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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-kB) 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)-8 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.
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L5 ELETFRFEORELNEEEE Z 5N, A
75— FUNY =2 AT AMNTH LG Hik
MRAFINTE /2, BEFREEZHKAS L THEL
DB THREEEE L TE, B TFREOENM
RGN, FEELL NV, FEHMIRE, Rz
Fois (Tablel). WINBEER/NT A—FT
HBHN, WRER - BEEETICE> TR RST
L bEREEOBENBRNVEEDEZ 6N 5. AL
& U T PEG L BAINFIA FTRERIGE (BIZET T
JIOTF T IF—EREDHUMEY L INT B E)
IZid, BETFEA - BB O R RSO EEE
WK<, FHL NV R OFEB RN EE )N T A —
Y EZEZOEND. Y BRI, TNEDINTA—F
WRBL CIEUAIART Y —DMENTBO, &m<H
B ERTFREANSLEE SNBWEE (iR
BICHT 2 MEHERTOEBARE) Z2E, kY
AIWAXNTZ—OFAIFHBEEINTWS, Lo
T, BREMITENDIETAIVARY ¥ —DFIH % i
W50, BETFHREL VDMK, HNTE
BT RBEMEOEENEETSH 5.

In vivo B A TR IBL, BEMM T O A6 7] B
2Ry —EHOBETFEA - BHRENZT TR
<, HKICk2ZRD 5 =385, B 5 WIEERHRLA
NOEERET EDHEERICE > TORESHES
N5.9 7 ZAI RDNAWRTAINANRTF =L
B U CHRERESHEEEDNME NS OO, Hil ok
DNA IZR#7a#iE Td 5 IE A FILIE CpG KL ¥

(CpG EF—7) NEKWERD, REMETA NI
COMEAEFYET LR ERNVEMIEEREREDI LD
WMEINTWE, ZZTABETIE, ZOTFIXIR
DNA IZ KD RIEMEY A N A D EAZBLETHEE
WMRICFATS27 70—-F&, CpGEF— 7% %
I L7279 AI RDNAICKS S >y —T O
EETHRHEORLICET 2 bbb OREHER %
T 5.

2. DNARG[CLYVEEENZ VI MM %
HMA LB FRREOHER

2-1. DNABEEKICLDKESEYM MDA E
£ AIFAFMHIRY—-LETTIAIRDNAZE
BEEMRET 2 2 & THRMITEEEMICEE T 28
A FHESELZENRTHS ZENHEEINT
LISk, BABIETAINANRT T —« FUYNY—
TLAMHFEINTE ., EERMbicks7Y 7o—F
T, WFF MG ERNWTT A2 K DNA
BEAEKIIEORmMEM KRG 5 I &L THICHET
ZiaZkm & OMAIER =K S, DNA Zfif
WIZFUNY —F 22 ENEBRTFRRICOBND D
DEEIND. AFF MR —LETTZXIR
DNA E0#EEHKR (VRT L w2 Z) 13, RS
MRS SN EMNRIETAIN AR T —D 1
DTHBN, fRRT REMERE L TEBRTFRBL
NIVDESHET 6N, BB T2LD1T)N\1 RO
FAFI AR L DBEFHEATIENZST LD
B TREDEMENRTIE AW EnS, URTS

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
and germ cells, may cause adverse reactions, or in-
hibit transgene expression in target cells.

Optimization of administration route/method

Development of cell-specific carrier/vector

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

life in patients.

Controlled/sustained release of plasmid DNA

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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L 7 2 DBETEANBMENREL, X745 —
(779 A3 EDNA) TlEAELDLAZFOFUNY —
HRIZHDHDEEZSEND. BEMEANDERLT
3 A2 B W T dioleoyl phosphatidylethanolamine
(DOPE) ZHEDOANIVS—EEEL THWEZU R
Ty AKX EWELETFRBE 255 I EAVAHE
Thsd., LhrLians, #ikMNEEKIZIX DOPE
BEVRT Ly 7 ADFRIMERE@MET 2 2 & THER
FICHERTRENMELS B ZENHEINTSH
0, in vivo BIATEAIZIIFATER W,
JRTLyZADHS 1 DOMEE LT, EEE
T (TNF)-a %A >4 —7x0> (IFN)-y, 1
DA —OAF 2 -RIBEORIENT A NA > D
EMET NS, ZNIET T A KRDNA D
CpG EF — 70, BHRMAR EI2HEBLT S Toll-
like receptor (TLR)-9 IZIEHE EL Tl %
ZEITEBBDEBZLENTNS. 9 O ROR—
FEBRURY —LZBIRNES T 5 2 & THlES 2~
07 v — % Kupffer #ifid 2 HRERIICBRE L =<
T AT, MiEHDORIEEY A N1 IREDKIE
WK R B ZENRINTHBD, URTLw T AT
X5 A1 M4 OEEZIIZINSABHMEORE S
NEMINTVWS, CpCEF—T7 25T T A3
R DNA Hifft (naked DNA) #5352 & TH

