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10 particular, the methods provide for reovirus treatment of mammals to treat

proliferative disorders which include breast tumors, a subset of tumors in which

mutation of the ras gene is not believed to play a significant role.
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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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Am J. Path. 144:767; Bos, J. (1989) Canger Res. 49:4682). Ras activation
Is al so denonstrated by upstream mtogenic signaling elenents, notably by
tyrosine receptor kinases 5 (RTKs). These upstreamelenents, if anplified
or Ovefexpfesifsim%t) RS EinSi§ 350 %) abmPLRYPIAKLATAIOR] (Milliy, 108 o b i gnal
transduction activi anp es of this include overexpression of
PDGFR i n cert 1995) coifamserd?esgl‘)'ﬁdmras(ﬂhmherx, Rserwidl (1994)s Arm Jc PetioB42/76éu i n

breast cancer (Levitzld, A 99% . Biochem 226: 1; %{ﬁ% P. W
et al. (1994) B@ﬁc&g(éﬂ%‘?)gC‘%erlReSB .4652). (%@8@}1‘@&%@ spelemopgiraied g o

Current netho [ t her épy
and radiati on%iggéagﬁa@%%gﬁgggh%gﬁgaﬁé@% rg)g H‘Sﬁé}’gﬁ-osﬁﬂé%& e gﬁgér‘]gtg for early
stages of afR¥Ks).hTheeaipstréminyleindiie] i agdlified obevaeﬁﬁrbsts@hyltmmmv&du]by
surgical neans. In addition, netastatic growh of neo asms ma pr event
conmpl ete cure mﬁleYﬂe@Qﬁ&éﬁl‘bW hyiiheg eigpal toansAvation agRvIty Sffstration

of conpounds VI antitunor. ac e

anti met abol it e%vtequg%pongm’ ﬁ&f‘%‘i %%%&Fﬂﬁr@s ﬁ‘ 5@@{}%%?%5%&3 1er apy
s often |im gt BYrRYAIR ﬁbft@stejaﬁ@eqmv1wﬁchua99@ P FEBioRAEn VER8: 15 g,
bone marrow depression, renal damage, and central nervous system

depr essi on. Rdamesf POW. tdteuia(d?%)e@nwgermﬂ? 861 ; Posal (198 Cartcgr R&x. of nor mal
cells, in contrast with neoplastic, cells, to repair thenselves after
treat ment 40 t #9482kt i on. Radi ot her apy cannot be used to treat nmany

neopl asns,

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).
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10 period in the development of thcrapeutxcs 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
enly 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
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our mass and Jeige dndseoroleguled, fsuch asvantibndies, s a fancditiph ef yhaaf spaial eréenatioDespi t e
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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
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nunber of studies indicate a -4 to -30 fold increase of c-Src activity in
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(Ver beeks, 1996; ) - ested to
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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



denonstrated in T47D breast cancer cells that progestin stiraaj2obscel |
proliferation is dependent upon Sre/ Ras/ MAPK signaling. The fact that these
steroid neoapsorns can utilize Ras for their signaling suggesicaoi/fgiz Ras may
play a 20 nore pivotal role in the pronotion of growh in ER and PR
positive breast tunors. Ras itself may also play a nore pivotal role in

t he devel opnent of breast cancer that was initially thought. Although
activating nmutations in Ras are .rare in breast cancer devel opnent,

over expression of normal H Ras has been observed in breast tunors
(Shackney, 1998; Spandidos, 1987). Thi s-@&verexpression of Ras 2 5 may

provi de an additional nechani sm of uncoupling normal signal transduction
and pronote a tunorigenic state. Taken together these observations suggest
the 9 May 20@Easitidy(of/ta@diing MACtCARN/FAS phthway In tleaddvbiobineyt eff ndval prehstng an
activated Ras pathway in the devel opnent of novel breast cancer

t her apeut i cs CaRGeE MEHICHe have denmonstrated that reovirus is replication
conpetent in only those cells that contained an activated Ras signaling
pat hway, either through 5 direct nmutation of Ras itself or via upstream

el ements that resWrbvibisly e RAG¢ UMBbhsbRtddIhitaRGvirdID S¢plichticnNehm Jin
Additionally, we were able to denonstrate that reovirus could act against
tunors cont aicnlyngose ells thatconiained an japtivatedoRsCagnading pathgay) eithgsithiguglhe hunan

| i obl Ll 1] blished ft S
model . et o mplon of Ben BER AR veiproy Srab gt ERURE T repon ™
over expr ess & o3l HoBEréMal1968)S A dditibihllfa fveafdrt ¥Blei19 AembstARERASL r at e

acute susceptibilTty to reovirus infectionh in vitro. SCID mce were

i npl ant ed wi rtovimss 08Wldt achragainse hogpra febntaindng o Raoastivgtipmirpebd éCoflernr

est abl i shnment e tunors were freated with a.single intratanor injection
of reovirus. 1%3 Usipg the hunagy astomasenll e U%@%?ﬁé%%ﬁ Qegr essi on.

15 In view Of.f e il isRiBafilsRe FRARET B89 Lettd brel dAfecte =k SR bppfopPitite Bbad hat | N9

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 :



neopl astic growth, the need still exists for inproved nethodsdyaooshe
treatnent of nobst types of cancers and, particularly, breast cancer. It
woul d be have a means available to determne r '
susceptib&ﬁﬁpyh?%Ppredict the effectiveness of reovirus ﬁ%ﬁ%@ﬁ@ﬁ?$22o
SUMMARY COF THE | NVENTI ON The present invention is directed to nethods of

I dentifying the susceptibility of cells to reovirus infection by neasuring
constitutive ras-MAP signaling. Al so provided are nmethods using reovirus
for the treatnment of 9 May 2005 WO 02/39117 PCT/ CAO /01512 -10 cellular
proliferative disorders, and particularly,cellular proliferative disorders
wherein the proliferating cells exhibit Constitutive MAPK phosphoryl ati on,
in. mammals. In particular, the nmethods provide for reovirus treatnent of

I to t lif ' di d [ i ncl t ot ,
T eubset of tiDiac Brteaike oot R0 pel puihly TR pioherdir A5G 8Risey a1 o
play asigni fivadein the bRbliferdlis@calshilAtkos@ufiRl ROURC pR5spRbAAIN, 39 T eovi rus

recognition in the treatnent of cellular proliferative disorders, and
particul ar | y memmalsarn partiuldre thetmetbodt provide for mbvicks edtinbitt ofanamaksut | ve

cat s, shoop.  SbaebrOuEePred R ity BRGE e moR, A SIS huran
primates. dh Y. [ 1AL A . .ferating cells
an effecti %-eegﬂn%%%tag%@ooggg%gs rﬁeeI reoﬁlé}&géés{a%xggrléﬁg%%%t?@ghs whi ch
result in substantial |ysis of the proliferating ‘cells. The reovirus may

be a mammalian reovirus or an avian reovirus. The 15 reovirus may be
nodi fi ed such t hatATovdpdare methedsdor pseviertingyreayirug igeoguitionon i s packaged in
a |iposone or..m\cell r the proteins..of .the outer capsid h been
mut at ed. he TP eaBeior Pl BlollRK ko R pERE Aty S8 Cr i

mul tiple proliferative disorders which exhibit constitutive MAPK phosphorylation, in

mammals. The mammal may be selected from dogs, cats, sheep, goats, caitle,

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



hemat opoi eti ¢ neopl asns can be targeted. Use of preceding, concurrent or 20
subsequent_,i pression nmay result in nore effective r i t reat ment.
Accorgingﬁyéﬂyﬁﬁgﬁe aspect the invention provides a netho§ﬂ§¢&%®#35 i ng
cellular susceptibility to reovirus infection by measuring constitutive
ras-MAP signaling in a cell, wherein the presence of said constitutive
signaling indicates suiceptibility to infection by reovirus. Constitutive
ras- MAP signaling results in activation of the 25 MAP ki nase whet her there
is a mtogen. or not, and activation of ﬁ@f MAP ki nase 9 May 2005 WO

02139117 PCT/ CA01/ 01512 | eads to phosphorylati on of MAP ki nase. Therefore,
the state of MAP ki nase phosphorylation can be determ ned as a neasure of

constitutive ras- VAP i l.in st at g, 0f P khne r.yl ati on can
be determ neqi%‘gs WOSM%HO%&%W'?@? Tr ?Stﬁf?go%%?sgul ar by
using an anti gwh&ﬁﬁﬁbﬁlcs%%eheteﬁnﬁg@apamknﬁ&%@lCM&%nmm%, g&MAp anot her

aspect the invention provides use of a conposition conprising one or nore

reovi ruses f ogighdlingrelief statt of dMIAP kinase phasphenyiatibnrcan be detengined pyclny f er at i ve

disorder in a manmmal, which disorder is characterized hy proliferating
cel I's whi ch emsfhoriesiablished dutheast, apdin patisulsnby wlagiaar#lﬁg‘é%bmeféiﬁﬁgfgf

admi ni st ering 10“'; ihg cells in said manmal an effective
amount of gnep%ér%pfrir“l;o}?lea%r eovf%@éésepunder conditions which result in
substantial lysis of 10 the proliferating cells In yet another aspect the
i nvention provides use of a conposition conprising one or nore reoviruses
for the manuf act ur dn efotizer pepgiictherimmentioo pravideatse v a acmpasitiodSHnpAsife SHeBRMore
whi ch neopl asm.4su&h a2 ' rolif.erati cel.ls which exhibit
constituti ve NAPK pho.sg]%g[%rﬁlg{élug% o Pé‘o%r‘?a&eﬂtg%gdW%?%f‘é’rr?lﬁgfa?‘é? flipyder in a
neopl asm a r ed¥nug whichiserdsung chadckdrizeehy prdliferatiguddils | whishl bghibin tbmtitutive

oncol ysi s of tMIpRSAR (h€orC o t anot her aspect the .invention

provi des use of a ?o @ttﬁogh%cr%'rnﬁgfj %%ls(t)eﬁ"elg Ortﬁe Pﬁ??'ger?tg'g\?f: Sdgé%‘sf"&““‘tah@

manuf act ur e ofeffgctive aneuntehonefop morafep Girusésngderedmaistions mdichfresalt eabbtagiAl 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
* ina 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.



" disorders méﬁg g} n be treate
“bi ol ogi-cal f

in a manmmal, which neoplasmis characterized by proliferatingsgeldos which
exhi bit constitutive NWK phosphorylation, conprising adm nistering to the
manmal 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 conposition conprising one or nore reoviruses for the manufacture
of a nedicament for treating a suspectedlmeoplasmin a manmmal, which

neopl asmis characterized by proliferating cells which exhibit constitutive

- MAPK phosphoryl ation, conprising surgical renoval of substantially all of
the neoplasm and = adm ni stration of an effective anmount of reovirus at or
. near to the surgical site resulting in 25 oncolysis of any renaining

neopl astic cells. A&opﬂigl)zﬁ}p%nﬁce%%oﬁﬁ]ﬂ% rohferatlvg é‘}?oﬁggd"dlﬂgﬁ trre0|F1 géoiv\llrﬁs |

reoviru
a%"é’PdeBhl@oﬂblebgledSﬁnIﬁmabﬁaml suspect ed of havi ng a

proliferativeofiesed $&) Qﬂar&? ) ested r titutive.
ras- MAP si gnal i ng aCC(I)lggl ng H@h% [t)erde0 v ibpf v%ﬁlso a‘b‘fﬁfqusflgr ative
di sorder may-the samylecos distedoor asssBiedve $6s-MAD s dﬁgh? tﬁ? gﬁé‘éeht

gr owt h, such .as neurofibromatosis. Mdire prefera Iy, t he ative

di sorder,19s %‘éﬁ%ﬁeﬁh@l@fﬁiﬂﬂi&ﬁm@&pﬁm&y bb |ang coﬁdmungsmmmﬁrmtlpr ostate.
.cancer, coI ory r nce cancer, Adrenal cancer
liver cancer %ﬁ&g#lﬁc]‘ﬁg% CSQI%% tneé‘é P%Fﬁl%em‘épf%éblﬁeﬂiepher al

nervous syst @mm@rfﬁﬁ@%ordé 1@%&1%&@&‘ h%gin&ﬁegﬁ%%pé%gsn r olf&ug%%veﬁg}r, %%E?ﬁr a

is breast cancer. The present 1nventi

proliferati véallQCtr,scnidEctal E‘amjef‘,rth?f@id cdrter, Aehaledantér, AdFBRAN @mcerl 1iyOT €
preferably, the animal sel ected fromthe group consi sting oy dogs,

cats, sheep, CHsat- sPanEEﬁale £an¢e5; Biegst cphegs and wenteg! andrpenipireral pervoms g5stena n‘d

h . f | furth mbodi nent
there i s procnel & BRtikuahybrdBel oroiorsif? Binordocds brestiasgtider in a

manmal , whi ch .di sorder is characterized by proliferating cells which
exhl bi t constl tutl ve MAPK phosphor yl ati on,- corrprl sing
The present. mventlon is applicable to any animal with a prohferahve

dlsorder Preferably, the ammal isa mammal More preferably, the ammal is
selected from the group consmtmg of dogs, cats, sheep, goats, cattle; horses plgs

| ‘mice, ncln-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 Whlch d1sorder is characterized by
proliferating cells whxch exhibit constltutlve MAPK phosphorylation, compnsmg
admsztcrmg to the prohferatmg cells m said mammal an effective amount of one
or more reovutuses under conditions whlch result in substantial lysis of the

