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bRk % S0 72 AMLES 66 BlOBEEACI33
GRS O WCTEETFRA T 7 7 4 V7 —
¥ w187z, T b 66 Bl B R g B LS
& o TREEM (complete remission : CR) 1ZH]
LSRN 51 BIAT D, BB D 15 Bl il A
R U7, 838 15 Pl —EDNICE BT L
TBYMOTCFEARLIIN—TENZ D,
O LEEFRIC R U B & Rl U B
DOETEBRTREI O 7 7L VIZED DTH
BIDP?ENEWETT B 7202477 4 THEED
Ta—7%y b (343 FHEEOBMLETICHLY)
DOFRFT—Fd, W7 N — TR CRRIEEZIC
B LBEFZECHL, 361hkitd
LDV — T TREWEHESRTHEET
ERAZ Y- Ll s, BEKIZH 30
TR OBET AR S N7, B 5N BET 0%
77 7 A4 VZENENDPE NI 22 blT
TE 7 L B2 d DB, &2 Ceorrespon-
dence analysisiE2IZ k o T, 245 30 FBIHEOTE
HENY - o2 E2RNAERT HIRERD
TuT A NVE IHEME L (TR
PR ARAEIE TS & — V FNFNEAE L RELEE
F3MEAER LA &2 bd). GRS
ZF 3T ZT L LB ERI ST L%
B L 72OBK3ATH 5. % DORRELRIENZ
ENTWHIRB IR & JBOREB] & 1% 22 A E
N BEIZHY. L THRET S Z &0 o 7.
W25 LMV —TEBETREATT 7 7401
DM TiXRE o 7-EFMIZET LD/,

ZD XD BB EOMNBIZEZFHRIC) o
LTWBHEDTHAIN?RIAZRLIATARS E,
BET 720 E TRV EINTWS
ZEDbhs, FEZTREADOIKIEZER ETHZ
Wl EOfEAS— 0.3 Kifid —03 PLEPIC L » TR E
< 2FEWCHT, FOEA 7% % Kaplan-Meier
FTIZX o TR L CA. B3BTHLPZ LD
WHAHEIRELS FRPAELLZ LS. Ly
kA L HIETTRBEERET 2K D AAZH
REFEFHOBETORHAETNET 52T THR

-
A

E1%

BAARZRMRE H4% F108 - FRI7EI0R10R

(194)

All patients
1.0
O GC B-like
2 H——t
% 19 patients, 6 deaths
§ 05
0o
L_I Activated B-like
21 patients, 16 deaths
P=0.01
OO i 1 ] I 1 ]
0 2 4 6 8 10 12

Overall survival (years)

4. UFAMXEEEY 2 KEOTE Gk 14
X))

UEAMXHIRRERD v/ ERERE, UYVICEO
BEFRERIO7 70U STERRGBOBY IERIC
RN —D T 7 IVEE(GC B-like) ] &[5
HEIBU BRI Ll=8E(Activated B-like) JICHIT,
WEDERTFEREISTICLE. BENERICTE
TRETHDICEHHS.

FHORMTFHETFHNTEERZ L FTHS ko
72®, NSO TPHRBEERTIIL, DEToB R
HAZERIC X BT CRIZE S 7z 100 FEFELL o
FHREERETRICHTHL DR, #
b L7-Mif 2 R & LT3 % & & THOILIE
MZaEICE 574 XHMER L, PEOEET T
FHRTPMWATEIZ G o 72D TP LEILR
5.
4. FEMEY D INEDOFH T

ZL DY YBIFRELBERAHTHY,
JEIREARF DRI Fe D T B DI Tk
SE - FHRTFMEIT) BEARTETH L, 22T
DNAF- v 7% B\ 7SS BRAT ST B A3 A
LNBH LS.

BY Y SERHR OO FE AR Y > oS
HH DOBR T b S EICHE AT % JEHodgkin
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Y USEOY T Y L I THL. FEEIELITL
IZCHOPHR B &7 > b 594 7)) Y RIEH %
& L7ALEIRIE BRI TH B 0%, BEfE ko
2B ORICIEEEERIET D DH L,
Alizadeh H51ZDNAF v 7% W T E AR
o) v NEOR CHESD RWTREFHEE T
BARRREL 28T AWk EMET LY. o
HAYD 7= F FUNa.0B Y > 238kds L U85
HEiE) CoSEOCDNAT A 75 U —h5iE5hik
cDNA 7z &8t 17,856 BIZTE ARy MLICH RS
LTy TEREL, U AR Y > oS,
WERME Y v EB X OEEY) SRR O B
Y I NEACTDNAT v T & 17 - 72,
F 2RO/ DI AL DRSNS v
J3HRET Y v, B K Ol R i 2 s e s 8
72HRRB, TV /8B EICoWTHMET LT
5,

ZORER, OF AR Y >/ E I3 iER
B Y VSERICEHZFIRB NS — MU T WD
TEEIHEALB Y ¥ 7SBRICBL T B BEDFAE T 5 &
EAREN, L2t WM TTRICEELREN
TOOLNLEIEPHLPIC o7z, Thbbilh
PEAEB ) ¥/ SBRICR MR 5 7 5 ) VoS REE
D 5 FEAELEER (16%) (FIEIF.LBY &2 BRI
7RISR Z) YSEBEOZEN (76%)
HRTEEIEDOTHS (K4, T2 &k
DNAF » 72 X AN CIEHodgkin#EPE ) o8
BB %Y N—TRERTREI L, L
b EOFENFHRIEICHEERRERE 5 R
HIEERBRLTEY, SEROBROEIZBT
BHDNAT v 7OF 2w ulgEE R LizbD & L
TEFZRIEW., T 7zRosenwald b b F AR IZ
Alizadeh & & —F T IR R WME L T 5.

