BACTERIALLY-DERIVED, INTACT MINICELLS . THAT ENCOMPASS PLASMID-FREE
FUNCTIONAL NUCLEIC ACID FOR IN VIVO DELIVERY TO MAMMALIAN CELLS
CROSS-REFERENCE TO RELATED PATENT APPLICATIONS 100011 This application claims
priority to U.S. Provisional Application No. 60/909,074, filed March 30, 2007, which is incorporated
herein by reference in its entirety. BACKGROUND OF THE INVENTION 100021 Recently, a number
of nucleic acid-based strategies have been developed to modulate a variety of cellular functions

(Opalinska and GewirtzBQ0)ERPAICEVIERIVEDR INEACT MINIEGEEESranscription
factor-binding decoy oligonucleotides, ribozymes, triplex: i ligonu ' mmupgqstimulatory
CoG motis, THATENGIBAS AR S e e TN ONAL MG R TR, and
microRNAs have drawgeyiigiViBpIR3 RIS PRIEY POIVEAMIA DEANighh apscific mode of action.

These oligomeric nucleic acids have considerable potential as therapeutics, too. Such therapeutics
face several obstacles, however, including the instability of free nucleic acids and the safe, efficient

and targeted cellular HB(?%“% wmwﬁw‘gﬁwmm}@pﬁmg, 2005). 100031 A

focus of many nucleic acid-based therapeutic strategies is the phenomenon of RNA interference
(RNAI), wheygén jonigs sipnelersiramaacoRivity (@SRE/Mrivisioal] lepsli i aeNoeabomspuRififiiegradation
of homologo Q entary or. partiall mplementary) gene. tfranscripts. More particularly, the
long dsRNAkrhns%%élﬁ’iggqréwé’r%%ésslsé;arFr?tr(%g%n%a T%IP Klﬁseg\é)?/‘anl%ﬁ%jgrgle%%s ribonuclease called
"Dicer" (Grishok et al., 2000; Zamore et at, 2000). The smaller RNAs are known as "short interfering
RNA" (siRNA) when they derive IBACKGBEUND SHEITHE INVENTHONORNA" (MIRNA) when they are
produced from RNA-coding genes in the cell's own genome. These two classes of small (typically, 21-
to 23- nucledBR3] Regsetinry RInker Epugleie 2rdhasShRTRIRESHBNE SRP SiEMARRsG b IBeAWAtrity to
messenger BNAgnFNA RO aisc iR Qdipdnaich ot ragiaigryiBNATMeg o fhaigentabetdes
"RNA-induced é{lencin complex" RtI.SC)f V\{hi_(‘bh as adQeIica§eoe}l%ti\1/é%ggsd ggogndgp cl;{ela)%e activity.
The helicase™™ i\7‘ﬁya HEMERRBLr ESTE PR m%’l’écouigs, allowing’'the Antisenserstrand to bind
to the targetdarRiNA wigeniisqtidan otmmupbsttodaonarkofe, ABGES, \/pitisensst Hligpowdyotiits
endonucleasgaglixity Rydael¥aasitR o shBN ARl JQADEHE HiersRNSaNSA & WA mbkaund.
[0005] In RNAI, therefore, a single-stranded NAin}glecule_éssR )(é)inds to the targlet RNA molecule

by Watson-CIHgEashae (g tAkes VARG &2 MRS MY SREFAS Inasis: Yeasithes IRESETUBIERIA. By

contrast, antisesige stifphisssionsifasire prprissio themtsigithadsinGud dheepidcsdarediarablocking
translation witgautcatalyzing the,dagrraietipRShitiecr RNALRROGLAS &6 aRssdrIuAlvM BNAS have a

half-life of less than an hour in human plasma (Layzer et al., 2004) and are rapidly excreted by the
kidneys. Congsepishtaiuladshyesof e iraoac ?Pf?ﬁkéb%ﬁ’é’ %Mg?mﬁgg?ﬁcluding SiFtNAs,
that are nucl -resistant. Examples_of such efforis include ' ifvi tides
R L ol T S e
phosphorothibweddintesy RN GHiuvdeseRanengodouidersiangiet éﬁ*’z’odéﬁlﬁ\kébdénﬁafé?lalﬁaéme; Ehnen
et al., 2005; Layzar. elspleifOds MRIdsSE ikt ot hoMBRmientiiniBhi parthe fitinpiBdA g1 other
regulatory RNAs spend in circulation, .pr c}itio ers ha }qu flteq the RNA moggcuéess tolproteins
and antibodie=% f%é?ﬁ%‘sigarﬁlﬁﬁ%é?ﬁ%’ cefis iR #&mr e %o?%‘ 15 ATaPESERE LONCENS Of low
stability and rBpidsrépabcordiegtonypriteivoltess tralled (BsICpEitivheliote 9io 20 épmgreesjdbitory
RNAs. Polyplexes (fepmethfiv salfasseaivrbouglsic aereiRrelyqatians) Wpepalyplexss (formed

by initial condensation of the nucleic acid with polycations, foIIO\l/lved }E)y additiogl of ?tionﬁ!i&)ids),
liposomes, arfEPByAtABRICH AU A 2B ISER) exiBh b §/hen they are produced trom RNA-

coding genes in the cell’s own genome. These two classes of small (typically, 21- to 23-
nucleotide) regulatory RNAs also differ in that miRNAs show only partial complementarity
to messenger RNA (mRNA) targets.

10004) The short regulatory RNAs bind to the so-called “RNA-induced silencing complex”

(RISC), which has a helicase activity and an endonuclease activity. The helicase activity



[0007] These approaches also face numerous obstacles, such as (a) rapid clearance of the carrier
proteins from the serum through renal excretion, (b) limited number of regulatory RNA molecules that
can be conjugated to each carrier protein, (c) difficulty in intracellular dissociation of intact, regulatory
RNAs from the carrier protein, (d) rapid clearance due to polyplexes binding serum proteins which can
act as opsonins (Dash et al., 1999), and (e) instability of liposomes in vivo, causing release of nucleic
acids into the serum and potential non-specific transformation. 100081 Viral vectors also have been
developed tanipds eeerags!iatamRM AR dagenidshiicaag alg. dessne anshBituesin2004thd hese viral
veclors pose, sel QLR RISl ColleoiAS N P uer-JiHEZAe RrORIB SATELIS spogHpaUaRwith
wild-type kus%s, inSertional and ncogenic poténtial, virus-mducet immunosuppression, limited
capacity of terdennglepsetartivitychydpabyase thetaresitSDFDMN Ahecsiteraibereotiveraniiseese pHathifated
viruses, diffigglia@s in manufacture and distribution, low stability, and adverse reactions
(Hacein-Bey-Abina et al., 2003; Kootstra and Verma, 2003; Raper et al., 2003; Verma and Weitzman,
2005; ChecKf®ER)Ip RBUUO thPtefomsicabasg e syatdnt Rido inaletie dss el dpmds fior e targisinant, in
situ expressm&w&qw%@W&Hécﬁma%?m@Nﬁepml%a%hé-az@benu@rew@Qmegmg hairpin

RNA (shRNA). An shRNA Contains sense and antisense sequences from a target gene, that are
connected b & HEFRNGoPSERNTETY, AiSERAS SYPRIETSICRORPES RS AR BHalk e SRdingsh a
pot-lll-type pssRhNAas afRiNAE eekibgxtobatmRiiiou y4uaily Hing ahe alaradi06 Sl tiesrdIsSaribed in
international application WO 03/033519, plasmids that code for an shRNA, siRNA, or other regulatory
RNA can be #88ffémeetlasnoregpiatent BhGehaysa dinthise pfogschermahiawinc8HaasPlaste of a

mutation thatiGayses asynunSttsdcat diyigiorxued FraridaRIen isisiysengynkhivaal pagsria in

which the plasmid replicates intracellularly, in cing Jarge n ers of plasmids in the bacterial
Cytoplas, DR GFERES 1 RETFR R S Sr T e Ay B TS B s
cytoplasm, rmmngsmﬁewmmmmmmmmammwmm@n suelegtiioegite BlasSmidGA into a
mammalian ¢l uNRlg:ihe PRMRICIRNA BHaRiehiRdNRIESIEN Hldibanl) g NyelRkadRmpIasMId DNA

expresses the shRNA or other regulatory RNA, as the case ma}ébe, and the r%éyl nt nuclejc acid
e

then migrateitka8Re CRBHARRA MY Che B RN S GERREIRFe8kit, ] 8t the
nature of the208&\iastzee gulato 30BN AddrigEY kBEc2088)susisatoroaingser duuirmd aifNaachinery,
however, deliyging, INGRRPUiRALY SllaGTYE ARAMRISO!SHERIGARTINGA CYBIRRAIRR BRSqgaystems

involves complex and protracted processes, which limits their effectiveness. ccordinglé, a)g]ore
RNAs, to

efficacious negRsHb By RECHRsRN rtihefins ih greri drsited mamenalin s!lsudn Rethey
target cells. SddYIR YorderidtT 104V RAbTIE NnlGAid T diabegcrdipnc pravitit @rees dape deotitpednvention,
therefore, a composition,.comprisin a ity of intact minicells, i f rality
encompassin"g’ﬁ%)i Aem %—fir%%vFg it gtiro%é grtl?fﬁ % [ d?’fgké?fgfg%%?r!% a%?e%%gﬁg%ggé% Sggﬁlégrier
therefor. Theasiteyony prlyratiensh dinspelenicaesdiommed trataialycendsnsatign Al dbe Susitinissianded
DNA or RNAWropsigabagdimamewetnies! | s&fithe plorakiioarniapiplasipidore, funetienahaiicleic acid
that is regulator RN@E Exaryg‘les of Fuch rggulatory RNA include, but are not limited to,siRNA,
ﬁ’&’ﬁﬁ‘ Bot3

MIiRNA, and ! ﬁ%er)’?ﬁn%%l-tpabkaged functional nucleic acid may target the RNA

transcripts engagierRfl ASILIRALCRRY TRIIER QMUY JERIRIRACRIAP APQDIRFHR IQsisIARC e Yhd0
neoplasticity, inter alia. Also, a composition of the invention mayggirgﬁ?égﬂ(jmpnse a bispecific ligand

comprised, foAERERINERSY TS thefemiss ARy 0l FEETPuens RRmber A EREYRP R m
specific for a RbiZ: phdgadydi chmaanieliconjogihal facereaaito prd @il 44) ldiFrotyenaspactinfdhe
invention, a qg?gsgpggé%&qum&,f%(g%ﬂixsr?gssﬁsf%ﬁ&iﬁl@tm&eb;&akq _f@ﬁgsm%smh mgliag cell. The

inventive me ogy comprises (a) providing a plurality of intact minicells in a pharmaceutically
acceptable caRPlEPICEEEIPRHHBTEBIThETBIEHSIIRc SARp AR s Mg amseaift freghis donH Tc A acid,
and (b) bringipg iraisets of sgitiality: inie contsat wilbasrasinatiric calldssimb thatstienmammalian
cells engulf minicetlI§ gfrt\pse C%rﬂ;tﬂ\g‘s}gvpl%?gx the functional nucleic acid is released into the cytoplasm
of the target RS RER ioned, the fiRetional nucleic acid, exemplified by regulatory RNA such as
siRNA, miRNA and shRNA, can target RNA transcripts encoding a protein that contributes to drug
resistance, apoptosis resistance or neoplasticity. In other embodiments, the methodology of the
invention further comprises delivering a drug, distinct from the functional nucleic acid, to the target
mammalian cell. The drug can be administered after ®r concurrently or even before the administration
of the minicell composition. [00151 In accordance with another aspect, the present invention
contemplates a method for formulating a minicell with a plasmid-free functional nucleic acid. The
method comprises co-incubating a plurality of minicells with a functional nucleic acid, such as
regulatory RNA like siRNA, miRNA or shRNA, in a buffer. In some embodiments, the co-incubation

may involve gentle shaking, while in others the co-incubation is static. In some aspects, the co-



incubation lasts about half an hour, while in others it lasts about an hour. In one embodiment, the
buffer comprises buffered saline, for example, a IX phosphate buffer solution. In another embodiment,
the co-incubation is conducted at a temperature of about 4C to about 37C, about 20C to about 30C,
about 25C, or about 37C. The co-incubation can comprise about 107, 108, 109, 1019, 10", 1012 or
1013 minicells. [0016] Other objects, features and advantages will become apparent from the following
detailed description. The detailed description and specific examples are given for illustration only since

various chapesjanchmeeifisaiien havihiedh asRrithanth 3eopecorigalse b wihiaencwstapparent to
those skilled.in the arf from thi aile crigtion. Further, the examples demenstr. principle
of the inven%?)?’l aifer caRNot %%e?(%ggfé(}@ s'pe%#ﬁégll\f/ll ugt?%{taésﬂ%%ppﬁrégﬂ%rﬁ%%i%%ﬁ\%ﬁion to all
the exampld®wevere lusitiabireqirotdemiyinckufis resomdtnatiptedthnHe-pyae v imMsBRETIORSTR P TION

OF THE DRAVANGS, AL VilasliRehalaninin e IiRRI tiRREN GBS (GHS ViHeraphese-labeled
siRNA. Figure IA is from a light microscope, while FI?’UI’ 1B shows the§ame shd@ﬁeutiv.gwed under
fluorescent R RERitH B FEBHBS Rl HA o AYEP PRI 8 00 B OB PES LRP SR RN RNSTE Hles

coincident withntifactnin gl distrOftioh, AuvistaBilsyarrdatyssaptactdny  Hamis Benddivariodal
microscopy g SRS Mg AdhEsian AR ItesealZalions EGER areted SIRNAREkErpackaged

minicells into human breast cancer cells in-vitro. [0019] Figure 3 graphically shows a significant
anti-tumor ef@®achieved by treating human breast cancer (MDA-MB-468) xenografts in nude mice

with EOFR e A S AR SV-RAC IS LAUUCE 3 AT MI B pGah S it ealine.
while experimental group a(r'ﬁcs receive minicellssiRNA-KS FO 5 our times per week.
of a regulatory RNA, such as an siRNA or a larger (~ 70 nt) precursor, a short hairpin RNA
(shRNA). An shRNA contains sense and antisense sequences from a target gene that are
connected by a hairpin loop. See, e.g., Paddison e? al., 2002. shRNAs can be expressed from

a pol-Ill-type promoter or, in the context of a miRNA, by pol I promoters.

[6010] As described in international application WO 03/033519, plasmids that code for an
shRNA, siRNA, or other regulatory RNA can be transformed into a parent bacterial strain
that produces intact minicells, by virtue of a mutation that causes asymmetric cell division.
Such transformation yields recombinant bacteria in which the plasmid replicates
intracetlularly, introducing large numbers of plasmids in the bacte}ial cytoplasm. During the
asymmetric division, some of the plasmids segregate into the minicell cytoplasm, resulting in
recombinant minicells. The minicells then can deliver the plasmid DNA into a mammalian
cell, where the plasmid DNA migrates to the cell nucleus. In the nucleus the plasmid DNA
expresses the shRNA or other regulatory RNA, as the case may be, and the resultant nucleic
acid then migrates to the cytoplasm, where it can effect RNAi or gene suppression, depending

on the nature of the involved regulatory RNA.

[0011] Because such approaches require host machinery, however, delivering therapeutically
effective amounts of nucleic acid via expression-based systems involves compiex and
protracted processes, which limits their effectiveness. Accordingly, a more efficacious
methodology is needed for delivering functional nucleic acids, such as regulatory RNAs, to

target cells.



[0020] Figure 4 graphically depicts a significant anti-tumor effect achieved by treating human colon
cancer (HCT116) xenografts in nude mice with EGFR-targeted, KSP-siRNApackaged minicells in
cor)junction with EGFR-targeted, carboplatin-packaged minicells. Group 1 () mice received sterile
saline, and mice of groups 2 (- - ), 3 (--a- ) and 4 ( -43-) were treated for the first 10 doses (see Figure
4) with 109 EGFR EGFR minicellssiRNA-KSP-19 and EGFRminicellssiRNA-KSP-2, respectively.
100211 Figure 5 provides FACS analysis, from various times post-transfection, of colon cancer
(HCT116) cells treated with experirSENEMRRICORS THGRENTION iISSIRNA-KSP, Or EGFR Figures
5A-5D provide FACS analysis of samples harvested 4 hours after transfection, while Figures 5E-5H
show analy$812bin seoidansavith onrsaseratelibrotvspiangtirstan. & SEURSNLRMEHS cells only,

VEvhile F_iguﬂii&)?agpl\ll&éﬁyceﬁﬁagezqauﬁdewwﬁﬁﬁ&mimeaHszﬁawseaﬁ@r@agﬁ@mmm from cells
amminicelissiR @AKS , and Fi 5D.& 5F1 concern cells + EGERmMInicellsst iki.10022)
Figure 6 proVR§Hg ’E%Peéchg‘ff/ iég,il L#m Y RRamateulica Jo%ﬁ?gﬁg#ggggh%%g oli'\ AR eor)
of “functional nucleic acid” is illustrated by single-, double-, or multi-stranded DNA or RNA.
In one embodiment, minicells of the plurality contain plasmid-free functional nucleic acid

that is regulatory RNA. Examples of such regulatory RNA include, but are not limited
to,5iRNA, miRNA, and shRNA.,

[0013] The minicell-packaged functional nucleic acid may target the RNA transcripts
encoding a protein that contributes to drug resistance, to apoptosis resistance, or o
neoplasticity, inter alia. Also, a composition of the invention may further comprise a
bispecific ligand comprised, for example, of a first arm specific for a minicell surface

structure and a second arm specific for a non-phagocytic mammalian cell surface receptor.

[0014] In another aspect of the invention, a method is provided for delivering a functional
nucleic acid to a target mammalian cell, The inventive methodology comprises (a) providing
a plurality of intact minicells in a pharmaceutically acceptable carrier, each minicell of the
plurality encompassing plasmid-free functional nucleic acid, and (b) bringing minicells of the
plurality into contact with mammalian cells such that the mammalian cells engulf minicells of
the plurality, whereby the functional nucleic acid is released into the cytoplasm of the target
cells. As mentioned, the functional nucleic acid, exemplified by regulatory RNA such as
siRNA, miRNA and shRNA, can target RNA transcripts encoding a protein that contributes
to drug resistance, apoptosis resistance or neoplasticity. In other embodiments, the
methodology of the invention further comprises delivering & drug, distinct from the
functional nucleic acid, to the target mammalian cell. The drug can be administered after or

concurrently or even before the administration of the minicell composition.

