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State of the Art
Normal cell proliferation is regulated by a balance between growth-
promoting proto-oncogenes and growth-constraining tumor-suppressor genes.
Tumorigenesis can be caused by genetic alterations to the genome that result in the
15 mutation of those cellular elements that govern the interpretation of cellular
signals, such as potentiation of proto-oncogene activity or inactivation of tumor
suppression. It is believed that the interpretation of these signals ultimately
influences the growth and differentiation of a cell, and that misinterpretation of
these signals can result in neoplastic growth (neoplasia).
20
Genetic alteration of the proto-oncogene Ras is believed to contribute to
approximately 30% of all hurman tumors (Wiessmuller, L. and Wittinghofer, F,
(1994), Cellular Signaling 6(3):247-267; Barbacid, M. (1987) A Rev. Biochem.
56, 779-827). The role-that Ras plays in the pathogenesis of human tumors is
25  specific to the type of tumor. Activating mutations in Ras itself are found in most
types of human malignancies, and are higﬁly represented in pancreatic cancer

(80%), sporadic colorectal carcinomas (40-50%), human lung adenocarcinomas
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damage, anglp og@silif al nervous system depression. Radi ati on gdecapynsel i es on
the greater ability 20 of normal cells, in contrast with neopl astic, cells,
to repair thenselves after treatnent with radiation. Radiotherapy cannot
be used to treat many neopl asnms, however, because of the sensitivity of

ti ssue surrounding the tunor. In addition, certain tunors have
denonstrated resistance to radi ot herapy and such may be dependent on
oncogene or anti-oncogene status of the ceLl (Lee. J.M et al. (1993) 25
PNAS 90: 5742-5746; Lowe. S.W et al. (1994) Science, '266:807-810; Raybaud-
Di ogene. H et al. (1997) J. din. Oncology, 15(3):1030-1038). 9 May 2005
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Current methods of treatment for neoplasia include surgery, chemotherapy
and radiation. Surgery is typically used as the primary treatment for early stages
of cancer; however, many tumors cannot be completely removed by surgical
means. In addition, metastatic growth of neoplasms may prevent complete cure of

15 cancer by surgery. Chemotherapy involves administration of compounds having
antitumor activity, such as alkylating agents, antimetabolites, and antitumor
antibiotics. The efficacy of chemotherapy is often limited by severe side effects,
including nausea and vomiting, bone marrow depression, renal damage, and
central nervous system depression. Radiation therapy relies on the greater ability

20 of normal cells, in contrast with neoplastic cells, to repair themselves after
treatment with radiation. Radiotherapy cannot be used to treat many neoplasms,
however, because of the sensitivity of tissue surrounding the tumor. In addition,
certain tumors have demonstrated resistance to radiotherapy and such may be
dependent on oncogene or anti-oncogene status of the cell (Lee. J.M. et al. (1993)

25  PNAS 90:5742-5746; Lowe. S.W. et al. (1994) Science, 266:807-810; Raybaud- -
Diogene. H. et al. (1997) J. Clin. Oncology, 15(3):1030-1038).



15 use of these nonoclonal antibodies directed at the extragaiapdens

noi eties of this growh factor receptor are prom sing, and indeed have net
with sonewdhbishged success (Baselga, 1996; for reviews sqgNess/015998;
Hung, 1995). There are however a nunber of technical obstacles that nust
be addressed. Firstly, these nonoclonal antibodies directed agai nst HER2
are not thenselves cytocidal. but are 20 rather cytostatic (Pietras, 1994,
Harwerth, 1992; Hudzi ak, 1989; Carter, 1992). Inportantly, in a SC D or
nude nouse nodel, anti-HER2 anti bodies are effective only in repressing
tumor growm h and not actually causing tun@r regression. Further, this
repression of tunmor growh is alleviated rapidly once the anti body

adm nistration is ceased. On a nore positive note, there is evidence that
treatment 25 of tUBRGS Yinbd i@ BbnddEle MOl iBRMESNTeAR EAMIREIFAOREE ent
animal may actually result 1n a CTytocidal effect nediated by
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those breast nrrasing iididdnt eate aagerof sisese advincecptberattiipnedito énpdovages such
as Src, which have already been inplicated in 5 the growh of sone breast
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| eak | arge macronol ecul es, such as antibodieS, is a function of their

spatial orientation 10 to the tunor mass (Dvorak, 1988; Nagy and Dvor ak,
1989). It has been,.shown , that the vessel ith_ th reatest perneability
to these nol ecul egl\]fse‘é‘"é'i”aéh"pli“gtr%}f?{3 cersbml%gy s there been a more prgmlsmg

10 period in the development of therapeutics for the treatment of breast cancer. Many
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of these therapeutics are targeted at specific receptors that are overexpressed in
subsets of this cancer, and are now finding some clinical use. Perhaps one of the
most promising of these new therapies is the use of antibodies targeted to the
HER?2 receptor that is frequently overexpressed in breast cancer. Results from the
15 use of these monoclonal antibodies directed at the extracellular moieties of this
growth factor receptor are promising, and indeed have met with some clinical
success (Baselga, 1996; for reviews see Nass, 1998; Hung, 1995). There are
however a number of technical obstacles that must be addressed. Firstly, these
monoclonal antibodies directed against HER2 are not themselves cytocidal. but are
20 rather cytostatic (Pietras, 1994; Harwerth, 1992; Hudziak, 1989; Carter, 1992).
Importantly, in a SCID or nude mouse model, anti-HER2 antibodies are effective
dnly in repressing tamor growth and not actually causing tumor regression.
Further, this repression of tumor growth is alleviated rapidly once the antibody
administration is ceased. On a more positive note, there is evidence that treatment
25  of tumors with anti-HER2 antibodies in an immune competent animal may
actually result in a cytocidal effect mediated by antibody-dependent cellular
cytotoxicity (ADCC) (Carter, 1992). Secondly, targeting growth factor receptor



at the tunor-host interface, and the |east perneabl e vessel g May@obhose that
actually penetrate the tunour nass (Dvorak, 1988). The result of this

di fferentivahopevigeability is that these tumour specific anidihesiigisizand
their cytocidal effector 15 cells, would fail to penetrate into the tam

our mass and would be only effective on the periphery of the nmass. Despite
the fact that activating nmutations in ras are infrequent in breast cancer,
there is a growi ng body of evidence that activation of the Ras/ MAPK

pathway is inportant in the initiation and progression of this disease.
Upstream 20 el enents of the Ras pat hway, 1yt ably receptor tyrosine kinases
(RTK) are frequently overexpressed in breast cancers. HER-2/neu (erbB-2)

i s overexpressed in approximately 30% of all breast cancers (Spandi dos

1987; Zhou, - 198&5FRY" o of HRA&) vald dsoh 8 Bfch@i@Hoar bihre@0othefath
prognosi s (SI anon, '1989). When overexpressed in N H 3 cells, H R—2
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| evel of overexpres nthat is required for this transformati on to occur
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ki nase actiwi ttfie gidwith of sbrhe brdasi cagcere (Craek,i 19660 Finaly abt biology ¢Hihees,
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10 to the tumor mass (Dvorak, 1988; Nagy and Dvorak, 1989). It has been shown
that the vessels with the greatest permeability to these molecules reside primarily
at the tumor-host interface, and the least permeable vessels are those that actnally
penetrate the tumour mass (Dvorak, 1988). The result of this differential
permeability is that these tumour specific antibodies, and their cytocidal effector
15 cells, would fail to penetrate into the tumour mass and would be only effective on

the periphery of the mass.

Despite the fact that activating mutations in ras are infrequent in breast
cancer, there is a2 growing body of evidence that activation of the Ras/MAPK
pathway is important in the initiation and progression of this disease. Upstream

20 eclements of the Ras pathway, notably receptor tyrosine kinases (RTK) are
frequently overexpressed in breast cancers. HER-2/neu (erbB-2) is overexpressed
in approximately 30% of all breast cancers (Spandidos 1987; Zhou, 1989; Archer,
1995) and is associated with poor patient prognosis (Slamon, 1989). When
overexpressed in NIH-3T3 cells, HER-2 mediates transformation; however, there

25 does appear to be a threshold level of overexpression that is required for this
transformation to occur (Jardines, 1993; Clark 1995). It appears that this
transforming ability of HHER-2 is dependent upon Ras activity as cell lines



cancer. A nunber of studies indicate a -4 to -30 fold increagmaphogs Src
activity in 10 primary breast cancer tunors when conpared to nornal breast
ti ssue (Vewbeeksiiy 1996; Jacobs and Rubsanen, 1983). C Srcphpeab@fifiz
suggested to also play an inportant role in the transm ssion of 'signals
fromboth the estrogen and progestin receptors via the Ras/ MAPK pat hway. A
nunber of groups have observed that the treatnent of breast tunor derived
MCF-7 cells with estradiol results in the is activation of c-Src kinase
activity with resultant activation of MAPK (Di Doneni co, 1996; M gliaccio,
1996). More recently, -Mgliaccio (1998), -Bas denonstrated in T47D breast
cancer cells that progestin stinulated cell proliferation is dependent
upon Sre/ Ras/ MAPK signaling. The fact that these steroid receptors can
utilize Ras f evelchpiessifg WER-2RehibUHAIREhEIC Motealtoi MAP Bhat Rivily, T €
pivotal role in the pronotion of growth in ER and PR positive breast
tunors. Ras ilatigsbeingapflestive of Ray aetiviyr(fanes vi94). Toe growihtfactonimeepitopment  of

b initiall h ht. Alth [ ' ' [
Ras are rare. H0Ab A o b, B oine: ot PR el WP Biokid 1 s
has been obseryggd ojvél‘exgie%atin bR tﬁmﬁé%ﬁli%?mso %%g:?é%?@ﬁlgg 0%y WA - Thi s

over expression of Ras 5 may provide an addition ni smot uncoupling

nor mal si grial poompaitnt prognosia(Bhaplomypl 98a Koendars gEI9i1y. st at e. Taken t oget her
t hese observations suggest the 9 May 2005 WD 02/39117 PCT/ CAO1/01512 -9

feasibility of targeting an activated Ras pathway in the devel opnent of

novel breast | cancoladihe ARHh Spu R R MR, IEARARRIRT { het

reovirus is replication co ent*in onl 0se ce cont'ai ned an

activated Ras etiblgpplof bepapidaiva@y , T1Ri donakcdpioray@iineTkinkise @CSre M Bdenon of Ras
itself or via upstream elenments that result In its activation (Strong,
1993; Strong, mpliged adping animpoytantigandidate inprametingdbapregression afthaeast

cancer. A number of studies indicate a -4 to -30 fold increase of c-Src activity in

10 primary breast cancer tumors when compared to normal breast tissue (Verbeeks,
1996; Jacobs and Rubsamen, 1983). C-Src has been suggested to also play an
important role in the transmission of signals from both the estrogen and progestin
receptors via the Ras/MAPK pathway. A number of groﬁps have observed that
the treatment of breast tumor derived MCF-7 cells with estradiol results in the

15 activation of c-Src kinase activity with resultant activation of MAPK (Di
Domenico, 1996; Migliaccio, 1996). More recently, Migliaccio (1998), has
demonstrated in T47D breast cancer cells that progestin stimulated cell
proliferation is dependent upon Src/Ras/MAPK signaling. The fact that these
steroid receptors can utilize Ras for their signaling suggests that Ras may play a

20 more pivotal role in the promotion of growth in ER and PR positive breast tumors.

 Ras itself may also play a more pivotal role in the development of breast
cancer that was initially thought. Although activating mutations in Ras are rare in
breast cancer development, overexpression of normal H-Ras has been observed in
breast tumors (Shackney, 1998; Spandidos, 1987). This overexpression of Ras
25 may provide an additional mechanism of uncoupling normal signal transduction

and promote a tumorigenic state. Taken together these observations suggest the



reovirus could act against tunors containing a Ras activati @Man2005v0
(Coffey, 1998). Using the human glioblastoma cell line U37, we established
a tunor wenegs@aft SCUD nouse nodel. UB7 cells were sel ecpetcagsi/ani2
appropriate nodel as 10 they overexpress the RTK PDGF that results in Ras
activation and denonstrate acute susceptibility to reovirus infection in
vitro. SCID mce were inplanted with a U87 tunor xenograft and foll ow ng
pal pabl e tunor establishnment the tunors were treated with a single
intratanor injection of reovirus. This single treatnent resulted in
dramatic tunor regression. 15 In view ofS-he drawbacks associated with the
current neans for treating neoplastic growmh, the need still exists for

i nproved nethods for the treatnment of nost types of cancers and,

particul arly feRsitthigtofcangethg ad Activareti Rab pathsal ih theoddvalopment ofamuvel breast! abl e
to determine reovirus susceptibility to predict the effectiveness of
reovirus tre&aRRShthersmpulichMARY OF THE | NVENTI ON The present invention is
directed to nethods of identifying the susceptibility of cells to reovirus
i nfection by neasuring constitutive ras-MAP signaling. Al so provided are
met hods usi ng r eoWPréwigudlp iwetate BéMahsiRIMN that 18oWRS i2 P&icatitfd Ebthdnt Tn
PCT/ CAO /01512 -10 cellular proliferative disorders, and particularly

cel lul ar pr oloniyethase ¢adls dhai spalaingd anjaetivted Raresignading pathaay nejthes theough hi bi t

constitutive ,MAPK phasph | at,on, .in__.ma s, .l articular, .the methods

provi de fg_r %S%Qﬁgg?ﬁgg%ﬁieifgqr %Hﬂ%@%@%‘?‘&wﬁﬁ ti"?étf&i;til\'f’émﬁi sorders
whi ch may i n@t&kﬁ%,ﬁ@@@%ﬁr&ﬂﬁ?‘l?%). SHBSSH1yO lvelwiFR bBleith demWhdtkafe faf at i on of

the ras gene Is not believed to play a S|gn|f|cant role. Also provided are
met hods for pecwimstchnlg aceagdinst sumars egniatnimgma Ras adtvatioreit viem (Caffecel | ul ar

roliferative djisorders, and particul arl el l.ul ar .
P ! ' 198é). Using the hmnanpgﬁobllasyoma ce)ﬁ l(l;ne Uéj’?, we established a tumor

xenograft SCID mouse model. U87 cells were selected as an appropriate mode] as
10 they overexpress the RTK PDGF that results in Ras activation and demonstrate
acute susceptibility to reovirus infection ir vitro. SCID mice were implanted with
a U87 tumor xenograft and following palpable tumor establishment the tumors
were treated with a single intratumor injection of reovirus. This single treatment

resulted in dramatic tumor regression.

15 In view of the drawbacks associated with the current means for treating
neoplastic growth, the peed still exists for improved methods for tﬁe freatment of
most types of cancers and, particularly, breast cancer. It would be useful to have
a means available to determine reovirus susceptibﬂity to predict the effectiveness

of reovirus treatment.

20 SUMMARY OF THE INVENTION

The present invention is directed to methods of identifying the

susceptibility of cells to reovirus infection by measuring constitutive ras-MAP

rs'ignaling. Also provided are methods using reovirus for the treatment of :



proliferative disorders which exhibit constitutive MAPK phogpigraobgti on, in
mammal s. The manmal may be sel ected from dogs, cats, sheep, goats, cattle,
10 horses ' I ce, humans and non- hunman primates. The 6&

conpri se vﬂ@hﬁ%?gﬁgring to the proliferating cells an eff§g5% (ggﬁg%nt of
one or nore reoviruses under conditions which result in substantial lysis
of the proliferating cells. The reovirus may be a manmal i an reovirus or an
avian reovirus. The 15 reovirus may be nodi fied such that the outer capsid
is renmoved, the virion is packaged in a |liposonme or mcelle or the
proteins of the outer capsid have been _pytated. The reovirus agent can be
admnistered in a single dose or in nmultiple doses. The proliferative

di sorder may be a neoplasm Both solid and henat opoi eti c neopl asns can be

targeted. Use qof . pre i concurrent or S eque i uppr essi on may
result in _rmr%eﬁg}aggﬁﬁﬁdﬁgg%gvp%g&@P@BF‘%@H@&Y %@qu"%‘ffﬁ{,ﬂ? s‘_g‘ﬁérsas pect
the inventi onyRéei tHE proifémiing el R extftfiedoRkinbtiveRIA P phoussgRiddid ity to
reovirus infection by neasurinhg constitutive ras-MAP signaling in a cell,
wherei n t he pmemsnbe lnfpastitiutare thesbethods previde doraleovigus melitmantssf mammals
suiceptibility to ecti Vi rus. nsti-tutive ras- MAP signaling

results in act]Vat ?rélﬁr}fe%?v?tcﬁsn r%‘{(}ﬁ PR RERIS i EASHuPORsstubset of tumassithgen. or

E(C):EI'/ ngg/ gﬁga%ﬁ#ggggﬁ{ogt%%# %?ﬁé%e%%ﬁ/&gg@?ﬁgﬁaﬁ%% éifz' ore, the state

of MAP ki nase phosphorylation can be determ ned as a neasure of

constitutive ras-MAP signaling. The state of MAP khne phosphoryl ation can
be deternined by dHsp Provddadaer meetheds|foratmeygnting redvéusrecogniied i n particul ar by

usi ng an anti. |fi r _5.phosphoryl.at ed P_kinase.,. l.n anot her
aspect the i n@ﬁ%ﬁr%ﬁﬁgwo f%ﬁ@@a{lgléc’hg?mﬁpep@ﬁ%rg%ﬁst %4\1@38% gicﬁ]éul%e or nore
reovi r uses %roﬁﬂé&tﬁ&ﬂibﬁ)ﬁﬁww&fexﬁiﬂfﬁéﬂn&?tﬁﬁ%Mbh@%bﬂﬁaﬁ’en?@' iferative
a
mammals. The mammal may be selected from dogs, cats, sheep, goats, caitle,

di sorder in

10  horses, pigs, mice, humans and non-human primates. The method may comprise
administering to the proliferating cells an effective amount of one or more
reoviruses under conditions which result in substantial lysis of the proliferating
cells.

The reovirus may be a mammalian reovirus or an avian reovirus. The
15 reovirus may be modified such that the outer capsid is removed, the virion is
packaged in a liposome or micelle or the proteins of the outer capsid have been
mutated. The reovirus agent can be administered in a single dos.e or in multiple
doses. The proliferative disorder may be a necoplasm. Both solid and
hematopoietic neoplasms can be targeted. Use of preceding, concurrent or

20 subsequent immunosuppression may result in more effective reovirus treatment.

