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RNA interference (RNAI) is a posttranscriptional gene-silencing event in which short double-stranded RNA (siR-
NA) degrades target mRNA. Because of its potent and highly specific gene-silencing effect, RNAi is expected to be used
in the treatment of various diseases. Cancer is one of the major targets of RNAi-based therapy, because silencing on-
cogenes or other genes contributing to tumor progression can be target genes for RNAi. The delivery of RNAi effector to
target cells is one of the key factors determining therapeutic efficacy, because gene silencing is limited to cells reached by
RNAI effectors. Tumor cell lines stably expressing reporter genes were confirmed to be effective in sensitively and quan-
titatively evaluating RNAI effects in tumor cells in vitro and in vivo. Quantitative analyses of the gene-silencing effect
revealed that short-hairpin RNA expressing plasmid DNA (pshRNA) has more durable effects than siRNA. In-
tratumoral injection of RNAI effectors was effective in suppressing target gene expression in tumor cells, and silencing of
p-catenin or hypoxia-inducible factor-1ae (HIF-1a) significantly inhibited tumor growth. RNAI effectors were success-
fully delivered to tumor cells colonizing the liver through the vascular route. We found that tumor-bearing liver showed
elevated HIF-1a expression in the cells, and the silencing of the expression in normal liver cells is also effective in inhibit-

ing metastatic tumor growth. These results indicate the possibility of RNAi-based cancer therapy.
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FERINTWVS, £/, BARTA IR EIC
RESNBFEFERY O NVEORBENRERR 25
FERIZM LT, TORBEFENICTNHRTI &
XA FENEBEEZEL TORABRFIN TV
5. 49 FMD—FT, RNA FHIZXZ2BETREN
FIZHEIX siRNA BEET SMIaICRE I h s/,
RNA FHOBEFRE L TOBEAIZIE siRNA O
HHIBANDFUNY —NUBBELEERD O LML
TR S T BT RE TR sIRNA DF U N —hik
BWEFBEAERRINTEST, LVHEMR
FUNY —HEORRMVLETHS. TITHET
BbhbhowitERER.0I1Z, siRNAZFUN
=325 L THERMABRTFONAMBOEM - &
BECEGRLABEFORRZNHTLIZEICELD
MABEDOERERIC D W THRRT 5.

2. Invivo [CHITEHNAMEI~D siRNA DT 1)
Ny —

RNA Fi#Di%E# 712, siRNA 2 ERMIRIC B
ERBUSRETEETZIENMBHETH DM,
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SIRNA BB TH D2 ENSERRNITIBITSETE
ARV, LEdo T, (EEHNEERORELZEHM

E UL M siRNA OFDHEBREINTY
5.0 %), AARTOE®REIZED shRNA 2T
BERIF—HEYHTHD, JAINARIY—, kD
ANARG S —NHATETH .50 VLIV ANRD
F—it, FFIIANARY Z—RE5ILLPRTE
FlelL O NWART ¥ —ERNEBEFIHEIC
BIIAHAMBORERE, KEHEOBTHRL LT
TR SBVEEMNS L. 10D ZhizHl, IR
X K DNA (pDNA) KRR EINDFEVAMIARY
y—3, ®eh - - AEHOEMTENTSD, XM
HEINTELEAPRIZOVTHEFERBICHE
INTETWS, TAINAEZFEDLRBVWEETRNA
T2 FEUKBHREEERT 5/9DICIE, siRNA
» %\ id shRNA ¥ B pDNA (pshRNA) % Z#5H
FRAFUNY =T B ENNREBTHSD. LML
755, siRNA % pshRNA 7z X, KBS SFT
H5-HMaEERENEL <KL, B#RREZED
£ —MREIz RS BETIZIE &S A SHERNICIZE
ELWL, #IRRNTERTINSEEMICKSE
BIHBEOERIZIZ, Iho>0beHeDRLISEN
MRAICTUN) —T5BMOMRENRLETHS.
JEBEBEANFHR TN 2 KkEEGS FLaoMiRA
FYUNY—IZEL T, ThEFTR7>FERA
YT LAFRPURY AL L, pDNA L EEN
RIIRHENTEL. VY PTHETININARI Y —
ICE 2 BETEAICET A HREFIZH VT, pDNA
BMoREHEORBLICHEED, BRI ZAPE
EROFA, SEENST - MATFI5-LOEE
LT L P BEFREOH K E, BRKICESHK
MEFMEN TS, siRNA £ shRNA EHEAX T & —
OFAICELTH, TNETICHRINTEE#
FUNY —FREMNEHIEETHS. siRNA HBH W
1 pshRNA Z 44 LX)V TENMRE, 3T74b5H8
ARIBATFUNY —T 352 & TENEGTFORER %
MET 2 Mg sahuE, FRS FENSAR
BRI DEB bOEEZSNS (Fig. D).

2-1. HAMBICHE T BREFRENHIDROE
E0NBT  HMAMKBTO RNA THFEOBRIC
13, RAMRAOELTFREE S TEBMICHM A
REBRZOMAMNEEIZEATSHS. bhbhid~
w2 EBEMEE BlMizEETINOMNAMIEL
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ENAi-based cancer therapyJ

« High specificity
- low risk of side effects

siRNA

+ High gene silencing activity

"t — increased efficacy

« Delivery of siRNA 1o tumor cells
- 8 requisite for RNAi-based therapy

Fig. 1. Schematic Image of RNAIi Pathway and Its Applica-
tion to Cancer Therapy
Because of its highly potent and specific gene silencing effect, RNAi is
expected to be applicd to cancer therapy. To perform RNAi-based therapy,
siRNA or pshRNA should be delivered to the target cells because the RNAI
effect is limited in the cells that received RNAi effectors.

L, FPINRUII A 5D2BEDIIN T
5 —¥ & REICRIAT 3 ML B16/dual Luc %45
ETBH I EITEDMAMRIZE RE T REIE
PRIZDWTEERMICHERETH DI EZHMEL
f:‘ 14)

ZDFHTIE, Bl6/dualLuc iTH# NI 7 x
S—F¥lzdTBsiRNA R NS AT 3>
L, —EBMgcAEL-mlLe 77 —CEEED
HEBHT R & THEEN DERMIZ RNA T3
REFMIGETHS. bhbhoBEHzBWTII,
EXDBEDSIRNAZ NS 272723 lk
DEDIN T T —UEEERRFAICHML, Eix
FRIBMEIZHEN siRNA OBEKENTH DI &
MREINTWS (Fig. 2).'9 RNA F#iIc L 28
FRENHDRI, H2BMATORKAFELZER
CEHMEIh3ZENENN, HR) OBAMSIE
MEERE ST TRSAHBMOIEETHS. bhb
NIIEYFEERMBITICPBVWTHWLWSNSE—A2 b
e, V75— VREHORKBELT —FICH
TRHBHIET, BETRENMHDROBERUE
SR OEES LT, AUCE BT MRT; % RNA
FHNEOH/FEEE L TIZE L /= (Table 1).19
THIZE D YIAIEE (C) 1, 10, 100 nM @ siRNA
XA EEFRENHDRIIOVWTHEZIT L
:’—5, %0) AUCIE B(UMRT/E t Co c‘:‘iﬁ%ﬁﬁé_
RiE%2ETR C/AUCE or Co/MRTp=Co/a+b/a
(Eq. (1); a, bIITE) KBWTHERKRTHSZ
L& B LT (Fig. 3). $£7=, siRNA R U pshR-
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Fig. 2. Time-courses of Gene Expression (Rgg) following Tansfection of siRNA

