iR, BIXUEHRY N7 EGH
RERAWERBEAMAEZITo 2.

C. KRR

PVA-plasmid REHKZ2BRELEBL X
BICBEXBETY, HAKBRERMNL
Joo BAE 1500 L ED PVA T, BER#EOD
BOWHEHADOEBRNY FRBREINE,
Ocp filE . o

DNA OB ZHMET B DI CDHER
- fiof. HMEEZH2ICRT. HXDEHASH
LD, DNARBATEBEELARINS
LECDART PIVOERELTEHII ENG,
BENBLLTWRIERSNSE. Zhiz
PVA 2RBELTHEERELET S &

DNA(Native)
! L 1 | 1

220 250 280 310 340 370 400
Wavelength/ nm

CD{mdog)
S b nm oo N & oo

DNA+Ultra High pressure

CD{mdeg)
5 A b o o b o

] 1 1 | 1

220 250 280 310 340 370 400
Wavelength/ nm

' - CD(mdeg)
S A b oonw oo

DNA+PVA+Uitra High Pressure
1 1 { 1 1

220 250 280 M0 340 370 400
Wavelength/ nm

H2 DNA/RVA#HEGHO CDHIER

Native ZIRBDOARY FIIZEWVWDH OMNEF
5. PVA %% DNA/PVA HAERB T &
&> T. DNADOIEREHITHFEL T
ZIEMRINE. Tk, ZTOBHALOW
BRDWTH DNA OEMITIIEDADLE
NFEans,
O AFM H) s

DNA/PYA HEHOHBBNREKELEL T
AFMiﬁ‘J%’&ﬁoT&._%%EBﬂSEC%?‘.
Rebirhi2BR86REHM0HAHK
EEDbN, EBE75AI RDINAOK
xofileitRbTOoOMMBERORZTOR
S, NTOBMMRODS DI DNAD
¥1., 50X HD, DNA IT PVA
NFBE>ERDOTHHEEILTY
5.

B3 PVA-7IAIREAHD AFM B2
B (HEOSSAIREPVANKBHIE-T
WaeEZILND)

OQUVick s RHE _
Moo FHREFME LT

IWWVZ2RAWEDNDNAODRARAEZfT- 2.

ThizkD. DNA MERLEATV S
NEINDOHBNBRD EHME IR
5. BREEMALET. ML 0B 5N



0.85
08

073 | DNA+high pressure

0.7
0.5 _ +PVA
08 DNA

055
05

045 DNA+PVA+high pressure

04

Absobance

30 40 50 ' 50 .70 . 80
Temperature(C)
B 4. DNA/PVA#H & 4 O B ih iR
ZRE DI, DNABIM TIT 56 C A ic /@t
RMELETHOINCNIZPVAZEARAL &
KU THERRRBEMRLARW, —F ., DNA
HAeKEBEREAEZTY EMAMNLE
fU. :hliz*c‘%bf:ctﬁ_l:\ H
ENELEL., REENRBLEZEZR
LTW3, -, BHEERLBICEK S
DNA/PVA HAH TR, HTHENS R
AIHABHMENZELL., BICKER 2
RLTWA, Thid, BHANTH LR
PYA 2R DNA WS MEEL, DNA BB X O
bEWHAEZRTIENS, BEW A
PVANR DN ORBEZRELEDOTIR
WheEXTWS,
ODNAfEBHRicd T sMERR
DNA/PVA L & E Mz E L4
5. BETRACESE T MM P
DOINARMEBRICEDNHEL 5 OREG
THD. MIFECHRGLERIADRD
xR, COXEBERILIIBONE
ShERNLE. ISIKHERZERT.

0.03

(A):DNA

oo1t

(M): DNA+Povmer+Prassurd

L Abserbancs at 260nm

o 10 20 30
Time(min.)

M5 DNAZHMEBIRINIT>EiEHNE

oozt (W): DNAsPressire

HMoHohR IS, BEELEI
o THBONEHEGBREN LT #
ZRL. COFERBETTUNY —
BELTEBRTWBZ ENRENE,
OEMBREAARSRIL I AN

ChEToRMITELD. DNA/PVA #
BHRREETHD., BETFTUNY —
ARy —ELTOBNESE2EH
THRZENB Sk, UALA
Mo, MEERELELSK, MRAK
RARTLWDH OO, REDRBITIHE N
ENBohATVS, TORVWOERS
HRITI LDz, BEHREABRSGRR
KLtz . BBRZM6 IR
To

1.E+08

1.E+07 = - =

1.E+08

1.E+05

1.E+04

Luclterase activity

1.E+03

1.E+02 . b
DNA 0.01% 0.1%

DNA +Pressure  Polymer-DNA composite

M6 EHMBEBHSRZROER
Bk b. DNA/PVA Bl &H (D2 )
W DNABGK LB L TEAHEAREMN
BETLTWBZENG2S (2450
T570NOER) . chkb., #iR
NTOBRBTFREXBELVWRAEL T,
DNA/PVA BN EETETHEBERT
EhhwlktdEEIXIONE, £, BY
S70EMERABE, MBEET TR
2 ORMMBTRERHASGRBERET
LTWah, DNA/PVA HEBKTIRIZE
LMEBEBTRHREShiaw, thinhs b,
BEEABICX->THESHN S DNA/PYA
HekIhEPTbEETHD., RH
RRIEVWLOOERMORE MY
TEDZLENHSME R 2,



D.ER

BHERBTR. WERMOMEERON.

KERARINBRINZ LR EEH
T, PVAERERKESGEEZMEAICE
LTHBD, 2OoREBHEETERMOLET
N1 ROFINEERTS. ThETORMN
ICED, PVANT ROFNVOERAD=X
L, ETHTHTOREREHRIZLS
ATORFHBER SN THR, Thacsl &
BR<KRTHOREBEILORZEEZENTK
5. TCRAKEREGEEZAETZHT (DNA
F) ZBEML. 2FREGCOHENRARET
Hd. BEROBELZT. NTHBEZN
He2d2ZEkEkoT, F/ AL X
DBREFFUNY —HBRFRELS L,
BEHELEIZIK-> TH SN S DNA/PVA
HEARMBEP THBRETH D, DNA
NBRBFECHTIMMEEZELTWS &R
biro i,
ZH5b00, BERETRARBRRIEWL I &
MNbho e,

E. %

HLLWBRBGFFUNU—AMHBEL T,
HEELEIZ XS DNA/PVA BEHOH N
W, 2RI ODWTERNE{T - =,
FEEE TORPITE > T, DNA/PVAE A
Bt E5ic ko TREMBEEELL,
M EANOBRBIENTAETH -, 20D
RBEVDBOBIVNEETH >k £FEED
BiickD, HROBEBETFRIF—ERE
D, ERHHERAKCEEE- T, BBl%2H
MITHEND, HFLOBROFEENRIE S
Nk, RERBG;NDPRVWED, ZhET
HEZENEahoEbOEELSRS., &0
T, FHiRZBELL, PETHEOHL
BEARAREZERMALELTIREZAY
T Z®? DNA/PVA m%m@%mﬁxmk
REINZ2bOEELEILONS,

Eh. EUERETRAN Lo AL,

—%. BHMORRARMET

MECHRELEEBURNTEZAVEERE

¥4 7O DNA/PVA HEHB OB LML L

TEY., ChoFEZHAEGDER IS
EoT, BIEWBEFFUNY—FRI Y
—ANDBRFIZHIETELIDDEEZ TN
3. . |

BRI ChooznThoBRETFTY
NRY)—-HELLTORRBEFMES IR %
HadbiEBENoREOMEICOL
TRHNEZEITOTETHS.

