WO 2005/037322 (PCT/JP2004/015221) 1: DESCRIPTION CANCER
GENE THERAPEUTIC DRUG Technical field [00G{} Tdismimveption seladeso,
to a cancer gene therapeutic drug, and a cancer gene therapeutic method
using the therapeutic drug. Background art [0002] Recently, a cancer
gene therapy has been focused attention for cancer therapy and a variety
of gene therapies have bedrlptbpd8dd@d their clinical trials have been
carried out. Among them, a clinical trial of a cancer gene therapy using
carrier cells was performed by Freeman et al.; This cancer gene therapy
j I -1 with a HSV-tk gene by retrovirus as the
CANCE%W?@%%&%%ﬁﬁC%ﬁQa s for ovarian cancer therapy as well as
malignant mesothelioma therapy have been carried out (see non-patent
literature Nos. 1 and 2 shown later). Culver et al. used mouse NIH-3T3
TechnicafEUgias the carrier cells and performed a clinical trial for cerebral tumor
(see non-patent literature No. 3 shown later). Its application for human
- [0001] TEANGQEIABIARYBOWEY BinFeAples humandetived aalls 2adhg eaMU-Kerapeutic
- cells. [0003] A gene therapy using ovarian cancer cells PA-i as the carrier
method 1R&lls Washalspeaiyigeghout by Coukos et al. (see non-patent literature No.
4 shown later). This gene therapy constructs an oncolytic virus which
specifically proliferates in tumor cells and the virus is infected to the
~carrier cells (producer cells) and then the infected carrier cells are
Backgrogdhairtistered in the tumor site. Herpes simplex 1 (HSV-1) is used as the
oncolytic virus. In an animal experiment, their intraperitoneal '
[0002] Reepnihis afonanasiseriortned b endaessdudiécpibielaitansearibgrapy and a
~ cancer transferred tq peritoneal Ci\ﬁg%g (gsee patent literature Nos. | and

variety ol Y8R (BOBAT AUV RO o -aﬁ%iwﬁ&éfé%énga%bi%ﬁﬁigd out.
woons 8 AR s e pas manped By ey e,
by retrovirus as th_é carrier cells and its clinical trials for ovarian cancer therapy as well as
maﬁgnant mesothelioma therapy have been carried out (se¢ ﬁon—patent 1iteraturé Nos. 1 and 2

shown later). Culvef et al. used mouse NIH-3T3 cells as the carrier cells and performed a. -
clinical trial for ﬁercbrai tumor (see non-patent literature N.o. 3 shown later). Its ap’pliéati'on
for human cancer tﬁerapy, however, requires human derived cells as the carrier cells.
[0003] A.gene therapy using ovarian cancer cells PA-1 as the carrier cells was also carried out
bﬁz Coukos ef al. (see non-patent literature No. 4 shown 1at.er). This gene therapy constructs
an oncolytic virus which specifically proliferates in tumor cells and the virus is infected to the
carrier cells (producer cells) and then the infected carrier cells are administered in the'tumor
site. Herpes simplex 1 (HSV-1) is used as the oncolytic virus. In an animal experiment, their |
intraperitoneal administration was performed into a nude mouse model with ovarian cancer
transferred to peritoneal cavity (see patent literature Nés. 1 and 2 shown later).

{0004] Above mentioned ovarian cancer cells PA-1 show high:prdiiferating ability and can be

easily manipulated, but they have a drawback of fragility with small cytoplasm. Therefore,



‘the tumor site and no satisfactory antitumor effect was obtained against
ovarian cancer or malignant mesothelioma. [0005}yApphicaton@fiBiedass221)
carrier cells in the cancer gene ttferapy with the oncolytic virus HSV-I
showed no significant antitumor effect in comparison to that of a therapy

o with only the ohcolytic virus HSV-1. No frequent administrations can be )
mtfﬂdmﬁar?ﬁﬂ%sﬁﬁ‘{n‘& SSRGSy it Vir 8P I8 eR0 s ki d1S V-tk gene in

b

. {he farget tumor cells by cell to cell interaction, and inactivation of the
malignant riesa E%] O, . . A . _
virus with its neutralizing antibody may lead to no significant antitumor

100057 ARGk IA006h EUrthermare RGNS QMLcARERE ARISRY IRICRIZSIR 88 ic virus |

used as the carrier cells in a clinical trial of Cellular immunological gene
HSV-1 sHbeEIPYo His RIacR M@ IeQr ek IBNEJHNaieo9eb Asiabta asllipe ang only
is difficult to manipulate. In addition, inconstant individual difference exists
the oncolinintreduclion-of pentanent gl cificuitoget adiahler®iieet 0007 cancer gene
-~ Non-patent literature No. 1: Human Gene Therapy, 6, 927-939, 1995
therapy vilbnAprasehtdisaratufetiNeu2eHeimamnGeondy Thehapyo Q). 26d1l:264%, AOR8-1 cells
Non-patent literature No. 3: Science, 256, 1550-1552, 1992 Non-patent
results inllitatpredNdich Glinival GariodrREsaatth Hel52B-ap3M bodge Rdtetivn to the
— literature ‘No. 1: International Publication No. 99/45783, pamphlet Patent .
target tunigsregtlpebN 6ol thesthitionaliPubiiehiior Neto 28 0oy yisanipiteits neutralizing
. Disclosure of the Invention Problems to be Solved by the Invention [0008]
antibody Ty dih G2 P redsHiertishtetto solve the above problems and

to find iey cells exhibiting potent antitumor effect in the car .
10006) P AT Ui (2 OB s RIARE t BSTGF il Cahgeh o

clinical t&g{]gfﬂggﬁ% fruitﬁ?n%slt?flgdigﬁhIg{lténgl%é/ge rYﬂ%%eg%o DAL Mo ru%ﬁa%cé 1 I%gcime to
o e carrier cells, and to érow e a new cancer gene therapeutic drug
et a stMREAJOR the dherapentigamenog, Means fatsalyinadheRroRlems 0009 vidual
E The inventors have investigated for solving the above problems and found
differencOS8S ¥ Mtroduction of gene and it is difficult to get a stable effect.

neutralizing antibody in the blood. Application of PA-1 cells results in little
the tumot G AL OO A0S TR L SHE T HER dIBHIPtar BT HIEBRrPaser or

| 10007] NOnfpatent literature No. 1: Human Gen¢ Therapy, 6, 927-939, 1995
| Non-patent literature No. 2: Human Gene Therapy, 9, 2641~2649, 1998
Non-patent literature No. 3: Science, 256, 1550~1552, 1992
Non—patent literature No. 4 Clinical Cancer Reseatch, 5,15 23-.:-1537, 1999
| Patent ﬁterature No. 1: }Intérnationzﬂ Publication No. 99/45783, pamphlet

* Patent literature No. 2: International Publication No. 01/23004, pamphlet

Disclosure of the Inventién

Problems té be Solved by the Invention

[0008] The purpose of the present invention is to solve the above problems and to find new
carrier cells exhibiting potent antitumor effect in the cancer gene therapy using the oncolytic
virus, further to establish a new cancer gene therapeutic method exhibiting a very potent

- antitumor effect using the carrjer cells, and to provide a new cancer gene therapeutic drug.



as (1) more potent antitumor effect can be obtained by using a specific
cell line as the carrier cell in comparison to that of conventional carrier
cell and (2) induction and raising of a CTL reaction within a living body
through prior administration of a virus for immunological treatment,
followed by administration of the carrier cell infected with an oncolytic
virus, gives a very potent in vivo arttitumor effect, and accomplished the
present invention. [0010] In one aspect, there is provided a cancer gene
therapeutic drug including a carrier cell to be infected with an oncolytic
used fovthgshsmpsite makethe oncolytic virus act on a tumor cell within a living
body, wherein the carrier cell is selected from the following (1) to (4) cells:
(1) A549 cell (2) 293 cell (3) SW626 cell, and (4) HT-3 cell (HT-11I cell).
Means [0P3VAg drssrpbaehiater, A549 cell is particularly preferable as the carrier
cell, among the four kinds of ceIIs.P'g)OlZg] The oncolytic virus is_preferably

[0009] $hrettesnttBin AT sBEsHERt, RESRNAL e REAYERANRL I AR 1eH ROSS such
as (1) oY NBHSic RHANIKUS FRRY IEUS DUCHEIIOMEHESWHdsi AV ) RBASINE carrier

other oncolytic viruses. Among them, adenovirus gives favorable results
cell in esnphisen lattrant caybdiprefembiy usBdid(ARInFreferabhd thising of a CTL

. _oncalytic vitus disclosed herein has a tumor specific.promoter, according. .

resctio R ) A (eI, LG RO T AT oty g

treatmeflA lf3Bwab ptedhimidkiden MK)Her eareter o3t FifeGegrovithten, &CalMdic virus,
romoter, cox-2 promoter, PSA promoter, or.any other tumor specific

gives a s A BABBIRVIFRGS LAPAGIEOIS L08R 322 BETIIR2 0
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(1) A54tt cBirmingham (UAB), may he used.

{2) 293 cell

(3) SW626 cell, and

(4) HT-3 cell (HT-II1 cell).

[0011] As described later, A549 cell is particularly preferable as the carrier cell, among the
four kinds of cells.

[0012] The oncolytic virus is preferably selected from viruses such as adenovirus,
herpesvirus, lentivirus such as HIV virus, retrovirus, reovirus, vesicular stomatitis virus
(VSV), and any other oncolytic viruses. Among them, adenovirus gives favorable results as
shown later and can be preferably used.

[0013] Preferably, the oncolytic virus disclosed herein has a tumor specific promoter,
according to the kind of cancers to be treated, including such as 1A1.3B promoter (IAl 3B

promoter), midkine (MK) promoter, f-HCG promoter, SCCA1 promoter, cox-2 promoter,

PSA promoter, or any other tumor specific promoters. Any oncolytic virus, capable of



[0014] Preferably,, the present cancer gene therapeutic drug of the _
present invention may be a drug kit for cancer thérapygswbigh erthvercos/015221)
includes a virus for immunologicdl treatment to be administered for
inducing a CTL reaction within the living body to administration of the.
... cartier cell. The virus for immunological freatment is preferabéy the same
infectiongi B0 ER U i (GO ORI Vs ST IO MG Pe
ean be v PISIAIEBNON-prolferative tpe, andior inaciivated Bpe BY UM oot
irradiation’etc. Tnactivation by ifradiation etc may shorten five perﬁ)a _

such as REPYREPAIMIRAISILALION QLG YITUS (RFMIPURRIPRICA IGAINEREANY ¢ and an

administration of the carrier cell. [0015] When the cancer gene therapeutic

- BiA geHUSALING RrEREBRINMANNION S Adrugdkit Joraneer URRIaRNy MAaY R&#AGa at
' . carrier cell, a combination of the virus for immunological treatment and
. Birmingih@ cBKIRY, ¢elly 8k fskgher including the oncolytic virus giving a kit
: composed of three members. Moreover, the kits may include one or more
[0014] Paeibsisingeseqfrthy(d)shewgebelhuafiAtalocgbdgbe (R)sGMEGSEion may be a
(granulocyte-macrophage colony stimulating factor) expression vector to
drug kit be dnfectebeteptherdachiciucéitbiefdrel sdaminissr&tiomy(@)irdn greparationst to be
(4) Porphyrin compounds (e.g. 5-aminolevulinic acid: ALA) [0016] -
administFsgefpreinditinberadiiniswetion sitle vediforidmiydogilainsathene! the
_ or before or after it, administration of an irradiated tumor cell (a patient
carrier cefb RRsdviina Q&MY AoaiRDIECHHENIth RinHEROAh RIS fiafephbisibps the
' tumor vaccination_(tumor immuniz?tion . The_ cancer gene therapgutic,

oncolytigjEaf e SHEteATHRBRA S LM HEtatRghdp HrElGmatd RTdrediPplive type

: . the.tumor, vaccinatj n.V%}}OZOOSlO 7322 (PCT/JP2004/015221) [0017] . .= °
endor i B ) S A St AU Do e LR s o shoter

the per}g r%%%lflggndrg q&nﬁ?&@(gﬁse(ﬂ{ iﬁYee “U&GSCOFQP r'ﬁﬁﬁlﬁrﬁ {90 treatment and

administration of a virus for immunological treatment to induce a CTL

' adminisﬁ%ﬁSHQH Within,a. hugan body to administration of a carrier cell; and after
' a predetermined period, a step for at least one administration of a carrier

[0015] WeHIoHRS infaciesewith an-pRcalwiicovinis hefere the-ado miStratioNkSor@Scancer
' to make the oncolytic virus act on a tumor cell within the human body.
~ therapy, may be the carrier cell, a combination of the virus for immgnolog_ical_ treatment and
the carrer cell, or further. including the oncolytic virué giving a kit Cdm._posed of threé
members. Moreover, ‘the kits may include one or more substances of (1)-(4) shown below.
(1) Atelocollagen |
(2) GM-CSF (granulocyt&macfophage colony stimulating factor) expression vector to be
infected to the carrier cell before édministration
(3) Iron preparations
(4) Porphyrin compounds (e.g. S-aminolevulinic acid: ALA)
10016] Togetﬁer with the administration of fhe virus for immunological treatment, or before
or after it, administration of an irradiated tumor cell (a patient derived or a generally available

one with similar antigen) is preferable for tumor vaccination (tumor immunization), The

cancer gene therapeutic drug of the present invention may inciude such irradiated tumor cell

for the tumor vaccination.



[0018] In the above cancer gene therapeutic method, the period from the
administration of the virus for immunological treaty\@s i 48, meripaood0is221)
administration of the carrier cell i$preferably set to be two weeks or
more, and not more than 13 weeks (more preferably three weeks or four
weeks). Preferably, (1) the dose of the virus for immunological treatment
[0017] Prstarablecimsetgean Lt osnnapganioedhendner pviralipariciestdng: of
the o atient with antibody negative to the virus, while between about 102 viral
¢ pres%é[rﬁwé:é’%‘ﬂh TOHRISE partieR Sror i parishHedinm dntibdays pbaitiventoth gical
treatnrlen};/it'rus gor the patient with antibody positive, it may be less than 102 viral '
- NCOLEHIBREE S0 hd BdRFISH ARG A Bp e sl dp thdreintsstytiervivie wrsirgteell

and af ier cell.may be set between about 109 viral particles and 1014
ud aﬁmf/?fgfeggrlﬁé egﬁe?SI))@[ e |h1f‘1e5(:£ﬁjn{(\gr\%tet 8%’11%n8r1‘"c%’|73}ﬁi§ SRR AP Lo be

inected TAY B SELAEAVGER 2NeH: 0.l ATplesicel (horeiaeprefere

as .
"vp/cell") and 2,000 vp/cell (more preterably between five vp/eal T And B0 s

act on a WA@@I&bliQ&l@;ﬂ}ll{héhﬁlﬁQQ\%@ﬁncer gene therapeutic method, adoption of
one or more steps of the following (1) to (5) is preferable: (1) '

[0018] TrAdimiisteation af the: GRerigieaal R IRTRM oL IieGHoN. ) AJMINSIALORE e
of atelocollagen together with the carrier cell, (3) Administration of the = -

virus forgamiencklphaVingbean nfeciedwithsnot onlyithe eREAYUSIYIVSeRYLRISQet to
a GM-CSF expression vector, (4) Administration of an iron preparation
be two vegeditora porphywih canmpoendife.d3 S«arkingatexulinieiaaisd (AbAY Ogaher four
_ with the carrier cell, and (5) Administration of a tumor cell for tumor
weeks). Kegdeinlfonl iohethesewitthorvvesdie onafterthe WO@00S03732Be set between
. PCT/[IP2004/015221) 6 virus for immunological treatment. Effect of the
about 10jyiptigArfisézorrhétaréel gerictrefapautiianigrotthairedemegative o the
L H]Q/ention includes, as,the carrier cell, a cell line such as A549 cell, which
VIrns, w

& RESHSERiA NN SredibAttielitrahd fh vivalieiridle fesukspatient with
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viral particles, or no administratioris), (2} the dose of the oncolytic virus through the cziriier
cell may be set .betwéen about 10° viral particles and I.OMI viral particles, (3) the infection rate
of the encolytic virus to the carrier cell m'ay be set between about O.I viral particles/cell
(hereinafter referred as “vp/cell”) and 2,000 vp/cell (moré preferably between five vp/cell and
500 Vp;’céli).
[0019] In the above cancer gene therapeutic method, adoption of one or more steps of the
following (1) to (5) is preferable:

(1) Administration of the carrier cell by intratumor injection,

(2) Administration of atelocollagen together with the carrier cell,

(3) Administration of the carrier cell having been infected with not only the oncolytic virus,
but also a GM-CSF éxpression vector,

(4) Administration of an iron preparation and/or a potphyrin  compound [e.g.

5-aminolevulinic acid (ALA)] together with the carrier cell, and

(5) Administration of a tumor cell for tumor vaccination together with, or before or aftér the



[0021] When the cancer gene therapeutic drug of the present invention is

a combination of the two drugs composed of the witusofon immpnolegieal s221)
treatment to be administered in &dvance and the carrier cell to be
administered afterwards, immunological treatment in advance by
administration of the virus such as adenovirus and then administration of

{RE el el ARG been infected with the oncolytic virus provides a

direct antitumor effect by infection of the oncolytic virus to target tumor -
cells, and further induces the CTL reaction within the living body to the

Effect of fceﬁ'geg t@{gget cells providing a very potent in vivo antitumor effect. Brief
- esc_:ri\btlll(_)n o_f d_ra_wiAngs [0022] [‘Fig._l] The graph shows the _results_ of
© [0020] ngécl’lé f&é@%‘%&h@ﬁf@ﬂ%ﬁ@ﬁ&ﬁﬁﬁ&g%ﬁ’%{% AN CANERT- LS HEYHSING ¥AY 'ﬁP#ﬁer cell,

lines as carrier cells, expressed by cell numbers atIC5o. [Fig. 2] The
a cell 1ingaRh shawsdheiresulisofinviestigatiamek Riokier ataninbibiony et 8from

oncolytic viruses without and together with carrier cells to ovarian cancer

the resulgelisstiEohingthed Besenes mhantidabanibediesexprasses b asiigadikon to

_ titer of anti-adenovirus antibodies at 1C50. [Fig. 3] The graph shows the '
* those of cosulistiohinvestigatian of proliferation inhibitory effect of oncolytic

o adenovirus infected carrier cells (such as 293 cells) to ovarian cancer cells

virus for

o [0021] VHEY ihe thepregencehefapativiralmatifodie srexptassetion antibouytitettion of

_ anti-adenovirus antibodies at IC50. WO 2005/037322
‘the two (PazF/IP2004r018051 ViRidon]imegedp csh 058 ihenfelsulbs Glministered in
investigation of proliferation inhibitory effect to ovarian cancer cells HEY =~ = -
advance i glb@urrarieeIReHf Poscaininbhy wbidtestiede donsuanipeitel tralemt in

- the presence of antjviral antibodies, expressed by CR?IIInum?ger.s.%F%g@ ¢ '1 ,
advance HohgFRISUABRTS Bl ttS oFASTEAToN B R SR B SRR the
L cer_gene therapeutic drugs of the present invention, using & tumor . '
carrier ciLHHIRACT0 1L Lih TSGR G o ) Coba e HBPetfect by
. < Jdrapsplantation of human ovarian cancar cells,RMG-1 ina DUHe ayse. , ..
'mfecnon[lﬂgagﬁ %Ceplpré%r‘{%l%wst?ﬁ%%[re%sﬂﬁt%noﬁrf\’/estiga{%?oneof EIEI’T vci'vo antitumoreaC ot
“within tl?éfﬁ%rfg 8@@?% the infected target cells providing a very potent in vivo antitnmor

: effect.