25 prolife;ating, cells; iM_ethods‘ which further comprise a step selected from the group



Adm ni stering to the proliferating cells in said mamal an efyifcigoge anount
of one or nore reoviruses under conditions which result in substantial
lysis of thgoeZ5pfoliferating cells; Methods which furtherpE9dRigsiza St ep
selected fromthe group 9 May 2005 WD 02/39117 PCT/ CA01/01512 -12
consisting of. admnistering to the proliferating cells in said mamual an
effective anount of an i mmune suppressive agent; renoving B-cells or
T-cells fromsaid nanmal; renoving anti-reovirus antibodies fromsaid
mammal ; renmoving antibodies fromsaid mamual ; adm ni stering
anti-antireovirus antibodies to said 5 mapgml ; and suppressing the imune
system of the mammal are al so provided, as are nethods which further
conpri se adm ni st rat i on of a chenot herapeut ic agent. Also provided is a

method of tr e%&ﬁ oteq ﬂnﬁﬁ&bﬂ f Mhhg B M@hﬁ%ﬁ&ﬁfﬁ%@&h@éi zed
by proliferati ng wﬁ }sﬁl tugl ?/e MA\P1 phosphoryl ati on,
conpri si ng aduﬂicﬁranngrﬂnetsh@m&so@l mm aemeﬁng Bucells or a‘me]le fraom said

sufficient to result in substanti al orlcojy ) of the n stic. cells.
Preferably, t MR, eOeyganihisoyireg aphedss 39"355 %quvﬁﬁgect ion into

or evi ousi y, _coAnRRAR s g bséq%%*%‘%%‘%s%i%%?%@%%%‘?%@ém

conpronm si By hiénmdlames pﬁdsgiﬁg tie itdveune sy BRRl ofahe naht®l hrcdlswipbvided, 48 so
provi ded is a nethod of |nh| biting netastasis of a neoplasmin a nmammal,

whi ch neopl asATe Betbpdsy which dirthey comppise pdmisisitating of @ Chametherepeutic Aghit
constitutive MAPK phosphoryl ati on, conprising adm nistering to the mammal a
reovirus in an anmount sufficient to result in substantial lysis of the

neopl astic, cells, Ald¥i00™Ed tsu mbBod G2 MRAHSE @aedmnﬁmephﬁﬁaﬂarvﬁﬁwusl Y,
concurrently or subsequently 20 suppressing or otherw se conprom sing the

i mmune syst enﬂmjplasnmsmmmterlaﬂ:deby prcérﬁenatmg oellsdvhigh exhipit onistipdive MAPKet hod

of treating a neo m i mmal |,
9 ﬁospﬁory ation, coxgpnssmg acﬂ:mmstermg 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



whi ch neoplasmis characterized by proliferating cells whicdpnyhiohst
constitutive MAPK phosphorylation, conprising surgical renoval of
subst ant i wid ¢z/38td7 of the 25 neopl asm and admi ni stration ofpcgiicQfife@ski ve
anount of reovirus at or near to the 9 May 2005 WD 02/39117 PCT/ CAO1/ 01512
-13 surgical site resulting in oncolysis of any remaining neoplastic cells.
The reovirus nay also be adm nistered system cally. Methods further
conprising the step of previously, concurrently or subsequently
suppressing or otherw se conprom sing the i mune systemof the mammual are
al so included. 5 Also provided is a phatymceutical conposition conprising
an effective anount of a reovirus and a pharmaceutically acceptable
excipient. Also provided is a pharmaceutical conposition conprising an

i nMmunosuppr e Sdal i h RRddrdi j a Leal ly
accept abl e e%cipieﬁ?éR§F¥§@Q%gﬁ%??%?ﬁ%m?aﬁgggg?%§§2%§?cgg??oga ﬁ?&hg%

i nmunosuppr essaydlsobe admamstired sysidnannally . 1 Methiods dirtler poopridmg. thd ktep wét hods
and pharmaceuti gal ,conpositions described herei.n provide an effective

means to treRCHERN-LORITERyY 5 SHDseqBeRYIPRYesURE OF QUISHTISE FUBPIAMRISINGt her
forms of can -t her \/g@ﬂ ”F%' iIi LRI r suppression of the imune
system i ncreggtfa's"". e é%?ﬂa i y o a?g(%i\%b?{llfg&}eg'i nfect and |yse
proliferating cells 15 which exhibit constitutive MAPK phosphoryl ation
because anti-reovirus antibodies are not formed. Because reovirus is not -
known to e associfdéeBroyided itip pharseaceuiinal corppasitioncompsising aselfratineed with

obj ect s, feattiRt S fleriutindhtbdspieeRalll BAbGRR ufifork o MDA, O ™'
the fol | ow ng Q‘ﬁﬁa&nﬁ@éﬁﬂcﬁlﬁoﬂé)ogﬁﬁﬁrdoﬁiﬂrﬁﬂlg% iRfeiREiRHesdait @O0 ment s of

the invention, as illustrated in the acconmpanyi ng drawi ngs. BRI EF
DESCRI PTI ON GAnmpeinDiRaHiNGSc®vitva \aod @(tharmaceutically 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



WO 02/ 39117 PCT/ CA01/01512 -14 Figure | shows the effect ofgMappeos
transformati on on host cell susceptibility to reovirus infection.
Uni f f ect abig obkdd1BT3 parental cells and v-src transforned pdNyEhahids@el | s
were grown to 80 % confluency in a 24 well plate and were then exposed to
reovirus at an estimated MJ of 80 PFU per cell. Cells and nedia 5 were
harvested at the indicated tinmes post infection and resultant |ysate was
used for plaque titration assay. V-src transformed NIH 3T3 cells (cl osed
circles), NTH 3T3 parentals (open circles). (Mean standard devi ation).

Figures 2A to 2Cillustrate in vitro reavig-us replication in human breast
tunor cell lines. (A) Reovirus protein synthesis in nock-infected and
reovirus- 10 infected breast cancer cell lines. Cells were |abeled with

C S methi oni ne T b1 uRodPulbcutod: GG taAlBRRARSE o HORLETsUBERIAIGDAT e

and subsequently noprecipitated with a po anti-reovirus type 3
serum and t heio soslryz adectiop. IGHafediGhlc NIELIT3 psreprabtdlsrmmdarscitradsfoahed on
the right. (_B@Eeovi regl,ss i nfectivi tal/ correlates with_caonstitutive MAPK
phosphor yl at i SRH-3ecalis st sraventocs0 conflyenty jea Riellgriats sad tveee BeBast

(oo o1 1 DR e i SR 0 o 9008 Sl

plated in a si plate. Were "€l presence of 10%

FCS or wereg sektdhfiéteded theindeatcdSimdsqostinfttion and rgganimdysabdongy wpdr s were
washed in PBS and cel| |ysates were prepared and Séjgln}?,f ected to SDS- PAGE.
Fol | owi ng bl ofaripifuediteation mssey e| V-ericdsasioniped NIHRS eells fclosagrdrclash d-wi t h

anti bodi es di ted aj nst ospha- MARK  Phospho- NAP | evel s were.all
st andar di zed B@”;P&eﬁf‘;’gﬁ\ﬁ&ﬁﬁ“ F’E@S@smﬁﬁ) iﬁ%ﬁﬁia%@gel s in the hunman
breast tissue and breast cancer cell lines. Figure 3 illustrates

reovirus-nediated in vivo oncol ysis agai nst human breast tunor xenograft.
SCI D nmice were i npFuresdAs b2 tiBustmtesinyyifam teoXirss veplicatier ml Huymani brbast

MDA- MB- 468 human breast t xenograffs. Follow ng the stabl i shnent of a
pal pabl e tumF““FPéﬁﬁ?’él%i K%fée@\ﬂms ol synthesis é%{qﬂglﬁ"%’?“@i? PﬂngeOV““S'

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



9 May 2005 WO 02/39117 PCUCA01/ 01512 live reovirus (open o mey 2s0s or
UV-inactivated virus (closed circles) was adm ni stered and tunor growh was
foll owed fy9p osyzpgfi od of four weeks. (Mean SEM . DETAI LERdESCEHIRd0N OF
THE |1 NVENTI ON  Previ ously we have shown that the human reoviras could be
used as an effective oncolytic agent agai nst human gliobl astona xenografts
in a SCI D nouse nodel (WO 99/08692). Here we have found that cellular
susceptibility to reovirus infection nay be determ ned by nmeasuring
constitutive ras-MAP signaling of the cell, since the presence of such
signaling indicates susceptibility to infigction 10 by reovirus. W al so
present evidence that reovirus is useful as an oncol ytic agent agai nst
manmary tunors. Al though ras nutations are infrequent in the etiology of

breast cancer 1iv@fé%wﬁaykoﬂr§§§fgliéﬁ§%§m diidGhel vitub RbicAMRispRal el ement s,

such as receptor tyrosi nases and non-receptor tyrosine kinases (such
as c-Src), i sadmmiserad and tfmoor growtiswas folawed fort dhperiddnef fovewesksn{Medn br east
cancers with nmonocl onal antibodies nay be irnpaired (see discussion
above), reoviﬁﬁgﬂﬁhy be an attractive cancer therapy. Firstly, reovirus
itself is a cytocidal agent and does not rely upon immune effector cells
to cause tunor regression. |Indeed, the natural nechanism of killing
infected cells is via direct lysis due to viral replication (Tyler and

Fields, 20 1996). Secondli‘, i t targets t hose breast cancers in which there
is activation of Ras. DRIAILED DESCBAPTIONJRF JTHEINVENTION ct i vati ng

nmut ati ons of Ras (admttedly a rare subset of breast tunors) but also
i ncludes activation of Ras caused by elenments upstreamof Ras itself.

These el engnts i NChUAEIRRL we Bhve SRFARRRAh MifSd Fdvirks BAAE be Bbdhasam EGFR and
HER2, but al so include non-receptor tyrosine kinases 9 May 2005 WO
02/ 39117 PCT/ €ifative daddlytic agent against human glioblastoma xenografts in a SCID mouse

model (WO 99/08692). Here we have found that 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



-16 such as the Src famly nenbers. Taken together, this tygevaf2ddser apy
could be used with great efficacy against a tunor type as heterogeneous as
breast caRgghysyigy would not be as restricted a strategy g ldish
targets only on receptor. Finally, the inability of antibodies to
penetrate into solid tunor nasses suggests that 5 reovirus, if delivered
intratunorally, should replicate unheeded. Thus, it is useful to know
whet her the cells of a proliferative disorder are susceptible to infection
by reovirus in order to predict the efficacy of such treatnent. To assess
whet her Src fam |y kinases coul d nedi ate qgovirus infection, uninfectable
Nl H3T3 cells were transforned with v-src and were then challenged 10 with
reovirus. W determ ned that v-sre signaling confers infectability to

reovirus inf j d 1 ne j : i ;

VDA VB 468, ML, & R RER BERERTERE Takby GeREn This AR R ety oUPBE;
derived from meedwith gheae @fficaty gt a urh&l typOas heterogensous apbreasivcances and
replication. Al five of the tunor :L5 derived cell lines were infectable

by reovirus wivquid aoicbes|restiotedastraieal pe ond thak ey gety ORIE 0D reesprare disalivhe
virus. To determ if the. at h i | i ese cell
lines, the | ePg@ lm{:ﬁﬁ’&ﬁiis%f)ﬁoo?wm%ﬁeﬁ%\ﬁgggg@g%rsségagﬁa%%gﬁgetgt&tragsence and
absence of 5 segsiius [IFRRBvERd Entfduﬁ_ﬁéraﬂj?',aého\dﬂr&?iiéhft@@ﬁmbdl@l. eFRishittiedseful
constitutive MAPK 20 phosphoryl ati on even in the absence of mtogen, while

the cell |inetovkiiewh whethendhe cedls of e proliferative disensier atgssupeeptibleito infaeting iy ed

