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DENCIA Fooha. 20812 17:30:54_Dep. 2020 NUEGREACION
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FORMULARIO UNICO DE CORRECCIONES Y MODIFICACIUNES — —— — — _ _ __

P2006/000264
@ \ SOLICITUD DE:
Correccion de Error Material. X Modificacién a una Solicitud.
@ Nombre: BAYER SCHERING PHARMA IDENTIFICACIéN
AKTIENGESELLSCHAFT :
SOLICITANTE ) L | , C.cC. NIT
(71) Direccion: Mullerstrasse 178, 13353 Berlin,
Alemania C.E. Otro
Nacionalidad o Domicilio: ALEMANA ‘
Lugar de Constitucion: ALEMANIA Cual
" Teléfono: Fax: ~ Nimero
E-mail:
l‘ IDENTIFICACION
| @ Nombre: J. IAN RAISBECK |
* C.C.| x | NIT
Direccion: World Trade Center Torre A
giﬁ,%EsggzggTE Calle 100 No. 8A-37 Piso 10. Bogota - C.E. Otro
\ Teléfono: 601-7700  Fax: 601-7799 Cual
E-mail: " Namero 79.376.996 Bta

TP 135.799

@ Nimero de expediente:
06-127.751

@ Descripcidon de la correccién o modificacién solicitada _Me permito solicitarel |
0 d lel solici e SCHERING AKTIENGESELLSCHAFT I
‘x _BAYER SCHERING PHARMA AKTIENGESELLSCHAFY = ===~~~

@ Comprobante de pago No. Fecha

@ Anexos

X Comprobante de pago de la tasa.

X Copia simple del Poder y copia simple det documento que soporta el cambio de
nombre (original ver expediente No. 03:024.675)

Documento que acredita la existencia y representacion legal de las partes, cuando
sean personas juridicas.

J
FIRMA: ]

| NOMBRE: J. JAN RAISBECK

C.C.79.376.996 Bta T.P. 135.799
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cidn an al Rariotenbury del
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mi verifica
cimercial HR

General del 13.08.2006 Schering

A través de resolucion de la Asambles
a (§ 1 pérrafo 1 del reglamento) a

Socledad Anéniima ha cambiado la smpres
Bayer Schering Pharma Sociedad Anénima.

Este cambio eniré en vigor e 29.12.2006. La inscripcion en el registro mercantil

fue ofectuada sl 20.12.2008.
Berlin, 27. Abril 2007
Firma

Sello - Dimitri Rempen ~ Notario en Bariin
Notario

w

t \.eSU

Adolf Watzks
Traduscter oficizl

2432 Kin, Justiciz
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APGETILLE
{Cenvencion de la Rays del 5 de octubre de 1961)

Pais: Republica Federal de Alemania

Este documento publico

esta firmado por. Dimti REMPEN

en su calidad de Notario en Berlin

est’ provelida con el sello

gel Notario

confirmado
en Berlin 6. el 02.05.2007
por gl presi idente de la audiencia provincial &
bajo el ntmero. 8101 a E-F 2563/07

Ssllo

. A o
s de la audiens

o - /
{(jueza prezidst _ ia provingi
AVR 85z 'Z\ z\v{v

.ﬁ\dc Watzke
Traductor oficlz)
=es. 2423 Min, Jusiicis



9101a E-F

Apostille
(Convention de La Haye du 5 octobre 1961)

1. Land: Bundesrapublik Deutschland

Diese dffentliche Urkunde
Dimiti Rempen

2. ist unterschrieben von

3. in seiner Eigenschaft als _Notar in Berlin

4. sie ist versehen mit dem Siegel

des Notars
Bestétigt

\\\\_ 5. in Berlin 6. am 02.05.2007
\\'t\\__'i. durch den Préasidenten des Landgerichis in Berlin
\:3-\\gnter Nr. 9101a E-F _2563/07
9. Negel/ 10. Unterschrift
Im Auftrage
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Aufgrund meiner Einsicht in das Handelsregister des Amtsgerichts Charlottenburg zur

Geschéftsnummer HRB 283 B am 27.04.2007 bescheinige ich hiermit;

Registerbescheinicung gemifl § 21 BNotQ

Durch Beschluss der Hauptversammlung vom 13.09.2006 hat die Schering Aktiengesellschaft

Lo

die Firma (§ 1 Absatz 1 der Satzung) in Bayer Schering Pharma Aktiengesellschaft geindert.

Die Anderung wurde am 29.12.2006 wirksam. Die Eintragung im Handelsregister erfolgte am
20.12.2006.

127. April 2007
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20 [rido poder’ se encuentra plenamente vigente em&h\m&{’ de\rﬁpﬁah&’fe 3?& lCV%'

22 |CE: Que en uso de la facultad coriferida Sl{ﬁqfl"g\, "
ot
23 mencmnado a [avm de Carlos Remaldg@f@%ﬁ y/o Jag

24 isolo y vnico objeto de que en nombre y lepleselméﬁf:)n de [

SUSTITUCION PARCIAL DE PODER: MESSERER, Dagmar a favor d«
OLARTIL:, Carlos Reinaldo y otro del Poder otorgado por BAYER SCl-l.ER[.N('.
PHARMA AG.- En la Ciudad Auténoma de Buenos Aires, Capital de la Reptblic:
Argentina, e-l dia NUEVE de MARZO del aiio DOS MIL SIETE, ante mi Maric
Silvina Lasarte, Escribana Autorizante, titular del Registro Notarial nimero 1788
COMPARECE: Dagmar MESSERER, argentina, nacida el 28 de mayo de 1.968
hija de Walter Messerer y Elsa Onelia Romanelli, soltera, titular del Documento Na-
cional de Identidad Numero 20.383.892, Clave Unica de Identificacion Tributaria 27-
20383892-7, con domicilio especial en la Avenida Leandro N. Alem 1.134, Piso 10"
de esta Ciudad de Buenos Aires.- La compareciente es mayor de edad.- INTERVIE-
NE: por su propio derecho.- Y la compareciente EXPRESA: PRIMERO: Que Ja
Sociedad “BAYER SCHE_RING PHARMA AG”, con domicilio en Miillerstrasse
178, 13353, Berlin, Alemania, le confirié con fecha 22 de enero de 2007 en dicho pa-

is, un Poder, el cual mediante escritura niimero 14 de fecha 16 de [ebrerg de 2007,
\‘.

otorgada ante la Escribana Mariela Vanina Scardaccione, al folio 4%01006&@_ co-
//xﬁf AFJH {ﬁ

3:f.ﬁ cﬁ) f‘
to al mismo, cuya primera copia tengo para esie acto a la vtsl,@\l_,\,fedyrén lo 43%‘_1:0-
o

19 Inente transcribiré en la presente.- SEGUNDO: Mamﬁqa’&t’ &f&%{@é wﬁ@ el refe-
V

doy

suspendldo ni limitado en ninguna de g }3) \év lml%\lbllb()\ 4
a7 iﬂl R

Sociedad “BAYER
, N

i

25 ﬁCHERING PHARMA AG”, y actuando. -@’i’&'?“forma individual, indistinta y/o allerna-
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Wi Buenos Aires, Capltal delaR
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M 1Elsa Onelia Romanelli, solter
(m)

'\)0;70.383.892, Clave Unica de
0)1)

i)
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w n
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e)l

‘?&)13353, Berlin, Alemania, sob

Q))h

;’{%tendldo en idioma castellano,

i)

@
%)Haya del 5 de octubre de 196
@()

eni)

\)|) :

‘g’men este acto del ongmal del|i
iy N\

()

\“mdamentc se presente exclusivamente ante las autoridades de COLOMBIA que co-
f.!!?,){nespondan y realicen los actos/enumerados en el citado poder y con las facultades que
)N ‘

_'0'"‘;35111'gen del mismo, el que transcripto en lo pertinente dice: “FOLIO 44.- PRIMERA

_nﬂCOPIA ESCRITURA NUMERO: CATORCE .-

\nl afio DOS MIL SIETE, ante m{ .

'c;ﬁ)MhSSFRER argentina, nacida el 28 de mayo de 1.968, hija de Walter Messerer y

on )Iegalmeme en la Avenida Leandro N. Alem 1.134, Piso 10°, de esta Ciudad de Buenos
) Aires.- La compareciente es mayor de edad.- INTERVIENE: por su propio derecho.-
\,‘,Y la compareciente EXPRESA: Que a los efectos (;Lle hubiere lugar, solicita de mi, la
O,O\Autouzﬂnle LA INCORPORACION y TRANSCRIPCION en este protocolo del
HPODER que le fuera conferido en Berlin, Alemania, el 22 de enero de 2007, por la

Q,mSomedad “BAYER SCHERING PHARMA AG”, con domicilio en Miillerstrasse 178,

U()poraci(')n y transcripcion a este protocolo solicita la compareciente, se encuentra ex-

k{';debidaniellte legalizado en idioma aleméan (Sello de Apostilla de la Convénqyﬁ"de %

E’Q)Tréductora Publica Laura Thieberger.- b)-Qye'a uon¥m emen e/Ch Vi V‘rw&]e ]Q A8

W0 festado tiene inte ucﬁl: .
o) ado rés leg{tlll ng c[eﬂ%f’rlmxento |

U;{duccmn al idioma nacmn\awmel que aglego K’Dﬁf pres t

v...- En la Ciudad Auténoma de
epublica Argentina, €l dia DIECISEIS de FEBRERO del
.., Escribana Autorizante, ..., COMPARECE: Dagmar
a, titular del Documéﬁto Nacional de Identidad Numero

Identificaciéon Tributaria 27-20383892-7, domiciliada

re cuya plena vigencia responde la requirente bajo jura-

ago constar: a) Que el instrumento de poder cuya incor-

certificadas las firmas por notario en idioma alcaml
wl.‘\"a 'y \J
b3 "M

‘ \ iAina nacgﬁ?‘go 2
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 plio y suliciente para recabar de las autoridades ..., sud y centroamericanas ... que co-

 plecto los faculta/n para llevar a cabo ante dichas autoridades todas las gestiones nece-

y parias al objeto indicado, presentar solicitudes, formular descripciones, oposiciones,

12 brden. Por otra parte, les confieren mandato para que en su nombre y representacion
14 i el futuro tuvieran ..., en Sudamérica, Centroamérica ..., con motivo de su nombre,

i narcas de [abrica o de comercio, patentes de invencion y modelos y/o de sus derechos

3 {le propiedad intelectual que actualimente posean o adquieran en lo sucesivo, promover {

' lominio, haciendo las protestas del caso o diciendo dg nullﬂ%xd @gfe&w po’di"\ \

.-‘ Tme
’9’” 4. nepu

N 007422052

ILLER & CO. (Sigue aclaracion en idioma inglés) - PODER Los abajo firmante/s
BAYER SCHERING PHARMA AG domiciliados en Miillerstrasse 178 13353 Berlin

- Alemania declaran por el presente otorgar a Dagmar MESSERER poder general am-

rrespondan, la obtencion de patentes de invencion, el registro y la renovacion de mar- ‘f"':'

cas y modelos y/o derechos de propiedad intelectual y/o nombres de dominio, a cuyo (

rotestos, declaraciones, apelaciones y reclamos, oblar impuestos, justificar explota-
siones, solicitar testimonios, aceptm transferencias, recibir documentos y valores, per-

cibir y hacer cuanto fuere necesario ante las autoridades administrativas de cualquier
Yy q

uedan iniciar y proseguir cualquier juicio que actualmente los que suscriben tengan o

Juicios de cualquier jurisdiccion, criminales, correccionales, civiles o comerciales,

tontra los falsificadores, usurpadores o imitadores y contra los tenedores de antlcld‘”* iy

ue infrinjan su nombre, marcas o patentes de invencidn, seguir los Jmmoi@m sn-

.\,-p
rlon u olros en que fueran parte como actores o demandados, de['encler e‘l&on éSla

AR @0“ 5
narcas, patentes y modelos y/o de derechos de propiedad 111}3%@13 @(ﬁmgb?es

nL

Vn '
sentarse con escrilos, querellas, pedxdos, y lo que fuere necé‘smﬁ‘&m&e %el %

. @) \:@@ | b
idad judicial, presentar testigos, documentos y demas Justlﬁca@ms rend ruebas dey (i

p-2
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o)
vhramentos, decir de nulidad,| desistir, percibir, 0t01ga1 1ecnbos y en general practicar

-Jelitodos los actos y diligencias|/que sean precisos al desempeﬁo de este mandato. Podrin

'él\;ﬂ

103)

-X))Alcmama En hejas adjuntas sigue la referida traduccién al idioma nacional la q
\’)}

(‘;‘?,ﬁgma un Poder otorgado par la Sociedad “BAYER SCHERING PIIARJ\VI&:)‘Ei
i) ) v

b E N00T742205

(‘)} ) : .

é;’ a juicios verbales, declinar y prorrogar de jurisdicbién, tachar, recusar, apelar, transar,
616)
"%somelex a arbitraje o mediacion, hacm renuncias, emgn y dar cauciones, pedir embar
61(\
<'" E0s preventivos, definitivos|o inhibiciones y su lbvamamlento pedir la venta de 115

‘(iu))
:ml{){blenes de los deudores, solititar y obtener el cumplimiento de sentencias, prestar j

i

i)
) 0)

0;})

ahlasimismo substituir el presente poder en todo o-en parte.- Dado y firmado en Berl

n
'M)

\)X)(Su,ue fecha en idioma inglés). Bayer Schering Pharma AG (Sigue texto en idioma
)
‘l}() ;
't;;hmg]és) ppa. Sigue una firma ilegible. (Aclarada:) Dr. Noeske-Jungblut. ppa. Sigue
) |

(Jl)

Qu\otla firma ilegible. (Aclaladb :) Dr. Klose”. ES COPIA FIEL, doy fe.- En lioja adjunta
(m

o;ﬁ,consta la certificacion notarial de las firmas obrantes en el poder en idioma aleman,
d;l" ‘

@‘ efecm'\dfi el 22 de enero de 2007 por el Escribano Dimitri Rempen, de Berlin, Alema-
) ‘ '
i) R e ey,

-f,m,ma y a continuacion consta la respectiva legalizacion de la firma y sello del nombra-
o¥) 1
gj}’ido Notario (Sello de Apostilla de la Convencién de La Haya del 5 de octubre de
0

g};\’l 961), en idioma alemén, efectuada pofel Presiddnte del Tribunal Regional de Berlin,

(3)

1€

g)ﬁ;tl anscripta textualmente, dice: “TRADUCCION PUBLICA (Sobre papel con mem-

I‘)z)
[0

%, .
E»l@;sede en Berlin, Alemania, tedactado en idioma nacional, luego del ‘gqﬁﬂapan%ﬁl
’h..‘i

(v) ﬁ‘?

