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engulf drug-loaded minicells without the use of bispecific ligands.

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/organs to the administered drug can cause severe toxicity
(Sarosy and Reed, 1993). This is exacerbated by the fact that systemically delivered
cancer chemotherapy drugs often must be delivered at very high 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
-1-
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Kumenohoso et al., . 1997. Schiller et al., 1996;
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carriers and liposomes, as well as the co-administration of cytoprotective agents with

antineoplastics. Chonn and Cullis, 1995; Kemp et al., 1996; Kumanohoso ef al.,
1997; Schiller et al., 1996; Sharma et al., 1996; Sipos et al., 1997.

The use of liposomes as drug carriers 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

drugs in a macromolecular carrier, such as a liposome, the volume of distribution is
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their breakdown releases drug and causes toxicity to normal tissues. Also, liposomal
formulations of highly hydrophilic drugs can have prohibitively low bioavailability at
a tumor site, because hydrophilic drugs have extremely low membrane permeability.
This limits drug release once liposomal carriers reach a tumor. Highly hydrophobic
drugs also tend to associate mainly with the bilayer compartment of liposomes,
causing low entrapment stability due to rapid redistribution of a drug to plasma
components. Additionally, some drugs, such as 1-p-D-arabinofuranosylcytosine (ara-

C) and methotrexate, only enter tumor cells directly, via membrane transporters
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segregated into the minicells. The resultlng recombinant minicells were readily

engulfed by mammalian phagocytic cells and became degraded within intracellular
phagolysosomes. Surprisingly, some of the recombinant DNA escaped the
phagolysosomal membrane and was transported to the mammalian cell nucleus,
where the recombinant genes were expressed. Thus, the application showed a

usefulness for minicells in human and animal gene therapy.
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useful ness for mnicells in human and ani mal gene
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mammalian cell surface structure. A desirable minicell surface structure for ligand
binding is an O-polysaccharide component of a lipopolysaccharide. Desirable
mammalian cell surface structures for ligand binding are receptors, preferably those

capable of activating receptor-mediated endocytosis.

In another aspect, the invention provides a composition comprising (i) a

bacterially derived minicell that contains a drug molecule and (ii) a bispecific ligand

5.
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that is capable of binding to a surface conmponent of
the mnicell and to a surface tgtgent of a

teatinsarablecdibinding e 4 siars v%pcawaw & mipigethand tragrace

gntails bringing bacterially
%%lnp\éed&m ni ceqﬁngl%hat contain a drug into contact
wth target mammalian 5 cells that are phagocytosis-
or endimyinvsitengoorpdesemptheT g dehverly |Im’¢h@,da1hla‘seféﬁ§mrﬂlgmg

g L e ercas b ) e Gl SR gl eBf pmmatan

Q:reﬁy {ie &e%ﬁ@&ﬂ%s@@ Yr ERfoclesidicothpeient. CEhd I%aﬂmtaﬂlaﬂ cells engulf
such nmet hod involves creating

dhqn dmgt—lpaqlqddmrgpeélg ich gengeleasg rth@r g%g\p@@}@ag iptracellularly.
extracel | ul ar nediun1containing the mnicells and the

m ni ¢ SIS a drug.
this gi(“)}he&éﬁr/&r& i ery?&lg%st{getlhc'r%?ogg fegr?ﬁédrﬁl?% X }’rﬂ a drug
ayhoOflca mathdhiivbes a’ehth@da afnckatediongradientof thesdrug betvegen an

drug involves culturing.a .rec nb n nt
T B A R I R cyigplep. The drug

blﬁa &k HlaveSidwn b SOGHEARSRN eI M @finiRell c%toplasm
erapeutic ndw?elc aci d encodi ng the drug, such that
the drug is released into the cytoplasm of the parent
bact er Anbtheemkthotéwatling npiaicels with ashiag épviokies galturing a

di vi des and r.ogeny . nini
aqeggnglgﬁ{ltal?aﬁe Ili)éctalgﬂ égﬁ uﬁdet'rﬁ:gn(?l%ohf thng% ngi{é %h’t%ﬁaﬂr’]%ﬁﬁlal cell
nBiRefbfandeadings BirgRutis nudléio aaldokrrwgdmgwhd dreg, such that the
culturing a reconbinant nmnicell that, cont S&E %

gl the parent

t frog apeslagised it theicxtontase o flcprreRf haﬁf@rlalr%&
Cl?aggegta c%ig gi%'&eg a{i ?o%qats g)? eé?ﬂgnﬁrﬁ Db, %%mﬁegérlng ralllPsg'é:@nfaﬁl the drug

Tﬁlqhélwﬁapla@m al so provides for the use of bacterially
derived intact mnicells and bispecific ligands in
preparing a nedica usel a..method of tre
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di seases, including acquired diseases such as Al DS,
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useful in the
and bispecific ligands in preparing a medicament for use in a method of treating

disease or modifying a trait by administration of the medicament to a cell, tissue or
organ. In the medicament, minicells contain a drug molecule and bispecific ligands
that are capable of binding to the minicells and to target mammalian cells. Such
medicaments are useful to treat various conditions and diseases, including acquired
diseases such as AIDS, pneumonia and tuberculosis, but are particularly useful in the

context of cancer chemotherapy.
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by (i) reducing drug-related toxicity, because the

drug is specifically delivered intracellularly within
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to.synt hesi ze chenjcally. Additionally, sqpe 15, .
MR ety tﬁﬁﬁmﬁdrﬂaaw 81 pellecomstityigs A particular
. e . y ’ . .
A, B S bR oM o PO RS Bt g marine
DRAWESGE!r Fiegereditficdt o syhthesizesthewiicalyhiAddiparallyy sommc e

l'i guid, chromat ography (HPLC) and  |i qui . . .
ciAERaEERPERT. e Tadudiog bRy sty st memeatin cols via
ofy RGN HOLSLBIatd RAGK BARG0H Methaigh! | S _
(mnicellsDOx). 5 x 108 mnicells were packaged wth
various concentrations of Doxorubicin in the external

medi um (shown on the x-axis). The mnicellSDOX were
purified and tHHRERIESRESERBTIOMOEHE RRAWINGS g novel
procedures (described in Exanple 3).  Doxorubicin

C tqr-at,i i : '
(IR L Rl o8 K B oS IRE B R oI and
y liguidschr@batbpgphendds ispecaromietry (LEHAR) gepntitaimpnddDoxerupicin

via mnicel | SDOX to human breastg adenocarcinoma cells |

( wegkaged memynicells\(minigellsnok| J x &0t wirsglisiwere aadageduyith various
perforned aon lls treated wth EGER-tar eted .
rchneeaftlo GERerbirifidn e eiicrol mediE Rhopgn the a-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.

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 (EGFRminicellsDox),

non-targeted

non-targeted minicellspox ( minicellspox), free Doxorubicin and untreated

cells. Within 6 days after treatment, cells treated with either free Doxorubicin or
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free Doxorubicin and untreated cells. Wthin 6 days
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Doxor ubi cin or -7 WD 2005/ 079854 PCT/ |1 B2005/ 000204
EGFRm ni cel | sDOx exhi bited only about 30%viability.
Untreated cells and cells treated with

ﬁﬁﬁ%ﬁﬁ&ﬁ%ﬁ@i Biiibiec driPEous Boviedatintymalntesatdd cells and cells
viability. Figure 3 is a chart showing a highly
Sheapidfviiaatt R hapeellipe xahbwed noindFGEIRviabiliget ed,

Doxor ubi ci n- packaged mnicells ( EGFR m nicel | sDOx) on
human breast cancer 5 xenografts. Tunor v

.vol.une |

Jrigure Dis a dhertyshawing a highly seapafigsatihesapryis quct of EGFR-targeted,
establ i.shnment are .shown mofrt he x-axis. i ' lL.es
A S R T r R
t£e§%§ﬁﬁ5‘..t P B olﬁ&%‘iﬂéﬁ&»ﬁ{ &Pthe DRRIL, bid a08IR5t-Relogwtt he
X-axrs indicate a change in the treatnent of control
Hseublishrfint areckhGem onhthe s-axEGSRti niiggldsdlow thereaxis indicate the
adm ni stered jnstead of non-targete i nicell -
g A WP RBIANT BV AT B ol RER O ganefes Below R a-axis
aiﬂﬁlcﬁk')e% hf HhaheRemeht & BheYRSooks GF 6d G6, Fhirk per
g}%roup Igure 4 1s a chart show Igo%a Ig({ﬂgh[y

GRinkhicalbok Metaptninistered frstead of “EGFR: mainipetleshx. The legend
Pacl i t axel - packaged mi nicel|s (EG-Rm njcel | sPaﬁ%l.o -11
hidemtifidsthereariova teaimopésaskpiaitesed {0 pachrolt BrayBt Ghwidedn = 11 per
show& on the y-axis, and days post-xenograft
eBPUBY i shment " are shown on the x-axis. Solid triangles
bel ow the x-axis indicate the days on which various

Figure i et SUPRBHE BEDBEREH PSS RO B SUR G FT R-argeed
f i .= . 1 TE@RRL .0 = -

iR Ehedod GhureUty Po e SRR pRapulagehbarat.

RGP S, LRRGRGPthe yRRIORNDUSpBRRIRERE Giblicahir ar

m ni ce on”human ovari an  cancer )
x ehoovgr arf the x-aRise Srlidi toengles habows thper-pyis indipaterths days on which

Typhi murium (S.t.) .or .E cOli S0 ) _
VBRSSPl b Gl
POGhinist&BOY &@ch of Stoabls T mE s (ra+ ¢1 phoywuen t he x-axis.
Solid triangles belowthe x-axis indicate the days on
whi ch various treatnents_ were admnistered,. Th nd
2Figure Atis o ichat shesvipgphighdy s1eubicani (hrangynf ﬁff&‘fte‘?%e‘bﬁ?%’ ne-

h yy f. mce.(.n c HE . :
St e a8 P R 243l b
S baflet Lot/ e 'ifﬁgﬁ:ieﬂﬁwekydeﬁ%&frbﬁnsy atypHimurium (S.z.) or E. coli

Doxorubi crn- packaged m nicells ( EG-Rm ni cel | sDox)
MBic)yB:inCDE- parent strains. Tumor volume is shown on the y-axis, and days post-

xenograft establishment are shown on the x-axis. Solid triangles 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 (n =11 per

group).

Figure 6 is a chart showing a dose-response effect on tumor stabilization/regression
by EGFR-targeted, Doxorubicin-packaged minicells (EGFRminicellsDox). MDA-MB-

468 tumor xenografts were established in Balb/c nu/nu mice, and groups (n=11) were
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m ce, and groups (n=11) were -8 WD 2005/079854

weEamsHBROO5/ 000204 treated i ntravenously w t hPQDB820453000204
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or 108 EGFRm ni cel | sDOX containing two different
concentrations of Doxorubicin. Tunmor volune is shown

on the y-axis, and days post-_xenograft establishnent
FRtcaiMEveapusdhaitk-10%1 197 o500l T riisioglspsx behteiningravo different
x-axis indicate the days on which various treatnents
weneengmtibng aftRexedubiaine Tuawe walume ig shawi p thephexigsnd daxs post-

treat npnts mnistered to each .of (7. ' .
PR DR BT BT oo PR e arse? MR B
RA&S B thd dHy8 Bh WiScH RS B il¥ntiedert Aaiitistetedr Tak legend
derived intact mnicells are effective vehicles, for

ddekiigs thy anigus patyenis RgmaRisigEedite cady ¢fct StREPHRY TRIH:

cells in wvitro and in vivo. Mre particularly, the

i nventors have found that a mnicell carrying 10 a

drug psy KRGS PESRRIFIIGRIGITHE FREGERRED! EISBOMIMINTS
intermalTze the mnicell and process 1t such that the

drug payload is released into the cytoplasm of the .

t ar get Tixepresent Bwepoisdiang dgtermined dhati §acseniallydesived imact minicells

process. w t hout ‘becopni ng_de ded. | :
P SBESREl SBF SRR S55ON B HReS EFARR B cots i
PREKANEH: el BRI ParGiailale, theigehtdes Have danciahateahimcell carrying
internalized into the cancer cells jn 15 vi %r O"ni%&?and

dedrugdeniloa can be disgcteddadeseirmstis.ovhigh emgesdosEy

th b ' ' . -
pirgeet fiCh RS R DAL, FAB i LGB forBhecell
t b@pexapp! &, drixeshevived thisprbeess ndthoeXiaarping)g ddpesied.
observations were corroborated by in-vivo studies

ol | v ePyOTSrex Rl Q5 ABRRa LoV Sis iR DERToL SR (o ARt
E#%gh%eﬁkﬂﬂéefllg CAbe LIRS QARG REMLs, iReknak}edNniothétdncer cells in

m ce per group). See the exanples, below
Thiere, atichdegraded vithis lateerslodimevurathegolysosomeattherebaredrasing

f different be.., .pack into. |
ﬁﬁh%ralpqu?{a, Q@ftg;t?\%‘%ﬁo%ﬁ;su&b@%\?}gé‘ grﬁu%l\}/l\{/a& ytﬁ? (r':%Hr% %eell cytoplasm.
eyLd MEkMbRE, befSWi ronnent into the cytopl asm of

intact mnicells, (iii) that therapeutically
significant 25 concentrations of drugs c

n be o .
t ransf &r 2 uthenexsmme there ORFAXMDE Werg SQTOURFHFLBY |7g-vivo studies
(Lw) that | Mt HeRE & i bPUiglckaged
ciihe P b ERS AN Bl dVS0E SRR ARy TRETY bPUs! ckag
atrfigickIEdemckirktb s highlyf significga nasort xensgraftacduction e all maee (11
of drug- packaged mnicells does not destabilize the
GRS ISEOU o SEHRE SHMRPIER e an t her eby

vl

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 extracellular
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-vitro and in-vivo, (vi) that
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endocyt osi s-conpetent manmmal i an cells engul f

drug- packaged mnicells, (vii) that non-phagocytic
mamal i an cells rapidly engulf surface receptor- bound
phagogyassksa ge enddcyiosistdompefent inajnniahian celit mgu&n@ug -packaged

m nicell s..are degr,aded .. wi t hi n,.vacyol e

iseS i BRCSEEr peodris e At Si1B ot SRHs shif receptor-
Bothd aRfp a’ékﬁg/édl Ih])ﬂl&h@t(vflﬁ e %ﬁé‘rpﬁ'%uﬁé&l ehigiosl1sadré ﬂ@%‘raded
|tS|ntraceI ular target within the mammal i an
wntl)mtvhatolcsh sgoﬁhemtaimmtsmfdwwhmdmgéwmthﬁ Wéiupler ggbrane,

I d
(ﬁ 116?@86 %h? %?a a(ﬁ’ggsl ?%}ﬁ%%ﬁ g %%]fﬂ n%rl t g{r égg}eﬁ&tt?%ﬁﬂﬁr?nallan
efefieGh pthat %M@@eﬁﬁMg[@@k@?@I@lﬁlﬁnﬂ call scemeste leaky
stabi |l zati on, can be achi eved usin chenDthe tic

d&rala@}llﬁia@«%@@@nﬂmﬁ tEBon massesil Wd, )<X)t aithighly i t%a grapeutic
m el | tla¥d t d
ksl ingTyoblh SRRy RGHER o] GRS achicyed uving
iheg thesarutio dh%i—mkigkd nsmweﬂaland ¢=i3 thras drugtpackaged minicells
surprising that that intact glnlcell menbr anes are
pegtEapitly Teduc OF SHEENA Uanled XYy di ssini | ar

hydr ophi i ¢, hydrophobi c and anphi pati ¢ drugs. By

contragje aﬁlh?jr/:of*?ﬁﬁic%ﬂé & pacﬁ@ée' Fugyil 'sﬁx‘phsﬁ@f@ﬁidv&@l reasons. It is
menbr ane per ity to solutes, so it ap ears that
nsunpmmhg thatl hahintest ositelt membrasies atei nermgablg to aragge phstructurally

