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A) Development of AAV (adeno-associated virus)-mediated cancer gene therapy:

1) Establishment of AAV vector production system using baculovirus expression vectors: AAV vectors
were efficiently produced in insect cells. We developed a column chromatographic method to isolate
AAV vector particles from empty capsids, which can be adaptable to large-scale production of AAV
vectors. Incorporation of the AAV pS promoter into a transgene sequence increased the efficiency of
AAV vector production.

2) Basic studies of the modification of AAV vectors: Chimeric type 5 AAV vectors with type 2 VP1 had
a larger amount of VP1 in their capsids and transduced target cells in a similar manner with parent type
5 AAV vectors.

3) Basic studies of AAV vector-mediated gene transfer and the regulation of transgene expression: We
established standard methods of gene transfer into muscle, liver, adipose tissue and peritoneum. A



histone deacetylase inhibitor enhanced AAV vector-mediated transgene expression in tumor cells.

4) Examination of strategies for cancer gene therapy using AAV vectors: We conducted gene therapy

experiments for refractory cancers (e.g. hematogenous and/or lymphogenous metastasis, and peritoneal

dissemination) and showed therapeutic efficacy in tumor-bearing animals.

B) Research on novel strategies for cancer gene therapy: For the treatment of refractory malignant

lymphoma (B-cell non-Hodgkin lymphoma), we conducted experiments to develop a novel reinforced

adoptive immuno-gene therapy using T-cells expressing a CAR (chimeric antigen receptor) targeting

CD19. We demonstrated that genetically engineered T-cells efficiently lyzed CD19-positive B-cell

lymphoma cells in vitro.

SR TEHR
(AL - 1)
ELEER B A F2 78 2L & &t
200 54F% 13, 400, 000 0 13, 400, 000
200 6% 13, 400, 000 0 13, 400, 000
200 7THE 13, 400, 000 0 13, 400, 000
200 8% 13, 400, 000 0 13, 400, 000
200 9% 13, 400, 000 0 13, 400, 000
ik 67, 000, 000 0 67, 000, 000

SR8 o 8 VBT
B D5 - M H - BRI

F—U—F:8BaF. VANVA . A FT 7 nY— BIEFIHK

1. WFIERE S DO 5

A) 77 YA A2 (AAV: adeno-
associated virus) X7 ¥ — & W =SS 1R
FIE D%

1) N¥xam A )VREFIHA L AAV X7
—EREDO W R AAV X7 Z — D FE ML % i
D5 T, FOERBROYGE L IREHERR
T EEERNVERT X —DREFEORREN
HEFE L 72> Tz, AAV @ p5 7' E—
H—fEEII R X —DFTHDI XY TR
ANDRNTUARAD = DRy = T E R
T DEPNDGFET D EREL, Z ORI %
L AAV R B —DpEARO N E % I
FTHZ L e L,

2) AAV 7 Z—OBEIZFET D R
MIANICEA LT AAV R 2 — 3 E B
JAMICIEE > TWD EBESRTEY, BN
T HRPICBITESED 2 LB TR
DOHERIZEN D LD EEZEZ BN, £ T,
FAENTO AAV N7 X —OEREICHE S5 Y
Tl - E =R D LI LT,

3) AAV R X2 —Z W8 s A &
R HEBLHIENEZ B 5 LR - AAV X7

H— Dk 72 MIER A L & Tz, f
MEEMARCICEL IRV LNCER
TELT, EMERIE Xy X =0TV
AV EF LT D LB GE, RBLH
Bl E RS ALERH 5 T2,

4) AAV X7 H— % WLk 85T
RIRA N T T U — DR AAV X7 X — Dk
PEaED UTZIREIE S LT, ATtk - U o X
TR R OE R 7 E N i 7e kg &
EZZHNTEY., ZNHICKT 218EEDH
FNLFEN TN,

B) BT DH LWVERFIEREA N T T
— DR - HEAYEEM Y LN (B AMEIE
RUF U V) IHEMERICH Y . B
5 HHRRI S A7 vy, 2T, Bin T
YEIZ &0 BESFER LRE 2 0 U 7= T fia % H
UNTE T T2 7R A S RS TR O B R & BHE L
Too RIS Z O F MO NTERL L T
TRV, KKEEICZOWRET —~ 280
L7z,