°'$mgmentcs textos que traducidos dicen:) “BAYER SQHER{NE PI@\QM@“AG”
(]

) o xb“\
°’f)Patentes y licencias — (Firmjado y Aclarado: ) ,p VDr ‘Nob irmg

) ~

@’%Ac]al ado:) Dr. Klose.- La elslén en & ‘

v)‘i) ot W / Q\\ b N uaal®

Q)gg\gwtro de Actas N° R 17/2007. ?K/le he re &\ %]a prohlbl _\ AN Vencion segtin
Q) I\ % (L\ (j i | > )

('L%i)cl articulo 3, parrafo 1, N° 75, de l;l Qé‘:)\% &emﬁm&m/]es,, peunta de si ha existi-

i Jbrete de “MOELLER y COP” - América Latina - Agcmes de Ia Propiedad Inleleclu‘n LA

'le
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su caracler de escribano de Berlin, estando provisto del sello del escribano.- Certiﬁca- (‘,((%‘

do cn Berlin, el 24 de enero de 2007 por el Presidente del Tribunal Regional de Bel-“ 'lﬁf’)

| ¥ O ]‘ .
1“’ 6“ J A IY
lucz Principal del Tribunal Regional.- ES TRADUCCION FIE}}. de éﬂf})al@ pe&iﬁt ) N
e
»nciiles en los idiomas aleman e inglés del documenlo que; ‘5‘%‘3 acoggéi"};\\, ue\k&: VCI
kd‘p % “ \ 5
al idioma nacional, en Buenos Aires, a 6 de febrero de 20& —ﬁﬁé »WP? fmma\l A ‘

mﬁr
lHay un sello que dice: “LAURA THIEBERGER. — MAlRlC@?LA N’" “

RES ALEMAN — FRANCES — Tomo Il Folio 254 (Cap.) TO@%L' ja
| R

lin, con el N° 9101 a E-F 536/07 - Sello (hay un sello:) el Presidente del T&wa{e &XO s"

gional de Berlin — Firma el Funcionario autorizado (firmado y aclalaq;c?) I%l&)x. ol )‘

__ N Z io)g m?
() i)
o una intervencion previa en el sentido de la norma me fue contestaba por la negati- ?‘g %,8
. A9 _\)'”
. . . (3(3 i)
va.- Las firmas trazadas ante mi por el Dr. Walter Klose, que naci6 el 26 de diciembre l)((g ;?_,)Q;
: . e 1)
| ., o] [op
de 1952, y de la Dra. Chistiane Noeske-Jungblut de soltera Noeske, que nacio el 26 de «(gg % 3
f {4 )]
| : - i fo0
jjunio de 1957 ~ Ambos de mi personal conocimiento — Ambos con domicilio comer- (\2 bl
W a1
. . (o] |o0
cial en 13353 Berlin, Miillerstrasse 178 son auténticas, de lo que doy fe.- Al mismo g\,Y@ :Q:(fi)
. (a af)
: , , @il e
tiempo cettifico en base a que tuve a la vista en el dia de hoy las actas del Registro de (_;7\(_2' ‘,‘,j\:-;?)
' (i 1)
. . X el o
Comercio del Tribunal de Primera Instancia de Charlottenburg, N° de Registro HR 13 }:@ W)
j il i)
v \ . . 7 (.\I‘ v(! Yl
283, que la Sociedad “Bayer Schering Pharma Aktiengesellschafi”, con sede en Ber- g(}g 'ii:'_k)))
' (i i)
. . . . . . . ) (i Bl
o lin, estd inscripta con el nimero mencionado arriba en el Registro de Comercio y que }(’}‘, ‘ilf
: (o) {ow
la arriba mencionada Dra. Noeske-Jungblut y el arriba mencionado Dr. Walter Klose m ::)1)‘:
o) [
estan facultados en su cardcter de mandatarios a representar en forma conjunta a la '“\”‘z ,‘:!:
(el o)
2 [Socicdad “Bayer Schering Pharma Aktiengesellschaft” de Berlin. Berlin, 22 de enero gg ‘m"\))
| il
de 2007.- El escribano (firma ilegible) y liquidacion de derechos. (Hay un sello en f(}‘g :}’?))
| o oo
oblea sobre precinto:) Dimitri Rempen, Escribano de Berlin.- 9101* E-F.- APOSTI- gg %)8
- o -
3 [LLA — (Convencién de La Haya del 5 de Octubre de 1961) - Pafs: Repiiblica Federal (gg ::?{ _
_ Gl b
6 de Alemania - Este instrumento puablico fue firmado por Dimitri Rempen, actuando en (%‘9 ALy
B )
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'M'CIUDAD DE BUENOS AIRES Corresponde a la Legahzﬂcmn N° T4-3278/07. Sigue

o]

wihcion de la firma de la nombrada traductora, ...”i- ES COPIA FIEL, doy fe.- En este

) J?\‘

(o

'\511'\
\Q,) )c1eme (Articulo 1.002 del

'6) )

Qi) . ; _ o
: ‘z’k‘;Que el presente otor gamxen‘o no significa ;«g&)ﬁnchar al W
/"’l C(, o

()n _

(47
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(Ul)
)
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o) i NOO74220P3

) : BN ‘ o
m) ‘
?“’ INGL]:S - ]omo HI: Folip 14 (Cap.) — Tomo Il Folio 329 (La Plata) — COLEC{IO
Qf)) :

'("”DF TRADUCTORES PUBLICOS N" 173”.- E‘S COPIA FIEL, doy fe.- A continua-

wi)
g'?'cufm hay un sello que dic

B ﬁ)

: “COLEGIO DE TRADUCTORES PUBLICOS DE LA

()]
m)

wihuna firma ilegible: Esteban Santiago Allegretti”.- ES COP]A FIEL, doy fe.- Al dorso

o)()
1,0)
mi})en el margen superior hay
(');\

un sello timbrador ...”.- A cbntinuacién sigue la legaliza-

)
svestado la compareciente DICE: que en la fonma expreSada deja INCORPORADQ y
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Developing Novel Oncolytic Adenoviruses through Bioselection
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Mutants of human adenovirus 5 (Ad5) with enhanced oncolytic activity were isolated by using a procedure
termed bioselection. Two mutants, ONYX-201 and ONYX-203, were plaque purified from a pool of randomly
mutagenized Ad5 that was repeatedly passaged in the human colorectal cancer cell line HT29, and they were
subsequently characterized. ONYX-201 and ONYX-203 replicated more rapidly in HT29 cells than wild-type
AdS, and they lysed HT29 cells up to 1,000-fold more efficiently. The difference was most profound when cells
were infected at a relatively low multiplicity of infection, presumably due to the compounding effects of multiple
rounds of infection, This enhanced cytolytic activity was observed not only in HT29 cells but also in many other
human cancer cell lines tested. In contrast, the cytotoxicity of the bioselected mutants in a number of normal
primary human cells was similar to that of wild-type Ad5, thus enhancing the therapeutic index (cytotoxicity
in tumor cells versus that in normal cells) of these oncolytic agents, Both ONYX-201 and -203 contain seven
single-base-pair mutations when compared with Ad3, four of which were common between ONYX-201 and -203.
The mutation at nucleotide 8330, shared by both mutant viruses, was shown to be essential for the observed
phenotypes. This mutation was mapped to the i-leader region of the major late transcription unit, resulting in
the truncation of 21 amino acids from the C terminus of the i-leader protein. This work demonstrates that
bioselection is a powerful tool for developing novel timor-selective oncolytic viruses. Other potential applica-

tions of this technology are discussed.

Conditionally replicating viruses represent a promising ncw
class of anticancer agents (2, 8, 21, 23, 24, 29). Derivatives of
human adenovirus type 5 (Ad5) have been developed that
selectively replicate in and kill cancer cells. The prototype of
sugh viruses, ONYX-015, has demonstrated clinical benefit for
cancer patients, particularly when combined with chemother-
apy. in several phase I and phase II clinical trials to treat
recurrent cancers of the head and neck or liver metastatic
disease (7, 16,20, 22, 31, 34, 35). ONYX-015 is currently being
tested in placebo-controlled phase I clinical trials.

ONYX-015 replication has been demonstrated to occur se-
lectively in tumor tissues from patient biopsy samples, and the
virus has been well tolerated when directly injected into the
tumor mass, administered via the hepatic artery, or injected
intravenously, Based on the experience from clinical trials with
ONYX-015, enhanced replication and/or spread is highly de-
sired of adenovirus cancer therapy strategies (14, 16, 20, 22,
33-35). While no dosc-limiting toxicities have been observed in
clinical trials with ONYX-015, and the response rates have
been encouraging, the extent of virus replication and spread
was often limited in tumor tissues, A more-poient virus would
presumably increase the cfficacy of the oncolytic adenoviral
therapy and/or the durability of the responses. One strategy to
enhance the clinical efficacy is to combine ONYX-015 with

* Corresponding author. Mailing address: Onyx Pharmaceuticals,
Ine., 3031 Research Dr,, Richmond, CA 94806, Phone: (510) 243-3679,
Fax: (510) 222-9758, E-mail: jshen@onyx-pharm.com.
+ Present address: Genetic Therapy, Inc., Gaithersburg, MDD 20878,
t Present address: Cerus Corporation, Concord, CA 94520,
§ Present address: Berlex Laboratory, Inc., Richmond, CA 94804,
| Present address: UCSF Comprehensive Cancer Center, San Fran-
cisco. CA 94115,

other therapics, ¢.g.. standard chemorherapy (16, 200 An ex-
tension of such combination therapies {s 1o arm the oncolytic
adenoviruses with anticancer genes (17), such as antiangiogen-
esis factors, cytotoxic agents, prodrug converting enzymes. o1
cytokines with antitumor activity. Sclective replication of the
viruses in tumor cells allows targeted expression of these gene
products within the cancer environment, Meanwhile, it would
be highly desirable to enhance the therapeulic virus® inherent
replication efficacy such that the virus would replicate faster or
produce more viral progeny per unit of time, Conceivably, this
would allow the therapeutic viruses to kill cancer cells more
rapidly and spread more extensively within tumors, leading to
efficient cradication of the cancer. Another highly desired fea-
ture of cancer therapeutic viruses is enhanced tissue and/or cell
type specificity; such features would. potentially, confer sys-

“temic efficacy on viruses, allowing for specific tissue and/or cell

targeting after systemic administration.

Two general approaches have been undertaken to develop
novel adenoviruses with desired features. The first is targeted
genetic manipulation, in which dJesignated viral genes have
been deleted or modified. therapeutic transgencs have been
nserted, or strong, tissue-type selective promoters have been
substituted for endogencus viral tegulatory sequences. Al-
though these approaches have been successfully utilized to
construct many novel viruses (for examples, see reterences 13,
18,19, 30, 42, and 31), their application has been limited by the
requiremient for a complete understanding of the biology of
the virus life eycle. Even in the case of AdS, one ol the nost
extensively studied viruses, such information is not always
available or complete. Thus, the consequences of targeted ge-
netic manipulations are in many cases unpredictable. The sec-
ond general approach to generate viruses with desired prop-
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erties is genetic selection under carefully controlled| conditions. andd -203 at the indicated MOls. After an incubation period of 90 min. nonab-
Viruses selected in this fashion prCfeI’ﬁl‘lti(l“V replicate and sorbed viruses were removed by aspiration and cells were washed once with PBS.

oduce ler 2 defined set of conditions (£ les Infected celis were then incubated at 37°C in DMEM supplemented with 7 mM
reproduce under a predefined set ol condciuons (Ior examples, w-glutamine. 100 pg of NEAA/mL, 10 U of penicillin/ml. 10 pg of streptamycin/

see references 4-6, 9, 38’ and 4())- In essence, this s an evolu- mi, and 2% FBS, At the indicated time paints after infection, cells and {uliure
tion process oceurring under carefully controlled conditions in media were harvested separately. Cell fractions were freeze-thawed threy times
the lahoratory. to release virng particles, and lysates were cleared by centrifugation, The roral
In this stuc‘iy, we (-:xploitcd a genetic selection zppmach to vir]xlw _vield}(ccll and medium combined) was determined by plaque assay|on 293
: : : s . . cell monelayers.
isolate mutants of AdS that replicate more efficiently in tumor Viral DINA replication. ITT29 cells were infeced with AdS and ONYX-Jui and
cells than the parental strain. Two such viruses. ONYX-201 -203 at various MOIs. At the indicated times postinfeeion, cells and pulivze
and -203, were derived, and their gchtiC m.'-‘ikcup WHS analyzcd media were harvasted and DNAs were extracted trom combined cell and me-

in detail. This study provided a clear proof of congept {or the ~ dium fractions with the Blood DNA Extraction kit (Qiagen). DNAs were di-

vt calot . g : ot e gesied to completion with Hindlll, and digested DNAs were resolved op 0.8
genetic sclection dppnm"h’ which we have termed biosclee agarose gels, After Southern transfer, DNA blots were hybridized with [probes

tion, for developing novel oncolytic viruses with enhanced po- prepared with the digoxigenin High Prime DNA labeling kit (Roche Bigehomis
teney and resulted in two mutant viruses that may have impor- cals), Purifiedd AdS genomic DNA was used as o template for probe synfhesis,
tant clinical implications as oncolytic agents. Western blot unalysis. HT29 cells were either mock infected or infected with

AdS and ONYX-201 and -203 at various MOIs. At indicated times postinfection,
cells were harvested and lysed in sodium dodecy! sulfate (SDS) gel loading bufter