F. RREEGRHH
VAR

G. IRBX
1. MXRE
1. T.Kimura, A.Okuno, K.Miyazaki,
T.Furuzono, Y.Qhya, T.0Ouchi, S.Mutsuo,
H.Yoshizawa, Y.Kitamura, T.Fujisato,
A Kishida, Mater. Sci. Eng. C, 24,
797-801, 2004,

2. B2RE

OX 5 FEEE 53 E M4 (2003)
FHE. p. 4304,

@B TEIHRNA T T UTIIEH
F R, p.35(2004)

@B T7TERERNA AT TN &M
TR, p.713(2004)

@3 20 E A4 DDS %2 F fa 41
p.288(2004)

@ BEARYI—HET+—F A
TR, p.9(2004)

H. MOMEEOHE - BERIRH
e ffi



EASBHEFRRMEE (E 1/ b - BEERSHNER)
SRR REE

SYHIZREE b MELE X DNA S E 0BT
SHEFIAE BEEY EEAREFDELERAYE %2

HEEE

EHARPEFEANRY F— L UTIEDY A NV AHE gelatin hydorgel (GHG) % BV T, VEGF
BT U7 8 P R BTER#IAR (EPCs) a0 MR iz b3 2 M re e B 75
AR E LTOESMROGH DRy 72— LTOFAKEZRLE,

A. BFZEER)
EhndERBRFICBIT A hBER
EPC BB EDREEIZRBW T, B EEIC

BT 5 B EPCs DREEET AR E 221 |

ex vivo TOREMEFLERE"RETF
AR LB EPC BERBSR{bBEEDO RN
HEhd, BREER, EVANVIE~RS
& — @ GHG BT EPC ~DEEFEHA
MBEEFRMTHE & HIT, VEGF BHE
plasmid 2@~<7 ¥ —%2 AW THA LK
wc%ﬁﬁ&wmmﬁﬁmhﬁféﬁﬁ
AitEERE L7,

B. MREFE

1) BRAFREME 3 EPCs DR ; FiY
kv &BEREELEE RV TEE
REPSEEL, MENEERAEEEH
VYT EEEERY EPCs % ex vivo 12T 7
AR, b - EiESaE L,

2) GHG Iz X % DNA plasmid Bi=Fi¥
A FECEEFE EPCs §Z GHG 2 Vv T DNA
HEHEFRBYEYIFUrEEBEICLY
GFI;’_ X (R VEGF plasmid B{EFEZHA
L7ze

3) LE@ETHEASII- EPCs DM
BB WEEFEORE; HIHEEIX MTS assay
kit iZ &V . BEEELIE modified Boyden
chamber 12X W7o 7=,

4) VEGF B=FHAEPCBIEREDORD
DS BB ex vivo THEEL
7o EPCs 2 HETRENL~ 7 2 ET L
EARA ¥ &5 L., Laser Doppler
Analysis 2k VD 4 BEICHEM £
BEETHELS v beFL2HANT
TEFral) rioxty b nE Rt
%%?%M%E%(wﬂMQGCﬂﬁ

C. fREm~DHRE
REMXRZ o F TRtk A 74
—b Farer e LELLE, i,
BRI R FEFREMREEZR
SOERBEBT, & b A BETR

R RICET 5 fwEiRst R CE I
ESERIT LI,

D. FFFeRE

GFP (=T A EPCs DMARIRIZ, fib
DUANAERTZ—LEHL, REHULE
HARCH -T2, Fio, VEGF BizTH
A EPCs OIFFHEE « BEERRIIFERETEA
RUNGFP B FHAEPCs I LAEIZLE
AL TWi, in vivo EBRIZ T Laser
Doppler Analysis “Ci& VEGF Bi=FEA
EPC BHEIZBW THRITLIEORES
/b, 7o, it hEERICE
WT, TheFAal ryRIGEOLESE
AEH LR,

D. E%

GHG % BV 7= VEGF Ht{=F¥4 A EPC BBHE
ik, = U AEETEEOEAIZBY
THENRHAEME, MO BERRD
Bncmmﬁ%mﬁ%%xéhrgﬁa
Ex2 b,

E. iﬁhuﬁﬁ

i B R L. e RERE
FHE AL L5 EPC BiEREEHRETSE
T, FETANABERTEF—}T, TANX
HoFENIZH L, GERE TORENR DL
X Y ZERNLREETFEALE LTHE
Ehd, AFRIZL D, GHG OFAERT
ALy Z—% BV i VEGF Bz TFE A EPC
@ﬁﬁklé%ﬁaﬁmmﬁ@ﬁ&@ﬁ}ﬂ&
WrRE i,

F. @BREfotgigas
EIFRICBIT D GHC O ITT
B & TV 5 (Tabata et al., 1999) ,

G. TR
1. R HR
1) Iwami Y, Masuda H, Asahara T.
Endothelial progenitor cells: past,
state of the art, and future, J Cell Mol



Med. 2004;8(4):488-97.

2) M 1i, T Asahara, D, ¥. Losordo et al.
Endothelial progenitor cells are
rapidly recruited to myocardium and
mediate protective effect of ischemic
preconditioning via “imported” nitric
oxide synthase activity. Cire. 2004 (in
press).

3)Kusano KF, T Asahara, D.W.Losordo et
al, - Sonic Hedgehog Induces
Arteriogenesis in Diabetic Vasa
Nervorum and Restores Function in
Diabetic Neuropathy. Arterioscler
Thromb Vasc Biol. 2004;
24(11) :2102-2107.

FRRR

1) Regeneration of Heart Muscle by Stem

Cell and Gene Therapy “Gene

Manipulation for the Enhancement of

Stem Cell Therapy”

2) Franqui Symposium Brussels “Link

between angiogenesis and neurogenesis:

implication for development, desease
and treatment,”

3) 30* Annual Meeting of the European

Group for Blood and Marrow

Transplantation, Barcelona, Spain

“Regenerative therapy with stem cells”

4) L 3E A EFLEERLELSRS RiEL

REfER AR O R B

5) 25 68 ElHAMMRBFESKRS - 2K

£ “Angiogenesis and Regeneration

Medicine in Cardiovascular Medicine”

6) 35 104 EHRARESENZINES
“BMlA LD F O MEERE~DER”

7) Cardiovascular Cell an Gene Therapy
Conference II, MA *“Endothelial
progenitor <cells for vascular
medicine”

8) Angioplasty Summit 2004, Korea “The

Therapeutic Potential of Stimulated

Endothelial Progenitor”

9) Vascular Biology Meeting, Germany

“Stem cells growth factors and
angiogenesis .  future treatment
strategies™

10) XIIIth International Vascular
Biology Meeting, Toronto

“Yascular stem cell/cell
transdifferentiatiop”
ll)ﬁﬁﬁﬂiﬁiﬁ ‘BEEFS “MEHLERN
O s 1]

12) XVIII World Congress International -

Sociéty for Heart Research, Brisbane

“Stem cell blology for vascular
regeneration”

13)Twelfth  pulmonary circulation
conference, Colorade “Circulating

Endothelial Cells in Vascular Repair”
14)Basic Concepts and Innovative
Strategies in Heart Disease, Capri
“Endothelial progenitor cell biology
and therapeutic regeneration®
15)Ernst Shering Foundation +Riken
Symposium, Kobe “Stem cell biology for
vascular regeneration”

H MBI EERE DR - & IRTL
2L

1. =4
RREEERL



EASBRERABENS (b M) b BAERSHEELY)
SETRRES

SyHEEERE . MR~ ORETFEAELEORR LIEREE~DISH
SEFEE B K= EVERBRtY S —HERTLRERRE

HEEs RERBGFNIF— (535 —@EFHEABM) RV EIZED, in vito
Tt PRMMER, <7 w7y —U, WENRMREIE, FHEEBRCEH VDR TREFEEAT
HEWERARE U, FEERRTRENE T AV THFF {6 I F L —adrenomedulin BEFHE
OmMEBEERBESREFFHER L, £k, FRICHRE L RRRERM/ N TSR EBEORKTHE
FiA L7, ZEBOREHLAMAMCEL T, THRERESEAT BV TLERERRIZRD 2 E