2. BFZED B
A) AAV RV 2 — % - BB R T IEEED



BHZE -

D) N¥anvAf VAERA L AAV X7 ¥
—EREDSE - NFam v LA L B HEM
fazFIH LT, AAV X7 X — &R < KE
ERT B AT LD % B4, X561,
2Ry B —wBRET D HIEERET D,

2) AAV X7 Z— DY T D HEAERE
AAV @ VP1 (& phospholipase A2 (PLA2) #k®D
BEFRTEME 28D . 7 A L RRLT- 2N A R e
LEBICBITTAETOAT v 7 THREL TV
HEEZBND, I T, AAV R X —hi+
D VPl GREZHINESE D720, 58 AAV R
X2 —@O VPl O—i% 2 MICE XX T-F AT
Ry Z =T 5, £/, PLATEMER XY
EWT X 2ULR T A L AD VP ARSI & B
BT DM 21T 9, AAV X7 X —DOENBAT
ZRESE D20, SVA0 OEEBITY 7 v
(NLS). & L < IZHifash > 7 F L il % ) —
£ (ERK) OV EfbikfaE NLS B4l % VP1
WL AR A TTHRENT T 5,

3) AAV X7 2 —Z W8 s A
5 BLHIENE \C B9 2 JERERRGT B,
HFig. Aeffh. MER & ORI T 58
{518 NIE & RENL U TRIRIEBR IR T 5,
Fo. AAV X7 X —TEALTIZBIBEFDREL
PEIRT A0, B A T B FIALEESE
FELE A OEH 2 /G %,

4) AAV XU H—Z W D &
BRA T 7 U — O AAV X7 X — 3L
e I35 1 SR~ OIS @ LT B, AT
P U U TR R OE SRR 2 &L ek
DIBFIE TIXIR RN #22W e 1o % 3 5 B1ix
TIRRIEORFEEZ B L, 8t L& Hn
T R AAT O

B) JEICXT D LWEIBTIREA RN T T
— OB AN B MaEIER U ) X
JEDHT 7= 78BS & LT, CD19 % &%k
5 F A TPURZ AR Z FEL S W7 T M 2 4
Mg S & Tk 4 5 bR T B AR T RE
DRI EAT D,

3. WFgEo ik
A) AAV R 2 — % - BB R T IEEED
B -

1) XF¥Fa ALV RAERHLE AAV XT #
—ERlEO%E © p5s e — X —fil &
AAV XU Z— ) ADE{ET L AL RO

AL DOEERIL, AAV X7 ¥ —jEA &
Wit L7z, £72. Rep78 & Rep52 LIAtIC
Rep68. Repd0 % 72354, KUY Rep78.
Rep68. Rep52. Rep40 "X C &I S W71
AD AAV X7 H—pEE RN LTz, 28X
7 B —BRFIEICONW UL, A A HRE DKW
e DNy 77— L @aRiEOEA 4R
a1 T bk HWTHRH LT,

2) AAV X7 2 — OB T D RS - 5
T VPl @ N K LR A 1Z 2 BORET 5
BOANC B L, X7 X —PEAENR AN LT,
FIERIZ, 28 VPl 2R 22T X 7L R A L
ADF G ERIT I B LN L7z, VPL O R A
AV THERM B B EOEWESIC SV40 b L
<X ERK @ NLS Z#HAIAATE AAV R X —
AERLL, BAERANRY X — L LTz,

3) AAV R 2 —%& W=\ in A
BT I BLHENEIZ B9~ 2 SRR - A& i i
D AAV N7 Z— BRI AT I Wi L 45 4
DIEHIRRR R BV 2 g4 2 & Jelc, BAE
BFDOTRFRBEDG DN DRI EMENLL
2o £, B ORI X =5 2B LTI
X v 7Y RIS D AR o Gl A3 B2
ThHhHrZ NG, WEREZMY - LR L, W
MR T DR EZ R Lz, BABEFO
OB A B E LIZFERTIE, B2 MU
7 & FALEEFR L E R FK228 % VN, 2 D%
e ENERT & B MO R TRET L7z,
4) AAV X7 H—Z TS5 5 a1
RIRA ST 7 O— O/ AT - U T
PEERRE T KT D IR IERR 3 & L TR ~
DOBIE T BN SREEOF AEE ., I8
BEHREA~ONE L L TEE~O &G
NEZOEmF LT,

