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Type Il interferon (IFNy) is a representative Th1 cytokine and it possesses a variety of functions, including immune
regulation, antiviral and antitumor activity. Because of its multifunctional nature, IFNy is expected to be applied to the
treatment of autoimmune diseases, cancer and viral infection. Although IFNy has therapeutic potential for such dis-
eases, the clinical use of IFNy has been limited due to its short in vivo half-life and serious adverse effects. In contrast,
gene delivery of IFNy is an alternative approach to increasing the retention time of IFNy. To extend transgene expres-
sion after plasmid DNA (pDNA) gene transfer, we designed and developed pDNA with varying numbers of CpG mo-
tifs. CpG-reduced pDNA resulted in more durable transgene expression than its CpG replete counterpart in mice. Com-
parison of the effect of promoter/enhancer elements on transgene expression showed that ROSA26 promoter-mediated
IFNy expression was safe because of the lack of an initial surge after hydrodynamic gene transfer. We also designed an
IFNy-mouse serum albumin (MSA) fusion protein, IFNy-MSA. Gene transfer of this fusion protein resulted in a sus-
tained concentration of IFNy fusion protein in mouse serum, and inhibited tumor metastasis in mice. These results pro-
vide experimental evidence that IFNy gene therapy can be a useful treatment for a variety of diseases.
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1. [FL®IC

4 >4 —7 0> (interferon; IFN) %, 1954
FEICEY, NSSIZE o> THRESINAZT 1)) A HEE
T IR RAYICIEIT 52 A NV ATFHRTTH S, B
fEIFN IR E< 3MMEICHpEI NS, HEIFN T
&% IFNy 1%, fR%FM72 Th1 1 S 1 > THO,
EM bz THifE-S NK filanhs gL an, -
1 —7 T #ifa® Thl L~ O 73 LfEiE & Th2 #ifa
NOEHN], Th2 Mg s OB M1 2 EEZE
IS 2 S i e R &, © i1 )L ZHEH,
FIEERZAT 5. 20X D RS HREs B BE
RO EMNS, HOREEREDI SN, U1
AERIL EDBEBANDHEANREFEINTHO,
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AL, AREZEEINFELI ORI TLSRT
FHELEZDBDEHLMIEERLEZHDTH 5.

B T OMEHT I A TR, ERRERIC
BNTHEOHMAMEMNIEHINTE /., L Lan
5, TOMIMRIE, BAASKRAN T MAEE fw
KT 2, £z, 1BYERZEREREICRE D EAE RS
D & BIEE OB T 2RBEDOHA L, T<—
HOBEHICRESNTVEONEIRTH S, ZDH
HELT, OMOYA MAA R RINESRBREDS
< OAEMIEMHYE LR, IFNy 12ES TREOZD
IS A JE R I <, 10 R DR L IR 50V B
ThHdI L, QEWEYIEEDZDITIRFEERAL
DA TOREEERNMREIND T &, 1012 3205 5
N5, 5Lz L, BAPENR TR
P55 O R LT & 01619 IFNy DR ) 8E
IR A SN TE 2, BEBRICE > Than
DOWERTH 5.

IFNy Z 11— K9 % ¢cDNA ZF|f 3 % IFNy &z
FIREL, & 2N EEFIK D HEHERYIC IFNy &
AR TH D, /2, RUTFL>ZUa—)b
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(polyethylene glycol; PEG) %4 > /N7 EEZH I
{b#ER/iL 7= PEG A >4 —7 x0>% PEG 7 ¢
W75 ZAF LisED PEGALHANL, BAFERALME
MMM ST UHE TN ENnG, #Hik
B - HRERIC A — 2 ®-AITH 2 DITK L, 1920
IFNy (ZHr 72 75t R 2 8 A5 7 T FIEIC K - TR
BUIFNy @& s >N\ E a8 d 5 2 L THE
RFBBAROANESN, ZHUTK D EHRED X WA
NEIRERIEITRIEETH B, D ZEMS D, ik
D2 ROME, OB IHEEEIOE S & IR
iz 2SO EEM, Zriknlfeky 7o—F&
ERD.