1

60

Radioactivity (% of dose)

Time (h)

A NI CREEINDN, URT L v 7 2k
KOEARIIEART S, BEY /O T77y—2, BHR
Az Wiz BEth 51k, TLRY KEMN 2 %N
B2 Tl<, TLR-9 FKEFNRBELOEE &R
INTND, 7O RRICURT L w7 ZOHEITIE,
CpG EF — 7 MNHFEME LB WEEITH M 2 TE
MALT D ZEMHENERSTHBO, BIEZT OB
DWW TRl RE 217> T %,
bhbd, VRT Ly 7 AL 5B ETFHRED
Hnkae HWIZ, #IRNEGROBETRBEETITY
NI Ly 7 ZNTHRT B BRI DWW TEHHME L 7z,
MEIZIE, CMV 7JOE—%ICRI1 T3z
Jrxo5—YccDNAZI—RKL, CpGEF—T7 %
846 5 H T 575 A K DNA (pCMV-Luc) %
BEIRL 7=, F£/=, N-[1-(2,3-dioleyloxy) propyl] -
n,n,n-trimethylammonium chloride (DOTMA) &
JLZ70—) (Chol) MHR5HURY —L%ET
FA VR —LELTEHRML, pCMV-Luc &
RBETHIETURT Ly 7 X ERHL 2.1V Mn
ZHT TAIRDNANGRDURT LYy I A%ER
A RBEIRNICHRE L2825, URT Ly 7 A
B GHBERNITICEREL, T ORIRLICHIENSE
1922 &Rz (Fig. 1), BEMICIE, #&#
HEDKI 8% DT F A X K DNA HfitiN, #)50% A

Blood
Kidney
Spleen
Liver
Lung
Heart

EENE RINZRN

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
radioactivity were determined at the indicated times. The results are expressed as the mean+S.D. of three mice.
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Frig~NER L. ZNETOREICHDEII1T, U
N7V w7 A &FRNIE S92 &Ry & DA
VB DRGSR — eI ERAE L, il B if 87 PN Bz A
JITHELETNREBRT S, bhbhOBRiHIzBNT
b, il T— Hﬁ@ah?ﬁﬁ@ sz, —H, I
i~ DERITIE FITHIEFE MBI 5 L, TNF-o
EDYA NA 2 EAITE Kupffer Mgt EE T
HHZENMESINTNVWS. Y EE, VRTL v
ABE#IMIEH TNF-o B I#He NI ER L T2
KR IcE — 27 &2 0, T 0% LG 24 K
BIZITFEAERB I NN .

2-2. fiTONF-«BEHLEGRTFRRADELD
AH B URT Ly D ABRGITXOEELEIND
TNF-a 1%, #£5. K F NF-xB D&} I iG ALK 7 &
L CHIS NS, NF-«BIIIEHIIC K OEABITL,
DNA |- ® NF-«kB #E GG TS & THA
A 2 2th0 2 < DEETFOEEZREET 5. £
7z, YA AT OTAILA (CMV) I2EDTA1)L
ADT ) LITH NF-kB #E GE AN FH L, NF-xB
DIEFHIT K O T A I AIENMERET 5 Z E DS
NTWS. ETAINARNT =T K DB TEAI
BNTIE, < OMd TEWIREIEEDH 5 CMV
JOE—FNRHIND. Lin>T, URT Ly
T ADEEIT XD INF-aNELAS N, EizTEA
MBI N T NF-xB 23 ke hd &, CMV 7O
E—FITRIA T EINLHEABRTORIDTHEDN
HMEINS, £ Thhbiid, VRTL v X%
FRNR G LTz & & DB T HBiEG TH ST,
URT L w7 ZOHFKEIZE D NF-xB NG T 5
MIZDWTHE L7z, Figure 2 1279 XD, BN
'Gmwﬁﬁﬁméht_a@b,U$7vjﬁx
OFHIZ X Vit T NF-xB 28N EMALT 2 Z EATHH S
METRo 7=, NF-xB 2EMHLT 52 ENHAIE NS
JiRZHE (LPS) ZEi#G LAY AMTIE, 5
IZBHE 72 NF-kBIGE LD 6Nz, TDEE,
NF-«B #i G Y & 5 O E#HA YV I X7 L4 F
R (ODN) &% > N\I7EEDfEEE, BREED
#@ﬁODN@%M”;Dﬁ%Ltﬁ,mMVUm
WL THRERICHELE., 2O &M, NF«B
S pCMV-Luc IZ#ES T2 Z ENHS M E RS 72,
I, pCMV-Luc ® CMV 7 OE— ¥ IZHFEET
54@@Nﬁ$%Amﬂ%¢bt#Af%ét%
RKIN, ZOMBBICKVELRTRENEEEZZ TS