[0015] In accordance with another aspect, the present invention contemplates 2 method for
formulating a minicell with a plasmid-free functional nucieic acid. The method comprises
co-incubating a plurality of minicells with a functional nucleic acid, such as regulatory RNA
like siRNA, miRNA or shRNA, in a buffer. In some embodiments, the co-incubation may

involve gentle shaking, while in others the co-incubation is static. In some aspects, the co-



EGFR _. cancer (HCT116) cells treated with experimental minicells,ouroteiiSSiRNA-KSP, Or EGF.
RnurucellssiRNA.pikt. Figures 6A-6D provide FACS analysis of samples harvested 16 hours after
transfection, while Figures 6E-6H show analysis from samples at 24 hours posttrartsfection. Figures
6A & 6E show results from cells only, while Figures 6B & 6F concern cells + empty EGFRminicells.
Figures 6C & 6G show results from cells + EGERMirliCeliSsiKNA. + EGFRminicellssiRNA-piti. KS?,
and Figures 6D & 6H concern cells 100231 Figure 7 provides FACS analysis, from various times
post-transfentitatiaf belosboarivaf BT 16)itednoothers B ARt RN 8BRS ARG RO dERS

Pr
MItiOISSinf 153, g SEBIHRIGALTR A hlkhgrichiioe idspRhrbule fohahatalysiba samples
harvested 32 hours after transfection, while Figures 7E-7H show analysis 1:{9@ sam Ite§7aE48 hours
postirartsfecbadirienisdae Za-Bonbatien s eRACHO A1 Eéﬁg‘BﬂWh#:%?élﬁres 78 8°7F concern cells -E

empty EGFRIZInISes 1 MR S10€C &abeushencas el BT W lISTREG ERin-iBdonara Faures 7D 84 714
Pursuant 1o 5 Hvelon dHelp T A PERELR, o amounts of unctional nuclei acid can be
packaged ir!/ f@i@ﬁﬁé&%‘%}&@&?%@ﬁﬂé&t%asabas&%eaiam PeElaairopaERHOMdm this feliawihzm simple
methodology tor directly packaging such . ) . . .

detailed description. The detailed description and specific examples are given for illustration

only since various changes and modifications within the spirit and scope of the invention will

become apparent to those skilled in the art from this detailed description. Further, the

examples demonstrate the principie of the invention and cannot be expected to specifically

illustrate the application of this invention to all the examples where it will be obviously

useful to those skilled in the prior art.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Figure 1 depicts intact minicells packaged with Cy3 fluorophore-labeled siRNA.
Figure LA is from a light microscope, while Figure 1B shows the same slide but viewed
under fluorescent light with a 515-560 excitation filter revealing strongly fluorescent siRNA

molecules coincident with the minicells.

[0018) Figure 2 is an image captured by fluorescence confocal microscopy and shows the
adhesion and internalization of EGFR-targeted, siRNA-Plk1-packaged minicells into human

breast cancer cells in-vitro.

10019] Figure 3 graphically shows a significant anti~tumor effect achieved by treating human
breast cancer (MDA-MB-468) xenografts in nude mice with EGFR-targeted, KSP-siRNA-
packaged minicells. Control group 1(—4—) received sterile saline, while experimental group PA

" 9 .
( —~) received EGFRIﬂlnlCCllSsiRNA.KSP.( 10”), four times per week.

{0020) Figure 4 graphically depicts a significant anti-tumor effect achieved by treating
human colon cancer (HCT116) xenografts in nude mice with EGFR-targeted, KSP-siRNA-
packaged minicells in conjunction with EGFR-targeted, carboplatin-packaged minicells.

Group 1 (4 ) mice received sterile saline, and mice of groups 2 (-&--),3 (—= )and 4



therapeutically effective concentrations of functional nucleic acids into intact minicells has been
developed that does not involve plasmid-based expression constructs or the expression machinery of
a host bacterial cell. Accordingly, a polynucleotide segment that codes for the functional nucleic acid is
not cloned into a plasmid DNA or viral vector. Instead, the plasmid-free functional nucleic acids are
packaged directly into the minicells by passing through the minicell's intact membrane. Moreover, a
minicell composition of the invention safely and effectively can deliveré toGtFargeted mammalian cells,
therapeutically §fioeiive-amp et e fisactivriakeas leicranice raplodhias), iﬁusﬁmﬁeiﬂ:éjysmgmmory RNAs
such as si , MIRNAs, and shRNAggDefinitions 100251 Unless ([iefined otherwise, all technical
and scientific temﬁﬂwm#ﬁsld%%riptidﬂ’ﬁ‘ﬁ%‘ésiﬁé“sﬁ?ﬁé’ ﬁ?&fﬁfh‘& 45 commonly understood by

those skilled in the relevant art, 100261 For convepience. the meaning of certain terms and phrases
employed il PRALFHr 3B VIS IS, gﬁ‘gyéﬁpgﬁod"ed ackfe%?rsl?l g}eespﬁg)ﬁé‘égsglé?mf Other terms and
phrases are gefinedrbrougheeishesapdciicmtierpaaaidl Thmsmigular fomrrscellssitan, kendrthe"

include plurgfggference unless the context clearly dictates otherwise. 10028.1 "Anti
oligonucleotide Pitsitsrmticte O BIERE Rfeﬂé’c?uﬁé“&&%%fé‘r@ﬁeﬂéﬁ‘fo%%‘éﬁ%% %ﬁ?ﬁ% ar gene

transcript thggcanihpidize iQHine FipaseyigEasd Bivek dsatsaisifrtion sdnplestiserfdirgorstleotide can
comprise RNA or DNA. 100291 'Bjomolecular sequence’ or “Sequence: refarsaoaliroradegition of a
polynucleotigﬁ{eﬁg‘?}'}pi’ %‘H&Ssé"dée%oes.ﬁigﬁ&ﬁg%g%'c%r{g"?ltﬁ%plasm,"lgrtu - "malignancy" and
"carcinoma, t¢lizee entescHA Rigsibbiin o ainreei6r do 56 Hkowr ngsuliefamagediehibit ammimesissmgrowth
phenotype characterized b%?? sigﬁlificant Iosioieomrolnpcfeﬁell roliferation. The methods and
composition$% BTN $ AR CATSAT Sl to malignant: pré-hiltastatic, metastatic, and

non-metastafig, ¢alls, 100311 ‘complementary fefersqio ifRnalagicRlrempaibbiy or B3iehing
together of ﬁ@%ﬁe?ﬁ%ﬂﬁggsﬂrr élé)gss %?t@v% moﬁ%u’les, such as a siRN?;g}olequle and its target mRNA.
The cancer (HCT116) cells treated with experimental minicells, minicellsgrna-%Sp, OF

EGFRMiniCC"SSiRNA.NH. Figures 6A-6D provide FACS analysis of samples harvested 16

hours after transfection, while Figures 6E-6H show analysis from samples at 24 hours post-

transfection. Figures 6A & 6E show results from cells only, while Figures 6B & 6F concern

GFR

cells + empty “Rminicells. Figures 6C & 6G show results from cells + *° minicellsyra.

EGFR__. .
ksp, and Figures 6D & 6H concern cells + minicellsgrna-Pikl-

{0023} Figure 7 provides FACS analysis, from various times post-transfection, of colon

GFR

cancer (HCT116) cells treated with experimental “minicells, E minicellsgrna.ksp, OF

EGFRminiceilssiRNA.pm. Figures 7A-7D provide FACS analysis of samples harvested 32

hours after transfection, while Figures 7E-7H show analysis from samples at 48 hours post-

transfection. Figures 7A & 7E show results from cells only, while Figures 7B & 7F concemn

EGFR

cells + empty EGFR minicells. Figures 7C & 7G show results from cells + minicellsgrna.

GFR

ksp. and Figures 7D & 7H concem celis + E minicellsgrna-piki-

DETAILED DESCRIPTION OF THE INVENTION

[0024] Pursuant to the present invention, therapeutically effective amounts of functional
nucleic acid can be packaged into minicells without resort to harsh chemicals or

electroporation.  In this regard, a simple methodology for directly packaging such



molecules can be described as complementary, and furthermore, the contact surface characteristics
are complementary to each other. 100321 "Corresponds to" or "represents" when used in the context
of, for example, a polynucleotide or sequence that "corresponds to" or "represents” a gene means that
a sequence of the polynucleotide is present in the gene or in the nucleic acid gene product, e.g.,
MRNA. The polynucleotide can be wholly present within an exon of a genomic sequence of the gene,
or different portions of the sequence of the polynucleotide can be present in different exons, e.g., such
that the contigitpsstipaliinefftediic eaegnenienisoirisetibial anudleRNARIdeither ectonipasiisplicing, that is
an expressiqlRre %&E‘%ﬁ%ﬁt%@? ndLPRRIVE é&’a‘%ﬁ.‘?&ﬁ?&éé g%ﬁghe%?e&ﬁngmg 840RkStructure

identical to an importaht functional region of the RNA to be t ( atter RNA can be native to a
mammalian FadBery efakosichrstasiah selinfdetoringiiampodymiticatide ssement tiabcadeniPriea
sequesters gwRMdha Rl bRt RorNalibiRiE AR Savilisiiia BIget RNALesuting inndwelisrupsion of
normal processing, of the mammalian or pathogen hast. 100341 "Drug" refers to any physiologically or
pharmacolo@c%’ﬁ‘)% %ﬁvg“gﬁ%‘g %?nggc? Gt %?é:ﬁu%g 5‘%‘3@5 ogr"scf/"]glyer‘r?ltéJ ef"h%g? ‘lﬂ'%r@smzi_r;?%gﬂgcularly
mammals artbrenginthesmirdGdb) 'Ragrawsnihnange Ndaatioveaiarmini¢hké propesisiay o tkeHnypwigmucleotide

sequence ursd%ig%ﬁ %?EGESW'J&@'&QM?P%%&@J‘W@%W%} %%EE%QL‘%II?V@&QWG amino
acid sequence or protein are expressed. In, ertaf'n conteé%ls her«?g , ec?Pressmn efers to the production
SIS

of MRNA. InTRABPE S dUPSH 808 SUSTSHS BRSPS 7R Bro WaPEYIBYAE el nucleic
acid" refers tgRMNAucleiBlasi] mokkdiathat, upon introduction into a host cell, specifically interferes
with expression of a protein. In general, functional nucleic acid molecules have the capacity to reduce
expression of)gr%r. te;}isn by directly interacting with a transcript that encodes the protein. Regulatory
RNA, such as'si %\, ShRNA, short RNAs (typically less than 400 bases in length), micro-RNAs
(MIRNASs), ri BRIeRciEeRRY JAAvia hANntisaRss MElRieARESGaRSidieRID B fugstional

nucleic acids, 100371 "Gene" refers to a paolynucleotide sequence that comprises control and coding

sequences nBRYELES TSR G SABRMATE WRATISERY Brasrekiled i Fsd61epHtide can be
encoded by th. codin q ; y ion e,cod] q . can
constitute anetg#lﬂ?r}r%&ed cog?rz?g’ s%%rtﬁﬁnegélé %ga#?h&c?uégéggeagg ngggf?%tr%oﬁr%g,g é?u riihc(i9 %% the
appropriate syedfaHeBcHEMISFeaVe APRGWRR Elaie SrrarPvdeddbeinte AibrIifebomdREMSEr the
coding or theaswdemsipdedupeaihdbadenedtoaffect the biological activity or the chemical structure of
the expression product, the rate of expression, or the manner of expression control. Such
modificationsif@lldEebumgier ottimitad tenhandiths, inshrdo phiraleteftarnse ardess tutinonitsns of one
or more nucleglideididhisireaatd; such modified genes can be referred to as "variants” of the "native”
gene. 100381 "Host cell" refers to a cell that can be, or has been, used as a recipient for a
recombinant flezshitheretiserdiignsicleofipalyrafiote aiidesycieid mvdduneithe progetameadttine original cell

that has been, iragsfeeted, ARG @GO SICLlC AR ReRe ARG S aRelRliqgntical in
morphology or in genomic or total DNA complement as the original parent due to natural, accidental,
or deliberate Hasiation. An antisense oligonucleotide can comprise RNA or DNA.

[0029] “Biomolecular sequence” or “sequence” refers to all or a portion of a polynucleotide

or polypeptide sequence.

[0030] “Cancer,” “neoplasm,” ‘“tumor,” “malignancy” and ‘“carcinoma,” used
interchangeably herein, refer to cells or tissues that exhibit an aberrant growth phenotype
characterized by a significant loss of control of cell proliferation. The methods and
compositions of this invention particularly apply to malignant, pre-metastatic, metastatic, and

non-metastatic ceils.

|0031] “Complementary” refers to the topological compatibility or matching together of the

interacting surfaces of two molecules, such as a siRNA molecule and its target mRNA. The
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100391 "Hybridization" refers to any process by which a polynucleotide sequence binds to a
complementary sequence through base pairing. [00401 "Individual,” "subject,” "host," and "patient,"
used interchangeably in this description, refer to any mammalian subject for whom diagnosis,
treatment, or therapy is desired. In one preferred embodiment, the individual, subject, host, or patient
is a human. Other subjects can include but are not limited to cattle, horses, dogs, cats, guinea pigs,
rabbits, rats, primates and mice. 00411 "Label" refers to agents that are capable of providing a
detectable sipieduieitheandibe ctyseriibdoaghonelanionryitueh cetheroraradditioraitme mibéae of a signal
producing sy, E{Bhﬁﬁ&?!?x& E@ﬁ@ﬂﬁ?ﬁ@%?%ﬁ?@ﬂ? and can find use in the invention include

ic fluo

fluorescent labels. Speci ophores’include fluorescein, rhodamine, BODIPY, cyanine dyes and

the like. Thejapsgntiopraler@niemptatespteanise afhadigadive heteprexsuth A8 FaamprPa3H, and

the like as labels. Colgrimetric labels such,as colloidal gald or.colored, glass or plastic (e.q,,

polystyrene,pﬁ((?ﬁ%‘f()eﬁg} eengl,- Ia?g%nrc)eéasiggt cacr?ré%%ogg% u%’iizeoé. Fo rrﬁg?é%cg,_ 2o U 2}%ﬁ;z;zitltlagrtltg No.

4,366,241, Nequert BT pRlonuczpided9 pasens io B 246c NOIN3IB3IVIAE0 280 L3RIV, afd No.

3,817,837. 1QR4%4."Plig paHeIeatiRie 18fe b IR IRPPHULIORT M GRBRISHTG deddaaraientopt about 10

nucleotides (nt) to about 1000 nt. Oli%onu?leotides for use. in the ilnver]tion are r%‘erablg from about
e

10 nt to abot188fit. F HETBTTEBH ALTHBRE CHI FEWTSE PAIE RINTRE GRS TRIRtiBE Eh Bynthetic
oligonucleotidiffefatigeracicetidesuchrtiae thodifsiubdo4Blytiviitoad ssfmento anpetesneiforms of
bacterial cellgangengiererby- sisimRancaiR the caprdinat Podidripgingsy. fission, of cell division
with DNA segregation. Minicells are distinct from other small vesicles that are generated and released
Spontaneousyuss cartaiecsitratanssansheteeulo ndiich teas pdoitcagrmetiter izticid emenisyssrapisomal
gene expression. In the context ot.this in ion.the minicell intact. si r " forms,
such as sph('aﬁr’(r)xp:)'l’aors1 é,m l?gpiﬁ%g,%ggé%}(fs?é%%%]d e%ﬁ"iw% %Efgkgg%giﬁgﬁ)hga rrﬁqu{g%qggid and

would not behestraperatieghn dtas dasinferiedamemminlien FeHe b rahY alibtdetny PRIGEEREs'ES retained
within the migigg)l adisiplenseddnpteaselhbasbnmithindherissgeRNosenampakian Gietipliof 441 In this

description, "modified" and "Cfﬁgica}?lrlx modified” refer to oligonucleotides or polynucleolides with one
or more cheriEERt RS G BB e AT AP oiscafar Grictlives of all or any of the bases, sugar

moieties, anqjpigysigsiie SRS IARERAAS WelhAsiEaRIBEMISS Ravingaddact sihstitutions

or a combination of modifications at these sites, The intemucleoside phosphate linkages can be

phosphodiesBEPIBHESIRERHTE PN ERFT ARl SrEie ar . yBRal 2 P8R hethylester,
acetamidate, te. thioether, bri hosphoramidate, brj 0, te,
phosphorothi@gégﬁrr#gfﬁg/ %ﬁ%nspﬁ%nﬁ%g?%%h%gsm%)ro itﬁ_}i%gé%gg %%d‘g%%%?s? orgof%ﬁitéagteégp g&l?one
intemucIeotid@‘ﬁPﬂ%&@%é‘,‘@FS‘f@,@U$F’@F‘B‘19“ﬁn!€5‘gséa§f°&nﬂ‘%ﬁ’?ﬂim%f levels shiharmirages. The
phosphodiestgsdiskagaceast bavtanlaccskprifal subsiinim ltdmeas Surinasxphasphaetniaaie
methylamino, methylph at osphoramidate, and guanidine, angd the rihose, subunit of the
polynucleotidgggqg%d%‘é’?@g%gbs |t§{gé% Fg:_)g?: sé%t"srgsﬁ ogé%%f)s ieste ;r%euﬁtlgg #L?%ﬁ%%nécids). The
modifications ggskpe-HaipinaliSinels CsrPaaiad e ahiheiendiE hafitbaolispnysiaatidednaiscule, and
can include additions to the molecule of the intemucleoside phosphate linkages, such as deoxyribose
2nd phosphatB AR AT NSRRI HRAETERE S PR P SR Eha oS b R ARE
enzymes or oﬁbel&ipr_tatﬂnmd’éml&erhwé‘lmad'rfkpdodxlz_'vg_mmcﬂegjti_cbes_?@sidd'mi)diﬁmtqdmlmut_ﬂeoﬁﬂes" also
include oligonyeleotides, qr Rolyacleotides aemrusing gRedifications e N R vugaLMsiaeg; -

any o

3'-substituted ri onuc?eotldes %eoxynbonucleotide monomersr)\, which are bound together via
5'to 3' linkag&sRNS0bert TR Ah ogioaliyclsre 468 Aebries imler e erirrogint dmitiies! denote
polymeric formsoaimec|aatidesst RNy |engtnareitbeeribanticlaciid e aitae xasruaibotifasctidnel include
single-, doublgﬁu%rcrgggjs-stranded DNA or RNA, genomic DNA, cDNA, DNA-RNA hybrids, or a
polymer comprising purine and pyrimidine bases or other natural, chemically or biochemically

modified, nonpigvy abQlederivatized NysipatisRdiREe SeqlibRcb amisb Qe R P btk ekideoaniz

comprise sugars and phosphate_grqups (as can typically be found in RNA or.DNA), or modified or
substituted sutjgr %’?ﬁ%&fg &%o s?rﬁ%‘écrtﬁ%l}i\%@/?ﬁ'{ngp t(':??%gﬁ r%‘futﬁ%r‘p(;‘igﬁﬁazggf'ﬂie%gﬁncomprise
a polymer of d¢nthetiedbnfis!degttasodinespinuransidndy antl podicoznf e apdiigsetrergiuéleoside
phosphorarnidate or a mixed phosphoramidatephosphodiester oligomer. A polynucleotide can
comprise modified nucleotides, such as methylated nécleotides and nucleotide analogs, uracyl, other
sugars, and linking groups such as fluororibose and thioate, and nucleotide branches. A
polynucleotide can be modified further, such as by conjugation with a labeling component. Other types
of modifications



include caps, substitution of one or more of the naturally occurring nucleotides with an analog, and
introduction of means for attaching the polynucleotide to proteins, metal ions, labeling components,
other polynucleotides, or a solid support. 100461 "Pharmaceutically acceptable" refers to physiological
compatibility.A pharmaceutically acceptable 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. 100471 The qualifier "plasmid-free" connotes the absence of a construct, such as a
plasmid or \igak wastesndante aifwaxRiagRiaNcolnurgiiansl auclels neiddd 0adat iRedypeatide” and
"protein," used |gt rchan eab[gl hterel refer to a ﬂnerlcéorm of amino a¢ ds ogn%ng |‘§,[L9§h which
can include YARSIZe M UARRR ra'teeds |caﬂy Modified. Bldcl’zle%mca?fim fied; and denvatized

amino amdsmdpf@imptldenduqaﬂbmnm drehsatnieanyiged urgivgs ﬁéebm%iﬁaﬁe%ﬁ@yh'ﬂiéﬂéa‘or any

combination,gé{Rese- MOEEB\&%EWM%M@EH&E@!&%W REiSeaR EAGRRRIRINa soderally

occurring protein or peptide, A pol peptld e|r1 canb le mol cule r can be a
multi-molecTaPES ALFERTSITIAA SR ‘f?iséé'ﬁ '5'@){7‘ RRS 8}°§f%ie Hg"ésr% YRR STy B e

backbones. hsstiemmsiieiods fasiosupitaioss inflwdngrfusise protedtidesitingHieterardgsughamino
acid sequenge.. fusigns Wil BeleralRNayS AU haRolRgRUSRARe R SRaUENCes, with or without

N-terminal methionine residues, immunologically tagged proteins, and the like. 100491 "Purified"
refers to a couupgjUrgbbnakis resnayad Forelitshanicsnl en\dronmartanastdl ads a recipient for a

recombinant plasmid or other transfer of polynucleotides, and includes the progeny of the
original cell that has been transfected. The progeny of a single cell can not necessarily be
completely identical in morphology or in genomic or total DNA complement as the original

parent due to natural, accidental, or deliberate mutation.