MATERIALS AND METHODS (100 mM Tris-C! [pH 638], 5 mM EDTA. 1% $DS, 5% B-mercaptoethanol),
Cells and viruses. All human cancer cell lines were obtained from the Amer- Proteins were fractionated by electrophoresis on 4 to 20% protein gels (Bio-
ican Type Culture Collection and were propagated as monolayer cultures in Rad). After clectrophoresis, the proteins were electrophoretically transferred to
Dulbeeeo’s modificd Eagle's medinm {DMEM) supplemented with 10% fetal nvlon membrahes. Blois were then incubated with antibodics diluted [n PBS
bavine serum (FBS), 2 mM L-glutamine, 100 pg of nonessential amino acids containing 1% dry milk and 0.1% Tween 20 and visualized by enhanced (chemi-
(NEAAYmML 10 U of penicillin/m], and 10 pg of streptomycin/ml, Primary human luminescence (Amersham). Anti-E1A antibody M73 (Calbiochem) wis diluted
novmal cells were obtained from Clonetics Corp. and were prdpagated under 1:500: & pulycional rahbit anti-Ad$ (structural protein) antibody was used at a
conditions reeominended by the manutacturer. Wild-type Adj was abtained dilutien of 1:10,000. A polyclonal antibody against the i-leader protein {a gen-
{rom the American Type Culture Collection and propagated in 293 cells, ONYX- crous gift from M. Green, St Louis University) was used at a dikeidion of L:1.000.
2041 and -203 and their derivatives were propagated in HT29 cells until the last DNA sequenicing. Genomic DNAs of ONYX-201 and -203 were purified trom
proliferation step. for which they were grown in 293 cells, Al viruses were Csi gradient-banded virus particles. Briefly. virus particles were lysed by incu-
purified by the CsCl gradient banding method and titrated by flaque assay on bution at 37°Cin 10 mM Tris-HCl {pH §.0), 5 mM EDTA, 0.6% SDS. und 1.5 my
293 cells. In several cases plaque assays were performed on 11729 cells as well as of pronase (Sigma)/ml. Lysed particles were extracted twice with phenol-chloro-
on 293 cells, and the results from both were consistent. Infectiony of cancer cells form, and DNA was precipitated with cthanal. The genome of ONYX-201 was
were performed in DMEM supplemented with 2% FBS, 2 mM vglutamine, 100 sequenced by Lark Technofogies. Inc., Houston, Tes. The genomic DNA of
ng of NEAA/mL. 10 U of penicillin/ml, and 10 pg of streptomyein/ml, Infections ONYX-203 was sequenced at Onyx by using an autmnated sequencer
of normal cells were performed in their recommended growth media. (CEQ2O0DXL; Beckman).
Randon mutagenesis. Random mutagenesis of AdS with njtrous acid was Construction of recainhinant viruses. Genomic DNAs of AdS and ONYX-201

performed as described previously (12, 25. 39, $0). Brielly, wild-type AdS was and =203 were purifics] from CsCl gradient-banded virus particles. For cynstrie-
treated with 0.7 M NaNO, in 1 M acetate buffer, pH 4.6. THe reaction was tion of ONYX-211 and -212, genomic DNAs from AdS and ONYX-201 were

terminated at various time points by the addition of 4 volumes pf ice-cold | M hoth digested to completion with Spel, which cuts only once (AdS nucleotide no.

Tris-Cl (pH 7.9). The virns was then dialyzed overnight against 20 mM phos- 2707%) within the viral genome. Digested DNAs were mixed in cqual amounts
phate-buftered saline (PB$) (pi 7.2)-10% glycerol and stored a1 ~$0°C. The and ligated in the presence of T4 DNA ligase at room temperature overnight.
infectivity of the treated virus was cxamined by plague assay on| 203 colls, This ligation mixture was then transfected intw 293 cells with the FuCrene fearent
Bioselection. Mutigenized AdS was passaged repeatedly on selected human (Promegn). Pliques derived from this transfection were isolated and scregned by
cancer cell lines representing various human cancers. In all ¢cases|infections were DNA sequencing, Praper clones were isolated by an additi(.ma] m“'?_‘l of plague
carried out in T-183 tissue culture flasks containing approximatgly 107 adherent purification. ONYX-231 through -236 were construcied in a simiar ashion,
cells in 25 m! of eulture medium (2% FBS). For the first round ofjpassaging, cells except that DNAs from AdS und ONYX-203 were d1gcstud with Pmel, BamHlL,
were infected at a multiplicity of infection (MOT} of 1. Tissue culture media were or ‘\1"'1-_"351“3"“"?]}’ (see Fig. 7). All rccpmhmam VIuses "}'”T“‘_C‘T"‘ﬁf med by
harvested at the very initial sign of visible eytopathic effect (CPE]. In subsequent sequencing the relevant regions surrounding the mutation sites in QN X-201
passages, 1, 0.1, or 0.01 ml of the harvested media from the previous passage was and -203.
used as (he inoculum. Cultures that began to reveal CPE at 3 to 5 days postin- Duul immunofluerescent staining, HT29 cells were seeded on LabrTek 1T
oculation were considered effective, and media were collected af the initial sign chamber slides the day before infection. Cells were infected at an MOT of) 10 with
of CPE. This strategy allowed us to avoid infection with too many virus particles, ONYX-201 or '2_03 or wild-type AdS, Twenty-four hours postinfection, cells wers
which may reduce the effectiveness of bioselection. or too little virus, which wushed with PBS and fixed for 30 min at room twmperature with 4% formalde-
would reduce the complexity of the viral population. Passaging was carried out hivde in PBS. Cells were permeabilized and blocked with PBS supplemented with
for 6 to 20 rounds, depending on the cell fines used for seleciion. 0.16% Triton X-100, 0.05% Tween 20, and 10% goat serum {or 30 min gt room
Cytolytic assay. Viral cvtolytic activities were examined by psing the MTT temperature. Samples were incubated with the anti-E1A manoclonal antibody
assay as described previously (43), Briefly, cells were seeded intp 96-well plates M73 (1:1,000;: Calbinchem) and the anti-i-leader protein polyelonal antibody
at a density of 3,000 cells per well in the appropriate growth media. Infections (1:1,000), followed by Alexa 894-conjugaled anti-rabbit and Alexa 488-conju-
were performed at 24 h atter seeding. In most cases, infections were carried out gated anti-mouse secondary antibodies (Molecular Probes),

1w guadruplicate with serial threefold dilutions of the viruses] A total of 10
dilutions were used for each virus, starting at an MOI of 30 and ending at an e
MOT of 1.5 % 1073 Some of the MTT assays with primary human cells (see Fig. RESULTS
6) had a starting MOV of 10 and an ending point al 5 % 107 Cytolytic assays

described in the legend to Fig. 3 were conducted in triplicate aff MOIs of L, 1. . Adenowrus'mutagene’sls. To ‘gcncraltc a gcnctutally diverse
O and (.01, Infected cells were incubated at 37°C. and colorimerric reasctions virus population (or bioselection, wild-type Ad5 was mu-
were performed at the indicated time points by using the CellTiter 96 nonradio- tagenized by treatment with the chemical mutagen nitrous acid
active cell proliferation assiy (Promega) according to the manufacturer's instrucs (N‘&NOZ). Incubation with NaNQ, for 6 min al room le mper-

tions. Cells that were mock infected were used as negative econtrolls and set as the . LY " . .
x:t'e:en:v 2]()0% :urviv;;) poloe oo wied as negative conra andsel B ature dramatically reduced rhe viability of AdS by a facror of 2

Virus production assays. HT29 cclls were seeded in 24-well dishes at 4 w 107 X 10° (Fig. 1A}, which was consistent with earlier observations
cells per well. Afrer attachment, cells were infected with AdS and ONYX-201 (12, 50). To estimate the mutation frequency resulting from
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FIG. I. (A) Wild-type Ad5 was mutagenized by treatment with
NaNO,. Infectivity of the treated virus was examined by plaque assay
on 293 cells and plotted as a function of incubation time with NaNO-,
(B) Representative plague morphology on an HT29 cell monolayer 5
days postinfection with wild-type (Wt) AdS or bioselection virus,
(C) Microscopic view (magnification, x40) of representative plagues
formed on HT29 cells by AdS or ONYX-201,

this treatment, we isolated 22 individual plaques formed on
A349 cell monolayers infected with this virus population, pu-
rified the viral DNAs, and amplified a 340-bp fragment within
the EIlA region by PCR for sequence analysis. Of the 22
individual virus isolates analyzed, two contained a single-base-
pair mutation within the amplified region. We therefore esti-
mated that mutations occurred at a frequency of 2.7 X 107 (2

mutations22 X 340 nucleotides sequenced), or an average of

10 single point mutations per 36-kb viral genome. This calcu-
lation was based on the assumption that mutations occurred
evenly along the virus genome. This number might have been
an underestimation as the region analyzed (E1A) is essential
for virus replication, Nevertheless, it appears that this estima-
tion was consistent with the actual number of mutations iden-
tified in the two viral genomes we have fully deciphered
through sequence analysis (see below),

Bioselection, To isolate viral variants with enhanced onco-
lytic activity, mutagenized Ad3 was scrially passaged in parallcl
in a number of human cancer cell lines of diverse tissue origin,
as described in detail in Materials and Methods. During cach
passage cycle, medium from infecied monolayer cultures was
harvested at the first sign of CPE and used to inoculate the
next fresh monolayer culture of the same cell line. This strategy
was adopted to cnrich the sclection of viruses with enhanced

I, VIROL.

replication and spread phenotypes. Depending upon the cell
line used, the passaging procedure was carried out between 6
and 20 cycles.

To test the effectiveness of this bioselection protocol, we
performed a proof-of-concept experiment. Two viruses, wild-
type AdS and LGM, a derivative of AdS that contains the
green fluorescent protein gene in place of the E1B-55,000-
molecular-weight protein (E1B-55K protein) gene, were mixed
at a PFU ratio of 1;1 and passaged on monolayers of U208
human ostcosarcoma cells by using the protocol deseribed
above. [t has been shown previously that adenovirus mutants
defective in the EIB-55K gene grow poorly in U208 cells
relative to wild-type AdS (7, 15, 41). After cach passage cyele,
culture medium was harvested and the relative abundance of
the two viruses was measured by Southern blot analysis (data
not shown), After 3 passages on U208 cells, AdS clearly be-
came the dominant species, constituting =»95% of the total
viral DNA detected, By passage 5 there was no detectable
LGM in the culture medium. This experiment demonstrated
that the passaging protocol used in this study could enrich for
viruses with a selective advantage for replication and spread.

Characterization of bioselected viruses. In our studies, the
human colorectal cancer cell line HT29 was relatively resistant
to infection by AdS, usually taking more than 4 days to develop
significant CPE, even at an MOI of 10. In contrast, with each
cycle of serial passage in HT29 cells, the harvested virus pool
progressively demonstrated an improvement in ifs cytolytic
capacity. Due to the enhanced cvtolytic phenotype, this virus
population, henceforth referred to as VHT29, was character-
ized following 19 serial passages in HT29 cells. The VHT29
pool was first analyzed by plaque assay on eight tomor ccll
lines: HT29 (colon), A549 and H2009 (lung), DU 145 and PC-3
(prostate), MB231 (breast), Panc-1 (pancreas), and Hiae (head
and neck) as well as HEK-293 cells. Wild-type AdS was used as
a control. Approximately 50% of the total plaques formed by
VHT29 on the HT29 monolayers were exceptionally large (3 to
5 mm in diameter atter 7 days) compared to the plagues formed
by AdS (<2 mm in diameter).

Twenty large plaques from the VHT29 pool were isolated
for further characterization. Plaque preparations were propa-
gated in HT29 cells and reexamined by plaque assay on HT29
cells. Twa of the plaque-purified virus isolates. ONYX-201 and
-203, were selected for further analysis, Fach virus produced
uniformly large plagues on an HT29 cell monolayer compared
1o AdS (Fig, 1B and C). To further characterize the relative
replication efficacy of ONYX-201 and -203, HT29 cells were
infected either with these viruses or with AdS at an MO of 10,
Cells infected with ONYX-201 and -203 showed CPE much
more rapidly than cells infected with Ad5 (Fig. 2A), with
ONYX-201 consistently demonstrating higher cyvtolytic activity
than ONYX-203. Additionally. the morphology of HT29 cells
infected with ONYX.201 and -203 was distinct from that of
cells infected with AdS, ONYX-201- and -203-infected cells
were well separated from one another and cells were swollen
and had a smooth surface, whereas AdS-infected cells clumped
together, displaying a classical grapevine-like shape character-
istic of AdS infection.

The cytolytic activitics of ONYX-201 and -203 and AdS were
compared by a cell viability assay (MTT assay) (Fig. 2B). As
defined by the MOI producing 50% cytolysis of the culture at
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FIG. 3. Kinctics of HT29 cytotoxicity, HT29 cells were infected

AQS E with Ad5, ONYX-201, and ONYX-203 at various MOIs. At different
- WHT29 | time points postinfection the percentage of viable cells was assessed hy
ho1 : MTT assay and plotted versus time.

