FDNARY U —2R
ENBD I LRM &Iz (Fig. 1B).

1} H.Arimura, Y. Ohya, T. Ouchi, Macromol. Rapid Commun., 28, 743(2004),

2) H.Arimura, Y. Ohya, T. Ouchi, Biomacromolecules, in press.

Interaction between Plasmid DNA and Polymeric Micelles Prepared from Polylysine-block-Polylactide
AB-Type Diblock Copolymer :

Yuichi OHYA', Kouji KANEHIRA', Hidetoshi ARIMURA', Tatsuro OUCH!', Tomoko HASHIMOTO? and
Tetsuji YAMAOKA® ('Faculty of Engineering, Kansai University, 3-3-35 Yamate-cho, Suita, Osaka 564-8680,
Japan, ZFaculty of Textile Science, Kyoto Institute of Technology, Sakvo-ku, Kyoto 606-8585, Japan,
*Department of Biomedical Engineering, National Cardiovascular Center, Suita, Osaka 565-8565, Japan)

"Tel: +81-6-6368-0818, Fax: +81-6-6339-4026, E-mail: yohya@ipcku.kansai-u.ac.jp

Key Word: polymeric micelle / polylactide / polyplex formation / biodegradable / diblock copolymer / gene
delivery

Abstract: Polylysine-block-polylactide amphiphilic diblock copolymer was synthesized. Biodegradable
polymeric micelles having positively charged surfaces were prepared from the obtained diblock copolymer by
dialysis method. Polyplex formation behavior between plasmid DNA and the biodegradable positively charged
polymeric micelles and stability of the polyplex were investigated.
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KRS EZ T o CHEBERMICED
FyFEIABBROAREFTOHEFEREOHGH

PRI W RRERET CEUERERT £4T
O&f# ¥ -8 =N'- MR #HE LW BT -HE =

(B8] 7rFelABRICL5BETREMNMELBMICLDRMSERE2HEL THRET 25
Eid. BETFERECRBIISWTHARFRERKTHEEAESNDE, 22T, 7 U0FE A8
DFT = EEBEIC I REE A BALQ), TREAVTENERT O EETBREHE
WEA2HEOBEEZBNEL =, HUDBTEEER I, ZBAOBENDE W 365im OXREHTH
KRR AF I D ERDZIA(MeNPYEEZE H Wi,

R - %] ET. 06 fIll MeNP EEFDTAFIT7 /L RAKROT I¥A MfEEQ)%E
FARLITT ) ome T TETERLE (IR 12%), TNEFWT MeNP £2EL DNAL O
E{&(MeNP-ODN: 5-dTTCTGMMTCTGT3") #%%/z. MeNP-ODN % 2T MeNP EDOF LW K IG %
HE U =555, 365nm DEAH(H S 21NV IE R—F —2.5mWiem™) % 5 7 FABE 2 T & T MeNP

HEa SR TESR Z MM, I, MeNP-ODN O EHUMEDNFEE, UV BMFEE
(Tm EAEIZ L D#RETL 2. MeNP-ODN L HHHHEH RNA EDOZEHHO Tm f§ (16°C) 1%, KAE! DNA

1 0B LM RNA EO"EMO Tm HEI1C)EYD 25CHA Uz, —J5, MeNP-ODN &%k
RNA DEBENRIC 365nm ORANE 5 HFERF L% O Tm {ElX. KA DNA L% RNA &
DZEHED Tm BEREUEER . SEOBRNS, V7 HEEIMIIC MeNP EEFDEMT
CFY O ABEE, TO_EEWAETERNMOXRH THETES I LNHBLE,

on O
o o j Table 1. Values of Tm for MeNP-CDN with the
o} 3 Nf‘\N o complementary RNA
N o ¢ 0 Q y
. N B ATm (°C
. T LA o) T %) 5T 0
°N 4 NTTNH, DMT(O H unmodificd ODN 4 -
© MeNP-ODN 16 25
o ,? 1 o MeNP-ODN (UV iradiation) 41 o
—P=0Q I
: 2 -
Q NC LN Measurement: 10mM phosphoste buffer (pH7.0), 1.0M
" ~o NaCl. C ion of total oligoncleotidos: 2 kM,
Condition of UV irradiation: transillumi (hv/ 365nm,
2.5 mW/cm?, r.L., Smin)
0
hv /365 nm NO
sdTTCTGMENPTCTGTy ———— 5dTTCTGTCTGTs + 5
3 4 o