B16-BL6/dual Luc cells were transfected with siRNA targeting firefly luciferase at concentrations of 1 (A), 10 (B) and 100 nm (C) . Luciferase activities were
determined at the indicated times after transfection. The results are expressed as mean+S.D. (n=3). *p<{0.05 for Student’s {-test versus control group. Cited from

Ref. 15).
Table 1. AUC| (day) and MRTe (day) versus siRNA Ini-
tial Concentrations (Cy; nM)
Co AUCE MRTe
1 2.00 1.98
10 4.00 2.72
100 6.59 4.21

NA LK B EEGEFRENFDHRIIDVTOEENL
8 %17 D BRIT B Bl6/dual Luc RUSE— A > MR
DHEERBIEATHY, 1 PFYUEDOBEETRE
HHIZEN VT pshRNA DL ASKI SO SN THBZ &
ErRUK. F/-, BETFREHAFDROFRKIZIDOVL
TMRT 2AVWTFHMEZTY, BEIIELDZLOD
o 03B 5N DH DD pshRNA D F A 2-3
BEMTHDZEEFHESMIIL TS,

Bl6/dual Luc iz 2 @3N > 7z 5—YBEBTF
EREWRETZED, DA 77—
TEHICHTEIHRININS T 7—-EOREREDOILE
MBI EICEDERNONAMBBOITSDEEH
EL, EMBEERTORBENBZRIZDONT in vivo
KBWTHMNAMBSEROICEENIZHMAIRETDH
5,

2-2. BAESICELB3FIN)— BHR~NDE
GEFEAZEHMELEAR Y —DRGIZEAL TIIEL
B2 ORI INTVWS,. BERATO RNA
THOFBIZLH2NAREEZHABBITE, Ihd
BEOHRSFEMFIAEEELONS. LALE
NOBEETFREBENSEELEGTEALIIRRZD
RNA F#HDOBBIZX 2 NAKRBEORICITEAME
BHEOENSSVOEISIZ siRNA 2 EATELMD,
ENDER (MA) MRE~NDFINY —HERIEE
REEGTDEERNSA—F—IIRDIBHDLEE
AbN5.
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Fig. 3. Linear Plots of Co/AUC and Co/MRT g versus Cy

(a) Linear plots of Co/AUCg versus Cq. Symbols represent Co/AUC¢
calculated, with lines fitted using Eq. (1). a and b, are parameters described
in Eq. (1), and were calculated 1o be 6.90 and 4.72, respectively. r, is the cor-
relation coefficient of the linear plots, and was calculated 10 be 0.999. (b)
Linear plots of Co/MRT¢ versus Co. Symbols represent Co/ MRTye calculat-
ed, with lines fitted using Eq. (1). @ and b, are parameters described in Eq.
(1), and were calculated to be 4.35 and 3.47, respectively. r, is the correla-
tion coefficient of linear plots, and was calculated to be 0.999. Cited from
Ref. 15).

BffEE5E XN/ pDNA OFUNY — R 2 KE
TEHFEEL TSEDEORIBOBERMNAASNT
E REMZDBOEL TR, BRIV ZERSER
MIZMABIL Y FORL— 3 o NETFoN 5.
— iz hORL—2 302D LICKDIE
GEFRENMERTHIEMBEINTNSN, bh
bhRIOEEDRBOEMIBAMBEOBKRD
ESHDTHHILEBHELTNS. 9

bhbhiz~I AETFIZ Bl6/dual Luc =T
BZZEIEDEHLUARREERBEETINIIBNLT
RN 75— EEMET S sIRNA XX
pshRNA KA ZBEMABANICEALZOB T L
2 hORL—2 a3 TS5 2L TRE 24 ERED
W7o —FEERHBEOK 30%ICE THH
AEETHIZEEZHMELTND. W EELKHETTO
BEFREANGSHIONEETHDIIEEZET
L&, ABEEFEERAVD I ETEREAKGP DD
<EHT0% LA EDOMNAMIBIZHB LT RNA F#%
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BEWETHD I ENHERETES (Fig. 4). 17
2-3. BmMERSICELDTFYIINY—  sSiRNA X
2 pshRNA O M EHRSIIMFEZHA LTI h 51t
EMNDTHTEHIENS, BEINLAEHOTH
DR EEILEEICRBEIN S /ARG L HEL T,
E N Z< DML & siRNA - pshRNA % & A @ #E
BEREHETHD. ZholbkemzrznELOHESGL
FREEL TR, 20027 8D Kay 507 )V —7
DHENHD. M HESIIKEEDT T A3 KFDNA
KBEREDFRIIMERNZREG TSI EICELD, LD
2, BHICHBCBLTEHEVEGTFRENESND
HiE N ROV A F IO REE) ZRHWRETET
W, W75 tYERMISBTS5AIKDNA %
IR’ EL, FEREG L7z siRNAIZX S RNA
FHRENS 725 —CEEEEEICHEL &,
FORKRE NP T715—YRETIHHNLZESZ
BDOSIRNA 255352 &Ik, $80% Difix
FREMH 2B TS, £7/-, siRNAIIMEA,
pshRNA ## 5 L /=388 H siRNA L RZEOHHZ
ENESNDZEBHREL TS,
NAKEZBME LN ROFCF 37 %12
& 2 RNA F#0 in vivo ~OERIZIZ, ERHIE
ANDFUN) DR IR E2EETHEELZAFE
7325, siRNA & pshRNA & T2, o791 X2 K
EIBOAREETRD, TUN)—HRIIEER
5Z230[etENEZA S NS. bhbhid, »FUa
AMNA ROF A+ I 7 RFRIZEDBIEFEADE
CRIFTEEZPSMITS/0HIZ, PCR 2% A
THZIETHL ADRBEDIBEHEFEANIY—%F
WERE 2T . D LML MNS, 48kbp O
GFP (B 75X 3 KDNA, $5WIERIZHKHENR
4D A (1.7kbp) % PCR THEMEL /= DNA #i
ENAROFSF I AETIIRACEGTFEAL
7L ZOFRETIR, FTRKOMETEETFRELN
BHoshf (Fig. 5).'9 L7=hioT, Dla<EdHN
A4 ROFAF3I 7 REREBFBADT N —IZ
BLTRFHI XOEBRHXVRDSNZVD
DEEZLND. —F, 4 FE 4000 D PEG #H
WERERTR, +9RFBRTOE#EMNASNE,->
FZEMNS, FUNY—OBEENSIZYA XH/MS
WZEBHRLSTUBEAEEZESRNI EHHER
Ehs. ™
BROEONA ROY A F I AFEICEBFTUN
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Fig. 4. RNAI in Subcutaneous B16-BL6/dual Luc following
Intratumoral Injection of RNAI Inducer Followed by Elec-
troporation

Mice received an intratumoral injection of contro!l pDNA, siRNA tar-
geting firefly luciferase (10 #g) or pshRNA targeting firefly luciferase (30 ug)
followed by electroporation at a field strength 1000 V/cm 19 days after sub-
cutancous B16-BL6/dual Luc inoculation. Luciferase activities in the tumor
tissue were determined 24 h after injection. The results are expressed as the
mean+S.E. (n=8). *p<0.05 for Dunnet’s test versus control group. Cited

from Ref. 14).

