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Abstract Treatment of advanced SCLC remains one of the major challenges in current medicine
because of the high morbidity and mortality of the disease. Advanced stage lung cancer is refractory
to conventional therapies and it also has an extremely poor prognosis. As a result, new therapeutic
approaches are needed. Telomere maintenance to the regulation of replicative life span strongly
implies that alterations in telomere biology play an important role during malignant transformation.
Cancers that exhibit high levels of telomerase activity, such as all of the small-cell lung cancers were
examined in a previous study. In this study, we turned the expression of hTERT by tumors to a
therapeutic advantage using a conditionally replication-competent adenovirus (CRAd) in which the
expression of El is controlled by the hTERT promoter. This virus achieved good levels of viral
replication in SCLC cells and induced a substantial anti—cancer effect in vitro and in vivo. As a further
enhancement the cancer cell killing effect was improved with a tropism modification of the virus to
express the knob domain of Ad3, and this improved infectivity for cancer cells. Conversely, the
hTERT promoter has low activity in normal tissues, and the CRAd caused no damage to normal lung
fibroblast cells. Since the telomerase activity is common in many types of cancers, these CRAds may
be applicable to a wide range of tumors. We concluded that the use of hTERT promoter—based
CRAds may be a potentially effective strategy for cancer treatment.
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7%, WHFLEM ML Tl 5-TTAGGG-3 D L H 127
T S VICEARECRERY % 0PV £7
O X TIZAPUIEI L TWwb RNA 7 2=y |k
[Telomerase RNA H¢5 (TERC)] &% v /378
fifif 7" 2= v b Td % human Telomerase Re-
verse Transcriptase (WTERT) THipE X5 1) R
By VX ET AT —X EMHEN L Sl E R
2k o THEFF S LT B,

T U AT OMFHE, MlaORELICB W TEER

ZEERTLTBY, FEBRICE  OMEGHETT
DX7~%@@@#&ﬁéﬂfwéﬁmﬁﬁ%
b MR TIZIZE A LTI A SN WD, &
A= P R e A B VARG T IRVA S
FE, IR, R, KW % & ofEiE TRt S
N %98 NI (Small Cell Lung Can-
cer ; SCLC) Tix7 1 A — Ui IER IS &l

ERTIEPMONTVEY, AR TIET O X
7 —PiEtkEz§l# L T\w5 hTERT Vo E— 4% —
A L 72 HIBRIE ALY 7/ 7 4 v 2 OFER % 3R
BTz

HIPRBEGE T 7 5 2 7 4 )V A (Conditionally Re-
plicative Adenovirus ; CRAd) & #l o 9 15 8
V=& LTHESNIZIAVATHY, 1EHRE
FlEo AWV AT 7 A OIEIZED E1A T
SRR T E— 5 —THIET A2 LI2LD
ESEHIIN T D7 A b A DBEGE & TR LT\
5. BAELHOEGRFREN 70Ty — % i
CRAd SBHZE S, —EBOFETE TILERIR GRS
T L’C\/‘ém)Nw.

WRDT T I I A NWART Y —EI A NVAT )
L%EWNET A Capsid & L CHER 5 87 577
TANARBHLCTE2720, FOBGRhRIEH
fafll D746 Cd 5 CAR (Coxsackie and Adeno-
virus Receptor) D5 & & BHICHET 5 & &
AHLNTWBEY T = 2473 CAR OB
MIZLoTIHETLTEY, 20 L) ZfligTid
AV ADEGNE DRI T 35 2 & 5t
ENTWRIY T cpk I ns5HTF /v 4N
A D CAR KA B %2 2L 88 5 720 12 4
DERIT 7 94 WVADRERS NIz, 5/38 %
ATIANVAZTFOOEDT, 5RIA VAT 7
AN=ISeimo ) THEE A 3ENCERLTBY,
CAR OFHL ~)b &1 3BFR 7 <RI IC#h 3 X
BT 2 2 ERMOEN TV SEoORF%

TIEZDF AT A VA% hTERT-CRAd
# {E B L (Ad5/3hTERTEL: hTERT 7' 1 & —
F— XKoo TEI&HADEM A bu— )L,
HIPREEH 2 FEB L T b 5/3MMEF 25757/ 7 A4
)V A), SCLC Mifiatk % 1& U o Z o oo J FE 12t
3% Ad5/3hTERTEL OUIER#hH % Miif L 72

X B 5 &

R

NCI-N417 (hfifigfifisg), NCI-H1299 (ki
fa Bt d5), HEK-293 (7 A v & 15 B Al i),
SKOV-3 (JR¥HE), DLD-1 (KBa#E), 13 ATCC
(American Type Culture Collection, Manassas,
VA) »5HEA L7z, SBC1 (hlifafiisg), SBC3
(INHff e ), SBCS (/NMfllwitise), WI38 (IR
MAEZF ), MKN-7 (F#) (£ JCRB (Japanese
Collection of Research Bioresources, Tokyo,
Japan) 25 8EA L7z TXTCOMBMRIZIEE
37C, COz: 5%IZTHAEL /2.