B) FEICxT 28 LWEBIRFIEEA N T T
— DRZ

1) i ARSI T M~ F 2 7 Husz R
BB TOEA - KigiM T #iz%H CD3 $t
KBLOLV hoxsF o TiEMHEL., CDI19
W95 F A T HURZ AN (T CD19 Fiik,
CD28., T sz 21K CD3z DAL S D)
BRTEL IR DA NART X — 2k E
AL7,

2) B T MEORIRK L HEE © & s
T T AR Z PRSI ex vivo THENE X
H 570, CDI9 Ziifl il I H7-~ 7 A
HEZEAMAE (NIH3T3) L3 a1r-7-,

3) BT T MO BUIEE R (in vitro) :
BRI T Mo MiakEEEEIL, CD19



itk S—% v b U o oNEAE (Raji, Daudi)
IR L LT LT,

4. FFZEpER

A) AAV X7 B —Z W TS IR RO
BHZE -

1) XN¥FanavuA VAERH L AAV X7 X
—EREDO % B pS T uE— X —ES &
CMV 7o E—%—0O FRE-I1Z FRICIES
6] G L7 HFIS, AAV R X —pEAE RN 2
{EFEFEHIN L 72, Rep DMAA DEOKRET
. AN¥au AR E AN A/ERYECIX
Rep78 & Rep52 DAlAGOENR—FERN T,
28Ry X —DRREICEHT HR T, WifET
NTZAFNLT U= AERERE L CHL
HEDEDLTLITED  AAV X7 F— L 72X
2= MECE LR E R LT, AT
TR LY By X —F iR ETE D
ECOWTHHBET L2 &N TE T,
2) AAV X7 2 — OB D RS - 2
MO VPLIZE X272 5% AT AAV X7
H—TIE,. ¥¥ 7T RTO VPl OEFEIPFE
IZEIM L7, £72, AT AAV X7 X —(X5
BAAV X7 Z—LRIRBEEEASINT, 7TH
PIVRT ANV AIEBR LT 2 BF AT AAV
Ry =T, 28 AAV R Z — L [RIRRE E X
LT3, 293 MIEIC Y & 5 & B s T
IFHB L oTo, —H., 2 1 AAV @ VPI1
12 SV40 D NLS Z#fHAIAATE L DO TiEF v 7
VRN EN o2, ERK 0 NLS Z#
FRIAITE D DTIX, AAV 7 X — TR &
HH00, BABGTORBITEAT AAV
Ry E—LBbobRhoT,

3) AAV X7 H —Z W8 FEANE &
5T FEBLHINE T BE T 2 EmERR T« B A& .
fFl&. FERG. BERED Z s Lo e
MERNA SN E 7o lz, £z, MEN~D
Ry B —FHIZBWTIE, PRIHUR D R AT
B2 LU H VTS NB BT O3 BT
DOV ERHALNERD | B MZBW
TH ZORMN O RR A BRET DML EMEN
TR X T, AAV R H —TE A LB is T
DIEBLA R IE L5 HIETIE, e A N UBT
¥ FALEEE L EA] FK228 O OF IR A58
H LTz,

4) AAV X7 B —Z H WIS 5 8T
1B#EA b7 7 ¥ — DO Et : HGF-NK4, PTEN
ERBEIEDLZ L THEEDRBGOND
ZEERM UL, £, mATHERICK LT

IXIL-10%° sFlt-1 Z 4458 L7 AAV A 2 —%
NS D2 LT, HEET L~ T R
B DEESRE RSN TERE, VR
TR ICBI L CiX. VEGF-C BEEED &
% sFlt-4 Z 58 L 72 AAV 7 Z — % fl RN
54252 &L CIHEDRZRDT,

B) FEICKT D8 LWEE FIREA N T TV
—OPRE . ¥ A THURSAERE T Mz A
WZEEMEB U NSRS D 2 R s T
WYL DBAFE D 7= 8 O SR G517 > 72, CD19
ZRER) & LT a1 T MR 2 3 IR AT I ex
vivo CHIES® 572, CD19 %8l NIH3T3
MR XA PR A T2 2 A, EfsT
W25 T ML 3 M o3 TH 1,000 {5 £ T
HE L7z, Zo#EE A T Mk, CDI9
B D Raji =° Daudi HifE % 2053 & < RBRE N
TEE LT,