& Z A BIShipp & BT o F2IFAT TIE R 2 - 74
AN TN B9, §513<13 ) DLBCL (dif-
fuse large B-cell lymphoma) B3& 58 Bl O ES:
SEE X DmRNAZ M L, AffymetrixttHU
6800DNAT v FIC X @I FHRHETT 7 74V
BB, SR EAeRME R L Tw R

(195)
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3261 & THEEIED B WIZFEZR T OB 26 B4
F, WEERD X ENTLHEEFEY MR
L7, SHEIhoBEEFORAENLEE
FZEFBET L2, TOMEFHRBIFHEETRR
FeL Z2@EH¥ 5 I3EEOBERFBRE S k.
Zh s 13 FEOEERF DB ED Sweighted-
votelEZ X o THEBEFHE 2 il U7-KS, [ BAHRE]
LW I NIIEGIO 5 AEATEIRIT 70% TH Y,
REHOZIL (12%) X Y AHE (P <0.00004) I
BIFCH -7z, Shippb D7 — I8\ T dRo-
senwald & DIRIBT 2 7 N — 7 TOBRMLEILSE
BB T LI LN TELL, BIREZ
EAZEDREBLIERE FRIZY Y7 LTnWikdo
2. CORERIE, DNAT v I Xk BB Lh %R
PHIAMEOENDDOTH S I L HHRIZRL T
W5, TOAR—FHDOKEHIL, B -7-DNAF v
TV AT Ak HCTW S EB X UHITER B O
L EIZHHEFHEND.

BbH)IZ

DNAT v 72 Xk 2 FHFEEORSE, Wb
IR BT OMBNIZBI) 2N LR
B CH HBIETHRIAY [HERNIEBURIT 7 —
]l w74y —EBLTCHELRRY
SGHL TS, LWVZ5DTIERVIEA)H»?
BATODNAT v 7EBITHE O HEMTH ) BHH
SDPNDBH, 735 — VEBROREN LA Sk
WHLRWEBESE Y PTHHTEDL LIRS
EFHEND., FDDIEFME D HRKEOK
KON 7 — 5 BEETH 5 . ’
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N3iBRET  PRORGHERD

) B - MDS DR HEND

YA o707 A ICKBIEENECTFRIRERTT
BlebSENEFHR

REEFET

E NP/ LTOY O MOET LN NOBDERE I— RY DBEFO
EFEDASHEEDDDHD. DNAVAIOT VA EBVBTET, T
NOWTFEROBETFORREZTEOMIT - HHRTHEILC SR T E
DETREICHE o fe. IRTE, SEBREMRmFCERERRERE TS FEE
FEMHRBEERORET Y IV ET IO7 U1 THERL, B5SNIEE
?%ﬁ7ﬂ7/4w®HﬁbbE%®§%%%kUJD?%%@%Z?U“
ZUTTIRBOREANCBIBONTVD. BESNIcHEEERE TR
ORFEBZHLLEREOTREFAT I LHTNSOTOY o O
BTHD, SBREBEFRRIOT 7 4 IUCH &SV SmsSEEERE DN
LWIEEDRESND LHFE N5,

ELTBY, RAMNF ARSI E VR S,

ZOBRGBRTFHREENEI BN THE4 ) 3
ZATAFF I T AN, EMREIEE ORI B
THOEELBHEH) L BHENR V. SHEROESN

WZBWTH, TBRRKTED22H T THRZE ME
BFT=N]DE D ORFEORMEMABET 4%
BLIFETAZEFBYEIIR L, 77 37 AEHO%
TS DNA F v T IR OB B CH F 14 —
WELRDIEAIRSNT & 299,

DNAF v 7TiEATA FHNT Al ED/NE AL
2, WS 2 BIETHED cDNA H AWt A+ TR 2
LAF FEBEECEELZDOTHY, WhiTBES
EFyb7ay pEEvwi ki, —HODNAFv 7

TRLBIE

30 BHEATICB LS N A DOEBREN & P 5E
THRMBEBETH L[ 7/ a7adzy b don
C2003F 4 HIZRTHEEZBI 2w, & FRko
euchromatin #IR D I IF AL EHEEINARE S
(http: #/www.ncbinlm.nih.gov/genome/seq/). & @
bOoEHAT I F T2 RBETHEBES 2F~25
5 TR R 2 L FRENTVEY, hOTETH-72
P OEREF T VOERIPI LV EHLENICR A S

” Key Word

DNARA&O7LA

 AUEELEANS
BMBEUERY
BLEFHEREIOT7A) -

LA~ BT O DNA R PEREShTED,
—EOERTINSEE  ORIZT OHRLLE LY
I T & 5.
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0.6 = High-risk group (n=17)
wea LOW-risk group(n=19)
2 04
K 0
0.2
p=0.02
]
Py (A R M S § 3

0O 10 20 30 40 50 B0

Month

H® BHEEZHROFIRIOT7AIVICELDFETE (Yagi Tetal, 2003" & ) REF )
(A) EMETEREA(GP) & FEARER (PP CRENELLBGETFHIBLALZA B3 ERAE S L. Zh6EE

FORBPBTTRT Y FAY ) v I % BIhoi
KELGPNIZHETTFHRE LU

COXICDNAF Yy TERNBILET, ZhETE
BIEBIC R v L ) B RGBETRI T — & & H7
THIENTELL ) olz. 29 LTHRLNHE
DBREFHOBIEN, By -V & 2 [HEHET
B 707 74 (gene expression profile) |& & 5.
ZOTaT 7 A NEL BRI L TRAORE - RIS
HBRLBLOTHEVWNEZZ LIS,

1. RESEEEAMmE (acute myeloid
leukemia : AML)DF%FH

AML ik # MM A B AL L TR L R TH
0, INFTEEFLELNTA—F—WEETFRIZ ¥
735 EFREISNTELY. BERKOY CHME
OBWB LOFRIHEB I I5E, BRETHMRIC
BMLTORVIZFVF—8, TATT— Vi KOk
fi, @FACS iV - MIfaRE~ — 4 — Ok, @#
EFREOHEOHN (RIE7T 7Y VEEFR T M
KAV Y7y —BIZTOHEME, BCR-ABL EIRF,
PML —RAR « BIZET R EOFE), QBRI O,
LEOMEFFBESNLY., IO 2 REWMICHERT 5
S ECTRIEH BRI ¥ LB S D 4 % B S
LB A TTCE L) OREMHTH IS DEM

o OFHIERE vol5 no.l 2006

(B) LEBEFORAETFA N Y INVETZREYFAS Y 7L,

BibEE LD, —F, BIZIE—HODNAF v T%
v b 2 & TSRO T TR O N A EHRA T~ TIHTT
it & Zdvid, BWNE &L D T D o Rk o iRk
TOZHO—HEL LR TETHA ). BT OMIRD
% CHBBIRE JENDAWIAHE L, ThETAML
B S HEkE v/ DNA Fv 7HBIC L Y B%EF
BETFUNTI2RAARBI hbh T,
’ Yagi 57 id/hE AML B3 54 $li20vC Affymetrix
8 GeneChip® Human Genome U9SA 5 v 7% Hv: 7z
BIETFRBENEZ B 2w, AR AML RTOTHRRLF
BLAREREETUHTARAEBIL > TS, HHD
¥ TV SRR LSRR MR L Cyv HHERT 9 B
& PIERITE NSRBI L 720w 6 9 B oo B T 3B B ANt ET
MICRZ2EET IB3EEZMEL (RGA), b
FHELEETORRAEE S L LT, BE2fE KT
75 A v IEH B\ supported vector machine
(SVM)Elc & - TRBIMEL:. 2oRELLONE
2EoTh AMLATEGFRVBR LD T T NV—T%
BHT2ZLEEBLTWA(EGB). ThbbElE
THRETT7 740 %S LA L LWRESEE W
BRI NI LR 5.

