26- Mar - 2007 CHI MERI C ADENOVI RUSES FOR USE | N CANCER TREATMENT Thi s
application clains the benefit of U S. Provisional Application Ser i%'-M’QIP-z(}{]’I
60/ 574,851, filed 5 on May 26, 2004, which is incorporated herein by
reference. FIELD OF THE | NVENTI ON The invention described herein rel ates
generally to the field of nolecular biology, and nore 10 specifically to
oncol yti c adenovi ruses having therapeutiq.applications. BACKGROUND OF THE

| NVENTI ON Cancer is a | eading cause of death in the United States and

el sewhere. Depending on the type of cancer, it is typically treated with
surgery, chenpt her apHRBRICHDENSUIRISERFORASR CANCERREATMERS Of ten fail,
and it is clear that new therapies are necessary, to be used alone or in
conbination with classical .techniques. One approach has been the use of
adenovi ruses, ei thissapplishinneslaims the bapel UY.S. RablisionsldpdisklionSerial Mat 60/57 & BT e filed

t her apeus i CoPit R R4 thidhldBeorscdiédhereRPaEAdSES are non-envel oped

i cosohedral  doubl e-stranded DNA viruses with a |inear genone of -

approxi mately 36 kil obase pairs. Each end of 20 the viral genonme has a short
sequence known as the inverted termnal repeat (or ITR), which is required
for viral replication. human RELBORTHEINVENTIONES exam ned to date have
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useful for gene zecﬁr'aéé see Jolly, D. (1994 Cancer Gene Therapy 1:51-64).
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30 Currentl 353'5?1 h efforts to produce clinically useful adenoviral
t herapy have foceneggprogsh hap seandikais otadpnoyiarses piler alaqer agyrstofrahlette defivest t hi s
human adenoxititcefcetheraptit proteis Raradricaile dAGSNEviruSs Sleaith-eavelopaichsofl@ralr i bed for
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devel oped to su clin
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1: 51- 64. Remqukd for vied @plidtidno Al enansderefinis geromen exandhend tydataisnstheAshe | N cancer
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viruses if BEdlawodélayet eartyanigiX argl Ivad), prdrde laperund (majerliate) thst is peocessed fon a
clini cabs sefdnbia@ fiveBmMBE of AHOMRNASs (L1-L5). Proteins encoded by the early genes are involved in
replication, whereas the late genes encode viral structural proteins. Portions of the viral genome can
be readily substituted with DNA of foreign origin and recombinant adenoviruses are structurally
stable, properties that make these viruses potentially useful for gene therapy (see Jolly, D. (1994)
Cancer Gene Therapy 1:51-64).

30 Currently, the research efforts to produce clinically useful adenoviral therapy have focused
on the adenoviral serotype, Ad5. The genetics of this human adenovirus are well-characterized and
systems are well described for its molecular manipulation. High capacity production methods have
been developed to support clinical applications, and some clinical experience with the agent is
available. See, Jolly, D, (1894) Cancer Gene Therapy, 1:51-84. Research related to the use of

35 human adenoviruses (Ad) in cancer treatment has focused on the development of AdS-based
adenoviruses that have a higher potency in, or are preferentially targeted to, specific tumor ceil types
and there exists a need for generation of more poteni oncolytic viruses if adenoviral therapy is to find
practical application in a clinical setting. '



Ad5 is only one of 51 currently known adenoviral serotypes, which are
classified into subgroups A-F. based on various attributes includhpgsl RS
hemaggl uti nati on properties ((see, Shenk, "Adenoviridae: The Viruses an
Their Replication,” in Fields Virology, Vol.2, Fourth Edition, Knipe, ea.,
Li ppincott, Wllians & Wl kins, pp. 2265-2267 (2001)). These serotypes
differ at a variety of 5 levels, e.g. pathology in humans and rodents, cell
receptors used for attachnment, but these di fferences have been | ar gel y
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a first adenoyjral serotype and a nucle|lc aci,d sequence
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D, E, or F and are distinct fromeach other; and 25 wherein said chineric
adenovi rys is oncol ytic and denonstrates an enhanced therapeutic index for

a tunor cell. In one enbodiment, the chineric adenovirus further conprises
regi ons encoding fiber, hexon, SEMUARERFIHENGENTION  wherein the nucleic
acids encoding said proteins are all fromthe sane 30 adenoviral serotype.
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t herapeutic index In coclaon umpr _cells. .1n a preferred en%gdl ment , the E2B
region of the cHifMPFaE" ﬂ%%ﬁﬁ#ﬂ?e%%ﬁe@’éa frgﬁ%s?%"‘%‘fe%‘f"f‘ B¥Pe.3 NO 3. In
a particul arly pwhefein sagdirs atrbsbicondradenovirpbsectiynes are gaciichelecied from the@renovisbs SEQ
I D NO 1. subgroups B, C, D, E, or F and are distinct from each other, and

25 wherein said chimeric adenovirus is oncolytic and demaonstrates an enhanced therapeutic

index for a tumor cell.

In one embodiment, the chimeric adenovirus further comprises regions encoding fiber,
hexon, and penton proteins, wherein the nucleic acids encoding said proteins are all from the same
30  adenoviral serotype, In another embodiment, the chimeric adenovirus of the invention comprises a
modified E3 or E4 region.

In another embodiment, the chimeric adenovirus demonstrates an enhanced therapeutic
index in a colon, breast, pancreas, lung, prostate, ovarian or hemopoietic tumor cell. In a particularly
35  preferred embodiment, the chimeric adenovirus displays an enhanced therapeutic index in colon
tumor cells.

In a preferred embodiment, the E2B region of the chimeric adenovirus comprises SEQ 1D



The present invention provides for a reconbinant chineric adenovirus, or a
variant or derivative thereof, having a genome conprising an E2B heairA%007
wherein said E2B regi on conprises a nucleic acid sequences derived froma
first adenoviral serotype and a nucleic acid second derived froma second
adenoviral serotype; wherein said first and second adenoviral serotypes are
each selected fromthe adenoviral subgrqups B, C. D, E or F and are
distinct fromeach other; wherein said chinmeric adenovirus is oncolytic and

denonstrat egoaf) RRMAREASHRGE AR HbbEment thel RN ddhovitud REisds By ARy Wher ei n
sai d chinmeric adenovirus "has been rendered replication deficient through
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The present invention provides methods for using the chimeric adenoviruses of the invention
for therapeutic purposes. In one embodiment, the chimeric adenoviruses can be used to inhibit the
~ growth of cancer cells. In a particular embodiment, a chimeric adenovirus comprising SEQ ID NO: 1
is useful for inhibiting the growth of colon cancer cells.
25
in another embodiment, the adenoviruses of the invention are useful as vectors to deliver
therapeutic proteins to cells.

The present invention provides a method for production of the chimeric adenoviruses of the
30  invention, wherein the method comprises |
a) pooling of adenoviral serotypes representing adenoviral subgroups B-F, thereby creating an
adenoviral mixture;
b) passaging the pooled adenoviral mixture from step (a) on an actively growing culture of
tumor cells at a particle per cell ratio high enough to encourage recombination between
35 * . serotypes, but not so high as to produce premature cell death,;
¢) harvesting the supernatant from step (b};
d) infecting a quiescent culture of tumor cells with the supernatant harvested in step (c);
e) harvesting the cell culture supernatant from step (d) prior to any sign of CPE;



f) infecting a quiescent culture of tunor cells with the supernatant
harvested in step (e); and g) isolating the chineric adenovirus frmsdnese7
supernatant harvested in step (f) by plaque purification. 5 BRIEF

DESCRI PTION OF THE FIGURES Figure 1. Ad retention time profiles on a TMAE
HPLC colum. A) Retention profiles for the individual Ad serotypes that
were used to generate the original starting viral pool. B) Retention 10
profiles of the passage 20 pools derived%rom HT-29, Panc-1, MDA-231, and

PC-3 cell Ilines,; ' ' ' VLY. €
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the nmeans +/- SD. The panel depicts one representative experinent and all
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per f or med OPesﬂécEiJeW.i ng days dependent upon the cell line. Each panel is a
representative experinent that has been 25 repeated at |east three tines.
Each data point in the panel represents an assay done in quadruplicate and
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resul ts areAeXpresdmiibl ¢l fdot -Am-aispecifit cellSErivefFponliipesskggzapd: Ad5; = - 35
Col oAdl ),, Figure 5. Cytolytic activity of Col oAdl, Ad5 and ONYX-015 on

primary nornmal endothelial_ cells HUVEC) and a col on tunor _cell |ine
(HT-29) . Ea&igupsh Sviaivic actyiy of et 2nd Odo eiympn eatcel fings- ARMTS gssauma®007 -5
been repeat eetfoahed wmag & btdad eanet ofiraman thacrtteltinesnandd) ot a panet dfdupamedonrcegeesent s
an assay doggihés to determine its potential potency specificity. The MTS assay was performed on differing
days dependent upon the cell line. Each panel is a representative experiment that has been
25 repeated at least three times. Each data point in the panel represents an assay done in
quadruplicate and the results are expressed as the means +/- SD (Figure Legend: —s— AdS5;, —1—

ColoAd1).