AT, bhvbhogEkERZ2 P LI, in
vivo JEAZT-H AR DI E MR OfEIZ K 5 IFNy &
BFRBETO7 74 I ORBEEHERFHITMA T, in
vivo B AT E A% D IFNy OIKNE)E 2 HEREVE R 7
FREMAT 2 ZETHIET 2T DNTHRNT
2.

2. invivo BIGFEAEL

BEEFIREICBTSEETEAEL, TIIVANX
D —EETAINANRTH—IZKBITES, BIE
FRREBRICBWTEETEAEL, 75/ U1ILA
NI H— (23.3%), L OTAIVAXRT F— (20
%), 79 A3 KRDNA (18.5%) DJEICHVWSNT
B, BARE - BEFREBEO®E, BLEFHEBED
NS TN AR H —NE2ROK) 70% &%
WONEIRTH .20 L LRENS, UAIVARY
& —I3, UAINAEROFFOEME, HiEME, T1IL
ANFEFDEA DIRKUTIR D GNE NS R EH TD
MEEZATNWS, EBE, INETIZ, LhaooA
AN & — % W B R TFIREICHT S HIED
FIER ENMESINTND, —F, RUX—UR
V—LIBREDERF+ U 72 LT 5 X3 KDNA
(plasmid DNA; pDNA) 72 EOREED T & DEE
KTCHDIETAINWANRTF —=TTAINANTH—&
e s &, wRMICEN, KENHDRMIZEAN
TEETHSH. LnrL7iahs, pDNA X&ED T T,
M SR CAEMRICHEL TWa i, HildiEiR
HENIEFITNSI N, 20D, BIaFEAZIIL Y
MORL— 3 2V /R —3 3 20|
B, BRFYUT7EHANTITON, BIETEA, ¥
BHONBPMENZENREL >TSS, ZOKD
TRRIREIZ R L, 1999 1 Liu Ik > THEI N

N ROF A F 27 R3EIE, K% & pDNA KiE
e 2ORIC B NE G5 2 &ET, 2 IFKICB N T
TAINWANRY & — L FRTREOBETEAZR - FH
MESNDZEMD, invivo ITBT 5 HEBEHIEIC
InKFAWSsNTWS, £k, hr—7IEHWSZ
ETHBEN RTINS ROY A F 37 2% #EA
THENSLEUEHEDHIEIN, D FETAILAN
& —zEREBRICHVWS R BIThNTWS, Z
ZTIE, 79AI RDNA BKEHRETHLETHE
ANEBILT OEEREOHIEIZDONWTY T X2\
MEt Z /9 %,

2-1. 75X 3 K DNA F®D CpG 5l h\#i5aY
BRELRFRERICRETZE WALEOT /A
DNA H D> k277 Z V4| (CpG El%l) T
1, >R 2DS5MDRFENDATIVIELTHBD, £
DL 4 CpG BLHIH 60-90% & &, 29 —
T, KGFEZHAWTHE X% pDNA #® CpG B
FNIAFIVEEZIT TR, ZOAFIMEINT
Wi CpG ELFNNE, CpG EF— 7 EREN KB
3 DNA OEHO 1 DTh D, WAIHD EEEHEY
MifIZIX, Tolllike Lt 74 — 9 &5 ZRKRNTE
HWLTHD, CpGEF— 72T 5Z & THRE
FRYHIIE D S SOEMEY A N I s 2 &
MHASNTND 262 hFF w7 URY —L%EH
WT pDNA Zfifi VEEFEALZEE, CpG E
F—TIRGOICHIENHE SN, EEY T b
AR EING Z ETEEFRENIH NS
ZEMHEINTND. D £z, BRTORENRR
FEH & DTN IRR 2 73 BRI K O flE SN TH D
CpG Bl D A FIU LB BT FHBEIHEHED 1D
Thd. BRRTOTOE—FHEHBICHFEET S CpG
BN AFIALSIND ZET, FOE—FI3ARENE
ERRVBLRETREADMGEIE NS, 302 ZOBIRIT
M PLREAI AL 12 B 0 5A 7= 745k DNA 123 LT H 4l
STid7z<, DNA H1D CpG £EF— 71k, BNT
AFINCEZ T D, 75 ) IAINANRT & —%HA
WG L ZREFHCBNWT, Bz TEA 7 BRI
SNTY, TOE—4 EOKT0% H D CpG EF —
TIMAFIALEN, EBERFHEBUT 1/100 LFITET
KT EmmEancTng,

