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Currently, most drugs used for treating cancer are administered systemically.
Although systemic delivery of cytotoxic anticancer drugs plays a crucial role in
cancer therapeutics, it also-engenders serious problems. For instance, Systemic
exposure of normal tissues/oréans to the administered drug can cauge severe toxicity
(Sarosy and Reed, 1993). This is exacerbated by the fact that systemically delivered
cancer chemotherapy drugs often must be delivered at very bigh dosages to overcome
poor bioavailability of the drugs and the large volume of distribution within a patient.

Also, systemic drug administration can be invasive, as it often requires the use of a
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The use of liposomes as drug cartiers for chemotherapeutic agents originally
was proposed as a means for manipulating drug distribution to improve anti-tumor
efficacy and to reduce toxicity (reviewed by Allen, 1997). Through encapsulation of

30 -drugs in a macromolecular carrier, such as a liposome, the volume of distribution is
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s0 components. Additionally, some drugs, such as 1-B-D-arabinofuranosyleytosine (ara-

C) and methotrexate, only enter tumor cells directly, via membrane transporters
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phagolysosomal membrane and was transported 1o the mammalian cell nucleus,
where the recombinant genes were expressed. Thus, the application showed a

a0 usefulness for minicells in human and animal gene therapy.
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Al so disclosed are bispecific |ligands useful for
targeting mnicell vehicles to mamalian host cells.
The bispecific ligand may be pol ypepti de, carbohydrate
or glycopeptide, and may conprise an anti body or
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5 In another aspect, there is provided a conposition
conprising (i) a bacterially derived minicell that
contains a small nolecule drug nolecule and (ii) a
bi specific ligand that is capable of binding to a
surface conponent of said mnicell and to a surface
conmponent of a non-phagocytic nmammalian cell. The
conposition may conprise (i) a bacterially derived
mnicell that contains a drug nolecule and (ii) a
bi specific ligand -5a that is capable of binding to a
surface conponent of the mnicell and to a surface
conmponent of a manmalian cell. In another aspect,
there is provided a drug delivery nethod that
conprises bringing bacterially derived mnicells that
contain a small nolecule drug into contact with
. mammalian cells that are phagocytosis- or
endocyt osi s-conpetent, such that said mnicells are
engul fed by said nmammalian cells and said snal
nol ecul e drug is released into the cytoplasm of said
manmal i an cells, wherein said mnicells are in vitro.
The drug delivery nmethod may entail bringing
bacterially derived mnicells that contain a drug into
contact with target mammalian cells that are
phagocyt osi s- or endocytosis- conpetent. The mammal i an
cells engulf the drug-loaded mnicells, which then
rel ease their drug payload intracellularly. Further
di sclosed is a nmethodol ogy for loading mnicells with
a drug. One such nethod involves creating a
concentration gradient of the drug between an
extracel lular mediumcontaining the mnicells and the
m nicell cytoplasm The drug naturally noves down
this concentration gradient, into the mnicel
cytopl asm
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15 chenot herapeuti c drugs, including nethotrexate,

gain entry into mammalian cells via a

menbr ane- associ ated active transport mechani sm BRI EF
DixoGhishitdseN OF THE DRAW NGS Figure 1 is a char

showi ng hi gh performance |iquid chromat ographylt)“afifglfggm00204
and |liquid chromat ograph-mass spectronetry (LC M)
quantitation of Doxorubicin 20 packaged in mnicells
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unt r.eat angthl n 6 days after_ treatnent, C_:QP|S

cap be aynthesized biolagieally by eitherthepinicell drug

2008¢1688RAidtE 3/ B PR CHRRARA ThERR dFnhicEhd &7 Bt drug

- exhibited only about 30%viability. Untreated

and biogygthesisiand drgeredilelivenito-desireganasumilinnoesills somtitutes a particular
ShowgfAnfage, 'Tﬁbﬁég Ha.ng 'ﬁllﬁ%s lcbﬁx)éntt'igﬂeargg fe e[itrlaéte gogr%arra}gf plant or marine

show ng a "highly si cant peutic e

EGFrowess gatagelvery Biftionlt n synthegiacstmgdchlly Aidditidnally,s6he

1 Nj .0n._huna eas ancer 5 xenagrafts. .. .
Rl B TR i RERE oot SR Tschatia ccls vi
pOs & mesboaye adssociated adtive &RNPOLH neBaBhiewn on the x-axis.
Solid triangles below the x-axis indicate the days on

whi ch various treatnents were adninistered. Open

nonFigarejbisedmiartsbbivipigh Frbrage fiduid chromigngiaphe GIRIIE) and
V2" QP SR Sp A Thik S5 8 & X6 Wil S B Suin

m ce

20  packaged in minicells (minicellspgy). 5 x 10° minicells were packaged with various

concentrations of Doxorubicin in the external medium (shown on the x-axis). The
minicellspox were purified and the Doxorubicin was extracted using novel procedures

(described in Example 3). Doxorubicin concentration in the extracts was measured
using HPLC (circles) and LC-MS (triangles) and plotted on the y-axis.

25 Figure 2 is a chart showing drug delivery via minicellspox to human breast

adenocarcinoma cells (MDA-MB-468) in-vitro. A cell cytotoxicity assay was
performed on cells treated with EGFR-targeted minicellspox (EGFRminicellsDo;d,

non-fargeted minicellspox ("** *®** minicellspoy), free Doxorubicin and untreated

cells. Within 6 days after treatment, cells treated with either free Doxorubicin or

-



Figure 4 is a chart show ng a highly significant

therapeutic effect of EGFR-targeted,
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di Figareshis a chatstentngd highly sighificentdhartpiestineffecg nﬁEgEB’rt%lﬁéted
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were adm ni st ered. een identifies
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25
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basinsinisiatcd yo ekeh |oﬁ&<gmup‘s atmicsimdéipksgroum)e ef f ecti ve
vehi cl es for packagi ng and delivering drugs to target

a7 i ohfne ¥ iehy BAFCoR okl of HERney
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xenograft establishment are shown on the x-axis. Solid mang es below the x-axis

indicate the days on which various treatments were administered. The legend
identifies the various treatments administered to each of 7 groups of mice (=11 per

group).

Tigure 6 is a chart showing a dose-response effect on tumor stabilization/regression
. by EGFR-targeted, Doxorubicin-packaged minicells ( mlmcellsDOX) MDA-MB-
468 tumor xenografts were established in Balb/c nu/nu mice, and groups (n=11) were
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In one exanpl e of these discoveries, the inventors
observed that drug- packaged mnicells can be targeted
to cancer cells, internalized into the cancer cells in
is vitro, and degraded within | ate endosones or

WaaysoPsssones, thereby rel easi ng therapeut i BEI/B2005/000204
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ef fective anounts of bioactive drug into the cancer
cell cytoplasm See the exanples, below. In a further
exanpl e, these obseryations gyere corroborated by

i irsategantvgenusly withsl (hgl Gomdf’ t unsiicelsnagrogpiatningivg derent
m et reoR S DRl g e HBAG ERHRY ) and dayo post
X exenggrafi estalddhmentare showalon the sexi 19olidritiselgsdelogr e pjaxis

See,l he ex | es,. bel ow. . Thus, the ipventors e

o SetE ey 5 ik Vet Aoy PR J08 ) eng
pagkaERe teRafoustteathents ddinflfikiefed t4 edch of fgtougs ufymicenve
one-way fromthe extracellular environnment into the
cytopl asmof intact mnicells, (iii) that

t her apeyty ARENDELGRIPTIORBF TREPRIFRRRES EOOIIMETHS

' S
can be“transrerred rnto the Cytopr asmof [ ntact

mnicells, (iv) that intact mnicell nenbranes are |
i mper viThepresentdnvegtarekdvagetetmingd thinthagteriplly dspives indaghminicells

B
dewitraland imngvd. Momripaiticelatly, thethverdiorns haverfoumd that aminicell carrying

t hereb speci ticall i,nd to.tanget. j .

oot FOReyRRE g g gepsied RBeel 1 R B S8BupEobae,

PGlrotd32 RRbHAA 2RI drup bagosl/ik edéased into the cytoplasm of the target cell.

endocyt.osi s- conpet ent nmal i an,cel Ls enqulf '

dr SPRsiB R JRYIrugSHVEEF [ ProgRss W‘ﬁﬂ&h’e B feBis i

manmal i an cells rapidly engul f surface receptor- bound

dr ug- plallgv‘ﬂ(ﬁ&ge 'lﬂbﬂ%bdgsiisc_()veﬁeh,)thé ina¢ntars bbserexdghatidag-

m ni cel | s are_degrade thin vacuo| es,. s ifican .

ARG Fo0 g G et os8hchp Sl BBt Al 0 et S cots in

e, depralidd within 1@ bnddignesd pRAMLRbE B ARereby fddasing

its intracéllular target within the ma lian ell,

(i $hprappriically.eifgstinermpElls olbicpctive %fa %%ﬁ?ﬁffr 8ﬂf?Y§°Pé%§HJ'

pe &ﬁﬁg¥ scul ature surroundi ng tunor nmasses

i néégiee%,@x(x) lr)%%{@'hi ghly significant therapeutic

effects, including tunor regression and di sease ., . .

stabi | | b Rgher cEHADISSNEIVBRNGUIORS MR CORPRATEIER BY dpalipisidies

dr Hﬁﬁé’?tfrﬁﬁﬂﬁﬁgof&éﬂo fn mARGhite | ThirhRAbusdelderp € UaGQsickaged
S

m ni ce to signiTicantly reduce or elimnate

unwénicalls dewshsbiateg highhesigniiicant e xgaqgrafbreriuctios in all pdgrd11
I H35% dof (RUPPISt AP SeRRR!  Teasons. 1T [

Surpri-si tact mnicell nmenbranes are

perneabl e to a range of structurally .
Thus, the inventors have discovered (i) that a range of different drugs can be

packaged into intact minicells, (ii) that drugs move one-way from the extraceliular
environment into the cytoplasm of intact minicells, (iii) that therapeutically significant

concentrations of drugs can be transferred into the cytoplasm of intact minicells,