Figure 4. Cytolytic activity of ColoAd1 and Ad5 on a panel of normal cefls. HS-27, HUVEC and

30  SAEC cells (primary fibroblast, endothelial, and epithelial ceils, respectively) were infected with
ColoAd1 and Ad5 at VP per cell ratios from 100 to 0.01. MTS assay was performed on differing
days post infection dependent upon the cell and each panel is a representative experiment that has
been repeated at least three times. Each data point in the panel represents an assay done in
quadruplicate and the resuits are expressed as the means +/- 8D (Figure Legend: —e— Ad5; ——

35  ColoAd1).

Figure 5. Cytolytic activity of ColoAd1, Ad5 and ONYX-015 on primary normal endothelial cells
{HUVEC) and a colon tumor cell line (HT-29). Each panel is a representative experiment that has



quadruplicate and the results are expressed as the neans +/- SD (Figure

Legend: -.-Ad5; -0-ColoAdl; Onyx-015). 5 Figure 6. Cytolytic act hi’d—@ﬁ _% ”
Cd OAdl, AdI1 p and Ad5 on a normal epithelial cell line (SAEC) an Flun%
colon cancer cell line (HT-29). Each panel is a representative experinent

that has been repeated at |east three tinmes. Each data point in the panel
represents an assay done in quadrupli cat? and the results are expressed as
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classified in the subgroups A-F (see Shenk, "Adenoviridae: The Viruses and

Thei r Repl i cet8S"—Pm Ad] Cr°l9r‘\6{gy-0~v8r"°éd1 FoubriPdaddiPon, Knipe, 35
ea., Lippincott WIllians & WI ki'ns, pp. 2265-2267 (2001), as shown in Table
1. 26-Mar-2007 -6 Table | SubGroup Adenoviral Serotype A 12, 1 B, 31 B 3,
7, 11, 14, 16, 21, 34, 35, 51

DETAILED DESCRIPTION OF THE INVENTION

20
Ali publications, including patents and patent applications, mentioned in this specification are

herein incorporated by reference to the same extent as if each individual publication was specifically
and individually indicated to be incorporated by reference in its entirety.

25 Definitions
Unless defined otherwise, all technical and scientific terms used herein have the same

meaning as commonly understood by one of ordinary skill in the art to which this invention belongs.
Generally, the nomenclature used herein and the laboratory procedures described below are those
welt known and commonly employed in the art,

30 As used herein, the term "adenovirus”, “serotype” or “adencviral serotype” refers to any of
the 51 human adenoviral serotypes currently known, or isolated in the future. See, for example,
Strauss, "Adenovirus infections in humans,” in The Adenoviruses, Ginsberg, ea., Plenum Press, New
York, NY, pp. 451-596 (1984). These serotypes are classified in the subgroups A-F (see, Shenk,
“Adenoviridae: The Viruses and Their Replication,"‘in Fields Virology, Vol.2, Fourth Edition, Knipe,

35 ea., Lippincott Williams & Wilkins, pp. 2265-2267 (2001), as shown in Table 1.



c1,2,56 0 8-10,13,15,17,19, 20,22- 30, 32, 33, 36-39, 42-49, 50 E 4 F

). 41 As used herein, "chinmeric adenovirus" refers to an adenovirusyResS007
nucl eic acid sequence is conprised of the nucleic acid sequences of at

| east two of the adenoviral serotypes described 5 above. As used herein,
"parent adenoviral serotype" refers to the adenoviral serotype which
represents the serotype fromwhich the ne§-ority of the genone of the
chinmeric adenovirus is derived. As used herein, the term "honol ogous
reconbi nation" &% % to two nucleic acid nmol ecul es, each havi ng honol ogous
sequences, | 8heGoup he| AdenonlailSerotypeci d npl ecul es cross over or undergo 10
reconbi natif{én in the ﬁ%chﬁn of honol ogy} As used herein, the term "potency”
refers to {BeE TV T PIEM, Hal1e0d1, &4, 867 Us and represents its ability to
replicate, [l yse, and,ﬁf)read For 't he puf poses of the instant invention,
potency isja val ue ch conpares the gytolytic activity of a given
adenovirus|{6f the iny&®&$6én to that of Ads in the sane cell line, i.e.

pot ency = WWWB X is the particular adenoviral
serotype bging 15 exhsd, Bed3aesciompessesm | he potency of Ad5 is given a val ue
of 1. As use&d hereinj4the term"oncolytjc virus" refers to a virus that
preferenti apfy kittsiggygger cefts —as ctpnpared with nornal cells. As used
herein, the—term therapeutic-index" orl"therapeutic wi ndow' refers to a
nunber indicating the oncolytlc potential of a given adenovirus and is

det ermi ned by di &$ gbedferehe chpmerisradgnopifus” relrstihvan aigaevons whese nutlel acidneenceel |
line by t heiSQ@ﬁwSﬁ@Noﬂﬁe AUdRic S8 H BeqREIRBON al :ugstwaoathsaaém.ra(dero@ypemu%anb@@ncer ous)
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As used herein, the term “oncolytic virus® refers to a virus that preferentially kllls cancer cells
as compared with normal cells.
As used herein, the term "therapeutic index” or “therapeutic window” refers to a number
indicating the oncolytic potentia! of a given adenovirus and is determined by dividing the potency of
20 the adenavirus in a cancer cell line by the potency of the same adenovirus in a normal {i.e. non-
cancerous) cell line.
As used herein, the term "modified” refers to a rmolecule with a nucleotide or amino acid
sequence differing from a naturally-occurring, e.g. a wild-type nucleotide or amino acid sequence. A
modified molecule can retain the function or activity of a wild-type molecule, i.e. a modified adenovirus
25  may retain jts oncolytic activity. Modifications include mutations to nucleic acids as described below.
As used herein, "mutation” with reference to a polynucleotide or polypeptide, refers to a
naturally-oceurring, synthetic, recombinant, or chemical change or difference to the primary,
secondary, or tertiary structure of a polynucleotide or polypeptide, as compared to a reference
polynucleotide or polypeptide, respectively (¢.g., as compared to a wild-type polynucleotide or
30 polypeptide). Mutations include such changes as, for example, deletions, insertions, or substitutions.
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parent &hd ehdesoribed helew. a¥uyeh polynucleotide changes may result in amino acid substitutions, additions,
deletions, fusions and truncations in the polypeptide encoded by the reference sequence. Various

codon substitutions, such as the silent changes that produce various restriction sites, may be

introduced to optimize cloning into a plasmid or viral vecior or expression in a particular prokaryotic
or eukaryotic system,

35 As used herein, an "adenoviral variant' refers to an adenovirus whose polynucleotide
sequence differs from a reference polynuclectide, e.g. a wild-type adenovirus, as described above.
The differences are limited so that the polynucleotide sequences of the parent and the variant are
similar overall and, in most regions, identical. As used herein, a first nucleotide or amino acid
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30  alipid or lipid derivative, covalent attachment of phosphotidylinositol, cross-linking, cyclization,
disulfide bond formation, demethylation, formation of covalent cross-links, formation of cystine,
formation of pyroglutamate, formylation, gamma-carboxylation, giycation, giycosylation, GPIl anchor
formation, hydroxylation, iodination, methylation, myristoylation, oxidation, proteolytic processing,
phosphorylation, prenylation, racemization, selenoylation, sulfation, transfer-RNA mediated addition

35  of amino acids to proteins such as arginylation, and ubiquitination.

Such modifications are well known to those of skill and have been described in great detalil in

the scientific literature. Several particularly common madifications, glycosylation, lipid attachment,
sulfation, gamma-carboxylation of glutamic acid residues, hydroxylation and ADP-ribosylation, for
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30  varying degree at several sites in a given polypeptide. Also, a given polypeptide may contain many

types of modifications.
As used herein, the following terms are used to describe the sequence relationships

H N

between two or more polynucleotide or aming acid sequences: "reference sequence”, "comparison
window", "sequence identity", "percentage of sequence identity”, "substantial identity", “similarity”,

35 and“homologous”. A "reference sequence” is a defined sequence used as a basis for a sequence
comparison; a reference sequence may bé a subset of a larger sequence, for example, as a
segment of a full-length cONA or gene sequence given in a sequence listing or may comprise a

complete cDNA or gene sequence. Generally, a reference sequence is at least 18 nucleotides or 6
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yield the number of matched positions, dividing the number of matched positions by the total number

30  of positions in the comparison window (i.e., the window size), and multiplying the resuit by 100 to
yield the percentage of sequence identity. The terms "substantial identity" as used herein denotes a
characteristic of a polynuclectide or amino acid sequence, wherein the polynucleotide or amino acid
comprises a sequence that has at least 85 percent sequence identity, preferably at least 90 to 85
percent sequence identity, more usually at least 99 percent sequence identity as compared to a

35 reference sequence over a comparison window of at least 18 nucleotide (6 amino acid) positions,
frequently over a window of at least 24-48 nucleotide (8-16 amino acid} positions, wherein the
percentage of sequence identity is calculated by comparing the reference sequence to the sequence
which may include deletions or additions which total 20 percent or less of the reference sequence
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t enper adir e) - As used herem the term “therapeutlcauy effective dose” or “effective amount” refers to that

amount of adenovirus which ameliorates the symptorns or conditions of a disease. A dose is
considered a therapeutically effective dose in the treatment of cancer or its metastasis when tumor
or metastatic growth is slowed or stopped, or the tumor or metastasis is found to shrink in size, so as
to lead to an extension in life-span for the subject.
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wher e appr oxéepresenthiive 506 aden80% sybarodpe Ba€.dh ERnd F| Gtoup Afadenoviruses are not
included in the mixture as they are associated with tumor formation in rodents. Preferred turnor cell

lines useful in the bioselection process include, but are not limited to, those derived from breast,
colon, pancreas, lung and prostate. Some examples of solid tumor cell lines useful for the

30 ‘“bioselective” passaging of the adenoviral mixture include, but are not limited to, MDA231, HT29,
PAN-1 and PC-3 cells, Hemopoietic cell lines include, but are not limited to, the Raji and Daudi B-
iymphoid cells, K562 erythroblastoid cells, U937 myeloid cells, and HSB2 T-lymphoid cells.