0

Synthesis of antisense oligonucleotides containing a photocleavable protecting group on a guanine base
and their photoinduced duplex formation

Reiko IWASE?, Udai FUKUI', Akio KOBORI', Tetsuji YAMAOKAS, and Akira MURAKAMI' ('Polymer
Science and Engineering, Kyoto Institute of Technology, Matsugasaki, Sakyo-ku, Kyoto 606-8585, Japan,
*Department of Biosciences, Teikyo University of Science and Technology, 2525 Yatsusawa, Uenohara,
Yamanashi 409-0193, Japan, *Depertment of Biomedical Engineering, Advanced Medical Engineering Center,
National Cardiovascular Center Research Institute, 5-7-1 Fujishirodai, Suita, Osaka 565-8565, Japan)

*Tel; +81-554-63-4411, Fax: +81-554-63-443 1, E-mail: iwase@ntu,ac.jp

Key Word: photocleavable protecting group / deoxyguanosine derivative / antisense oligonucleotide /
methylnitropiperonyl group / regulation of duplex formation

Abstract: An antisense oligonucleotide containing a methylnitropiperonyl (MeNP) group at O6 position of
deoxyguanosine (MeNP-ODN) was synthesized 1o induce the duplex formation by UV irradiation. The MeNP
group was removable by UV irradiation at wavelength of 365nm for Smin. The duplex of the MeNP-ODN
with the complementary RNA was significantly unstable compared with the unmodified ODN-RNA duplex.
After UV irradiation to the mixture of the MeNP-ODN with the complementary RNA, the Tm value was same
as that of the unmodified duplex. These results suggest that the RNA binding ability of the MeNP-ODN can be
induced by photocleavage of the MeNP group.
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<SEE>EYOT ) MEENK A LB B Ehooh (a)

APT, SEHITEEFORBBENEREOMIERIZBNTED

I ITHEET AN RN T A Z ENEEL 2o

T&ETWB, —J5, FE uTAS(nicro total anslysis

systems) #F B U ER/NERICBIT 2 09H AT LD

BARMBAIZTLNTBY ., ZALORATZER Lize»

IaFyvlERAWAI LT, BHNELMEBZZLOTE

TENT T ADRIE, WIHEIZ LD NA A—T o b 54T,

ZEL OB OFIHE TRV EHE ~ OMRENRNT, BT © f © PDMS
i

FE & BSOS R A2 B L ENT
Wd, EFITEAE, A7 0Fy 7hoMANER Tl T
EIEHL, v A 7 0o TERGCERMRRBRE AT | T oo e PUe Glass
BROADISE % B/F 45072 UICRRREBYICHAIE ATRE A2 v X 7 9. 1 (a) SEM image (b) Schemalic oross
A%Faﬁ%?—é: &_(:‘\ E{Z{s%ﬁ%ﬁ#ﬁﬁ;ﬁﬂ}]@&ﬁﬁ@&ﬁ#ﬁ@ view O elntegrale microfermentor.
BRITEITY DL 2 BHE LTV 5, BIEMICIT, EMET . T : .
CH BRI ARTE R 2 H R L C IO R B L N ;
R ORMALRAELIEETOVRTARMB LT, T[T A
SENE, v A 7 aALTEROTHBIRI g E 5 2 - , R Yo
IR (5287 BOBE) (oW TRIE LICERICOWN : - :
T#ETS, : L ;
<ERELER> Fig. | REEFHL4BER LA 7 oF By
v 7DSIMNEREMERNE R, Si BEE=vF LT c P 5
[ 1on HEE 0. 3m OFAERO RAWA L%k, L B e
poly(dimethylsiloxane) &, TF¥MNI A Lo 7 RAHFTRE P P :
BEE U CETED 240nL OB/ MEREZFR L /-, AGET L T e P
78 FEANCHES I D Protein_A # Ru(ID) S5 TER L ) . '
TR T E— T E AV, 1 U IERAE T B s A i
HEE LAKROEAZIHI Lo g 7Y F—<filat <A 2
OF o FOMBNERZITEAL, RIC<A 2 22ULT 10T 10%FBS 25T DMEM £2H% 2400l A L 7=
BF S R BIEBRAARERT & L, 0% 4RRMOFKEL R T REET CTHOLRRE S IMEIEARMIRIC TR
BOIZHIE Lz, SRR AT HE D b ORMER B2 RET D= OF ¥ 50nsec-100nsec 121D
EIEIREDEEBOTHE L, R % Pla 2R T, 20 ho—L g LT Loy FE
BROFET240nL A LS (O) ICH~_T, MFETHM LSS (@) IRV Tik, N 7Y K
—wHRAN BRI L & HICTIEEANBB AN TVWS Z EBBRITE T,
<BIEESAFERAEN ¥ — IHEEARRREE) ORI L VIThbh, N 7Y F—=
(12-1B6) |IEEFHRIARERARIT £ VIRELEZ 1T/,