(iv) that intact minicell membranes are impervious to drug leakage from minicell
cytoplasm, (v) that attachment of bispecific ligands to surface structures of drug-
packaged minicells does not destabilize the minicells and that minicells can thereby
specifically bind to target mammalian cells both in-vitre and in-vivo, (vi) that
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di ssim | ar hydrophilic, hydrophobic and anphipatic
drugs. By contrast, live bacterial cells exhibit
sel ective nenbrane perneability to solutes, so it

appear s that mnicells 15 have lost this selectivity.
MO IB™FY surprising that ninicells are unadiC@/Bgeos/000204
expel drugs fromtheir cytoplasm because |ive

bacteri al cell s extr ude noxi ous chemicals that enter

oo P ETRRChER By S ARARE i R AR St o i R e
s u smamdhﬂ (vii) ﬂm msmphﬁgeem&ﬁmmamaiellmpﬂbmngulﬁ purfpce teceptor-
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s TV el e Seprt] (g 6 el e gmgan

t hesel) @Rt che@hdrhitié Sruplpatk-eB@ rdiedtls lcﬁﬁibelrMeate leaky
significant drug concentrations can be cka

wi tHPaR sERpyrdlingwRen raassesde Ve &) taihig ﬁ akgﬁﬁieaﬁahmpeuﬂc
henggcts hilk&@k lumd ¥ R0:RE Thd 8REsa k@BiliAtHA] dah ®8 Bhieved using
concentrations of bioconpatible solutes. Thus, it was

25 ob@mp@e@aemakua-mk@eﬁmgmc lise andh@irthat drugritackagad minicells

1d Nt Hau éeP AaRRETERYG €1ty hi gh
conc nt ons o non- |oconpat| € drug sol utes,
w t hout I oss of mnicell integrit The ability

of
m ni cel IThewbiligeef misicelly logaclkags grues l%ayquﬂs}ng. ?rgse’r%?l reasons. Itis

SeVs%hﬁism intact I §e &ﬁ&%ﬁ% 3 %&% Jflaﬁﬁcuuauy
dr ug-pac age m ni ce o not |leak drug into the
extthmeilarlhydropb@radefdm”pho@c ped anﬁep@icsh'@st Bmcemaémlw bwtenal

l ! pc%ﬁg E%ng Eelf&tlgg Lll fa¥xe é@rﬁ{e%lﬁfyetg Q%@s o Qﬁlgk)éars {hh#Rinicells

oSsones, non- vesIk C ver €ss,
ml tﬂma tat thigt ﬂbbuvﬁyl (It am i2 0Qrpricing 8 mGTlls BRODBYIO 604l drugs

cel] .nmenbra ac I CLi,Vi 0. dr
per RO AT g b o R B 0 BaEfhos chompiogy hat enter
pr evithe bavadetal gyteﬁllaqnnt Ef:bﬁ@lghmhtar reﬁ@bemsﬁﬁmf Aadiont, in which drug-
surp Iﬂ n uni i | ru |V
+ ocbuled miiceli s vpensid in e pored eliie tatinioe e fiye
packagetls Prath aflgd. %@qemmnanﬁ sapriciag bathidei ik appead fimply to

mnicell integrit rrerrbraneSperturbatlon f hat
25 ¢ odiftiss iptoipepell kangh ntnet puplesll membRages, flugjon phgpoels

dr ugs RECkaaRs fo%ﬂiggﬁi diffuddf Gt Sf‘ﬂﬁﬁyéu@sﬁﬂoﬁaﬁinékpédéa aspect of
non- phagocytic mamralian cells, sinply by virtue of a

bi sipepresing mweg'mms thahtberageutisally mnﬁp@ntm oppegEirytions can be
be t
pactCHEa LS hittRe ABluee bAIARIACbAG B0 IchiSmincell
rrammubplasm)mehﬂams vigaifieantacdenteatinms o bivcompatibleisakgtes. Thus, it was
tio i nvasi.on: i ate
28 o A R PPl BUARTF bR B Rk s Rbporihifice
th eh1gb bbnceytritions of non-biocompatible drug solutes without loss of mamceil

integrity.

The ability of minicells to deliver drugs also is surprising for several reasons.
It is unexpected, for example, that drug-packaged minicells do not leak drug into the
30  extracellular space. This is a persistent problem with liposomal drug delivery vectors,

and minicells, like liposomes, are non-living vesicles. Nevertheless, although intact
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actively invade non-phagocytic mammal i an cells. Yet

anot her surprise was that drug- packaged mnicells
carrying a bispecific ligand are able to extravasate
tunor neovascul ature in vivo. Wiile there is
somshosterstsl e debate regardi ng the | eaki ness @CTAB200%600204
m ncroenvi ronnment neovascul ature, the current viewis
that pores in the 15 neovascul ature are 150-460 inn in
di aneter (Gabizon et at., 2003). Mnicells carrying  a
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sbe gasnbhtiond ekt Ruln drbg lealerak. Haier, it is unedpbaied Detsdring-packaged
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b EEPE 1 atdontpsed I DGR e e bl It Sibly by
m rvn@}ﬁ dfa Higlpeaﬁmi gingﬁllg e tﬁmcllii-w& Witelyrbelivsed Reretofore that
significantly. upaltered. Perhaps evgen re surprising
e paraeles bl Bayeria o oRSCR gAY SRR OB RHEREY R of
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m@@,' - iR WOt anB ik RIRRR Whas €hat drug-
ef fec &fﬁw&ﬁgkﬂlgﬁgﬁﬁﬁégﬂand %%F%Fvo experinments. Yeﬁ ®
anqhieaged minpedlls cargying s bispesific ligsnd prgtablerte gxiyasatrfeeor
m meﬁgzlislcli tmerqa O e Wit S & cohdGr s &hhS TegainSMR ik ess of
at 1 SPeof "'t ravenous injection in the tail vein
of tmdemivcmenvifoneentnapyascnietet, itferrarertyéey isdhas peres i the

reaction wher ugs.pack 1. Nj;C : ;
1§ o vt o L A R PPEG B R0y i 2005, BnBls oqrying
PCTd $uBR0O8400,0:04ver] #ire ad00amdo vD0rm tnhbaseteli g otil pieable to
the invention provides a .conpositi.on cansistin s
e s SEHEY ARl Jumgr BRYASEHAtHS O] 3 i HRty O At pedklgedin minjoells
dr UgQ,av§id €Bgradatidn 6RO Surprihfy ot dteérayasdng) Englitfed minicells are
I nvention al so provides a _conposifion ¢ ri Séc'ygeclhér' d
bactubjertsfl 9 lysrspmeleandilse-gadospmpl %F?Igﬂ%ﬁg{g’?"i“) s, an
P NALTRE BRbE Rk %iRCHBPDRYR t8elakdhRéss of th&S b R6nmaiis e
the mnicells contain a drug, such as _a capcge

chelmpertiers Qbsprygd tapt a ragp of dupsargfrelepsed ﬁemetﬁtmféhs i g biclogically
anug; f iEnif . ¢ b idre sphibisg was th
engeér?gg?og% “gg E%n%lf‘ ?E{]JJ rf l%%rﬂ,yelﬁ%l f]&t g‘t_}él%gr di nat irg rﬁﬁ@ _g was e
dur disepviiyribat w sighificantreonestration of daigis gble tp eicans. HNJR active form,

seqr tion. Prok thc..C is ke i S
T riest SRt AR AL Gt [oRAA0 e e GO hit s, drog
2811 dociRbdtrationt withih ammmidlian cellsrrdsuflicént o Work a therapeutic effect in

both in vitro and in vivo experiments,

Yet another surprising discovery is that drug-packaged minicells minimize
adverse side effects. For example, at the site of intravenous injection in the tail vein
of nude mice, free drug injections cause severe skin reactions, whereas drug-packaged

30 minicells do not cause such an adverse side effect.

-11-



I o exanple, mutation of mn genes, such as m nCD, can
renove the inhibition of septum formation at the cel
pol es during cell division, resulting in production of

a normal daughter cell and an anucleate mnicell. See

30 BEAO®E at, 1992; Raskin & de Boer, 1999;P((JB05/000204
Lut kenhaus, 1999; Harry, 2001. Mnicells are distinct
fromother small vesicles that are generated and
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1!1 lte} c% hind ﬁn%ugﬁeat?hnmcépf%@ede BYBP&A%1 dedoet RMid & dBBoer,

-‘sub reton et a rrutatlonlnE
olll99£( s &datlemhavs) 1999:11989), 208h oMEmW@S atstigtingtfrom ofher small
coly SituallBi 421
o o PR B gl il elodh 80 o EA1R1NA BAHIER SiualTBls 28, i
ishi @hnmmo mmmeﬁs am m:sduwn;o 5p¢oaﬁc gmameem@ampmﬁayeplsomal gene

enhance.t h ha
C MRSt Tk DisBicibe 18 prosteiRbith, B ot Mrdhicls o have
al .intadtF8H walls e‘imhdtmgce,lh”)‘ ormati on of chal ned 12 WO
2005/ 079854 PCT/ | B2005/ 000204 ceI I s and anucl eat e

m nicel |Ls chi et at
M ni cel f2 é‘ﬁ% 004" PRERE BY é\%lb T an e"relllé’l?lgg’ gﬁelgen?rated
G &Bﬂ@ﬂﬁghlraﬁge@f o&ﬁgmaﬁgahmatgememtg ormumlmsdha\tlaﬁecifsepmm

20t g?f | na}ﬁ% on Co ﬁﬁ%%vﬁzl@ 18g)5121t19{,ugFe REQ% altlc? ég}nett, 1975;
PhaRcs |a@,9199:‘.| IVAnREILS ald ¢ah b6 tanee fcmaﬁhngoa petticlesion ibthe levels
| ocal or systemi c effegt | n an%egfaél | cul arl%/ For

marFiRPRS REREESHIgRARRIotemE iRolyedpn Wﬁtﬂﬂ% mosgHe Syesegafion.