Brief description of drawings

[(_)022] [Fig. 1] The graph shows the results of proliferation inhibitory effect to ovarian cancer
cells HEY using varilous cell Hines as cartier cells, expressed by cell numbers.at ICs0. |
[Fig. 21 The graph shows the results of investigation of proliferation inhibitory effect of
oncolytic viruses without and together with cargier cells to ovarian cancer cells HEY in the |
- presence o.f antiviral antibodies, expressed by antibody titer of anti-adenovirus antibodies at
ICsp. |

[Fig. 3] The graph shows the results of investigation of proliferation inhibitory effect of
oncolytic adenovirus infected carrier cells (such as 293 cells) to ovarian cancer cells HEY in

the presence of antiviral antibodies, expressed by antibody titer of anti-adenovirus antibodies

o at ICs.



gene therapeutic drugs of the present invention, .using a tumor model with
 10-15 mm massive tumor formed by subcutaneousotrarisptartationrafoso15221)
human ovarian cancer cells PA-1in a nude mouse. [Fig. 7] The graph

shows the results of investigation of in vivo antitumor effect of a cancer

[Fig. 4] ? ne thera eutlcﬂ 6’95{ %resent invention usm%ga subcutaneouos -
[Fig. 41 Bhie S ARBAI auLs TroHYet é;eé%wsl@ws@g@} RHRAB RAIBHORLAEect to
' The Figure shqw cr of cell fusmn

ovatian Cd}ffcf&éisice 2 U 10° & ﬁ%?ﬁlg?% |ofaz 21?10 %5 gﬁ%ﬁ Zopiglis@nd HT-3
cells in th% W&&S%@%ﬂhmﬁioﬁ?‘ﬁ% bggﬁ\{gﬁk ng A mcnel %r\é\”thom

administration of adenowrus Flg 0] Graph’ a shows the results of

[Fig. 5] 'I'l‘l\éeﬁgﬁi ignuofsnaidking, (MK} MRNAGKBIESSIAN HY, RIFRGR L AUmR [caneer

surgical samples of 1-21; graph (b) shows the results of investigation of

sene ther npielidiael YIS bMBNA-Rpr eseian &y Rink & Ripblowoeslllings o1y alignantsive

gliomas in a similar manner; and graph (c) shows the results of

tumor foinuestigatiorwhneickineGviexpsassionintheabaveceass celldimavhy- 1 in a-
Western blotting analysis. [Fig. 11] The graph shows the results of

nude mow@mparative investigation of a promoter activity in the above each cell line
using two different length midkine promoters. [Fig. 12] Graph (a) shows a

[Fig. 6] ‘Ebheriatic Swuctithe oftiés oricolytisigdenovifug; havimgtitennriekieg of cancer

_ promoter, designed in the present invention; and gr%%h (b) shows the -~
. gene th@f?@%ﬁé éf“‘EFO’ é@ﬂ?ﬁ@?@‘z@‘(ﬁ(ﬁ@ﬂﬁ?@@?@ﬂmﬂ é@ﬂlg}hﬁl@ﬁ%ﬂE&AﬂSSlVe
protejn expression in the above each_ cell line infected with three kinds of

fumor foaa%% ViriSE8 B OVaSTEMIABHANG GRS I 4] Esh (&) Showsiha mude

mouse results of comparative investigation of cancer cell proliferation inhibitory
' . effect with three klnds of adenoviruses; graph (b) shows the results of

[Fig. 7} ’ﬂiﬁ?ﬁ%ﬁ“% gxlgﬁ%ﬁgﬁ%ﬁ&l‘%ffu%%goo%m(?r%?“fﬁ{ac 2P 4 cancer

ct; and grap the results of investigation of

gene the%%mmqﬁ e&tfﬂfeaﬂ%@%\f'@ﬁéﬂ@oﬂqﬂ%g‘%uﬁﬁxﬁfﬂm&e%'ﬁor model mouse.

transplantation model with tumor of 5 min diameter. [Fig. 14] The graph
[(CS7RLEaWS e Iesulisiof pplitmehaieehehcansangene therapeutic drugs of

the present invention (prepared by infection of oncolytic virus having the
[Fig. 8] midkmeweosRete! a microscopic observation of cell fusion of A549 cells due to
adminisiration of adenovirus.
{Fig. 9] The Figure shows a control microscopic observation of AS549 cells without
administration of adenovirus, |
[Fig. 10} Graph (a) shows the ;‘esults of investigation of midkine (MK) mRNA expression by
RT-PCR in human surgical samples of 1-21; graph (b) shoﬁs the results of investigation of
midkine (MK) mRNA expression by RT-PCR of four cell lines of malignant gliomasin a
.similar manmner; and graph (c) shows the results of investigation of midkine (MK) expression
in the above each cell line by Western blotting analysis.
[Fig. 11] The graph shows the results of comparative investigation of a promoter activity in
the above each cell line using two different length midkine promoters.

[Fig. 12] Graph (a) shows a schematic structure of the oncolytic adenovirns, having the

midkine promoter, designed in the present invention; and graph (b) shows the results of



to carrier cells) on a massive tumor with 10-15 mm diameter, compared

with administration of oncolytic virus without carriércceiis/icjFign ESimrmeo4/015221)
graph shows the results of investfyation of influence of Fe on the

proliferation inhibitory effect of adenovirus AJE3-1A1.3B on the ovarian

- . _cancercells PA-1. [Fig. 16] The graph shows the results of inyestigation of
investiga i G0 AL A B O R RNk HoBL6f AAERPLL Toee Fnds
AdE3-l§\1v§ﬁI33 tcgrnnt{;% t(eivariaq\‘[cancer cells PA-1. [Fig. 17] The graph shows
[

of adwo}’hrélst?essﬂts o? inves gaItLr%rEi‘né IRHuence of the coexistence of Fe and ALA

: roli ion inhjhito i I the: e
.1 O P SR oA S AP o
inhibitor{ MESHIPHRMPELAN MO ANttiumQL S Hest.ef 5 CANaRNAENE BRIAPEHIGEEH ation
of the present invention (in the case of no UV irradiation treatment on the

of adenovifius 183 immunClogiCRIdieatoe it} ysislgra silcutanseus tifar; madeiraph (c)
mouse [(C57BL/6XC3/He) F1 mouse] with normal immune system; and

shows tlgrapbully) sfiolusditeatesults oftdngnternefbse vatidnmfvsuyival satedd mouse

- each mouse used for the experiment. [Fig. 19] The graphs show the

subcutanpesstsnspnestigationionvtith auneinidtbation daerstakfrom the virus for
- immunological treatment to the carrier cell, graph (a) shows the observed
[Fig. 14]rdsalesofh thaws Votierelh ebentibusecderl g qe) atswiegapentic drugs of
- observed results of the survival rate in each mouse group. WO .

the presepdyentiap foiopetedpaoBAretios 25 encolitis, AU THY g @iftkipg promoter

curvg shows the results of investigation whether the above

to carriel gRiHI SR B SV BE SHi R BT YARE tsé BRSOV ministration

¢ ' IUV-Ad-B- I in?ctiv_ated H}é UV irradiation as a virus for immunological
- O onCo IR IP Y SRS Griph (tumor growth curve) shows the results of
: investigation on the ini on. e ione: . .
tig, - (Rl e ARoNRMENFONGEdne proliferat
[_rl'g 151 Lw/gﬁtégéﬁ Szgoﬁ"ése gslaegﬁ\?lirgcéggﬁ%gn%n}g%gicél treatment. [Fig. i%]plT%éem on

inhibitorg"aRAS SPQULhe;Rxamipatipnresulis allymenKacsnationefied, graph (a)

Shows the observed results of the tumor volume in each mouse; and

[Fig. 16ranh (Brshowsdhe abservedyestlts efauivival wtaineach MOUSE. TS the
number (n) of each mouse group ' ' '

proliferation inhibitory effect of adenovirus AAE3-1A1.3B on the ovarian cancer cells PA-1.

{Fig. 171 The graph shows the results of investigation of influence of the coexistence of Fe
- and ALA on the proliferation inhibitory effect of adenovirus AJE3-1A1.3B8 on the ovarian
cancer cells PA-1.
[Fi_g'. 18] The graph (a) shbws the results of investigation of in vivo anfitumor effect of a
cancer gene therapeutic drug of the present invention (in the case of no UV irradiation
treatment on the vifus for immunological treatment) using a subcutaneous tumor model
mouse [(C57BL/6XC3/He) Fi mous.e] with normal immune system; and graph (E)_) shows the
results of long term observation of survival rate of each mouse used for the experiment.
[Fig. 19] The graphs show the results of investigation on the administration interval from the
virus for immunological treatment to the carrier cell, graph (a) shows the observed results of

tumor volume in each mouse; and graph (b) shows the observed results of the survival rate in

each mouse group.



including five animals is shown by n = 5. In the Fig., control "SCCT" and
"OVHM" show the results of subcutaneous transplania omy oh SEamMotiR 15221)
epithelium cancer cells SCC7 or Bvarian cancer cells OVHM at a rate of
1X106 cells, followed by administration ofAdE3-1Al.3B infected carrier
. __cells A549 to mice. "OVHM-RT-1-Ad-B-gal->SCC7, OVHM" shows the -
{Fig. Zo}rgélﬂtéféf’%LfBEU‘[H’ﬁéGHEth}aﬁ‘%éﬁ@(i%‘HFSS@GWVGF@Wﬂ@l,"f@ﬂf&@édflﬁ’yabm’e
.. administration of AdE3-l.Al.3B infected carrier cells A549 to mice, after
“dm”’“*{?fé‘)ﬁﬁééeﬂ’a?% ol Sstinedion WRASHARLERG GUHNYand-Greg! inactivated by
UV ; dad,ministrati(_)n f Ad-B- allfor iﬁdtucgi%% %)tf the CTL to the adenovirus.
Irracon 31 $RE G aph VAR ET EREWS the examination results of tumor

[Fig. 21?3?%;”:%%7 }igﬁfé}ée‘g’:?ré‘%f SQ%%‘U&?%@'HW fRG %@é“%ﬁﬂ%&éﬁ%@ﬁéﬁ?@%f the

up Including’ 10 animals is shown by n = he

administFaiGonCARLrak 1QVENM. Shaws be tw%&.p;.f%ﬁ%m Oy IEaRsRIANAIMR sical

of ovarian cancer cells OVHM at a rate of 1X106 cells, followed by
treatrnenfdministration of AdE3-1A1..3B infected carrier cells A549 to mice without
tumor vaccination. "AdE3-1A1.3B-infected A549-- OVI-IM" shows the

[Fig. 227eBhits:afpsybgldangeus: thansplantationsof Ovaran canpetcalls @V ah (a)
a rate of 1X106 cells, followed by administration of AAE3-1A1.3B infected
shows tlzanbaecedsA548 tof mieeuafter the:mice: hadh smbostanedus yEcdnationys the
_ with irradiated 1X106 A549 cells infected with ADE3-1Al.3B. [Fig. 24] The
- observedyraphitshofvsutévedsiite of invastigatien Whethemis deathirasslcansesy byroup
S “side WO 2005/037322 (PCT/JP2004/015221) 10 effects will be improved
- including {i weipmimstation @vatIot dliderite Jethermital thi-Catriértel YA ikeshow the
. Fig., "N" in the parentheses represents number. of mouse. [Fjg. The ) o
results o A SHE S TERING BF QLB P ARG SHE T G b SEAearian
_ . of anti-adenovirus antjbpdjes by 1-3 times administrations. of adenovirus, .,
* cancer RSN Thae et o RBRE GraBTta) ST (e ALend 32
. results of tum lume of ea LSE; a raph . e
infected observed Erke!;su Esj'/ gfygu%}{illl\{}%l raqé, @&gggwmﬂo%—s%é Q}oiu%.b%ﬁﬁ%%gf ﬁ?f@s the

T e
“AdE3-1 ;g?a@ﬁ%ﬂ%ew&%ﬁfé%@mﬂmagﬁﬂ,@n AfAnHEeE llechinihpubRReRgowih
irradiated OVHM and aI.sé administration of Ad-B-gal for :induction of the CTL to .._the '
adénovirus. |
[Fig.23] The graph (survival curvé) shows the examination results of tumor vaccination effect
with non-small-cell lung cancer A549 cells. The number (n) of each mouse group including
.1.0 animals is shown by n = 10. In the Fig., control “OVHM” shows the results of
subcutaneous transplantation of oyarian cancer cells OVEM at a rate of 1x10° cells, foilowed
by administration of AdE3-1A1.3B iﬁfected carrier cells AS549 to mice without tumor
vaccination. “AdE3-1A1.3B-infected A549->OVHM” shows the results of subcutaneous
transplantation of ovarian cancer cells OVHM at a rate of 1x10° cells, followed by
administration of AJdE3-1A1.3B infected carrier cells A549 to mice, after the mice had

subcutaneous vaccination with irradiated 1x10°% A549 cells infected with AAE3-1A1.3B.

- [Fig. 24] The graph shows the results of investigation whether the death rate caused by side



anti-adenovirus antibodies by 1-3 times administrations of adenovirus

Ad-B-gal without UV inactivation treatment, graphy(g)&Rayys,sheeRsemn @1
results of tumor volume of each miouse; and graph (b) shows the '

observed results of survival rate of each mouse group. A549 cells were

used as carrier cells. The number (n) of each mouse group including five
effects wilhibralrpsouefbivm nisgaficy. of Aiatheolrashs etrshetheiteshitsafier cell. In

investiﬁg;[lion of in vivo antitumor effect of administration of the carrier

the Fig., c8ild A1 DAEaiEy stdCRIESHHE REPBANPREENGTirus AJE3-1A1.3B but also
CSF expression vector, and administration of atelocollagen together

o M- |
(Fig. 251?%&? HERHr R Eeft e grIBHYES AhBWRAH B e PRRLIRE S thinibF VetsrHee of
s R R e

| inactivat%lg%dféégfﬁ ';&,e%[gg;@g&>0§§1%gwge%e&gg§egg%§ggmowéﬁs%tri% ua{eagfg% IS s

-B-gal, res vely. The number mouse group including

and graphV® PEHERISHS sHOMRBY A ite i igr484iTHE aphs Shovkd Jﬁ:?‘.uﬂshﬁgttﬁre of .

investigation of in vivo antitumor effect of intraperitoneal administration of

A549 cefld D BIERAAIQRIOGRINGE Withithe. cALTIeheeHu SRR Ao SRS ifise group
observed results of tumor volume of each mouse; and graph (b) shows

_includingh®yveohsiarvedsrsisaits B the survival rate of each mouse group. In the Fig.,
"xI", "x2" and "x3" in front of "Ad-B-gal" represent once, twice and thrice

[Fig. 26}dtineigistpatiahswftxcemovisus Ad-BgealiW O 280503d82dect in the presence of
(PCT/IP2004/015221) 11 respectively. The number (n) of each mouse :

anti-adergroupsinciididgfive arimalssisdnavwstbsions & affFigo 28} sTAd -§raphvsitowws UV
the results of investigation of radiation dose in radiation exposure to the

inactivalieipierbaiASZONTsiiY S Ut B mekissvgtitesslp PhésgrapiadnBwSitsach mouse;
results of investigation of antitumor effect of carrier cells A549 irradiated

and graphif iftarEhtifodBE ety 7 BLIBRESHE & 2 riati &t aroup. As49 cells
e subcutaneous_ transplantation of OVHM. [Fig. 31] The graph.shows the - . -
* were s S R e S Pt VAT bR ot o Yrals i
showi b tI:_1e5carrier cell A549. [Fig. 32] The graphs show the examination results
: Tn tumor vaccin_ation effect with the - S '

[Fig. 27} The graphs show the results of investigation of in vivo antitumor effect éf
a_dministration- of the carrier cells (AS49 cells) infected With not only adenovirus
AdE3-1A1.3B 'but_also GM-CSF expr¢531011 vector, and administration of atelocol_lagén
together with the carrier cell, graph (a} shows the obse;ved results of 'tumor volume of each
_ m.ou'se;. and graph (b) shows the observed results of the survival rate of each mouse group. .In.
the Fig.,, “xX1”, “x2” and “x3” in front of “Ad-8-gal” represent once, twice and thrice -
administrations of adenovirus Ad-8-gal, respectively. The number (n) of each mouse group
including five animals is shown by n = 3.

[Fig. 28] The graphs show the rez_;ults of mvestigation of in vive antitumor effect of
intraperitoneal administration of an iron preparation together with the carrier cell, graph (a)
shows the observed results of tumor volume of each mouse; and graph (b) shov&s the
observed results of the survival rate of each mouse group. In the Fig., “x17, “x2” and “x3” in

- front of “Ad-B-gal” represent once, twice and thrice administrations of adenovirus Ad-B-gal,



ovarian cancer cells OVHM, graph (a) shows the observed results of

tumor volume of each mouse, and graph (b) Sho%@%ﬁﬂﬁ?ﬁﬁ\@gﬁﬁ%ﬂ%zsém
of the survival rate of each mousg group. In the Fig., "A549" shows ;

mouse with three times administrations of ADE3-1A1.3B infected carrier
cell A549 without tumor vaccination, "OVHM-RT-*A549" shows mouse
respectivalithTtheemntime fiadintnistratiosrs b R8I 3B infectedlcasribpwellsy n = 5.
A549 after tumor vaccination with irradiated OVHM. The number (n) of
[Fig. 29] edehaipbsdgrsupanesudinglfivscahirnans isfstdinhobyl peesingediatt exiepsure
' carrying out the present invention [0023] One embodiment to carry out the
to the Carﬁ%@s@ﬁ?ﬁf’&nﬁ@ﬁ%l%@éﬂﬁ%ed. [1] Cancer gene therapeutic drug of

the present invention. A cancer gene therapeutic drug E%,fﬁthe resent

tFig. 301 hhe sraphyakarged e Tess CEAVES B fine et (N AP BREbR IR UG Sells AS49
: . t th Iytic vi ‘ Il wyithi livi b ,
e e o e M R VB e yons

 transola A4 ngz%g 93 cells (3) SW626 cells (4) HT-3 cells (FIT-Ill cells). WO
D B G732 (PCT/JP2004/015221) 12 [0024] Fig. 1 shows the results of

[Fig. 31 PFIRERIREOIHNG CAUGEERIS Ip find:aut 8He IV CaRHET SIS IO HRR IRK) of the

he cancer gene therapeutic drug. More specifically, the cancer gene

oncolytiéNBFaPRIMIG divg vasNAgRared by infection of the oncolytic virus to
candidate cell lines and the results of investigation of cancer cell

[Fig. 32proliteratpnsinibifory-ctieats meoshemis Adenovirnus Adk3tbAledBet with the
(IAI.3B) was used as the oncolytic virus. The adenovirus AJE3-1A1.3B ‘
ovarian bas:&1Alle6d’ 8idd, E3aghr(e) andwantiovatisn cahosuipedifienhad Bume of each
' promoter (IAl.3B promoter) as a tumor specific promoter at the upper
© mouse; sifegrpbi(E1kh gensheTolescaduhmililis NdES INYIZE Wibs M aetse group. In
' various candidate cell lines at a rate of 500 vp/cell for two g%? and '

the Fig.add84%0 thevovaramnearidevssieEy suitiriony /i) dher il 3B infected
‘‘‘‘‘ - proliferation inhibitory effect on the cancer cells HEY was investigated on
carrier %t&%’%é@ﬁ%ﬁ tumor vaceination, “OVHM-RT—AS549" shows mouse with three
times administrations of AdR3-1A1.3B infected carrier cells A549 after tumor vaccination

with irradiated OVHM. The number (n) of each mouse group including five animals is shown

byn=3.

Best mode for carrying out the present invention
(00231 (jne embodiment to carry out the present invention will be explained.
[1] Cancer gene therapeutic drug of the present.inventi()n.
A cancer gene therapeutic drug of the present invention includes a carrier cell to be infected -
with an oncolytic virus, so as to make the oncolytic virus act on a tumor cell within a living

body, wherein the carrier cell is selected from the following (1) to (4) cells:

(1) A549 cells
(2) 293 celis
{3) SW626 cells

(4) HT-3 cells (HT-TI cells).



[0025] The vertical, axis of Fig. 1 shows cell number capable to obtain

50% proliferation inhibitory effect (IC50) for varioyg.capdidate &%lll/ﬂ%@'/m 5221)

The less number of cells shows tfe higher proliferation inhibitory effect. — *

As shown by the Figure, the present investigated cancer cell lines

showed high proliferation inhibitory effect in the order of 293 cells, A549
[0024] Fipllk, slows g6 getisltane Hu<grdelisofHTe HhoslisyeThe208dcells A& eallfrier

~and SW626 cells exhibited about 100-fold higher proliferation inhibitory

cells to aeciah Sumptssnernthabirepotic cditg whichchavechzenlysdtbas cartiegene.
‘ cells. HT-3 cells also showed about similar high proliferation inhibitory
therapeutirdpigyitAtRatRI LW 28 etisnobe] meridiforisncolgtieddrinovifiines and

i was infected to the ahove mentioned 293 cells, A549  cells, SW626 cells
e TSR LTI TR ProbafBIRE cariCer gEHEHaRa RRIBE eR g SHE tHERr Shown.

Adenovi R G e S virus

8] }CO
or a sutricient amo nti-adenovims neutralizirig an

 AdE3-1ASHANED L& AlhRNGRE 0808 hesaReulicdiugs whish {0 Weimoter

mentioned four cell lines as carrier cells showed potent cancer ce

- (1AL3B prefifsrayon inhibiteyy gffeghcT ﬁf&@é{emi?ﬂ@‘@l?e{t&%ﬁ? B@eﬁ%‘géﬁe. The

drug with virus was considered to have a difficulty in frequent

adenovira$IMIESIEAIONS heeatse-eld Rodisian of antiRodiasidoweyesidhg ¥s6 Afjcert -

above mentioned four cell lines as carrier cells provided potent in vitro
for two proliferationtdbiboryetestdespiteaf taaspEEaNes afantbagiostld Wed the
: 2005/037322 (PCT/JP2004/015221) 13 addition, A549 cells used as the
proliferaganrighitelbsheffed makt petent prilifEiztiominhibitoiyneffect amenrglay five.

' above mentioned four cell lines as shown in Fig. 4. That is, administration
[0025] ‘Idrethvertiperioiiras FiteclethaBaTeliivinlibe presdade obtiuffitfentroliferation
. ... amount of the anti-adenovirus neutralizing antibodies almost completely.
inhibitory, pifitd d frepfoniferansn Grdifpse csHdiiceellielish inaberd srlserigavs the

e antihodies. [0027] In addition, in vivg experiments using a massive

higher Pgﬁ]&{ﬁ%\%t}%bﬁﬁ%ﬁﬁﬁﬁﬁe AU RS Of 6785 Hirk g R Shttfseancer
ot e e DD R S IR
swezs SR ESE e ie eI e ol SSElbn
ekhibite@%ﬂmﬁcf&ﬂfgfcfmqgher proliferation inhibitory effect in corﬁparison to that in PA-1
cells which have been used as carrier cells. HI-3 cells also showed about similar higﬁ
| proliferation inhibitory effect with that of SW626 cells.