< 203

fection was similar for AdS and ONYX-201 and -203 (data not
shown). The particle-to-infectious unit (particle:PFU) ratios
tor these viruses were similar and ranged from 10 to 50 |(data
not shown).
Kinetics of cell lysis and viral replication. We next g¢xam-
ined the progression of HT29 cytolysis as a function of time
and MOI. At an MOI of 10, ONYX-201 lysed cells more
rapidly than ONYX-203, which killed cells more efficiently
than AdS (Fig. 3). The cytolytic differences between the viruses
MOI1 were even more pronounced at lower MOIs. At MOIs of (0.1

FIG. 2. (A) CPE of HT29 cells either mock infected (Mock) or  40d 001, cells infected with Ad3 showed no clear signs of CPE
infected (at an MOI of 10) with wild-type Ad5 and ONYX-201 and  after 6 days with minimal change in cell viability. In distinct
-203. Pictures were taken 3 days postinfection, (B) Cytolytic activity in contrast, cells infected with ONYX-201 and -203 at the jsame
HT29 cells was examined by using MTT assays. HT29 cells were  MOIs displayed unambiguous CPE between days 3 and 4, and
infeeted with serial threefold ditutions of various viruses, with MOls cell viability dropped dramatically (Fig. 3).

anging from 30 to 1.5 x 1073 assays w farmed § days : ;

;t]'?egrlﬂl&ft:f(rzg?)jn a(; cti;sclzribed.ﬁesulltgpfrrr{)n‘:sgl?:of flz: 1?1:1& Iilxrlldct:}r)t'ndt;)]t The enhanced cytolysis Observed‘ with ONYX'ZOI an “203
experiments are shown here, Similar results were obtained in other may result from a number of possible mechanisms, incliding
experiments. more-efficient cell entry, faster rate of replication, larger prog-
eny yield per cell, and more-efficient release and spread. To
begin to explore the mechanism(s) for the distinct phendgtypes
5 days postinfection, ONYX-201 was consistently 300- to of ONYX-201 and -203, we examined the kinetics of| viral

%% Survival

1,000-fold more active than Ad5, whereas ONYX-203 was ap- progeny praduction, DNA replication, and early as well as late
proximately 30- to 50-fold more active than Ad5. The cytotox- gene expression at MOls ranging from 0.01 to 10, Immunofiu-

icity of the VHT29 virus pool was between those of ONYX-201] orescent staining studies indicated that AdS and ONYX-201
and ONYX-203 (Fig. 2B), consistent with the fact that VHT29 and -203 were indistinguishable with respect to infectivity, as

was a mixture of viral mutants with various degrees of cytotox- the number of E1A-expressing cells at early times postinfec-
icity. tion was similar after infection with equivalent MOIs of each

The difference in cytolysis between bioselected viruses and virus (data not shown). When analyzed atter infection jat an
the wild-type AdS was unlikely 10 be due (o inaceyrate assess- MOI of 10, a1 which the majority of the cells were infecteg, the

ment of virus titers. Ad5, ONYX-201 and -203 and VHT29 total viclds of ONYX-201 and -203 and Ad5 virus progeny
were titrated both in HT29 cells and in 293 cells, and the were similar (Fig. 4A). However. il took AdS considgrably
results were consistent in both cell lines with all vikuses tested longer to reach the maximum virus progeny yield (5 versus 3
(data not shown). In addition, by fluorescence-agtivated cell days for ONYX-201 and -203) (Fig. 4A). This resulf suggested
sorter analyses and immunofluorescent staining studies of cells that the total number of virns progeny produced per cell was
{ that were infected at a low MOI (0.01), the fraction of cells similar but that the rates of production were significantly dit-
| positive for the viral ecarly protein E1A at early times postin- ferent, Indeed, viral DNA replication occurred more rapidly
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FIG. 4. HT29 cells were infected at MOIs of 10, 1, 0.1, and 0.01. At different time points after infection, cells and culture medin were collected.
{A) Virus vields. HT29 cells (4 X 10%) were infected. Total virus vields (cells and culture media combined) were determined by plaque assay on
293 cells. (B) Viral DNA replication. DNAs were extracted by using the Blood DINA Extraction kit (Qiugen), digested with HindIIl, and resolved
on 0.8% agarose gels. After Southern transfer. the blots were hybridized with probes preparcd with the digoxigenin High Prime DNA labeling kit
(Roche Biochemicals). AdS genomic DNA served as a template for probe synthesis, (C) Viral gene expression. Cell extracts were prepared at
various days postinfection (dpi) and separated by SDS-polyacrylamide gel electrophoresis. The expression of E1A and viral fate proteins (structural

protein) was examined by Western blot analysis. M, mock infected.

(Fig. 4B) and viral gene products accumulated taster (Fig. 4C)
for ONYX-201 and -203 than for Ad5. These observations
supported the hypothesis that ONYX-201 and -203 replicate
more rapidly than wild-type AdS. It is unclear why E1A disap-
peared in the ONYX-201- and -203-infected cells at 3 and 4
days postinfection. We speculate that, due to highly efficient
virus DNA replication, these cells rapidly entered the late
phase, at which time E1A ceased to be expressed. At lower
MOls, the dilferences between ONYX-201 and -203 and AdS
with respect to progeny production, DNA replication, and ac-
cumulation of viral proteins was more pronounced (Fig. 4),
consistent with the cytolysis results (Fig. 3). This can be attrib-
uted to the fact that at low MOTs (MOI < 1) multiple rounds
of infection oceurred, and the difference in the replication

rates between the viruses was amplified through each virus
production cycle.

Cytotoxicity in diverse human cancer cells. To ussess
whether the enhanced cytolytic activity of ONYX-201 and -203
was restricted to HT29 cells, we examined their cell killing
activity in a pumber of human cancer cell lines. Six tumor cell
lines derived from human colorectal cancers, HT29, HCT116,
CCL221, RKO, SW480), and SW620, and 6 cell lines of diverse
tissue origins, A349 (lung), U145 (prostate). MB231 (breast),
Pang-1 (pancreas), U208 (ostcosarcoma), and 293 (trans-
formed human embryonic kidney cells), were tested by MTT
assay. Results tfrom a representative experiment are shown in
Fig. 5. ONYX-201 and -203 and VHT29 displayed a signifi-
cantly higher cytolvtic activity than AdS in HT29 cells, consis-
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FIG. 5. Cylolytic activity in various tumaor cells, Tumor cells were seeded in 96-well dishes ut a density of 3,000 cellsivell. Twenty-lour |hours
after sceding, they were infected with AdS, ONYX-201, ONYX-203, or the virus pool that was passaged in HT29 cells (VHT29). Infections were
conducted by using serial threefold dilutions of cach virus, starting from an MOI of 30. Results from one of the three independent experiments arc shown

here. Similar resuits were obtained in other experiments. N

tent with the results shown in Fig. 2. Additionall
clected viruses showed substantially higher cytol

,, the bios-
vric activity

than AdS in a number of, but not all, other cancer dell lines. As

shown In Fig. 5, in A549 and in HCT116 cells, ONY

Y'X-201 and

=203 and VHT29 were significantly more potent in cell killing
than Ad5, whereas in DU145 and Panc-1 cells, thein differences
were marginal. It should be noted that in all cell lines tested,

ONYX-201 was more active than AdS. Interestin
was significantly more active in killing some cel
example, SW480 and SW620) than Ad5 or even

ely, VHT2Y9
types (for
ONYX-201

and -203, This observation suggests that the VHT29 pool may
contain viral variants that replicate efficiently in these tumor

cells. We conclude that the viruses selected on
following chemical mutagenesis and serial passa
lated mutations that promoted efficient replicatio
cell lines of diverse tissue origin as well as in oth
derived from colon cancers.

Cytolytic activity in normal cells, Our goal is to g
develop selectively replicating viruses as cancer
agents, One measure of the therapeulic index ¢
adenoviruses is the ratio of productive replicatio
cells compared to normal cells. To determine

HT29 cells
pe accumu-
n in cancer
er cell lines

enerate and
therapeutic
f oncolytic
N cancer
hether the

bioselection procedure affected virus replication sglectivity for

cancer versus normal cells, the cytotoxicity of ONY
=203 in primary human normal cells was examin
assay. In all of the primary cell types tested, whi
small airway epithelial cells (SAEQ), prostate epi

YX-201 and
xd by MTT
ch included
helial cells,

mammary epithelial cells (MEC), renal epithelial cells, h
umbilical vascular cndothelial cells. and microvascular

thelial cells (MVEC), whether proliferating or contact i
ited, the replication propertics of ONYX-201 and -203
similar to those of AdS. In general, ONYX-201 was
slightly more active than AdS, and ONYX-203 was sl
attenuated compared to AdS. Representative results

A01s are indicated on the v axes; Percentages of cell survival are indicated on the v axes.
&

man
ndo-
nhib-
WRIre

only

ghitly
from

SAEC, MEC, and MVEC are shown in Fig. 6. The selegtivity

of each viris was assessed by comparing its cytotoxic
normal primary MEC with that in MB468, a mammary ¢

ty in
Ancer

cell line. The cytolytic activity of each virus in MB468 cells and
MEC was normalized to that of AdS and plotted as repre-
sented in Fig. 6. ONYX-201 and -203 demonstrated a tymor-
to-normal selectivity similar to that of ONYX-013, indicating
that all thrée viruses preferentially killed tumor cells rather
than normal cells. Importantly. ONYX-201 and -203 werg sub-
stantially more potent in tumor cells than either ONYX-015 or

Ads. In conclusion, these bloselected viruses obtaine

d in-

creased tumor cell selectivity as well as enhanced cytotoxicity

compared to their parent, Ad3.

Mutation mapping. To understand the underlving génetic
basis for the increased cytotoxicity of ONYX-201 and -203 in

tumor cells, their entite genomes were sequenced. Table
the identified mutations along with their possible ¢
quences. ONYX-201 and -203 cach contained seven

1 lists
onse-

single

point mutations, four of which were shared by both viruses and

the remaining three were unique to each virus,
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FI1G. 6. Cytolytic activity in primary normal human cells. Cells were grown in Y6-well dishes and were infected with AdS and ONYX-201 and
203 in serial threefold dilutions, (A) Quiescent MEC, (B) Quiescent SAEC, (C) Proliferating MVEC. Similar experiments were carried out
multiple tines in various primary normal human cells (proliferating or nonproliferating). Similar results were obtained: only three representative
experiments are shown here. (D), Relative eytotoxicity in matched tumor and normal eells. MTT assays were performed on primary MEC and a
mammary cancer cell line, MB468, with Ad5 and ONYX-201, -203, and -015. The 50% inhibitory concentration (IC,,) was defined as that MO1
which resulted in 50% cell killing. These values were then plotted relative to that of AdS for each virus as follows: 1Cs, of AdS/EC,, of test virus,
Therefore, the relative activity of Ad5 in normal and tumor cells is 1. The height of the bars represents the cytotoxicity compared to AdS, and the
difference between the striped bar and the stippled bar (ndicates rhe selectivity,

To delineate which point mutation(s) was responsible for and their construction strategy is shown in Fig. 7A, The cyto-
the observed phenotypes, we constructed a series of recombi- Ivtic activity of these recombinant viruses was compared by
nant viruses harboring particular mutations identificd in ON- MTT assay on HT29 cells. Results from the MTT assay (Fig.
YX-201 and -203. An illustration of these recombinant viruses 7B), combined with analysis of infected HT29 cell morphology,

TABLE 1, Summary of mutations in ONYX-201 and -203

Site . ONYX virus(cs -\ . ) o

{nucleotide) Mutation containing mut(utiZm Gene affected (explanation)

8350 Ctw T 201 and 203 i-leader (I-leader protein truncated, may change viral gene expression and replication)

25604 Gito A 201 and 203 100K protein (silent mutation)

019 Glo A 201 and 203 E3.14.5K protein (Ser to Asn)

31405 GtoA 201 and 203 Fiber (Gly fo Asp)

28291 Gro A 201 EA splicing receptor (change E3 gene cxpression)

34756 A ingerted 201 E4 ORF 2 (frameshift/truncation)

35164 A inserted 201 E4 ORF 1 (frameshift)

27406 CtoT 203 pVIII (silent mutation)

33910 Ato G 203 Ed ORF 6 (Leu 10 S¢e1)

35058 A inserted 203 E4 ORF 2 (frameshift/truncation)

“(RFE. open reading frame,
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Indicated that all recombinant viruses containing the mutation significantly’ accelerated viral DNA replication and protein
at nucleotide 8350 (C to T) displayed the enhanced-cytatoxic- synthesis, leading to more-efficient tumor cell killing and|virus
ity phenotype. ONYX-212, -232, -234, and -236 all had activi- spread, Both viruses were isolated by serial passage inp the
ties similar to that of ONYX-203. and they produced the char- HT29 human colorectal cancer cell line. ONYX-201 and -203
acteristic morphology after infection of HT29 cells. |In contrast, formed larger plaques in HT29 cells (Fig. 1), replicated more
ONYX-231, -233, and -235 were indistinguishable| from wild- rapidly, and killed HT29 cells up to 1,000-fold faster (Fig. 2
type AdS. Therefore, the C-to-T transition at nucleotide 8350 and 4) than the parental virus AdS, The difference was more
appeared to be both necessary and sufficient for the ncreased pronounced when cells were infected at lower MOIs, prgsum-
eytolytic activity of ONYX-203. In contrast, while this mutation ably due to the compounding effects of multiround inlegtions
was necessary to account for the superior cytolytie activity of (Fig. 3 and 4). More importantly, the superior cytolytic agtivity
ONYX-201, it was not sufficient. An additional mutation(s) of ONYX-201 and -203 was not limited to HT29 cells but was

appears to be required to achieve full cytolytic activity of ON- observed insa number of, but not all, other human caneer cell
YX-201. We are currently engaged in an effort| to further lines of diverse tissue origin tested (Fig. §). In contrast} in a
characterize such mutation(s). number of primary human cells tested, their cytotoxicity was

The C-to-T mutation at nucleotide 8350 is located in the  similar to that of wild-type AdS, effectively enhancing the tu-
i-leader region of the major late transcription unif of AdS (1, mor cell selectivity of these oncolytic agents (Fig. 6) comparced
11, 26. 47. 48). The i-leader sequence is spliced to|a subset of to wild-type virus. The genomic DNAs of ONYX-207 and -203
1.1 mRNA, which predominantly encodes the S2/55K protein, were sequenced, and at least one mutation was identified as
and may modulate expression of the 52/55K protein (1, 28, 36, responsible for the observed phenotype (Table 1 and Fig. 7).
45). The i-leader itself contains an open reading frgme encod- Adenovirus mutants that induce apoptosis also display en-
ing the 143-aminv-acid i-leader protein (1, 11, 26. 47, 48). The hanced CPE and the large-plaque phenotype (37, 40 49).
exact role of the i-leader protein in adenovirus replication has However, three lines of evidence suggested that ONYX-201
not been clearly defined. However, this protein may play an and -203 do.not induce apoptosis in infected cells. First, there
important role in the initiation of viral DNA replication or was no evidence for DNA fragmentation (data not shown), a
switch to the late phase of the viral life cycle (1, 27, 28, 47). The hallmark for apoptosis. Second, the morphology of the infected
C-to-T mutation at nucleotide 8350 changes the |Gln codon cells (Fig, 2A) suggested that they were not dying of apoptosis,

(CAG) at amino acid 125 to a stop codon UAG,|thus elimi- as apoptosis is characterized by cell shrinking and membrane
nating the last 21 amino acids of the i-leader protein. The size hlebbing and cells infected by ONYX-201 and -203 were swol-
difference between the truncated i-leader protein and the wild- len with 2 smooth surface, Third, viral progeny vields pften
type protein is clearly demonstrated in Fig. 7C. Our results reduce dramatically when apoptosis is induced (44), and this

indicate that the truneated protein accumulated more rapidly was ¢learly not the case for ONYX-201 and -203 in infected
in the infected cells than the wild-type protein (Fig. 7). In tumor cells (Fig. 4A),

cells infected with ONYX-201 and -203, most of the infected Wo suggoest that one of the main reasons for the enhanced
cells expressed high levels of the i-leader protein at 24 h postin- cytolysis by ONYX-201 and -203 iy their ability 1o replicate
fection. In contrast, the full-length i-leader protein was unde- more rapidly. Figures 2 and 4 clearly indicate that ccll|lysis,

tectahle in the vast majority of cells infected with wild-type viral macromolecular synthesis, and virus production werg sig-
Ad5 at 24 h postinfection. The subcellular localization of the nificantly more rapid in ONYX-201 and -203 during ong-step
i-leader protein did not seem 1o be affected by this mutation infections (i.e., MOI = 10). The vast majority of the cells\were
(data not shown). Given the reported function of the i-leader infected at this MOI; therefore, the releasc and spread of the
protein in viral DNA replication, it is possible that the rapid virus progenies were unlikely to be important factors, Never-

accumulation of the truncated i-leader protein may play a role theless, it ig entirelv possible that these viruses have also ac-
in the early onset of viral DDNA replication, accelerating the guired the capacity to spread more efficiently in cell cujture,
viral life cycle. further enhancing their cytolytic activity in the low MOJ set-
tings. It is intriguing to speculate that one of the mutatians in g
.