Adenoviruses produced during these initial passages are used to infect quiescent tumor cells

at a particle to cell ratio low enough to permit the infection of a cell by no more than one adenovirus.

35  After up to 20 passages under these conditions, the supernatant from the last passage is harvested
prior to visible cytopathic effect (CPE, see Fields Virology, Vol.2, Fourth Edition, Knipe, ea.,
Lippincott Williams & Wilkins, pp. 135-136) to increase selection of highly potent viruses. The
harvested supernatant can be concentrated by techniques well known to those skilled in the art. A
preferred method for attaining quiescent cells, i.e. ones in which active cell growth has stopped, in @
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! engt h within mbgd n?enEBa chimeric adenovirus of the invention can compnse nucleic acid sequences from

30  more than two adenoviral serotypes.
A chimeric adenovirus of the invention, or a variant or detivative thereof, can be evaluated
for its selectivity in a specific tumor type by examination of its lytic potential in a panel of tumor cells
" derived from the same tissue upon which the adenoviral pocl was initially passaged. Forexample,
the chimeric adenovirus ColoAd1 (SEQ ID NO: 1), which was initially derived from an adenoviral pool
35 passaged on HT-29 colon tumor cell lines, was re-examined both in HT-29 cells and in a panel of
other colon-derived tumor cells lines, including DLD-1, LS174T, LS1034, SWA403, HCT116, SW48,
and Colo320DM (see Figure 3B). Any available colon tumor cell lines would be equally usefui for
_ such an evaluation. Isolated adenoviral clones from adenoviral pools selected on other tumor cell
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can be incorpor ahﬁ&lhér @)tté?npﬁm a modification encompassed by the invention is a chimeric adenovirus
30  which exhibits an enhanced degree of tissue specificity due to placement of viral replication under
the control of a tissue specific promoter as described in U.S. Patent No. 5,998,205. Replication of a
chimeric adenovirus of the invention can also be put under the control of an E2F responsive element
as described in U.S, Patent Application No. 09/714,409. This modification affords a viral replication
control mechanism based on the presence of E2F, resulting in enhanced tumor tissue spegcificity,
35  and is distinct from the control realized by a tissue specific promoter. In both of these embodiménts,
the tissue specific promoter and the E2F responsive element are operably linked to an adenoviral
gene that is essential for the replication of the adenovirus.
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Determination of Therapeutic Potential
Chimeric adenoviruses of the invention, or variants or derivatives thereof, can be evaluated

30 for their therapeutic utility by examination of their lytic potential in tumor cells derived from tissues of
interest as therapeutic targets. Tumor cell lines useful for testing such adenoviruses include, but are
not limited to, colon cell lines, including but not limited to, DLD-1, HCT116, HT29, LS1034 and SW48
cell lines; prostate cell lines, including but not limited to, DU145 and PC-3 celi lines; pancreatic cell
lines, including but not limited to, the Panc-1 cell ling; breast tumor cell lines, including but not limited

35 to, the MDA231 cell line and ovarian cell lines, including but not limited to, the OVCAR-3 cell line.
Hemopoietic cell lines include, but are not limited to, the Raji and Daudi B-lymphoid cells, K562
erythroblastoid cells, U937 myeloid cells, and HSB2 T-lymphoid cells. Any other tumor cell lines
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Pharmaceutical Compositions and Administration

The present invention also relates to pharmaceutical compositions which comprise the
chimeric adenoviruses of the invention, including variants and derivatives thereof, formulated for
therapeutic administration to a patient. For therapeutic use, a sterile composition containing a

35  pharmacologically effective dosage of adenovirus is administered to 2 human patient or veterinary
non-human patient for treatment, for example, of a neoplastic condition. Generally, the composition
will comprise about 10" or more adenovirus particles in an aqueous suspension. A
pharmaceutically acceptable carrier or excipient is often employed in such sterile compositions. A



of that sanme adenovirus in a non-cancerous cell line. Preferred
non-cancerous cell lines are SAEC 10 cells, which are epithelial i)g l\qglj_ﬁjoe
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Adenoviral Therapy
The adenoviruses of the invention, or pharmaceutical compaositions thereof, can be

administered for therapeutic treatment of neoplastic disease or cancer. In therapeutic applications,

30  compositions are administered to a patient already affected by the particular neoplastic disease, in
an amount sufficient to cure or at ieast partially arrest the condition and its complications. An
amount adequate to accomplish this is defined as a "therapeutically effective dose” or "efficacious
dose". Amounts effective for this use will depend upon the severity of the condition, the general
state of the patient, and the route of administration.

35 For example, but not by way of limitation, a human patient or non-human mammal havmg a
solid or haemotologic neoplastic disease, (e.g. pancreatic, colon, ovarian, lung, or breast carcinoma,
leukemia or multiple myeloma) may be treated by administering a therapeutically effective dosage of
an appropriate adenovirus of the invention, i.e. one which has been shown to have an improved



cal ciumchloride, sodiumlactate, etc. Excipients which enhance infection of
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death protein (ADP), or a fusion protein, e.g. fusogenic membrane glycoprotein (Danen-Van
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i nfectious adenovirus particles may be delivered to neoplastic tissue by
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into the peritoneal cavity for treating ovarian cancer, into the portal vein
for treating hépatocarcinoma or |iver nmefgastases from other non-hepatic
primary tunors) or other suitable route, including direct injection into a
tunor mass (iMeripukin 32, bx 8afstent NenSr4p7,038) imer rieerogls factoodige, 13.53) Eetent,Nosr4, 87206t er

f: : ; gl - ngls adgle 7 £aCREHerof Y dMiHia, U@Jt;g@r:t%s agay, Masdr b 362, A9 ; Hre BSF, % tpafghe for
pul monary dg vste&? 87%° ‘g tr‘egg'?a%rmgﬁlf: n?)e@e %S éﬁ%é"ﬁa ro"%‘%?‘l‘m’ (’%&?"1 ﬁé’

car ci noma. nﬁslﬁmwhrmmua@mduh@wgr@an%mmmcluqemﬁgma@mﬁmﬂamatmmwtelr@r inglzgingngeal
cancer) ar Pest MoRRRE bRekictAB ploRindMC BIRIphS)inkdy als6 b@usedy SHaEMRQRLRHodiment of

car ci noma, r‘é}%@&?&%@%ﬂ?h c‘?:fn%ln@g cor{ %ﬁ%%gﬁéne t&%r?c'o@e%;ga;{rﬂgﬂh\é{ t%aént;es

carci nonm) . _& oVi ruses
i nventi on’ reepll HEMRERAS; fﬁ’éﬁi‘aWRP'? H’PZ?LB' Thivpeddpe penedist arcedes anrgiein gl isprefesdl as
convent i onaltoxidte paichesutiny n@mabeelisay t herapy to treat a particul ar cancer.

Treatment can be (GopgHE Yt nov.yusé@a%n@b@ion cdh a%%%%gd%q vQ&&gBtogﬁfeﬁ&%g' c

agent |S C|S at|n erre 0ose
SOl 1] Bnorsrirdbaheinpertia ige TR ATOREHES: & SIRNADERA & st 004) Yot Retor

factors routdeebigc EdWsi2ber ed i n adm ni stering cisplatin. Preferably,

gl Zplhatl nwill bey @ddmcaeétgreycdn%fnws&ab@.hw a%hlm%ncgf&ﬁouﬂfjs é@femntm&gﬂ Ove][
- ours. e ntra a dose o

30 o - ov et fibafe Bezovel nh buep By G o RiRhe B ek AUEHLSN e Yo

5-f | uor our acdirect imgaricen thetumeriitsgif émﬁ iFladenenss ei"?PdE‘Gﬁﬁ*&'fﬁttm%ﬁpmnquﬁsw*é%maﬁ n.