S‘#llgﬁ\ﬁtl ﬁgdrg& ﬁ&rﬁgg ?18{%1% gﬁé gm;f)f@g dltl{%eflﬁg%ong{l# 9%e bacterial

exdils WdRIbRA¥Icetive MBABIaRA pemidablliteid &lutes,Bb &t dppears that minicells
bacterial cytoplasm Even against a reverse oshpt i

ghawilesitthis selesifityh loplspyis spapiigeng thatrimiigefls asgrupable to expel drugs
dﬁ‘&%ﬁtﬁ%}? gytlgaaghoge%taﬂeql Lgar:t%ﬁ%ﬂceﬁ@lekt?& 16 (ﬁis%h&glcﬁl% that enter

ain I onal
SiniPHePabErilesasciiesntr Begm @ameazx reversploymbtic gadied:, fifl which drug-
into mnicells through.intac ni.cel | nbr anes, dtr
t loadetl minjesllsare susaended in phesphye-b &@fgﬁdéﬁr‘ge? alﬂ%@é ozt
d' f&%'éclf‘s rgféﬁ &’Ifu MriGe laékﬁtl%nﬁﬂé"t ! rispepR Ak R ASBEdr s@hply to

presen Fention is erapeutically
Sdﬂfﬁsé e Ii’rt1n1delmgthﬂmghemta¢tanmmevﬂ ngembipres, petdhadidfsion channels

WQ%QQ? aynéllg: ﬁeetlpr aru(gg fe(g%r% C@%E{El'ﬁ}%%l&s 1&(%[}1618 n %Pecged aspect of
zﬁﬁﬁﬁ?ﬁhﬁﬁ”%ﬂg 0k %%ﬁﬁﬁdalﬂz%1g$@ﬁéhh€§mg@hﬂ§antﬂat1oﬂb&&n be

eved that there % e 1 nsufficient spare,
i padkaged wuhmrmspaadj@ ttecause baetetial sytoplasimyfand, hence, minicell

\c,:vg}?tﬁgﬁf ?gélgg%f g}{g{lﬁ‘%g%tbc:og&%gn@? én? f%l&{f)ﬁlgoa‘ag el“goﬁftes. Thus it was

MRk kisat tierél gtk @ iskubftSerd spare iigtraelivat @an@taf mommodate
several reasons.
high concentrations of non-biocompatible drug solutes, without loss of minicell

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
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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drug delivery vectors, and mnicells, like |iposones,
are non-living vesicles. Neverthel ess, although intact
-10 WD 2005/ 079854 PCT/ | B2005/ 000204 mi ni cel |

RiRive A Mesn braads 186K ®bdctivity jo drog gemgeation tha hieorbraretistegrity is

EENGEIVIEN AT R
RO U o LGS Yard BH O HBAARAD WRNYurfiLe bf @aRS
e sur r

ace O ug- packaged mnicells does not
qaukeed ashizbild damtriobcausé destatiilizsition of igicel integrity or membrane

%Wgns? Tlha’;e rr‘s-“-tsﬁa g&%@g{fl 2 5£$eﬁ éﬁu lglétt 15 Igg?gargggd 1 lEl?(%-packaged
Fik b &Gscﬁaéiﬂ%lslaﬁy% ﬁ@\%l%{gg%ﬁ%fmgﬁglﬁgﬂgg?ﬁl simply by

ran cel[’s,
Ivlgamfa bispécis liencliking e b, LivyidsepeBowd hersiofore that

I

C@binfalib@célly vag hih u@nférpi’@(%SSSmIvGWgVSeD@USE of atviasinn-afsociated
i nvasi on-associ ated _10. proteins

| h
Npratednsiysa yeepatkaeen; \Mlﬁ&ell%%rle @Péélb Pﬁ%ﬁ%"%ﬁ@g ot iepiity to
Yaeclhvgllg{gil%a%re%oh a (? a‘ﬁpﬂﬂ% d;tell§ ?@Mﬁ%‘tﬁe‘? Buip@iké Svas that drug-

surpr rug- packaged mnicells
Cpdckygoddmnidalls pa@ylhg Q thpgaﬁd hgami @b labletto ewiravaasta semer

t unor neovasculaturf :n Vi vo.

coRmSssalngBY 97 BB a N et FSIRE S RaSedine (e feghiness of
nh.lﬂforr Qrﬁﬂc\!ﬂoéﬁ’ﬂ en‘f‘ BOKASTH @l UhE cufrBift vaauy liSthht pﬁr@é/\inltlie

at pores in 15 neovascui ature are 150-400 nmin
dnammian(u@am tim4@0 nialin dia2G0s) Gabizan eeql}, 2003) rMimigplls garrying

surface ]i d, however,. ar onm_t
SULTSCS LB RS hond) B ARRAD! SRBTA e
NEQVAAGHL ﬁﬁﬁﬁr%eb{?‘as\éﬁl‘dﬁlre HgvabThd dbilitgfof dlm@Spaplmyedgemlmcells

in mnicells to avoid degradation aI30|ss prisi ﬂ
fmaxs)ed/éergtdtdaitleagtmss s&nrgsmg & savarplogqsogs. aE’ég BPlé‘tCF yjare

and, | NRMArdhOand
bé“kﬂgfiifﬁt,oqgﬁ?&o%l lgﬁ nrgg%l%{%om M ni cei : éIié)espl te
t bidhassdn@sen BinibdlRs eepivd thehashhess of frese emvientents, the
observed that a range of_ drugs are rgl eased .fr

ivenioFd bserved diat oirageckIdryes B £rlaser Giom S of B piologically
! E]\Hfgﬁﬁ‘ g[’ull Yertdlft lsfg?l[] I ntl}P GRAIRRRL. PERhpI R ﬁercHuhﬁisﬂﬂg was the

I Scover a significant concent ration of
d disgovesy @k & stgmf&sna@mpentratmn of duotgjiv eble 6o ﬁscapéz,nltl ds aefive form,
mamal i an cel | ur suant .t o the

e mAmAER CoIL T tam a2 B AR (e ST R et i, g
g?glg% ﬁ@t‘i‘orﬁbo ! ﬁ{a?nrﬁéﬁafn' c‘éll?&re shfficlét ko dotlhetrrpebticeffect in

invitro and in vivo experinments.
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

minicells do not cause such an adverse side effect.
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of nude mce, free drug injections cause severe skin
reacti ons, whereas drug-packaged 30 mnicells do not
cause such an adverse side effect. -11 WO 2005/079854
PCT/ | B2 665t d)O0R Gldese tii:scamms,dhwiIIthtime@V@ﬁ%é@?@PP%@OH

the .ipventi r OVi Sit

SORUHEGPISP OB PHAET R BOP e oPit > EORATHI b as o cpneer
AR othe Y dﬁﬁg ar HéQHQ&ftmn%lh@'ﬁ@\kl@ésad%brﬁiﬁdsglonmﬁlpnsmg (1)

i nvention al so provides a conposition gonprisin

ﬂvactbnalilsad&ryved antactaninicellnend () @i Rbélrmaéreawﬂé’uaﬁﬁepé'ﬂlgble cdrrier
Qﬂ% ’n| é? ﬁ?l%%l}ﬁeg? ggﬁtﬁgl edrﬁgrsﬁb hs 2cAMi6F GleBlotheM)s &ug.

rug, suc as a cancer
chenot herapy drug. Mnicells of the invention are
an ucl edificdlebfthedfivdation atd anmcleateformb@icE. eofiair othse baeisrial

endered by a disturbance in the_.coosdination
ﬁ;s sgendsEadyb y N S@u{h@ncqﬁn tgg p@ordmagpg,ld{slﬁ %{Iﬁf}bﬁﬁlon of cell
S(ﬁ%‘%g%ﬁﬁhoﬁNAp{Tgﬁél AL | Brok iy BHD S BRI0s 618 R reFladation id 1dnked to

nary fission, which involves
MoimeEbihargdission) Whichutviobres nhlld-OEH ‘sesim forraationn Iy gl efor

%&E@I e{,) nggt@:nn cg éi%g %&?esf e rn%&ﬁgt C nhrgﬁ@g Fh%rm?ﬁ%n{olﬁeof septum

&Fbrf:% lghe @ll\ﬁo?és%rmg @el dividien, Ir@suﬂli@duqimchmuoﬁ ofia normal
norna aughter cell and an anuc| eat e n1n|cel

dinuBloter celt argl an, annglgate nRaisr]ln Sge deBpyedt al. aﬁlﬂn% de Boer,

ATl et NPRTLL Ay

I lsRASAHSRO Rt Eldyreleasedapbataneaistyiaenais sawajons and, in
15 contrast to mnicells, are not due to s

qembEbGo asicr i QAN ALC B SREPHSGRF RSP SRR S5 Bfomal zene
oL %rsf%%g |eF‘|ESJf El%{:%&ﬁ%ﬁ{eqﬁ%ht QU R désﬁrabl% fSesidicdls € have

f GiPr intact cell walls ("intact
Ninfice 41l walls (“imacdddhicedsT).t o mi n oper on mut ati ons,
anucleate mnicells also are generated followi ng a

tr ﬁggeaor; @%ﬁtP@gﬁ%%%%é%n;gﬁééﬁgg?eﬁﬁ% egf rglmcmﬂ% atsh %fbs%enerated
Akt Wﬁ}% 3 F‘in@e of Htkﬁtei' één%tlc ﬁ%@raﬁ@@ﬂ@t@&dnﬁ@ﬁﬁﬁ that a]fﬂ:ZBseptum

Levi M nicells also can be fo ng
f ﬁirhmmmdoaemmpﬂmmbhc diyhVBh in Besubglie| See B?evﬁé‘ﬁ Cornett, 1975;

dﬁg{lgﬁglﬁlo glf??én%m eflsS%gF Ol% Y%grnéqlfo‘iﬁ%%%frturbatlon in the levels

OHFééféFé&ﬁﬁél@@opﬁrOf&ﬁbﬁn{r@&é@lﬂ@llpﬁ%&bn&hmmsomeaagkegatlon For
production of mnicells., Simlarly chrqﬁggg- ess 1
mexingele) averrxprassisupf mintolepdrioglas QVisioh FOmBRGHEcIEDY minicell.
s R Qe¥ebt9 iBaGbinbYsme
Sg‘{l?%? %@p}ots rgg)fe?‘[ﬂll ﬁlc{aﬁﬁglgg‘)fesﬂﬂtfﬁfrﬁ ects' 1
segregation for example the smc mutation in Bacillus subtilis (Britton et al., 1998),
spoOJ deletion in B. subtilis (Ireton 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

partitioning after replication (Okada ef al., 1994), resulting in formation of chained
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Gene products may be supplied in trans. Wen

over -expressed from a hi gh-copy nunber plasmd, for
exanpl e, Caf A may enhance the rate of cell division

aplld and amvicldatet miriveda6Wonts €30/, PEABO} Okadd efgrl.al 9% Minicells can

][Q%ﬁqll;!g{a,r%dnf?‘ agp&a%tgﬂal Cehff@rﬁdﬁéyﬁﬁ%g j;amgnegzgtlve origin.
PCT/ 1 B2005/ 000204 cells and anucleate mnicells

(Vachivglicals-of tHSi89entiok @datait orl or,mdr ﬂ&)gs Nthaitered $dug”
can be prepared from any bacterial cel

dnelngsomymhyeiolngioally t Redaprlegisriggiive w\gﬁtwp jthat groduces a
tlg ead Ia? \s{%rt]t | %Qﬁéﬁ&nﬁl%ﬁnﬁp gla& cui'g?fé/errl%ﬁﬁﬂf% anditRinda88 ™rugs may be

es any
ﬁh@fgaﬂl@@r @@&Bﬂ ddjnp’tﬁ;lhdsg m&mbslnmrtmmon, Ilra:ﬂuqmg)mm@ss @rageins,

| ocal or system effe n | s
rrEPHRS acids @nd ﬁlﬁlﬁ golgsu “ﬁ‘é%n"ﬂ“én% ?)5 & E\?ré&S?zeé#/(ﬁam c
CL?{OEPQM fizedM Tlfbg%a}l Bénnt\%hbﬁ?i‘forﬂn@ CsJuUH‘ bi‘ﬂndl’ﬁﬁédddﬁ&lecules

el ns, nuc ic acid S, and snual nol ecules
whblehulamorbﬁemapmﬂwlwdalbr accaptalhla salés, éuqhz@dlydrmbkﬂﬂde

%ydé&e}pllgl?de\é gﬁtﬁ%ﬁ%‘%&%% ﬁ%@&@o&p@%ﬁh@p rqg qnﬁ%)tg eq%%tg Sacetate
Heﬁ‘be tsctﬁ?rﬁe ey, ‘351%37'1‘51’[@ fain€l €he 1ie. mﬁiraeﬂi@dmgﬁ salts of metals,

ate, laurate, palmtate, phosphate, nitrite,
nammas; er oﬂgematcetloracﬁlr awnplenwaé@m@y W‘?Iklﬁlﬂlecand?eé)é?%

SBUPAS SRR 0] bl 508 A8 6058800 RS Rl

Q%&?[ﬂééfulﬁleadﬁﬁmélddéﬁ 1nCaaifibn’ﬁQhaﬁ£ﬁi wateEJeollubEtdemesti\mfthereof orasa
drugs, such as bases, esters and am des al so can

ulsase demv@wgh@rn@ﬁ, wihich ipither infiarpeydl B EadelyEry ése‘iﬂmvﬁrt%g by
f Sion teg,s dr§1 d’@ b b 8@! tﬂql ?r ﬂﬁv\ﬁhgﬁhbt‘éﬁoﬁﬂﬁrg?&fses 0 theASriginal

ichin et

lﬂfétra@eﬁt@callgractiyefdrm delivery, is converted by
enzymes, hydrol yzed by the body pH, or by other

gg: ,as gl e s%a%%(ega%&s 3 Q}pl:qglcgﬁ | nalft%qlct&%gaégggxlfl {}J §8Lkful in this
PRALHRGD lbﬂgt)eﬁl%!:r cﬁﬁrﬂo‘ﬂieﬁr%ﬁg@n@ sRf preferedtdaigs. Useful cancer

i nventi 6 ut cancer chénot herapy agents are
priednestherdpyl duggs indlisdsfritrogearaestards néesEdBreAjensi g, alkane

i ncl.ude n St ar ds

L enatrs: Trmate e S B PGP Analoss, puripe snaloge,
C ORALAESlite ) ¥6latH Hhklogs, &ﬁﬂirﬁglﬁhn@walxaﬂesambmglkalmds

anti nmetabolites, folate anal ogs, anth

L iogairosicris el anahorsronal ol GHEMEGEY E G bRy drugs are
.nor non ent s e ; 1
AR S R 0 i
/'\Bl’&fn@jgjnﬁl Fheulflh, QigeciBbir| Choplidn, Carboplatinum, Carmustine, CCNU,
Chlorambucil, Cisplatin, Cladribine, CPT-11, Cyclophosphamide, Cytarabine,

Cytosine arabinoside, Cytoxan, Dacarbazine, Dactinomycin, Daunorubicin,

Dexrazoxane, Docetaxel, Doxorubicin, DTIC, Epirubicin, Ethyleneimine, Etoposide,
Floxuridine, Fludarabine, Fluorouracil, Flutamide, Fotemustine, Gemcitabine,
Herceptin, Hexamethylamine, Hydroxyurea, Idarubicin, Ifosfamide, Irinotecan,

Lomustine, Mechlorethamine, Melphalan, Mercaptopurine, Methotrexate, Mitomycin,
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25 Bl eonycin, Busul fan, Capecitabine, Carboplatin,
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Cyt arabi ne, Cytosine arabinosi de, Cytoxan,