&% Bullinger 5 & AML 8% 116 flo BB HIZ
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AT O07 LA ICLD MRERBOBRERBRIBLEAIE

RAEB Leukemia
@aana at
e

Bk

XD mRNA %L, #5379 THIHO cDNA # &
ELZDNASFy T2 BIhoTwa., HHIEHA
# % training set & test set \24V), WiEOF—F & H
WTHBEFRICREENY Vo T ABBEFEAZ ) —=
Y7 U7z, ZORR 100 Y LOTHRTFNEETE Y
FEAFRETEZLIIELTCnE, ST LEIETF
OFEBREE D LB E 2TICHT, FoOFHEEZHBRL
el h, 2HROEGFBRUEABICEL > Tz (p<
0.001). F7d5S» LB o THEW test set 1B WT
BREL72L 25, R 2BOTFHRIAREESTVS
(p=0006) ZEDRENL. ThEDOFHRIHESH
TOBENCH LS HEL MY L2 0 Thil L
R 72O, W REESE PR OEShS
[EEHE 2 b -2 BEOAEZRINL, ZOFEHTFID

RATVD, WOOPEEREG L2 2 h, TERE

DEPTHTFHREIFREARARBL #RNT 22 L I0HD)
L72(p= 0046). %5 OMAHSIHZOGRISHED & 138
%o T L FHFIEO TR 2 RIE LT3 1) EkE,

7 Valk 52 b O B 5 285 floo AML B
BRBARIRE VT 13,000 BEOBEFICHET 55
HEzillE Lz, #H532) PRICY v L-BET
RETT T ANDEDHDB L EHRBL TS,

2. BRERMEERE (MDS) ORIERMIE

MDS iZDWCid, Z05EME, BAEREEENm L
ORI, WIERERE, $72 MDS fsEB g & SRk
AML & Qg R E, BELBARELEFHLZ LB SN
Twh, A4 707 AL BIMEC S DEMICE
ABIATHRZLEEDLNSD, LA L%EHS MDS D

42(42)
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H@ MDS OREBETICHVWRIRENZT(LT ZBIEF (Ueda M at

al, 2003 & YRS (M)

% A+ RAJEI L [RAEB + HIME 81 & % BB L7258, %
HTRFFET 28ET WEE(ER), BIUERTFT5:EE
Fo (TR AFE SN, ZRPROREENY — v &3E
R TR (gene ree) DI TE T, BEFZRBEICTLTHY,
FRRMBEETED S5 — N~ o TRTREINA,

IS CHMPOBEMFERSBE T LICREL B BER
DHEEBEET - 2o T X9 TRT 2LEHRD
5. 72k 2 MDS oA R I (RA) & MDS H
KON E R BT EHEGLEATHLE, HEREE
BT OEMEIFRIE5 %BUTTH Y, BHETESLRLLD
BB 20 %0 x5 5. HMLICHEERHE 7 LA
Lo T 5 &, RIOMELMERICHERN 2 EETIE
HIEEEFHT CHATRAPMFE SR TVE IS
WwoehTlEd. LaLlIhid, BB oY
% AMFEHFRR O Z KB L 3R TH Y, BEAED
BEEROFHF—MMD 720 ® mRNA BI2EBLERD
Bz,

Divh LRI TSR ST A &N
CD133(ACI33) @ 2 H L, CDIBICHT AT 74 =
T AT EEBCE S MEERRBRE X D & M
Tk 24 50 & ML ARAE T 2 3 o & B8 Blast Bank % B
B L7z, 20054 9 HBFE T T Blast Bank #4 7
NENZ 600 Pl e THB Y, Mdbe MESMEOS ) 3
FAFUT 2y P LTEHERBEAEODDTS.

Ueda B0 AN 2 ICET 5 MDS O&IGHY ~ 7
Vw4707 LA TIRT A2 LT, BUERBED
WMBrBERLA. BEADTH 1B, RAH 114,
RAEB #] 58I, X0 MDS fBRE M 15 oS> 2
FUTNED) mRNA Bz L, ¢ MEBRYE, K
BHE, BIUTY 7P MEEST R ED 2304 HE O
BFZEEEL/ZDNA~NA 707 VAL A2 EB S
ToTwWh, ZORKRE, BEOFMFRYEET AT
FTHIEW LTS, —F, Wl s, RAEB/
AMLANOBITA I A L2 ZOF— %1y o LT
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- - I
% - 05 ///// @ AML
g B ® MDS
£ B e
o LT & T
R S r.‘ @
pE=g \‘\‘\\\\ @& MDS HRAMKE de novo AML 3 FILD

{RABZER DT (S TR

MEAM CRHAEF EEICRL 2EET MY
L, SNLDBETREHNS ~VOERD% 3
TN L7z, Boniy — e e 4
BRI Y SN EEE LA, [
EBHINEGETFRBASY— v Lds, B2
BN THD - LA RS,

FTHIEBMHTHL, L ATERETFREMHTS MWAER SN S,
HIEH+ RAIE PRABECTHLIRAEB + AML]

3. MDS & AML O#ERIz2H
MR E 3y, FBOMTRRERIKS Rk bl < i

TREETAIELRAT. TOER, BEOCRT L) =%, EHZH~—h—DAZ )~ b
12 11 I D BT 23 DRI R RS U7 LA IREHTHS. MDS H3kD AML i de novo

B EFHLPTRY, —JF 6 BEOBREFOFRHEL AMLIZ S S-REHIEHHTH 5 Z L 0% L, Z0EH
WA BT L bmahiz, MEISRIERICES T4 PWEIEETHLY, WELHEECENT28E3LE
BIRTFO, FBEIPANBEETOIVERE VS, LIZEEETH 5. Miyazato 52 i3 MDS i3 AML &

ol 2 IERFOBEFETHICE T2 PIASy W 44EEE & T de novo AML Fiff® Blast Bank %~ 7 V2 h &
M STATI Offe 2 Ml § AHIRASTFE L Tro— N5 BIZESF, 1152 REFORHPBLILB L2, 20
mrrsh, GRS VEUSFTH S SUMO FEABEE E Dlk 28 MDS BRBRERNICEEIAL T 5