[0039} “Hybridization™ refers to any process by which a polynucleotide sequence binds to a

complementary sequence through base pairing.

[0040) “Individual,” “subject,” *“host,” and “patient,” used interchangeably in this
description, refer to any mammalian subject for whom diagnosis, treatment, or therapy is
desired. In one preferred embodiment, the individual, subject, host, or patient is a human.
Other subjects can include but are not limited to cattle, horses, dogs, cats, guinea pigs,

rabbits, rats, primates and mice.

[0041] “Label” refers to agents that are capable of providing a detectable signal, cither
directly or through interaction with one or more additional members of a signal producing
system. Labels that are directly detectable and can find use in the invention include
fluorescent labels. Specific fluorophores include fluorescein, rhodamine, BODIPY, cyanine
dyes and the like. The invention also contemplates the use of radioactive isotopes, such as
3%g 32p 3H and the like as labels. Colorimetric labels such as colloidal gold or colored glass
or plastic {e.g., polystyrene, polypropylene, latex) beads can also be utilized. For instance,
see U.S. patents No. 4,366,241, No. 4,277,437, No. 4,275,149, No. 3,996,345, No. 3,939,350,
No. 3,850,752, and No. 3,817,837.

[0042) “Oligonucleotide” refers to a polynucleotide comprising, for example, from about 10

nucleotides (nt) to about 1000 nt. Oligonucleotides for use in the invention are preferably



least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, 99.9%, or 99.99% free from other components with which it is naturally associated. 100501
"Regulatory RNA" denotes a category inclusive of RNAs that affect expression by RNA interference,
suppression of gene expression, or another mechanism. Accordingly, in addition to ShRNA, siRNA,
MIiRNA, and antisense ssRNA, the category of regulatory RNAs includes ribozymes and decoy RNAs,
inter alia. 100511 "Ribozyme" refers to an RNA molecule having an enzymatic activity that can
repeatedly qleavaraiherRiAwalRaulesimea nileasidelrtatasuances spasificalannansing0521 "RNA
interference, (RNlLasRoles 3 ANA-ERlMGEhaN SR ARERRIReARaYRaiRup!ving degradation of
complemenf’at%/ or par |§Ily comp Sthent ry targe?ﬁ ) for sequence- or gene-specific regulation of

gene le‘XIOfe5[65_2!31(%Eﬁ&lﬁ%%ﬁ?ﬁébﬁ%@%é%ﬁ%ﬁﬁ%ﬁﬂﬁ?&%ﬁ é‘:ﬂ%&ﬂ@éﬁ;‘iﬁ nagdeerﬁelrsmmarity or
complementarity. There can be partial igentity Qr complete identity. A partially complementary
sequence is %%nga@l“ﬂéﬁ%m Bt & ﬁﬂiﬂl?éﬂ?ge‘aﬁ%mﬁr%ﬁ{ﬁgﬁﬁi;pﬁé‘ 1%1‘25 Brget
polynucleotidistiitcisfrafe otbertomaing tiviefuthatiertag toeraed Lavat arisaisd i dportisssougibdrirfisitition of
hybridizationaf-ing campietely S PRANIAE,ARAERLS I e optaRaLEnce £aBshe L x@mined

using a hybridization assay (Southern or Northern blot, solution hybridization, and the like) under
conditions ofIBPRIFRGERS Ransom heaminifstitian Suafietnes beEOdo 3B F3FRAY inhibit
the binding .(#p&:@&hybti;ﬁﬂaﬁmnb&ft@tgsmpmm lelﬂntiteabael_cggm damtipmepettﬂdih ety getl sequence
under conditgng ol ekt HINRENGYa UleRe! raAhekaRRdIN AL AIADRR AL ACh thal

non-specificgln Ing is permitted; low stringency conditions require that the binding of two sequences
to one anotht Beanspewitkin; ghe serinierlb)amte i cisaserhdnypseitiarlyr Moy dshitFaRRS can be
tested by thagssemafiansenond target sequence which lacks even a partial degree of complementarity
(e.g., less than about 30% identity); in the absence of non-specific binding, the probe will not hybridize
to the second0Aé4i-bothipldeserintion.Ampdifi sed dohefaoady medified \welgropvibsaniriseidrsrite identity,

in the contex,iq twa.BrEleiG:ac sho LPRlyRaMids aranaREER BRiAIRIATRIGBGING tasiduesdndie two
sequences that are the same when ali%,ne_d for maximum cor e?b%nriﬁr%? . Qver a specified region. As
SRR S

used herein, ®par¥eHthfePaF e SHEH BT SAFTIUFHECT IR, SeSmpating fvo
optimally alighesbguenitesadded aubstinpanmsan avinddinatidre odimudifipaitionabfthess svegnubieotide
sequence in %R%&QH&BQH;%Ro%ﬂge‘%ﬂ%?&m%@;&ﬂgmwf AElstionSé, fRBHARAempared to

the reference sequence (which does comPrlse additions or deletions) for optimal alignment of the
two sequenc&doxeRe p e RAOEIMABY IS HetarRAmI the FRIRIBRIDr JUSRIBHS JTTIRBTEN the
identical nuclgiespkifapAs@«) Ceriigdt hathsanupheahdoae|dhifpiurodiestef medeliptbgsimns, dividing
the number of matched positions he total it 0 thGeu f parigon and
multiplying th%b?esz Emfoéil/l%gﬁletb%fé) %%h@%séﬁzog#t%%? éo? ig‘g‘ Sétﬁggeﬁ %dentitg\/eﬂlﬂgg é@% g%%rg rt%n'?e rfering
RNA" (siRNAJ'raters fo-8olipkagssanndrnbinations fisuch sifaiian inksgisandie RPPELYEIY0
nucleotides lqpgihataresapakteiohmesialingiRiN hninigyfsencs (FRdiphotnigesneralesiftidAnmolecules
have a capacity to reduce expression of a protein by directly interacting with a tr ip encodes
the protein. [d@é‘?jlﬁc’fﬁaﬁ%émﬁc}:‘éﬁ@‘ é’ﬁaé%@\?eq' aarﬁ%yuﬁ%'f‘ L%ﬁneétigrrl\%gl t:ﬁ?dék??%@i %ﬁg{éo%s}gaieof the
molecule in qpelstiaricaides SIRNYAD hEFSNEALISY A (e ShHIRKRSE O PRoREas ar pPRAMES AIBE aF¥83ponse

when administgred iR AN Cin BAGRAMENGSWiIth TasaEasenLINYeRiaR) b the sstimudaliie present
invention, therefore, a therapeutically effective amoHnt CT bi%g%.l%gd dtgx refe[enc to,the lprtevention
it IS

or amelioratioRUTHlF- AV S8 SRS AP LR I8 NTPS SSUTSY 5 JSERsE

EREE DG r%tésP, Either in an
animal modelimkiges, Buchais sednedbosdhend fpinspbatal modifeetasis whickagrynrinkresidinkdo the
administered,oﬁio(m?cgm% in, greater dgialhbelovmén amomBt thalpravesTikedpputicaly@ifective

amount” in a glven instance, for a particular subject, may nat be effective focrloj.OO% f sybjects similarly
treated for the®HesBULEORTON BN (MERifEd nERlEmEEAuSsen ASugNLEds ?368"%03 8411@8 a
"therapeuticalfysigfi@séiiemeoomprizjngkitiediftadtitioner sththeugapr apiedesdgegge Jdkstiwgard also
wall vary as a {Cho. L LIS GBI XRE: AR LRe ribich the glsRARRAhaEHigp to be

Ot :
affected. In any evué:net, the present illustration of in vitro tésting (Example 2) and in vivo testing
(Examples 4, & &npBssaccording to the present invention, as well as of methodology for quantifying a
minicell-delivered amount of an functional nucleic acid molecule (Example
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3), when considered in light of the entire description, empower a person knowledgeable in pre-clinical
and clinical testing of drug candidates to determine, through routine experimentation, the
therapeutically effective amount of functional nucleic acid for a particular indication. 100571 The terms
"treatment,” "treating," "treat,"” and the like refer to obtaining a desired pharmacological and/or
physiologic effect. The effect can be prophylactic in terms of completely or partially preventing a
disease or symptom thereof and/or can be therapeutic in terms of a gar,tial .or complete stabilization or

cure for a diEagpetaiasativelsi efidonaitriiesane to taemiRohawue AR ROV treatment

ofa diseas&)ri‘rﬁsaortnn%ragr%hég%rfiﬂqu h NHRA P RneciBsHade ot (Rbryaueistiidethd htigeadeder symptom
from occurringin a subject which can be predisposed to the dis:%%sq) SYIHM By asynot yet been
diagnosed sisgiavidgahieto)anHmtihg B 8riitom 88 resting its development; or (c)
relieving thgﬁﬁ@g@ggasymmnepﬁmgsinmmtbs&bniﬁhm@stiseaéﬁl@r’%%téhﬁ!‘ﬂﬁﬂ“wﬁs 100581

Minicells of the invention are anucleate Of a8 RiheshRCtALRl calls, wigbasestd by a
disturbancePIAHIFEEA %%ﬁ{%?’dﬁ?f‘ngab%gérﬁéggn, of cell diyision with ]NAE%%ﬁ,ﬁﬁqat{ﬁ@ Prokaryotic
chromosomailyewticetitancan (eReRTiss FREFTANGIRRPTPHEL GHOYRRIES FRDSIEE ides ser?tum?ormation. In

E. coli, for exampls, JPHisligRPbmibarnes sopeivashnipER, ganpse mdemtiedlyh HRIBIFEICHEptum

formation at the cell poles quring cell division,,resultipg | ' NR" wahigtesell and an
anucleate mithtbepoksppeiggt Sgﬁ'éfé)mpf%zpﬁgg%%gg%ga %%(E%?éﬁ%kggs?}? & thgl?éﬁﬁaus, d1m9£_99; Harry,

2001. MiniceHs dre distibet dromiipoderrsimnsieosidr RROBRBITAFRIGAA Safo DAY PRRSRERFLNE taneously in
certain situ \%@gn%&@st@ %Q%HH’%HO mig@g{l@;@@@%ﬂmﬁﬁ@mﬁhﬂﬁbﬂ%l&ﬁ%g@ﬁ%h&s or
episomal gene éxpression. In a preferred embodiment, minicgl ' el wallg cintact
minicells"). Foakdated ’&Hb“rﬂﬁﬁcfc?ﬂ‘liiﬂ'ﬁze@l’b% ﬁ?l%%%ic’o%?cggu%%gt%%ﬁﬁégﬁgtgﬁh&)gge g%n_ rated
following a rangecbRsher genhdiloneanmhgerirokits dranchesiorts ARAMNFRONCE SRHPRMIAHES, for

example in the EAV'\S’EL‘%%%HQ&&E%;%? §RREY GBS REARSLEAT S OifriagPes als onodifitzmibpsmed

following a per Gfbaton n > levelS of gene expressign of proteins involvedd %Ul ith
division/chromebeisnterse SrbsaHAD Fﬁr‘é&a?ﬁﬂl‘l&’%\?gr&?p%g%ﬁ%iﬁ o?cr%ﬁﬁgﬁegd%to pecfla\? di\?i%ion and
production of migicas iSkmikasiienchi omasofaeateshing tseiolynvr leatide foRTRASc @SR ctSmosome
segregation for example the sme mutation in.Bacillus,sdhtligsRsiton et al, 1998), spo0J deletion in B.
subtilis (IretofS1% *4BBMEIR er%ﬁ%%?c?ﬁ‘?ﬁ E. Coil (Hiraga étﬁgL, 1989), and parC mutation in E. coli

(Stewart and@i)@gf «HRA ERAGIN OdMCH GBI be megplied in jrasolibiben ceereipitssed fbm a

high-copy number plasmid, for ex le, CafA can enhan |shidgiarRng/er dahibit
chromosomepbﬂmﬁﬁﬁﬁﬁfﬁlgfté?cfé’b%@ R ORAES & Al %fggﬁ?ﬁae%E tﬁigﬁ?r% %Erlmation g?ct}?ined cells

and anucleatemjoitebs KtpoiiinieredEOFhRMMRLY &neE MhbIHROHIFEE 1R IRT SHRFBHRA A 8| of
Gram-positivet %ragsnr}%n%i&%%ative origin. [00601 In one aspect, minicells can contain one or more
plasmid-free functional nucleic acid for which delivery is desired. Functional nucleic acid of the
invention havg e aseagiifierrasluanidfpessiomos thprorehrbyid regiRteTR AP Rt i dnscript

that encodes 5{}21 ng{[&',nfor in situ expression of a functional nucleic acid.

{0048} “Polypeptide™ and “protein,” used interchangeably herein, refer to a polymeric form

of amino acids of any length, which can include transiated, untranslated, chemically

modified, biochemically modified, and derivatized amino acids. A polypeptide or protein can
be naturally occurring, recombinant, or synthetic, or any combination of these. Moreover, a
polypeptide or protein can comprise a fragment of 2 naturally occurring protein or peptide. A
polypeptide or protein can be a single molecule or can be a multi-molecular complex. In
addition, such polypeptides or proteins can have modified peptide backbones. The terms
include fusion proteins, including fusion proteins with a heterologous lamino acid sequence,

i1



Packaging Functional Nucleic Acid Into Intact Minicells 100611 Functional nucleic acid can be
packaged directly into intact minicells. The process bypasses the previously required steps of, for
example, cloning nucleic acids encoding functional nucleic acid into expression plasmids, transforming
minicell-producing parent bacteria with the plasmids and generating recombinant minicells. Instead,
plasmid-free functional nucleic acid can be packaged directly into intact minicells by co-incubating a
plurality of intact minicells with functional nucleic acid in a buffer. In some embodiments, the

co-incubatigasingy wioheeginites hatihgmologetn lsider stquenesin cvitiatisnviitkautid-&redom cubation
period of ab&&h%ﬁ%@%‘éfdﬁ?ﬁﬁgﬂ:\(ﬁ@lﬁ figic e i shRsiRr ARMAESKeuch as about half an hour, also
may be effective. In one embodiment, the buffer comprises buffered saline, for example a I1X
phosphate Ryig] splitingr Kierbidtecempalinedeais berovee irtm iormuimbanttenrerbudiment, the
co-incubation is cond a t fab C beuit, 345, t bewi, 30C; about
25C; or abomf%?%gﬁ%ﬁ’gér?g{%’pt%, t %’ch)&ﬁcﬁbgt%% ’cagh:i ?6%&%%8?1%’0%0%%0%&& 1011,
1012 or 101Bbin¥SeNs 9 Psifie (92N etrs TRearpiEraCRERIRELDIHEY MisRe dbMaation, etc.
can be optingiged.fes a particular combination of conditions. [0062] The success of this approach is
startling because, for over four decades, practitioners have developed a variety of chemical and
electrochemjoesyroBegseefyeReNe dedppthdiderae 8o inolwsivas i RNACIBR affers frsassietebial cells.

PraCtitiO”ermve I SN aReshReabs o FaRYaRI RahaisdoM s birigthiat nucleic
acids such as si lﬁ%%%‘%ﬁ%ﬂ)ﬁglgsmid-far%e shRNA are %%?}Ilar%l% to passiv ¥ enter in R(g minicell

cytoplasm. FR9diiRa RN Arisi NS 2N 0 394 ARESSSETRE Tkt p“i%tgﬁ)?%ﬂc epuistory dion pores,
permit passivgiiarsidvaoas thedaRiena) impes/membrane of molecules with molecular weights of
600 daltons or less (Nilcaido, 1994). Meanwhile, double stranded plasmid DNA en,coding ShRNA
exceeds a milSAldRibrrymendrafsebii strafaby SIS AYIOR 2R YIaYs aRHY A I87s fB063]
Moreover, ongg.pagkagade HikefUQGHORIdIuReis Aidicotitri Baiegueneeriricifit andnare protected
from degradation. In this regard, prolonged incubation studies with sSiRNApackaged minicells
incubated in fiestp Sliacmedereteio R kdlydeodtsiRNINA tauidRditTaPrhenisie ab A6FRIIRFR I Sackaged
minicells Witn,a,gfdﬁ,g%@gmﬁﬂnegfmmpmﬁms&agaamtrmm@m raegebRN, Offéhe intact

minicells and were protected from degradation, Similarly, des;&i)ér% the fathhaiminicells might be
y

expected to CARRPIESSIPR AR PR G E R R L RE IS PR P IR IE I AR B akaged SiRNA are stable
in the minice%&g&qugsrg‘én@%&éﬁa}gﬁd,sggz{mée@%od 0ld. g HRgRJAlIVETPRANRRRLP R within

phagolysoso , SUCIT as acids, free oxygen radicals and acid hydrolases (Conner and Schmid,

2003), to effebt rartjeltideRIARRSERRISdRAINY tAePRHAh SHER ERFBREAFRIR S R IXiflents,
multiple functionalaueigicatids direiritipsdifieren roRiybrdigagstcandigeppolyageleatidthd same
minicell. Such an aéJtFroach tﬁa be used to CQ%)S%%%% ﬁgﬁﬁ%{;c%gqnﬁmg&s&@@m nes: For

example, can‘i?é“r’ﬁ BHtE Folfi e?;?ueox Aot FesiStance t0°chemo erapeutic drugs. Such resistance can
be mediated by ibverepisteysiompEgenesysieaHease i HedRIBHSSRUERRECHN BRI NS uiee @
ahnti-apoptotiﬁhgﬁg'?&%atﬁm%ﬂyokﬁﬁiﬁh&ﬁ Spﬁmﬁm&ff@iﬁ?ﬁ@, n_rémmmmmbe padiagandsith ]
therapeutically’significant concentrations, of functional nucleic acid to MDR-assogciat an
administered f8"4tHaRk *Bgféfa'aﬁaﬁxotﬁé%%%}??!ﬁ‘%ﬁﬁégﬁ%‘r"éﬁ, packaging | rtii})gt %&ks?a%?ggrﬁgl?géll
multiple functigiiahhibizleic wieitingikeetedieddifidization) Ry completel v e Riiith SRQUEner B BIRRE Kuccess
since most moleCulak IAEIS AR RHbIRRIBAT WAt AREhbav TRl allslgshQaRBi TG
packaging plasmlaclf-.ree unctional nucleic acid directly jnto intact min&g?lla, as.described jere offers
numerous addﬁﬁtﬁ@é&?‘ﬁéﬁr"é‘}(aﬁ‘ﬁﬁ?léi,@iHl?@ﬁ?@ﬁ‘rﬁ\?e%’m B8 A5 RN G e R0t Tat ef?(éygceorrl‘e{lboaﬁy
modifying paresjkaciptiabe pedapnodate sxuemssiotn afffurotitieal rueleipeadid, Gre priretitdacteria
can be used to produce minigells GORPRUSINGLIANNAEA! BUGISIEARIRe dite dies ddhyatigly of
indications. Sitf aﬁy, & minicell can be loa led with a variety of different RNAs, tg%eb to avoid or
overcome resksqusnes ishalapkn § Ve Adtietal featr e ARTDR TRERTTA L Fordthh e%‘fm%al
nucleic acid dgnatrs)ais A6 aeEraCkShsa-sfcvificindnig thelpoblesihabatipbtidizprestioseynRNA
interference, suppressjon of gene expression, or another mechanism. Such molecules are exemplified
by single-, dodBfEceBP ?t‘l‘-‘g%'atfal{%b BNR'SF RNA. Examples of functional nucleic acids include, but
are not limited to regulatory RNA, such as shRNA, siRNA, miRNA, and antisense ssRNA, therefore,
ribozymes and decoy RNAs and antisense nucleic adiéls. 100671 In a preferred embodiment of the
invention, the intact minicells carry SiRNA molecules. Short interfering RNA molecules are useful for
performing RNAI, a post-transcriptional gene silencing mechanism. As noted, "siRNA" generally refers
to double-stranded RNA molecules from about 10 to about 30 nucleotides long that are named for their
ability specifically to interfere with protein expression. Preferably, siRNA molecules are 12- 28
nucleotides long, more preferably 15-25 nucleotides long, still more preferably 19-23 nucleotides long
and most preferably 21-23-nucleotides long. Therefore, preferred sSiRNA molecules are 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 28 or 29 nucleotides in length. 100681 The length of one

strand designates the length of an siRNA molecule. For instance, an siRNA that is described as 21
rithoniiclantidece lona (A 21 -mear) corild comnrice hwo onnocite otrande nf RPNA that anneal toaathear for