MAPK phosphoryl at.i on on in th presence of. serum, Therefore,

constitutive m’lﬁﬁ%é’ F?/P’é?tdfcgqu Gy q%ﬁﬂ?bcﬁ?quﬁ'ﬁmof susceptibility to

reovirus infection. 9 May 2005 WO 02/39117 PCT/ CA01/ 01512 -17 To

determne if reovirus could be used as an oncolytic agent in vivo against
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.



breast tunors, SCID mice were inplanted with NMDA-MB-468 hunmambypuos
xenographs. - Followi ng the establishment of palpable tunmours, the mce

S were treay@@:Mdih a single injection of reovirus and tum@fcsd@siRs
nonitored for a 5 four-week period. The single injection resulted in
dramatic regression of the tunour size. Finally, the ability of reovirus
to act against primary breast cancer tunours was determ ned, and the
results indicate that reovirus was capable of replicating in biopsy
sanples collected fromvarious patients. Therefore, many breast tunors are
susceptible to reovirus infection. 10 Thgsname 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 fr Hlir%eﬁ? 1@5&1 r aag'aﬂl A B.
(1959), Science 138{63%% 3 Om%%gwr us ase%f%cgﬁ’ﬁtc agﬁlltlﬁn b SES st
cl assified i nbidast timovd, SCIDgaIRE Svere ﬁn;ﬂemd KxtitH T DA~ MMG&hemamwrﬁmﬁ

doubl e- stranded, se rrent ed RNA geno The virions rreasure 60-80 M in
di amet er and e Jollewingcthe Pﬂébl@é@ﬂlfd()f paineblestumenes, tiy migei vegre s

segment s wi i hUSTES ﬁé’@%@ﬁéﬁé oBu e Rt Fnd ROl e Wb K "'
segnents Vary faur-wéekeribdr aieinpld %fécubﬂﬁesﬁﬁé@iu@aﬂﬁ@ﬁegﬁéssfoﬁwlﬂws 20 have
been recovered from many species. hree types share a comon

conpl ement - f i kitp@praire Janallyt e Mmfwe@mueadcagmtmmarﬁbm@écg@ﬁbtypes
type 1 (strain Lan y T2J) and t (strain
Dearing or st PHPQHE ﬁ@?etelf%‘f‘; “%%fﬁﬁg ?é@gﬁ%& "H%S W@%@%@ of
identifiable fg r hi bition
assays ( Sabi n?éb gb%gdS%ﬁ aﬁp}éﬁggﬁécg% %@tﬁﬁgﬁ%&%fg%és lihd\lll\%

02/ 39117 PCT/ ﬁi%@éﬂtﬁxhﬁﬂsZarBsﬁkcemblako re(oizﬁﬁeﬁin,fecﬁundarrent al Virol ogy, 3rd

Edi tion, Lippincott-Raven; Rosen, L. (1960) Am J. Hyg. 71:242; Stanley,
N.F. (1967) Br. Med. Bull. 23:150).

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,



Al though reovirus is not known to be associated with any pard ugybeys
di sease, many peopl e have been exposed to reovirus by the tinme they reach 5

adul t hood i§ ¢§s011F EWEr than 25 % in children < 5 years ol dpof/@asliffdfe" than
50 %in those 20-30 years old (Jackson G G and Mil doon R.(f_. ?157%2 J.

Infect. Dis. 128:811; Stanley N.F. (1974) In: Conparative D agnosis of
Viral Diseases, edited by E. Kurstak and K Kurstak, 385-421, Acadenc
Press, New York). For manmalian reoviruses, the cell surface recognition
signal is sialic acid 10 (Arnmstrong, G D. et al. (1984), Virol ogy 138: 37,
Gentsch, J.R K and Pacitti, A F. (198518-J. Wol. 56:356; Paul R W et
al. (1989) Virology 172:382-385) Due to the ubiquitous nature of sialic
acid, reovirus binds efficiently to a nultitude of <cell lines and as such

can potential gynt @zrcﬂ.etI%ﬂm&ﬂﬁlﬁ&itﬁlnﬁrbﬂtogﬁ,uﬁ%Edlﬁ&?,\’[ﬁppinbé‘tﬁ-!RQven%[R%sen,
|

significant differences in suscepti bi y to reovirus 1 nfection between

cel | lines. Al.dE¥8)dned. iygellm42pstanieyal. FnehP671Becdudribdl. 123:k50pel | s whi ch
exhibit constitutive MAPK phosphoryl ation are susceptible to reovirus
infection. "Resistance" of cells to reovirus infection indicates that

I nfection of the cal ] : | ' osH by bRk fid.cant viral
production or vyiel %Rhégﬁl gé’btv ﬁggﬁaﬁrﬂékﬂﬁgggg??%%ﬁégr‘%ﬁ %&ﬂﬁ%&%&
denonstrat e i ditesse| oanppeepie bpat heen cepdsed teyeovirnaby 2 ine thelyreajint hesi s,
and/ or virus production. Resistance to reovirus infection was t%End_ to be

f
at the levél afulthond (-f-afeethehe> % 4o KBIIIER m SaXeaspldy o §rapSE thap PP gnin
wnite viral ! GRReshIRIRaNENE RLOMHSES. i MAIBLPRY. NGo¥SIL ek, pifr essed.

The inplantation © s’in m ce'i srecdgni Zed as a

wel | known nodeg:8syssianted OI.Ft 97N iCvepatdiietDidgnsssofNiral Dikaisés, ttited t unor
agents 9 May 2005 WO 02/39117 PCT/CA01/01512 -19 in humans, It has
previ ousl y beby EsKawstak aad Kp fawstele 18514241 dcadeanaie thiress, Bgwi YieRk). human tunors

i nplanted into SCID mce are predictive of their effectiveness against the
same tunors in humans.

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



Based upon these discoveries, Applicant have devel oped net hgdgayf o5
determ ning susceptibility to reovirus infection by neasuring constitutive
ras- VAP signakbilg and methods for treating proliferative ghsehg6§iSid N
mammal s wherein the proliferating cells exhibit constitutive MAPK
phosphoryl ati on. Representative mammals include dogs, cats, sheep, goats,
cattle, horses, pigs, mce, non-human primtes, and hunans. In a preferred
enbodi ment, the mammal is a human. 10 In the diagnostic nethods of the
invention, the |l evel of MAPK phosphorylation of proliferating cells is
determned in the presence or absence of_jdutogen. The presence of such
constitutive ras-MAP signaling in the cells is indicative of
susceptibility to reovirus infection. In the treatnment methods of the

invention, re t%dr{nﬁ

i ndi vi dual rraqrr%{r%l{ﬁ% %(ﬁgghg congfol%te%?h R}%\ 6 %@rgg tdl onE nthone
enbodi ment of hulag thiySiplinted iGRLECE ﬂlﬁcerzﬁ‘eprddhtslvfelméltl&ﬁxyeffdcﬁvaﬁm ni st ered
one or nore times. In the methods of the invention, reovirus is

admi ni st ered t2gaipsiche pEnRQ RS Itymansi n t he i ndi vi dual manmal exhi biting
constitutive MAPK phosphoryl ation. 20 Representative types of human
reovirus that can be used include type 1 (e.g., strain Lang or TIL); type 2
(e.g., strain JoneaaagédJ;?oh)thes'enﬂscbm&bs?»A@@h@mh&&ercasvelop&eﬂfethaas £y strain
Abney, T3D or T3A); other strains of reovirus can also be used. 1In a
preferred &b dldiempiing susceptidility tuseavirud mfmnoméxy\mcasarmgcmspp@ve rasmgAd

D005 V0 bl 3eimATHCkibEp Reg S hersey prol A YRGS n oo PR &

non- hunan ma ch as
baboon reovi ;né% ﬁ@%ﬁ‘?‘ﬁmﬁ‘?&é'%ﬁ?‘ﬁ’é“?@ge. r us§ Pho gﬂogﬁé\tgor{{ rerg%gm#lﬁtgﬁﬁgeow rus
(e.g., avian memuhalsdicluds dogejeats sheap, gbatelj dattiy, diotses,SEgn tyyioe,snomAtlinean

di fferent strains of reovirus, such as reqvirus fromdifferent
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,



5 species of animal, can be used The reovirus may be natura;jMyygggngrl ng
or nodified. The reovirus is "natarally-occurring”: when it can be

i sol ated fy@@ygisPurce in nature and has not been i nt ent |w7€hg(ylmplql fied
by humans in the |aboratory. For exanple, the reovirus can be froma
"field source": for exanple, froma patient. 10 The reovirus may be

nodi fied but still capable of lytically infecting a mammlian cell

exhi biting constitutive MAPK phosphoryl ation. The reovirus may be
chemcally or biochemcally pretreated (e.g., by treatnent with a protease,
such as chynotrypsin or trypsin) prior_bg-admnistration to the
proliferating cells. Pretreatnment with a protease renoves the outer coat
or capsid of the virus and may is increase the infectivity of the virus.
The reovirus r@gﬁﬁgy _Ni bert,
"Protease cl eﬁé@%ﬁgﬁﬁ)?@g\%ﬂrﬁ@%g?a%grﬁg)l?%}aﬁ%rfﬁhhan nmulC ﬂggb ocked by
al kyl sul f at ehuafrepjmnteseoviine, dichopsebaben teppﬂus;fequmé;amt ¢amit®e resvitns),roron
particle", J. of Virol ogy 72(1):467-75 (1998)) to reduce or_prevent an

i mune r espon3 @ORTRANE AlipRFReYIriHE &, Fdan W@V@%peﬁc‘i’fﬁh’ﬁm‘woﬁ&@?@t r eovi rus.

20 For exanpl chy e presence
of mcelle fgerr%ﬁrﬁgs ééio ce(ﬁ)tcfgigeﬁ %ﬁ%ﬁ%ﬂ?‘%ﬁw E'9(1‘hf"{a}trg}?‘; éﬁréggn I[E%'t generate.

a new inf gctg@dﬁs@ﬁbmmaalcaﬁ%tugme (I SVP) An | SVP may be used ei t her
alone or in conbination with whole virus to provide an agent that is

ei ther poorly recognized or has not been previously prevented by the

patient's immune system .25 WO 02/ 3911 01/01512 -21 The
Feovi sy be . {BCHBITRLTEY SRR PFOHIES BRAARTo 105 SursR

reoviruses w t'ﬁhuﬁ:hflfr—%ﬁétﬂﬁngat 0A6E it can BB SRMIMPREmSHhirdd i@ natre GRNAA Ab%
different antigenit deterfinants thereby reducing or preventing an inmune
response by abeamammuomﬂlg\mccﬂlﬁct@/bjekmmdnttbe hbomwryr Fer sxdanylpethe Such

reconbi nant vi si ons, f(% i
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



5 known as reassortants, can be generated by co-infection obmamomki an
cells with different subtypes of reovirus with the resulting resorting and
i ncor por aty@p/eh17 di fferent subtype coat proteins into thed@silihdlg Vi sion
capsids. The reovirus may be nodified by incorporation of nutated coat
proteins, such as for exanple al, into the vision outer capsid. The
proteins may be nutated 10 by replacenent, insertion or deletion.

Repl acenent includes the insertion of different amno acids in place of the
native amino acids. Insertions include the insertion of additional amino
acid residues into the protein at one oranore |ocations. Deletions include
del etions of one or nore amino acid residues in the protein. Such

mut ati ons may be generated by methods known in the art. For 15 exanpl e,

ol i gonucl eoti de si ' ﬁﬁﬁﬁ-h’ $h : | one of
the coat proteins E%eufgggﬁgi%qﬁétﬁq? e gené?gﬁ‘?@ﬁfgﬁ"ﬂ?‘?’,@ﬁ@??gﬁ%ﬁ ant coat
protein. Expreessuses with differing pathegenjo pheaotypéssuch dhat itcontaifisdiffecentranmal i an
cells in vitro ,such as COS1 cells wil| result in the incorporation of the
mut at ed pr ot eMHKIZEHE deterpinaps Shereby refuping QO PEGVENLENZ:N INARRS TESPRISDOY @an,

"Site directe i Lerim ' d rotein
sigmal: evi deﬁlg@ﬁ nggg%?gﬁf%&ﬁ%%&ﬁgg-ﬁg%%@ﬁ%ﬁ?&r gg‘té]%)tc%r m%linr%fﬁ}émg%%s?)n
Virol ogy 186(kiowhil@-rédssoit@@s,) canDeneacrard byao-infecfiombpmanimapian kelbwlith

functi onal angilﬁ%si s of the Ctermnal globular head of the reovirus cell

attachment pr@ifierant sujtynss ¢f yeondms mithethe repulting gegorting and incgrporationod

N-term nal quarter of reovirus.cell attachment .nrotein. sigm | possesses

intrinsic 2531\#?6?1'6?@%‘%9?{%0“?‘%’8{9 @‘ﬁ"e V&B{)“fg@(%; 95-103 (1990)) 9

May 2005 WO 02/39117 PCT/ CAO1/01512 -22 The reovirus is preferably a

reovirus nodified to reduce or elimnate an 1imrune reaction to the

reovi rus. Such nodllid mdvirepmay bs nardifiedeynimdorporation odprussted ted pratoins,y us" .

