M, EREGRMERT (B4). o DI KRT ) LAEERLT, shEMlcEA LGS, il
Y R IEDNEE ST HDIE, ZORYIZTAIVA MR a7 OREMSR SN B0 FEICIER
RNA OMBEAABEIN TSI EERBLTE 7RI EOMENDRELBEINLELLEEY. o
D, RS LHEOB D ICES LTV E0MBE S ST I3 MR LiEII3 Y A OV ZRRL T OREEN R S h
5. B, DL, ATHBMMOTAINAY LN T A
MHELETEIWHCY a7 5 vy GAHEET 3 TR G & FEA@HEE LTSI EERLTLS
IHIT, YANARFBEESABOEBELTE, B
FEEAI MR OBRENSLNETH BlhEME, H B0

> IM(M@/\ o LR DT TIRH T OWERAR S S 18 WAl 2
7 / \ LD 220D 0[EHDNTNAIE L L ERH <D 29
= i i i, JEHERE Y LSO (BT NSSA ICHER L) KB R
% J HE EANT, ITHEERETETHIEMES » 7Y
N ol . .mmM{A.K MEETEIMWIREEIZ LB A1y A IV ZRLFRELE A &
104 108 112 116 120 104 108 112 116 120 L BMEFNRI ZOER, CORETIEY A VAR
IR (/) FORERR S NI, HF-OREEIEE 115 TH Y,
@4-@m;%ﬁg%éﬁgv;wzﬁf?ﬁgefﬁﬁ% R % & 1o 12 (5 4,
e T N o—MORBy >, MR HCV 1 %

AMIEIZ R A TELOERY A L ZAHE L T 05 #lan S WAEEICEESHE LTS ENE S, £NTRH,
HINBYANAOWRELRITR UL, BMEY VAT i it o g 3 22

DRED AN AT 7 203 7 TCIE Lol S e A T TRYE Y AV AR REAIC ED KD 13 R E % H -
Y TWBDEAHIM? EZohBIEELT, OERGEE

o iy
El, E2

do Nssvriom MO D 7 5 S D
e @ A b AR T S B

Y A IV AR
GREFFBLASINE W)

G LA D EREE D & (3 IE & et
TANARTDFEESN D

FERR Pt A L 2R T-
GFEFEEN K E W)

L

K 5w HCV (XihiE & Z DEDDIRBAR R U TRERLM Y 1 IV R FEEETS (EFIL)
EORILIbIHEREEN S MR SN ARTT, ZOBE, BIEER UIBESEEI/NS O, —7, ihili & O OBEEN S5 b A L 2
RToEEIRONE (FTOR) 55 ZOBAITIEREE R, BEAKE N
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T AIWARFEINS (4] 2#ittd 3, @v1u
ZRLFIRGIT B TRIMER ] 2595, QF
RS AT RGOV 2026k U T HRIE M o3& i o 15 ) %
Ricd, BEREZ OIS, ZhoonafEorghT, ©
2T, DR VT A b AR AR ER 1 8
BIN20T, WAEBICHEEZORIOBRENER
HffxE LT aaiEtEnd s Lhl, H5DEFIL
IR LIk 91T, 4EH O FIERYE D A )V ZBLF 13t
Ao bl a3 EEZZTHBEDT, WFIERK
HEBITIZMESLE TR OAREE A EZ T 5, @I
DNTIE, RGN O I B I IR B 71 b~
0.03/NSDT, MDD SEASIN SR,
MHEICE GBS E D AA T B AREENRE Z oh &
9. bbAA, TAIWARFHRDY 37 F EKEED A
BEBIZEND D, ZNMFHEREDENMIKMESNT
WAAREE L EZ SN, H BT, RPERLF DSy
F U SIREDIERYAERL 12 B oIS, I
DINS K BAHEH L EZ o b, @D a[FEEIZ ST
13, MEN~ A 70F 12— NELEG LHMRENTY A
F Iy VREBET LI ENMOENTNBDT, A
ZRLA- D I BRI S U T B aTREME
DEZONBN, FOFEMIAHTSS.

Rt HCV WNEAIN B EFIL

BHF M O HCV % % B A BC#E I & 0 i@t 2
&, BEPREINToORERAE L THESNS, 20
JRRE LTHE Y ANV AERERT 2 5 0B H B0\
BOMBOENbEZSNEH, GLAYEY VIIE
PEDMO M & HCV BB AT B0 AH &%

Zohah, HHE, HCV A VLDL (very low density
lipoprotein), LDL (low density lipoprotein), HDL
(high density lipoprotein) L ED Y Ky L3y HFEL
BLTHARKSE LTMRPICHEET 2 Z EnmshTh
B, ZDEMYH, YA IV ZHBOHE Va—<FMH
FHBOERFEMYEY L FREERE LI TOF
EWRSINTOLS, Tho DMk & D&M HCV
DEBY A 7T E > TENIFEEYMS Z D0 T
3, BHINLTTNERSTOENZ LN, RITIZHD
VLDL & DG E Y A IV ZRLf-REAIC B WO THAF D 4
WRBREMOME L LICHEL XA O LHREN
Tt‘é(lz\“).

VLDL @B E LTHEIT MY 7 U &) FAIRE M
BaEL, ThAMNTHRY KT 372 EAEBLUB
(ApoA, ApoB) I & JE THEIET 3. VLDL 04
%i%, MTP (microsomal triglyceride transfer protein)
IS bY Y Y RABED HEH, Mak
=AY NTApoB E&4 L, £9 VLDL FiBR{KHTE
ENb, 0%, SHIZbY 7Y EY KABMEN,
[FF1Z ApoE MLV AE N THI L 72 VLDL 2K 5
N5, HCV AT 2HifaTiE, o VLDL 25[F U<
INJEfR IV — A Y PNITIFE(ES 5 HCV £ 24 L THIlED St
I s EEx oNhb. VLDL ARICEEL MTP
DFEAR T HCV e tifnz B4 2 & &gt 1 )L 2
WTOEAENR SN S I &M, VLDL BEAEM
HCV OFEEICHETH S Z Lok,

THIE & /DRI & O G MERYLE Y A )V Ak ICEE
THDHEVIFEFSOBEHERE VLDL L LU
HTHBE, RGIZRTETIANEZ SND, liEI/N
fafk LB 52 &Ik VLDL OFELE DRI Z

/ﬁiﬂﬂ‘dﬁ

) Ik

N

Wil ki

14
I gt

X6 m BEthy 4 ) RELFREEHE(C
BT 5 HBHDOERE (EFIV)

Mg i) &3t LTua/hia
AV — A »NTIL VLDL HiEH: &
NPFLlE-T3iLEEZISN S,
RIS {4 VLDL & % (3 VLDL AH3/)
Btk i3 L7z HCV K & 24
LT, #HaRETHROMIEL

haLtEZONB,
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EFEZOND BZzolhiEEaa LT a/Malk
— A YINTHE, RFIC VLDL OBERE - T
¥, HCV & VLDL A tH& 5 la iz, £ ofR
LDL-HCV #H&KAZEK L THIlo it h b &5
Zohb,

HCV @ /&#13 LDL Z A& (LDLR) # /4 L TiTH b
N3 EVHIRENSH A", LDL-HCV #HA K HINEE
® LDLR & &4 U TN T 2 iR, Pids
b HOV 0 0 LD Th B EEZ oh 3.

