2070770 /%A

RAEGBFEN BB &

= Bt e B FEHEE A FE 5 36

TuRXT—BRFEEBRERE T ) AT - VA NVARFNZIEREA L
THOIERBREY) TNEA LBINBEBA AV T
VAT ADEZE

(H21-F/)-—#%-008)

SERR22MEE RIEFEHREE

mnkEr  BRIE BE

k23 (2011) &£ 5A



1L

11

WIS
(5 1 % 5 —PIRIEVESE RIS /A A - 0 A )L 2 UK 2 B A &
THEBEY TINE A LNEEEA A=V TV AT LD

MEMROFUTIZHET 2R

WFRERCROFIATY - BRI ---



JRAETBPED TR (EHR PR R HEE S R F %)
LS

TR AT —VPEREERNERET ) A F - T AN AR ZEREA L5
BRRE Y TN A DNBEBA A=V TV AT WO

MR RS R R%
RELR R BE DR 4 A AP TER) - I LaRsb el - e

[FREEE]

RRAFET 2 EMBROENS V7 B, EMELEEORENRERINT 5 - &
ICEDROEEAR L, EALMIREEXT-FEORECTHRILT A N Tx 5,
Green Fluorescent Protein (GFP) #Z U8 & J 28T v "V EEANEDFA A—
PUTE B AROEMBEO M TR I IR IR ShTunw a3, ER
SOISAERTZAEER TH Y . ERIZE MIERRISH S - BEFIT 220, FRR1T-
19FFE DA BRI FHIZERIC T, kA & L TT 1 A T — BB MR
TR L COFPEGF 2 BT % 7 A /b 2 I TelomeScan (B% = — K
OBP-401) ZAERZ L. #5#5 A~ o — 7RI EBEO AR AZRA S LT
Too ARBFZETIE, Bz lZHE T RINH O RES LR RE L 5 L e F A2 a—
TaRIEL, KRB TEORAENE L FRMEZ T 5 2 & . Bl OREIES: - ks
FHIOEFAKIE L, K0 ERA SR BIAR O 2 i+, A4HEIL, GFPi
BFAEA L MEMIEAZ Ly MRICUCTREMICEG L, 9HEEICMEL -5
ORI E T A 2 2 — 7 TR s LS AMICBE TR TH D Z L 2B 5T LT,
F 7z, MFEEEYEO @RS Katushka 3OS 1 24N L 72 SRR T 7 2 v A L

A~ K — (Ad-Katushka) % {Epk L7=,

A. HEEN

RIKAFET 2 EMEkOs0E 2 87 BT,
2 MR ORI A WIS D 2 21T X0 iRy
HAEFE L, EA LA X 72 F OB CAT
8T 52 LA TE %, GFP (Green Fluorescent
Protein) Z 13U &3 58004 v 37 B xR
DFA A=V TR, R OEMBIRONER
BB R IT R REBR IR ST LD a8, [EfFEA~
DISHIIRIZHFTERE CH Y, EEEICE MTERK
IGH SN FHNE 2, bbb, T e A T5—
PIEME (hTERT# R B IHKAF L MM T
RIRAIC A LAIRSE 2 B E T 2 BT 7 ) oA
LA B Telomelysin (B% = — F : OBP-301) %
BAZE L. KEICTHRERRAITV., ZOL2ME L
FRRNRAFER LTz, ZO AN ADY ) KEH|
HERIZH OMIR->TEBY , RNy 7 —
LLTNKRBIEFAEIERTAZ LN TE D, T/
Dh, HNE NI a— R LR R A
IATE . AL CIBIRAYIC R R A B LS 5 2 &
NTE 5D,

AR T, 7 AT —ViEMEEEVEC
TIEHAYICHE L CGFPEE 2 BB 5T/ 3/
A+ 7 A L A 8| TelomeScan (OBP-401) % FZ 7k #2
A& L. B FFINH O S RESLRD E T 4 %
a—TEHNEY TE A LN O

ABFESF—rar s AT ARBRT S, £7-.

GFPOHULI R £ 0 &<, MfkEBIEO &V ITRA
HHAEFETDE L VE NS V7 G RS
L7238l o A v ARERCRA 2 B % L. 8540 T R4l
RFIZ 35 1 % A FIPESC IR 1% 4 TelomeScan & bk # i
AT, WRTICIERRBEOREIC RS Shi- )/
INA G - T A NV ABENT . WONRRSE TR A
TR - L CGRIRMICE L2 R T D0 T, B
EHBIHETF AR a—T 5 AT TAZ A A
AV ay = — ETalfifbdsz R
T& %,

AR, I EICAUE L IR s
T A AT TGFPHE NN KB TR T& 20 Y
IMEMER L., I OIERNE AT DHT-72
FRAMIRAEETA N AR LT,

B. #f%EHE
1) TelomeScan (OBP-401) Dk L Hhe
TelomeScan| X5 R [ | SEKOEIK & 742 5
TTI)UANASTEEARERE L, TrAT—F
HE BB 75 T % A hTERT (human telomerase reverse
transcriptase) BIRF DT 2E—F —D TFiRIcy A
v AEFRIC LB DEIASR K OEIB# 5+ S IRESELS
THEBE L THBAENTWS, /12, VAL RHF
J LOE3EEIC . AT 7 T A HROGFP (Green
Fluorescent Protein) /R BLE{Z A S LT
%, TelomeScan!XH# M CTRERATIZHIGE L CGFP#t



KEFETDH L L BT, RMERICIEMAGE 2355
b, —H. TRAT—BEEERELRVES MR
TiX, ZOHEITME S, GFPL A LT, il
FEHLAELD Z gy,

hTERT/OE—4—

X1 TelomeScan” A /L A D&

2) HWFERIGFPRIETHRET T /) VA VR (Ad-
GFP) O KB ~D#E

GFPIBHn -3 B K D408, KEWI ORI T
B ICBEFRENE I DR ERT HERETT-
7=, TelomeScan|3FEHLEZ 351 T D ZHY L GFP#
KuwRTHD, HERECLWERRI=TH
T T AV ABEHE L GFPRBLAMIRF CX 20, 22
T, I=T7 X OHRE XOME ML FICGFP#{A1%&
BLIERIGER 75 ) 4 LA (Ad-GFP) % EAET
Beh L, fREEICE R A B LT,

3) KEIZBT 5GFPR#IG Bt MM T
BILDORS

FE 556 B Ad-GFP & H1299 & | Jifi i 4l i |2 J e &
. 24-48BF % T OIS TEIL, Ry RRICL
T, 2HMEEFO I =7 2 IR OMNREIIC TH
BRIz, HDHWITBIRMEIC THEEERE FICEAL,
PR Lo @R E S e e T A 2 a—7
2RI THORBE A T o7,

X2 ERERAEECT 4R a—7E5RAIER

4) SERAEERIE T RE Y A )V 2 BH DR
GFP & 0 IR O MEALRE & SRR (R 5 72
DI, MEEIRME OV RV E A R T D EOE
B S LT e A L AR R A O
ek 2 7x 7z, BEHIBIET L LT, GFPOHDLHR
505 nmk ¥ £ < #AEEMEO E 635 nmdD TR
WICEFET HA Y X F X 7 Entacmaea quadricolor
D HT L # o /87 B Katushkaz U 7=

(ff B ~ D AL )

PRI FETY 7 A L 2 WF 2 VS ARRE TR
ERER) sy, TH S5
ILHEHERHFE ) 2R, FROHYERETO
T OB ST B EE R EE L. ARl E e
RBEHETVD,

C. HERER
1) FWBEBGFPBRETRET T ) VA LR (Ad-
GFP) ORKEM~DFES
L=THOHRE LOMEE K FIZAD-GFPA @4
BTG L, BRIFMICEEEEEBELLL A,
L [ #% £ COFPE AR BUIRD bk oTz, U
AV ARG B H WD T AR TR BN E K-
HEEZLND

2) KEWMWIZEIT HGFPRETRBLt MM Rl
BlboRAR

PLRREET O 2 =7 Z I ZGFP#a{E BIHI299 &
b i AR A S Ly BRI L TR DRSS IC T
KB FIC, H5 VB THEBIEB FICHEAL,

R B R I 7 A % 3 — 7 2 BRI T
TENZBE L2 2 A, GFPE e IR H 7T hE
Thol,

] 8 HOLAREF

M3 ®ABEETARa—7IZI 5K

3) SEARIVEOEBRIE T RB Y A L AR OIERR

GFP L 0 IR OB/ MEALRK 2 BB (SR B 72
OIZIT AR s+ Katushka & #5889~ 2 JEsg i Al
775 ) A2 (Ad-Katushka) {5+ E %17