Such nodi ficatipns, could |nc)ude packagi ng of t,ge r eovi y us i%a Iip Sone,
f e mutate

a nicelle or B¥A& fraxample ¢k, iptodhe yo icApRid ¢ (Th&Drpiains may

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))



S5 mammal s i mmune system Alternatively, the outer capsid of gmgypemvirus
virion particle may be renoved since the proteins present in the outer
capsi d ar aydggserpj or determ nant of the host Immoral and gepéadiAisiz
responses. A "proliferative disorder” is any cellular disorder in which the
cells proliferate nore rapidly than normal tissue growth. Thus a
"proliferating cell" is 10 a cell that is proliferating nore rapidly than
normal cells. The proliferative disorder, includes but is not limted to
neopl asns. A neoplasmis an abnormal tissue growh, generally formng a
di stinct mass, that grows by cellular prxgddferation nore rapidly than
normal tissue growh. Neoplasns show partial or total |ack of structural
organi zati on and functional coordination with nornmal tissue. 15 These can
be broadly classi firgg red\ifisti§ pREcraBly ArrebviRfSmodifibd SR GOfInAas® anar i Si ng
fromepithelial structures are called carcinomas, nalignant neopl asns that
ori gi nate fromusnaeectiorta thegewmdrusuShclamodifiad repvicusrare lterped fat or bone

are called sarconms and | i gnapt .tynors  affecti .n t opoi Gti C
structures (st iREYIAREaectsd reoyTris g SR WAGALRHGRS OB IBFIIRS Binkagiag OE jhe

i ncl udi ng conpQrR&n fiz | : ' ] nd

| ynpho mag . An?u nor s |§% chﬁbgtﬁrééo’g}l%%ﬁl %&g%ﬁ ﬁéﬁ(‘l)?@&fﬁlg%‘:’hgggi\gﬁg g{?ggral.eaAs used
herei n, a 'sneaphasatl immkiae sysedner Ad@rdatively, the"dutermapsid of thel redendedrivm

enconpass henat opoi eti ¢ neopl asps as wel | as solid neoplasns., O her"
proliferativePditislsmay be ropapvedeince the proteinfRressukin tg ouisr sapridaiedhenat osi s.
At | east sone t t I ff [ | r-which are treated
25 using the nn%j%o%ger%?ﬁﬁ8?I&eeﬂégtnw&ﬁéleﬁd?%yﬁ%< g‘%sg)?{l&g'onst itutive MAPK
phosphoryl ation. Simlarly, at |east sone of the cells which are determ ned
to be 9 May 2005 WO 02/39117 PCT/ CA01/01512 -23 susceptible to reovirus

i nfection using thé 'molifeastiverdizonéerp issayreellntay disordsn i sibiichi the cdbnst i t uti ve

VAP PhOSPROT 41 ol ropf® S5l hah S0 chSueTloWEE S £ prolShrg e 19
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



B lynphocytes, B-1 and B-2 cells. B-1 cells are self-renew agifnhos
frequently 5 secrete high |evels of antibody which binds to a range of

antigens (p8loyspgsificity) wth a relatively low affini tyPCﬁEﬁOJ}'?]YﬁE rity of
e

Bcells, B-2 cells, are directly generated fromprecursors int

one

marrow and secrete highly specific antibody. "T-cells" refers to

T-1 ynphocytes. T-cells differentiate wiwthin the thymus 1o gland and are
specialized to operate against cells bearing intracellular organisns.
T-cells only recogni ze antigen when it is on the surface of a body cell.
"Anti-reovirus antibody" refers to an antazbody which binds to reovirus.

"1gG anti bodi es" refers to i munogl obulin G antibodies. 1gG

t he nost

abundant type of antibody, carries the najor burden of neutralizing
bacterial toxingesifle dPredvittl MfectiBn Witk AY MBMLENSE he g@é&&%ﬁﬁ@enftihﬁ'ekhibit

phagocytosis. "Humani zed antibodies” refers to anti

ody nol ecul es in which

t he am no aci dosstiguivedAPK pHosphomplatiemt i gen bi ndi ng regi ons has been
altered so that the antibody nore closely resenbles a human anti body, and
still retains its original binding ability. "Adm nistration to a

proliferating cell "E[ceﬁ?oglf&§%]3h?€lbﬁ .ti‘lﬁ}%éﬂé%oﬁ%jgfﬁﬁ?%ﬁaﬁ

adm ni stered in a manner so that contacts the pro

iohs of
cells or

cell's of the BelgpiphsoptésaBsd aneBe ¢ctld. (B3] helleare salf-rémesapd amid frequeatlys”) . The
route by which the reovirus is admnistered, as well as the fornulation,
carrier or SveRgsete highyeyels abprtibgdy whithebindttorg HALE ST WtiZensPolsBedijsil) of t he

cxampi o, or 0 Rl Bl ol RGO ALORHAR 7 RapcaRRts . T

PCT/ CA01/ 0151 Zener#éd &Oaepecis6rs ih AR B \thdrtew aAd sdtect@ Biphhy

d by

injection directly to the neoplasm For a henatopoi etic neoplasm for

exanpl e, the eei@dyus can be adninistered intravenously or
i ntravascul arly. For neoplasns that are not easily accessible

within the

body, such as netastases or brain tunors, the reovirus is adm nistered
"T-cells" refers to T-Iymphocytes. 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



5 in-a manner such that it can be transported systemcally tgrmg*lgjwt he body
of the mammual and thereby reach the neoplasm (e.g., intrathecally,

| ntravenougbya@dirzi ntranuscularly). Alternatively, the reoyifiEgel@Rg0e

adm nistered directly to a single solid neoplasm where it then is carried
systemcally through the body to netastases. The reovirus can al so be

adm ni st ered subcutaneously, 10 intraperitoneally, topically (e.g., for

nmel anoma), orally (e.g., for oral or esophageal neoplasm, rectally (e.qg.,
for colorectal neoplasm, vaginally (e.g., for cervical or

vagi nal neopl asn), nasally or by inhal ati o®%pray (e.g., for lung

neopl asm . Reovirus can be adm ni stered systemcally to mammal s which are

i mmune 15 conprom.sed or whi ch have not devel oped inmmunity to the reovirus
epi topes. In EF@FP‘@SS@,‘W‘@W\%%@C adwinistened by dnjsgtivnativecel Ity the nedplakiy,

I ntraveneous i I{ Wal e aci the proliferating cells resulting in
| ysis of the Cg}){egﬁlb%hﬁgpé‘fetlﬁene%%ﬁér Fp@mpg%t ¢ EQVERS san/ke admmistered t er s of
anti-reovirus ttavemmisiysor RiAsOBAYY [ By H’éb? ash§ 1A YH ﬁ'&tgeta%b‘?gcctp%' ?e fUS

effective. 20 | nppunoconpet ent mamral s previously expose
subtype may h¥ % BPép ctichh asmetabtasasir drrain elhors AtheirBHAIS ¥ aliQidiidbq

reovirus sugty hel ess, 1t has been found that direct injection of
t he reovirus i%%omgﬁ%\é%p@l &]flﬁ’rs[rﬁ?“ bﬁﬁ%ﬁ%m@mm&emwoﬁmsult in
the lysis of tinemnedphdfletdhy réfdhl o} her_hand, when the reovirus is
admi ni stered systemi cal | 15 b itﬁemrﬂn éég%@f%hﬁl%a}?ﬁ&ys,m?ﬁ@nm¥s may

produce an i nmiiHampgosleslyde Alernativelyr devieovisus 3d G aﬁﬂﬁﬁiﬂﬂpég%if&ggﬁgiglgay_ tz)g

avoided if the, i fus i s of 9 May 2005 WO 02/39117

subtype to mﬁé‘?ﬁ%‘é“#’éﬁ?ﬁiﬂsmh erfolt then\ie Fapied systericaliy thromglt fhe bodpwd r us has
been nodi fi ed A&afARY] THS k¥nvisS il herein such that it is

| mmunoprot ected, for exarl%cf e, %%/ﬂ%?gtbgg t@r SEREHEseoske out er capsid or
packagi ng it antrapeeitdneally, 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 previously exposed to a reovirus subtype may

have developed humoral and/or cellular immunity 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



Alternatively, it is contenplated that the i munoconpetency gQfiaytdts 5
manmmal agai nst the reovirus may be suppressed either by the priior or co-
adm ni str 3§ @ssAly pharmaceuticals known in the art to supps@Eséadiitgsimune
system in general (Cuff et al, "Enteric reovirus infection as a probe to
study immunotoxicity of the gastrointestinal tract" Toxicol ogical Sciences
42(2):99-108 (1998)) or alternatively the adm nistration of such

i mmunoi nhi bitors as anti 10 antireovirus antibodies. The hunoral inmunity
of the mammal against reovirus nay also be tenporarily reduced or
suppressed by plasmaphoresis of the mammlss bl ood to renove the
anti-reovirus antibodies. The Immoral imunity of the mnmamual agai nst
reovirus nmay additionally be tenporarily reduced or suppressed by the

I ntraveneous @%@" t ' ¢¥HﬁE¢Fﬁ idVefored B bayl 4 ; 5
mammal . It is co etrﬁrp‘f]g{%ﬁegﬁt at the g@ggﬁego may E?ghg’dér#%iesr%@rnggﬁﬁ%

i nmunoconpet eb¢enmaodified as previvuzlydlesgritied diercdinaahdbati it issiminmmprgiestet, ifan wi t h
the adm ni stration of inmmunosuppressaws and/ or, i mrunoi nhibitors, Such

i munosuppr es S5AMRIC. YOPTORREHBIZATHODI Of ShesOuPrerapsig o PABKASHESIR aPUcele-| | in the
art 20 and include such agents as cycl osporin, rapamycin, tacrolinus,
mycophenolic acid, azathioprine and their analogs, and the |ike. Qher
agents are known t gltbmétively ninineasignplesd dol (R iapsuddcespaensyedt th¢ see, e.g.,
Goodman and G Il man, Th Edition, page 1242, the_disclosure of which is

i ncor por at 8d Herwiah agsinstdhe Feovis may baerpnrassedh sithayi by the PEIORPEeP-i ncl ude

"anti-antireovirus antibedies. " which are.25 antibodies directe | nst
ant1 -1 eovi rus ErpREPR 8F i Breatithts daPud ifthe At rniion S e EENGH A n 1 »
the art. See enBeR (0L ef AN YIdRCERovitnd MRREBA Q5 ¥ pist@lstudy May 2005 WO
02/ 39117 PCT/ CA01/ 01512 -26 E. Harlow and D. Lane, Cold Spring Harbor

Labor at ory ( 188@ynotexiciy afithie-gastntintestingl trast” Joxichlogicas Screnced 6260090108t er ed
[ to, at ti hoy t.l ) . . s e .
priorto, a 51@38)3 %gealtel.!nggvéijrf the é)c{mml%tratlon 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”



after the adnministration of the reovirus. Preferably an effeq@ihygog@nount of
the anti- antireovirus antibodies are admnistered in sufficient tinme to
reduce or wehogisdigi € an 5 i nmune response by the manmal to gdiecafiisdast er ed
reovirus. The terns "immunosuppressant” or "inmune suppressive agent”