10026] In addition, oncoiytic adenovirus was infected to the above mentioned 293 cells, A549 .
cells, SW626 cells and HT-3 cells to prepare the cancer gene therépeutic drugs and their
cancer cell proliferaﬁon inhibitory effect was investigated in the presence of a sufficient
amount of anti-adenovims neutralizing antibodies [Ab{+)]. As shown in Fig. 4, all cancer
gene therapeutic drugs which used above mentioned four cell lines as carrier cells showed
potent cancer cell proliferation inhibitory effect. The conventional cancer gene therapeutic
drug with virus was considered to have a difficulty in frequent administrations because of

production of antibodies. However, the use of above mentioned four cell lines as carrier cells

provided potent in vitro proliferation inhibitory effect despite of the presence of antibodies. In



oncolytic virus to the carrier cell is capable to exhibit high antitumor effect
by the use of any one of A549 cells, 293 cells, SW626eeilsand ElTeBoan15221)
cells as the carrier cell. [0029] AbbBYe mentioned four cell lines are
explained. A549 cells are derived from a non-small-cell lung cancer cell
etails are descrjbed, for example, in the article of Giard,

.. nd their
aditiong R ESR S AL TORATo o SH At B RBRLS) o B ey et
' nd Parks W In vit ultivation of human tu establishment of
mong f?‘éﬁﬁﬁnesi&éor?&ed A s 81 LS bl 3: %'im* Eialfitishof e

1417 'Iip ceIIs ared rlvechtrom einP
adenovxf(us cie ce 5 TESENCe o cient a Gun ji zum 1denov1rus
dney cells have een sed iIn many experlme S Enstaiey

neutrahﬁggnﬂx\( B%%}BEOQ%QQ ?J&lg %%ﬁlﬁﬁﬂf e %'101?%’1 Ur AP Ie’n'c[‘er. celis
the article of Xie QW, et Complementatio anaIyS|s of mutants. of nitric -

even un@&@&%@g@@dﬁﬂ%ﬁﬁbg&fg@ active site requires two hemes. Proc. '
Natl. Acad. Sci., USA, 93: 4891-4896, 1996. The SW626 cells are

[0027] melastadic, S&fablfv&)fdi@éxrh@@;nﬁars&ﬁig’Maflywaﬁddfh@ltﬁdﬂ@iﬁH&ﬂr@;ﬂﬁﬁCHb@éi Mouse
for example, in the article of Fogh J., et al., Absence of HelLa cell

model oforliakfinatiatiHimdeo gteihdudepoldatmadtﬁnm Rfevansiumaisodk: Matltioned A549

: Cancer Inst., 58: 209-214, 1977. The HT 3 cells are uterine cervix

cells, 2%huakous! 6péahcenisetismnestidels dbtailsrtire ddbdéritsellifof exanijpfe, 6 The
the article of Fogh J., et al., Absence of HeLa cell contamination in 169

details ofdhapsersprimentirail bLeRaHmeAGrShg aampadearHisd 1a68; 200-214,
- 1977. These four cell lines are available WO 2005/037322 : '
(0028} (BCHIPRoTHBEEDP1 SRt &fR Ll PrESBHANY Bgahiafdnaysiriscdion of the

. Typ C It Collec th
Onwly“gv‘aﬁ%?grﬂﬁﬁﬁ?ﬁ’gyﬁ SRS ) NA B ABOS HIARg Tt gtoe of any
Il d f hi t Ivt
one or AERARCA G2 IR catves celpughan () pipdlcien LA ter oncolyte

10029] 'ﬂ@@goﬂgﬁs%é’éﬁefﬁﬂf)’b&ﬁcﬂﬁ‘gse selsinshe presense gl anli:adenovirysom o |

antibodies, (3) release of secretory granules due to infection of virus,

non-smSHRARKAGLAVIUSIPEFAUSRIARAPCRIIS ALE ASHMBEI T ANEYRT in the aztlcle
- epithelial cell type Il, and the property is favorable in the cancer gene

of GiardDErapys e ddh, resistanaaito call eliminatior effeat-pyIGTL svaR aitehind Parks,
infection with adenovirus. Therefore, adoption of A549 cells is particularly
W.P., Inpreferallievameng above tmentiosedifitincettlites]] lines derived from a series of
solid tumofs; L Natl. Cancer Inst., 51: 1417-1423, 1923. The 293 cells are derived from
human embryonic kidney cells and have been used in many experiments and studiés as
adenovirus producing cells. The 293 cells are explained, for exaniple,.in the article of Xie
QW, et al., Complementation analysis of mutants of nifric oxide synthase reveals.that the
active site requires two hemes. Proc. Natl. Acad. Sci., USA, 93: 4891-4896, 1996. T'I.le
SW626 cells are metastatic strain of colon cancer in ovary and their details are described, for
example, in the article of Fogh 1., ef al., Absence of Hela cell éontamination in 169 cell lines
derived from human tumors. J. Natl, Cancer Inst., 58: 209-214, 1977. The HT-3 cells are
uterine cervix squamaﬁs ep. cancer cells and their details are described, for.exampie, in the

article of Fogh J., et al., Absence of Hela cell contamination in 169 cell lines derived ﬁ‘oin

human tumors. J. Natl. Cancer Inst., 58: 209-214, 1977. These four cell lines are available



[0031] Multiple kinds of cells may be used as the carrier cell. A
combination of A549 cells and 293 cells in the examplesdesonihed latesioisz
revealed potent cancer therapeutit effect. Concurrent use of plural kinds
of cells may utilize their respective characteristic features and
advantages, and it is preferable. For example, SW626 cells require

from cell-pipjsaratn LRI BerRb B Hafe§ion @meedsfarsperetg Collection) and
surrouﬂ?ing atreg\1 by intraperitonea) administration, without restriction in

other commergiain VAR S 6 ST RS &5RSidered preferable for the

intraperitoneal therapy such as ovarian cancer. SW626 cells sho .
0301 A SR REHE b B S SRR W S s e TR e paagion

| of high_ﬁgrA' %r?c%l%gcgg?%gquﬁlLs’aﬁ%s%t"?&i'z%lﬁ Qﬁ)gpQﬁ‘&?tiyzﬁ{yﬂg%gﬂg?ﬂﬁgigi (2) most

unction. In the cancer gene therapeutiC drug of the present

potent inlHRIHOGE GrGRNYFAGRLRLKITLS: ¥EEH9R UREH AEARNGINNOAUEHAN A BB odies,

used as an oncolytic virus to infect the carrier cell. Adenovirus,

- (3) relcaROeNQ-ACER ARG it %o RBFRATHEIRPIEN VIrHf By Rl ibS ) nl) HREHRES A549
simplex virus type 2 (HSV-2), Lentivirus such as HIV virus (AIDS virus),
cells arer@BQViLISRSSUDIoRS: BFisa lUKEMIgprs, s ife$ aipdivesicBlabrable in the

' stornatitis virus (VSV) can be exemplified and furthermore other oncolytic

- cancer ghiutiesapgiaheé ddadsittarcercotyticelinis isianprifliferagivel Miewsefftoriafudtion

_ any virus that modify viral gene so as to specifically proliferate in the _
-with adetargietstubhorefetts odoptior t1§shigd? andlfuseparticnlmalyerdisizbidthngetiz above
_ lysis (cytolysis) action may WO 2 0 05103 7 3 2 2 (PCT/JP2004/015221) -

mentionexbfoye ¢bHNEor example, adenovirus having EIA or E1B domain

necessary for proliferation may be used. [0033) The cancer gene o

100311 N R S BR R St Rare a6 CA b Lo AP it AS49 cels
' maljgnant fumors and may include, for example, ovarian cancer, . _
and 29l RO BEROe G Lo el n S et

COncurr%%r%isnloo ahpre?gir?&g GNP 20 Bﬂg ?easl GAGE Eﬁ‘ﬁ%&éu t?caﬁégﬁﬁl*es and

il
estve ?raci cancers (e.g. CO?X_HIC cancer, paricreatic cancer, hepatic

advanta QDGR ANd gASLGGaNEEN L NeWbBS O, GB" BRI IUBAL MANNA e period

ancer, testicular cancer and prostatic cancer. In‘addition, adoption of

for adh@GGDOMAUSEA NP3 aNe3ufRRABIR LIRS Ao ie Hlood ralls.aives: thaton,
‘cancer gene thérapeutic drug of the present invention applicable to blood =
without MBdGR@N WAk  administered site, and are considered preferable for_ the’
iﬁtraperitoneal therapy. such as ovarian cancer. 'SW626 celis show characferistic features of
Jate peak in their virus productivity than those of A549 cells and 293 cells, resulti_ng in
~comparatively 16:1ger period of function.
[0032] In the cancer gene therapeutic drug of the present invention, a conventional virus
vector used for gene introduction may be used as an oncelytic virus to infect the carrier cell.
Adenoviras, adeno-accompanying vi};ué, herpes simplex virus type 1 (HSV-1), herpes
simplex virus type 2 (HSV-2), Lentivirus such as HIV virus (AIDS virus), retroviruses such
as mouse leukemia virus, reovirus and vesicular stomatitis virus (VSV) can be exemplified
and furthermore other oncolytic viruses may be used. The oncolytic virus is a proliferative

virus vector and any virus that modify viral gene so as to specifically proliferate in the target

tumor cells or tumor tissues, and fuse or kill target cells with cell lysis (cytolysis) action may



[0034] Types of the tumor specific promoter to be introduced into the
oncolytic virus may be selected according to the kind 95485981 GRAG8LED 5221,
example, IA1.3B promoter for ovaman cancer, midkine promoter for such
as cerebral tumor and malignant glioma, B-HCG promoter for testicular
cancer, SCCAI promoter and SCCA2 promoter for squamous epithelium
be usedcEprersnpleAagromotes fovoadHié caliddt desaipromsterfdpprostdticition may
cancer and AFP promoter for hepatic cancer may be used. Naturally,
be usedother known tumor specific promoters such as cox-2 promoter having a
wide action spectrum and exhibitinq promoter activity to various . _
(00331 Ehaiignst termbrdaiacaiie Aesh eb i BESRENb o foXdrs sortbagpplicd almost all
i osteocarcine promoter [ be used. Above mentioned midkine promoter
ma 1g11ar%ta§u8éoﬂss@(5‘$o YAYi WS K gPAnF IR S ARTHIGANS et aRRItmepithelium
cancers2Rmalianant glioma andhas wide, action. spectium as well as, cox.2
pro'r%'oter. f883 T[No spec‘:;llfllc"llrrfit IS given ?o_r gnelfengat’h of eadht prc?l%c&ef:ancer’
: . i [bits: the: ific.pro r actiyity. Above ..
el T A e e A A MR e

cancer, tﬁlﬁaﬁiﬁc&ﬁ%?%ﬁﬂ @ﬁtﬁ%@ﬂiﬂ% o dnternational Byblication,No MAMMArY 'can-cer,
03/025190 and the literature, Cancer Research 63, 2506-2512, 2003 and

testicu 18R BaRENSRAIBEL ladic \URIS HIEROMBHDRONGIMEsHI P ad MUUHIRE ROt and 35
B-HCG promoter and SCCA'1 promoter can be designed and prepared :

-capableactardingda theldiselostiteginctheipamplietseat IternatieRalMVOof the present
2005/037322 (PCT//P2004/015221) -16 Publication Nos. 02/10368,

inventiQ1 /99B4dbintb O460068; pespectively. [0036] Above mentioned SCCA1
promoter is explained in detail in the article Biochimica et Biophysica

(0034] Agpss of52e {rooyrediivpiepaler Eidmngnorddnsdbanoudytelvirus may be
carcinoma antigen 1 gene and characterization of its promoter; Katsuyuki

selecteqaeraphn iSRGy AlE s SsiitiFo RS SHaMpdshiasiirRRalemEH ovarian

cancer Iwaﬂgpto, Yasushi Hanakawa, Koji'Hashimoto, - Susumu Hirose, Satoru

A RS (P11 B08 PPEeGF L URRAanEr BB Bf dhoRdBiybicpromoter
for 1esfENPYIYS can e agcompliched by IgseTion of & lmr specifc promler

€ upper strear of & primary gene orEn Sdehilar By e cpiibelium |

cancexse r@ﬁ%r ii%%g{e?dﬁ)qoé@%ﬁicqr 5}%@&?0%@& r%r‘é’!l%%t%lp %l'(;pa%ggp & g&%cgrr %rll 4AFP
promoter. Similar insertion of the tumor specific promoter at the upper :

_promo@ir ?m%zﬁigec%ﬁ_c%?%ﬁQ)tr@ef%éagNaturaﬂy, other known tumor specific promoters
such as cox-2 promoter having a wide action spectrum and exhibiting promoi;ér activity to |
various malignant tumors and other cancer specific promoters such as osteocarcine promoter
may be used. Abové mentioned midkine promoter may be used to various malignant tumors
in addition to cerebral tumor a11d malignant glidma and has wide action spectrum as well as |
cox-2 promotef.
[0035] No specific limit is given for the length of each promoter sequence as far as it exhibits
the tumor specific promoter activity. Above mentioned 1A1.3B promoter can be designed and
prepared according to the disclosures in the pamphlet of International Publication No.
03/025150 and the literature, Cancer Research 63, 2506-2512, 2003 and can be inserted in a

virus genome. Above mentioned midlkine promoter, B-HCG promoter and SCCA1 promoter

can be designed and prepared according to the disclosures in the pamphiets of International



proliferation of virus is performed when viruses other than adenovirus

such as HSV-1, HSV-2, retrovirus, reovirus and ve@,ig%gg@tggg 51157 }ly
(VSV) are used for the constructigrp. [0038] However, it is not ne?éeséagyﬁwzm

for the oncolytic virus to have the tumor specific promoter as far as it has
specific proliferative property in the target tumor cells or tumor tissues.-
Publicatikor Brarfiplé)dmtoyiigtddé nodifHes(sich-aseatiEIB gene deficient type
; oncolytic adenovirus of ONYX Pharmaceuticals Inc. or an ETA gene
[0036] phenalmaehivientXAseAAdBmRtcatiergldiosoiiUditasitytlof Aladaeliimica et
- Birmingham (UAB) may be used. Thus, oncolytic viruses deficient of a
Biophysigihsrckpetifid praridter niapisdesidardedngurihipmpviidugpeus cell carcinoma
. ___adenovirus or a partially gene deficient type thereof may be used asthe
- antigen dnegiorpndi ARG e Aol dTHRCSHe SRS s iuleattiEntecthéapimiya,
..1..0e performed.by conyentional methods withgut restriction, for example, .
- voshihigy Riins, ARSHE SLIS B i SHARG of B BRI rudk b asbimoro,
amount suffici 0.in Il cells, cultivation in RPMI medium and fetal
Susumucgﬁf?gséefugrﬁt?lg%:eg}%—)a,négg[tgr %é&l%tg'and 5% CO2 atmosphere at 37C for
[0037] F‘ﬁ?&la% B, RoLrs  WRICH 1% SRl ARG 883V QRAPIS: ARG

_ Hﬁf&ﬂ@?ﬁ&? nsertion- -
shown later, A549 cells, SW626 cells and HT-3 cells were cuttured by this

of a mlm@t&mig@%imﬁ@%@g WithetheRPCabAIE ¥irdSiWhereas 283 S&ISVa €ssential for
cultured in DMEM medium and 10% FCS(+) and infected with the -

‘the profifgelidic yirugefetalcalsamatdmem) iareferabiykephsimie HOS(B {Rbmoter.
_ 3-6 hours, WO 2005/037322 (PCT/JP2004/015221) 17 infection. Infection
Similaforstutibe b peronhisqurefectily caried authsndgreF GShnfof 3 Ghoews:ana for the

then FCS is added at a concentration of 10%. [0040] The amount and ‘
prolifeppériod bfoncolytin virasdnidution testhe tarribrealentayrbe sghtals IS V-1, HSV-2,
selected according to factors such as the volume and kind of tumor to be
retrovifag ateel ikinduah g csrelar toaetieriaal Wind) st e seeldne dipthovitic Hag. |
~__administration method of the cancer gene therapeutic drug of the present
[0038)irkbevitiner Bkainpiels e sittiotRTpHrti RNap e trittion, ol atfolhe-panor specific .

: hours fat_abo,ut 5-250 vpé%ell b¥ intraperitoneal administration and for - -

promotgh st 14225 4 888 REUBG RS BEE U FcBIPBE Mt R ol MBS0 MLk SH5h Gh tumeor

G i o L T A

adenm\flilcr)l/l%e& WN%S@%?E?AC%%W&E@SS tlri?ct !Oonr izﬂl %FA()&(%}Y:VS gl@ié?ﬁ)'flsdeficient type -A65~A24-
adenovirus of University of Alabama at Birmingham (UAB) may be used. Thus, oncolytic

_vims’es deﬁcieﬁﬁ of a tamor specific éromoter may be also used. Further, a wild type
adenovirus ora partially gene deficient iype thereof may be used as the oncolytic viras.
[0039] Infection of the oncolytic Qirus to the carrier cell can be performed by conventi.onal. |

- methods without restriction, for example, seeding of carrier cells on a plate, addition of the
oncolytic virus at an amount sufficient to infect all cells, cultivation in RPMI medium and
fetal calf serum (FCS) (-), under 95% O, and 5% CO, atmosphere at 37°C for about 6-36
hours, which is simple and easily operable. In the examples shown later, A549 cells, SW626

cells and HT-3 celié were cualtured by this method and infected with the oncolytic virus,

whereas 293 cells were cultured in DMEM medium and 10% FCS(+) and infected with the

oncolytic virus. Fetal calf serum (FCS) is preferably kept under FCS(-) for 3-6 hours



for about 12-24 hours at about 5-50 vp/cell by intratumoral administration
and for about 6-24 hours at about 0.1-10 vp/cell le%5%%59”1@@2004/015221) _
administration in use of 293 cells.As shown above, the amount and
- period of infection vary according to the kinds and administration methods
- of the carrier cells. The above examples set them within about 6-24 hours
- infectionafrdbainn 0ot -2,000 pploell by infeapdritondall adiminidtrafiOR(-arick 30O Wb urs and
_ 12-24 hours at about 5-500 vp/cell by intratumoral administration. [0041]
then chﬂﬁé‘kféﬁﬂléﬂtéﬂmrb@omep& Without infection of the oncolytic virus before
use, for the preparation of cancer gene therapeutic drug of the present -
[0040] T#R/é%ﬁ&ﬂ*b“y‘? reeadrhbPiTelSRcHIiicivirgs ¢ theliarriel et Sterdgesoitably
virus infected carrier %ﬁels is also preferable_in a form prepared by

selected ﬂ%%"iﬂ%ﬁ«%r%é?é{&f éé{ Pt TRREE A4k BRIV RO (i b&n‘él‘?ﬂ%a%ﬁ@’d and

| treat t. Th f. I
L
gene theyz 4@&%{3 th?t(ﬁn xjé/ té%t i c‘:goz{ EXa (l)%t at

l{?ﬁ I'ff‘F?ﬂCthﬂ
e use, e OI’ICO ytIC VII’US IS |n ecte to the car er ce

for abouffRIEMERICREd: Methad Ay Ogég%ﬁeﬁr%ﬁvl\x/‘rlﬁtﬁ&ge‘ﬂ%ﬁéﬁf%ﬁﬁ‘ﬁﬂn‘fﬁfﬂ?&ﬁﬂﬁ %8P about

be administered as itis or t conventional armaceutlca

12-24 hARYIAT dvadsTaN Ay Q) experimeniah ANMAIS. SUEN A% IeHIS A0 cTls, for
: rat). As shown later, simultaneous administration of one or more -

about 6-20MbinatioasRt \W0-2006/Q37322L(PLTANRAQAMA 7Rkl st&ion and for about

‘ - atelocollagaen, an iron preparation and a porphyrin compound together

12-24 havith theboatri€0eHilis pirelfebabietr Acmini tndtidni of sdorian aeksdnfeBiens cells,
with not only oncolytic virus but also GM-CSF expression vector (virus

o ~ for abougédtef doutsletinfeoiet Yarméradklis)iidralso prefefablels fodaapvhion aheut 6-24

cancer gene thergpeutlc drug of the present invention is a combination of
_hOurS atipovhfred Belp&sH MelHFaBIBIRAM IHBIBYIEIPE et (E828risdd. |ét&+3hown

the carrier cell is administered at. a predetermined Eerlod after

~ above, ‘Barmisianen BrIeE RS R iRibIBtieE e dintent ket daprlministration -

s are used carrier cell, radiation xposu before or after virus '

methods rﬁ#e@l?o‘ﬁ“%‘?ir&%fﬁatf&a A B R B SAEF 15 00 Gonagtnghout
erfor ed before the inistrati fA459 cells

o200 SN R S R AR S8t 50

vp/eell Y RRRIGR FRCRRLIRIE A£G, dose of radiation exposure to

[0041] The carrier cell may be kept without infection of the oncolytic virus before use, for the
preparation of cancer gene tl_}erapeutic' drug of the present invention by infection. of the
loncolytic virus to the carrier cells. Storage of virus inféc_ted carrier ceils is also preferable in a
form prépared by freezing irradiated carrier cells infected with oncolytic virus, and thawing
them at the place of medical treatment. The storage of carrier cells may be, for example,
performed in a liguid nitrogen or at about -150°C. On the ofher hand, the oncolytic virus may
be kept, for example, at about -80°C.