€O @%ﬁ@sove‘fé{p%kibn bf rmnﬁ%dd@ gb pdlcdivigion and pidEhdlRe of minicells.

pr ot el elrc acids, and small _ nol ecul es, any of
whi Sitnilasly, depnedsamadase piinieellsgnay raswiiiqm delests Heghro “Y%F@Fe
2 YseDRB b iBE L1 BE Fie mitiebn RSBAABRANGAE (BRUSS I £51998),
spoOJ deletion in B. subtilis (Treton et al., 1994), mukB mutation in E. coli (Hiraga et
al., 1989), and parC mutation in E, coli (Stewart and D’ Ari, 1992). Gene products
may be supplied in trans. When over-expressed from a high-copy number plasmid,
for example, CafA may enhance the rate of cell division and/or inhibit chromosome

30 partitioning after replication (Okada et al., 1994), resulting in formation of chained
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nol ecul ar conpl exes, pharmacol ogi cally acceptabl e
salts, such as hydrochl oride, io hydrobrom de,
sulfate, laurate, palnmtate, phosphate, nitrite,
nitrate, borate, acetate, numleate, tartrate, ol eate,
wal iooyb7asa, and the like. For acidic drugs, saimms2005/000204
netals, amnes or organic cations, for exanple,
qguat er nary anmoni um can be used. Derivatives of
dru%1 such as bases, esters and anides also ca
)

usée %ﬂd@%@e%@mqeﬁs (Weghé ¢ 4ln 4 889 Skedz el o 953% ezglqlwna can
f ObPbldiAtea Bl GhB! GrelERbARId A Crbliepfve Rfind

r|v tive there Ich in either
i nstance, or by its delivery, is convertedag T
enzyrres lnxfel.lsm fitbedgvenyion pentds @pe prmorsdrpgs. Jip iym “drug
et AR ¥ Bt ﬁﬂ&ﬁn@d’o’l&%{l&ﬁ& actiRSuBRAIE tHabpbiuces 2

act | ve Dr ugs having any ysi o i cal or
5phdﬂ0¢h@tﬂyefgm@a¢ffeabm|anm'c§s a@r@c@g@ym qamdgaumans Drugs may be

or SFRbA B (s B e BARAL J%%%%ﬁ%%@ﬁ“?ﬁ Vg e

I nabidie amdtilaa@emal}mmu]@s any pof whishmpyds, charactenzed or
ﬁ%%l%ﬁ%% '}}Zgg T%Yk Ve iR H%mo% %l%f‘s sdcﬁta[; ﬁﬁéfhgﬁ ed BhdHicuf¥em

e ana
a n tnhd‘[&iu@eb @binplsgss, f)]ﬁ:ﬁﬁc@lagnalﬂg gsqepmﬂ)ldﬁahs; yudhl ag ésdrochlonde

taxa Vi.Nnc al ai ds top i S hi. bi

0a o DIFGHAP Hia Cre, Rl PO G, WE e poie pgtate
AC thh DGR, Gdrtiate), olédtk 84 late%ﬂi ﬁe hkaaBM Ruid &ugs, salts of metals
Aspar agi nase, _ Bi CNU cal yt am de, 25 Bl eony |0,

Bu s@mm%wr oespisERtons; fpox GHRSHATY AR PTGy B st g

’of quclgklﬂaﬁe%r@;‘t&é hnd 4ehidpd Aéd dan be used. A drug thatis
CI adrl b| ne, - Cycl ophosPham de,

@tm¢mgsq}mg@pqapd§|qg@1 in p@xg}q is gd)gagﬁtbsgqéi?é{envau\re ‘thereof, or as a
1528 Gpkd! %ﬁ@e %%%gf %H:H Eher 1@%5@%9 bRngdelessisaxtlerted by

Doxoru I cin, | cln, | enei m ne,
Et apepney hydiBlygedipy tdic h@dy e o By @Hwn metapplicproeRsess g the original

Fl yt am Centi tabi ne, so Herceptin,

HeXae? E‘r‘f@fc%lﬁﬁ cggyﬁ%‘r oxyurea, ldarubicin, |fosf am de,
[rinotecan, Lonustine, Mechl oretham ne, Ml phal an,

Mer capt dpmlg$ eingviay lpbysiclegical or mlmelpawa actigty\gey useful in this

20030 QiaE b Bl R drdfs! DXEA 6B
O(dPYeﬁ]I 3{11 tc& 4%&&%&8g§%4ﬁ r%(lﬁg Pedﬁ‘théost atin,
zoPI i chediy therapy kires disdhate |n:tmgemniuatardsam1rostr@¢a@,| efleyleneimine, alkane
ocin, .STlI-571 Stre z
er‘gfIS i dfitazing bl %‘6‘5’5’1&8 mldmf}m og%géhl ne, analogs,
Thl ligRboliRE) ok, analdgyh eﬁtﬁmyclm'és enqnks raug alkaloids,
Tri metrexate,, Vjnblastine, Vincristine
Vi PSR erase ighib %S%‘rﬂw %/ enty Frgmlpey 83 S‘f’?{%ﬂf drugs are
?Oniszaﬁioﬂ}%ﬁﬁmﬁm{eﬁmﬁaw W as@Bzdd$, A sphrafinyses BIUNI, I’Bwalutam1de
ewer
25 Bleomycin, Busulfan, Capecitabine, Carboplatin, Carboplatinum, Carmustine, CCNU,
Chlorambucil, Cisplatin, Cladribine, CPT—I 1, Cyclophosphamide, Cytarabine,
Cytosine arabinoside, Cytoxan, Dacarbazine, Dactinomycin, Daunorubicin,
‘Dexrazoxane, Docetaxel, Doxorubicin, DTIC, Epirubicin, Ethyleneimine, Etoposide,

Floxuridine, Fludarabine, Fluorouracil, Flutamide, Fotemustine, Gemeitabine,

30  Herceptin, Hexamethylamine, Hydroxyurea, Idarubicin, Ifosfamide, Irinotecan,
Lomustine, Mechlorethamine, Melphalan, Mercaptopurine, Methotrexate, Mitomycin,
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than about 1 contam nating parent bacterial cell per

107 mnicells, nore preferably contain fewer than

about 1 contam nating parent bacterial cell per 103
mnicells, even nore preferably contain fewer than
a3t A7t ani nati ng parent bacterial cell pBET/HRIENS{OpN204
mnicells, still nore preferably contain fewer than

about 1 contaninating parent bacterial cell per 1010

mnjcells.and nost prefera .contain . fewer,than. .about

T "M R s, PR Pl AR mdhRR,

m nPkinysin, MetdibakdneoRitpkifniab,\Stergids) Sticplzdin, & 18-5K hBirepiorocin,
the_art .and_describhed. jn PCT/IB02/04632. One._such

ot ORI TERBu % PraeoRoR ey ey Tommudex,
| S Dagobdchs Trécduiphar Mhihdiexds) Miglatin& orib@stind, A8ddesmnd
dead-end filtration_(feed flowis perpendicular to the
FrenHF’é’FFéblg%erPagé)aI}d?ﬁ%WGnal ly, the filtration :
conmbi nation can be preceded by a differential

cent ri f ugafidelirconRinihDYengREitibhd ofgkib ifveritie, préferabBnooutin fewer
sone portion of the bacterial cegils gpd.th rebg/ forabl
enr fhep akoye | somapinatiagpareny bagisrin eqlf neg 10 ipyqelp, more preferably

pur pdrtRtdwRp iR bbaf 10RkAYBLACHSbd: Ybadédd ceilper 10° minicells, even
~centrifugation in a 20 biol O?I cally conpatible | 9
me dmgra preferebly cortain femartien gheut heontamingiing nagay bacterial cell per 10

150! {n?xﬁfe@lg, stll iR Efb?er%l? dorftfth fovh than @B& it RBhiakhindtRe parent

mnicells are sqjected to further rounds of

ensi t
or abiosil exdhrer 10'] gunieels aog mossarefFIsblysariein v Bamgionbl
may  f.urt. i . | phINAk ep of perform ng
di fféﬁé@%gﬂégﬁygﬁgﬁl&ﬁ@#% ?’Eée{cer?nfshi cel | - cont ai ni ng

sanpl e. Wien perforned at | ow centrifugal force,

di f f er enMictodsefimurifyingminientls aieiknows in hrptand degsribed in

bor b e bl c bkt rds DR R GG
t hebgﬁg%reﬁn/g ant Q%ng?a&{mﬁ%ﬂhg% qng&ﬁe%gﬁs?;ﬂ&)l?g?l e_f(f?ect i \‘;Vels_
ur piralle to amembtano derfaepfabds, 1087) @ dehd-eind flstion(feeiflow is

t ' . ni._cel.l ' F i . o
or PRPETR P iR ot $hiracey Ihatty, Bl ifiliin corbination cen be
Subjpfcéded vy a differpitial cantfagniongat ivwicanrlifugaltiorce, to remove some

di ti hat i t - 2005/ 079854 .
T PPHioR 650 B3I SHGcael ety et SRRl B tnicels,

filamentous form followed by (b) filtering the sanple
to obt ajnotherpurifitatiot méthddoshploys depsdtyairaddent céttofugation in a

mnicell purifi i on..met hads a an be.comii ned.

B bl camp e PR B AL PR B Ot RO EIg L ollctd

f ol IreusSthe BraBief ard, oblidatiy.ahd indlicelle Adersubjegiad toofrthdér raunds of

m nicell producing, bacterial, cell , cylture, This_.s elpihl d

whi GRosigradisnheniheaiienie meBHe Bl - o Sty g, L6 noinde o

I eMyYefidninary step of performing differential centrifugation on the minicell-containing
sample. When performed at low centrifugal force, differential centrifugation will

26 remove some portion of parent bacterial cells, thereby enriching the supernatant for

minicells.

Particularly effective purification methods exploit bacterial filamentation fo
increase minicell purity. Thus a minicell purification method can include the steps of

(a) subjecting a sample containing minicells to a condition that induces parent
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nost parent bacterial cells, while [eaving mnicells

in the supernatant. Step B: Density gradi ent
centrifugation using an isotonic and non-toxic

density gradient nmedium This step separates mnicells
WopsirAss4cont ami nants, ao includi ng parent DAROVBRGSH00204
cells, with mninmal loss of mnicells. Preferably,

this step is repeated within a purification rethod.