(b)

Fig. 5. Confocal Microscopic Images of the Liver Sections
following Intravenous Injection of pEGFP-F or EGFPF-mi-
ni in Mice by the Hydrodynamics-based Procedure

Mice were euthanized at 6 h after injection and the liver sections were
made. The images shown are typical of those observed in several visual fields
of three mice per group. (a) : EGFP-F-expressing pPDNA (25 ug or 8.4 pmol/
mouse), (b): PCR-amplifiecd EGFPF-expressing cassette (8.9 ug or 8.4 pmol

/mouse). Cited from Ref. 18).

-z L TITbhal ehns, FREERA
ROBESTMEICR> THMTIMBNZEDTY
NY—DHRERLDZEEZSNS. DhibhidNAg
ROFAF I AFEEFAT S L2k D IFEER
MlRosizsd, FRICES L ANAMRICD Mk
%4 L T siRNA - pshRNA =5 )N —H§E T3
BumEEX, V75— VBEEBTFTERLE
B16-BL6 i3 %= PIRAICBET 2 Z & THERL 7=
EBIFEBET NI ZHVWEREZTT
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7.9 Z D& E siRNA Xi3 pshRNA DN RO 4
AF I RFILBBREICLI DRI AMEETD
EMNBLTREZEBEICHBEO 40-50%BEICE
THHAETHI I EEZAVHELTWS (Fig.
6). " NA ROFAF IV RFKIZL B BETEAM
FBIIFBRON 0% THDHI ENBEINTS

D, TNIDBVEBAYDEREBL I EMTELMNT
NREBLAEMABRIIMEIZR->TH/HTRIIE
ERBILEEREHEBZNS. LALANS, 20
BCFRENFZIRIZ, BR50BSEHELT
<, HEEHREICLERFRENFSDROKRE
BIEEAEESD S /-z8, XD HRNLE
GFRENGE2ER T -0I03@3»r07 70—F
DHRFLRIATIVLENHDLEEISN S,

3. RNA TS 2B LI-HABGRFAFEEZDORR

AIROBED, EERRNOMNAMIZIZH L T siRNA
X2 pshRNA 2FUNY =3 Z EMNTEhiT,
MAMRIZB TSR FRAEZNHNT 2 Z & A0T4E
THD, TOBEGTRBEMGIDEEFMALZNAL
BORAIDNTHTETIN TS, BIZEEIh
TW3HDEL T, NAMOIENE - £7F - &
B mEHE - REEEEE W MEIZRERL - E
GFEEMNEL RNA FHIZL RN THRE TN
TWn3,

3-1. BAARSICLBHAMIRIEEINE  BRY
ICHESSL - fBEIZ 3 L T siRNA X3 pshRNA D JiE
BAREEILZ N ORL—2 a3 2HEATHEIE
THAMBROBLGTRBEEDRLIIHCIGETH S

*; P<0.0S
(vs. control)

(% of control)
& 8 B

SE

Firefly-Luc {Sea pansy-Luc

[
<

bpn)

Control pshRNA

pDNA

siRNA

Fig. 6. RNAI in Metastatic Tumors in the Liver following In-
jection of siGL3 or pUé6-siGL3 by the Hydrodynamics-based
Procedure

Mice received an intravenous injection of control pDNA, siRNA target-
ing firefly luciferase or pshRNA targeting firefly luciferase (50 ug) 13 days
after tumor inoculation via the porial vein. The luciferases activities in the
liver were measured 24 h after the injection. The results are expressed as the
mean+S.E. (n 2 4). *p<{0.05 for Dunnet’s test versus control group. Cited

from Ref. 14).
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H, Db IDOAFEEAVTHAMROEHES
{ZB5 L /-8{xTF Td S B-catenin, hypoxia induci-
ble factor-la (HIF-la) OFRBZMH T2 & TH
AMAROBESHHFIETHEZE2HEL T
%.2 pshRNA DEFERNEHETL Y DKL -2
3 REDERAEROENERT D mRNA IE L
NV ZEXMBHD 25-35%BEEICHHFIGETHD, &
NoNADKEHBELEBIIBEE T 2B ETFTORREEH
FIT B L THEEAMNABBONHNESNZ I E
EHROSNELTVS. ZD&LE, —EYIXTIIM
ADIRTERBRENED SN (Fig. 7). 25
L 7= pshRNA O F J N —iZ K B EE M 0 #
PHRIIESEY 1 XKFENTHY, BEYT DMK
EEBHITMHINRENEB T A LBRINTNS,
I3, BEDOHEKXIZHEL pshRNA 5 Y /)N —
ENSBAMBBOREHNELTEZ LIZLDHD
EEZOND. LMo T, KEREEFENET
SHREITRTUN) —DNRERETDIIENEE L
ZEzohs.,

B 5I1ZL D RNA TH#FETIHEELT
B, T bhORlb—>a ORBEDIEMIHFA
CHEME/SIRNA 22T Ly U ADBENIRGIE
HaZNTW3B. Kim 513 VEGF 2/ &7 3 siRNA
%, XUZARTFTIERL - BEHAMZLAIC Cholesteryl
oligo-D-arginine (Chol-R9)/siRNA 2> 7L v 7 2
O THEHGEGTH I EIZLD, BAHOERE%
MEBHEHBRL THEREICHFVETH» S Z L E2HE
L T35, 2 &7~ sphingosine l-phosphate recep-
tor-1 (SIP1) Z#EMET B siIRNA EAF 4 4t
M) —LDATVLy I R%ETTIARTIEML =
BEMAENIC3 BEICEATSEZ & TREAZG O
FEERBEICHMFIEEETH S Z &5 Chae 52 L DR
HFEIN TV 2D ULhLEENS, bhbhokitd
EDENTHOREIIBNTHELBBEEOERIC
BE-THEST, BRIPBDEOXREXIEIND i
EHRATHILICEDBEDROMEENHLETH S
EEZLND,

322. BOBERSZHALA-HNAMIREEIE
BRMEHRSITEAMREOBAKENVWSBAMSEHH
REFZETHDEEZ N, BAMBENEHET &5
HEZICH L TRZOBEAMFICIEELVEEZS
Nad N ROFAFITREEANDZ ETHEG
BHEEICHLTRNA THE2EEAETHZ O
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4000 * P<0.05
—— Control pDNA (vs. control)
—- pshRNA targeting B-catenin
3000 . -
a —t— pshRNA targeting HIF-1a
=
E
g
= 2000 pDNA injection
.; with electroporition
g
=
= 1000
0 & &
0 5 10 15 20 25
Days after initiation of therapy
Fig. 7. Effects of Intratumoral Delivery of pshRNAs on the Growth of Primary Tumor Tissue

(a) Mice received an intratumoral injection of 30 ug control pDNA or pshRNAs followed by electroporation. pDNAs were administrated at day 0, 3 and 12 af-
ter the initiation of the therapeutic treatment. The results arc expressed as the mean+S.E. (n=4). *p<C0.05 for Student’s f-test versus control group. (b-d)} Photo-
graphic image of tumor tissue of mice who received an intratumoral injection of control pDNA (b), pshRNA targeting B-catenin (c) or pshRNA targeting HIFla
(d) at 18 days after initiation of therapeutic treatment. Cited from Ref. 20).