[ HCV REHRICH T3 MO MES LIFERE
i DEE:E

HCV [&Gs L8 PEIF 9856 & OHFIEZE « A5 A O FHED
BRIZOWT, 205 FRBITITAHZ SHZ 0. B
FF98 AT HIIR O R 5 S S A DR R TH B L £
SNTWAD, FEE I PO ) < o3 Ui i
S aEEE THMETH B EEZ NS —H,
HCV RPF 1A v v 2 VY 7 VhilES h
BAER, PRBFEGU LAY, IBBREICERLZD
WRIRIT R E 22T Bm e, RBRENL RSN,
INMoDREMIFFEEEHEIE bbb TH
219 HCV (3H oAl d 5 7o iciE R o RE E %
EHALEE 20, Zol EnFEFRICRBRERELISL
REAFFLTWDEEEZ SN S,

| HHCV FIOBIEFIRICE T

CRMEMRFREBEIZA vy —T 2oy &) NEY VD
PERREZTTE S &, FEHOBEMNS VA VR ERES
TEMTED., £ MIDBAZOXRBITYA I AEDE
iR 20 KEETH B H, HCV IZFIIITH 5
EWZB, IANRY R HOMEREEAENE L
HHIMFHR SN T DD T, HERZDOHM SEHED
BOEMNNT 5 2 EMFE NS, —7, HCV (3 #
THEEILBLDPT NI EEEZLDE, UAINAY X
JHEEENE LIETRmEY A VA HBIAGIHRS
N, FEZOLDIBREMNHE TS, 208, VANV
R WAOEER 2SR & U3, ko RS
AR T & 2 e E L

EhYIC

HCV 3B R U T FIc b D 1B HERF 42 O &
oL, 20k IFEL, FrsAZRESES. Bk
JOEBOETETHT S LEIREEETHS. £0
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TeDITE T AV AR B LT, 205
Boh2MRAEZFHROTLICEN L T Z EMAY)
Ths.

AR TIIHCV OEFBROFPTED & 512 U Tkigett
RLFDEEH: &N 2 M DWW THRICIERG & o Tk~
12, AV ZIHINERN ZE B B EE L P T 0 BREIICE L
IH5, HARRIEBEALLIEEENSDOHBEER <
Wb 200 &EDTHB. F, RNAZANADEL
37 LoEBEFREOMEEEZFMA L TITKE ).
HCV OBEGRIET, w4 VR V87 BIcks AR
e o O HkEHERE©, AR Clidhic X 51 HCV 7/
LR EROFIEEALFMITR L., 615, HCV
Ml AR U RGP AV 2R EET B &S, C
NETHONTOE Mo 12 LD 1)V ZFELE DO %
oMz Ui, A, & SIZ3EHI7 BB 210 © s
THIEILEY, YAV AEBEEOHANERMNEND L
MoTL B ERIFIC, IhETNHHTDH - 7olliao (L
A oMz IN b b LfFah s, £, R
oAV ZEORFICLET 5 E8 5.
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SIS, $EA0K e, BEH=

EEDABOREFLICE O THEHGEED X B2 E L, i
FHgEBOICERSHERHOREN T YN GEOEHE LT
WBZERESETHEL. —AT, HEHREIEHICHLT
BeGRBERIEFITIENMONTLS., BICRNAETIE,
HRTHE—DRBHBE THIEEMND, EbT 5 &M
ML TAREELERBOE b DEANSH D ENFHE
L. WEHRORBEZERZRTAHICE, FOEMEEC D
TERGHBELESTEET I ENBEELRREE L LS, o
T, MEHROU 2 UM & MEHEB R DB SN DAY
B EENEHREORKEMESEHSIT 5.

[ERERSROEMHEOS FEMSF

H: (k5 F DT, DNA IZEUHR AR D HERR I
2523 bRENIENTH S, HOHEBEE A GEK
ZE - TAHRENRFMTH D, & bIFIERE DNA #
BIAEREROHERFICWHDE M 725, DNA OEEIT
PN OEMICEE SN IFNIZN S50, DNA E
B U CRENCIGE T ARSI, 7 /0B )
YERALIIETH B, ATM (ataxia telangiectasia mu-

Risk Estimation in Biological Effect of Radiation

Toshiyasu IWASAKI, Hiromitsu OGATA, Junji MAGAE,
I N BT R R AR R 2T v & —, REN IR
RFF R

832
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tated, AR I HL5R P& B 2 3R9E © IR K& {5 F-E )
&5 7 7Y YEBILRISEZ OBOERIGE H X
= FNEEMT I DOPRORIETSH D, V) CER L&A
IZ& H NBS (Nijmegen breakage syndrome, F+ A
1AV RBRALEE GO R KB L EY) B E
® DNA E1EE G KDL pb3 15 & DB R -0
FRREZ ERE, RIBICE LS5, ZOE, Ml eh
2EEL, ZoBICIEH SN EEHBE A 43 DNA 1§
HoBEERAS. HH0E, TRV ZEFEEINS
BB CMZ L sFE S h, EEMmER SR
s, ATM OEPEILIZ DNA S YT <4 iy 73
IGETHAHH, ATM I _EHUIMZ0 &% ikd 3
DTIIEL, Uik -TELL 7 o< F U HEDOZE(L
TR L THEMNALT B LAREE TV A, 30 8Lk
b DIFHEXD S 75 5 Yeftufk DNA 850D H 3 A EUEAT I W
BPELTH7 07 F U HEOKREBEANET S EE
Zoh, Thwz, ATMIZHBAICEED = % ILF—
FEUDE U OE mGy £ O e b8 L THE
HALT 5 2 EMREhTHBEY,

BMHBROEGEEOZ 3, ZOBEEMLERELD
b, LUAEKNICHEET 2Kk FEDOMEERICKD
HUIEREBRICED LIAMRENI EBHSNATH
5. HEERTIEEEHRIZIR S 36 4 20 TEMRE R4
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CRRFRNDTNT - 2009

S8

TREERITOE—4% | HCVABAE - 8MhETIV

SDMIfaRZEE R & W= BB MIEHRHC VR &=

j: ﬁ‘ gﬁ*l, *2

VA RPALE PN E T AL

TEE A

REBIHEE  CRUTAY A VA, FIRALFMAD, i, BARRE LHEEE

1 | FL®IC

CEIFF 4 A )V A (HCV) & 1989 4 |2 i ifil
%IEAFEBRBHEF KO FEELRFER Y A VA
ELTRR &N FhE TR EEMLEIE
AJEBRIBHIFRDREY A VAR FET 5
BRI ENTE TP, TERDOEH A%
T A NVAZENFETIER S R0 £
CTIDIANAITTFEYFENFEIL -
TEFZFD5 / LRNAIKTT 5 cDNAD 7
O—= 7 &N, EFENRIRIEICL > TRE
DEETANVATH B EDMHERINT.
cDNA%ZRB & €74 VATEEZ WS Z
LAz & DA B FET 5 7 A VA
THHAEORELTEIC LY, WL X 2
BTN REIC o2, LA LeAs, BE
HRAODHKI3% 2 b R SBERGEFFET
HEFEFEINTEY, BYHTEEFEL O
FFREZE 7 L CHFEA &7 2 REtEATEm v
DTREGHEMEL R oTWD, 4 /¥ —