- 7=, Ad-Katushka % 50 multiplicity of infection
MODT & b HEfife (MKNI, MKN45) | b bk
WAL (SW620, SW480) (TS H7-& 25
ABIRF ] 1% | BN A2 AR R TR B BLAR S,

]t HOE B

(Bt : MKN1, TFEt : MKN435)

X4 v MEMIEIC BT DRIV RS TR
D. &%

HH S B RO Tzin vivol A A=V T
. REROEMBFAONEICEHERLRTH S
N, EROBISTEALSNZFEFITE 20,
T AT —BIEMIC S LT D s -
7T AN AE80-100 nmD KIKO /A F - F )
U=y THY, MR TR ICECE (R %
RETHDICE LRy 2= E5, &Y
SN2 A N ABERERNL Y V3R MR -
THEHL . BUNMEBR R T 5 & & biEok
BEEZEL D, @EBREENNEMET AR a—7%
HMAbbE DI L THATFHANRT /-
3y s VAT AOBKISANEBRFTIUE, B
WV TAE A LN SRR 7 & ORI
ZREET DI ENTE, LER/ROFEIKZ U
T 5 BfE/N TR ORI T TRE L /2 D

=& TR osS . AL 2
A RENE SO A MER N B85 47 (NOTES. Natural
Orifice Translumenal Endoscopic Surgery) THf3(2
VNI CRERS e Z kAR T x AT, K
BTN AR SR RS B T U)BE AT (ESD. Endoscopic
Submucosal Dissection) A THIFRA[fEZ 7 — A §,
AT %, TbbH, KFEREIZL-T, 4+
FHOIBRGPH % S/ NRICE D 5 Z & TRE D Ol 2
ZRELIZY, D503V AEREZO LD %
AWML=V 52 EancEiud, WM EGER
TEMATREL 72 0 | IEMBOBEOEFEOHDOE L
Wi EICE#RT S Z LaiTE D,

FIEE T 5 FHIFEIL, GFPA2 A+ 5 2
ERTELEEEERNEMET AR a—-TDEIE

AERE, L OV - L U722 Sl e & 1E
L7, HAT A~y ROARAL v F 2 THEEE—
RERKEE—ROT A NI —YOEZNT L Z v
FCTCTE, ZOYVEZIHER L TR Z 4 L4
—LE= X —RENE 0 DY | AR LR
AUV EZTERTRTHVRTLE LT, 2FF
BeFoI=7%T, MOMICHEA L7 HLENHR
85 C K5I T (2 TelomeScan & [7] — 0D 4t 6 R E 4 5
OWHE—REFEALILLE A, EENNSFE2S
RIS THRO TRAFICHEDNOATR Y v fli~D
YRl VT AEA DIHERTHZENTE -,

FEZE24E A & 72 DAAERE X, MU s S & En e 7
FRa—7FE2ERERIC LD I =7 7 olikick
'} 5 GFP# G FHRBLOMR M &R 2 7=, Ad-GFPD#
HBCIXEAERBIZA LN R - 7208, ML ~L
TGFPRILL T D & B EICRIFRETH S Z &
BHLMNE RS-, ZOGFPHGIE, TR I9EE £
TIZARMFZERERE L TRE L2 R RO 7 e
—ZICTHEBRICRIET S Z & Tz,

F 72, ITARSKatushkadt il s & 4 A L 7= JE 4
WRLT 7 ) v A v A2 Z— (Ad-Katushka) # {F
AL, BREE NS B IR HOE D FEBL
WL 72, A, RSV RR A BT S

LR SR BRIG AR 7 A L 2 DAERR A R A D T IE
Tholn, FHEHY TORBIIMFTX 20
7=, FF A & L TAd-KatushkaZ 558 L /-,

L%, BMAEBHME T AR a— 7 Tiag %R
KO RAEINBETEL LT AV Z—%
HibgsE 4 (F N L, Ad-GFP, Ad-Katushka, & %\ (%
ThZENZex vivo CRER ST 8 MEMlRZ 5 L
TEMMBRIELZ GO ET 4 X a— 7 OHHEfR
HrairsH, Telomelysin (OBP-301) ™71 /L
A7) D E3EIR A~ O T AR OB AR A 2 K
Dy S, EEHERAGT R EHFEIR Y A VR & 5E
I D, BT, BEAA A -V R
dhl LTUA N ADOREHERR G & SR EGFPEL
BRI ET A AT —TOEFHEE L TORELEH
EL, e =gy - YRFAELTOE
KRB O EAITV, BEAITIUO LT 510
IR B ~ O R R % B 59,

T hiT,

E. f&i
KBicE W THEERERHE T A 23—
AR I CGFPOH A w35 Z e N TE =,

F. s
L i CRER
(3]

1. Sugio, K., Sakurai, F., Katayama, K., Tashiro, K., Matsui, H.,
Kawabata, K., Kawase, A., Iwaki, M., Hayakawa, T.,
Fujiwara, T., Mizuguchi, H. Enhanced safety profiles of the
telomerase-specific replication-competent adenovirus by
incorporation of normal cell-specific microRNA-targeted
sequences. Clin. Cancer Res., (in press), 2011.



Sasaki, T., Tazawa, H., Hasei, J., Kunisada, T., Yoshida, A.,

Hashimoto, Y., Yano, S., Yoshida, R., Uno, F., Kagawa, S.,

Morimoto, Y., Urata, Y., Ozaki, T., Fujiwara, T. Preclinical

evaluation of telomerase-specific oncolytic virotherapy for

human bone and soft tissue sarcomas. Clin. Cancer Res., 17:

1828-1838, 2011.

Umeda, Y., Matsuda, H., Sadamori, H., Shinoura, S., Yoshida,

R., Sato, D., Utsumi, M., Yagi, T., Fujiwara, T.

Leukoencephalopathy syndrome after living-donor liver

transplantation. Exp. Clin. Transplant., 9: 139-144,2011.

Motoki, T., Naomoto, Y., Hoshiba, J., Shirakawa, Y.,

Yamatsuji, T., Matsuoka, J., Takaoka, M., Tomono, Y.,

Fujiwara, Y., Tsuchita, H., Gunduz, M., Nagatsuka, H.,

Tanaka, N., Fujiwara, T. Glutamine depletion induces murine

| melena with i d apoptosis of the intestinal

epithelium. World J. Gastroenterol., 17: 717-726, 2011.

Tazawa, H., Kagawa, S., Fujiwara, T. MicroRNA as potential

target gene in cancer gene therapy of gastrointestinal tumors.

Expert Opin. Biol. Th., 11: 145-155,2011.

Fujiwara, T., Shirakawa, Y., Kagawa, S. Telomerase-specific

oncolytic virotherapy for human gastrointestinal cancer.

Expert Rev. Anticancer Th., 11: 525-532, 2011.

Kuroda, S., Fujiwara, T., Shirakawa, Y., Yamasaki, Y., Yano,

S., Uno, F., Tazawa, H., Hashimoto, Y., Watanabe, Y., Noma,

K., Urata, Y., Kagawa, S., Fujiwara, T. Telomerase-dependent

oncolytic adenovirus sensitizes human cancer cells to ionizing

radiation via inhibition of DNA repair machinery. Cancer

Res.. 70: 9339-9348, 2010.

Umeda, Y., Matsuda, H., Sadamori, H., Matsukawa, H., Yagi,

T., Fujiwara, T. A prognostic model and treatment strategy for

intrahepatic recurrence of hepatocellular carcinoma after

curative resection. World J. Surg., 35: 170-177, 2011.

Sakai, R., Kagawa, S., Yamasaki, Y., Kojima, T., Uno, F.,

Hashimoto, Y., Watanabe, Y., Urata, Y., Tanaka, N., Fujiwara,

T. Preclinical evaluation of differentially targeting dual

virotherapy for human solid cancer. Mol. Cancer Ther., 9:

1884-1893, 2010.

10. Huang, P., Kaku, H., Chen, J., Kashiwakura, Y., Saika, T.,
Nasu, Y., Urata, Y., Fujiwara, T., Watanabe, M., Kumon, H.
Potent antitumor effects of combined therapy with a
telc pecific, replication-comp adenovirus (OBP-
301) and IL-2 in a mouse model of renal cell carcinoma.
Cancer Gene Ther., 17: 484-491, 2010.

. Kojima, T., Watanabe, Y., Hashimoto, Y., Kuroda, S.,
Yamasaki, Y., Yano, S., Ouchi, M., Tazawa, H., Uno, F.,
Kagawa, S., Kyo, S., Mizuguchi, H., Urata, Y., Tanaka, N.,
Fujiwara, T. In vivo biological purging for lymph node
metastasis of human colorectal cancer by telomerase-specific
oncolytic virotherapy. Ann. Surg., 251: 1079-1086, 2010.