Rl DBEEREREL, BRMEToT,

A FEEHEY
WFFACETFr—REEFESHEELEN

BRTERAIC R A S EMEBER L, LE
NERTEEME OBEFEAC X SRR E

ER LT, AFFACETTFY —BEFHEEE

12k BBRETEANELIEY A VA THOH

ABEBE, BEFEOTA VAR F—LiL
B}LT, BEETRELRIABHY, o, &
CFEMREEL D LHEARIIBWNT

BEIZENRTWS, #iedaib L0 L EE M
SeomZEAEERMIEEZREBTT LV (X—FZ
v MIZERE L TR LEER 3 2 B8
FoA TN v FIBREOR L2 EEORRE

TRESL LTe, AEEIR - 0K hONEEEES
OFEREERERT A0, RO THRERES
TFNLAIERRR LS TEBET S, TEELEME
SO DO EE x BBK R T A (ERIEE
BE50um) DRI EREERICER S iz, R4
EiZohPBERFINRT 5, FAEERYEINR
KRB L TEHEAERYER L, TORIBEOMK
INIE OFAE R AR CIREMICHMT 5,

B.®FERFE

1) ROTHEEREER L TTREMLET L
ERIL7-, 1 0B BICUATOBERITV,
ThoOMEFBEMREILE L ;
@ HFA{t¥FF—adrenomedulin 8
BTFEEEIRREE, @ AFFALETF
Hh 58,
® HFA L ALPFFr—LacZ :ﬁfﬁ%ﬁ“‘
R ERE,

2) HUNMEERIEORKRIGA | R ERITR
ETAMNLEEREOREE LT, FHkk
TERE R Y AN E B ER O
PRS2 R Ui, RINRER JUWELSR
O EBICESNTELEERER L%, 3
P DEERBI~DIE %2 2 L=,

fRERE ~ DR

Ve P —EERSOEBLARLE. TR
HOSFIEMRETHE, FIRZHRAL. FAB
FUOHBEDORIBOTICARE L L LT,

C.FFEEiE R

1) HFF ¥ T F r-adorenomedulin B
FHESEAARASY-TREMLETIX. A
BETFEMIAERE, 57 BMERES
D bABIC TR E B & TR EE & 3
&, BRSSP ERIE,

2) FBEORITIE. F¥— MIBWT, —
MO B ER Tt 250pm BIRRA TH o 7225,
TR BN ERIEE T, S0um =
THRETE L, BRIGRATIR., 3PDEE
RAEENIRFAZEIE ICHAT L, RIBIZERSh
EEREOMEEREL OB EB I ok,
WThOFTHEFEOLEEEELY bk
WRMEROBRMNTE A LNRERIN
Tro ZTOHLO 1 HITHROEFERERIC
BELELHEMSNIH L RMEROH
=90y Er2 0o Y oWy fall

D. Z%
) AFAALETF L —RETFEEHIT L DR



2) fsvhai

EFEAEREE2TH O OEADNERE W, &
F At ¥TF . —adrenomedulin BinFE
BEOBRICE Y, THRERESET L Ch
FEROBAENFEHEIND Z EBETR SN,
ZAVRAEEDARA T D M REE AR
FitkamEHLE FE) tER% ‘
adorenomedulin BFET B H EE XL BT,
FERENTIAH=A LD 5,
adorenomedulin® SEW M ETERIEAIT b k 3
< arteiogenesisD{RAE, ME PR Dapotosisfl
HIVEF . BEE Dangigenesis{Efi7Zz K AEE L
Zzxbhi,

TEREBIIREMN OFLEMNE O
fRicET A LR ENE,

E. 2 REfEiR

2L,

F. f&R

1) KGR EF~7 &7—

2) B RAER/NLE

(BEZF) 2RAWT
adorenomedulinB I FEREIEH I & T,
mMEROBANEHRINDZ L 2R Lz,
EREE XY TEERE
Bizxt+ 2 M EBREERORENSRHE
NEBETEDIZEEHERLE,

HEBHE
BB AGIUE R EE L)
AFAET (RAURK)

e —

CaFERRFERL)

G. TR FER
MR

L.

Nagaya N, Kyotani S, Uematsu M, Ueno K,
Oya H,..Mori H, et al: Effects of
adrenomedullin inhalation on hemodynamics
and exercise capacity in patients with idiopathic
pulmonary arterial hypertension. Circulation,
109: 351-356, 2004

Tokunaga N, Nagaya N, Shirai M, Tanaka E,
Ishibashi-Ueda H,.,..Mori H: Adrenomedullin
gene transfer induces therapeutic angiogenesis
in a rabbit model of chronic hind limb ischemia
- Benefits of nonviral vector, gelatin.
Circulation, 109: 526-531, 2004
T.Fwii, N.Nagaya, T.Iwase,
Y.Miyzhara, K.Nishigami,

S.Murakami,
H.Ishibashi-Ueda,

M Shrai, T Itoh, K.Ishino, S.Sano, K.Kangawa,
HMori:  Adrenomedullin enhances
herapeutic  potency of bone marrow

transplantation for myocardial infarction in rats.
AJP, 2004

EE

Hidezo Mori/Hikaru Matsuda: Cardiovascular
Regenerarion Therapies Using Tissue Engineering
Approaches. Springer, 2005

SBER .
Yﬁﬂ
1. Fujii T, Nagaya N, Nishigami K,
Ishibashi-Ueda H, Iwase T, Ito T, Yutani C,
Sano S, Mori H, Adrenomedullin Enhances
Therapeutic Potency of Bone Marrow
Transplantation for Acute Myocardial
Infarction in Rats, The Anunual Scientific
Seccion 2004, American College of
Cardiology (New Orleans, USA), 2004.3
2. Chiku M, Nishigami K, Mori H, Development
of In-house Micro-angiographic System for
Visualizing Collateral Micro-vessels Induced
by Regeneration Therapy , The Anunual
" Scientific Seccion 2004, American College of
Cardiology (New Orleans, USA), 2004.3
Mori H, Chiku M, Nishibami K., Tanaka E,
Kimura K, Kawai T, Suzuki K, Mochizuki R,
Okawa Y, Micro-angiographic system using
synchrotron radiation and conventional x-ray
source for visualizing angiogenic vessels
induced by cardiovascular regeneration therapy,
7th International School and Symposium on
Synchrotron Radiation in Natural Science 2004
(Zakopane, Poland), 2004.6
4. Mori H, Nagaya N, Kangawa K, Tabata Y,
Special Program: Plenary Session; Hybrid
cell-gene therapy for pulmonary hypertension
based on phagocytosing action of endothelial
progenitor cells, %5 68 [E] H &fERIBF
= FES (EX) , 20043

H. SRR EEHE OO L+ BERARIR
Kl 3

(9%



A B R LR B &

(e b ABAERSWREE)

SHEMRRES
SR . BIETEAMBEE AL NIV L YR BRIE D BASE

SETRE KB
FRER -

EvERSRE 7 —RTEEERBTNE

MEEESREE T F U2 BEFORI F—E LT, invitro Tt MME N ATEREEE B
RICHRESBATIENERL LU, £E9ME S F U iIBBoY 7 B HEREHR L,
EENOEENTIRKTOIHEEZRSZ e, MARR7 R P~V 2ER LA L A Y VIR
BEF (I6F-1) €7 FAICHAL, BEiOHEENICESEBRET 2 LIk, BVLLHER