Z7xzayEYNE) xR REORERE
A vy —72a ik BEESRE S N
WD Z A B L TREICHERSI RS D
HoTWbLDOD, ERHFII0%EETL
Nz, iz LHCVIRREDRFE
FELEN T 5, HHCVER ARSI
ENEEET h o - BADOVUE DIEREE
MR % W2 RO & VHCV E R ST
Ldollz®, 740V AZER %2 7E5HEE
Tholel elldsb. LrLiIL, fAFE%
{OMBEZDENIZ L > THEOEHVHCV
WA ADOREIEAR, FhETHONLEDLS
72HCVDOAERICET 2 1E#LHE L Limd
Twhb, AfaClsEEilns: Hvw:-HCVE
EREESL L, bILbNAH 7z IC%E T D
TWwWaBEEMBHEOHCVI R EIEIEY 5
MR RIZOWTRAT 5.

2 | i5EMiaz AL cHCV DIEER

k72 X 512, HCVIZ Y 4 v A #E1{n

Makoto HIJIKATA et al : Proliferation of blood-borne HCV in the 3D cell culture system
*URERREE Y A v ARKSERT [T 606-8507 5B /e 5t [X B2 7 b )1 5T 53]
2 EER KRR G REER  * BINRRARFEFTREENF L v 5 —

T ELEARFEMRIRZEAT

FFRERE 57 (5) 1 679-687, 2008 679
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ERRT B ER AT

——

I e

B aVBRRIERE

S EAT R

-~
HPV typel18 EGE7%Rvector
or SV40 Large T #®Rvector

or empty vector
+
hTERTEIR7SAIR

-

EBGE7 + hTERT
LargeT + hTERT

hTERT

7 A0=— (HuS-E)
> 100 aO=— (HuS-T)
0d0=—

R1 #rcde e ATEALRTTE O 1837
AR TEEE 2 5 O 2 FV TR L 22 9 KB BIFMIIC e hos€ o —< v 1 L A (HPV)
E6E7THEIZTHHVIIY I 727 4L A40 (SVA0) THFRBEEFOEBRs ¥ -2 70X —
Y (WTERT) #EF 5B & — LIIHBAL, Bl L o0 =— 2T 2M0atk% 872, E6E7H
BV SVAOTHUREALZ K o TH O AR % 22N HUSEZ L THuST & &% L 7=

RN Bl NP ARV A=Y (WAdy R (14
Thol720, T4 NVAFEDOHEIZVLETH
% B EMINE & B V7235 0 B K e 9B
BPHFEL o7, HLDWREIZL-T
BRI % 727 A L AR R O 37 AsEt
HONTELD, Folllhd ETHROAN
BRI EF SN oz, LA L, 1999
FIZFA VDTN — T2k o TEEEMRAT
AR RNAY / ASHE L, HFHShs En
IVbhB® L, L7 3 RN FEER R A
BENLZETYIANVAMBERIED—ETH
HRNAY 7 A1EENZ BT 52 E-H A
REIC o2V, L Lad s, ZoERR
127/ ARORNAZ FlV 72354 T Btk
DRLFBEAED AR SN2 o 72, 200541224
RE B AR AR B E AR A TIZERT O S 12 & o
T, BEMZEFEHFKOMEANS 70— 1t
SN/oHCV#E(ET (JFH-1) % B v TRk gett Al

R EHCVOEARDPRE SN2, 20
FEERFATIZJFH1% / LRNA% RERE N T
BR L, ZMx BB RAMR <& % HuH-7
ML EATH I LT, BiEMErHET S
HCVH FAHEAEENBLE VI LDTH 5.
Z OIE YR F % HuH-7 O FE BT H 5 HuH-
7.5l R HuH-7.5. 1 Mg I i s ¢ 5 &, &
NoDOMENDBEENEDOLNLY. ZOH
X RHCVEE A AL & B0, et d
FEEL EOEERRIEHLERRATDH
5. La»L, BEMKICHRET SHCVZ &K
PFiFE L THWTHUH-7MAZ IR S 4T
LbAERECEY, BT I Lidnl, 2
AR T OREEDLBD SN WY,

3 | #ilciFe MRIE LT MR DL

INF THEHFMEICHEST S HCVD KL
WIHERIZHWONTE 2D MFHER T
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BESR

M2 #z

HNatE S 258t & 303811235 2 HuSE/24H8 & HuS T/2 R DT EE & fegk L 7=, HuST/2#ildid
B2 TARE SAVMIZAR Y, 30 MEIZITHIB AT 2 2 L% 5. HuSE/2#llaid
HuST/2#ifal3 &R & BZLIZERO S,

g s vide P AL TH S, ERC
JFH-1 O &g £ R 21X 2 0 X 9 2 ififans
HousTwd, HERIZLCEEL TWT,
g RIB AL T 2RI, T 5 —
AR IREY) - I 11 I X N A OF VB - {7
FEIbIZET A HCVIZED & 9 2P
e LKESTE Y A D, F RGN T
EDE BT ANALHBBOMEERAEEZ
507, LR 2 AHCVOERER DS 1
MEELITEMEBLIEIETER Y, FITK

FINVAE 3
2:B#%

GIAVEE 3
30:Bt&

FHCVAS Y LI 2 EMieTH 2 ¢
MFOME % TEAZITHRFLTWwWahAL
N AFEALBFHIBL DR 7 k7. TE TS
Ot M AFTALHFHIRAEA B Z STV B8
FOIREAERFTNVOIANATHBEYIT
% A )V A 40 (SV40) O THUE % i fd D ANFE
L2 7-0IfFHL TS, THREIZES
MBIATEALEE I oW T S E TIZ A L
FEIN TV, #EPEHE(ET Td 5 retino-
blastoma (RB)# (&1 W & p53 & (=

FFAENE  57%5% - 20084F 11 H 681
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>

=)

L] 3@
M 5o
B g%

- N W A OO O N
2 238 2 9

HCV-RNA copies in 500 ng total RNA
o

HuH7.5 PH5CH8 HuS-E/1 HuS-E/2 HuS-E/3

x 102
] ] 3m%
251 M sp#
20 1
15 1
10 1

5 4

O 4

EV. DNIRF3 E.V. DNIRF7

3 HuSEMEOMEREZHCV GEEZETFE 1b) okt
HuS-Efifid » 35E o i i ik & b o BT B Sk 40 A8 PHSCHS8 Al i # L C HuH7.5808 1= 35F 5 1 i f 3k
HCV DSt & B L 72 (A). £ /- HuSE/2#I8812 F 35> b2 47 1 725 R{5 IRF3(DNIRF3)
»H%WVIZIRF? (DNIRF7) %77 A3 FEEA L7 b OIZ B 2 ik i HCV O e b5l i 4 1
BLA(B). EVEZEORRNRY & —BAMB LTS, REERITMEEL X 100128 L THCV Y
LARNATE—HM1x 10 ¥ —EHBOMFEZEEMICINE TiTo 7. MiFHEME Wit 8<%
WL, FEEFRYICHINEA S 2 RNAZHEEEL, HCVRNA% ) 7% 4 ART - PCRETESR L7-.