[00691 siRNAs that comprise an overhang are desirable. The overhang can be at the 5' or the 3' end
of a strand. Preferably, it is at the 3' end of the RNA strand. The length of an overhang can vary, but
preferably is about 1 to about 5 bases, and more preferably is about 2 nucleotides long. Preferably, the
siRNA of the present invention will comprise a 3' overhang of about 2 to 4 bases. More preferably, the
3' overhang is 2 ribonucleotides long. Even more preferably, the 2 ribonucleotides comprising the 3'
overhang are uridine (U). [0070] shRNAs comprise a single strand of RNA that forms a stem-loop
structure, wieesd|thactemvaynsisiaestitip ssampieritsntityy btk (ANESNTR WS YSITRCHh & comprise a
double-stranded i, anrkibeciao sefe kR0l RO L T HRR Bl IR dhe SNAS

ro

generally is out 10 to about 30 nucleotides long. Preferafly, the stem %fsshRéV molecules are

12-28 nucledhere2bigRef {96 r@BHERSRLRPTERRIRET ST 2 157! é¥|‘?l FBI breferably 1923 nucleotides
long and moskReaigiablys2duditd itnnitesdanghd hanefdetrpriofal kdcomRARS Ivfe sptEB¥ mprise

stems that arg 12, 13, 14, 15 16, 17 Ih Ahnddw 2 aherin the porfdr EShe'peBRuLsaEsdes in
length. [0071 grs‘fﬂlﬁ%\sm&d ?ﬁed‘l’r?\r/éinﬁ{cj)rr%%r%s d%signned to interlact with a ta%ge.t ribonucleoti(ile sequence,

meaning thespausneplénTiBnt OTRYAS HiRIR SHHRIEMEFIAIRINNS 81 HRIPLg s BIREAER. In one
embodiment, dhgiayaptian RieMees RaERM Awishedode somprigirigaadiicionslentidetsnguénce at least
70%, 75%, 80%, 85% or 90%_identical to a targetxbo |de.s the.camplement of a
target ribonu‘tﬁ%‘ﬁ%@ﬂggﬁﬁ%[n%%. reteraBlY . ceg'siﬁl\tf_ nﬂ%l%%%lgé iss%ﬁgggtg 9%56/0, 95%&?9§%, 97%, 98%,
99% or 100%uitibertidaiokitioms sareichibemidersisabruaisin AsHE Ba5F ATEUEHH SRIMSREIES 155t
ribonucleotidg SeaHERCS MRSk b, avidRM Amvilliaeba06p msientiT gidsitiine taygbe noteleotide

sequence or the complement of the ribgnucleotide sequence. However, si o} es with
insertions, dEKAPHSEPASIHGNS Poiht ?‘H\i’t%?iﬁﬁz FRPRRETD %néa%ué?éllgg gthr% &a&eﬁfg%tﬁg&l[’d%%l

Accordingly, i pecehgige of sédhentavideniony, intact minicells can carry one or more siFtNA sequences
aimed at silencing drug resistance or apoptosis resistqnncelfqenes Usingnmiélicﬁﬂithat en ode multiple
siRNAs, it is [988lp1ahastrsneréaiRgh prEE&NAITSE S I8 AepRsRIEged KRR DO 21 Tools
to assist SiRNanelesigfroan abgulateriiksin e freriksalengetdil pravaifable of thedjatintRIFor
example, a computer-b IRNA design. [ ' 0P fheniemetalyuasdbarmagan.com.
Targets of Fdﬂﬁ% eﬁﬁ\l%%?egl‘? Ai?ogefgﬁglﬂl@géc%gr\g# %glcﬁ%ig a%%'of the invention‘%arget the gene or
transcript of artetehy dirscir ontrsasting WithasiEansaERt BMiEREeSs IRt Bromotes a neoplastic
phenotype, inhibits pathogen proliferation or,inhibits viral replication or. proliferatio cgegsful
application of[ﬂqﬁ@tignﬁh‘?fﬂﬁ@?b‘: d‘%??&fgéieg?ﬂ tegé%ggﬁ 'é’)'(‘aé gc\:/%fé)é%ﬁ a{g%e&\}}gs#n the art, but
without the bemaditslofmamsithy e@oRSde, miRNSirir 28Ty AC Hiseiny w33, Mwrecalegisabs),
Yague et al. (2004). 100751 Rrateins (et GUBjHRUS loccrah e SistRiRe e iarsiianal naapiastic

T
phenotype constitute preferred targets of functjonal nucleic acid. T roteins can contri to
acquired drugtPBSRahtE BreRsRIHBKSRH AR fRETE ﬁt%BW i s!::lglte dgel s, SUC %52"?8%%%%%%3, initially

ARty S5 AR _
respond to drugsefbidhfiacaneerefeadtorpommelibstiquefittrediensntangition eheyresiemespHEiadtype is
acquired. Useful targets involved.in aeaiui ARSI AU TSsistanes fueldee Widnnehlimied to ATP
binding casseﬁght?atﬁgc&s)?t%rrsié%%??é%@%gﬁ(ﬁ)%ﬂgﬁg(ﬁgp, P170, PGY ﬁ‘ﬁD 1, ABCBI, An
MDR-associamdigiecreihpadkaged ririsdtaNe AUponstsTed Mbess g M[?Ifi%?r!@ﬁ‘f"ﬁ fulti-drug
resistance Qs%ﬂﬁﬁiﬁdxﬁrﬁf@i@é, ‘%F&p’é&lc(byem dnmiaf‘rﬁggiyeﬁbﬁmnepﬁgt@nm)'g@ne),
STI-571 resstance-assomatteg Jroein lung resistans Eg&@éﬁéﬂ@,Méaoy&gmga&gégsen&clear

factor kappa, mf'(%r%?/ cross-g%tmf)lementmg %rc?ﬁ%?% 1'(Excisign cross-complementing
gene), GSTP b¢Gititathiodes Sansidsfariase)evanHnve-fyphiifosasturadskBet 4), REBACAERY, Abcc3
(M LP-2(), Ag)c%hdamcgnﬁp@dgy@gmg,ﬁ@mﬁggg, m&l%ﬁhqlﬁrgt): M)x;ﬁgd?ilnl ghTsOﬁtgaTd)pﬁa,\ﬁtprb,
Trp53 (p53). Other genes involved in drug resistance also include .(a es ] '

metabolism for Bxahfoiraine: éihﬁ‘ﬁ?@?%oﬁgf‘fﬁfﬁn?‘(‘éﬁ ﬁ@%ﬁcﬁgﬁﬁto%%b%égy%ég%mgﬁﬁ%
Cyp2b19, Cypabasc@yp2easy Syquache, riysprclostayion i, @yeretinmsHEXEpg BRphd Y ¥stml
(MGST1), Gstp, Jti’nglgégaxmgj’489%:@@6’azmingxm&etﬁﬁi&n(mxﬁﬁﬁ@& vabiedsiofaNMIeedy for
example Ape, /itm, rcal, Brca?, Ercc3 (XPB), Mgmt, erg,?x a, Xpc, %CZ genes ipvollv in FII cycle
for example CEFAUEEngR MCAbd AT EMe! & cgﬂkﬂﬂﬂ%l hla‘ln?pg\? Al fé%m?ni:b
(p27Kip 1), Cdkn2a (p | 61nk4a), Cdltn2d (p19), KSP., (d) genes involved in growth factor receptors
for example Egfr, Erbb2 (Neu, HER2), Erbb3, Erbb4, Bgf2 (bFGF), Met, (e) genes involved in horrnone
receptors for example Ar, Esrl, Esr2, Igf2r, Ppara, Ppard, Pparg, Ppargcl, Ram, Rarb, Rxra, Rxrb,
Rxrg, Srd5a2, and (f) genes involved in transcription factors for example Ahr, Apish Apls2, Elk!, Fos
(c-fos), Gabpa, Hifla, Mafb, Myc (c-myc), Nfkbl, Nfkb2, Nfkbib, Nfkbie, Relb (I-rel), Tnfrsfl 1A.




100761 Useful targets also include proteins that contribute to apoptosis resistance. These include
Bcl-2 (B cell leukemia/lymphoma), Bcl-XL, Al/Bfl 1, focal adhesion kinase and p53 mutant protein.
100771 Useful targets further include oncogenic and mutant tumor suppressor proteins. Examples
include 0-Catenin, PKC-a (protein kinase C), C-RAF, K-Ras (VI 2), h-Ras, DP97 Dead box RNA
helicase, DNMT1 (DNA methyltransferase 1), FLIP (Flice-like inhibitory protein), C-Sfc, 53BPI,
Polycomb group protein EZH2 (Enhancer of zeste homologue), ErbBI, HPV-16 E5 and E7 (human
papillomavisyswennsidetaaitylight Rérdimestin Ciaserigiignl simpasticoaperpa knawiedasabipiza (DDC
interacting 13;3@1’3&,%61 MBRadYeibyl P GroiBdng damaifts Rel, delefrfidKruaRaighkerdagier 4),
tpt/TCTP (Translational controlled tumor protein), SPK1 & SPK2 (Sphin sinel kinase ,P300, PLKI
(Polo-like kIFRSEMENFAN3 the ahepansutcaliy cHERCHIE AmP¥Nq8th “ﬁf@\%tﬁ“f’a%‘tcor endBAG-1
(BCL2- asspgiaéar-aHaanagene 1). 100781 A large number of molecular targets have been identified
for the treatment of cancer, and RNAI discovery platforms are rapidly identifying a range of different
new targetsi08SEMTpreteons itpamemrcuareativpls treatli e ite F6EH Fﬁc?ﬁﬁ?é’,“ﬂﬂrd"s%?é“i? ase

(variant), AkdyRrolein DA smBo KB bidNsgicAdpaal-barme #ffegricanAbai popgiptisare irArairsgeh receptor,
Aurora A, AuroraB, Basic fibroblast growth factor (bFGFE) receptor (bEGET) ' bryonic
antigen (CESRJPRAY 57 E‘ﬁ?ﬁy@ﬁlﬁ?%g, %52'/55,(065{ t@ﬂ%ﬁeﬁ?ﬁﬁb&n%ﬁrgg%gé?:%gﬁ%@%@4 Cyclin
DI (CC'ND 1jeryctif «l ppetiatient dampbesel q@tbitiay elircursp &ide rirgattsans/(a ptvgpe effect
Cyclin-depepdant kinase phibitael B-(ERINEH: Biverdihy. ettt bibsobiaatginvuthntaeiol receptor 3
(FGFr3), Fibroblast growth factor receptor 4 (FGFr4), Oi‘ﬁ(g), H%c'jéeho %Hh%sgﬁ}}qlinm&gl ay,
Hepatocyte %Wﬁﬁ%&dﬁ%@?%ﬁf&‘ AR PuRe e &S rﬂrér BIT B Phefone deacetylase
9 (HDACDY), Fiejendichens KD Rkt /auhetiseaid A) shmaptim| i bponahyeidresn(fByosedulin like
growth factar 1 receptor (IGF Ir. LGE Ir, | F infike grawih.fagtonbindingeproigin 2
(1GFBP2), Iﬁs'sﬁj‘rf?r‘{ !ﬁﬁgﬁg’ro%{thugnc%or intgiﬁgﬁgfé%inggr?%yéﬁg; ]E’rﬁ% ,ggi?r% like kinasem(?EK) Interleukin
(IL6) receptd¢) ratieMgrhs ¢israss %Egﬁﬁ%tyﬁe%??m%mﬁwa igﬁeﬁ?f’e?feﬁﬁﬁgtﬂ'?m@ receptor,
Interleukin 6 (1L6), Interleukinl 5 (IL15), Interleukin3 receptor alpha (IL3r alpha) chain, JAK, JAKS,
INK1, INK2, iginesi) Spindle Protein (KSP), Laminin 5, Lewis (b), Lymphotoxin (LT) beta receptor
(LTBr), Lysophosphatidic acid (LPA) receptors (LPAr), Lysophosphatidic acid acyltransferase,
Macrophage oussplifiniéaiibiip tyefdntenibi\dre MAB E 2 Micnotudfufe s;ald LOC 2thu teaster(al Axily, P38
THogen aCUBIRRRIEISID KIIRGHID AR LRGP UHIRCINALY RN NS WMR). PDCF

tyrosine kina%régf sighaling pathway, Phosphatase and tensin homalog (PTE,\%. .
Phosphatidy NbAiSsES ertinhs e R karyoUs| SEFRmMBRAIHAL FRISRSOR o RS PP1oRTA! riramditistau),
Pololike kinagg;dn(Rlkbeshaly-(4PRpibaskmpoiyincliage (51ARP sengife mtirgioe bhutlegenemtigen
(PCNA), Prostate stem cell antigen (PSCA). .Prost ifi i R 34 Rratel sine
phosphatasesﬂfjf ﬁ,"ﬁ'a?g}g'lcﬁ?o'?é?ﬁ ‘(ﬁi’l‘:‘ Mgﬁﬁ}%ﬁgg |§%(§é§%lr%£r)t%%ﬁg%lé% r%i?cl:l‘%g%j@receptor
(RAr) gammaii Retmardutingoerdavipnefs samibdaerirs eﬁ)ﬂﬁrﬁi@ﬁ‘r&f%aiﬁﬁ?ma?fl-Té&?rﬁ%rase
reverse transgiptasg (65T REKERE e 8lRmarss; Fousaikdntiealsn pom Hark), a0abeMinicells
Thrombospondinl (TSP1), Transferrin, Tumor necrosis factor alpha (TN Crosis
factor receptdfq I‘fﬁtﬁﬁiﬁ‘r?fiﬂeﬁﬁ%?ﬂa‘s’es%%%téqa %%rfb%er%méﬁif/ndﬁrégéa(gé{ |‘>’§ %lgﬁ%ks,%%ggﬁr%erferon,
Ubiquitin ligasayadascuatat, delkauthession mivlediseate (Ve ANFL ICHEEES)  BFREE (ERERRISTRENE Yrowth
factor (VEGF, VEGEA). Yaseulansndqineligkasouit fasi@identV m@kels Yiranre aiadVeel jmalims'
tumor 1 (WTffetc. 100791 With regard to 111V infection, targets include HIV-Tat, HIV-Rev, HIV-Vif,
HIV-Nef, HIV{Eeacmipieshs t TR, CD4, CXCR4 (chemokine receptor) and CCR5 (chemokine
recepton). 100G FCCaRS 0 LMoL EERNRIGHRRRR SRkt MBRLAL s 0 igthu adeaas, Of

apoptosis res e pathways can be operational in target cells, Therefore, the fténctional ucleic acid

used in methademgetes iplenBSACHANTFATARRS TAN QR JORRHANS. Bat M P Wi SPmANN A%Es reveal

new mutationghaticasutid ¥epaBires BlrsghrasistbaicRespantciometioh@l hubdliniceltickisarsdpebdesigned

and packaged into jntact minicells that.are. administer amalian hast o afciess e
f?ggfg&??coe\fmﬁ ea“‘x}ertug) n in).the ?eveﬁ gpgté}\éh&m&madﬁ}& Ak

acquired drug ery of Functional Nuclei€ Acid via Intact Minicells

division/chromosome segregation. For example, overexpression of minE leads to polar
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[00811 In a second aspect, the invention provides a method of delivering functional nucleic acid,
comprising (a) providing a plurality of intact minicells in a pharmaceutically acceptable carrier, each
minicell of the plurality encompassing plasmid-free functional nucleic acid, and (b) bringing minicells of
the plurality into contact with mammalian cells such that the mammalian cells engulf minicells of the
plurality, whereby the functional nucleic acid is released into the cytoplasm of the target cells. Minicells
are brought into contact with the target mammalian cell via bispecific ligands as described in published
PCT applicatidsiod/eh@pro5i674R o€ musiretvetiisulwive chrieespmerdess snigensapissaliffPaell can be in

vitro or in viyg, Malhad f QeI QPR e ReaitANGE pRelTeaatncrimeass A tBmnother
aspect, the invention g);owdes a method of overcoming drug recjségt nce Eéd treating. agi%egse, such
Thash G

as cancer oft D3P ReGL deleting rifefhoRr Ul SIERL &) Fa BHRBPE Hinctional nucleic
acid that targgitgenrea/on dssnseiiiaraf pinteinsithAt @io(Retead anlBiistal 882ht &3 tmuproguditied
minicells, (b) bringing the,functional icacid NG MDiIGEHSJENo coniBet withdarget
mammalianggglll?esg&%pthegt iﬁgrﬁ*?é'mr%%agn cge%| e’r%glg%f@ the minicef#ﬁlfﬁcﬁascribed ﬁl‘the,above-cited
749 PCT apphoaioaihiem enharenihmeserirerl dhisiarandiveinkiht cramasema P AU the target
mammalian gell, @siaseki kerkin Ry Blishedr GasapptiaatformAtional et cdiciedabiyristep (C) is
performed after.s a).and (p) lloyy.the functional n icacid to diminish refistangmio the drug
prior to the d?ffﬂ%ﬁ%?#fﬁ%g{r%{té)a.’Ilé%eﬁ}erylg*cf%é a?ﬂg %ﬁﬁ%r%%c uctio%%c()f the functional nucleic acid
can occur cqusiivetordlyainnagstivedeizior simultaneously. 100831 According to the invention, drugs can
be delivered by any conventional means. For example, drugs can be delivered orally..parenterally
(including sdﬁgﬁ?hX’éBB%%?Pﬁ‘ffré?}gﬁﬁuﬁfﬁ‘]rﬁ?&ﬁﬂs" 3FI§/{fqgetréﬁsen ‘grf?gali{‘?gqﬁ@%@“%ﬁ%sﬁgﬁﬁ}}, topically,
transdermallgpowhicinbeiedions dstrapprupriateanoedesf atededthainyensisageavd BEcHRAVY 19 easily
ascertainablg by {ngse Slled in, G RCIRA it DDty ity a Minlesls (ASAIBowe drug
delivery can occur vid conventional means, delivery via minicells is preferred, as described in
published P@®¥Pplication WO 05/079854, which is hereby incorporated by reference. In this regard,
the inventors have discovered that the same mammalian cells can be successfully re-transfected by

targeted inta%w%ﬁg I ihasale Rackagadiwihe ifiasepiaawaads. For example, functional nucleic
mim

acid-package cells can transfect a mammalian cell, after which drug-packaged minicells can
deliver drug tpébg Famedmanmriaadceltio dbtpinkaged diptetheimtarinacsynviciltic Ahkinmersy effect.
(0085) The diug,can e nackadsd InA.nepals winiesLlarpidedunrionalpucipiaaeitotligmaively.

the drug can apsg%i(agearfﬁ%e ame minicell as the functional nucleic acid, Certain drugs can

interact with MURsIEMBz1CRISIEiA CRRife BRI E VRIS BIORABA P ISE o AP SPRPHREC RSB RIP HE S B Rlinicell.