Dacar bazi ne, Dacti nonycin, Daunorubicin, Dexrazoxane,

Docet axel , Doxorubicin, DTIC, Epirubicin,

Etdhydaﬁmei’[ﬂbxmiroﬁé apadipthein, Pd%lhmxﬁk Pdmmnhpnﬁbmcwtﬂtime,

Fluoroura Fl ut de, ne, i 3 .
Ha KB Fin! Blosasbiriot Wﬁ‘é%ﬂﬁ 0 R}%PF%%Plei §§?‘32?3¢?l’9@°cm

I\iaﬁﬁc%&ﬁhd?embidl&ﬁkﬁc?&uposw e, THRSHULAIE! T1EBlep£ Tomudex,

Mer capt opur | he, ket hot rexate, Mt onycin,
1]@0\7@&12,006¢®71§1%4Tﬁ@ﬁre@2@ OBnigane4Vinisine Néndesme

on nt r : tin, Paclitaxel, Pam dronate,
13?’%21? 16’F’Tr}%cj§ﬂ9§ n, Procarbazine, Rituximab,
Ster0| ds, Streptozocin, STI-571, Streptozocin,

Tanoxi M@lﬂcclﬁe@mzmir@ﬂod@osﬁeﬂé Whisdﬁven’feh lpaafenab],y contain fewer
Thi oguani ne, Thi ot epa, Tonudex,

Tihaw 8y A gﬁntawnmr;@m bactqyilaﬁ selL B¢ OIP ]rpe mng;}Cﬁ]é:f,, Qe ﬁgeferably
I\ﬁorl]lga%? ﬁﬂa‘? r nAH38f Fk&ﬁtgﬁmaﬁ é&nﬁh‘éteﬁ% Pper 10% minicells, even

i ng 05|t ns of this invention o
piheferafetably OcsﬂtanrfeWawhan alidud ih caitenninating pateatbardgriahgell per 10
par ent ba§t eri al

pmgfl%qnabs | bt eradere e Raif Ao B Doy L s airasing Rrent

g £5&"0% mERddilsRRA mbBprBfeRduie Lo rRain Ry er tha®ikbut 1
pre erabl y contain fewer than about 1 contam nating

peorgarhinbticg parmatlbac’erlhl @élrpeld)g mynigeMs.cel |'s, still nore
preferably contain fewer than about 1 cont am nat i ng

t cterialcel | i ni .
D e or Mt P iR E s A Gyt g6 o8 o SedtBbid in
pPC?pBo@@%s%z I @helz |§1ﬁih| maﬁd&d ddHiBines ?ﬁsseﬂcbxf ﬁlmtdgmﬂ@dcﬁow is
uri I n m ni ce S are nomn in e a es
Pparahh}z/m gm@mw facpie osbrsh 1 98 4BY d%fﬁﬂqi@gaﬂon &{WP B is
ﬁé%%%é B bihd ﬁl%fﬂ?_)?ﬁﬂlb (sflﬁ?c%% 8 9?{’1’%1‘12131% e fﬁﬁ’ﬁ@(‘)ﬂ & mbifatfon can be

ersurrace; dead- end
f plebédiditgm dlfﬁmhuﬁl mﬁrtf&gqlmpﬁrldmcahmfugad) forhe toreerhoversome
surface). Optio I{, éﬁgﬁ i.on conb%?g%;o ca@
bBoTtign o€ disdicisyiaboeiieng VT S UPERFAIAIHIOT THPICE Gy
centrifugal force, to rempve some portion of the

bact er | ‘?1'()1:}1% Ahﬁﬁﬁ@a“ﬂi@ntn'i’&ﬁ&pé&n $16Yd Gdhstf gra‘élwhebéiﬂﬁﬁfghtlcﬁroﬁl a

n1n|ce ot her purification netho | oys density
gbaﬁmg&cﬂllym@mpatlblgpga@mmn Adten cergnﬁ}ga@q)@gy r@@pq band is collected

a bIe di um Aft entrl I
bg:ﬁng'l ef popLigna ﬁ'}”t € mél}uc | en% Elﬁﬁecé@d fé‘pftﬂftg%a})&mds of
t Qensi @ré‘(ﬁéﬂt%eﬁh@’ug%ﬁbh €& naintige putity h@he noutinelismay further include a
densify gradient centrifugation to _nmaximze p

Theelimsnary gtapenf verformiag ditfepitind cgptrifugation on the mlnlce¥l-conta1n1ng
sample. When performed at low centrifugal force, differential centrifugation will

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

minicells.

Particularly effective purification methods exploit bacterial filamentation to
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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prelimnary step of performng differenti al
centrifugation on the mnicell-containing sanple.

wob@s/opssd ormed at | ow centrifugal force, diffeReCEM2206d000204

10

15

20

25

centrifugation will 25 renove sone portion of parent
bacterial cells, thereby enriching the supernatant for
mnicells. Particularly effective purification nethods
@sBledihl cellaed stopah fildrh@ansutfatnm oblldwed by (r)ddeeingitin saigle to
purity. Thus a mnicell purification nethod can
iabsaingeuiified gurigell prepatel9n.sypj ect i ng a sanpl e
containing mnicells to a condition that induces

par enty s hén WidQP I A854 nREHds BRORRA BO0GAHineda0he highly

cells to adopt a filanentous form followed by (b)

faffective cgmbihatigeafphaheds is epfaiomsa purified minicel |
preparation. Known mnicell purification nmethods al so

can beSigprbi ned. Diffegerhiah ¥nyrifughticcof aminiestpradudingbasterial cell

hods | fol | ows: 5 - Diff : .
P Gk e dbpbe s 0D b 2 e femoves
?%ilr).l;tg{a}ge&% E%!S&iaff LaR, witle Gy BEcRs ixf Gk RBgradtad000g

m nut és, renobves nost parent bacteri al

cells i3$tve\g'l§' e | eaﬁ.&gh\gﬁygﬁﬁ}ii&ﬁlckﬁtﬁ atiB8 uSiHP §h Ak@é and non-toxic

Step nsity qr t centrifugation using an )
| Galsy padRndmedint. ORhis stef semirdtys mimctille dtormup@ny pont@hinants,

R L o R
g}ueﬂefc?&lwﬁhinpa{ rﬂc%gbﬁ{mekﬁads step is repeated within a

Icat1on Step C Cross-flow filtration

through a 0.45 mufil ter : taurther red
bact er g@? Cgel I g@m%ﬁ%ﬁﬁ%ﬁ% g{:‘g{égﬂbfﬁlé? ?&g%‘n@lﬁ%dﬂ reduce
f barnenkRlibrRlKonfagihatienl parent bacterial cells. 15

This may be acconplished by subjecting the m nicell

suspengiQh.t 0 angyeds ineYRHH amsithtesiSof redgd]l Parent bacterial cells.
environnental conditions. Step E: Antibiotic treatnent

t @hisithdy freaceomphbstet dyisabjectng the ndnispll FuspeRHas tof gyt several
filtration to renove gmal |.. cont am nants, such as

melisP cmgea,gg}ro%mtp cr%ldi‘ﬁrogé'rrents, bacterial debris,
o conStamitiar e | AOURICHRASRTEER o BT PRGHLEEls o

enpl oyed to separate mnicells froms

nmal )
cont amSteert:s, an&resseflow fiftratiopde rWeﬁglahé‘ﬁﬁTagﬁ}B?Ptf’éuCh as
c %e(r:neb%r{eaélgbs?}n%{n%?elrlesﬁagments, bacterial debris, nucleic acids, media

components and so forth, and to concentrate the minicells. A 0.2 um filter may be
employed to separate minicells from small contaminants, and a 0.1 pm filter may be

employed to concentrate minicells.

Step G: Dead-end filtration to eliminate filamentous dead bacterial

cells. A 0.45 um filter may be employed for this step.

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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dead bacterial <cells. A 0.45 umfilter nmay be

weppsoysss for this step. 25 Step H Renoval of PCT/IB2005/000204
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endotoxin fromthe mnicell preparation. Anti- Lipid A
coated magnetic beads may be enployed for this step.

I n another aspect, the invention provides a targeted
dningeedls tthat epptaimest drog nohecule andr(f) imsesndianregiln gThe bispecific

L RaC b i 55 bS5 Sk, e

e hﬁﬁicleﬁs mﬁﬁd foané ﬁia&n@alﬁﬁ%@llmhﬁpmhﬁha Adnickily are engulfed by
manmal i an cells. The bispecific On1{gands havi ng

sthe sramroaliap dells, adthe drvg ns:r@lqasqshl@t ﬁﬁﬁ@p@ﬁmé@ﬂpe mammalian
components, cause the mnicells to bind to the
l[ian ceI I's, such that the mnicells are engulfed
by the mamualian cells, and the drug is released into
t he cyThpinasmonffotinkthatthivedppeoach & lrehdly apfﬂlimblertv @mangesof

:&%&%ﬁﬁ‘ tcﬁlilsz:qg:ﬂq% q:eilp h]ge{t %pl%:ﬁﬁroqr% éeqfdgzlf qblf.P%f:}f% adhesion and
N&Y Yis BF RrihiBElfs2 FoP E)Yarﬁﬁle S‘tﬁ?ﬂe‘cfﬂc%nﬁ@@@ﬁh@&[hd@ Rgth anti-O-

endocytosis of m nicel For exanpl e, bispecific
ap‘dsly@odlgarideggmﬁclw thmmmrm-amd ti-fEB3 @MPioﬁpeantl-EGF receptor or
on _ one a m,_and_,anti - HER2

f
B e 2 05 R S BB g mimcec e

Sﬁ%ﬁécftl'vg kd¥p@fs dl'eraak6f tafdeihEh-phagoRpit yelbl Mthese cells include
mnicells to the respective receptors on a rang

t bingeevanien, hrhingbregsti progiatelaad skinecancer plls Mﬁgqou% the effﬁcwnt
cHitfoe BRiaB iaptY Sialons Py Ble pRERSHEDERADLRIC RSyt

epslpcytosis of the mnicells by each of the
non- phagocytic cells. 15 Target cells of the

I ¥ oadeeat cell fhsdteeion inglite TG ITROaHET & e 1 B
%%dp@%”ﬁ%&&ﬂze# Sheh Uekd if ?i‘éf%fe%@e va»s 4 H'r’u% Redfisth@ehd drug

Ivered to thne target cel | , pre era
| parriad elithin andiicell iaeishwxbd o thartayaet acl) plgfemléy intracellularly.

OB R S SRESSEH R0 8 S Bbb TSRS S5RR

eﬁ &P%‘ilﬁﬁfg%f aMBhE hEBtatcd 8@ cyeRd. Prafetroll drgetQells are non-
hagocyti ¢, neaning that the cells are not

pphziwssh@ mmanpigetb&idb@ ealls asqeot paefessiens) phaeageiss, such as
g?fg\g&p Igéﬁ :: ?lnléiglpggfé dé*%b]‘raﬁair le Iggm)é}llsc q*rk%rred target cells also

ugef Whminalibine targeted drug delivery nethods of this
i nvention include

Ligands useful in the targeted drug delivery methods of this invention include
any agent that binds to a surface component on a target cell and to a surface
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

target mammalian cells, can be used efficiently to target the minicells to the target

-16-



any agent that binds to a surface conponent on a
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target cell is a receptor, especially a receptor

capabl e of nedi ati ng endocytosis. The |igands may

conprise a pol ypeptide and/ or carbohydrate conponent.
Antinbathe selbrie viredet nedvo. | Tspéid digandsolseeinalvde esceptors, enzymes,

bi.speci fic. antibody.that carrieg dugl ecificities

f fjpding pgptidestusio Rt PratTt a?@ﬁémaglnl@gﬂﬁ?ﬁ' ved i ntact
mnicells and for a surface conponent on 30 target

nmanmal TRdset@hibf of & partealat ﬁ%&deiﬁ friadi eattlvy prisndrptdgetiat (ip
mnicells to the target -16 W) 2005/079854 . .
ROBLIfB200END BORTHT metadamas cadhe surfage of intest ghpicells and (iD)
Vi VO. ef.ul . 1iga I |

RIS 1R R el S ol BEE B Bl T s,
NBsay brSerablythaseh €edtiann tidt carrieaspactiidipyrfot b hantetidlly derived
made on two primary criteria: (| 1gpecitic bi, dingFto
otmtachminfeelbsubreaisHYCtBIT R Sentiarm GR Gercicps IHCEN s
andmidaihn call §1$r? ofshficliI HaR8 OF the £ ARSI SRR AYIHeON
the surtace o e target cells. Thus, |1 gands

pieftaakit. yPlefarablg, dach atm &y mondsatcifigravier sf mplivalentci ty
for a bacterially derived intact mnicell surface

structyre .and a second armthat .carri.es.s i.fdcit
et T SESAR TR LBLe ALY L3R 0REE, Thfdfm or e
f jisi1d 8 sPEGRS Ehrahe1®-soRysabitharidel bopeheRnbs a Rp@iobysatdhuride
eaCh armis nono specific, even if nultivalent. 10 For

bfavad vy thepirant acteaipl selld theraninigel; spelpeasstrycfurpssthat can be

desi.r.ab .0r one.arm of,t i ga i fi
Foroof B By QA eRE Aot S splhRPBG AypRRL Al

| ERBOIR)Y €6k Bttt RembenBs sach asillpdinshrbe hatflegellakell surface
cell. Oher mnicell surface structures that can be

esxirased peptidgsegmephd bi ndi ng i ncl ude cel |

surface- exposed pol ypepti des and carbohydrates on

out er GleBS dk hinh of fHeTYaA® isipecitic g8l dudface
cell sg‘??giglgﬁl%?gtazgposeed pept i 8e segtggr?entls. For bi ndi ng

t compoigat ofhlammaliae call nSuéh ¢dmepdniegtaneclids eshlesuttheecprptsins,

a surface. c onent qf .a li.an cell.. Such

c BRRIIFe AL CATREPSHSS, Y etHeh FRaf ey od peharatiCiibey Gell surface
a \Whsdest &Naktae! REdEadmediated endocytosis, are
u%ﬁg@gsg?%éiggagg%égl " surface .figgt:eptpgr S, elgg_eg?acl)cly;

t desmbleaqeditucfact campdneatsifeifarastingt Svchvsesnieisdi over-expressed on

docyt psi 20.desi.r.abl L. .
U S0 BT AP SR ) LA NRGRERS e womea
t e rdRr88hcifeite pouibidieefor delvery t@nish-targnatllsel ectivity

for targeting-the cells to be treated, thereby

reducing the possibility for deli verg/ to non-tar %et
cel | s. By way of example, one may target tumor ¢ 11s, metastatic celfs, vasculature

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

neu or c-erbB-2), which is frequently overexpressed in breast, ovarian, colon, lung,
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ki dney 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

Sfi6gtatt andtdryichl cuisera (Hehg ersaly, DOOW®); edeptabgrawshifictoranceptor

,tg%g %33\’1312}? &Cﬁlg | 116136%%0 se@i)mf orgfﬂcalﬁcﬁyg %hose of the
QN ELEIRES ck%&P%al? ed1PRing 5{%& brodiatdXSaRThon é1WNY1995);

pancreas an gastr0|ntest|na tract carclinonas
(avmagtyddpmt@ﬁ@@eptdnésmgkm 99 Bk spushersin(refERiq (SBGhnKIP9); serpin
or c-erbB-

e S3BoBk st SRy RYGISABE 25801, 1997

RETObIBS M%&Qﬂrec@ﬁt@ﬁ ff@m)amumg vi@akpreand en pafdreatiy ductal
et al. i der na gromﬁh factor. re

(mwcinie hGHSi%meéﬁWwZe OB e enslofhe bErop s eioa receptor
tn (%'lcagf Héss?s efne R&?%P(B?g% et DE %Oéréﬁd AfSskida er al.,