The prefBr r agredeaation (HeWitf ot HI(2008) A@imbindicgy $101652188), maéldﬁamplenhe:damnd“mwsfand

consecuti v e -ﬁlﬁuce@‘ﬂ\%grpa\q,sﬁ'ugl ch&rﬂ(%n@? chH:?foﬂlgeot Wcﬁ%ﬁ&gyllw f(ﬁﬁ%g[% et 5! Ob stant

i nvention a enes known
to be usef ulNatyse Fmugp! Ba@@ﬁ‘?ﬂe‘?"ﬁ‘b‘&? et 22003 Inynunpganefifs 54 527§42: 5’“%8(299?8 In
such cases, Ndigs R meninel. ade+50vdown segfilete thedmnmor@rpspossede. 9. 140, OGH} Baa Ushoaene

that encodegg aélﬁar g@@atm&w@vrmmom mq@ﬁm@;&ﬂmtéubaraeééagwmbﬂ genome,

such that the eter ous %ene I S expressed hin an infected cell

t her apeud® ¢ Bprektnihe extiagelusy ﬁ%‘F@"drF"h?'E? ghreadiobthg vigis SR fhe YpRs {BaRmEn Adpe
expect ed t o Stareankalic (8eD3kY. Pathp/af 80142842 nesse enditegased N3k SradatibmRes. §2: 827 cel | .
I n one enbodjsgent, the heterol ogous gene is a pro-drug. activator gene, such
as cytosine 0 deam nase (CD) (See, U.S. Patent Nos. 5,631, 236; 5, 358, 866;
and 5,677,178). In other enbodinents, the heterol ogous gene is a known

i nducer of d#l-death, e.g apoptin or adenoviral death protein (ADP), or a
flusi (()n pis;)t ei N, ah@invénticORREr foldENdpraeacgltiysl pRiko e Kits Cdispaiging Mmm@@r)schot at
al . (1997) Pr 6) J.

o of 1990) Gl it 5 or ey B A 0 s ROt A 0 o e
al . (2003) @ﬁ@'@héf%ﬁ?‘e‘iﬂ“ﬂ%’%c@?mﬁ fan e g ngfieadn e form Presoied BY uman  Gene
Ther apy 12( Qpveritidnt£d 2dency feguidting the eaaufpites ved oriselt ef phhogoesicaleerdd)jogoal

fragments theregl 1ref|e@tﬁaﬁ‘é9ﬁo¢ahﬂﬁﬁ’e 5&3@& oPIME A Rufack TETUEOSFREE bﬁh@ﬁrﬁd&f@hﬁxhﬁﬁ
such as cytoklneg or chenoki nes anpl es include interleukin 2,

Pat ent N¥s . 7 or 5,641,665; interleukin 7, U S. Patent Nos
4,965,195 or 5, 32‘8@ p@sent 'amtion is further described by the following examples, which are illustrative of

specific embodiments of the invention, and various uses thereof. These exemplifications, which
illustrating certain specific aspects of the invention, do not portray the limitations or circumscribe the
scope of the disclosed invention.
35
Unless otherwise indicated, the practice of the present invention employs conventional
techniques of cell culture, molecular biology, microbiclogy, recombinant DNA manipulation,
immunology science, which are within the skill of the art. Such technigques are expiained fully in the



26-Mar-2007 -19 interleukin 12, U S. Patent No. 5,457,038; tunor necrosis
factor alpha, U S Patent Nos. 4,677,063 or 5,773,582; interferongaimes.;
U S. Patent Nos. 4,727,138 or 4,762,791; or GMCSF, U S. Patent Nos.
5,393,870 or 5,391, 485, Mackensen et al. (1997) Cytokine G owh Factor Rev.
8:119-128). Additional inmmunonodul atory proteins further include nmacrophage
inflammatory proteins, including 5 MP- 3p. Monocyte chenotatic protein
(MCP-3 al pha) may al so be used; a preferred enbodi nent of a heterol ogous
gene i s a clhiferatyré.Segeang CebBigiosyt & haportonaHaydbeok: h GelisdiFd) ddatemic Rresst Bivh t hat.
traverses Gfdgh) GRINBMAIFIE Snd PRUecEX Al ofirus WERA eRfresEdA vedidtS Al lb@dmBing@ne t hat
encodes a .prvgéc:e'eg Ir'g:.r\]/%;[:cide? hpegueﬁtpﬁlrog&leg to I%%éﬁo?o FCQIFQ e

] of ‘The Tnvention can al

t_.not mal . cells.
The chi neri c adénovi r Uses ée(r)nsbg%'sEe"ﬁ?%%B@Eee(r:vt'oétp's to

del i ver gend® 36838 Sasemgnd fieves Mavipylatian phadenawirysivestara IdYieteads idViolgeular  sj RNA
(Dor set t sanaioldgs okth. 7( @éHadnranklet andExpession Dechgiglhiss € SMadl-a3d IM. WalkerSeuER cases,
genes can b%uh@ﬁé’ﬁ@?& i, EclinbA I NO. @;hfb@h%?ﬁ? . AR LUp 81%9)?@&&&%19.&{}19‘?? to
further enhance the ability of e oncolytic virus to eradicate the tunor,

al t hough not-@bpsRfPH §iagvR) 2”‘3%‘1"\9‘??3" ?H‘Hﬁ%’é?’b%#?%‘w GiesT Spraeketal {13¥.@nd ne| ude
genes encodiAogubpradble{1885) Statt Potaepls rkoesuldiiDiagy akhbn WieyiangSersent ati on (Hewi tt
at al, (2003) Immunol ogy 110: 163-169), block conplenent, inhibit |IFNs and

| FN- i nduléed mechani sms, chenoki nes and cytoki nes, NK cell based killing
(Orange et al., (2002) Nature Immunol. 3: 1006-1012; Mreille et al. (2002)
| munogenetics 54: 527-542; Al cam (2FXWPLESture Rev. | mmunol. 3: 36-50;
down regul ate the i nmune response (e.g. IL-10, TG~ Beta, Khong and Restifo
(2002) Nat ur, Ho nol. 3: 999-1005; 2002) and netal | oproteases which can 20
breakdown the extracel luar matrix and enhance spread of the virus within the
tunor (Bosman andf@ndird iRsiayes are psryd yecombipatt Ayseic asgarptnods golypigleotige sse  and
Nagase (13003ynti@siscandaticrabial Bature 202 trarBRmrali8B@)g., elécttaporalid, fipofaction) eahdralp, f urt her
relates to Qhﬁﬁﬁﬁ&@%ibﬁ?&n}g@?ﬁﬁk&ioﬁ&gps@ré erfo IR ab Rl 1OME ndhyrlirgys CONtal ners

filled with one or m%re of 't he |2&red| ents of the aforenentl one )

conposi t i on$PEHicataes. ThePEMiquETend RS AEReRT R PETRMEL P AN OSPREMEH be a
notice in tmetiods mtpragsaod variods geperal refgieness (aee gereralln Gambrpok @glul Mdldcalgr t he
ma][lluf atC_t ur e cighg: @[ab%%kfyhﬂénualhﬁfdm%h'ﬁ'Q@ﬂ'C%ld@]Prirki_‘jt R L%Latorpﬁreslalveas Sprin
reflecting ro e a 0 e manu ure e or sale o e
oy oduct Por TRRRNY oA pPaRA B Shoct B SRMERE Tod Toipndiie oo Dol P
descri bed byebelatensf rspdedyipig ap3tdingl cagistyirirganic gyndhetis chegstratang hagnacedtisalci f i ¢
errbod: n}e Nt S féhnuibiA ahd YQéry, @R trédfrtlent S paling, M_étﬁ!é?dsﬁd’ﬂﬂfe&_ﬂiﬁstruafhﬁﬁﬁdenofviral
exenplificat , | I tal 1

Chvent i on. - dsunBard iy kroplRledy S8, GG &1 RBERLL 1 SoMREE pRedier ity |
di scl osed i heenistpm . etgh Methods in Molecular Medlt;lne: Adenovirus Methods and Protocols, W.5.M.

25  Wold, ed, Humana Press, 1999. Further, the adenovirus 5 genome is registered as Genbank 10
accession #M73260, and the virus is available from the American Type Culture Collection, Rockville,

Maryland, U. S. A., under accession number VR-5.

Viruses and Celi Lines

30 The Ad serotypes Ad3 (GB strain), Ad4 (RI-67 strain), Ad5 (Adénoid 75 strain), Ad9 (Hicks
strain), Ad11p (Slobitski strain), Ad16 (Ch. 79 strain) and ali the cell lines, with the exception of the
following were all purchased from the ATCC: MDA231-mt1 (a derivative isolated by Dr, Deb
Zajchowski from a rapidly growing subcutaneous implanted xenograft of MDA231 celis) and Panc1-
sct (derived by Dr. Sandra Birac from a rapidly growing subcutaneous implanted xenograft of Panc1

35  cells), HUVEC (Vec Technologies, Rensselaer, NY), and SAEC (Clonetics, Walkersville, MD). Ad40
was a kind gift from Dr. William S.M. Wold at St. Louis University.