EBRETRTIEEAOHMITLE,

A TRTEEEY

A A Y EERRERTF (ICF-1) k4 MBI DY
B, ATFRUSLICBAbaRIRFFRETH,
KON AT R b= 2ER LN S, £
R R O EE T ZIGR-12 2 5B ET 5
& DFHBOT R b= 2B L, DipRREO
JEAZRESTZZ LI VBN LBEREDEL S
ZEMERAENTWS, LirL, IGF-10¥ e
WieHITIEERRN CHESRELZEHERE > &8
BLL, RARPHEARTHRETHIUNENH T,
o, BT COBEERAELMLTIHIC, #
iV ANARY ZF—2 AN BEFEERRL L
NTERER, VA NVARBOGERESLHEORERE
HEOBICEESAIIEECH D, FoEFE T,
BARBOREL S ESEEY I T UITIGR-1%E A
LTEIF U —IGF- 18 & 2 EM LT, Thi i
FRA~EER 5L, IGF-10 M8 RER B RO M L3
iy el

B. HR&E

¥ 5 F - IGF-1EEEIC L 5.0 R~05nT
WA= RAERAROSRENENREL T v FEML
e L CRALE,

C. TRERER

7 v b OLHEEERESICE T F 2~ I6P-1 3]
EEELHFNICEERA LK, HE4BEBKROT
a— DB T T A R UM RO AT 2 T L
LA, EFF - IGF-1 HEEHESIIREE
HE L CESBIMEARVEREERFEOH AL
WH L, EEWHBREOGLVIP/dt 2 AEEE, £
fo, BERPERIEBLEE, Ty MOATERPYK
EL, £, EMic X W HE XL 0507
b= REME LI,

D. B _
LFAN~OY T F o~ IGF- 18 HEER S IE
2T, LHFEROEREY =T v 7Ok BTN
MHOWEBITES TChol, ThiTERHMoE N
[GF-1B ¥ T F oo Fimtohic A {REXH,
MEBATYSF U BB IS ENRIDIE-TH
FICICF-13 B S hic 5 BB RERERRIC D
FeoTHEREIR D EEL LN,

E. BEREfuBRiydt
2L, -

F. ks58a
BRRKEEE b oESAEE T F I ICF-14 #
ALTLEHRNEE L, BARLERSOIGR-1REL R
FIHCHERF T2 2 & T, UDIHEEI X 20854807
P AEMFIL, ERVEFY S OME.,. T
WHDOMRBL R U, TOESEMYSF %20
T IGF-1DHHIEF I Bt L ERICERT LR
IR A LUWVATTRRE & 20 b 5 5,

HREHE
BIREA (ESERER T v — LA 2
BER= (YRS 5 — MR UERAERE)

G. Rz

FRICFEH

1. Iwase T, Nagaya N, Fujii T, Itoh T, Ishibashi-Ueda
H, Yamagishi M, Miyatake K, Matsumoto T,
Kitamura S, Kangawa K. Adrenomedullin enhances
angiogenic potency of bone marrow transplantation
in a rat model of hindlimb ischemia. Circulation.
2005;11: 356-362.

2. Fujii T, Nagaya N, Iwase T, Murakami S, Miyahara
Y, Nishigami K, Ishibashi-Ueda H, Shirai M, Itoch T,
Ishino K, Sano S, Kangawa K, Mori H.
Adrenomedullin enhances therapeutic potency of
bone marrow transplantation for myocardial



infarction in rats. Am J Physiol Heart Circ Physiol.
2005;288: H1444-1450,

Nagaya N, Kangawa K. Adrenomedullin in the
treatment of pulmonary hypertension. Peptides,
2004; 2511: 2013-2018. ‘

Tokunaga N, Nagaya N, Shirai M, Tanaka E,
Ishibashi-Ueda H, Harada-Shiba M, Kanda M, Ito T,
Shimizu W, Tabata Y, Uematsu M, Nishigami K,
Sano S, Kangawa K, Mori H. Adrenomedullin
Gene Transfer Induces Therapeutic Angiogenesis in
a Rabbit Mode! of Chronic Hind Limb Ischemia.
Benefits of a Novel Nonviral Vector, Gelatin.
Circulation. 2004;109:526-31.

Nagaya N, Kyotani S, Uematsu M, Ueno K, Oya H,
Nakanishi N, Shirai M, Mori H, Miyatake K,
Kangawa K. Effects of adrenomedullin inhalation
on hemodynarics and exercise capacity in patients
with idiopathic pulmonary arterial hypertension,
Circulation. 2004;109:351-6.

Okumura H, Nagaya N, Itoh T, Ckano I, Hino J,
Mori K, Tsukamoto Y, Ishibashi-Ueda H, Miwa S,
Tambara K, Toyokuni S, Yutani C, Kangawa K.
Adrenomedullin infusion attenuates myocardial
ischemia/reperfusion injury through the
phosphatidylinositol 3-kinase/Akt-dependent
pathway. Circulation. 2004;109:242-8,

Nagaya N, Mori H, Murakami 8, Kangawa K,
Kitamura S. Adrenomedullin: angiogenesis and
gene therapy. Am J Physiol. (in press)

. FROBTPEME D HEE - BRERE
2L .



- AR (8 b b BAERSHNEE)
SRR

SMEIREE | BRSO S — N~

DIERE K Bt BORKFERRY SUnEaERTRINET S

HREE

A TILRETFEASRIAROT Y RN~ R 7 A E LTVAT AR UTHEHE
BT Hal— FERAWTT U AR —F 52 Lizk D, & O3By ihiEirer
TAHZEEBRE LTV, MEEE S COMIE CIRIIEARMET— FOERZ2 HNZ
B LIEZFEL U THIER Z 8V CHIIR S — MRS EEEIRISHE & » SheREITiRa &
T IRV —TEETHD Z L &R LI, SEERYITF oS FubfeAn B
AFTRE 2N T D IENRATERIES (EPC) #HMIa — b & & blolisEesT L
W L OFESHMERFRT UTe, TR, EPCOMEI — b & & LITShRANTAES

T5 & & UIEEIOMERORAI H 5 LUSIER MBS LIRS,

A. HZLE®Y
TIFUnA Ry eV CHiET
A ATRE IR T d 5 M PR BOBRARR
(EPC) OF VA= RFLELT
BRI EED DV T —T Ve
WIS TR T B HIENEZ b
b, TROEEHREDA v Y=r s
AT K BB B R SRR
SR AWEERICAD S TRV B
SEEOMRIR NN, &~
| FiH. BHER OPSREESEL: PHEtaH s
H 5 < LV LRAYaT Y XY —HEOBIR
BB EIp->TND, T TI— MRIZ

M b s hiomiaz Ay il B0hn

B LTV AR VTS LTV
I & TIE~DFHES S LA TE,
TORER, HEROBRKRPHRILTY
NY—TEBDZEBHFEINDB, FZT
AHFFETILE P C L g4ermiu s gt
T 5L TERMIRL— M E2ERR L.
BRI UEFET ~ORBHE, ZO3RLAE

it

B. #feHL

Tr— MROMIROEIZ SRR T
BA% SHVIBBICAMERER A AV Ve,
I OEEREMINEE O BTEEG
EMESFTHERY WAV Tren
TZIATIR) RETHREMICXYER
EIEE L b DT, BEOHREETH
2 ITCTIIBIKERE & 72 0 #RfaS
HTHBHH, 32 CLUTOIRIBLETEIK
MEREICZ b USRI L 72D, #B
Kz o LIRS B TS Lotk
RECIL, IBESREC X VIR T D
TEOEERTF & & HITERMOhLHE
TAHLOD, FRREORBETTIEL R
THERF SN D T2 flin % S — MAZEIX
T&5, ZOEEMNETS v MORESTE
TAEAE X 0 R U7 e & GFP 38
EF-EREALET v oOFRHED L DR
LIZEP CEAWTIESH — M fEt
L7z, IBERETAE 20°0) KX oBis