. Watanabe, Y., Kojima, T., Kagawa, S., Uno, F., Hashimoto,
Y., Kyo, S., Mizuguchi, H., Tanaka, N., Kawamura, H.,
Ichimaru, D., Urata, Y., Fujiwara, T. A novel translational
approach for human pleural mesotheli
heparanase-assisted dual virotherapy. Oncogene, 29:1145-
1154, 2010.

IS

€259

| EREE T AT —PEESEN LT AR Y AL
AWK OBRRBR - B BREZEOMRIER. SMRE
BHBFFE 45:23-34, 2010.

2. FRIFHERR (LA IRIICR T DM IERBN R, ML
EELMEE 122:209-213, 2010

3. RET. BAKE, BB, AhRE HERE B
R« RIBEEAL T 7 ) 0 A L ARE E H B
WD AIREORIMIEOR R L IRE~OIEA (FAL 21
FEMUEASE (LA SHRX) . HUEFELME
2 122:203—208. 2010.

2. FRREX
[Epe]
1. Fujlwara T. Molecular imging of human cancer with
ific replic lective adenovirus. Pre-
1fe Satellite Me g of World Molecular I
Conference “Shedding Light for Unveiling Life”, Seoul
2010.

2. Fujiwara, T., Uno, F., Hashimoto, Y., Shirakawa, Y.,
Nagasaka, T., Kagawa, S., Urata, Y. Detection of viable
human circulating tumor cells using telomerase-specific GFP-
expressing bioengineered adenovirus in patients with gastric
cancer: A fiesibility study. 2011 ASCO Gastrointestinal
Cancer Symposium, San Francisco, January, 2011.

3. Nagasaka, T., Goel, A., Taniguchi, N., Mori, Y., Shigeyasu,
K., Yamada, E., Oka, T., Sun, D., Fujiwara, T. Power of fecal
DNA methylation analysis: Does it lead to development of a
noninvasive screening tool for pancreatic cancer? 2011 ASCO
G i inal Cancer Symposium, San Fi January,
2011.

4. Yoshida, R., Uno, F., Kagawa, S., Fujiwara, T. Sensitization
to trastuzumab via ADCC activation by exogenous expression
of HER?2 extracellular domain in HER2-negative human
gastric cancer cells. 9 International Gastric Cancer
Congress, Seoul, April, 2011.

5. Kagawa, S., Yano, S., Tazawa, H., Hashimoto, Y., Shirakawa,
Y., Kuroda, S., Yamasaki, Y., Uno, F., Nagasaka, T.,
K|sh|moto H., Nishizaki, M., Urata, Y., Fujiwara, T. Three-
di | visual human cancer stem

v ization of el
cell by oncolytic adenovirus. 9* International Gastric
Cancer Congress, Seoul, April, 2011.

6. Uno, F., Kagawa, S., Nishizaki, M., Kishimoto, H., Gouchi,
A., Kimura, T., Takahata, T., Nonaka, Y., Ninomiya, M.,
Fujiwara, T. Phase II study of S-1 and docetaxel combination
chemotherapy for advanced or recurrent gastric cancer with
peritoneal di { I Gastric Cancer
Congress, Seoul, April, 2011.

7. Nishizaki, M., Kagawa, S., Uno, F., Kishimoto, H., Gouchi,
A., Fujiwara, T. A modified overlap method for performing
Billroth-I anastomosis after laparoscopic distal gastrectomy.
9" International Gastric Cancer Congress, Seoul, April,
2011.

(ES[eE==S)
BEER : T A7 —CIEREER LT 5 U A L ARA
DD - WE~OICH. B 110 Bl AZANBELFHF
W2 (F7—2 >3 7 [HBBEELDEDD
translational research/ ) . %R, 2010 F 4 H.

2. IR : Telomerase-specific molecular radiosensitizer for
human cancer. 549 FIAALHELERAL (F—F
ARy gy (F /70 n - YBRAF—
EME LA TY v FEFHIERET- 16K ) . KIR.
2010 4E 6 A.



o

=

. Fujiwara, T., Urata, Y., Nemunaitis, J. Phase I clinical trial of

telomerase-specific oncolytic adenovirus for advanced solid

wmors. 16 [] A X B = FIEHKFES (Main

Symposium) . THLE . 2010 457 A

FERORRE. FEA, HBKR. &I, VT, REFE

th, HHES, BAKE, WEEE . B rgEv L

ABRENZ N H A A — V2 7T LB IR IEERAS A

e (CTC) Wikt 65 EAXBIEFNBELRE
(NFNT A R g [HFEYEZET LB

AEOFLEEZET ) . 1L 201047 A

Ji%I5 {22 3¢ : Theranostic application of telomerase-specific

replication-selective adenosurs for human cancer. 869 & A

FEERENRR (F—=27L7F+— ) . KK,

2010 29 A.

. Tazawa, H., Yano, S., Yoshida, R., Urata, Y., Fujiwara, T.

Oncolytic adenovirus induces autophagic cell death through
microRNA-7-mediated suppression of EGFR in human cancer
cells. F16 EIAABEFIEFFESR, THE, 201047
A.

MAIKH, SFASCRI. &G, TR, R, KEF
st A4 BELE23E : Hypoxia promotes replication
and therapeutic potency of telomerase-specific oncolytic
adenovirus for human cancer cells. 869 [B] X FELFH
B2 KB, 201049 H.

AR E] EPREE, RIRRE, R Somatic
hypermethylation of MSH2 is a frequent event in Lynch
syndrome colorectal cancers. 58 69 /6] A ZBELFHHRE,
KB, 2010 49 H.

MIgR, REFfEh, HHIET, WHREE, BERAERE
E2F1-mediated microRNA-7 upregulation induces autophagic
cell death through EGFR suppression during adenovirus
infection. 769 EAABEREMMAL. KK, 2010 49
A

. REMER, BIER, WAKR, FEHKR, FI@RE,

#4, IFE 3 ¢ Visualizing treatment dynamics that
oncolytic adenovirus promotes cell cycle progression of
quiescent cancer stem cells. 5 69 [F] A A B FEEFHHE.
KB, 2010 49 A.

e KHIL BEBR, BAKE, HERSZ, RAWE, &

Fbh, T E#RAE, IR, BRI € © Telomerase-
specific replication-selective virotherapy for bone and soft
tissue sarcoma. 5 69 [E] A XBELFEHME. KB, 2010
9 1.

RAREK, @BEM, 5, PRER. BHES B

AT, REPEALT . AL, WRER. LT
8t : Effect of telomerase-specific replication-selective
adenovirus on ovarian cancer stem cells. £ 69 /5] H A%
LDEMEL, KL, 201049 A,

CRAEM, B, PHEL, BRET. BT KT

ARARRL, REFHAL T, AR, WHERE, RReEE,
JE EIE#F © Detection of circulating tumor cells using
telomerase-specific replication-selective adenovirus in
gynecologic cancers. 58 69 [ AZAMBHELEMRBL. KWL,
2010 49 A.

CEHIB, BRRRE, BORGEH. BORBIER, K#Ewk, A%

B, LRSS, BRI . Aminolndex, a novel
screening marker based on plasma free amino acid profile, for
gastric cancer screening. 69 /G A A ELEHRE. K
F, 2010 29 7.



WFREROTITIZET 5 — KR

Mt
REEKA P e I REHS BE | R=Y HiRR AR

Watanabe, Y., Kojima, T., | A novel translational Oncogene 29 1145-1154 2010
Kagawa, S., Uno, F., approach for human
Hashimoto, Y., Kyo, S.,  |malignant pleural
Mizuguchi, H., Tanaka, mesothelioma: heparanase-
N., Kawamura, H., assisted dual virotherapy.
Ichimaru, D., Urata, Y.,
Fujiwara, T.
Kojima, T., Watanabe, Y., |In vivo biological purging | Annals of Surgery 251 1079-1086 2010
Hashimoto, Y., Kuroda,  |for lymph node metastasis
S., Yamasaki, Y., Yano, of human colorectal cancer
S., Ouchi, M., Tazawa, H., | by telomerase-specific
Uno, F., Kagawa, S., Kyo, |oncolytic virotherapy.
S., Mizuguchi, H., Urata,
Y., Tanaka, N., Fujiwara,
T.
Sakai, R., Kagawa, S., Preclinical luation of Molecular Cancer 9 1884-1893 2010
Yamasaki, Y., Kojima, T., | differentially targeting dual Therapeutics
Uno, F., Hashimoto, Y., virotherapy for human
Watanabe, Y., Urata, Y., |solid cancer.
Tanaka, N., Fujiwara, T.
Kuroda, S., Fujiwara, T., | Telomerase-dependent Cancer Research 70 9339-9348 2010
Shirakawa, Y., Yamasaki, |oncolytic adenovirus
Y., Yano, S., Uno, F., sensitizes human cancer
Tazawa, H., Hashimoto,  |cells to i radiation
Y.. Watanabe, Y., Noma, |via inhibition of DNA
K., Urata, Y., Kagawa, S., |repair machinery.
Fujiwara, T.
Sasaki, T., Tazawa, H., Preclinical evaluation of Clinical Cancer 17 1828-1838 2011
Hasei, J., Kunisada, T., telomerase-specific Research
Yoshida, A., Hashimoto, |oncolytic virotherapy for
Y., Yano, S., Yoshida, R., |human bone and soft tissue
Uno, F., Kagawa, S., sarcomas.
Morimoto, Y., Urata, Y.,
Ozaki, T., Fujiwara, T.
Tazawa, H., Kagawa, S., |MicroRNA as potential Expert Opinion on 11 145-155 2011
Fujiwara, T. target gene in cancer gene | Biological Therapy

therapy of gastrointestinal

tumors.
Fujiwara, T., Shirakawa, | Telomerase-specific Expert Review of 11 525-532 2011
Y., Kagawa, S. oncolytic vi py for Anti Therapy

human gastrointestinal
cancer.