(small ubiquitin-like modifier) DG EBFREFDH DT CEEMERL, FAFORBSENBBIERN ZEmML
HHLEZORTHS., MBAEAMBREAOIEA FE B real-time RT-PCRIBIC & o THREFH S N7z,
FTICHLIEFF L RELRY, SUMO OHMEAH# Oshima 6 &, E7: LT MDS H2E AML & de
BIEZ%THY, PIASy DHEfkd STATI, pb3, 7~ novo AML 2S#{aT-REOWH &8I0 A& 5% E
Fasr st 7y —oFERE 2 ELWEITh56. £ 72, FEICHREET % HAY T, Blast Bank BT 2 W EED
Ueda 5 PTIASy OFBULT 45 MDS 125817 5 il 9%, PABY 7 AT CM2ICTEINLY Y LD

TAAZXNCEERS LW Rk EHGEST 5 HIY A& 10 ERT, 12000 BHL LOEETRERY <
T, G-CST KA NIk~ L 51T 2wy R BHR 4707 VLA TRIRLZ. 2 OMHIC X Y 4bEn
MkERk 32D ~H#EET 2 EA L. ZO/RE PIASy © (FABH 794 7) b %5 -7z CD133 B MR co
REFRIE S THROZEN LT R b= AFFDH LN MBI 25, £ 37 tMEIC & ) MR ¢RI
LI b ol ThEO#RIE PIASy OIS A EOMAINAERIC R ZEETEMBL, 51K
BEFIE LTOMEERORELTHED, PIASYy OR BIALRHBEOTYHABB TR BLLRETER

BUKT 25 MDS Ml OH /e AN = XL TH LT RE O L7z, & o#ERE 73 B O BIZTF 2 RMERICRE E
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A1 207 LA L&D MBREBDREBRBIE A

Shiz, EBICE, ThOBRTFORARED/SY — V1],
BRETFHENENPCLLCwBbIF TR, &<
P7zb DHE v, # T correspondence analysis 42
S o TRBHBOBANRY — v T3HEISNENL DO
STEHEAMB LA (ThbLRENRREHE T~
FNENEL BT 3EBEERER LA LR 5).
N BRI E & LRI gy T
VEFEBELEZONEO®TH S, £ O#E MDS HE
AML & de novo AML O ¥ 7D { AR EZem I
TREZNBIIFAT LI Ebh w7z, $hbbHE
FERERLZ HMEEZTIVIEERZRBLTWS,
—FE@ BT, —HOEFISRETRE S —&
BIRSWSER LTV ARV AW, TH L. Thb
DRFEBETFRATT T 74 Md & T LFH LB
EXWMERZE2RBLTWAELY, ZOIESEITERN
GHREEGFRLEO) VI PHEHINTELOTHL
LhBTHS).

HPHbIC

DNA<A 207 LAPEOHBAEOATHER -
ENHEIEEL Y O0H D, ERINERZERERIC
B 75T oFAESESIZH 50 bR BRI
oz, RN ATRY 2l FORER, EFEICES
TEhLOTEREMDOBR)RERI VY -ATHY, 0
BHWHEAZL LT 2 MROERER Y L7220 ThHA
5. PTFLBDNARA 7T LA BHEDYRAF A&
BV A, BERTE M2 A BRI
BMLTDNASRA 207 LA 2B AN ELEL L
VW, EROEBRICH 2o THMERZEBELEIC X 5T
MEHSMILzvwod? [2HRICEHEICEX, 20
T2OOBBMEIWT I —F 2 HET 5 L EET
HAH. DNARA 2707 LA VAT AFERICFTFS
VEANLEBRIIBWTOAR, FOEDDTENALZ ) -
ZYTHRNERETALELLNS.
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We established a method for production of recombinant adeno-associated virus type 5 (rAAVS) in insect cells
by use of baculovirus expression vectors. One baculovirus harbors a transgene between the inverted terminal
repeat sequences of type 5, and the second expresses Rep78 and Rep52. Interestingly, the replacement of type
5 Rep52 with type 1 Rep52 generated four times more rAAVS5 particles, We replaced the N-terminal portion of
type 5 VP1 with the equivalent portion of type 2 to generate infectious AAVS particles. The rAAVS with the
modified VP1 required «2-3 sialic acid for transduction, as revealed by a competition experiment with an
analog of «2-3 sialic acid. rAAV5-GFP/Neo with a 4.4-kb vector genome produced in HEK293 cells or Sf9 cells
transduced COS cells with similar efficiencies. Surprisingly, Sf9-produced humanized Renille green fluorescent
protein (hGFP) vector with a 2.4-kb vector genome induced sironger GFP expression than the 293-produced
one. Transduction of murine skeletal muscles with $f9-generated rAAVS with a 3.4-kb vector genome carrying
a human secreted alkaline phosphatase (SEAP) expression cassette induced levels of SEAP more than 30 times
higher than those for 293-produced vector 1 week after injection. Analysis of virion DNA revealed that in
addition to a 2.4- or 3.4-kb single-stranded vector genome, $f9-rAAV5 had more-abundant forms of approxi-
mately 4.7 kb, which appeared to correspond to the monomer duplex form of hGFP vector or truncated
monomer duplex SEAP vector DNA. These results indicated that rAAYS can be generated in insect cells,
although the difference in incorporated virion DNA may induce different expression patterns of the transgene.

Recombinant adeno-associated virus (rAAV) is being devel-
oped as a gene transfer vector. rAAV based on serotype 2
(rAAV2) successfully transduces nondividing cells, including
muscle, liver, and brain cells (29). Conventional tAAV pro-
duction requires packaging of rAAYV DNA into type 2 capsids
by transient transfection of HEK293 cells with two or three
plasmids: an AAV helper plasmid encoding rep and cap genes
devoid of inverted terminal repeat (ITR) sequences, a vector
‘plasmid harboring the therapeutic gene between ITRs, and an
adenovirus helper plasmid expressing E2A, virus-associated
(VA) RNA, and Edorf6. Transient cotransfection is the major
limitation for scale-up of rAAV production. Since rAAV can
be purified using column chromatography, which can result in
highly purified rAAV while eliminating other contaminating
viruses, some efforts were made to develop rAAV production
systems by using recombinant mammalian viruses such as ad-
enovirus (10) or herpes virus (4) which do not rely on the
plasmid transfection and therefore may be amenable to
scale-up production.