Accordingly, in one aspect the invention provides a method of determining
cellular susceptibﬂity to reovirus infection by measuring constitutive ras-MAP
 signaling in a cell, wherein the presence of said constitutive signaling indicates susceptibility to
infection by reovirus. Constitutive ras-MAP signaling results in activation of the
25 MAP kinase whether there is a mitogen or not, and activation of the MAP kinase



mammal , whi ch disorder is characterized by proliferating ceblxaywdtosh

exhi bit constitutive MAPK phosphorylation, conprising adninistering to t he
prolifera s in said manmal an effective anount of
reOV|ruse§kﬁﬁa%ﬁ iondltlons which result in substanti al Jgﬁ@EUﬁMI the
proliferating cells In yet another aspect the invention prOV|des use of a
conposition conprising one or nore reoviruses for the manufacture of a
medi canment for treating a neoplasmin a human, which neoplasmis
characterized by proliferating cells which exhibit constitutive MAPK
phosphoryl ati on, conpri sing adninisterin to the neoplasma reovirus in an
anopunt sufficient to result in substant|§1 oncol ysis of the neoplastic
cells. In yet another aspect the invention provides use of a conposition

i 1 g nelcadt WesoloraHun Al e Ehases TERRRTS. hFar SIBATRRe
char act er | 2edyioft 0l RTcth bBYeeRhinda Wl Gkafitbiob cbn kRN LM AP NP

phosphor yl atl rrsing a mnl stering to the mammal a reovirus in an

amount  suf fi sng&:ﬂingt OTHeessatt fof IMAR kixss@phosphotylesion cah be ldetenminet] bytany cel | .
20 In still another as& ect the invention provides use of, a co ition

conpri si ng on&idied efigh Wd@ﬂ%&sﬁnﬂﬂpw’@%hﬂﬂﬁ’é‘gﬂp@ﬂwoﬂlﬂ% dfent for

treating a ssu %\(I)\ﬁllﬂ a manmal , whi ch neoplasmis characterized
by proli feP at R&Bﬁ&ﬁa?e chex | bit constitutive MAPK phosphoryl ati on,

conpri sing surglcal removal of substantially all of the neoplasm and

adm ni stration of an effective anount of reovirus at or near to the

surgi cal site resullnprggher aspept3homeaitips ipsovilks a;ay)f f eompdHithy ORPRiIRGbcCr GRd S.
9 May 2005 AcGssigl ¢ di ment roliferative disorders which
can be treated wi t% r e%vt{e?ﬂ%ﬁmgﬁggﬁ ag'ggt {%r'ﬁ?ﬂ g 3 pﬁ?lgjf’%ﬁ‘fe g’F“@"‘én"Bl%
can be col | ectmdmaloywhigh wserdsl is ubp@@aredi of phﬂlf&rﬂ:g‘lgacdﬁl& abméleléﬂ{:bnveorﬁh&ﬁﬁéier

and cells in pRpk [ F‘ onst t|v NQF nal i ng

according to the ig&g ﬁ‘q@ ﬁa%i rmﬁ% P ?5‘?‘%\?@ sIp ST Mappl He

any condition eﬁfgtgb'g ma@tg@omrterpr more reoviruses under conditions which result in substantial lysis of
the proliferating cells

In yet another aspect the invention provides use of a composition comprising one or
more reoviruses for the manufacture of a medicament fdr treating a neoplasm in a human,
which neoplasm is characterized by proliferating cells which exhibit constitutive MAPK
phosphorylation, comprising administering to the neoplasm a reovirus in an amount sufficient

15
to result in substantial oncolysis of the neoplastic cells.

In yet another aspect the invention provides use of a composition comprising one or
more reoviruses for the manufacture of a medicament for inhibiting metastasis of a neoplasm
in a mammal, which neoplasm is characterized by proliferating cells which exhibit constitutive
MAPK phosphorylation, comprising administering to the mammal a reovirus in an amount
sufficient to result in substantial lysis of the neoplastic cell.

20

In still another aspect the invention provides use of a composition comprising one or
more reoviruses for the manufacture of a medicament for treating a suspected neoplasm in a
mammal, which neoplasm is characterized by proliferating cells which exhibit constitutive
MAPK phosphorylation, comprising surgical removal of substantially all of the neoplasm and
administration of an effective amount of reovirus at or near to the surgical site resulfing in

25  oncolysis of any remaining neoplastic cells.



' prol|ferat|v g ﬁ
“proliferating" CefPE5; Ellrpse@(hplbgrpal@ame cnbei ve MAPK phosphor yI ation,

abnormal Iy active cell growth, such as neurofibronatosis. Mpmnayproeber ably,
the -proliferative disorder, is selected fromthe group consisting of |ung
cancer, prostate cancer, colorectal cancer, thyroid cancer, renal cancer,
Adrenal cancer, liver cancer, pancreatic cancer, breast cancer and central
and peripheral nervous system 15 cancer. A:-particularly preferred
proliferative disorder is breast cancer-11EHie present invention is
applicable to any animal with a proliferative disorder. Preferably, the

-Animal is a mmma . 1. Mre preferably, the animal is selected fromthe
group consi sting of dogs, cats, sheep, goats, cattle, horses, pigs, mce,
. non-human primates, and human . - Most preferably the animal is human. 20

In a further enb i |
n a further e Oﬂéoﬁﬁﬂlgl)t REEdnd énq%ﬁ% V\k@%ﬁoh"f‘ rai IVI§: éslorqo oL ‘%1{1 al I glnieitgtawﬁy reovirus

order i'n a

conpri sing ratin Ils..in sai .
effective am%é%&ggrﬁgfr]déaq%&r]ﬁr%f%sﬁéége\% ffiﬁlsaé(é%%a‘é‘ﬁlf%réﬁﬁf fifSBffg WI‘FFE% rIBsuI t.

i n_subst ant i ahe bymple a0t tdshd 13D cousBinitive raI-MP. Neddh ther
conprise a step selected from tche gr oug 9 Nayg%lgggngm O&ﬂgg(y\%(ﬂ?esfeﬂ{

'PCT/ CAO1/ 151D eﬂf-lfz cBWsPr@llfqigtwﬁ dlStHdcn may bernp gonditibhasgciatddiwitlat i ng cel |'s
in said na f an i ne suppressive a
removi ng B- cel s c&"&Flcgung% as TORRRSA- n@’l%ﬁf’lef‘?fgbilh thgs

anti bodi es f pesifesitic WRIVIBLL is s@l@&\éﬂ m ﬁl@t prg[gj c&ﬁs&gqgl%rgﬁﬁ%g cangery préstate |

adm ni steri ng anti-antireovirus anti Odl e Sal

suppr essi ng cheeer nenlokecty sarewr, thid@cdﬂﬁﬁ&lenﬂr&n@érs ﬁdﬁhﬁl’éﬂ@& liger are
met hods whi ch further caonprise administration of a chenotherapeufic agent.

 Also provi deGUCET-PARETRHA Cancer, brgast egneer ﬁadpbmsathamd mriphemh nerwbicdysteaopl asm
i's charagterzed. blﬁng{rﬁl:ﬁl 93’:&#& gel I whi ch.exhi bit constitutive MAPK
©

phosphor yl ation, FISEn ﬁ@“’?’ﬁ EAGTdd Preshdcfleovi rus in an

- The present. mventlon is apphcable to any ammal with a proliferatlve
dlsorder Preferably, the ammal isa mammal More preferably, the ammal is
selected from the group consmtmg of dogs, cats, sheep, goats, cattle; herses plgs

| ‘mice, neln-human primates, and humans. Most preferably, the animal is human.

20 . In a further embodiment there is provided a method of treating a
proliferative d1sorder ina mammal Whn:h d1sorder is characterized by
proliferating cells whxch exhibit constltutlve MAPK phosphorylation, compnsmg
. admsztermg to the prohferatmg cells in said mammal an effective amount of one
or more reovutuses under conditions whleh result in substantial lysis of the

25 prolife;ating, cells; iM_ethods‘ whlch further eomprise a step selected from the group



10 amount sufficient to result in substantial oricolysis of gt R@epl asti c.
cells. Preferably, the reovirus is adm nistered systemcally or by

I nj ectionyw@hsdiy near a solid neoplasm Methods further weangkimhs@ t he
step of previously, concurrently or subsequently suppressing or otherw se
conprom sing the i mune systemof the mammal are also included. 15 Also
provided is a nethod of inhibiting netastasis of a neoplasmin a mammal,
whi ch neoplasmis characterized by proliferating cells which exhibit
constitutive MAPK phosphoryl ation, conprising admnistering to the manmal a
reovirus in an anmount sufficient to resuljtzdn substantial |lysis of the
neopl astic, cells, Methods further conprising the step of previously,
concurrently or subsequently 20 suppressing or otherw se conprom sing the

| mmune_syst emypksisig FR ERnidk e 150 prolALUARE colfd B QuidRith g éfrrivE! hod

of treating a suspecCted neoplasmin a manmal, I ch neoplasmis

char act er i zed ampupraflanfiemaine sgppredsive agent; hemuving Bt-cetle 0s T-delis iftom sNPK
phosphoryl ati on, cqnpri si.ng surgi cal moval_ of substantially,all of the 25

heopl asm and SIS FERATR AT eRHIraS PERORiEs b Igmal A8t or near
tothe B M &lifwaicdledesad bl AR futi-anesVihd filibodids 8 sh@SU! U1 N0

I n oncolysis O ny renai ni ng neopl as e reovirus may al so be
adm ni stered sysioedl] e&l supprdvbind desinfnide®ttefOrthe fattnd bee dieprovided, as
previously, concurrently or subsequently suppressing or otherw se

conpr oni si ng areHeethadawhich Jerthemcompripea atign ef a Changtherrpritig. agentAl so
provided is a pharmaceutical conposition conprising an effective anount of
a reovirus and a pharmaceutically acceptable excipient. Al so provided is a
phar maceuti cal CONAGK froPidcd W Pink&lol Sf Aealifg'h RASHIRRT BSSRhar)which

I munoi nhi bitant, a reovirus and a pharmaceutically acceptabl e exci pient.
Kits neoplasm is characterized by proliferating cells which exhibit constitutive MAPK

phosphorylation, comprising administering to the neoplasm a reovirus in an

10 amount sufficient to result in substantial oncolysis of the neoplastic cells.
Preferably, the reovirus is administered systemically or by injection into or near a
solid neoplasm. Methods further comprising the step of previously, concurrently
or subsequently suppressing or otherwise compromising the immune system of the

mammal are also included.

15 Also provided is a method of inhibiting metastasis of a neoplasm in a
mammal, which neoplasm is characterized by proliferating cells which exhibit
constitutive MAPK phosphorylation, comprising administering to the mammal a
reovirus in an amount sufficient to result in substantial lysis of the neoplastic cells.
Methods further comprising the step of previously, concurrently or subsequently

20 suppressing or otherwise compromising the immune system of the mammal are

alsd included.

Also provided is a method of treating a suspected neoplasm in a mammal,
which neoplasm is characterized by proliferating cells which exhibit constitutive
MAPK phosphorylation, comprising surgical removal of substantially all of the.

25 neoplasm and administration of an effective amount of reovirus at or near to the



conprising a reovirus and, optionally, an inmunosuppressantg@fay 2005

i nummoi nhi bitant 10 are al so provided. The net hods and pharnmacCeuti cal
conposi t i waso2mesr i bed herein provide an effective nmeans degy¢L@atsi2

neopl asia, without the side effects associated with other forns of cancer
t herapy. When used, inhibition or suppression of the innmune system
increases the availability of reovirus to infect and |yse proliferating
cells 15 which exhibit constitutive MAPK phosphoryl ati on because
anti-reovirus antibodies are not fornmed. Because reovirus is not known to
be associated with disease, any safety-goncerns associated with deliberate
adm nistration of a virus are mnimzed. The foregoing and other objects,

features and advantages of the invention wll be apparent fromthe
fol | owi ng morgrdian kit€ Wsifing 88 6hddN iOBE ﬁgﬁhﬁ fhd Rchpfasc EIROITHE Rlovids t he
invention, as illustrated I'n the acconpanyi ng draw ngs. BRI EF DESCRI PTI ON

- OF THE DRAW NEB§ fdsdvby adifiDStersilsB/niodllyr  MethogAduntiet sathprising the giapef| shows
the effect of v-sr¢ transformation on host cell susceptibility to reovirus
i nfection. URFHEREHNCBCUIsLEY P sphsegrently fuppressing ar othgyvwise compramisiag

NI H3T3 cel | g e5E QL st i 24 well plate and were
then exposed to r]é]ga\r/l rug}gﬁttﬁgn es'@n%?gggﬁéﬁhg 80 PFU per cell. Cells and
media 5 were harvested at the indicated tines post infection and resultant

| ysate was used for plaque titration assay. V-src transformed N H 3T3

cel I's (cl&sed ciréHasprovidediis s phatmacentical eompppitionomprising an effeptive st anplard
hunan. br oot SRIRERT £68ol e dd phREichlly SachBpE ERAaly AHRLbRAIA" "

mock- i nf ect egs apRhriReMitchScondfdsitdheohffishipeaSinnaaRe8ipréRhnt dri nes. Cell's
were | abeled with CS]-rrethiD%)I%i ne frgirinﬁ% to 48 hoﬁlgjsp after infection.

Lysat es wer eipmupainbibitanic 2 sedrdmg wadtal pharmaceutically acceptable excipient. Kits

comprising a reovirus and, optionally, an immunosuppressant or immunoinhibitant

10 are also provided.

The methods and pharmaceutical compositions described herein providé an

effective means to treat neoplasia, without the side effects associated with other
forms of cancer therapy. When used, inhibition or suppression of the immune
system increases the availability of reovirus to infect and lyse proliferating cells
15 which exhibit constitutive MAPK phosphorylation because anti-reovirus antibodies
are not formed. Because reovirus is not known to be associated with disease, any

safety concerns associated with deliberate administration of a virus are minimized.
The foregoing and other objects, features and advantages of the invention

will be apparent from the following more particular description of preferred

20 embodiments of the invention, as illustrated in the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS



i munoprecipitated with a polyclonal anti-reovirus type 3 sermagy20% t hen
anal yzed by SDS-PAGE. Reovirus proteins are indicated on the right. (B)
Reovi rus wegbegediivity correlates with constitutive MAPK phaspbgsisti on.
The breast tissue 15 cell line RBL-100 and the breast tunor cell lines

MDA- 1013- 468, MCF7, NDA- MB-435, T47D and SK-BR-3 were plated in a six wen
plate. Cells were either grown in the presence of 10% FCS or were serum
starved (0.5% FCS) for a 48 hour period. Mnol ayers were washed in PBS and
cell lysates were prepared and subjected to SDS-PAGE. Follow ng blotting
onto nitrocel |l ul ose paper, sanples 20 wersg-probed with anti bodi es directed
agai nst phospho- MAPK Phospho- MAPK | evels were all standardi zed by total
MAPK | evel s. (C) Total MAPK levels in the human breast tissue and breast
cancer cell 1ines. Fguddii Showb e tHebAbERE GANMOHRITRARASH chiD siygtibaRg Ol ySi S
agai nst human breast tunor xenograft. SCID mce were 1 np

subcut aneous| yo eeodir@s feotiohatWniafeliblei NIk - B?Eﬂ\p&tBnt&B&elhwmdw-mmmfonned)r
xenografts. F Io,]ing the establishment_of a palégabl e tunor mass, a single

i ntratunoral 3 @ils sere graver togB\ ponismcy in 8% Medhipiste pagievesn fise 512
live reovirus o%oGir&é ta%resb%f'jfeﬁabﬁbi (5’9FW %eﬁc' &h{eﬁl es) was
adm ni stered nlgﬁ?um)r I ovve é) our weeks

(Mean SEMg. QEireﬂihaL:E@tdEaﬁ% il daed GmekHost ﬁifﬂéhﬂﬂl 3] rdaunammmteywmdaave
shown that the human reoviras could be used as an effective oncolﬁtlc

agent agai nst formimegma@bnagaamd’ sreriegstarmed Nﬂlﬂaﬁmeﬂs elasasl cirelnghbl

99/ 08692) . e f ound .t el l,ul ar Ility to reowrus
i nfection nayéﬁépa’e?f’ Srﬁoﬁglac%@le‘ﬂte%% #gSt?%jﬁE 2 ras- MAP signaling of
the cell, since the presence of such signaling |nd|cates susceptibility to

infection 10 by reovirus. W al so present evidence that reovirus is useful
as an oncol yti c agEigures 2A to 2C illustrate in vifro reovirus replication in human breast

tumor cell lines. (A) Reovirus protein synthesis in mock-infected and reovirus-
10 infected breast cancer cell lines. Cells were labeled with [**S]-methionine from 46
to 48 hours after infection. Lysates were prepared and subsequently
immunoprecipitated with a polyclonal anti-reovirus type 3 serum and then analyzed
by SDS-PAGE. Reovirus proteins are indicated on the right. (B) Reovirus
infectivity correlates with constitutive MAPK phosphorylation. The breast tissue
15 cell line HBL-100 and the breast tumor cell lines MDA-MB-468, MCF7, MDA-
MB-435, T47D and SK-BR-3 were plated in 2 six well pléte. Cells were either
grown in the presence of 10% FCS or were serum starved (0.5% FCS) for a 48
hour period. Monolayers were washed in PBS and cell lysates were prepared and
subjected to SDS-PAGE. Following blotting onto nifrocellulose paper, samples
20 were probed with antibodies directed against phospho-MAPK Phospho-MAPK
levels were all standardized by total MAPK levels. (C) Total MAPK levels in the

human breast tissue and breast cancer cell lines.