DOEEREMR 25 ERE T ENMONTW
. REFEENDHEEI L 5B ERERE
EOEELME SN TVE I E25 ZOTH
JRIZ & o TRIEL & 72 MaIE F DI E AR
TR ZDURRESEZ SN, 22 Thh
OIULETHEOKDbYIZk b S¥o—<r 4
WA DEGET EIZT % & b MO ARFE(LD
TeOIHWAZ LIl ZOEGETEIET
WETHIERR R IZZ 121 p53 & RB D K kg %
§ 575, KHEMEGEROMIE TR
CTCDOMBDOTE % RF L7 F TAEILT 5
CENMETHLEHREIN TV DL TH
559 £ TE T REAFEEZIN R B
DRBESVEL & DB A 1TV, A EFFHE
BED O ORI A 6 05 2T % 18
T, NIZEBETHB TSI AI FaLUN
F7FOXT—YREFREBRTIAI FE2EA
L, €EORFEALZRAY. HUFRT LS

R THRER RS ¥ —% B bE
R FFICIT o 7298, 35 N0
0= —HIITHIED 100 70 =— P EI2
~NT, B6E7TTik7a0=— L 205K 3%
L&Dz, LELADS, 1HBIZEE
By 5 & THRE TASEAL L 7= Mz i3 I RE
BB T RESIHNEL Y, BHHAIC
MR L TR 2 Y, BENEILHIH
L2l 2 7:(K2). —7%, E6E7 TAIEAL
L 7-#fife (HuSEMIfE & %) 1I330H % T b
AT R L AkORELZR L. 20
Z E IR RN ERE R T I M
TWHBEZFHICE L TZDORBEREEL -
WA T YR > 72, E6E7 TARIEAL L 7= 4
fa X THURE TAZEAL L 72 MR (HuS THH o &
) ICHARTRIIB O #1512 MR R
FHHlfa & RIER DB NS — 2R LTWAE
EMBGHolzY FITIOMA L BEMmE
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# 72 HCV g ER % 1T\, £OHCVI&
YR FEMEIC OV TIRET L7, IBAWLRY &
S miF* MAgOREERICML TLAE, M
fa % Pt F - RS C3H, 5H, 7HRMEE
#L2 ZFO%, MiarHERNAZEILL
T#DOHDOHCVRNAEE L, €ORREI
%ZiEt L7z, HuSEMRBIZ#RM T4 DHE
3 B8, oo fif B sRAERaAk & HE L CEE
MOSERERE L REHEENZO LN
729, FOHRTH —HREEIERIFE» o7
HuS-E/2 4Rtk % Z 1 LABE £ 12 HCV R g 3
TERFFED /DR AT LT L.

BRRERENICKLDHHCVD
RAUBTE R DR

FED X 9 12 HuSE/2 a1 70 AU 5s 2 AT
MR R dE D L 2R E & b oMl TH B
ZEhb, ZOMALILERRERRED EFIC
BiELTWwAEEZONE. £Z THIlAND
LA =720y (FN)Y 7)) v FHEBO
PFCEELBELROBEERFTHLH M ~
% — 7 = 1 » #HiKE T (interferon regulatory
factor, IRF) 3 & 70 H aE & ¥l L 72 B¢ 12
HCVOHIENTTHET 5 0 &) 2R L
2V, FOLROICEFTENENOBERFIC
WHYBHEFIFU - AHTT 4 TE(DN) GF
»EB L, ZhZHuSE/2Mfad T—@Et
IZHB ST TH HIMFEHRHCV & g s &
72. EDNHFIZFNFNOGFOEEF L
Ll RES G- bDERAV. 05T
BT A TIENERDOFER ST &
BEREEEL, Z0mEEHLET IS 5
EEzZOND, H3BIHREERT LI
IRF3 D DN 4 F X HCVIE g o5k L THARE L
IR RERE o 72%%, IRFTODNGF %
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ABSTRACT: Gene delivery of mouse interferon (IFN) y has been shown to inhibit metastatic
tumor growth and onset of atopic dermatitis in mouse models. In this study, we tried to increase
the circulation half-life of IFNy after its gene delivery by designing a novel fusion protein of
[FNy with mouse serum albumin (MSA). Western blot analysis confirmed that IFNy-MSA was
expressed as a fusion protein, but hardly formed dimer as IFNy did. The biological activity of
IFNy-MSA, which was examined using a plasmid expressing luciferase under the control of
gamma-activated sequence elements, was about 200-fold lower than the activity of IFNy. Intra-
venous injection of the proteins into mice confirmed that the circulation half-life of IFNy was
significantly prolonged by the modification. A hydrodynamic injection of a plasmid expressing
IFNy-MSA resulted in a sustained concentration in mouse serum; it resulted in about sixfold
greater area under the concentration—time curve and about threefold longer mean residence
time of IFNy activity than those of IFNy. Gene delivery of IFNy-MSA inhibited tumor metas-
tasis to a similar level to that of IFNy despite the reduced activity of IFNy-MSA. These results
indicate that gene delivery of IFNy-MSA is a promising approach to prolong the circulation
half-life of IFNy activity. © 2011 Wiley-Liss, Inc. and the American Pharmacists Association
J Pharm Sci

Keywords: albumin; fusion protein; gene delivery; plasmid DNA; hydrodynamic injection;
pharmacokinetics; clearance; moment analysis; dimerization

INTRODUCTION

Interferon (IFN) y plays a variety of roles in the im-
mune systems. Despite the potent biological activities
of IFN, its clinical application is limited to treatment
of kidney carcinoma and adult T-cell leukemia and to
reduction in the frequency and severity level of seri-
ous infection associated with chronic granulomatous
disease (CGD) in Japan; in the United States, it was
approved only for the treatment of CGD and malig-
nant osteopetrosis by FDA.! This limited application
of IFNy is mainly because of the short in vivo half-
life of the protein, which forces patients to receive
frequent subcutaneous injections and to suffer from
the adverse effects exacerbated by frequent dosing.?