5. TpEEmLEF
CdERERm 30 (Rt 50 ; /e b DX FRED &
D)

1. Sato, K., Date, S., Aoyagi, Y., Kasahara,
Y., Nawa, A., Mizukami. H.. Hidema, S.,
Ozawa, K., Nishimori, K.: Generation of
adeno-associated virus vector enabling
functional expression of oxytocin receptor
and fluorescence marker genes using the
human eIF4G internal ribosome entry site
element. Biosci. Biotechnol. Biochem. % #t
H 73(9): 2145-2148, 20009.

2. Ito, T., Yamamoto, S., Hayashi, T,
Kodera, M., Mizukami, H., Ozawa, K., and
Muramatsu, S.: A convenient enzyme-linked
immunosorbent assay for rapid screening of
anti-adeno-associated  virus  neutralizing
antibodies. Ann. Clin. Biochem. # #t A
46(Pt6): 508-510, 2009.

3. Okada, T., Nonaka-Sarukawa, M.,
Uchibori, R., Kinoshita, K., Hayashita-Kinoh,
H., Nitahara-Kasahara, Y., Takeda, S., and
Ozawa, K.: Scalable purification of
adeno-associated virus serotype 1 (AAV1)
and AAVS vectors, using dual ion-exchange
adsorptive membranes. Hum. Gene Ther. 7t
FEA 20(9): 1013-1021, 2009.

4. Uchibori, R., Okada, T., Ito, T., Urabe
M., Mizukami. H., Kume, A., and Ozawa
K.: Retroviral vector-producing
mesenchymal stem cells for targeted suicide
cancer gene therapy. J. Gene Med. &t H
11: 373-381, 2009.

5. Nomoto, T., Okada, T., Shimazaki, K.,
Yoshioka, T., Nonaka-Sarukawa, M., Ito, T.,
Takeuchi, K., Katsura, K.I., Mizukami, H.,




Kume, A., Ookawara, S., Ikeda, U.,
Katayama, Y., and Ozawa, K.: Systemic
delivery of IL-10 by an AAV vector prevents
vascular remodeling and end-organ damage
in stroke-prone spontaneously hypertensive
rat. Gene Ther. & Ft A 16(3): 383-91,
2009.

Takei, Y., Saga, Y., Mizukami. H.,
Takayama, T., Ohwada, M., Ozawa. K., and
Suzuki, M.: Overexpression of PTEN in
ovarian cancer cells suppresses 1i.p.
dissemination and extends survival in mice.
Mol. Cancer. Ther. &7t 7(3): 704-711,
2008.

Nonaka-Sarukawa, M., Okada, T., Ito,
T., Yamamoto, K., Yoshioka, T., Nomoto, T.,
Hojo, Y., Shimpo, M., Urabe, M., Mizukami
H., Kume, A., Ikeda, U., Shimada, K., and
Ozawa K.:  Adeno-associated  virus
vector-mediated  systemic interleukin-10
expression ameliorates hypertensive organ
damage in Dahl salt-sensitive rats. J Gene
Med. #HiA 10(4): 368-374, 2008.

Liu, Y., Okada, T., Shimazaki, K.,
Sheykholeslami, K., Nomoto, T., Muramatsu,
S., Mizukami, H., Kume, A., Xiao, S.,
Ichimura, K., and Ozawa., K.: Protection
against aminoglycoside-induced ototoxicity
by regulated AAV vector-mediated GDNF
gene transfer into the cochlea. Mol. Ther.
HHEH 16(3): 474-480, 2008.

Ito, T., Okada. T., Miyashita, H.,
Nomoto, T., Nonaka-Sarukawa, M.,
Uchibori, R., Maeda, Y., Urabe, M.,
Mizukami, H., Kume, A., Takahashi, M.,
Ikeda, U., Shimada, K., and Ozawa, K.:
Interleukin-10 expression mediated by an
adeno-associated virus vector prevents
monocrotaline-induced pulmonary arterial
hypertension in rats. Circ. Res. 7§t A
101: 734-741, 2007.