TG ande pr ost
1%&) ; folaBSicad AEH, W@l@ﬂf 1@Eﬁbﬂ1vrefgcmt@dpr€(s§?¢cbmlé@l°/8 of A@@F)cinous

oo o et oo o e 208 LR e R T o .
( g‘%:ggfggca%o&lg!éﬁgﬁ% rlege\%@rs éTfll!lﬁ‘]fl&kgf ap1 1919l poBGh@ic immunoglobulin

IS over expresSed on Fancreatlc
diecémor, \A&lttelne u@afui foo ganeonkllﬂvsry(t&lrwfratoey epithe] 1a@dig)md attractive

vascul ar en llaI r r
{ By UgpmenbAGBg Gieaics b Qbﬁﬁ? E&O%%@‘i%iﬁeﬁ gy
2002 and Fbshlda et al. 2002); folate receptor,

whi ch {5, fetheesianglly, aﬁﬁﬁ\ﬁﬁl( RaASSeebbid a8 Wnidparasitic drugs can be
nonmuci nous 10 ovarian carci nomas (Gosselin and L

ZDIOﬁx)porat@i Mtcsmtdcamemg(pl;sc@déargﬁte@ delivesy gf thg|drugs c:gg%g)achleved

r boh s %ﬁ% ; %&P LRl S, (Iﬁhju{n@&?{d }?etlpe?lcmﬁl? %ﬂlgh(?c@/@e

rece

for gene dellvery to resplratory epithelial cells and

at t r acpief@red igantls eahpivetandbodienanddirsatibedy darpfatives. As used
stic Fibrosis, (Kaetzel et al. 19%5%@)In a furt

Oﬁ@mm e e ToiOPAY crampesEepb P anoaleP i Rolsti SFpingd by in
}é‘r%torgﬁgzvggela&?tlél{wpe{ ?r{rﬁw%tﬁ%ehlﬁtr&pbﬂkaclthe%ﬁh egltibsdy”

argete Ivery o drugs can be achieved to
s nemcfes polycibaglt adnosietific and aprasloplantihpdies,ad wedlas @ntibody

gtﬁ)gqi-‘ffglalp%éuzgu?ﬂ% te %ﬁ %1%%%{1,15%&#3‘% e(g&ovg Ef\'lﬁlg%adles and antibody

h ﬂéﬂﬂlveé E%%FL&I% fhe ﬁ%@%&nﬂcﬁl@%@ﬁ B&8btathed by recombinant DNA
i mmunogl o n nol'ecul e obtained by in vitro or in

vitachnigeeser at i on of an i mMmunogeni ¢ response. The term
"anti body" 20 includes poncIonaI nonospeci fic and

gg p IOS LS’V @%g%@él Pﬁ ddéessﬁgvgg k@@ﬁtl A Hagﬁg‘%/(vc% 1rdgrétrlr%1rl1 h%avy chains

(a8 Wro idbntidd aghtechabid Bt tyb@:d(yf 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

"éomplementarity-determining regions” (CDRs).
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heavy chains 25 and two identical Iight chains. Both
types of polypeptide chains have constant ~regions;, =~
whi ch do not vary or vary mninmally anong anti bodi es

of t heTlgasEn camibsdy’adlsh encadripakiee degitivasof arfaibodies,euch as

regi ons are un e to a particul ar, apti bady and
@@%b?dssﬁamén%%ﬁ%f yén B}er?@gﬂﬂﬁ emaifaln E’cn%r"é eBFseSuh
SBREL fpdRbdP BRIl P HEGRRS (Pfrakendii BAins e Gildn-
hindihg domain 30 compripésenibgtit ahainynd et ofi heawy oheis Widged by a

! - 2005/ 079854 PCT/ |1 B2005/ 000204 .. The. ..
t(@?@ 12‘%!%‘%4“53%%\’? (& %@bg&p@gﬁ%‘a senfinng apngEangpot Sinding
%{;&n;lé?ﬁ Gbﬁgﬁsiﬁg'ﬁ 2B En@ it hRREYndl pagIvaI shd ieaty tkfiatiiotdiethe
abiTity to specifically bind to antigens. Such

arihgdregiont Faabharitveo Falt inelecutesjoined yrrartexshpia disubfidahands in the
that cont ai t.h ti -, .Di j i .

g <25 3T eV HEA a1 b B i paying bwo
biritdeR GirdingAdomathss vhdh sfavikiemehay bEdirectedro adiffebadypitope), and
fragnent containing a single anti g%,en- bl_nd;%Pg ) d]%gahn h
cumpFi {thegasatiapnsigen-hindigoiateraweative spgippal dinglgdight and heavy
h hai n..t h i i ab\) 2 (t

ri o Ctriobd) PR b Gherty el 0t Ain BRE)L % Cnd i n

the hinge regions of the heavy chains), a bispecific
Fab (aWish annbeties, mchalingantivady fragmegtecopstifeterpgrt or all of the

gggrganié%,e}? gq%gergl{jy \é\%i Q?épgxa%tqgélgéti z}ergtm%gitile% 3 b(e::I isfllfte%lee R use in
aﬂ%;h%?s‘f‘ 'sl?;i-&i’%@ OhlehRsdH HRbbYRs T RFvRN bwa ifidire $deghle.,
and heavy ¢

ain of an antibody |inked together by a_
cOabournk? @lyi2003.a€hashagve \Weemmaedifioddyi gesctiq menipualatign and/or in

anti body fragnents, constitute part or ‘s
Pigireimenidy e b et b il ofttod ff Bimanivine
ifdded ab@ddaerindd, b.ablie Ul Drpatises W6\ 6,6B900555 NoS,58508%,dind
umanl zed anti bodi es" are well known in the art

/ See,..
eNg, 5,536, 10kbbuiha sisplest caseplynanizedkantiRadies predarmsks grafiing the

b t.i i pul at.i i Ne \ALE L0t

et i RS AR DR henkdity blof Rk ERERERCOR), from

h g Rdis@ X ingﬁ% gtgﬁgm BG.af& Rasceridied9se Igec,hrriamn ot &., 1988; and
atents No. 6, , 055, No., 5, 585, 089,. NQ. v 1e

VsgGero1¢l aln 19HE Thegsmesiop gl,ghrﬂ%ﬁ%‘ﬂfag‘éaa‘%"t‘% (e

Ehgwégégggeglg%lyg@i]{e's gk &J_}gfer PbhOSMm Bl HInhORFiBues from the

arity-determning regions ( ),
f gEunllAframeworkecgivis (FiRs) ofithk mmase pgent 1846. Seversl wariants of the

alhiu’narlligzgt?c;)n t?cherf:ol?gge}lfnarllsoettlavglbéén &egv%?o;peg.n gee Vaughan et al., 1998.

=

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 et al., 1996; Sheets et
al., 1998; de Haard et al., 1999; and Knappik et al., 2000.
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Ver hoeyen et al., 1988. The generation of
hi gh-affinity humani zed anti bodi es, however, generally

WO e@airess t he transfer of one or nore additi onedT/IB2005/000204
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residues fromthe so-called framework regions (FRs)

of the nouse parent mAb. Several variants of the

humani zati on technol ogy al so have been devel oped. See

Vaughdiisegiil 1idands a’llQQﬁhcluﬁS prmiﬁc mmglehxhdimtibo@’bh ewhit}h’afplcally
humani zed ant i bodi.es, i.n
.%@@epméﬁlanwWWes dangfia R apHI P R potfor ¥alenty

Lthig ﬁﬁtlinﬁ%of%@ﬂe ¥ & corr hdﬁﬁ}; YaR4Bleh&es chhi@portion.

b
ver arge, single-chain vari a&lrwtb nments_(scFvs) or
FSxlo U shazgentd 5&155@901 5.20Q203%and 4626, @8 ispgefieantiodies also can

ﬁl?fafpﬁde y %Fgrnme%ggs Féﬁé}%@%ﬁ@ﬁ?%ﬁéﬁaliﬁeter&lﬁm&%g ?@n %created
eﬁﬁ@ﬁ@‘lnﬁ%ﬁﬂ% InBL0ARIPERE Bhantiteal Waghleanrd difédren
eci

i ncl ude bi'sp ic single chain antibodies, which
tsppiifiaitiey. SeeKpmonshyiaiaht 195Gt Mv&aégclbbﬂ%mg%ﬂ@at%ar&

;/Cﬁﬁflbcdlgtﬁo gle}klg hl& a %b% cﬂﬁ% Ha@%er%}ﬂ%kee&tﬂeéét k4 ACty 25 normal

er “nol ecu correspon ng var

hasiac S bitididsi Bispecifieantib&liesPdsecrnsbeborddisd Oﬁd};sulfide
5, 260, 203 and 4, 496, 778. .Bi speci fi antib di e alsg g
cexishangse Whishdnys)vest sngymatia flgeiage gad © 18n 0 hedy

n%‘ c aﬂ%é%%@%ﬁﬁlece‘?ﬂl beger eated by chem cally linking
i

I'es or “antibody fragments of different
specificities. See Karpovsky et al., 1984. However
such hBeeueesBal agbtcEs fmgmenidiafe inonovalens theyiastenhaye low affinity

reproduci bl e manper .an C
P e e bR RSl R R8s AR ar
@?n&?éﬂ Be GRRaEHinticdr sdttabhictie cbﬁju@mféh an@ereasdhfuadtional
['Ves enzynatic cl eavage and reassociation of the

amﬂﬁmtty)dfbee Tpmgnm and BeHiger, 2RA:Caster400]; HQ@SPH and Sqydan,

Ay A5l UTELL D SRR ey g 0 v v

paﬁ%ﬁﬁﬂﬁﬂdkk@amﬂﬁ<ma@&mk§on1these conponents are
englneered into dlnErIC trimeric or tetraneric

Ton | nBispoahe llagﬁcis. 355 PRSIy SRR capyene
S%' r é&%ld fic i%? Mmmﬂ&{t%ﬁsrﬁﬁh&lls & one c2dQhd s@t‘iﬂi’c for a single

CONj ruc ures may be created by chenical
aﬁdhpmn@emtargetmelbssai thd other. er@; éﬁh@dlg‘an@G mpyy hpaltiralang at one or

i nvention preferabl e
TPy PRAR AR il Ao g
OREe ﬁﬂéso?ﬁ%d%%ﬁhﬁ i90B O @abddydb & bivalent dhimaemtedby a non-
target cells at the other end. The |igands may be
mobtalerdlagsociation ofitvascFvs, which yields two Fv binding sites. L1kew1se a
triabody results from the formation of a trivalent trimer of three scFvs, yielding three
binding sites, and a tetrabody results from the formation of a tetravalent tetramer of

four scFvs, 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 use, and the list is growing rapidly. See Hudson and Souriau,
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di abodi es, triabodies and tetrabodies. See Hudson and

w@Eowsizess54 2003. A di abody is a bival ent di ner POT/m2d03000204

10

15

20

25

30

a non- coval ent association of two scFvs, which yields
two Fv binding sites. Likewise, a triabody results
fromthe formation of a trivalent trinmer of three
S2003s , Aryéxahdhlagf dueh @ae aRfibdaiyrttatrogn S tues] todbon ane arm of a
tetrabody results fromthe formation ff a tetraval ent

t bispesific ligand hppspecificityor HERPiHiegcopbnr bl Hetuaymal -t es.

Sever al humani zed, hunan, and nobuse nonocl onal

ant i bogi nd f nents . there t

2O R A b BIBBRA s el B U8 Prnges ooy
aAPRhAUE IFdstin tohibikem iheipRbLlie domeins anch atergGﬂ iGF3 beth adds
gr OWI@% rapidly. See Hudson and Saquri au, .-

2008 WAIBGNORCHMBFRHSN.0Berdu ef @ledﬁ% AHU%Q%FPphuén%?f Ig hinge-Fc
breépog@ %?I?Q&d[ Q?e%¥cgttﬂﬁét1o‘ﬁ§n AR g)q’lefe%l%&ﬁ%r@t%m Rfmefns from

Ci i gand has speci fC|ty
HexutteérioprMeinkrsiuey mr&ﬂhméntatibnd ¥ owexaingidé,fusieg pbHmshort scFv to

LR BT st SRR B St o
ag i Hftin %2b@dﬂiﬁﬁéjﬁoé p?@t%ﬁls %ﬁq fcﬁhpﬁ@%l@&mers such as fos/Jun can

dinerization. See Hu et “al . Fusion to hunan I g
hbe gsedeo pradegé bispeai finnmitulsh (Kostdny erWc,t1|982|)sandAﬁls§Q§nately,

n’HT?llt(lg I&Qﬁrb o ous Ot g{enﬁ{fg?%}r}l rlggq rﬁner%b}{ engineering

e§@ﬁ9§1€s sucH b Gt ddk 11%091461331’ (TidbWay et als h996) Fipdlyp ﬁIsiUGCrotem
hel 1 ces has been used to produce ninianti bodies.

Pagttneanenn 1Rl selskteduthat progde bosbmailHimerizasiongs 5red} %@taﬁgttwnal
het ero / can 1o be used to
p?'ﬂ%%’abg § 8%'¥E¥1ﬁg1 ?réjoel% u%leé C?chlag%el ny et al., u1992)

and, alternately, honodinerization domains can be
engi nees gubihe akpscmtheirmenibmposideya engpostior ofynatter useful for

LS e 5 o B R
S %&ﬁéﬁﬁ &ﬁfxpﬂf'egg 2 Q%a@t@ﬁgllm&\ﬂe&%{lhﬁ:@ﬂ bR (iBR Mﬁie‘clfﬂ:shgand

an a tion, e. streptavi di n. "See
etThakminicd9aad ligmmd maybe tutya«vf theq@ebsc;rlheldéaerqmw ehbyso the m1n1ce11

prow des a ¢ tion_.o ef ul

i ﬁPliltélala&dﬁlég %{pﬁg :I?bﬁp gpilg fe{%ﬁégtca%@%gf blé’lrdllng Ip surface
Rpbhah o ik intinRRA%nd 1018 su&&@'@@ﬁ?bheﬁﬁ o€ QEREtIRaN b arecell.

bactgrlally derived mnicell and (ii) a bispecific

ligand. The minicell and |ligand nmay be any of those
descri Weebnhrasision comigiing csteati At asnicel e oneeing Ligang of the

and t e s ficands with

pFeIrameB e Ohtp acoBOiAL BhahAR o SBRARHs ApPligungs wi

t Qtifer Sotstivests gewydo ﬁ@ﬂhteﬁt%reamﬂallygﬁth thre drva)-dedimerirg quality of the
composition) can be formulated in conventional manner, using one or more

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

or without an added preservative. The formulation can be a solution, a suspension, or an
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bi specific ligands of the present invention (that is,
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with other constituents that do not interfere unduly
with the drug-delivering quality of the conposition)
can be fornulated in conventional nanner, using one or
reniesidh irpdibroraqesouk eellitlys, and epy abhteindammnilaoy agbnts such as
exci pi.ents. The te har maceut i cal | ept abl.e
RSP i e tpee ey Acutbi® SOFRER fptende with the
C}S&PSf ke Eﬁt‘é!nﬁﬂs %sﬁi’t@d 6P ERAR Rirfg@r PRIREbn, and dextrose
mnistere I's chemcally ~inert is not toxic to
t dodutiomg aédtesnatllvcﬁymnmmsmpm maabmmlwepfeh@dpowdﬁrrﬁw‘at foons

may be .presente ni.t dos for [ . .
v B B WA sGaRle vehicien g € Seftie gVieshe eR wpier O pgiclggicat
Oda1ink.t TRUoniiosHEAEAsPmeP BE Kainulagd abhelehstpiepaitionn Seetlong-
be a solution, a suspension, or an -21 WD 2005/079854
PeTing BRO0EtioDmey be ecfmlnsﬁtqsed bwineplesjation (g gseprle, subcutaneously
vehi Ies tory agents, such as
s%rs %ﬁﬁﬂg}%lllﬁtgﬁlggcglnd%i&% I'spersing agents. A
suitable solution is isotonic with the blood of the

reci pi ardongositios of tHeyséseat mdeltt;onsczah iba@dmiiistgred'véa various routes