Figure 3 illustrates reovirns-mediated in vivo oncolysis against human
breast tumor xenograft. SCID mice were implanted subcutaneously and
25 unilaterally with MDA-MB-468 human breast tamor xenografts. Following the

establishment of a palpable tumor mass, a single intratumoral injection of either



agai nst mammary tunors. Al though ras nutations are |nfrequen;Mhp2@Mp
etiology of breast cancer, aberrant Ras/ MAPK signaling via upstream signal
el ement s, vegoh3913% receptor tyrosi ne ki nases and non- recegt(%cgmmﬁgizne

ki nases (such as c-Src), is comon. is For the samreasons that the
treatnment of breast cancers w th nonoclonal antibodies nmay be irnpaired
(see discussion above), reovirus may be an attractive cancer therapy.
Firstly, reovirus itself is a cytocidal agent and does not rely upon

i mune effector cells to cause tunor regression. Indeed, the natural
mechani sm of killing infected cells is-wisa direct lysis due to viral
repllcatlon (Tyler and Fields, 20 1996). Secondly, it targets those breast
cancers in which there is activation of Ras. This activation is not
restricted t'ogi?tﬁiéo\éﬁ’hb ?.1%5:% PASULLinkRRated Fitub (Q6ied c%clers Gv@s subset of
breast tunors ut als €s activation of Ras caused el enent s
upst ream of Radministexkd and' hm @bwitewisfollowkd de mp&;rmdrﬂfyfoueweqhso(Megn osi ne
ki nases such as_EGFR and HER2, but al so include non-receptor tyrosine

ki nases 9 May384). W0 02/39117 PCT/ CA01/ 01512 -16 such as the Src famly
menbers. Taken together, this type of therapy could be wused with great
efficacy against a tunor type as heterogeneous as breast cancer and would
not be as restricted a strategy as one that targets only on receptor.
Finally, the inability of antibodies to penetrate into solid tunmor nasses
suggests that 5 reovir USETAIL E%lDESCBﬁPTﬁgNAQEH@i@ﬂﬁ?ﬂmgﬁgﬂNd replicate
unheeded. Thus, it is useful to know whether the cells of a proliferative
di sorder are susceptible to infection by reovirus in order to predict the
efficacy of such tpRAIFRIY we hdvePdDenthies Reharfeoviragitduld bk Rases oul d
medi ate reovirus infection, wuninfectable NIH3T3 cells were transforned
with v-src andﬁmﬂw&onhﬂmuchgkmeg@mﬁhum@nghﬂﬁmﬁen&mnmx;aﬁEMMkﬁﬁﬁDﬁMNmbthaI

v-sre signali “%d&o(%S @/({)ggﬁ eﬁjénla Iv\;[eyha%g foru%avt{lat cellular susceptibility to

reovirus infection may be determined by measuring constitutive ras-MAP signaling

of the cell, since the presence of such signaling indicates susceptibility to infection
10 by reovirus. We also present evidence that reovirus is useful as an oncelytic agent
against mammary tumors. Although ras mutations are infrequent in the etiology
of breast cancer, aberrant Ras/MAPK signaling via upstream signal elements, such
as receptor tyrosine kinases and non-receptor tyrosine kinases (such as c-Src), is

common.

15 For the same reasons that the {reatment of breast cancers with monoclonal
antibodies may be impaired (see discussion above), reovirus may be an attractive
cancer therapy. Firstly, reovirus itself is a cytocidal agent and does not rely upon
immune effector cells to canse tumor regression. Indeed, the natural mechanism
of killing infected cells is via direct lysis due to virai replication (Tyler and Fields,

20 1996). Secondly, it targets those breast cancers in which there is activation of
Ras. This activation is not restricted to activating mutations of Ras (admittedly a
rare subset of breast tumors) but also includes activation of Ras caused by
elements upstream of Ras itself. These elements include not only receptor tyrosine

kinases such as EGFR and HER2, but also include non-receptor tyrosine kinases



infection. W next exam ned five breast cancer cell |ines; MMa)bHos68,
MCF7, NMDA- MB-435, T47D, and SK-BR-3 as well as a cell line derived from
nor mal bwgi,ﬁﬁ-,ssue I -1BL-100 for in vitro reovirus regd@galdiRisiAl |
five of the tunmor :L5 derived cell lines were infectable by reovirus while
t he HBL- 100 was unable to effectively replicate the virus. To determne if
the Ras pathway was i ndeed activated in these cell lines, the |level of
MAPK phosphoryl ati on was assessed in the presence and absence of serum
Those cell lines that were infectable exhibited constitutive MAPK 20
phosphoryl ati on even in the absence of mi{ggen, while the cell |ine which
was not susceptible to reovirus infection displayed MAPK phosphoryl ation
only in the presence of serum Therefore, constitutive MAPK

phosphoryl at'i ection.
5 Vay 2005 woigbRyBe 5 BN BTG T: TaHAE ERRGE, thi Xl Bb LUl B CC ol 4
be used as anueaibwithigreat @fffvaty aguinst ¥ euragedyps bs hitegsteotsi apbreast$ahddr mnd e
were inplanted with MDA-MB-468 human tunour —xenographs. - Follow ng the

est abl i shmaPt vesplgaetheasaestiified asiratenR appee hablasge ?I@&PBGCWPF‘H' Fi8allyg| e
k
per i od. The siiiciebiry SERSHEREL peefi s AR O Hap Rl asrt 4 o™ Y urour

si ze. Finalg y,reédiﬁlsamdenwe@ﬁmfa@ﬁﬂwau dhouRiClep A& Mitice@d. MEKYS, ATiG@SSfulcancer
tunours was determ ned, and the results indi cate t hat reovirus was capabl e

of replicati m@knwwmmﬂw ﬂmqﬂs eéa@mﬂfwtlwdisﬂm exgrsuseeptiplettp dnfection by
Ther ef or e, ¥ .br east tg g eg:ﬁsceptl bl.e reovirus infection. 10
The name r eov T BB Qe 4¢ Bregic: F&ViQ SB?Ib'Fi Yus) is a descriptive
acronym suggest i ng that these viruses, although not associated with any
known

.-‘

To assess whether Src family kinases could mediate reovirus infection,
uninfectable NIH-3T3 cells were transformed with v-src and were then challenged
10 with reovirus. We determined that v-src signaling confers infectability to reovirus

infection.

‘We next examined five breast cancer cell lines; MDA-MB-468, MCF7,
MDA-MB-435, T47D, and SK-BR-3 as well as a cell line derived from normal
breast tissue, HBL-100 for in vitro reovirus replication. All five of the tumor

15 derived cell lines were infectable by reovirus while the HBL-100 was unable to

effectively replicate the virus.

To determine if the Ras pathway was indeed activated in these cell lines,
the level of MAPK phosphorylation was assessed in the presence and absence of
serum. Those cell lines that were infectable exhibited constitutive MAPK

20 phosphborylation even in the absence of mitogen, while the cell line which was not
susceptible to reovirus infection displayed MAPK phosphorylation only in the
presence of serum. Therefore, constitutive MAPK phosphorylation is an

indication of susceptibility to reovirus infection.



di sease state in humans, can be isolated fromboth the resMgwmpzmmand
enteric tracts (Sabin, A B. (1959), Science 130:966). The term "reovirus"
- refers towblppmdfipses classified in the reovirus genus. igcflegyidigges are
viruses with a doubl e-stranded, segnmented RNA genone. The virions neasure
60-80 M in dianmeter and possess two concentric capsid shells, each of

whi ch is icosahedral. The genone consists of double-stranded RNA in 10-12
di screte segnents with a total genone size of 16-27 kbp. The i ndi vi dual
RNA segnents vary in size. Three distinct but related types of reovirus 20
have been recovered from many species. Alflz.three types share a common
conpl enent-fixing anti gen. The human reovirus consists of three serotypes:
type 1 (strain Lang or TIQ type 2 (strain Jones, T2J) and type 3 (strain

Dearing or strain Lk
i dentifiable on thg‘%t)%%gﬂs of %\eeouﬁglg?ﬁzlgltblg?ﬁaggn%@Eﬁﬁc‘%&?ﬂ%l}lr]{l n- fgaﬁﬂbl tion
assays ( Sabi nbreﬁst&unbieﬂm)m ﬁﬁbW@nﬂ@@ﬁt@@ﬁfﬁhMBMMB-%Mumﬁﬂ)ﬁﬁmﬂﬂD

02/ 39117 PCT/ CAO1/ 01512 B. N, et al. (1996), Fundanental Virology, 3rd
Edition, Li ppPCWQPhRa\F@HOWRlE@ﬁ estalnhsh{nfg pajpeblegumayes, theymicgaverst an| ey,

Rssoc! ateq i IRy EE Yl feekimor redvibul e Apb B e Bt BBl B ot o

reovirus by tlsurtdR pteﬁa& "R Ghele Aftelibh eRdltdd inRiramh BV, Zgrésl@ﬁﬁ ofeo i n

children < 5 years old, to greater han 50 %in those Z20-30 years old
(Jackson G G tugserivired dinally, the r(blﬁtmf reovuusftee@t agRingt prim2d: igedst camhl ey

N. F. (1974) | t dit E.

Kur st <(51k anzj KangB’ %et'gé:gmg ﬁ{t% @&E‘atf&ga)%%ﬁs éaﬁe[?e nmal i an
, |

reoviruses G?f%li%@ﬁﬂg ‘Hn%l%g a@ﬁe‘é%ﬂ Ckéﬂ%?l%%ﬁbﬂé %eﬁng | PhefStbfb, 1'&%391%r q

(Arnstrong, et a ogy ch,” J.RK
Pacitti, A FbreaditBmprs ate sii¥ooptibld 6 BoGiruPfmtctiBn W et al . (1989) Virol ogy
172: 382-385) Due

10 The name reovirus (Respiratory and enteric orphan virus) is a descriptive
acronym suggesting that these viruses, although not associated with any known
disease state in humans, can be isolated from both the respiratory and enteric tracts
(Sabin, A.B. (1959), Science 130:966). The term "reovirus" refers to all viruses

classified in the reovirus genns.

15 Reoviruses are viruses with a double-stranded, segmented RNA genome.
The virions measure 60-80 nm in diameter and possess two concentric capsid
shells, each of which is icosahedral. The genome consists of double-stranded
RNA in 10-12 discrete segments with a total genome size of 16-27 kbp. The
individual RNA segments vary in size. Three distinct but related types of reovirus

20 have been recovered from many species. All three types share a common

complement-fixing antigen.

The human reovirus consists of three serotypes: type 1 (strain Lang or
T1L), type 2 (strain Jones, T2J) and type 3 (strain Dearing or strain Abney, T3D).
The three serotypes are easily identifiable on the basis of neutralization and
25 hemagglutinin-inhibition assays (Sabin, A.B. (1959), Science 130:966; Fields,



to the ubiquitous nature of sialic acid, reovirus binds effigigppdgs to a
multitude of cell lines and as such can potentially target many different
tissues; RpwRysdizthere are significant differences in s @A{}lmléfzty to
reovirus infection between cell lines. As described herein, pl'i cant have
di scovered that cells which exhibit constitutive MAPK phosphoryl ation are
susceptible to reovirus infection. "Resistance" of cells to reovirus
infection indicates that infection of the cells with the virus did not
result in significant viral production or yield. Cells that are
suscepti bl e" are those that denonstrate dusduction of cytopathic effects,
viral 20 protein synthesis, and/or virus production. Resistance to reovirus
infection was found to be at the |level of gene translation, rather than at

early transcrigoli el (W%B,@dﬁhﬁ:ﬁbnthﬁﬁﬂ&%%& D318 Fiti6n, AiPFMEMEL RaVdr; Rosé, 0t ei ns
C

were not expressed. The inplantation o unan tumor cells into SCID nice is
recogni zed as la (1968) Urk oviygntic42; SasteyaN. Br (1969} Bng\edheBidi. t28ck50.eness of
various anti-tunor agents 9 May 2005 WD 02/39117 PCT/ CA01/01512 -19 in
humans. 1t has previously been shown that pharmaceuticals effective against -
human tunors i npl a@l&@uﬁﬁf&v§%@ﬂﬂt%ﬁo@%% bé Eﬂbﬁﬁfe&%\aiﬁfaﬁ jcfth! €Ct i veness
agai nst the sanme tunors”in hunmans. Based upon these discoveries, Applicant
have devel opedisassehnrisy pespld haket ienicrposgd samoejrts by lthet tyme cheyeareadhr us
infection by nmeasuring constitutive ras-MAP signaling and net ho%g for

treating piol pfEfeed fbe.qifewirdansid % nahidies wWorearseldnto grgrisr thap PR g
cells exhibit ! L, V.E I @t 4L P n ' Jmamal s

i ncl ude dogs, ﬂ%:ba?gb 3&)%&%%3’ 01%@%’?%8?) Qg?é't fﬁé& %PQ‘E%RF% gg%n% 2§e¥€gﬁ'{rﬁun&n
primates, andjbgBansStahiey N.Bl €994y B Gbli@ﬁf&tmlﬂiafﬁdm dfvire Disensés, eaii@n. 10
In the diagnostic nmethods of the invention, the [evel of NMAPK

phosphoryl at i b5 EofKuysstak and Ka dusgiaks 1855421 s Agadespimbiiess, Newt Yretkpr esence or

absence of

For mammalian reoviruses, the cell surface recognition signal is sialic acid
10 (Armstrong, G.D. et al. (1984), Virology 138:37; Gentsch, J.R.K. and Pacitti,
A.F. (1985), J. Virol. 56:356; Paul RW. et al. (1989) Virology 172:382-385) Due
to the ubiquitous nature of sialic acid, reovirus binds efficiently to a multitude of
cell lines and as such can potentially target many different tissues; however, there

are significant differences in susceptibility to reovirus infection between cell lines.

15 As described herein, Applicant have discovered that celis which exhibit
constitutive MAPK phosphorylation are susceptible to reovirus infection.
"Resistance" of cells to reovirus infection indicates that infection of the cells with
the virus did not result in significant viral production or yield. Cells that are
"susceptible" are those that demonstrate induction of cytopathic effects, viral

20  protein synthesis, and/or virus production. Resistance to reovirus infection was
found to be at the level of gene transiation, rather than at early transcription:

while viral transcripts were produced, virus proteins were not expressed.

The implantation of human tumor cells into SCID mice is recognized as a

well known model system for testing the effectiveness of various anti-tumor agents



m togen. The presence of such constitutive ras-MAP signalingnay ddpe cells
Is indicative of susceptibility to reovirus infection. In the treatnent
met hods ofywphezbsyention, reovirus is administered to 15 prplbhbHdidid N9
cells in the 1 ndividual mammal exhibiting constitutive MAPK

phosphoryl ation. I n one enbodi nent of this invention a course of reovirus
therapy 1is admnistered one or nore tines. In the nethods of the

i nvention, reovirus is admnistered to proliferating cells in the

i ndi vi dual manmal exhi biting constitutive MAPK phosphorylation. 20
Representative types of human reovirus thgd_can be used include type 1
(e.g., strain Lang or TIL); type 2 (e.g., strain Jones or T2J); and type 3
(e.g., strain Dearing or strain Abney, T3D or T3A); other strains of

reovirus can OE Hs i s
human reovi rugﬁgglgl%?sy;%%g? pl}?gibéﬁygeglﬁ gé%v@ﬁ/h%%eowlfﬂégﬁg&ﬁg\rég%ﬁ?teovi rus
serotype 3, sthifiai thiaersiinglantedVal SOMbmiddQre predctivé oPG G dclakss - 20

Al ternatively, the reovirus can be a non-human manmalian reovirus (e.g.,
non- hunan pri2geingt thesame tpanors gehpmeansbaboon reovirus; equine; or cani ne
reovirus), or a non-manmmalian reovirus (e.g., avian reovirus). A

conbi nation of different serotypes and/or different strains of reovirus,
such as reovirus frmgdhddaheRtdifot@ts AppRéandidvibdevelopéd RRtheaethr The
reovirus may be naturally occurring or nodified. The reovirus is

"nat ar al | y-foc cleteriningtig susbeptibility taredvigus snfectiondyf measuzing censtintive rasaMdyl and

has not been [ ntgentiopall mdified by _humans.in . the | aboratory. .Far
exanple, the Sieains yul mebas T msaline Plolstt s disqtders ip raunal Sdteis s o
patient. 10 T il : dintil-e 1 opik j pab! weally
infecting a ﬁ%ﬁ%l@éi i e@ﬁ?ﬁ??ﬁuﬁg‘gconst iptT>1 h%ﬂlh\lcl)gql\/APK lg?%ésgh%l?lyfat I on.
The reovirus mmynmals include dogs, cats, sheep, goats, cattle, horses, pigs, mice, non-human

primates, and humans. In a preferred embodiment, the mammal is a human.

10 In the diagnostic methods of the invention, the level of MAPK
phosphorylation of proliferating cells is determined in the presence or absence of
mitogen. The presence of such constitutive ras-MAP signaling in the cells is

indicative of susceptibility to reovirus infection.

In the treatment methods of the invention, reovirus is administered to
15 proliferating cells in the individual mammal exhibiting constitutive MAPK
phosphorylation. In one embodiment of this invention a course of reovirus therapy

is administered one or more times.

In the methods of the invention, reovirus is administered to proliferating
cells in the individual mammal exhibiting constitutive MAPK phosphorylation.

20 Representative types of human reovirus that can be used include type 1 (e.g.,
strain Lang or T1L); type 2 (e.g., strain Jones or T2J); and type 3 (e.g., strain
Dearing or strain Abney, T3D or T3A); other strains of reovirus can also be used.
In a preferred embodiment, the reovirus is human reovirus serotype 3, more

preferably the reovirus is hnman reovirus serotype 3, strain Dearing,



be chem cally or biochemcally pretreated (e.g., by treatnergmgy den@
prot ease, such as chynotrypsin or trypsin) prior to adm ni stratlon to the
proliferatygaygahits. Pretreatment with a protease renpvesdpheafuhi coat
or capsid of the virus and may is increase the infectivity of the virus.
The reovirus may be coated in a liposonme or mcelle (Chandron and N bert,
"Protease cl eavage of reovirus capsid protein mul and mulC is bl ocked by
al kyl sulfate detergents, yielding a new type of infectious subvirion
particle", J. of Virology 72(1):467-75 (1998)) to reduce or prevent an
I mune response froma mamual which has _ggvel oped i mmunity to the reovirus.
20 For exanple, the virion may be treated with chynotrypsin in the presence
of mcelle form ng concentrations of alkyl sulfate detergents to generate
a new infect iy I i I her
alone or in %nﬁllaﬁg?yog\ﬁvr\f (ﬁﬁfl{smc%l ge\%lnrg%{?u%n c?ﬁ g?dg\?yﬁéﬁgﬁoi}g%%?h%& is
ei t her poorl y hnmawprimaedeodrush aschastbabesmnraovizus; @ysing; o @wartredvings),tdre
patient's imune system 25 9 May 2005 WO 02/39117 PCT/CA01/01512 -21 The
reovirus nay B&OH maé@%#ﬁnrrawtmésﬁ + YA egiiraflo Ao Forppination, pldifferent
reoviruses w ai ns
gé}o@h@ ﬁg@%ﬁ&%ﬁ?@%@ﬁ off egﬁi’&sy Rich RYER i orh! dtlﬁ’§ 0l

different an n nan uci ng or preven an i nmune.
response byg asp eﬂﬁmhma{aevdaﬁ%luye@xposed to a reovirus subtype. Such
reconbi nant vi SI ons, also 5 known as reassortants, can be generated by
co-infection of mammalian cells with different subtypes of reovirus with

the resulting resorting and incor lon of diff t ~subtype coat
proteins into the FhsHovERy = B SRy Frufing &' poBBER, TEEPRESI0G (1 ea by
i ncor por ati on RBEGATASE! whER1tRaR Be 1so$éi&i‘fr6§1afé29hr€éx1ﬁrﬁahﬁe @hd hasi® the
vi sion outer capsid. The proteins may be nutated 10 by repl acenent,

i nsertion or bednatiicotionallyphadifiertbby himansiideke laheratary e For erample, the

reovirus can be from a “field source”: for example, from a patient.