[0042] Before use, the oncolytic virus is infected to the carrier cell by the aforementioned
method and the resultant virus infected carsier cells can be administered as it is or together
with a conventional pharmaceuticai carrier to a human body (or experimental animals such as

mouse and rat). As shown later, simultaneocus administration of one or more combinations of -



A549 cells was investigated and no cell proliferation was observed at a

dose of 120 Gy or over (Fig. 29) and radiation expoSurEosBSEIS T/IP2004/015221)

preferably set between 120 Gy did 600 Gy (more preferably, between

150 Gy and 400 Gy). [0044] The cancer gene therapeutic drug of the

present invention may be preferably administered as a parenteral i

 atelocollagassaParishn REWBTECTHERAiAIBRERITHIAS ARSI bragabatioH hEy Beriaseell is
applicable. Administration as a parenteral preparatign may be performed _

ow@fab*ﬁy%mﬁw%ﬂamfﬁ%lﬁﬁe%ﬁ%ﬁﬁﬁ?gta%%{é BY i U0 RGRTHISt i (i 2ise

_ other words, the dosage of virus  infected carrier cells).may, be adjusted
OSSN R B e Sy O oA a 8 S

umaor, severity o

{0043] \\E}Zleg%eﬂ{'es%%?i?%%n%o&%ﬂ égﬁE g}ﬁlg: of ﬁ?éag%’i@maﬂl%ﬁ‘!ﬁ;ﬂ&oﬁ‘ Eﬂﬂ’}ﬁgﬁtionof :

orme racavitary injections such as intravenous Injection,

the Carriépgay(ﬁﬂgLéﬁedﬂpu@%ﬁ%ﬂmmg%%@r@ééﬂiﬁﬁﬂ%é@fméﬁrﬁﬁgﬂﬁ@ﬂ@@hmer cell is

injection. Among them, the carrier cell is preferably administered by
administéabtmorAldsiaatiand These injestienpiaparaions may e kepatadibylogical
_ ' conventional procedures and general diluents such as a saline solution
treatmenBN@ igegalhaediurell salutiorednaythe tiaeidr Elthextnoie, adpactesidiefranr after
o antiseptic, a stabilizer, a tonicity agent and an analgesic may be added if
virus infeeressapye Naljarfadiatibmibipagiversfor dheeblE AAhG0 ¢ GantE-6f hig 0ird8-40
infected carrier cells in these preparations and can be set suitably. [0045]
Gy .was Thdoancbigérne theragminictigrtigrobthdprésesiisindarin, coflecurddhagells,
- be WO 2005/037322 (PCT/JP2004/015221) 19: administered in several
respectivghyidesditfoesits gsaiarie sramadoe FAPH e chf desamti Bitfdpmpqogire to
of administration times and intervals. [0046] As shown above, the dos %y or
€

AS49 celip i iretigalthridr R RS LA UH RO IS L BB BHIRG AT 18 Yorts
__..and kind of tumor, severity of disease, and patients age a v wel o
over (3G U AY SBI b LA RS AR e BER et Ao oD G
. cellsand 1010 c ron inistration whereas the dosage of
(more plgﬁ%g@ﬁgb\ﬁrﬁg% f#?o{? ﬁ%%%%aﬁﬁr cell can be set between about 109

[0_0.44] E‘:l?%l Qgﬂgge%e%@dtﬂi% MRl RRglicles e one administhaiien Q04 ka%rabiy.

of the carrier cell may be suitably selected according to the kind o
adminis GRS I phRdEalgHe Jhe GRS LOILM AN PR INAMIIS A P8R paration may

recombinant technology, for example, an artificial expression of a specific
be also ﬁfﬁﬁ%ﬁbﬁn Ahepsuidiaceoaldhe ﬁﬁﬂi@lﬁﬁﬂi@)iﬂﬂﬁkﬁﬁﬁ@y Kb@erformed by an in vivo
oL ex- Vivo method. The dosage of in vivo administration (in other words, the dosage of virus
- infected carrier cells) inay be adjusted according to the volume and kind of tumor, severity of
d;lsease-, an.d patient’s age and body weight ete. For example, administration may be
performed by i.ntraca-vitary injections such as intravenous injection, intrgvenous drip infusion,
intratumoral injection and intraperitoneal injection. Among them, the carrier cell is preferably
administered by intratumoral injection. These injection preparations may be prepared by
conventional procedures and general diluents such as a saline solution and a cell culture
solution may be used. Furthermore, a bactericide, an antiseptic, a stabilizer, a tonicity agent
and an analgesic may be added if necessary. No particular limit is given for the blending

guantity of the virus infected carrier cells in these preparations and can be set suitably.

{0045] The cancer gene therapeutic drug of the present invention, of course, may be



binding with the target humor cells, or treatment such as infection of

Sendai virus to the carrier cell. [0048] The oncolytl\%/%é%qmzlI&f&:ﬁ%%}mml

the carrier cells to the target cells;hy cell to cell interaction, specifical
proliferates in the tumor cells and exerts cell lysis (cytolysis) action of
fusion or killing of the tumor cells. The cancer gene therapy with virus was
administeonbiderecttal Haided difficultyintfeeguentrastminidtratioies beeassevith optional
production of its antibodies, however, the carrier cells directly establish '
sets of afipdetibitionttienesged totmoktells by cell. to cell interaction to make
frequent administrations possible and a potent antitumor effect can be
(0046} éﬁp@é@é@ fo49] fhp TH 2N obr et inErepdutidrugelithesprésedetermined
invention, combined with a virus for |mmunolog|cal treatment etc, and its

acc‘“d‘“@ré“fe‘i%J%b‘ﬁlﬁéﬂér#%ﬂfﬁfé% §€§8H%8 o5 AR BAERLT t8B AL bOdy
v AT TR A0 SRS a o

cells fo Ea‘@(? Wtic 1&1%@08]‘&! 1% ?%ﬁ Qg/{fﬁntlgp dﬁcoqge%%qu 1%%’%””921%0%!# fé)Eam]er cell
|mmuno oglca eatment It1S aco Ination a Vvirus 1or im nologica

can be sErte:?é{R%Qﬁ 0,06 34 Wﬂjﬁtﬁﬁﬁ% of Iduging, 2.6 T feactinn )S‘{{Q‘Haxﬂdﬁ‘{éﬂ%uon

body to administration of a carrier cell; and a carrier cell having been

(00471 ‘Inferigd ¥ithamansQivticus: hafarstoeadminisisation 80Rs ﬁ%mak@ancer to
the oncolytic virus act on a tumor cell W|th|n the WO 2005/037322

be treatd R AHICZORAQIbRAF) b biving dagy: frihetomtiinnit ischcasbimalieRample,
of two drugs of a virus for immunological treatment administered in

~ an artifiedVanpesgsichcoCarsierciéd fheniadm ithis tendak Acthtiinistiation: «f tbenadtrm&sy the -
' for immunological treatment such as adenovirus (immunization in
binding adlithnthe) falioiveditsy ediministrationaof thecbansignbeliimfadiddwith thes to the
oncolytic virus induces and raises the CTL reaction within the living body
catrier ¢@hid can obtain a very potent in vivo antitumor effect. [0051] The cancer -
ene therapeutlc drug of the present invention showed a dramatic

{0048} gﬂﬁtﬁ?ﬁ@ P&feEEs 598 HGeR %éh%%fﬂﬁgmﬂ% WHgehiehoars bask to cell

e e T

C57 6XC Fl mo seﬁfnd were Iocallyﬁlnl]ected thh carrier cells

|
of fusion ar e & .CAlCer s, was considered to
% Ih%) N ecte t?] onco ytIC adenovirus a\i/%g an ovarian cancer o

have a difficulty in frequent administrations because of production of its antibodies, however,_
the carrier cells directly establish 'mfectioh to the target tumor cells by cell to cell interaction
to make frequent administra;ions possible and a potent antitumor éffeét can be expected.
[0049] [2] The cancer gene therapeutic drug of the present invention, combined with a virus-
for immunological treatment ete, and its preferred application example

As described below, it is preferable that the cancer gene therapeqtic drug of the preéent-
invention is combined with a virus for immunological treatment etc.
[0050] When the cancer gene therapeutic drug of the present invention is combined with a
virus for immunological treatment, it is a combination of: a virus for tmmunological
treatment to be administered for inducing a CTL reaction within a living body to
- administration of a carrier cell; and a carrier cell having been infected v-.fith an oncolytic virus

before the administration so as to make the oncolytic virus act on a tumor cell within the



specific promoter. Mice immunized in advance with adenovirus (Ad-B-gal)

three months before the injection showed a marked antitumor effect 3-4

days after the start of administragion and the tumoP WAY LGHptEtER 2004015221

disappeared. after nine days and lymph node metastasis was also

diminished (see Fig. 7 and Fig. 18 and thereafter). [0052] As mentioned
living baOVE, sniewratent and.drameticatibmacefrcivwasohiaingd Bil@nological .

experiment using the mice with normal immune system, producing o
treatmerantihogiesrcthis rasuticchows thatdhe S Therpadtion (e tatoXitastiittion of the

through cytotoxie T lymphocytes) was induced and raised within the living
virus forontyybylqriosladmimistkatioh af tdenvivasifdinimmuinologitahdreatraefitlidhed by

conventional cancer gene therapeutic drug with virus was considered to
administsetienap tifficoiyin frdhidactadministhatiorns bécatiseschprodustidmapfeitshe CTL

. antibodies, however, the cancer gene therapeutic drug of the present

reaction WSO fatE PRARES I Fs PIRE ARrROSyEENY NI B IVIHE Body

and uses it to attack the virus infected target tumar.cells. [0053] The virus .
[0051] dieinAnGAbISERCal AR hRefRtaliy #1ESaindMimRI1a8 (HROBREoRidamatic

... virus. Non-proliferative type and/or inactivated virus may, he preferab|

antitumn Qe gFoel e 4 RIATT SRSl Pl SHERER- AL e Gy pebirpgma!
. inagtivated by treatment such.as UY irradiation to,disrupt DNA ma
immane A s e R D e Sty

were suéﬁ’&gdéﬁ?s%%{%%%@&éd% Fé?ﬂ?l%é%&%@ﬂﬂ@{s@%ﬁ‘@é?g1B¥a|‘d§/mglecred

irradiation to disrupt DNA is favorably used as the virus for immunologic

with catFRRIPBRDY Lredferaly e vinisinaeh aes i W drmdiation it Ma¥Ban cancer
used as the virus for immunological treatment. [0054] In the examples

specificdasefibes MRk adenewius (AddB-gel dalicieatod Bhdomaim-hayingee months -
LacZ gene encoding B-galactosidase (B-gal) under the control of

before aytommegalovirsisofGid\V) prerhedernmtiasnsecdfficthe virutefor after the start of
immunological treatment. Of course, other virus can be used for the virus

adminisfortionmudotbyitah treatmeninp bt @yatimle quotifafitiveindehyyirnd lymph node

inactivated by UV irradiations may be used. Non-proliferative adenovirus
metastaphjaving gedydindatshedteeodtitodt antelimtiohaatdhgrgeiie X Ad-polyA),

inactivated by UV irradiation, may be preferably used. ) )
[0052} As mentioned above, mote potent and dramatic antitumor effect was obtained in the
experiment using the mice with normal immune system, producing antibodies. This result
shows that the CTL reaction (cytotoxic activity through cytotoxic T lymphocytes) was
induced and raised within the living body, by prior administration of the virus for-
'_immuncﬂegical treatment. The conventional cancer gene therapeutic drug with virus was
considered to have a difficulty in frequent administrations because of production of its
‘antibodies, however, the cancer gene therapeutic drug of fthe present invention rather makes _
use of the immune system within the living body and uses it to attack the virus infected target
tumor cells.
[0053] The virus for immunological treatment is preferably the same kind as the oncolytic
virus. Non-proliferative type and/or inactivated virus may be preferably used as the virus for

immunological treatment. Non-proliferative type virus inactivated by treatment such as UV

irradiation to disrupt DNA inay be more preferably used. For example, the adenovirus with



[0055] Dosages of the virus for immunological treatment in the cancer
gene therapeutic drug of the present invention are sui ed .
according to patient's antibody titgg to its virus, voﬁ%%a%%é%%% !{Ezr%éfro,mm
severity of symptoms, and age and body weight of patient. Alteration of
dosage in accordance to the antibody positive or negative to its virus is
E1 dompredetetbie. Bdf@xample;tifhbie fibviiusdijtie:s is disagpfontheivifusofably used as
. immunological treatment and the oncolytic virus, the rate of the virus for
the virugnipsirslogielaicirshtitratnmay Ibelifanbetwéern aboutibd/ral Firtictelaid et
1011 viral particles for patients with antibody negative (-), and may be set
may be pefhisdhansyt o2nraneieaiiakteator viral particles for patients with
antibody positive (+) (for patients with antibody positive, it may be less
100541 s st RlrsIdsartded FhadamistiatibrspaRdistisionraabR hismeinohaving
Lac? E:th f\:/filgu%ifrclnr [ mi n?lo jcal gatment is not restricted, although
B ARG ANED (s B S BRSO 1 B8 e pr el i, CHERERMCAHRIGHMY)
. f 10.1Q animal h as, mouse rat may be set at
promot e B e e MR Regn e
1 dy:weight, ' t inistgatio can ne .
used fol RRAY;WSIGRE fAlnFaReimental admin f‘%‘o SEI%(]QI'}'{}EeE’ln 1 F%?Fve adenovirus

therapeutic drug of the présent invention. erva

inactiva@dNypigtration af 1henvipus,far. rﬁ@é&”%ﬂlﬁ%ﬁﬁ?&ﬁ\%‘%ﬁ&%mﬁh%%hge polyA

carrier cell may be set between about two weeks and three months. T

sequencSRANRTPGROg S FROHE REeierALIR RSN XanI e e seried al®htion, may be
inactivation of the virus for immunological WO 2005/037322

preferab{P GRIP2004/015221) 22 treatment (adenovirus) by UV irradiation
shortened the above mentioned interval to about three weeks or four

- [0055] Nysekss [B0B8[VDBsdgesofivirie gnfelted oamicnabiscanecas enenbienpeltic drug

. before and one dose of the oncolytic virus through the carrier cell may be

of the pEseRelEBHULHI OB Y Hefraigel ascardinivp Vil (Fattit sl vaig e its virus,

infection rate of the oncolytic virus to the carrier cell may be set between :

volume 455, k9 9h/EEHUnd Y BOY Vifl CBIFRHSHRSrab svedh Badycamight Sogatient.

- ___.vpl/cell, more preferably between 150 yp/cell and 400 vp/cell). [0059] For |
At TR SRR oo UHME el ekt BEA gy T is

before o aft?r tge admini§ of the vigus for immunplogical
i e

)referab\i\g.t R PPl iT 1 _traé[i?ﬁ 2 HAEVIER {? i

L treatmentIs referabz]e. Dﬁ'\ljé : ?S, Wiccmatlon WItE] ¥hel%UH8}SC ﬂg P&muno}ogical
_ treatmex%”ﬂnarf‘ﬁ%i%@&?ﬁkogl?ﬂ,rﬁ{%‘) G { ll(!bkaqglgqu i%%muaologic_al treatment may be
set between about 10° viral particles .aﬁd 10" viral particles for patients with antibody
negative (-),-and may be set between about 10% viral particles and 107 viral particles for’
patients with antibody positive (+) (for patients with antibody positive, it may be less than 10*
viral particles, or no administrations). Administration method of the virus for immunological
treatment is not restricted, although intracutaneous or subcutaneous injection is preferable.
{0056] In addition, the dose of each drug to animals such as mouse and rat may be set at
about 1/1,000 to that for a human body in consideration of the differences in body weight, for
experimental administration of the cancer gene therapeutic drug of the present invention.
[0057] The interval of administration of the virus for immunological treatment and that of the

cartrier cell may be set between about two weeks and three months. The shorter period is more

preferable. In the examples described later, inactivation of the virus for immunological



target tumor cells by the administration of the tumor cells treated in
advance vv_|th radiation exposure, et.har)ol or formg,tgg{mﬂ%ﬁ @rce!]‘/ﬁlz%m% -
together with, before or after immnization by the virus for immunological™
treatment. [0060] Tumor cell derived from patient is preferable for the -
7 tumor cells used for the above tumor vaccination (tumor immunization),
treatmentafad ccomimonlyyaldildbledtativer gelisenith sienibovantigetiomay taeepsdo about
- The examples described later investigating the therapeutic effect to
three weehy i ApUEar s (by OVHM) showed favorable therapeutic effect by use of
cancer cells (squamous epithelial cancer cells SCC7 and lung cancer
[0058] DegpeenshoyrisrinffstidvarEinatshs urfercnenbmand eirirradrom detetof the
: . be treated. [0061] In the ahove tumor vaccination (tumgqr immunization), =~
- oncolytic s IRCRREMIIMEN o6 RNl REGKER. 8 exdmplal RaHigjBeaed 0
' viral ar{n&%weggda_ out Jf05t.cells and 1@10 celle?.t]'he. _radiat:g?n exf osuregjose to
PATHSE o ceﬁlsl}seﬁrlgférlélfﬁygge et o618y Kh %O@%’ﬁr(ﬂ? rghay be set
between Bﬁ%{ﬁraquvgﬁcté’}'?gr?dzgeﬁﬁy\ﬁ&%ﬁg r&é@gb@f@%@%@n@ m'%%%g%%%%stgo cell,

IS Intracutaneous Injection taneous Injection. [6[8 ermore,

more pre%%@%@@g% %@Wf{f&@]ﬂéﬁ@%@iﬁ?ﬂléﬁﬁfor a porphyrin compound may -

be used to enhance the viral productivity in the cancer to be treated.

[0059] FEPTRMEINCRBMAINSEHEN B SoaminaleyHiRIgRCGIELALAbells) together with,
S hematoporphyrin and photofirin are exemplified. As WO 2005/037322

before ol G AR 2Q0404522L) o2 Bnkkanrpsapatationso igronseulfata(kaSednand That
ferrous citrate for oral administration, and chondroitin sulfate iron and

is, vaccisatgjar eatitalningriron @Xigés fenntrayenaus abiyinistrationsmay beng body to

- exemplified. Administration method is not limited, although injection

target upapaidtion dreordinjmepatiatior! I8 preferabielltcgetedriwitd theccanigbrradiation

_ gene therapeutic drug of the present invention. [0063] Practically,

‘exposurea@fhimistratibhipreslivds)(Fa)ipleisarafiotetisd /vl . Asivicleviie asigunization
(ALA) could markedly enhance inhibitory effect of the oncolytic adenovirus

by the vipyefat Mo JREsHdss ¥ Hroliferation (see Fig. 15-17 and Fig. 28).

oo e TR e e e B Sl
.tu.mor vz@gxlga %%r( .u%il%?tiﬁlrgf%llrlz%?xgov;\{itgrnd commonly available tumor cells with similar
antigen maf i)g' used. The examples described later investigating the therapeutic effect to
ovarian cancer (by OVHM) showed favorable therapeutic effect by use of cancer cells
(squamous epithelial cancer cells SCC7 and lung cancer cells A549), for tumor vaceination,
different from the target cancer cell to be treated.

{006.1} In the above tumor vaccination (tumor immunization), no particular limited rate of
tumor cell is given. For example, it may be set between about 10° cells and 10'° cells: The
radiation exposure dose to the tumor cells is preferably set between 120 Gy and 600 Gy
(more preferably between 200 Gy and 500 Gy). Preferabe administration method is
intracutaneous injection or subcutaneous injection.

[0062] Furthermore, administration of an iron preparation and/or a porphyrin compound may

be used to enhance the viral produetivity in the cancer to be treated. Porphyrin compounds

such as S-aminolevulinic acid (ALA), hematoporphyrin and photofirin are exemplified. As



soluble) together with the carrier cell is also preferable. As shown in
examples described later, simultaneous adm|n|str@g%bgg3§g%qgg}lﬁg§&mﬁm
and the carrier cell dramatically reduced death rate caused by side

effects (Fig. 24). This might be caused by inhibition of dispersion of the
oncolytic adenovirus and block against anti-adenoviru.s antibodies,

Jiron prephisdigssd oyane wéitediagOn) (0065} Theyeftireteslimubtariesisinistration, and
administration of atelocollagen and the carrier cell can suppress side
chondroigifes§odhif taaIsLsHIGH eriEaiBmmiRtraridnsofan B BrvpHs shugnistration may-
Commercially available atelocollagen (g%% gﬁoduct of Koken Co., Ltd.)

i

be BxemBlﬂ%eBro’b‘E}Etilb%ﬁ&i%anﬁgi%ﬁrﬁ@ tigy WA PIEBART PSP Betingegr oral
Atelocoll s prefe ably .administered by mix W|th an nje
preparat g e GA CEl bal, CahCert e 5. 006 (G s

-mvemmr?he solutlon is conS|dered to exhibit sufficient effect. (Examples described
ater showed sufficient effect at a low concentration of 0.1-0.2% (w/v) in

- [0063] ﬁh%tﬂﬁyomn{&%@ltﬁﬂr%ﬂm%&a X %Ii%g9@&8&%&&"&“&%&%@99&‘1% acid

_ the carrier cells doubly infected wit ly oncolytic virus vector but
(ALA) c3l88 Sheah eXRIESSIAN WIS VEEIR! g BDBRESIINE FMIUNRLERARASEA1 3B
‘ is preferable. (Or, simultaneous administration of fwo kinds of carrier cells
~ on canceg@el jfegteswithsepeiof theahaverirusyectors may be adopted.) [0067]
The GM-CSR expression vector is preferable the same kind of virus
[0064] Adoioiastioe \WOONHI03E320 (LT JR2P04(0 15223 v20nt OlyHC telidisptide
_ For example, when adenovirus is used as the oncolytic virus, one may
_bond ofusélagen the GisOSFeeiession vediog dreadelrovilus defibiestoflEind water
domain and with a GM-CSF gene encoding granulocyte-macrophage '
- soluble) torsHipstifil By rEetselc reiqEhss]g thever mexanpiesaescribed later,

expressiqon vector as well as the oncolytic virus, a total rate of infection of

simultanggiyg eﬂa&%&&&gltaftﬁ@l@éﬂlr@&@éwﬁa %é%é&%éﬁ)&é@ﬁiﬂ@%ﬂ@#&ledmd death
icles/cel and artl(:l e atlon f the
rte caufEN TS v o SRR G5 SEEe T AV LR aheiaistife of e

- effect (Fi 27) 0 nstead oftheG -CSF expressian vector
ercorsE GG R SR Bt o

' atelocolfé%%%‘?r cells, or the protein's admlnlstratlon by

{0065] Therefore, simultaneons administration of atelocollagen and the carrier ceﬁ can '
suppress side effects and realize high dose administration of the oncolytic v'u'u.s.