I ncl ude conventional inumobsuppressants, imunoinhibitors, antibodies, and
conditions such as radiation therapy or HV infection which result in
conprom se of the immune system 10 The term "substantial |ysis" nmeans at

| east 10% of the proliferating cells are |ysed, nore preferably of at

| east 50 % and nost preferably of at |easig 75 %of the cells are |ysed.
The percentage of |lysis can be determned for tunor cells by neasuring the
reduction in the size of the tunor in the manmal or the lysis of the tunor
cell s in vitre pidlol siPDRne CURFShitfh AhrdoRYlBorafrd(Sseh Coatil fi-di sor der”
means that the rrarma? may have a proliterative disorder or tunor or has
been di agnosedntiiedvirs anpibodiet arapbe admdhistered qurion rto,t al iy same thas obswmtly

previ ously di agnosed with a, pr?I i ferative_disorder t tungr or

tunor, th
subst ant i al | y28¢1 the pdmgpdstration,of fesreoyigsn %@fe@a@mw%%ﬂ@epﬂghafe ts@ta mal
|5 suspect ed ghaRBVib! Lol Al e MlifiiRled 1A It HBR! b Sodub'of clilf G AP"
al so i ncl udes phar naceu |ca’I conposi tl ons WPlI C contal n, as the active
i ngredi ent 5 OfBmAke FERHENTIeDYEHD AR 3G thetMndfisicredmeovins, bThokanand one or
nore of the reoviruses associated with "pharmaceutically acceptable
carriers or exbhghegsuppressant el ‘ANHELE FEPRIBBHEsAZEN HBclBdC eonventiongbnt i on, the

active 25 ingtedients/ | NESURPI. nt or. ..l nEi Nhi bit or d reovirtis
are usually Quwwn%gres%. 3Y ﬁ%ﬁ@%?gﬁf@}ﬂm{’%&% Qsh_ an _
exci pi ent, di ki#ifRbnterdPy 86X HIViifREHAT whiRE et WofdprdmBe 6Nk iduneer  Whi ch

can be in the formof a capsule, sachet, paper or Other container. \Wen 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 tablets, pills and capsul es.
10 Some examples of suitable excipients include lactose, dextrose, sucrose,

=1
L=

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



The tablets or pills of the present invention nmay be coatedgaayaiohsr wi se
conpounded to provide a dosage form affordi ng the advantage of prol onged 5
action. Foyoexssiwye, the tablet or pill can conprise an ingefcid@sage and an
outer dosage conponent, the latter being in the formof an envel ope over
the former. The two conponents can be separated by an enteric | ayer which
serves to resist disintegration in the stomach and permt the inner
conponent to pass intact into the duodenumor to be delayed in release. A
variety of materials can be used for such 10 enteric |layers or coatings,
such materials including a nunber of polggeric acids and m xtures of
polyneric acids with such materials as shellac, cetyl alcohol, and

cellul ose acetate. The liquid fornms in which the novel conpositions of the
present |nyen#h @er&ﬁﬂ%Qﬁbdﬁﬁ@HPﬂﬁﬁ Eﬂhﬁéﬁqﬁﬁﬁ@ﬂ&?*&@%ﬁﬁﬂm%haihywﬁkmpy

i njection include aquebus 15 solutions, suitably avored syrups, aqueous
or of f suspenpilleasd cagsdles] avored enulsions with edible oils such as corn
oil, cottonseed oil, sesane oil, coconut oil, or peanut oil, as well as
elixirs and simlar pharmaceutical vehicles. Conpositions for inhalation or

i nsufflation incluge, eyl &ﬁﬁg@s Qgﬁl\? g%ﬁp@?&ﬁ%& ﬂ%%g, ?ygga@‘?dc 4 th&idey

accept abl e, aqueous or orga xtures thereof, and
powders. The tdrfptvided toSiollie QiRAS fokra aSfordiig eheMidehmitagaibl rolonged
pharmaceutical ly acceptabl e excipients as described herein. Preferably the
conposi ti ofs agtionadirexamplee theggbleter il £an epmprigsaan inaepiasagomd A f or

| ocal or system c effect TROSI L.1 ONS . | ref er ahl ar Lcally
accept abl e soﬁa‘i’/séﬁ'_? gomlwnbég 3 ﬁﬁ%%l;leﬁg@n 8%31}%"(6%/0_;’52’3 ggﬁ%%%h‘frr zed
sol utions mayTRe & BahSchedR dh b8 Géparatbd Bgah Betefi8 Myl Ginih SteVdsa6 r&istt he
nebul i zi ng devi ce maybe attached to a 9 May 2005 "WD 02139117 PCUCA01/ 01512

-29 face naskdismbdgratiom inrtheestoincteand permitt the énngr ecreponenbiocpash intart iwlo thane.
Sol uti on, i on, wdey ., i {i be . adni nj st d,
p?e]lcj elr g& y 3? qri)qe SIIH?I%I t(()) {Je chiglayee mcrg{égé)es.l ngggtyr(r&%ateerz ] (r:nan es dsed Tor 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



nasal |y, from devices which deliver the fornmulation in an appuapphd €
manner. Another preferred formul ation enployed in the nethods of the
present Sypygely on enpl oys transdermal delivery devices gcepakgiifsiy - Such
transdermal patches nay be used to provide continuous or discontinuous
infusion of the reovirus of the present invention in controlled anmounts.
The construction and use of transdermal patches for the delivery of
pharmaceutical agents is well known in the art. See, for exanple, U S

Pat ent 5, 023, 252, herein incorporated by 10 reference. Such patches nmay be
constructed for continuous, pulsatile, asdgn demand delivery of

phar maceuti cal agents. O her suitable formulations for use in the present
invention can be found in Rem ngton's Pharmaceutical Sciences, the

di scl osure of gyl hyiSnl Bfﬁi&gﬁ%u‘[?gosiﬁ% 'e&ﬁybfeﬁih%igeﬂxﬁgﬂne“%ﬁﬂﬁon

i mmunosuppr essant or I nhunol n r-and reovirus or t phar macéut i cal
conposi tion cempensiom dripoevdenvaimpuiiopp hesysStenddntnisterdl) poeferablyoortilty oand
reovirus may be packaged into convenient kits providing the necessary

mat erial s pac 3. frRigdeyines ahich debiverstha Spmnultion ig 2 APPEPSIATBYCRe kit s
may al so i nclude chenot herapeutic agent. 20 The i ni nunobsuppressant or

i munoi nhibitor is admnistered in an appropriate anount and using an
appropri ate schedulpgotter peiferédforiilabion eiipldyed @M the hethod@sef the present

i nunt nosuppr essi on or i munoi nhibition of the manmal's i nmmune system Such
anounts and sitvetiidreemplogs wenddewmnal wislivery devises O'patchéed"). Such tiansdermal 9 May
2005 WO 02/39117 PCT/CAO /.01512. -30 .The reoyirus is admni s% red in an
amount that 1 BACRGSR BP0 Bravge fapeimuys o diiconfipughs lyonaf e o | on
‘effective anmpiymi of fheﬁir@échf ﬁfvﬁﬁtidﬁ%%?@él‘i’tﬁaﬂl&mé'.tTE@E@d?ffru&ﬁlﬁ”and use

adm nistration of reovirus to the proliterating cells effects lysis of the
prol i f er ati ngofwhhsderiialipatdey for dlsaiddliviery of phadmatentoaliagemts reweli kndven in

neopl asm or

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.



5in a conplete elimnation of the neoplasm The reduction igwmsg Zssof the
neoplasm or elimnation of the neoplasm is generally caused by |ysis of
neopl asti gy@alo51L "oncol ysis") by the reovirus. Preferablperdgimidigctive
amount is that amount able to inhibit tunor cell growh. Preferably the
effective amount is fromabout 1.0 pfu/kg body weight to about 1015 pfu/kg
body wei ght, nore preferably fromabout 10 102 pftAg body wei ght to about
10" pfal/ kg body weight. For exanple, for treatnment of a human,

‘approxi mtely 101 to 1017 plaque formng units (PFU of reovirus can be
used, depending on the type, size and nuslper of tunors present. The
effective anount will be determ ned on an individual basis and may be
based, at least in part, on consideration of the type of reovirus; the
chosen route of 15rRdiyiral 'isaatd'.rrﬁﬂistewﬂexh'aﬁdiﬂdtﬂt‘ﬁiatﬁsﬁfﬂc@ent%@&eat&ﬁé‘der the
severity of the patlent S e size and other characteristics of
t he neopl asm prbiferhtive disdeder (Et’@ ac Oeffective hmbinetl ppX prelyfetaive disopdardever al
days to several nonths or until dimnution of th

? di sease i hi eved. The
i Mmunosuppr es s‘ﬁ?ﬁte%rwh%ﬁﬂ%nﬁﬁattﬂﬂt rreavignstadhs pradiicratingfe QﬁffgﬁfﬁiW%‘?fer ed in
a single dosegi&?ﬁr néjo%ﬁii i ﬁ%sultHPa[Pedh&i’dh %e%?i?éneo-ﬁmm '&”t' pl e
doses can be 2] 5 concurrent or consecuti vel

period of daym @éome&samﬂmnrﬁwe fdtplaan 'madbm@dmsmesifemcenh@msmr e am
one neoplasmin the sane individual. The conpositions are preferably

formul ated i nomeliminatioetite neoplasm.cia generally canseh b Inssraf Aieaplagicasells

10 pfus o abpateay pans ey REe. RSy ot ARYE bl ot
PCT/ CA01/ 0151, innidi thﬁxb%ewgfdwtﬁowraia B/ thE effe@tiveratndudt RIYSih @Bbty1 .0 screte
units suitable as unitary osages for human subjects and ot her manmal s,
each unit conpfaikg btgiyawelghﬁdebelntrﬁ(}‘lseqbfldhgbody weight, mare ipreferablyl frameabett t o

d the d th
proauce 118 %6 5 reﬁ{g bo?igr%v%lg t'to about 10 pfu/kg body weight. For example, for

Dr—

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



effect, in association with a suitable pharmaceutical exci pigaphy 2605

menti oned above, it has been found that the reovirus is effective for the
treat ment vah o588 neopl asns in i mummoconpet em manmal s.  Aggpikgdifopitkon of
unnodi fied reovirus directly to the neoplasmresults in oncolysis of the
neopl astic cells and reduction in the size of the tunor in inunoconpetent
animals. When aninmals are rendered i numosuppressed or inunmodeficient in
some way, 10 systemic administration of reovirus will be nore effective in
produci ng oncolysis. It is contenplated that the reovirus may be

adm nistered in conjunction wth surgergioer renoval of the neoplasm
Therefore, provided herewith are nethods for the treatnent of a solid
neopl asm conpri sing surgi cal renoval of the neoplasm and adm nistration of
a reovirus at {@h WeRdokdret i dlg ; s | | at ed
that the reovirus my b%eafgﬁnnﬁirtgfeégteo %%%ﬁ%ﬁ%ﬂrﬁé S\{/l\}t%ﬁﬁéggﬁlﬁﬁlﬁggdition
to radi ati on désagesfpr Whinah subjecte and other mammals, eachumiosongginiagaed. 1t i s

further contenplated that the reovirus of the present invention nay be

i i st or 6d PIOBGIGR Aretitn ot FRoster FeLcHiEd RoMrodteadie RS haanERr

conpounds or eﬁ*&t,cm p‘ﬁq}ﬁ% éhi&%[?ﬁ@g%ﬁﬁ&mgéﬂﬁﬁw'c agents are
| of tunors. c

conpounds which nmay I n It the growt agents, include, but
are not limted to, 5- fluorouracil, mtonycin C nethotrexate,

hydr oxyur ea, cycl ophospham de, dacarbazi ne, m toxantrone, anthracyclins
(Epi rubi ci B and DoR&psBtienss aboxey it Badbess foynd thatdbe repvirus dyeffective farthept i n,

et opsi de, pre .at onpound 0L 02/.39117
PCT/ CADL/ 01515 ALmgY 0553816‘2%%%'?% noan ‘“@F%ﬁﬁ%‘ﬂ% H%Sé‘ghggm!ﬁ%"ﬁ%gg axol and
taxotere, horumiedifibEfedRires dirtiBtoahe hepNRN reSiltsdN Snddlyéis O ﬂfe%ﬂﬁ‘lﬁsﬁc
I nterferons, aromatase inhibitors, progestational agents and LHRH anal ogs.

The reovirus ¢4 apd edvston br bs simetod thyf utree inpirersemcompetent animalsaWheeen

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



5 found to reduce the growh of tunors that are netastatic. glyg

enbodi nent of the invention, a nethod is provided for reducing the growth
of netast ayHezadpPrs in a mammual conprising adm ni steri ngp@ERcafifegshi ve
anount of a reovirus to the inunmmosuppressed mammal. 9 May 2005 WO

02/ 39117 PCT/ CA01/ 01512 -33 The di agnostic methods of the present
invention may be used to identify the susceptibility of cells to reovirus
i nfection by measuring constitutive ras-MAP signaling. This will be useful
to determine in what cases reovirus treatnment of 5 cellular proliferative
disorders is likely to be effective. Thezpeoviruses and i munosuppressants
of the present invention nmay be wused for a variety of purposes. They may
be used in nmethods for treating proliferative di sorders whi ch exhibit
constitutive MAB aﬁﬁﬁx Jaye| educe
or elimnate neéﬁ?ﬁﬁaipg&hﬁJﬁ&hpq use H?gﬁﬁhlnet oggﬁ¥§@ﬁ?reat9%gw§

nmet ast ases. Thmhamwmﬂuﬂhmﬂndam}amwummpmkmhnwmthukmnmmlnhmﬂaﬁnents for
cancer including surgery, chenptherapy and radiation. In order to further

i | lustrate thBrogesaiiqhal pgrptranddHRHANAWESNt ages thereof, the fol | owi ng
specific exanples are given but are not nmeant to limt the scope of the
claims in any way. EXAVMPLES In the exanples below all tenperatures are in

degrees Cel si us (UuTheseovirs asd WhisBndsippresand of @idprebdnt peicatiod RoRdbeer e
wei ght percentages (al so unless otherw se indicated). In the exanples

bel ow, theSf ofquamtmgecm%ﬂ&/grawﬂwfstumweth@we mtas&mndnznmnm&nnmg thef an
abr eyt 0% ReMDige dThide ts prbvila? ' BaRERTHE kot RSB

m cronol ar
mammal comprising administering an effective amount of a reovirus to the

immunosuppressed mammal.