10 The reovirus may be modified but still capable of lytically infecting a
mammalian cell exhibiting constitutive MAPK phosphorylation. The reovirus may
be chemically or biochemically pretreated (e.g., by treatment with a protease, such
as chymotrypsin or trypsin) prior to administration to the proliferating cells.
Pretreatment with a protease removes the outer coat or capsid of the virus and may

15 increase the infectivity of the virus. The reovirus may be coated in a liposome or
micelle (Chandron and Nibert, "Protease cleavage of reovirus capsid protein mul
and mulC is blocked by alkyl sulfate detergents, yielding a new type of infectious
subvirion particle", J. of Virology 72(1):467-75 (1998)) to reduce or prevent an
immune response from a mammal which has developed immunity to the reovirus.

20 For example, the virion may be treated with chymeotrypsin in the presence of
micelle forming concentrations of alkyl sulfate detergents to generate a new
infectious subviral particle (ISVP). An ISVP may be used either alone or in
combination with whole virus to provide an agent that is either poorly recognized
or has not been previously prevented by the patient's immune system.

25



different amno acids in place of the native ami no acids. | g3@t2008S
include the insertion of additional am no acid residues into the protein
at one or Ww@pgseiiocations. Del etions include deletions of ywhgcQiniRke am no
acid residues in the protein. Such nutations may be generated by nethods
known in the art. For 15 exanple, oligonucleotide site directed nutagenesis
of the gene encoding for one of the coat proteins could result in the
generation of the desired nmutant coat protein. Expression of the mnutated
protein in reovirus infected manmalian cells in vitro such as COS1 cells
Wi ll result in the incorporation of the.gwtated protein into the reovirus
virion particle (Turner and Duncan, "Site directed nutagenesis of the C 20
term nal portion of reovirus protein sigmal: evidence for a conformation-

dependent recept or @1" M Yeovagis! 495 67 ndotdfpls oPuncan et
al ., "Conformation T}FE and narle na y5|es of tf%e C—?erm naﬁ% ?gbul ar
head of the raewuseslsmhedlffeang pmthn@mﬁc phrendiypes’ such rt]nﬂtmggonﬂzﬁrm(cﬁffeﬁilﬂ 9
(1991); Mah et al "The., N-term nal, quarter of reovjrus cell attachnent

protein si gmeditigEeis detssminants thegly Eed“QIBg\F‘F PIYRUGRECHHHRHBNG 155RATSSRY Vi r ol ogy

179(1): 95- 1034 g%ggp 9@4;@
reovirus is pl’ erer a%%eV?ou Xélggeﬁst()\ré? | e}i‘lﬂ)‘tgp %%peyf’)&%% Y}l{a as %
i mune reast i mmpastﬂamsbﬂms [ ¢4 begeatrated Byfdoddfecton bf bamiatiah eéltmhth
"i mmunopr ot ect ed reovi rus” Such modi fications could include packagi ng of

the reovi rusdiffereat subiynesof reayins sl r@e Sesubingaesoyting andincerperaiontaie
reovirus fro mmal s, I mune. Al ter.natively, the outer capsid
of the reovi %ﬁg{ﬂlﬁf pep%?'afplateénsrﬁ@ f?%#b%?‘&?ﬁ%@“ﬁe prot ei ns present

in the outer capsid are the nmajor determ nant of the host |Imroral and
cellular responses. A "proliferative disorder” is any cellular disorder in
whi ch the cells pFld iebeirat mapbe enodifiddbyyincorporation méimutated ceat grafeinb, Thus a

“proliferati nscllcﬁ?ils Ifo:c elxgmple o1, into the virion outer capsid. The proteins may be mutated

10 by replacement, insertion or deletion. Replacement includes the insertion of
different amino acids in place of the native amino acids. Insertions include the
insertion of additionai amino acid residues into the protein at one or more
locations. Deletions include deletions of one or more amino acid residues in the
protein. Such mutations may be generated by methods known in the art. For

15 example, oligonucleotide site directed mutagenesis of the gene encoding for one of
the coat proteins could result in the generation of the desired mutant coat protein,
Expression of the mutated protein in reovirus infected mammalian cells in vitro
such as COS1 cells will result in the incorporation of the mutated protein into the
reovirus virion particle (Turrer and Duncan, "Site directed mutagenesis of the C-

20 terminal portion of reovirus protein sigmal: evidence for a conformation-
‘dependent receptor binding domain" Virology 186(1):219-27 (1992); Duncan et
al., "Conformational and functional analysis of the C-terminal globular head of the
reovirus cell attachment protein” Wrology 182(2):810-9 (1991); Mah et al., "The
N-terminal quarter of reovirus cell attachment protein sigma 1 possesses intrinsic

25 virion-anchoring function" Virology 179(1):95-103 (1950))



10 a cell that is proliferating nore rapidly than normal celdgay 2605
proliferative disorder, includes but is not limted to neoplasns. A

neopl asm ivgpaszapnormal  tissue growmh, generally form ng gebgéigista nass,
that grows by cellular proliferation nore rapidly than normal tissue

growt h. Neopl asnms show partial or total lack of structural organization
and functional coordination with normal tissue. 15 These can be broadly
classified into three major types. Malignant neoplasns arising from
epithelial structures are called carcinonmas, nalignant neopl asns that
originate fromconnective tissues such agzwscle, cartilage, fat or bone
are called sarcomas and nalignant tunors affecting hematopoictic
structures (structures pertaining to the formation of blood cells)

i ncl udi ng conponentrpe @EoiAR it PFEAIEHIFA 80 & hodified ERtddaet hedlinafhteanand
| ynphormas. A tunor is the neoplastic growh of the disease cancer. As used

herein, a "nebpingserteactibnito thefreovind. Suclamodiffadueevitys arg gerimetlended t o
enconpass hengtopoi etic neopl asnp as. wel L. .as.solid neaplasns. . O her

Tl T For ati ve HBOIGRPEct SRR, SR iaoifERigHs R ReBoS BakaginG B st osi s
At | east sone &;}?lﬁl t | I IS eV s reat ed
25 using the Fret og?lg%’%’%ﬁ%ﬁe@%ﬁ%&n@%ﬁ[%@%% | %ﬂ!lggﬁstltg{ﬁgletMAPK
phosphoryl gt i eamnlsrithmuhy syssdm.| ddigtnatioehy, thie dulee capdid f Wei rebviasevidef er m ned
to be 9 May 2005 2 WO 02/39117 PCT/ CA01/01512 -23 susceptible to, reovirus

i nf ecti on usi BeFtickamap b semoved since thy protsins praseshin B ouigricapyd aedh’t it uti ve

] or " subpopul Bt rpy kgt U hohChEidta’ o FMAPRAGEAER, (TE T OO B e
self-renewing and frequently 5 secrete high levels of antibody which binds
e, o e e L L it o ok o
It he bone n%rr({lﬁga?enrgm?eer%in ye ﬂllgllil Qll"lxal%i%s%ei gfrio%vth. Thus a "proliferating cell” is
10 acell that is proliferating more rapidly than normal cells. The proliferative
disorder, includes but is not limited to neoplasms. A neoplasm is an abnormal
tissue growth, generally forming a distinct mass, that grows by cellular
proliferation more rapidly than normal tissue growth. Neoplasms show partial or
total lack of structural organization and functional coordination with normal tissue.
15 These can be broadly classified into three major types. Malignant neoplasms
arising from epithelial structures are called carcinomas, malignant neoplasms that
originate from connective tissues such as muscle, cartilage, fat or bone are called
sarcomas and malignant tumors affecting hematopoietic structures (strucmres
pertaining to the formation of blood cells) including components of the immune
20 system, are called leukemias and Ilymphomas. A tumor is the neoplastic growth of
the disease cancer. As used herein, 2 "neoplasm", also referred to as a "tumor”,
is intended to encompass hematopoietic neoplasms as well as solid neoplasms.

Other proliferative disorders include, but are not limited to neurofibromatosis.

At least some of the cells of the proliferative disorder which are treated
25 using the methods of the present invention exhibit constitutive MAPK
phosphorylation. Similarly, at least some of the cells which are determined to be



antibody. "T-cells" refers to T-l1ynphocytes. T-cells differenjdaigswi thin
the thynmus 10 gland and are specialized to operate against cells bearing

i ntracel | WyghQ8:9ani sms. T-cells only recognize antigen Wa@fchdidig20n the
surface of a body cell. "Anti-reovirus antibody” refers to an anti body

whi ch binds to reovirus. "1gG antibodies" refers to i munoglobulin G

anti bodies. 1gG the nost abundant type of antibody, carries the major
burden of neutralizing bacterial toxins and 15 binding to m croorganisns to
enhance their phagocytosis. "Humani zed antibodies” refers to antibody

nmol ecul es in which the am no acid sequenea-n the non-antigen binding

regi ons has been altered so that the antibody nore closely resenbles a
human anti body, and still retains its original binding ability.

"Admi ni strati eiscbftitle &Y Robired Aldchion 98k (8 mBGe SSME praehGatasioh Rasibithe 20
reovirus is admnistered in a manner so that it contacts the proliferating

cells or cel tenstifutivieMASEpplmsphotylation.r ef erred to herein as "neopl astic
cells"). The route by which the reovirus is adm nistered, as well as the
formul ation, carrier or vehicle, wll depend on the |location as well as

the type of the neegl gk kSIB_ ' of lal} trﬁzﬁ% hHhGShsG/N be
enpl oyed. For exam?é@ﬁ?oﬁeﬁzg%{gﬁilﬁ%o ?{eas'sn?l;te a%?eiqgf% lly ZBO@H V\DSOZI 39117
PCT/ CAO01/ 0151 B lysmphioatee 851 bheB-2 dedisr @ ¥icellsareselfrencadng md frequedilpy

injection directly tqo the neoplasm _ For. a hemat opoietjc neoE)I asr}%_ Iy?r
yspecitici

exanpl e, tRe PRI high lexels pbanttbarinvdie kinds tora Fange ALRMIEFNG PO

i ntravascul ar F | ash®. Gt Y pa S| ,thin the
body, such as%taa%gae@ggfp%% @gbﬂ%@%&gﬁ&{%ﬁﬁﬁé&%%g&&h@ Mo stered 5 in
a nmanner suchgéhabted frof@Preb@rsbrisan IROBRIn&YSH and Setrdty highlyosi@bifiche body of
the mammual and thereby reach the neoplasm (e.g., intrathecally,

i nt ravenousl yaustibodynt ranuscul arly). Al ternatively, the reovirus can be
adm nistered directly to a

"T_cells” refers to T-lympbocytes. T-cells differentiate within the thymus
10 gland and are specialized to operate against cells bearing intracellular organisms.

T-cells only recognize antigen when it is on the surface of a body cell.

" Anti-reovirus antibody" refers to an antibody which binds to reovirus.
"IgG antibodies" refers to immunoglobulin G antibodies. IgG, the most abundant
type of antibody, carries the major burden of neutralizing bacterial toxins and
15 binding to microorganisms to enhance their phagocytoéis. "Humanized
antibodies" refers to antibody molecules in which the amino acid sequence in the
non-antigen binding regions has been altered so that the antibody more closely

resembles a human antibody, and still retains its original binding ability.

" Administration to a. proliferating cell or neoplasm" indicates that the
20  reovirus is administered in 2 manner so that it contacts the proliferating cells or
cells of the neoplasm (also referred to herein as "neoplastic cells”). The route by
which the reovirus is administered, as well as the formulation, carrier or vehicle,
will depend on the location as well as the type of the ﬁeoplasm. A wide variety of

administration routes can be employed. For example, for a solid neoplasm that is



single solid neoplasm where it then is carried system callyfhysyugh the
body to netastases. The reovirus can al so be admi ni stered subcut aneously,
10 intrapagblegnaat!y, topically (e.g., for nelanoma), oralpyricReGoisiaf Of
oral or esophageal neoplasn), rectally (e.g., for colorectal neoplasn,
vaginally (e.g., for cervical or vagi nal neoplasn), nasally or by

I nhal ation spray (e.g., for lung neoplasm. Reovirus can be adm ni stered
systemcally to mammal s which are i mune 15 conprom sed or whi ch have not
devel oped inmunity to the reovirus epitopes. In such cases, reovirus

adm ni stered systemically, i.e. by intraveédfeous injection, will contact
the proliferating cells resulting in lysis of the cells. Were the mamml s
to be treated _have higher titers of anti-reovirus antibodies, nore
reovirus must BECoHRf ﬂ‘?é‘?‘é‘%@ cap bp admimigereil by mjmmﬂyaﬁnﬁ@aplaggﬁmml s

| h devel dh | d/
el |l ar ) mn ey peme bRy hedtlashl B B, v ke pasts adminisebeen
found that direttavengoslytordfr@faséd)fly. eoyt ﬁébi) dsths Pt ﬁfﬁoédt%ﬁgbggcggisﬂlﬁ cell's.

|nnunoconpetent nrals will result" in the lysis o
On the ot her i bady, Hack é&)metasmseSS)IMmmnﬁtbxemﬁ 180 EhRTs G&hinisté@q 25
| s may produce an i mune response to the

i munoconpegen m%v-
r eovi r us. Sgchfnan |mﬂ5§‘e1hr@§f)’gr% 4 by Hrpnsparisd systrsrically threughabe bodisof theof a 9

May 2005 WO Omad@ial ZndPHEf to whi.ch the mammal has
not devel oped j mmunit @%ééc?ét@%lﬁ?o&g%ﬁ] éuéo é@ﬁtq’?ﬁ?#hl tﬁa‘%‘o‘bﬁg?‘? ously
descri bed her e‘iﬂﬁa@l}&qﬂilitﬂyat Alternaivelymirapo oifecdaathe aﬁﬁﬁmst%i‘e&rml' by, Pr ot ease

di gestion of t ey _capsid packagi ng in a mcelle. AIterntlver, it
i s cont enpl at e%‘?%l?omg?l ‘{ Pep %N&’Gﬁ%&e@ﬁéywdﬁmmﬁaﬂmﬂnathalbnaﬁ td he

reovirus my DfetaHiNes e THe YedVitul Shn Mo b GalbliQhred" subcutaneously,

10  intraperitoneally, topically (e. g., for melanoma), orally (e.g., for oral or

esophageal neoplasm), rectaily (e.g., for colorectal neoplasm), vaginally (e.g., for

cervical or vaginal neoplasm), nasally or by inhalation spray (e.g., for lung
neoplasm).

Reovirus can be administered systemically to mammals which are immune

15 compromised or which have not developed immunity to the reovirus epitopes. In
such cases, reovirus administered Systemically, i.e. by intraveneous injection, will
contact the proliferating cells resulting in lysis of the cells. Where the mammals to

be treated have higher titers of anti-reovirus antibodies, more reovirus must be
administered to be effective.

20 Immunocompetent mammals prevmusly exposed to a reovirus subtype may
have developed humoral and/or cellular i mmuaity to that reovirus subtype.
Nevertheless, it has been found that direct injection of the reovirus into a solid
tumor in immunocompetent mammals will result in the lysis of the neoplastic
cells. On the other hand, when the reovirus is administered systemically to

25 immunocompetent mammals, the mammals may produce an immune response to

the reovirus. Such an immune response may be avoided if the reovirus is of a



adm ni stration of pharmaceuticals known in the art to suppre3gaytdtgsi mune
system in general (Cuff et al, "Enteric reovirus infection as a probe to
study | njgeegiei ty of the gastrointestinal tract" ToXi GO@AdiRhsSCi ences
42(2):99-108 (1998)) or alternatively the adm nistration of such

I mmunoi nhibitors as anti 10 antireovirus anti bodies. The hunoral inmunity
of the mammal against reovirus nmay also be tenporarily reduced or
suppressed by plasmaphoresis of the nmammals bl ood to renove the
anti-reovirus antibodies. The Imoral immunity of the mamual agai nst
reovirus may additionally be tenporarilyzgeduced or suppressed by the

I ntraveneous adm ni stration of non-specific i nmunoglobulin to the 15
manmal . It is contenplated that the reovirus may be administered to

| munoconpet e q@yﬂpw | FEURAESG] j KRNty Sop i jon wWith
t he adninistr§?1 n of]?ﬁ%unosuppre%§3§£&%ﬁi o? |nnu&g1ﬂ$@%?9nggﬁ%tch

i nunosuppr es beantrmodified aspreviuslyi desdribed haredn fuvhwvthatt ioist ihmswnopfoisdtéd, foi n t he
art 20 and include such agents as cycl osporin,, rapanycin,, tacrolinus,
mycophenol i ¢ S%iRie, Dy BRoffagh Higreion M thaRiter Rzl O Packaging W MIRKS: Ot her
agents are known to have inmmunosuppressant properties as well (see, e.g.,
Goodman and G lman, Th Edition, page 1242, the disclosure of which is

i ncorporated her ei Altoshatieéle| Riceontemlued tharmeiainiiioebipetensyl sitthe ncl ude
"anti-antireovirus antibodies,” which are 25 antibodi es directed agai nst
anti - r eovi Busmamimab agains therroniram map daiseppressed pehardiyethe priores eds known in

the art. See for. exanmple."Antibodi es. A |abgratory manual," .9 | WO
02/ 30117 poT ERBEREDS O PR abicE apun 3F e il BB Gtne PR sf0E,
Laboratory (188&herabUCHrrankl.; "Bitdic RBViri mfcfibh A9 dipeshed @iy adm ni stered
prior to, at the same tinme or shortly after the admnistration of the

reovirus. Prelmmuidtgxicily of theqastvainzeiinahtract! Tolwigokagiaal Sciences 42(2):99-108
(1998)) or alternatively the administration of such immunoinhibitors as anti-

10 antireovirus antibodies. The humoral immunity of the mammal against reovirus
may also be temporarily reduced or suppressed by plasmaphoresis of the mammals
blood to remove the anti-reovirus antibodies. The humoral immunity of the
mammal against reovirus may additionally be temporarily reduced or suppressed
by the intraveneous administration of non-specific immunoglobulin to the

15  mammal.