Unl ess otherw se indicated, the practice of the present invention enploys
conventional techniques of cell culture, nolecul ar biology, m crobMNMagxo7
reconbi nant DNA mani pul ation, immunol ogy science, which are within the
skill of the art. Such techniques are explained fully in the 26-Mar-2007
-20 literature. See, e.g. Cell Biology: a Laboratory Handbook: J. Cells
(Ed). Academic Press. N.Y. (1996); G ahard- F.L. and Prevec, L.

Adenovi rus- based expression vectors and reconbi nant vaccines. |In: Vaccines:
New Approaches to | nmunol ogic Problens. RW Ellis (ad) Butterworth. Pp
363-390; Grahan and Pr evecgﬁ‘%’aﬁﬂsdl -¥irpldurifeatignand Quantitatipect ors. I n:  Met hods
in Ml ecular 5 Biology, Vol. 7. Gene Transfer and Expression Techni ques.

E.J. M d | |
T09- 128, 1591 syt Nﬁj %E%"%fx‘}%ﬁﬁ“ fiffed sc) dldenls Ppuhebiall
Manual , 2nd 289f). T'@d?ﬂhosplﬁ%tgq itglgvirdl REdivlasiphapetpndhat of %&hﬁﬁtﬁiﬂ' €pora) .

(1989), and Hufs Gbed Thatapp|8:458-180) With thShaeptioPmhat the aricr-dxthalvipdr FMAE FracBoalhagy

John Wley god é@&amé&oﬁwmﬁef Mﬁmﬂ&mﬁﬁmga&%&mmﬁiﬁgs&wm g for

r econbi nant nucl el C._acl 5? rTE é \éﬂuc eot | d m crobi al
cul ture and ‘PRI HEPT N ‘Y‘é""g’;"ce PRstowP IhS1EgE ) o HPLG ?eﬁﬂﬁfé’@twaaﬁirfmre%ﬂr?@r ally,
enzymati c reaaglleoﬂﬂ’ #9d HPUE usingthe fotiowingtcenditioas: Buffiee A0 HERES) Ipli 71Eg Baffer B he

manuf actyr ex'1% M NBEGH Biffeh i 1BR Sate themtps,qhmng UkHer mnmqmmlwﬁ RPnétlids BeNgs al | y
per f or med accoresl n%ggfo convent.ion ar.i ous gener al

references (L& PPOETARY 6@19 0} % il Parp&el@t??]%a&ffﬂere 'ﬁ‘%ﬁc’ f iheﬁo'ﬂ'ﬁgﬂr atory
Manual , 2nd 10é@ﬁ 'ﬁW@iwﬂ% I®18‘99d kg cglusp ~¢Iwgesm|3%r A A linspedrerisnt F’ff@g@g oGpl& Spring
20 Harbor, Rokma vdfd?ﬁe%bn@éﬂ:rgrrom%estﬁém\m@bﬂiéa this docunment. The

nonmencl ature us e#h@c% n%ﬁFlQﬂ "JBE ﬁaonl feg af thﬁg Xd Risﬁ %ﬁdbgaF grela%]ca?r?u%l %nﬁ %e

chem stry, organic ation and
del i very? ag Pﬂé&f"ﬁéﬁ’i‘? dgiermyeg; gﬁ'ﬂ' Eeakf\/ﬁ?'ﬁdf’éﬁt'ﬁﬁ%?s thepe Peqls Savinga A26H/A80
adenovi ral ratnciasd 5 136 cAgRBataatry whsiosted witt dueh edniple s8ees. Thé hiittler ofSiralK. |

Virus Res. i\/é as pEPhi %;?t&’sléﬂ@g@ﬁa@o%eggeterﬁ]ﬂgd ué'll?grtﬁg rﬁ%tﬂtﬂi of L%n%%rg%lt al; { %%5 hods in

Mol ecul ar i Cl ne: irus e

Humana Pr es &g 8o/ 324] 143k, In tr{eﬁé‘*‘&ﬂ‘@ﬁ'@f@fﬁ”l@“@ “a%dnﬁ‘ﬁﬁaﬁs%”"? B'iﬁkéfeér"fa‘??"%s
Cenbank 10 saropesdirety piviidRHa to tha durttieeofviral particiss imiha séredié. eThEmombdr ktvirdiner i can

Iy ﬁﬁe?‘“\%% ugﬁac\%é fREkI iR eachl?&@ L%dlé Vas calB@été’d @rmlm.pernoﬁe kRown A6 of aﬁa@ge;tﬁuﬁgn nda
u - u |

(RI-67 st raipﬁ')ml ”'NE 5‘("73@‘%%&. gﬁ"?é?% m ﬂcﬁ'@pe(a rgﬁgfyt’?e ?WFS‘? {"Gﬁag

(Sl obi t ski geakares)af thagtepdgrdh. 79 strain) and all the cell lines, w't h t he
exception of theTnd @lunPwidl GegéRersteddfler @idh cdrasiegtadiendty w&gmn@«mﬁwew&a@l- ml (a

derivative | at o

subi:\ljt aln\éoulsalg %‘gﬁtsiw %angﬁg??@%p}%ﬁggdiunﬁs%ﬁc@& Qér%\anc%ﬂrg eéerl ved by
Dr. Sandfa BP% “ffefgrﬁnﬁﬂ}eﬁﬁl"H’PW“&?‘Wﬁsﬁ’@’@fﬂﬁfﬁ?rfneous i npl ant ed xenograft of
Pancl

Example 2 - Bieselection

30 Viral serotypes representing subgroups Ads B-F were pooled and passaged on sub-
confluent cultures of the target turmor cell lines at a high particle-per-cell ratio for two rounds o invite
recombination to occur between serotypes.  Supernatant (1.0, 0.1 0.01, 0.001 mi) from the second
round of the high viral particle-per-cell infection, subconfluent cultures, was then used to infect a
series of over-confluant T-75 tissue culture flasks of target tumor cell lines PC-3, HT-29, Panc-1 and

35 MDA-231. To achieve over-confluency, each cell line was seeded at split ratios that allowed that cell
line to reach confluency between 24 and 40 hours post seeding, and the cells were allowed to grow
a total of 72 hours post seeding prior to infection. This was done to maximize the confiuency of the
cells to mimic growth conditions in human solid tumors.



35 cells), HUVEC (Vec Technol ogi es, Renssel aer, NY), and SAEC (d oneti cs,
Wal kersville, MD). Ad40 was a ki nd gift from Dr WlliamS M Wl 96§&ar§00’7

Louis University. 26-Mar-2007 -21 Exanple | - Viral Purification an
Quantitation Viral stocks were propagated on 293 cells and purified on CsCl
gradients (Hawkins at al., 5 2001). The nethod used to quantitate viral

particles is based on that of Shabram atpal. (1997) Human Gene Ther apy
8:453-465, with the exception that the ani on-exchanger TMAE Fractogel was
used instead of Relouituresup@natant was habgsted from 2 findt flask fnthen10xalg dmalorksnﬂemath

gg 3(2: t7 ?gehpfg@n&% ?@Q@n@ﬁ&pé &%bﬁb (30 stlﬂféﬁ.&?ﬁn tE'é/baﬁte bﬁﬁ*ﬁ@g ang#e;gﬁ b t )
ratl on I Lren usit n e

f ol | owi ng coﬁ%&t%q JNE¥SRTT V@?ﬁp hawegt(r?? @%SRAE By harvest 1@{1—%0%&@% t!i?)d"““’f

NaCl i n Buf Weigh QPE werggeteetabie pyrday 3 pestypéaction). riack harygst ssrved os haatagingimpledal for | on

for not #esteklaesste padshdtitf @ virt. Bhib betesbwasiepeatadi uitiel wralkB8 adiievey ba al
particles of, & gfu %nggg%% | oaded onto the colum in 10-100 ul vol une,

fol |l oned by 3, umes of Buffer A A linear gradient extending over
16 col um’ vol urﬂé@v'%"‘@ﬁ‘?flfrr?@ §aph itRs5iRs paobvergsispliated Bp rugds of plaaueo| um
ef f | uent wapurification or Afd9 atlls AZB@standrd ARSOd(Tpllefsoa IA. . deeaiston, TV Lratvesk, and the

égaigoht 3| ﬁﬁﬁé APy +éao,¢§r¢derr.tr£:¢.§e¢g l(:s%ﬂb%ﬁdedﬂ@%tru‘é’%ﬁdék 'nl&i%édoﬁnm‘ﬂneﬂ%&é | ncI Lded
Bt cadt oifeds %@Pﬁ%asgfe%iégam 2858 . e, o Bl S it sSestotant
st andar d hatbrissted fromther20l pessagesinegent trgetriemdn g v Useh tiefed AG49 cells in@1999) J.