Step C Cross-flow filtration through a 0.45 pmfilter
t o bheteniah e¢llsite adens a filamantaus ooy, &lfosed b (p) filtering the sample to

co ] Pa{.iﬁg : et L ess-1 nduced filanentation of
reg)i% ua pargﬁﬁ%‘g@?‘gp@&gel I's. is This may be
acconpl i shed by subjecting the m nicell suspe(?si onhitﬁ)1
any of Kaoenainicell paificationietondy adsoviap 5 fembEpd. One highly
COnGhelihRUmbiihith G maibdst Alsbfiokg eat ment Lo kill

parent bacterria Step F: Cross-flow filtration

to reno I c ' fugHHGR of% mi SR il vaBsrial cell
*menbr anéﬁpﬂgmntgﬁeg%??}?%ﬁ%ebr ios, m#%rc a_clzﬂiglds,

me dinbiu@0 This sisornehich may de porfiroed bt 20908 fargbegR0awnpigy, gemoves

£ 1o ) UGS b Sheridh O wAlID 1kl Biini BEHS iR oo BPRAANR O
separate mnicell’'s Trom snma contam nants, and a 0.1
mfilter . be : e c L offild shd non-toxi
Step G Sﬁén;;ﬁc/{- end ?Pﬁg@ﬁ%%%e%ﬂ@ﬁ?ﬁ?ﬁﬁ)ﬁ?%%gﬂl Fggrrent oq;lon e
d e aldnditygiretién medived. | his fesopatatesmfinicellsifropnyrappcontaminants,

eml d for this.step. Step. H : :
o BT o R s SR by s PRI Obrotepably, i st i
Coabpatedndiii 4 pudfivation mathobe enpl oyed for this step.

I n anot her aspect, the invention provides a targeted

drug delgiapary net bassidoatfiltrafuirihiongsa DA filler to further reduce
bi specific ligands into, contact with (i) bacterially
derpapsg bactesialgs besgtgnaiona  pCT/ | B2005/ 000204

mnicells that contain a dryg nol ecule and. (ii .
mammel | AReRIR) | s, PHessndysed f ntatl?l@%ﬁ‘&%‘ﬁ“ﬂ%@ﬁeﬁgba“wna‘ cells.
15 Pefiis i:n(a‘#' b¥ adcBinpsHel BYisthjedtink ﬂfbﬁﬂinf&m%ﬁééﬂcﬁﬁoxﬁﬂ dny of several
conponents, cauSe thé mnicells to bind to the
nansiebs-aduaied ¢nyirosmentakdenditipRfe i ni cel s are engul f ed

by the mammalian cells, and the drug is released into
the cyt dimBm of tAnibiptairastmset to Killparent ba ﬁ‘@?ic ent or s

found that this approach is broadly applicable to a
range ofStepF: ross-flow filiration to remove small contaminants, such as

membrane blebs, membrane fragments, bacterial debris, nucleic acids, media
20 components and so forth, and to concentrate the minicells.' A 0.2 um filter may be
employed to separate miniceﬂs from small contamhlénts, and a 0.1 pm filter may be
employed to concentrate minicells.
Stép G: Dead-end filtration to eliminate filamentous dead bacterial
cells. A 0.45 um filter may be employed for this step.

25 Step H: Removal of endotoxin from the minicell preparation. Anti-

Lipid A coated magnetic beads may be employed for this step.

In another aspect, the invention provides a targeted drug delivery method that

comprises bringing bispecific ligands into contact with (i) bacterially derived
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mammal i an cells, including cells that normally are
refractory to specific adhesion and endocytosis of
mnicells. For exanple, bispecific antibody |igands

with anti-0- polysaccharide specificity on one arm and
P PURERESY ecept or, anti-EGF receptor or 1o PCT/IB2005/000204
ant i - andr ogen recept or specificity on the other arm

effi ciently bind mnicells to the respective

Cﬁﬂﬁ&!‘uﬁ 18PcdhekiR A B Rhorb @iSEk (ﬂ@ﬁaﬁ%ﬁﬁ&%ﬁlg CTgesétin%ciﬁo

hese " cell's I nc ["'ung, ovari rain
pr olsgaatls havidg slbﬂcrﬁcﬁaﬁuémﬂhainllcsll ahdmeowedian ¢dllecomponents, cause

o it aReets )b BENaO B R EE AR SR B P B BBy ke by

Tartyemamhélmn@élls; el thedentis Rivaseddhiodies @mplacs:ﬂi df theh@nmalian

which a drug is to be introduced. "Introduced," when
Use®fn reference to a drug, neans that the drug
carried within a mnicell is delivered to the target

cell, p rﬁeanahitgts touhd ﬂiaeﬂﬂmﬂp@rdayh is bty apbhmbieao gednge of

gﬁlrlllna’g%raﬁ ta)i(F:"t:lﬁ ége 33%3& Salﬁﬁ‘gl‘rég‘gé gr?q t{): a%ﬁgic adhesion and
f acéddot@bss oﬁﬂﬂmui OBdr exarhislef especitic bailgdy ligalds svithraati-O-

non 20 phagqcytigc,.meaning that the cells are
pr crdieboaie ¢ bresiisiey paene Srid ut-HRR Topbinge tBCF receptor or
16 eNgfti-drdoget rb@pRNshebifb ity ot thiokHeR hrn SikicaBY inﬁd mmlcells to the

Preferred target cells also are mammali an.
us efeapecive eReplers PR arge Of WEEeHBIM-DRAS)CHHE CRYY sTh6¥3 CteH? fclude

| NVRRE | Rarikd) Bhdisl %reawma%%d thatatk st Mo?eo%w fRGEAcient

co oRent on a targ cell and to a surface 2

ioding pregades rapie ¢mbpytosx$>¢%ﬂle rramips}is bmechsﬁfrth@m-phagocyhc
co gpent on a target cell is a receptor, especially
a receptor capable of nediating endocytosis. The

ligands may conprise a polypeptide and/or, )
e ar bohy dTareet ceBahepfsheinventiantindeisi aay cell intqyhich p dag is to be

|1 9 RdSnceROmEs O wiidn DhediRh Gl efiocdD blaRRnehiihat the drug

carties dual 'Speciticities for a sur?ace conponent on
bactamechivvitbmchenmmﬂ is delimered tui the Gegdt selh peeférably intwoelfudesty.

0 t Ll
e L L e e L T
WO ﬁlﬁlﬂﬂﬁﬂﬁﬁ@ Bﬂa Rgahd) el Btk @ﬁ&%s;smm&adamga&bnsarﬁ non-
t f I nds. al iLncl
2 e cBFEBPLIS By L Berdlory Bt rast AR Ntas |
pr OﬁﬁerF @L denditlc camy £EWNReral Kiver QEL )RR OPrefitred target cells also
particu [igand is made on two primary criteria: (i)

spe%‘ie’rni‘&l?ﬂﬁ?l?‘?&r ng to one or nore domains on the surface
of intact mnicells and (ii) s specific binding to

one or npjgandkQiFBflE thdtatdeeddnid @&ﬁe@fméthtﬁistoﬁﬂ@hvennon mciude
cel Lufy ag-glqtu t%at binds to a surface component on a target cell and to a surface
25 component on a minicell, Preferably, the surface component on a target cell is a
‘receptor, especially a receptor capable of mediating endocytosis. The ligands may
comprise a polypeptide and/or carbohydrate component. Antibodies are preferred
ligands. For example, a bispecific antibody that carries dual specificities for a surface
component on bacterially derived intact minicells and for a surface component on

30  target mammalian cells, can be used efficiently to target the minicells to the target
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i gands preferably have a first armthat carries

specificity for a bacterially derived intact mnicel

surface structure and a second armthat carries

specificity for a manmalian cell surface structure.

Baxhoadotsme first and second arns nmay be nulpcirasdoesaonzos

Preferably, each ann is nonospecific, even if

mul tivalent. 10 For binding to bacterially derived

mnicells, it is desirable for one armof the |igand

t o nanaglisgiclisinpro anddn mivpoDyefuldigends alse ia n#dﬁ@@tor%ﬁna’me&
%‘B{?ﬁﬂg ﬁ&é@afubi%ﬁ/c 2 PrA8nd IR sﬁé[l%leclaﬁe@.t erial

ceII mnicell surface structures that can be

expl oi t ed for l'igand binding include cel

sur f ace Tog pectign pbp pptiptladisgsndisanade ap yppERaSsitsi: O
outy éclﬁeem]ﬁ ?c?onesdf‘ﬁ{bré‘gmﬂélhé dp thé biFpa6s BRe: mﬁébﬁ@l}

cell surface” Is exposed peptide segnents. For binding
5t 0 spem@(elom@eg tosonegrrencae dorpding m:ethc Puytace df the t@gﬁ eelisi ahus

LB 68 R BP0, Bl i

andniecimicivyld safaes strudet had a sﬁqamdem'methatz:enheo Bpeclﬁmty for a

unchar act er | sur e C

¢ h R RgisEseE SRSty R e sionf B 8
endegiivaits Preﬁrﬁﬂ?,(badﬁﬁ'lﬂ B hioﬁosp@hﬁc,&lvéﬁ damlidedmbnent s
for targeting Such receptors, if over- expressed on

the t t f f i
10 Ore t g: ggf Plﬁgl rcé%%gy flgr%%g% IIFICQESEI d@?]ﬁab% %}? Ghd Atht of the
redigand® ﬁeri@ecriﬁcsﬁir idiel O-4pylybanrhaielk Icmpgnehmfmdrpopdyg’eehande

o AL b B Rbae AR pel . e GH G, S o

en%%iaﬁb& fr liggld lﬁn@ﬂgim‘zmd@t:éll S Ed- ecp«a@adl Iﬁ)lypleptﬁt@s e&d | s,

ki dney cel l's, bl ood 250e||§ B‘-%*F r&fgﬁ @k"’uﬁ“

br aqarbomrﬁfes oR pyigr merghyages, ggh ag f%ﬁ U syuface
107 EBY:ed Eﬁﬁk%agﬁahg by selecting a |igand that
speC|f|caI bi hds a ceII surface receptor nDtlf on
the desired cells. | es of %I sufaceé tl(])I%s

i ncl ude @5P’é‘ﬁ%éﬂfﬁr§f‘6ﬁ? » ongarm of the ligand is spppifiq,fof 4 surtace
ov %ﬁgﬁﬁ&ﬁ L& maPhdWlEh cOP! Uk cbiB ]?tsdéﬂﬁs IR Ll shriiRE proteins,

pancr d gastrointestinal ract carcinonmas

: ( l\/megh@ﬁSIand Q@b@}ydrq’ﬁ@s; whethereharaeterzedos vpghereterizely Gell purface

o S0 Bt b SO TR BE o

2PCTdeBW®4conmoomfoe tamﬁnge Swdhaegeptonth @‘efrwer-emwged on

t
kB REl Rl S Do R 61l 0GRl p b e
tumha&byﬂﬁhdﬂgﬂ@pbhmmhqdbrmﬂmmymnnaﬁmn¥MedH and neck,
non-smal |l cell "lung and prostate (Sal onon et at,