Correspondence to: Yoshinobu Takakura (Telephone: +81-75-
753-4615; Fax: +81-75-753-4614; E-mail: takakura@pharm.kyoto-
u.ac.jp ).
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© 2011 Wiley-Liss, Inc. and the American Pharmacists Association

It was reported that IFNy disappears from the sys-
temic circulation with a half-life of less than 3 min
after intravenous injection into mice.? Its half-life in
humans is about 4.5 h after intramuscular injection.*

Although a number of technologies have been de-
veloped to prolong the short in vivo half-life of cy-
tokines or other protein drugs, a few systems have
been designed or intended to use for IFNy.> The
most studied system to extend the half-life of pro-
tein drugs is controlled release formulations. Fujioka
et al.%" developed mini-pellets that continuously re-
lease IFN« for more than 1 week after subcutaneous
implantation. Another approach is the conjugation of
polyethylene glycol to IFN« or IFNp. This pegyla-
tion protects the IFNs from proteolytic degradation
and reduces their renal clearance and antigenecity.®
In clinical practice, two types of pegylated human
IFN« are used as a standard therapy for hepatitis C
virus-infected patients in combination with an antivi-
ral drug rivabirin.? A drawback of pegylation is the
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possible variations in the chemical structure as well
as the biological activities.

Gene delivery, by which a protein of interest is
expressed from a vector within the body, has been
studied for more than the last two decades as an al-
ternative strategy to improve the pharmacokinetic
properties of protein drugs. We have been studying
plasmid-based delivery of IFN genes and reported
that gene delivery of IFNy is effective in inhibiting
the metastatic growth of tumor cells!®!! and in pre-
venting atopic dermatitis in NC/Nga mice, a model
mice of human atopic dermatitis.!> In these previ-
ous studies, sustained expression of IFNy was suc-
cessfully achieved by modifying the properties of the
plasmids.

Controlling the structural properties of IFNy will
provide additional possibilities to increase its thera-
peutic potency of gene delivery of IFNy through the
changes in the biological activity and pharmacoki-
netic characteristics. Gene delivery of fusion proteins
has been examined for some proteins in animal ex-
periments, but little attention has been paid to the
pharmacokinetic characteristics of such fusion pro-
teins adequately, even though it is one of the most im-
portant parameters determining therapeutic effects.
Therefore, in the present study, we tried to prolong the
circulation half-life of mouse IFNy after in vivo gene
delivery using nonviral plasmid vectors. To achieve
this goal, serum albumin was selected as a partner for
the protein because it has a long circulation half-life
and is little immunogenic.'® We constructed plasmids
encoding a fusion protein of IFNy and mouse serum
albumin (MSA) and examined whether the conjuga-
tion increases the retention time of IFNYy activity af-
ter in vivo gene transfer to mice. Pharmacokinetic
parameters, such as the area under the serum con-
centration—time curve (AUC) and the mean residence
time (MRT), were calculated using a moment analysis
method and used for quantitative evaluation.

MATERIALS AND METHODS
Cell Culture and Mice

An African green monkey kidney fibroblast cell line,
COS-7, was obtained from American Type Culture
Collection (Manassas, Virginia). A mouse melanoma
cell line,

B16-BL6, was obtained from Cancer Chemother-
apy Center of the Japanese Foundation for Can-
cer Research (Tokyo, Japan). COS-7 and B16-BL6
cells were cultured in Dulbecco’s meodified Ea-
gle medium (Nissui, Tokyo, Japan) supplemented
with 10% heat-inactivated fetal bovine serum (FBS)
(Japan Bioserum, Hiroshima, Japan) and penicillin/
streptomycin/ L-glutamine (PSG) (Invitrogen, Carls-
bad, California). A mouse colon carcinoma cell line,

JOURNAL OF PHARMACEUTICAL SCIENCES

CT-26, was cultured in RPMI1640 supplemented
with 10% FBS and PSG. Male 4-week-old Institute
of Cancer Research (ICR) mice, approximately 20 g
in weight, were purchased from Japan SLC, Inc.
(Shizuoka, Japan) and maintained on a standard food
and water diet under conventional housing condi-
tions. All animal experiments were approved by the
Animal Experimentation Committee of the Graduate
School of Pharmaceutical Science, Kyoto University.

Plasmid DNA

pcDNA3.1 was purchased from Invitrogen . pCMV-
Lugc, a firefly luciferase-expressing plasmid DNA, was
constructed as described previously.!* phRL-TK, a re-
nilla luciferase-expressing plasmid DNA under the
control of herpes simplex virus thymidine kinase
(TK) promoter, was purchased from Promega (Madi-
son, Wisconsin). pC3MSAmH, a plasmid DNA encod-
ing mouse prepro-albumin, was kindly donated by
Dr. W. P. Sheffield, McMaster University, Canada.!®
IFNvy-expressing plasmid DNA, pCMV-Muy was con-
structed by inserting a mouse IFNy cDNA frag-
ment into the multicloning site of pcDNA3.1. pCMV-
Muy-MSA, a plasmid encoding the IFNy-MSA fu-
sion protein, was constructed as follows. An MSA
c¢DNA fragment excluding the secretion signal se-
quence was amplified by polymerase chain reaction
(PCR) from pC3MSAmH. The fragment was inserted
into the C-terminal end of IFNy ¢cDNA in the pCMV-
Muy. The stop codon of IFNy ¢cDNA was deleted and
oligonucleotides coding six amino acids (Gly-Gly-
Gly-Ser-Gly-Arg) were inserted between IFNy
c¢DNA and MSA ¢cDNA as a linker. The sequence of the
linker was selected according to a previous report. 617
To measure the biological activity of IFNy-MSA,
gamma-activated sequence (GAS)-dependent signal
transduction was used. Namely, four copies of GAS el-
ement (5-AGTGATTTCTCGGAAAGAGAG-3') were
inserted into multicloning site of pLuc-MCS (Strata-
gene, La Jolla, California). Each plasmid DNA
was amplified in Escherichia coli (DH5a; TOYOBO,
Osaka, Japan) and purified using the JETSTAR plas-
mid purification kit (GENOMED, Lohne, Germany).

In Vitro Transfection

Cells were seeded at 2 x 10° cells on six-well cul-
ture plates and incubated overnight. Transfection
of each plasmid DNA was performed using Lipofec-
tamine2000 (Invitrogen) according to a procedure of
the manufacturer’s instructions. In brief, 1 pg of plas-
mid DNA was mixed with 3 pL of Lipofectamine2000
in Opti-MEM at a final concentration of 2 ug plas-
mid DNA (i.e., 0.48 and 6.40 pmo! of pCMV-Muy and
pCMV-Muy-MSA, respectively) per milliliter and the
complex obtained was added to cells. At 4 h after the
addition, cells were washed with fresh medium and
further incubated for a predetermined period.’® To
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study the expression profile of [IFNy and IFNy-MSA
in COS-7 cells, the culture media of COS-7 cells trans-
fected with pCMV-Muy or pCMV-Muy-MSA were
harvested and centrifuged at 430 x g for 3 min to
remove detached cells and cellular debris.