S%Lﬁl;tt@&%{r]lpgﬁsgt%ﬁgé %)gl(r)qsrﬁal}ayg)ﬁat ,: tggtg]ale}s%%a gﬁtr?ﬁ/ﬁ%h{! effgﬁ;t(sé desired,
 SHRY %éatl? bt %te‘?ﬁl&é]g'a ]§éli\;e?§bfn§y ¥%e Qb&)‘ﬁﬁ)hsﬁeda for é{hﬁlﬁold 8y oral

pyrogen-ttee “wat er physiol ogi cal saline,
cadminssitiatiombyaipphcation df¢hd formulatioeth abody we ;mtby inhalation or

aH’ﬁﬁﬁ{ ab@?cg@y%q%ﬁn ug?]qu:f gﬁragu%g)%1l 10{}§poq%¥ 1B§ahepatlc
E%Hﬁ@dl‘ QA& t¥eoRs, ihthdthiABE:S, Cdl*hﬁ’tfdcﬁé}mﬂfadhﬁnlstratlon The mode and
tramuscul ar injection. A conposition of the present

i siteeolt ddprinigantidneis deprndpritcsy thel lagption af the wggert&ekl%sf“orf@ample

et T S o e P R B i e Re P B geted

SYsebRIbifaat mihicdde! lSMﬁﬂMlﬂ&)inbﬁm&@@t@ﬁp hlayl’mednoré officiently treated
exanple, by oral admnistrati Qn [ Catl on of,
t Nia inRvenpEs debiverPidaigsigg recom 19ant Hi}micﬁlﬁsal APy ogprian cancer

| ns S’av tr%ta{ea%a ﬁ?l ra it DAY, Hél?\ye 4 a% et A SSibiRhint minicells.

enous, port a I nt atic, peritoneal,
subcut aneous, | nt r at unor aI or intrader nal o
adni ni ghe atdseut invEnéombutthea provides ot drup fdelmar'y hy sraaps pbpringing

Ieigégl{a ng’dc? o Pndrtn]eh? bs:, g&llcaal c?pgl‘fal%féahﬂ% t ?I}t?c V\gh} rlnam%ahan cells
U9 Qfe%a@éfc;ﬂt&liba g Qn&%kfto\éﬁfdbnﬁfetdnh estichaghe@lian cells, which are

reconbinant ‘mnicells. "Simlarly, tunor netastasis nay
beapubieeofeetngulflme mpefopt b¢<é%uaé gells/inghe menngy oh aﬁ@caéllar\k@ﬁgﬁﬂal

et r.econbinant .
S, BB B o
t 34OplSR JresOmRinRANikn BN, CEid Srug-delivery approach can be effected

without the use a targeting ligands.

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

in which macrophages and other phagocyte cells, such as neutrophils, ingest particles
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manmal i an cells that are phagocytosis- or
endocyt osi s-conpetent. Such mammalian cells, which are
capabl e of engulfing parent bacterial cells in the

nddig psRlilGoald siledtheiacict¢ slace patihhg easicld ik kel e
engul f the mnicells, which release their dr%%,ﬁa | oad
ienveloppd ABheyshglssarthed e “RerssPAgHIfRINhAROYENSISs ot Y(ﬁvement of
d i . i .
SO PG R pAREh S8 Rebaa SRl ol M o s 1980
bepeertepli €088 t he engul fing of mnicells by a given
type of cell, and the present invention is not

depen t on an articular . chanjsm.in,this regar
For e one Bl e santPy PeE b o efn sFgRdgancs
3hd Hgaﬁﬁ-'rs&tpf@g [RPRAGEHe %@n&hﬁ@rofmﬁgcgﬁ%qlshsw and Griffin,

such as neutrophils, |qaest particles - i
20858). 0 ThB Suttach@ont BepoBediaed by thospeeificapefipings, is thought to be

pseud dia gver, t arti.cle r Il e .
CEREIRLh REh Ah  YASE T  MBppi
" RORMSELELIdxEsenR ALY Blegbsytodinglsd megloceurdn theodbsence of surface
specific receptors in the Brocess has

&

! een.,
dlgands fornthagocysereceRtpighiSe zi@ﬁlgef(ai-sié8953= F%H@&nfe-e?h% the
(1988).. 5 T . - o i . .
RSPk oD SRR o PRALSEI 5 kA it it
I b@ggué-df aﬁ&m?ﬁhﬁee ddhegfmedn fhefbepﬁrtywith ther s ob theirparent bacterial
pseudopodi a (S a Giffin, .1981). .This attgchnen
sealls; anfee SP@&fegiﬁ.‘/tﬁi@ggf@'&S; ¢-f-¢ “phage g?sgsorpgea*fq{oﬁgﬁ?:eﬁs), of
t Omit® neqﬁgﬁflfgea'i’lﬁ rlﬁ’e{&r(f}ﬁ%%&rdr@theﬁji‘frﬁeﬁ? @yRE AematenaldV t h
respect to less virul'ent bacteria, such as
non- ent er ot oxi geni ¢ E. coli, phagocytosis also

) ) A may
occur Amothee eaghdfmgproodss duerfideeriodis, By yhish intragellular pathogens

phago r ecept or See Pi r et. aky. ;

" REE Oppetien pasel o aelon £ Ehier el SRl Rlen,

| PssRomohd 4RULAG BRI 88 catrytd Ragahd]Bintepithelnil téibrand replicate
possess or |ack surface adhesins, in_keepi i F

. . e af eeping, Wwth th .
néhen. eTwb besie mechaniams indhisregardpre (laihria-depprflent feceptor-mediated
engul fed. b a e PR . 0S.S- e
R8BSO Sl g oni Fommlentionn
t PRlepéndeRt éhdo}éﬂ@ﬁs '($pnﬂaigg& I%u_rs],?%’)otﬂi’émf m:mn friaydpe involved
process i s _endocytosis, | intracel J.ul ar .
pathenge ﬁggulﬁgggﬁgmpptiegtcpegﬁt&{%tﬁ@@ﬁ)é(sengpcg%ql%ﬁe B a?ndocy1051s-

E%8§{§%€eﬁthihlﬁft c%h? Gl R mibRbIIE ARREb@Ance RIS HAGHRMESH AN

Lac aci | gafnentry to manmalian epithelial cells )
aRdpresg@ititivaet endot ftesie conipeieitasile aregeershepitheliplpellpiegterocytes in

' %Igeagracsltrg{n%est?na ttpa%{, rgfo%%ﬁ re]:gi%?etlia{ &Il ,pltu%é _elrjri?lgelli%f cee(ﬁs, and urinary

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 for the minicells employed. For example, Salmonella,
Escherichia and Shigella species carry adhesins that are recognized by endocytosis-

mediating receptors on enterocytes in the gastrointestinal tract, and may be suitable to
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endocytosis, also known as "coated pit endocytosis”
(Riezman, 1993), and C athrin 20 i ndependent
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may be involved when an engul fing-conpetent cell that
acts by endocytosis (i.e., an "endocytosis- conpetent”
host cell) engulfs mnicells in accordance with the

i RYieatd drog thaRepeféent &riconender pelds i Singlanyemancellseletived
are breast epithelial cells, . enter

te
Hl eastareslo cayne sbssispans Tnsramactsprbetisl gels
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Sal monel la, Escherichia and Shigella specres carr

atiitbelisi sl souldrbe walborie fecintsgusathe) dghpsy of sgrug toa urinary
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SE ge%q Eil %Jg Rk 9x e%sa&‘vg??}l& RBdiE Lt arhuﬁ@e'll% %ontaﬁloélﬁﬂg I&’@olecule and

almed at stomach cancer cél
| bispdcifid Jogands alren:apﬂflé af bmdmgrtathebmm@ﬁa land tr target mammahan
adm ni sterlgg intact mnpicells derived

el St SpBER B4 RS et R AIREEA O B gispiset including
bé(cc{u @Hfs?e{s%s QRehl ANaTRY Pﬁaﬁﬁdrﬁé ariBlub&rcul¥biB] ®i&lakSparticularly

rom Lact obaci’ bacteria, which carry
addefidiin shesqoatext pLednoer dreinotheyapyr act and bl adder
epi theli al ceIIs could be well-suited for

iornt ;ag L Iﬁa&?' t& %Jgt:ﬁgr ﬁfrﬁgfdegm% 109 bP1o ?dllﬂé'n’i‘iﬁ{clél ] {N'itfl%tdrug

ey TEmors Rt rovi
t U@m 8 98es Imdiasds Sdriug Iphykagii dav abdittmpitshad firdett ydaophilic and

&3&;{%@&? e g o e BTCaS AT A edn s Creating a
O¥org::grgl i G tg[@é h f(?lgei %@%@%eﬁ%ﬁ%ﬁ?fr 9ula§‘nfé%idm coitFRHR the

nrnrce s contain a dru
”ﬁhﬁ_@éﬂs@uﬁﬂﬂe mbnis¢ibeytbplasmh i @&redsrhamracalmlbr medlﬁm contains a

binding to the mnicells and to ta

C b}ghgr rag SpngeRH Al p dhegpmi il%pﬁ%gl lﬂire ﬁ.lrlra&]alsmoves down
5110815&?%%% riHiSRARES the 'nﬁ‘ﬁic@ﬂ lcDidpladfnd UNh&ﬂth@ IcBR@BEtion

suc neunbni a and tubefcul osis, but are

parddientisaelerseds howevar) the drughdoes oot mrve ot 'of Aheomnicells.
chenntherapy The |nvent|on further provi des net hods

o o208 DUBLEL 1 ) 0B BB R s i
hygh- @iﬂﬁig' thihic®NE without leakage is surprising for several reasons. It is known that
the outer envelope of live bacteria, both Gram-negative and Gram-positive, forms an

effective barrier to solutes in the surrounding medium, while being permeable to
water. This protects the bacteria from deleterious effects of toxic molecules, such as
biocides and antibiotics. It is also known that the bacterial envelope confers intrinsic

resistance to the passive diffusion and intracellular entry of hydrophobic chemicals
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containing the 20 mnicells and the mnicell

cytoplasm Wen the extracel lular nediumcontains a

hi gher drug concentration than the mnicell cytoplasm

t higat danigt eatetthadugh wasrefillaidwdrophiiicscimands fomadd BNmembrane-
gradient, info tﬁe mnpicell cytoplasm Wen the
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c @rdeesse¥ husmove ttoxis chamigcal aititigs thatlhappen to énfetrtheihcytoplasm
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b% rrﬁa@iah% trdnf PRl e aNege hhd givehe gm  STrbteliy b@@m Pi¥tecting
creatlng a S|nple concentration gra |ent of t rug

beelleegrinshe vade vaiiehy of ewitongeatal toxing by aﬁtlﬁ@qaxtrusmn of noxious

Sg\rnrl{@a rEFsmﬁlere Tk 5t I%Ffsqg}%tlélgw}ltf%ﬂfegeo g&;’ ﬁl %ﬁence similarity, of

ity of noh-TTving bacterra an
d&ﬁthl‘bididg\tfaﬁsp(ﬁ'temu Tiey 1d¢lﬁﬁ£ﬂle mi) nierj@ﬂfamhettc&r(WS)p@l) resistance-

erneabilit vi_ng. ba ter The  di scoyery

prn@ uﬁﬁ%ﬁ@lﬁ@wm@ﬁh () isppa rﬁl?éﬂH g Cesigince (v multlgrug and
€

[ e o

p nanessess dre bacenal endnobiiage bévedi prateins mnd areemde}yadlstnbuted in

213 to enter their cytoplasm (reviewed by
B gf@rsla MRPHE} ey and Wl msl ey, 2001). These processes
are mediated by nultidrug transporters, a |arge and

di ver sevigligki einspéredr® il € BPedtserved iPhetiedt iBRibrahds, yet they
cell's against a wde variety of environnmental toxins

bysurnsisingly appeanioibsmonffungidnaly posstyrpetaussminferllsearanen-living
2L SR pd 1B A0 SR Bn B2 SndraguenCE

To load minicells with drugs that normally are not water soluble, the drugs
initially can be dissolved in an appropriate solvent. 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

the drug remains in solution. Minicells can be incubated in this final medium for drug
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mul tidrug transporters. They include the (i) major
facilitator (MFS), (ii) resistance- nodul ati on-cell

waleoossTssd (RND), (iii) small multidrug resi st anCEIB2003/000204
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mul tidrug and toxic conpound extrusion, and (V)

ATP-Dbi ndi ng cassette famlies. These nultidrug 20
transporters are bacterial nenbrane bound proteins and
aleadingd €T l;us,duhs inviebtotredis¢overddahitewemhydpploibés drugs can diffuse into

[tidr S ers shoul d served in, mnpicell
?@m&wﬁ% g@ e {? to aelipys %hlag 993 ﬁﬁﬁ?@% il ywegmp
gt' F)légﬁﬁd &g |10adP %3 RhmePRERYIR AT 'tlfe%i&ceﬂrrﬁembrane is
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nnbmpdseldg)ﬂarkardg;pdmble mhosph®lifid Hileset, mhthEd)lﬂé bevexpected to prevent
sth re.not ter spluble, the drugs
Sé(?r} &19'@50@%18@@8“}%50"1}0% ﬁytﬁB%‘Frng ate sol vent.
For exanpl e, Paclitaxel can be dissolved in a 1:1
bl end gtnotidt aehodastosdienBRiiosIR iakh 4 BRlgieldloxydudtugdg a
castor oil), followed by a dilution _in PBS to achieve
a recombinasih Paenibastariahsell undeg eonditiqnsrwhepein thepasent bpgferial cell
a C
TR BH B0l RElaB e llER o AT BH g the W, such that the
s @lhng iis @eleadel fimto ehd Sytemasnb of the paleat battérinl éli. SFér axainple a gene
ium for dr 5 WD 2005/ 079854 PCT/ 1 B20Q5/ OOO
| Glasies gncoﬁm&t%e@ﬂélﬁﬁWeWC 5y PRI HTES OBigorRa bE cloned
hyds 98 ﬁ%@r‘r@d Hl'EdJ al‘éﬁﬂ'ba‘é’cefrlfal"ﬁﬁmﬁ ﬂfai)ls capso16¥E ﬂBH@(ﬁﬁé Rfinicells.
mnice to ac evea hi gh and therapeutically
SiGpmific tramucnpmyn mpi tamsiamorj ok ghel gsael cluFler sesilés mrmoqva&leeld of the

h?ﬂ']‘ us ﬁh‘ﬁ'}u h{g 514821&1‘*{‘8|Of g?% cPaB‘?r}t %}?rlal\ﬁﬁﬁg ﬁﬁﬁ%‘ﬁ%a bBcéterlal cytoplasm

e’(ﬂﬁ?ﬂh@ Ari®® Whey gfatpakend bfld‘téi«?dl Q811 afvidu dhe Bhak rﬁ‘fo geny minicells,
nol ecul es Tnto the cytoplasm Another nethod of

| dlacdinmjcetisraloetontaimihe idreg rthejr cytoplasas Thaprapackgeed minicells
! Cori Pt
L FAPBPRBhke BE Bt GRBUERHE Bl BSRBPRALLA Bfe artana

t rjasgibatiabowe.t her apeuti c nucleic acid encoding the
drug, such that the drug is released into the
cytopl asm_of the pare cell. For exa

t b |
gene 10°@lady.cnothse Bgthed Ot?ﬁ@dgséamml%ﬂs BB MO8 é‘?n‘PO&VGS culturing
p%tIJéX@%é rl;l%{ Rinflef! 'tlﬁa? doftbitd af %QPIQESI(‘I;A glt n&Hid é’i‘legdmg the drug under

tran Into a parent bacteria rain that

c apaditiensfuchrtivd tied gegpe ehendind the drugdsriensaibed and transmta@ within
and tranéLati on of the gene cluster results in

bitBSPHIARSi s of the drug within the cytopl asm of the
parent bacterial cells, filling the bacteri al

cyt opl agMprodulcth td?ﬁgsctﬁfégtly Wigin pdrentbaceritl defls behimtells, the
cell divides ang forms progeny mnicells, 15 the

mipatesi bacterigl sellcorminiaells Bentain aguuckpie ard modsrulsihats Hpon

TI%ranE) tf%% 53%? grarqglﬁlo%eiﬂn%tlon to ameliorate or otherwise treat a disease or