Licfifas — b 3IMEFER{L L, (LR
ZER 1 BEDORX— S v Mo
HITBHE U, SR E L CRIEOE
P CaLER~RATEA LB R U

BATORDP TR LT, Bl 1

HRED T o — TR OSSR 5T
il URSH 4 BRI AR 2 R Ui,
EREWAFER LB LT3R
TFERRFEMW R 21a8H
W, NS EEORSAEE LT
STAGEAEIE DS & 1T o7,

C. WstHER

Dt a—kE P C—HpHE S mpadtiess
— NEEEFCILOEEE (EREER)
DOFERMENRD LN, EPCEH
BAFHZRA L Th SRS EE IR
HoENTEH, WEEIIERL— MR
BEOHEBPKE T, FEEE Tt
— MNEHERER L U'E P CESMEARET
BEBER TR T FEL L, 532
BT A S AEITHEML T
Teo ETMBEHEEICELTIEPC
B AR CEHSRNC BELTWA DI
XU, R — NSHERE T THh
o7z, & b GFP Fiflds LN E N
BEfisolectin B4 OEFRHD 54T -
fr b Z Ak — FSHERAT RV T
A LT g o it S ha g
AR S EERD bz,

D. &

HIEHE L — PRI O NMEPCHE
IEARE L O DEBEE R RS N
WIRERIIE P C& i — MROAREE L
THET D Z L OFRER R, Thil
FERS— R & LTHBT A - LTk D
ROBEEEB U i aReEL
bD, ZEERGFP fuffl L UM NS
HEiJisolectin B4 DERFI NS E TRE
ek STy — & LTBE SR
E P Ci3fBZEsy b o—i s S RoEL

(CFFET 52 & ClsEDtE REL
TeLHBRIND, FHFRORBRITMERE
BAINLEVNCEEE LToREE T/ L
THHT D WO FT T Y 8 Y —
VAT LOFRAEEENTELOTHS,
£, BEFEALZEP CEZRAVWH
fai— MEHEIZ L D, X0 BELheieRRE
DEFELFREICRD EEX LN,
E. G
EERENMEERR % Ve Alia s — b

- BAEEISHEIRO K Y SRR L WTRE

& LS BROBAERICKESERT DD

DEEZ BN,

F. SERRfapRiEH
/30

G. BroeH®R

1. RESTEER

- EUKEN,FEER. MR — M I
ZFIH L7 Bio Clinica
19;74-78(2004)

© FRED. BETFOLOER~O
JER SFMER  58;58-64(2004)

- TRZKEN,FERER. AT AT
DMEFE MEET 5:41-48(2004)

2. R

+ Kobayashi H, Shimizu T et al. Fibroblast
cell sheets co-culiured with endothelial
progenitor cells improve cardiac fimction
of infarcted heart. The 69" Annual
Scientific Meeting of the Japanese
Circulation Society. 2004.3 Yokohama

* Shimizu T, Okano T. Pulsatile
tissue grafts: getting rid of old
scaffolds? FEuropean Society of
Cardiology 2004 2004.8 Munich

H. ZneRAPERED HURE « BERIRIn
2L



B 4

HRARROTUTICEAT 5—ERVAT U b

T
EERA MXEA MNA (| BERED | F OB 4 |HREA | B |[BERE | -
. REE A |
Nagaya N, Potentiation of Mori H, Cardiovascular Springer HK 2005 17-30
Fukuyama Rgenerative Theapy |Matsuda H.  |Regenerarion
N,Tabata ¥, |byNon-Viral Vetor, Therapies Using
Mori H. Gelatin Hydrogel Tissue
Engineering
Approaches
HERS
BREKA X F A b4 RFRE4 BE N tHARAE

Hosseinkhani H, PEGylation enhances tumor| J. Control. 97(1) 157-171 2004
Tabata Y. targeting of plasmid DNA by|  Release.

an artificial cationized protein

with repeated RGD sequences

Pronectin.
Hosseinkhani H, Dextran-spermine polycation:| Gene Ther. 11(2) 194-203 2004
Azzam T, an efficient nonviral vector for
Tabata Y, in vitro and in vivo gene
Domb Al. transfection.
Kushibiki T, Synthesis  and  physical | Biomacromolec 5(1) 202-8 2004
Matsuoka H, characterization of |ules.
Tabata Y. poly(ethylene glycol)-gelatin

conjugates.
Kim SW, Efficacy and cytotoxicity of| J. Biomed. T1A(2) 308-15 2004
Ogawa T., cationic-agent-mediated Mater. Res.
Tabata Y., nonviral pene transfer into
Nishimura I. osteoblasts.
Kimura T, Novel PVA-DNA [ Mater. Sci. Eng. 24(6-8) 797-801 2004
Okuno A, nanoparticles’ prepared by|C
Miyazaki K, ultra high pressure
Furuzono T, technology for gene delivery
Ohya Y,
Ouchi T,
Mutsuo S,
Yoshizawa H,
Kitamura Y,
Fujisato T,
Kishida A,
Iwami Y, Endothelial progenitor cells:| J Cell Mol Med. 8(4) 488-497 2004
Masuda H, past, state of the art, and '
Asahara T, future




Kusano KF, ’
Allendoerfer KL,
Munger W,
PolaR,
Bosch-Marce M,
Kirchmair R,
Yoon YS,

Curry C,

Silver M,
Keamey M,
Asahara T,
Losordo DW.

Sonic  hedgehog  induces
arteriogenesis in diabetic vasa
nervorum  and  restores
function in

neuropathy

diabetic|

Arterioscler
Thromb Vasc
Biol.

24(11)

2102-2107

2004

Nagaya N,
Kyotani §,
Uematsu M,
Ueno K,
OyaH,
Nakanishi N,
Shirai M,
Mori H,
Miyatake K,
Kangawa K.

Effects of adrenomedullin
inhalation on hemodynamics
and exercise capacity in
idiopathic
" arterial

patients  with
pulmonary
hypertension

Circulation

109(3)

351-356

2004

Tokunaga N,
Napgaya N,
Shirai M,
Tanaka E,
Ishibashi-Ueda H,
Harada-Shiba M,
Kanda M,

Ito T,

Shimizu W,
Tabata Y,
Uematsu M,
Nishigami K,
Sano 5,
Kangawa K,
Mori H.

Adrenomedullin gene transfer
induces therapeutic
angiogenesis in a rabbit model
of chronic hind limb ischemia:
benefits of a novel nonviral
vector, gelatin

Circulation

109(4)

526-531

2004

Fujii T,
Nagaya N,
Iwase T,
Murakami S,
Miyahara Y,
Nishigami K,
Ishibashi-Ueda H,
Shirai M,
ItohT,
Ishino K;
Sano §,
Kangawa K,
Mori H.

enhances
therapeutic potency of bone
marrow transplantation for

Adrenomedullin

myocardial infarction in rats

Am I Phystol
Heart Circ
Physiol.

288(3)

H1444-
H1450

2005




Peptides

Nagaya N, Adrenomedullin  in  the 25(11) 2013-2018 2004

Kangawa K. treatment of pulmonary
hypertension. ,

Okumura H, Adrenomedullin  infusion| Circulation 109(2) 242-248 2004

Nagaya N, attenuates myocardial

Itoh T, ischemia/reperfusion injury

Okano I, through the

Hino J, phosphatidylinositol 3-

Mori K, kinase/Akt-dependent

Tsukamoto Y, pathway.

Ishibashi-Ueda H,

Miwa S,

Tambara K,

Toyokuni S,

Yutani C,

Kangawa K.

Iwase T, Adrenomedullin  enhances} Circulation 111(3) 356-362 2005

Nagaya N, angiogenic potency of bone '

Fujii T, marrow transplantation in a

Itoh T, rat model of hindlimb

Ishibashi-Ueda H, [ischemia.