Recombinant baculoviruses based on the Autographa cali-
fornica nuclear polyhedrosis virus are widely employed for
production of heterologous proteins in cultured insect cells.
The highly active, late A. californica nuclear polyhedrosis virus
promoters, such as polyhedrin and p10 promoters, regulate the
expression of heterologous proteins, resulting in large amounts
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apeutics, Jichi Medical School, 3311-1 Yakushiji, Minami-kawachi,
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of foreign proteins. Insect cells may be grown in suspension
cultures in volumes ranging from shake flasks of sizes from,
e.g., 50 to 400 ml, up to commercial-size bioreactors, e.g., 1,000
liters and larger, Recently, we described a highly scalable and
efficient method for packaging rAAV? in insect cells by use of
baculovirus expression vectors (31). The ease of scale-up pro-
duction is perhaps the most attractive feature of this produc-
tion system. Infection of insect cells in suspension culture with
recombinant baculoviruses eliminates the transfection process.
Standard downstream processing to recover rAAYV, such as
tangential flow filtration and column chromatography, is
readily applied.

In addition to vectors derived from serotype 2, other sero-
types, utilizing different cell surface receptors, constitute a
vector set from which an appropriate vector can be selected for
a specific application. AAVS is the most divergent dependo-
virus characterized (2), and type 5 AAV vectors have desirable
properties that differ from other serotype vectors. AAVS5 uti-
lizes different receptors from other serotypes (14, 30), and
rAAVS has demonstrated different tropism from AAV2 (§5),
thus making it worthwhile to establish a method to produce
rAAV5 in insect cells.

AAV is a member of the family Purvoviridae. The genome of
AAV is a linear, single-stranded DNA of 4.7 kb in length. The
ITRs flank the unique coding sequences for the nonstructural
replication initiator proteins, Rep, and the structural capsid
proteins, VP. The ITRs serve as origins of DNA replication
and may also function as the packaging signal. Type 2 Rep78 is
generated by the p5 promoter, while Rep68 is translated from
spliced mRNA from the p5 promoter. The small Rep polypep-
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tides Rep52 and Rep40 are expressed by the p19 promoter
with nonspliced or spliced mRNA. The p40 promoter regulates
expression of capsid proteins VP1, VP2, and VP3. Alternate
usage of two splice sites and translation of VP2 at a non-AUG
codon results in a stoichiometry of 1:1:10 of VP1, VP2, and
VP3. Both p5 proteins Rep78 and Rep68 are AAV origin
binding proteins, and the presence of either is required for
AAV DNA replication and processing replicative intermedi-
ates of the virus DNA (13). Also, either Rep52 or Rep40 is
necessary for packaging the single-stranded, linear virion ge-
nome into preformed empty capsids (17). The transcriptional
map of type 5 AAYV differs from that of type 2; the p7 promoter
or p19 promoter transcribes mRINA for Rep78 or Rep52. Type
5 AAV does not encode the spliced form of Rep polypeptides
Rep68 and Repd0 (25). Structural protein VP1 is a minor
constituent in the AAV capsid. But the VP1-unique portion of
approximately 140 amino acid residues is highly conserved
among different serotypes and has a phospholipase A, motif.
The YXGGX and HDXXY motifs (where X is any amino acid
residue) in phospholipase A, indicate the catalytic site and
Ca®" binding loop, respectively (see Fig. 3A). Enzymes classi-
fied into the secretory phospholipase A, family hydrolyze the
ester bond at the 2-acyl ester position of glycerophospholipids
in the presence of Ca®" and are involved in many aspects of
cellnlar pathways, such as lipid membrane metabolism and
signal transduction pathways (1, 21). The VP1-unique portion
of parvovirus is required for transfer of the virus from late
endosomes to the nucleus (36). A mutant virus lacking the
VPl-unique portion or the activity of phospholipase is not
processed properly, and thus no virus or vector genes are
expressed.

In the present study, we describe a rAAVS production sys-
tem based on recombinant baculovirus and insect cells. In
order to achieve high production levels of rAAVS particles, we
replaced a portion of the VP1 polypeptide with the corre-
sponding portion of type 2. The VP1 substitution did not alter
the tropism of rAAVS, which behaved indistinguishably from
rAAV5 with wild-type VP1. In an attempt to improve the
yields of tAAVS particles, we used type 1 Rep52 instead of
type 5, which resulted in the production of more than 5 X 10*
vector genomes (vg) per insect cell.