It is contemplated that the reovirns may be administered to
immunocompetent mammals immunized against the reovirus in conjunction with
the administration of immunosuppressants and/or immunoinhibitors. Such
immunosuppressants and immunoinhibitors are known to those of skill in the art

20 and include such agents as cyclosporin, rapamycin, tacrolimus, mycophenolic
acid, azathioprine and their analogs, and the like. Other agents are known to have
immunosuppressant properties as well (see, e.g., Goodman and Gilman, 7*
Edition, page 1242, the disclosure of which is incorporated herein by reference).
Such immunoinhibitors also include "anti-antireovirus antibodies," which are

25 antibodies directed against anti-reovirus antibodies. Such antibodies can be made

by methods known in the art. See for example "Antibodies: A laboratory manual”



antireovirus antibodies are adm nistered in sufficient timegayashsce or
elimnate an 5 i mune response by the mammal to the adm ni stered reovirus.
The ter s wopsBaifpsuppressant™ or "inmmune suppressi ve agederiAdliise
conventional i numosuppressants, inmmunoinhibitors, antibodies, and
conditions such as radiation therapy or H'V infection which result in
conprom se of the imune system 10 The term "substantial |ysis" neans at
| east 10% of the proliferating cells are |ysed, nore preferably of at

| east 50 % and nost preferably of at least 75 % of +the cells are |ysed.
The percentage of lysis can be determ neggor tunor cells by neasuring the
reduction in the size of the tunor in the mammal or the lysis of the tunor
cells in vitro. 15 A "mammual suspected of having a proliferative disorder”
means that th ' [ bSO, o]; _ or has
been di agnoseg'wl th a ndp?)cl)f"?%?:g? %l%aél igglﬁlﬁgrnég?ﬂ%oz%?jgg?' rslg‘téw%%{en

previ ously di agtiveseidusariibodiepnaly bk administeredipsior derat dine tamedime vhshartlypor or
substantially all _ of the tupor has been surgically_repoved and_the rmamral
is suspected afeiihe BdmiHyradionof festeqvigys- i S e

al so i ncl udes ,phar ERCEHEHER%es GATROA RS Mflent Biedth '}ccgﬁé or blfRided Ay ©

I ngredi ent, one or nore I nunmosuppressant's of 1 nmunol nhibitors and one or

nmore of theg raawuhe s&pomesycthe el td thepldatinBead icodirisy Plecephabl e
carriers or excipients". In malcing the conpositions of this invention, the
active 25 i ngf BBOBAASYPPICAIINE OYUPPIIBKES SAPPrEISIVeragenlDi nelnds eaventinnal eovirti s

are usually 9.May 2005 WO 02/39117,. a L0 2. 520 1 th an
exci pi ent, di [T Wp%ﬁsa@?ciuapgﬂ%m@ﬁ%g%ébeoégﬁ i ﬁongmcﬁgguééfa Sier which
can be in ther{®iBntherdpy 8P AV anfes@i Which RERE in Quptdifiise 6PHediRine Ven the

system.

10 The term “substantial lysis" means at least 10% of the proliferating cells
are lysed, more preferably of at least 50% and most preferably of at least 75% of
the cells are lysed. The percentage of lysis can be determined for tumor cells by
measuring the reduction in the size of the tumor in the mammal or the lysis of the

tumor cells in vitro.

15 A "mammal suspected of having a proliferative disorder"” means that the
mammal may have a proliferative disorder or tumor or has been diagnosed with a
proliferative disorder or tumor or has been previously diagnosed with a
proliferative disorder or tumor, the tumor or substantially all of the tumor has
been surgically removed and the mammal is suspected of harboring some residual

20 iumor cells.

This invention also includes pharmaceutical compositions which contain, as
the active ingredient, one or more immunosuppressants or immunoinhibitors and
one or more of the reoviruses associated with "pharmaceutically acceptable
carriers or excipients". In making the compositions of this invention, the active

25 ingredients/ immunosuppressant or immunoinhibitor and reovirus are usually



pharmaceutical |y acceptabl e excipient serves as a diluent, igmgppodse a
solid, sem - solid, or liquid material, which acts as a vehicle, carrier or
medi um fow) bgsagtive 5 ingredient. Thus, the conpositiongEaPadifnisl t he
formof tablets, pills, powlers, |ozenges, sachets, cachets, elixirs,
suspensi ons, enul sions, solutions, syrups, aerosols (as a solid or in a
liquid nmediun), ointnments containing, for exanple, up to 10% by wei ght of
the active conpound, soft and hard gel atin capsules, suppositories,
sterile injectable solutions, and steril e packaged powders. 10 Sone
exanpl es of suitable excipients include.bLactose, dextrose, sucrose,
sorbitol, mannitol, starches, gum acaci a, cal cium phosphate, al gi nates,
tragacanth, gelatin, calciumsilicate, mcrocrystalline cellul ose,

pol yvi nyl pyrralj Hg o] oy |80 -ﬁqyk IcMiri

cel lul ose. The egm%’%. 0 lgﬂcl:téﬁﬁutg‘gB?talhgﬁgp?%?rn%q%%g?wllu rlugg? idﬁgleggents
such as tal c, whikhras be'in tHedarmbea capxild, Sachiet) apér avidiherwentaineg. Ademtthe

emul sifyi ng and suspendi ng agents; preserving agents, such as_nethyl- and
pr opy 1hydr oxyPlsémaerntisally weét@@ﬁ eRePIRgLISIes a8 Rdliuenty #rcap be aa?@@&f %en}iThe

conpositions Qf..t . ' for . ' - i ck,
sust ai ned or %’éﬁdagggh&é%%rgﬁb ﬁJ[?:Hga%gC ia\%éb?c?}eggg%%ég)? n(if? P%E%g mgﬁ?tg&tér ation
to the pati efigrddiene "HhGY, the cRipeRitiis &an b8 Ovthel forth bE tablets, piils, powdersgpar i ng
solid conpositions such as tablets, the principal active ingredients/

| Mmunosuppr eskaengesysathaisneadhott ichikirer susprasions\amulgions, SORHIQRY SYILPR. a

Cont ai ni ng & oG ER 00N fr b bt ml SRt St JEERRIO IR, on

Wen referring fo _bgfwé@ltwai@écﬁ%e&ﬁlgau@mah& baaSzepfintapR@@neous, it is
meant that the active 25 ingredient |8 di $persed evenly throughout the
conposi ti on ssmppbsitorichesteriopmisctablo soktiMsy afd6frile@cRye8 PowdeBCT/ CA01/ 01512
-28 may be readily subdivided into equally effective unit dosage fornms such

as tabl ets,
10 Some examples of suitable excipients include lactose, dextrose, sucrose,
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sorbitol, mannitol, starches, gum acacia, calcium phosphate, alginates, tragacanth,
gelatin, calcium silicate, microcrystalline cellulose, polyvinylpyrrolidone,
cellulose, sterile water, syrup, and methyl celluiose. The formulations can
additionally include: lubricating agents such as talc, magnesium stearate, and

15 mineral oil; wetting agents; emulsifying and suspending agents; preserving agents
such as methyl- and propylhydroxy-benzoates; sweetening agents; and flavoring
agents. The compositions of the invention can be formulated so as to provide
quick, sustained or delayed release of the active ingredient after administration io

the patient by employing procedures known in the ast.

20 For preparing solid compositions such as tablets, the principal active
ingredients/ immunosuppressant or immunoinhibitor and reovirus are mixed with a
pharmaceutical excipient to form a solid preformulation composition containing a
homogeneous mixture of a compound of the present invention. When referring to
these preformulation compositions as homogeneous, it is meant that the active

25 ingredient is dispersed evenly throughout the composition so that the composition



pills and capsules. The tablets or pills of the present invgmmgqmogay be
coated or otherw se conpounded to provide a dosage form affording the
advant age wd opsaahonged 5 action. For exanple, the tablet oscRCchbi/igHn
conprise an inner dosage and an outer dosage conponent, the latter being
in the formof an envel ope over the fornmer. The two conponents can be
separated by an enteric |ayer which serves to resist disintegration in the
stomach and permit the inner conponent to pass intact into the duodenum or
to be delayed inrelease. A variety of materials can be used for such 10
enteric |layers or coatings, such materiabg-i ncluding a nunber of polyneric
acids and m xtures of polyneric acids with such materials as shell ac,

cetyl alcohol, and cellul ose acetate. The liquid fornms in which the novel
conpositions : ‘v ' |

adm i st rat on B R R SERNAR Bl el Eech wilCALREE TR s as ables

sui tably fl avpillednd gapsples. aqueous or of f suspensions, and flavored

emul sions with edible oils such as corn oil, cottonseed oil, sesame oil,
coconut oil, or peanut oil, as well as elixirs and simlar pharnmaceuti cal
vehi cl es. Composi tirgng,ll of BSbRIeGRedr infsitlohliihy BOcddifd ditinaiRlitd | ons and
suspensi ons in pharmaceuti C y acceptabl e, aqueous or organi c solvents, or
20 mi xtures t pahgsinded@ROpidoitlder dbsagtBrmiafordin® theS@vhstagosPnsidogahs nmay
contai n suitabl e pharmaceutical |y acceptabl e excipients as described

herei n. PrEf eaciiony Hogexamplep 8 tabletiry mﬁ@aaa@mm@tm@aewsagfeanﬂr%l OWRr nasal
respiratory.route for |local. o st em ffect. Conpositi d referably
bhar mceut | caftyree ol S hrelies T e St il AR gy eOLE it

Thert
gases. Nebul iTﬁé’tﬁ&béﬁf)&ﬂ&ﬁtsr@M b@@eﬂa‘i‘ﬁt@d B?' aB enféhit 5jck WhidhodBrddQo R&@imd| | zi ng
device or the nebulizihg device maybe attached to’a 9 May 2005 WD 02139117
PCUCAO1/ 0151 2disinB@ration in the stomach and permit the inner component to pass intact into the
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duodenum or to be delayed in release. A variety of materials can be used for such
10 enteric layers or coatings, such materials including a number of polymeric acids
and mixtures of polymeric acids with such materials as shellac, cetyl alcohol, and

cellulose acetate.

The liquid forms in which the novel compositions of the present invention
may be incorporated for administration orally or by injection include aqueous
15 solutions, suitably flavored syrups, aqueous or oil suspensions, and flavored
emulsions with edible oils such as corn oil, cotionseed oil, sesame oil, coconut oil,

or peanut oil, as well as elixirs and similar pharmaceutical vehicles.

Compositions for inhalation or insufflation include solutions and
suspensions in pharmaceutically acceptable, aqueous or organic solvenis, or
20 mixtures thereof, and powders. The liquid or solid compositions may contain
suitable pharmaceutically acceptable excipients as described herein. Preferably the
compositions are administered by the oral or nasal respiratory route for local or
systemic effect. Compositions in preferably pharmaceuticaily acceptable solvents
may be nebulized by use of inert gases. Nebulized solutions may be inhaled

25 directly from the nebulizing device or the nebulizing device may be attached to a



face mask tent, or intermttent positive pressure breathing gmshpos
Sol ution, suspension, or powder conpositions may be adm ni stered,
pref er abl Yw8lhdhdy7or nasally, fromdevices which deliver f.@ﬁcjmwiyhatl on
in an appropriate manner. Another preferred formnul ati on enployed in the
met hods of the present 5 invention enploys transdermal delivery devices
("patches"). Such transdermal patches nmay be used to provide continuous or
di sconti nuous infusion of the reovirus of the present invention in
controll ed anbunts. The construction and use of transdermal patches for
t he delivery of pharnmaceutical agents isowl | known in the art. See, for
exanple, U S. Patent 5,023,252, herein incorporated by 10 reference. Such
pat ches may be constructed for conti nuous, pulsatile, or on demand
delivery of p C o] use in
t he present |nve2?;'&gnéﬂga§ill ﬁ%R% bg]ﬁ@%ﬁs%%?@%%u?@%@ "Sci ences,
t he di scl osur enspbnsibn, mpwdeﬂcmmitmnsmaywm;ew@fmfemb@ orally éhe
|mmnosuppressant or imrunoi nhibitor and reovirus, or the pharmaceutical
conposi tion coysitag devices whichfskivprpthe fermmlatinn injad APFEAPRRISIIABIET and
reovirus may be packaged into convenient kits providing the necessary
mat eri al s packaged into suitable containers. It is contenplated the kits
may al so include chewtiehpicioeet femBREoh emplbytl én tHel MeHBE& FIhepRasit or
i mmunoi nhibitor is adm nistered in an ropri ate anmount and usmm?
appropriat & sm*veumreemploaatramdsrmdtdebmrsf@gﬂccs €'patchesy).r Sueh transde:
i nunt nosuppr essi n aoi nhibition of the stem Such
anount s and sBHE h‘? BSPX%EIP IPI%VH%WW“W‘F&I&IW”E%WS ngmﬁ fg}e%/ 9 May
2005 WD 02/ 3%3121?; . ﬁﬁﬁ?eécgﬂﬁgntmn@iﬁ cORSoNi&CMhEUhEs. | ThAEGHsthStidd £ Us8 an
amount that is sufficient to treat the

of transdermal patches for the delivery of pharmaceutical agents is well known in

the art. See, for example, U.S. Patent 5,023,252, herein incorporated by
10 reference. Such patches may be constructed for continuous, pulsatile, or on

demand delivery of pharmaceutical agents.

Other suitable formulations for use in the present invention can be found in
Remington's Pharmaceutical Sciences, the disclosure of which is incorporated

herein by reference.

15 The immunosuppressant or immunoinhibitor and reovirus or the
pharmaceutical composition comprising the immﬁnosuppressant or
immunoinhibitor and reovirus may be packaged into convenient kits providing the
necessary materials packaged into suitable containers. It is contemplated the kits

may also include chemotherapeutic agent.

20 The immunosuppressant or immunoinhibitor is administered in an
appropriate amount and using an appropriate schedule of administration sufficient
to result in immunosuppression or immunoinhibition of the mammal’s immune

system. Such amounts and schedules are well known to those of skill in the art.



proliferative disorder (e.g., an "effective amount”). A prolg gy 2dgsve
disorder is "treated" when adm nistration of reovirus to the proliferating
cells ef f ggdgzdipi s of the proliferating cells. This may pcqpeddioisiz@
reduction in size of the neoplasm or 5 in a conplete elinination of the
neopl asm The reduction in size of the neoplasm or elimnation of the
neoplasm 1is generally caused by |lysis of neoplastic cells ( "oncol ysis")
by the reovirus. Preferably the effective amount is that amount able to
‘inhibit tunor cell growth. Preferably the effective anmount is from about
1.0 pfu/kg body weight to about 1015 pfdgkg body wei ght, nore preferably
fromabout 10 102 pftAg body weight to about 10" pfa/kg body wei ght. For
exanple, for treatnment of a human, approximately 101 to 1017 pl aque
formng units (PFUMOteqvi@W J&iﬁ%ﬁeis?doﬁ a&%i&bunfi&ﬁeﬁc&hﬁeléﬂa t ﬁeatttu@e si ze
and nunber of tunors present. e effective anount wll be determ ned on
an i ndi vi dual pmmramaandisasrdyr (ecg. baus Eeffectint ameastt).i A preliferativa dmn@rdzer ation
of the type of reOV| rus; the chosen route of 150? mnistrati

i Rdl vi dual ' 3 Sireaged" gyen @W%Vathw 1savigys; toythe,profi atﬁgtqeélﬁteﬁgc SéXFHSp?forrs
the size an ﬁxg?@&hﬁ%@?%@ﬁ# ! ‘ﬂﬂs?ﬁ +lp§1a m S%Q)fttﬁ@n%]dgmm, bpe

course of the rom se era o sever al nont until

di m nutions ofn 4 bsmpleead@findtionFhEN 1asﬁ1e'1‘hdrmdaamuﬁrsmmmme @doplasm,
i mrunoi nhi bitor and reovirus can be 20 adnministered in a single dose or

mul tipl e doseer ¢limisatiomof Gemeepiawnes goaesplly qweed B bsispfaecapladic eells b

adm ni stered oncurr.e. or _cons days
or weeks). OP%QL){WW {]ibyctg%r%ﬂv%s ?rgf]em\iﬁ)( ﬁ} Ce gﬁYe 8@“&% %39%8&5%1& asm
in the sane 'ﬂ%ﬂibﬁttaimr I&Fgﬁb@ﬂﬂo?&éi’eﬁ'ﬂﬁr e RffeétR by is mdbaiado i n a
unit dosage form each 2 dosage contai ning an appropriate anount of

i munosuppr espfarfitg body wmgtmombbmtbl(fso pfiakkg bodoweigbt uwort @refexably Homabout 10"
f ft h 2005 WD 02/39117 ,PCT/ CA01/ 0151
prus o 5 eqw Sg body welght %8 about 10 fu?kg bod%r weight, PC'% examp?e %or

treatment of a human, approximately 10? to 10" plaque forming units (PFU) of

reovirus can be used, depending on the type, size and number of tumors present.
The effective amount will be determined on an individual basis and may be based,
at least in part, on consideration of the type of reovirus; the chosen route of
15 administration; the individual's size, age, gender; the severity of the patient's
| symptoms; the size and other characteristics of the neoplasm; and the like. The
course of therapy may last from several days to several months or until diminution

of the disease is achieved.

The immunosuppressant or immunoinhibitor and reovirus can be
20 administered in a single dose, or multiple doses (i.e., more than one dose). The
multiple doses can be administered concurrently, or consecutively (e.g., over a
period of days or weeks). The reovirus can also be administered to more than one

neoplasm in the same individual.