For example,yRaxesuRiginge Hiaymmito dnde rratithe DRmMbAEE nfrieétiablinsemicelsmidikednvention

contain a sufficient %Liantiwi of drug fo gge%ﬁ @;ﬁﬁqtﬁ'&gmﬁglq‘g{iﬁl SiRAsMaregicalaifect on a
within

target cell. Al f)ﬁ‘%? a{buﬁ/, rugs contain _ e minicells are heterologous, or foreign, to the
minicells, meahindjtthaf thlechmitedls pae fmssionsi Srekits 3% ib e RISEI H O MS EMPRARENS 10087)
Both hydrophilic angd.hwsiierheRiGHdIgs sambenarpigaoad dnmamies iseyo dratingoa samaintration

gradient of the drug between an extracellular medium containjiag. minicell dthe. ig@ék toplasm.
When the extFaEERBRAHRERAA Eiﬁ é’lﬁsoél%% Ter ar r%rgﬁcseur@%ﬁgh Lfﬁ?ars?‘ t%qe‘&r |ﬁr|§g{) cytopqésm, the

drug naturallyaseavastioviothiscomey bt afisatiye die nnei srebdimenti ted| yffep resrAnsemiaiiterd
concentrationagﬁ%g,i%q IS QUR" SOk MNuSHaTe HErrrugiBRas NphdnarR ey afiliccanbic el ekt
procedure and mechanisms for drug loading into minicells is as described in ublish{ec{)gugjcc
application WEoras/(7 gpether rypedimeg dhg SRiNERIRERdS a?f%% ?1%? OIRTRTAre NofWater Soluble,
the drugs initiallyyemn reclisselvedin anahpardpiiatetsohaiC Furabsaniphs;. Phctithscieasishitlissolved
in a L:1 blend of il a0d, crsmanhar e deolyethexyiped pastaral) phauerdy agilsiren in PBS
to achieve a sOlUNGN of Pachtaxef t dilufed in agueous i

atis partl¥ diluted in aqueous media and carries minjmal amounts
of the OrganicRaomRatTEOS RIBPEFAREE N8 By HemminicsY §8Rfﬁ8ﬁ?‘hﬂﬁ1i8§rl§%ﬁ%@ﬂfﬁﬁﬁg%8 % this
final medium for e oadiihibhus cinditivmntors discovered that even hydrophobic drugs can diffuse
into the cytoplasm of minicells to achieve a high and
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therapeutically significant cytoplasmic drug load. This is unexpected because the minicell membrane is
composed of a hydrophobic phospholipid bilayer, which would be expected to prevent diffusion of
hydrophobic molecules into the cytoplasm. 100891 Another method of loading minicells with a drug
involves culturing a recombinant parent bacterial cell under conditions such that the parent bacterial
cell transcribes and translates a nucleic acid encoding the drug, and the drug is released into the
cytoplasm of the parent bacterial cell. For example, a gene cluster encoding the cellular biosynthetic

pathway for pobesitae didiasart s dppRacans fansle vadusdomn: R Thhiasdesirt straiftibatris capable
of producinq}mini&ell .G{Fnetic.trans ription ndér slatipn of the gene cluster results jn.piosynthesis
of the drug WRHrCEREERS ARSHEDE e PEIPAFR a8 SIS e BBt SABI AR the
drug. When 1A@4) s aranstacte nat k| aﬁiddémtgh:d:fuinhsq:lmg@rgcﬁgiimﬁcslIhavhelu_iﬁﬁmid:eus_ldlsulconta}in the
drug in theirGyiapiaB.Lle ERAREADRALIBIRIGE! haatae MrILieddhy ApsiaRleAn iigglkpurification

process, including the methodology described above. 100901 Similarly, another method of loading

minicells with PETR) IR EER i dFfiPa RIgs b RRSHY A rfaar doit deinmainiesth @880 flastnid
encoding thexdmipid) paancaviiihions Suiat ptiteng €ae wpicalinfribeod rigiisfhsnspsies pang translated
within the mipieell, Pugs. 1 0085hRrias HsPilin e ventien can e oy pveiglodicall.of
pharmacolo&ca‘ly active substance tha produces a desire 1ocalor sys%emlc et nimals,

particularly ri@@rirkessaprolessrfikaidor S PanMeamdiidariewhl o ryandet alaged idl AvitirodinEmitation,

including pepkiRiRg, Peteios RHIRISIC Adiss, and amnblkraeiagedesray of whislucanhachateterized or

uncharacteriéaqg; They can be in various forms, such as unchanged molecules, molecular complexes,
pharmacologlca?fﬁ/s'acceptable salts, such as hydrochloride, hydrobromide, sulfate, laurate, palmitate,

phosphate, 1iji§8) MERSPOSALE ACRIRLA; MR BRI oIl a0 B3 lErentliniiige M rhBkemor acidic

drugs, salts of metals, amines or organic cations, for example, guaternary ammonium, can be used.
Derivatives ORI EdFom fepradaane I dhis ZramidPaplenasth Benbadep Auliss) witk sRNéver
insoluble capdkagsechinicefrinctitatds in waity solbihchedvaiiakinr epiiRINAS, dbasddalisative
thereof, whicy. I GifheRSBNEEQLBY IBndSNCItulS SORNGHed Bshaymies. [ydroigsd Ryghe body
pH, or by other meta olic proCess ;ﬁ;gt gg@;tljginall l?h('arfslg‘(z‘;tlc(:;l?y active c%%;n& 0(3éi 1 Usetul drugs
include chenRSastrigsela CugE Memprme9 pPregsIiisEntad cytekirTets ewidegiedaromucleolytic
compounds, safiRastivyesiSetaRCfactaBePINScARHIER Gtk peivAIN ERAZINRSI DI &R TBs Naturally
occurring or produce ecqmbinant methods. 100 Drugs that are affected by classical multidrug
rosistance hlt FHRTE T o AR BTR ROSFES, A P S G e 1 PURR TP
vincristine), tReckaigd RN inalsq evgiddbx drgtadan venatashimenr pivtstn), VRN hlgobriosomemlsiisitors (e.q.,
actinomycin-L),3pd, mieratybide-atehdizinc S gritsidesRackiarald SeRA tomsne@t-canger
chemotherap %ﬂerred ﬁéu!%s. USEg%I(%‘ikncgr chemotherapy drugs ?nclude nif%(ggen

: I

ents are pr
mustards, ni o‘rAugéosﬁ gﬂ?ﬂe‘ﬁ‘élﬁ’ﬁi AR ates, tetrazine, platinum compounds, pyrimidine
analogs, purifgefalPaseAoimRRANC sniRIpie ARAIBES ARAGYHINGR R0 il 3 RI@l0Ids,

topoisomerase inhibitors and hormonal agents. Exemplary chemotherapy drugs are Actinomycin-D,
Alkeran, Ara €82 S8 B BRSk 28T APl SR BHBIRY: Bech fi ARRre e CaR B HE B st ambat éecitabine,
Carboplatin, tesisnmpladitigpofiaimasiinmct Ot ex@nea tahueipdigmpiatinicdnoahing £ Bthndd.,
Cyclophos ' ine, Cytosine. arabingsi oxap. arbazine, Dactinomycin
DgunoprubiEizég&%g%g[%{{%&% ake%u%hoi%%ﬁéénj,%ﬁé "ng&%éllg?ﬁ , %"tﬁr§fgﬁléelsﬁ1lf’ﬁ‘e? grbegside,
Floxuridine, FHféaaaHHbi-tmb reirsanrer| BRI drurmst shdLRNa P CRsHE igfbite aMerecptiers. To
Hexamethylagpinat Higel oxesi@acddaruRiedns Ifesfanid e abikagtacan- omuapiaricMgChigrethamine,

Melphalan, Merca;{)tt urine xate, Mito itotane, Mjtoxantron liplatin, Paclitaxel,

0 ethotr ycin, , Oxa
Permidronato  BSTBAISR rRGIIR Bk A o, VA aa A PO, S AOTBOMTECiP 71
Streptozocin pRégmoitate Toéamnibriapide, Motigusits, Mskagng iMhidig sane, Miniotd papKpmudex,
Topotecan, TegRabRARRSH ARiGeY IDRURRIBR MIDCH SIS RHeRINg Y OLEIAINE <YRelf. and
Xeloda. 100951 Useful c nc?r chemotherag%fgrugs also include alkylating agents such as Thiotepa

and cyclosphSaFHEPTARCISHAA SATRSHLAES SUREH AL TBYREAS AR I SRER B ®ihosulfan; aziridines
such as Benzodopa, Carboquone, Meturedopa, and Uredopa; ethylenimines and methylamelamines
including altretamine, triethylenemelamine, trietylenephosphoramide,
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triethylenethiophosphaoramide and trimethylolomelamine; nitrogen mustards such as Chlorambucil,
Chlomaphazine, Cholophospharnide, Estramustine, Ifosfamide, mechloretharnine, mechlorethamine
oxide hydrochloride, Melphalan, Novembiehin, Phenesterine, Prednimustine, Trofosfamide, uracil
mustard; nitroureas such as Cannustine, Chlorozotocin, Fotemustine, Lomustine, Nimustine, and
Ranimustine; antibiotics such as Aclacinomysins, Actinomycin, Authramycin, Azaserine, Bleomycins,
Cactinomycin, Calicheamicin, Carabicin, Carminomycin, Carzinophilin, Chromoinycins, Dactinomycin,
Daunorubicijpa6s} (Wb, piitkSgitig p0efmiddrde- finittiooi exubleicoacididirecHpintbivitmc Emdnitoliingsidambicin,
Marcellomy . MIARXE 5 MR ARRENOIR i Nopaiaaueine Qe Replagmyea Ralfromycin

Puromycin, Quelamycin; Rodorubicin, Stre rin, Streptozocin, Tubercidin, Ubenimex, Zinostatin,

and Zorubichet asahitsczenssicelly sneiving et Dagtera e scrRmRRieiEiFBIEYP T AicfuRsi¥hiogues

such as Dengpigrn:N ehopasa8adtéAE0Re e usihd progike aiticplyicsmnalag satghyassffidarabine,
6-mercaptopurine, Thiamiprine, and. Thioguanine; pyrimidine analogs s S itabine./\zacitidine,
6-azauridine” 51’%%%?’,%&?36%%,fofa%%&y*ﬁ@f(ﬁéﬁe%/ JOXI u?rll'gr"e? E’ﬁ%é%t?gﬁlr?eé Io%(gl%&igr’]e, and 5-FU;
androgens suateahffestor GIAD HorredstindioOPPBpRMBLS CEPMcs fARBIARHBDitiostane, and
Testolactone, anti-adrenals such as aminoglutethimide, Mitotane, and Trilostane; folic acid replenisher
such as froIiﬁﬁé“&ﬂﬂ)‘?“é&‘éﬁf&lbﬁé?déldophosphamide glycoside; aminolevulinic acid; Amsacrine;
Bestrabucil; Risssptranaitddcetioax afandiefalanaiive; Budndmroitine cBgeryliosesEifehititees etibtinium
acetate; Etoglucid galiiym, AR 1e XKy rRR; A- SiRRR- oNidRIRs MioguRzang MR 8N trone;
Mopidamol, %}%%%ﬁ%% Pentosta?fﬁ; Phenar#]et; Pirarubicin; podggﬁyllinic acid; 2-et }(Ih draéjde;

Procarbazin @R irReABish e SaThanelaTuieh At ARG, teitngion okl SRy oHERS
2',2"-trichloraphethyd amineEkapher s undieak enbleicaitidy inclulitabmemustitieniMa ob regutalorvlitolactol;

Pipobroman; GRcyLGSS ARRACR KARIGK AR BRRRAIP I NRURRA: Qs P aclirel

decoy RNAs and antisense nucleic acids.

{6067] In a preferred embodiment of the invention, the intact minicells carry siRNA
molecules. Short interfering RNA molecules are useful for performing RNAi, a post-
transcriptional gene silencing mechanism. As noted, “siRNA” generally refers to double-
stranded RNA molecules from about 10 to about 30 nucleotides long that are named for their
ability specifically to interfere with protein expression. Preferably, siRNA molecules are 12-
28 nucleotides long, more preferably 15-25 nucleotides long, still more preferably 19-23
nucleotides long and most preferably 21-23 nucleotides long. Therefore, preferred siRNA
molecules are 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 28 or 2%

nucleotides in length.

[0068]‘ The Jength of one strand designates the length of an siRNA molecule. For instance,
an siRNA that is described as 21 ribonucieotides long {a 21-mer) could comprise two
opposite strands of RNA that anneal together for 19 contiguous base pairings. The two
remaining ribonucleotides on each strand would form an “overhang” When an siRNA
contains two strands of different lengths, the longer of the strands designates the length of the
siRNA. For instance, a dsRNA containing one strand that is 21 nuclectides jong and a

second strand that is 20 nucleotides long, constitutes 2 21-mer.
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Bristol-Myers Squibb Oncology, Princeton, NJ) and Doxetaxel (TAXOTEREO, Rhone- Poulenc Rorer,
Antony, France);Chlorambucil; Gemcitabine; 6-thioguanine; Mercaptopurine; Methotrexate; platinum
analogs such as Cisplatin And Carboplatin; Vinhlastine; platinum; etoposide (VP-16); Ifosfamide;
Mitomycin C; Mitoxantrone; Vincristine; Vinorelbine; Nave!bine; Novantrone; Teniposide; Daunomycin;
Aminopterin; Xeloda; Ibarbironate; CPT-11; topoisomerase inhibitor RFS 2000; difluoromethylomithine
(DMFO); retinoic acid; Esperamicins; Capecitabine; and pharmaceutically acceptable salts, acids or
derivatives D868} ofRNa athaveojerdnaloekebanpasidableorEieanerisnihedralst sothedllatéhor inhibit

hormone actg‘owgymg&an%;ca,%?cmweﬁﬁg%Qﬁé@c'%ﬂéngff%wpéﬂam%éeﬁnﬁﬁ'%%”e’

aromatase inhibiting 4(5)-imidazoles, 4 Hydroxytamoxifen, Trioxifene, Keoxifene, Onapristone, And

Toremifene @VAFaRBRINYATY cPHI-BISETEYBNS 2R hombrunT daseririd MfTe pestesablyiniRRout uprolide,

and Gosereliiichidtidet angacesiiealy , aE€ INRl& SR pra@ifls Preftsy AiNesmpasyaof hembaye.
100961 Usefyl drugs alsg include cytokines, E ples of such.cytokines are lymphgkines, monokines,
and traditiona g%q'ygpée&ié% %sr‘rﬁgﬂ'égs? rfr% ﬁ%éﬁtx%nr%oﬂ‘éel%%ngﬁozk%ggsn ‘éc?goélr%evs(/éngr%g%gsb Such as

human growsefispliprbe Ririhethidenrides srmptsswthhdravsriana s bodine §fbwth hormone;
parathyroid hormone; thyroxine; insulin; proinsylin; relaxjn; prorelaxirt; glycoprotein hoymones such as
folicle stmulMABI RBIHARS YRERE: HUPEIa SRR b P ATRP KRRy M e (LH:
hepatic gromtefﬁamsiﬁl?raﬂ)lhst@mnkﬂmﬁnm;qamiam ;aptéqgasﬂadttapﬁ@gbn; tqmmﬁaaegcr@mihltch_tor-a
and -13; mullgriapsINQRIERI SNRANGE MQYREHONAARIRRIGRASSORRIE DR RrndRITAREVIN;

vascular endothelial growth factor; integrin; thrombopoietin (TPO); nerve Prowth factors such as

NGF-13: plateBeghvitntrrmaPosaALra AR O INTIRtSS lene FEyelarablys o Bem A FREA 3.
insulin-like gravisadretare | 2R8- Rucasidep wstinrbie Qe fasibaindu2ivadketides ioteyfetidnsmeuch as
interferon-a, - 7V, ny sii in tQr F S F M- X
granqucyte-ﬁgggrggﬁaé%ﬁgé%!%ﬁgg%;ﬁg &é%ﬁiﬁ%&%ﬂ@gf%%%i ; Etge%}gn%ingﬂ(?%gj |r:s‘ghch as
IL-1, IL-la, ILsreferred ghBINA oeplpcudes comprisgsigros thatare 12,13, 18156 Bwlhd@nEordid ¥atdor such as

TNF-a or TNB3(34aps! other pobioBpheit-tidkey mikalding LIF and kit ligand (KL). As used herein, the
tern cytokine includes proteins from natural sources or from recombinant cell culture and biologically
active equivaléhtdiofiRNAnati{ ahse quemtiorcykidesse(@D 37| iMiradyuyitcan Begprothrerysieidsequently

activated, e.gee QiR DHSLHGARINALING RS VR uBfeRiNG. BURbASA Re I pet

chemotherapeutic agent, to an active anticancer drug. For instance, see WO 88/07378, WO
81101145, arfRFEPalR AR STPAIBT Y GRAMAT MEVME RSt SRRTHTCRITESSRY Bnzyme
capable of actibgnotieaijiiodrugdncsuah irasia§056, a%5ts,c80%:t Ribodts 90Uradetivel cytatamigeform.

ribonucleotide sequence or the complement of a target ribonucleotide sequence. Preferably,
the siRNA molecule is at least 0%, 95%, 96%, 97%, 98%, 99% or 100% identical to the
target ribonucleotide sequence or the complement of the target ribonucleotide sequence.
Most preferably, an siRNA will be 100% identical to the target nucleotide sequence or the
complement of the ribonucleotide sequence. However, siRNA molecules with insertions,

deletions or single point mutations relative to a target also can be effective.