Ito, T., Okada, T., Mimuro, J.,
Miyashita, H., Uchibori, R., Urabe, M.,
Mizukami, H., Kume, A., Takahashi, M.,
Ikeda, U., Sakata, Y., Shimada, K., and
Ozawa, K.: Adeno-associated
virus-mediated prostacyclin synthase
expression prevents pulmonary arterial
hypertension in rats. Hypertension ZF#tH
50: 531-536, 2007.

Fujiwara, S., Yamashita, Y., Choi, Y.L.,
Watanabe, H., Kurashina, K., Soda, M.,
Enomoto, M., Hatanaka, H., Takada, S.,
Ozawa, K., and Mano, H.: Transforming
activity of purinergic receptor P2Y, G
protein coupled, revealed by retroviral
expression screening. Leuk. Lymphoma. 7T

FtH 48:978-986, 2007.

Oh, L., Ozaki, K., Sato, K., Meguro, A.,
Tatara, R., Hatanaka, K., Nagai, T., Muroi,
K., Ozawa, K.: Interferon-gamma and
NF-kappaB mediate nitric oxide production
by mesenchymal stromal cells. Biochem.
Biophys. Res. Commun. 7% %t A 355:
956-962, 2007.

Ideno, J., Mizukami, H., Kakehashi, A.,
Saito, Y., Okada, T., Urabe, M., Kume, A.,
Kuroki, M., Kawakami, M., Ishibashi, S.,
and Ozawa, K.: Prevention of diabetic
retinopathy by intraocular soluble Flt-1 gene
transfer in a spontaneously diabetic rat
model. Int. J. Mol. Med. &&A 19: 75-79,
2007.

Sato, K., Ozaki, K., Oh, 1., Meguro, A.,
Hatanaka, K., Nagai, T., Muroi, K., and
Ozawa, K.: Nitric oxide plays a critical role
in suppression of T cell proliferation by
mesenchymal stem cells. Blood 7§t A
109: 228-234, 2007.

Takei, Y., Mizukami, H., Saga, Y,
Yoshimura, 1., Hasumi, Y., Takayama, T.,
Kohno, T., Matsushita, T., Okada, T., Kume,
A., Suzuki, M., and Ozawa, K.: Suppression
of ovarian cancer by muscle-mediated
expression of soluble VEGFR-1/Flt-1 using
adeno-associated virus serotype 1-derived
vector. Int. J. Cancer 3¢ 120: 278-284,
2006.

Mizukami, H., Mimuro, J., Ogura, T.,
Okada, T., Urabe, M., Kume, A., Sakata, Y.,
and Ozawa, K.: Adipose tissue as a novel
target for in vivo gene transfer by
adeno-associated viral vectors. Hum. Gene
Ther. FHEA 17: 921-928, 2006.

Ishiwata, A., Mimuro, J., Kashiwakura,
Y., Niimura, M., Takano, K., Ohmori, T.,
Madoiwa, S., Mizukami, H., Okada, T,
Naka, H., Yoshioka, A., Ozawa, K., and
Sakata, Y.: Phenotype correction of
hemophilia A mice with adeno-associated
virus vectors carrying the B domain-deleted
canine factor VIII gene. Thromb. Res. ZT#t
A 118: 627-635, 2006.

Ogura, T., Mizukami, H., Mimuro, J.,
Madoiwa, S., Okada, T., Matsushita, T.,
Urabe, M., Kume, A., Hamada, H.,
Yoshikawa, H., Sakata, Y., and Ozawa, K.:
Utility of intraperitoneal administration as a
route of AAV serotype 5 vector-mediated
neonatal gene transfer. J. Gene Med. 27t
A 8:990-997, 2006.

Machida, Y., Okada, T., Kurosawa, M.,
Oyama, F., Ozawa, K., and Nukina, N.:
rAAV-mediated shRNA ameliorated




neuropathology in Huntington disease
model mouse. Biochem. Biophys. Res.
Commun. &HA 343: 190-197, 2006.

20. Urabe, M., Xin, K.Q., Obara, Y.,
Nakakura, T., Mizukami, H., Kume, A.,
Okuda, K., Ozawa, K.: Removal of empty
capsids from type 1 adeno-associated virus

vector stocks by anion-exchange
chromatography  potentiates  transgene
expression. Mol. Ther. #E#tA 13: 823-828,
2006.