T/ I)ALIVANY 52—

FERAER L SR Z 5/3 X 257 7
I IANARY & — (FIfZRIZBWC SR ) 7
Z3WMTF I ANWAD ) TICHER L, YREE
T OIF AN MRS 572012 E3 s = Bl L C
W% pAdEasy system : Fig. 1) 1%, AdEasy ¥ A
7 5™ (Qbiogene) 2 $€ >, Escherichia coli
(BJ5183 #&) TR AR 2 12 X - TIER L
7220 hTERT 70 € — % —fis [(— 393~ +
53)2V] 13 FED 7 J 1 ~— % v T PCR 12
X o THEMWL 7. (sense:5-CCGCTCGAGG-
GCCTCCACATCATGGC-3) (antisense :
5-CCCAAGCTTCCCACGTGCGCAGCAG-
GA-3). B rua— )& L CCMV 7
E—%—%fHH L7 (Ad5/3CMVEL : Fig. 1).
HEK-293 Mg CHIE S 7z 4 Vv A1, CsCl#
) e D BRI & o TR S, 10% 27 &

O— )% &4 L7 PBS 2 W CEN#, HEBRIC
R L. A VZRF (VP) BBEEE Y A IV AT
OB L7274 VRS 7 4 DNA &% 0D260
L CHEM L7 BYLRFHud HEK-293 #flfig
%1 L 72 TCID50 #:%2 % v CHll5E L pfu %
HH L7z, HEK-293 fife s/ & FICHFET % EL
#MfEF & AdS/3hTERTEL 7 A VA4 &k DA
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AE1Apromoter (324-488)
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LTR[ s A | rir
R 5/3 chimeric fiber
AdbI3hTERTE1 .. 446b hTERT promoter
Ad5I3CMVE1 |  800b CMV promoterienhancer
AE1(324-3533)
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K o 5/3 chimeric fiber
AdSIShTERTLuUC | [-.
:446b hTERT promoter Luciferase gene
AdSI3CMVLue | |

800b CMV premoterienhancer Luciferase gene

ITR @ invertedterminal repeat, hTERT : human telomerase reverse tran scriptase

Fig. 1 Schematic diagram of the vector constructions. These vectors
are constructed from an E3 region-deleted Ad5 backbone and
are excluded the Ad E1A promoter region (from nucleotide 324
to 488 of the Ad genome) and have modified Ad5 fiber genes
into Ad3 knob region (nts 647-1208 of accession no. X01998

M12411)°?.

AL A 22 X BB W I LR T 7 7 A VA
FEAEDOMREN 2 b3 5 72012, I X
N2 ANVABBEE VI S NI A VAT T A
w77 L—hNE L PCR MG L - THARE]L

THE—F AR SN W &R L7

TOX T —EEHOAITE

Mg o7 X7 — i id TRAPeze
Telomerase Detection Kit (Intergen, Purchase,
NY) %268 LillgE L7252 s X OvEREE
13572012, MlgdhEIZ &0 2 L RO
MREECHlE L7z, B 57z PCR AKX 12%
RYT7ZUNT I RSV TEKIKE L, SYBR
GreenI (Takara, Ohtsu, Japan) &\ CHefh L

72 Bt TN BWT 3ETOMERITo 2.

hTERT 7O E— % —&HD in vitro 94k

hTERT 7HE—¥ —OiFHEIINV Y 7 25 —¥
Tyl AIZE o TERILL 22, 1x10ME ORI
12 Ad5/3hTERTLuc (hTERT 7YOuE€—4% —|Z
LoTHIEENE VY 729 —VRIZFEEAL
5/3BF X575 74 )R Fig. 1) B X O
v ba—)k LT Ad5/3CMVLuc (CMV 71
E—F = ZLoTHIfSNLENY 7 2T —¥illn

FERGAIES/IEFXATT T/ 74 )VA Fig. 1)
% 1 MOI (Multiplicity Of Infection = ratio of
infectious virus particles to cells) T 3 R fge &
HIANVARAAT 4 7 2B, 2 HEEER
W 2RI L7z, Vo725 —ET7 vk Aid
Luciferase Assay System (Promega, Madison,
WD #fHL, V7 xJ—¥RIEE GENE
LIGHT 55A (microtec nition, Tokyo) % Fv>Cifll
EL7Z. VY7 2T — BRI E R o &
HIEREIZ X - CTHIE L 72,

hTERT 7’O0%— % — &M in vivo 247
IEHE#To hTERT 710 € — ¥ — {1 % 3P
T 572012, 2—Fv7 A (KudHr-) (2 1x10°
pfu ® Ad5/3CMVLuc & L < 13 Ad5/3hTERT-
Luc Z B#IR & 0 #%5 L7220, 2 HIRICHFIE, &
Wik, B, WAL, =¥ =W/ R34 T A A
TEEHAE L7z i L 72 S AR E AR 1S Re-
porter lysis buffer (Promega) % F\»CRlfiE L,
VY7 7 —EiEEERWNEL:. V72T -
TG PE AR 12 BT 2 E RIS HED W TR
WAL L 72, EEARRICBIT 5 T o' —F —HkIC
DWTIE 1x10H D SBC5 % X — K< AD T
(PR OIS 2 R L 721, Ad5/3hTERTLuc
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(1x10%pfu) d L <1F Ad5/3CMVLuc (1x10%pfu)
PEBEEEICEALTILVY 7 29— PGk llE
L7

EEHBEAY IV ZEEOEE

B % 1x10°M8 /well O iR T —MhEs 34,
Ad5/3hTERTEL & L < 1 Ad5/3hTERTLuc %
0.1 MOI T 3B H S &7z Iy
ANWVADFEREL 720, EABMErY 7
VBRI - L — T L. 3, 6,
9 H M ORHEZ MG & By % [ L 4 [0 O HkE
BRI CHIBN CHEIE L 727 4 V2 230 L,
HEK-293 (2 &% & & T TCID50 12T pfu # &
H L 72,