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

functional RNA (e.g., antisense or siRNA) or a peptide, polypeptide or protein, the

26-



can be purified by any of the mnicell purification
processes known in the art and described above.
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drug involves culturing a reconbinant mnicell that
contai ns an expression plasm d encodi ng the drug under
20 conditions such that the gene encoding the drug is

t srofstioh e dhavhds Gedresl Foeexathplbyithe gérveic matérizd of intérest can
produci ng drugs directly within parent cterial cells
omcaiad bamose, tepeptorn, SpBHe, BRGOSY)i RsPtidep Tgerépel}ﬁcn‘f a@& IS

c ., : . ’
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trait in a cell, tissue or _orggn, For.puyrpases of th
phigentiaigedts it 52 Togciappls, qufong CEic e BopBeiane

C ﬁgé’cﬁﬁ&qggﬁﬁo; &R0 Etdsts (RUSnE bLala 089, bR B &1.,'1989;
Odinarily, the thérapeutic nucleic acid is found on a
pl;amm’eds o d/hi1889)hwithdrglnbin ibaicklerdedl apemis, and wfithany Phe-globin,
t herapeutjc cleic acid, ecul e encodes.a d

ohrglaben anckielobiuingBelRtiaRi o ARRSYS SR Bsple gan have
3@%%’;&% 71%%& eRhiGtt oPGhYIPEREFIRTINA! £ BéRiont@bove26

\ 54 PCT/'1 B2005/ 000204 = production of which
is desired. For exanple, the genetic materi al

.

of
i nt er ebtthe fmatment ofieangeth a thesmsutie Bedpic 6pid raplsge suiggble for use

(pol eptide of .ther.a i i :
Pt Bhe sl bERR SOk Byt Wipeetle hATicRRS S o oris
adaanrd ffonah geRXPAES A6 ciutddr witle tumdrisapprbssiat, isasisas the p53 gene,
abnormally or that is present in abnornal lsgtxéel S |

stheiretinpblastoms gencaand the gpre SQRINE FHPOTHEGFRSI EactRf ¢ A Wiflg variety
cyst G . .flhrosi n

A SO} bkt BRI 308 y RN LA B 0
ahpprodd@8PursudRo riednedntiah. Refi@&ativaicehcetBinghisbibgard include
sickle-cell anema, and with an f a-gl obin .

1g0lgn GQTPWOWPSPS@F%%“H“P l\ggef‘ﬂéfla‘é §§H’P%9%‘f He Sg’ﬁec?‘ﬁ‘beél}f‘fe& cancet,
nHSﬁeeéaﬁcé}Cb\darW&%F,lp%n&"éﬁ‘s ORYE, b @nbéSRestan@Mck cancer, and
transcript or"small “interfering RNA as nentioned

abawshoni0 Illnsttative prpitomes trestuaneisaell papilloatea pearpidglexus

nucl.ei c acid rnol ecul e suitabl e .for o6 ' .

¢ epiipia 3¢ gt P bt e S BB e Bl worts
C gfa'hﬁﬁ RARE Sepl @ rRodysplasitevdriRfofniio and raliahiairts. S

assocl ated with tunor suppression, such as the p53

gene, the retinobl astoma gene, and the gene encaqdin
tunor Aectbespreionuelae acid mglepuls,foF F@tgreseagméf@iﬂ?%i 33%%%5

ngo@ﬁ{qgeea{ DNAR grﬁe%wédingﬁ)q ARhEvine POt &n af Bl ERb8rug into

one or more cytotoxic metabolites so that, upon in vivo introduction of the prodrug,

the target cell in effect is compelled, perhaps with neighboring cells as well, to
commit suicide. Preclinical and clinical applications of such a “suicide gene,” which
can be of non-human origin or human origin, are reviewed by Spencer (2000),
Shangara et al. (2000) and Yazawa et al. (2002). Illustrative of suicide genes of non-
human origin are those that code for HSV-thymidine kinase (¢k), cytosine deaminase
(CDA) + uracil phophoribosytransferase, xanthine-guanine phophoribosyl-transferase
(GPT), nitroreductase (NTR), purine nucleoside phophrylase (PNP, DeoD),
cytochrome P450 (CYP4B1), carboxypeptidase G2 (CPG2), and D-amino acid
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15 approach, pursuant to the invention. Representative
cancers in this regard include colon carcinona,

WQe@shause4 cancer, breast cancer, |lung cancer, BKi/IB2005/000204
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cancer, liver cancer, bone cancer, ovary cancer,
pancreas cancer, brain cancer, head and neck cancer,
and |ynphoma. Illustrative papilloms are squanous

CekidafeaDIA A O Respettpredy. CHphex-bs ginsmpuidd gemas arecbxemplified by genes
| aryngeal papillona. EX%EPIes of maaé cqndit'&gi are
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V?&W{d@iﬁ’i &) mm ! RRDYSasphsel MEIFTEYS 3 Gespectively.
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nuc o or the present Invention a
can conprise a DNA segnment coding for an enzynme that
conver Bscadingriadhed meepiang theghérapentic oneleisracitbiypically is contained

cytotoxic,netabolites so that, upon.i LVQ .

b AaRABLS SHLnGT o Rt B oo o prigeley TG omiq also may
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well, to 25 commt suicide. Preclinical and clinical
apidhi asatirometenfa ternsinater, as Anbprpsr gehaignal\gpquence,@ad thad is

Spereny SE0ey e At HiARe BBl ° G Varowa o

al. (2002). Illustrative of suicide genes of non-
human oy plgémidariehih agaeent badtertab dell domirtiSit ¢fiyierimienion also may

E :‘ig%;grq( l}tgg%@qrr%iqtvgé)qsnlép gsrgggr;‘(r% %fq?ﬂ?q% éﬁ,&% iqﬁé’ysrrgggrglbinant host a
PRERNG ekl e ARTEEOAT A GE Bpiofl K06 REURE AR ypepride,

purine nu si de phophryl ase '
cyibbatherwize fR4&@ced GYRUBH)st, thatrdan by detsticd Anon@XpIeSHER)bY
and amno . acid -27 WD,2005/.079854 PCT/ | B2005/ 000204
oRElR B ISR ALY et PRI PRGBS PE HaT et xampl,
0e&RteAERmBNEIENVEH 84 ABVn@eNBRicellladcoffig@tiethe present invention,
carboxypepti dase Al (CPA), deoxycytidi ne kinase (dCK),

c youldivoderfor ap4siin tvAedudsy, in thamruieoskesll, a colorimetric or

FKBP/ Ca , .E ti v . P
C RGOTSTRR FoRee EHS 1 Rl b B AR B s 50T Bpfihive o
| SemPhhtiRRNe fndidndF Pladsufiptlond] tabiivatiohe Iipatrative of these proteins

bacterial cell or mnicell. The plasm d al so my )

c arR estaraseh, Rhopharasen ProfeRsPRAnd QHbFIPIZEgR AR 4otixity of which

f %@ﬁér%lt%gg d@t%ft%blre%%n%lﬁfo}(e & hore.SUCh as a

prronot eér, a termnator, an enhancer or a signa

sequence, and that is operably |linked to the

t her ap@uéferedercingles @&eifd cale §rgaltctositiapd, adricidefidctsa eolar change
parent bacterial cell or mnicell of the inventi

. ¢ ) n. .
alviclparpge obarcindicoepnia splsyisres idobil-dridraalacosidsy 61940 gfuciferase,
el nt_.confers onp it I na: [ .
et et uiee Rloher el God S FIcREH 1pRGhsd or BRI Hp
erafdikiige i Qhyifahi)) Wih thewhcahhait welssse pf tighic esllsoysdfhlein this
host, that can be detected, upgn expression, by .

context is a reporter element that encodes the green fluorescent protein (GFP) of the
jellyfish, Aequorea victoria, as described by Prasher et al. (1995). The field of GFP-
related technology is illustrated by two published PCT applications, WO 095/21191
(discloses a polynucleotide sequence encoding a 238 amino-acid GFP apoprotein,
containing a chromophore formed from amino acids 65 through 67) and

WO 095/21191 (discloses a modification of the cDNA for the apopeptide of 4.
victoria GFP, providing a peptide having altered fluorescent properties), and by a
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hi stol ogical or in situ analysis, such as by in vivo
i magi ng techni ques. For exanple, a reporter el enent

waledoswesed by an intact mnicell, accordi ng toPCHEB2005/000204
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present invention, 15 could code for a protein that
produces,'in the engulfing host cell, a colorinmetric
or fluoronetric change that is detectable by in situ
apgpoytsif Hemmcks b #9943 ofa eliddiit IGRR, chaérized by a 4-to-6-fold
sem -quantitatiyve function of transcriptiona
adnpipXemeR in exeitpdiop 3mpliBidss t hese proteins are
esterases, phosphat ases, proteases and ot her enzynes,
the acﬁ'ﬁ 'f(SlYovﬂB %rﬁﬁle%ﬁﬁ@t"rﬁ@ gﬁ)v{i'ded@ﬁl%&t ete understandlng of
chronophore or Tl uorophore Preferred exanples are
Eﬂmnanﬁ@ﬁagébamﬂosndas@nbmh|ch ef fects a col or change
via cleavage of an indi gogeni c substrate,

erase

Rxdmple | e SRR g o R angnfitle iR chebfbefdapputic

OHragmbﬁrlﬁw&ﬁ nfid Viahladeiyd inChReérially déiivedrihtact mihicblls
the concomtant release of light. Al'so useful in this

context s a reporter elenent that_ encodes the

f I uor eddisxapyvls dampnsieptps thet hydraphilic dajes gan gfhpac%agecf into the

( TR SR ALSLOlEy R BRI, (ool ogy 10

illustrated by two published PCT applications, WO
095/ 21 Iekoryhikis & osemgantilipgect enthradgcliwquihiotic isolated from

dj 238 -.aci d nt
SERPISRg AT BB it PO BT G os Sep gt Sy oma
amely&@r&%% &21199%9 @bﬁlﬁlll 083 189 THCHahi &8 al.] B990Paridaene&NA, 2000;

for the apope 30 victoria GFP, providing a

é{mlsiet cHaQD A?Mee mﬂu the awbb@éy] of tgxenss and e8IFT new d2erys,
R I L e

4-to-6-fold |nprovenent in excitation anplitude. The

foll OVViVigc@a{Hal‘@ideaomdtﬂtmshrchérﬁlcprc:luésdﬁ néajorineresoindaate
under st andi 2% the invention and %6 ill ust ative

oshgmotherapy e lqad cpmppynds Y indlasking pad, Viscristing. hiave been
gﬁg{pwgllh Ellﬁléﬂ‘b‘ﬂctl‘gg SIFhAR t?é?letmrt}pyea?sr éﬂﬂsrellﬁ@?ﬁ%id@lycds@d to this

astine’in bacteri al derived 1 ntact
m'day c¥lintdasting mlnbumll@rdmn ibattcegping aticrbindolsnids,itbereby

rugs can be aged.in tﬁh‘ﬁ’ @%(t opl asm of
é RIPSSHIE G Cr? © ¢ P Doxorubicin is a
strong anti m togenic anthracycline antibiotic isolated

from Mdinilel1§ e N SR BYREIN SISyp/Anthilif nERCIIBA hMltant stram
enpl oyed for treating breast carcinoma ([Hender

algeneraigg previsutiih ae desgribed ingoternaginadl appliegtion Npgﬁ@T/IB 02/04632
P%lrﬂ gNae?enﬁur%ed via a gga%?e%‘t centrifugation / filamentation / filtration / endotoxin

removal procedure described above.

Drug was packaged into the minicells by creating a concentration gradient of
the drug between the extracellular and intracellular compartments. Drug moved down

this gradient and into the minicell cytoplasm, through the intact minicell membrane.

The purified minicells were packaged with chemotherapeutic drug
Doxorubicin (Sigma Chemical Company, St. Louis, MO, USA) as follows. 7 x 10°

minicells in BSG solution were centrifuged, the supernatant was discarded and the
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Norris et al., 2000). Even with the availability of
t axanes and ot her new agents, Doxorubicin remains a

worssrmy4 of treatnent for patients with nmetasper/ig2005/000204
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di sease. Vinca al kal oids constitute a chem cal class
of major interest in cancer 15 chenotherapy. The |ead
conpounds, Vinblastine and Vincristine, have been

ethieyl&twére r@sluispérﬁléﬂ P94l Bﬁ} fad 6®Tﬁf 6f bbadtubibin' sofation
years and remain widely used to this day. Vinblastine
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t yploplasni Exceds Iﬂ%rubiuhamh-sptmﬁmaﬂymagmdem dlitecaliter surface of the

prevjo sI as descrlbe in inte n cati
NHHH otheip igazed avgy, Yv%li“@ ﬁﬁlﬁ Pflfa@g‘r%}}oé‘ agr%@:l%"éﬁ ‘Plcon
&1 ﬁlﬂgﬁfda‘ﬁen celfl IMGHEE B B (Migord, IBillE@dal #A /USA) was assembled

en otoxin renoval procedure descri bed above. Drug was
pacdoadied ta ﬂleanttﬂméacmrnr g edsiractiops ovithean uigafltration membrane disc

c AR ST e bt piry LA P R Raorof T ot was

MWK AAEIMR tindda With SteBlcaiitBIRE vald fbINdwed byea RirfHet rée washes with
EB{SC?l asm through the intact mnicell menbrane. The
P

i 'Be epllnivascthen filled with QanbefdeshiBIO epdihstiHal sohdian of
,\,{5*'09(3@%‘] rgH&al%th nl(lgcgm%gl%% a’hr;hec e Qs}/ kepggegér%lﬁrg‘ssure of 10

S @by btirgddl Wil eheoedltumi fag @eliuced® S &ﬁdlaippéﬂ-oﬁﬁa&th 5 ml BSG.
di scarded and the -29 WD 2005/ 079854

p&iiraiEienen veo couinugd upildhe §0W@ga@§1§%&ﬁd%é 7l Bigtopping-
ofﬁ%‘ 2 Hat6h #Iler | cFqug{ég ??‘??@c?ﬁ V\é/at;ﬁ{é&r’% t{o%ﬁblé a'{H(/)rml%I washing of

i SSO In s e suspension
Wallse em@:rtdmauﬁdces @f didiDg;qulatmaﬁG(a/gfed hnin'twﬂs i Doringthellasyw

o, eceluneies e ) ohaEpBesriel e transterred toa
ats%eﬁ?é"Eﬂaetnﬁoﬁf Q@nﬁ?ﬁg:‘er tuBdl T 1B Pedy 6e|ﬁ?f1f§?£ﬂdﬂ1' £9B1290 a4 for 10

t hen washed away by stirred cell ultrafiltration as
f mhihwtes to peliet e Dastorubieid-patkagad iminicells. on cel | Model
8010 (M IIipore, Bil I er| ca, MA, USA) was assenbl ed

accordi ta.t.he ctur [ i

o e AR s L] Q08 Yl ver
MRlisRekcdnsiei egﬂﬁoréwen&f mlo@ésca@@(maa mddédl DN CMEl)lght'ﬁheroscope
cell was washed three tines with sterile distil

wa08¥ nfagnifisaiien: Byice Yisresysiems faramany s hecguss Pexoryp CJBSEa

The,. . frl

TGRSR S By 5 s s
wdziadieimagthraegbmemaofivard. Thedeprapriptectltu veas abedl® permit
tp 3(:59‘51@ éal(y;)%e unt | lhllﬁ}llljl] %g\é%lﬂlillgr%sc\:ﬂgl%e Ee?(%ﬁgt?o% 4{8% nSIn,ngmigsqgn 550