[0072] Accordingly, in one aspect of the invention, intact minicells can carry one or more
siRNA sequences aimed at silencing drug resistance or apoptosis resistance genes. Using
minicells that encode multiple siRNAs, it is possible to treat cells that express multiple drug

resistance mechanisms.
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Directing Minitells to Specific Mammalian Cells [0098] In one aspect of the invention, a minicell is
directed to a target mammalian cell via a bispecific ligand as described in published PCT applications
WO 05/056749 and WO 05/079854. The bispecific ligand, having specificity for both minicell and
mammalian cell components, causes the minicell to bind to the mammalian cell, such that the minicell
is engulfed by the mammalian cell, whereby functional nucleic acid is released into the cytoplasm of
the mammalian cell. This targeted delivery method can be performed in vivo or in vitro, or both in vivo
and in vitro. [{09P] ToeliackbainaRN hideagijaiganiavnicriVarid gusradraneadllcavaisiser in a
number of djfferent ways. Far in vivo delivery. it is.pr ble to inister.aminicell tk eady has
the bispecifigc? I?g‘]%ﬁ%bvig?ta%c%?i‘?gi Ri efﬁﬁgmrﬁ?r%géﬁigs%fg%c%éﬁﬁ %w] tﬁ%&%ﬁﬁjﬁg:@%ﬁ&ght into
contact whe# Wevhithsaagenieemd-targeted minicell reaches the target cell in vivo. Alternatively,
bispecific ligand and minicell can be separately administered in vivo. [0100] Contact between the

bispecific Iig:i\ tmmﬂ&}%{ﬂmg%m cells also can occur during one or more incubations in

vitro. In one embodiment, t ree elements are incubated together all at once. Alternatively,

step-wise ingstali Pasctishab fuRRIOABIE @1 teoRecAtaMaigtiResion: wiseangpinash prriaetaand
hi-specific I%ands are first mcubated.ltg[%)ether to form bispe |f|cilqlandi§%9etgdn |n|celll§giy)\{glch are

then incuba 'gr\‘}\ﬂfﬁstg%%t%gﬁ'sﬂcr? ‘af étrs XA tﬁfés,’ tﬁé%eglﬁ?: Ilgaﬁ%’é are first Inctbated with target
cells, followerathgzam irdiftration ovitnhiliticetd repientipireniprelofetitioror Shoreshiulisnplisatiendbns and in
Vivot adt m[iglsom&mﬁ) 'Th ﬁlﬁaél'_;@ac?!img&ti :}f«ixfi@;ématquxge iﬁﬁ%'&&ﬂﬁcmmﬂﬁﬂﬂ@ atlamt l@‘i‘ﬂfé&ﬂ:o
contact. e inventors found that the targe approac rogdly a oa
range of ol SRR GRS Bl 8 frbnr o 4P PRI Qo s AR
endocytosis Whgnenicell§200d).example, bispecific antibody ligands with anti-0- polysaccharide
specificity on one arm and anti-HER2 receptor or anti-EGF receptor specificity on the other arm
efficiently birlQ0FThRISHRNG W aYdRIGcPe BBIG IRSITANSS M gRrePRlitR o HSRieYS cHREERIE. These
cells include dunginay prifeirdd eirgeby epfinfiiomibhacieid Riidn Tanpendasisadviorenbete thacediieibnt
binding precedes rapid endocytosis of the minicell each of the.non-ph | Is,. 2] Target
cells of the ir?\%%f%ﬁgﬁgfuﬁe'%%\?séceﬁrﬁé Sv%ac:h % %ﬁ%ﬁcﬁl\%a%ﬁt: egllci:sh%ﬁi?&)Qﬁ'}éyi%%qr%d%né@i%esirable
target cells areseangraetdrigsd byt gsamsiseiararye P Uhesavenle FRAURSE cYFdespiiEiigsIatligand,
facilitates endaaidgsis iP refeired tagehtalisseie MOBRBAGACKEUiIFBE aingutisitipuge s BIM ROt

professional phagocytes, such as hages, dendritic cells and Natuyal Killer (NK).cells, Preferred
Farget colls al2h AR A AL e P B gt P R PR U Br B
invention incllithe R{AY lady§PR th & Bsiitls MRRsanserieiasbprpioine Ml ndmugrepisteede el & ddHBce
component op g MiRipR!z Prefarainincsiy fRGREABPAISALENA Platust IRiis Aeqeriap&secially a

receptor capable of mediating endocytosis. The ligands can comprise a polypeptide and/qr
carbohydrate“PSHFpSFRAR. AnfiBSHYS RFe'pRiasra 1iggj-1l£? k&?%%&ﬁ?ﬁé?s é/bggegecﬁﬁ’éeérht%%’éy that

carries dual sessificitiesded pmuciaceyctonpmrentesd macteaiafhe we rkeapgaindRCAIn{Getlay aerdstor a
surface compapent-ontaroet mamnipliapiels. canladsedsiicantitiamet faganinisets to the

target mammalian cells in vitro and in vivo. Useful ligands also include receptors, enzymes, binding
peptides, fusiSHremiHoas Spransfrtessia Bt Aokuhes Ahsbbm {ARERE ARSA o AD5Sri IS ligand is
made on two (MERaYY SktefiaAG)Epetitid2hinbigy, Baan B« MBei?l dbcha) 3ep, tReisTidateToblatact

minicells and.{ii ifig biadin ne qr Moy - urfac us,
ligands prefe%f?ég agﬁggé asg)rr;wgﬁ?étg g%srhr(iaso @;%%%%%‘t}yg %?la acsgtg(%I%aiégggsgé%r?ésc%grﬁmgII surface
structure andia dagomstabalismafen stamplse SimsinBiotha MaPihaliaRbe(RR2Re Seattrsaiphch of the
first and secopghpsmceprabe Oyplivaletyiieler ably2 €8¢ g P MonsEIecitispeien iCyp2el,

Dhfr, Ephx!, Ephx2, Gstm! (MGST1), Gstpl, Nat2, Ngol, Sodl, Ste, Tpmt, Tyms, Ugcg,

(b) genes invoived in DNA repair for example Apc, Atm, Breal, Brea2, Erce3 (XPB), Mgmt,

Mihl, Xpa, Xpe, (¢) genes involved in cell cycle for example Cend! (cyclin D1), Cenel
{cyclin E1), Cdkl,-Cdk.'z, Cdk4, Cdknla (p21Wafl), Cdknlb (p27Kipl), Cdkn2a {pl6ink4a),
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multivalent. 101051 For binding to bacterially derived minicells, it is desirable for one arrn of the ligand
to be specific for the 0-polysaccharide component of a lipopolysaccharide found on the parent
bacterial cell. Other minicell surface structures that can be exploited for ligand binding include cell
surface-exposed polypeptides and carbohydrates on outer membranes, such as outer-membrane
proteins, pilli, fimbrae and flagella cell surface exposed peptide segments. [0106] For binding to target
cells, one arm of the ligand is specific for a surface component of a mammalian cell. Such components

include cell Gdkf@ddn i .pabtiztassaneolvadtioeyovatctacion zeprite fpa ceample befunebbiacterized.
Cell surfacqyRgeRias), apesiatktaoperspesss, Qﬁ@@wﬁg&&{ ‘i’@ﬂm@&m%ﬁﬁ%ﬂ@@mﬁ are

desirable cell surface companents f rtargetln uchre tors if ver se target cell
surface, cofffMRafrr ge?é&%rv\ g‘@éﬁs 1Bty ]%fgrgt@ard%" g the
possibility frdfeityand {6) rgenetargehc@llmtitﬂfs&?ﬂtﬂyfa@gmfcm@mmée Ahs dphstargyptstbiii cells,

metastatic ;@é%;ov(fo GUSHHE GakP, w&a&y&@@mﬂﬁmﬁ QI AR G S alabunaigells,

kidney cell &lls, borie marrow cells, brain cells, liver cells, and so forth, or precursors of any
selected ceI-IrB?%Héctlng a ligand that specifically binds a cell surface receptor motif on the desired

e e ISR GEhT HRCR BESRIAIRD SIS SN QSHIBENRNLS SPUEN (hiahtd ClAe

overexpres mos rec reast, lung, pancreas and g tract carcinomas

(Marshall, 20@3)%8%@&%%&:@9@9 #MWUW'@‘WBB@}‘ wHrsalisdreder Kinps\aERbtessed in
breast, ovarigagPiehleiiNg, prostate and cervical cancers (Hung et al., 2000); epidermal growth factor
receptor (EGFR), which is highly expressed in a range of solid tumors including those of the breast,
head and ngéR7Hotssfabltargdtsdufigtberd ipcbsiaten@ghoimomdt miuiahd I8 ersRIPRIRAODMEHNseceptor

(Stockert, 19@@1\5@@&!&%@ ge@@@mr (PHEl 2%k ﬂ&@@ﬁ@@@gpwgmwmwwls
expressed on hepato%}%;( iady et al., 1997 |broblast growth factor regd?tor FGFR which is

overexpressB&8Ppa felisasa PRI ﬁ‘om%tl'%’é‘ﬁ ansfgease Lb it ISR othelial
growth factoprrcﬁé:mmtcm(NEGEm)l Jfaohribmb gragenpsisgeBE e (BphatBeackérzesial habeidgidhshida et

al., 2002); folate re 5(?%%2 m\i{iurace PISSSEH N9 SHIOAMUGHIRHE YRt

carcinomas (Gosselin an cocal X (Satre et al., 1994): carbohydrate

receptors (TKueid eslérletﬂmy hrﬂ"tﬁﬂ?nﬁﬁd?ﬁ QMEﬁﬁﬁﬂ%E@MG? WpicMBRR Srathst t gene

delivery to respiraafingRithelia), ¢alls RNHAK AR RE FrainIBNHOTITY disasaasmlicbntsieystic
Fibrosis (Kaeltt%neclreital%ltéu:!i)ggggl(l & SPK2 (Sphingosine kinase), P300, PLK1 (Polo-like kinase-1),
Trp53, Ras, ErbBl, VEGF (Vascular endothelial growth factor), and BAG-1 (BCL2-

associated athanogene 1).

10078} A large number of molecular targets have been identified for the treatment of cancer,
and RNAi discovery platforms are rapidly identifying a range of different new targets.
Examples of such molecular targets useful in this invention include, tyrosine kinase (variant),
Akt (protein kinase B, PKB), Aktl, AlphaLbeta2 integrin, Aminopeptidase, Androgen
receptor, Aurora A, AuroraB, Basic fibroblast growth factor (bFGF) receptor (bFGFr), BRaf,
Carcinoembryonic antigen (CEA), CD142, CD37, CD44, CD5, CD74, CD77, Chkl, CHKZ,
CHras, CSFlr, CXCR4, Cyclin D1 (CCNDI1), Cyclin-dependent kinase 1 (CDK1), Cyclin
dependent kinase 2 (CDK2), Cyclin-dependent kinase inhibitor 1B (CDKNIB, p27, KIP1),
CYP26, Fibroblast growth factor receptor 3 (FGFr3), Fibroblast growth factor receptor 4
(FGFrd), G250, Hedgehog (Hh) signaling pathway, Hepatocyte growth factor/scatter factor
(HGF/SF or SF/HGF), HEr4 (ErbB4), HIF, Histone deacetylase 9 (HDAC9Y), Homeobox
gene (HOXB7), Hyaluronan (HA), Insulin like growth factor (IGF), Insulin like growth
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101081 Preferred ligands comprise antibodies and/or antibody derivatives. As used herein, the term
"antibody" encompasses an inununoglobulin molecule obtained by in vitro or in vivo generation of an
immunogenic response. The term "antibody” includes polyclonal, monospecific and monoclonal
antibodies, as well as antibody derivatives, such as single-chain antibody fragments (scFv). Antibodies
and antibody derivatives useful in the present invention also can be obtained by recombinant DNA
techniques. [0109] Wild-type antibodies have four polypeptide chains, two identical heavy chains and
two identicahtight cleedpor RIGHR Iy JEF of, 165 e fibk)cInsilinHikeessonttfaetRs PdnBMRIAHS not vary or
vary minim gl pang, aMiPREISS A faSRT Gl SwaRh Wi P aRgg AR lemisg UDEJare unique
to a particular antibody and comprise an antigen binding domain that re o%rliz}%(%foal%pgﬁﬁi epitope.
The regiondtsedrekin (B BroamierdpAIlFvHR: hrEmbERRRIRR e MR RS0 dY Birididy are
"complemepasidtiiate MmisingcspuieNBit{AdRks)s (LAY Infnketkimh ' dHitisodtedeukinictresptesses
derivatives of antipqdi uch.as.anti fr | i by ikiRd to
antigens. ST T R S e
antigen-bindind-etm &, abmhetenied BlilgReenEreBiRe Ha ﬁi%a‘ﬂ@&Wéﬂ‘é‘?Hdd?ioa(jé‘sd %‘g}’é)disumde
bond), Fab' {armaineekjagnephepainingddsigleanstigas; hindinghdemmigatonpiibibteayFab and

an additiona] porti fth y chain throug [ regio I ' S joined by
interchain df Tﬁﬁﬁ%{gﬁdﬁﬁh&?}%’h ilgl'{;‘femrté’ggﬁ?ﬁsé mﬁeyh'é%%?fhc%aggﬁ?bfggggﬁﬁg%%ngﬁégmolecuIe
having two ameigierkiisifng 81 MARKS, Bichpedavisied vadiaer of apeaptptis U R RBESHEF™Nd an scFv
(the variablng&gge@rkmdi%@migm\(@a}yggipn@f,ﬁﬁngIeab'hght adiheanymbtagn ofRIERNtibody
linked together by a chain of amino acids.) 101111 \When anttibogresﬁricrﬂggjacgienw?gggc; ments,
constitute pAmSPRANSYALSIghAdInATEf vl RIS BT haRan origin or are modified to be suitable
for use in hufPBAYTSPebslleckihasmn ariPikt) i GARE Yidnse)gid knmasease (AR BN Podiésratigs ®bourn et
al., 2003. They Ve Resn Madiicsiae Il (R aigialiorsand/erbaubiguantaatide eshice ther

antigenicity in‘a humart. Methods for humanizing antibodies are% s¢ribed, e.g., in U.tS. tents No.
6,630,055, N ESESIDBaD SRIRIBSEMERS (BAP\ RS LpIRSfate ALY, Remnali 2538 SFBRhiEe formed
by grafting thapaatigesnbinding egsokrmar a@mmptaﬁmithmmwtmirﬁm}e@@nﬁ@ﬁﬁsy, from a
mouse mADb into a hum r.lnlﬂ(%]giil ??Il??({etblonl%f,og_}e@e%eJ@%@éﬁ}gﬁ&gﬁm%Ripﬁﬁgyﬁ,rhgmegt al.,

1988. The gé:ﬁeral i) l|g nity Humanized antibodies, however, generally requires the transfer of

one or more Hotitien Friescrteish M trtess.dinembrspeedieh(FSE ibnd aagEyT b AL RO Srent mAD.
Several variggtg,p: hrrRNiZREAN, teenopigibslshdiaviedsprn (RVEIOTEESTendaugitaitetal., 1998.

101121 Human, antibodies, rather " nized anti ies," n.b pl ' invention.
They have hifii8fhi 55&?‘? iR?e‘%tggc%i\;hea gﬁigéﬁ?aﬁd%%%%?ﬁﬁne yq%%%irﬁig%ggfo%%ggﬁ !e,

single-chain wdhisivie feerdats (SHGAMY: FEB Wiehgd enaprly sasiethelal saovahifaree{¥FSToo4;
Vaughan et a}:&836; GREALS BldHintBAG:ee-H eardrad alEGFES; UnebHeaapOKSD AW RR0AND1131
Useful ligands also include bispecific single chain antibodies, which typically are recombinant
polypeptides Eéh‘é@ﬁr"r&of a variable light chain portion covalently attached through a linker molecule

to a correspo labl | i Enthude RBtENER NP KRS B30, W0 1260203, and
No. 4,496,778. Bi p\éeﬂc%(% gﬁ%\(ﬁe@h glg%%:ﬂgﬁ’%gégrgn%d% bycother meth(g)gs. For@%ngﬁé xgggrgical

heteroconjugEtBsGag BE ¥rEared-ARcHeMc AR GRAiIHEFRIKINFSSAIRR FPdntiSdry FATHSEIS of
different specificifiRs). See Karpovsky et al., 1984. However, such heteroconjugates are difficult to

make in a reproducible manner and are at least twice as large as normal monoclonal antibodies.

Bispecific antibosfiBeiswcaf urepeatel byteraganeity excmumyer \oRidiiFFOh SE8nFHINARE FEavage
and reassocigfign af thespntiboduiltaayicis be epdaliaicietatgel 98lls. 1 Thidldeahusenbidrand scFv
fragments aremrxr;?e?coa\algcliegst[efihienyn?gﬁgdrs]%\ﬁhlg %\ggwcl:}}/cg%rrequire change over time. For instance, if
biopsy samples reveal new mutations that result in acquired drug resistance, specific
functional nucleic acid can be designed and packaged into intact minicells that are

administered to the mammalian host to address the acquired drug resistance.
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target structures. Therefore, preferred ligands made from these components are engineered into
dimeric, trimeric or tetrameric conjugates to increase functional affinity. See Tomlinson and Holliger,
2000; Carter, 2001; Hudson and Souriau, 2001; and Todorovska et al., 2001. Such conjugate
structures can be created by chemical anclior genetic cross-links. [0115] Bispecific ligands of the
invention preferably are monospecific at each end, i.e., specific for a single component on minicells at
one end and specific for a single component on target cells at the other end. The ligands can be
multivalent dbelivergobBinandal Noekinaria, via indantinicetiscalled diabodies, triabodies and
tetrabodies. See Hudson and Souriau, 2003. A diabody is a bivalent dimer formed by a non-covalent
association (4 crsesonhrspsfiblts iNIiopiRWMgesimativd\pisdeliveriap JugcHosalauglsin the

formation of gilfj vaiRpSHEQ) pEdHaaSE bisaive Wi rembind i SPrinateLacetyatadatgsults from
the formation of, a tetravalent Letf%gnerl of four scFvs, ggieldi({}gil fo&‘-rf binﬂ‘ir?#.git(?s. 1 1161d851\éeral
humanized, ﬁaﬁﬂ?&ne,a H"frhlﬁf} 8 moen%gfgﬁgl Eiil il tr%'gmrg‘ﬁ SHRETE At hiave ’specificity for
receptors on(bhamingiamirétklihavie the ariusglisyointel fonaomeitithaparealitn ussdls andhttbalighés growing
rapidly. See JHudsaRandiRuaH: AAdZIALEXAINEALSUGH A ARED adcthabcancRE: Urgd it form one
arm of a bispecific ligand has specificity for HER2: HerceptinTm; Trastuzumab. 101171 Antibody

variable regiBHESHE L MB SFORRFT A 75 4785 Te b PIOEARS RSP RRHE" JAIR FTE 5 AR the
immunoglobtdtget ovarainalisui chlleiagisb«Cifid bgtina ddl danadsdndputdisiere B Clinappiiction. Bee Hu et
al., 1996. Fugignsiafreanda birgesh eeminnsiramardaiecinndwstiansnlseedysigpdehgterologous
protein domains from multimeric proteins promotes multimerization, For example, fusion of a short
scFv to short"&fphipathic helices has been used to produce miniantibodies. See Pack and Pluckthun,
1992. Domains from proteins that form heterodimers, such as fos/jun, can be used to produce
bispecific MolgeMiGH iRl filg BrupIaistitite A PAl8Hnd BRI riZation domains can be
engineered to form heterodimers by engineering strategies such as "knobs into holes" (Ridgway et al.,
1996). Finallypoazjdn pratemagekinehs oarrinespledild shaeihravide wrotbrmmg tinerizsitancaandell as an
aaditional fuielieh & sallERIRYAULRER RABIE Ry sitider RANGEAR E’&Rﬁ@%ﬁ%&&ﬁgm

Endocytosis-competent Cells 101181 The invention further provides for delivery by’ means ogf bringing
bacterially de?ffe?i MAsCRmSHANS ISR oith tahMATE% BEISSENE WRRICERIS Ry tele dhet gromote
endocytosis-gaip peiffindUiiio s ahairiee || minikink a candlitg ahengutiipgapaientibagiryial cells in
the manner of(jrqt%r%cnellullglrcgﬁsctg{(i)aé n@&@p‘%ﬁgg, tIik%\{\{xiﬁe enaiqyaljf1 tcréﬁ I’Q&QC&%?H\{\clhiCh relﬁase[ eir
payload into {ie clyfof)fgsm of the mammalian cong. This de Ivery approac can be effected without the
use of targetiergiifathdsnioieaidan deserpdomntiecthavesmis € afB L inl eRI R mediUE herdminicells
by a given type.ahsate By theeRigsenidaveyienvisingt depepdeninentaipy Prdicmalamelaaism in this

regard. For example, phagqcytosis is.a well-doc ess in. which macrqpha and other
phagocyte ce%cgﬁ%%spﬁgh%g‘gﬁé?iﬁ%peﬁs t|5%1nrtic es’&é‘?ﬂg% e(r%dir?ée%esfg?}abﬁ% [ %)%/SeF% cem|E‘J1<"‘;=1rticle
surface until tfeepsctel@)istd Allyte miiolsphel fubithonag huglaic biddadinmpisisirsisiintpledho dpesis, the
involvement ofspecifi rGeRIAEmMININRICCERTiIaS BeaR dPRoRtRIRALSRS \Mr@bliei@lonk] 986);