T, TOBETRENFHNDEZFALENABED
AEEHIC DWW TERMEL /. T hbbRmERETET I
ERIEIZ, TURKBEBN A Colon26 Hifa%
FIlRE VBHET 5 Z & CHERLEREBEEET )
12 B1F % B-catenin X it HIF-la 2 EM & T 3
pshRNA O A MR MBI B RIT DV THAN
7-. B3 Colon26 ffE & H /= in vitro DFZRITH WV
T2 B-catenin Z ) & 9§ % pshRNA D J5 745 HIF-
la ZHEM & T2 pshRNA & D& Ha M AMIZERE
MHEE%ERL TS, i pshRNA O#HI3 3T
RUTHD-OFBEFONAMBADT YN =5
RIFRBETHIEZEALND I EMNS, f-cate-
nin #EM & T3 pshRNA O A ERIERETT
Wiz BT NAMBEEARHDRIEVESEZI SN
%, L L72ASS B-catenin ZHEM) & T 5 pshRNA
D5 TRMAAMBEENFHDRITIZ LA LRDS
Niamo/=—A T, HIF-la K& 9 5 pshRNA
2BELEZABAMBOBAHEEZR X < HIHE]
BeThol. ZTDZEMNS, FRPDOMNAMIEAND
BEFRENFUAOBERMSFREICHBITS RNA T
BOXRE I L AMBEENFHMRICBEEEL TY
LI NG FO—RELT, N1 ROFAF
I AFEERWS I ETHEYOMSAMEICT UN
1 —HlEETidH B3, %5 X /- pshRNA (AT
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FOEFHEALFUNY BT EMNE, MA
MDA S TIEREMAICBT B ETRECHME
MM AHEOBREMENC DN > 7O T &
WHREMNEZ SN D, EHIIOVTIIRERS
Tho.

2 EBEICL D NAMRICZBVTRNA T %5
BT B LI 0 BAMROEREIIH & KA R
LTI, siRNABMBERIAFA HEYME/
SiIRNA I 7L v 7 ADREIZEZ2DOMNMES
hTw3. Mook 513, large subunit of RNA poly-
merase 11 Z1ZEM & T 5 naked siRNA ZEB#ERKL D
BETBHIET, YOAKTIERLZBEORME
EEEZICHHPRETHLIEEREL TS P X
7=, EphA2 ZiZE@) & § 5 naked siRNA Z AW/ (G
BORSERLVBEINTWVS Y Pal bidRaf &
EME T % siRNA 2 F 4 U RY —A/IRNA
ATV y I AOHTHRANEKEGTH I LITXD,
IUAETICBHEL-NAMRIZHIT S Raf D&
CEFRBRVEEAGOBBEAFEIRETHLZ L
EHELTWS. Y

Fro, MARBLSL DM S RNA FHOERH
fad U7-#sdhi Santel iz kDHEINTNS. 2
ot BEAGRNOmMENKHMRIZE TS CD31
ORBEHFF A R —L/SIRNA ZANTH
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FTBZ LIk, BEAKCBI2OEHFELT
KEBEABOBHEEAFETHSH I LERLTY
3 —RIZBAARIZEGTFOEENEI DBV
®, RNA F#HiIZ L 2@ FREMNHICHT 2
ZEETHEMAMNELONSN, Thel& Ll T
mMEALAROX S REFMRIIEEFREOCER
BRIDE VD, HOOERIEFMEEZENE
THZEIEBMEEE CHWH L WIEHFED TR
tERTEEZISNS.

4. &HHYIC

NMAMEERNIZRBL TWIHBEDS FEEN
ELEDTEMRBEORBENEETNTED, HED
mRNA 28 RMIZHAET 5 RNA THIIEDAZ
BENB3HED1DTHD. LrLigds, TOE
71713 siRNA & % W id shRNA RIRX Y ¥ — #Z
FIdRE (EICHAME) IKHREILFUNI—F3
FHEROBERMFRAARTH D, —RIIHAKRELZE
B & LB SIS AMALIZ T 5 RNA F#EE
HEMNBENREEETADRERBERERD I &M
2=, RAMEMNEDICDNT, RNA FHIZ
L BMABRBEOAEN T TR, TOERBHAS
MmERSTER., ENMEEO—IZHB T RNA
FHzFETEHIETHEDRMNBONDEE,
RNA Fi#2HATH I AT LAREEICENIRE
FICIRDaTREME N D 5. SRIZBFERT DRSS,
DNA DS F U EBRETFTINY R ELHAE
b8 5ZET, RNA FTHIREDEFEDRBEKRT
EHHOEMEFTS.
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Optimization of In Vivo Gene Transfer through Regulating Biological Response to Vectors
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The spatiotemporal distribution of transgenes determines the therapeutic efficacy of in vivo gene transfer. The im-
portant parameters of gene transfer are the level, duration, and cell specificity of expression, and the number of trans-
fected cells. Interaction of vectors with blood cells, antigen-presenting cells, serum proteins, and other biological compo-
nents affects the tissue distribution of vectors and the profile of transgene expression. Although plasmid DNA is less im-
munogenic than viral vectors, it can induce inflammatory cytokine release, due mainly to the presence of unmethylated
CpG dinucleotides (CpG motifs) . It was clearly demonstrated that intravenous injection of a plasmid DNA/cationic
liposome complex resulted not only in the induction of inflammatory cytokines, but also in the activation of nuclear fac-
tor kB (NF-xB) in the lung. Insertion of additional NF-xB-binding sequences into conventional plasmid DNA resulted
in a high transgene expression in the lung, suggesting that the biological response to vectors can be used to increase trans-
gene expression. In a marked contrast to this strategy, long-term transgene expression was achieved by reducing the
number of the CpG motifs in plasmid DNA. A plasmid encoding murine interferon (IFN)-g or IFN-y with reduced
numbers of CpG motifs was highly effective in inhibiting metastatic tumor growth in mice. These results clearly demon-
strate the importance of the regulation of biological responses to plasmid vectors to optimize plasmid-based in vivo gene

transfer.