In vitro (2 & (T 2 AT MHE

CRAA IZ X 2 &M R2 EET H 72012,
5x10°*ME D MIfLIZ 7 7/ 7 A4 v A% 10 MOI T 3
Bpf ge 2272 1%, 3 HBIZMTS 7 vt A
(CellTiter 96 Aqueous Non-Radioactive Cell
Proliferation Assay ; Promega) 2 X - THAfFHl
fa &l L7z, MTS O 22w Tld Immuno-
Mini NJ-2300 Microplate Reader (InterMed,
Tokyo) % L OD490nm CTE=ILL7z. &5
RGN R 2 AL S 72012, 7 1) AF UoN
A F Ly MCTHRBEITo 72 IxI0HEOMAIC

FERERIBEICEA Y ANV A Z RGeS, 9 HICH
MaxEE L, 70%LT% 7 —)b+ 1%27 1) A% LN
A4 Ly bT45 gt L7z,

In vivo (CH (T 2 MEBHE

SBC5 #ifis (1x107fE) % X — F~» A (Kud :
Hr-) O TSR LUIEE % R L7:. fEE
YA XAHEESmm I\ HELZREE L), KA
A% 1x10°pfu D CHEBERIZEA L, Lk
27 HMBIZE L7z, BIGAERIEUToXICTER
L7:. Vtumor = (a x b?)/2 [a: &b §%]
JEHSH A X o g2 Student O st #%E & F v
T, p<0.0bxFEELL.

X BR & K

TRAP assay (C& 270X T —EEEDHT

TRAP assay 2B\ T PCREWD I ¥ — D=,
REEIZ &L o T u X 7 — BIRMED RIS D E w1
IZHERRTTRECH 5. S HOIFETIE 4 2D SCLC
MIRERE T RCAST 0 X T —EiiEE A L Tz
HEHEL XVICETOMELZ RO Fig 21”7
X 912 SBC1, SBC5, N417 idifiviyua x5 —+¥
WM Z R U724, SBC3 O I IRES L Tz,
XL L CH W IEE SR TH 5 WIS T
a7 T —BiFkERO Lo 7.

SBC1 SBC3  SBCS
[

Small cell lung cancer

Negati
WISE  Negat® 1x10%cell/ lane

Fibroblast

Fig. 2 TRAP assay of four SCLC cell lines and one normal
lung-fibroblast cell line. In each cell line, lysate
derived from 1000 cells was used for TRAP assay.
Four cancer cell lines all showed significant
telomerase activities with a different level. On the
other hand, WI38, normal cell line did not show any

telomerase activity®?.
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Upper panel : a), Luciferase activities in various cell
lines infected by Ad5/3CMVLuc or Ad5/3hTERT-
Luc. 1 x 10° cells of each cell line were infected by
Ad5/3CMVLuc or Ad5/3hTERTLuc for 3 h at MOI
1. 48 h after infection cells were harvested and
lysed in 100ul of lysis buffer. 10ul of each lysate
was used for luciferase assay. The mean + SE of
triplicate determination is shown. Lower panel : b),
the ratio of hTERT promoter activity to CMV
promoter activity. To standardize the hTERT
promoter activity in each cell line, the luciferase
activity with Ad5/3hTERTLuc was expressed as a

percentage of luciferase activity with
Ad5/3CMVLuc™.
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Fig.4 Tumor specific activation of the "TERT promoter in

the adenoviral context. Mice received 1 x 10° pfu of
Ad5/3hTERTLuc or Ad5/3CMVLuc via a tail vein
injection (three per group). Two days after virus
injection, the mice were sacrificed to obtain the
organ samples. Each organ lysate was assayed for
lucifrase activity and normalized by the protein
concentration. The mean + SE of triplicate deter-
minations is shown. Tumors were induced by the
injection of 1 x 107 SBC5 cells on the nude mice
subcutaneously. When tumor formation was con-
firmed (6-8mm in diameter), Ad5/3hTERTLuc (1 x
10® pfu) or Ad5/3CMVLuc (I x 10® pfu) were
injected into the tumor. The measurement of
luciferase act1v1ty in tumor was performed same as
described above®?.
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Fig. 5 Assessment of viral DNA replication 24 h after infection. 1 x 10° cells were
infected with replication—competent Ads (Ad5/3hTERTEIL) or non-replicative
Ad (Ad5/3hTERTLuc) at an MOI of 0.1 for 3 h and then cultured for 24 h. And
TCID50 assays on HEK-293 cells were performed to determine the presence
of any Infectious particles. The mean + SE of triplicate determination is

shown®™

In vitro (C$H (% hTERT 7 OE— 4% — &%

T A NVAST ) A EL B BRI
OE—¥—%iALEA,
ITRGEDYANATOE—Y —DEELZIT,
MR TOE— 7 — DR
b, TTAI FxH7z Takakura 52 O
L0 ARBIZE TR E G A X D LT 446bp £ T
® hTERT 7O E€—% — %[ L7273,
7 —YEWETH S WIS Mg T

A RME T
SHIIZEmIZH S

PEAHE R DL S T REMED

1 R
I hTERT

TaE—¥ —{E%IE CMV 7 E— ¥ — 5o
0.13% l2#Hl &7z (Fig 3). Moo Mlakkix

B4 72 L)L hTERT 70 € — % —ifitk %R L
72H%, N417 fifg Tl CMV 7’0 € — % — |2 LK
FTHEWIEED RO SN 2SO hTERT 7
O —% —ifMid TRAP assay 128175710 X
T — Ui AR L Tz, IS ofEEe
5, AEfEM L7z 446bp O hTERT 70 € — % —
SHESHEN TS, 77/ v AL
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A Ad53hTERTLuc
® AdS3CMVE1
®  AdS3hTERTE1

