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Optimization of Gene Therapy Effect by Spaciotemporal Control of Expressed Proteins
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Therapeutic effects of in vivo gene therapy, which aims to treat diseases by administering therapeutic genes to
patients, are obtained via proteins expressed from the gene administered. Therefore, to optimize the therapeutic effects
of such therapy, it is important to control not only the tissue distribution of gene vectors but also that of proteins ex-

pressed from the vector. Studies using protein pharmaceuticals have clearly demonstrated that the therapeutic effect de-

pends largely on the spatiotemporal distribution of proteins, such as area under the curve and mean residence time.
These results strongly suggest that precise control of the spatiotemporal distribution of proteins increases the efficacy of
in vivo gene therapy. Based on these considerations, we tried to increase the therapeutic effect of plasmid DNA-based
gene therapy by controlling the profile of proteins expressed form vectors. To increase the residence time of proteins, we

developed plasmids with few CpG motifs and achieved sustained expression of proteins at therapeutic levels for as long

as several months. Sustained expression of murine interferon y was highly effective in inhibiting metastatic tumor growth
and atopic dermatitis in mouse models. Thus, designing plasmid vectors is a promising approach not only to controlling
the spatiotemporal distribution of proteins, but also to increasing the therapeutic potency of in vivo gene therapy.
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Fig. 1. Processes of Nonviral Gene Transfer and Characteris-
tics Determining the Therapeutic Effects
Gene vectors are administered locally or systemically. The therapeutic
effects of in vivo gene transfer are determined by the pharmacokinetics of
vector and transgene product.
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Fig. 2. Comparison of the Level of Expression by Several
Nonviral Gene Transfer Methods

Firefly luciferase activity in mouse liver after nonviral gene transfer was
plotted against the dose of plasmid expressing firefly luciferase (pCMV-
Luc). TI, tissue injection of naked plasmid into the liver; EP, electropora-
tion; 1V, intravenous injection of naked plasmid; ip, intraportal injection;
Gal-pOrn-mHA2 polyplex, galactosylated poly-ornithine-fusogenic peptide/
plasmid complex; Gal-PEI polyplex, galactosylated polyethyleneimine/plas-
mid complex; Gal-liposome lipoplex, galactosylated cationic liposome/plas-
mid complex.
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Table 1. Properties of Plasmid DNA with Different Numbers of CpG Motifs

Plasmid Size (kbp) Number of CpG* Promoter Enhancer cDNA
pCMV-Luc 7.1 846 CMV CMV Luciferase
pCMV-Luc (CMV-syn) 6.8 772 CMV-syn CMV-syn Luciferase
pGZB-Luc 4.5 282 CMV-syn CMV-syn Luciferase
pCpG-Luc 4.7 194 EF1 CMV Luciferase
pCpG-Luc (CMV-syn) 4.6 194 CMV-syn CMV-syn Luciferase
pCpG-ALuc 3.6 0 EF1 CMV ngﬁ?;ﬁ%{g‘;iﬁene
pCMV-muy 6.4 686 CMV CMV Mouse IFNy
pGZB-muy 3.3 116 CMV-syn CMV-syn Mouse IFNy
pCpG-muy 3.5 20 EF1 CMV Mouse IFNy

* Numbers of CpG dinucleotides in plasmid DNA were indicated. CMV, human cytomegalovirus; EF1, human elongation factor 1; -syn, synthetic.
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Fig. 3. Time-course of Serum Concentration of IFN-y after
Hydrodynamic Injection of Plasmid DNA Encoding IFN-y
cDNA

pCMV-muy, pGZB-muy or pCpG-muy was injected into Institute of

Cancer Research (ICR) mice at a dose of 0.2 pmol/mouse. At indicated

periods after injection, blood was collected from the tail vein. The blood

samples were incubated at 4°C to allow clotting and then centrifuged to ob-
tain serum. The concentration of IFN-y was analyzed by ELISA. The results
are expressed as the means+S.D. of three mice.
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Fig. 4. Effect of IFN-y Gene Transfer on the Pulmonary
Metastasis of CT-26 Cells in Mice
Mice were inoculated with 1 X105 CT-26 cells by a tail vein injection. On
days 1 and 14, mice were injected intravenously with saline (control),
pCMV-muy or pGZB-muy at a dose of 3 ug/mouse by hydrodynamic injec-
tion. On day 19, mice were killed and the lungs were excised from tumor-
bearing mice.
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Fig. 5. Images of the Back Skin of NC/Nga Mice
Photographs were taken at 35 days after hydrodynamic injection of
pCpG-muy at a dose of 0.14 ug/mouse.

BT, RERISOHLIEEZHES THBON
T AWM, T LIV KT S Th2 #1786
EIRF TR DM IgE A LA U, RIERISA
N5, Thl Y1 A1 > Th5BIFN-y 1L, +
A —7 THifd® Thl Mk~ D5 LfEiE & Th2 #ifd
NOGHEHI, Th2 M S OYA N1 2 EEZE
KT 2EERF O Z D, TUILF —REEE
ANDBEHANHHEINTNS. 2 EE, 7 hE—HK
JEH T E—TBOEBITH L T, Y1 b1 5 >
INT G R UIigERECk 2 izt Tn b
INZDHRIT TR, ZO—RELT, ¥ 2N
7 EH-ANDERNN S DFENHENETEND. £
Thnbnid, Frfke IFN-y FE R pCpG-muy % F
HAUMinvivo BIZETEAICKSY NE—MEKER
BEOAEEEICIONTY Y ZZHNWTHRE L /2.2

7 bR ERE EE, ERERDRTEE
DHHEBEFRELTZHRETHD, BFHEDEL
37 hE—FREFKED)] LEXIND. BT B
E— R G RICHEUDORERZ R T Z ENRNHIN
72 NC/Nga X7 A%, BHEDORE N CHET D&
T-8 R K D K EREFIET S, WH OB T CHhi
B L 7= R FHE D NC/Nga ¥ ™7 212 pCpG-muy %)\



1510

Vol. 130 (2010)

15 150

100

Clinical skin score

Number of scratching
v
o

0 0
y\ o\zb
‘¢°

QF

Fig. 6.

S\
€

o

Q

S\
0.6‘
[

Q

100

50

Transepidermal water loss (g/h/m?)

Effect of FN-y Gene Transfer on Clinical Skin Score, Scratching and Transepidermal Water Loss of NC/Nga Mice

NC/Nga mice were untreated or injected with pCMV-muy (two 20 ug injections) or pCpG-muy (0.14 ug) . Clinical features of dermatitis were scored at 88
days after the start of treatment. Scratching behavior of mice was automatically evaluated using SCLABA-Real at day 35. Transepidermal water loss of the back
skin was measured at day 84. The results are expressed as the mean=+S.D. of at least three mice.
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