MATERIALS AND METHODS

Plasmid construction. A flow chart of plasmid construction is shown in Fig. 1.
PSR48S is an AAV'S vector plasmid harboring green fluorescent protein (GFP)
and neomycin (Neo) genes between the ITRs (27). Notl sites were introduced
outside the GFP/Neo expression cassette by PCR amplification using primers
S-GATCGTCGACGCGGCCGCTCTCAGTACAATCTGCTCTGATGCC  and
5"-AGTCGTCGACGCGGCCGCCTGCAGGCATGCAAGCTTGTGAAAAA
AATGC. The Notl sites (underlined) were introduced. The resulting 4-kb DNA
fragment was inserted into the BglII-Sall (blunt) sites of pSR485 (pSR485a).
pFBSGFP was constructed by insertion of the 4.8-kb Pagl fragment from pSR485
into the Ecol05I11 site of pFBHTA, which was derived from pFBHTb (Invitro-
gen, Carlsbad, CA) after removal of the polyhedrin promoter with BstZ17I and
HindIIT digestion. A humanized Renille GFP (WGFP) gene was excised from
phrGFPII-1 (Stratagene, La Jolla, CA) by treatment with BamHI and EcoRV
and subcloned into an expression plasmid regulated by the cytomegalovirus
(CMV) immediate-early promoter (pCMV). The resulting plasmid, pCMVh
GFP, was treated with NotI to cut out the entire hGFP expression cassette,
which was inserted into the corresponding site of pSR485x¢ or pFBSGFP
(PSRA85hGFP or pFBShGFP, respectively). A human secreted alkaline phos-
phatase (SEAP) gene was excised from pSEAP2-Basic (Clontech, Mountain
View, CA) with Nrul and Sall, and the resulting 1.8-kb fragment was blunt-
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ended and inserted into pCMV. The entire SEAP cassette was then excised with
Notl and inserted into the corresponding site of pAAVGFP or pFBGFPR (31)
between the type 2 ITRs (pAAVSEAP or pFBSEAP, respectively). The type 5 p5
Rep open reading frame (ORF) equivalent to type 2 Rep78 was PCR amplified
from pAAVS5-2 (2) by using primers 5'-GAAGAAGCGCGCGTATGAGTTCT
CGCGAGACTITC and 5-CGATTTACTGTTCTITATTGGCATCGTCAA
AATC and inserted into a cloning vector. The Rep ORF was cut out by Nrul and
BssHII, blunt-ended, and subcloned into the Notl site (blunt) of pBACATERep
(31), which was then treated with Bglll and Clal and blunt-ended, and the
resulting 2.1-kb fragment was inserted into the NotI-PstI (blunt) sites of pFBDA
(pFBDSLR). pFBDA is a derivative of FastBac Dual (Invitrogen) generated by
the removal of the polyhedrin and p10 promoters with Ncol and BamHI treat-
ment. The small Rep ORF was cut out from pFBDS5LR by partial digestion with
Eco47III and Sall, and the resulting 1.3-kb fragment was blunt-ended and in-
serted into the Stul site of pFastBac Dual (pFBDSSR). pFBDS5SR was then
digested with BstZ171 and Sall and treated with T4 DNA polymerase, and the
resulting 1.4-kb fragment was inserted into the Kpnl site (blunt) of pFBDSLR
(pFBDSLSR). To generate the truncated pl0 promoter, complementary 5'-
phosphorylated oligonucleotides 5'-TAAAATCGCGAC and 5'-CATGGTCGC
GATTTTAAT were annealed to each other and inserted into the PacI-Ncol sites
of pFastBac Dual (pASFBD). The type 5 Rep78 gene was PCR amplified with
primers  5'-GCGCITAATTAAAATCGCTAGTATGGCTACCTTCTATGA
AGTCATT-3' and 5'-GATCGCTAGCTTACTGTTCTTTATTGGCATCGT
CA-3" and subsequently digested with Pacl and Nhel and inserted into the Pacl-
Nhel sites of pASFBD (pFBDSLR12) (the Rep78 ORF is capitalized)). The type
5 Rep52 gene amplified using primers 5-GATCGCGCGCCATGGCGCTCG
TCAACTGGCTCGTGGAG-3’' and 5'-GATCGTCGACTTACTGTTCTTTAT
TGGCATCGTCA-3' was digested with BssHII and Sall and inserted into the
corresponding sites of pFBDSLR12 (pFBD5SLSR12a). To replace type 5 Reps2
on pFBD5LSR12a with type 1, 2, 3, or 4 Rep52, PCR was conducted with sense
primer 5’-gatcccATGGAGCTGGTCGGGTGGCTGGTGGA-3 and antisense
primer 5'-gatcactagt TTATTGCTCAGAAACACAGTCATCCA-3' (for type 1
or 3) or 5'-gatcactagt TTATTGTTCCATGTCACAGTCATCCA-3' (for type 4)
from AAV1 (purchased from American Type Culture Collection), an AAV2
helper plasmid pHLP19 (20), p3-2 (22), or p4-2 (3) (Ncol and Spel sites are
undetlined). The resulting 1.2-kb DNA was digested with Ncol and Spel and
inserted into the corresponding sites of pFBDSLSR12a (pFBDSLSRI21,
pFBDSLSR122, pFBDSLSR123, and pFBDSLSR124). The resulting recombi-
nant baculoviruses expressing type 5 Rep78 and type 1, 2, 3, 4, or 5 Rep52 are
designated Rep35/1, 5/2, 5/3, 5/4, and 5/5, respectively. The type S VP ORF was
obtained by PCR amplification from pAAV5-2 by using primers 5'-gtcaagcttect
attaagACGTCTTTTGTTGATCACCCTCCAGATTGGT-3' and 5'-cgaatctagaTT
AAAGGGGTCGGGTAAGGTATCG-3'. The sequence corresponding to the
VP ORF is capitalized, and the initiation codon was mutated to ACG to reduce
its translational efficiency. The 2.2-kb PCR product was cloned into pCMV
(PCMV3VPm). The plasmid was digested with Acc65T and treated with T4 DNA
polymerase and subsequently with Xbal to excise the VP ORF, which was then
inserted into the BamHI (blunt)-Xbal sites of pFastBac Dual (pFBD5VPm).
Plasmid expressing a chimeric VP was constructed by the use of an overlapping-
PCR method as follows. VP251 was generated by PCR from pAAVS5-2 using
primers #30 and #31 (Table 1). The resulting PCR product was treated with
BamHI and HindII! and cloned into the corresponding sites of pFBD5VPm. For
VP252 construction, the type 2 VP portion was PCR amplified with primers #32
and #34 from pHLP19. The type 5 VP was amplified with primers #33 and #31.
After gel purification, the two PCR products were combined and subjected to the
second round of PCR using primers #31 and #32. Chimeric VP253, -254, -255,
and -256 were produced in the same way except for primers for the first round
of PCR. For VP253, primers #32 and #36 were used to amplify the type 2 VP1
portion and #31 and #35 to amplify the type 5 VP portion (see Fig. 3A). A
PCR-generated chimeric VP1 gene was digested with HindIII and BamHI and
inserted into the HindIII-BamHI sites of pFBD5VPm.

Cell culture. HEK293 cells were maintained in Dulbecco’s modified Eagle’s
medium-F-12 (1:1, volfvol; Invitrogen) supplemented with 10% fetal calf serum
(Sigma-Aldrich, St. Louis, MO). Spodoptera frugiperda S9 cells (Tnvitrogen) were
grown at 27°C in shake flask cultures containing Sf-900 II SFM (Invitrogen)
supplemented with 10% fetal calf serum.