1 2 3 4 5 6 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
received the lipoplex intravenously, Lane 4: mice received 200 ug LPS 30 min
before injection of the lipoplex, Lane 5: the sample from 4 was elec-
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).

ZENEZLNT.

Z T, MiTONF-xBiEEEBEFRIEOM
BEZBHSNCT 52011, LPSHEICXDEIET
FEANDEBIIOWTHEF L. BETEARDD
WITRRICLPS 285925 2 & T, MToO#EKRTHR
BHMWEZITHMAKLZ (Fig. 3). DLEDOREEMNS,
JifiT @ NF-xB &M & EAATFHBLE OMITITEDH
B 5 Z ENRBEI N,

2-3. NF-kB EHCEZHEOSVTTXIE
DNA OR%E  ExTFREZHMNEL THWSN
%57 F X2 RDNAICRAEHDEOFEI NS CMV
TOE—FZNPNHAINSGD, FIROBEO 2070
E— 4TI NF-«xB #E G5B AD 4 BEFEMET 5. DN
L, NF-«B#EGE %75 X2 K DNA (2B
45z &T, Uffbyﬁx&ﬁ’;bﬁﬁm?
% NF-xB % K U BRI BT RBMEKICHAT
ERWNEZRZ. FZT, CMV JOE—40D L
T 5 &8 D NF-xB 5 S ECA Z #7212 A U 72 Fiil
75 A3 KR pCMV-kBs-Luc &L 7=, & 2N
278 EFHER ODN & 2 W2k BB DR R,
pCMV-Luc & [ i#% U T pCMV-kBs-Luc 1% NF-xB
EDFEEMENERT B ZENERSI N £ZTY
ATy AELTRURAEIRNICKEG LEEZ
A, KIS EEWEBRTRENG SN (Fig. 4).
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Fig. 3. Effect of LPS on Transgene Expression in Mouse
Lung after Intravenous Injection of the Lipoplex

(A) At 30 min 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
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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 pPCMV-kBs-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. pPCMV-Luc group).
Cited from J. Gene Med., 8(1), 53-62 (2005).

oY 7u—FI, URT L w7 ARGROMT
DA THBICHE ST, NF-xBIEEDEWERE R
KBWTIRA<ADEEA SN, Bl TEIULE
UL NF-xB OIEFE R RIEM L HE SN TNWS Z
s, EMRTOBEETHABROERICHATES
HOEHREIND. DNDIUL T A A

colon26 % W= Tl 7 et 5, NF-«B 23E
NG ML U TW S M T, # A L7z NF-«B
AR E L CTEETFRBMNEART S I L%
BHSNZ LT3,

3. CpGEF—THDHIKICLDBLFREHD
Frik

NI —HHIZKOREDORIEWEYT A 1 >0
FEEIND T LIE, BREFBFEICEINRST L HE
FLWI ETIEBRW D RRITRIEEY A B A1 2
KBS EICEMICER LR WES I, Wz ok
EEMHITHZENEELNEEZSNS. CpG
EF—TEITKE U TRIEEY A N AA > EAS
No52&, FRFTOEARZIRT Ly I ZITXD
REEMICHE KT D ZEmE, XY —HHIZXD%
JEMY T M > OEEZIEIT 51218, naked
DNA 252 &, CpG EF— T ZHHST I &
MEEELEZOSNS.