1995) . S0kl QELAGE hChR, RAEERLOFo41R! AEAALc o loutaure

cells, such as endothelial cells and smooth muscle cells, lung cells, kidney cells, blood

25  cells, bone marrow cells, brain cells, liver cells, and so forth, or precursors of any
selected cell by selecting a ligand that specifically binds a cell surface receptor motif
on the desired cells. Examples of cell surface receptors include carcinoembryonic
antigen (CEA), which is overexpressed in most colon, rectum, breast, lung, pancreas
and gastrointestinal tract carcinomas (Marshall, 2003); heregulin receptors (HER-2,

30 neu or c-erbB-2), which is frequently overexpressed in breast, ovarian, colon, lung,
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s enzyne conplex receptor, which is expressed on
hepat ocytes (Ziady et al., 1997); fibroblast growth
factor receptor (FGFR), which is overexpressed on
g@ncreatlc ductal adenocarcinoma cells (Kl eeff et at,

8025 Fd cul ar endothelial growth factor r e @EHABA005/000204
(VEGFR), for anti-angi ogenesis gene therapy (Becker et

al ., 2002 and Hoshida et al. 2002); folate receptor,
whi ¢ i erexpr d i. %
Sl ST UELh BB SIR, STRE e b o

20 (BZ}FR)pwh:Ich whifldy expressedinad Iyuge(dfablichtuamrsﬂlncludmg Ehbye of the

ca bo tors.(Thumher.et al. 1994): a
PR TRl ol MEBEhd BostalgsuAmRn b oSy
f o] ﬁmﬂ@gljﬁco@ﬂite;m! Sy ptoP(Siekpit, fl??ﬁ’f, ﬁ‘a@gdrhﬁ edceptbr (Sﬁhghsl%yi serpin
attracti ve or treat nt (0] g | Seases u
5 Oy SRR RPPPIGE FRcepiRE SYIEh is aipr%ﬁsef{] onlwsycﬁ%@ C&ﬁf ?ﬁé.””')
ex &bRbRst Mﬁdtéﬁleeep%}t@c}my wBihad o@?é?;p@d%&dd d?xé}faﬁ@:batﬂc@uctal

u s can be i ncor orated into i ntact m nice

AngFAERRQIEA 'E?élls (Kkceff e 6?’ =t29%2)d1‘51§@§af§§ﬁ0t§%haé grvaly gaator fegeptor
SCESWGFR) ﬁﬂfaﬁﬁjﬂﬁﬁoﬁ&kﬁﬁ Fe&‘iﬁ@aﬁs(B'éuzﬁér LIS 00 @Al iR et al.,

np ocy tes. Preferred ands co ri se
an29Badb rafmm;wlalnh m@hytmércmwpmd 0% $& gonmucinous

] it oo osBlh 8T, 2B0BERORIES: Gpsoealys By al,

vi IB04paadohydren refpans ﬂmmmh@rgee al. ,d99é)s puhp@ymieinteyneglobulin
tihod d
agecgq)qorh é@cﬁ% usoﬁlé e%ng 831%\/(\1%% ?ebmr 1 bgﬁg& ai bl %ﬂ&j attractive

deffortebimentof lmgdlsasesssucigdtsecﬁﬁambmmt(maadgl o nhgeent s
(scFv). Anti bodies and anti body derivatives useful in

e bR L B B A Bl e

15f O uﬂcoﬂﬁi‘ayefﬁldﬂtbl miﬁcm:hmideﬂs afdvergeted délives ofibadmpge i heswhleved

ol g GusrLienS el e Segi OBt iR

not vary or vary m n| mal | y anong anti bodi es of the
sane cl Beferred ligandsapinptibeantibedienmd/oY antitaidy deriedives sAs used

o BB e W BB R Bl

ep hzltfmﬁ in Vi@ gdREItOA DS @il iritiénogalit g8ponskl Whk tegm Gantibody”

o A g ey i el
- 1%6%2&0§{CQ39 %élepﬁfﬂaﬁg%/fﬁﬁﬂgﬁé (s«;:ﬂ?‘)3 Aﬁ[tmhes and antibody

"anti body® al so enconpasses_derivatives of antibodies,

su ém‘@@vwﬁybwhv PrTh BVentignalsoraay e pbiaireddy rerqmbipapt DNA
Sp%&hﬁlhﬁél ly bind to antigens. Such antibody

fragnents include Fab fragnents (a fragnent that

contalns the antlgen-
1d type antibodies have four polypeptide chains, two identical heavy chains

25  and two identical light chains. Both types of polypeptide chains have constant

regions, which do not vary or vary minimally among antibodies of the same class, and
variable regions. Variable regions are unique to a particular antibody and comprise an
antigen binding domain that recognizes a specific epitope. The regions of the antigen
binding domain that are most directly involved in antibody binding are

30 “éomplementaritydetermining regions” (CDRs).
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bi ndi ng domai n and conprises a light chain and part of

a heavy chain bridged by a e disulfide bond), Fab' (an
anti body fragment containing a single antigen-binding
domai n conprising a Fab and an additional portion of
Wwioezobsaress4 chai n t hrough the hinge region, F(rtinp®os000204
(two Fab' nolecules joined by interchain disulfide

bonds in the hinge regions of the heavy chains),“a'*'“
bi specific Fab (a Fab nol ecule having two antigen

bi ndi ngThotwen ﬁmubedw’ralagsfenmmmssmnmms elaatibofligspsugh as

O LAY A B o OOt b s
an dmﬁimdy;&agmhas mchifle Hab ﬁagmd-msj@ fragmiendthatogetaine theipptigen-
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€. Ginge Iapild PRB)2 (B¥o Bib? moklfiRs Joﬁibﬁ)byhﬁt&ﬁhhﬁ dizulficie bbndsdn the
by genetic mani'pul ati on and/or .in tfrﬁg iegflfﬂ%
r e&mg@ regiensrof Hvthegorrbaing), 2, rﬁpaclﬁ‘aﬁ% a Iy polegule

hu i &tcth diffefentd d
pa{ggﬁ%ﬁ Hﬁ&lm%ﬁﬁtﬁmdba%ﬁ o?%cﬂ?édé’rﬁegggcte afﬁ h difi ni pﬁope) an

105, B8ECENOhe vanablpemtpendhinding detsmningliveapgionel aale gt eud heavy
ar Farkin | oops,
kngM%Bas C%R%PQ%QE%MQ C§Egg g?ﬁ?%?ng rggﬁgﬁé (CDRs),
from 20 a nouse mAb into a human 1gG See Jones et

al ., 1988henmntibotiesnincladingiantiborlydimemanis, cestiteie par opgll of the
al liggl}t%sﬁley H},ﬁergﬁg Sl hidfaPb %ﬂ] aPa i ddidato B SRALESSr use in
owe gener al

ant’ f requires the transfer
of homenorSovcalled amunmmdanub@msd exgovelkiaorntie thede. G464t

TR RSPk S S OB bn o
haugrbeenmdsiue kalnedtheiSetigdaicih éma bamad. Me’rm@@Efor anizing

g e S

af fyists50{101. Wk sinphepest,ivmenintd geibedienstedoreed by grafting the

routinel obt ai ne om ver a | e- Cha,ﬂ
| B IROE P e Y SRty sl aBafs (CDRs), from

o' | by AbhR 1561@0 Shiehdd Igns @ta J@Aes et 6199986 mbghﬂﬂneaazalwss and
1996; Sheets et al. ard et al. bcﬁ
Kn a\é?;hqke)fé@ etl., 198% Gl gﬂ&@am @é’eﬁr gigshumanize antibo

b| Speci }QLO gé el g’%lqu#iﬁlg WandfE OGS ofndR ddiftionalQesidues from the

I n anti bodies, which typically
ar esoriiedrramenorkpegignsd BRE)NS sheompese PricnbmAb. Feyeap!vaipgs of the

Nl G03k 0, RO LAl 9haa 1998,
'I | %ﬂ%’?&m ecu?hﬂo{lo%ggfsgglrg{rwgg%%n gﬁva?’?agﬁﬁghheavy
chai n portion.
25 Human antibodies, rather than “humanized antibodies,” also may be employed

~ in the invention. They have high affinity for their respective antigens and are
routinely obtained from very large, single-chain variable fragments (scFvs) or Fab
phage display libraries. See Griffiths et al., 1994; Vaughan ef al., 1996; Sheets et
al., 1998; de Haard et al., 1999; and Knappik ef al., 2000.
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See U. S. Patents 5,455,030; 5,260,203 and 4, 496, 778.
Bi specific anti bodies also can s be nade by ot her
nmet hods. For exanpl e, chem cal heteroconjugates can be

§,F§at ed by chenically linking intact antibodies or
FBYAY5¥r agnents of different specificiti F&T/IBHE5/000204

Kar povsky et al., 1984. However, such heteroconjugates
are difficult to nake in a reproduci bl e manner and

are. 2t NGBAI ihER:ARchal BpA T WPl 08 Bhich ypically

anti bodies. 'éés ecl I es a SO can be ¢éreat
by ai¢ subhbidamt pdypemﬁm'@mslsm affa varistd¢ liglg chain pmmml govalenily

cl eav and.r sociati of the antibe

S AR RS TRREP RGO LtortlonfllE BRe hdal F B hoiton.
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1Jm %ﬂﬁ%& fﬂvlﬁclﬁ&lvﬁ@é\srkfﬁﬁﬂahc diGvageSIRg tdabdobialiot ofthd hitboBy

onefit” on m ni cel at one end and specific for a
SI n@@lenﬁosc@ﬁb@n@malad%'érget cell's at the other end.
The Iigands may be nultival ent at one or both ends,

for exanpl.gse! &H@soﬁ@?ﬂgxﬂ&@&e GetinbRed HRD QLS Bave low affinity
tri abodi es an tetra