WO 02/39117 PCT/ CA01/01512 -34 nmmillimolar Mnolar nl iy 2dgser | LI
mcroliter 51ng mlligram Yg mcrogram PACGE pol yacryl am de gel

' ' ' 0 DTT
el ectroph pmrevol utions per mnute FBS fetal bovig5ekdiigisit0 |
di t hi ot Er %?2%159118‘{)8 sodi um dodecyl sulfate PBS phosphate buffered saline

| becco’s nodified Eagle's nedium a-MEM a-nodified Eagle's medium
I:P)I-VI\E/I\E/I I:P){Jrrgrcapt oet hanol MJ grrul tiplicity of infection PFU plaque form ng
units MAPK MAP kinase phosph- MAPK phosphoryl at ed- MAP ki nase 20 HRP
hor ser adi sh- per oxi dase PY_R doubl e-stranded RNA activated protein kinase
RT- PCR reverse transcriptase-pol ynerase ct3dn reaction GAPDH
gl ycer al dehyde- 3- phosphat e dehydrogenase EG-R epidermal growth factor 4
receptors 25 MgK kinase nmitogen-activated extracellul ar signal-regul ate

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

5  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

10 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,

15 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

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

uM micromolar



| dnase DMSO di et hyl sul f oxi de SCI D severe conbi ned i mmunodefigy) zaesy 9 May
2005 WD 02/39117 PCT/ CAO /01512 -35 CGeneral Methods Cells and Virus
Parent al Nybhsisigells along with NI H 3T3 cel | s transfor meghmihéy iz C

were a generous gift of Dr. Jove (University of Florida). Breast tunor cell
lines 5 MDA-MB-468, MCF7, MDA-MB-435, T-47D, SK-BR-3 and the control HBL
100 cells, were a generous gift of Dr. Karl R abowol (University of
Calgary). Al cell lines were grown in Dul becco's nodified Eagle' s nmedium
(DVEM containing 10% fetal bovine serum (FBS). The Dearing strain of
reovirus serotype 3 used in these studi essavas 10 propagated in suspension
cultures of L cells and purified according to Smth et al (1969) with the
exception that P-nereaptoethanol (P-ME) was omtted fromthe extraction
“buffer. Infection gfpCel | s and Quapfiidahd on of Virus Confluent nonol ayers
of cells were grown in 24-wel| plates and infected 3-5 with reovirus at an
estimated multipli Mty of infectiowmlaf 80 PFU cell. After 1 hr incubation
at 370C, the nonol ayers were washed with warm DMEM 10% FBS, and then

i ncubated in the s medi um™ At Wds times postinfection, a mxture of
NP40 and sodi um de?(ychol ate was gdeg.gdi rectly to the mediumon the

i nfected nonol ayerS to final concentrations of 1 %and 0.5 % respectively.
The 20 | ysates wereng hen harwest echiftiggarwi r us yi el ds were determ ned by

pl aque titration on L-929 cells. Radiolabelling of reovirus-infected cells

andpreparation of M#sates = 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



Subconfl uent nonol ayers (80 % confluent) of cells were infectpsy yadsh
reovirus(MJ -10PFU/ cel I). At 46 hours after infection, the nedia was

repl aced SydyszdpP5S WO 02/39117 PCT/ CA01/ 01512 -36 wth gmbtPianise-free
DMEM containing 10 % FBS and 0.1 nCi/m [35S]- nethionine. Arter further

i ncubation for 2 hours at 37C, the cells were washed in phosphate-buffered
saline (PBS) and |lysed in the sane buffer containing 1 % Triton X-100, and
0. 5% sodi um deoxychol ate. Lysates were then boiled and 5 stored at -70C
until use. | munoprecipitation and SDS- PAGE anal ysi s | nmunopr eci pitation
of 35S-labeled reovirus-infected cell |ysates with anti- reovirus serotype
3 serumwas carried out as previously described (Lee, PPWK et al. (1981)
Virol ogy, 108:134-146). 10 Detection of Phospho- MAPK and Total MAPK The

' PhosphoPl us' G%ﬂeé{a%e%ﬁs ki nase (Thr202/ Tyr204) antibody kit (New Engl and
Bi ol abs) was U detection of MAP kinase in cell |ysates

according to the manufacturer's instructions. Briefly, subconfluent

nonol ayer cultures were lysed with the reconmended SDS-cont ai ni ng sanpl e
buf fer, and 15€8U@HE¥VEY t 0 SDS- PAGE, foll owed by el ectroblotting onto

nitrocel | ul ose pap TRGr B . pdf, e %ﬁ[@ |

anti body (anti-tot g{‘feﬂ)i&b&ﬁér a‘%@?%q\qgivﬁm%@%ﬁ% one y‘p{ﬂ%g%‘}y

hor seradi sh peiegx gareodsHRRof PRNJs@AUnVers§ e il orida)a Bred dymascetidines | bed i n
t he manufacturer's manual. Severe Conbi ned | mmune Defi ci ent (SC%JS)Q M ce 20

Five to ei ght MidBAKRMBI68rMEFEMDAMEE43R B4ply SKBRA andghe comral BIR ver
Canad d t ted di t t I L b h [ it
of | Cal gary ApRedcxEe Exrpisatn of i Bat iR RO B el AR

Xenografts  cell lines were grown in Dulbecco's modified Eagle's medium (DMEM)
containing 10% fetal bovine serum (FBS). '

(e 6 )

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



9 May 2005 WO 02/39117 PCT/ CA01/ 01512 -37 Actively grow ng N)edds- 468
human breast cancer cells were harvested, washed, and resuspended in
sterile PRgpaisarfensity of WC cells/nml. 2.0 x 10" cells gdirdQAeisaver e

i njected subcutaneously at a site overlying the hind flank. |Inplanted
tunors were allowed to grow for 2-3 weeks until pal pable tunors of 0.5 5 x
0.5 cmwere obtained. intratunoral Injection of Reovirus Once the
established tunors obtained a treatable size, a single intratunoral
injection of 1.0 x 10" PFUs of either live or UV-inactivated reovirus
(serotype 3, strain Dearing) in 20 Itl s3terile PBS. Tunor size was
nmeasured twi ce weekly for a 10 period of two to four weeks. Aninals were
sacrificed when they displayed severe norbidity due to excessive tunor
burden or any withseethHit-frey PMEN @nildfifs 30% kRS bt oTupel/agisgl Anal ysis of
Reovirus Infecti on hrmunofl uorescent analysis was carried out "using

formal i n-f i xedetiygniaes iAfter datilend dectibatiorofor 2emuiroat3 710y theentlls wesmwashed| i ps.
After renoval . arafftin b 5 ne,.the.section re rehydrafed, and
exposed to théﬁ) %p(%@%—bgﬁqeﬁgaéue(%@d B’é?@?ﬂ g‘ﬁé@ﬁ%ﬁ‘%‘?“é@ﬁ%& 1{%}‘3/pe 3
serum di | ut ed 1% - Fopl; t H.OW g three
washes with PBSi,téi?%ewsDéEtﬁiis gr?swag@gﬁe%%%e [Htt% Fg%%séﬁ%%_%fg@ﬂgglﬁ%@ody [ goat
anti-rabbi 5 | g@r¢dvicl/@°Grohtilcusee) - f | uor escei n i sot hi ocyanat e conj ugat e
(FITC or depending on the experinent, the same 10 concentration of Cy3,
diluted 1/100 in PBS containing 10% goat serumand 0.005 % Evan's Bl ue
count er st ai n] ; F 00 0B, [ e an additional counterstain,
t he nucl ear s{&a?%n%ié?@ﬁ%@%%gé b 'r?gﬁ'lsy, the fixed and treated
sections were washédmohogrecipiativnldfESslabbled rédvEuaieiestb® BelPReMedivith aggubl e-
distilled water. Slides were then dried and nounted on slides in 90

%gl ycerol 25 EONITHP AFIAEYPE 3 serwm piae agurisd out anprewionslydlesirded dLeod, thVWaKzet ss

Axi ophot  mi cr 98 CPRA) 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



9 May 2005 WO 02/39117 PCT/ CA01/ 01512 -38 on which a Carl ¢ZRiagsogmner a
was nmounted (the magnification for all pictures was 200X). Reovirus
h#ecti on oyoRisemsy Breast Tumor Sanpl es Biopsy breast tungepeasidiss were
sterilized by imrersion in 95 %ethanol followd by several washes of
sterile PBS. The sanple was then sliced into small sections and placed in
a 24 well plate containing DMEMwith 10 % FCS. Reovirus was added

(I XIO PFUs). At various times post infection, sanples were washed in
sterile PBS and then fixed in formalin. Sanples were then enbedded in
paraffin and sectioned for use in i munabky-st ochem cal anal ysis using

anti bodies 10 directed against total reovirus proteins. Exanple 1.
Transformation by the v-src Non-recotor Tyrosine Kinase EM 14 Menber
Confers SuscW i bi | iat.y: glgg@'r | Rfeaks | ' |y
denonstrated that ﬁ%ﬁ‘? Ctl%ﬂﬁhg?%ﬁlpﬁ?g%ﬁfgg@gﬁ%%%ﬁgn Cﬁgﬁﬁ%ﬁgﬁ?@’mh
recept or tyr osiaskedsiand sesuspeadedsinf stérile @RS dta dehiomotZ10bcelisims 2.6p 1G%at i on
(Strong, 1993), whether transfection of non-receptor tyrasine, Kkinases

coul d resul t icAly BoAIOruigvese idesied BibcrEpeasly atdisie averiyine tis ipddlaak. whet her
R f ! . ! 1 :
dncontr o Ted APpferlenbrs R Gucd ) Eibol Ff3F Bebls GRTpApIE ks ci®.s

Ras activity xtms5eppRb@ gheandd,us replication, uninfeetable NIH 3T3 cells
were transfornmed with 20 v-src and susceptibility to reovirus.was assessed.
Conf |l uent ronol ayers of v-src transfornmed NIH 3T3 or their parental cells
wer e exposed to_reovirys, at a ltiplicity of infection (MJ) of -50
pl aque forni ng™ r:i?zgfa(l%gg@jonoqf}{f%gw us. Cells and nmedia were harvested at
various times aft e el iRCdstisiAtuf@ S obtaARtd a HRFEDIBRiZEH Sing&SdrhRimopalaque
titration analysis to determne reovirus replication. 9 May 2005

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



WO 02/ 39117 PCT/ CA01/01512 -39 Qur results show dramatic cygtvyatopsc ef f ect
inthe v-src transfornmed cells by 48 hours postinfection (data not shown)

as wel | asyghpagippnced reovirus output as neasured by plaguechdddiglhi on
assay. These results (Figure 1) show that even non- receptor tyrosine

ki nases coul d potentially nmediate reovirus infection and thus may 5 be able
to target an additional subset of breast tunors. Exanple 2. Reovirus Can

I nfect a Panel of Human Breast Cancer Derived Cell Lines in \Wich
Constitutive Rasl MAPK siggaling Can Be Assessed To assess the feasibility
of using reovirus against breast derived4gunors a panel of breast cancer
cells including: NMDA-MB-468, MCF7, NDA-M3-435, T- 10 47D, and SK-BR-3 was
sel ected and susceptibility to reovirus infection in vitro was determ ned.