Silicon

Development of the cell analysis chip (Il)

Tatsuya MUNAKA'?, Masaki KANAI™, Hirohisa ABE',Hiroaki NAKANISHI", Takashi SAKAMOTO? ,
Akio KOBORI? | Tetsuji YAMAOKA?® | Shuichi SHOJI*, and Akira MURAKAMI? ("Technology Research
Laboeratory, Shimadzu Corperation, 3-9-4, Hikari-dai, Seika-cho, Soraku-gun, Kyoto, 619-0237,Japan
“Department of Polymer Science and Engineering, Kyoto Institute of Technology, Matsugasaki,
Sakyo-ku, Kyoto, 608-8585, Japan *Department of Biomedical Engineering, National Cardiovascutar
Center Research Institute, 5-7-1 Fujishiro-dai, Suita, 565-8565, Osaka, Japan 4Major in Nanoscience
and Nanoengneering, Waseda University, 3-4-1, Okubo, Shinjuku, Tokyo, 169-8555, Japan )

"Tel: +81-774-95-1660, Fax: +81-774-95-1619, E-mail: munaka@shimadzu.co.jp

Key Word: micro total analysis systems/ time-resolved luminescence anisotropy analysis / cell analysis
Abstract: In recent years, cell analysis has attracted increased attention in bioanalytical and
biotechnological applications. On the other hand, microchip technigues, which are called micro total
analysis systems (UTAS), have been developed especially in chemical and biochemical analysis fields.
We took advantage of a feature of 4 TAS and developed a system that can detect a small amount of the
protein released by a cell without bound/free (B/F) separation protocol and with high sensitivity. in this
report, we describe the continuous monitoring of immunogliobulin G (IgG) production of hybridoma cells
stimulated by the serum.
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BRIV T VAEHRT Fr ABBO AR & T OREE
O #in BRRF', /ME A, S¥ LT WE EIc, e B!
RN LSRR - e, CHRAEK - BT, ERBEE

(T RBEICHETIEEFORE L ZOHBECMEANER. o 1 BEOUGEFOTENER,
REORRE Z22PLBEENTEL, CALTRRGFORBLHEH CHBCEINE, BIEAD
RWREBOERFRIZ RN 5, AFETIE, SRAERBEF»GCET SRS mRNA ZEEHICHET
BLERBMEL, FRT T ABBOMEERTR o>/ UVAGGmmBREIZ LY Y 2 PUEHE

ISR MICEB T ANBREBLOF YIS LU BEOT U F R v AR BIR LT, Bia 3BEIC, Sz .