Commercially available atelocollagen (e.g. a product of Koken Co., Ltd)) or a product
prepared by treatment of collagen with pepsin may be used. Afelocollagen 15 preferably

administered by mixing with an injection soiution' together with carrier cells. Concentration at

0.01-3.0% (w/v) in the solution is considered to exhibit sufficient effect. (Examples described |
later showed sufficient effect at a low concentration of 0.1-0.2% (w/v) in the solution).

[0066] Furthermore, as described earfier, administration of the carriér cells doubly infected.
with not only oncolytic virus vector but also GM-CSF expression virus vector to enhance the

- immune response is preferable. (Or, simultaneous administration of EWO kinds of carrier cells

each infected with one of the above virus vectors may be adopted.)

[0067] The GM-CSF expression vector is preferable the same kind of virus vector as the



intravenous administration may be taken in consideration. [0071] Methods
for use of the cancer gene therapeutic drug of themras;em'nmenmmmemmbzl)
course, not restricted to the mett¥ds described above and various
methods for use are available. For example, the cancer gene.therapeutic
drug of the present invention may be concurrently used with.other

oncolytic AMtiEartasrAgBINS. ov BePaaiERON TGS AnkkhEBANSIMMEEIvIGPEITRY tse,
oncolétlc virus. [0072] A preferred example far use of the cancer gen

for the GRAIGPEUGSRIFSY VY tHeF e HhdRURKIBH ARIBEEx St B allidhg v 2

(1) patients with antibody negative and (2) patle S wit ntlb | e
GM- CSFt&"{?’?ee%?ﬁﬁ@‘P@rﬁ%ﬁ?Hﬁﬁ?é’F&d?&%‘ﬂ@é?ﬁ?e‘fﬁgo[%‘?%’ ?H%ga 5V &%@é%ﬁl‘l

[0068] Inglgs:%, 5 kﬁfew %Segggﬁr%%rlin\?gctlfo?taesdwb UV rr iica%rgsf‘sc%qgfinte of

I the virus for |mmuno glca tl’ tment

infection orpgu{l]t % u%b\%%ttglg%v&gocllg'gér ¥By n?%emessgtelg'é{%éh”ﬂ% Gella ﬁﬁﬁlﬂ&‘ﬁ /cell

cells) irradiated at about 200 Gy for tumor vaccination may be

and 2 L00@ImIniRLRIad:AL40S cells to 1010 cells together with the virus for
iImmunological treatment. The virus for immunological treatment and the

(00697 Apmeieeh eavike @EMiysterastdyitiiraeutaneiosed shighlifaneatiient cancer
injection. [0074] About 3-4 weeks after administrations of the virus for

therapeufltBTEROQGicareatment and the tumor cell, the carrier cell may be
L administered by intratumoral administration. The dose WO 2005/037322. :
{0070] IPET 2084508 T) e 2brafsihe cantien CeNE-GHYy bewksét abatbEXIOEtin an
1.x1010 cells for one administration. A549 cells, irradiated at about 150 o
injectionGyolot480 Gyednet thathadminteteied cibly g uthed BEOIRIE Safien iBasitatipr DY
adenovirus may be used for the oncolytlc virus and the GM-CSF '
| nifaveﬂ@@%@%ﬁf@ﬁf%@ﬁbk“@h@" kS8 HREEEt the carrier cell at about 250

: vp/cell and 5-20 vp/cell, respecti Ateloc Ilag gn |xed Vt\llth an .

100711 Nithefsni Sonseaf 4 %%ﬁ%’eﬁﬁ%etlg?‘%/ SB%%t ’; g’e&% penton ate, ob
' administered. Slmultan ously, an Lro re '
course, ﬁﬁ?a{?gﬁbclﬁ% 1 dRsinfaed eregs %S (%e ab &))%453 %{)éér%n%uAE{}& %%%/S for use ares

available, ultaneoui Bl &d'%a'ﬂéé‘? rgglgwkﬁég e&ﬂf@%é& 3 fose FJ a1 000eMb P fray be

men one ve, the carrier cells etc may be administered at one time.

concmre-ﬁ CILieroRlS oBIGMAYi AR deO HPRE agminisiarede RIS atioRdRance the
al times may be carried out in _

infectivity of the oncolytic virus.

[0072] A preferred examp],é for use of the cancer gene therapeutic drag of the present

iﬁvention will b_e explained by dividing into (1) patients with antibody negative and (2) -

patients with antibody positive to the viras for immunological treatment.

{00731 In the above case (1), non-proliferative adenovirus inactivated by UV irradiation, as

described earlier, may be used for the virus for immunological treatment. The amount is

about 10° vp to 10" vp. Patient’s derived tumor cells (cancer cells) irradiated at about 200 Gy

for tumor vaccination may be administered at 10° cells to 10" cells together with the virus for

immunological treatment. The virus for immunological treatment and the tumor cell may be

administered by intracutaneous or subcutaneous injection.

[0074] About 3-4 weeks after administrations of the virus for immunological treatment and

the tumor cell, the carrier cell may be administered by intratumoral administration. The dose



consecutive days or at intervals of 2-3 days. [0075] In the above case (2)
of patients with positive antibodies, the cancer ge %%E%Qﬁ%'&cqgﬂ%o& foismn)
the present invention may be admjnistered in a similar manner wit
the above case (1), except for setting the amont of the virus for
immunological treatment at about 105 vp or less. [0076] Practical
of the camiarmglesofithe sstndengérettherapeoticcdisfof the piedentinventiofaresils,
such as (1) the specific carrier cell, (2) a combination of the carrier cell
irradiatedapidatiatioh2®|(icta/ s for thd itfectidm o theedamiey belly(@) as the carmier cell.
combination with the virus for immunological treatment added to the
The adengpisys mfhBﬁnaﬁ%gomlér@wwca%mwﬁaﬁ@n%ﬁ%mmgeﬁ vadsdand

to the above combinations (1)-(3), combination with GM-CS
may be ée(fsfé%%.aﬁ JeiE Attt h%bﬁﬁg)\}éa ofRBfifictiLHS ¢ I¥Q4YP(%315 respectively.

s RSN AL RoBRAE 00T 3 PEBNIE 7RO 0t
-and tl’:lencoaﬁI n?&greé{\’ I}§ %%‘?1&111 § " f(ar t@/r?v\% e%taloarhgrq 1 go %I?tqgf\é%ously |

combinations. ( 8ya com inatio h*necessary tompound

sminis S EQRIEINIGHPRON) wgm&%&rgg%ﬁa{m&%mm@@hﬁﬁ?ﬁ&@&% (he
(e.g. areagent, a buffer and an enzymé), or vessels (e.g. for reaction,

tumor at infeciior andmtre, and storage) added to the above combinations

(1)-(7). WO 2005/037322 (PCT/JP2004/015221) 26, Examples [0077]

As menBx¥asapies f e prasentdnvention ate evplainae-seferdng the:drawingsicr cells
however, the scope of the present invention is not restricted by these

- etc may ebeaiyleanR07@hjkxendle Ad:Soraentig dirthpducaiienaelbapdantitiimdront in - -

effect in the presence of antibodies] The following experiments were

- consecuitegdessout toisEoeh eadcdderd lines which exhibit potent cancer cell

proliferation inhibitory effect as the carrier cell. [0079] Aden.ovirus '

- [0075] TngEshave 3850 ALSE)AaRIESEACAS thEl sheskirdie: §1f§rcﬂ?§‘1h$‘éﬁdﬁet6p@u“0 |
" the carrier cell. The adenovirus AJE3-IA1.3B has EI.A gene and E3 gene, '

dmg of R EI AR HIhBRY Srerfieitaiess Hohidteta AR EHibt ke above

tumor specific_promoter at the upper
case (1), except for setting the amont of the virus for immunological treatment at about 10° vp

. or less. .
[0076] Practical examples of the cancer gene therapeutic drug of the present invention are

such as (1) the specific carrier cell, (2) a combination of the carrier cell and the oncolytic |
~ virus for the infection to the carrier celi, (3) a combination with the virus for immunological
treatment added to the above combinations (1) or (2), (4} a combination with. atgsiocoliagen
added to the above combinations (1)-(3), (5) a combination with GM-CSF expression vector
added to the above combinations (1)-(4), (6) a combination with an iron preparation and/or a
porphyrin compound added to the above combinations (1)-(5) to enhance the viral
productivity, (7} a combination with the tumor cell for tumor vaccination added to the above
- combinations (1)-(6), and (8) a combination with necessary compounds {or storage, infection
and culture, and preparation of medical preparations (e.g. a reagent, a buffer and an enzyme),

or vessels (e.g. for reaction, infection and culture, and storage) added to the above

combinations (1)-(7).



stream of EIA gene. The adenovirus AdE3-1A1.3B was infected to various

carrier cells at a rate of 500 vp/cell for two days, and then the @%ﬁoﬁﬁ”%mn

were added to an ovarian canceig cell line HEY on culture day two an
their in vitro proliferation inhibitory effects were investigated on culture
day five. [0080] The results of above experiment are shown in Fig. 1. The
vertical axis of the graph shows cell numbers capable to obtain 50% .
proliferation inhibitory effect (IC50) for each cell line, and the less cell
‘Examplenumber shows the higher proliferation inhibitory effect. As shown in the
' Figure, the cancer cell lines investigated in the present experiment
[0077] Exsonediigie antitith 6tV eHént ifaprolasedebaromishadgoiets Ioweze, the
cells and HT-3 (HT-III) cells. The 293 cells, A549 cells and SW626 cells
scope of eHIEfiER ABFRLOOSERE FigRet PrEitEtat R Mhftory effects in

omparigon,to PA-1 cell Which_.hav%é)ee used as carrjer cells, HT-3
10078 GZEisd eXHBREASSATAR FTH B cier At RIS SSE, hagBrenee of
antibodies W626 cells. [0081] Then, it was examined how was difference in the
_ oliferation inhibitory effect between only the oncolytic virus and a

Th_é follo%ﬂg’g?ga}@ﬁgb%@%8‘3%&@8@"&%{1@%@1&% %"ilﬁﬁﬁf '8@!1’1‘&%“\%18&%588881% otent

an antibodies. As the carrier cell, 293 cell was used and above

© cancer cé@‘ﬁm;%ﬁﬁ!ﬁ@%nﬁmw ABESZ-1AL3B WA dafected for two days. The
: resultant adenovirus WO 2005/037322 (PCT/JP2004/015221) 27

[0079] AfeR3iLALIB Infecteh 293 Cells and their superaianty (A dESsLAk 3298 ction
- cell+SUPT) were placed in a 12-well plate in the presence of the
to the capfti-agderthdrudeantibosi@gEB aths Wélhs dbiohite &R, 000 E8lIgenttheduariamrian
cancer cell line HEY had been cultured from the preceding day. The .
cancer spotfiadédodiusantitodléd M nerpraperest byteitotichast ilve emibdiesheitpper
600-fold antibody titer to various antibody titers. In the case of only the
stream obHddlyarneirlise tiepdAovirdE SabER A W BBINfaS! et FRiNsieMsCi HisE cells at a
. “12-well plate at a rate of 1,000 vp/cell, in the presence_of the .
rate of SQAtaEeRdOR (Y RABbHRE, ettt U fiGHS e Fedpatdive PRafTaFkifofAncer

. inhibitory effects on cancer cells (HEY cells) were investigated. [00 ' ]
- cell llneﬁ@¥e§8It%“BPfﬁed&Bo"\Yé"e&‘b%rfh?é%f’érlé’@ﬂo‘@@ﬂﬁf?ﬁﬁf”é.#ﬁ'i’%‘{%ceg%ﬁswme |

L o%éhe I1g;rz#)h hows the dilution rate of the anti-adenovirus antibodies at
mvestigatess OW [Bifdiatidh thifivitory effect (1C50). In other words, 50% proliferation

.[0080]. ’ILHQ 'Pe'%%ﬁ’secf %(%}ov\\//g Se}?pbetl%ixqgrﬂ fa%fezs%%x%ﬁ”ﬁer«‘{%“ AlThe vertical axis of the graph
s.hows cell numbers capable to obtain 50% p.'roliferation inhibitory effect (ICSG)_ for each cell
~ line, and the less cell number shows the higher proliferation inhibitory effect. As shown in the
Figure, the cancer cell lines investigated in the present experiment showed high antitumor
effect in an order of 293 cells, A549 cells, SW626 celis and HT-3 (HT-IID) cells. The 293 cells,
. A549 cells and SW626 cells exhibited about 100-fold higher proliferation inhibitory effects
in comparison to PA-1 cells which have been used as carrier cells. HT-3 cells also exhibited
similar high proliferation inhibitory effect to that of SW626 cells.
f0081] Then, it was examined how was difference in the proliferation inhibitory effect
between only the oncolytic virus and a combination of the oncolytic virus and the carrier cell,
in the presence of antiviral antibodies. As the carrier cell, 293 cell was used and above

mentioned adenovirus AdE3-1A1.38 was infected for two days. The resultant adenovirus



about 5-fold dilution rate (120-fold antibody titer) whereas 50%

proliferation inhibitory effect was obtained for onl)(vr(p% ﬁl)gﬂ%/ t
about 600-fold dilution rate (1-folghbantibody titer). As sﬁown a %é\/?éﬁb Ruro1s221)

carrier cell exhibited the proliferation inhibitory effect even under the

condition of high antibody titer. [0083] Similarly, the proliferation inhibitory
AdE3-1 Adffttirdaary 2elisslasinvesiigatperinthe (préSaricel GianHadeNaiIEs) were

antibodies in the following conditions, (1) adenovirus infected 293 cell and
placed injfsldpethpliAtABERIA IBE 5 6 calitSIoRT)ree patiel supkreatintell, about

containing adenovirus (AdE3-IA13B, SUPT), (3) a filtered one with a filter :
50,000 o003 eI aBIPIEE ATHAIRE SR Adgbade oVines (ReB3EAISBding day.

T N#PT filter) and (4) omly the adenovirus, (AM-1A13B). The results are
¢ nfig SWhvmlﬁé & VEHiC ASRASF e Gt ‘éBH“sﬁB\fJé"aE“ﬂ’ihﬁ%?ﬁr&t’éhoﬁﬂ%m‘i

denokus ntino

% proliferation inhibitory.rate (IC50). As |
e B AR PRI . s
AdR3-1CPRPR/ISR ré?e?ég% tﬁ@’i‘%‘t@e %gi"lggalthe 'é@@g el

used. [0084] About carrier cefls 6 ce}NS Bleéﬁnce |
~of the a11'ﬁ|:|z—1(i?e{f'@vl§u§§ﬁﬁbBﬁ?ége}ﬁt'aﬂt'tﬂg laﬁ rﬁ\%‘f%ﬁg QU %{ft% }% %jh??ilyll?i(l;lnElYﬂubltofy |

was investigated in the presence [Ab(+)] or absehce

effects oRBlinaslenaMit peantbiedies Raving@0@sfold antibody titer. WO
2005/037322 (PCT/JP2004/015221) 28 The results are shown in Fig. 4.

(0082} TROecveitical mxistofthexgeant:showsitbenuMbgr Dfthe canesr A8allsiane glaph
- culture day five. As shown inthe Figure, the most potent proliferation :

shows thinkihitany rﬁﬁeﬁttmﬂbﬁdﬂ’nﬁdmif]eﬂM\M@eﬁ%lﬁ&%r@r{bl%ﬁhﬁﬁrﬁﬁﬂi&%ﬁt@%%ffect
: ~infour kinds of cells. That is, administration of adenovirus infected A549
(ICsp). Ircetheinvthes pré8énpecbfadisffidienbiampeficof wntiochtenolifus28utrdiizingn at
_ antibodies almost com Ietel inhibited the proliferation of the target
about 5"%&%@@%@}}%@%&8 ’Eﬁ réerorthereanititaiemdrmsion fabi ki effect

also showed suff|0|ent proliferation inhibitory effect in the presence _
was Ob"‘éﬂ i f‘é’(ﬁ’é’%]“"i’ﬁ&\‘?&ﬁ&é?%éﬂ’él (HOHERY e Liral! daigbody titer). As
onsidered to. have uIt freq t admini tlons ecause of
_'Shown qérogué}%nc% RS UEPAl %fﬁgl éhetéb }fevs”lt?ﬁ] q‘mrluémls-{%\}\?é%‘? GhoiciidnGy the
- COIldlEiOl]i %ﬁl%ﬁgg s{qgllshed direct infection to the target cancer cells by cell
to ceff interaction and frequent administrations became available..

[0083] ﬁ%@aﬁyﬁﬂ{%‘ ﬁgﬂy&@tﬁ%ﬂ %hibltmy effect to HEY cells was investigated 'mr the

presence of anti-adenovirus antibodies in the following conditions, (1) adenovirus infe,c.ted_
293. cell and its supernatant (AdE3-1A13B 293 cell+SUPT), (2) a cell supernatant containing
- adenovirus (AdE3-1A13B,. SUPT), (3) a filtered one with a filter of 0.2um of the cell
supernatant éonta‘ming_ ade.uovims (AdE3-1A13B, SUPT, filter) and (4) omly the adenovirus
(AdE3-TA13B). The results are shown in Fig. 3. The vertical axis of the graph shows a
dilution rate of the anti-adenovirus antibodies at 50% proliferation inhibitory rate .(I'C50). As
shown in the Fig., more potent antitumor effect was obtained in comparison to the other
conditions when the carrier cell (293 cell) was used.

[0084] About carrier cells of 293 cells, A549 cells, SW626 cells and HT-3 cells, each
proliferation inhibitory effect on the cancer cells HEY was investigated in the presence

[Ab(+)] or absence [Ab(-)] of the anti-adenovirus antibodies having 600-fold antibody titer.



the above mentioned four kinds of cells as the carrier cell provided potent

antitumor effect. [0086] [Example 2: In vivo antltum%o@; e6tin AueR, 4/015221)
- mouse subcutaneous tumor modgl] Then, in vivo antitumor efgect of the

cancer gene therapeutic drug of the present invention was investigated
using a nude mouse subcutaneous tumor model. In the experiment,

The resulbumashoovaiiahigadcéheelistRM Gdswétb sgbgutahewes sy tram$plart €icbtoancer
5-week-old nude mouse. After four weeks, each carrier cell was injected

cells on gitwrmakintore. Masdiverumoihef Egot 10e1BLaviny @imnptel et igre inhibitory
change of the tumor volume was observed. The results are graphically

effect wagRbighi mHCB AARSYFapier bR d§rarE e prES SRS VE Skl ohpiEls: dreat is,

' the results of six times injection of PBS buffer into the tumor, black round
. ﬁdm-‘*mstf?é’ﬁfb&érﬁ@%l\/i%ﬁ@ﬁ“%hfé#%@]&%e“?e%‘&lt%?eé?&ﬁnFfﬁs“tr%{’tfé‘ﬁ‘{%\“l%i‘@i’é‘ of

vira artlcle r mouse of the adenovir s AdE bIa ktr

| anﬂfadmgﬁs\‘;\%?ﬁ‘é LR LR OMIB o BTy SR B BT B of e
target carll%ercé gtﬂg gld ﬁ Vﬂ:% n'?:‘g %is Ljfbélﬁggoggl%%o (\58{ 11%&%&5*;05?%?13 also

ows the results ministration of 3 ceI s per mouse,

showed s'tﬂfﬁ&@ﬂ Aﬂ%hﬁéﬁtﬂﬂmﬂmﬁﬁ%& 14l RS Egé'_hf\ftpéﬁqﬂe%fﬁ%&gklare

shows the results of administration of 1X1 7 A549 cells per mouse,

[0085] Tifeciedwilkhthe,adeRoyius AL JAALeAB @S Mplealh ARSHOWE iR quent

Figure, 293 cells and A549 cells used as carrier- cells showed. complete

administaisaRperEanse of theWviai3005/03A322i(RE TAIRBON440Kb2R4 )vidls. However,
- massive tumor with about 10-15 mm diameter 50 clays after the

applicatieelwinistradioier SYMG26bEHEe & domed 8ot prolifehationzen fmiduittm‘yceffediy cell to
_ [0087] Similar experiment as shown above was carried out by '
cell intersubontanédusitrarsplantatoni ofshbenam ©vanbabdanbet sz dpication of -
5-week-old nude mouse. The results are shown in Fig. 6. As shown in the
the abovementienasalsiviingthef enth abl croties sathramrdstEp QisRl gRitaRRor effect.
disappeared by the use of 293 cells and A549 cells as carrier cells.
[0086] swepls defis shoiaH W sibestdisapaaBREEc oI RIFRIS B 0F Bradst

five mice. [0088] [Example 3: In vivo antitumor effeﬁt in ST tf/utaneous

- Then, inyje RHEHBHH GEISENAtH Hof AT RGHECCHBRINT 7RECIn DB S RuIMEF Ton
| was mvesE f’ th{he C%ngugkagg%%é?& t'%c(]jl_.{% n%? %R %ﬁ?eﬂl p %’%’;‘;t'gﬂm\’g{af? human
stigate smg mouse wi normal I ne
ovarian Mﬂggf) Qefﬂ.tﬂﬁdG-l were subcutaneously transplanted to 5-week-old nude mouse.
After f_ouf weeks, each carrier cell was injected six times into a massive tumor of about 10.—15
- mm diameter and the change of the tumor volume was observed. The results are graphically
- shown 1n Fig. 5 In the graph, black square zeﬁresents ‘control” which are the reéulté of six
times injection of PBS buffer into the tumor, black round represents “AdE3- 1A1.3B” which
~are the resulls of administi‘ation of 1x10' viral particles per mouse of the adenovirus
AdE3-1A1.3B, black triangle shows the results of administration of 1X10" SW626 cells per
mouse, infécted with the adenovirus AdE3-1A1.3B at 250 vp/cell. Black thombus shows the
results of administration of 1x107 293 cells per mouse, infected with the adenovirus
AdE3-1A1.3B at 25 vp/eell. White square shows the results of administration of 1x107 A549