The compositions are preferably formulated in a unit dosage form, each
25 dosage containing an appropriate amount of immunosuppressant or

immunoinhibitor and from about 10 pfus to about 10 pfus of the reovirus. The



-31 term"unit dosage forns" refers to physically discrete @wwmap2cpgitable
as unitary dosages for human subjects and other mammal s, each unit

cont ai ni ngy@oyprpdet erm ned quantity of reovirus cal cul at g@-l@sdifo@sigce t he
desired therapeutic effect, in association with a suitable pharnmaceuti cal
excipient. 5 As nmentioned above, it has been found that the reovirus is
effective for the treatnent of solid neoplasns in i mutmoconpet em manmal s.
Adm ni stration of wunnodified reovirus directly to the neoplasmresults in
oncol ysis of the neoplastic cells and reduction in the size of the tunor

I n i numoconpetent ani mals. Wien ani mal-gjare rendered i numosuppressed or
I nunmodeficient in sone way, 10 system c admnistration of reovirus wll be
nore effective in producing oncolysis. It is contenplated that the
reovirus may RemaGRitiofigR T MrefRRid Rifically didbrett Bits 3RIthIOks bRyl of the
neopl asm Therefore, provided herewmth are ™ nethods for the treathent of a
sol i d neopl asfiesagessior diimgn subjgits ahd othemmaimnals, téoh vnieomitasing and

adm nistration qf a reovirus a or,near, to the site of the neoplasm is It

i s contenpl at B’ffg?tﬁﬂ?m‘?‘ﬁ&“m P% EF;OVH%?C%@’S%FG%{%P@F‘ eidgs SHERYSN  with

or 1n addi ti opirih HAdlRR0 JilPs SMHIBHHnEROGEH Sxiifa iR Tal
i nummosuppressed. It 1s further contenplated that the reovirus of the
present invention nay be admnistered in conjunction with or in addition

to known anticancer conpounds or 20 chenpt herapeutic _agents. .
Chenot her apeuti c afémeationesd ahonpoil harsbesaifewndtht the reayins ihelfestivedor the

tunors. Such gl {. are L 1M Saqflugrouracil,
mtomycin C, ﬁe%%@rogfgﬁgﬁgﬁg}%%xlﬁ _'"é'éu%éw%%ﬂfd@%m& _,déllréﬂ_g i ne,
ni t oxant r one, wanédified ek ird§ dir&Riy t6Rh& hébpRiash fente i RnEoIPsis obiteideepiagie 1O

receptors, such as herceptin, etopside, pregnasone, platinum conpounds such
9 May 2005 V@lg2ndgadvtierin thasze®t Simmor in immunocompetent animals. When

animals are rendered immunosuppressed or immunodeficient in some way,

10 systemic administration of reovirus will be more effective in producing oncolysis.

It is contemplated that the reovirus may be administered in conjunction
with surgery or removal of the neoplasm. Therefore, provided herewith are
methods for the treatment of a solid neoplasm comprising surgical removal of the

neoplasm and administration of a reovirus at or near to the site of the neoplasm.

15 It is contemplated that the reovirus may be administered in conjunction
with or in addition to radiation therapy which renders the manmal

immunosuppressed.

It is further contemplated that the reovirus of the present invention may be
administered in conjunction with or in addition to known anticancer compounds or
20 chemotherapentic agents. Chemotherapeutic agents are compounds which may
inhibit the growth of tumors. Such agents, include, but are not limited to, 5-
fluorouracil, mitomycin C, methotrexate, hydroxyurea, cyclophosphamide,
dacarbazine, mitoxantrone, anthracyclins (Epirubicin and Doxurubicin), antibodies

to receptors, such as herceptin, etopside, pregnasome, platinum compounds such



-32 as carboplatin and cisplatin, taxanes such as taxol andgt\aotgese,

hor none therapies such as tarnoxifen and anti-estrogens, interferons,
aromat ase w14 prs, progestational agents and LHRH analgq@gScaghtgsizeoVi rus
and i nummosuppressants of the present invention have been 5 found to reduce
the gromh of tunors that are netastatic. In an enbodi nent of the
invention, a nethod is provided for reducing the growh of netastatic
tunmors in a mammal conprising adm nistering an effective anount of a
reovirus to the inunmmosuppressed mammal. 9 May 2005 WO 02/39117

PCT/ CA01/ 01512 -33 The di agnostic net hagg-of the present invention may be
used to identify the susceptibility of cells to reovirus infection by
measuring constitutive ras-MAP signaling. This will be useful to determ ne
|n what casesyd eoMbibtin AR Blands Gieh bilabl Ml ool deffRes |
likely to be ctive eovi ruses an | MuNOSUppr essants o

present i nvengichras n@yoXifen arglemitifestrogeny ainteefeyors{ appuatasedshibifrsy rray be used
in nmethods for treatin proliferative disorders which exhibit constitutive
MAPK phosphor Jrogestafipnah agentsandnleiRHamalogsay be used to reduce or elininate
neopl asns. They may be used 10 in nethods for treating netastases. They may
be used in conjunction with known treatnents for cancer including surgery,

chenot her apy and r@Hé aédvixis ahd irdRdsupredsanits DEthe presisit irdteatibkavertesent
i nvention and advantages t hereof, the follow ng specific exanples are

gi ven but &refoyad t e the growil OEWOSSC@geargﬁnetQSWéwe|Iauwmbvdaﬂﬁ;ntﬂﬁ§he
EXAMPLES In the exanpl eﬂsm‘g)el QwW, g& i’or cmg Sw@ro%m&asqgtﬂ:rtﬁ%%rsqgl Si us

(unl ess 1oveniion, a me 1§ provid
mammal comprising administering an effective amount of a reovirus to the

immunosuppressed mammal.



ot herwi se indicated) and all percentages are wei ght percent gagsy 6550
ot herw se indicated). In the exanples below, the follow ng

unl ess

abbrevi at i the following 2 0 meanings.
|v?622£ﬁlyfs general ly accepted neaning: AM m cronolar 9 My

defi ned,

WO 02/39117 PCT/ CA01/01512 -34 mmmillinolar M nol ar M mililiter
mcroliter 5 Ing mlligram Yg mcrogram PACE polyacrylam de gel
el ectrophoresis rpmrevolutions per mnute FBS fetal bovme serum 10 DTT

di thiothrietol ph: ! _
DMEM Dul becco' s nodified Eagl e' s nedi um -83MEM a- nodi fied Eagle's medi um

P- ME P-nercaptoethanol MJ multiplicity of infection PFU plaque formng

units

SDS sodi um dodecyl sulfate PBS phosphate buffered sali

MAPK MAP ki nase

10

15

20

Utility
The diagnostic methods of the present invention may be used to identify the

susceptibility of cells to reovirus infection by measuring constitutive ras-MAP
signaling. This will be useful to determine in what cases reovirns treatment of

cellular proliferative disorders is likely to be effective.

The reoviruses and immunosuppressants of the present'invention_may be
used for a variety of purposes. They may be used in methods for treating
proliferative disorders which exhibit constitutive MAPK phosphorylation in a
mammal. They may be used to reduce or eliminate neoplasms. They may be used
in methods for treating metastases. They may be used in conjunction with known

treatments for cancer including surgery, chemotherapy and radiation.

In order to further illustrate the present invention and advantages thereof,
the following specific examples are given but are not meant to [imit the scope of
the claims in any way,

EXAMPLES

In the examples below, all temperatures are in degrees Celsius (unless

otherwise indicated) and all percentages are weight percentages (also unless

otherwise indicated).

In the examples below, the following abbreviations have the following

meanings. If an abbreviation is not defined, it has its generally accepted meaning:

micromolar

uM

| f bbr not
an abbr gyd@atiAisS 2005

I LI

i ne



phosph- MAPK phosphoryl at ed- MAP ki nase 20 HRP hor ser adi sh- pergayayasps PY_R

doubl e- stranded RNA activated protein kinase RT-PCR reverse

transcri ptwg@azpahynerase chain reaction GAPDH gl ycer al dehy@gcRsiiggphat e
dehydr ogenase EGFR epidermal grow h factor receptors 25 MEK ki nase

m t ogen-activated extracellul ar signal-regulated |dnase DMSO

di met hyl sul f oxi de SCI D severe conbi ned i munodeficiency 9 May 2005 WO

02/ 39117 PCT/ CAO /01512 -35 Ceneral Methods Cells and Virus Par.ental

NI H 3T3 cells along with NIH3T3 cells transforned with v-Src were a
generous gift of Dr. Jove (University of-d4.orida). Breast tunor cell |ines
5 MDA- MB- 468, MCF7, NDA-MB-435, T-47D, SK-BR-3 and the control HBL 100
cells, were a generous gift of Dr. Karl Ri abowol (University of Calgary).
Al cell lines wepgar own i - Dul hggmis nodi fied Eagl e’ s nedi um ( DVEM
containing 10% fetal bovine serum (FBS). The Dearing strain of reovirus
serotype 3 used i nMhese studtes wedarl0 propagated in suspension cultures
of L cells and purified according tQ . Snmth et al (1969) with the exception
t hat P-ner eapt oet h&Hol ( P- ME)™ was ¥¥ed fromthe extraction buffer.

I nfection of Cells _ and Quantitati ﬁﬁer%iite}ﬁ rus Confluent nonol ayers of cells

were grown in 24-wéT | pl ates and i nfected
5 mg = milligram

ug = microgram

PAGE = polyacrylamide gel electrophoresis

rpm e revolutions per minute

FBS = fetal bovine serum

10 DTT = dithiothrietol

SDS = sodium dodecyl sulfate

PBS = phosphate buffered saline

DMEM = Dulbecco's modified Eagle's medium
oa-MEM = a-modified Eagle's medium

15 p-ME = B-mercaptoethanol

MOI = multiplicity of infection

PFU = plaque forming units

MAPK = MAP kinase

phosph-MAPK = - phosphorylated-MAP kinase

20 HRP = horseradish-peroxidase
PKR = double-stranded RNA activated protein kinase
RT-PCR = reverse transcriptase-polymerase chain reaction
GAPDH = glyceraldehyde-3-phosphate dehydrogenase
EGFR = epidermal growth factor receptors
25 MEK kinase = mitogen-activated extracellular signal-regulaied
kinase
DMSO = dimethyisulfoxide

SCID = severe combined immunodeficiency



3-5 with reovirus at an estimated nultiplicity of infection giftaBgod8FU cell.
After 1 hr incubation at 370C, the nonol ayers were washed with warm

DVEM 10% RE§o23ad then incubated in the same nmedium At VigFhEMf/0i41BES
postinfection, a mxture of NP40 and sodi um deoxychol ate was added
directly to the mediumon the infected nonolayers to final concentrations
of 1 %and 0.5 %respectively. The 20 |ysates were then harvested and virus
yi el ds were determ ned by plaque titration on L-929 cells. Radiol abelling
of reovirus-infected cells andpreparation of |ysates Subconfl uent

nonol ayers (80 % confluent) of cells wergsi.nfected with

reovirus(MJ -10PFU/ cel I). At 46 hours after infection, the nedia was
replaced 9 May 2005 WO 02/39117 PCT/ CA01/01512 -36 with nethionine-free
DMEM cont ai ni @5&% l%eﬁl% sand 0.1 nCi/nl [358]- nethionine. After further

i ncubation fo at 37C, the cells were washed in phosphate-buffered
sal ine (PBS) and Iysed in the sanme buffer containing 1 % Triton X-100, and
0. 5% sodi um deoxychol ate. Lysates were then boiled and 5 stored at -70C
until use. | %ﬁ@ﬁ&f%l tation and SDS-PAGE anal ysis |nmmunoprecipitation

of 35S-1abeled reo t Elgu%av rotype
3 serumwas carri eg&%ﬁ@ @%&gggd“gﬁgﬁﬁﬂ% 3?3 %ﬂg%ﬂ’sf Jv{tﬁ'? S?g (1981)
Virol ogy, 108ikida }ous it REDRCYdvRTUR oh@&BK Breskt fahal ceNARKs The

" PhosphoPl us' p44/ MAP ki nase (Thr 20 r 204) anti body kit NeV}/J Engl and

Bi ol abs) was b4 MBM&ShM@E’l D AMEBH3 4RDn§KeBRT3 and the comg
monol ayer  cul00FUE Werch ke SR e kel dSmil e YRRHATE Al o

buffer, and cejl lines were grown in Dulbecco's modified Eagle s medium (DMEM)

containing 10% fetal bovine serum (FBS).

The Dearing strain of reovirus serotype 3 used in these studies was
10 propagated in suspension cultures of L cells and purified according to Smith et al
(1969) with the exception that p-mercaptoethanol (3-ME) was omitted from the

extraction buffer,

Infection of Cells and Quantitation of Virus
Confluent monolayers of cells were grown in 24-well plates and infected

15 with reovirus at an estimated multiplicity of infection of 80 PFU/cell. Afier 1 hr
incubation at 37°C, the monolayers were washed with warm DMEM-10% FBS,
aﬁd then incubated in the same medium. At various times postinfection, a mixture
of NP-40 and sodium deoxycholate was added directly to the medium on the
infected monolayers to final concentrations of 1% and 0.5% respectively. The

20 lysates were then harvested and virus yields were determined by plaque titration on

1.-929 cells.

Radiolabelling of reovirus-infected cells and preparation of lysates
Subconfluent monolayers (80% confluent) of cells were infected with
reovirus (MOI~10 PFU/cell). At 46 hours after infection, the media was replaced



15 subj ected to SDS-PAGE, followed by electroblotting onto mipsozssl ul ose
paper. The nenbrane was then probed with the prinmary antibody (anti-total

MAPK or  andioz/p@spho- MAPK), fol | owed by the horseradi sh pRFRXAARTS12
(HRP) - conj ugated secondary anti body as described in the manufacturer's

manual . Severe Conbi ned I mune Deficient (SCID) Mce 20 Five to eight week
old male SCID m ce were purchased from Charles R ver Canada and were
treated according to a protocol approved by the University of Calgary
Animal Care Commttee. Inplantation of Allografts and Xenografts 9 May 2005
WO 02/ 39117 PCT/ CA01/ 01512 -37 Activel y-3-owi ng MDA- MB-468 hunman breast
cancer cells were harvested, washed, and resuspended in sterile PBS at a
density of WC cells/m. 2.0 x 10 <cells in 100 Al were injected

subcut aneous| yvitlt mathidriie-R¥EDMENGEohAiRg m@%fIhEiS‘Knd 0 'mbﬁﬂﬂ?ﬂsﬁ umors were
allowed to grow for 2-3 weeks until pal pable tunors of x 0.5 cmwere

obt ai ned. int ﬂeﬁtm@mm Aﬁqré@ntﬁmnn@bamwmumﬁéiﬁﬂeﬂﬁmﬂbmmwshedmrs

obtained a tr Si tion qQf 1.0 x 10
PPL of et heit PROBGF oiered sl sy Snd b B B sengbyfier Smaluing 1%
Dearing) in zqrit@ﬁxsm iah® ORBB sodiiieoRy AHBINES ly for a
10 period of two to four weeks. 0Anl mfosywere sIzi ri |cegﬂgv‘\%ri:f&)‘ﬁe y&dl spl ayed
severe nokbi diorgd #u@0tQuatilosssi ve tunor burden or any observabl e | evel of
di stress. Histoi nmunol ogi cal Anal ysis of Reovirus Infection

hmmunof | uor escent anal ysis was carried out using formalin-fixed, paraffin

enbedded t“mlmﬁzﬁﬁéﬁrg ?ltmme%@geér{@lg.sps After renoval of paraffin

by 15 xyl ene, e’‘sections were re and exposed to the primary
anti body (rabbit Immunoprecipitation of 358 labeled reovirus-infected cell lysates with anti-

reovirus serotype 3 serum was carried out as previously described (Lee, P.W.K. et
al. (1981) Virology, 108:134-146).

10 Detection of Phospho-MAPK and Total MAPK
The 'PhosphoPlus' p44/42 MAP kinase (Thr202/Tyr204) antibody kit
(New England Biolabs) was used for the detection of MAP kinase in cell lysates
according to the manufactorer's instructions. Briefly, subconfluent monblayer
cultures were lysed with the recommended SDS-containing sample buffer, and
15 subjected to SDS-PAGE, followed by electroblotting onto nitrocellulose paper.
The membrane was then probed with the primary antibody (anti-total MAPK or
anti-phospho-MAPK), followed by the horseradish peroxidase (HRP)-conjugated

secondary antibody as described in the manufacturer's manual.

Severe Combined Immune Deficient (SCID) Mice
20 Five to eight week old male SCID mice were purchased from Charles River
Canada and were treated according to a protocol approved by the University of

Calgary Animal Care Committee.

Implantation of Allografts and Xenografis



polyclonal anti-reovirus type 3 serumdiluted 11100 in PBS) dmMey20ds at room
tenperature. Followi ng three washes with PBS, the sections were exposed to
the secongalysanyi body [goat anti-rabbit 19gG (whol e nol ecp-padigi9nescei n

i sot hi ocyanate conjugate (FITC) or depending on the experinment, the same 10
concentration of Cy3, diluted 1/100 in PBS containing 10% goat serum and

0. 005 % Evan's Blue counterstain] for 1 h at roomtenperature. As an
additional counterstain, the nuclear stain DAPI, was al so used. Finally,
the fixed and treated sections were washed three nore tines with PBS and
then once with double- distilled water. §-4des were then dried and nounted
on slides in 90 %l ycerol 25 containing 0. 1 % phenyl enedi am ne, and vi ewed
with a Zei ss Axi ophot m croscope 9 May 2005 WD 02/39117 PCT/ CA01/ 01512
-38 on which a CarlyZei SRR SERED | pa=Talo TN | | 1

pi ctures was 200X .&%\lg%rrus h gg?l on g?h%g?ﬁrrgfr%ﬁ& easﬁ%ﬁgﬂéﬁgﬁ%g

Bi opsy breast washat, andmgugendat i sérile iPBSzatd deysitynofi2xd DbeelisimB 52 %heiltanol
foll owed by several washes of sterile PBS. The sanple was then sliced into

smal | sect i of8lsiRdlO9) i vede idegieanbratanequslyat as#a ¥Priving thoverd fiztlk 10 o
FCsS. R [ I ' ' [ '
"t - Sy AR QBR824 ool R pRBR LSO

sanpl es were rle I'Xe anples
wer e then enbedyisdm Werefidtahdd. N and sectioned for use in

I mmunobi st ochem cal anal ysis using antibodies 10 directed against total
reovirus proteins. Exanple 1. Transformation by the v-src Non-recotor

Tyr osi ne Ki nase EtM 141 I\/Er}beréc(r'%nfers SuscWibility to Reovirus Infection
Al t hough we h&FE '5’(’8% J’HEHP”CP R¥ %45t ed that transfection of uninfectable

Nﬁ6 and NI H 3T3 celdme Wd &idbGSIRA AMolY6MBInEE a kiehapIe $i2das siigle infrh@iiordl0
al | ow

injection of 1.0 x 107 PFUs of either live or UV-inactivated reovirus (serotype 3,
strain Dearing) in 20 ul sterile PBS. Tumor size was measured twice weekly for a
10 period of two to four weeks. Animals were sacrificed when they displayed severe

morbidity due to excessive tumor burden or any observable level of distress.