Key words gene therapy; immune response; CpG motif; inflammatory cytokines; hydrodynamics-based procedure;
NF-xB

1. FL®IC HICEAL THRRIREBMBEANKEINTVS. A

WIS EBBEEE L TERRMGE2ED -8
GEFEEL, BRTOADENBEThEZLOLD
578, 2EMICIILYOMFEETSICHIZL TS
ERREVEL, BIZ, TTF/UANVARII—ILEX
BEECHEFIRL POV INAXRT I —EH W EER
FRETOAMBORERE, B2t T2EK
MHEENHShEINTERE. 2O LEHEERXY
Y—R%KRTB, HAIVEHLWIITORIF—
ZRRTAHIETARBICHKERETH D, FHEIC
BOTHFRRI Y —DFRAENREINTVS. £
D—HFT, ThoLeHicEI2EEEI3BICHER

BB RFEAZREZLNER (T606-8501 HBHAERK
& H TFLER 46-29)

e-mail: makiya @ pharm.kyoto-u.ac.jp

BEBIT, AEZRFERE126ELLVRIIALSTTHR
ZLEBOERLIZERLZZDDOTHS.

246

PIEEFREDERICIE, BEAEBGTFETICR
Wy N EOMEMBE BEFRETDT 71
W) ZRBEBREBICHEEBICHHTEIENUETH
3h, ZhETOBRALHAEICLHROSTZORE
LKA E L TEBEFHREMROREERETDH
3.1 Invivo TOBIRTRERE 07 7 1)L,
N5 —DEKNERED Y ¥ — 23T 2 £ ERED
EEBLERIT NS, FORBELIZHE invivo T
OHFBMMUBATHD., TOZEBBIZTFIHELOH
REEBOLELI-HEEZEAONS.

In vivo B TFEAICXDEBHRFICSVTIE,
R —ITHBRAENEERTFHENHRN TR
B.-HRINTEELEINDY ONTEOREFNRE
e BRI RUKNTORESE (ZRNK
) BEOHEBEDRERETS.2 LEMN>T, N
P —HBWIEESY N B OB EHEEEHIEIC
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LB EGETFHREORBELMNAIEEEA SO, HHX
DY — - FUNY =S AT LAETITH L W5 HE
MERINTEL. BEFHREZHAAPDILTEERLE
RABEETFRBEENHEL T, BEFRAOENA
faERE, RBL ), RBELE, RBAEERHE
Foha (Tablel). WEFNBHEERNTA—FT
HDN, MBESE - - BEERTIIE>TRIN 5T

LHbBRBLOBHENBVWEELEI NS, ({FE
& LT PEG {LBEINFIARIRERBES BRI T T
T T IF—EREDHIBRY NI B E)
Zid, BETEA - REMAROKFEHCROERE
3L, BBV XNV RURBHBENEER/NS A—
FYEEZLND Y —HEWIZ, TNHDNTA—F
WAL TROANARIY-NENTHED, EF
GHRBGTFREMVE LI NRBWVES (BltEE
BicnTr2mMEHRERTOEALE) 2BRE, EY
ANARIZ—-DFARKEINTNS. Lizdis
T, BEHITBNZETINAXRI I —DHA%IE
HAH-HIZIE, BEFRERELNINOEK, HNE
EFHRBHAMOEENEETH S,

Invivo B FRRIT, BHEMBTOFMMATEE
R —-BAHEOBLGTFEA - REFEHELT TR
<, EKIZL BRI 5 —38:&, HD0IIEHMBLL
NOEEKEST EOMEEMRICE > THRESEES
N3 Y2 75AIKRDNARBDAINARIY =L
BLTREFEECHEENEKND OD, MEHX
DNA IZHE#M B ETH B3 A F 1k CpG BLF

(CpGEF—7) MERELD, REHETT MAA
COEEEFETOIRERVWERERERDILED
BEINTVS. TITEBTR, ZOTI5RAIEK
DNA ICX B2 REHEY T b A1V EAEZEIRTFRE
BRIZHATA 27 70—-F &, CpGEF—T7H =%
BB LTS5 AIRDNAICKB I ¥ —Tx0
BEETREORRELIIETIbhDhoKRIHER%
BT 5,

2. DNABSIZLIYEEEINZ YA N %
FALICAEGFRBE DR

2-1. DNABEAKICLBRERYSI PhAE
3 HFFA AR —-LETSXAI RDNA &
AWM T S & THENIEEARICEETEE
A-RBEIQDLIENAGETHHIENBEINT
LISk, #&IZETANARIZ— - FYUNY—=T R
FLANEREINTEL. Eakbicks770—F
T3, BFAMHELEMERNTISAI KDNA
EEARICEDRABRE2METHIETARICHET
2R mE OMEER KT, DNA 24l
RIZFIUNY =T B EMNBEFRBRICDOENSD
DEEND. WhFFAMIRY—LETTAZE
DNA tD#EEEK (URT Vv 2 R) 11, BIKIEA
MREAINZREBNNRETIANINARI Y —D 1
DTHDH, MRITREMBESEL TEBEFEEL
RXIVOEINETS5ND, BRTHEDIINA KO
FA4FIVAFKILELDBEFEATREINZST LD
BIRFREDEBEVRRTR AW ENnG, VRS

Table 1. Gene Transfer Characteristics that Affect the Efficacy of Gene Therapy

Problems

Possible solutions

Target cell-specific
transgene expression

Expression in non-target cells, such as immune cells * Optimization of administration route/method

and germ cells, may cause adverse reactions, or in- D - :
P O evelopment of cell- fic carrier/vector
hibit transgene expression in target cells. elop of cell-specific ¢ /

» Use of cell/tissue-specific promoters

Level of expression
any significant therapeutic effects.

The transgene expression is not sufficient to produce  » Increase in the delivery efficiency of genes into

the cell/nucleus
» Use of highly active promoter

Duration of expression Frequent administration may reduce the quality of ¢ Controlled/sustained release of plasmid DNA

life in patients.

» Increase in the stability of genes in administra-
tion sites and in the cells

= Prevention of promoter attenuation/inactivation
» Stabilization of transgene products

+ Extension of the life span of the cells expressing
the transgene

Number of transfected Gene transfer of intracellular proteins may not be » Optimization of administration route/method
cells effective, unless they are expressed in a vast majori-

ty of target cells.
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Ly ZADEEFHEADENMEVERIZ, XF/5F—
(F75 XX KDNA) TRESTLAZOFUNY —
DRICHDHDEEZ SN, EEARANDERLT
# A 12 3B W Tt dioleoyl phosphatidylethanolamine
(DOPE) #H#EDANN—FEEELTAVKEYR
Ty 7 AXDEVWRERTFRREAES Z & A50]HEE
THad. LrLiahs, BIRANZEGEICIE DOPE
SHEVRTL v I ANKROKEMETT DT L THR
MICEEFRENES LD I EMNBEINTS
0,9 in vivo BEFEAIZIIFIHTE WL,
VRTLwZ7ADHD 1 DOMBEELT, EEE
EF (INF)-a®Af >¥—7x0> (IFN)-y, 1
H—OAF L -2 EDREHEY A FhA L DE
EMETFONSE, 2 T75XAIEDNAGOD
CpG EF— 745, Bk EICRET S Toll-
like receptor (TLR)-9 2B L TEHEIND
TERREBBODEEZSNTVS O 70RO R—
FEEYRY —LZHIRNIZEGT 2 ETHERES S
07 7 —JHF Kupffer #1182 % BEEMICERE L 72 F
R TiE, MEFOREES 1 FAA BESKIE
WETTA2ZEMREINTED, URTL v I AR
kB9 M HM OEEIZRINSASHBOME
MEFHEENTWS, CpGEF—T72507 X2
K DNA Bt (naked DNA) %5925 2&TdH