80%

60%

40%

20%

Day0

Day3
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Day6
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Ratio of 0D490 to control
3

0%
Days Day0 Day3 Day6 Dayg

Cell killing effect of Ad5/3hTERTE] and
control adenoviruses. Upper panel, 1 x 10°
SBC5 cells and WI38 cells were infected with
each Ad at MOI 0.1, 1.0 or 10. 9 days after
infection all wells were stained by crystal
violet to visualize the viable cells. Lower
panel, the cell killing effect was evaluated by
an MTS assay. 5 x 10° cells were infected
with Ad5/3hTERTLuc (negative control),
Ad5/3CMVEL (positive control), or Adb5/
3hTERTEL at 10 MOI for 3 h. Viable cells
using MTS assay (CellTiter 96 Aqueous
Non-Radioactive Cell Proliferation Assay;
Promega) were evaluated every 3 days®®.
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A Ad53hTERTLuc
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Fig. 7
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vay@ oays baye

Cells killing effect of Ad5/3hTERTE] for other SCLC cell lines. The cell
killing effect was evaluated by an MTS assay in the same manner, as

described above® .

Fig. 8

AdSIBhTERTLUc AdSIShTERTE1 AdSI3CMVE1

H1299(lung cancer)

Cells killing effect of Ad5/3hTERTE] for
other cancer cell lines. The cell killing effect
was evaluated by crystal violet stain in the
same manner, as described.
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27 ) DI AA TN T L F O RME2 RF L
TWwWhrkEz 57,

In vivo IC$(7 3 hTERT 7’OE— 42 —i&H

IEFEEI2B1F 5 hTERT 70 € —% —ifitt%
W5 72812 AdS/3hTERTLue d L < 1&
Ad5/3CMVLuc (Ftka > ro—) 2X— K<
7 ADJRBEIR? HEAL, SHEEIRICBIT LY
7T —EiEWEEZUE L (Fig 4). ZO#E
hTERT 7OuE€—% —IZHKF LV 725 —F
OEBEIRIEMER LK TS CMV 71
E—F - LB LT1I%ICHFH SN Twi
(ATERTLuc/CMVLuc Hili : 7.8% Hithi © 14.1%
e 59.2%). —77, BHENTONY 7 25—+
HEHIEZCMV 70— —D 15% %R L7,
NHDFEEREDS in vivo TD in vitro & [AEEIZIE
HHIFL TIE hTERT 70 € — % — OEELEK 2
&R L7

-
—

hTERT-CRAd DFEE4FRRYIEE

N i

Ad5/3hTERTEL O] BREGHH & MFEES % 726012,

hTERT MMM (SBCH) B X Ol pk

(WI138) |2 Ad5/3hTERTEL # B &+ 3 HFIZ,

WES N7z AV ADWEE% TCID50 I2& - T
WwE L FEWMBHOYT LA ILVATH D
Ad5/3hTERTLuc #&tEa > ba—v & LCff
M L7 Fig 51Z/R"F &9 12 SBC5 Mg T,

4000%

Fractional tumor size (V/Vo x 100)

1000%

13206 %

Ad5/3hTERTEL 12 3 H H T 1.5x10"% £ T&#E
IR L, 9 H B2 1.7x10°65 12 F CHEiE S

7. L2 L Ad5/3hTERTLuc i 1/16 f5 1234
L7z Ay, WIS flifig i v CTidIEH sl o

Ad5/3hTERTLuc & #5EKl o Ad5/3hTERTEL
D7 A N AT 4 B L 2 0o 7.

hTERT-CRAd O RMREEM

W12 Ad5/3hTERTEL @4~ T OMIFIRRIZ 0§
DG EM % MTS assay # HWTERE L 72,
Fig. 6 27”3 & 31 SBC5 Tl Ad5/3hTERTEL
X Ad5/3CMVEL & FEE O AlaEGE LR L,
FEAETRTOMPEAI HEIZFEHE L7z, 2
1Zxf L, WI38 i& Ad5/3hTERTEL 2% L Tk
HThol, INHLORRITZ ) AT VNS F
Ly Mo b —H L Tw/z, F7-Fig 7
IZREND X912 Ad5/3hTERTEL 3t SCLC
MR IC BN C L A ERBMBMEEZ RO, %
W AR 12 B v T TRAP assay O # #H &
Ad5/3hTERTEL o #% i sh 5 1 %582 72 AHBI BE 1R
s N DA A= N N N 1 O DN A S N = I
(MKN-7), K% (DLD-1), JRHSE (SKOV-3),
Je/ NI (H1299) o &tk % H v C R4
IZ Ad5/3hTERTEL DESFEE 2 T2 2 5,
VAT NWNAF Ly PREOFERIRTEBYER
IF ol sh 2R L7 (Fig. 8).