As a control, ofRlys400 licﬁss MHeEwaS Frollfbl ¥t§9 g%@%ﬁggﬁélf@r allgﬁgrrﬁllg:g wak SSue

were used. These six cell Tines were grown uenc wer e

t hen chal | engd0X).t h reovirus at an MJ of 10. Cells were labeled with V' §]
met hi onine for a two-hour period at 48 hours postinfection. Cells were then
15 washed i n phosphate-buffered saline and were |ysed. The prepared |ysates

were then us . i LRI J i i bodi es directed against
total reovi ru?go%%tﬁﬁ&fgfnﬁﬁ%gb{a%éggﬁﬁér‘%?@{}éi ns were anal yzed gy
sodi um dodecyl sul Bamy bﬂéﬂsb’ﬁﬁ{oﬂsﬁﬁ%légv@fﬁ steileet Y RPiesbs it $P% difehb) - The

results (Figure 2A) clearl denonstrate effective reovirus replication

wi t hi n t he Scelf¢elloweddy sgueral waslfes ofrsteriteaRS. 2The sample Was ksnesliced o small
replication was_ restrjcted .n e HBl, 100 cel | _li Thi. gests that
these breast ?W?S%@%C%EQ%{]@E]FQH%C%Q% ﬁ%ﬁ& Wftﬂaﬂq&?@vati on of
Ras, either {ResHAR Wasidaes (IXUPREUSN AF yatlohs Bl BSIIAREHGL ARPIAGRL ement
It is significant in that it suggests that a high percentage breast
cancers coul dwaglztidntstesild PBSand theat fateddn fyrnialinr Saepldsomert fizn dnsbedédd iRas,

al though this aSIPaFﬁCJ{fi c 25 activationis rare in this cancer tyee. 9 May
2005 P 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 Family

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.



WO 02/ 39117 PCT/ CA01/01512 -40 As MAPK phosphorylation is ®thgayaoegi t abl e
result of signaling through Ras, the phosphorylated state of the protein
shoul d onlyohgsakserved in a cell line with normal Ras si gPgtAeid1sfz 2

m togenic stinmulus is present. In a cell line with normal Ras signaling,
the renoval of these mtogenic stinmuli should result in the 5 cessation of
signal through this pathway with a resultant dephosphorylation of MAPK. In
a cell with aberrant Ras activity, either directly through nutational
activation of Ras or alternatively via an upstream el ement, the
phosphorylated form of MAPK should perskhgt in either the presence or the
absence of serum To establish that the observed infectability in the
breast tunor cell lines is a result of 10 the activation of the Ras/ MAPK
signal i ng pat onduct ed
usi ng anti bodp‘g@%ﬂ%ﬁ%@%%ﬁ%ﬁ%ﬁ &‘gh {I\/]A#Pﬂll%g%ﬁf)%ﬁ%ﬁ&m%@ “8

MDA- MB- 435, ThéatDposikaf&iition (datd nb&hommawallas ae ephquiced mﬂrvuumoutpsﬂas wel |
plate. Cells were then wn in 10%fetal calf serumﬁFCS or were serum
starved (0.5 DacpRurgd PY)P%QBG Hiakien assgy. I@%F%““ﬁﬁéﬁg% é&OWﬁhﬁﬁb’%?)H‘é‘E

buffered sali |
'ysat eo wor eREshPEDIrgfe KBS ARSIt eBlol Bobiraf R ind B o8B
ni trocel | usosBe aﬂﬂam@margﬂcbnmahﬁdawubmaﬂbteaﬁhﬁmm MAPK anti bodi es as
recomrended by the manufacturer. The results (Figure 213) clearly
denonstrate that the only uninfect abI e cell line, HBL- 100 possesses
phospho- MAPK in th > ! ) I sence. Q.
that Ras sign LY o2 & F ek
infectable cell lines hﬁ_Y&sEﬁQﬂﬁé’lPC%ﬁtith oﬁ%ﬂ?ﬁmgﬁ FW@A%E&dOf
m togenic signals, as would be expected 1T they had constitutive
activation of thi sTpasmghe fatsﬂnhﬁymfmemgemmlagamswh‘ﬂﬁtdBHMOm usi ng
anti bodi es direc

Can Act as anP Ppba alrcr;;\t@eé??g &J@lg udmg: &F@g&&%@%@?,ﬁ%ﬁgﬁgs,%Pw rus

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.



9 May 2005 WD 02/39117 PCT/ CAO /01512 -41 The human breast9 Manzes cel |

line, NMDA-M 3-468 was introduced as tunor xenograft8 subcutaneously into a

site overlwpogsdilie hind flank of SCID mice. Follow ng palgebégeriddEmr
est abli shnment, the MDA- MW 468 tunor was adm nistered a single

intraturnoral injection of 1.0 X 10' plaque formng units 5 (PFUs) of
reovirus serotype 3 (strain Dearing) in PBS. Control animals were given an
intraturnoral injection of UV-inactivated reovirus. Tunmor growth was

foll owed for a period of four weeks. As in denonstrated (Figure 3), the
reovirus treatnment results in a dramati-@gregression in tunor size. As
before, hematoxylin/eosin (HE) staining of the remaining mass indicated
that the single 10 reovirus injection results in the conplete destruction

of the tumor cel | SA3MAPRIAIAIGPRUEO el B skl Sf BghifinSRRh. TO

determine if the observed 1ysis ~of t tunmor cells was

replicati on aRas,tthe gedsphoiyteted dtate lof the praeisgiroakidonlp be wbsarivedim aeadlt lixiens
beyond the tumpr mass,_ i munof |l yorescenge m croscopy was conducted. Using
anti bodi es diWétE?tD@Hmé]g%‘?stfég gaﬁamétegt?%gtnﬁvlammgge&ﬁd arelf Hps, wi

enbedded thi n sechi - 0f 1 ' Sﬂﬂ . S b1 ' t hat
reovirus repl Pcatlgﬁgﬁlsgﬁ%léﬁséjr%?{:?@v ot %&%@c}é@%%ﬁﬁgﬁggﬁ@h&ﬁg does
not extend i odseatidneofSignabibnslighghis patieiag! wids edstltadt de héryltioRe@vi r us can
9 licate in Primary Breast S -~pecfiuens To ensure that the oncol ytic

effect of reoMARN. ilsarst withabewantrRasrastivity, eiherdiaectlyrtbroughinutafional passaged
For reovi rus PAReNoRBRACS: HerBule P A8 b ARY s e Boflin@n08n: /' Zoa by
i mersion in REmeAAPROShould peayigicdn Rith&reHe padseNdJtae MsehdLof defum PBS. The
sanple was then sliced into small sections and placed in a 24 well plate
establish that the observed 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.



containing DMEM with 10% FCS. Reovirus was added (| X C-PFUsp.MaAt2085 various
times post infection, sanples were washed in sterile PBS and then fixed in
formal i n. w@ohieasy were then enbedded in paraffin and sect igghqeesdiRisgse i n

I mmunohi st ochemi cal anal ysis using anti bodi es directed agai nst total
reovirus 9 May 2005 WO 02/39117 PCT/ CA01/01512 -42 proteins. The results
(not shown) clearly showed reovirus staining in those tunors chall enged,
denonstrating viral replication in these primary sanples. Wiile this

i nvention has been particularly shown and described with references to
preferred enbodi nents thereof, it will beipnderstood by those skilled 5 in
the art that various changes in formand details nmay be nade therein

wi t hout departing fromthe spirit and scope of the invention as defined by
the appended cl ai Mie Kn¥AYbréfP SancéScdl VMDA MB-458 Wadinfbdete ek fmbmd
susceptibility of a cell to reovirus infection by neasuring constitutive

r as- MAP 'si gnalxenografis sulicutapedusly wmbeea sitcnovehlyingrtbs binddlamk of iDowiest i t uti ve
signaling indicates susceptjbilit i nfect| y_reqvirus. 2. The net hod
of SChai m1 whdiaoning PSS bies cstishvieit S MiaN BB pngE gt i ning T he
state of phosphas ' ; I-IIF\]Q%,[F' : | wherein
the state of %«%ﬁ%@fgﬁﬁ’ﬁ%&p ory g@?ﬁﬁcﬁugﬁ gtlmlghﬁq%grﬁgﬁéﬁsznti body
specific fa [RBEEphaf rebeirwtsekdiiPpdB feisain Déaring) i PBSt Noshtral animalowers ai s

1-3, wherein the cel|l is conprised-in_a bio]ogical sanple Collected froma

mammal  suspectB¥EnF BHEIuAral megion of WY rigactiypied repyirus 5 Tumyr grgWioWasof ¢l ai m

4 wherein the | Y2 [ | S rof | tos] . [Tet hod

of claim4 V\he@g%éiﬁé%gjre 0 flg g?@#%‘{g]{%i égﬁﬁgg&?%’t%@o |%ﬁ %gbgp%g%?ﬂﬂ?
treatment results in a dramatic regression in tnmor size. As before,

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



7.~ The nethod of claim4 wherein the prollferatlve di sordegM@g@gbected
fromthe group consisting of lung cancer . prostate cancer, col orectal
cancer, tRyporsbigancer, renal cancer, adrenal cancer, |iVﬁfT/@mﬁﬁ§1,2
pancreatic cancer, breast cancer and central and peripheral nervous system
cancer. 8. The nethod of claim4 wherein the proliferative disorder is
breast cancer. ~9. The nethod of claim4 wherein the manmal is sel ected
fromthe group consisting of dogs, cats, sheep, goats, cattle, horses,

pi gs, mce, non-human primtes, and humans. 10. The nethod of any of the
clainms 4-9,, wherein the manmmal is humangzll. Use of a conposition
conprising one or nore reoviruses for the manufacture of a nedicanment for
treating a proliferative disorder in a nmanmal, which disorder is

char act er | 2 dpitif Ohé gt (it R) UGN RlokirG B e Vit
phosphorylatlon conprising admnistering to the proliferating cells in
said mammual  cmllefifeds demonsirating tviral replication imtirese peimaiy smuplesinder condi ti ons
which result in substantial lysis of the proliferating cells. 12. Use as
claimed in claim11l, further conprising a step selected fromthe group
Const St g Of . 2ATWHiREiierkiBn hACoRAHahdcalal) dbvfithl el digdipmTal an
effective anount of an I nmune suppressive agent, renovin s or

T-cell's from seferdndes to proferied embadiments theasdf| ttrvﬁll\berumeﬁtdokiquh@se skilteth sai d
mammal ; renoving antibodies fromsaid mammal; adm nistering

anti-ariti Peoll g grtdhati vasieneshanges i farmanddetailymay @Wéb@ﬁlﬁgvlmt i rrrrune

system of the

12, Werein tﬁ@%ﬁ?ﬁs&?é‘%@g@cféﬁ g’ fﬂ’r‘?ﬁﬁe&ﬁé?%%géﬁgnﬂé{%ﬁ %eﬂg?d a
manmal i an r eovlafms and an avian reovirus. 141. Use as clainmed in any of
claims | t- 13, wherein the reovirus is a mammalian reovirus.. 15. Use' as
claimed in any of clains | 1- 14, wherein the reovitus is a human reovirus
.16. Use as. clained in any of clains | "1- 15, wherein the reovirus is
selected fromthe group consisting of serotypel reovirus, serotype 2
reovirus and serotype 3 reovirus.




i7: Use asxlai rred in any of cl ai ms 1 |A5 \/\herel n-the reovi rmMaySOS@rOtype
- 3wreovirus, 18. Use ‘as clained in any of clainms 11-13,. wherein the = -
- .reovirus is an avian reovirus. 19. Use as clained in any of. cl-ai ms. 11- 18
-~ wherei'n norée than one type of reowrus | ssuitabl e for admini stratlon 20.
Use as clained in any of claims 11- 1843 V\hereln nmore than one strain of
‘reovirus ¢isagyitable for administration. 21. Use as clained-in any of
.clai.ms 11. 20, wheréein the reovirus is a field isolate. 22.. Use as clainmed
.in any of clainms | t-21, wherein the proliferative disorder, is a neoplasm
23. .Use as claimed in any of clains 11-21, wherein.the. -proliferatlve o

di sonder lASmeﬂiétlrdffdet%hﬂﬁﬁﬁg)f}us@ept ity U¥e, c%?l r%':@ ﬁﬁ% ﬁbﬁ“b ‘&é’i&%el n. .
- theri copl a@xtghhﬁw%lﬁmvmp@fgﬂgl %% MEG dah S erein
. the neopl gig @1?181 ?{ég . t(ﬂ)n]é t Kol ﬁ&ﬁonsm |H %‘%QQLfﬁ ESfve _
prostate ¢&nce cioab caytmep ¥ §¢ %éﬁ’c“er renal - cancer, , adrenalt
canc Yr cancer pancr.eatic cancer, breast cancer and central and.

per.i gher aJIr od3imy & iherie die ragd1ABségnading linincetiredby daiermitityg thiser ei n
the neopl ﬁ%ﬁ%quhastd@mlamnaéM@hnsystem cancer. 27. Use as clained in

. claim22, wherein the neoplasmis breast cancer. 28 Use as- cI aimed in

© cl ai#n 22, Tdgiegiod diheaiREDRNBRA {1 sRaid SR RP Xisbhsh G B Y &
el ai med 'ﬁkl%@ﬁﬂht%d WHREEL Bl ESHERYLIMEM P f %?2 of ;g‘m it Z‘ﬁi"gﬁ. on by

_injection into or ar'the sol asm
.clal d i & Ia| relnthereowru5|s sui ‘- ta-. ble fo -
a‘gﬁ ni.s @% t’(? ﬁ9¥§§8&?8}}§?)§ %6‘31{1 felhivenompstsed (s a biplogiralissmale n any
of claj nec? TCtQ@ FOf & (AT @Ispasisi offinving & prodiferaive Aispedseri t oneal |y into
the mammal, rus is suitable for 32" Use as claimed in any of clainms 11-31,

wher%i n, Fiitemetanel clagmidnwheronothp et eliftedive disedass ﬁb@oﬁe.ﬁbmﬂoﬁﬂy of - cl i m
11-31., wherein the reovirus is m nurioprotected.