Yamagishi M,

Miyatake K,

Matsumoto T,

Kitamura S,

Kangawa K.

Nagaya N, Adrenomedullin: Am J Physiol in press

Mon H, angiogenesis and  gene

Murakami S, therapy. '

Kangawa K,

Kitamura S ,

THkE Mfal— b TE¥ELF|AL| Bio Clinica 19(10) 74-78 2004

(] BF Sk oA AR S : '

HAkED MBEIZEOLMER~D| FFOER 58(1) 58-64 2004
vy

HAER MT¥oRTA20EN| LEEE 5(6) 41-48 2004
&




Available online at www.sciencedirect.com journal of

scmnc:@mngcr- | controlled
release

www.clsevier.com/locate/jconrel

Journal of Controlled Release 97 (2004) 157-171

PEGylation enhances tumor targeting of plasmid DNA
by -an artificial cationized protein with repeated RGD
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Abstract

The objective of this study is to investigate feasibility of a non-viral gene carrier with repeated RGD sequences (Pronectin
F*) in tumor targeting for gene expression. The Pronectin F* was cationized by introducing spermine (Sm) to the hydroxyt
groups to allow to polyionically complex with plasmid DNA. The cationized Pronectin F* prepared was additionally modified
with poly(ethylene gtycol) (PEG) molecules which have active ester and methoxy groups at the terminal, to form various PEG-
introduced cationized Pronectin F*. The cationized Pronectin F* with or without PEGylation at different extents was mixed with
a plasmid DNA of LacZ to form respective cationized Promectin F*—plasmid DNA complexes. The plasmid DNA was
electrophoretically complexed with cationized Pronectin F* and PEG-introduced cationized Pronectin F*, imrespective of the
PEGylation extent, although the higher N/P ratio of complexes was needed for complexation with the latter Pronectin F*. The
molecular size and zeta potential measurements revealed that the plasmid DNA was reduced in size to about 250 nm and the
charge was changed to be positive by the complexation with cationized Pronectin F', For the complexation with PEG-
introduced cationized Pronectin F, the charge of complex became neutral being almost 0 mV with the increasing PEGylation
extents, while the molecular size was similar to that of cationized Pronectin F*. When cationized Pronectin F*—plasmid DNA
complexes with or without PEGylation were intravenously injected to mice camrying a subcutaneous Meth-AR-1 fibrosarcoma
mass, the PEG-introduced cationized Pronectin F*—plasmid DNA complex specifically enhanced the level of gene expression
in the tumor, to a significantly high extent compared with the cationized Pronectin F*—plasmid DNA complexes and free
plasmid DNA. The enhanced level of gene expression depended on the percentage of PEG introduced, the N/P ratio, and the
plasmid DNA dose. A fluorescent microscopic study revealed that the localization of plasmid DNA in the tumor tissue was
observed only for the PEG-introduced cationized Pronectin F'—plasmid DNA complex injected. We conclude that the
PEGylation of cationized Pronectin F* is a promising way to enable the plasmid DNA to target to the tumor for gene expression.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

One of the major goals for in vivo gene therapy is
to achieve the specific delivery of gene to a target
tissue. For such successful gene delivery, there are
many issues to be overcome. The in vivo gene
expression depends on the body distribution of
DNA intravenously injected which is greatly influ-
enced by anatomical feature of tissuc/organ and the
interaction manners with biological fluids, extracellu-
lar matrix (ECM), and cells.

The simple injection of plasmid DNA solution only
shows a very low efficiency of gene transfection.
When a plasmid DNA is intravenously injected with-
out any combination of the carrier vector, 60-70% of
plasmid DNA injected is cleared up from the blood
circulation by Kupffer cells [1,2]. In addition, the
plasmid DNA is enzymatically degraded in the blood
circulation [3]. On the other hand, even if a plasmid
DNA is complexed with the vector, it is well recog-
nized that the molecular size and surface charge of
complex obtained affect the body fate of plasmid
DNA. For example, the complex of plasmid DNA
with cationic liposomes is mainly accumulated in the
lung, liver, and spleen [4-8]. As one trial to change
the body fate, the liposome surface has been modified
by polymers, such as poly{ethylene glycol) (PEG) and
other hydrophilic polymers [9~12]. This modification
enabled the plasmid DNA to prolong the half-life in
the blood circulation. For the gene delivery study,
various cationic polymers and lipids have been used
to form the complex with plasmid DNA. The size,

charge, and surface characteristics of complexes have -

great influence on the fate of plasmid DNA in the
body as well as the property to protect the plasmid
DNA from enzymatic degradation {3,5,13-19].
There are several researches on the gene therapy
for tumor. A promising therapeutic result was initially
reported for melanoma by the intratumoral injection of
a plasmid DNA-liposome complex [20]. Based on
research results by various tumor-bearing animal
models, the in vivo tumor gene therapy by the plasmid
DNA complexed with non-viral vectors was not really
successful [21,22]. As one trial, the targeting of
plasmid DNA to the tumor has been experimentally
performed [23,24]. The ligands for tumor cell recep-
tors have been incorporated into the vector materials
of plasmid DNA to expect the natural receptor-medi-

ated endocytosis. One of the practically available
ligands is transferrin, an iron-transporting serum gly-
coprotein which binds to a receptor expressed strongly
on the surface of most proliferating cells, such as
erythroblasts and tumor cells [25]. For example,
tumor targeting of a plasmid DNA was achieved
through complexation with low-molecular-weight pol-
yethylenimine (PEI) covalently coupled to transferrin
[26). Chemical modification of liposomes surface by
monoclonal antibodies or other targeting moieties
specific to tumor cells has been proposed for the
tumor-specific delivery of plasmid DNA [27-33).
The newly formed vasculature in the tumor tissue
has a high substance permeability compared with that
of normal tissues, while lymphatic systems are imma-
ture in the tumor tissue. These anatomical features
enable macromolecules and liposomes to accumulate
and remain in the perivascular regions of solid tumors
for alonger time period than in the normal tissue, which
is referred as the enhanced permeability and retention
(EPR) effect [34-36]. It has been demonstrated that
conjugation with water-soluble polymers, such as
poly(vinyl alcohol), poly(ethylene glycol), and dex-
tran, increases the accumulation of drugs in the tumor
tissue as well as prolongs their life-time in the blood
circulation [37—45]. This passive drug targeting is
supposed not only to facilitate the tumor therapeutic
effect, but also fo attenuate the adverse eflects, because
the amount of drugs associated with non-targeted
tissues is acceptably reduced. It has been demonstrated
that the PEGylation of drugs and plasmid DNA —vector
complexes suppressed their interaction with plasma
components and erythrocytes and prolonged the circu-
lated period in the blood, resulting in the enhanced
therapeutic effects and gene expression in the tumor
tissue even after systemic administration {46—54].
The basic idea of research approach with non-viral
vectors is not only to neutralize the negative charge
of plasmid DNA, but also to condense the DNA size
by polyion complexation with various polymers and
liposomes of positive charge [55--58]. It is likely that
the plasmid DNA complex condensed in size and
having a positive charge effectively interacts with
cells to accelerate the internalization, resulting in the
enhanced efficiency of gene transfection. However,
since this complex—cell interaction is based on the
simple and nonspecific electrostatic force, a more
cfficient and cell-specific cell transfection cannot be
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always expected. One of practically possible ways to
improve this limited situation is to take advantage of
cell receptor systems which play an important role in
the specific cellular uptake of several substances. In
this study, we selected and used a ligand specific to
the cell receptor as the non-viral vector of plasmid
DNA. The sequence of RGD (arginine-glycine-
aspartic acid) has been discovered as a cell attach-
ment moiety in various adhesive proteins present in
the extracellular matrix (ECM), and found in many
proteins, such as fibronectin, collagen type 1, vitro-
nectin, fibrin, and Von Willebrand Factor [59]. It has
been well recognized that the sequence interacts with
various types of integrin receptors. There are several
ports on the synthesis of polymers incorporating the
RGD sequence [60]. Some polymers comprised of
repeated blocks of RGD sequence have been genet-
ically synthesized to assess their therapeutic effects
[61,62]. Pronectin® is an artificially synthesized
protein which has a silk-like protein (SLP) backbone
into which the amino acid sequence with an inherent
ability for biological recognition is introduced.
Among them, Pronectin F consists of two types of
oligopeptide blocks, a SLP sequence of six amino
acids and a human fibronectin (FN) sequence of 17
amino acids including RGD [63,64]). The SLP se-
quence gives Pronectin F structural stability, thermal
and chemical resistance, and the nature susceptible to
the adsorption to hydrophobic surfaces, while the FN
sequence contributes to the activity of biologically
specific cell adhesion [65]. One RGD sequence is
configured into nine times of repeating SLP sequence
and localized on the surface of Pronectin F mole-
cules. This is because the Pronectin F possesses the
nature to enhance the cell attachment through inter-
action of the repeated RGD sequence with the
integrin receptor of cells. Pronectin F has been
explored as a coating reagent of cell culture dishes.
The Pronectin F coating is found to promote the
adhesion of more than 50 types of animal cells onto
the surface of polymer substrates, like polystyrene,
polyester, and Teflon, because of the RGD sequence
[62]. It is possible that Pronectin F is readily
adsorbed onto the polymer surface based on the