Western blotting and silver staining, Cells were lysed in 1X sodium dodecyl
sulfate sample buffer and resolved on a 4 to 12% NuPAGE Bis-Tris gel (Invitro-
gen). After electrophoresis, separated proteins were transferred to a Durapore
membrane filter (Millipore, Bedford, MA) and incubated with a primary anti-
body, either an anti-Rep monoclonal antibody (303.9; Research Diagnostics,
Flanders, NJ) at a dilution of 1:200 or a polyclonal anti-type 5 VP antibody raised
against a portion of type 5 VP3 polypeptide at a dilution of 1:50,000. The blots
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FIG. 1. Flow chart of plasmid construction. See Materials and Methods

for details. Plasmids on gray backgrounds were used for generation of

recombinant baculovirus vectors. Black boxes, type 5 ITR sequence; pl0, pl0 promoter; polh, polyhedrin promoter; pA, simian virus 40

polyadenylation sequence.

were then incubated with a secondary anti-mouse or anti-rabbit immunoglobulin G
labeled with horseradish peroxidase at a dilution of 1:7,500 (Pierce, Milwaukee,
WI). Membranes were incubated in Tris-buffered saline with Tween 20 (TBS-T)
(10 mM Tris-HCl [pH 7.6], 0.15 M NaCl, 0.05% Tween 20, 5% nonfat dry milk).
Antibodies were added to TBS-T for 1 h. After incubation, membranes were
washed three times for 10 min each in TBS-T. All steps were performed at
ambient temperature. The development of chemiluminescence catalyzed by
horseradish peroxidase was performed according to the manufacturer’s in-
structions (SuperSignal West Pico chemiluminescent substrate; Pierce), and
the signals were detected with an X-ray film. Silver staining was performed
using a SilverQuest silver staining kit (Invitrogen) according to the manufac-
turer's instructions.

Analysis of replicated rAAV DNA in Sf9 cells. Sf9 cells (2 X 10° cells per well)
in 12-well plates were infected with GFP with or without Rep baculoviruses at a
multiplicity of infection (MOI) of 3 and incubated at 27°C for 3 days. After
incubation, extrachromosomal DNA was isolated by the method of Hirt (12) and
a volume corresponding to 2 X 10 cells was resolved on a 0.8% agarose gel in
Tris-borate buffer. Ethidium-stained gel was visualized under UV.

Production of rAAVS in HEK293 cells. To produce rAAV5-GFP in mamma-
lian cells, HEK293 cells at 80% confluence (approximately 10° cells per cm?) in
a 225-cm? flask were cotransfected with 27 g of an AAV vector plasmid and 53
ng pSR487 by the calcium phosphate coprecipitation method. pSR487 harbors

type 5 rep and cap genes and adenovirus E2A, Edorf6, and VA genes (27). Two
days after transfection, tAAVS was purified as described below. For production
of pseudotyped type 5 rAAV-SEAP, HEK293 cells were cotransfected with
PAAVSEAP; a Rep plasmid expressing type 2 Rep78, Rep68§, Rep52, and
Repd0; a VP plasmid expressing VP254; and an adenovirus helper plasmid.
Production and purification of rAAVS in Sf9 cells. Typically, 4 » 10® S£9 cells
(2 X 10° cells per ml) were infected with a Rep baculovitus (RepBac), a VP
baculovirus (VPBac), and a GFP baculovirus (GFPBac) with an MOI of 1 per
baculovirus construct. To generate pseudotyped 2/5 tAAV-SEAP, Sf9 cells were
infected with a RepBac expressing type 2 Rep78 and Rep52, VP254Bac, and
SEAPBac. Pseudotype virus refers to the ITRs of one serotype packaged into a
capsid derived from a different AAV serotype. For example, rAAV?2/5 consists of
AAV2ITRs packaged into an AAVS capsid. Three days after infection, the cells
were pelleted by centrifugation and lysed in a lysis buffer of 20 mM Tris-HCI (pH
8.4), 50 mM NaCl, 2 mM MgCl,, 0.4% deoxycholic acid, 0.5% 3-[(cholamido-
propyl)-dimethylammonio]-l-propanesulfonate (CHAPS) (Merck, Darmstadt,
Germany), and 60 U per ml of Benzonase (Merck) and incubated at 37°C for 30
min. The concentration of NaCl in the cell lysate was adjusted to 150 mM and
incubated for an additional 30 min. Solid CsCl was added to obtain a final density
of 1.36 g/am®. After centrifugation at 36,000 rpm for 24 h at 21°C using an SW40
Ti rotor (Beckman, Fullerton, CA), fractions containing rAAVS were recovered
and subjected to a second round of CsCl ultracentrifugation. For some experi-
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TABLE 1. Oligonucleotides used for construction of
chimeric VP genes

Sequence®

.5 -gtcanagettectgttaagAcGGCTGCCGACGGTTATCTaCCeGA
TTGGTTGGAAGAAGTTGGTGAAGGT-3’
-.8"-GCTGGGATCCGCTGGGTCCAGCTTCGGCGT-3’
....5'-gtcanagettectpttaagAcGGCTGCCGACGGTTATCTaCCeGA
TTGGTTGGAGGAC3’
5'-ACAGCAGGGGTCTTGTGCTGCCTGGTTATAACTA3!
5'-TAGTTATAACCAGGCAGCACAAGACCCCTGCTGT-3’
5'-GACTCGACAAGGGAGAGCCTGTCAACAGGGCAGA-3'
5'-TCTGCCCTGTTGACAGGCTCTCCCTTGTCGAGTC-3'
5'-GAGACAACCCGTACCTCAAGTACAACCACGCGGA-3
5. TCCGCGTGGTTGTACTTGAGGTACGGGTTGTCTC-3’
5'-GAGCAGTCTTCCAGGCGAAGAAAAGGGTTCTCGA-3’
5 TCGAGAACCCTTTTCTTCGCCTGGAAGACTGCTC-3'
5'-AGGAACCTGTTAAGACGGCCCCTACCGGAAAGCG-3’
«.5"-CGCTTTCCGGTAGGGGCCGTCTTAACAGGTTCCT-3'

@ The HindIII or BamHI sites are underlined. The initiation codon for the VP1
gene was mutated to ACG. The possible splicing donor site was destroyed by
introducing silent mutations. The VP ORFs are capitalized, and mutated nucle-
otides are indicated by lowercase letters.

ments, rAAVS was further purified by anion-exchange column chromatography.
CsCl-banded rAAVS fractions were dialyzed against a buffer of 20 mM Tris-HCI
(pH 8.4), 20 mM NaCl, 2 mM MgCl,, and 4% glycerol and loaded onto a HiTrap
Q Sepharose XL column (1-ml bed volume; Amersham Biosciences, Piscataway,
NJ). Bound rAAVS was eluted with a 20 to 500 mM linear NaCl gradient.
Fractions containing rAAVS were dialyzed against a buffer of 50 mM HEPES
(pH 7.4), 150 mM NaCl, 2 mM MgCl,, and 5% sorbitol and stored at —80°C until
use. The titer of rAAV was determined by real-time PCR with CMV-specific
primers 5-TATGGAGTTCCGCGTTACATAACTTACGGT-3' and 5'-GAC
TAATACGTAGATGTACTGCCAAGTAGG-3' on an HT7000 genetic ana-
lyzer (Applied Biosystems, Foster City, CA). Dilutions of pSR485 were em-
ployed as a copy number standard.