Speert etal., (1988). 101201 Thus, one form of phaaggcytosis involves interaction between surface

ligands and IiQﬁﬂﬁ%@ﬁéﬁ?ﬂ&cﬁéﬂﬁe&f’mg%&ﬁBY g‘?’(ﬂ’tﬂ@‘ﬂé@ﬁ%ﬂ%‘dia. This attachment step,
mediated by (g eciliidRasR'alS ik diruniu-in.na'paprent e hagielal aitageAdhe s With

respect to les ent ria, such as non-enterotoxigenic E. cOlt, phagocytosis also can occur in

the absence Grampigcedendsafor Bhagsbiyeecre caftbis. raentsiellyr dinslufiods)subsptansetibie. Thus,
the present iny@atigeNcHMERASSEALY! intapelitatiesio dhe vismMtioieglisahataithirimsssess or lack
surface adhe%nsbj]nikteerpingn\{vith thee n:flgure %fdth%i{ aﬁgnt bgc&er'gsl C(glIs,faena(ghalréamen%uIfgsql by
phagocytes (i.é’.,l pﬁgé%(iytosé-@gﬁ{pg{erlft"rﬂos? cells), ofwhich neu?lgopﬁlls and magcropﬁagés are the
primary typesataenainshigby. those skilled in the medical arts.
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101211 Another engulfing process is endocytosis, by which intracellular pathogens exemplified by
species of Salmonella, Escherichia, Shigella, Helicobacter, Pseudomonas and Lactobacilli gain entry
to mammalian epithelial cells and replicate there. Two basic mechanisms in this regard are
Clathrin-dependent receptor-mediated endocytosis, also known as "coated pit endocytosis" (Riezman,
1993), and Clathrin-independent endocytosis (Sandvig & Deurs, 1994). Either or both can be involved
when an engulfing-competent cell that acts by endocytosis (i.e., an "endocytosis-competent” host cell)
engulfs mirinaljsDelaecpndaMirieells the invention. Representative endocytosis-competent cells are
breast epithelial cells, enterocytes in the gastrointestinal tract, stomach e'oithelial ceJIshIHngS epithelial
cells, and uFi98A) fitbpugtydsnectRlivapitRali AP ERIYI3GPBY BeEAnsy ASIYER &I BUReTS
engulfing-corersied)t spadestrtian e putiished PETUsppkationgBtdPEAINE5hevhixuris dfetbiey application

contemplated will ianeLée ce the choice ofbacterial spure for sReminigalls winRRlaadmE afxample,

Salmonella,"l“:cgé?%ﬁt(: iaan gﬁ?ﬁ%lla species ctarry adhesins that are recognized b

endocytosismmmdiabian telic prordoisusaesyitlas frrnsfged uinaeeeRd BEd, %‘Hcﬁ% Be'sthtable to
deliver a drliggp%e'as Wite Qe dar SEIRAGANESY SelispiSMnatynihinicielts detipeckdgerhnriceibacter
a

pylori, carrying hesinr%{si)ecifi for S}E?écrhwgg&hgbgsgl“cel%%%9q}lﬁ&&@y&t&dé&r@pﬂ@xﬁ'&;@ed at

stomach cafBBPBRHES AHEPIRBA ISP FSuftation can beideal for administering intact mikicells derived

from a Pseusiom orassmsisoics tivettiaimy semplsmsnesoeiyaergistiretitenebifitily epithelial cells.

Minicells derived from Lactobacilli bacteria, which carr adheﬁljn %E)eﬁ:ifiglgor.urinarry fract and bladder
f ctional ndc

epithelial cel808 TanaYRRRE R BATRRT 0B FTRIARITANCEY ATaPL o B tHRATY e fabladder
cancer. Fornuiladiariee(9 1183 tinup ane bspeckaghéns hosaviledraceldrpbsiflans conmiorisiels @i plurality

of intact minigells, each minicell ity £ IO a-fsae ingtignakbnieieie acid, and
(b) a pharma%%ﬁﬁ%éﬁ?fggccgg5%%%%t£ﬁ}i€aﬁﬁg%§gggj%2§%%e %)sr%ula%% 9\% lly comprises a
drug. In one esidinghe same miniell JIAnex AR DRSATLBIGIA BT IR AT jﬁ@ er the minicell

can contain a nucleic acid molecule, s as_a plasmid, that ; : }&1@5&;}1@1
formulations @&Qﬁb%ﬁgﬁa M tﬁmbﬁ‘%ﬁi%e‘& ﬁ:ﬁfﬁgﬁ o t%rsg%gt?ﬁgg& mi:?g:[g%c%o 2 target cell. The
minicell and Boagisl physiolgingl ofrtipberndeciogisell ¢iaeienT AU EHeAlinicRIFe JHESFRYY ntfd®ic acid

encoding a fyggrianal nisleis Acighians hie RiapeeidisuioaTaeigicmbly wikiapiblaabhindiagto a
surface component of the minicell an? to,a surfa‘g:rr%ﬁom,pgnenttngf a target mammalian cell. [0126]

FormulationsTisif s’ sraeehastenel Fit s 2gL1eme % Bre |H°§mpgﬁg§'or vials, or in multi-dose
cominers, i 5 Y S PREDANE 0 CATSLERGRD HORIGHE S hsapension, o
ol

an emulsion or aqueous vehicles, and can contain formulatory a ent§,.such as. Slﬁspaggding,
stabilizing an@ﬂ@?@%ﬁ&%ﬁ@dﬁ%ﬁfs‘hﬂ‘gﬂ&é’ﬁ%’%ﬂ&ﬂcﬁ‘ftfg‘ig&‘b"ﬁi’g’ﬁ%{‘ﬂ;%ﬁg‘bfi‘b%agoﬂﬁ‘gere50|plent and is
illustrated by galinmicRINgess salutienen e eexiretialaohidomAbiemiasivdightodngstormatativhe in

oI BSuIRBISHENIGIE: B csietiaqRciomiater Of

lyophilized powder form, fqr reco
physiologicaltgﬁﬂne"f Thnécg[r%?g?%%‘s socC e inthe form of a depot preparation. Such long-acting

formulations ¢amniieicadinaiiosiesed BYheRsherreRRsATREPR REAAISRS IS TRYEEREthBGNENFb IR AR 388 Ularly) or

by intramuscylgr HYRCH@bE the minicelis. The procedure and mechanisms for drug loading into minicelis
is as described in published PCT application WO 05/079854.

[0088] 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 ina 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 loading. Thus, the inventors discovered that

even hydrophobic drugs can diffuse into the cytoplasm of minicells to achieve a high and
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Administration Routes 101271 Formulations described herein can be administered via various routes
and to various sites in a mammalian body, to achieve the therapeutic effect(s) desired, either locally or
systemically. Delivery can be accomplished, for example, by oral administration, by application of the
formulation to a body cavity, by inhalation or insufflation, or by parenteral, intramuscular, intravenous,
intraportal, intrahepatic, peritoneal, subcutaneous, intratumoral, or intraderrnal administration. The
mode and site of administration is dependent on the location of the target cells. For example,
cystic-fibrotiacesimsaiip e gffitiantkytopteted g akbd Hekvierynokpacted rbearusenihsiceimicelimilarly,

tumor metasiags £an, b6 Al LIS YNRAE MRIRURNETRUSACNRY Gblmonedaiaig)s. Primary

ovarian cancer can be treated via intraperitoneal delivery of targeted minicells. Purity 101281 In one

aspect, minkiehenbsiissina i husdrgrhebic ey bE S PRISAY bacterial cells. Thus,

minicell-congaining, formulatigns, preferably contain fewser than inatj bacterial
cell per 107{%51&&0}%‘6 Fée%’rﬂesc}eorglﬂja/g‘é%o%t%‘fﬁ ifglv%e‘f‘\’\"ﬁ’a\arl %%\&?%pfoi%%t%%{nﬁe@%? %%%%?{t%terial cell
per le minicelisne\renterisrasiiefadabisooditiens fapfethathainsmnt Sasiesinlifethymarebthaderial cell

per 109 minjeglls, Still aEs REgiaraki coHaihip ura thaarapaicleaaataminhiisgaasanidideterial cell
per 101 minicells and mosﬁta%referably contain fewer than a outt}l comt i erial cell
LSRR

W t .-a.gene cluster encoding the ce q@r‘%ﬂ)ﬁﬁ\ﬁg{g n&tﬁ@%}
per 10" miniB&ie! Besiess) Firdi B RTINS R i the art and described in
internationalfpubliedid nimpg cipdre\WO0S! @83 5105 ired iich methidweeriahieaincns & fanetindtion (feed
flow is para'?ﬁ%@%&@ﬁk‘? wirlese (ERRARdYR) anshdaas esidkilirgian (eas flewiis in
perpendicular to the'membrane surface%ﬁgé)ptlonally,&%filtraﬂon Comr?in tiop Fantgelggegcnea(?ed by a
differential cBIOBYASRERIRRT e FSE TR IRRF YIsHRIasTTLOf S AL RS B R B 88 1 and
thereby enrightthtsnpemnaiagidor Wiricelispaei3atwibtetirdvidécatib formsthugeempioisdensity
gradient cenjifugation n adiologically s R URlE mediish, AtsE sralsiuagienaicainieal band is
collected from the gracﬁent, and, optionally, the minicells are _subjected to further rounds of density
gradient cenBwiifigstion anyheiiable B iBineH PYRECAOM BIPLETH F&Pﬁ‘fé}‘ﬁéhﬁd@eéhﬁ%ﬁ?ﬁyngwgﬁ? of
performing diggyential centrifugation on the minicell-containing sample. When performed at low
centrifugal force, differential centrifugation will remove some portion of parent bacterial cells, thereby
enriching thel @R8¢ Siatdartyiormihéc cthetiiod 31 eadine urinripFewithe 3 SRR ARV Yre FHOMEREBI oit
bacterial filamenfation (RGPS5 RIRISH BN ERprEMNeR AatwiiceHcpuiant arugeideckenditoriude the

steps of (a) subjecting a sample ¢containing minicells to a condition that induces parent bacterial cells
to adopt a fiIa"’H’féﬁ‘PG S8rT, FetRstingd B?ﬁﬁg?ﬁféqﬁ%dggﬁﬁ?gst%% f"é’#\‘ ‘3%’3%@'& ér?wf;nicell

preparation. (01321 Known minicell purification methods also can be combined. One highly effective
combination @‘rq‘ggthods is as follows: [0133] Step A: Differential centrifugation of a minicell producing
bacterial cell culture. This step, which can be performed at 2000g for about 20 minutes, removes most
parent bacterja®®s|Brughilesfebirinberinmiosite isatHs sopshysielagically or pharmacologically active

substance that produces a desired local or systemic effect in animals, particularly mammals
and humans. Drugs can be inorganic or organic compounds, without limitation, including
peptides, proteins, nucleic acids, and small molecules, any of which can be characterized or
uncharacterized. They can be in various forms, such as unchanged molecules, motlecular
complexes, pharmacologically acceptable salts, such as hydrochleride, hydrobromide, sulfate,
laurate, palmitate, phosphate, nitrite, nitrate, borate, acetate, maleate, tartrate, oleate,
salicylate, and the like. For acidic drugs, salts of metals, amines or organic cations, for
example, quaternary ammonium, can be used. Derivatives of drugs, such as bases, esters and
amides also can be used. A drug that is water insoluble can be used in a form that is a water

soluble derivative thereof, or as a base derivative thereof, which in either instance, or by its
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[0134] Step B: Density gradient centrifugation using an isotonic and non-toxic density gradient
medium. This step separates minicells from many contaminants, including parent bacterial cells, with
minimal loss of minicells. Preferably, this step is repeated within a purification method. [0135] Step C:
Cross-flow filtration through a 0.45 um filter to further reduce parent bacterial cell contamination.
[0136] Step D: Stress-induced faarnentation of residual parent bacterial cells. This can be
accomplished by subjecting the minicell suspension to any of several stress-inducing environmental
conditions. kREd#, Stemhvettadibiptietpats cntdolvited dre rthb astdyigitte bs. §0198pSTRpaboiross-flow

filtration to r%%?éé%?@ﬂe mlﬂémﬁeﬁ%(a Ja&m%ne blebs, membrane fragments, bacterial

debris, nucleic acids, media components and so forth, and to concentrate the minicells. A 0.2 um filter
can be emplanedjtosanaiaie Eﬁﬂﬁiﬁeﬂﬁ&iﬁ&hﬁfﬁﬁhﬁeﬁﬁaﬂﬂm&ﬂtﬁmdp@r@s&lmgﬂw cpolisegmployed

to concentrate minicells. 0139 G Dead end f| tlon to inate fila togédd poq terial
cells. A 0.45 R A&r c,gde e eur%li 05 0SS e fﬁb‘] 6‘Step éa er%ogl(‘:f‘%f endo oxw?‘?%f)m the

minicell prepaatiiting Ammmldﬂmébme&m@ﬁéibb%é@ﬁ%‘%ahm@d@mﬁlﬁyw?mﬂﬁ%‘%‘féﬁhﬂﬂm|n|strat|on

Schedules [0141] In general, the formulatio sdlsclose herein can be used at ro r|ate osages
defined by rolRA RS B AR A S T B TR i A ot ity
The dosage isginien, cath e sinkeciticividsoeqzdaimidantitie andavistyisinsictdrsaitblaciniinag te. aveight,

sex, medical gongdifion, of{heRRiGaLRE, SRXELINQIHR SN HIAR D E L ARSI ERUES Oind
administration, and the renal and hepatic function of the patient.
microtubule stabilizing drugs (e.g., paclitaxel).

[0094] In general, cancer chemotherapy agents arc preferred drugs. Useful cancer
chemotherapy drugs include nitrogen mustards, nitrosorueas, ethyleneimine, alkane
sulfonates, tetrazine, platinum compounds, pyrimidine analogs, purine analogs,
antimetabolites, folate analogs, anthracyclines, taxanes, vinca alkaloids, topoisomerase
inhibitors and hormonal agents. Exemplary chemotherapy drugs are Actinomycin-D,
Alkeran, Ara-C, Anastrozole, Asparaginase, BiCNU, Bicalutamide, Bleomycin, Busulfan,
Capecitabine, Carboplatin, Carboplatinum, Carmustine, CCNU, Chiorambucil, Cisplatin,
Cladribine, CPT-11, Cyclophosphamide, Cytarabine, Cytosine arabinoside, Cytoxan,
Dacarbazine, Dactinomycin, Daunorubicin, Dexrazoxane, Docetaxel, Doxorubicin, DTIC,
Epirubicin, Ethyleneimine, Etoposide, Floxuridine, Fludarabine, Fluorouracil, Flutamide,
Fotemﬁstine, Gemcitabine, Herceptin, Hexamethylamine, Hydroxyurea, Idarubicin,
Ifosfamide, Irinotecan, Lomustine, Mechlorethamine, Meiphalan, Mercaptopurine,
Methotrexate, Mitomycin, Mitotane, Mitoxantrone, Oxaliplatin, Paclitaxel, Pamidronate,
Peniostatin, Plicamycin, Procarbazine, Rimximab, Steroids, Streptozocin, STI-371,
Streptozocin, Tamoxifen, Temozolomide, Teniposide, Tetrazine, Thioguanine, Thiotepa,
Tomudex, Topotecan, Treosulphan, Trimetrexate, Vinblastine, Vincristine, Vindesine,
Vinorelbine, VP-16, and Xeloda.

[0095] Useful cancer chemotherapy drugs also include alkytating agents such as Thiotepa
and cyclosphosphamide; alkyl sulfonates such as Busulfan, Improsulfan and Piposulfan;
aziridines such as Benzodopa, Carboquene, Meturedopa, and Uredopa; ethylenimines and

methylamelamines including altretamine, tricthylenemelamine, trietylenephosphoramide,
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101421 Optimal precision in achieving concentrations of minicell and drug within the range that yields
maximum efficacy with minimal side effects can require a regimen based on the kinetics of the
functional nucleic acid and drug availability to target sites and target cells. Distribution, equilibrium, and
elimination of a minicell or drug can be considered when determining the optimal concentration for a
treatment regimen. The dosages of the minicells and drugs can be adjusted when used in
combination, to achieve desired effects. [01431 Moreover, the dosage administration of the
formulationge@iyibs-MnRiiprhasingia pharmaeekipricidianiecodimaaric metisiiag wpbtesh. For

example, ong or more, dos re irnens can Ahd & Pharuacakinglic/Phagrsaglynamic
model can g%"ﬁ?’é‘&%‘beteﬁﬁlﬁg%?e p ngfmac%i%degtﬁg armacodynamic profife of one, or more dosage

regimens. Neschloreshathihe dowsiorethaminss foxidamindtpaianiean béelbrlated NAYEMYERRves the

desired phaggacqkingli ¢RAMMAGREYNRIRELAFRO 1FachasReLay; therpatisulach as Cannustine,

harmacokinetic/pharrnacodynamic pyofile. See, e.9., WO Q0/64776. In.this e regimen
1Por any indic%tl}Bf?%%{ﬂcﬁb Egi%ﬂ’fﬁﬁ%ﬁp gt ’a%%ﬁoug%ﬂeanaaéri%ﬁ‘e g‘éélgribe %%geﬁﬁgﬁiﬁmplg 6,
modified forAbaqastitsiag, cellctihomerost. [RIthramspiacifidamsering fIMACRIGBRS c4APeATTihistered at
least once auieal YRR SAUISE O sRuBiahYiREkEaRaMARD iSRS yiRdoDavinkensiare
administered at least once a week over several weekﬁét{o s?veral moth(s. nl_gg)nlﬂfol g%rﬁ%agcifically,
the formulatiorReRiEe: adRAREHRIER-at [EAAZERE X da)IbF Eb8ut 28475, 6,7, 8,19, 10, 11, 12, 13,
14, 15, 16, Thohfhidif, 20arabicid?, RRrRNoRSeids, Mitoascs, 30ysesienrliss. aaiderhinspanya

formulations gan be admin out (¥ day2hauiRNCeRVRM iR, 4Rod6wmbich,9, 10, | 1,
12, 13, 14, 1@,“1%‘,’&“?‘,’518%%@?: 22@%&&%5’ 26, 27, 28, 29,6%%0 or égidﬁs ar more. [01461 The
t

formulationsSeamaniEriati RIS PIRZaEHinTSRSTE im0 LBSRERSEy A IPRREIR 238t 4RI 33 4 5, 6,
7,8, 9, 10, 1 ethRoilds SdchlEs Mutatrehtelonar R0 wvaaicsctir (1bTe); Atk i cigaltpadosurblations can

be administered at least once a week for about 2, 3.4 & fire haidds dfohld Eduababidd, 17, 18,
ah% tinetfexate; purine atalogs su ine;
19 or 20 We&?‘fﬁ?tm%‘fif&ﬂnﬁa}fﬁeﬁﬁrg |\t/eé1§’, the o}mlﬁa?gonsp?:laln be ad%mlstered about once every

month, about-omereagtgryrige, STHiaBiwiE, 3nd TrouRRAL RTHRIGEGARAIGES. SYER 28 YRR nulations
can be adminjstereshin a siagherially, dosermbihie tobhaiabing s ayaecanidiadmirlstafbaiiindvided
doses of two,_three, or four times daily. [0, L In method in which mini r Nisiersd before a
drug, admini&?&ﬁ‘é?#’t?ﬁh@?ﬂféd&fn %euﬁgr‘?{/llir%% f e“%e%’ﬁal%i%%%%%%fgg{ﬂ%ﬂ after
administratioRrefitiatminsissithel drRperinostomatansly FeselasiansieraathAgtRdmsi o ieral hours

to several days,QSSIbIN SRLCTAWaRLSHB tPricyenel Raalasia fap shmiminiael su{Tidiado dade
specifically, the tunctional nucleic acid-package mlnlcell%g@n be a%mn stered at Iet.%%{ %%HI 1,23,

4,5, 6,7, 8, 9cagiatene:) sldpphasphamide efypotigie; AMEOLEVIIBIC, 3G » MISHFE Betore the drug.