NA ROFAF I ZEORBICED, EinTE
AR - REHEBOBEIIRR SN2, TIZAIR
DNA #HWzB T EATIE, BETFRILMN
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W ENMEREL THETHD, ZOREIIHRE
HiEEWET HET TR TERN, bhbiud
AR U= Z B £ A, Frgii7s B a1 78 % vl e
E9T57T5 A RDNABIKEZRFET S E2HW
L LT, pDNA 1D CpG EF—7HICEHL /-
Thabb, CpGEF— I NHEBHHEH TH DT
N/ TOE—FILHEA S EE, BT
HEERZEDOBDTHD TN Y/ T OE—FH
DCpG EF—INEETHIAITHGADZEL,
pDNA ‘B2 D CpG EF — 7 NERTHRIICEH
ADMBLEBIET D/ZDIZ, Tablel ICE &0/
CpG EF—T7HDHE/25F % D pDNA ZREEL,
N RO A F 7 ZAEEHNTR T ANERTE
ALZZBOBERTFRITOT 7 A IVITDWTEHIE L
7=. pDNA D7 O —4% fHiEH D CpG EF— 7
BNBETRBEICEA 2B ZBET 220D
L= RHEKD CMV O —%4 (pCMVnat X7
7—=), HBHWE, CpGEF—7ZHIBRLZERK
CMV 7O & —% Z##AA AT pDNA (pCMVsyn
N7 E—) NS OBEETFIRET O T 7 A )L 25 L
&l A, TOE—FHEBIIB TS CpG EF—7
BPBLETHRECEADEBITOREINIDS
TEEALEENA NN SZHDD, CpG E
F—T7 ZHIRL7=G CMV 7O —4% )5 OER
FHREBEOHFNET TR 50% 0> 7~ (Fig.
1).33 £ /=, pDNA H#2KIZHD 5 CpG £
F—TROEENEETREICEA 2B el
7=&Z A, pDNA 28255 CpG EF—T7HD
HEMRKEL BB ONTEEETHREMIIH SN D
HEAIC & D, pDNA N F A &AL T i3k CpG &
F—7 DA O pDNA Tl »n AL RiCE-> TER
FREMNMEONL. D UL L5, Chen 53
BICEBZTEAL ZEOEBRLTFIEMENL pDNA
B D CpG EF — 7 D AF)ILIZIZIKEFEL 2
ZEEHEL THBD, SEMEEFICH Wz pDNA
TN Y/ ToT—YEENENT RS
TWa ), SFonEEEI N Y/ Joe—
SHEBOEENEIHTWEEZEZEND. 2D
EMS, N ROV A F 37 RiEZE AN TR
BRTFHRBREZERT2729I1C1E, pDNAIZLHD S
CpG EF—T7HITFEAEFEEZGZXT, T2\
Y/ TOE—Y DHAGOENEETHL EE X
5N%. £, FEBGRHEE LO CpG EF—T7 D