1999 4F1Z Liu 519 & Wolff 5912k /A kO
FAFITAENRFEIN, ZHICKOmOIET 1
WAND 5 —IZKDBIETFHEASEE L CTIES
B VB THRIANMEOND KD ITR >, Rk
TlX, EHEEIE/KICIEM L /- naked DNA % ZUHIZ
XU AREIRNICIEN T % 2 & THIE CIHEREITE
BETRENGE SN S, Figure 51213, &Y A1
W ARGEGTEARIC L DB R TFRIAL NV ERT
M, N1 ROFAFITRECKD, A —5 -l
EEWELETRE RYIVVY 7 27 —YiEH) 7
/monsd, ZOXDITAFECKIOERICEWE
ETRENMEENDZENS, £ OWFE THEIET
BAFBELTHRHEZNTEZ. D bhibitd, IFN
EEERTHREICET M Z2T, YU X IFN-g
XX IFN-y 2589 575 Z 2 K DNA (pCMV-
Mup kX pPCMV-Muy) Z/)\-1 RO A+ 37 Xk
WROHER T XICHET 5 2 & THRWIIEER
BHETND 10 LM LENS, TOREN—EET
Holel e, BIETRINEOHIEA DTS
W REI <MK TE (Fig. 6) HOD, fli~NDixz
BIZiZdE0E TR 7.

IFN #iE R TR B R, Ea TR % Rkt
THILETKRIBCKEREEEA OGNS, BLETIHE
HoFEGbicBEL TIdfEs 07 Tu—FNEZ 5N
LM, BILTREL NIV 2R S 2 &<kt
THIEWRAESGTERW, iDL DIZ, CpGE
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Fig. 5.
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Transgene expression
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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-mHA?2, 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
_g 60 16
c 2
<} ]
3 50 5 =
(&) * 2
5 40 14 §
2 30 13 5
E * =
S 20 * 12 4
P4 -—
10 11
. *k D
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-Muf 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., 57(5), 713731 (2002).

F—TRZXDFBINDRIESEY A M1 213,
pCMV-kBs-Luc & fl Wz Ft C/RSI N K D ITH#E
BTFREZB{RIES /T, BRNoBETFIHEIC
KU TIIHHIIERT 558 bHEINTNS,
X7z, AREETFITHT HHHERE L TAFIVE
EEINMEML, 75 A3 KDNA 0D CpG £F—
TDAFIULIZ KD BRTFRESMGHIENDSZ LD
RINTWS, LEN-ST, EETFREOERLIC

1375 A2 KRDNA 1D CpG EF — 7K Z2HIT
BIEMEEEZEZLSND. D ZFZTHhnbI,
CpG EF — 7 H & KR L1275 ZX 3 K DNA
ZHEEE L, IFNJEEE TR RO R Z A7,
CpG EF — 7#HIE 77 A 2 K DNA & L T Gen-
zyme B FE L7 pGZB X7 ¥ — 2L, &%
WV 7 25 —E XX IFN-B, IFN-y B 75 2
K DNA (pGZB-Luc, pGZB-Mup, pGZB-Muy) %
ML/ (Fig. 7).

3-1. REMH A PHACEEICHT S CpG E
F—T7HOEE <A rO7 77— Ik

RAW264.7 # W= #E T, CpG EF—T7 % 1F
EhEETRWIKIIE DNA ORMTIEXA Z i
TNF-a EAEITED 5 N> 720, CpG EF—7
%48 &1 pCMV-Luc 12 & D TNF-a 234 XN
. Fl, ZORRIURT L w7 Z{BIT K D BEE
WKL —7, BEoAERE< 077y —2
ZHWZHHTIE, pCMV-Luc Z naked DNA & L
TIRMLUTHEER INF-aMEELEINBNT &2
S MMITL TW5. 7910 Fif, TLR-9 EHF—4 D
Rt S, B~ 707y —2Tld TLR-9 OFEH
L RIVHAMEL, 282 CpG EF— T IZL7Rn
—HTH5 I ELa2RBTHERERETNS, 20—
#7 T, pCMV-Luc /n 575U RT L w7 XA Tl3E
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CpG-replete type (pcDNA3)

Mouse IFN- or -y cDNA

CMmv
pCMV-Mup SV40 promoter pGZB-Mup
pCMV-Muy promoter -syn pGZB-Muy

Neo"

Col El SV40 pA

pCMV-Mup: 686 CpGs
pCMV-Muy: 686 CpGs

Fig. 7.