ONYX-201 may act in this fashion, complementing the muta-
tion in the i-leader region,

Random mutagenesis of human adenovirus followed by re- The molecular mechanism of enhanced cytolysis for ONYX-
peated passaging in certain cell lines or under defined culture 201 and -203 is unclear. We confirmed that all cells \were
conditions has been used to {solate temperature-sensitive (10, infected prior to cvtolysis (data not shown), suggesting that

DISCUSSION

12,732, 39, 50) and host range (3, 23) mutants. Presumably, they were killed directly as a consequence of a full virgl life
these viruses have accumulated mutations that fagilitate their cycle rather than by a diffusible factor secreted by adjpcent
productive growth in particular host environments or culture infeeted cells, We identified the mutation at nucleotide 8350 us
conditions. We suggest that, by using the same cpneept, ad- necessary and suflicient for the enhanced oncolytic activity of
cnoviruses can also be adapted to cxpress highly |potent, tu- ONYX-203. This mutation also cxists in ONYX-201 and was
mor-selective phenotypes. The work presented here describes required. but not sufficient, for the superior activity of ONYX-
for the first time this biological sclection approach. by which 201, Additional mutation(s) may be required to achicve the tull
we have isolated adenoviral variants that may spe¢ifically and activity of ONYX-201, The C-to-T mutation at nucleotide| 8350
efficiently target certain tumor cells for infection and killing. is located in the i-leader of the major late transcription unit of

In this paper, we report an in vitro bioselection procedure to - AdS (1, 11,26, 47, 48), The i-leader sequence is spliced to a
isolate two mutants of AdS, ONYX-201 and -203, that have subset of LI mRNA. which predominantly encodes the 53/55K
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protein, and may modulate expression of the 52/35K protein
(1, 28, 36, 45). The i-leader itself contains an open reading
frame encoding the 145-amino-acid i-leader protein (1, 11, 206,
47, 48). The exact roles of the 52/55K and the i-leader protein
in adenovirus replication are not clearly defined. They are the
only proteins encoded in the major late transcription unit that
are expressed prior to viral DNA replication, suggesting that
these two proteins may have an important role in the initiation
of viral DNA replication or swiltch to the late phase of viral
replication (1, 27, 28, 47). It is possible that carly accumulation
of the truncaled i-leader protein can accelerate viral DNA
replication through an unknown mechanism. Further analysis
of the i-leader protein’s function during the viral life cycle is
needed in order to address this question.

ONYX-201 and -203 share 4 mutations (Table 1), suggesting
that some or all 4 of the mutations are critical for the enhanced
killing phenotype. Whether these mutations were indepen-
dently selected, or whether the two viruses were derived from
a common ancestor through differential recombination events,
Is not clear. The fact that ONYX-201 and -203 share more than
one mutation favors the latter possibility.

ONYX-015, an adenovirus with E1B-55K deleted, efficiently
replicates in and lyses tumor cells with a defective p53 pathway.
In a number of human tumor cells, the loss of pS3 function
compensates for the loss of E1B-55K function during the viral
life cyele. We may speculate that specific common genetic
alterations are present in HT29 and other tumor cell lines in
which ONYX-201 and -203 replicate with high efficiency and
provide a cellular environment that selectively supports expres-
sion of their rapid replication phenotype. We are currently
devising strategies 1o decipher the genetic basis for such pos.
sible mechanisms. In all of the normal human cells tested, the
eytotoxicity of ONYX-201 or -203 was similar to that of wild-
type Ad5. This not only lends support to the cellular geneltic
basis model for the ONYX-201 and -203 phenotype but also
indicates that, as oncolytic agents, these viruses have an en-
hanced overall therapeutic index compared to wild-type virus.

Our observation that ONYX-201 and -203 replicated in, and
killed, tumor cells drastically more rapidly than Ad5 at low
MO1s may have profound clinical impact. Human solid tumors
at clinical presentation are commonly large masses of densely
populated cells. Even in the case of a direct intratumoral in-
jection, infection by therapeutic viruses occurs at a very low
multiplicity. Thus, the infection conditions in viral oncolytic
therapy regimens are not optimal. Furthermore, following sys-
temic administration, the amount of virus that reaches the
tumor is estimated to be a very small fraction of the injected
dose, so the multiplicity of infection would be even lower than

genomes. (B) Cytolytic activity of the recombinant viruses was exam-

incd in HT29 cells by using MTT assays. {C) ONYX-20! and -203 .

encode the truncated i-leader protein. HT29 cells were infected at an
MOT of 16, Expression of the i-leader proteins was examined by im-

munoblot analysis. Mock, mock-infected cells, (17) Accumulation of

the i-leader protein, HT29 cells grown on chamber slides were infected
with Ad3 and ONYX-201 and «203 at an MOI of 10, At 24 b postn-
tection, the cells were fixed, permeabilized, and analyzed by dual
immunofluorescent staining with M73 (a monocional antibody against
E1A) (green) and a polyclonal antibody against the i-leader protein
(red). Representative fields are shown.

242,
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intratamoral administration, Therefore, the rapid
phenotype observed under low MOI described h
relevant to the clinical setting, for both local-re
systemic administration. The ability to quickly repli
give these viruses a greater chance to eliminate
masses.

The work presented here provides groundwor
bioselection to develop highly potent, tumor-sele
lytic viruses. To the best of our knowledge, thisis 1
demonstrated for human adenovirus. ONYX-201 a
their recombinant derivatives are being examined
models carrying human tumors, Additionally, the
tions identified in the present study are being ir

with other genetically engincered adenoviruses,

replication
:re is likely
gional and
cate should
iolid tumor

k for using
ctive onco-
e first case
1d -203 and
1 in animal
key muta-
corporated
such  as

ONYX-015 and -411 (19), to create new generations of cancer

therapeutic adenoviruses.
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Abstract

The delineation of the genetic etiology of cancer makes gene therapy a rational approach for the molecular treatment of

cancer. Many gene delivery systems have been developed, with viral vectors being the most effective, Underlying cancer
gene therapy protocols is the recognition that quantitative tumor transduction cannot be achieved with the vector systems
available at the present time. One way to overcome this problem could be to amplify the transduction efficiency through the
use of vectors capable of replicating specifically in tumor cells. We are currently developing an adenoviral vector in which
viral replication will be restricted to the target tumor cells by limiting the expression of viral genes essential for the virus
replication only to the tumor cells of interest. © 1997 Elsevier Science BV,
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1. Introduction

In 1996, most malignant neoplasms remain incur-
able so that cancer is still one of the principal causes
of death in industrialized countries [1]. Chemother-
apy, radiotherapy and surgery have evolved as
standard treatment modalities over the last decades;
these therapeutic approaches result in reductions of

*Corresponding author. Tel. + 1 205 9348627; fax: + 1 205
9757476,

tumor burden, however in many instances the disease
relapses as a result of the inability to eradicate all
tumor cells and sometimes due to tumor cells
becoming resistant to treatment. Based upon these
considerations, there is a need for novel, alternate
treatment modalities.

In this regard, gene therapy for cancer has become
a rational interventional strategy [2-5]. This is based
upon the discovery of a genetic ctiology of many
neoplastic transformation events. Further, it has been
recognized that phenotypic reversion and tumor

0169-409X/97/832.00 © 1997 Elsevier Science BV. All rights reserved
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regression can be obtained by selective 4
the molecular pathways etiologic of

delineation of the genetic etiology of
makes gene therapy a rational appro
molecular treatment of cancer. In thig r
approaches have been utilized in exper;
mal models, and promising results have

translated into phase I human clinical g
trials. To date, 86 clinical protocols emp)
strategies have been proposed to the R
DNA Advisory Committee (RAC) of t
other agencies that control genme tran
studies [6].

2. Strategies for cancer therapy

Strategies for cancer gene therapy car

brogation of
cancer. The
cancer thus
ach for the
egard, many
imental ani-
ilready been
ene therapy
loying these
tecombinant
he NIH and
sfer clinical

1 be divided

into three groups: genetic immunopotentiation, muta-
tion compensation and molecular chemotherapy [2—
5]. Genetic immunopotentiation is defined as the

genetic induction of antitumor immunity
this is accomplished by employing a vac
ing of tumor cells which have becn
modified to overexpress effectors, either
immune costimulatory molecules [7

In practice,
cine consist-
genetically
cytokines or
—13].  This

strategy has been utilized in models of metastatic

disease, whereby the implantation of

genetically

modified tamor cells is employed to achieve sys-
temic immune-mediated antineoplastic effects. Muta-

tion compensation refers to the genetic n
of malignant cells to mitigate the effects

wodifications
pf mutations

or loss of function strongly associated with neo-

plastic transformation. It involves rep
wild-type tumor suppressor genes to cel
deleted or mutated tumor suppressor ge
ods to diminish the production of an

acement of
Is bearing a
e or meth-
oncoprotein

whose gene expression is aberrantly regulated. Mo-
lecular chemotherapy refers to the addition of a toxin

that will lead to the death of the tumor
are direct and indirect approaches fo
chemotherapy. The direct approach utiliz

cells. There
r molecular
es the deliv-

ery of a toxic substance directly to the tumor cells. In
contrast, the indirect approach relies upan the deliv-
ery of a non-toxic prodrug and a prodrug activating
gene, The combination of these two elements results
in the activation of the prodrug into a toXic substrate
resulting in cell death. In thig case, the| therapeutic
gene functions much like a conventiomal chemo-

riel | Advanced Drug Delivery Reviews 27 (1997) 6781

therapy agent. However, mutation compensation and
molecular chemotherapy require in vivo delivery of
antitumor genes, and therefore they have been uti-
lized mainly in local/regional disease models. These
in vivo gene delivery approaches have attempted to

achieve direct in situ tumor transduction to
antitwmor effects.

3. Gene delivery systems for cancer

A common set of gene delivery systems have

vield

been

employed for the different cancer gene therapy
strategies: viral (retrovirus, adenovirus), nontviral

(liposomes, naked DNA injection) and phy

sical

methods (clectroporation). The choice of gene deliv-

ery system depends on the nature of the interven
al strategy and the context of the target disease
local/regional versus metastatic tumors. In thi
gard, genetic immunopotentiation approaches, 4
have been employed in cases of metastatic disg
utilize ‘viral vectors for in vitro transduction
selection of stably transduced cells. Although 1
viral vectors have been used to achieve ex
transduction, constraints relevant to in vivo sta
have not permitted its wide spread employmen
other cancer gene therapy approaches. In con
mutation compensation and molecular chemothg
strategies require direct in vivo delivery of antif]
genes and therefore have been utilized main
local/regional disease models. These in vivo
delivery approaches thus attempt to achicve dirg
situ tumor transduction to yield antitumor effeg

For these gene therapy approaches, vector s

tion-
, 1.,
$ re-
hich
ases,
and
etro-
Vivo
bility
t for
trast,
2TaApY
mor
y in
gene
>ct in
18,
trate-

gies must therefore accomplish relatively efficient in
vivo gene delivery. In this regard, the adenogviral

vector has been employed for a variety of

these

cancer gene therapy approaches due to its ability to

accomplish high efficiency in vivo gene deli

very.

Hence, it has a broad host range, it can transfer genes

to non-dividing cells, it is resistant to host cor
ment factors, and it can be generated to very

nple-
high

titers. For example, in the molecular chemotherapy

strategy, the herpes simplex virus thymidine k
(HSV-tk) gene has been successtully delivered
an adenovirus vector to several types of cancer
in vitro-and in vivo [14-21]. In a study by Ross
[15], a primary glioma in rat was shown t
sensitive to Ad/HSV-tk killing in vivo. T

nase
with
cells
et al.
0 be
mor
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volumes decreased following administration of gan-
ciclovir (GCV) as measured by MRI, resulting in
prolonged survival. In similar experiments by Colak
et al., a metastatic breast cancer model to brain was
generated by injecting MAT-B cells into the caudate
nucleus of Fisher rats [16]. They demonstrated that
this MAT-B cell line could be efficiently transduced
in vitro by a replication-defective adenoviral vector
bearing the HSV-tk gene and that the Ad/HSV-tk
infection could render the cells sensitive to GCV
killing in a dose-dependent manner. In vivo, when
the Ad/HSV-tk was injected into tumors and the
animal treated with GCV for 6 days, no visible
tumors could be detected at the site of tumor
injection 16 days after the GCV treatment, whereas
control animals exhibited large tumors. In survival
studies, animals treated with Ad/HSV-tk and GCV
survived a significantly longer time than control
animals. In a breast cancer model, Chen et al
employed a tumor-specific promoter, DF3/MUCI, to
express the HSV-tk gene in an adenoviral vector
[21]. They first demonstrated efficient in vitro and in
vivo transduction of several DF3-positive breast
carcinoma ccll lines in a tumor-specific manner,
Using an intraperitoneal breast cancer metastases
model, they demonstrated that intraperitoneal in-
jection of Ad/DF3-HSV-tk followed by GCV re-
sulted in inhibition of tumor growth. Additional
work by Eastham et al. was accomplished in the
context of prostate cancer, whereby subcutaneous
tumor nodules were injected with Ad/HSV-tk fol-
lowed by GCV treatment for 6 days [17]. The mcan
tumor volume in treated animals was 18% of that in
control animals, and histologically treated animals
demonstrated cell death which was not seen in
control animals. Using the mouse prostate reconstitu-
tion model, similar results were obtained when
primary site lesions were injected with Ad/HSV-tk
and treated with GCV. These studies demonstrate
that, in the context of breast cancer, mctastatic breast
cancer to the brain and prostate cancer, adenovirus-
mediated transfer of the HSV-tk gene in conjunction
with a GCV regimen can efficiently inhibit tumor cell
growth in vitro and in vivo.