Radioactivity (% of dose)

HA MhAUDBELEINEN, URTL v I R
SVELEBIIBKT S BEII/DT7—D, B
iRz AVERIAMNSIE, TLRY KENRRED
B3 TRL, TLRIFEKENLZREZOEE bR
SNTVWA. T HIZYRT Ly RDBFEITIT,
CpG EF — 7 HEHEL LB WEEIC D REMIEAHE
LT D ZEMASMER->TED, RETOHRE
KDWTFHARKREZIT> TS,

bhbhit, VRITL oy I 2L HBEFRED
ks HIZ, BIRNIREHOEBEETFRBRILTITY
RTL w7 AT 2EERRIGICDVWTEHMEL 7.
®EHZit, CMV JO0E—FIZRIATENII >
715—tFcDNAZJ—RL, CpGEF—T %
846 HEHT ST 5 X3 RDNA (pCMV-Luc) %
BIRL. 7. N-[{1-(2,3-dioleyloxy) propyl] -
n,n,n-trimethylammonium chloride (DOTMA) &
aLAFO—)L (Chol) 5RBUVRY—LEN
FA HURY—LELTEHRL, pCMV-Luc &
BETBIETYRT LV AEHAALE W N
BB TS5 AI RDNANSRDZYRT LY I RAES
M ZBBRMICRSESL-EZA, URT Ly I AR
BEHEDPMICHIZERL, TORKRLITHEAE
T3z EMRINS (Fig. 1), BEMIZIZ, &
EBDH8%DT 5 A3 K DNA ASHi~, #50%7M8

Blood
Kidney
Spleen
Liver
Lung
Heart

ENEDBZO

Time (h)

Fig. 1.

Tissue Distribution of Radioactivity after Intravenous Injection of !''In-labeled Lipoplex in Mice

Mice received a DOTMA/Chol liposome-"""In-plasmid DNA complex at a dose of 25 ug DNA/mouse. The blood concentration and tissue accumulation of
radjoactivity were determined at the indicated times. The results are expressed as the mean+S.D. of three mice.
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HE~NEBLE. T ToOHmEITHHLEIIZ, U
RITL v 7 A &RBRNIEET 5 LM & DHEE
EROKERMIC—RICERL, MEAOENLA
RTEETFHREETS. bhbhoRiFIZBWT
b, BT—BEOREFRENEShL. —4, I
BADERBICIIEICHIEEEGMBMES L, TNF-«
RBEDTA MAA EEIZIE Kupflfer fIfRNEET
HAIZEMBEINTNVE YERE URTL vy
25 %MmMESR TNF-a BEIRECHIZERL T2
BMEIcE—2 20, FOEED LIRS 24 B
g EAERE I NN .

2-2. fTONF-xBEHEBRFRRVDELD
] DRIV y 7 AFBSICEVEELEESN S
TNF-a i3, &EREF NF-xB OB N2 EMCRF &
LTHISN B, NF-«xBBEHLIZEDEABITL,
DNA L@ NF-xB #&5BSICEETHI&ETY S
K12 2HDE OBEFORETLREETS. £
=, Y1 b AXAFOTDANZ (CMV) REDTA1 I
2D ) LTS NF-kB #5857 E L. NF-xB
DIEHIIZE D TN ABRESMMEET DI EDHS
NTW3, FETANART Y=L B ELTFEAIIZ
BLTIR, Z<0HlaTEWVESEENSH D CMV
ToOE—-FBMABEENE. Lo T, URJ Ly
DADHEEIZED TNF-aMELTN, BIETFEA
HIfRN T NF-«xB 235ttt an a3 &, CMV 7O
E-FIIRIA T EINBEABEGEFORBEDTIEMD
HEXNhD ZIThhbhil, URILvIR%
BN ES L& ED0BIRTFREBBE THSM T,
VR Ly 7 Z0#HFIZX D NF-xB SEHERT 3
MIZDWTHRE L7, Figure 21279 & 312, A
TNF-xBigE iz &hs, URTL IR
DX 512X D i T NF-xB MiEHLT 2 Z & MBS
MmEMRo/. NF-«kB 2EHILTHIEMNA6NS
JRZEE (LPS) ZFixSLAIIAMTI, &5
IZSAE 7L NF-kB IEHH(LDSBD 5Nz, ZDEE,
NF-«B & GEFZ2SUORFERFVIX I LA F
K (ODN) LB ONVEALOERE, BFED
JEFESE ODN DOFEMIZ L DK L 72A, pCMV-Luc
ICE>THRELICHELE, DI &MS, NF-«B
MpCMV-Luc IZEBTHZ EMHASMER D 2.
Zhit, pCMV-Luc ® CMV JOE®— ¥ ICHFHET
%5 48O NF-«kB#EABFIZNLHEETHDEH
BN, ZOHRABCEIVEGFREANEEEZTS

249

1 2 3 4 5 8 7

Fig. 2. Analysis of NF-xB Activity in Mouse Lung after In-
travenous Injection of Lipoplex

Lung was harvested from mice and nuclear protein extracts were ana-
lyzed by EMSA. Lane 1: untreated mouse, Lanes 2, 3; pairs of mice each
reccived the lipoplex intravenously, Lane 4: mice received 200 g LPS 30 min
before injection of the lipoplex, Lane 5: the sample from 4 was clec-
trophoresed with a 100-fold excess of unlabeled ODN with an NF-xB binding
sequence, Lane 6: the sample from 4 was electrophoresed with a 10-fold ex-
cess of pCMV-Luc, Lane 7: the sample from 4 was electrophoresed with a
100-fold excess of unlabeled ODN with a random sequence. Arrow indicates
the NF-xB band. Cited from J. Gene Med., 8(1), 53-62 (2005).

ZEMEZSNT.

FIT, MiTONF-xBEHEBRTFRIELOH
BeEBE O MIZT B0, LPSR5ICL 28T
RENOEBIZIDWTHREI L., BRTFHARDS
WIZRIZLPS 245325 2& T, MiTOBEGETFHR
HAFEIICEALE (Fig.3). ULOEREMS,
i TO NF-xkB &M B TFREE ORMIZIZEDH
BN B Z E MR N,

2-3. NF-«kB ZHICERZIHOEVWTTIRX Ik
DNA ORE #BIFiEEZEHMEL THAWLON
57522 RDNAKCRREEADEOH I MS CMV
TOE—YNRAINZN, Fiko@ED OO
E—#IZI3 NF-«xB #EEFIN4BEETS. Dh
bhid, NF-xkB#EE ¥ %2753 K DNAIZEB
Wd22ET, URT Ly 7 RBEIZEDENHAET
%5 NF-kB # X DD EMICEBLEFRIEKRICFIAT
EhxWwhEEX FIT, CMVJDE—YDLE
FIZ 58D NF-«xB B EBH /= ICHEALHR
75 X X K pCMV-kBs-Luc Z2#E L=, B& 2N
OB EHGHZEH ODN L2 W EGEROER,
pCMV-Luc & b # L T pCMV-kBs-Luc 13 NF-xB
EDEEHEINEART B ENEREINE. £ITY
RTLy 7 RELTRUABRAICESLEED
%, BSsERVWEGTFREAMNE SN (Fig. 4.