Hudson and Sauri an,
2oo®r target smmwgs Therefdseantfered digandsy mads framel thege eomrepgents are

cov ﬁn@:greﬁ‘ iﬁ%&'xkotﬁm%hc to%tr?ﬁgffcg 0 wébt%ptoym@tje?s% fﬁﬂﬁﬁofél

b|n °Ng SI ew se resul'ts fromthe
1§ or ffihity rSetafI‘oaﬂmson/aideHbﬂlgen, 2900; Gﬁrtetrhiwé, Hudses and Souriau,

yi e n ee

res%ﬁHtlsg}dr'g% 1oy afegf’ﬂ%dag'ng con{ug?tr VAl {ﬁ? Sopé(mated by
of cHe@idal SaFotSensticehsbsbimkd.our bi ndi ng si tes Sever al
humani zed, human, and nnuse monocl onal anti bodi es and

f ragnent r.eof .t r
e T e
_ t hes appedifie fos aemg&mdrdpbﬁeﬁt bB Ininiselly mbumierend mag shcific fSeesingle
Hudson and Sour i ay, 2005/.07985
- 2pCTIANRRSHEE 08 5 8% etk Sz‘ﬁglge % e@&. Iﬁ}gq légagés may be Hltlvalent at one or
ant h&Rexdst ﬁ@bxaﬁ‘aﬂﬂe e thid Tor6h bﬂsofdaﬂéﬂ mﬁ;d&smalsocnes and tetrabodies.
" bispecific |igand has speC|f| ty for t|n
Tt 2SS APOS SRRy ISt Biss CTRipdy o non-
f us@tgrafeﬁt ﬁs&"ié%g of ARPE TS, Wi yALifs two Fv binding sites. Likewise, a
triabody results from the formation of a trivalent trimer of three scFyvs, yielding three
25  binding sites, and a tetrabody results from the formation of a tetravalent tetramer of

four scFys, yielding four binding sites.

Several humanized, human, and mouse monoclonal antibodies and fragments
thereof that have specificity for receptors on mammalian cells have been approved for

‘human therapeutic usé, and the list is growing rapidly. See Hudson and Souriau,
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domai ns. Fusion to human i munogl obul i n domai ns such

as 1gGl CH3 both adds 5 nass and pronotes

di meri zation. See Hu et al., 1996. Fusion to hunman Ig

hi nge- Fc regi ons can add effector functions. Al so,
MB2005070854 het er ol ogous protei n domai ns from PCT/IB2005/000204
multimeric proteins pronotes nultinerization. For
exanpl e, fusion of a short scFv to short anphi pathic
hel i ces has been used to produce nmnianti bodi es. See

Pac00%nén emnmmifﬂmh an ggibodyivigande Phcdip fier @ermsmohat

e T e e A
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|n 0O a sur onent e m ni cel

to sarategleﬁ ach as dmmbm mto hdbs” ARidgwge e ahaﬂr?%)J Himalin ﬂlsmn lNOtem

conposi ti o ki

bi SYFEEFE L %n %ﬁ{ﬁéhb?%f ©O0res eseh%ﬁe&ﬁa\yg% &8{1 ¢ ?ﬁ@{ﬁmmﬂ
a cﬂﬁamgé.g.aﬁcﬁthamm ISet Makbe esalG995.ni cel | s and | i gands
with other constituents that do not interfere unduly

S Il S B4Rk Pl G 90y

mor ﬁt@@cﬁi@&l&ﬁ?ﬁﬁ&hbﬂl@ﬁhﬁdﬁaﬁg@tﬁmﬂmﬁaﬁ (jeﬁs with hsghcatﬁmency The
exci pients. The,te . phar euti.ca ac

e aSRORtPA otRRrises ) 2 broterially frave Bl St ‘?%@%SB cific igand.
bi Id orRGhaell 3&! hganuﬁn@fbetaf@ oﬁﬂﬂ'ﬁ&fe\séﬂbag h&eindrhus, the minicell
adm ni stere i s. chem inert an | not, .t axi

£ hecopieat v 1 Ui Pieeize B BIFETTALY B aRrr o g ohSiefce
2t5mycdﬁg:0n&ft 8880 LRHichiN astMota s@&ﬁc%%mﬁ)@ﬁdﬁ oﬁa @rget ivdmmalian cell.
anpul €s or vials, or in multi-dose containers, with so

or wthout an added preservat .The, for at

be a solAuequappsitign oRSiSERg psFRua ¢ Gt gpjmceifs G\g %ﬁﬁ()‘&ﬁfé@%‘ﬁ the
%&QQE%t 1L T bR Rioh MraPinbMdR sudiHR@eBs and ligands with

veh and contal n formul atony agents,, such, as

su sgbmpwguww st o BotARferiang mmwéqo@? dmaglelivreing gualily of the
sui Lo%ﬂoﬁh&ﬂlc% bR rhlated ¥ ARVGthdl thahd}® using one ormore

25  pharmaceutically acceptable carriers or excipients.

The term "pharmaceutically acceptable” means that a carrier or excipient does
not abrogate biological activity of the composition being administered, is chemically
inert and is not toxic to the organism in which it is administered. Formulations may be
presented in unit dosage form, e.g., in ampules or vials, or in multi-dose containers, with

so  or without an added preservative. The formulation can be a solution, a suspension, or an
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bl ood of the recipient and is illustrated by saline,

Ri nger's solution, and dextrose sol ution.

Alternatlvely, conpositions may be in |yophilized
form for 5 reconstitution with a suitable

er
\7’%‘3?@?’3798%4 g., sterile, pyrogen-free water orPCT/IB2005/000204

physi ol ogi cal saline. The conpositions also may be
formul ated as a depot preparation. Such |ong- acting

o 10y RSP S5l FPAOR 80 (Lo

i nt suapmdng smbﬂtk?:ggndfnmspetkmgnngl A smtabbfsolt::tci;tﬁlt ig isedmlitt with the
|nv can

oncPiph §3nF SeRE Rl kAL Ry e (Bhedy Sl &1 oo

th esothttﬁaha mtﬂmmveht fs@ﬁ;ﬁc{sﬁibnﬂﬁay b lyophilitzdftb}fowdatfafdt,)foxo r

syst em cal,l Del i, V. be acconplis or N
B SR BT SRR VP i BYOMBIE Salef Brptgpologial
t hesafifg, MTHeabinfokitdRs als®REY b€ fovintited BYa ddpbBrépatafion OSuch long-
insufflation, or by parenteral, intranuscul ar,

i nt 3oH0e Fsmulationsmaybe pdministered bzimpimiation (forsxpmipls,subguiancously

S ubg\iteaRbtarly) Bt Eﬁhﬁ‘&ﬁﬁs@hlar Rfectict, r ader nal
adm ni stration. The node and 1s site of admi nistration

S dependent on the | ocati on of the target, cells. For
exanpl e, CERYStOnG @rear?senfdaftntwmnw istesed iy yprious routes
1d ar SRIE Yadidhs isTdiah @ hatBhANAR DGR fto hdtevt MeOR&BSbutic effect(s) desu:ed,

recombi nant mnicells. Simlarl y, tunor _netastasis

be ¢itherlossly arisgemigaliy. daelivery mpaby spceraplisherd, §0rcféﬁtﬂpleﬂgﬂ oral
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2027 L6 M8 U $hB GlndtMifah cbkE TR drhE8ivesy dppEdakh Yan be effected
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A variety of mechanisms may be involved in the engulfing of minicells by a
given type of cell, and the present invention is not dependent on any particular
mechanism in this regard. For example, phagocytosis is a well-documented process

30  in which macrophages and other phagocyte cells, such as neutrophils, ingest particles
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envel oped. Al though descri bed as "non-specific"”
phagocytosis, the invol venent of specific receptors

in the process has been denponstrated. See Wight &

Jong (1986); Speert et al. (1988). 5 Thus, one form
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25  tract and bladder epithelial cells.

When delivering a drug to an engulfing-competent mammalian cell without
the use of a targeting ligand, the nature of the application contemplated will influence
the choice of bacterial source fot the minicells employed. For example, Salmonella,
Escherichia and Shigella species carry adhesins that aré recognized by endocytosis-

30 mediating receptors on enterocytes in the gastrointestinal tract, and may be suitable to
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deliver a drug that is effective for col on cancer
cells. Simlarly, mnicells derived from Helicobacter
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30 - resistance to the passive diffusion and intracellular entry of hydrophobic chemicals
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(po? e Ot ed castor oil), followed by a dilution
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partly duinlidag transpoagseshosld e domseand wminideﬂandﬂb’rhﬁml yct they
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25 To load minicells with drugs that normally are not water soluble, the drugs
initially can be dissolved in an appropriate solv;ant. For example, Paclitaxel can be
dissolved in a 1:1 blend of ethanol and cremophore EL (polyethoxylated castor oil),
followed by a dilution in PBS to achieve a solution of Paclitaxel that is partly diluted
in aqueous media and carries minimal amounts of the organic solvent to ensure that

30  the drug remains in solution. Minicells can be incubated in this final medium for drug
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parent bactenal cells or minicells contain a nucleic acid molecule that, upon

transcription and/or translation, function to ameliorate or otherwise treat a disease or
25 modify a trait in a cell, tissue or organ. For purposes of the present description, such

nucleic acid molecules are categorized as “therapeutic nucleic acid molecules.”

Ordinarily, the therapeutic nucleic acid is found on a plasmid within the parent

bacteria or minicells.

The therapeutic nucleic acid molecule encodes a drug product, such as
30  functional RNA (e.g., antisense or 31RNA) or a peptide, polypepttde or protem, the
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30 functional RNA (e.g., antisense or siRNA) or a

pepti de, polypeptide or protein, the -26 WO
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24 t kdomuaiy uddden e’rdﬁmﬁﬂahaﬁh;lmical applications of such a “suicide gene,” which
can be of non-human origin or human origin, are reviewed by Spencer (2000),
Shangara ef al. (2000) and Yazawa ef al. (2002). Illustrative of suicide genes of non-
human origin are those that code for HSV-thymidjne kinase (¢k), cytosine deaminase
(CDA) +uracil phophoribosytransferase, xanthine-guanine phophoribosyl-transferase
30 (GPT), nitroreductase (NTR), purine nucleoside phophrylase (PNP, DeoD),
_ cytochrome P450 (CYP4B1), carboxypeptidase G2 (CPG2), and D-amino acid
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25  nm; red fluorescence).