Chrom B, 7&3nd4&d1p1a4;2&ssa} rwéiRRdivdueRb plaQURS @Bl hadvbsidy, é:@nﬁl@s drfethqud éb%a 60 nm
beak, area ool RAIR'Endrde §LEEE bio Y RGNS Qe b IS BLBE" Wl fuira

particles in Fh each
test sanpl elsqiated B‘ﬁ‘l”@ﬁlf’@ﬁ' &@ spspeaueg ?flp?ﬂwuf'ﬁ?éﬂq@ﬁﬁmeﬁ@ﬁ%@#e dfectgd cuffures
particl es e pebarediudintethesk podiad pladugs, tahethe atdoltiaotenbyeof Aidedcutine ¢l gedlatapsak

area of thedé&mleﬁ’biﬂTég aﬁg@&s& yiral peak area of the standard. The
col um was regenerated after each sanple gradient by washing with two col um

vol unes of 0.5 N NaOH followed by two col um vol unes of 100% Buffer A 3
colum vol unes of 25 100% Buffer B, and then 4 col um vol unes of 100%

Buffer A Exanple 2 - Biosel eghahipik 3&eMtyrdlchamicRlivdtRs representing subgroups
Ads B-F_were pool ed and passaged on sub- confluent cultures of the target

tumor c&1 lines at a hi gh particle-per-cell ratio for two rounds to invite
reconbi nati on t ofhedeentabasienyissl serelyersepapisingths¢iral ecier thelisatedzoloAg? 01, 0. 001
m ) from t hgieh&fOWere idehiitied BingtdARn Bikdilngeichaatbgaitly @ Inflafi® thatdkéribkdihect i on,

SUDCONT | e ettt Frog i Rmbh BRnd Aot 846840 lirrne SELAET I YR CONT | et

T-75 tissue culture Pano-1
and 35 MDA- @@nangqfo%&ﬁﬁrmeb'vﬂa@ Afdusteiene GbbeioywmNyavas upgdiesterd of ReseerRat
split ragi ossddeaibedinlEnamgle t (sat Figarkl). |ine to reach confluency between 24 and
40 hours post segdingh s 9995 EIDE?&% ﬁrsx.maélge@s b%ﬁdmg%ca%d.em 9k 3theOf 72

hours post seedi H%PI’I 0 goiion. RIS W was dc)t tt tITB.tX m zetth h

conf | uency gFrotynes 9, 11p, 16, 35, and 40) each eluted at a characteristic retention time consistent witl
the retention times on Q Sepharose XL published by Blanche et al. (2000} Gene Therapy 7.1055-
1062,

30
Example 4 - Cytolytic assay

The viral lytic capacity was measured by using a modification of the MTT assay (Shen et al.,
35  2001). Briefly, the MTS assay (Promega, CellTiter 96% Aqueous Non-Radioactive Csll Proliferation
Assay) was used in place of the MTT assay since conversion of MTS by cells into aqueous, soluble
formazan reduces time and eliminates the use of a volatile organic solvent associated with the MTT

assay.



cells to mmc growh conditions in human solid tunors. 26-Mr-2007 -22
Cell culture supernatant was harvested fromthe first flask in the 3(OvhQbsh7
dilution series that did not show any sign of CPE at day 3 or 4
post-infection (in the case of HI-29 and PC-3, this was nodified for
passages 10-20 to harvest of the second flask, i.e. harvest 100-fold bel ow
the dilution in whi ch CPE were det ect abPite by day 3 post-infection). Each
harvest served as t art n Ima ;z he successive passage of the
Tirue This proctRRe LS BxsaAREE HRsPRer AR e Sepau ot B e e s et

bi osel ect i veengrated agesfluentmoneigyguwithinddrhas Bwsd deossleseptiedietrwiregiowed guiv forer e

i sol at ed byz bR Hé}@f‘pn&fto BlpB&liisto tHaUsst filus@S) Mfecihs OBKHh tGRbl dhd yﬁhmncﬁ&@mdar d
met hods (TO%JII%%(F) n%rnéﬂ dcmém &Hé‘&r J@thc?é?e WI-tFI§¥¥|a| kh?e%qolygl gdn oW’ne wruRféstsrt,'artdigp ration and

Titration o VI TUus fhd 10
Protocol &, PpafipierRer Eilsalie of 109q0d epsding Bt 3 partiojg/per o f'cV\e IOBQ 0Q3q )Infeqted qsiy were
di | uti ons okhcunbed stgTRCRAH mawshasayeai ﬁaﬂfofnﬁeam thé tme PointPiagicAgForare indadual ar get

tunor |ine Qﬁ; t eé&ﬁ?ﬁéﬁn‘?or o8 1REL n@,gé%fe%éh s Eé}vd&taﬁ§g%§€regtfof4ﬁm% AU BRRANhe

Vel | -i ndi vi ues were rveste aque assay nethod
was used to %MH@P@PB” tOEkBENENBS§Hd of i ndi vi dual plaques fron1these
harvests. Well isolated plaques fromthe second round of plaque
purificgjion were deemed pure, infected cultures 15 were prepared using

t hese purified plaques, and the ncol otency of these culture
supernatants determ ned by MS E@B EBPYEW. Exanple 3 - Serotype

Characterization 20 The parental adenow ral serotypes conprising the viral

pool s  or the isoh @éaué?glngeme A sed lbllkﬁ) ‘Q’F‘én@ ColdRHH {8 o%gtﬁﬁ NEYS4)ddnomic DNAs

ani on- exchan hro ap r..to habram et al
(1957) “FumaReeefiaHias B0 B %8%9% it By B X8R leAg ot % Vi e
exchangéf TowsEter il t?‘Gg%ﬁll”Ch%tﬁnaOf‘@EMSP Sauidy andghotaap gered dikhthe Nagmigeestons ed
instead of HResRtHER (Satagele, BEJole SR, | H¥SEvel dbnEX@éTP brepdoalet @fd Sey@ihe&d uking the

Adenovi r us }ﬁ%? Iéﬂﬁ’«l %P%%Agﬂqjggggé P chr?t(ﬂ)ylggg)tﬂaﬁsg&g?{ce %aﬁlﬁr’a \ru)c%}egprﬁnegr adi ent .

The ot her ero ypes
char act er i seqited Frgtassrnting “F'F‘Pée‘l’:’ﬁ’l’f%‘?’st(@?ﬂe GAdpsCorp- nAnyAShas Michigan} iGaE o Q

Sephar ose Xtovgrdd wesh edplifigd Biheanstbre otijonalectide@06rs aBEsegudnined. A eﬁds]df)ﬂ:EwalOGZ.

30 Exanpj e ﬁénom@&&le¥ét#u€nca§ Sifety T&ﬁhé’éd’éﬁdwrélbhhc |n%P@a€|H %ow@@amawcsaﬂatby
using a nodffication ssa en et . 2001). Briefly, the

MI'S assay (ﬁ"cﬁ?ﬁ?j%ﬂe f'?{l'?atsg?at ?‘5er%é&ueous Non- Radl oact ive Cell
Proliferation A&s@}e)*mmgwewsmmoﬁﬂrre Grloddé E2B regine WATTinzes selywere gensratednenentsi on of

MIS by cell geEpS pnagémw11§Qbabhen-fmomcmme(semmmamn@I i m nates the
use of a volalih & QEGARLECARLYEBEABREET: EetfinWd: By bitFord'tne DNA polymerase
25 gene{bp 75205 CGAGAGCCCATTCGTGCAGGTGAGS (SEQ ID NO: 6) and
bp 7982, 5'GCTGCGACTACTGCGGCCGTCTGTS (SEQ ID NO: 7) and used to PCR isolate DNA
fragments from the various serotypes (Ad3,4,5,9,11p,16 and 40) using reagents from the Advantage
2 PCR kit (Clonetics, Walkersville, MD; Cat #K1910-Y) and run on a PTC-200 thermocycler from MJ
Research (Watertown, MA). These fragments were subsequently sequenced along with the DNA
30 sequence of Ad3 using dye terminator sequencing on as AB! 3100 genetic analyzer.
The £2B region of Ad3 was sequenced using isolated Ad3 DNA and overiapping primers.
Sequence information was analyzed using the Vector NT! program (Informatix).

35 Example 6 - Construction of recombinant viruses

Genomic DNAs of Ad11p (SEQ ID NO: 2) and ColoAd1 (SEQ ID NO: 1) were purified from
CsCl gradient-banded virus particles. The genomic DNAs were digested with Pacl which cuts each



assay. 26-Mar-2007 -23 To performthe assay, cells were seeded at a defined
density for each tunor cell line that generated a confluent nonol a%g.p[ar,zoo-,
within 24 hr. These densely seeded cells were allowed to grow for

addi tional days prior to exposure to the test virus(es). Infections of both
tumor and primary normal cells were carried out in quadruplicate with
serial three fold dilutions of the viruseg starting at a 5 particle per cell
ratio of 100 and ending at a particle per cell ratio of 0.005. Infected

cell s were onipondeatiteid thel vir3| AEndheamtle Pénd cMidSciasat dysevids4 e GoloAde duckbtidehe ti me

poi nts i ndi %@&ueﬁ*cef(gﬁomﬁol n%a&%@é1a1wanwud1@ﬁbéne%t.&aseawma£ (sEe)1b No. Bies.
Mock- i nf ect ceI bﬁ served 3as ne%a l_gw‘%(%ntr .S and P}l@ﬂ@d t he ~,100%
survival poi PR UEGMPEH el 4 'Té”gepreff\'fﬁ\ege(f 975 SRR C
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DNAs wag p%m{vmgezaea.ﬁgabd @wscatiikbabloy). aswddfptaqaesa@eéwba b soRénddrbm
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i (Strat agé&dleAdy, 2ftead Adl1pida) E“%@M‘iﬁff@"&ﬁ%ﬁbé"%\'@# @d&%ﬂﬁﬁﬂ"ew nd sequenced
using the pdiPECEoAi2BR and KS (Stratagene, La Jolla, CA). Individual
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genones wer eotesyyLfentieast doterd &d st pdtént,tak &d HegcPrinAdd &) Caimall. 1] Colatidl (see Biglre §enone
was sequence@tr@tresuﬁggm.ﬁgy@g“ e and 431 bases at 2X coverage. To determ ne

the origin of th CoIo dl EZBrelon t WO r,_set r one to
Lhe 225 pTP genoNeR U1 e griebe MontlPodd bR RS b e R i,