Table 1. Properties of Plasmid DNA Used in This Study

. Size  Number
Plasmid DNA (kbp)  of CpG Promoter cDNA

pA4CpG ACpG
CMVnh/prom- 3.5 24 CMVenh/  hulFNy
hulFNy prom
phCMV nh/prom~ hCMVenh/
huIl*sNyp ° 3.6 98 prom hulFNy
hCMVenh/ .
pCMV-Luc 7.1 846 prom Luciferase
ACpG
pGZB-Luc 4.5 282 CMVenh/ Luciferase
prom
pCpG-Luc 4.7 194 hEF-1 Luciferase
106
-0 ACpG CMYV promoter
S --CMY promoter
g
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Fig. 1. Effect of CpG Motifs on the Enhancer and the
Promoter
Time-courses of serum concentration of human IFNy after hydro-
dynamic gene transfer of human IFNy expressing plasmid DNA. pACpG
CMV enn/prom-huIFNy or phCMV ey /prom-hulFNy was injected into ICR mice.
At indicated time, blood was collected from the tail vain. Results are ex-
pressed as mean+S.E.M. (n=4).

HEME DN WD, KOEWEETRESRE
BOEDITATH S Z EDURSI N,

I 517, IFNy o8& Rl E52&T
BRI T DIREN R OYGENHE T d 5 )i
AET A0, 7 hE—HEEXETIVY TR, fif
BTV IR AN THRNZIToEZA, —
D IFNy BETFHH T T BRBEDENE S
NRNDITK L, IFNy 2B I E2 2 &
TENEEDRNEONS ZEDHASNEL TN
%). 37,38)
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22, JYREBEGRFREBE/OT7M4ILERT
7T7ZX3 K DNADEE  FROBREICXD R
BYIZ IFNy 2R X85 2 & TRERBICET 2 H
IR ENGOND ZENHSNER ST, LML
BNG, BETEABERZIC-HNTREHZHDOE
WORAE & A 10 584 E @ IFNy @5 TR B AR
HHEN, TDEW IFNy IREICER Y 2 AEH D
BHHSERR EOFEEREROREBENBE I N
K OLRENHRSNBEFIREZITD LTI, #
HHICA SN EWEBRTHREEZMA, BRTH
BEFHNNSWEH T O 7 7y A IVNEELNWEEZ
55,

WRFANENTE7 pDNA 1212, BETHED
Fae bLAIELZIENSTAINAHKTHS CMV
IONHDPHAAENTZDDNEL A BEND. HE
B%, Ak OME TR IFNy BH NS S
PDNA IZ®H CMV TN B ARA TN TW
5. bNOIUIINETIZ, BIETFEAIZNT RO
FAF I AEERNEEEIT—#TIED 205
BN+ T& 5 nuclear factor-kB (NF-kB) K&\ ac-
tivator protein-1 (AP-1) ORHMNTLET D L%
WEL TS, CMV T2\ P23 NF-«B # &
AN, AP-1#EGY A MBEENR TS I &M
5, BIaTEAEZOEWELETRREIIINGERE
HFoiEHicks2bDEEZEND. LAY
5, pDNA /n5 OEMERTFHEIL, pDNA F#H D
IINY, TOE—FHEBICE> THESI NS &
E256N5720, BT pDNA MBS T2\ > Z2H
DR ZTCTREZFRAEZLZH /MR 5Nz
PDNA ZHETEZTH, HEIRDUGFTEZSI1Z
EOBETRERSESNEWEEZLGNS. T2
T, BRRTREZHN DL, X0RE2BRELETR
BWEERT D Z EE2HMIC, FRisEs a2z
RY pDNA 270 YA TR EH—E LTI N
cHETOE—SYOMARTOEEEELEL &
pDNA % 11 FifEME L, BRFRE 07 7 1))
M L7z (Fig. 2). ZOfEER, TN\ HEFRN
70— NS OBEEFREIIEELED, U
TIVAHK (SV40 7O E—%), WFL K (hEF-1
TOE—%) IZhhbo T BETFREMEMEL,
—BHOBLETFRIERLZZLITHL, CMV T
ONHEBEATLHIETINS2DO7OE—4
M5 DT FEIRNRII RN B L, Frfr/s