TV REM LIS BBEI T L F 2 v AREER (Ps-oligo) & B3 L, UVA B L v FEHRA Mo HE
BT L ERELTWE Y, LOL SRRCEHLEZY LIV LFUEY F4—2E <,
EFIFERHEMOICRET IR EZEETE LY, TLT4AE, BEISEGOmMLELEY, Y7L e
AT AHUEEL LCHER 2R L (2-Ps-oligo), & HIZ, B b HBEBEHRD BV 2°-Ps-oligo 2
BT AHDITER 2MUL YT L E0RSHEA DY v —&ED 2°-Ps-oligo 4 FRE, AL, *
NEILO 2-Ps-oligo £FBHIIAL oligo-RNA Bk 5 ZEPEOHEETM & B HROBH LT 12,
[EBRBIUVER] 77/ vroER o, 2880 »I—%54 LT 4,5 ,8-Trimethylpsoralen %
BALETTF IV v /)7 —2=2y b EEHELE, TOF /) v—a=y b EFVIRIVAF KR
(ISmer)icBA L, AF L) b —8 2 Psoligo(2’-Ps-met) & 7 3 KA F Lo U i —F 2°.Ps-oligo
(2°-Ps-amd) & §7-, 2°-Ps-oligo & FBHHAY7L oligo-RNA(match-RNAY & @ Tm 2 RIE LER R, REFIZ
DR BRIZE(15mer, Tm=67CNHI LR, 2°-Ps-met TlE A Tm=-4°C, 2-Ps-amd TiZ A Tm=-10C &,
2°-Ps-amd OFMN 2’-Ps-met LYV bFRELELRZEMEBERLTWBZ Lidbhot, ZEHEMRIED Y
TV DEBHERALL DI, HERNSKEI XD ET oMk, VI LBEERIC v E—D L

— AL THEHABENEOTHI EBH
FEENTVA Y 2-Ps-met DA, oligo-RNA
e@:zﬁm&n;nﬁ%mgﬁﬁyutm\‘z " .
HIZ 2°-Ps-amd THIELHESEMLE, X e, JIQ

N N (R &
D Enb, ENENDBERTSD RNA ¢ D 1 :o: j o ¥
ZEHIBWT, YILUOBEEMRIIRR Y1 {
D, 2*-Ps-amd {ZEE_, 2'-Ps-met TILY 7 L & j'\_l(;\)l Z Wof }I,:f‘\l
R Y ZEEONEIMIET B D & AER T o
SN LUEED Vo h—2EXBZ LT, m ®
VIV oOFEEMNBREIET A ENTES Figure. Structure of (a) 2'-Ps-met (b) 2"-Fs-amd
TERTRENE, BRTIE., REBERO
EELEOHET S,
1Y Murakami, A., Yamayoshi, J., Iwase, R., Yamaoka, T. and Wake, N, Ewr: J. Pharm. Sci., 13(2001) 25-34,
2) Salet, C., Bensassion, R.  Biochem, Biophys,Acta.,(1980) 379-383.

Development of new photo-sensitive antisense oligonucleotides(II)

Synthesis and properties of 2’-psoralen-conjugated oligonucleotides

Maiko HIGUCHI', Akio KOBORI?, Reiko IWASE?, Tetsuji YAMAOKA® and Akira MURAKAMI'
('Depanment of PolymerﬂScience and Engineering, Kyoto Institute of Technology, Matsugasaki, Sakyo-ku,
Kyoto 602-0841, Japan. “Department of Biosciences, Teikyo University of Science and Technology, 2525
Yatsusawa, Uenohara, Kitsuru-gun, Yamanashi 409-0193, Japan. JAdvanced Medical Engineering Center,
National Cardiovascular Center Research Institute, 5-7-1 Fujishirodai, Suita, Osaka 565-8565, Japan)
'TEL&FAX : +81-75-724-7849, E-mail : akiram@kit.ac.jp(A.Murakami)

Keyword: Antisense oligonucleotide /Inhibition of gene expression / Psoralen / Photo-crosslink / Point mutation
Abstract : In order fo selectively regulate the expression of the gene having a point mutation, the photo-sensitive
antisense oligonucleotides were adopted, Two types of photo-sensitive oligonucleotides whose 2°-OH was
modified with psoralen were synthesized (2'-Ps-oligo). One is the 2°-Ps-oligo which has a methylene linkage
between 4’-position of 4.5° 8-trimethylpsoralen and 2'-oxygen of adenosine, 2°-Ps-met. Another is 2°-Ps-oligo
which has an amidomethylene linkage, 2'-Ps-amd. The fluorescence intensity of the 2°-Ps-amd was increased by
the hybridization with the complementary oligo-RNA, although the fluorescence intensity of the 2°-Ps-met was
reduced, These results suggest that the molecular design of the linker arm could be a crucial issue of the
photodynamic antisense therapy.
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[210] Intracellular Disassembly and Transcription Efficiency of Polyplexes Delivered into Cells Using Nove! Self-Assembling
Gene Carriers