- cells per mouse, infected with the adenovirus AJE3-1A1.3B af 50 vp/cell. As shown in the

Figure, 293 cells and AS549 cells used as carrier cells showed complete disappearance of the



experiment, each antitumor effect was investigated in the following
conditions; (1) the ovarian.cancer cells OVHM we \ '
transplanted to the syngenic modgj mouse. After f%%%@%b%%?n%‘éﬂ}ﬁ%%mm” :
cells infected with the adenovitus AdE3-1.3B at a rate of 250 vp/cell
followed by radiation exposure were six times administered into a formed
- massiveGubfomwitiuinar (2) B vesksaldes\ilgénie nfodehmaiisamivastioamimized cells
in advance with an adenovirus for immunological treatment. After three
showed Bt tfreatvariahibdangeeftalts OVIIM were subcutaneously
transplanted in a similar manner with that of (1) and then, after 10 days or
[0087] phoksr ABAS cedis! ipfedred Aty itevaderiovid o NdES SUVE 8B apes ragawilantation
250 vp/cell followed by radiation exposure were six times administered
of humap, @y arigihfan csaYE B tiled i rate it vrp B bimerime sharbin Fig.
as a control. [0089] The results of the ahove experiment are shownina =
5. s iR B Bg. 5in B G4SN ColaBIO sH et paBe enis BBhd B STchopatetely
. the,results of the e conditi black round. represe )
disaopelfi B AR G e s o P SBOVETLAFCTIOR (Y A sils shoved

complet%%iari)i uanon.ofrthe Exd 9&%@%%@8%%@&&'-treatment- Black

triangle represents +>- -*A549" which are the results of the above

10088] [€Rdilian2), with adminisiratien af ke ALRROVIHRIOF ITIMURRIRGICRkth normal

reatment. Non-proliferative type adenovirus having no El WO
immune2QQRR37322 (PCT/IP2004/015221) 30 gene was used for the
o “adenovirus for immunological treatment. More specifically, it was an
Then, /2deRO¥itGMEh dfserted fiacZgeng idhtdopmsiceamod OM\Vpptamoterention
As shown by the Fig., the above condition (1), without prior immunization
was inveytadenbviing, EhEWEd 2098/ Batiltimopeftestiih compdrisomnuoetierctiotroln the
' - while the above condition (2), with prior immunization by adenovirus,
experinghdwent narkbunzenitifeel effsctiBesiystter e SEAERadRIAIERatoRl) the
and the tumor was completely diminished after nine d%ﬂst with

ovarian 3R EATEOY yhisi FOaR etastadran S eI ﬁ&ngﬁgiﬁav@?ﬂ%éﬂouse-
e 1RGSR by 3B bIBRGLo LR BUSCAEGSR e Argle o 250
o BT GTL sl it ey ey e e sl
tumor, TFNOHYSI5 BIGCISH 1M e GETIRE CRISIRNRAGREMAT SHUSRY with an
adenovirus for immunological treatment. After three months, the ovarian cancer cells OVHM.
wege sﬁbcutaneousiy transplanted in a similar manner with that of (1) and then, after 10 days
or more, A549 ceils infected with the adenovirus AdE3-1A1.3RB at a rate of 25:0 vp/leell
followed by 1'adiati6n exposure were six times administered into a tumor, and (3) six times
- administrations of PBS buffer into a tumor as a control.

© {0089] The results of the above experiment are shown in a graph of Fig. 7. In the graph, black
square represents “control” which are the results of the above condition (3), black round
represents “AD(-)—AS549" which are the results of the above conditiqn (1}, without -
admiﬂistration. of the adenovirus for immunological treatment. Black triangle represents

“Ad{+)->A549" which are the results of the above condition (2), with administration of the

adenovirus for immunological treatment: Non-proliferative type adenovirus having no El



cell to cell interaction, specifically proliferates in tumor cells and is '
considered to exert cell lysis (cytonS|s). action to Wé&%’?&!éﬁ?&ﬂ{'@%gﬁ%ﬁ%‘?&z1}-
tumor cells. The cancer gene thggapeutic drug of the present invention'is
considered to induce potent CTL reaction within the living body by prior -
administration of the adenovirus for immunological treatment, which
gene waselifainfteshthedencoiylic fadenaviiuddpiediad tanget. tiines gadlsfandiynduses an
~complete natural elimination of the adenovirus infected tumor cells. [0091]
adenovin@ne tnameeedflinfécton: abthe adencuicus tofthdvisrgetriureor Selbliswn by the
considered a cell fusion caused by the adenovirus. Fig. 8 shows the
TFig., thergbalteotmidivseofic obiskevationoafisrmovernigt dulitardefrommutheshowed 20%
administration of 10,000 viral particles per cell of the adenovirus
antitumoineidtvatadosyerrisradiatiba ierstEpetbirn s a0 seilitipad (Bs shidwerior
) _ by arrow marks in the Fig., administration of the adenovirus caused cell |
immunizdoR b MFROKI ALl sRearr L ometied e N HBRLK GO bE A NE UL g of
' dmini t‘yvere obseyved for A549 cells1 vtviEhoth adelno irﬁs admigistratingp' see Fi%_.
admimsugiqn 395, PredittEd ieEtioR fanners SMer than cell Tidion ‘dre a'catperance
-_.adhesion to the target cell carrier cell: infect g rUs:. .
oy O S e O e PN U

i ORI U A e A

by inductl: adgnevius pigeted targriivmereel g navigashiy piessmatiemetiguatior

potent antigen (or, a cancer specific peptide recognized as an antigen :

of the adeSERGAIHY ) InARshilIedmarselisanay be eliminated by the CTL reaction.
[0093] [Example 4: Antitumor effect by the use of a midkine promoter]

[0090] Thbencaititimenetiest byififecusefoim thidkingepretiotertvasinvastigateells by
Fig. 10 (a) shows the results of investigation of midkine (MK) mRNA
cell to celkpressions nineifianl surgidileraamplésiop tdly RTLPORNAdshb Nyt cell
- the Fig., excessive expression of the midkine mRNA was observed in )
lysis (cymbligieantighomasssuetilas GilbHiasroasia HRATAASIa5HE HaFet o Heameutic
in diffuse astrocytoma. Thus, the excessive expression of midkineis™
- diug of gisprowaiinTrmipednconsideied 48 tehasrarishidr fodeu ey i p)the living
shows the results of investigation of midkine mRNA expres ion b :
body by prior admimstration of the adenoviras for 1mmunological treatment, which
eliminates the oncolytic adenovirus infected target tumor cells and induces complete natural
elimination of the adenovirus infected tumor cells.
{00917 One manner of infection of the adenovirus fo the target tumor cell is considered a ceil
fusion caased by the adenovirus. Fig. 8 shows the result of microscopic observation after
overnight culture from the administration of 10,000 viral particles per cell of the adenovirus
inactivated by UV irradiation into a well with A549 cells cultured. As shown by arrow marks
in the Fig., administration of the adenovirus caused cell fusion and multinucleated cells were
sporadically observed. No such cells were observed for A549 cells without adenovirus
administration (see Fig. 9).
[0092] Predicted infection manners other than cell fusion are a cell adhesion to the target cells

of carrier cells, and infection of the adenovirus to the target tumnor celis by local burst and the

cartier cell fragment including the adenovirus. In any way, proliferation of adenovirus having



RT-PCR in four cell lines of malignant gliomas in a similar manner shown
above. As shown by the Fig., no expression was qpé%ﬁ%’ﬂ[i‘z&"@@%@(ﬂﬁ‘/ngm)
excessive expression of the midkine mMRNA were observed in U251MG,
LN319 and U373MG [0095] Fig. 10 (c) shows the results of investigation
of midkine protein expression in above. mentioned each cell line by
a tumoWsstaficblotiingtanaty sis: Ndexpiessiorfwas! fomrzdtinuBriMellasiwell &nd to
mRNA. Excessive expression of the midkine protein was observed
presentaPHEMGoleN3%igna U873MBR{e098} T Henpepiifometersissdysf theantigen
midkine was performed. In the experiment, activity of two different length
secondapiipikipdpberibreisc oo des i m8do b ke S hldsacRipared. Plasmids
GL3-MK600 and pGL3-MK2300) with inserted a luciferase gene at the
[0093] B BB SRR BYSHHST L P RS RICS 16 ach above
mentioned cell line and their respectiye luciferase activity was .
Then GUGETE G5Bl 118 Flom Oy S T ‘At SRR e 10 @
.1 revealed a higher promoter activity in-6 es n an...oq
shows G F B B R e A0 I WA et

Samples{q%)g lggiﬁqé'f?dﬁ? a@%&«msﬂabﬁmﬁig. %@95%9&%%9&188'}5?‘%1{%5?&%{% mRNA

ype) adenovirus structure having a'midkine promoter designed in the
was ob&%EQE%BE%%EPEl%%ﬂg@ﬁﬁs\/gﬁbﬁggé{gg’%%32&{15?{3@5 200022 Ihd in
32, promoter having a 600 base sequence or a 2,300 base sequence was
diffuse W@@yﬁﬁﬂaa@hﬁ,sﬂﬁ ok cesRPex [RO98] Fig. iRk sshowws dhedesulisof cancers
: investigation of E1A protein expression in above mentioned each cell line
such asipfeebed withvthree types of adenoviruses by Western blotting analysis. As
.~ shown in the Figure, expression of EIA protein of adenovirus was
[0094] dhigeriedin shivkindexpredsing UPSHNEBLONIT I HAI U3 PER By\tiapression by
_ infection of adenovirus (AdMK600) having a 600 base length midkine
RT-PCRyisniote caixiires siom ot Epe pedemrivisiob SE e BT SN a0dng s shown
normal brain cells by wild type adenovirus (AdWild) and no expressionof |~
by the fig., moAHSESIAWERSSHSEFvEd 1k HIP EMIS Bydotrestive s matsies ofobegpidkine

Fig. 13 (a) shows the results of omgﬁr vestigation of cancer- cell

: ive i
mRNASERtat ke dRibito e ebt by TR K &%@adenoviru.ses. Wild type |

[0095] %qgn ?(\{ IE%SS ﬁ)%vvéhtllq ?tps%Wse g‘f investigation of midkine protein expression in above

-mentioned each cell line by Western blétt'mg analysis. No expression was found in USTMG
as well as mRNA. Exceséive expression of the midkine protein was observed in U251MG,

 LN319 and U373MG.

{0096] Then, a promoter assay of the midkine was performed. In the experiment, activity of

two different length midkine promoters (600 bases and 2,300 bases) was compared. Plasmids

o (pGLSI—MKﬁﬁ(} and pGL3-MK2300) with inserted a luciferase gene at the downstream of

réspective promoters were introduced to each above mentioned cell line and their respective
luciferase activity was investigated to evaluate the promoter activity. The results shown in Fig.
11 revealed a higher premoter activity in 600 base sequence length than that in 2,300 base
sequence length in the malignant glioma cell line.

[0097] Fig. 12 (a) shows a schematic diagram of the oncolytic {cylolysis type) adenovirus

structure having a midkine promoter designed in the present experiment. The midkine



potent proliferation inhibitory effect in all cells, whereas ad.enoviruses

(AdMK600 and AdMK2300) having the midkine pr%g&%@cﬁ%‘i‘%@%ﬁ%oo 44015221
proliferation inhibitory effect only g» midkine expressing U251MG, LN319

and U373MG. These results were well correlated with the results of
midkine mMRNA expression and promoter activity. The adenovirus
promoteAUMIKE0H 660 dwed smprarpotent pradifebationepiibitoryefieabthandhatiof site of
: AdMK2300 having 2,300 base sequence length. [0100] Fig. 13 (b) shows
552 bp..the results of investigation of adenovirus E3 domain's influence on the
proliferation inhibitory effect. As shown in the Figure, AAMK600 having E3
(0098} %i@mlﬂn(@xpﬁmédfhbcsmtimf@ﬁdirpm&t&g%mf@faﬁéﬁinmm‘t@rwﬁf@@maw above

~that of adenovirus, having1 no E3 domain (AdMK600-AE3). [Hiéo\éﬂ
mentiongd) epehysthe i e orihvedhghieh bsntitinidrapast o Gitg épttmg

t { del £5-100 m
analysis A o TS P A T %65 Oguamﬁe WL dhgegyed in
mxdkmeagvgglre]é ra“ﬂﬁsqf&?’(ﬂdt @9‘?@%"7‘? ¢ %fvé"?nﬁ%'éh e Mmaks £ (aayxe00)

OVIFLE
esent he results o mlnlstratlon 0 enokus A %Ib

having glRa R amaiembl Eﬁ!ﬁﬁ%ﬁ%@ei’@ﬁﬁé?ﬂ&%ﬁf‘ﬁm Festlis Qb observed in all

administration of adenovirus Ad-B-gal with inserted LacZ gene, and b

* cells ind QU MGk reRrasems %@W&U{S Qfaﬁ\é@ozﬁﬁymgﬁ) and no expression of the
(PCT/jP2004/015221) 33. administration of -only PBS buffer. As shown in

E1A préhenRiglreh@elyilchtypaladeonavirus shawedl agtitumor effect in the
U87MG without midkine expression. In the U373MG expressing midkine,
[0099] AigMIK6QY amwelilrsrd&dWéilsh gavepaariplciadisappiearahcenobftumibprdlbferation
marked difference was observed between the control with injected only
inhibitoPB&Teaffély athdeth&indlithofinjéetedingeacHijd1 02 Fulthemmore(AdWild) showed
adenovirus having the above mentioned midkine promoter (Ad-MK600)
potent ped fprelétad dithibocarAlpdells Al tRBsartitfitop e%f’@é%flﬂ#ésréé‘tﬂi\é{ﬁ%ﬁ% and

cancer gene therapeutic drug of the present invention was comp ared

AIMKIREAP b AU EHER oF BRIRARNCBHE. tﬂmw@%eﬁ%ﬁ%nég@ Senieahgnly i

miak SIS SIS T RS Ll Vs TR UTME I
the 165\%{:{% gzl ré]}%l;ga ﬁzﬁ{hergperggselgﬁsmir %1%%{]& gcﬁ\%tt}bef?g telﬁoqwgsoiLHﬁK( 00

showed more potent proliferation inhibitory effect than that of AdMKZBO{) having 2,300 base
sequence length.

_ [OIOO]. Fig. 13 (b) shows the results of investigation of adenovirus E3 domain’s influence on

the proliferation inhibitory effect.-As shown in the Figure, AdMKG600 having E3 domain

exhibited about 10-fold potent proliferation inhibitory effect thén that of adenovirus having.
no B3 domain (Ad.MKGOO»AEB).'

{0101] Fig. 13 (c) shows the results of investigation of autitumbr effect of adenovirus in a

nude mouse subcutaneous transplantation model of .aboqt 5-100 mm diameter tumor. In the

Fig., black rhombus marks represent the results of administration of wild type adenovirus

AdWild, black square marks represent the results of administration of adenovirus AAMK600

having a midkine promoter, black (riangle marks represent the results. of administration of

adenovirus Ad-f-gal with inserted LacZ gene, and black round marks represent the results of



only Ad-MK600 was administered and the tumor volume was compared

after four weeks. The results are shown in Fig. 14dnotheskHgs (ecripaooanisaan

"Ad-MK600" shows the results @fs.administration of only Ad-MK600, and

each "293" and "A549" show the results of administration of the cancer
gene therapeutic drug of the present invention using 293 cells ‘and A549

| admmﬁé@ﬂg a&%&%@%%énsff%sﬁa%%t%wnw&%lwww%\ﬁ@uweam?nﬁw%wwed

f the Qan e therapeutic drug of the present invention showed

ﬂﬂtimm%s &afad Mé%c%l HGHIBE, wm?atian%?owxﬁ%memg
t diff ith that trol. [0103] Practicall
midine, M EEARE P A B e s e et SirorRarked
dlfferencgv erz?s% Sg{ve&j Qé/t\%gg IIQ[’:\EIOC%&%C?N{ 1r ?1? I(Ia%t%'ﬂcon ﬁ?ﬁ %uﬁl I% gn glaf? with
St

enovirus havin oter or midkine promoter a:
injected &&E&JX’[IC virus. The midkine promoter can be used for various malignant
tumors in addition to malignant glioma and is considered effective in the -

(0102] FEARSSEIherary ofiathenthanmalignanteliomnadedhiExample: Fad-MK600)
- Influences of Fe and ALA on the proliferation inhibitory effect of

was infeB@aNQYViEHS AGE3rlAdIBBlQvariantanaeicellshbY Weresulivfedimcer gene
12-well plate at a rate of 10,000 cells/well and FeSO4 was added at a

therapenitoniceptrdtitn oh&Rginih vagfivh, &.4gfminpnig!md ahathef\MDn200BA037 32 nly

_ (PCT/JP2004/015221) 34 following day and the cytolysis type adenovirus

- Ad-MKG6AQHES- k1 c3Bewaisizdd8d tolkllawd|Id SFReefroliferatiopdinhibiteis effdet dbove
the adenovirus was evaluated by IC50 after five days. The results are

mﬂnﬁonﬁéh@@/?ﬁM@lgelilﬁWWQH@RleaW\iérﬁc‘éF%qgléﬁb\ﬁé PPt afasPpleliy mm
of viruses at IC50 in each condition. As shown in the Figu

- massive WpaASFE IO TSI 1 EB S0 S S DO St Bbigention o
x and agmijnjstrati /mI of FeSO4 and the adenov
only AR HB N SRS N TEIMdbh TSR GHCL TS 8 el ooh
. only adenovirus. ad |n|sr ti 10 Next ! an.cancer.cell line
The 163‘& a\f\?asS&?JWureg |n 2ﬁ . pla{eaﬁﬁrate g;ﬁﬁ%ﬁgfo(:sg Ps‘?lwe ﬁe EFSHHS of

wdmlmstélgtm]' ”8%%? ﬁ'%ﬁ%l&%@) ¥as @'gﬂeeiﬁ%a’ C%}Pe‘%ﬁ@n QT&Q%E@I’ICSHHS of -

0.5g/ml or 0Og/ml on the following day and the cytolysis type
- administRARRONIUS: Adke3rAd,3Bhuasaadathig all yuellsrkha RRolifRiaiaRing 293 cells

inhibitory effect of the adenovirus
~and A549 cells as carrier cells, respectively. As shown in the Figure, administration of th_e_

cancer gene therapeutic drug of the present i11§ention showed complete disappearance of the
tumor. Administration of only Ad-MK600 showed almost no difference with that of control.
[0103] Practically, favorable therapeutic effects on the ovarian cancer zmd malignant glioma
were. observed by application of carrier cells such as A549 cells and 293 cells and adenovirus
having 1A1.3B promoter or midkine promoter as the oncolytic virus. The midkine promoter
can be used for various m_aﬁg_nant tumors in addition to malignant glioma and is considered
effective in the cancer therapy of other than malignant glioma.