ORIGINAL ARTICLE

Oncogene (2010) 29, 1145-1154
© 2010 Macmillan Publishers Limited Al rights reserved 0950-9232/10 $32.00

www.nature.com/onc

A novel translational approach for human malignant pleural mesothelioma:
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Malig] pleural mesotheli (MPM) is a highly
aggressive tumor that is related to asbestos exposure.
MPM is characterized by rapid and diffuse local growth
in the thoracic cavity, and it has a poor prognosis because
it is often refractory to conventional therapy. Although
MPM is an extraordinarily challenging disease to treat,
locoregional virotherapy may be useful against this aggres-
sive disease because of the accessibility by intrapleural
virus delivery. In this study, we show that telomerase-
specific, replication-selective adenovirus OBP-301 can
efficiently infect and kill human mesothelioma cells by
viral replication. Intrathoracic administration of virus
significantly reduced the number and size of human
mesothelioma tumors intrathoracically implanted into
nu[nu mice. A high-definition, fluorescence optical ima-
ging system with an ultra-thin, flexible fibered microprobe
clearly detected intracellular replication of green fluores-
cent protein-expressing oncolytic virus in intrathoracically
established mesothelioma tumors. As the extracellular
matrix (ECM) may contribute to the physiological
resistance of a solid tumor by preventing the penetration
of therapeutic agents (including oncolytic viruses), we also
examined whether the co-expression of heparanase, an
endoglucuronidase capable of specifically degrading he-
paran sulfate, that infl the physiological barrier to
macromolecule penetration, can modify the permeability
of the ECM, resulting in profound therapeutic efficacy.
Co-injection of OBP-301 and a replication-defective
adenovirus (Ad-S/hep)-expressing heparanase resulted in
more profound antitumor effects without apparent toxi-
city in an orthotopic pleural di ion model. Our
results suggest that intrathoracic dual virotherapy with
telomerase-specific oncolytic adenovirus in combination
with heparanase-expressing adenovirus may be efficacious
in the prevention and treatment of pleural dissemination of
human malignant mesothelioma.
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Introduction

Malignant pleural mesothelioma (MPM) is an uncom-
mon neoplasm with an annual estimated incidence of
2000-3000 new cases in the United States (Connelly
et al., 1987; Price, 1997). In more than 70% of patients,
the origin of the tumor is linked to a history of exposure
to asbestos fibers (Chahinian er al., 1982; Chailleux
et al., 1988). The use of asbestos in Japan increased
rapidly after the 1950s and remained at a high level even
as the worldwide use of asbestos decreased substantially
after the 1980s, therefore, the mortality rate for MPM is
expected to continuously increase in Japan (Murayama
et al., 2006). MPM is characterized by progressive local
tumor invasion and poor median survival ranging from
9 to 16 months (Ruffie ez al., 1989). MPM is notoriously
refractory to treatment, and neither surgery nor radio-
therapy alone results in increased survival (Ball and
Cruickshank, 1990; Rusch et al., 1991). Although many
chemotherapeutic regimens have been suggested, a
standard treatment strategy for MPM remains elusive
(Alberts et al., 1988; Ryan et al., 1998). Therefore, the
development of novel therapeutic options is required.
Clinical trials of patients with MPM have established
the safety of the intrapleural delivery of replication-
deficient adenoviral vectors expressing the suicide gene,
herpes simplex thymidine kinase, followed by the admin-
istration of ganciclovir, an antiviral drug. Some evidence
indicates that this approach induces an effective antitumor
immune response (Sterman et al., 1998, 2005; Molnar-
Kimber er al., 1998). Moreover, intrapleural interferon-8
gene transfer with a replication-defective adenoviral vector
may potentially be a useful approach for the generation of
antitumor immune responses in MPM patients (Sterman
et al., 2007). A significant obstacle to these approaches is
the limited distribution of the non-replicative vectors
within the tumor mass, even after direct intratumoral
administration. Histopathological analyses have shown
that these vectors transduce only a few tumor cells,



Dual virotherapy for malignant mesothelioma
Y Watanabe et a/

1146

despite the successful antitumor responses. Therefore,
more efficient strategies for the virus to spread within
tumors may be required to increase the clinical benefit.
Replication-selective, tumor-specific viruses present a
novel approach for the treatment of neoplastic diseases.
These vectors are designed to induce virus-mediated lysis
of tumor cells after selective viral propagation within the
tumor. Telomerase activation is a critical step in
carcinogenesis, and it correlates closely with human
telomerase reverse transcriptase (hTERT) expression.
We constructed an attenuated adenovirus 5 vector
(OBP-301, Telomelysin), in which the hTERT promoter
element drives expression of the E/A and EIB genes
linked with an internal ribosome entry site. OBP-301
replicated efficiently and induced marked cell killing in a
panel of human cancer cell lines, whereas replication as
well as cytotoxicity was highly attenuated in normal
human cells lacking telomerase activity (Kawashima ez al.,
2004; Taki et al., 2005). In this study, we examined the
therapeutic potential of intrapleural delivery of OBP-301
against human MPM tumors intrathoracically implanted
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Figure 1

Relative hTERT mRNA levels O

into nu/nu mice. As the extracellular matrix (ECM) may
contribute to the physiological resistance of a solid tumor
by preventing the penetration of therapeutic agents
(including oncolytic viruses), we also examined whether
the co-expression of heparanase, an endoglucuronidase
capable of specifically degrading heparan sulfate, that
influences the physiological barrier to macromolecule
penetration, can modify the permeability of the ECM,
resulting in profound therapeutic efficacy.

Results

Expression of CAR and hTERT levels in human
mesothelioma cell lines

To examine the biological characteristics of human
mesothelioma cells, we first used flow cytometry to
determine the cell surface expression of coxsackie and
adenovirus receptor (CAR). CAR was expressed in all
four cell lines tested, although the expression levels
varied (Figure 1b). H2052 and H2452 cells showed low,
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Schematic DNA structures of telomerase-specific viruses and characteristics of human mesothelioma cell lines. (a) OBP-301

is a telomerase-specific, replication-competent adenovirus that contains the human telomerase reverse transcriptase (hTERT) promoter
sequence inserted into the adenovirus genome to drive transcription of the E1A and EI1B bicistronic cassette linked by internal
ribosome entry site (IRES). OBP-401 is a variant of OBP-301 and contains the green fluorescent protein (GFP) gene inserted under the
cytomegalovirus (CMV) promoter into the E3 region for monitoring viral replication. Ad-S/hep vector contains human heparanase
complementary DNA (cDNA) driven by the CMV promoter. (b) Flow cytometric analysis of coxsackie and adenovirus receptor
(CAR) expression in human mesothelioma cell lines. Cells were incubated with anti-CAR monoclonal antibodies followed by
fluorescein isothiocyanate (FITC)-conjugated rabbit anti-mouse IgG (gray area). An isotype-matched normal mouse IgG conjugated
to FITC was used as a control (black line). (c) Relative ATERT messenger RNA (mRNA) expression in human mesothelioma cell lines
and normal cell lines was determined by real-time reverse transcription (RT)-PCR analysis. The h/TERT mRNA expression of H1299
human lung cancer cells was considered 1.0, and the relative expression level of each cell line was calculated against that of H1299 cells.
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Figure 2 Selective cytopathic effect of OBP-301 in human mesothelioma cell lines in vitro. Cells were infected with OBP-301 at the
indicated multiplicity of infection (MOI) values, and the surviving cells were quantitated over 5 days by XTT assay. The cell viability
of mock-treated cells on day 1 was considered 1.0, and the relative cell viability was calculated. Values represent the mean + s.d. of

triplicate experiments.

but detectable CAR expression compared with CAR-
negative cell lines such as LN444, LNZ308 and
H1299R5 that we reported earlier (Tango et al., 2004;
Taki et al., 2005). A real-time reverse transcription—-PCR
method showed that all cell lines expressed detectable
levels of A”TERT messenger RNA (mRNA), suggesting
that the hTERT promoter element can be used to target
human mesothelioma cells (Figure 1c).