Tetsuji Yamaoka, Tornoko Hashimoto, Tatsuya Kitagawa, Akira Murakami. Department of Biomedical Engineering, National
Cardiovascular Center Research Institute, Suita, Osaka, Japan; Department of Polymer Science and Engineering, Kyoto Institute

of Technology, Kyoto, Japan

Various nonviral gene vectors, which simultaneously form polyplexes with DNA through electrostatic interaction, have been proposed so
far. The mechanism of the polyplex-mediated gene transfer is thought to follow the general endocytotic process. Therefore, many
researches have been focusing on each step during the intraceliular trafficking to improve their efficiencies. For example, (1) interaction
with plasma membrane, (2) internalization into the cells, (3) escape from the endosome, and (4) trafficking to nuclei have been widely
studied. We have recently established some systems, with which introduced polyplexes were efficiently delivered into nuclei. Even in these
systems, some non-viral carriers were found to lead to high gene transfection and the others could not. According to this finding, we
focused on the last step following nuclear localization, that is, disassembly of the complexes and DNA recognition by the transcription
factors.

The transcription of the transgene may require the disassembly, but the polyion complexes are hard to be dissaciated at the usual
physiological condition. One possible mechanism is the polyion interexchange reaction between complexes and another polyanion, by
which intact DNA is released from the polyplexes. We found that polycations having abundant nonionic hydrophilic groups lead higher
gene expression. These groups seem to impart hydrophilic nature to the complexes and suppress the undesired compaction since they
would not be involved in the complex formation, resulting in the easy disassembly of the polyplexes.

In the present study, we have newly synthesized various self-assembling non-viral carriers composed of assembling components and
cationic water-soluble polymeric components. The correlation of compaction tendency and disassembling feature of their polyplexes and
the transgene expression efficiency in vitro were studied, One of the self-assembling non-viral carriers we developed was hydrophobic
group-bearing linear water soluble polycations, poly(dimethylaminopropy! acryl amide-co-acrylamide). The copolymers with adequate
amount of hydrophobic groups were found to form partial-micelle structure above their CMC, and this structure strongly suppress polyplex
compaction and also facilitate the DNA release via polyion interexchange reaction. The improved disassembly of the polyplexes in living
cells was successfully confirmed using fluorescence resonance energy transfer (FRET) between FITC-labeled gene carrier and Cy3-
labelled plasmid DNA. FRET efficiency was greatly reduced in the case of partial-micelle carries, indicating intracellular disassembly, while
the unmodified carrier shows FRET phenomenon as well as in buffer solution. Unmodified copalymers In vitro transfection efficiency of the
novel type carriers in HepG2 cells were found to be greatly enhanced by this easy-disassembling nature of the polyplexes.

Keywords: Gene Transfer; New Technologies; Non-Viral Gene Transfer

Date: Thursday, June 02, 2005

Session Info: Poster Session: Molecular Conjugates (4:00 PM-7:30 PM)
Presentation Time: 04:00 PM

Room: Exhibit Hall 2

1ttp://127.0.0.1:9080/ASGT05/ view.y?7nu=ASGT5L1_210&terms=yamaoka 2006/05/02
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12 FN-3-@FPAFATI ) TaEWINRIA L FTHARFINELRTERE, Hie F CD34 =
VA lgGHAZEERL, AF v R—N FRERCBFELZEELEIAR X LR, 2272 /248 /—
WTHRY vy BV L, BELSNIERERE, F—R2AF7F 4 v a Nt o7 —ETERENLT
= X 1gG = — b IgG HFifk & AV CRIBENICER Lz, ZOREEE X % v a—2 F Ric, CD34 K
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b M MRRIERE L 7=,
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Fig.1 Number of KG-1a cells adhered on the
original, control scaffold (hydrolyzed by NaOH,
activated by EDC, and capped with
2-aminoethanol), and CD34  scaffold