BERTREBAZRUEDERTFRBALHIIKREN >
[Figs. 2(b) and (¢)]. F£7z, hEF-1 7 O&—% &
IR AWM ER R T OF—4% Tdh 5 hROSA26 7
OF—% Z/#HAAALE pDNANSIZZ NP D
ARIZOPD S TEETEABERICAS NS ik
DIFFITEVEETHRIIZED 5NT, R+
BEETRELE D DIRNEE L BT RINGES
NBHZENHEEMNER ST [Fig. 2(d)].3 T 51
Z @ hROSA26 7' O & —% & #l#HiA 72 IFNy FH]
pDNA ZHlW\W5 Z & T, O h¥y A1 I X5 —T
RBOONTELIIRELETEABERZRD RN IFNy BE
RN 2R ERDREOHEEIEMZERL DD,
LA N ZERAN R TE % L X)L D IFNy % Fifi
HICHBISE 2 Z EMNFEFETE /2. hROSA26 7' 1O
T4 ITE, ERT Spl DFEET 1 bAIEHIT
£<EENTHBY, Splick> TERTHRENGEE
INBHZENHFAENTWS, IMAT, #ELETED
5N NF-kB &1 &, AP-1 f&H 1 v O
E—HICHEDDERIZ, CMV 7OE—4%ITH~NIE
WITDIENZ EMnDS, BRTFEARICEAYITHEE
MILHET D5 KT NF-xB % AP-1 12 X % &)
Pia<, —ELNIVOBRTFRENGSNZEEX
55, UEOZENS, N1 RO¥AFI T A
ZHWEBLETEAICBOT—E LN THE
B THRBEZE27-D1213, TN 8/708—
KB T HERERFOEEEINRI N,

3. #Eey N VERMAICLDEGCTFRRR
DR A ENREHSIIE

BYRRRICBNT, TORBENRE RARIRIC TS
TLOIITEYOERNEREEGIFIL, PRI <3
W2 G EAEARHAR N CIRE T H I ENEEEEZ S
N5, BILETEBECIBVLWTHHAMNTIERLS, Ik
TIZHRITwITFUNY =2 ZF L (drug delivery
system; DDS) HiAA < s, ZoHEibinidk
BEINT&ERL. AL, IFAZv I URY—L%
IR ET DRkATIRIET A I ANRD & —NHRFEIN,
pDNA DKW B REHIH D RTRETE 2 4% < D L T
WEINTWS, LAY, BEFIRECBT
DIEEAKE, BETEBARICEEINDY 2N
BTdHV, pDNA OERERIH /2 TIXTEEAKT
bHBE N7 EOERNERERIEER S N5 EIER
5720, IFNy 250 & 205 >IN E1Z, &
BFEAMILICBNWTIERE - BRI N, Miast
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*mCMYV enhancer *SV40 promoter
*SV40 enhancer *hROSA26 promoter
*null
Human IFNy
expressing
pDNA
human IFNy ¢DNA
(b) © @

« CMYV enh/prom
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Fig. 2.

Time

Time

Schematic Image of Plasmid DNA Used in This Study and Summarized Transgene Expression Profile

(a) Each plasmid DNA was constructed by combination of the enhancer and the promoter. (b) Transient transgene-expression. (c) Sustained transgene-ex-

pression with initial surge. (c) Stable transgene-expression without initial surge.

NPWE NI E T URIEERAN ST 5. 2D/
W, XOENBRELRFIHBEZERT 51213 pDNA
TR, FBY N EORNEEE BEET
DRHENDHDH. LnLRERNS, EEARKTHZY >
INT B DIRNEREHIE 2 i A D #i51E, pDNA @
EhREHIE N LR B & ERIRYIZ D7,

IFNy 13 B8R D5 T-&AY 17000-20000 TdH 0,
TEMEAKRTH 5T EAETHH 35000 & i/
<, Bl TRERMKIER % 21T 2 72 DI IE S B
DN, ZOREKMKEIEDBEBRIX, 5731 XK
FTHZEMS, IFNy DY A1 XEKEL TG
NI BERILIITYA > T2TET, RERMEKNE
MWIZE D IFNy OFHONRIERZERTES B X
5N5. FIThhvbihid, IFNy @i rto
WEEZHMIZ, B FROMESY >IN ET, £
EHZFEAERSBVWITAMBET IV I >
(mouse serum albumin; MSA) 7% &R L, 49 IFNy &