1033

No. 11
(A) (B)

2.0x107 . 2.0x107
<
2 1.5x107 | 1.5x107
a
<)
E
> 7 7
Z 1.0x107 | 1.0x10
o
%]
i
Q
g 0.5x107 | 0.5x107
3

0 0
Control LPS Control 2h 3h  4h

Fig. 3. Effect of LPS on Transgene Expression in Mouse

Lung after Intravenous Injection of the Lipoplex
(A) At 30min before injection of the lipoplex, mice received saline
(control) or 200 ug LPS. (B) Mice received 200 ug LPS at the indicated
times post-intravenous injection of the lipoplex. At 6 h after injection, mice
were killed and the lungs were harvested for luciferase assay. The results are
expressed as the mean£S.D. of three mice. *p<0.05 (vs. the control
group) . Cited from J. Gene Med., 8(1), 53-62 (2005).

2.0x107

1.5x107 |

T

1.0x107

0.5x107 |

Luciferase (RLU/mg protein)

pCMV- pCMV-
Luc «xB-Luc

Fig. 4. Transgene Expression in Mouse Lung after In-
travenous Injection of pCMV-Luc or pCMV-xB;s-Luc
Each group of mice received a lipoplex composed of the indicated plas-
mid DNA at a dose of 25 ug DNA/mouse. At 6 h after injection, mice were
killed and the lungs were harvested for luciferase assay. The results are ex-
pressed as the mean£S.D. of three mice. *p<{0.05 (vs. pCMV-Luc group).
Cited from J. Gene Med., 8(1), 53-62 (2005).

ZO77O0-—Fik, VRTLy I ABRE5HOMT
DEEFRRIEST, NFxBEENBWERET
KBWTIERELEHEEZA NS, BlaTIILIE
LI NF-«B DEEMREHEENBREENTNVNS I
EMS, BHRETOELGTFRROBRICHATES
LOEHFHEINS., bhbhiz~v U RAEBEME
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colon26 =MW/ FlEBLBETMN S, NF-xBAMEH
MIZEMHEIEL TWaEMETIE, HALKL NF-xB
HERFKICKEL TEETREMEART S &%
BSMTL TS,

3. CpGEF—TJ7HODHIRICLDBEGFRRD
fut
RIZ—HBEIZIORKBORESEY A A1 258
EEINhaZEild, BRFEHEFIZZIHMLSTL BIF
FLWIETIERABWL. W RHICRESEYT Mh1 288
ERYRIZEFNERLBZVWESIZIR, BHTOE
EEMFTEIIENEELVEEZISNS. CpG
EF-TRIEKEL TRERT A M A1 O BEAS
haZe&, FEFOEABIRT Ly I ZEIZED
REMIZWMKTEZENS, XIVFV—-REIZLBR
SEMEY T MM OESEMHIT 51213, naked
DNA 2R3 Z L, CpGEF—TEBZHOT I &

MEEELEZEZI SN S.
1999 ££1Z Liu ¥ & Wolf 5z NT KO
FAFIOREMNEHEIN, ZhickDhoET1

WARG - L EDBRFHEARESEL TEHR
MIZEWVWEGRTRENESND LS. &XiE
T3, £HEAEKIZIEME L /- naked DNA % 23#E|Z
TYURARBMAICHERT S ZE THBTHERICEN
BEFREMNEBSNS. Figure SI121, B@EIET 1
NAMBEFEAEICLSBELGCFRRELANNERT
M, N1 ROV FIVRAFEIZED, BA—F—L
FTEWEEFREE AWM T7r5—FEE 2
Bohs ZOLSEFRICEIVEFMICEHVIE
GEFRENEONDZZEMS, Z<OMRTEKET
BAFRELTHASRTZRE. Wbhbhd, IFN
BEEGTHEECET IR ZITVL, YU X IFNS
XX IFN-y 2% HT 575 XX K DNA (pCMV-
Mug BT pCMV-Muy) N\ RO¥ A F 37 Xk
KEXVEBITARRET A ETRVIEEDE
ZHTVWS 9 LS, ZORBEAN—BHET
Hokl s, BEFREANELVHENOEES
B2HELLHF TES (Fig. 6) dDOD, fi~Dig
BIZRHT0HFHTIIRMo 7.

IFN B8 THEEDRR, B TREZEKL
THZELETKIBIIHERGELEEAOSNS. BETR
BoEGEHRIIELTRE4AO7 JO0—FNEZI 5N
L0V BRTFREL NI EBRS Z & <E6
TRZERESTHEARWL, Dk, CpGE
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Hydrodynamics
iv. (10ug)

e —————

naked pDNA
ip. (10019)

Gal-pOrn-mHA2
Lv. (1019)

LPD iv. (25ug)

*not determined

Gal-liposome
i.p. (301g)

Gal-liposome
iv. (3019)

naked pDNA
iv. (104g)

A

B Liver
O Lung

A .

10" 102 10° 104 105 10 107 10° 10° 10%

Transgene expression
(RLU/mg-protein)

Fig. 5.

Comparison of Transgene Expression Produced by Various Nonviral Gene Delivery Approaches

Plasmid DNA encoding firefly luciferase cDNA was administered as the naked or complex form to mice, and the luciferase activity in the organs indicated was
measured. Gal-pOrn-mHA2, galactosylated poly (I-ornithine) modified with a fusigenic HA2 peptide; LPD, plasmid DNA complexed with protamine and DOTAP
liposome; Gal-liposome, cationic galactosylated liposomes composed of DOTMA, cholesterol and galactosylated cholesterol derivative. Cited from Adv. Drug

Deliv. Rev., 57(5), 713-731 (2005).

70 7
_3 60 6
g 2
2 50 15 =
© 2
5 40 14 g
2 30 13 &
E 20 2 3
z -
10 1
- 1.0
0
Untreated pCMV-Luc pCMV-Mup pCMV-Muy
Fig. 6. Inhibition of Hepatic Metastasis of Tumor Cells by

IFN-expressing Plasmid DNA

Mice were inoculated with 1X10°CT-26 into the portal vein, and
received 10 ug pCMV-Mug or pCMV-Muy by the hydrodynamics-based
procedure on days 1, 3, 5, 7, and 9. On day 17, mice were sacrificed, and the
number of metastatic colonies on liver surface was counted and the liver
weight was measured. The results are expressed as the means+S.D. of at
least five mice. Arrow indicates the average liver weight of age-matched nor-
mal mice. *p<{0.05, **p<0.01 (vs. the untreated group). Cited from Mol.
Ther., 51(5), 713-731 (2002).