In vitro cytopathic efficacy of OBP-301 on human
mesothelioma cell lines

To determine whether OBP-301 infection induces
selective cell lysis, mesothelioma cells were infected
with OBP-301 at various multiplicity of infections
(MOIs), and then the XTT cell viability assay was
performed over 5 days. All mesothelioma cell lines were
efficiently killed by OBP-301 in a dose-dependent
manner (Figure 2). Infection at an MOI of 10 was
sufficient to induce cell lysis within 3 days. To visually
confirm the viral replication and spread, we modified
OBP-301 to express the green fluorescent protein (GFP)
reporter gene under the control of the cytomegalovirus
promoter in the E3 region (modified virus, OBP-401)
(Figure 1la). We have confirmed earlier that the
propagation and yields of OBP-301 and OBP-401 are
equivalent (Kawashima et al., 2004; Kishimoto ez al.,
2006). After OBP-401 infection, phase-contrast images
showed a rapid loss of viability because of massive cell

death, as evidenced by ballooning and floating cells. We
observed a strong and persistent GFP fluorescence
expression in these mesothelioma cells under a fluores-
cence microscope, indicating the viral replication and
spread into the neighboring tumor cells (Figure 3a).

Intrathoracic virus spread and infection in an orthotopic
pleural human mesothelioma model

We also evaluated the viral infection and replication
in human mesothelioma cells growing intrathoracically
in athymic nu/nu mice. When H2052 and H2452 meso-
thelioma cells were inoculated into the thoracic space,
disseminated tumor nodules were detected in the visceral
pleura, parietal pleura, diaphragmatic pleura and
mediastinum. We used H2452 cells with low CAR and
hTERT mRNA expression that were considered to be
most refractory to OBP-301 for the further in vivo
experiments. Tumor weights at autopsy more than 40
days after tumor cell inoculation were significantly
greater than tumor weights at <30 days, indicating
the tumor growth in the thoracic cavity (Supplementary
Figure 1). Optical charged-coupled device imaging
detected GFP-labeled tumors at the gross level during
a midsternal thoracotomy 6 days after intrathoracic
injection of 1 x 108 plaque-forming units (PFU) of OBP-
401. Moreover, GFP expression in macroscopically
invisible tumors could be detected at the microscopic
level with a hand-held flexible probe inserted through
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Figure 3  Visualization of human mesothelioma cells in vitro and in vivo by OBP-401 infection. (a) H2052, H2452, H28 and 211 H cells
were infected with OBP-401 at an multiplicity of infection (MOI) of 10. Cell morphology and green fluorescent protein (GFP)
expression were evaluated by fluorescence microscopy at the indicated time. Bar =200 um. (b) Internal images of pleural mesothelioma
dissemination visualized by intrathoracic injection of OBP-401. Six weeks after intrathoracic inoculation of 5 x 10° H2452 cells, mice
received an intrathoracic injection of 1 x 10* plaque-forming units (PFU) of OBP-401. The GFP fluorescence expression was detected 6
days after virus administration by a 3-charged-coupled device (CCD) camera (top panels) and an in situ molecular imaging system
(bottom panels). Top-left panel, gross appearance of disseminated H2452 tumors; top-right panel, fluorescent detection. Bottom panels,
L, II and III represent the boxed regions of the top panels. Bar =30 um. (¢) Histologic sections stained with hematoxylin and eosin
showing local growth of H2452 mesothelioma cells (arrows) in the thoracic spaces. Top panels, x 40 magnification; bottom panels,
% 400 magnification. I and II represent the boxed regions of (b).
the intercostal small incision (Figure 3b and Supple- were administered twice at a 1-week interval beginning
mentary Figure 2). Histological analysis confirmed the 24 h after tumor cell inoculation. Injection of 10* PFU of
presence of disseminated tumors in the sites of  OBP-301 significantly reduced the incidences of tumor
fluorescence emission (Figure 3c). These results suggest  cell dissemination and the total weights of tumor
that intrathoracically injected oncolytic virus can infect nodules as compared with mice that received d1312 or
and selectively replicate in disseminated tumor tissues. phosphate-buffered saline injection, although 107 PFU
of OBP-301 had no apparent effect (Figures 4a and b).
In vivo antitumor effect of intrathoracic delivery of OBP- Next, we examined treatment schedules with different
301 in an orthotopic pleural human mesothelioma model starting points. Two injections of 1 x 10* PFU of OBP-
To examine the therapeutic effect of telomerase-specific 301 administered at a 1-week interval starting on day 1,
oncolytic virus, mice received an injection of 1 x 107 or 8, 22 or 29 after tumor inoculation showed statistically
1 x 10* PFU of OBP-301, 1 x 10* PFU of replication- significant antitumor effects when mice were killed on
defective control adenovirus (dI312), or phosphate- day 43 (Figure 4c and Supplementary Figure 3). These
buffered saline into the thoracic spacethe injections results suggest that oncolytic virotherapy could be
Oncogene
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Figure 4 [n vivo antitumor effect of OBP-301 on pleural dissemination of H2452 human mesothelioma cells. (a) Gross appearance
of H2452 tumors grown orthotopically in the thoracic spaces. H2452 cells (5 x 10°) were inoculated into the thoracic space of athymic
nu/nu mice. After 24 h, either 1 x 107 plaque-forming units (PFU)/100 ul or 1 x 10* PFU/100 pul of OBP-301, | x 10 PFU/100 pl of
dI312 (replication-deficient adenovirus), or phosphate-buffered saline (PBS) were injected into the thoracic space twice at a 1-week
interval (total dose: 2 x 107 or 2x 10° PFU). Eight weeks after tumor cell inoculation, the mice were killed, and the pleural
dissemination of the thoracic spaces was assessed. (b) The weight of each tumor nodule found in the thoracic spaces was determined.
Closed circles: individual tumor weights. Bars: mean weight. *P<0.05, **P<0.01. (¢) The antitumor effect of OBP-301 administered in
different treatment schedules was also assessed on an orthotopic pleural dissemination model. Top panel, treatment schedule. Bottom
panel, tumor weight of each tumor nodule found in the thoracic spaces after treatment. The treated mice were killed and assessed for
pleural dissemination 43 days after tumor inoculation. Closed circles: individual tumor weights. Bars: mean weight. *P<0.05.
effective for preventing the dissemination of meso-  critical requisite for virus penetration and distribution
thelioma cells as well as shrinking established tumors;  into tumor tissues. Western blot analysis revealed the
complete eradication of disseminated nodules, however,  expression of both proheparanase (Mr 65000) and
was not achieved. cleaved, active heparanase (Mr 50000) in H2542 cells
after Ad-S/hep infection expression of these proteins was
Enhanced antitumor effect of OBP-301 in combination not affected by the presence of OBP-301 (Figure 5a). In
with heparanase-expressing adenovirus in an orthotopic addition, an in vitro XTT analysis showed that co-
pleural human mesothelioma model infection of Ad-S/hep at various MOIs did not affect
To further enhance the in vivo therapeutic potential of ~ OBP-301-mediated cytotoxicity on human mesothelio-
telomerase-specific virotherapy, we examined the com-  ma cells (Supplementary Figure 4).
bination effect of OBP-301 and a replication-defective We next examined whether heparanase expression
adenovirus vector expressing the human heparanase  enhanced the virus penetration into three-dimensional
gene (Ad-S/hep) (Uno et al., 2001). Heparan sulfate is a tumor structures using a human mesothelioma spheroid
major constituent of the ECM that is responsible for a ~ model. Tumor spheroids provide an excellent in vitro
barrier to macromolecular diffusion in tumors. Thus,  three-dimensional model resembling in vivo tumor
heparanase-mediated ECM degradation may be a  masses for visualizing the dynamics of the virus and
Oncogene
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Figure 5 Enhanced penetration of the virus into tumor spheroids by heparanase expression. (a) Western blot analysis of human

heparanase protein expression in H2452 cells. Cells were infected with either d1312, Ad-S/hep, OBP-301 or OBP-301 in combination
with Ad-S/hep at different multiplicity of infections (MOIs), as indicated. Equivalent amounts of protein obtained from whole cell
lysates 30 h after infection were separated by clectrophoresis, probed with primary antibodies, and then visualized by using an ECL
detection system. Equal loading of samples was confirmed by reprobing with anti-actin antiserum. Both inactive (Mr 65 000) and active
(Mr 50000) forms of heparanase proteins were detected. (b, ¢) Transduction efficiency and viral spread of OBP-401 in combination
with Ad-S/hep in H2452 tumor spheroids. H2452 tumor spheroids were infected with d1312 (replication-deficient adenovirus) or Ad-S/hep
at | x 10° plaque-forming units (PFU), followed by infection with OBP-401 at | x 10* PFU 48 h later. Green fluorescent protein (GFP)

expression in each tumor spheroid was as:

ssed with a laser-scanning confocal fluorescent microscope 48 h later. (b) Gross imaging of

H2452 tumor spheroids. (¢) Higher magnification to show the surface arca of the spheroids.

assessing the levels of virus penetration. Sequential
confocal fluorescent microscopy showed that OBP-401
could penetrate and express GFP fluorescence in H2452
spheroids; GFP expression, however, could be detected
in the deeper areas of the spheroids in the presence
of Ad-S/hep (Figure 5b, c). High-magnification images
showed that GFP signals were detected only at the
spheroid surface after OBP-401 and control dI312
exposure, whereas co-infection of Ad-S/hep enhanced
the OBP-401 penetration, leading to GFP expression in
multiple layers.