The results revealed that all the minicells fluoresced bright red suggesting that
the Doxorubicin had been transferred into the minicell cytoplasm and, despite the
extensive washing steps using the stirred cell ultrafiltration system, the Doxorubicin
was unable to diffuse out of the minicell cytoplasm, This was surprising because,

30  during the washing steps, the cbncentration gradient of Doxorubicin had been

reversed, i.e., the Doxorubicin concentration in the minicell cytoplasm was higher
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25  the drug had been transferred into the minicell cytoplasm and, similarly to the

observations for Doxorubicin, that the extensive washing steps, using the stirred cell
ulirafiltration system, did not result in an efflux of the drug from the minicells into the
extracellular fluid. This was surprising, too, because it is conventional wisdom '
thought that only highly hydrophilic solutes can enter into a bacterial cell via

30 diffusion, possibly throngh porin channels found in bacterial membranes. The present
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denonstrate that a hydrophobic drug |ike Paclitaxel

AT Vo ARG ER AR IR L
" into the minicell cytoplasm, a fluorescent derivative of Paclitaxel, Oregon Green®
488 conjugated Paclitaxel (Molecular Probes, Eugene, OR, USA; absorbance 496 nm,
25  emission 524 nm) was used. Two different methods were adopted to solubilize the
drug: (i) in ethanol (to give a 7.58 mM stock solution), and (i} in ethanol:cremophore
EL (1:1 vol/vol; 3.79 mM stock solution), Each stock solution was diluted 1:10
(vol/vol) in PBS to give 758 uM and 379 uM stock solutions, respectively. The latter

stock solutions were added to the minicell suspension (10° minicells) at a 1:20

30 dilution to give a final concentration of Oregon Green® 488 conjugated Paclitaxel
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application of drug-packaged minicells for therapeutic purposes requires the ability to

(

characterize a packaged drug entity, including determining the quantity of packaged
25  drug. Previously, however, there were no methods for effectlvely dlsruptmg
bactenally derived intact minicells or bacterial cells and extracting packaged drug

molecules.

Abbreviations used below include (i) HCIl; Hydrochloric acid (BDH AR
MERCK, Australia), (ii) MeCN; Acetonitrile, Pesticide Residue grade (Burdick &
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100, 120, 140, 160, 180, 200 _and_ _250 g/ni.

. Th .
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15 @t2punipereBSE) afdreashed 16 dines with J8ms oiBSGinsr washe dde minicells

o e e ettt A AR et st & PP MR ATt B Rl

m ngaekficn. were col l ected and divided into duplicates
of 5 x 108 mnicells for Doxorubicin extraction. The

mnicells were centrif t 00 r :
Cuper nat S ke PefelceH@iey f2 200 ol A 5uBBatag yrgs disparded.
2907 Td/bddblpellftA500pE. cfdd e HO-IPawess ddyeds faljosted by dicydles of 1
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centrifuged for 5 mins at 13,200rpm to pellet debris, and the supernatant was

transferred to a HPLC 150 pl glass insert and vial. Because Doxorubicin

25  autofluoresces, an HPLC fluorescence-based analysis of the extracted drug was
developed and performed as follows. The HPLC method characteristics included (i)
Mobile Phase: 100mM ammonium formate + 0.05% triethylamine (pH=3.5): MQ:
MeCN was 28:42:30 @ 1mL/min, (i) Stationary Phase: Merck Lichrosphere RP18,
5um, 4.0mm x 250mm, (ii) Column Temperature: 40°C, (iv) Injection volume: 15pL,

30 (iv) Detection: Fluorescence - Excite 480nm, Emission 550nm, (v) HPLC system: A
Shimadzu 10AVP system was used, comprising an autosampler, solvent degasser,
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Wi th si n’iul)l ar result 20 Additionally, the techniques

we Rgckaged indgtaptyimieels i ne t he concentration of ot her

Example 4. Drugs and the attachment of surface ligands do not cause minicell

instability or loss of membrane-embedded structures.

25 This example demonstrates that the packaging of drugs in minicells and
attachment of ligands to the surface of drug-packaged minicells does not cause
minicell instability, drug leakage or a loss of minicell membrane-embedded
structures, The result is surprising because one would expect that drugs, particularly
highly noxious chemotherapeutic drugs, in the cytoplasm would destabilize the

30 minicell bilayer membrane.
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Fluor® 594 (Molecular Probes; red fluorescence) was used to conjugate to the BsAb,
25  The minicellspox were mixed with Alexa-Flour 488®-conjugated BsAb and
minicellsp,. were mixed with Alexa Fluor® 594-conjugated BsAb. The various

minicell preparations were visualized using a Leica Fluorescence microscope using

100x obj ective and the appropriate filters for red and green fluorescence.

The resulis showed that BsAb attachment fo the minicellpgy and minicellpae

30  surface was intense, appearing as a complete ring around the minicell cytoplasm. The
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carrylng a cell surface-bound bi specific ligand, can
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mnjcells. .S i | CDEdrlved inicells
nerassrion R AT e e ppproedin simpl 4
The anti-EGFR monoclonal antibody was selected because the target cells to
be tested were human brain cancer cells U87-MG (ATCC, Rockville, MD, USA;

human malignant astrocytoma epithelial cell line) that are known to overexpress the
25  EGF receptor on the cell surface.

o

l':

The bispecific antibody was tagged with a fluorescent dye to enable
visualization and fracking, by fluorescence confocal microscopy, of the targeted

minicells. The procedure was as follows. Alexa Fluor 488 protein labeling kit
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Doxor ubi cin, as described in Exanple 1. 20 A

bi specific anti body was constructed as descri bed above
and in U S Patent Application No. 10/602,021 and
briefl% descri bed in exanple 4. The anti-EGR

MBASWSBHEM anti body was sel ected because t he RCIfGIS/000204
cells to be tested were human brai n cancer cells

Ug7- M5 ( ATCC, Rockvi lle, MD, USA; human mal i gnant
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ncybati on reacti on was .term nafe ter

e e R Wit o MR i trErP R oRS ik BSP pitg coverstps

sanp&@sem&mﬂ]qmgaaised after 24 brs. After

i ncubation, the cells were washed four tines with PBS

and fi xe 15 4% dehyde for )
fixati veq'\'%% 4%5&’%83’1% é’nafi‘}"ﬁeé ‘ﬁégmgﬁ%"?lﬁ’e luoview,
COV @lghpRsAmeia, Mehdle, By, UsiA). El@&ﬁcdﬂb&ﬁﬂﬂﬁ%nﬁhlimﬁge

g G5Bt ) SpTER SR A 2&%@@&%{;&;1%3%'@2@@“@% thin'8 hrs of
CONfReBAHoN] ﬁfg‘éﬁﬁ xeyry&@ ﬁ@m&wm@ﬂ;m@gggﬁ éblﬁc antibody;

Melville, |'uorescence and Di
| mageeen ﬂuorescence) oxorubmm—packaged minicells showed most cells covered by

several green fluorescent dots, while the non-targeted (lacking the fluorescence-
labeled bispecific antibody) showed only some green fluorescent dots on very few
25  cells. This suggested that the bispecific antibody specifically enabled the
| Doxorubicin-packaged minicells to strongly adhere to the surface of the astrocytoma
cells, presumably via the EGF receptor. After 24 hrs co-incubation of astrocytoma
cells and Doxorubicin-packaged minicells (targeted and non-targeted), the resulis,
when visualized for red fluorescence (Doxorubicin autofluorescence is red), showed
so  that most astrocytoma cells carried intense red fluorescent dots on the cell surface and

many cells showed diffuse red fluorescence within the cell cytoplasm, as determined
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20 Contrast (DIC) images were collected and the

results revealed that within 8 hrs of incubation
targeted (carrying the Al exa Fluor 488-conjugated

bi specific antibody; green fluorescence)

Box mosrrisgsan- packaged mini cel |l s showed nost caldiar2005/000204
covered by several green fluorescent dots, while the
non-targeted (lacking the fluorescence- | abel ed

bi specific anti body) showed only some green
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nost likely via EGF receptor-nedi ated endocytosi s and

3 ha@V'QUE 1vi ni cel | s had broken down and rel eased the
Doxorubicin within the astrocytoma cell cytoplasm The
resul t s Refifple ¢/ Effdience of hibnideltimasti Buted di@xgglelieery to non-
fluorescent and red f| uorescent inmages were nerged to

r evRiABoEyfs mpmmalign cellse green dots co-localized with

the red dots, resulting in yellowto dots. The diffuse
red fl udriiseangie ddasastye thaelficencwéftrhinivell ineediated drug delivery

astroc ma cel | sm,renmai ned r .suggest i.n .
R e L R b e e R
d ONGENTiRA9E AgachudiCnb M) Wireussd. N MIBA IMB (468 Yigahe tregsteen
by mnicell surface |ocali z.edm,l%:l speﬁl fic anté]gogéé &
fur%qﬁ’@?"%%%%‘iql A et iispted m rriiselispox prgonfy pising free
Bog)-tedpet 6
o PR AIEER st T PRERC AR, MDA PSRRI B sesded a5 X 10
Exagabls én 875 Hisks andeineybatet] fon 48 m-etd obtata b etD’ delisfflask, The media

del i very to non- phagocytic ma cells
was ch);nged and cellspwerg tregfted with llr)mm b nnmcellsnox or

25 “R\Minicellspox. Free Doxorubicin (50 ng/ml) was also included as a positive
confrol. The cells were incubated for 24 hrs, washed thoroughly with 3 changes of
PBS and trypsinized. Viable cells were counted in a haeniocytometer using the trypan
blue exclusion method. 1X10* cells /ml per well were aliqouted into 24-well plates
(6 wells per treatment) and incubated for 3, 4, 5, and 6 days with media changes

30 everyday. MTS assay was performed at each time point according to the
manufacturers instructions. Briefly, 100 pL of MTS reagent was added to each well
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Thi s exanpl e denonstrates the efficiency of

m ni cel | -nmedi ated drug delivery to non-phagocytic

manmal i an cells. A colorinetric cytotoxicity assay

&)iFéroma a: 20 CellTiter 96 Aqueous One TM was used.
RS human breast adenocar ci noma cel | LCIABR05/000204

treated with EOFRm ni oel | sDOx or controls conpri sing
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wasnudd Midear to that of free Doxornbicin, suggesting
t hat EOFEM ni cel | sDOX del i vered s Doxorubiein inits
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because non-phagocytic mammal i an cells do not appear
t 0 _non- speddstiical dbyves RlEicolls aRee biitained frbmein|SStyphimurium