F-TIRLXVFEEINZRESRY T MHT 2,

pCMV-kBs-Luc Z W/ KR TRE =L DiIC#E
GCFREEERKEIES2—FHT, EHO#EEGTFRRIC
LU TEMEIMIZERT I HEEbBREIhTNWS,

Fiz, NEBEETFICHT IBEEEE L TAFIL
BEMEAL, 57X RDNAHO® CpG £F —
TDAF IR X D BEEFRESINHIEINSZ LD
REINTND, LMo T, BaTFREOESHKLIZ

2561

137523 KDNAFDOCpG EF—7HZEHIET
BIENEHEEZ NS FIThhbhil,
CpG EF— 7 & KBIZHAP LTS5 A2 KDNA
EHEL, IFN BBGFHEEDROEEZRS.
CpG EF— 7¥HIB 75 X2 KDNA &L T Gen-
zyme tE MR LU/ pGZB XU ¥ —%2FEAL, 1%
WL 715 —FXIZIFN-B, IFN-y ¥ 75 2 3

K DNA (pGZB-Luc, pGZB-Mug, pGZB-Muy) %
HWELL (Fig. 7.

3-1. RAMH A FPHACEECHTSCpGE
F—T78BDE RUAYr 07 7 — Ak
RAW264.7 # AW/ HHTIE, CpGEF—T7 %1F
EANESERVEHHIE DNA OENTREER
TNF-¢ B 3B SNaho7=h, CpGEF—7
*Z2¥ET pCMV-Luc I2& D TNF-a MNEA I N
=, 7=, ZORBIBIYRT L v 7 ik D SRE
IR L. —%, BRETIOABEE~S IO 77—
*AW/#54TiZ, pCMV-Luc % naked DNA & L
TIHERMUTHEZR INFaiEEEI NV &2
BAOSMILTWNS 7910 B TLRIYHERF—5D
BN S, EEY D07 7— T3 TLRY OHK
LAJLAMELS, ZhCpGEF—TRRIGLAEW
—HTHDIEE2TMTIHREB/TNS. Z0O—
5T, pCMV-Luc 542U RT L v I ATIRE
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pCMV-Mup SV40 promoter pGZB-Mup
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Neo' Minimal Ori
Col EI SV40 pA Kan’-syn
pCMV-Mup: 686 CpGs pGZB-Muf: 116 CpGs
pCMV-Muy: 686 CpGs pGZB-Muy: 112 CpGs
Fig. 7. Construction of IFN-expressing Plasmid DNA with Reduced Numbers of CpG Motifs

Mouse IFN-£ or IFN-y cDNA fragment was inserted into CpG-replete pcDNA3 or CpG-reduced pGZB. The numbers of CpG motifs in cach plasmid DNA are

indicated. HI: hybrid intron, -syn: synthetic.
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Transgene Expression Profiles after Administration of 1FN-expressing Plasmid DNA

(A) After intravenous injection of IFN-S-expressing plasmid DNA (10 ug) by the hydrodynamics-based procedure, the serum IFN-J activity was measured.
(B) After intravenous injection of IFN-y-expressing plasmid DNA (1 ug) by the hydrodynamics-based procedure, the serum IFN-y concentration was measured,
The results are expressed as the mean+S.D. of three mice. O: pCMV-Mug, pCMV-Muy, @: pGZB-Mug, pGZB-Muy.

Bvronory—Ch5EL80 TNF-a SEA SN,
ERZOREMNTLRY /v I T7 T RITAHRD
X007 7—TTHEOSN DL E, TLRIIZK
FLRWRIEREOBEESLHLNERZH>TNS 1O
Invivo IZBWTH, naked pCMV-Luc @ # kA
BEIZXDMED TNF-a LRIV SERL M, &
Fiig DNA OB SRRBFEERLERIBED S haho
J=. #Z T, CpG EF— 7 ¥ %HIB L /= pGZB-
Luc # naked H25WIIU RS L v 7 RELTES
L&A, mED INF-aBEIRWThoOBS5E
BEDIBAIZH pCMV-Luc DB E D 20—45% RE T
Hol. Zhid, E75AIRFOCpGEF—7
DE|E (pCMV-Luc, 6%; pGZB-Luc, 3%) &34t
TRETHoM PTHONT KDY FIVRET

252

naked pGZB-Luc # %5 L /=& 1213 TNF-o 138
HEER (17pg/ml) LLTFTHD, TNF-oiZ k58
GFREAOZEIEFITNI N ENHERI NI
32. CpG EF—7HHIRIC LD BEGFRBOK
Rt MBESDROEE  pGZB-Mup X i3
pGZB-Muy 2N\ ROF A FIZAHETITAK
BELEEZS, WITFNOEEICHMBE L HRL
THENZMED IFN FE (BE) MREIhE
(Fig. 8). IFN-BEH OB AEIINSBETHY, 8
SfEREVWMBPRE—FFHBB THE (AUC)
WK 2 EENEYHERME (MRT) Z2RL &
MmyES IFN-y BEIZIRS SICHREREVNRED S
N, AUC RUUMRT IZFNEFNH 2018, H3IET
Hol. BEFRREIFOT77AINDEVERRLT,
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Fig. 9. Optimization of In Vivo Gene Transfer through Regulating Biological Response to Vectors
Immune cells recognize CpG motifs in plasmid DNA and secrete inflammatory cytokines, which greatly affect transgene expression. (A) NF-xB in target cells

(lung endothelial cclls) is activated by inflammatory cytokines, so a higher transgene expression can be obtained by adding NF-xB binding sequences to plasmid
DNA. (B) Reducing the number of CpG motifs in plasmid DNA results in less production of inflammatory cytokines and prolonged transgenc expression.

pGZB X7 ¥~k 5H T3 L D B WHBEH R
HoNic. IXUAEBEME CT-26 2 B&#IRMIC
BHETOZETERLEMEBET VYT ATOR
FHhS, MRAOEBEHROBFRESHDILTIZE
FEROERALZEENRD SN

4. EHYIC

ERTHE, 7IXAIRKDNAZAWVSIELETEA
OBICEBEREARRIGELTCpGEF—7IZHT
LHRERIGERY B, ZOREZBENICHIET
HIEIRLLBEEFREBAL, EETLHIEICK
HBETREFHELIZIDOLThOhbhoE» 28N
L7z (Fig. 9). Invivo Bz TEAIZX BB TE
BOERICIZ < OMENKINDN, HFES
MRBELETF/ZONVEIZE > TRTWSRALEEG
FIEEEROWESNE< D DDH S, KETIZ
NA ROV FIVZAFEOFEBRZHALAEE FERK
WEMZXY—F L BRZEEAMZNVI &, &
GFREAMBREAIGETH oL EMMEINL.
Naked DNA 3B B HERBETFRIF—-EEZS
Na2EMhs, SEOBGFRERNOERENY
¥ —FHA1 CORBLIZE D ERBLRFHEEEIC
RBOEHEIHBOELMET 5.
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