A AdS3hTERTLuc
®  Ad5/3hTERTE1

kL

12 24 77 days

Fig.9 Ad5/3hTERTEIL suppressed tumor growth in vivo. Intact SBC5 cells (1 x
10”) were injected s.c. into nude mice. When tumor formation was seen 10
days after inoculation, 1 x 10® pfu of each virus (diamond, Ad5/3hTERTEL ;
square, Ad5/3hTERTLuc) was injected into the tumor directly. Three
similar sized tumors were injected with each virus, and the mean volume +

SE is shown®?.
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In vivo IC$H 1+ % Ad5/3hTERTEL IC &k 3 [EE
HETEHN
Ad5/3hTERTEL @ in vivo |2 B 1) % JE 5 44 i
WEE 2 HET L7z, X— P~ 7 2D TFIZ SBCS
JESEAMN A B L CIER TR S, ZO®%EHE
JE 35 M2 1x108 pfu @ Ad5/3hTERTLuc b L <
I3 Ad5/3hTERTEL 245 L7z, JEBFHEGE OFEE
IOV 27 HIMEREE L, RN IR
YA XEFHINL 72, Fig 9lomt &) EEa s
fa—n A VA (Ad5/3hTERTLuc) OF%5-%
ECRE) = = 3 QS R - By N D A/
Ad5/3hTERTEL i bl B b 72 > CTHESS
DR % P L 7=

Z =

HIBREEGE AL 7 5 7 7 A )V AV A B0 7 B Bl
X o T, PUESEE L 72533 L WA
ELTHEBENTW S, FEEIZHILIREE O BE 5
X—=N—THALPSA TUuE—%—%Hwni
CRAd ; CV706 23R S LB BR R BR A T b
TV, BETET T/ 7 AV ZAUSHI AL
NAT A VA % F 72 Hll BRI FET 7 A )V 2 DIERK
LAASNTHND, Sibtia s 4 7 ORIR
FEHERL Y A )V A DM HEL D D & b,

JESH RN 70 E— % — CHIf £ b CRAd
BRSNS 2 7256, d%R e T DERICBW
THFH T U E—F =D IFEAL S B LED
HbH. AFETLRLZLHIC, THE—F—IF
PEAME N IESS Tld CRAA 12 & 2 BB %R 315
SNHVIZHBTE  HoplnTOE—F —
% B3 2 DIZGEFE RO TR & V) s
HELEZOND. Lo LAY S EENDR
RIGH %% 2 72346, RNA BB L NV 2 g2zl
ZEFIC & Mtk & AT LA T2 DIZES Tl
L, W7 xT5—F¥DE) R LVR-YEEZTE
HALTTOE—F —{HEEZRL I LTS HI

WiECTdh b, ZOHThTERT 7u£—% —|2i,

FaX T —EiEEL N VA S hTERT 710 % —
=it E P CTEL LR ELH L. TR
T — ViGN A DR 7OV i
B k5 & L 72 TRAP assay (2 TS I HiT]
FECTHh 5. 72721 TRAP assay 1 PCR iE123-D
{720, ) UNEROBA &L B MkETEE ST 572
IZ, 17 v A 122 &Ml 1000 18 o %

HHT 2 LRI TVWEY . ERICAE
T E (BALF) REMMKIZBITS 70
AT —EHEEOHRMDBTIETH D, BWCBITS
DS STV 550 739

T A NWAT ) AAGE RO DNA % il A
TAEGE, FOAR—ARFROENTWVDE -0,
CRAA DIERIZBWTIIHAT L TUE—SY —OD
ESEHIRESINS. T 4 ORBTIIEAREL 7
OE—4%—¢LE3Z2BRELLTT /) IANVAT )
LENY I R=v Ry 5 =L L THVLEE, 1§
ATEL70E—4Y—RKIZHN3 kb BRHTH 5.
DX REIESS hTERT 70 € — % — % HEf
5L, TuE—F—EEERIHTAEE LR NT
Y AMOHETFTH 5, -Myc?V3H 3 sp1%¥,
estrogen®”4? p53*) wt-1?, Madl®® 2543
Y ALL A Y MIEE A EO LR 500bp F
TIHEEINTBY, THHFATELRESTHS.
FRZFK A 13FE A4 DK E D hTERT 77U E— 4 —
WEHEENY 727 —ET v AL o THRET L 72
7%, 500bp @ hTERT 710 & — % — X FL#hy BT
UG LR R L2 CRERT—%).
MER 5T 7 7 4 W ANRY ¥ —% {7258
R ERICBITAEEO D EDIEFRIANT ¥ —0
&GRSR D 7 AV A ZEAETH S CAR
DEBLNVIKEFELTWDLZETHDH. CAR
ARRDFZENZOWTIIHL P TIE WD, ZD%
BLLAOVIZHIREIZ X o TR 17)~19)44)~48)’ =
S ORI L CHEIAIPME T A1
CH D EMESNTVLEY . —fIc7 7/
AW ANTEE LR L CTEWBRMEEZRL, [
AR 2 R A RE A o L C iR
SEIT T % AV ANRY & — L BT 7% A%
FEAREERT. L Lo /AvlRgiisE 2%
RSB E R X R ) 5B T T A VA
V23 B BAHEIC D W THRES L 2238 13 v,
RIAEZE IS T/ IaifE R D CAR ZEHL L X)L %
FACS TR L7 & A Z D= IR~ TER
IR MR Rl AR & ) BAE 2 7R L 72 (data
not shown). A7 THW/AZ5/3F X5 ()b
20, 5HTF ANV ARSI BIT S CAR K
% s 2 72 DIER S, £ OFEFETS
B7 77 7 A VAN L TRV Z R L C
B BZEOE IR TIZ 100 50 B
DDA H 720, 3ETF A VA



346 WA

DT ZZEARI DN TUIZBIEBT 05D 5T
W5 A%, Short 548 CD80, CD86 2SFIZZ ke L
THERE L TV B ITREME L DWW TS LT 550,
KWFFEIZBNTO5/B3F XTI AV AZINY F
R—=rX7 % —1ZHvy, hTERT 7Yut—%—%
S % 2 & T/ 20 LT B 7 Bege it
BLOPESEEIEON, ZOFBRICEL T
T TR S B A TH 5%, 4E in vitro
TOMRTIED L2058 HE, K, JIHE, IEh
M FE (2 B W T b PRI 2 728, hTERT
IR E S OEBETHIL TWD 2 L5 5/3
Bl hTERT-CRAd ZULHAMO & 2 JEHEHFE NS
y—rEZONDL. SHBITEHICE L OFERIZD
WCHEIE A D L TFETH 5.

| B

AFZEIZ BT TRAP assay = 15E L T\ 72
PP N REFEIRBE DS A v & — Ko —TEfESE%
IR R 2 LT

2 £ X #®

&I!I.