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,
during the washing steps, the concentration gradient of Doxorubicin had been

reversed, i.e., the Doxorubicin concentration in the minicell cytoplasm was higher
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Utrafiltration was continued until the volune again
dropped to 5 m. This topping- off / ultrafiltration

w@r@spmsse was perforned 6 times to enabl e a tPOT/BIGOS/000204
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washi ng of 15 the exterior surfaces of the

Doxor ubi ci n- packaged mnicells. During the | ast
ultrafiltration, the volune was reduced to 1 nl and
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doxorubicin, simlar experinments were perforned with

amstdibe svam@sadescnbmb@ypé@réa@wu@mg, 5 Vi nbl asti ne,

that has | ow sol ub| ity in water. This drug does not

aut of | e, ﬁgﬁ i Ldhe

( Mol ec#éra -% ulgeneg%égpﬁlo 12)% HH%Iasfja%éregElégﬁ{ew

aﬂﬁhﬁl@aed\il\@ﬁlgm{bréﬁmdmicmsnolﬁ)ﬁ aboye & the ronlts W8revaptured

it B LS TSRS T
P
f g%)%l%ﬁﬁate er %y%&ﬁg pEHl?ﬁ ’vﬁhﬂdiﬁaﬁ'&? §Pﬂe& %ofe@céfﬁ% RapTDIPY-

utlon 0 10 and diluted 1:10 in
Sﬁ*’émdnﬂlgﬁaﬂ\finblgst\m a st ock solution of 1 mg/mM. 7 X
109 mnicells

The results revealed that all the minicells fluoresced bright red, indicating that
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
ultrafiltration 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

diffusion, possibly through porin channels found in bacterial membranes. The present
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in BSG sol ution were centrifuged, supernatant was
di scarded and the mnicells were resuspended in 940
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solution (Inmg/mM stock solution). This gave a final

concentration of 60 ug of drug in 1 m of mnicell

suspensi on. The suspensi on was i ncubated overni ght at
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fawollwgesan®. mi cr oscopy were the sane as descri bed

above for Doxorubicin. The dr ug- packaged mnicells
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ultrafiltration system did not result in an efflux of
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fluid. This was surprising, too, because It
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f gfihd mhdyt Bagdrent dﬁerﬂfﬁhﬁiﬁ;&ﬂﬂs agél'rhg mvmgmmlstrig]an\ﬂﬁImor activity,

2005/ 079854 PCT/ 1,.B2005/ 000204 |
t BspeciallE againg gyariam brogsle anblung |Crali?ﬂ%55 @ﬂﬂi&ﬁ e Mav\g%ﬁn 2002).
dbg{lﬂéﬁel id Al %lﬁﬂgtotug% SR BRI % tfbullRf b 1M ﬁ&chmmetry with

bac erla eriv tlve such as a m ni cel
Carbtutio Ihewrcrdlmeisl seabiliving méaretuhules pmtdivdng d hwgltperwm@age of cells to

drug did n w an bac r.oun t of.l ugrescen
Eﬁ%?ﬁﬁlllég‘? ERiEr ROBSRAGRG D EH e 6 S BERCSRGanest, form

ﬁﬁ%@ﬁé (énd ﬁﬁd@g@ a8dptdsiX Saclifhxel has an extremely
bact er| aI I'y “‘derived intact mnicells This exanple

s tmwaqudoas sdiybith:bfdb@QﬂZG mog/sn] ead hisstohmsrbldired it ecrtaiie
[
CHLERLh S ALE SeELAR 2

a phospho!lpld bi l ayer, diffusion of highly
hydr oph@kieghonstrate that a hydrophobic drug like Paclitaxel could be transported

into the minicell cytoplasm, a fluorescent derivative of Paclitaxel, Oregon Green®
488 conjugated Paclitaxel (Molecular Probes, Eugene, OR, USA; absorbance 496 nm,
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 (ii) 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

dilution to give a final concentration of Oregon Green® 488 conjugated Paclitaxel
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10 drugs across this barrier would not be expected.
Taxol (Paclitaxel; registered trademark of

w®eiosoaissdMyer s Squi bb Conpany) is a tricycli cPCT/IB2005/000204
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diterpene originally isolated fromthe bark of a
Pacific yew tree, and nore recently fromthe needles
of the western yew tree Taxus brevifolia. Paclitaxel
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PEXNESILSXPSA N &e @g%wh%{e}g &?9@&5@8@%@ prane of the
a @EQE nﬁ&diﬁ%ﬁal!}’]kin%ﬁu R DbSvaths MheWRpertfbicts inMRample 1,
different nethods were adopted to solubilize the
dthegeversal of theatstmatiolgrddiant dimieg the 2xEBsintiveskiog steps did not cause
sol ut i ,.and (ii) in ethanol.:crenmophore EL (1:1
vﬁ%ffﬁj"b‘d’l%ﬁ%dr’ilg Omé%“ég%n@%lﬁ]&{]@%]ﬁﬁm' Each stock sol ution
was diluted 1:10 (vol/vol) in PBS to give 758 uM and

379 UMIHE RGkItS Bl EBikdAnDi1Ss 1 LeBP B6hbivelate thdih@e kiddpl@techniques
stock solutions were added. to the ninicell suspension

( demrinechalayeican bapses to reaglily pagiaga bodnhdsorfiilieand ydsephobic
atr at.i 488 ' d
AFHES Pl B0 S I SRR VIR, b V90051 900204

concentration in the mnicell extracellul ar

e ExampleBntMethodd fer\daadniding e drugcprodntzion. inTiaeterially
mnicells were incubated with the drug at 37 C
oflerivedyimtactminicells; 4t on and subsequently washed with
ultrafiltration as described in Exanple 1 for

Doxor ulthd dxaiptk Wnthsagkl A tethddetorHétb@Shing tHeEhcentration of a
resuspended and visualised by 5 fluorescence

nidorgas beptprialdy derived inteetonininells.i Morkparipdarly, thimexample describes
results revealed.that all mnicells fluoresced bri.ght
of G¥oLgE dESTT IR B conaSBIFGRER oo Grot g mifheellsoox

t %@ﬁ%ﬁsns?ﬂ‘ateg%ﬁ% +f‘f&)f ﬁ%DEﬁ&%iEgleco%éér[tﬁﬁi%hliHLt% dH §oﬁ#ion. The
via the mnicell menbrane and into the cytoplasmo
t bpplivatibe of drugfackaged sniaiceldy fos ithiegapeutic purposes requires the ability to

characterize a packaged drug entity, including determining the quantity of packaged

drug. Previously, however, there were no methods for effectively disrupting
bacterially derived intact minicells or bacterial cells and extracting packaged drug

molecules.

Abbreviations used below include (i) HClL; Hydrochloric acid (BDH AR
MERCK, Australia), (ii) MeCN; Acetonitrile, Pesticide Residue grade (Burdick &
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menbrane of the mnicell. Additionally, simlar to

t he observations in the experinments in Exanple 1, the
reversal of the osnotic gradient during the extensive
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I cati'on of drug-packaged mnicells for therapeutic

palrthoh%queth‘Semletthe ability to characterize a
packaged drug entity, including determ ning the

quant i \51\%9 r‘%ta ﬁfn%@lggver%%pgf#@% 1{(’:{18% @Hrc’ YoluflEMBbxorubicin at

t here |ve I srupti ng

bagilebhednkitickey 655 d 0] 20, 30§ 407i50] @EISDslaﬂr 1@@,&4@; 1@0 180, 200 and
cells and extracting packaged dr ug

nol ecul es. )
ABSH Pyl Brmigeres BeFowcHtsd a7 (G pYeieht Myl eisHpiyr The

Aea?lsé}ﬁt‘??f? 5@%5?&58 P&@E{e@. é‘@ it 13(2 (Q m%ﬁ%m gnd gesuspended in

QAR08 6.7 $86 hifdcdih bﬁ%@ﬁﬁé&@@iﬂéeedﬁﬁ@hsﬁﬁnl,coh/lﬁ,ltrd.ﬂféﬁ)chamber
(iii) IPA; Isopropyl alcohol aor 2- propanol Pe tl%
RE®? gueporg sizepandByashiod 1 0 &mps swolPml ofSC pen yash, The minicells

t gef%@?gftgﬁ)aﬁ% g}v)lldeélﬁgg d’L ii@ §szc))f5 1§n8m 1&ms ¥8y Df))@érﬁfncm

|ng che present
t Berrsdiogmat ogr aphy colunn (in this case |t is an 18
carbon | ong hydrocarbon chain bonded to the silanol 5

Sg?t ?Lfgrgg }rgglgéﬁs)ewgqu]@ﬁ{g&g@d atyl g,@gge ; eiﬂ%%gr%ﬂaahwas discarded.
CRCQBE RIERMILL Gh7 YR ABE R 2 RES hARRPIIbwell ty)s deldvi 1

ragnentatlon of a Sel ected parent
| 9indte vBFOLHE and | dethieeenicstesng NMEN(S0@UL) wipeddded and the 5 cycles

renoving matri x effects and increasing signal/noise),

(il )mE@]e -yortexing and 1 minute sonication were répeated. The extract was
centrifuged for 5 mins at 13,200rpm to pellet debris, and the supernatant was
transferred to a HPLC 150 uL glass insert and vial. Because Doxorubicin
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, (ii) Stationary Phase: Merck Lichrosphere RP18,

5um, 4.0mm x 250mm, (iii) Column Temperature: 40°C, (iv) Injection volume: 15pL,

(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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7@héto t@ﬁt{)&&ﬂe’ '@l‘rﬁgs ﬁlké )pa%hﬁixbp ann)zSteEﬁlﬁSS FHRionask nex Cisplatin

Luna C18 Onm x Onm
packaged in intact mlmcells

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

instability or loss of membrane-embedded structures.

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

minicell bilayer membrane.
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system conprised an autosanpler with integrated col um
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to surface LPS. Alexa-Flour 488® (Molecular Probes; green fluorescence) or Alexa

Fluor® 594 (Molecular Probes; red fluorescence) was used to conjugate to the BsAb.
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 objective and the appropriate filters for red and green fluorescence.

The results showed that BsAb attachment to the minicellpgx and minicellp,.

surface was intense, appearing as a complete ring around the minicell cytoplasm. The

-36-



conj ugat ed Paclitaxel (Ml ecular Probes, Eugene, OR,
USA) as descri bed above. The drug concentration in

wo b@shrasscel | sDOx and m ni cel | spac was det er m PETIE2905/000204

10

15

20

25

described in Exanple 3, and the results showed 425ng

DOX and 245ng Paclitaxel, respectively. A BsAb with
anti-S. Typhinurium O antigen and anti - EGFR

sipéiiduat dinge Dowesibicif andPaditaxet dsb weredasumlizbddithin the minicell

(ORI e b GRIST Pises SNl PG Ll Aagotibed above and the
Ic?tggc%ehﬁﬁ@i&%s b AERARBECTRO &ug BAtdNRAFYnd WAR)the same in

Bi odesign) and a MAb dir ked agai nst g, target
ceidicellpbkand minReBpt @oniphrt with O Usniaeltyoxhanden %ﬁiﬁcellpac

(1 g&a; Oncogene) or nouse_anti-human HER2/ neu
r éeepong Doxcrubidnrnd 3¢9 ng Paditexgd raspertivddy)es wer e

cross-linked via their 15 Fc regions using purified

reco ”b*sl%[Hr Rt We% @t?fé%’h%%%ﬁhﬁl BL AL Q@éhoagé(r)ti-O_anti en/anti-

Briefly, “protein nal éoncentration
VHERa0@ed Thiy ighesidd thht the predrodx ert cosmlatibleomitle thetdavelopgent of

20 g/m each of anti-S. Typhimuriym O ant.i d .
ahfate ﬁw_hvg@mcmcawﬁﬁq apag _lwrﬁ% %%&m&@}t did not
SRR AP SR SRR LI S pon ettty

room 20 tenperature for 40 min. After nmagnetic
sEpampld HrTafgetddeddivauy jn-vire of Dyxerwbicingo immaphageeptichuman

B EAEE S ot b e E RO A
to

via binding of the O-antigen specific Fab arm

sur f acghisRRampleaterndnsfates thabd chen{dvidrapaukia kirky, @vasrubicin,
green fluorescence) or Al exa _Fluor(r) 32)4 I ?,cul r
Ppeskeged indatag mireslls cawrng sl sudeserboug }S@é%i g 186“‘@ gan ()

B : R . . :
43@?%13031@2 R}E{J&Storytgxlg%{:%ﬁ%o fc.eméei}'lfhﬁﬁaﬂ%élf‘sﬁa%éﬁhg E_@i?hreceptor

ate ni c sPa were mxegl Wi
Abg $ambh beiif tncbPdellspmidbatdiveBthalirug heravelhilalis within the

m ni cel ] pr rations were, visyal ized usi a.leica
FmagreAlinitel TN 98 CBRe VRIS DIeRAO BB Ch DR RibI Ay PRskaesd
aﬁﬁﬁigggg ate filters for red and green fluorescence.

The results showed that BsAb attachnent to the

m nicel | DOx and m nicellpac 30 surface was intense, i
appear Sntyphignaivyomn@DB-derived minieahld Wene pwiliecdand packaged with

cytoplasm The =-36. 2005/,079854 PCT/ 1 B2005/ 000204
i #@F‘&L@’EFAIF’ a&?iﬁﬁcybﬁg%vgﬁﬁfl@?&' and Paclitaxel also were
visualized within the mnicell cytoplasm The drugs

vere en Ei?@éc@ﬂi’c fritibedy hes sbimstraetetl as desceibed abdvednd fioUeS. Patent
and the, rugl concentrati ons vver_%ﬁq?eterm ned. The drug
cdvwplipationNor9/ah: &2 11and beigH deseribad i COMPO% and

m ni cel | pac, conpared w th EG-Rm ni cel | DoX and

EGFRM Rig 6h#i FRFFR 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

EGF receptor on the cell surface.