hydrophobic interaction force. Pronectin F is not

water-soluble since the SLP sequence forms strong
hydrogen bonds intermolecularly. To break the
bonds, the hydroxyl groups of Pronectin F serine

residues are chemically modified by introducing
dimethylaminoethyl groups to make Pronectin F
water-soluble (Pronectin F*). This Pronectin F* is
water-soluble and has 13 of RGD sequences in one
molecule which contribute to the strong cell adhesion
via the integrin receptors. The integrin is a membrane
protein which is apparently always present on angio-
genic, or newly growing, blood vessels but rarely on
established ones. Various studies in recent years have
shown that o,R; integrin is up-regulated on angio-
genic endothelial cells, and can therefore be consid-
ered as a target molecule [66]. The integrin, c,B3,
has another quality that would turn out to be conve-
nient; it can propel viruses or other small particles
into cells. Their crucial role in tumor growth-related
angiogenesis and their location in the body make
angiogenic endothelial cells to be an important can-
didate of target cells for therapeutic intervention [67].
Many molecules specifically expressed by tumor
endothelial cells have been proposed as target mol-
ecules for vascular targeting strategies [68]. The
integrin a,B; was previously identified as a target
molecule on angiogenic endothelium [69]. It can
interact with various RGD sequence-containing ex-
tracellular matrix components [70]. Peptides contain-
ing this RGD sequence in a constrained configuration
inhibited angiogenesis based on induction of endo-
thelial cell apoptosis in tumors and inflammatory
sites [71,72]. Tumor vasculature can be targeted by
non-viral vector containing an RGD sequence, which
binds to o,p; and ao.Ps integrins on angiogenic
endothelial cells. :
This study was undertaken to investigate feasibility
of Pronectin F* with RGD sequences in targeting a
plasmid DNA to the tumor tissue for gene expression.
To give the Pronectin F' cationized charges necessary
for the formation of polyion complexation with the
plasmid DNA, spermine (Sm) was introduced into the
hydroxyl group of serine residues in Pronectin F*,
Cationized Pronectin F* with different extents of
aminization was prepared by changing the conditions
of amine introduction. The cationized Pronectin F*
was then reacted with PEG and mixed with a plasmid
DNA encoding LacZ in aqueous solution to assess the
zeta potential and molecular size of cationized Pro-
nectin F*—plasmid DNA complexes with or without
PEGylation, Following intravenous injection of the
complexes of cationized Proncctin F* with or without
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PEGylation and plasmid DNA to mice, the gene
expression in the tumor was compared with that in
other tissues to assess the tumor targetability from the
viewpoint of gene expression level and histological
examination.

2. Materials and methods
2.1. Materials

Pronectin F* (molecular weight (Mw)=110,000)
was kindly supplied from Sanyo Chemical Industries,
Ltd., Kyoto, Japan. Succinimidyl succinate-methoxy
PEG (MEC-PEG, molecular weight (Mw)=5250)
was kindly supplied from Nihon Oil Fat, Tokyo, Japan
and was used as obtained, Spermine (Sm) was pur-
chased from from Wako Pure Chemical Industries,
Ltd., Osaka, Japan and was used as obtained. 2,4,6-
Trinitrobezenesulfonic acid (TNBS), and P-alanine
were purchased from Nacalai Tesque, Kyoto, Japan
and was used without further purification. As cou-
pling agents, 1-ethyl-3-(3-dimethylaminopropyl) car-
bodiimide hydrochloride salt (EDC) and NN -
carbonyldiimidazole (CDI), and DNA MW Standard
Marker (1-kb DNA Ladder) were obtained from
Dojindo Laboratories, Kumamoto and Takara Shuzo,
Co. Ltd., Shiga, Japan, respectively. Rhodamine B
isothiocyanate (RITC) was obtained from Sigma-
Aldrich Japan K.K., Tokyo, Japan.

2.2. Preparation of plasmid DNA

The plasmid DNA used was the expression vector
consisting of the coding sequence of LacZ and a
SV40 promoter inserted at the upstream (pSV-LacZ,
7931 bp). The plasmid DNA was amplified in 2
transformant of E. coli bacteria and isolated from the
bacteria by Qiagen Maxi kit-25 (Qiagen K.K,,
Tokyo, Japan). The absorbance ratio at the wave-
length of 260 to 280 nm for purity assessment of
plasmid DNA obtained was measured to be between
1.8 and 2,0.

2.3. Preparation of cationized Pronectin F*

Cationized Pronectin F* with different extents of
aminization was prepared by introduction of Sm into

the hydroxyl group of serine residues in Pronectin F*
based on the conventional CDI method [73]. Briefly,
varied amounts of Sm together with varied amounts of
CDI were added to 5 ml of dehydrated dimethyl
sulfoxide containing 5 mg of Pronectin F'. The
reaction solution was agitated at 25 °C for 20 h to
introduce Sm residue to the hydroxyl groups of
Pronectin F*, followed by dialysis against double-
distilled water (DDW) for 2 days and freeze-dry to
obtain the Sm-derivatives of Pronectin F*. The molar
percentage of Sm introduced into the hydroxyl groups
was quantitated by the conventional TNBS method
[74] based on the calibration curve prepared by using
B-alanine.

2.4. Preparation of PEG-introduced cationized Pro-
nectin F* and the complexation with plasmid DNA

PEG-introduced cationized Pronectin F* with dif-
ferent extents of PEGylation was prepared by intro-
duction of succinimidyl succinate-methoxy PEG
{MEC-PEQG) into the amine group of Sm residue in
Pronectin F*. Briefly, varied amounts of MEC-PEG
were added to 10 ml of dehydrated dimethyl sulfox-
ide containing 10 mg of Pronectin F*. The reaction
solution was agitated at 25 °C for 16 h to introduce
MEC-PEG to the terminal amine group of Sm
residue of Pronectin F*, followed by dialysis against
DDW for 2 days and freeze-drying to obtain PEG-
introduced cationized Pronectin F'. The molar per-
centage of PEG introduced into the amine groups
was quantitated by the conventional TNBS method
[74] based on the calibration ¢urve prepared by using
[(-alanine.