Finally, we assessed the combination effect of OBP-
301 and Ad-S/hep in an orthotopic pleural human
mesothelioma model. Intrathoracic injection with
1 x10°* PFU of OBP-301 plus 1 x 10" PFU of Ad-S/
hep on days 8 and 15 resulted in a significant reduction
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of tumor weights on day 43 (Figure 6a). This combina-
tion therapy showed greater antitumor effects than the
therapy with 10° PFU of OBP-301 alone. The admin-
istration of Ad-S/hep alone did not affect tumor weights
as compared with the tumors in the mock-treated group.
Moreover, only one of the seven (14.3%) mice injected
with OBP-301 alone survived over a 12-week observa-
tion period, whereas five of the seven (71.4%) mice
treated with OBP-301 plus Ad-S/hep remained alive
(Figure 6b).

Discussion

Malignant pleural mesothelioma is an aggressive neo-
plasm with a dismal prognosis because of its resistance
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Figure 6 Enhanced antitumor effect of OBP-301 with Ad-S/hep in an orthotopic pleural dissemination model. (a) Top panel.
treatment schedule. Bottom panel, tumor weight of each tumor nodule found in the thoracic spaces after treatment. Treated mice were
killed and assessed for pleural dissemination 43 days after tumor inoculation. Closed circles: individual tumor weights. Bars: mean
weight. ¥*P <0.05. (b) Mice bearing H2452 xenografts in the thoracic spaces received intrathoracic administration of either OBP-301
plus dI312 or OBP-301 plus Ad-S/hep. Their post-treatment survival was monitored and plotted as a Kaplan-Meier plot.
to therapeutic modalities such as chemotherapy and For the success of gene- and vector-based therapies, it
radiotherapy. An alternative therapeutic option is the is critical to develop strategies to improve the vector
use of gene- and vector-based therapies. MPM is  distribution within tumors in vivo. Oncolytic viruses can
characterized by intrathoracic spread, and it is clinically ~ mediate infected cell death, release viral progeny for
accessible, making it an attractive target for locoregional ~ propagation of infection and induce resultant lysis of
delivery of genetically engineered viral agents. Replica-  neighboring tumor cells. Therefore, these viruses should
tion-competent viral agents can confer specificity of  have a more profound therapeutic efficacy even without
infection and increase viral spread to neighboring tumor particular therapeutic genes when compared with non-
cells. Onyx-015, a conditional replication-competent  replicative viral vectors. Indeed, as human malignant
adenovirus lacking the 55-kDa E/b gene, may be an  mesothelioma cells express sufficient telomerase activity
effective treatment for human mesothelioma cells as well as CAR (Figure 1), most of the disseminated
retaining wild-type p53 but lacking p14*** (Ries er al.,  nodules were imaged with GFP fluorescence by in-
2000; Yang er al., 2000, 2001), the targets of Onyx-015, trathoracic administration of GFP-expressing, telo-
however, are not general and its clinical trials for  merase-specific OBP-401 in an orthotopic pleural
various types of human malignancies have been  mesothelioma model, which coincided with histologi-
discontinued (Goodrum and Ornelles, 1998). In this  cally confirmed mesothelioma (Figure 3). We have
study, we showed that intrathoracic administration of  recently shown that this OBP-401-mediated GFP-label-
telomerase-specific oncolytic viruses induced significant ing strategy is extremely sensitive to detect disseminated
antitumor effects against both pre-established and nodules and applicable for the surgical navigation
established pleural dissemination of human MPM. (Kishimoto et al., 2009). A confocal fluorescent imaging
Moreover, we found that co-infection of oncolytic system with fibered microprobes showed that OBP-401
adenoviruses with non-replicative adenovirus expressing ~ could also identify macroscopically invisible tumor
an ECM-digestive enzyme, heparanase, resulted in a  tissues, suggesting that OBP-301 might be able to
virus distribution into the deeper areas of tumor  eliminate microscopic dissemination. In fact, local
spheroids, with substantial tumor weight reduction  administration of OBP-301 into the thoracic cavity
and enhanced efficacy in an orthotopic in vivo mesothe- significantly suppressed the disseminated tumor growth
lioma model. (Figure 4). The treatment immediately after mesothelioma
Oncogene
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cell inoculation resembles the state of a minimum
residual disease after extended surgical excision. Most
of the floating mesothelioma cells could be efficiently
treated by locoregional OBP-301 administration, result-
ing in little disseminated tumor nodule formation.
Tumor weights, however, increased gradually as the
treatment time was delayed (Figure 4c), suggesting that
some additional approaches are required to improve the
therapeutic efficacy.

Extracellular matrix is a major barrier to macro-
molecular transport in the tumor interstitium, but
digestive enzymes that degrade ECM may overcome
the limited spread of viral agents within tumors.
Previous studies have shown that protease that degrades
multiple ECM components as well as collagenase that
digests fibrillar collagen can mediate a broad distribu-
tion of virus particles within tumors, lcading to
enhanced therapeutic efficacy (Kuriyama et al., 2001;
McKee et al., 2006). Non-replicating adenovirus vector
expressing the matrix metalloproteinase-8 (MMP-8),
which effectively degrades collagen-I, was also able to
modify a fibrillar collagen substrate to allow oncolytic
virus diffusion into tumors (Cheng et al., 2007). More
recent studies have also shown that relaxin-expressing,
replication-competent adenovirus could increase the
virus distribution and show a profound antitumor effect
in mice (Kim et al., 2006; Ganesh et al., 2007). Although
the most effective enzyme for the promotion of viral
penetration into tumor masses has not been determined,
we used heparanase, which has a hydrolytic mechanism
to cleave glycosidic bonds in the heparan sulfate
component of the ECM (McKenzie, 2007).

The expression of functional heparanase degrades
the ECM, which in turn improves the uptake and
distribution of biological agents including antibodies
and viruses (Eikenes et al., 2004). An advantage of
heparanase is that other enzymes that are capable of
digesting ECM and basement membrane components
(such as MMP-2 and MMP-8) can be subsequently
induced after heparanase expression. We reported ear-
lier that the over-expression of the heparanase gene
upregulated MM P-2 mRNA expression in human lung
cancer cells (Uno er al, 2001). Arterial injury also
increased heparanase activity in vascular endothelial
cells, which was associated with MMP-2 and MMP-9
activation (Fitzgerald et al., 1999). Therefore, a more
prominent virus infiltration through broad ECM
degradation with multiple enzymes can be expected by
exogenous heparanase expression. The co-infection of
Ad-S/hep considerably enhanced OBP-401 virus pene-
tration into the multicellular spheroids, mimicking the
in vivo biology of tumors (Figure 5b, c). Furthermore,
combination therapy with OBP-301 and Ad-S/hep in an
orthotopic murine model significantly reduced the tumor
weights of disseminated plural mesothelioma as com-
pared with tumors from mice treated with OBP-301 alone
(Figure 6a), suggesting that heparanase-assisted broad
virus distribution could mediate a more profound anti-
tumor effect against human malignant mesothelioma.