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

minicells. The procedure was as follows. Alexa Fluor 488 protein labeling kit
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5 (i.e., 425 ng Doxorubicin and 245 ng Paclitaxel,
respectively). Simlar results were obtained using

worwsn7BsAbs, such a anti-Qantigen/anti- HER2/ PET/IB206H/®0204
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suggested that the nethods are conpatible with the
devel opnent of a safe drug delivery vector, because
the drug packagi ng and BsAb attachnment did not result

i (MotestilabPtdbey, Fafgend) ©OR,E$ Ay way usdd tg labelahe hispéeifimantiteody .
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celihurs lpleftésc(elellﬁb@ Cﬁaﬁef BeOhe GnitH, Gickentansdn; Gefmany). Cells
cancer cells, and (b) deliver the drug_ jntracellularly
wivters romcin RRYHH40ahediam with Yosnste elasEyR @glr/% logg, &ogan UT,
b i el

AR A PR BelRAAaRhe Tl PECCh: Ul jrre grown to
pdokagaduendytand Quadmple welis, was trdetsd as fdldwisn (Exarmehted tells as

2 Bt RarFols (T i tec A T BinErIS) 06 FEes b osety
a%ni%n@f({i)w&%ﬁ rtéuga@d Dl)x%ﬁi%‘fﬂ?ﬁ-%aé(a ddRiaBdIIs; 5&%@) 1o8 targeted

nonocl onal” anti b was sel ected because the’ targ
c é)d)@rubumn-kpeckagscﬂ minmeli% Fherineubbtion reactzocwas tf;enineted after 8 hrs

2d 2OV Shieb s 4y Bt astininp e A ek B Hninated after

0VANRX PARSSInb Rt or, XhECF 1Y &€ WadliedBuf fi@es Rith PBY driicRked with
The bispecific ant'i bod&hms tagged with a fl uorescent

i omeliaby s foud S dhe Fispliventns wasbRd figce Byies with PBS and the
| HPRRRSTSS RL8l TS SRRk et 0 KAL) oo

4 &er@ bl el With ii%&lglaft@eklt -37 WD 2005/ 079854
PCT/ | B2005/ 000204 (Mol ecul ar Probes, Eugene OR, USA)

was used t | abel e f t
Fluor 4t i Jes W%%f‘rw%s lffgésclﬁlﬁﬁeacg %wr%sffepwﬁﬂumw
9 r(ﬁgﬂlgflé %lﬂ{eﬁgg NIERAINREY, THRAY. Wgéér@éizeﬂéeaaﬂdrﬁlffeﬁ'&ﬁaﬁfﬂlég%

gro bi speci fi ¢ ant1 body according to
nﬂmﬁmsﬁ(@ﬂ@) Insages sereuasilicotad an@t@é’smr@@a}eddbﬂtmﬂnn 8 hrs of

Cei‘rlulzu ation, ?argétgc\{wecagrr}lflnllgSthmlexa uor §’conjug %d\%espemﬂc At gody,

green fluorescence) Doxorubicin-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
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 results,
when visualized for red fluorescence (Doxorubicin autofluorescence is red), showed
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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culture plates (Cellstar; Geiner Bio-One GibH,
Fri ckenhausen, Germany). Cells were grown in RPM

wa eebd/omsdd um with 5% cosmi c cal f serum ( Hycl oneCT/IRRG@M000204
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UT, USA) and 2 mM glutam ne and i ncubated at 37C with
500 C2. Cells were grown to 40% confl uency and
guadruple wells were treated as follows: (a) untreated

Cey Vizwase é&uamafdugﬁ tieOdlllrts) BuorédepnctBdnfveat lha:lr@?&:bﬁjd This

I 108 t ted t
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sa | es re term nated after, 24 hrs
e cio skt P e PRz st ety ViBGF

afb‘éel%tbf‘ ﬁfédi’éﬂtédrbnliécﬁ(/&é HImhAmedgidiils h8d Bidken HB@n and released

fixative was washeéd three tines with PBS and t
ctheddslarpsicinevithin theewstrectome gelg txtoplasmcibe m@plés Wlet‘ed@gther

A s S PP B R B b e

CEH%QQH&‘( b bﬂﬁfé den(doltsiedLioRMlized iyt $ed°di@§ Jrésulting in yellow
Melville, NY, . Fluorescence and Differenti al

| detge The diffise w%ﬂuqrmce}cq ohsefersd grulier wihindhe adrogitomagell
[ g)?télglt grarr% \ég‘?llec? ge gpv.?%t% gh[h{l]t tﬁ? broﬁoﬁlgg:_lﬂ (O}Qélj Q&Bﬂ scence) was

arryin exa uor nj ugat e
bhs pafpef packagdd witkiy;the girdesilsi(tavesled gren dy minicell surface localized
Doxor ubi ci n- packaged m ni ¢cel | s showed

c bisapatc pytibagyy, dpzher shagesting that th%gﬁéha‘%% Pen gpgocytosed
NQL haYk ?ﬁhggﬂ t@\%l%‘?%éegggd ﬁ@%c%éoﬂ?cﬁ@iﬁ GRAGS thel AR6¢REMa cell

b1 speci sonme green
f tyoprsment dots on very few 25 cells. This suggested
that the bispecific antibody specificall y enabl ed the

Doxor ubj ci n- ed m cel to .s her

t he SUM C“é’%"tyr 'mS‘A'P "So‘i]‘gt%%e non'
tli;ﬁagga:t{ceﬁﬁgh&qmn%nser 24 hrs co-i ncubation of

ast rocyt oma | s and Doxor ubi ci n- packaged mnicells

(target ed and non targeted), the results,
vi sual iThisexmaip] erql_qgnqqsg@tpggt@@ﬁﬁ@eleqwfémmgegﬂﬁedlated drug delivery

ggt 4. éﬁ%%@]ﬁﬁnﬁﬁhﬁﬁ daits. SO YBAnRHd d&?(}t assay (Promega;

roc SCarried intense re uorescent "dots
oCellTaec®d Aqaeoul Qe hdas osedy MEIA-BHOGSAdmAnbiese r ed

fl uorescence within the cel m as dt
- 3@6WMW§8W£TW? 6{35/ o%‘%ﬁ%f D@}y Us ﬁ%fompﬂsmg free

B EB) LoyLhy, MSRgBERCE e gpietale s 1

agti CRYE B Mask @ hhBinkMsarplor ds hey todbtdih S1 M I(ﬁ cells/flask. The media
non-targeted Doxorubicin- packa%ed m n| cells, where

OmWag chariged anddelld wereesatertwitol® (1o R spetédlissox or
EGFRMinicellspox. Free Doxorubicin (50 ng/ml) was also included as a positive
control. The cells were incubated for 24 hrs, washed thoroughly with 3 changes of
PBS and trypsinized. Viable cells were counted in a haemocytometer using the trypan
blue exclusion method. 1 X10* 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
everyday. MTS assay was performed at each time point according to the

manufacturers instructions. Briefly, 100 uL of MTS reagent was added to each well
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adhesion of mnicells) could be observed on a few
cells. This suggests that many of 5 the

wWD00SHTSSLi n- packaged m ni cel | s had been i nt er &l/IB2065K/000204
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nost |ikely via EGF receptor-nedi ated endocytosis and
that sonme mnicells had broken down and rel eased the
Doxorubicin within the astrocytoma cell cytoplasm The

r esditdler d@retopinsnt has moahsied orad. she fo the. J0@en from each well was
fluorescent and red fluorescent inmges were nerged to

r Epedprredhiora el plate pred e abiprbancs was readcai PO 8. wi t h
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dedihier thePIRIBGYhdeG béAR fishingtian 418 do not
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michaebpecifexilpeadooytasg thbehimicelly. t o non- phagocyti c
manmal i an cells. A colorinetric cytotoxicity assay
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2l s Higha e b Te MR Bty Fud BFforabicin via
t kSeRd Md drdeFREaBeE HihiREHtoUHuri DN b €s6 cHRVP kbisdgdfts in

free Doxorubicin and non-targetedm nicell sDOx. NDA-MB

4@8deaice were seeded at 5 X 106 cells in T75 fl asks
and i ncubated for 48 his to obtain -1 X 107

cells/# ' : . I PEIN
Creat ed iy temRgaEHfaict B SRARARCH PR, Al 4 oxonubicin
Eghiidead arhdt sidicellFcaneffoimepreksion of hliflambyenadt canves cell Bmor

i ncl uded as osjitjve trql. The cells. were

i FERET eslt%h%sg%ﬁﬁ ‘f"e%dg&gedmﬁﬁﬁﬁhéfﬂ’dﬁp S¥4H 3 changes

of PBS and trypsinized. Viable cells were counted in

a haemeydpetel abdsé, MinichBs (vesRMhindd HEmeXN. Wplhdurium
method. 1 X104 cells /m per well were aliqouted into

2 4vinDE- pludarg straip@ndevers pwéfied ysing agnadienteratiifieaing /ed

f 3,..4. 5 nd 6,d with media c . .
B R e
ag)ﬁa{a@b@ githahbmethefpouti diud DRyxonibicih hs dédceibed inBEtaaigly 1.

100 L of MIS reagent was added to each well -39 WO

2005/ 079854 PCT/ 1 B2005/ 000204 and col or . devel opment .
was o} Pispediie gaibody syas sonsirugied as degsaiped Ffbﬁi‘%’élélg%méf} anti-

WRK3FR 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
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
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transferred to a 96-well plate and the absorbance was
read at 490 nm The results showed (Figure 2) that the

wa@ydsomssci ty of EGFRM nicel | sDOX was  si m | ar P€DIB2061/000204
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of free Doxorubicin, suggesting that EG-RM ni cel | sDOX
delivered 5 Doxorubicin in its active formto the MDA
cells and that the efficiency of drug delivery was
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surfacge.. Reconb m nicells (1010) were incubated
WY erﬁ?t&r@lﬁ’? %%Fgﬁ)élglfl c 25 antibody for 1

hour at roomtenperature, to coat the mnicells with

t he antrhbegdyerithéntivias desiplidd dsHSIGRN Ge@iPD (cobtroliieteived no
used in this exanple were purchased from Ani nal

Rérsaigrent sSGrayn (eontrad) teﬁewW\free\D%%lbwm (Saimg( gy f mouse body

ani er i wer e rfor

O Gh Bmst Y e PR 56 HiTRis e deSimiiFme st of fre
gWerudicis 8h Gurdditcdlls an®fo Asad;s@ ki Ofide-affet®l Graap 3wkdrtrol) was
Animal Ethics Conmittee %Bproval The experinents

wilteesaperas GEQHIL. iepcer ehatthw oxorubicin was administered intravenously.
Group 4 (control) received the anti-O antigen/anti-EGFR BsAb and free

Doxorubicin intravenously to show the effect of BsAb in the absence of minicells.

non-targeted

Groups 5 and 6 received minicellspox intravenously and intratumorally,

respectively, to determine if drug-packaged but non-targeted minicells could effect
tumor stabilization. Groups 7 and 8 received EGFR-targeted EGFR) finicellspox
intravenously and intratumorally, respectively, to determine if receptor-targeted, drug-
packaged minicells could effect tumor stabilization. Group 8 was included to
determine if the targeted, Doxorubicin-packaged minicells given in the tail vein could
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

41-



Agriculture accredited small animal facility at
EnGenel C Pty Ltd (Sydney, NSW Australia). Human

whe@asrIssadenocar ci nona cells ( MDA- MB- 468, ATCCPCTIBRAGS/000204
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5 manmary epithelial cells; non-phagocytic) were grown

in tissue culture to full confluency in T-75 flasks in
RPM 1640 nedi um suppl enented with 5% Bovi ne Cal f
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- 4fin}@IL 005/ 079854 PCT/ | B2005/ 000204

Interestingly, the free Doxorubicin given in the tail vein of mice (Groups 3 and
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

the site on the injection, suggesting that the minicell-packaged Doxorubicin prevented
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region), diffuse through the tunor m croenvironnent,
specifically bind to the human breast cancer cells,
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rel ease the drug payload in its bioactive forminto
the cancer cell cytoplasmto result in cell death and
hence either tunor stabilization and/or regression.
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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

via targeted and drug-packaged minicells. The experiment shown in example 7 was
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reactivity with skin tissue at the site of injection.
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Example 9. Demonstration of versatility of targeted minicell-based drug

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

dose and therapeutic effect on human tumor 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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The results showed (Figure 6) a clear relationship between minicell dose and

the therapeutic effect. In terms of tumor stabilization / regression, 10°

.. . 7EGFR__. . oy
EGFlemcellsDox were more effective than 10 minicellspox, which in turn were

6 EGFR

more effective than 10 minicellspox. Interestingly, there was no major

difference in the Doxorubicin concentration between minicells administered to groups
3 and 4 (6.6ng and 8.5ng respectively) and groups 5 and 6 (66ng and 85ng).
However, the treatment in G4 was more effective than G3 and, similarly, treatment in

G6 was more effective than G5. This suggested that within the range of minicell and
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drug nolecule. 8. A targeted drug delivery nethod that
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with (a) bacterially derived mnicells that contain a
drug nolecule and (b) target mammalian cells, such
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7. A composition consisting essentially of intact minicells that contain a

drug molecule.

8. A targeted drug delivery method that comprises bringing bispecific
ligands into contact with (a) bacterially derived minicells that contain a drug molecule
and (b) target mammalian cells, such that (i) said bispecific ligands cause said
minicells to bind to said mammalian cells, (ii) said minicells are engulfed by said
mammalian cells, and (iii) said drug is released into the cytoplasm of said mammalian

cells.

9. The method of claim 8, wherein said target mammalian cells are non-

phagocytic cells.

10.  The method of claim 8, wherein said bispecific ligand comprises

polypeptide or carbohydrate or glycopeptide.
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ret hod 167 o6 eseod ey 1 Sttt 65y pu 2p Hi second arm
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32. The nethod of claim31l, wherein said plasmd
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concent ration gradient, into the mnicell cytoplasm
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translates a therapeutic nucleic acid encoding said

drug, déch tThetmabédlofulaien 1 K wirk@assd nianimalidneced surface receptor

cytopl asm of said parent bacterial cell . and . then
is capable of activating receptor-mediated endocytosis of said minicell.

17.  The method of claim 8, wherein said bispecific ligand comprises an

antibody or antibody fragment.

18.  The method of claim 8, wherein said bispecific ligand comprises a

humanized antibody.

19.  The method of claim 8, wherein said minicell comprises an intact cell

wall.
20.  The method of claim 8, wherein said drug is a chemotherapeutic agent.
21. The method of claim 8, wherein said mammalian cells are in vitro.

22. The method of claim 8, wherein said mammalian cells are in vivo.
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drug, conprising the step of culturing a reconbi nant
mnicell that contains a therapeutic nucleic acid
encodi ng 10 said drug under conditions such that said

t her apesit i c The!'gleiod dflAmes) eddiehgsadtohgds encoded on a plasmid
transcri bed and trans]ated within said mnicells. 37.
ACRHBY MithissaiiEH éﬁng (i) a bacterially derived
mnicell that contains a drug nolecule and (ii) a

bi spechjic Ihg ﬁ{éﬁlddl'tﬁ{cldugl Ba%grleﬁl ohd Bl'aﬁlgid’&nﬁﬁls@s a regulatory

surface conponent of sald mnicell and to a surface
celkepenent of a non-phagocytic 15 manmal i an cel | . 38.
Use of bacterially derived intact mnicells and

medt cafent, BARRURGebtRo R SRR Rl Pusi o masissaoporer

aBRniat d bispecific |igands belng capabl e of binding
to said mnicells and to target non- phagocytic
manmal i_an cells, for use |nt§ nmet hod of .treati ng

di seas@bor AoUE girlivery mathad thak comiprisemprineing %qtfa@afderived
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or endocytosis-competent, such that said minicells are engulfed by said mammalian

cells and said drug is released into the cytoplasm of said mammalian cells.

27.  The method of claim 26, wherein said minicells comprise an intact cell

wall.

28.  The method of claim 26, wherein said drug is a chemotherapeutic

agent.
29. The method of claim 26, wherein said minicells are in vifro.
30. The method of claim 26, wherein said minicells are in vivo.

31.  The method of claim 26, wherein said drug is encoded on a plasmid

contained within said minicells.

32.  The method of claim 31, wherein said plasmid comprises a regulatory

element.

33.  The method of claim 31, wherein said plasmid comprises a reporter

element.

34. A method of loading minicells with a drug, comprising the step of
creating a concentration gradient of said drug between an extracellular medium
containing said minicells and the minicell cytoplasm, such that said drug moves down

said concentration gradient, into the minicell cytoplasm.
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35. A method of loading minicells with a drug, comprising the steps of:

(2) culturing a recombinant parent bacterial cell capable of producing minicells under
conditions such that said parent bacterial cell transcribes and translates a
therapeutic nucleic acid encoding said drug, such that said drug is released into the
cytoplasm of said parent bacterial cell, and then

(b) allowing said parent bacterial cell to form one or more minicells containing said

drug in their cytoplasm.

36. A method of loading minicells with a drug, comprising the step of
culturing a recombinant minicell that contains a therapeutic nucleic acid encoding
said drug under conditions such that said therapeutic nucleic acid encoding said drug

is transcribed and translated within said minicells.

37. A composition comprising (i) a bacterially derived minicell that
contains a 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.

38.  Use of bacterially derived intact minicells and bispecific ligands in the
preparation of a medicament, said minicells containing a drug molecule and said
bispecific ligands being capable of binding to said minicells and to target non-
phagocytic mammalian cells, for use in a method of treating a disease or modifying a

trait by administration of said medicament to a cell, tissue, or organ.
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