1) Blackburn EH : Switching and signaling at the
telomere. Cell. 106: 661-673, 2001.

2)  Meyne J, Ratliff RL, and Moyzis RK : Conserva-
tion of the human telomere sequence
(TTAGGG) n among vertebrates. Proc Natl
Acad Sci U S A. 86 : 7049-7053, 1989.

3) Moyzis RK, Buckingham JM, Cram LS, Dani M,
Deaven LL, Jones MD, Meyne J, Ratliff RL, and
Wu JR : A highly conserved repetitive DNA
sequence, (TTAGGG) n, present at the telo-
meres of human chromosomes. Proc Natl Acad
Sci U S A. 85:6622-6626, 1988.

4) Feng J, Funk, WD, Wang SS, Weinrich SL,
Avilion AA, Chiu CP, Adams RR, Chang E,
Allsopp RC, Yu J, and et al. : The RNA
component of human telomerase. Science. 269 :
1236-1241, 1995.

5) Kim NW, Piatyszek MA, Prowse KR, Harley CB,
West MD, Ho PL, Coviello GM, Wright WE,
Weinrich SL, and Shay JW : Specific association
of human telomerase activity with immortal
cells and cancer. Science. 266: 2011-2015, 1994.

6) Shay JW and Bacchetti S : A survey of
telomerase activity in human cancer. Eur ]
Cancer. 33: 787-791, 1997.

7) Bryan TM, Marusic L, Bacchetti S, Namba M,
and Reddel RR : The telomere lengthening

13206 %

mechanism in telomerase-negative immortal
human cells does not involve the telomerase
RNA subunit. Hum Mol Genet. 6 : 921-926, 1997.
Kim NW : Clinical implications of telomerase in
cancer. Eur ] Cancer. 33 : 781-786, 1997.
Hiyama K, Hiyama E, Ishioka S, Yamakido M,
Inai K, Gazdar AF, Piatyszek M A, and Shay
JW : Telomerase activity in small-cell and
non-small-cell lung cancers. J Natl Cancer Inst.
87 : 895-902, 1995.

Ganly I, Kirn D, Eckhardt G, Rodriguez GI,
Soutar DS, Otto R, Robertson AG, Park O,
Gulley ML, Heise C, Von Hoff DD, Kaye SB, and
Eckhardt SG : A phase I study of Onyx-015, an
E1B attenuated adenovirus, administered intra-
tumorally to patients with recurrent head and
neck cancer. Clin Cancer Res. 6 : 798-806, 2000.
DeWeese TL, van der Poel H, Li S, Mikhak B,
Drew R, Goemann M, Hamper U, DeJong R,
Detorie N, Rodriguez R, Haulk T, DeMarzo AM,
Piantadosi S, Yu DC, Chen Y, Henderson DR,
Carducci MA, Nelson WG, and Simons JW : A
phase I trial of CV706, a replication—competent,
PSA selective oncolytic adenovirus, for the
treatment of locally recurrent prostate cancer
following radiation therapy. Cancer Res. 61 :
7464-7472, 2001.

Benjamin R, Helman L, Meyers P, and Reaman
G : A phase I/II dose escalation and activity
study of intravenous injections of OCaPl for
subjects with refractory osteosarcoma metasta-
tic to lung. Hum Gene Ther. 12 : 1591-1593, 2001.
Zabner J, Freimuth P, Puga A, Fabrega A, and
Welsh M]J : Lack of high affinity fiber receptor
activity explains the resistance of ciliated
airway epithelia to adenovirus infection. ] Clin
Invest. 100 : 1144-1149, 1997.

Kaner R]J, Worgall S, Leopold PL, Stolze E,
Milano E, Hidaka C, Ramalingam R, Hackett NR,
Singh R, Bergelson J, Finberg R,
Falck-Pedersen E, and Crystal RG : Modifica-
tion of the genetic program of human alveolar
macrophages by adenovirus vectors in vitro is
feasible but inefficient, limited in part by the low
level of expression of the coxsackie/adenovirus
receptor. Am J Respir Cell Mol Biol. 20 : 361-370,
1999.

Nalbantoglu J, Larochelle N, Wolf E, Karpati G,
Lochmuller H, and Holland P C : Muscle—specific
overexpression of the adenovirus primary
receptor CAR overcomes low efficiency of gene
transfer to mature skeletal muscle. J Virol. 75 :
4276-4282, 2001.



16)

17)

18)

19)

20)

21)

22)

23)

24)

70 AT — BARAF IR Y A )L 2 347

Takayama K, Reynolds PN, Short JJ, Kawakami
Y, Adachi Y, Glasgow JN, Rots MG, Krasnykh V,
Douglas JT, and Curiel DT : A mosaic adenovir-
us possessing serotype Adb and serotype Ad3
knobs exhibits expanded tropism. Virology. 309 :
282-293, 2003.