Our data indicate that this dual virotherapy may be
a promising therapeutic strategy for malignant pleural
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mesothelioma. However, the over-expression of ECM-
digesting enzymes may potentially promote the metas-
tasis of tumor cells. MMPs as well as heparanase were
detected in many types of human cancer, and their
expression has a very active role in tumor invasion and
metastasis. Indeed, targeted inhibition of heparanase
expression by antisense complementary DNA transfec-
tion showed a significant reduction in the invasive and
metastatic properties of tumor cells in an animal model
(Uno et al., 2001). Short hairpin RNAs that mediated
the attenuation of MMP expression also prevented the
progression of human tumor cells in vivo (Blackburn
et al., 2007). Although there is a risk that the metastatic
potential of tumor cells may be increased by heparanase
expression, we found that the intrathoracic administra-
tion of 10’ PFU of Ad-S/hep alone had no apparent
cffects on the growth of plcural mesothclioma, indicat-
ing that this particular dose of the virus appears to be
safe (Figure 6a). In the dual-vector system, the two viral
loads can be adjusted according to the function of each
virus. We showed earlier that telomerase-specific onco-
Iytic viruses and non-replicative adenovirus-expressing
functional genes can successfully work together by
determining the optimal doses of vectors (Umeoka
et al., 2004; Hioki et al., 2008). A single oncolytic virus
vector-expressing relaxin inhibits tumor growth and
metastasis, however, it may be impossible to reduce the
amount of relaxin expression when high doses of the
virus are used. In contrast, our dual-vector system of
telomerase-specific oncolytic adenovirus in combination
with heparanase-expressing replication-deficient adeno-
virus can be used safely by a fine adjustment of the
optimal doses.

In conclusion, our data clearly indicate that telomer-
ase-specific oncolytic adenoviruses have significant
therapeutic potential against human malignant pleural
mesothelioma in vitro and in vivo. Moreover, the
addition of heparanase-expressing adenovirus signifi-
cantly enhanced the virus distribution and the antitumor
effects of oncolytic adenoviruses. A phase I, dose-
escalation study of telomerase-specific oncolytic
adenovirus, OBP-301, is currently underway in the
United States to assess the treatment feasibility and to
characterize its pharmacokinetics in patients with
advanced solid tumors (Fujiwara et al., 2008). Phase II
studies of telomerase-specific virotherapy in malignant
pleural mesothelioma patients are warranted.

Materials and methods

Cell lines and culture conditions

The human mesothelioma cell lines H2052, H2452, H28 and
211H were purchased from American Type Culture Collection
(Manassas, VA, USA). H2052 and H2452 cells were cultured
as monolayers in RPMI 1640 medium supplemented with 10%
fetal bovine serum, 100 units/ml penicillin and 100 mg/ml
streptomycin. H28 and 211H were routinely propagated in
monolayer culture in RPMI 1640 medium supplemented with
10% fetal bovine serum, 1 mm sodium pyruvate, 100 units/ml
penicillin and 100 mg/ml streptomycin. The human non-small-
cell lung cancer cell line H1299 was also cultured in RPMI



1640 medium supplemented with 10% fetal bovine serum,
100 units/ml  penicillin and 100mg/ml streptomycin. The
normal human lung diploid fibroblast cell line WI38
(JCRBO0518) was obtained from the Health Science Research
Resources Bank (Osaka, Japan) and grown in Eagle’s MEM
with 10% fetal bovine serum. The normal human lung
fibroblast and the human umbilical vascular endothelial cell
line (TaKaRa Biomedicals, Shiga, Japan) were cultured
according to the vendors’ specifications.

Recombinant adenoviruses

OBP-301 is a telomerase-specific replication-compenent ade-
novirus variant, in which the hTERT promoter element drives
the expression of EIA and EI/B genes linked with internal
ribosome entry site (Figure la). OBP-301 was modified to
create OBP-401 for monitoring viral replicationthe GFP gene
was inserted under the cytomegalovirus promoter into the E3
region to create OBP-401. Ad-S/hep is a replication-deficient
adenovirus expressing the human heparanase gene under the
cytomegalovirus promoter. The E1A-deleted adenovirus d1312
was used as the control adenovirus.

Flow cytometric analysis

A total of 2 x 10° cells were labeled with mouse monoclonal
anti-CAR (RmcBUpstate Biotechnology, Lake Placid, NY,
USA) for 30 min at 4°C. Then, the cells were incubated with
fluorescein isothiocyanate-conjugated rabbit anti-mouse IgG
second antibody (Zymed Laboratories, South San Francisco,
CA, USA) and analysed by flow cytometry (FACSCalibur,
Becton Dickinson, Mountain View, CA. USA). An isotype-
matched normal mouse IgG, conjugated to fluorescein
isothiocyanate (Serotec, Oxford, UK) was used as a control.

Quantitative real-time PCR analysis of hTERT mRNA

Total RNA from the culture cells was obtained by using the
RNeasy Mini Kit (Qiagen, Chatsworth, CA, USA). Approxi-
mately 0.1 pg of total RNA was used for reverse transcription.
Reverse transcription was performed at 22°C for 10min
and then at 42°C for 20min. The "TERT mRNA copy
number was determined by real-time quantitative reverse
transcription-PCR using a LightCycler instrument and a
LightCycler DNA TeloTAGGG hTERT Quantification Kit
(Roche Molecular Diagnostics, Indianapolis, IN, USA). Data
analysis was performed using the LightCycler software. The
ratios normalized by dividing the value of untreated cells were
presented for each sample.

Cell viability assay

The XTT assay was performed to measure cell viability.
Briefly, cells were seeded at 1 x 10° cells/well in 96-well plates
16-20h before viral infection and infected with OBP-301 at a
MOI of 0, 1, 10 or 50 PFU/cell. Cell viability was determined
at the indicated times by using a Cell Proliferation Kit II
(Roche Applied Science, Mannheim, Germany) according to
the manufacturer’s protocol.

Fluorescent microscopy

Human mesothelioma cell lines were infected with 10 MOI
of OBP-401 in vitro. Expression of the GFP gene was assessed
and photographed using an IX71 fluorescent microscope
(Olympus, Tokyo, Japan) at indicated times.

Western blot analysis
H2452 cells were collected by trypsinization and washed twice in
cold phosphate-buffered saline. Cells then were dissolved in lysis
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buffer containing 50 mm Tris-HCI (pH7.5), 150 mm NaCl, 0.5%
Triton X-100, and protease inhibitors (0.2mm phenylmethyl-
sulfonyl fluoride, 0.2mm 4-(2-aminoethyl)benzenesul-fonyl-
fluoride, 10 pg/ml leupeptin, 10pg/ml pepstatin, and 1pg/ml
aprotinin). The lysis was performed at 4 °C for 30 min, and then
the reaction mixture was centrifuged at 15000 revolutions per
minute. The protein concentration of the supernatant was
determined by using the Bio-Rad protein determination method
(Bio-Rad, Hercules, CA, USA). Equal amounts (60pg) of
proteins were electrophoresed under reducing conditions on
12% (w/v) polyacrylamide gels. Proteins were electrophoreti-
cally transferred to Hy-bond-polyvinylidene diflouride transfer
membranes (Amersham, Arlington Heights, IL, USA) and
incubated with primary antibodies against heparanase or
B-actin, and then peroxidase-linked secondary antibody. An
enhanced chemiluminescence Western system (Amersham,
Tokyo, Japan) was used to detect secondary probes.

Spheroid culture

Single-cell suspensions of H2452 cells were obtained by
trypsinization of monolayer cultures that consisted of 1 x 10*
cells seeded on SUMILON Celltight Spheroid (Sumitomo
Bakelite Co, Tokyo, Japan) according to the manufacturer’s
protocol. After formation of small spheroidal aggregates,
1 x 10° PFU of Ad-S/hep or dI312 were added to the culture,
followed by the addition of 1 x 10* PFU of OBP-401 48 h later.
The GFP expression in each tumor spheroid was assessed
under the laser-scanning confocal fluorescent microscope
(Carl Zeiss, Jena, Germany) 48 h later.

Animal experiments

The experimental protocol was approved by the ethics review
committee for animal experimentation of our institution. We
used a 27-gauge needle to intrathoracically inject female
BALB/c nu/nu mice with 100ul of suspension containing
5x 10° H2452 cells. The same technique was used for each
viral injection into the thoracic space at the indicated time
points. Mice were killed and their thoracic spaces were
examined macroscopically. Tumor nodules in the thoracic
spaces were removed and weighted. /n vivo GFP fluorescence
imaging was also acquired by using a Hamamatsu C5810
three-chip color cooled charged-coupled device camera
(Hamamatsu Photonics Systems, Hamamatsu, Japan) and an
in situ molecular imaging system (Cell~VIZIOMauna Kea
Technologies, Paris, France).

Statistical analysis

We used the Student’s r-test to determine statistically
significant differences among the groups. P-values <0.05 were
considered statistically significant.
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In Vivo Biological Purging for Lymph Node Metastasis of Human
Colorectal Cancer by Telomerase-Specific Oncolytic Virotherapy
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Background/Objective: The aim of this study was to develop a less invasive
way of targeting lymph node metastasis for the treatment of human gastro-
intestinal cancer. Lymphatic invasion is a major route for cancer cell
dissemination, and adequate treatment of locoregional lymph nodes is
required for curative treatment in patients with malignancies.