Histoimmunological Analysis of Reovirus Infection
Immunofluorescent analysis was carried out using formalin-fixed, paraffin
embedded tumor sections mounted on cover slips. After removal of paraffin by
15 xylene, the sections were rehydrated, and exposed to the primary antibody (rabbit
polyclonal anti-reovirus type 3 serum diluted 1/100 in PBS) for 2 I at room
temperature. Following three washes with PBS, the sections were exposed to the
secondary antibody [goat anti-rabbit IgG (whole molecule)-fluorescein
isothiocyanate conjugate (FITC) or depending on the experiment, the same
20 concentration of Cy3, diluted 1/100 in PBS containing 10% goat serum and
0.005% Evan's Blue counterstain] for 1 h at room temperature. As an additional
counterstain, the miclear stain DAPI, was also used. Finally, the fixed and treated
sections were washed three more times with PBS and then once with double-
distilled water. Slides were then dried and mounted on slides in 90 %glycerol

25 coniaining 0.1% phenylenediamine, and viewed with a Zeiss Axiophot microscope



15 reovirus replication (Strong, 1993), whether transfecti opmdy2005
non-receptor tyrosine kinases could result in reovirus susceptibility was
unknown. TFpo@essiy ne whether activation of Src famly kigasegeabizch
frequently contribute to the wuncontrolled proliferation of many breast
cancers, results in sufficient Ras activity to enable reovirus
replication, uninfeetable NIH 3T3 cells were transfornmed with 20 v-src and
susceptibility to reovirus was assessed. Confluent nonol ayers of v-src
transformed NIH 3T3 or their parental cells were exposed to reovirus at a
mul tiplicity of infection (MJ) of -50 plgque formng units (PFUs) of
reovirus. Cells and nedia were harvested at various tines after infection
and resultant sanples were used for plaque titration analysis to determ ne
reovirus repli Is 82(%% %%{l&%&@ E&Eﬁﬂ;{% fja?] l'gx% %
results show 8%?%@?%%%% |cme ect 1n % v-srcg%é]gglog orprlr% (S:e s by
48 hours pos0PXecti on (data not shown) as well as an enhanced reovirus
output as nmeasured by plaque titration assay. These results (Figure 1)
show t hat even non- receptor tyrosine kinases could potentially nediate

reovirus infegt]i e 1 et an additional subset of
br east tumrs?ée@w%%&y%g& ?aisg%aa%%uﬁ?foggfﬁ’@[eganel of Human Breast
Cancer Derived Cel Biogsy Besast fumhiseipled Retd dterilinég birafdddibn $h 99%! diltgolCan Be

Assessed To assess the feasibility of using reovirus against breast
derived t ufor followsdrhyl seu¢rabweshes of atarilerPBS%| The sample shas ghenndbiced/mtal g8all MCF7,

MDA- M3- 435, T- 10 47 SK-.BR- | t and ; Lhility t
reovirus inf eé‘?‘i{iB’ﬁs R’}?{']‘%om ;\/gwg%\é@?‘?’r‘?ﬁ@gﬁngg) cH.,UFSY:.i!tﬁgﬁ% hgl?: I10% cgl |'s,
whi ch are der RégHnfs w48 MEW¥X1@PFB§. n‘ét vartfs YYtﬁﬁ:g Hitha ecff&?,%ﬁm%% weed |

lines were grown to 80 % confl uency ‘a wer e | enge th reovirus
at an MO of %@she@dhlseriePBSland dleadizedtit fornB]in. Satiplesrwere tlicnrensbetided inour

period at 48 hourﬁsil postinfection. Cells were then L o
paraffm and sectioned for use in immunohistochemical analysis using antibodies

10 directed against total reovirus proteins.

Example 1. Transformation by the v-src Non-receptor Tyrosine Kinase Famil

Member Confers Susceptibility to Reovirus Infection

Although we have previously demonstrated that transfection of uninfectable

NR6 and NIH-3T3 cells with receptor tyrosine kinases was sufficient to allow

15 reovirus replication (Strong, 1993), whether transfection of non-receptor tyrosine
kinases could result in reovirus susceptibility was unknown. To determine
whether activation of Src family kinases, which frequently contribute to the
uncontrolled proliferation of many breast cancers, results in sufficient Ras activity
to enable reovirus replication, uninfectable NIH-3T3 cells were transformed with

20  v-src and susceptibility to reovirus was assessed. Confluent monolayers of v-src
transformed NIH-3T3 or their parental cells were exposed to reovirus at a
multiplicity of infectibn (MOI) of ~50 plaque forming units (PFUs) of reovirus.
Cells and media were harvested at various times after infection and resultant

samples were used for plaque titration analysis to determine reovirus replication.



15 washed in phosphate-buffered saline and were |ysed. The pmeperosd | ysates
were then used for imunoprecipitation using antibodies directed agai nst
total reowyhyszops Ot €i n. | nnunoprecipitated proteins were X#GAsBY
sodi um dodecyl sul fate polyacrylam de gel el ectrophoresis ( DS-PAGE) The
results (Figure 2A) clearly denonstrate effective reovirus replication
within the cell lines derived from breast 20 tunor, however reovirus
replication was restricted in the HBI, 100 cell line. This suggests that

t hese breast tunor cells are infectable as a result of an activation of
Ras, either through a direct nutation oragia an upstream signaling el enent.
It is significant in that it suggests that a high percentage of breast
cancers could potentially be treatable by therapeutics that target Ras,

al t hough t hi-s P%M&%@%dﬁ%ﬁdﬁ%tdﬁﬂtg}&ffé{ ﬁﬂh@vtsl?&ﬁ af deYiPBy 48 May

2005 WO 02/3 117 P 1512 As MAPK phosphorylation 1s the

i nevi tabl e r ehourt poftirfegival (ag nbhstowghas ReH as bhenlinospravitiatveguisisat e of
the protein should only be observed in a cell line wth normal Ras

signaling if HleﬁﬁuF%B]ﬁ P@%@ FIFFB‘IIQPsasﬁw pmé gesults (Figugeal) show jkat GVEmDO%or mal
A | ¢ th
5 z e: IS g? ? o In n g%‘ecéé}gj < ?kéldlg%]es p to tl\%%g Hivchﬁ{aﬁat fegwéﬁssuﬁm?&ﬁl)ﬂ ah &l tndy? the

dephosphor yl abwﬂe@étar@@t%adﬂ{twﬁal@béetMbﬁaﬁhﬁﬁmﬂﬁt Ras activity, either
directly through nutational activation of Ras or alternatively via an

upstream el ement, the phosphorylated formof MAPK shoul d persist in either
t he presence th bs nce of s | o he.obser
inf_ecta_bilitycﬁ-’ﬁgﬁ%ibr "--- i g (yéild
activation of the Ras/ Nﬂﬁi&s%ﬁ?ﬂﬁéﬂ agndﬁait]%/m?t@ﬁggdﬂngtmw )(§s‘e§seﬁf
these cell lines was conducted using a odi es directed agai nst
phospho- MAPK.  MDA- Thviasst88 theNEksihilitylofukiag 485 irub-agdinst IskasBRefveaintmedBlia 100

|1 | at [ | 1 ' 0% f et al
Cel S e Pt ef ot bitadtnier S inkhthnd: MBALSE RS MERT, ARk Bp4080 et 2

10 47D, and SK-BR-3 was selected and susceptibility to reovirus infection in vitro

was determined. As a control, HBL-100 cells, which are derived from normal
breast tissue were used. These six cell lines were grown to 80% confluency and
were then challenged with reovirus at an MOI of 10. Cells were labeled with [*°S]
methionine for a two-hour period at 48 hours postinfection. Cells were then

15 washed in phosphate-buiffered saline and were lysed. The prepared lysates were
then used for immunoprecipitation using antibodies directed against total reovirus
protein. Immunoprecipitated proteins were analyzed by sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE). The results (Figure 2A) clearly
demonstrate effective reovirus replication within the cell lines derived from breast

20 tumor, however reovirus replication was restricted in the HBL-100 cell line. This
suggests that these breast tumor cells are infectable as a result of an activation of
Ras, either through a direct mutation or via an upstream signaling element. It is
significant in that it suggests that a high percentage of breast cancers could
potentially be treatable by therapeutics that target Ras, although this specific

25 activation is rare in this cancer type.



serum starved (0.5 % FCS) for 48 hours. Cells were then waslgaday Zogshosphat e
15 buffered saline (PBS) and were harvested in protein sanple buffer. Cell

| ysates wep@/sdilet ected to SDS- PAGE and were subsequent!|y pghoEi@di9nt o
nitrocel l ul ose paper and probed with anti-phospho- MAPK anti bodi es as
recormended by the manufacturer. The results (Figure 213) clearly
denonstrate that the only wuninfectable cell |ine, HBL-100, possesses
phospho- MAPK i n the presence of 20 serumand not in its absence, indicating
that Ras signalling in this pathway is not aberrant. The remaining

I nfectabl e cell lines have phospho- MAPK _iupdependent of the presence of

m togenic signals, as would be expected if they had constitutive

activation of this pathway. Protein concentrations were standardi zed using
anti bodies directe ' MAPK the ] Igﬁ %g@l Reovi rus
Can Act as an AntigitS ﬁh@%}’%hg%[%ﬁo%lgi nst t%érzggg{t%%%}%%?ls | o@%gk/ay 2005
WO 02/ 39117 PR3¥, ph@sphdiFlateditatd o€ the praribsteakt ondpibe obssredd inld codl, line

MDA- M 3- 468 was_ introduced as, tumnor, xenograft8, subcutapeously into a site
over | yi ng theWHPmrwlglﬁaé spnalipg f itegenie Sy HPrEsmhalt @ celf s wi

est abl i shnment L 0] ' .

I ntraturnoral n?llrﬁljﬁggxlp ?ﬁ%ﬂ 4@%64 %aﬁ%ﬁ%&%ﬁﬁeﬁcﬁéﬁ%}]ﬁ@h@gﬂf gﬂ%m%f
reovirus serotespetion dfsignal thrédphrthivs phttiwhyREth a Gaaluig!depidspBdiylatdh®df gi ven an

intraturnoral injection of UV-inactivated reovirus. Tunor gr owt h was
fol l owed for M&ﬁﬁ & agell ot abgranisRasgstiv ity .crithendirealydbrough guraianl t he

reovirus tre I | ts ,l.n ranpati c regression Ln tunor size. As

et or e hermn: SRFIH RERH b ey AT Bpoe e S EHER R e - ot o
that the singf®m JOMAPRYEHOMR peréifiGhieffier 18 phdsnderbritheakseni® St@rfgstrouct i on
of the tunor cells as conpared to control "tunors (data not shown). To

determine if edtablish¢tmt Wisdolisgryied infectability in the breast tumor cell lines is a result of
10 the activation of the Ras/MAPK signaling pathway, Western blot analysis of these

cell lines was conducted using antibodies directed against phospho-MAPK. MDA-
MB-468, MCF7, MDA-MB-435, T-47D, SK-BR-3 and HBL-100 cells were plated
in a six well plate. Cells were then grown in 10% fetal calf serum (FCS) or were
serum starved (0.5% FCS) for 48 hours. Cells were then washed in phosphate

15 buffered saline (PBS) and were harvested in protein sample buffer. Cell lysates
were subjected to SDS-PAGE and were subsequently blotted onto nitrocellulose
paper and probed with anti-phospho-MAPK antibodies as recommended by the
manufacturer. The results (Figure 2B) clearly demonstrate that the only
uninfectable cell line, HBL-100, possesses phospho-MAPK in the presence of

20 serum and not in its absence, indicating that Ras signalling in this pathway is not
aberrant. The remaining infectable cell lines have phospho-MAPK independent of
the presence of mitogenic signals, as would be expected if they had constitutive

- activation of this pathway. Protein concentrations were standardized using

antibodies directed against total MAPK (Figure 2C).

25 Example 3. Reovirus Can Act as an Anti-tumor Agent Against Breast Tumors

In Vivo.



of the tunor cells was due to viral repllcatlon and to detegrm;ﬂ,ezoot t here
was spread of reovirus proteins beyond the tunor mass, i nmunofl uorescence
M croscopyyagagsergonduct ed. Using antibodi es directed agai igir/éQiiaksik€oVi rus
proteins and paraffin 15 enbedded thin sections of the remaining tumor ma s
It was determned that reovirus replication is restricted to the

VDA- MB- 468 tunor cells and does not extend into the surroundi ng skel et al

muscle. E xanple 4. Reovirus can 9 licate in Primary Breast S -~pecfiuens
To ensure that the oncolytic effect of reovirus is not due to an innate 20
characteristic of a passaged cell |ine, pgjmary sanples of human breast

cancers were obtained to assess for reovirus infectability. Biopsy breast
tumor sanples were sterilized by imrersion in 95 % ethanol foll owed by

several washes of Sf@Hunfin HPEHSt caber SIS MPA-MIBAGSWACRotided a5 Tthér
sections and placed in a 24 well plate containing DVEMw th 10% FCS.

Reovi rus was amtdegrafts MibCuRRmisly iato @ﬁtwmlgug the hizsl ﬂamktoﬂ&ﬁfﬁcmcon sanpl es
wer e washed i terile P nd t he i xed | es were then
enbedded in ngrOilPWWgE?ABa %%ﬁ%ﬁé@gll’ edl‘? Mﬂﬂgr@hﬁl nﬁ’@?ﬂ cal analysis
usi ng anti bodigag;dikratLdn 9% bat e&lgg\b'frquﬁ %ﬁgﬁ%ﬁ?ﬁﬂ&ﬁ\%ggl”

PCT/ CA01/ 01512 -42 protel The resu not s

reovirus st@i APRYs) of fehvisws Semtgapcs?a (stiai Desrgeg) in @BSO Sdntad iangnals wate
replication in,these primary sanples. Wiile this invention has been
particul arly SAGRANAHAMEWER iRseHaR Qwvr%%Wéﬁéé@WSpmr%ﬂwmwl ment s

thereof 1t i ey HPOSESRARE ot AR5 A5 e Syl e 35 Rhiigr o

changes in forman e made erern w I ng FPom t he
spirit and scaopainmdnt kéd@lt wsmwcas,gxéﬁsﬁdmotuﬁw khe Arpersied

hematoxylin/eosin (HE) staining of the remaining mass indicated that the single

10 reovirus injection results in the complete destruction of the tumor celis as
compared to control tumors (data not shown). To determine if the observed lysis
of the tumor cells was due to viral replication and to determine if there was spread
of reovirus proteins beyond the fumor mass, immunofluorescence microscopy was
conducted. Using antibodies directed against total reovirus proteins and paraffin

15 embedded thin sections of the remaining tumor mass it was determined that
reovirus replication is restricted to the MDA-MB-468 tumor cells and does not

extend into the surrounding skeletal muscle.

| Example 4: Reovirus can Replicate in Primary Breast Specimens
To ensure that the oncolytic effect of reovirus is not due to an innate

20 characteristic of a passaged cell line, primary samples of human breast cancers
were obtained to assess for reovirus infectability. Biopsy breast tumor samples
were sterilized by immersion in 95% ethanol followed by several washes of sterile
PBS. The sample was then sliced into small sections and placed in a 24 well plate
containing DMEM with 10% FCS. Reovirus was added (1X10°PFUs). At

25  various times post infection, samples were washed in sterile PBS and then fixed in
formalin. Samples were then embedded in paraffin and sectioned for use in

immunohistochemical analysis using antibodies directed against total reovirus



claims. 9 May 2005 43 CLAIM5S 1. A nethod of determ ning seaggpioobi ity of
a cell to reovirus infection by neasuring constitutive ras-MAP signaling
in said ceydorysdierein the presence of said constitutive spERAAi1AEs12

i ndi cates susceptibility to infection by reovirus. 2. The nethod of claim!]l
wherein tile ras-MAP signaling is measured by determning the state of
phosphoryl ati on, of MAP kinase. .3.. The nethod of claim2 wherein the
state of MAP ki nase phosphorylation is determ ned 11sing an anti body
specific for phosphoryl ated MAP ki nase. 4.- The nethod of any of clains

1-3, wherein the cell is conprised-in a-kbel ogical sanple Collected froma
mammal suspected of having a proliferative disorder. 5. The nethod of claim
4 wherein the proliferative disorder is neurofibromatosis. 6- The nethod
of claim 4 wheforiin. e Rl (it Bt Mafshbed FooRirbOlbHiMPARKAS Bmdrs~ The
met hod of claim4 wherein the proliferative disorder is selected fromthe
group consi sthallgngsd, demgnsizating viral yeplicdtiandn deene primacosamples. al cancer,
thyroid cancer, renal cancer, adrenal cancer, |liver cancer, pancreatic
cancer, breast cancer and central and peripheral nervous system cancer. 8.
The met hod of cl ai rel N [ ] ' ' st cancer.
~9. The net hod of ghgllevn@ﬁ %Pgﬁﬁafﬁ%hm&@hggﬁgéggiséﬁgﬁ the group
consi sting of refeletes t6 preferrahe@bodigents shereut] itlvell Heamgesioodibysthodei skitled

non- human primates, and humans. 10. The npethod of any of the clainms 4-9,,

wher ei n t h8 nilhifigartthatigrigns changes indorn apd detailvaiay ibe maads feieiai wihovhe or

ool orat] veoarcdieoR BTG ool fe BROUPEI Gy SERML, 1,
proliferatingcaghd. s Which exhibit constitutive MAPK phosphoryl ation,
conprising admnistering to the proliferating cells in said mamal



an’ effectlve armunt of one or more reovi ruses under condltlwIMaWZ()Uﬁl result
- 4n _substantial lysis.of the prollferatl ng cells. 12. Use as clained in" -
S claim 11, further conprising a step sel ected fromthe group . consisting. of
~admini'stering to the proliferating cells in said manmal an effective:
amount of an i nmune ‘suppressi ve agent%3renoving B-cells or T-cells f'rom
"said:in C@QI‘M@I .renoving anti-reovirus antibodies fromsaid mammal ;
-removing . anti. bodi-es" from said mammal ; administering anti--aritireovirus
.antibodies to said mamal ; and suppressi ng the |mTune system of the
mammal . 9 May 2005 44 13. Use as claimed in clainms | or 12, Wierein the
r eoviir us lASm%QﬂoﬂQifQI@tefrmﬁﬁhg %c&ftﬂiﬂlﬁy (ff%rh%'llstb'r@ iAfs ﬁfé&ﬁmkﬂr&%ﬁﬁﬁ%l rus and
- an avi an eSRVikde- raslﬂ/ﬂ-A ﬁtd"@ ! Q‘éstgi clald id W erein
the reowé\]ﬂ%ﬁal a Eg{pggué ubu Hoedon REPSEH4 Ghead RSV IES clai s

- 1-- 14 ere fl o1 Odn ffiem -‘r’é%‘?)"”t“ﬁs 16. Use as. claimed in.
any f- cl - 15, V\/nerel n the reovirus is sel ected fromthe group.
consfsti ng fﬂe&é)rdoqu%@m } adiprain she medbAPsegmling dvincamirethtly setenhinies Be
.reovirus. SfiE-Ofw@@SI&@Xﬂah@mdfMﬂ%hmasﬁ claims 1 I'A5,. wherein-the reovirus is
. sefotype 3 reovirus. -18. Use as clained in any of clal ms 11-13, wherein

© the 3eovi ThS mietodM fRVia. WaeMin B state SPMAB&iRSe gﬂéﬁbfnaﬁ%e%frmﬁleﬁ' e
-11-18,: Y; suita
o B Mﬁdﬁg&éggg?gm%mrhfagéﬁy%& algrrs 11-18, wherein nore -

~admi ni strat| on.