[0104] [Example 5: Influences of Fe and ALA on the proliferation inhibitory effect of
adenovirus AdE3-1A1.3B]

Ovarian cancer cells HEY were cultured in 12-well plate at a rate of 10,000 cells/well and

FeSO; was added at a concentration of 50pg/ml, Spg/ml, 0.5pg/ml or Oug/ml on the



was evaluated by IC50 after five days. The results are shown in Fig. 16. In

the Fig., the vertical axis shows relative rate (vp/eall}@fwirusasaahn i)

each condition. As shown in the3Fig., administration of 50g/ml of ALA and

the adenovirus showed about 100-fold proliferation inhibitory effect to that

of only adenovirus administration. [0106] Furthermore, the ovarian cancer
fOUOWiﬂgcéﬂYI|ﬁédHEWQME§YéEﬂtWE%I ienadiweth pise Al Bhateappdoedo elirskilel The

d FeSO4 was added at a_concentration of 50g/ml, 5g/ml, 0.5g/ml or

thfmttfamﬂ%ww ﬁﬁiﬁ%.ﬁa Hﬁyﬁfﬁﬁ%&%ﬁdﬁq%\fe\}ff&w@@ify nAERbAFGsIaYS. The
AdE3-1A1.3B and f5 inolevulinic.ac ALA were add
reslts GBIl hs S8 FA e SAHN 1 B Rol UG pralTeterl) of
viruses atﬁh 'b"oré’ 8‘§f88£ iine gd@%uw FEVgluate rﬂh%&é afteg éfn%‘%/%esm
&resit 7 ows

ts are shown In In the [0] ure e vertlcal aXIS

and the égé%\éﬁu@%wéﬁ%%t% fyin/cglh %Mﬁhﬁ%ﬁ%@&x{%jﬂ‘gﬁﬂ?%fﬁé‘%'o{hd the

As shown in the Fig., concurrent administration of 50g/m

adenovirFERRFA0R/MM of ALAANE Lhe AdareviNs shawedsahent L, 000daldot only

proliferation inhibitory effect to that of only adenovirus administration.
adenovir@&oiGhRRaadministration of 5g/ml of FeSO4, 50g/ml of ALA and the
adenovirus showed about 700-fold proliferation inhibitory effect to that of
[0105] Nerly ddenowitus adodinisitation, AT eancuiteridadmiridtratibpiObginidte of
of FeS04,50g/rnl of ALA and the adenovirus showed WO 2005/037322 _
10,000 c¢RCTER 200401522 ) Shaboid 20040/d proliftndtion dobibsittntieffedtXoug/ml,
that of only adenovirus administration. [0107] As mentioned above, it was
Sug/ml, Bdne/thitoal AuafialFenmirke@loarhanéeytherdrdifepsirdrsinhibroryEfestus
of the oncg‘gtlc adenovirus AdE3-1A1.3B. ALA and Fe elevate the

AdE3- -Livlsé&ivies or'dadrevilisrae tﬁéem&ﬁ&%wrw%wc%ﬁ%fc%s@emVﬂus
I led i fectjvit f P

s v B e e St -fg- RBEL. oo

ecau éEh can |ncr

h titum fect
vrticsl SN0 B AREREU S St LOTR A T SeAeLAt 1 il shaAERdR e

amoun VIrUS production

Fig., ad%%s | ihe cells. %%?@Lﬂf %wg&otﬁs 3,RQIphyLn ”1%@@@"5%&&‘{(%0 fold

nto cancer c its met te protoporphyrin IX is likely to be

. prohfemﬁ%ﬁl{mﬂiﬁ{ Ry e RoRRPY AR MelahQliam;s ThiigamaeHnd has

photo-sensitizing effect and it can be utilized for the photodynamic therapy
[0106] Furthermore, the ovarian cancer cell line HEY was cultured in a 12-well plate at a rate

of 10,000 cells/well and FeSO4 was added at a concentration of 50ug/mi; Spg/ml, 0.5pg/ml or
Opg/ml on the following day. In addition, the cytolysis type adenovirus AdE3-1A1.3B and
- 50pg/ml of S-aminolevulinic acid (ALA) were added to each well. Only the adenovirus was
added to a control. The proliferation inhibitory effect of the adenovirus was evaluated by ICs
after five days. The results are shown in Fig. 17. In the Figure, the vertical axis shows relative
administration rate (vp/cell) of viruses at ICsp in each condition. As shown in the Fig.,
concurrent administration of 50pg/ml of FeSOy, 50pug/ml of ALA and the adenovirus showed
about 1,000-fold proliferation inhibitory effect to that of only adenovirus administration.
Concurrent administration of Spg/ml of FeSO4 50pg/ml of ALA and the adenovirus showed
about 700-fold proliferation inhibitory effect to that of only adenovirus administration, and

concurrent administration of 0.5pg/ml of FeSOy4 50ug/ml of ALA and the adenovirus showed



(PDT) of superficial cancer, together with exeimer dye laser. [0109] Above
mentioned protoporphyrin IX binds with Fe to givewahemead $eums oo4/015221)
hence proteins such as cytochraéme in. cells. The heme proteins are
involved in respiratory system in intracellular mitochondria, ATP
roduction and protein synthesis. Thus, the heme proteins are involved in
about 200:oldinrelifersign ntehitnRgepiesd i tbe of tidyatisnevirus Ihénkdetiovirus
. nfected, Th r(%ore, promotion of the porphyrin metabolism may lead to
(0107}, ’%ﬁe THEH Béﬁo%u‘gaﬁro@ﬂgﬁoﬁ}%ﬂgﬁﬁé%d&em@m%he?&%m the:
..._drug of the present invention, as well as the cancer gene therapy of the
* proliferaiyon RO T S ARG T S B sl ofeck b and Fe clevae
Che opcurrent use of Fe .and{or porphyrin.compounds such as ALA. That |s,
the mfecgg\rﬁ@ur?gna[dﬁggvé eagﬁ{ld or grc[)lrg l)/triﬁfcgurﬁﬁo Hgéugﬂ%’:ﬁeﬂﬂ&e el assay

revealed -EiHa%QQ%Siﬂfg&wr ﬁffﬁ&&nSVﬁGsu&%W@?%fﬁg '%v%k%féﬁr%?ééé’aes& rgsgrllttl)%ﬁt of.

in the presence of antibodies, by acceleration of the CTL response
 adenovirGaysshbyciherngraasedadenevius REGGHEHOR i e L188% CBUSause they can

b

Concurrent use of Fe and/or porphyrin compounds can enhance

increase aRditifof effecifnataphiiisasyngeaicoRUaedMBE el Mt i HIMURE: SYSI8Mtion
but also in a human body. [0111] In the cancer gene therapy using the

within theredlytic virus, concurrent use of Fe and/or WO 2005/037322
(PCT/IP2004/015221) 36 porphyrin compounds such as ALA is expected

[0108] Ad-énisakoevthetthbeapeptivkffact tevebolithaakarriep dells aracot ugidand its

e [0112] [Example 6: Investigation for optimization of cancer therapy using

metabolifp ¢ edge ieie [hay kelititodragestuns pirsb bt emipni Mhedoltoliimg 3 his
series of experiments was carried out to optimize cancer therapy using the

compound, has phaestieiipBardarigut théprdsentlitsdntisrino phajosy Rratiatherapy
'nvesté%ai%ilon of in vivo antitumor effect of the cancer gene therapeutic

(PDT) 0 BT the Blede HSRUSh B\ BSFoFESSh a similar manner to the

| [0109] ﬁ%?%%ﬁ?&%%@ﬁg [EPF 9, 7““%?%@1:{15&]5%} ﬁir%%ot%s %@%rlrlnne]%%efﬁg%g%s heme:

?T'I L]iieljlw normal Immune syste _ _
B
: iﬁtraceilulari mitochondria, ATP production and protein synthesis. Thus, the heme proteins are
involved in protein_synthesis', including production of the adenovirus if the adc;novﬁ*us
infected. Therefore, promotion of the porphyrin metabolism may lead to the increased
adenovirus production.
[0110] The cancer gene therapeutic drug of the present invention, as well as the cancer gene
therapy of the present inventioﬁ, can forther increase the therapeutic effect by concurrent use -
of Fe and/or porphyrin compounds such as ALA. That is, concurrent use of Fe and/or
porphyrin compounds such as ALA enhances antitumor effect, even under an infection
suppressive condition in fhe presence of antibodies, by acceleration of the CTL response
caused by the increased adenovirus production in the target cells. Concurrent use of Fe and/or
porphyrin compounds can enhance antitumor effect not only in a syngenic mouse model with

immune system but also in a haman body.

{0111] In the cancer gene therapy using the oncolytic virus, concurrent use of Fe and/or



-twelve weeks later, ovarian cancer cells OVHM were subcutaneously

transplanted at a rate of 1X106 cells per mouse tq o8 PrbQrbamtdhaN 5221
Then, A549 cells (Ad-A549) infegted with the above mentioned

adenovirus AJE3-1A1.3B at a rate of 250 vp/cell were administered in the
_ tumor. A non-proliferative adenovirus having no El gene was used as the
porphyrigipggsriginttiorigicaftie sihesiechiprakpeifibalipendendvielfstdeBegaf the -

. with inserted LacZ gene at the downstream of CMV promoter without

carrier cols A AARSEY- UV irradiation was used and intracutaneouslyadministered

at a rate of IX1010 vp per mouse. The carrier cells, A549 cells, were .
[OT12] iy anhBifof (e Steipat P aliee 8t BBEE Pl R ABFHRISIETEE iR tnerisioRene
therapeu%g}?lgss fht a rate %éé&%%cells per once and six times in total. [0114]

its 6Pt Seeré[bove exf)1 riment are shown in Fig. 18 (a) and (b). In

Tﬁe follc?\n%:n' Y3 iésladéﬁi%héﬁfigf 053%5 SR [%tﬁ%‘?%tsa%ggfet aetl):z? VY usin% the | |

loned experiment, 9" represents the results of a mlrﬁgtratlo

cancer gOf PN PSRRI S AdsEOal dgRERSENts the results of

administration of only the Ad-B-gal for treatment (not as the virus for

| [0113] APHRYNelogicaliRament) a2 iaaniR): sepresents tgdesiis aferapeutic drug
: administration of PBS buffer. Number (n) of mice in each group having

of the priiverafimaliois shopaibnabn thagiapmbi@ahahos hgobseneddesulisrig. 7
_ of tumor volume of each mouse for a comparatively short period WO. :
using a 20064037322 (ROT/IRRDO4OEE22 1)C ST btk GRdHl) (B Ismowsdhewvith normal
observed results of survival rate of mouse in each group for a long period.
immune Asy seownibythisesepgraptisisa (fobemlifd ¥ive Hatitlidhoneffectol/as wbskrwidd was
o _in "Ad-B-gal->Ad-A549". [0115] Administration interval between :
mmunizgdniinidteanss dptriBeaddmitastiaionisimint oficdraatingitdndetaicst, and
the carrier cell was investi%lated. This experiment was similarly carried out -

- twelve ek RiFFFGRAE SREERE FoH R VENb IS ThaRUL B tHEba AT HGtRARb AL 2 rate of
. intervals and infection of adenovirus 3-1A1,3B with carrier A549 cell, . -
Ue10° S GRS B 51 767 Ths USRS FRRE S60 AR Lo HFTIACAL G vit
the abmf’ how ilgngchgadle%cge[i)r[asn ﬂé@s-%f@ﬁ‘ﬁ@%egfﬁ%’v%%YYWe%Q h]d%\{\{"}i%%d in
G 82500 represent the results of experiments with above mentioned

the urmBEMNNRHREIRRINENAIS Al A WE Rk R hY ek he-trwvaeks andnd &2 for
- weeks, respectively. Number (n) of mice in each group having five animals - -
.immundﬁ)gé‘ély\’t@eatment, more specifically, adenovirus Ad-B-gal with inserted LacZ gene at._ R
the downstream of CMV promoter without inactivation' by UV. irradiation was used and
“intracutaneously administered at a rate of 1x10™ vp per mousé, The carrier cells, A549 ceHS,
were irradiation treated ai a dose of 200 Gy and were administered in the tamor of mouse at a
rate of 5>'<1()'6 cells pér once and six times in total.
[0114] The results of the above experiment are shown in Fig. 18 (a) and (b). In each graph,
.“Ad—B-galﬁAd—AS 49” represents the results of the above mentioned experiment, “Ad-A549”
represents the results of administration of only the carrier cells, “Ad-B-gal” fepresents the
results of administration of only the Ad-B-gal for treatment (not as the virus for
immunological treatment), and “control” represents the results of administration of PBS
| buffer. Number (n) of mice in each group having five animals is shown by n=5. The graph (a)

shows the observed results of tumor volume of each mouse for a comparatively short period



by n=5. As shown by these Figures, the best antitumor effect was
obtained when above mentioned administration intesvabywas sebatEQodbois221)
weeks. As shown by the present &kperiments, when the adenovirus
- Ad-B-gal without inactivation is administered as the virus for _
immunological treatment, the CTL reaction by T cells is considered to §
and grap (hhibopretisnihisvet Bsslis Poss vabréanePpsaiinisuemen, for a long
<od compared with %uppression Qf infection due to neutrali_zing antibodies. o
period. 1631 7 RBbVY nidtitio REE XntirfStEtio Rt inteR 0L Prteratfr tohe sHiirpd in
« considerationof the clinical application. Then, whether the above
' Ad'ﬁ'%?%ﬁf%‘o%eg %%ministration interval can be made short by the use of -
o151 JagivatRdiagenRS, AL B:0akas e s fprivmunolagical treatment,
S e e BRI B PRI gt
‘treatmefAGV e, eRNAYIUS MY - Broal v Fadiation was Usedasigy cared

virus for immunological treatment, the above mentioned administration

out as inferualget akfeucyeaks alethraeweekanshows fayQERig apiteMOitervals and
effect, that is, inactivation of the virus for immunological treatment can -

infectioghiiriga e alouEEMeAtione dvadranisiralIminéarves 4o,phelt 3-4 weeks.
_ [0118] Above mentioned experiments were similarly carried out to those of .

[0116] Ekperimbntst dowini Figntild:ekeaptfonthes fallosingrpioiritss. inactiyated (b). In
~adenovirus UV-Ad-B-gal was WO 2005/037322 (PCT/JP2004/015221) 38 :

- each grapkd @s4né,vii8 10 ihthilihelogivhl treaivéntetitesabiote WAguNd-B- gaperiments

B was intracutaneously administered at a rate of 1X107 vp per mouse, the

with abspyevasnbptiehadadiirmsaatisrednel-thereckst fothreelnedRsl Foteeks and

weeks, five weeks or six weeks, and carrier A549 cell was jnfected with

- 16-22 wReksqEBGRUSCAIERITRY AR &F 25t B3y SR, UMb ANt PE Rt s shown

_.each group having 10 animals,is shown hy n=10, [0119] Fig, 21 shows the,
oy 1= B LU DEtoh BT Tieale BT nd U W EASD3UE TCRIBhagch 2oove

mentioi%y'Aagﬁ%fgﬁllt‘ﬁ\[%% ”1%?%%%6 t%%s\/i@ B T immyn 8&918.""(;,&@9%5{9%% lgglf t&%l Jesent

experiment, the rate o -Ad-B-gal was changed in arange

experinYhiQ %%&1&1@adg&%§&p9{&%@5&%&%&@%&%&3&ii@r&ﬁeﬁmmhs&omg virus

In Fig. 20 except for above mentioned administration interval was set at

for imBNESKSa hetaaul Shawedthatdhaimief YVeAd-BoabaeiRbdX 187 ¥hcome
- gave the best antitumor effect. (From this result, the rate of
predominant at about 10-15 weeks after the administration, com_pamd with suppression of
infection due to neutralizing antibodies.
[0117] Above mentioned édministration interval is preferably to be short in consideration of
the clinical application. Then, whether the above mentioned administration interval can be
m_ade short by the use of inactivated adenovirus Ad-B-gal as the virus for immunological
treatment was investigated. As shown in Fig. 20, it was found that when the inactivated
~ adenovirus UV-Ad-B-gal by UV imadiation was used as the virus for immunolbgical
treatment, the above mentioned administration interval set at four weeks or three weeks
shows favorable antitumor effect, that is, inactivation of the virus for immunological
treatment can shorten the above mentioned administration interval to about 3-4 weeks.

[0118] Above mentioned experiments were similarly carried out to those of experiments

shown in Fig. 18 except for the following points; inactivated adenovirus UV-Ad-B-gal was



UV-Ad-B-gal was set at 1X107 vp in the experiment shown in Fig. 20).

" [0120] Fig. 22 (a) and (b) show the results of investigationofaffectatoo s
tumor immunization (tumor vacgination). Above mentioned UV-Ad-B-gal
was intracutaneously administered at a rate of 1X107 vp per mouse and
after 10 days, for tumor vaccination, irradiated ovarian cancer cells

used as ey foeresuimalpme dutmank e i B Yatelob-gxl oBsdegcutaneously
Simultaneouslﬁ,@iﬁpamous ep. cancer cells SCCY or ovarian cancer cells

administegsd @i R FedUBt ta B AT IR HaRs AR S e RARNGH 3B B SLifdiopatervals

AdE3-IA1.3B infected Ap49 cells W%ire administered aéa rate oggx
- were sel (RIS e S tthed & et -id"'rn%ﬁ‘u‘ﬂ%%?s(iﬁ“{ HGT Shn

06
% ncgg} was
infected w IYIHM'E%E;A&EE’&? %&-’ﬁ%ogv%élﬁgd tgt\fkt‘h@/l 6?36%%%9%11586%&%&&{{?% in

administered mouse s marked inhibition of tumor growth
each grou RIBHRYRNINLEAMRRHSAA 1 the gontrol group (in the Fig,, "SCC7"
' represents SCC7 tumor treated by the carrier cell without tumor -
[0119] Fyaceinaion samek" QWi Jepresants:QY HY tongetrepted by e wwaghiesibove
: cell without tumor vaccination). Especially, by the tumor vaccination with
mentionetrashated-rOdHM follawedd by the cariierfoell neatmelgifalimechériMIn  this
tumor completely disappeared in all mice without recurrence. [0121] Fig.
experimef8 ghowsthe ﬁﬁsmiéﬁﬂiﬁvgﬂtiga&i@hw@mmnrwmnaﬁof%m%vp to 1x10! vps
non-small-cell WO 20051037322 (PCT/JP2004/015221) - 39, lung cancer -
The expoaBad:telss |nahisdexperimeitliradintéepnBhovse s idfectéd wikept for above
adenovirus AdE3-1A1.3B at a rate of 100 vp/cell were subcutaneously
~ mentionegaaspiaisteriian A B 616 bl perkiodde mial 405, Batignrate of
- cancer cells OVHM were subcutanequsly transplanted at a rate of 1X106
UV-Ad-fegas st it (iHRnE Eighe RGE 3BT THEa ABH9 IS SRR adge rate of
showed marked i)rélaibition of tumar growth and IPEO“f ration in comparison
up

UV’Ad'Bt@%g%ﬁetfé‘f bt .V@H%QBIP@?F "y ilf ?Or‘é'lﬂrle.se $OVHM tumor treated -
01201 7Y, PE RIS BT RS SR sRaeinatamo il MAkeer IRLeN Behifhion

rviv bove mentioned results show that the antitumor

e oo L e antumer
- (turor vERGELE I%A}Iggﬁ&%%&%%ﬂ '?}’V—%Hlﬁfgﬂ%&%%&%%ﬁﬁ@ff%Hh&ﬂﬂ&éled at a

cancer cells Then, the effect o administration of atelocollagen
rate of 1%3@@%}? Withothe GRINatealh was, invashigatededminisnexReaiment s4R cancer

_ cells infected with a predetermined amount of _
cells OVHM were subcutaneously transplanted at a rate of 1x10° cells. Simultaneously,
SQUANMOouSs ep. cancer ce.lls SCC7 or ovarian cancer cells OVHM were subcutaneousiy
transplanted at a rate of 1x10° cells. Then, AdE3-1A13B infected A549 cells were
adm.inistéred at a rate of 5%10° cells to mice six times in a formed 5-10 mm tumor (in the Fig.,
shown by “OVHM-RT+Ad-8-gal~»-SCC7” and “OVHM—R’f*i-Ad~B~gal-+>OVI"IM”). The
administered mouse showed marked inhibition of tumor growth and proliferation in
comparison to the control group (in the Fig.,, “SCCT” represents SCCT tumor treated by the
carrier cell without tumor vaceination, and “OVHM” represents OVHM tumor treated by the
carrier cell without tumor vaccination). Especially, by the tumor vaccination with irradiated
OVHM followed by the carrier cell treatment, formed OVHM tumor completely disappeared

in all mice without recurrence.

[0121] Fig. 23 shows the results of investigation of tumor vaccination with non-small-cell



adenovirus AdE3-1A1.3B were administered to 5- to 10-week-old
(C57BL/6XC3IHe) FI mouse at a rate of 5x106 cellshyosrixing (»cr/ip2004/0152213
atelocollagen to make final concéftration of 0.1%, and it was investigated
whether the death rate caused by the side effect due to the administration
of adenovirus was jmproved. The results are shown in Fig. 24. In the Fig.,
lng Canée‘rléﬁfj'ﬂa?e &prlé*sé‘ﬁfs%ﬁ%erég% Hrutintifistrtion disa afasﬁa@éh adenovirus
her with ad |ru E3-1.3B infected A549 cells rate of 5
g O T B Aree hoaht s e gt of 1<10°

1 |n|sAﬁ1t| of adenovirus AdE31 B{# ﬁ%led A549 eIs ata
el pe §“ e e ey e R e A s

at a ratelrafn&ﬁs@ cefimpiiancous adminisrationyehatelacqliagen damatieliyne) also

reduced the death rate caused by the side effect and the administration

showed @0SRc2MMS;INGIeasandhisMay Recarsed RY dheniRiianel w te control
adenovirus dispersion and the blockage of anti-adenovirus neutralizing -

group (iandibopy . bydkeielaeplagan. (DTRAIAGRBOWRARONS: SICHANROMS] without -
' administration of atelocollagen and carrier cells suppressed the side

tumor vedectiangl aithghadost agminiairation i-atdenowius became possible.
Next, the adenovirus Ad-B-gal without inactivation treatment was

[0122] Abenvinistergdnedcestlitcelorthiiee thtoaimouse, difdncreasee obtained even by
anti-adenovirus -antibody in the blood by the booster effect. WO

. tumor VEGOBAEY ) (PETrIP RO 0 GEe) callsAfter that, antitumor effect was

investigated in each mause. In this experiment, adenovirus Ad-B-gal was

10123) Vite thrieko6H (R HAIHENr S8 HrlpSHERRCEI RSB B TSR et cell was
d trati f k rate of 1x1010 v
mvestegldhodid né”v%?f%“i’%ﬁﬁeiﬁf D SPErS UbButardon etrwaﬁ%sp@rﬁ%au of
adenovuausa[{g{%oi&f( %%6 & S RELI Herg%qofogmt%k mre%kucj}moé ?%e) Fl

flona y mixe

carrier cells were a mlnlstere In_the tumor ceIIs 0]

mouse a\é’lﬁ}%? %f?ﬂ%w@gﬁs%ﬁ AS% rt@ﬁ&ﬁ ’?gﬁ[g thﬁj&f?ﬁﬁedocfo%m{ﬁ?cﬂfof 0.1%, -

Ab49 cells and 293 cells infetted with adenovirus

and it HIEIIALIR A AHAIRPIRO R Mereaduinisiergd A& A@ect due to the
of3.75x10 cells and 293 cells infected with adenovirus AJE3-IA1.3B at

adminisB4@da of 10eviaelsvere Administenat b AR O FaXkOBisells, In the T1g a,

respectively, in the tumor for one administration. These two kinds of
right bacaspessealls ere adminisigredisatimes intolatoheeresulisharevgiowte b virus

Fig. 25 (a) and (b).

AdE3-1.3B infected A549 cells at a rate of 50 vp/eell or 250 vp/eell. Left and central bars
represent the results of administration of adenovirus AdE3-1.3B infected AS49 cells at a rate
of 5 vp/cell and 50 vp/cell, respectively (o atelocollagen is mixed). As shown in the Fig.,
simultaneous administfation of atelocollagen dramatically reduced the death rate caused by
the side effect and the administration dose can be increased. This may be caused by the
inhibition of adenovirus dispersion and the blockage of anti-adenovirus nentralizing antibody
by the atelocollagen.