& biT, CD34 WHitE/MERE MR ERERIZR VT,
AFyF—/ FLE~DBHBIEOEVREDRE RET
HBLERTAa—YA MA—E—HBOTREPLEL

(hydrolyzed by NaOH, activated by EDC,
reacted with anti-CD34 mouse IgG antibody,
and capped with 2-aminoethanol). 2 X 10
KG-1a cells were seeded and cultured for Shrs,

hkilpote,

Development and evaluation of novel biodegradable porous scaffolds with the stem cell-specific adhesion,
Tetsuji YAMAOKA, Tomokazu HIGAMI, Sho UCHIDA, Akira MURAKAMI, Department of Biomedical
Engineering, National Cardiovascular Center Research Institute, 5-7-1 Fujisirodai, Suita, Osaka
565-8565, Japan, Tel: +81-6-6833-5012 ext. 2637, FAX: +81-6-6835-5476, E-mail: yamtet@ri.ncve.go.jp
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RS AR ¥ D(CSRUS T & B EME 2 ER LTS, RFETIL. RGD WS StrAd Y S_7F K
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B3 Lo, COMBEMET oy s HEAHERYAB L OREBEI B AF v R—V RERBT A LT, A
Xy R— b FRECHIBEEMA Y F27F FENRET S A4 Y THEE S A R Y AR OB Fatklc
L0, Voy s SESEOBEHEIK S, MIRESEREEHINERIND LHFERD,

(5% ] HfaiEEtED ROGD BIIEZ Etead Y IRT7F R /%

U SHE T ey s HESEOEESEER ISR LA, B8 (‘? H 9 H s}
ARITE Y ) SRFF FEAR L, T, Blicam L HiC-Clo—C+N-{-RGD-}-C-NH,
OH Rk 7 FA %y v 7 ULiA U = L-9B@acOLLA) & '\ CH3/h

DRy TV T EFol. BoiAY J-L-FBE-RGD 7Y
IRFF FHESELERY UBORGER»LF v A ME
X074 b BERL, 74401 6X10° cellslem® @
NIH/3T3 ARBRZSETE L, 1. 6 IEME R IS miath & itk
L7,

Fig.1 Chemical structure of acOLLA-c0-RGD
oligo peptide block copolymer.

(R - E2] B2k, WIETRE 1. ¢ HHROEEER
MA R LI, &Y S-L-9LB- RGD 7 Y I7F FEERKT
B85 Lie 7 4 Vb kiZid, AU PF A0 PLLA 7 A b ADH
2EDMIEEESRD b, E7a, 4V FL-HB- RGD A
Y 7 REEAKIEN 7 4 /L% PBS RIC 24 HERTIRIE
L7850, A4V S-L-ABE-RGD A ) I_T7F FHEEEOR -
HEIFMBICH LThTh 6% Th o7k, Th b ORI, o8
FEBL LT 7 4 L BRTEICRGD # Y TR_TF K7 A ks mestation tine(h)
BEHFETEDI L, BIU VAV FHERMICHIOE £y 2. Atachment of NIH/AT3 cells on PS
EMNE ETA T EERLTLS, dish( [7] ), PLLA originat film(f§ ), and RGD

& i, RGD # Y SNTF FRERUA Y L SLEEE modified film{ & ). Cells were seeded at 6 X

10° cells/em?, and cultured for 1| and 6h at

PEBIRICE X BRBIZ>WT LT THRET S, 37°C.

Number of attached cells{x 10¥)
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HTHERHE - EIERISR Y s —
OKEL BT, BAR E-', A #71, ILM 872 KRR

(8] HEBTNG FORLCH FREMHIES, EEELTO 1EREOLBRRRERWRKLE
BOBNERDZEMNDL- TER, INL LSS FrORE 26 RMICHETE UL, AEFORLRKRD
SHIDRMNB, ROT F L AMB T 1 EEOLREZRBT2INATHTH Y. BRERF
TR EEERT2HHELTLES S alEHRZL,

AMETIEHHROVERSBIRE =R D7 o FE o ABRBOMBEEENE L. ) FEUTHREBHY o Ft
AEEROE, RABINETIC, REBICEBRBESIFY S L o2 EMUEREBRY > F v 0 AR
(5°-Ps-oligo)?%. UVA M IC X OB R < FESSAHIBOMABEENRMT A £ 28ELTHE D, 251tk
M. X 0BOERIGERIEERD BT, 2 AF LY 2R LTYSLVEBALET > FELA
BB -Ps-me)E A L. FONEBBHUEZUGTLAE Y, KUTIETIL 27-Ps-oligo O NXEFEEhRON 1% FIEY &
Lo VSV &L &R 22N 2 hH—REMEUE. PFRIRAFLUA—FENLEVS L
M7 F L ABRQ Ps-amd)E T YA > L, &L, 2-Ps-amd D RNA SO ZBH#HBHAE. BXUETORX
PREBREMIC DN T, 22-Ps-met E DB EITH IO THGT 5.