Miller CR, Buchsbaum D], Reynolds PN, Doug-
las JT, Gillespie GY, Mayo MS, Raben D, and
Curiel DT : Differential susceptibility of primary
and established human glioma cells to adenovir-
us infection: targeting via the epidermal growth
factor receptor achieves fiber receptor-indep-
endent gene transfer. Cancer Res. 58 :
5738-5748, 1998.

Hemmi S, Geertsen R, Mezzacasa A, Peter I, and
Dummer R : The presence of human coxsack-
levirus and adenovirus receptor is associated
with efficient adenovirus-mediated transgene
expression in human melanoma cell cultures.
Hum Gene Ther. 9 : 2363-2373, 1998.

Kanerva A, Mikheeva GV, Krasnykh V,
Coolidge CJ, Lam JT, Mahasreshti PJ, Barker
SD, Straughn M, Barnes MN, Alvarez RD,
Hemminki A, and Curiel DT : Targeting adeno-
virus to the serotype 3 receptor increases gene
transfer efficiency to ovarian cancer cells. Clin
Cancer Res. 8 : 275-280, 2002.

He TC, Zhou S, da Costa LT, Yu J, Kinzler KW,
and Vogelstein B : A simplified system for
generating recombinant adenoviruses. Proc
Natl Acad Sci U S A. 95 : 2509-2514, 1998.
Takakura M, Kyo S, Kanaya T, Hirano H,
Takeda J, Yutsudo M, and Inoue M : Cloning of
human telomerase catalytic subunit (W"TERT)
gene promoter and identification of proximal
core promoter sequences essential for transcrip-
tional activation in immortalized and cancer
cells. Cancer Res. 59 : 551-557, 1999.
Nyberg-Hoffman C, Shabram P, Li W, Giroux D,
and Aguilar-Cordova E : Sensitivity and repro-
ducibility in adenoviral infectious titer deter-
mination. Nat Med. 3 : 808-811, 1997.

Niiyama H, Mizumoto K, Sato N, Nagai E, Mibu
R, Fukui T, Kinoshita M, and Tanaka M :
Quantitative analysis of hTERT mRNA ex-
pression in colorectal cancer. Am J Gastroenter-
ol. 96 : 1895-1900, 2001.

Adachi Y, Reynolds PN, Yamamoto M, Wang M,
Takayama K, Matsubara S, Muramatsu T, and
Curiel DT : A midkine promoter-based con-
ditionally replicative adenovirus for treatment
of pediatric solid tumors and bone marrow
tumor purging. Cancer Res. 61 : 7882-7888, 2001.

25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

Nakano K, Todo T, Zhao G, Yamaguchi K,
Kuroki S, Cohen JB, Glorioso JC, and Tanaka M :
Enhanced efficacy of conditionally replicating
herpes simplex virus (G207) combined with
5-fluorouracil and surgical resection in peri-
toneal cancer dissemination models. ] Gene
Med. 2005.

Matsubara S, Wada Y, Gardner TA, Egawa M,
Park MS, Hsieh CL, Zhau HE, Kao C, Kamidono
S, Gillenwater JY, and Chung LW : A conditional
replication-competent adenoviral vector,
Ad-OC-Ela, to cotarget prostate cancer and
bone stroma in an experimental model of
androgen-independent prostate cancer bone
metastasis. Cancer Res. 61 : 6012-6019, 2001.
Nettelbeck DM, Rivera AA, Balague C, Ale-
many R, and Curiel DT : Novel oncolytic
adenoviruses targeted to melanoma : specific
viral replication and cytolysis by expression of
E1A mutants from the tyrosinase enhancer/pr-
omoter. Cancer Res. 62 : 4663-4670, 2002.
Kurihara T, Brough DE, Kovesdi I, and Kufe
DW : Selectivity of a replication-competent
adenovirus for human breast carcinoma cells
expressing the MUCI1 antigen. J Clin Invest.
106 : 763-771, 2000.

Iwao T, Hiyama E, Yokoyama T, Tsuchida A,
Hiyama K, Murakami Y, Shimamoto F, Shay JW,
and Kajivama G : Telomerase activity for the
preoperative diagnosis of pancreatic cancer. ]
Natl Cancer Inst. 89 : 1621-1623, 1997.

Hiyama K, Ishioka S, Shay JW, Taooka Y, Maeda
A, Isobe T, Hiyama E, Maeda H, and Yamakido
M : Telomerase activity as a novel marker of
lung cancer and immune-associated lung dis-
eases. Int J] Mol Med. 1 : 545-549, 1998.

Sen S, Reddy VG, Khanna N, Guleria R, Kapila K,
and Singh N : A comparative study of
telomerase activity In sputum, bronchial
washing and biopsy specimens of lung cancer.
Lung Cancer. 33 : 41-49, 2001.

Yahata N, Ohyashiki K, Ohyashiki JH, Iwama H,
Hayashi S, Ando K, Hirano T, Tsuchida T, Kato
H, Shay JW, and Toyama K. : Telomerase
activity in lung cancer cells obtained from
bronchial washings. J Natl Cancer Inst. 90 :
684-690, 1998.

Yang CT, Lee MH, Lan RS, and Chen JK :
Telomerase activity in pleural effusions : di-
agnostic significance. J Clin Oncol. 16 : 567-573,
1998.