21. Urabe, M., Nakakura, T., Xin, K.Q.,
Obara, Y., Mizukami, H., Kume, A., Kotin,
R.M., and Ozawa, K.: Scalable generation of
high-titer ~recombinant adeno-associated
virus type 5 in insect cells. J. Virol. ##c A
80: 1874-1885, 2006.

22. Okada, T., Uchibori, R., Iwata-Okada,
M.,  Takahashi, M., Nomoto, T,
Nonaka-Sarukawa, M., Ito, T., Liu, Y.,
Mizukami, H., Kume, A., Kobayashi, E., and
Ozawa, K.: A histone deacetylase inhibitor
enhances recombinant adeno-associated
virus-mediated gene expression in tumor
cells. Mol. Ther. & FtH 13: 738-746, 2006.

23. Li, X.G., Okada, T., Kodera, M., Nara,
Y., Takino, N., Muramatsu, C., Ikeguchi, K.,
Urano, F., Ichinose, H., Metzger, D.,
Chambon, P., Nakano, 1., Ozawa, K., and
Muramatsu, S.: Viral-mediated temporally
controlled dopamine production in a rat
model of Parkinson disease. Mol. Ther. %
A 13:160-166, 2006.

24. Fujiwara, S., Yamashita, Y., Choin Y.L.,

Wada, T., Kaneda, R., Takada, S.,
Maruyama, Y., Ozawa, K., and Mano, H.:
Transforming activity of the

lymphotoxin-beta receptor revealed by
expression screening. Biochem. Biophys.
Res. Commun. ZFHA 338: 1256-1262,
2005.

25. Okada, T., Nomoto, T., Yoshioka, T.,
Nonaka-Sarukawa, M., Ito, T., Ogura, T.,
Iwata-Okada, M., Uchibori, R., Shimazaki,
K., Mizukami, H., Kume, A., and Ozawa
K.: Large-scale production of recombinant
viruses by use of a large culture vessel with
active gassing. Hum. Gene Ther. 77t A
16: 1212-1218, 2005.

26. Liu, Y., Okada, T., Sheykholeslami, K.,
Shimazaki, K., Nomoto, T., Muramatsu, S.,
Kanazawa, T., Takeuchi, K., Ajalli, R.,
Mizukami, H., Kume, A., Ichimura, K., and
Ozawa, K.: Specific and efficient
transduction of cochlear inner hair cells with
recombinant adeno-associated virus type 3
vector. Mol. Ther. THi A 12: 725-733,

2005.

27. Yokoo, N., Saito, T., Uesugi, M.,
Kobayashi, N., Xin, K.Q., Okuda, K.,
Mizukami, H., Ozawa, K., and Koshino, T.:
Repair of articular cartilage defect by
autologous  transplantation = of  basic
fibroblast growth factor gene-transduced
chondrocytes with adeno-associated virus
vector. Arthritis Rheum. 7 #t A 52:
164-170, 2005.

28. Sasaki, K., Inoue, M., Shibata, H., Ueda,
Y., Muramatsu, S., Okada, T., Hasegawa, M.,
Ozawa, K., and Hanazono, Y.: Efficient and
stable Sendai virus-mediated gene transfer
into primate embryonic stem cells with
pluripotency preserved. Gene Ther. it
12:203-210, 2005.

(k] (Gt e7h)

(XME) Gt 140

=

(PE S PEAE]
OmIREL (G o 1)

OB&ERIL Gt o 1)
(Z DAfth)

B2 L,

6. WFFEHHRE
(D) AFFEfEHE

/N AL (0ZAWA KEIYA)
BIRERIRT: - S - Bz
WFgeE %5 - 30137707

(2) B 5E 5y 3
K #ERH (MIZUKAMI HOROAKI)
BIREFRIRT: - 25 - GiAD
WFgeE &5 1 20311938

h¥5  ER] (URABE MASASHI)
EY}%E%’“’*? . @?gﬁ . %%Eﬂi
WFge % 2+ 40213516

AT B (MATSUSHITA TAKASHI)
HIRERI KT « EFE - B
WFgeE &5 1 20343444

FAM HE (OKADA TAKASHI)
PRI - 24 - A
WFE5 %5 1 00326828

HE &L (TSUKAHARA TOMONORT)
BIREFRIRT: « B - B
WFgeE& 5 1 10362120