9350, 5' ec@eaj@@e@@éﬂmqm the(vajpitypp BAN@E3 )Y E4region respegively; daiean

pol yner ase rekborge MAedefodifibatidndwdrén it I\ hdiabiddolid acaribMaton intOBMB IBBENE3II 6) and

bp 7982, 5 @g@f@gﬁgwfgﬁ% o6 4eTER2 fxm 7@%@&&1&@8\&% JPCR isol ate

fra me var’i ous serot 0) using

r eagent s f r daTenskatediipgvred dylic capagipin '132 aT‘tﬁ' ‘ieE-‘s““”\Hﬂ'leﬁg’r%‘\!qpﬁdI‘ &r ol &at
#K1910-Y) and run on a PTG 200 thernocycler from Ml Research (Watertown,
MA). These fragnents were subsequently sequenced along with the DNA 30
sequence of Ad3 using dye termn I’ICI ng, on as ABI 3100 genetic

anal yzer?® The E2B region of Z@3P ’53’6{’3 & A95R°Y 8| at ed A3 DNA and

overl appi ng pri nﬁ{astyp c%@g@r}&rﬁ rxgoafaﬁﬁde%u%m%éﬁﬁialg%Qﬂe&mﬂ}(%g or NI

program (I nf oy mati x Construct Vi ruses
Genomi ¢ DNAéo(ﬂe"sﬁTE‘i‘iSa"(aﬂﬁ@'"t?)hﬁ@“d ank ohtge E’!B‘I‘SBAI:W‘e BEHMOrs Rish 199-200¢
purified frabke, t@yGle igjectel wititvelicie (RES) eriwith sirysat 2 k ¢0' n:clﬁhbr@emomaewnmS wer e

di gest edysWi {1, FACarMak bdtaiS W rBduBfhiin the size of the tumor would be noted relative to the PBS
control and additional control viruses (Ad5, ONYX-015).

Example 8 ~ ColoAd1 Selectivity on Primary Human Tissue Explants
30 Tissue specimens from colorectal tumors and adjacent normal tissues removed during
surgery were placed in culture media and infected with equal numbers of either ColoAd1 or Ad5
viruses. Culture supernatants were collected at 24 hours post infection and the number of virus
particles produced was determined. ColoAd1 produced more virus particles per input particle than
. Ad5 on tumor tissue, while it produced fewer particles per input particle than AdS on normal tissue.



26- Mar - 2007 -24 only once within the viral genone. The Pact cut occurs at
base 18141 on Col oAdl nucl eotide sequence (SEQ ID NO 1) and at baseviRids
on the Adll nucl eotide sequence (SEQ ID NGO 2). D gested DNAs were mxed in
equal amounts and ligated in the presence of T4 DNA |igase at 16 C
overnight. This ligation m xture was transfected into A549 cells using the
CaPO4 transfection kit 5 fromlnvitrogen,z2€arl sbad, CA (Cat #1(2780-01).

| sol ated pl agues were picked and screened by restriction enzyme di gestion
and PCR anal ¥8fi8im o di stingui sh the four viral populations (Adl 1 p,

Col oAdl, left end Adllp/right end Col oAdl (Col oAdl.1) and left and.

Col oAdl /right end Adl 1 p(ColoAd 1.2)). The viral lytic capacity of each

"~ popul ation was determned in several cell lines, including 10 HT29 and
HUVEC cel | | ]-négeconbingit shimprisagenayinis, o @ypeankor defyative dierfof. SaWam9s8pPat ed t he
order of 5 pot enawyrisihg enE2Bragion pot ent to nost potent, as Adl1 p, Col oAdl. 2,
Col oAdl .1, Col oAdl (see Figure 7 for the results in HT29 cells). Also
constructed were chineri denovi ruses 144 and pCJ146, whi ch contain the
Ful T~ Tengt h Col JRATSMREAIAE TP ERTETet A BURG A SRR rvel 503 T RN THlo g o,
respectivel y, hassetstypmandlibnucgictagd eefjuemiaderivedfren b serqnd asienowielserolypeir oduced by
honol ogous reconbi nation into BJ5183 E. Coli (Chartier at al. (1996) J.
Virol. 70:4805-4810). Both,k of the jeric Lruses denopnstrat
reduced ?(i/ti c car}"z];lh ?efnysgidrf' rﬁ%e%°ﬁ1§%ﬁﬁ%%éeeﬁa£&2eg%g?rgaqetagewao %frog?seéj'

Col 0Adl . 2. 20 BXaRpFerT and arg dighinesiram e4ck abgr @@ Adenovirus In a typical human
tunor xenograft nude nouse experinent, animals are injected with 5 x 106
cells subcut aneo o ; R fd i ' S reach
100- 200 ul i noi dierl @i el kol forkfles R enk At IBAS 2007
x 1010 particles "?dGFfWF‘\‘}é'C’&‘Eﬁ'l'secuti ve days 25 (1 x 1071 particles total). A
reductiorsin the size of the tunor would be noted relative to the PBS

control and Adghd idaRMru AR thEEsRBrishAERIonS DN SitblBer, ndxSRERY Berfon  Col OAdI
Selectivity on Prima

L mary Hupan Ti ssue | ants 30 Tissue spec|neps. from
col or ect al tunﬁ??'"a'ﬁﬂ%éeﬂ] tg%%?ﬂe'crﬁ‘i{dﬁﬁ?? @F @ghﬁ‘ﬁs{' e e PeRiaD Frﬁﬁ'“sgﬂﬁaﬂer y were
pl aced i n cul t edesoviws prg framdhe same@dengvidl seFotysgual nunbers of either Col oAdl or
Ad5 viruses. Culture supernatants were collected at 24 hours post infection

and the nu rof viru t1 b gles B mila% m ned. Col oAdl produced
nore vi rgos”g‘gr irﬁ%?dggwggsrc’fi%%bﬁb Fd&a%tl c?rg'%ﬁ%r? q%ﬁ&}'urmr tissue, while it
produced fewer particles per input particle than Ad5 on normal tissue.
26- Mar - 2007 4. 2%nhdeadvirigaf Clim Afurtheraodprisiap b mobifieds?4 regiedenovi rus, or a vari ant
or derivative thereof, having a genone 5 conprising an E2B region

5. The adenavirus of Claim 1, wherein said tumor cell is a colon, breast, pancreas, lung, prostate,

25 ovarian, or hemopoietic tumor cell.
6. The adenovirus of Claim 5, wherein said tumor cell is a colon tumor ceil.

7. The adenovirus of Claim 1, wherein the nucleotide sequence of the E2B region of said
30 adenovirus comprises SEQ ID NO: 3, or a portion thereof.

8. The radenovirus of Claim 1, wherein the nucleotide sequence of said adenovirus comprises *
SEQID NQ: 1.

35 9. A recombinant chimeric adenovirus, or a variant or derivative thereof, having a genome
comprising an E2B region



wherein said E2B regi on conprises a nucleic acid sequence derived froma
first adenoviral serotype and a nucleic acid sequence derived fronparsehond
adenoviral serotype; 10 wherein said first and second serotypes are each
selected fromthe adenoviral subgroups B, C D, E, or F and are distinct
fromeach other; and wherein said chineric adenovirus is oncolytic and
denonstrates an enhanced therapeutic ingex for a tunor cell 15 2. The
adenovirus of Caim1 further conprising regions encoding fiber, hexon, and
pent on prot ei nkhetsinastiai=2B répnroGprakCa Acicld acid sapteng dedved fro affirst dvanmdral and
pent on_pr ot &1 nS (bl o fRER AU bkBe R Gerk bl DeecsiReRAbLAL SCr Ot yPe.
20 3. The adenovirus of Claim1l further conprising a nodified 3 region. 4.
The adenovirus of Claim1 further conprising a nodified E4 region. 5. The
adenovi rus of Clwhemrinbaiditsarsisecad adenpyinginerotyetd arg sach seletterfronbtheadsnovirpplancr eas,
lung, prostate, sugroupy BI¢,a0) E, &F A8 BRRIRLRE kdm sdéRBihecel | . 6. The adenovirus of
Claim5, wherein said tunor cell is a colon tumor cell. 7. The adenovirus of
Caim1, wherein the nucleotide sequence of the E2B region of said 30
adenovi rus conpMheeln ssEchimeringenayirusds ongolpisend éamanpieatesceh enigancerierapgiiitovi r us
of Claim1l, whenmienfot handbediendi de sequence of said adenovirus conprises
SEQID NO 1. 35 9. A reconbinant chineric adenovirus, or a variant or
derivative thereof, having a genone conprising an E2B regi on 26-Mar-2007
-26 whet®in sai 3SR SF@@F'Bﬁ""c%’ﬁb‘f"l’%Sé?S Beqqu%ﬂé?gregﬁqa@@é%@@“%‘?quff rom a
first adenovir alone genwt geraodnadegions eododing prateing insevpdémadencliralirepdichtibn samctad second
adenovi ral ser otpypRhe grdlpordidingied, 4 ESbrgand second adenoviral serotypes are
each selected fromthe adenoviral 5 subgroups B, C, D, E, or F and are
distinct fromeach other; wherein said chinmeric adenovirus is oncolytic and
denonst r at et Zbe repiation deficienteadanninsiof Claim i whergip the &£ 1tanghB? regiohs haveibeen10 wher ei n
sai d chigreri cqaglenovi rus has been rendered replication deficient through