Western Blotting

The supernatants of COS-7 cells transfected with
pCMV-Muy or pCMV-Muy-MSA were collected at
48 h after the transfection. The supernatants were
untreated or reduced by the addition of dithiothre-
itol (0.1 M) and heat treatment at 95°C for 4 min
to disrupt disulfide bonds and to dissociate homod-
imers if they exist. The samples were subjected to
12.5% (IFNy) or 8% (IFNy-MSA) sodium dodecyl
sulfate-polyacrylamide gel electrophoresis in reduc-
ing or nonreducing conditions and transferred to a
polyvinylidene fluoride (PVDF) transfer membrane
electrophoretically. After blocking with 5% skim milk,
the membrane was probed with goat anti-mouse IFNy
polyclonal antibody (R&D System, Inc., Minneapo-
lis, Minnesota) overnight at 4°C and then allowed
to react with anti-goat IgG antibody conjugated with
horseradish peroxidase (Santa Cruz, Inc., Santa Cruz,
California) for 1 h at room temperature. The bands
were detected by LAS-3000 (Fuji Film, Tokyo, Japan).

Measurement of Biological Activity of IFNy
and IFNy-MSA

B16-BL6 cells were cotransfected with pGAS-Luc
(1.4 pg/mL) and phRL-TK (0.6 pg/mL). After 4 h
transfection, culture medium was replaced with fresh
medium containing serial dilutions of conditioned me-
dia of COS-7 cells transfected with pCMV-Muy or
pCMV-Muy-MSA. After 24 h incubation, cells were
lysed with a lysis buffer (0.1 M Tris, 0.05% Triton-
X-100, 2 mM EDTA, pH 7.8), and the lysates were
mixed with reagents of Dual-Luciferase Reporter As-
say System (Promega). Then, firefly and renilla lu-
ciferase activities were measured in a luminometer
(Lumat LB 9507; EG&G Bethhold, Bad Wildbad,
Germany), and the ratio of firefly luciferase activ-
ity to renilla luciferase activity was calculated. Here,
firefly luciferase activity was used as an indicator of
IFNy-driven transcription and renilla luciferase ac-
tivity was used for normalization of the transfection
efficiency and cell number.'® The ratio was normal-
ized to give x-fold values relative to those of group
culture without neither IFNy nor IFNy-MSA, and
half maximum effective concentration (EC50) of IFNy
and IFNy-MSA was calculated.

In Vivo Gene Transfer

For gene transfer to mouse liver, mice received a hy-
drodynamic injection via the tail vein of plasmid DNA
dissolved in 1.6 mL saline within 5 s.1? The doses
of plasmids were 0.04, 0.2, or 1 pmol/mouse. At pre-
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determined period, blood was collected from the tail
vein, and the blood samples were incubated at 4°C for
2 h and centrifuged at 8000 x g for 20 min to obtain
serum. This method of gene transfer hardly induced
the expression of endogenous IFNy.1?

Measurement of Concentration of IFNy and IFNy-MSA

The concentration of IFNy and IFNy-MSA in the
supernatant of COS-7 cells or mouse serum was
determined by enzyme-linked immunosorbent as-
say (ELISA) using a commercial kit (Ready-SET-Go!
MulFN-y ELISA, eBioscience, San Diego, California).
The values estimated by ELISA were used for the
calculation of remaining activities, even though the
reactivity of the antibody to IFNy-MSA could be af-
fected by the conjugation. This assumption does not
affect the profiles of biological activities of IFNy and
IFNy-MSA after in vivo gene transfer.

Clearance of IFNy and IFNy-MSA Proteins After
Intravenous Injection into Mice

To obtain IFNy and IFNy-MSA proteins, mice were
injected with pCMV-Muy or pCMV-Muy-MSA as de-
scribed above at a dose of 20 pg/mouse. At 12 h after
injection, blood was collected from the inferior vena
cava, and the serum was obtained in the same man-
ner as described above. The serum samples contain-
ing IFNy or IFNy-MSA were diluted with saline and
were injected to different mice into the tail vein at a
volume of 100 pL without further purification. Blood
was periodically sampled from interior vena cava. The
dose of IFNy or IFNy—MSA was set at 8.5 ug IFNy
per kilogram, which was estimated by ELISA.

Experimental Pulmonary Metastasis

CT-26 cells were trypsinized and suspended in Hanks’
balanced salt solution (HBSS). Cell suspensions con-
taining 1 x 10° CT-26 cells in 200 pL of HBSS were
injected into the tail vein of syngeneic BALB/c mice
to establish experimental pulmonary metastasis. At
3 days after inoculation of tumor cells, each plasmid
DNA was injected into the tail vein by the hydrody-
namic injection method at a dose of 0.7 pmol/mouse.
pCMV-Luc was used as a control vector. At 14 days
after inoculation of tumor cells, mice were sacrificed,
and the number of metastatic colonies on the lung
surface was counted.!!

Data Analysis

The AUC and MRT were calculated for each ani-
mal by integration to infinite time.?’ Differences were
statistically evaluated by Student’s ¢-test, and the
level of statistical significance was set at a p value
below 0.05.
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RESULTS
Expression of IFNy-MSA in Cultured Cells

Figure la shows the Western blot analysis of IFNy
and IFNy-MSA, both of which were expressed in
COS-7 cells. The culture medium of cells transfected
with pCMV-IFNy showed two bands of 15-20 kDa
polypeptides under reducing conditions with heat de-
naturation (lanel), which correspond to a monomeric
IFNy with different degrees of N-glycosylation.?! The
bands of high-molecular weight products (>35 kDa)
were considered to be of aggregated products gener-
ated in the process of heat treatment. Under nonre-
ducing conditions without heat denaturation, the
samples from the pCMV-Muy-transfected cells had
bands of 30-40 kDa (lane2), indicating that IFNy
is in the dimeric form under such conditions. Sam-
ples from the pCMV-Muy-MSA-transfected cells had
bands of about 80-100 kDa under both reducing and
nonreducing conditions (lanes 3 and 4). The size cor-
responded to the summation of the size of IFNy
(15-18 kDa)*! and MSA (approximately 70 kDa),'®
indicating that the fusion protein IFNy-MSA is ex-
pressed from the plasmid. However, few bands with
the size of the dimers (170-180 kDa) were detected
even in the samples under nonheated and nonreduc-
ing conditions, suggesting that the dimerization of the
IFNy-MSA is almost completely blocked.

Figure 1b shows the time course of IFNy and
IFNy-MSA concentration in culture media of COS-
7 cells transfected with pCMV-Muy or pCMV-
Muy-MSA, respectively. The level of IFNy-MSA was
lower than that of IFNy for the first 2 days, then in-
creased to a similar level to that of [IFNy in the steady
state. There are no significant differences in the sta-
bility of IFNy and IFNy-MSA proteins in the culture
medium (data not shown). These results suggest that
the fusion of MSA influences the process of the syn-
thesis and/or secretion of the protein.