Complexation of cationized Pronectin F* with or
without PEGylation with the plasmid DNA was per-
formed by simple mixing the two materials at various
charge ratios in aqueous solution. Briefly, 150 nl of
0.1 M phosphate-buffered saline solution (PBS, pH
7.4) containing 10, 50, 100, 200, 300, 400, and 500 ug
of cationized Pronectin F* with or without PEGylation
was added to the same volume of PBS containing 10
pg of plasmid DNA. The solution was gently agitated
at 37 °C for 30 min to form cationized Pronectin F*—
plasmid DNA complexes with or without PEGylation.
The charge ratio (N/P) was presented as the molar
ratio of cationized Pronectin F* nitrogen to plasmid
DNA phosphate. Therefore, the N/P ratios of (.25,
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0.5, 0.75, 1, 1.5, 2, and 2.3 were chosen for the
following experiments of cationized Pronectin F'—
plasmid DNA complex.

2.5. Electrophoresis of cationized Pronectin F' -
plasmid DNA complexes with or without PEGylation

Cationized Pronectin F'—plasmid DNA com-
plexes with or without PEGylation of different
extents were prepared at various N/P ratios according
to the same procedure as described above. The
complex samples were electrophoresed for 40 min
at 100 V in 0.75 wt.% of agarose gel by 45 mM
Tris—Borate and 1 mM EDTA buffer (pH 8.0). The
gel was stained with 0.5 mg/ml ethidium bromide
solution for 30 min to visualize the localization of
plasmid DNA with a Gel Doc 2000 (Bio-Rad Lab-
oratories, Tokyo, Japan).

2.6. Measurement of dynamic light scattering (DLS)
and electrophoretic light scattering (ELS)

The complexes of cationized Pronectin F* with or
without PEGylation and plasmid DNA at various N/P
ratios were prepared by the similar procedure described
above. Every solution was filtered through a 0.45 um
filter (Millex-HV, Millipore) prior to mixing. The
mixed plasmid DNA and cationized Proncctin F* with
or without PEGylation was placed in a DLS cell and
DLS measurement was carried out using a DLS-DPA-
60HD instrument (Otsuka Electronic Co. Litd., Osaka,
Japan) equipped with an Ar" laser at a detection angle
0f 90° at 37 °C for 30 min and performed three times
for every sample. The cormresponding hydrodynamic
radius, R,, can be calculated from Einstein—Stokes’
equation: R, =kT/3nnD, where k is the Boltzman con-
stant, T is the absolute temperature, # is the solvent
viscosity, and D is translational diffusion coefficient
obtained from the DLS measurements. In the present
study, the autocorrelation function of samples was
analyzed based on the cumulants method and the R
value was automatically calculated by the equipped
computer sofiware and expressed as the apparent
molecular size of samples.

ELS measurement was carried on an ELS-7000AS
instrument (Otsuka Electronic Co. Ltd., Osaka, Japan)
for mixed plasmid DNA znd cationized Pronectin F*
with or without PEGylation aqueous solution at 37 °C

and an electric field strength of 100 V/em. The ELS
measurement was done three times for every sample.
The zeta potential ({) was automatically calculated
using the Smoluchouski equation based on the elec-
trophoretic mobility measured w:§ =4nnu/e, where 5
and ¢ are the viscosity and the dielectric constant of
the solvent, respectively.

2.7, In vivo experiments

Meth-AR-1 fibrosarcoma cells (6 x 107 cells/ml
RPMI-1640 culture medium) maintained by the in
vivo passage in the intraperitoneal cavity of CDF,
male mice, aged 5—6 weeks (Oriental Bioservice,
Kyoto, Japan), were subcutaneously inoculated at a
volume of 0.02 ml into back of male CDF, mice (6
weeks). All the experimental procedures were per-
formed according to the specifications of Guideline
for Animal Experiments of Kyoto University.

CDF, mice carrying a tumor mass of 5 mm in
the average diameter on the back subcutis received
an intravenous injection of PBS or that containing
free plasmid DNA, cationized Pronectin F*, PEG-
introduced cationized Pronectin F*, and cationized
Pronectin F'—plasmid DNA complexes with or
without PEGylation in a volume of 200 pl. After
intravenous injection of the complexes or other
agents to mice, mice were sacrificed with cervical
dislocation, and the blood sample was taken out
directly from the heart by syringe aspiration and the
organs of mice were taken 2 days later, washed with
PBS, frozen in liquid nitrogen, and stored at — 85
°C. The organ samples were subjected to the gene
expression assay.

- 2.8. Evaluation of gene expression

For evaluation of gene expression, 3-galactosidase
activity was measured by use of Invitrogen kit
(Invitrogen Co., CA, USA). Briefly, the tumor and
organ samples were immersed and homogenized in
the lysis buffer (0.1 M Tris—-HCI, 2 mM EDTA, 0.1%
Triton X-100) at the lysis buffer volume (ml)/sample
weight (mg) ratio of 4 to 1 in order to normalize the
influence of weight varance on the B-galactosidasc
assay. The sample lysate (2 m!) was transferred to a
centrifuge tube, followed by freeze-and-thaw three
times and centrifugation at 14,000 1pm at 4 °C for 5
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min. The supernatant (30 pl) was mixed with 70 pl
of 4 mg/ml e-nitrophenyl B-p-galactopyranoside
(ONPG) aqueous solution and 200 pl of cleavage
buffer (60 mM Na,HPO,-TH,O, 40 mM Nal,POy-
H,0, 10 mM KCI, and 1 mM MgS0,-7H,0, pH 7)
in a fresh microcentrifuge tube. After incubation at
37 °C for 30 min, 500 ul of 1 M sodium carbonate
solution was added to the solution mixture. The
solution absorbance was measured at the wavelength
of 420 nm for p-galactosidase activity. Each exper-
iment was done for three mice independently unless
mentioned otherwise.

2.9. Fluorescent microscopic observation
For the fluorescent labeling of plasmid DNA, the

pSV-LacZ and RITC were mixed in 0.2 M sodium
carbonate-buffered solution (pH 9.7) at 4 °C for 12

1 23 4 5 6 7 8 %

h at both the concentrations of 1 mg/ml. Then, the
reaction mixture was applied to gel filtration of a PD
10 column (Amersham Pharmacia Biotech K.K,,
Tokyo, Japan) to separate the non-reacted RITC from
the RITC-labeled pSV-LacZ, followed by ethanol
precipitation for collection.

Aqueous solution of 2 mg/ml RITC-labeled plas-
mid DNA (50 pb) was mixed with 40 pl of cation-
ized Pronectin F* with or without PEGylation at the
N/P molar ratio of 2.3 for the complex of PEG-
introduced cationized Pronectin F'—plasmid DNA.
After intravenous injection of the complexes, the
tumor was taken 2 days later and embedded in
Tissue-Tek (OCT Compound, Miles Inc., IN,
USA). The cryosections (5-pm thickness) of the
tumor samples were prepared to view the fluorescent
localization of plasmid DNA on Olympus AX-80
fluorescence microscope equipped with Olympus
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Fig. 1. Electrophoretic pattems of plasmid DNA complexes with Pronectin F*, cationized Pronectin F*, and PEG-introduced cationized
Pronectin F* with different extents of PEGylation and different charge ratios (N/P) of cationized Pronectin F* to plasmid DNA: (A) criginal
Pronectin F*, (B) cationized Pronectin F*, (C) PEG-introduced cationized Pronectin F* (5.1 mol% introduced), (D) PEG-introduced cationized
Pronectin ¥ (10.1 mol% introduced), (E) PEG-introduced cationized Pronectin F* (20.1 mol% introduced), and (F) PEG-introduced cationized
Pronectin F* (50.1 mol% introduced). Lanes 1—7: the N/P molar ratios 0f£0.25, 0.5, 0.75, 1, 1.5, 2, and 2.3, Lane 8: fre¢ plasmid DNA. Lane 9:

DNA marker.