6 .. The method of elarrn 4 wherein the prohferatlve disorder is a s’ohd neoplasrn

.- The method of claim 4 Wherem the prohferatrve 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
perrpheral nervous system cancer.

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

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

10. . -The method of_ any of the: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 prolrferatmg 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, further 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. ‘ . ‘



34. Use as clainmed in any of clainms 11-31, wherein the re®Mapg005
encapsulated in a mcelle. use as clained in any-of clainms 11-34, wherein
the mammal is a humau. 36. Use as clainmed in any of clainms 11-35, wherein .
ﬂJapprOX|nater | ‘to 1015 .pl aque forqhng unicts of'réovifus/kg body wei ght
- are suitable for adm nistration. Use as claimed in any of clainms 11
--36, wherein the reovirus is SU|tabIe for admini.stration in a si ngl e .dose.
- '38. Usé as claimed in any of claims 11-36, wherein the reovirus i's suitable
for administration in nore than one dose. 39, Use. as clained-in any of
cl aj A8. 22 Usecszlpim8d imbleies bl ohé2 netplcastheisovirlds iatdtad frodOhe Whsipas

cl ai med i womvistingfofcd mbiBualidn 3o vinemaian #ingkhApls ve amount of "a
chenot her apeutic agent i s suitable for co-admnistration. 4L Use as ¢l ai med
rus.is treated with a grotease

. i.n apy of e

pri orxt 0 é%l?n%%\:g%tlél%%%ﬂwgfgh%ﬁ 13, mé‘%rgmn%ﬁr‘?oﬁ“gfé%wma%ﬁé Vit he |
.neopggs ps panf:rea ic cancer.. 43. Use as clained in any of claim 22~ and’

. 24-2 PE AR FlAUBp It Anef Saipti Hal 4.rehrseia) the reovaup st abiedan Fepvirs  of the
~neopl.asm and adninistration of the reovirus to the: surgical site in - an

_-anmount :sufficieut to result in substantial oncolysis of any remaining
neopl@st i Use et thimedh anysef oMind 100D OGNS AP isNB1LRA Rfm BB Eroup

- reovi r usesorfs@iing R sERBHACEY BuOT %@E@t?&ﬁ% e eopl asm in a
“human, ‘which’ ne%pl asmﬂrﬂg char act eSrCI zed by prgﬁf“?g"frgf”?%& lJcgg l?uyv\m ch -
- admi ni steri ng to the

: ?Xh' ﬁat CgEs :Iﬁ Elgfmé/ ml\afll?iggf 5%%% %’# fvlrtt:pahlthe[ {lljé’lz.{ﬂjg eqqgfpes'ijff‘élygﬁﬁ ‘i al

.heoplasm a-reovirus
o_ncgf sis_of the neoplastic cells. 45. Use as claimed.in claim44 wher ei n

sai.d& eo WL ¢laimgd; iy of chvimg d i 15, sehesain dre H@ywmsnpeutawmn teortioisor " near a
. SO|Id neopl asm 9 May 2005 46 ' IR

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, '



46. Use as clained in clains 44 OE 45, further conprising aS%Wa2®él ect ed
fromthe gr group consisting of: adm nistering to the proliferating,
cell-s in said nmaniimal an effective anount of an i mMmune suppressive agent,
renpvi'ng .P.-cells -or T-cells from3said: marmal ; renoving and-reovihis '
antibodi tes-froth said mammal; anti bodi, renoving from said maninio;
.adm nistering anti-ahtireovirus antibodi'es. to said naurmal ; --.and R
suppressi.ng .the.i mune systj~jft ' of the mammal. 47. Use of a conposition.
coripri sing ‘one or nore reoviruses for-the manufacture of a nedicanment for
I nhi bitizag nqgs@s;;saaia%e fipaﬂge‘o glgis'm il\r;w? manmmal , - whi ch neopl.asm.i s
characterize - I.T eral’Png Edimss otherkhithdl FeoGRS |l ' PK
phosphor yl at ?‘Sﬁ?/“‘%{%ﬁ%‘r‘mvﬁ@o“alamwhsmmmaug to the nmamml tsagl}rﬂ%lggﬁ‘?'{\)ﬂ: in an
anmount 3§_uff'iLFge;‘gtcti%ﬁé gisl:ﬁlnsh cizfn ls.ubs,f:la:agtial lysis of the neoplastic cell.
-48. Use as i red. | : 7¢'angr Jrd8r whedeinr el RGviRisSikCR); ted fkom

t he group. ,ng“d@“&%ﬁ‘. inmpegtorsally intoethkridnirhdl St & ng t 0 prsofsi'?lg?tg% i%%k cells in -
sai d._rfagTz’raI 'aFP 'ddelct ive ‘'amount of an imune suppressive .agent; -renoving
B- 6el | s?4or Tseds clagped imysef claim3emiB, whe@IPHeEadih i iERnL4S,ant i bodi es:
from sai’d mai ntual ; fenovi ng anti bodi esm?l?g%)%ﬂesal cﬁ%rlalrsnlﬁrr@qmgod?ﬁ‘?ﬁ?"%t ering

ant i - ang3s eoWse us cRhePRAI RS said | ;- and - suppressing the i nmune,
syst-em of. the mamal . 49. @e&%ﬂfﬁg lgg%g’g%ﬁ"o € Bﬁfﬁ’ﬂ-&s‘?ﬁﬁméﬂl@f@fﬁdﬂ‘i)re

reovir s fer. f manufacture of a_. nmedicanment for. treating a.suspected
neop_l:as%i n, Obe wﬁ%ﬁﬁf‘}%iw af&lims dn3il swherpiarthe renvinis ds ﬁ;caps%xlﬂtdﬂ 'ﬁragt i ng
cel I's- whi'ch- B¥¥"6i t constitutive NLAPK phosphoryl ati-on,” conpri si'ng
surgical. renpval of substantially all of the-neoplasmand adninistration -
of - an " 8% ectVseersolimed inhny-eOvialmis] B4, QVhdERhd Rlahﬁﬁaﬁ.fﬁ %{u@gﬁ site
resulting.i-n oncolysis of any renaini'ng neoplastic cells. .- Use as
clarnedg n glaim 49 urther conprising a step sel o6t'ed fromthe group.
e Gl ’ Cgsri:n Ia[f c'/llaflhedc m any of claim:s) 11-35, %fherein apgroximately 1 to 10" plaque Iroup
g 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 claime-‘d in any of claims 11-39, wherein an effective amount of a
c gmptherapeutlc agent is suitable for co-administration.

41. Usp as claimed many of é[ailﬁ'g 11-40, wherein the reovirus- is tréz;ted with a prbtcése'
. prior to administration, S 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.

U f po i isi

plasm in a human, which neoplasm is characterized by

administering to the neo
_ substantial oncolysis of the neoplastic celis.

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 ”



consisting of- admnistering to the proliferating cells in ShMdy 2005
-mammal - an' effective anount of -an i mmune suppressive agent; renoving
B-cells.or T-cells fromsaid manmmal; renoving anti-reovints antibodies
from? ‘sai-d manmmal; ‘rernovi hgandboedi €s from,said maninal; admnistering -
anti-antireovifus- antibodies to- said mg und;- and . 'suppressi ng the i mune”
system of the mammal . -51. The nethod or:"use of any of'clainms 1--50, wherein
the reovirus. is a reconbi nant’ reovirus. 52.- The nmethod or use of claim5
1,- wherein the reconbinant reovirus is fromtwo or nore strains of ’

r eovi'r us46.53. UselieclaRhddon cPlims 3 2 aherein the or- nore .
strains of reQykkHs ﬁf'eadﬁﬂus%?é%fﬁg'%@ﬁggglpgﬁ% Ao % Pelc Vt\%nélier_%ﬁor"fp

Deari ng, str%%m%%ylgﬂs.ral n Jones, pé?{era 257 % Papy mapmalpgetacived or
use of any of_clal (s .b1- 581 GPRFEHF 1858L emeYiBg Maenlls 08 dveells foms saigener at ed
by- CO- i nf ect iTGHME-FMONINE ARULevirys ptibedigs frosr exid maubmalpesiovtng anibodies. 55.
The .met hod ofTQMR Saidmarppals fadministeringSatiSufireoane amtitol s e SAdhianRRiL: REPVI I US
i s . natural I yuppiesstig the iy sl of thé numdine net hod or “use’ of -any. of

cl ai rr'sé571'- Sﬁbdv\qk;_er ein the reconbi nant reovirus is non- naturally-occuring.
57. Thetfpet rz2 emmpositioreynpfiling big! dFinced 1edPirust & She midiBcl ECOT0I nant
reovirus c@mdmamz;tfnaihhibiﬁhg:)iet&%idﬁf{'ﬂe()f,%;ngfgm% %m%u%aé\jﬂ?%%;ng?ng

sequences. SBaradttrizedettyodprolifetiy Obell8NYwilh CLABE Rdnstiltive t he '
r econbi nant phesphérplation, comising@amiiicanS th H2%Ha ﬁ%eféig'irﬁé)d' ng ences. 59.
7he et hod exflicises tofesalnin s@staitiaAiys® ofrke ne%%lastﬁ:&gﬁ. -58,"uHeet i he
recombi nant - reovirus vesults fromreassortnment of reoviruses selected from
the gr otfp .cdhss as ¢lagnast in clamot?y fetier canpiiditg a seHsBeyERE fdm @OVGsMs and
scrotype: 3 resasistiog of:admidiorag 6 Rl pRfeling ¥ ﬁtﬁmﬁf}gﬁ@ einthe .
reovirus i s amndueeoffah iifiunt S@préstive agent; removing B-cells or T-cefls from said - - :

.. mammal; removing anti-reovirus antibodies. from said inamuiial; removirig antibodies

-from said mammal; administering anti-antireovirus antibodies to said mammal; and -

- - _suppressing the immqné_ 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-celis from said
mamma_l; removing anti-reovirus antibodies from said mammal: removing _antilz;odies
. from said mammal; administering anti-antireovirus antibodies to said [ilarmnai'; and -

. Suppressing the _immuue system of the mammal. . , -

- 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

! -33, wherein th i i i
generated by co-infection of mammalian ¢ © rosombinant reovirus is

ells with different subtypes of reovirus.

55. The method or use of any of claims 51

naturally-ocouring -54, wherein thcr recombinant reovirus is



and nore than one strain of reconbinant reovirus suitable f&Mag2®lsis |s
tration. 61. Use as clainmed in any of clains 11-28, 32-50, and 60, wherein
the reovirus is.suitable for admnistration by a route selected fromthe
gr oup consisting of int ravascul ar, intrathecal, ‘i ntravenous, .

i ntranuscul ar, subcutan€ous, intraperitoneal topl cal oral, rect aI

vagi nal , nasal ; -and’ i ntrat unoral adm ni st ration. S

56. The method or use of any of claims 51-54, wherei recombi .
-34, wherein t m .
naturally-occuring, in the binant reovirus is non-

57. -
The method or use of any of claims 51-56, wherein the recombinant reovirus
comprises naturally-occuring variant coat protein coding sequences.

58. The method or use of any of claims 51-57, wherein the recombinant reovirus
comprises mutated coat protein coding sequences.

59. The method or use of any of claims 51, 52, and 54-58, wherein the recombinant
reovirus results from reassortment of reoviruses selected from the group consisting of
serofype 1 reovirus, serotype 2 reovirus and serotype 3 reovirus.

_ 60, Us<ii as claimed in any of claims 11-50, wherein the Jeovirus is a recombinant reovirus
and more than one strain of recombinant reovirus 1s suitable for admmlstratlon

61. Use as claimed in any of claims 11-28, 32-50, and 60, wherein the reovirys is suitable
for administration by a route selccted from the group consisting of intravascular,
intrathecal, intravenous, intramuscular, subcutaneous, intraperitoneal, topical, oral,
rectal, vaginal, nasal, and intratumoral admmlstratlon