Exanpl . Haghly efficient, deliyver f . .
o A syttt ArSin A B EOP 6 BPE  Peadiontocgisifuestion

dr UglaRREMB8eIatbiCAINIStokia rEHERD pRIcERRE. T \GRified minicells were
xenografts .in_ nude mce This exanpl e demgnsirates

t haRackpasd &ty shempthgmpentic Srypdpeprabigings descripsddn kixample 1.
packaged intact minicells can effect regression of
20UMBN DI £ Bfpesifid fiiTbo8Rvhs domSMiicted £ deSiIRed &f Bample 3. An anti-

established in 6 week old femal e athym c nude_ m ce.
- EGFR monoclonal antibody was selected because the xenografted cells were human

breast cancer cells MDA-MB-468 that are known to overexpress the EGF receptor on
the cell surface,

Recombinant minicells (10'°) were incubated with the protein A/G-bispecific
25  antibody for 1 hour at room temperature, to coat the minicells with the antibody via its
anti-LPS Fab region. '

The mice used in this example were purchased from Animal Resources
Centre, Perth, WA, Australia, and all animal experiments were performed in
- -40- |



As described above, mnicells were obtained froman S.
typhi murium m nCDE- nutant strain and were purified
using a gradient centrifugation / filamentation /
filtration / endotoxin renoval procedure. The purified
wonziogblessawer e packaged wi th chenot her apeut i ecdrpgpos/000204
Doxorabi cin as described in Exanple 1. 20 A bispecific
anti body was constructed as described in Exanple 3. An
anti - EGFR nonocl onal anti body was sel ect ed because
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Doxorubicin intravenously to show the effect of BsAb in the absence of minicells.

non-targetedy inicellspoy intravenously and intratumorally,

Groups 5 and 6 recejved
25  respectively, to determine if drug-packaged but non-targeted minicells could effect

tumor stabilization. Groups 7 and 8 received EGFR-targeted "™ Minicellspox

intravenously and intrabumorally, respectively, to determine if receptor-targeted, drug-

packaged minicells could effect tumor stabilization. Group 8 was included to

determine if the taxgeted,-Doxorubicin-packaged minicells given in the tail vein could
30 follow the required sequence of events to achieve tumor stabilization and/or

regression: i.e., permeate the leaky vasculature at the tumor site (shoulder blade
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The experinent was designed as follows. G oup
1(control) received no treatnment. Goup 2 (control)
recei ved free Doxorubicin (5 g(gm of nouse body

wei h%# intratunorally. This control was included to
3o p

M4t he effect of free 20 Doxorubi ci n G&TEBIBT 000204
cells and to assess toxic side-effects. Goup 3
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anal ysi.s of, ari.ance NOVA). and P 05 .
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0.0004) tunor 1o stabilization/regression was only
pbs®f%ed with EGFRM nicel | sDox treatment, whether
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eS.Srﬁﬂﬁ'(%ePL‘.' At day 63, the treatnent for the
m ni cel I snox group was changed to ECFRM ni cel | sDOx

treatment to determne if the large tu ol s (800
mB to Inepstirgly)hefes ldoxpsubicin giveg in the rtta?{ve\{n o# mice (éroups 3 and

25  4) showed severe reaction at the site of the injection, a well known side-effect of free
Doxorubicin intravenous injections in humans. This reaction, known as Phlebitis, is
thought to be caused by drug extravasation at the site of injection, and associated
killing of normal cells in the localized region. In contrast, the mice given targeted or
non-targeted Doxorubicin-packaged minicells did not show any adverse reaction at

30  the site on the injection, suggesting that the minicell-packaged Doxorubicin prevented
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15 regressed via the targeted therapy. The result was
a dramatic tunor regression; by day 79, with just two
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25 Example 8. Highly efficient delivery of hydrophobic chemotherapeutic
drug Paclitaxel via targeted and drug-packaged minicells to human breast

cancer xenografts in nude mice.

This example demonstrates highly efficient delivery of a hydrophobic
‘chemotherapeutic drug, Paclitaxel, to human breast cancer xenografts in nude mice

30 via targeted and drug-packaged minicells. The experiment shown in example 7 was
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therapeutic effect.

Example 9. Demonstration of versatility of targeted minicell-based drug

26  delivery to mammalian cells.

This example demonstrates the following: (i) targeted, drug-packaged minicell
vectors are versatile enough to achieve a therapeutic effect in a range of different non-

phagocytic cells, (ii) the targeting mechanism is versatile enough to enable the use of
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dehvery to target cells in-vivo.

Example 10. The relationship between targeted, drug-packaged minicell

25  dose and therapeutic effect on human tmmor xenografts in nude mice,

This example demonstrates the dose-effect relationship for drug-packaged
minicells. More specifically, the example shows the dose of targeted, drug-packaged
minicells required to achieve maximal therapeutic effect on human tumor xenografts

in nude mice.
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3 and 4 (6.6ng and 8.5ng respectively) and groups 5 and 6 (66ng and 85ng).
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3. The conposition of claim1, wherein said

conposition contains fewer than about 1 contam nating
parent bacterial cell per 108 mnicells 4. The

conposition of claim1, wherein said conposition
worpei/o1essé ewer  than about 1 contam nating paCEmB2005/000204
bacterial cell per 109 mnicells 10 5. The conposition

of claim1l, wherein said conposition contains fewer

than about 1 contam nating parent bacterial cell per
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manmmal i an cells are in vitro. 9.. The nmethod of claim
8, wherein said target manmalian cells are non-
phagocytic cells. 10. The nmethod of claim8, where in
said bispecific Iigand conprises 25 polypeptide or
car bohydrate or gl ycopeptide. 6(7 Anended Sheet

| PEA/ AU PCT/ 1 B2005/ 000204 Received 18 February 2006
PCT/ 182005/ 000204 Attorney Docket No. 060348/ 0119 11.
The nmethod of claim8, wherein said bispecific |igand
conprises a first armthat carries specificity for a
bacterially derived mnicell surface structure and a
second armthat carries specificity for a

non- phagocyti c mammal i an cell surface receptor. 5 12.
The nmet hod of claim 11. wherein said first arm and
sai d second ann
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are nonospecific, 13. The nmethod of claim 11, wherein

said first armand saird gsecond arm are mnultival ent.

14. The method of claim 11, wherein said mincefl PCT/IB2005/000204
surface structure is-an 10 O pol ysaccharide comsosiesst 18 February 2006
of a |lipopol ysaccharide on said -mnicell surface. 15

ThepsRigd I ai m 11, wherein saigd mni con su

strﬂcturgd%{ogazgg menber of the groupg DOpkehige- 8?0348/0“9

outer nenbrane proteins, pllli, finbrae, flagella,
and“’&ﬂlrlsﬁhﬂm)mgposed car bohydrates. 16. The nethod

of claim1l, wherein said manmalian cell surface

receptory, 154 vatin
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AmeRged {lvery method that
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7. . A composition consisting essentlaﬂy of i mtact minicells that contain a
small molecule drug,

8, . - Atargeted drug delivery method that comprises bringing bxspec:ﬂe
hgands into contact with (a) bacterially derived minicells that contain a small o
molecule drug and (b) target mammalian cells, such that (i) said bispecific tigands-
cause said m_inicei]s to bind to said mamma]ian cells, (ii) said minicells are engulfed’

by said mammalian cells, and (jii) said small molecule drug is released into the
cytoplasm of said mammalian cells, wherein said mammalian cells are in vitro.

9..  Themethod of claim 8, wherein said target mammalien cells are non- -
phagocytic cells.

—

"~ 10, The method of claim 8, wherem said blspeclﬁc ligand comprises
polypeptide or carbohydrate or glycopepnde
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contains a small molecule drug nolecule and (ii) a
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. bispecific ligand that ig capable of binding to a
surface conponent of said minicell and to a surface PCI/AB2005/000204
conponent of a non-phagocytic manmalian cell.

Rgceived 18 February 2006
PCT/IB200§!000204 - Aftorney Docket No; 060348/0119

1. The method of claim 8, wherein said bispe.ciﬁc ligand comprises a first
arm that carries specificity for a bacterially derived minicell surface structure and a
second arm that carries specificity for 2 non-phagocytic mammalian cell surface
Teceptor.

12, The method of claim 11, wherein said first arm and said scéond arm
are monospecific,

13. The method of clazm 11, wherein said first arm and said second arm
are muluvalent.

4. The method of claim 11, wherein said minicell surface strueture is an -
O-polysaccharide component of a lipopolysacchatide on said minicell surface.

15. The method of claim 11, wherein said minicell surface structure is a
member of the | group consisting of outer membrane proteins, pilli, ﬁmbrae , flagella,
and cell-surface exposed carbohydrates,

16.  The method of claim 11, wherein sald mammalian cell surface receptor

is capable of activating receptor-mediated endocytosis of sa1d minicell,

17. The method of claim 8, wherein said bispecific ligand comprises .a_n -
antibody or antibody fragment,

18.  The mothod of claim 8, whereln said bispecific ligand comprises a
humamzed antibody,

13.  The method of olaim 8, wherein said miniceil compriseé an intact cell
wall. ' '

20.  The method of claim 8 wherein said smnll molecule drug is a
chemothcrapcutm agent,

57

Amended Sheet
IPEA/AT




21. A drug delivery method that comprises bringing bacterially
derived minicells that contain a small molecule drug into contact with mammalian
cells that are phagocytosis- or endocytosis-competent, such that said minicells are
enguifed by said mammalian cells and said small molecule drug is released into
the cytoplasm of satd mammalian cells, wherein said cells are in vitro.

22, The method of claim 21, wherein said minicells comprise an intact

cell wall.

23. The methed of claim 21, wherein said small molecule drug is a

chemotherapeutic agent

24 A composition comprising (i} a bacterially derived minicell that
contains a small molecule drug molecule and (ii) a bispecific ligand that is capable
of binding to a surface component of said minicell and to a surface component of
a non-phagocytic mammalian cell.
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