Competition experiment with a type 2 or type 5 AAV receptor analog. COS
cells were plated in a 12-well plate at 30% confluence 24 h prior to infection.
rAAV2-GFP or rAAVS5-GFP was incubated in 0 or 20 pg per ml of heparin
(Sigma-Aldrich), an analog of heparan sulfate proteoglycan (HSPG), for 2 h at
room temperature. The cells were infected with adenovirus (3 PEU per cell) at
37°C for 2 h. The cells were washed with medium and then infected with
rAAV2-GFP at 10 vg per cell or tAAVS-GFP at 10° vg per cell. At 24 h
postinfection, the cells were visually examined under a fluorescent microscope
and the percentages of positive cells were determined by flow cytometric analysis
of 10° infected cells. Experiments were performed in triplicate. Competition
experiments with «2-3 sialic acid were performed as described previously (14).
COS cells were plated at 30% confluence 1 day before infection in a 12-well
plate. The cells were infected with adenovirus (3 PFU per cell) and incubated at
37°C for 2 h. The adenovirus-containing medium was removed, and the cells
were washed with medium. The cells were then infected with rAAV2-GFP (104
vg per cell) or rAAV5-GFP (10° vg per cell) for 1.5 h in 0 or 0.5 mM 3'-N-
acetylneuraminyl-N-acetyllactosamine (3'-SLN) (Sigma-Aldrich), an analog of
«2-3 sialic acid. The cells were washed twice with medivm and further incubated
for 1 day. The cells were then examined for GFP fluorescence, and the number
of positive cells was measured by flow cytometiy.

Treatment of cells with newraminidase. COS cells were infected with adeno-
virus at 3 PFU per cell for 1h at 37°C. The cells were treated with 0.08 U per mi
of neuraminidase (Vibrio cholerae, type III; Sigma-Aldrich) for 1 h and infected
with rAAV2-GFP at 10* vg per cell or tAAV5-GFP at 10° vg per cell for 2 h. The
infected cells were then washed twice with medium and incubated for 1 addi-
tional day. The GEFP-positive cefls were counted by flow cytometry. Experiments
were done in triplicate.

Mauscle injection of rAAV5 in mice. A total of 101! vg of psendotyped rAAVS-
SEAP produced in either 293 cells or Sf9 cells were injected into murine tibialis
anterior muscles and blood was taken at the indicated weeks after injection. The
serum SEAP activity was measured by a SEAP report gene assay (Roche Diag-
nostics, GmbH, Penzberg, Germany). The mouse study was approved by a review
board at Jichi Medical School.

RESULTS

Construction of recombinant VP and Rep baculoviruses.
Production of tAAV2 in insect cells uses three baculovirus

PRODUCTION OF rAAVS5 IN INSECT CELLS 1877

vectors providing the following: (i) genes for three AAYV struc-
tural proteins that form the virus capsid (VP1, VP2, and VP3),
(ii) two of the AAV nonstructural proteins for replication and
encapsidation (Rep78 and Rep52), and (iii) AAV vector DNA
consisting of the gene of interest flanked by the AAV origins of
replication (ITRs). In the presence of the AAV nonstructural
proteins, the AAV vector DNA is “rescued” from the baculo-
virus genome and replicates as AAV via the ITRs (31).
Similarly to AAV type 2, the type 5 capsid proteins VP1,
VP2, and VP3 are synthesized from two spliced mRNAs aris-
ing from the p4l promoter (Fig. ZA) (25). One mRNA is
translated into VP1, while another transcript encodes VP2 and
VP3. The initiation codon for VP2 is ACG, which is poorly
utilized, resulting in the ribosome scanning through to the VP3
initiation codon AUG. The alternate usage of two acceptor
sites and the poor utilization of the ACG initiation codon for
VP2 are responsible for the 1:1:10 stoichiometry of VP1, VP2,
and VP3. As shown in our previous report, the type 2 VP gene
with an AAV intron does not express all of the VP polypep-
tides in insect cells (31). Mutating the VP1 AUG initiation
codon to ACG resulted in production of VP1, VP2, and VP3
with a stoichiometry of approximately 1:1:10 from a single
transcript without alternate splicing (31). Based on our initial
success with AAV2, we constructed a similar type 5§ VP baculo-
virus (VP5Bac) that harbored a type 5 VP gene where the
initiation codon for VP1 was changed to ACG (Fig. 2B). Al-
though this VP5Bac was able to produce type 5 capsids into
which type 5 AAV vector DNA was incorporated, VP1 was
poorly expressed compared to that synthesized in 293 cells
(Fig. 2C). The resulting rAAVS-GFP particles poorly trans-
duced COS cells. The calculated ratio of vector genomes to
transducing units for the Sf9 cell-produced rAAVS5-GFP was
10 times higher than the ratio for the 293 cell-produced coun-
terpart. The VP1 polypeptides have phospholipase A, activity
and are critical for efficient transfer of the viral genome from
late endosomes to the nucleus {36). The efficiency with which
a scanning eukaryotic ribosome recognizes an AUG codon for
translational initiation is dependent on the local sequence con-
text of the codon. The sequence ACCAUGG is optimal for
initiation (18). Residue G at +4 seems particularly important
for translation from a non-AUG codon where the A of the
AUG codon is defined as +1 (11). In type 2 VP1, the nucle-
otide at +4 is G while the corresponding nucleotide at +4 in
type 5 is U. To increase the efficiency of translation from an
ACG codon for type 5 VP1 in insect cells, we tested some VP1
mutants that introduced a G residue at +4. However, these
mutants also failed to produce infectious type 5 AAV particles
(data not shown). The VPl-unique portion is conserved well
among different serotypes compared to the VP3 portion that
constitutes the majority of the viral capsids and is responsible
for receptor binding specificity. The type 5 VP1-unique portion
is approximately 70% identical to the equivalent portion of
type 2 (Fig. 3A), while the type 5 VP3 portion is 60% homol-
ogous to the equivalent portion of type 2 (2). Since we suc-
cessfully produced rAAV2 that was as infectious as the 293
cell-produced one, we tested a series of chimeric capsids be-
tween types 2 and 5 in which a part of the type 5 VP1-unique
portion was replaced by the corresponding portion of type 2
VP1. Figure 3A shows the chimeric VP1 genes constructed.
Figure 3B shows the Western analysis of type 5 VP poly-
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