[EEB] 2. Psamd OE/ V-2 bELT. FERAFL Y A—BIDU TV ST T/ 2 2 DF
WEFDE. ¥5MEZVINI—FIVE, NMNERSANETRELETTF /20 DPHKERE. NN
ANBZINZA 25— Tk L. 4 -Aminomethyl-4,5 &-trimethylpsoralen ZBA L/, 2D 5L &8
F7/)yoBRERIECEDAV TR ZVATF FIDBEAL, 2-Psamd 28/, 2-Ps-met B 2’-Ps-amd
&, FFEBIL oligo-RNA (match-RNAY&E O ZBHTENEZ RS0, UV fiffdi#E» S Tm g2 RHL, ¥
L7z, E/c. maich-RNA D ZBHARIFICBIT B Y TV 2 OMMEE IS HECLOEH UL, T5IC,
2'-Ps-met BE N 2"-Ps-amd & match-RNA. B L <IFBLAIRIC 1 B A mismatch % 3¢ oligo-RNA (mismatch-RNA)
ED UVA (365nm) BT &2 D ARIER) B E Bl FILBRME 2. RPLC M PAGE LK DEML /.

{#2:%%]  malch-RNA &0 Tm 1§53 U285 R. FEEF & B D RBRAER(1Smer, Tm=67THT X,
2-Ps-met THE ATm=-4°C. 2'-Ps-amd T ATm=-10"C £7£ 0, 2"-Ps-amd & match-RNA & D ZEHIT 2'-Ps-met &
match-RNA ED BB E D bRKETH B I E8hholz. 27-Ps-oligo TNV T L 2 HEDENIZ. FORE
DEMITIHC TREEZLA D BHADHMEDRIE. 2 -Ps-met 13 match-RNA RN LUZEES, ELBEOR
LHBRONEZDOITXL. 2-Ps-amd DB AL, mach-RNABMICL V. SEEEMEALE. VILE.
BHMEICA AL —rT B8, HARENELT
BT ENS, 2-Psamd IZHA 27-Ps-met O S8 FE 22‘ o 2: e
BOLORBIZYSLIMMBLTUSEELLN oy . 4 oy AT
5. 2-Ps-amd DB ZILARLELR. 2°-Ps-amd \W u
b3 match-RNA. mismatch-RNA & HITHBREL 2o h@:‘i ) OT}-@‘\I
7. THAUE. 2’-Ps-amd A% match-RNA & D “HESHZE ° o a s
ERUEBIC, VI LU EBEORNSBICAEEE.

W5 2 EDRFHBEIE S Mo ld EE R Z-Ps-met #-Ps-amd
51%. Figure. Structure of 2’-Ps-oligo

1; Murakami, A.. Yamayoshi, A., Nishida, 1., Iwase, R., Yamaoka, T. and Wake, N. Evr. J. Pharm. Sci.. (2001) 13,25-34.
O LCEE. IDEREF. AW W M LEQ02) HALFERE 81 [AHEEFERTIE, 944, 3F5-27
3) Salet, C., Bensassion, R. Biochem, Biophys.Act.,. (1980) 607, 379-383
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[ZBHFE] 57 P —ABEEMECET b {
ZEESMT /¥ — @ 6-O-vinyladipoyl- a 2 f
-methyl-D-galactoside % B# 5% fif f£ ( ALP ’c'g) 20 ,
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BYENT 7 b—RAZATNE, AF AT © o 20 40 60
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(€)Gal75D25, (4)Gal18D82, ( * )Gal14D86, and

(d1methylam1no)propyl]acrylamlde)) bz {O)naked DNA against HepG2 cells.

DMSO #T. AIBN % BagsHl & LT, 65C,
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17, poly(Gal-co-DMAEMA)IZBI LTI, Gal % 18mol%&tr Gall8D82 & L&\ VB REATL
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[#%E3x#k] 1) W.E. Hennink, J.-Y. Cherng, P. van de Wetering, H. Talsma, J. Control.
Release , 59,49 (1997)
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