Methods: Human telomerase reverse transcription (hTERT) is the catalytic
subunit of telomerase, which is highly active in cancer cells but quiescent in
most normal somatic cells. OBP-301 (Telomelysin) is an attenuated adeno-
virus with oncolytic potency that contains the hTERT promoter element to
regulate viral replication. We examined whether OBP-301 injected into the
primary tumor might be useful for purging micrometastasis from regional
lymph nodes in an orthotopic colorectal cancer model.

Results: OBP-301 was intratumorally injected into HT29 tumors orthotopi-
cally implanted into the rectum in BALB/c nu/nu mice. By using a highly
sensitive quantitative PCR analysis that targets the human-specific Alu
sequence, we showed that OBP-301 caused viral spread into the regional
lymphatic area and selectively replicated in neoplastic lesions, resulting in
tumor-cell-specific death in metastatic lymph nodes. Moreover, although the
surgical removal of primary tumors increased the tendency of lymph node
metastasis, preoperative intratumoral injection of virus significantly reduced
lymph node metastasis.

Conclusions: Our results indicate that intratumoral injection of OBP-301
mediates effective in vivo purging of metastatic tumor cells from regional
lymph nodes, which may help optimize treatment of human cancer, espe-
cially gastrointestinal malignancies.

(Ann Surg 2010;251: 1079-1086)
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Ldymph node status provides important information for both the
iagnosis and treatment of human cancer. Lymphatic invasion is
a major route for cancer cell dissemination, and lymph node metas-
tasis is a frequent type of recurrence that is associated with a
survival disadvantage in many types of cancers.!~> Therefore, ade-
quate resection of the locoregional lymph nodes is required for
curative treatment in patients with malignancies.*® Extended
lymphadenectomy, however, may greatly impair quality of life,
especially for patients with early stage epithelial neoplasms in the
gastrointestinal tract.® Their primary tumors can be removed by new
endoluminal therapeutic techniques such as endoscopic submucosal
dissection; however, patients with submucosal invasion, lymphovas-
cular infiltration of cancer cells, or undifferentiated histology often
become candidates for surgical organ resection with lymphadenec-
tomy, because there is a risk of regional lymph node metastasis,
although the frequency is relatively low.” Thus, a less invasive way
to selectively treat lymph node metastasis would benefit these
patients by allowing them to avoid a prophylactic surgery.

Oncolytic viruses that can selectively replicate in tumor cells
and lyse infected cells have been extensively investigated as novel
anticancer agents.®~'" These vectors are designed to induce virus-
mediated lysis of tumor cells after selective viral propagation within
the tumor cell. We previously developed an attenuated adenovirus
designated OBP-301 (Telomelysin) that drives the E/4 and EIB
genes under the human telomerase reverse transcription (h\TERT)
promoter.'®~!3 The clinical development of OBP-301 as a mono-
therapy for various solid tumors is currently underway in the United
States.'* We and others have reported that human adenovirus is
capable of effective transport into the lymphatic circulation.'>~!”
Injection of OBP-401 (TelomeScan), telomerase-specific, replica-
tion-competent adenovirus expressing green fluorescent protein
(GFP) into primary tumors allows its lymphatic spread, which in
turn induces viral replication in metastatic lymph nodes, allowing us
to directly image the micrometastases.

In the present study, we explore whether viruses injected into
the established primary tumors could traffic to regional lymph nodes
and selectively kill metastatic tumor cells in a human colorectal
tumor xenograft model. To measure virus-mediated therapeutic
efficacy against lymphatic micrometastasis, we established a highly
sensitive real-time PCR method targeting human A/u sequences.

MATERIALS AND METHODS

Cell Line and Viruses

The human colorectal cancer cell line HT29 was routinely
propagated in monolayer culture in McCoy’s medium. The recom-
binant replication-selective, tumor-specific adenovirus vector
OBP-301 (Telomelysin), in which the hTERT promoter element
drives the expression of E/4 and EIB genes linked with an
internal ribosome entry site, was previously constructed and
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FIGURE 1. In vitro purging effect of OBP-301 infection on HT29 human colorectal cancer cells. We plated 5 x 10 PBMC or
mouse splenocytes per well along with 2 X 10° HT29 human colorectal cancer cells. After 24 hours, the mixed culture was
infected with 2 X 107 PFU of OBP-301 or di312 (100 multiplicity of infection [MOI] for HT29 cells) for 96 hours, followed by
infection with OBP-401 at 2 x 10° PFU (10 MOI for HT29 cells) to visualize viable HT29 cells (see Figure, Supplemental Digi-
tal Content 2, available at: http://links.lww.com/SLA/A39, which illustrates the procedures for in vitro purging experiments).
A, The number of GFP-positive, viable HT29 cells was counted in 3 random fields at a magpnification of X 200 under the fluo-
rescent microscope. Values represent means = SEM, and a single asterisk indicates P < 0.05 as compared with the other
groups. B, The intensity of GFP fluorescence in each treatment group was also measured by using a fluorescence microplate
reader. Values are relative to mock (mock = 1) and represent means + SEM. A single asterisk indicates P < 0.05. C, Toxicity
of OBP-301 infection was assessed for human lymphocytes. A total of 5 X 10° PBMCs were exposed to 2 X 107 PFU of OBP-
301 or di312 for 96 hours, and their viability was then determined by trypan blue exclusion. D, An efficient purging effect of
OBP-301 on HT29 cells in mouse splenocytes. To mimic the animal experiments in vitro, HT29 cells mixed with splenocytes from
BALB/c nu/nu mice were exposed to OBP-301 or di312 for 96 hours, followed by OBP-401 infection. The number of cells positive
for GFP was counted as described above, and presented as the mean + SEM. A single asterisk indicates P < 0.05.

characterized.!' OBP-401 (TelomeScan) is a telomerase-specific, Xenograft Model of Lymph Node Metastasis

replication-competent adenovirus variant in which the replication The experimental protocol was approved by the Ethics Re-
cassette and GFP gene under the control of the cytomegalovirus view Committee for Animal Experimentation of our institution. The
promoter were inserted into the E3 region for monitoring viral implantation procedures for human rectal cancer xenografts were

replicatior_lls (see Figure, Supplemental Digital Content 1, online  described previously.'® Cell suspensions of HT29 cells at a density
only, available at http://links.lww.com/SLA/A38, which illus- of 5 X 10° cells in 100 L of Matrigel (BD Biosciences, Bedford,

trates schematic DNA structures of telomerase-specific viruses). MA) were slowly injected into the submucosal layer of the rectum
The ElA-deleted adenovirus vector lacking a cDNA insert by using a 27-gauge needle. For pathologic evaluation of lymph
(d1312) was also used as a control vector. node metastasis, mice were killed and all para-aortic or iliac lymph
In Vitro Purging Experiments nodes were isolated and stained with hematoxylin and eosin.

For in vitro purging studies, peripheral blood samples were In Vivo Fluorescence Imaging
drawn from healthy volunteers, and mononuclear cells were isolated In vivo GFP fluorescence imaging was acquired by illumi-
by sedimentation over Ficoll-Hypaque. Mouse spleens were re- nating the animal with a Xenon 150 W lamp. The re-emitted
moved aseptically and gently crushed with the flat end of a sterile fluorescence was collected through a long pass filter on a
syringe. The cells were passed through nylon mesh and then  Hamamatsu C5810 3-chip color cooled charged-coupled device
placed in buffered ammonium chloride solution to produce 0s-  (CCD) camera (Hamamatsu Photonics Systems, Hamamatsu, Ja-
motic lysis of erythrocytes. We plated peripheral blood mononu-  pan) Abdominal images were also obtained during laparotomy with
clear cells (PBMC) or mouse splenocytes per well along with the IVIS CCD camera and analyzed with Living Image 2.20.1

HT29 cells. The purging effect was assessed with an Eclipse  software (Xenogen/Caliper Life Sciences, Hopkinton, MA) for the
TS-100 fluorescent microscope (Nikon, Tokyo, Japan) by counting quantification of lymph node metastasis.

the number of GFP-positive cells 24 hours after OBP-401 infection . . .
(see Figure, Supplemental Digital Content 2, online only, available ~ Quantitative Real-Time PCR Analysis

at http://links.lww.com/SLA/A39, which illustrates the procedures To measure the amounts of human tumor cells in mouse
for in vitro purging experiments). GFP fluorescence was also mea- lymph nodes, we applied a previously described quantitative PCR
sured by using a fluorescence microplate reader (DS Pharma Bio- assay that uses primer sets to amplify human Alu sequences present

medical, Osaka, Japan) with excitation/emission at 485 nm/528 nm. in mouse lymph node DNA extracts. Genomic DNA was extracted
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