The studies' of Hwang et al. established the
effectiveness of the Ad/HSV-tk/GCV system in
causing tumor regression in animals inoculated intra-
peritoneally with a mesothelioma or a lung adeno-
carcinoma cell line, and showed that animals with

bulky disease could also be successfully treated [18).
Effective killing could be achieved using low titer
Ad/HSV-tk and clinically safe GCV doses, and
HSV-tk gene expression remained localized follow-
ing infection with Ad/HSV-tk. Colak et al. also
reported successful killing of tumors in a spinal cord
tumor animal model [19]. They generated spinal cord
tumors by stereotaxic intramedullary injection of 9L
gliosarcoma cells into Fisher 344 rats, Seven days
later, intratumoral injection of Ad/HSV-tk was per-
formed followed by GCV treatment for 6 days.
Eighteen days after injection of tumor cells, all
control animals had paraplegia and large tumors, In
contrast, no tumors were detected in Ad/HSV-tk-
and GCV-treated animals: two out of five of these
animals remained iumor-free and healthy at 6
months, whereas control animals became paraplegic
within 18 days. Again these studies demonstrated the
efficacy of the adenovirus to mediate HSV-tk gene
transfer in vivo to different neoplasias for inhibition
of tumor growth following GCV treatment.
Rosenfeld et al. utilized Ad/HSV-tk and demon-
strated efficient in vitro transduction of a panel of
different human ovarian cancer cell lines and pri-
mary cultures of ovarian cancer cells obtained from
patients with ovarian carcinoma [20]. In a SCID
mouse model, SKOV3.ipl ovarian cancer cells were
injected intraperitoneally and allowed to establish
tumors; significant tumor reduction and diminished
overall tumor burden was achieved. These studies
provided the basis for a human clinical protocol that
was submitted to the RAC and accepted for a phase [
human clinical trial. Thus, in the context of molecu-
lar chemotherapy, the recombinant adenovirus can be
utitized successfully to deliver genes encoding pro-
drug activating enzyme both in vitro and in vivo,
Mutation compensation strategies involving domi-
nant oncogene knock-out and tumor suppressor gene
replacement have also employed the adenovirus as a
vector. For example, Liu et al. showed growth
suppression of human head and neck cancer cells by
the introduction of a wild-type p53 gene via a
recombinant adenovirus {22]. In vitro growth assays
revealed growth arrest following adenovirus carrying
p53 gene (Ad/pS3) infection as well as cell mor-
phological changes consistent with apoptosis. In vivo
studies in nude mice with established subcutancous
squamous carcinoma nodules showed significantly
reduced tumor volumes in mice that received

294
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peritumoral injection of Ad/pS53. Furthgrmore, they
demonstrated that inhibition of tuanor growth

occurred through induction of apoptosi

s 23], Re-

placement of p53 in melanoma cells has been
investigated by Cirielli et al. [24]. In vitro growth

inhibition was observed with human Bl

6.(G3.26 and

murine SK-MEL-24 melanoma cells when trans-
duced with Ad/p53 and both underwent apoptosis.

Nude mice injected subcutaneously wit

h these cell

lines developed localized tumors, however, when

tumors were injected with Ad/p53 1

week later,

tumors were 2.5-fold smaller than in control animals

and they exhibited DNA fragmentatior
with apoptosis. Another interesting

1 consistent
study by

Toshiyoshi et al. demonstrated induced chemosen-

sitivity of human lung cancer cells
adenovirus-mediated p53 replacement |
study, they employed the non-small cell

in vive by
25]. In this
lung cancer

cell line H358 that has both p53 allales deleted.
Their hypothesis was that the absence of|p53 protein

in the cancer cells caused resistance to
peutic drugs. The Ad/p53-transduced
treated with cisplatin underwent apo
specific DNA fragmentation in vitro. In

H358 cells
ptosis with
the in vivo

context, direct injection of Ad/p53 into H358 tumors

subcutaneously implanted into nu/nu 1m

ce, followed

by i.p. administration of cisplatin, indu¢ed massive

apoptotic destruction of the tumors, T

hese results

support the clinical application of a regimen cowbin-

ing gene replacement using replicati
wild-type p53 encoding adenovirus
damaging drugs for the treatment of hu

on-defective
and DNA-

M4 Cancer.

Other studies have shown it vitro growth inhibition
of tumor cells by replacement of p53 gene, notably

for glioma [26], osteosarcoma [27], c

ervical car-

cinoma [28]. ovarian carcinoma [29] and prostate

cancer cells [30]. These studies have est

ablished the

efficacy of the adenovirus to successfully mediate in

vivo p53 gene transfer to a variety of dis

in order to achieve p53 genc replacement.

ease models

In a similar approach, Jin et al. employed gene

replacement of pl16"™<* into lung cancer

cells carry-

chemothera. -

ing a homozygous deletion of this tumor suppressor
gene. Their results demonstrated that expression of
the adenovirally introduced pl16™"* blocked tumor

cell entry into the S phase of the cel
inhibited tumor proliferation both in vitro
[31]. Tumor suppressor genes such as p
Xs and C-CAM-1 have also been target

cycle and
and in vivo
53 like Bcel-
ed as thera-

‘fel | Advanced Drug Delivery Reviews 27 (1997) 67~81

peutic gene replacement strategies for prostate cancer
[32} and different disseminated cancers using bone
marrow purging [33], and have been shown to inhibit
cell growth in vitro, Thus, the adenovirus vector can
be successfully employed to accomplish tumor| sup-
pressor gene réplacement.

In an alternate mutation compensation approach,
Deshane et al. proposed a targeted anti-cancer
strategy to selectively eradicate erbB2 tyrosine ki-
nase receptor overexpressing tumor cells by
king-out the erbB2 protein with an anti-erbB
tracellular single-chain antibody (anti-erbB2
[34]. They showed that expression of an endoplasmic
reticulum (ER) form of the anti-erbB2 sFv resulted
in a profound down-regulation of cell surface erbB2
receptors in erbB2 overexpressing ovarian cgncer
cell lines and this led to a marked inhibition of thmor
cell proliferation in vitro. Moreover, whereas stable
transfectants expressing the anti-erbB2 sFv could be
derived from non-erbB2 overexpressing cancer cell
lines, expression of the intracellular antibody| was
incompatible with long-term survival of the erbB2
overexpressing tumor cells in vitro. Using an
adenoviral vector encoding the ER form of the|anti-
erbB2 sFv, targeted tumor cell killing could be
achieved in vivo and significant prolongation of
survival of animals carrying a human ovarian| car-
cinoma. tumor burden within their intraperitoneal
cavities could be obtained [3536]. It was  also
demonstrated that the highly specific targeted eradi-
cation of the erbB2 overexpressing tumor cells by
the intracellular antibody occurred through the induc-
tion of programmed cell death [37]. Thus an adeno-
virus vector can efficiently deliver genes in vitro and
in vivo genes to mediate dominant oncogene knock-
out,

In these in situ schemas, the vector was adminis-
tered intratumorally, peritumorally, or alternatively,
into an'anatomic compartment containing the tpmor
mass. The logic of these delivery modes is based
upon the achievement of a high local vector |con-
centration which favors tumor cell transduction and
simultaneously limits vector dissemination. Never-
theless underlying all of these approaches ig the
recognition that quantitative tumor cell transdugtion
cannot be achieved with the vector systems available
at the present time. Thus, for the gene therapy
strategies without significant amplification effects,
suboptimal tumor correction or killing is achieved. A
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good example is presented in the studies of Hwang et
al. where a molecular chemotherapy treatment could
accomplish a dramatic effect in a xenogenic
heterotopic mouse model of human mesothelioma
[18]. In contrast, when the same strategy was
undertaken in a syngenic system using orthotopic
disease localization, response rates were significantly
lower [38]. These studies demonstrate the fact that,
in spite of effective resulis in a model system,
optimal vector delivery could not be reached in order
to translate these findings to an orthotopic model
more closely mimicking human disease state, There-
fore, although several viral vectors have shown their
ability to accomplish direct in vivo gene delivery to
tumors, their transduction efficiencies are presently
inadequate 1o modify a sufficient number of tumor
cells to achieve an efficacious treatment.

4. Vectors for in situ amplification for increased
efficacy

A means to circumvent this issue would be to
design a vector that would amplify tumor transduc-
tion, in spite of suboptimal anatomical or delivery-
related conditions in the in vivo disease model. One
way to achieve this amplification effect would be via
rephication of the delivered viral vector. In this
approach, a replication-competent virus would be
used to selectively replicate within the transduced
tumor cells and not in normal tissues. Production of
virus progeny from transduced tumor cells would
then allow infection of the neighboring tumor cells,
resulting in an increased viral transduction that could
be of therapeutic utility in two ways. First, tumor-
specific replication of a recombinant viral vector
encoding a' therapeutic gene would augment the
intratumeoral virus inoculum, thus increasing the viral
concentration at the tumor interface and spreading
the virions into the tumor mass, This would increase
tumor transduction efficiency and thus augment
therapeutic efficacy of the delivered antitumor gene.
Second, and most importantly, the utilization of
viruses which replicate through a lytic cycle would
result in viral-mediated oncolysis. This effect would
be mediated regardless of the delivered transgene
and so the benefit would be additive. Through the
use of viruses which possess the ability to replicate
specifically in tumor cells, direct tumor cell lysis

would occur while leaving normal cells unaffected.
In both cases, amplification of the antitumor effect
would be achieved.

This viral vector system could be derived from
two types of viruscs; wild-type, attenuated or tissue
culture-adapted viruses that possess the ability to
replicate in specific tissues, and recombinant viruses
genetically engineered to replicate only within the
target tissue. Tn the former instance, tissue culture-
adapted viruses have been extensively used in the
past as oncolytic agents for experimental cancer
therapy. These studies conducted in the 1950s
through the 1970s involved utilization of wild-type
viruses possessing the capacity to selectively repli-
cate within tumors cells. Such studies included
adenovirus [39], mumps virus [40,41], vaccinia virus
[42], myxovirus [43-46], West Nile virus [47,48],
Newecastle disease virus [49] and others that were
administered by several routes, The three most
promising and informative studies were those of
Southam and Moore [47], Smith et al. [39] and
Asada [40]. Southam and Moore studied the utiliza-
tion of the Egypt 101 strain of West Nile virus to
treat 34 patients suffering from advanced neoplasms
not responsive to any established method of treat-
ment such as surgery, roentgen-ray irradiation or
chemotherapy [47]. Inocula consisting of bac-
teriologically sterile tissues (mouse brain, chick
embryo or human tumor tissue) were injected in-
tramuscularly or intravenously. Viral infection was
definitely established in 27 of the patients. This viral
infection did not exert a curative effect but in at least
four, and possibly nine, of these patients a transient
inhibitory effect of tumor growth was observed. In
14 of these patients, virus was localized in tumor
tissue and, in five patients, it was preferentially
concentrated in tumor tissues compared to normal
tissues.

4.1. Replication-competent virus as a therapeutic
tool for cancer therapy

Smith et al. used adenovirus as an expcerimental
therapy in patients with advanced cervical car-
cinomas [39]. Their study was based on the luxuriant
growth of adenoviruses on Hel.a cells. Patients were
d prior] screened for the presence of neutralizing
antibodies and then treated with an Ad serotype to
which they were not imumune by intratumoral or
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intraarterial injection of virus-contain
supernatant.  Sixty-five percent of ¢

ing culture
he patients

showed necrosis and cavity formation in the pelvic

tumors but total tumor regression never

Asada selected the mumps virus for its
thrive in actively multiplying germ cells
culture suspensions were administered tqg
local application to the tumor surface, by
al, oral, rectal or intravenous inoculd
inhalation. Tumors disappeared or decre
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antibodies increased and long-term tumo
was attributed to stimulation of antitunc
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r immunity.

Thus, these studies established the potential utiliza-

tion of oncolylic viruses to treat cancer.

More recently, in 1992, Reichard et a
a study to evaluate the direct effects o
disease virus (NDV) strain 73-T on 4
human tumors in vitro and in vivo and

. undertook
f Newcastle

variety of
to establish

the NDV’s specificity for tumor cells versus normal

cells [50]. They were inspired by the wo

rk of Cassel

and Garrett who suggested that a maquse tumor-
adapted strain of the NDV, 73-T, was directly

oncolytic to murine tumor cells both in

vitro and in

vivo [49]. Plaque assays determined the cytolytic

activity of NDV 73-T on six human tum
(HT1080 fibrosarcoma,
HCV29T bladder carcinoma, KB8-5-
carcinoma, IMR32 neuroblastoma and G

or cell lines

KHOS  osteosarcoma,

11 cervical
104 Wilm’s

tumor cells) and on nine normal human fibroblast

cell lines. Plaques formed on all the tum

or cell lines

tested, whereas no plaques could be detected on any

of the normal fibroblast lines. Virus yie
10 000-fold within 24 h in tumor cells b

d increased
ut remained

near zero in normal fibroblast supernatants. Anti-
tumor effect was evaluated in vivo in athymic nude

Balb-c mice by subcutaneous injection
tumor cells followed by intratumoral

1 X 10° plaque-forming units (PFU) of |
inactivated NDV or medium. After live
ment, tumor regression occurred in 10

of 9% 10°
njection of
ive or heat-
NDV treat-
of 11 mice

bearing the cervical carcinoma cells, eight of eight

with fibrosarcoma cells and six of

seven with

neuroblastonia cells. In contrast, no tumor regression
occurred after treatment with heat-inactivated NDV

or medium. No toxicity was observed

in healthy

mice injected with 1 X 10° PFU of NDV| This study
demonstrated the efficiency of NDV to| selectively
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replicate in tumor cells without affecting ng

rmal

cells and its potential to cause tumor regression in
vivo, The parvovirus H-1 has also been employed in
several! tumor models based upon its ability to

replicate selectively in cultured human tumor
lines of various tissue types. In these models,

cell
viral

replication has resulted in suppression of oncogenici-

ty and tumor killing [51,52]. An important featu

re of

the NDV and parvovirus H-1 is that they are not

pathogenic to humans; therefore viral toxicity w

ould

be expected to be minimal in clinical contexts. Thus,
the studies on the utilization of the Newcastle virus
and H-1 parvovirus have demonstrated that killing of
human tumor cells and tumor regression can be

achieved by viral oncolysis.