[0124] As shown above, simultaneous administration of atelocollagen and carrier cells
suppressed the side effect and a high dose administration of adenovirus became possible.

Next, the adenovirus Ad-f-gal without inactivation treatment was administered once, twice

or thrice into a mouse, to increase anti-adenovirus antibody in the blood by the booster effect.



In case of administrations of only A549 cells, A549 cells infected with

adenovirus AdE3-IA1.3B at a rate of 50 vp/cell wege, sdapRisierad Aot saany
rate of 7.5X 106 cells per mouse 4p the tumor for one administration. The

carrier cells were administered six times in total. The results are shown in
Fig. 26 (a) and (b). In the Fig. 25 and Fig. 26, "xI", "x2" and "x3" represent
- After thahapssuRSTOP Brriew i Bttt @aehviinstrations Sfiadenovinest, adenovirus |

Ad-B-gal, respectively. As shown in these figures, carrier cells showed
Ad-B-gabiifn FRET eEt BUSHIR ANBIANAISYIaS araRoa dosTI- Y& ealisarouse

by the several administrations of adenovirys Ad-B-gal. The mixture of

(adminisar phEVARY 1298 E’Y&‘Fé%é‘é& B Atk il ehothet e Auiiasupngst cells
that of dmlnlstr on of 549 cells. [0126} Fig. 27 (a) and (b) show

OVEM e SR 8‘&?8 SR R B BB s g o

tumor & ‘u‘é@rﬂ?{d? é%%’\%iegrcceé @;&‘gt% x‘@ﬂ%ps (%% rﬁz t%getﬁ%vﬁua\p‘gg s, bp%onaﬁy

t also expreSS|on vec or, an r together wi ith

mixed wAiSRROUaRER, I tiss QXRGFiBERLRIENovirus Ad-B-gal was administered

once, twice or thrice (every four weeks at a rate of 1x1010 vp) to

[0125] 1R-WEEk ol (G RtRI RG3/ bk s eeit a S iRy alROME! It ith adenovirus
experiment shown in Fig. 26. Then, ovarian cancer cells OVFIM were

AdE3-1subataneuslyftrnsplasied at adatmfdel 01 Q callsdVO730969037322d 293
(PCT/jP2004/015221) 41 per mouse. After formation of tumor with 5-10

cells infeoraddiamhesdenisradiatedavtier Galls(AT4Q oells) wetelndministarads@red at a

_ the tumor. The carrier cells were infected with adenovirus AJdE3-1A1.3B

rafe of Sl acidfecolsgesivahd B @M-GSEeRpressioimiecton{anediosantitv kinds of

~ - inserted a GM-CSF gene at the adenovirus El gene deficient site and at

carrier cehls wevpristreigintered My tipromoterpht R ears Gt sLopieain ThEiprapdredad (b).

irradiated A549 cells were administered in the tumor at a rate of 7.5X106

In casecgfis afspainEPiAth aleloebiladen’cBittentiation cilb. l‘ﬂffq@ﬁoﬁé‘h adenovirus
' istration se were three tlmes (X3) administ total. [0127] -

- AdE3- l?ﬁgﬁ]"ﬁ (A R o BRSO A, SRR &rég higtggouse i
esults of ahove m ntlo%d ex erlm%gu t, "Ad-Bs nstd

' the tumor %01 one. a mmsna{ & CAlTIer s 'were ad Slx tzmes total, The
rep resents the results of six times™ (X6) administr IOHS O carrier cells

results c{é %%&ﬁ”ﬁl) ﬁfgecigd( 't}hﬁ@%%ﬁgg? Aﬂgonephlgmmé%éat%(?t 5Q<\QP/ CeA X3

in the tumor ata rate f 7.5 tration. A% shown In

represent the results of once, fwice and thrice administrations of adenowruS'Ad—B—gaL
respectively. As shown in these figures, carrier cells showed antitumor effect even in
anti-aderovirus antibody positive mouse, caused by the several administrations of adenovirus
Ad-B-gal. The mixture of A549 cells and 293 cells used as carrier cells showed superior result
to that of administration of only A549 cells.

{0126} Fig. 27 () and (b) show the results of investigation of in vivo antitumor effect by
administration of carrier cells (A549 cells) infected with not only adenovirus AAE3-1A1.3B
but also GM-CSF expression vector, and further together with atelocollagen. In this
experiment, adenovirus Ad--gal was administered once, twice or thrice (every four weeks at

a rate of 1x10" vp) to S-week-old (CSTBL/GXC3/II3) F1 mouse in a similar manner with

experiment shown in Fig. 26.

Then, ovarian cancer cells OVHM were subcataneously transplanted at a rate of 1x10'% cells



the Figure, three times administrations of "AdE3-1Al.3B+GMCSF" showed
more potent in vivo antitumor effect than that of sixdines.administatiaons 5.,
of "AdE3-1A1.3B", in all once, twite and thrice administrations of
-adenovirus Ad-B-gal. [0128] Above results showed that infection of not
only the oncolytic adenovirus but also GM-CSF expression vector to the '

per mouse it dEmelaryrbiiddnieiticantérpeipyicion 20ptigied & (e et ) (AS49

' show the resulgs of investigation of effect of intraperitoneal administration
r

cells) B R Bt o el YR fim6r BT RelSaditimistsabs. ithigdenovirus
iment, adengqvirus Ad-B- ce, twice or thrice administered .
A G U e S SR iRy . st
a GM-C@WE%Q!E’ t(}%SJc@ﬁé%gssﬁe%Q MRS Ihs% QYA nh%a C\%El clt?(lzlgm of CMV -
. OVHM were subcutaneously transp anteg atarate o ixl cells per

promoteﬁ‘99§@at@fﬁ%rIf?UIB)@Q@.”I‘PMH@Bﬁﬁéﬁtﬂéﬁgéﬂrﬁﬂ§r@§iﬁgrwiéf@_thqgiﬁ@f&? o the

cells were administered in the tumor. A549 cells infected with adenovirus
tumor atAdfe:bAT.3818¢ adateiof RevRicr hwrka usechasdhe£arish RIS AR for one
o administered at a rate of 7.5X106 cells for one administration. At the time -
administedtoarriehselbagminisiraton (80 hdudeéived dextran (Fe-Dextran) was
_ intraperitoneally administered as an iron preparation. These were three
[0127] Tdrhgs QX3)eadmiriiste’ad-ib-tolakGld& 3rdrm prépatatidriwasealegents the results of
administered in every 42 WO 2005/037322 (PCT/3P2004/01522])
‘above mgstasishyx[01B0h Figl-Batdradtib), AAG B gaproadB 8 thA Te8BisFe" six times
represents the results of above experiment. "Ad-B-gal->AM-1A1.3B"

(%6} adminpbiadings thlecrednsdpdid es (xbin kamthistrandasoisaridbdelid 1 38 at a
o 549 cells) infected with adenpyvirus Ad.E3-1A1.3B at a rate of 50 vp/cell .
ot of S RUF R P W17 8105 ol Lo el Qe AU A Sn AT
o . the Figure, tree;times administrati f" -TAl +Fe" showed more
R et e s e

s b 3-1AL.3B" (inwhich ¢ nly_the. carri ‘ inj d)..|
W.‘,_)O an[l(.o‘gll%r e’?fec%%mgrg%[: I&P 3(1:% ﬁheg nag?ﬁéﬁtssqg%&grsec §g§/r\§&i€§cﬁ%@g@a§ﬁr§i}%ﬂ%ncq

all once, twice an rice administr

twice anﬁ\p@ﬂger%%tﬁsﬁm%ggJp%&ggmgiﬁ%gﬁagministration of the carrier cell

with an iron preparation is very effective’in cancer therapy. [0132] Then, a

- [0128] %@%ﬁ@é@@s{i%%ﬂeuﬂaﬁ iRHiatian-BYROSUIR IretMant LA hE GATHBLEEHRs but also
erore i :

GM-CSF expression vector to the carrier cells is very effective in cancer therapy.

3

[0129] Fig. 28 (a) and (b) show the results of investigation of effect of intraperitoneal
administration of an iron preparation at the time of c’arrit;r cell administration. In this
exiaeriment, adenovirus Ad-B-gal was once, twice or thrice administered (every four weeks at.
~ arate of 1%10% vp for one administration) to 5-week-old {C57BL/6XC3/He) F1 mouse. Then
ovarian cancer cells OVHM were subcutaneously transplanted at a rate of 1x10° cells per
mouse. ‘After formation of tumor with 3-10 mm diameter, irradiated carrier cells were.
administered iIn the tumor. A549 cells infected with adenovirus AdE3-1A1.3B at a rate of 50
- vpleell were used as the carrier cells and administered at a rate of 7.5%10° cells for one
administration. At the time of carmier cell administration, 0.01 mg of iron dextran
(Fe—Dextraﬂ} was intraperitoneally administered as an iron preparation. These were three

times (X3) administered in total (the iron preparation was also administered in every



administration was investigated. In the experiment, 5-week-old nude

mouse was used and A549 cells were irradiated atvdiffeseat:dogesachs/os221)

then subcutaneously transplanted?at a rate of 1x107 cells per mouse, and

the formation and growth of the tumor was observed. The results are
Occasionahown in Fig. 29. As shown in the Figure, formation and growth of tumor

vas inhibited by setting the radiation dose at 120 Gy or over. [0133] Inan

- eriment using (Go/BL/6XC3/He) F1 mause, Eig. 30 shows the results .
10130} hgf?ﬁ'ivgegs%éaq%ﬁ%} ’aﬁ[ﬁ%%!?ﬁ%ée egtﬁ\khléléf\rnﬁg Jcregf;riegreﬁbqwm%h@ &Ny of above

: re dreated by ragiati ith.various doses..In this experiment, .
_eXpenméggenoﬁﬁE%@ %ggg%mg? administered tothg-wreeéel-)tgd Ob six  times . (x6)

administkbeRABl/OXGAMHRL I MBYse a6 3 Aol wif %Qié/ipﬁ\}?if&%rlﬂ[%?:\fvleﬁ k%’Bthf‘ :

- - ‘ rate
ovarian cancer cells OVHM were subcutaneously transplanted at arate S
of 50 vploelDf pes mausetAfter: formation of Jumes With 240 mmdigMEeLLEALIeL the
cells irradiated at a dose of 50 Gy, 1.00 Gy, 200 Gy or 400 Gy were '
Figure, ddeninisteseddmithiettaioas. ABA dells infected Mithsadepavitese potent in vivo
'AdE3-1A1.3B at a rate of 50 vp/cell were used as the carrier cells and
antitum oz insistbredthrtaofasx ¢S xt06ivels fonend dduitfisteation. The eandarcase,
cells were six times administered in total. The results showed a more
only thefgopighleetbsHipatadmiativtrabséroriooncy thasahaththbdiatiom\W@rations of
: . 20051037322 (PCT/JP2004/015221) 43, dose of 200 Gy. [0134] Fig. 31
- adenovirgp Agbagalresults of investigation for the amount of infection of the
o ncolytic virus to the carrier cell. In this experiment, adenovirus Ad-B-gal
(01311 ARRE Fisilit At th T8 Rt e s AmEX s ie®) 1l sasaencalkatlonn iron
e amti%%(lé)\lfgrVBffg‘fE?Jef?ﬁJE g"{%gkﬁ' ovarian cancer cells OVHM were . '
prepare A fanted Af%'tate of 1X106 cells. After formation of - -

suk%cuta E‘OUSCIy transplan

0132] %Héﬂ?ﬁ‘?’iﬁla%&? 485 ﬂi@ee}%&iEﬁ‘&g‘%ﬁﬁ'&%i@?;%?q%h%ﬁ?)zgrz%%i%%?fﬁ AL A¢ pefore

2T ¢
ose of 250 Gy were administere e tumor. The amount 0 m*ecetlon

administfRIENAVIUS AGE: ééAh?’%l@t%g?)%lgﬁ@}ﬁr §§{%@E§;§?Eﬁ9@ YR(G8!@ROused and

vp/cell or 500 vp/cell. The carrier cells were administered at a rate of

A549 cellsS¥drOfaelladonongradminisisation. degeMRuMIBING CRUHNSRILA at a rate of

_ administration, atelocollagen (concentration 0.1%) was concurrently
1x107 caaldrpinisietad, imtheh ddppenheseivess 8domes administessspdotalhe results

_ The results showed most favorable result at the infection rate of 250

- are showpioellig 2@l fauntothatinaties Bz iind-A0thwpioetighye feosablenor was inhibited
by setting the radiation dose at 120 Gy or over.

01331 In én experiment using (C57BL/6XC3/He) FI mouse, Fig. 30 shows the results of
investigation of antitumor effect when the carrier cells (AS549 cells) were treated by radiation -
with various doses. In this experiment, adenévims UV-Ad-B-gal was administered to
S-week-old (C57BL/6XC3/He) F1 mouse at a rate of 1x10Y vp. After five weeks, the ovarian
cancer cells OVHM were subcutaneously transplanted at a rate of 1x10° per mouse. After
formation of tumor with 5-10 mm diameter, carrier cells irradiated at 2 dose of 50 Gy, 100 Gy,
200 Gy or 400 Gy were administered in the tumor. AS549 cells infected with adenovirus
AdE3-1A1.3B at a rate of 50 vp/cell were used as the carrier cells and administered at a rate
of 7.5%10° cells for one administration. The carrier cells were six times administered in total.

The resuits showed a more favorable result at radiation dose of 400 Gy than that at radiation



results. [0135] Fig. 32 (a) and (b) show the results of investigation of effect
of tumor vaccination in a similar experiment to that'showmsin2kgcBie2tn:nis2z1y
this experiment, adenoviru.s Ad-Bigal was administered to 5-week-old
_ (C57L/6XC3/He) F'l mouse at a rate of 1X1010 vp. After four weeks, for
dose of ngqér.vaccination, ovarian cancer cells OVHM-RT irradiated at a dose of
3 was subcutaneously transplanted at a rate of 1X106cells. Then, :
' r k bgutane rar ted at a rate of .
O e s Tt of ko o Do PEROINES 3 AR Rlowe

virustolr@Rtediradialad o aifosspmO Gy Wanadministeredhindig M isiered to
A549 cells infected with adenovirus AJE3-1A1.3B at a rate of 50 vp/cell

5-week-Wer@¥semkas Ihesariancels and administeedain e offPXAAR:cellsirian
for one administration. Together with the carrier cell administration,

cancer @iédocoligen (eoncanicatiordddfo)wasbonedrenty radmninistergt iajthe After

- tumor. These were three times administered in total. The results showed

formatiomafkethimhiGition- bh twmatigroveth ervd grotifisrationtintie) mousstadit a dose of
tumor vaccination (in the Fig., "OVHM-RI'-A549") in comparison to the

250 Gy vvorsdwrirdeictlin ohe/aremalibn (inctine dinfersaos) atbreosungved Fate A1.35
was also greatly improved. WO 2005/037322 (PCT/JP2004/015221) 44

to the cragapFAbaas redlukllsHBliathat ie Ukéeclr aumbP vavemhatibrepravigesells were

rable antitumor effect together with the use of the cancer gene _

ga?)‘e%ﬁ%t‘a%7o?>fﬁ@ (Sresel iﬁ%ﬁﬁe}ﬁﬁ}ﬁﬁmiai%heam@ b sy cell

... described above, the cancer gene therapeutic drug of the present

- adminis O R ARPR AR, ey o rpistered in the

tumor. THERS 8}8% e Jtdﬁﬁ%ﬁﬂgt%%%téﬁmg[a?ﬁﬁ% 1'(%%'&9 3 ve 'ihaor.)s%cf%‘tr\]/g?z{ble result at
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squamous epithellum cancers (e.g. uterine cervix cancer, cutaneous

" the iﬁfe%‘ﬁirl‘&@%fhﬁ%j Qﬁféerl‘ﬁczlﬁﬁafb‘}ﬁfd ?ﬁﬁpi’tﬁ‘@?%'fcf‘ﬂ?-@,bé%w&@ g%?&'o’rable -

digestive tract cancers - (e.g. colonic cancer, pancreatic cancel; hepatic
resnlts. cancer and gastric cancer), neurobl.astoma, cerebral tumor, mammary
cancer, testicular cancer and prostatic cancer. WO 2005/037322 -

[01357 KRG IRROQA(01 5224 thé Dbl M3nvestigation of effect of tumor vaccination in a
éimilar experiment to that shown in Fig. 31, in this experiment, adenovirus Ad-B-gal was
administered to S-week-old (CSTL/6XC3/He) Fl mouse at a mte; of 1><10.10 vp. After fo.ur
~weeks, for tumor vaccination, ovarian cancer cells OVHM-RT irradiated at a dose of 80 Gy
was subcutaneously transplanted at a rate of [x10° ;:elis. Then, ovarian cancer cells OVHM
were subcutaneously transplanted at a rate of 1x10° cells. After formation of tumor with 5-10
mm diameter, carrier cells (reated irradiated at a dose of 250 Gy was administered in the
tumor. A549 cells infected with adenovirus AdE3-1A1.3B at a rate of 50 vp/cell were used as
the carrier cells and administered at a rate of 7.5x10° cells for one administration. Together
with the carrier cell administration, atelocollagen (concentration 0.1%) was concur}:ently.
administered in the tumor. These were three times administered in total. The results showed
marked inhibition of tumor growth and proliferation in the mouse with tumor vaccination {in
the Fig., “OVHM-RT—A549”) in comparison to the mouse without tumor vaccination (in the

Fig., “A549"). The survival rate was also greatly improved.



[1] A cancer gene therapeutic drug including a carrier cell to be infected
with an oncolytic virus, so as to make the oncolytiewirts@ctnpa itk o15221)
cell within a living body, wherein4the carrier cell is selected from the
following (1) to (4) cells: (1) A549 cell (2) 293 cell (3) SW626 cell, and (4)
- HT-3 cell. [2] The cancer gene therapeutic drug according to claim 1, o
[0136] AfREsdiFrt 6}\%&9{}6‘%&&? Bl RS SAT RAR BaBRYIERN FeOm e BHitamor
offect to etgmote @ldklne romoter B- HCﬁ? lE)rom(t)ter SCCAl gromoter COX-2
%romo L e R 4 RO SinBEse L BRGS0
a kind of cancer to be treated etc. [3] The cancer gene therapeutic drug
according to claim 1 or 2, wherein the oncolytic virus is selected from
Iﬂdusma@gﬁm\%ﬂ%yherpes virus, lentivirus such as HIV virus, retrovirus, reovirus, -
vesicular stomatitis virus (VSV) and any other oncolytic viruses. [4] The

[0137] A(éac[&@ﬁ9&?@1}@%3%%%%935%@%@!%@&?&@{@ bt ERRELAMPUSINGA can be
: vines for immunological treatment to be administered for inducing a CTL"

- dpphed Aeastianiwithligihe: vingDacly &@dma&w@rncpéilnegﬁagsﬂ@rncedﬂxt{@lf[dieeﬁect )
. cancer gene therapeutic drug according to claim 1, further comprising -
includin gteladeliagece::{6ijihe canegitigénetharape (g duugiaecerding o @lgionthpeous
further comprising a GM-CSF expression vector to be infected to the '
-~ carcinongafried celll befdr s radmirristratigna] 7 Mive vahbergenedherhgenitic drag cancers
: - according to claim 1., further comprising an iron preparation and/or a '
(e.g. colppigpRByRitPEoPPOEALC [B1TRE dghake Genesthardprastiecdrapcatcoraimgbliastoma,
- claim 1, further comprising a tumor cell to be administered for tumor
~ cerebral %&BFHB%W}“WB‘SWA@W@%N@EFQ @ém@q’fﬂEﬂF@AWUﬂc DRUG
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(2]

(31

[4]

(o}

[7]

(8]

A cancer gene therapeutic drug of the present invention includes a carrier

cell to be infected with an oncolytic virus, so as towakeshe:anNeelyisoanisnat
virus act on a tumor cell within a #iging body, wherein the carrier cell is

selected from A549 cell, 293 cell, SW626 cell and HT-3 cell, showing a
potent antitumor effect. Because of use of such cell line having high -
antitumor effect both in vitro arfdli®¥d as the carrier cell, the cancer

'_gene therapeutic drug provides more potent antitumor effect in
comparison to those of conventional carrier cells.

A cancer gene therapeutic drug including a carrier cell to be infectéd with an oncolytic
Virtis, 50 as to make the oncolytic virus act on a tumor cell within a living body, wherein.
the carrier cell is selected from the following (1) to (4) celis:

(1) A549-ce11

(2) 293 cell

(3) SW626 cell, and
(4) HT-3 cell.

The cancer gene therapeutic drug according to clailm 1, wheréin the ()'nco}ytic. virus to:
be infected to the carrier cell has 1.A1.3B'promoter, midkine promoter, 8-HCG promoter,. _

SCCAL1 promoter, cox-2 promoter, PSA promoter or another tumor specific promoter,

according to a kind of cancer to be treated etc,

The cancer gene therapeutic drug according to claim 1 or 2, wherein .the oncolytic_ '
virns is selected from adenovirus, herpes virus, lentivirus such as HIV virus, 1’etro'vims,.
reovirus, vesicular stomatitis virus (VSV) and any other oncolytic viruses.

The cancer gene therapeutic drug according to cllaim 1, further comprising a virus for
immunological treatment to be administered for inducing a CTL reaction within the
living body to administration of the carrier cell.

The cancer gene therapentic drug according to claim 1, further con1prisi11g_
atelocollagen.

The éancer gene therapeutic drug according to claim 1, further comprising a GM-CSF
expression vector to be infected to the carrier cell before administration.

The cancer gene therapeutic drug accorﬁing to claim I, further comprising an iron
preparation and/or a posphyrin compound.

The cancer gene therapeutic drug according to claim 1, further comprising a tumor cell

to be administered for fumor vaceination.