del etion of one or nore adenoviral regions encoding proteins involved in
adenoviral replication selected fromthe group consisting of El, E2, E3 or
E4. 10. Thellr & eoliattion defisient asprmrusfieaiBy/i0r yghep pommrisingd deletipp afths & regien-£|  and
E3 regions have been 15 deleted. 11. The replication deficient adenovirus
of daim 10, fr%rédﬁﬁ&q&s%aﬁmQ%é\m%eiuﬁ»;]area?npﬂgmgwﬁet&émgo%gg G whefein salf1

adenovi rus of onprisin ogous gene,
wher ei n2&aj g heterologous gene is expressed 'within a cell infected with said adenovirus.

13, The adenovirus of Claim 12, wherein sald heterologous gene is thymidine kinase.
14. The adenovirus of Claim 12, wherein said heterologous gene encodes a therapeutic protein
25 selected from the group consisting of cytokines and chemokines, antibodies, pro-drug converting
enzymes, and immunoregulatory proteins.

15. The adenovirus of claim 1 for use in the treatment of cancer

16. The use of the adenovirus of claim 1 in the manufacture of a medicament for the therapeutic
treatment of cancer

17. Use of claim 15 or 16 wherein the cancer is colon cancer

18. Use of claim 15 or 16 wherein the nucleotide sequence of said adenovirus comprises SEQ ID NO:1



20 heterol ogous gene is expressed within a cell infected with said
adenovirus. 13. The adenovirus of Caim 12, wherein said heterol 0gosvaessy7
is thym di ne kinase. 14. The adenovirus of Claim 12, wherein said

het er ol ogous gene encodes a therapeutic protein 25 selected fromthe group
consi sting of cytokines and chenoki nes, antibodies, pro-drug converting
enzynes, and inmmunoregul atory proteins. 3. The adenovirus of claim1l for
use in the treatnent of cancer 16. The use of the adenovirus of claim1l in

t he manuf actUrenghoddorisiftiettheadene\ips efiidaim Nerhgreinmaidgnethod somprises  of cancer 17.
Use of claim 15 or 16 wherein the cancer is colon cancer 18. Use of claim15

or 16 wherein i rlses SEO I D
NG T 26- Ny - pGbeogt SRhbAE ERAHEN RGeSk PR oL E R SRugar, 1)
wherei n sai d met3§PVERMri€es a) pooling of adenow ral serotypes
represensing adenoviral subgroups B-F, thereby creating an adenoviral

mxture; 5 b) bpaﬁagea@ma%etplaaepmh&ﬂamﬁmevrbrﬁeiepp.;l,5&yrr tl\terp\féﬂrﬁvﬁ lh.(rél).»f on an

actively growi ng cul'ture of tunor s at a particle rati o high
enough to encourdd& reconbi nation bet vveen serotypes, but not so high as to
produce premat uresls#jalpatidapér;,cell Btichighenonghde ensguradesemnpativatbameer semiypss,ep

(b); d) infecti rlg,taotgyh,gﬁgﬁabmgwetp\;gn@wécemuggﬁ; cells with the supernatant
harvest%g in step (c); 15 e) harvesting the cell culture supernatant from

step (d) prior to any sign of CPE, f) infecting a quiescent culture of tunor
cells with thé s'l?p@ﬁtwattﬂ?rwpwaﬁl%g?'egewﬁ)step (e); and g) isolating the virus
of claim1l fromthe supernatant harvested in step (f) by plaque

purification. ) Affedilo 2 g&gﬁ]@m@% &ft gangmign%g %”39’(%“?‘ hgtgssgeia{i%ﬁ&e &-,ngffmmed

tw ce before h rVest e super nat t hod of
Claim 19, wherein steps (e) and (f) are repeated up to 20 tines prior to
step (g)s 22e) THeevesting ttedebiultGeaupariefint fndmestep (d) phiorse agyribnrodORE, of pl aque
purification is performedfollovmng step (g). 30 23. The rrethod of Claim
19, wherein the tunor ce ancr eas, gétegrostate

ovarian, or h@ndb%‘?"@??ﬂ”'?ﬁ?ﬁ%"”@éﬁ ?fﬁu"?ﬂ?e?iwaeﬁ%ﬁg?rﬁgﬁ‘?t hE’H?sf'@r ge/8%i rus,

or a variant or derivative thereof, having a genone
g) isolating the virus of claim 1 from the supernatant harvested in step (f) by plaque purification.
20
20. The method of Claim 19, wherein step (b) is performed twice before harvesting the supernatant
In
step (c).

25 21, The methed of Claim 18, wherein steps (e) and (f) are repeated up to 20 times prior to step (g).

22 The method of Claim 19, wherein a second rotnd of plague purification is performed following
step (g)- )

30 23. The method of Claim 19, wherein the tumor cell is a colon, breast, pancreas, lung, prostate,
ovarian, or hemopoietic tumor cell.

24. A recombinant chimeric adenovirus, or a variant or derivative thereof, having a gehome
comprising an E2B region
35
wherein said E2B region comprises a nucleic acid sequence derived from a first adenoviral
serotype and a nucleic acid sequence derived from a second adenoviral serotype; '



conprising an E2B region 35 wherein said E2B region conprises a nucleic acid
sequence derived froma first adenoviral serotype and a nucl ei ¢ aQgthar-2007
sequence derived froma second adenoviral serotype; 26-Mar-2007 -28 wherein
said first and second adenoviral serotypes are each selected fromthe

. adenoviral subgroups B, C, D, E, or F and are distinct fromeach other; and
wherein said chinmeric adenovirus is oncabgtic and denonstrates an enhanced
therapeutic 5 index for a tunor cell; produced by the nmethod of a) pooling
of adenoviral sevheremes firs pndspeeridi adgnogicke sroatypes bre eatigretated fr8n e atidrevieby
creating an 10 qgqb@eéid; 8! b, ¥i R ardistiRd §6A ghdiGtHeR@nd 0ol ed adenovi r al

m xture fromstep (a) on an actively growing culture of tunor cells at a
particle per cell ratio high enough to encourage reconbi nati on between
serotypes, but n¥ereisad dineds adegoiEdiggecelyin anrrdenensirates #n enbanchd thergpeulic
harvestifng t he shgeefaratandrcélk om step (b); d) infecting a quiescent culture
of tunor cells with the supernatant harvested in step (c); 20 e) harvesting
the cell culture supernatant fromstep (d) prior to any sign of CPE, f)
infecting a q@ld4eaRY MeMeGFE’ of tunmor cells with the supernatant harvested
in step (e); and g) isolating said chineric adenovirus fromthe supernatant
harvested in g eRokiglbr MenblirBiteRtypereptidehifng GadroR i su%érouﬂ;fbep,rmetrébg@reafng% ai m
24, wherein step d%b‘).l performed twi ce before harvesting of the

supernat@nt in SSEFPVIA™YSE 26. The nethod of O aim 24, wherein steps (e)
and (f) are repeated up to 20 tines prior to step (g). 27. The method of

C ai m 24, whebgigassaghg eRMAoledstREovRE! miptt@e fiéhm Bre {af breat dcavely grovargy dulurérd

following step t&rqur'cells at a particle per cell ratio high enough to encourage recombination between

serotypes, but not so high as to produce premature cell death;
15
¢} harvesting the supernatant from step (b);

d) infecting a quiescent culture of tumor cells with the supernatant harvested in step (c);
20 e) harvesting the cell culture supernatant from step (d) prior to any sign of CPE;
f) infecting a quiescent culture of tumor cells with the supernatant harvested in step (e); and

g) isolating said chimeric adenovirus from the supernatant harvested in step (f) by plaque
23 purification.

25. The method of Claim 24, wherein step (b) is performed twice before harvesting of the
supernatant in step (c}).

30 26. The method of Claim 24, wherein steps (e) and (f) are repeated up to 20 times prior to step (g).

27. The method of Claim 24, wherein a second round of plaque purification is performed following
step (g)-