CpG-reduced type (pGZB)

Mouse IFN-f or -y cDNA

polyA-syn

Minimal Ori
Kan'-syn

pGZB-Mup: 116 CpGs
pGZB-Muy: 112 CpGs

Construction of IFN-expressing Plasmid DNA with Reduced Numbers of CpG Motifs

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

indicated. HI: hybrid intron, -syn: synthetic.

(A)

(B)

108¢ 1% r
£
= )
E 10%} 2 108+
2 S
2 g
> 104t € 104
"6‘ [o)]
® e
= :
Z 10%} 210 F
= Z
i
102 s N ' N 102 1 ! 1 Il 1 1 I
0 12 24 36 48 0 24 48 72 9 120 144 168

Time (h)

Time (h)

Fig. 8. Transgene Expression Profiles after Administration of IFN-expressing Plasmid DNA

(A) After intravenous injection of IFN-B-expressing plasmid DNA (10 ug) by the hydrodynamics-based procedure, the serum IFN-£ 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.

e 07y =5S8O TNF-a D EE TN,

FEZORBMTLRY /v 77 R ZHED
X077y —YTHROHNSD72E, TLR-9 ITHK
FLURBWRINEEOEG BN ETR> TS, 10

IZBWVWTH, naked pCMV-Luc @ F ik N
BHIZXD JI[L‘I%EP TNF-a L X)U238E K U725y, 4
fafik DNA OEAIIZAEER ERIZED s Nkah-o
-. =T, CpG %?——7;&%#'”5@1/7‘: pGZB-
Luc # naked 5 WU R T L w7 A& L THE
L&A, G+ TNF-a EEIZWTNOER 5
OB EIZEH pCMV-Luc DBE D 20—45% FBE T

In vivo

Hotz. T, T IAIRFDCpG EF—7
DOE|E (pCMV-Luc, 6%; pGZB-Luc, 3%) &3t
THMHETHo7Z. PTHNA ROFYAF IV AKT

naked pGZB-Luc # % 5 U 725 & 1213 TNF-a (3
RS (17 pg/ml) LA FTHO, TNF-all X 5iE
BFFIANOEBEIIIEFIT/NS W EPHERIN
3-2. CpG EF —7HHIAKIC L 2 EGCFRBROFH
it mMEBEBEMR O A pGZB-Mup 313
pGZB-Muy 2\ RO¥ A F I 7 AIETI T RIC
BELZEZD, WTHOEAITHAIREEE L
THR IR IMEH IFN & GRE) MM nk
(Fig. 8). IFN-B G DORRMEIINSHETHD, K
8 {55 K & o ifi B v i — R R R AR R RS (AUC)
WK 2 fEE W (MRT) 2R LU 7=,
MyEH IFN-y JREICIE S S ICHEHEBRENDED S
1, AUC KUMRT 322820 £%, #3#5T
Hote. BRERFHRETOT7 7 AIIVOENE KL T,
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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 cells) is activated by inflammatory cytokines, so a higher transgene expre

ssion 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 transgene expression.

pGZB N7 & — ¥ 5HTII L 0 EWHIUEEIENE
oz, XU AREEEME CT-26 2 B&#IkNIC
BT 5 Z & TIER LU 2B T )L Y7 A TOM
BN S, iR OB ETE OF BRI N A
FHBOEWRSIEENED SNz

4. &HYIC

ARETIE, 7923 KRDNA ZHWBELETEA
DBRICEE R EERKRE LT CpG EF — 7 ITHKT
BRSO B, Z ORE AR
52 EICKDBEBETRBEAL, FEYT LI LK
LEETFRBEEG IOV ThONb DR A %17
L7 (Fig. 9). Invivo BIZ TFTEAICKXDEBLETIE
BOEBITITIZL < ORENER I NS0, MNERER,
MEEILT/H N EIZE > TRTVWRA L #ER
TIRBEERBIOWEENE <RV DDH B, KETIZ
N RO A F I 7 2EOFRBEZRH L2 MERK
HENAY — LW, ERZEWERANZWZ &, &
BT REANBEAETH > /2 Z ENWHE I N/,
Naked DNA 3 b L LERER TN Y —EEZDS
N5 EMNS, SBROBLETFHEENOERENY
Y —FHA 2 ORI & D AR E R FIRRIEIC
ROELZHDEHRET 5.
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