. than one r ai f .reovi.r t abl e f-or . adm ni stration. 21. Use as .
el-ai Fred- |ftﬁa g of gy 9E Cté Z@ Va}’?é‘?lglﬂhe ??ﬂe‘sr(‘é’ﬁtﬂftsﬁgHl%bwlt’gléaléaliﬂﬁbl at e.
22 Use #OUesEd b p mnammalouspgeigdnel havingoa projiferagyadisheiepr ol i f er at i ve

di sorder,.is a neopl asm 23. Use as clained in any of clains 11-21,
wherkei'n t"ﬁ@ mpﬁhoﬂ iof elaanlflvehdtesmhd@lrohfsmtiaemﬁmfrdié}rtg)ﬁaut@ﬁbﬁométésls Use. as
clained in clarm 22, wherein thericoplasmi s a solid neopl asm -

6... The method of elatm 4 wherein the prohferatlve disorder is a sohd neoplasm

.- The method of claim 4 Wherem the prohferatwe disorder is selected from the group
‘ consisting of luug cancer, prostate cancer, colorectal cancer, thyroid cancer, renal
cancer, adrenal cancer, liver cancer, pancreatic cancer, breast cancer and central and
'penpheral nervous system cancer. :

8. . The method of claim 4 wherein the proliferative di-sorder is breas‘t eartCEr |

9. 'The methad of clalm 4 wherein: the marmmal i is selected from the group con31st1ng of
_dogs cats, shcep goats, cattle, ‘horses, pigs, mice, non- human primates, and humans.

10. . -The method of_ any of thc::claxms 4—9, wherein the mammal is human.

- 1L Use of a composmon comprising one or more reoviruses for the manufacture of a
medicament for treating a proliferative disorder in a mammal, which disorder is
characterized by prollferatmg cells  which exhibit - constitutive MAPK
phosphorylation, comprising administering to the prohferatmg cells in satd mammal
an effective amount of one or more reoviruses under conditions which result in
substantial lysis of the prollferatmg cells

.~ 12.  Use as claimed in claim 11, furthcr comprising a step selected from the group
' consisting of: administering to the proliferating cells in said mammal an effective
. amount of an immune suppressive agent; removing B-cells or T-cells from said
mammal; removing anti-reovirus antibodies from said mammal: removing antibodies
from said mammal; administering anti-aritireovirus antibodies to said mamimal; and
suppressmg the immune system of the mammal. ‘ . ‘



25~ Use as clained in claim?22, wherein the neoplasmis sel exMeg2605m t he

group consisting of lung cancer, prostate cancer, colorectal cancer,

thyroi d cancer, renal cancer,; adrenal cancer, IiverAca_ncer,. pancreati.c

_.«cancer, breast cancer and central qg peri pheral nervous system cancer. .

-+ 26. Use as -clained in clai'm 22, wheréin the neoplasmis a central nervous
-system. cancer. 27. Use as cl ai med in claim22, wherein the neopl asm.s

- breast. cancer. 28. Use as clainmed in claim?22, wherein the neoplasmis a :
hemat opoi eti c. neopl asm. 29. Use as clainmed in claim 24, wherein the

r eovilBus Usesgiclaipkd if okiradi oi 42 whewein ty redviieds sfﬂéttttmfr@npthe REsYp the

sol-id neopbmssmng%ﬂ\zhmaﬂﬁ%an4&w3ﬁxs AddenasiHl @bwRg i n any of clains 11-28,
wherein the reovirus is sui - ta. ble fo - r admnistration intravenously

oo han AR bl ik, SEaskl TR, Ol AL AT Bt RS Rabl S ¢ or

r eovi adm ni st ratl on nt’r aperi

.-32' #i cl al f/ of clajns 11 31, wherein, the mamual is-
: éFéﬁP 2 Qigisnblg 14.nvhgtginghe Egoximes isla Buman vieeites n the
_.reow rus is mnurloprotected 34. Use as clainmed in any of.clains 11-31,

_wherein the reovirus is encapsul ated in a mcelle. use as cl aimed in
_any-bf. cl Hiserss. tlhiBed indrer ol dMaitrRel INBSTWRlerbiss (Re RS is3BlechdaGrds | n?ﬂo?d in
- any of ¢l edn¥ktih D@@terowiﬁrlefeﬂvﬁ'@@rﬁﬁd Ehdoviinut Qnépérﬁp«gs%%%gv%&for uni ts

- of _reovi rus/ kg body welght are suitabl e for adm ni.st

_clal di o 1,-36, reovirus-is sujtable for
. adni %’]’Est I’gis?gyndlgfmed s ar%‘éﬂ i Clrilg “V\@e ‘_%?éelﬁg’ecﬁeai“ﬁ'é%ls (SAIORYRF -bFEO¥ITHY-ns 11- 36,
_V\:/heregl n’ tae Teqvirus,is suitable for adm ni stration in nore than one dose.

se as cialmcd m any of claims 11- 13 wherein the reovirug IS an avian reovirus. -

. 19. Use as claimed in any of claims 11- 18, wherein more than one type of reovirus
1ssu1table for admmlstratlon

20. Use as claimed in any of claims 11-18, whercin more than one strain of reovirus is
su:table for admmlstratxon

© 21. - Use as claimed in any of claims 11-20, wherein the reovirus is a field isolaté.
T 220 Use as'claimed in aﬁy of Ciaims ll~21 'whereiﬁ the proliferative disorcier. is a neoplasm.

- 23, Use as clauned in any of clalms 11 -21, wherein the prohferatlve disorder is
' neuroﬁbromat031s '

24, - Use as claimed in claim 2_2, wherein the .néoplasm is a solid ncoplasm.

- _25.‘ Use as claimed in clzum 22, wherein the neopiasm 1S selected from the group cons1stmg
of lung cancer, prosfate cancer, colorectal cancer, thyroid cancer, renal cancer, adrenal
cancer, liver cancer, pancreatic cancer breast Cancer and central and penpheral ‘
nervous system cancer.

26. Use as claimed in claim 22, wherein the neoplasm is a central tiervous system cancer,

27.  Use as claimed in claim 22, wherein the neoplas:ii is breast cancer.

28. Use as claimed in-claim 22, wherein the nieoplasm is a hematopoietic neoplasm.

29. Use as claimed in claim 24, wherein the reovirus is suitable for administration by i
injection into or near the solid neoplasm, '



39, Use as clained in any of clainms 22 and 24-28, wherein t@Maezgdbasm i s
nmetastatic. 40. Use as clained in any of clains 11-39, wherein an
effeective-amount: of a chenotherapeutic agent is suitable for
co-admi-ni.stration. 4L Use- as cl-ai med i-n:any ‘of: clains 1140, wherein tlhe
reovirus is-treated with a. protease prjor to admnistration.. 42. 'Use as
clairmed. in claim 22 - wherein the-neoplasmis pancreatic cancer. . 43. ‘Use
as-clai.ned in any of cl.aim 22~ and-24-28.,.further conprising surgical
reroval - of “substantially-all of .the neoplasm and administration of the
reovirtusget o thg. ;Sural ailn ?‘sni)’t‘e%iﬁlgi' a{\igzarmunt ~sufficieut to.result in
substantial qugalysi:s 0f “atly Plefainsi Ng28nedipteds theC rép@inksS is e of a
conposi tion conprls?&gﬂlmr?dmﬁa}’@mb‘ﬁlymﬁ?@ememmblruses for the nanfju?%%%:ﬁre of a
medi camgpt fqy; ta[se&;hinn(? .a neoplasmin a human, which neoplasmis
char act eri zeg‘;zgyl}ﬁisng.oﬁ B8y i Hgclaims | H-2Rhindbremx HiebichviaRNEt dfiil ye. MAPK
phosphoryl.ation, c {lfﬁ‘r'f“gﬂpﬁ@to“ infoith¢ reammig. t 0 t he neoplasma reovirus in an-
amount’ 3§f f iugigent_- gll)lar esult -in, substantial oncolysi-s of the neoplastic ,
cel I's.. 38, udlseas chai édrﬁﬂa:imoﬁﬂlﬂhjml‘l@l\!\’@ﬁél%ﬁ{‘ﬂé%g S PN i RinbSas WL abl e for
adm ni stration by injection into or near a soli neop#asm “83‘19&%? 05 46
46. Use33s clirkaediaimed Pddiodds; 5+ further conprising a step selected
fromthe gr group.- consi sgi ntg:ﬁﬁlg§%1 Wﬁ%rf:_ ﬁhﬁ&eﬂ%ﬁé.‘?ﬂ%wm@ﬁe@ﬁing,
cells i4y sai animal an- effective: .amount of &n inmune suppressive agent;
[ enoVi n%hP~§(se: i 4a gﬁ?@é‘ﬁ’ |°§f°iww_éﬁﬂuwhmme reovimio\is ogapsulbtgcian Ni S
ant i.-bc)_(flf"'t.es‘q“?e h said mammal ; anti bodies  renoving~ from said rmanini o,
.administering anti-ahtireovirus-antibodies.-to said maumal ;- and.
S| t._J,p‘pr_e'§§|- ng .Iﬂmlqmm is Ay o phims Df-34,\ehIBHRY mammial is a human.

36. ;Ise as cla@med in any of ciaims 11-35, wherein a'pl;roxir.nately. 1 to 10" plaque

orming units of reovirus/kg body weight are suitable for administration.

37. Use as claimed in any of claims 11-36, wherei : . .
L -36, wherein th
administration in a single dose. ¢ reovirus is suitable for

38. Use as claimed in any of claims 11-36 i SR .
L S -36, wherein the reo
administration in more than one dose, virus s suitable for

.39 " Useas claimed in any of claimis 22 and 74-28, wherein the fiebplasm is metastatic,

40. I{lse as claimefi in any of claims 11-39, wherein an effective amount of a
c gmptherapeutlc agent is suitable for co-administration.
41. U:?e as claim‘ed iq_gmy of i:[ahﬁ}_; 11-40, wherein the reovims- is treéted with a prbtcése'
. prior to administration. - o : . :

- 42, Use as claimed in clain 22; wherein the neoplasm is panc-reatir; cancer..

43.  Useas -cziaimed in any of claims 22_ and 24-28, further cémprising surgical rern;ovél of
. substantially all 9f the neoplasm and admiristration of the reovirus to the surgical site in
_ an amount sufficient to resqlt in substantial oncolysis of any remaining neoplastic cells.

4.  Use iti isi
_ of a composition comprising one or more reoviruses for the manufacture of a

i lasm in a human, which neoplasm i i
| ¢ : pla . plasm 1s characterized b
prolfff,:mtu.lg cells which exhibit constitutive MAPK phosphorylation, comprising

45. Use as claimed in claim 44 wherein said

Use as cl reovirus is suitable for administrati
injection into or near a solid neoplasm. mlﬂlsﬁatIOD ”



47. Use of a conposition conprising one or nore reoviruses fikay B@os

manuf acture of a nedicanent for inhibiting netastasis of a neoplasmin a
manmal , . whi ch .neoplasmis characterized by proliferating cells which
exhj:bi-t" constitutive MAPK phosphorylation, conprising -administéring to-the
mammal -a reovifus-in an amunt -sufficignt to result in substantial lysis
of -the neopl astic cell.- -48. Use as clained in claim47, furdier.conprising
a step selected fkomthe group ng of. the earisisti -—-adnifttist& ng to
proliferatink.cells in sajid mammal.' an ddective ‘anmount of ~an-inmmune

suppressiéve agenis clamieain/ethibs 88b! &, Miinel §fipristls o St URRed fB Bl
enbu A mag bt sabidih, o ot R o e oo
' & SYPRAOME 48595 (remPHng Bheellswrmhatells fom s8d of a-

~adm niste
manmal; and™ su rtggaﬁ . LI, Sy st inds A
composi tion zﬂﬁ&\a, i TTGO8HE 2gR-Teryias A etlics Svom said mamematpreutositguatibolies

medi cament f $FOTR Saigk margmal; adayrisiering anbeypliceonirin amtibod o) saidMafitmdleapd asm i s
char act eri zedupprepying thedmaming gyt bbtheliahinglx hi bi t constit.utive N1APK
phosph%r%/'l a&} ogﬁ conprising surgical renbval of substantially all of the
neopl asth and/seadmi erimgositior @mpeifin@bhetd:f LAe: of reovirus at or near.
to -the sur gimedicawentdor inkibitihg &ﬂc%é&i&'&%ﬁg 2 a%gﬂg?e@%?rfﬁgﬁw [ &z"eom astic
cells. 50. - clusacterized| diymepoliforatigl 68169 wilidf t BEEHIC ODR kil |
from the. gr obgsphorplatiar, Sbiprin@fadmMfEig & b udbhra? arBGiRL 9 do Shg) N9 cells in
sai d - mameabutficientits el ineubstmRAN Rbis 8f the Mol BMAE SUPP! €551 Ve HBht ;. 1 emovi ng
B-cells or T-cells fromsaid nmanmmml; renovi ng anti-reovints antibodies ~
from.' “haid Wemseelaimast nelkimgtdn Grdgi esmprision sep delBed fdt mag St eri ng.

anti™-ant i r e@onsisEngori hddinésering téﬁieirﬁﬁﬁﬂﬁﬁg’ &iin ﬁufﬂlgﬂ%ﬁﬁj ng? iJgTrune
|

p sel 06t ed

=0

T
S
S

L . -~ c .o
system of t o BEan imfund SHpI&LPOJoet: Mifvitl: By £ L8l o - wherein. .
. . : AL : S F oA -
(7 e R Sy o B ST e 0 s
L iom San zl, administering anti-antireovirus antibodies to said mammal; and -
- suppressing the immune system of the mammal. ' ' . '

49, Use .of a composition comprising one or more reoviruses for the manufacture of a
medtcam':ent for treating a suspected neoplasm in a mammal, which neoplasm is
charactenzed. by proliferating cells which exhibit constitutive MAPK
phos.pl_mtylf:ltlon, comprising surgical removal of substantially all of the neoplasm and
admml-stra.tlon of an effective amount of reovirus at or near to the surgical site

 resulting in oncolysis of any remaining neoplastic cells.

50.. Use as claimed in claim 49, further comprising a step selected from the group. .
. consisting of: administering te the proliferating cells in said mammal-an effective
_amount of an iqununc suppressive agent; removing B-cells or T-cells from said
mamma_l; removing anti-reovirus antibodies from said mammal: removing antibodies
. from said mammal; administering anti-antireovirus antibodies to said mammal and - -
. Suppressing the immune system of the mammal. L o -

- 51, The method or use of any of claims 1-50, wherein the reovirus is a recombinant
reovirus. '
52. The method or use of claim 5 1, wherein the recombinant reovirus is from two or more

strains of reovirus,

53. i - i
. The method or use of claim 52, wherein the two or more strains of reovirus are

selected from the isti i ; ;P
steain Lang, group consisting of strain Dearing, strain Abney, strain Jones, and

- 54, The method or use of any of claims 51

_ -53, wherein th i irus i
generated by co-infection of mammalian ¢  opombinant reovirus is

ells with different subtypes of reovirus.

55. The method or use of any of claims 51

naturally-occuring, -54, wherein thcr recombinant reovirus is



strains of reovirus. 53 . The nethod or use of claimb52, whé&Man2@lse two or
nmore strains of reovirus are selected fromthe group consisting OF strain
Dear,ipng, strain. Abney, strain Jones, and. strain Lang. 54. The nmethod or
use.of . any of claims 51-53, ~wheréin the-reconbinant reovirus is generated
by-CQ'infecti On O .mammal i ari cells-with dif ferent subtypes of reowvirus. 55.-.
The method or use of any of clains 51-54, wherein the reconbinant .reovirus
is  naturally-occuring. 9 NMay 2005 -47 56.-. The nethod or use-of -any of
cl ai ns 5%54, d\'l,\lhertiigg the reconbinant reovirus is non- naturally-occuring.
57. The t hodhemethgéonise affwiy of cl&ihisNS4 S wher el he reconbi nant
reovirus conpatuligoerating al | y- occuri ng \?i‘hre?ﬂ'gnngth coarﬁll"garn%{ei‘"ﬁusc'(s)&?ﬁg
sequencei 58. I he nethod or use of any of clains 51-57, wherein the
recombi nafit dByinethod gowprdf sag oflding 51082WheRL B RedoRPingit RBUmaNces. 59.
7he et hod or cenepsisesnamirajiy-ofcurihgiaiint 23at pRoin Af: §éh}u§|%es wher ei n t he '
r econbi E%nt %‘(Iaovmi a;(?@;esul ts fromreassortment of reoviruses select gd from:
t e, gr ouP- conshesmie uss ef aiiyy PE claithe QYIs¥, U I . [ eoVvir.us an
scrotype 3 r eeniprioes muded chls erodsn @ddﬁgm&ﬁxeﬁdas.ageiégfﬂ%?%gﬁrﬁémﬁ- 587" ™fherein the
reovi f_uzsgi S a_ghrgaecol:frlrjl:;‘ir nant reovirus and nore than one strain of reconbi nant
“reQvi rus’sui t Hisi me oraderion ey 6Sclhin@td1087, andLy. ai ned, i n_any of
clai ms 11- 28, redimup GsulahiomGssonhRi@ifRedy hEses é‘e%%{iasﬁw’;ﬁ?&%a“ g&‘? (‘%eﬁ?.“e“?‘“?‘?ﬁr
adni ni st rat i GAroBype & reosimsseRBlpe . k@irhy AT sérbiSpdf n%'@rugoré' SR Ee e _
intr av_—azi():ul a&& [ r;t rathecal , intravenous, Tntranuscul ar, subcutaneous,
i nt r apepPt ondik as dpedialanpsfalaims 11650, MhereihUH B; bmpand, Lntr at unor al
adm ni st rat i o#nd more than one strain of recombinant reofiiﬁtﬂgﬁeﬁi§&0@?mm' Lo

] 1 administration.

61. Use as claimed in any of claims 11-28, 32-50, and 60, wherein the reovirus is suitable

fqr z::gminist_ration by a route selected from the group consisting of intravascular
intral ecal: intravenous, npﬁamuscular, subcutaneous, intraperitoneal, topical, oral’
rectal, vaginal, nasal, and intratumoral administration. ’