Measurement of Biological Activity of IFNy-MSA

After binding to IFNy receptors, IFNy promotes the
expression of IFNy-responsive genes through recruit-
ing transcription factors that bind to the GAS ele-
ment of target genes.?? Therefore, the biological ac-
tivity of IFNy was measured using a GAS-dependent
expression of firefly luciferase in B16-BL6 cells. The
amounts of IFNy and IFNy-MSA added to cells were
determined by ELISA. As shown in Figure 2, the ad-
dition of IFNy—MSA to cells increased the luciferase
activity, indicating that the fusion protein retains bi-
ological activity of IFNy. The analysis of the profiles
of IFNy- or IFNy-MSA-dependent increase in the lu-
ciferase activity resulted in the EC50 values of 30
and 5,920 pg/mL (estimated by ELISA) for IFNy and
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Figure 1. Expression of IFNy and IFNy-MSA in cultured
cells. (a) Western blotting of IFNy and IFNy-MSA. West-
ern blotting was performed to confirm the molecular weight
of IFNy (lanes 1 and 2) and IFNy-MSA (lanes 3 and 4).
The culture media of COS-7 cells transfected with pCMV-
Muy amd pCMV-Muy-MSA were subjected to 12.5% (IFNy)
or 8% (IFNy-MSA) sodium dodecyl sulfate polyacrylamide
gel electrophoresis and transferred to PVDF transfer mem-
brane electrophoretically. IFNy and IFNy-MSA were de-
tected with anti-mouse IFNy polyclonal antibody. Dithio-
threitol (0.1 M) was used as a reducing agent to disrupt
disulfide bonds. Lanes 1 and 3 were heat denatured un-
der reducing conditions, whereas lanes 2 and 4 were not
denatured. (b) Time course of the concentration of IFNy
(open circles) and IFNy-MSA (open triangles) in the cul-
ture medium of COS-7 cells after transfection of pCMV-Muy
and pCMV-Muy-MSA (2 pg/mL). At the indicated time pe-
riods after transfection, the supernatants were collected
and the concentration of IFNy and IFNy-MSA was mea-
sured by ELISA using anti-mouse IFNy antibody. The re-
sults are expressed as the mean + SE of three independent
determinations.
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Figure 2. Biological activity of IFNy and IFNy-MSA.
B16-BL6 cells transfected with pGAS-Luc and phRL-TK
were incubated with serial dilutions of IFNy (open circles)
or IFNy-MSA (open triangles) for a further 24 h. pGAS-
Luc, plasmid DNA expressing firefly luciferase, was used
to assess the degree of activation of GAS signaling path-
way. phRL-TK, plasmid DNA expressing renilla luciferase,
was used for normalizing the transfection efficiency and
cell numbers. The ratio was normalized to give x-fold val-
ues relative to those of untreated group and half maximum
effective concentration (EC50) of IFNy and IFNy-MSA was
calculated. The results were expressed as the mean + SE
of four independent determinations.

IFNy-MSA, respectively, indicating that IFNy-MSA
has approximately 200-fold lower potency than un-
modified IFNy. The activity of IFNy expressed in
COS-7 cells was almost comparable to that of a
commercially available recombinant IFNy (data not
shown).

Blood Clearance of IFNy and IFNy-MSA Proteins After
Intravenous Injection

To confirm whether the increase in the molecular
weight gives any changes in the blood clearance of
IFNy, IFNy and IFNy-MSA proteins expressed in
and collected from different mice were injected into
the tail vein of mice. Figure 3 shows the time course
of the concentrations of IFNy and IFNy-MSA in the
serum after injection of IFNy and IFNy-MSA at a
dose of 8.5 pg IFNy/kg bodyweight (estimated by
ELISA). The disappearance of IFNy-MSA from the
circulation was much slower than that of IFNy. The
profiles were evaluated by moment analysis to ob-
tain AUC and MRT (Table 1). The AUC of IFNy-MSA
(508 ng-h/mL) was significantly greater than that of
IFNy (51.7 ng-h/mL). The MRT values of IFNy and
IFNy—MSA were calculated to be 0.937 h and 4.04 h,
indicating that albumin fusion resulted in about four-
fold increase in the MRT.
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Figure 3. Clearance of IFNy and IFNy-MSA proteins
from the serum after intravenous injection into mice. The
concentrations of IFNy (open ciecles) and IFNy-MSA (open
triangles) were measured by ELISA using anti-mouse IFNy
antibody and expressed as a percent of dose. The results
were expressed as the mean + SE of four mice.

Table 1. AUC and MRT of Serum IFNy and IFNy-MSA after
Intravenous Injection into Mice

Protein IFNy IFNy-MSA
AUC (ng-h/mL) 51.7+22 508 + 5*
MRT (h) 0.937 £ 0.020 4.04 +0.08"

*Statistically significant (p < 0.05) compared with IFNy.

The AUC and MRT were calculated by integration to infinite time,
and the mean =+ SE values are expressed.

AUC, concentration-time curve; MRT, mean residence time.

Time Course of Serum Concentration of IFNy and
IFNy-MSA After in Vivo Gene Transfer

Figure 4 shows the time course of the concentrations
of IFNy and IFNy-MSA in the serum after hydrody-
namic injection of pPCMV-Muy and pCMV-Muy-MSA
at a dose of 0.04, 0.2 or 1 pmol/mouse. In mice re-
ceiving pCMV-Muy, the serum concentration of IFNy
decreased below the detection limit (15 pg/mL) by
3 to 4 days after gene transfer regardless of the dose
of the plasmid DNA. In contrast, serum concentration
of IFNy—MSA was observed for at least 14 days after
gene transfer. There were little differences in the Cpay
(peak plasma concentration) between the proteins,
but the T\,ax (time of maximum serum concentration)
values were different; the Ty after the injection of
pCMV-Muy-MSA was 24 h, whereas that of pCMV-
Muy was 6 or 12 h. Again, the profiles were subjected
to moment analysis. Table 2 summarizes the AUC and
MRT of IFNy and IFNy-MSA after hydrodynamic in-
jection of pCMV-Muy and pCMV-Muy-MSA at vary-
ing doses. The AUC values of IFNy and IFNy-MSA
increased with increasing dose. At any dose, a hy-
drodynamic injection of pCMV-Muy-MSA produced
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Figure 4. Time course of the concentration of IFNy and
IFNy-MSA in the serum after hydrodynamic injection of
pCMV-Muy or pCMV-Muy-MSA. Each plasmid DNA was
dosed at 0.04 pmol (open ciecles), 0.2 pmol (solid squares)
and 1.0 pmol (open triangles), respectively. The concentra-
tions of (a) IFNy and (b) IFNy-MSA were measured by
ELISA using anti-mouse IFNy antibody. The results were
expressed as the mean + SE of three mice.

about sixfold greater AUC than that of pCMV-Muy.
The MRT of IFNy-MSA was significantly longer than
that of IFNy.

Effects of IFNy and IFNy-MSA Gene Transfer
on Pulmonary Metastasis of Tumor Cells

Figure 5 shows the number of metastatic colonies on
the lung surface measured at 14 days after inocula-
tion of CT-26 cells into the tail vein of mice. A hydro-
dynamic injection of pCMV-Muy or pCMV-Muy-MSA
significantly reduced the number of colonies to 70 and
65% of that in the no treatment group, respectively.
No significant reduction was observed in the mice in-
jected with pCMV-Luc, a control plasmid, indicating
that the reduction is due to the activity of IFNy or
IFNy-MSA.
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Figure 5. Effects of IFNy and IFNy-MSA gene transfer
on pulmonary metastasis of CT-26 tumor cells in mice. Pul-
monary metastasis was induced by inoculation of 1 x 10°
CT-26 cells into a tail vein (day 0). On day 3, pPCMV-Muy,
pCMV-Muy-MSA or pCMV-Luc was injected into mice by
the hydrodynamic injection at a dose of 0.7 pmol/mouse. At
14 days after tumor incculation, mice were sacrificed and
the number of metastatic colonies on the lung surface was
counted. The results are expressed as the mean £ SE of
five mice.