4.2, HSV-1 mutants

Even though development of herpes vectors for

tumor therapy is at an early stage, another attra

ctive

virus for experimental tumor therapy is the herpes

simplex virus type 1 (H8V-1). This concept is b

ased

on the ability of certain HSV-1 mutants to selectively
replicate within tumor cells. A limited number of

studies in rodents have explored the utilizatio
herpes vectors in experimental tumor therapies
these works have mostly employed HSV-1 mu
which have reduced neurovirulence and rvepl

n of
‘and
tants
icate

efficiently in dividing cells but poorly or not at all in
non-~dividing cells, HSV-1 vectors have been shown
to infect a broad variety of tumor cell types, includ-

ing most rodent tumor lines and all lines from hy
brain tumors tested to date, gliomas [53-57], m
loblastomas [57], meningiomas [55,57] and n
fibrosarcomas [57] and most rodent tumor lines,
first generation of HSV-1 vectors used for @1
therapy contain a single gene mutation or del
that permits them to replicate more efficient
some cells compared to others, HSV-1 mutan
genes for y34.5 [58], ribonuclcotide reductasc
and thymidine kinase [60] have been evaluate
brain cancer gene therapy. The first studies usin
HSV mutant were conducted by Martuza et al.
They employed a thymidine-kinase gene de
mutant, dlsptk, and have shown infectivity
toxicity for two glioma cell lines in vitro, Intratu
al injection of mutant virus into subcutaneous tu
implanted in the subrenal capsule or intracr
tumor in nude mice produced significant gr
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inhibition of the tumors. Some evidence of en-
cephalitis was observed in these animals without
being lethal. Chambers et al. compared two HSV
mutants, one carrying a deletion of the y34.5 gene
and the other producing a truncated form of that gene
product, for their ability to replicate and cause
cytolysis in a SCID mouse glioma model [56]. Their
results showed that both mutants could replicate and
cause oncolysis of glioma cells of muring and human
origin and could significantly prolong survival in a
dose-dependent manner. Martuza et al. employed the
hrR3 ribonucleotide reductase-deficient (RR — ) HSV
mutant in which the E. coli lacZ gene was inserted
into the ICP6 gene that encodes the large subunit of
the RR [53]. The hrR3 mutant caused a cytopathic
effect on the U-87MG human glioblastoma cell line
in vitro, and drug sensitivity assays demonstrated
that hrR3 was hypersensitive to ganciclovir. In vivo
studies with animals harboring U-87MG tumors
subcutaneously, demonstrated significant inhibition
of tumor growth in animals treated intratumorally
with 5% 10° PFU and /lacZ expression could be
detected in treated tumors. Thus these studies dem-
onstrated the concept that tumor cell killing and
tumor regression can be achieved by the oncolytic
property of the first generation of HSV-1 mutants.
Further improvement in vector design has resulted
in the so-called second generation of HSV-1 vectors,
These vectors contain multiple mutations. Mineta et
al. have created a multigene mutant of HVS-1, G207,
with deletions at both y34.5 loci and a lacZ gene
insertion in the ICP6 gene [61]. This double muta-
tion makes reversion to wild-type unlikely and
confers important advantages that need to be consid-
ered for an eventual translation into clinical trials:
ganciclovir hypersensitivity, temperature sensitivity
and attenuated neurovirulence. G207 killed human
glioma cells in vitro and in nude mice harboring
subcutaneous or intracerebral U87-MG glioma cells;
intratumoral inoculation with G207 caused decreased
tumor growth and/or prolonged survival, Injection of
(207 was not toxic to mice and HSV-sensitive non-
human primates. The study of Yazaki et al. demon-
strated that the G207 HSV mutant could replicate
within and kill three human malignant meningioma
cell lines in vitro [62]. In a nude mouse model,
where human malignant meningioma F5 cells were
implanted subcutaneously, G207 could inhibit
growth of tumor in a dose-dependent manner. In

nude mice harboring intracranial subdural F5 cells,
one injection of G207 caused significant decrease in
tumor growth and one apparent cure without neuro-
logical dysfunction or pathological changes in the
surrounding brain,

Although these studies utilizing HSV-1 vectors for
tumor therapy have shown very encouraging results,
some issues still need to be addressed and these may
prove limiting in the translation to human clinical
trials. First, the use of HSV-1 mutants has been
studied for the treatment of brain tumors and based
upott their specific ability to replicate in brain tumor
cells. But some brain tumor cells may be resistant or
poorly infectable as seen in the rat C6 glioma cell
line [63]. Second, in these therapeutic models, the
virus infected all cells at the site of injection,
including tumor cells and normal cells. One must
consider that there are many dividing cells in the
body that could serve as host cells for the virus to
replicate. Even though most individuals can have an
active HSV infection without serious consequences,
the exceptions to this are very severe and should be
considered even more in the case of cancer patients
who arc frequently at least partially immunocompro-
mised, Another concern is the possible reactivation
of a latent wild-type virus by the HSV-1 vector or
mutant. The full spectrum of cell types that can
harbor the virus in latency is not known, Fourth, it is
not known whether infection with a HSV vector or
mutant can reactivate other members of the herpes
family like Epstein-Barr virus (EBV), cyto-
megalovirus (CMV), herpes simplex virus type 2
(HSV-2) and varicella zoster, even though infection
with HSV-1 has not been associated with reactivation
of other herpes viruscs, so far. Thus, because the
biology of replication versus latency, reactivation,
and tropism are not fully understood, HSV-1 vectors
may not be the best viruses to be utilized for tumor
therapy at the present juncture,

4.3. Replication~competent restricted adenovirus

Adenoviruses may be suitable candidate vectors
for cancer therapy because their biology is well
characterized and understood and they possess in
vivo stability. Recombinant adenoviruses have
shown great promise for the in vivo transduction of
tumors after in situ or vascular delivery [64-66].
Thus the use of these viral vectors in the context of
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conditional replication would be logica
already prevalent in the human populat
generally of low pathogenic potential,

I. They are
ion and are
that 1s 1n-

fections are mild and self-limiting illnegses in most

individuals [67]. Adenovirus stocks can

be prepared

at much higher titer than other viruses and between
10 000 and 100 000 virions can be produced per

infected cell. Adenoviruses possess a lyt

ic life cycle

and this oncolytic property could be exploited by

engineering the virus to replicate specifi

cally within

tumor cells (Fig. 1). Adenoviruses have a broad host
range and are not cell cycle-dependent since they can

infect dividing, quiescent and termina

ly-differen-

tiated cells such as neurons and hepatocytes [65—68].

Use of conditionally replicative adenov

ral systems

would permit considerable flexibility in the treatment
of tumors from a variety of histological types.

Moreover, their tropism can be altered
modification of the fiber gene and the

gene in order to redirect their binding ar
zation to a specific subset of target ce

by genetic
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1d internali-
Is [69-71].
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and this is of importance since virus spread is

desired. Unlike the situation with the retrovi

Ses,

the adenovirus genome rarely integrates into the host
cell chromosomes, thus its genome does not persist
for a long time in the infected cells. Moreover, therc
is no latency phase in contrast to herpes viruses.
Most of the adenoviral vectors are derived from the
non-oncogenic subgroup C and more particularly
from the serotype 5. Therefore adenoviruses repre-
sent a much safer viral vector system to be utilized

for cancer therapy.

Development of an adenoviral vector system in

which viral replication is restricted to the targ
tumor cells could be achieved by limiting

yeted

the

expression of genes essential for adenovirus replica-

tion only to the tumor cells of interest. The pro
concept could be demonstrated by trans
plementation (Fig. 2). The concept of trans
plementation has been demonstrated with cell
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A.

E1A deléted AdS

Ad
genome

stable
transcomplementation

B.

ETA deleted AdS

Ad5 E1l
region

Ad
genome

transient
transcomplementation

Fig. 2. Transcomplementation of adenoviruses, Schematic representation of the ElA-deleted adenovirus type 5. (A) In the stable
transcomplementation, the E1A sequences provided in trans are integrated in the host chromosomes as in the 293 cell line (72). The E1A
proteins expressed from the integrated sequences in the host chromosomes allow transcription and replication of ElA-deleted adenoviruses,
thus leading to production of new virions. (B) In the transient transcomplementation, the E{A sequences are provided in trans by a plasmid
which is codelivered with the virus. In contrast to (A), the E1A proteins are expressed from the codelivered ElA-encoding plasmid. This
approach also permits transcription and replication of ElA-deleted adenoviruses leading fo production of virus progeny as in stable

transcomplementation.

encoding the precursor to the terminal protein [76].
All of these cell lines have supported growth of
appropriate  defective adenoviruses [73,75,76].
Graham et al. were the first to construct an adeno-
virus complementing cell line. They transformed
human embryonic kidney cells by exposing them to
sheared fragments of adenovirus type 5 DNA [72].
The resultant transformed cells, designated 293,
expressed a portion from the conventional left end of
the Ad genome. Spector et al. demonstrated that the
adenoviral integrated sequences in this cell line could
complement the E1 deletions of mutant viruses and
permit replication of these El-deleted adenoviruses
[73]. Klessig et al. constructed cell lines, gmDBP,
which inducibly express the adenovirus DNA-bind-
ing protein [74]. They used a retroviral construct in

which the MMTYV promoter was driving the expres-
sion of the DBP coding sequences to stably transfect
HeLa cells. The vesultant cell lines supported viral
growth at a non-permissive temperature of severely
restricted thermosensitive mutants like Ad2ts400 and
Ad5ts125 even though the complementation was not
complete. Lxpression of late proteins from the
viruses was not as efficient at non-permissive tem-
perature as that at permissive temperature or com-
pared to wild-type virus infection. Morcover, these
cell lines did not support plaque formation at non-
permissive temperature, and this was attributed to an
insufficient level of DBP cxpression. Following this
work, Brough et al. constructed cell lines that
inducibly express the DBP by using the same
retroviral vector in which they inserted the SV40
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enhancer to augment transcription of the
sequences from the dexamethaso
MMTV promoter [75]. These cell line
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and the 293-pTP allowed plaque forma

temperature
tion of sub
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El and E4 rcgions, respectively [77-79]. These

works demonstrated that transcomplems

be accomplished using stable clones

adenoviral proteins.
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ntation can
expressing
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transient fashion. Goldsmith et al. have demonstrated

that ElA-deleted adenovirus can be
plemented with codelivery of E1A sg
make adenoviral producer cells [80]. In
replication-enabling E1A sequences w
sduced into human prostate carcinoma ¢
with an ElA-deleted adenovirus encodin
ase reporter gene. The replication-enabl
was cotransduced by ionic linkage to the
capsid. Cells cotransduced with this re
abling plasmid produced new virions t
ability to transfer luciferase activity to

transcom-
quences to
their work,
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ells infected
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ing plasmid
adenovirus
lication-en-
1at had the
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This work established that simultaneous addition of a

replication-incompetent adenovirus and a
enabling plasmid in a trans configur
convert some of the cotransduced cells in
nant adenovirus-producing cells. A sim
ment was undertaken by Scaria and co
which an expression plasmid containing
reading frame was conjugated by ionic li
E4-deleted  replication-incompetent
(dl1014) and codelivered with the viru
permissive 293 cells [81]. New viral p

replicative-
ation could
to recombi-
ilar experi-
rworkers in
he E4-open
kage to an
adenovirus
5 into non-
rogeny was

made but did not replicate on 293 cells as expected,

however, they grew on WI162 cells
express E4 proteins. Thus these studies d

since they
emonstrated

that transient transcomplementation can be achieved.
The specific genetic elements necessary for adeno-
virus replication are well defined and characterized.
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In this regard, the adenovirus early region g
would be the best candidate genes to be exploite

renes
d for

the derivation of a conditionally replicative adeno-

virus because they are expressed in the early g
of the lytic cycle and they encode proteins inv

hase
lved

in trangactivation of viral promoters (EIA), DNA

replication (E2), host immune surveillance es
(E3) and post-transcriptional control of adeng

cape
viral

gene expression (E1B and E4). Our laboratory
proposes to modify the expression of the E2 and E4

regions. We believe these are the ideal cand

idate

genes for this purpose because they are absolutely

essential for viral replication in vitro and in vivo
so far, no cellular protein has been reporte
comp]‘eljnent these gene products. The E2 rg
encodes proteins involved in DNA replication,

and,
d to
gion
such

as the DNA-binding protein (DBP), the DNA poly-

merase and the precursor to the terminal protein
The E2 region is separated as two transcription {

[82].
mits,

E2A and E2B. The DBP is abundantly expressed
from the E2A region and binds to single-stranded
DNA and to the extremity of double-stranded DNA

[83,84]. The DBP is needed for DNA replic
both in vivo and in vitro [85~87]. The E2B r¢
encodes the adenoviral DNA polymerase and
precursor to the terminal protein [88], the
serving: as a primer for initiation of the viral ]
replication [89,90]. The E4-encoded proteins {
tion in the shut-down of the host gene expressi
favor that of the virus and also play a role ir

ation
gion

the
atter
DNA
func-
on to
1 the

up-regulation of transcription from the E2 region
[91]. Therefore, transcomplementation of these re-

gions could be accomplished transiently or
complementing packaging cell line.

We have decided to utilize transient trans
plementation of the defective viruses as a pro
concept. The chosen defective viruses are the
mosensitive mutants for pTP, Pol and DBP, suq
AdSsub100r, HS5ts149, and H5ts107, respect
[76,92,93]. or deletion mutants, like H5d11014,
ing the: E4 ORFs 3, 4 and partially 6 [94]. T
complementation will be achieved by means
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plasnid encoding the appropriate wild-type conrect-
ing gene codelivered with the virus during infection.