Horikawa I, Cable PL, Afshari C, and Barrett
JC : Cloning and characterization of the promo-



348

35)

36)

37)

38)

39)

40)

41)

42)

43)

44)

WA

ter region of human telomerase reverse trans-
criptase gene. Cancer Res, 59 : 826-830, 1999.
Cong YS, Wen ], and Bacchetti S : The human
telomerase catalytic subunit hTERT : organiza-
tion of the gene and characterization of the
promoter. Hum Mol Genet. 8 : 137-142, 1999.
Wu KJ, Grandori C, Amacker M, Simon-Vermot
N, Polack A, Lingner ], and Dalla-Favera R :
Direct activation of TERT transcription by
c¢c-MYC. Nat Genet. 21 : 220-224, 1999.

Oh S, Song YH, Kim U], Yim J, and Kim TK : In
vivo and in vitro analyses of Myc for differential
promoter activities of the human telomerase
(hTERT) gene in normal and tumor -cells.
Biochem Biophys Res Commun. 263 : 361-365,
1999.

Kyo S, Takakura M, Taira T, Kanaya T, Itoh H,
Yutsudo M, Ariga H, and Inoue M : Spl
cooperates with c-Myc to activate transcription
of the human telomerase reverse transcriptase
gene (WTERT). Nucleic Acids Res. 28 : 669-677,
2000.

Kyo S, Takakura M, Kanaya T, Zhuo W,
Fujimoto K, Nishio Y, Orimo A, and Inoue M :
Estrogen activates telomerase. Cancer Res. 59 :
5917-5921, 1999.

Misiti S, Nanni S, Fontemaggi G, Cong YS, Wen
J, Hirte HW, Piaggio G, Sacchi A, Pontecorvi A,
Bacchetti S, and Farsetti A : Induction of
hTERT expression and telomerase activity by
estrogens in human ovary epithelium cells. Mol
Cell Biol. 20 : 3764-3771, 2000.

Kanaya T, Kyo S, Hamada K, Takakura M,
Kitagawa Y, Harada H, and Inoue M : Adenovir-
al expression of pb3 represses telomerase
activity through down-regulation of human
telomerase reverse transcriptase transcription.
Clin Cancer Res. 6 : 1239-1247, 2000.

Oh S, Song Y, Yim J, and Kim TK : The Wilms'
tumor 1 tumor suppressor gene represses
transcription of the human telomerase reverse
transcriptase gene. ] Biol Chem. 274 :
37473-37478, 1999.

Gunes C, Lichtsteiner S, Vasserot AP, and
Englert C : Expression of the hTERT gene is
regulated at the level of transcriptional initiation
and repressed by Madl. Cancer Res. 60 :
2116-2121, 2000.

Cripe TP, Dunphy EJ, Holub AD, Saini A, Vasi
NH, Mahller YY, Collins MH, Snyder ]D,
Krasnykh V, Curiel DT, Wickham T]J, DeGre-
gori J, Bergelson JM, and Currier MA : Fiber

i

13206 %

45)

46)

47)

48)

49)

50)

51)

52)

knob modifications overcome low, heter-
ogeneous expression of the coxsackievirus—ade-
novirus receptor that limits adenovirus gene
transfer and oncolysis for human rhabdomy-
osarcoma cells. Cancer Res. 61 : 2953-2960, 2001.
Davidoff AM, Stevenson SC, McClelland A,
Shochat SJ, and Vanin EF : Enhanced neuroblas-
toma transduction for an improved antitumor
vaccine. ] Surg Res. 83 : 95-99, 1999.

Fechner H, Wang X, Wang H, Jansen A,
Pauschinger M, Scherubl H, Bergelson JM,
Schultheiss HP, and Poller W : Trans-comple-
mentation of vector replication versus Coxsack-
le-adenovirus-receptor overexpression to im-
prove transgene expression in poorly permis-
sive cancer cells. Gene Ther. 7 : 1954-1968, 2000.
Kelly FJ, Miller CR, Buchsbaum D],
Gomez-Navarro J, Barnes MN, Alvarez RD, and
Curiel DT : Selectivity of TAG-72-targeted
adenovirus gene transfer to primary ovarian
carcinoma cells versus autologous mesothelial
cells in vitro. Clin Cancer Res. 6 : 4323-4333,
2000.

Li Y, Pong RC, Bergelson JM, Hall MC,
Sagalowsky Al Tseng CP, Wang Z, and Hsieh
JT : Loss of adenoviral receptor expression in
human bladder cancer cells : a potential impact
on the efficacy of gene therapy. Cancer Res. 59 :
325-330, 1999.

Okegawa T, Li Y, Pong RC, Bergelson JM, Zhou
J, and Hsieh JT : The dual impact of coxsackie
and adenovirus receptor expression on human
prostate cancer gene therapy. Cancer Res. 60 :
5031-5036, 2000.

Kawakami Y, Li H, Lam JT, Krasnykh V, Curiel
DT, and Blackwell JL : Substitution of the
adenovirus serotype 5 knob with a serotype 3
knob enhances multiple steps in virus replica-
tion. Cancer Res. 63 : 1262-1269, 2003.

Short JJ, Pereboev AV, Kawakami Y, Vasu C,
Holterman M]J, and Curiel DT : Adenovirus
serotype 3 utilizes CD80 (B7.1) and CD86 (B7.2)
as cellular attachment receptors. Virology. 322 :
349-359, 2004.

Uchino J, Takayama K, Hrada A, Kawakami Y,
Inoue H, Curiel DT, Nakanishi Y : Infectivity
enhanced, hTERT promoter-based conditional-
ly replicative adenoviruses areuseful for SCLC
treatment. Cancer Gene Ther. 12 : 737-748, 2005.

(Received for publication November 17, 2009)