DISCCUSION

Advances in biotechnology have markedly increased
the number of biological pharmaceutics in the mar-
ket. IFNy is one of such pharmaceuticals that is now
used for CGD and malignant osteopetrosis.! Type I
IFNs, such as IFNa and IFNB, have a variety of prod-
ucts used in the clinical practice,® but few attempts
such as chemical conjugation have been made to re-
duce the clearance of IFNy from the body. This may
be because of the fact that, unlike the type I IFNs,
IFNY is a homodimeric protein.?®-2* In the case of hu-
man IFNe, pegylated derivatives® or a fusion protein
with serum albumin?® has been developed as products
with a long circulation half-life. However, these modi-
fications were known to be a trade-off between the in-
creased circulation and the biological activity. Thus,
these two factors should be simultaneously studied
to conclude whether any modification is effective in
increasing the therapeutic potency of biological phar-
maceuticals, including IFNy.

A major route of elimination of IFNY is glomerular
filtration.26:27 Because this process is size-dependent
and the molecular weight of IFNy (about 30-36 kDa
in dimeric form) is smaller than the threshold of the
filtration, increasing the molecular size of IFNy can
be a rational approach to increasing its therapeutic
potency. There are at least two approaches to achieve
this. One ?is chemical conjugation, in which a variety
of natural or synthetic polymers are covalently bound
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Table 2. Pharmacokinetic Parameters of Serum IFNy and IFNy-MSA after Hydrodynamic Injection of pCMV-Muy

and pCMV-Muy-MSA into Mice

pCMV-Muy pCMV-Muy-MSA
0.04 (pmol) 0.2 (pmol) 1.0 (pmol) 0.04 (pmol) 0.2 (pmol) 1.0 (pmol)
Chmax (ng/mL) 7.63 + 0.08 46.6 + 3.2 269 + 11 189 + 0.9 809 +42 361 + 23
Tmax (day) 0.5 0.25 0.25 1 1 1
AUC (ng-day/mL) 5.82 + 0.08 243+ 1.3 168 + 6 372+ 22 180 + 3° 1,010 + 120*
MRT (day) 0.606 + 0.006 0.492 + 0.006 0.393 +0.001 143+ 0.03° 145+ 0.03" 1.64 +0.117

“Statistically significant (p < 0.05) compared with pCMV-Muy.

The Cirax and Tmux values were obtained from actual data recorded after hydrodynamic injection of pCMV-Muy and
pCMV-Muy-MSA at a dose of 0.04, 0.2, 1.0 pmol/mouse, respectively. The AUC and MRT were calculated by integration to infinite

time, and the mean + SE values are expressed.
AUC, concentration-time curve; MRT, mean residence time.

to specific amino groups of proteins. The other is to de-
sign fusion proteins, in which peptides or proteins are
genetically fused to the N- or C-terminus of proteins.
The latter is better as far as the homogeneity of pro-
tein derivatives is concerned. In the present study,
we selected MSA as a modifier of mouse IFNy be-
cause of the following reasons. First, serum albumin
is the most abundant serum protein in mice, humans,
and other animals. Second, its structural, biochem-
ical, and physiological properties have been exten-
sively studied.’® Third, it is hardly filtered through
the glomerulus and has a long circulation half-life.
Last but not least, it has been used to obtain fusion
proteins, including IFNe« and insulin,?® with no sig-
nificant adverse reactions. Then, the site for conjuga-
tion, the N- or C-terminal of IFNy, could be another
parameter that affects the outcomes. We selected the
C-terminal for the site according to the preliminary
results obtained using MSA fusion protein conjugated
to the N- or C-terminus of IFNy (unpublished results).
The reduced biological activity by fusion of MSA to
IFNy may indicate that the large size of MSA inter-
feres with the dimerization and/or the interaction of
IFNYy to its receptors. Thus, smaller proteins could be
better modifiers than MSA if other properties, includ-
ing but not limited to the biological, pharmacokinetic
and immunological ones, are appropriate.

Western blot analysis clearly revealed that the
IFNy—MSA fusion protein does not form homodimers.
Dimerization of IFNy occurs through noncovalent in-
teractions with two monomers being in an antipar-
allel orientation.?®?* A possible explanation for the
loss of dimerization is that the fusion of MSA in-
creases the steric hindrance for dimerization. In the
present study, the biological activity of IFNy and
IFNy-MSA was measured using an in-house GAS-
dependent luciferase assay. Previous studies revealed
that the activity of albuferon (recombinant human
IFNw-2b-human serum albumin fusion protein) is ap-
proximately 1/10 delete of that of IFN«-2b?® because
the steric hindrance induced by fusion to albumin dis-
rupts the interaction with its receptor. The experi-
mental result from GAS reporter assay showed that
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the IFNy—MSA has about 1/200 activity of IFNy. The
difficulty in the dimerization of IFNy-MSA would
at least partly explain the low biological activity of
the fusion protein because it has been suggested that
monovalent IFNy is much less active than divalent
counterpart.??30

An intravenous injection of IFNy or IFNy-MSA
clearly showed that the fusion of MSA is effective
in increasing the circulation time of IFNy, which re-
sulted in about fourfold increase in the half-life of
the elimination phase and the MRT. Because of the
low dose, the tissue distribution of these proteins was
difficult to be measured in the present study, so the
difference in the tissue distribution needs further in-
vestigations. In accordance with the altered distribu-
tion properties of IFNy—MSA, its serum concentration
after hydrodynamic injection of pCMV-Muy-MSA
was more prolonged than that after injection of
pCMV-Muy. These results clearly show that the
gene delivery of IFNy-MSA is an effective approach
to improving the pharmacokinetic properties of
IFNy.

In a previous study, we reported that IFNy gene
transfer is effective in inhibiting the pulmonary
metastasis of mouse colon carcinoma CT-26 cells.!!
Similar results were obtained in the present study
when the pCMV-Muy was injected to a mouse model
of pulmonary metastasis of CT-26 cells (Fig. 5). Al-
though the activity of IFNy-MSA was about 1/200 of
that of IFNy, gene delivery of IFNy—MSA resulted
in the inhibition of the metastasis to a level simi-
lar to that obtained with that of IFNy. These results
strongly suggest that prolonged circulation half-life
of IFNYy is quite effective in increasing its therapeutic
potency. :

In conclusion, these results indicate that gene de-
livery of IFNy genetically fused with albumin could
modulate the disposition of IFNy, which was effective
in inhibiting tumor metastasis despite extensive re-
duction of its biological activity. To further increase
the potency of IFN-based therapy, the reduction
of biological activity of modified IFNy needs to be
minimized.
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