MSA DGy >NV EEHIITY A2 T52
ETIFNy 7 2N 7' OREEEAIZ K 5 i i b
Zidare. BEEMAEZ H Wz IFNy-MSA ft s % >
IND B OAEYTEN DFEMA 513, TFNy-MSA @l &
5 2N B OEMTEEITRAR IFNy &gl T 1
%LLFETEALTZZENHENER 72 (Fig.
3). LInL7ain, AT IFNy-MSA @l &% >
ISV B EEIRNERES- Liz &2 A, I AR R R R
THEfE (AUC) 1Z KR IFNy D) 10 5K & W il
L7320, MSA @ALIZ L D IFNy O I i g e D
WETETDHIENEIEINZ (Fig. 4).40 ZO4EY
TEMEDIRTIE MSA ZRled % 2 & TH U SRR
FIZKD, IFNy-MSA @& % > /X277 EH @ IFNy
fir& IFNy ZBREDHBEERME T T 5720 8%
AHbNd. iz, LEOHERIZIFNy @iags >Ny
BEHRT 2 ET, HWET DHAEE & IFNy W78
HEMLTAHZEOHRERZRL TV EEZ LN
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Fig. 3 Biological Activity of IFNy-MSA Fusion Protein

B16-BL6 cells transfected with pGAS-Luc (reporter) and phRL-TK (in-
dicator) were incubated with serial dilutions of IFNy and IFNy-MSA for a
further 24 h. Results are expressed as mean+S.E.M (n=4).

106
—~
ﬁ —-IFNy
-
glos -O-1FNy-MSA
o=
Z
=
J—
T104}
=
.E
—
-]
=
5 103 }
&
=
=
&
102 L I i 'l
0 ) 10 15 20

Time (hour)

Fig. 4. Blood Clearance of IFNy and IFNy-MSA Proteins af-
ter Intravenous Injection into Mice
The concentration of IFNy and IFNy-MSA was measured by ELISA.
Results are expressed as mean+S.E.M. (n=4).

5.

JEE AR TS, MEZEBMEITTEL TH O, i
M % ;R 9 % 5> 713 enhanced permeability and
retention NI X O JEEHARICEET 5 2 &0
HINTWS, LENST, BWnihiEgEs R

72 IFNy-MSA @l &% > )N 78 IFNy & Lhig L T
JESHMEICER-L Y VWEEZS NS, 22T, &
pDNA ZHiEBET I I RAICHELZE 3,
IFNy-MSA @i &% > /N7 B 58l pDNA 1F, KA
IFNy 81 pDNA & [AIF2E O 23 AVt Ml R 2 R
L7 DL EORERIT, fay >N\ BEETHYA >
T2 Z & THEIETHEZKO IFNy QKN EHE 2 flfH
THZENABETH D, IFNy E5 TIREZ R T
ELAMBAEMITIROEGEL T ERENZ. 2R
HREDHEIERITHEZ 5 AR NX D IRFEEREE
FHT DI LT, EHEZREEL i i E 5 IFNy
ey NI ERHBTELHDEEAS.

4. BhHYIC

ARETIE, 759AXAIRDNAZFTHYA2TBHIE
THEETERETO7 v VORI, £z, #EaTH
B OB L >IN EOBRERENETH D I &
BaRUiz. LnLns, B8 FERERLR TRE
T 51213, DDS o, #EfETFHRE
& - EETHBEEOMLR, FBBY N7 E OB E
HlH7R EfRR T XERENILETH D, s O
RIS 2121%, % [EY Y T%E%5h
IO LHEMEENLETHD, INHLIEITH
5N EMAET S 2 & TR TEAD 5B TH
B % —H O @RI D W TR 224047 2 HiliH 3 %
ZETROBWRBELBETIHRENEBETESHDEH
9 5.
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