These mutant adenoviruses do not replicate or
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plaques under restrictive conditions except for the

Ad5subl00r, which replicates some and gives a
of less than 10° PFU/ml [76]. Transcomplem
tion will be demonstrated by titering the cell ly
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Fig. 3. Idealized conditionally replicative adenovirus. Schematic representation of the ideal conditionally replicative adenovirus. genetically
modified in the E2 region in order to restrict its DNA replication to a fumor-specific context. (A) In the context of an infection with a
wild-type adenovirus, the E2 region is transcribed and the three essential viral proteins for DNA replication, preterminal protein, polymerase
and DNA binding protein (pTP, Pol and DBP) are synthesized from their native promoter, Viral DNA replication occurs and new virions are
made. (B) A polymerase-defective adenovirus (Pol-defective adenovirus) could be engineered by site-directed mutagenesis to create a stop
codon in a region of the Pol coding sequence that is not shared by Pol, pTP and DBP. The result of this would be a truncated Pol protein that
would not be functional, During an infection with this Pol-defective adenovirus, DNA replication would be ablated due to the defective Pol
protein and no virions would be made. (C) The same Pol-defoctive adenovirus as in (B) would be genetically modified by inserting in the
non-essential E3 region a cassetle expressing the Pol-cDNA under the control of a tumor-specific promoter, During an infection of an
inductive tumor cell with this adenovirus, the inactivity of the mutated Pol protein would be transcomplemented by the active Pol protein
expressed from the tumor-specific promoter, thus resulting in viral DNA replication and virus production.
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of the cotransduced cells at permissive (33°C) and
restrictive temperatures (39°C) for the thermosensi-
tive mutants or on permissive (W162} and non-
permissive (293) cell lines. If transcomplementation
oceurs, plaques should develop in permiissive con-
ditions and not in the restrictive context, since the
newly made virions would still be mutant viruses,

Once transient transcomplementation |is demon-
strated, the expression of the E2 and E4 genes will
be driven by a tissue-specific promoter in a transient
transcomplementation on permissive and non-per-
missive cell lines. In this regard, many tissue or
tumor-specific promoters have been defined and
employed to target a variety of genes’ expression in
a specific tissue, such as the promoters for the human
phenylalanine hydroxylase [95], the prostate-specific
antigen [96], the carcinoembryonic antigen [97], the
a-fetoprotein [98], the polymorphic epithelial mucin
(MUC-1) or episialin or DF3 antigen [99], the erbB2
cellular receptor {100], the surfactant protein B [101]
and the CD11b [102]. Some of them have even been
used in the context of cancer gene therapy [98,100],
moreover with the adenovirus-mediated |gene deliv-
ery approach [21,103,104], Then recombinant adeno-
viruses will be engineered fo contain a tissue-specific
promoter to substitute for the E2A, E2B (Fig. 3) and
E4, respectively, and tested in vivo|in animal
models.

Therefore we propose to derive a conditionally
replicative adenoviral vector designed to replicate
specifically in tumor cells, The basis of this selectivi-
ty will not rest on uncharacterized biology factors as
for the herpes vectors. In our system, designed
elements which lmit expression of essential
adenoviral genes will be the basis of tumor-specific
replication. The preliminary studies we have pre-
sented, as well as the work of others, have suggested
the feasibility of this approach. Such| a system,
possessing the capacity for multiple rounds of tumor
cell killing post-transduction would thus address the
requirement for an amplification effect| within the
context of cancer gene therapy strategies.
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Como resultado del examen de fondo, realizado con fundamento en el articulo 45 de
la Decisién 486 de la Comision de la Comunidad Andina, se le comunica:

1. Documentos estudiados

Descripcion: Folios: 68 a 116 20/12/2006
Reivindicaciones: Folios: 117 a 123 20/12/2006
Figuras: Folios: 124 a 132 20/12/2006
Secuencias: Folios: 133 a 176 20/12/2006
Prioridad: US 60/574,851 26/05/2004

2. Objeto de la invencion

Titulo de la solicitud: “Adenovirus quiméricos para uso en el tratamiento del
cancer”.

El objeto de la presente solicitud de patente de invencién consiste en suministrar
adenovirus quiméricos, o variantes o derivados de los mismos, de utilidad para la
terapia contra el cancer. También se divilgale método para obtener estos
adenovirus.

El problema planteado en esta solicitud es la necesidad de adenovirus con mayor
poder oncolitico que los adenovirus Ad5 empleados usualmente en terapia viral.

Para solucionar este problema técnico la solicitud en estudio proporciona un
adenovirus quimérico que posee un genoma con una region E2B derivada de dos
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serotipos adenovirales diferentes. También se proporciona el método de purificacion
de estos adenovirus quim%ricos. 3

El objeto de la solicitud definida anteriormente se clasificé en la IPC: C12N 15/861,
7/01, 7/02; A61K 48/00. ‘

3. De la solicitud de Patente

3.1 Reivindicaciones (articulo 30 D 486)

El capitulo reivindicatorio presentado carece de claridad y concisién por cuanto:

1) Hay tres reivindicaciones independientes ique se refieren a un adenovirus
quimérico con modificaciones similares. :Se recomienda dejar una UGnica
reivindicacién - independiente de esta clase, que contenga todas |las
caracteristicas técnicas fundamentales del adenovirus y colocar | en
reivindicaciones dependientes las caracteristicas opcionales del mismo
(reivindicaciones 1, 9y 24);

2) Para complementar la descripcion de los adenovirus quiméricos desarrollados
debe aportarse el nimero de deposito de las diferentes poblaciones virales
creadas;

3) La reivindicaciéon 1 y/o| similares deben definir la estructura del adenovirus
modificado, puesto que tal como es reclamado puede dar lugar a multiples
opciones de estructura de la region E2b, donde no todas ellas tiene sustento en
la descripcion. Se debe indicar especificamente los serotipos que comprenden la
region e indicar para cada uno de ellos la: secuencia que lo conforma y que
aporta a la regién recombinante;

4) La reivindicaciéon 1 contiene términos ambiguos que no permiten definir las
propiedades del adenovirus desarrollado sino que corresponden a resultados a
alcanzar con el mismo, este es el caso del la expresién “presenta un indice
terapéutico mejorado pTa la célula tumoral”

) La reivindicacién 2 que se refiere a regiones que codifican proteinas de fibras,
exones y pentones, debe ser caracterizada indicando la(s) secuencia(s)
nucledtida que la(s) conforma(n). Adicionalmente, es necesario aclarar si la
indicacién de que “proviene del mismo serotipo adenoviral”, se refiere al serotipo
adenoviral progenitor o al serotipo introducido;

6) Las reivindicaciones 12 a 14 que se refieren a la introduccién de un gen
heterélogo en el adenovirus quimérico carecen de sustento en la descripcion;

7) En general, se recomienda caracterizar \dada modificacién realizada en el
genoma del adenovirus indicando el origen (serotipo empleado) y secuencia de
las regiones introducidag (reivindicaciones 3, 412-14);

8) Lareivindicacion 24 repite las caracteristicas aportadas por las reivindicaciones 1
y 19, resultando en una falta de concisioén del capitulo reivindicatorio;

De esta manera, el capitulo reivindicatorio presentado no cumple con los requisitos
establecidos en el art. 30 de la Decisién 486.
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4. Excepcidn a la patentabilidad (articulo 20 D486 literal d))

Las reivindicaciones 15 a 18 que se refieren a un método para inhibir el crecimiento
celular (reivindicacion 15) y a un método para administrar una proteina terapéutica
(reivindicacién 18), corresponden a formas de usar el adenovirus reclamado en
tratamientos terapéuticos para humanos ¢ animales.

De acuerdo con el articulo 20, literal d) de la D486 los métodos terapéuticos o
quirargicos para el tratamiento humano o animal, asi como los métodos de
diagnostico aplicados a los seres humanos o a animales no se consideran
patentables. De esta manera, el contenido de las citadas reivindicaciones debera
excluirse.

5. Determinacion del Estado de la Técnica

Para determinar el estado de la técnica se ha tenido en cuenta la fecha de
presentacion de la solicitud prioritaria reivindicada con la solicitud: 26/05/2004.

Teniendo en cuenta la fecha indicada se realizé la bisqueda en el estado de la
técnica de documentos relacionados con la solicitud, encontrandose los siguientes
documentos relevantes a la misma.

vol 77 (4):2640-2650 through Bioselection”

i Fecha de
N° Documento Titulo publicacién
D1 Yan W. et al. Journal of Virology, Developing Novel Oncolytic Adenoviruses Feb 2003

Rancourt C, Curiel D. Advanced
D2 Drug Delivery Reviews 27
(1997): 67-81

“Conditionally replicative adenoviruses for 1997
cancer therapy”

Resumen de los documentos citados:

D1: Mutantes de adenovirus humano 5 (Ad5) con actividad oncolitica incrementada
fueron aislados usando un procedimiento denominado bioseleccién (resumen, folio
238 D1).

D2: Se utilizan vectores adenovirales en los cuales la replicacién viral puede ser
restringida a células tumorales blanco por limitar la expresioén de genes virales
esenciales para la replicacion del virus solo en las células tumorales de interés
(resumen, folio 243 D2).

6. Analisis de patentabilidad (articulo 14 D486)
6.1. Nivel inventivo (articulo 18 D486)

La solicitud reclama un adenovirus quimérico recombinante, o una variante o

derivado del mismo que tiene un genoma que comprende una regioén E2B

- enelque dicha region E2B comprende una secuencia de acido nucleico derivada
de un primer serotipo adenoviral y un secuencia de acido nucleico derivada de un
segundo serotipo adenoviral;

- en el gue dicho primer y segundo serotipos se seleccionan cada uno entre los
subgrupos adenovirales B,C,D,E, o F y son distintos entre si; y

- en el que dicho adenovirus quimérico es oncolitico y presenta un indice
terapéutico mejorado para la célula tumoral
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En el estado del arte se encuentra el documento de Yan, et.al (D1) el cual divulga
mutantes de adenovirus humanos 5 (Ad5) con actividad oncolitica incrementada.
Dos mutantes, ONYX-201 y ONIX-203, fueron purificados en placa de una mezcla de
Ad5 mutagenizados aleatgriamente con pasajes repetidos en lineas de cancer
colorrectal HT29 (pag 2641 columna izq), de forma equivalente a como se hace en la
solicitud en estudio (folio 109. ‘

ONYX-201 y -203 contienen siete mutaciones puntuales cuando se compara con
Ad5 silvestre, cuatro de las cuales eran comunes entre los dos mutantes. Una
mutacién fundamental era en el nucledtido 8350, que resultaba en una truncacion de
21 aminoacidos del C-terminal de la proteina lidler-i (resumen, pag 2640).

Para diversas lineas celulares el mutante ONIX-203 mostré una mayor actividad
citolitica (fig 6), evidenciando el efecto sobre esta actividad que tenia principalmente
la mutacién 8350 localizada en la proteina i-lider y en menor proporcion |las

mutaciones 30191 en el transcripto E3 y la mutacion 31405 en la fibra (tabla 1, pag
2646).

Comparacion de las caractetisticas técnicas esenciales, con las del Estado de la Técnica;

Caracteristicas esenciales “ D1 D2

adenovirus guimérico Adenovirus mutantes en Adenovirus mutante con
recombinante, que regiones i-lider, E3 y E4 (tabla 1) | replicacién condicional
comprende una regién E2B , (resumen, pag 76)
E2B comprende una ‘
secuencia de acido nucleico ? modificacién del transcripto
derivada de un 1er serotipo E2B por mutacién de parada
adenoviral y un 2do serotipo (pag 76, fig 3)
adenoviral
serotipos se seleccionan Adenovirus del serotipo 5 —
entre los subgrupos grupo C (resumen) Serotipo 5 (grupo C) (pag 76
B,C.D,E, o F y son distintos columna der Ultimo parrafo
entre si

. s Adenovirus oncolégico con Adenovirus oncolitico, tumor-
igggﬁt\i’ggs quimerico es actividad citolitica incrementada | especifico (resumen, pag 76-

resumen, fig 6) ; 78)

La diferencia entre la materja reclamada en la solicitud y D1 es que esta Glitima no
modifica el transcripto E2B, ly los adenovirus modificados son mutantes ensayados
por mutaciones puntuales pero no por segméntos con-regiones provenientes de
diferentes serotipos. :

El efecto que logra esta copstruccion quimérida es que incrementa la capacidad
citolitica del vector adenoviral.

El problema resuelto por la solicitud a partir de |a informacién divulgada por D1/ es
incrementa la capacidad citolitica del vector adenoviral, modificando otra region de
transcripto. |

La modificacién en el transcripto E2B habia sido sugerida y ensayada en el
documento de Rancourt (D2) el cual divulga el efecto sobre la capacidad |de
replicacion del adenovector al modificar por medio de mutaciones la regién E2B
produciendo ademas que éste tenga una infeccion tumor-especifica (pag 76-78, fig
3). ‘
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La modificacion de esta region logra que la replicacion del adenovector este
totalmente condicionada a la célula blanco a infectar. Logrando de esPmanera que
los efectos nocivos del virus sean minimos y que el tratamiento sea dirigido.

De esta manera, el método de bioseleccidn de virus recombinantes, con el cual se
obtiene la poblacidn de virus de la solicitud habia sido divulgado por D1 y aunque la
construccion de un adenovirus quimérico conformado por dos serotipos de
adenovirus para la region E2B, no habia sido realizada ni sugerida en el estado del
arte, sin embargo la modificacion particular de esta regién habia sido divulgada por
D2.

De esta manera, a partir de la combinacién de D1y D2, la invencion habria podido
ser realizada por la persona del oficio normalmente versada en la materia, carece de
nivel inventivo e incumple el articulo 18 de la D486.

7. Conclusion

Los requisitos de Patentabilidad de la presente Solicitud estan afectados asi:

Reivindicaciones
' Item Documento afectadas Requisito que afecta
' Yan W. et.al. Journal of Virology, vol A .
D1 77 (4):2640-2650 1-27 Nivel inventivo
Rancourt C, Curiel D. Advanced Drug . .
D2 | " Delivery Reviews 27 (1997): 67-81 1-27 Nivel Inventivo

En cumplimiento del articulo 45 de la Decision 486 de la Comision de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de 60 dias contados
a partir de la fecha de notificacion de la presente comunicacion. En caso de no dar
respuesta al presente requerimiento, o si a pesar de la respuesta subsistieran los
impedimentos para la concesién, se denegara la patente.

| Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal ), del
capitulo quinto del titulo primero de la Circular Unica N° 10 de 2001.

JOSE LUIS SALAZAR LOPEZ
Director de Nuevas Creaciones (C)

El anterior requerimiento fue notificado por fijacidn en lista, de fecha

—&-9 ENE, 201
Elaboré: N.Lamprea NLA . /%I.

Reviso: Consuelo Leguizamén L.
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