Moreover, th@minieats EdaraeandnDafsfersskat Deastcabing; 1 DizRugng, Elfprrgthone ocliiptinipm13 14,

15, 16, 17, 18, 19, 2 2 28itfs- 2y dfd 30 eentihdayshislersitbe sdrgaistmdjon of the
E X e r 3 E)
drug. In yet a?lcoct'ﬁié:r’ %ﬁ#&éﬁ’e%t én mihiceﬂs c}én bg%d_ministered at Jeast about 1, 2, 3. 4,.5, 6, 7, 8,

9,10, 11, 12,@9@%?&6‘!@?@%i;lé"éjfazﬁ%é&?é“é??‘ﬁ%ePﬁﬁmefhg’ e R Fg&ﬁ%%gir%odiment,

the minicells gaj;bey ayinjaresr; atiassrtabine | PSR4, Bafixdng, Siddirad; oSpRagrméniupeiore the

drug. 101511!;'3%3328}1?(:& gc[,m? Odtirrinazeirc]ﬁlotpee; mirjiC%u,i’s-?xqmm}%{ﬁéﬂgll%%&he@lré{galheVindesine;
Dacarbazine; Mannomustine;  Mitobronitol; Mitolactol; Pipobroman; Gacytosine;
Arabinoside (“Ara-C™); cyciophosphamide; thiotEPa; taxoids, e.g., Paclitaxe! (TAXOL®,
Bristol-Myers Squibb Oncology, Princeton, NJ) and Doxetaxel (TAXOTERE®, Rhone-
Poulenc Rorer, Antony, France), Chiorambucil; Gemcitabine;  6-thioguanine;
Mercaptopurine; Methotrexate; platinum analogs such as Cisplatin And Carboplatin,
Vinblastine; platinum; etoposide (VP-16); [fosfamide; Mitomycin C; Mitoxantrone;

Vincristine; Vinorelbine; Navelbine; Novantrone; Teniposide; Daunomycin; Aminoptenn;
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administration of the minicell can occur anytime from several minutes to several hours after the
administration of the drug. The minicell can alternatively be administered anytime from several hours
to several days, possibly several weeks up to several months after the drug. [0152] The following
examples are illustrative only, rather than limiting, and provide a more complete understanding of the
invention. Examples 1.Direct packaging of regulatory RNA into intact minicells in vitro 101531
Bacterially derived intact minicells were prepared and purified as described in U.S. Published

Applicationymdel IREMHRAESCDE- ITy Sotmirehmeraiy dehititeh Wik 2@h o fhatenpthyiamigirmse
o O IEMA s S e Relalian o i e BRRIRRL AN B sararluct o
stin, ,an u

Ambion (A eéxas as reconstituted In nuclease- free water, to a ig‘gl concentration of

50uM. [015aidspyrestivasitesy afoAnYHHE e RDGYEr o Also s lvdad AT AR PITRoRA28s 1P 8 don (PBS)
(Gibco) and ay@iEee G- iniReEReuiE dctidnNrofumivtslaltled EWwiRBI giRtNACiTdisg ifocidxatipl was
carried out for 2 haurs at 37C, with gentle mixing, Contrel mini erg,m QaRGHR¥dRCUbation
with | x PBS HRSK F?’o?ﬁ%&“ |n'be"m|"’rg1’f%:'éﬁi'ltsasv?/er'(lar{l%‘g:l 1§§9d9§%’i€{v‘gﬁ%§el§§ fw(ie?:e %111 X PBog bf/1
centrifugatidiseifae fienndena: @82p0Song, AxhERverRIear {RaretpmIoRAiAtERRARES OBEERRd under a

fluorescenceRMEB MGRSFARE, BieslushnhleafRatraaK VEiathchasd PRmamenkaioduct of

Olympus Microscopes (Germany), Images vxéere %(f:%%ir%%vusing 100x oil immersion lens. 101551 The
above co-inBEASARBIF @lise ARt A ARV R S LA 85 BH b Ger different experimental conditions such

as incubatio & Aggilj t EWM aatien Hmekonaes, varied to
include 1 ho@r“?J Sﬁﬁ%%é?g}ﬁ%{?ggaﬁg%% %rﬁ%és&%?ﬁé EE?%E%\S hownlin I%re 1B, the intact
the SIRNA rioReeiRes. 8 REHRTRERAFRERIRE HFTDNS: RS SHATIRER GO P e

Was sufficient to
achieve highlyrsigiufisant 3anisagingooftiiemimesiismethionyt human growth hormone, and bovine

growth hormone; parathyroid hormone; thyroxine; insulin; proinsulin; relaxin; prorelaxin;
glycoprotein hormones such as follicle stimulating hormone (FSH), thyroid stimulating
hormone (TSH), and luteinizing hormone (LH); hepatic growth factor; fibroblast growth
factor; prolactin; placental lactogen; tumor necrosis factor-o and -p; mullerian-inhibiting
substance; mouse gonadotropin-associated peptide; inhibin; activin; vascular endothelial
growth factor; integrin; thrombopoietin (TPO); nerve growth factors such as NGF-§; platelet
growth factor;, transforming growth factors (TGFs) such as TGF-c and TGF-B; insulin-like
growth factor-] and -II;, erythropoietin (EPO); osteoinductive factors; interferons such as
interferon-g, -p and -y; colony stimulating factors (CSFs) such as macrophage-CSF (M-CSF};
granulocyte-macrophage-CSF (GM-CSF); and granulocyte-CSF (GCSF); interleukins (ILs)
such as IL-1, IL-la, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-11, IL-12, IL-13; a tumor
necrosis factor such as TNF-u or TNF-B; and other polypeptide factors including LIF and kit
figand (KL). As used herein, the tern cytokine includes proteins from natural sources or from

recombinant cell culture and biologically active equivalents of the native sequence cytokines.

[0097] The drugs can be prodrugs, subsequently activated, e.g., by a prodrug-activating
enzyme that converts a prodrug, such as a peptidy! chemotherapeutic agent, to an active anti-
cancer drug. For instance, see WO 88/07378, WO 81701145, and U.S. Patent No. 4,975,278.
In general, the enzyme component includes any enzyme capable of acting on a prodrug in

such a way so as to covert it into its more active, cytotoxic form.
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[0157] In order to determine whether the siRNA molecules were inside the minicells or adherent on
minicell surfaces, the minicells with Cy3-fluorescence-labeled siRNA were incubated with
exonucleases overnight, followed by a repeat of fluorescence microscopy. The results were identical to
those shown in Fig. 1B, indicating that the siRNAs were internalized by the minicells and were not
adherent on the minicell surface. 2.In vitro transfection of human breast cancer cells with regulatory
RNA- packaged. bispecific antibody-targeted minicells [0158] To demonstrate that minicells carrying
regulatory Ritécang Matiells ecspecific WirmaudisndEeley can be internalized by specifically-targeted
mammalian cells, the following experiment was carried qut. [0 59]?siRNA directed tq polo-kinase 1
(PIkl) was sifbdiveneamee of teriaxetionce Bine RS ES 8@?@8&?‘?@‘1“3&&% NO: 1),
and tagged wighcarflunganaent tagkséieua it opdBRh R IIBGIN axplidasivasmWib @ SHETORs Adring the

entry into mjtosi sqme maturatiqn, bipalar. spi | : iRmhahiEeMosomes
and cytoki&i?gﬁgg %’cia f),%geﬁi éﬂiﬁ%&gﬁ%ﬁﬁ%@%ﬁgg%@ﬁ%&ﬁ?gﬁ? mr et al. iill%98; Barr et

al., 2004; varldemfeerdtsasehsmethermimatiop. bipd iaha s pwralian salle Spch U RS IR ber of this
family. PIKkI éﬁgqmgc@tqum.mg&gang;:i&mebpefmmanﬁalthﬁcfhmilycﬁf sermisttedonindikinases,

which represent attractive targets for nqvel chemother IeS, [nal ISidesmse-a
promising ta‘f&@?‘ﬂff“a‘?ﬁfbﬁﬁ&g‘”ﬂ lﬂiandceevlélérgﬁ%e%%%ﬁrgﬁ?%}actﬁér% %%?er%%g Sé?él)ﬂd.[OIGO] Minicells were

purified, andiA @8ananisatismwave palcivadee with anti-AFIISSPIk 1 siRNA, as described in Example 1. A
bispecific antibody (BsAb) was prepared, carrying anti-S, typhimurium.0-antige Aptizhyman

EGFR specilfd# Fﬁﬁéc\fv%‘&ﬁ%ﬂ:t%ﬂ’%‘fﬁei’r?ﬁﬂ?geﬁgﬂﬁ%lssggl-rﬁwiéasn qpégcggeg%n PCT published
application Vi{gnhB&/ QB GitekPent v =G FRr tesuvtad¢iivemicallis wesferakisitmedmiminisice MIRIGRILERL  SiRNA.

These minicels o} et pcbaec iy AR REERSUARRE ki, BHSSHR iiiandt argansiy o
10,000 minicElfé: timor ce’lﬁ)ﬁghe ingu ation was carried _outéor 1 Qg;r,.thfjrsd ﬁ h(i)’l‘{ar?rég 24
hours. At eacslitharp drouakidnia oA BN Seabarpr R iR BT FAP RUCIER Sain, Dite

fluorescence)eT hesalls MissmaiesrVerRpesing ligantiX@i comioethican roserpa (@ Igdminisiersddithe CellR
software. [0161] By 1 hour the fluorescent, siRNA-carrying minicells had adhered to the MDA-MB468
cells (see Figli¥& 2). This attachment was due, it is believed, to the binding to the minicell-attached

BSAD, which j1gtec e, BafaraR BisaRIRRi: Whiiéef calismainaaliecetitish inuisziion with
non-targeted 'minicellsAms-Pixt-staNA were washed ?Waxcang‘ d(; : QPB tsf&ggv @\pééggﬁmlﬂyo‘[‘%scence
associated witfifife 9D ALNISHCHMBALORS, ¥ TPy pdbAREd S EGFRMIiNiCellSAEA88-PIK |

-siRNA were jRissnalizegtivihitl therviD AhdBalissl vallepanibeitsititianntands BFERAH0EREnce. By

24 hours MosL of e P& NLeSAS0ES AR A ¥ardBlcEGNRkEs s ralictaminioptithad been
broken down, preguma% y Within the phagolysosomes, . . . s, i
to form bispecific ligand-targeted minicells, which are then incubated with target cells. In
another example, bispecific ligands are first incubated with target cells, followed by an
incubation with minicells. A combination of one or more in vitro incubations and in vivo

administrations also can bring bispecific ligands, minicells and mammalian target cells into
contact.

{0101] The inventors found that the targeted delivery approach is broadly applicabie to a
range of mammalian cells, including cells that normally are refractory to specific adhesion
and endocytosis of minicells, For example, bispecific antibody ligands with anti-O-
polysaccharide specificity on one arm and anti-HER2 receptor or anti-EGF receptor
specificity on the other arm efficiently bind minicells to the respective receptors on a range of

target non-phagocytic cells. These cells include lung, ovarian, brain, breast, prostate and skin
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3.Extraction and quantification of sSiRNA from intact minicells 101621 Since siRNAs do not occur
naturally in bacterial cells or bacterially-derived minicells, it is unsurprising that no established
methodology exists for extracting siRNA from such particles. Accordingly, the present inventors
developed a method for quantitative extraction of SIRNAs that are packaged in intact minicells,
pursuant to the invention. [0163] Kinesin spindle protein (KSP), also known as "kinesin-5" and "Eg5,"
is a microtubule motor protein. It is essential to the formation of bipolar spindles and 19, p19per
segregatiogagéesisnty; Qliseosticsté aificianiiodnE REScARs TR F09990R5 B ﬁ%@'gfné?f lJ? 5; Sawin
and Mitchis‘_'c‘;c 1999, q@g&gﬁg&gﬁs!fndow, 2004) Inhibition of KSP causes the formation of
monopolar mitotic splnlal S, aclivates the spindle assembly checkpoint, and arrests cells at mitosis,

leading to S5pEROHRR: cellcsat (Braminn ¢hakdd 895l antorvehich. 2 forptiopal eiet35Hd B380: Tao et
al., 2005). [0164] An siRNA. against KSP ched i Raskrainen o idnalisiate retepmrthe
optimizatio WE@WE&?F&&?%%?% elﬂ?neljrll%\(l:%%g%%ccordance wjth ghe ényengiog M_o & spicifically,
KSP-1-siR Nitc oplbe tSodingled cﬂiglsﬂﬂfblefeﬁéfé%éqﬁlé‘ﬁﬁé‘?s@eni’ée PR EEAAE TEC ATC GTA AGA
AGO CAG-g, %EQAQ N2k WRLE Sy hRSize hetnst glassiangs cohagpaiercaueh s6rBagioPiasr
procedures sef out in Example 1, a. {0165] Miny Keits (S B angranaiaaparable number
of control eﬁ‘ﬁﬁ‘ﬂf‘ﬂﬁﬁﬁ!@l@Qﬁ?@baﬂxgééﬁgéyfﬁ%ﬁ?gﬁ éhl c}omrrsmercially available nucleic acid
extraction ki, b JSRUISAHING i dardieas i spiation KSeribidug o povaess

racti

quantitative 'extraction of the sSiRNA-KSP from intact minicells LRSS RS GaHiagenut
according tohicoindeiara SHIFRTECRIERTRSTL A8 4B cfrﬂea%ﬁl ie tz'(sflfaRQNA ?i%?was stained with an

ultra-sensitiygcfuapas aansuieie mapisheyemRituBicash The 15RSBIE SPRIKE SR EEPAT (Eugene,
Oregon USA fm?f\é\{g% %F &%?gg@tiophgsi%gﬁgeM%deﬂpp%ﬁ&ﬂmrmmh@mamoduct of
C gieés’Inc. (Wilmi

NanoDrop Wilmington, Delaware USA), also accordi Viagtuger's
instructions.d@NﬁoManMFe@ﬁWﬁ&%‘gﬁaé‘Q&tﬁ?Bﬁ argél?hﬁ?r’]‘sgﬁ OOLr%%ggﬂgﬁa% emission
maximum of sa450u kG E] hhe safdle chnyaehthat theterimlipcdrrivesrantasteminics iy 1R BRAAs. 101

empty minicells carried -1.4 ng RNA, pres I Fouhd lgreicalignsegenahsininiveiizd bacterial
RNA. The saff&ertRBRPRT T ié%ﬁ%%ﬁﬁ%ﬁ%&ﬁﬁ?%ﬁkg@e@, C(arﬁ rising, endogenays bacterial
RNA plus exagérousiyt packagtdnsiisanciromadsnniCe dAEY SIS AR fﬂ%t %f mPr}ice’lls can

package at least -1.3,Lidi@ W%l&r@@ﬁk@ﬂe@mﬁw.stnauivm)t!:e%nstration of anti-tumor
effects achievezcy y regulatory RNA-packaged minicells 101681 The followin studé

s wer
conducted togglesy thatsauiatony Rinavioalekdigeddnimmede edUmPdRITERNEET feg $af8?§‘ﬁci\lA in

therapeutically effecfive conceRAHARMIOHAROLFRILS 6T Wivat: minicells and (if) specific binding to
one or more domains on the surface of the target cells. Thus, ligands preferably have a first
arm that carries specificity for 2 bacterially derived intact minicell surface structure and 2
second arm that carries specificity for a mammalian celt surface structure. Each of the first

and second arms can be multivalent. Preferably, each arm is monospecific, even if
multivalent.

[0105) For binding to bacterially derived minicells, it is desirable for one arm of the ligand to
be specific for the O-polysaccharide component of a lipopolysaccharide found on the ?)arlent
bacterial cell. Other minicell surface structures that can be exploited for ligand binding
include cell surface-exposed polypeptides and carbohydrates on outer membranes, such as

outer-membrane proteins, pilli, fimbrae and flagella cell surface exposed peptide segments.

{0106] For binding to target cells, one arm of the ligand is specific for a surface component

of a mammalian cell. Such components inciude cell surface proteins, peptides and
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101691 siRNA against KSP, as described in Examiner 3, was selected to package in the minicells
according to the present invention. Minicells were purified, and 109 minicells were packaged with
anti-KSP siRNA, as described in Example 1. A BsAb also was prepared and attached to the
minicellssinNA-KsP, as described in Example 2, to generate EGFRMinieelbsiRNA-KSP. [01701 The
mice used in this example were purchased from Animal Resources Centre (Perth, WA, Australia), and
all animal experiments were performed in compliance with the guide of care and use of laboratory
animals, witaréhybatds vnsiEortmisteer apb ovaicineekpedinmc s swdtee FeeraTe PRt SW
Agriculture;gegregiiggl Sl gniatald2Alibel GGG CraB RS WdocHedaueSouth siles.
Australia). i 711 Human breast cancer cells (MDA-MB-468, Tc‘g‘f) were grown in tissuie culture in
RPMI 1640¢ATeRR0FAts fas sesringe SUFRHSIRe® B eoPESAA ST RI8e o raHecs: SPkitrogen
Corporation {Gasshase&irltioroiadlBtdg and gl antinerdimdirhgebyireduinaigivessbitios fiere of 95%
air and S%C%EZ at 37C. 1 x 106‘1gells in 50 gl serum-free media were mixed together with 50 gl growth
factor redu Vr?%ttr?g"é)f} barrgatuccet of BD Biosciences (Franklin Lakes, New Jersey USA). By means of a
23-gauge nﬂﬁ‘#ﬂé@%@”@f weie e o anberianeas ydiRweaastii: shdis|desdides oflsach mouse.

The tumors were measured twice a week, using an electronic digi li ( ision.t 01),
oroctct of MRS GCRBEIR) St HRAREEH APBIONL DA Tt s EELEI

ume ' was sing the formula: length (mm) x
Width2(mm)m¥aoS: elis|ubnen(weiiS) lived Ealis it \aerifuth renprrsnises Ah R cadesheec e imors

reached Volg&gﬁnlgeat\q{?m 169 GnFRRy 200 UN &I REGHENE R0up@ T MRS Gtk tdebival chétlarent groups
of eight per group. Control g

roup 1 received sterile saline, while experimental ejved
~ EGFRmi nicenaamien-E<gb glrfggﬂﬁm}ﬁﬁ“f%ig?ﬁg%?e@éf:yﬂ‘r#n%l%@i&%ﬁ. s%%%rgvk\gied a
highly signifiganéandisdtintoneéiectdompexeochto theagalinpgoparcksas FadegemtioisrBs R that (a)
SiRNAs were stagrlr%g/v@%s ?E; 8 n‘%@ysﬂﬁ%ﬁ“% (mcg?,rq]ggt Ry fuactienaksiBNf\swiele felivered to

the tumor ceff in Vv, the minicell delivered therapeuticall sglaificant ﬁ:oncentr ions of SiRNA
to the tumor feesientiy/prgrexpressed in breast, ovarian, colon, lung, prostate cancers (rung

et al., 2000); epidermal growth factor receptor (EGFR), which is highly expressed in a range

cervica

of solid tumors including those of the breast, head and neck, non-small cell lung and prostate
(Salomon et al., 1995); asialoglycoprotein receptor (Stockert, 1995); transferrin receptor
(Singh, 1999); serpin enzyme complex receptor, which is expressed on hepatocytes (Ziady e/
al., 1997); fibroblast growth factor receptor (FGFR), which is overexpressed on pancreatic
ductal adenocarcinoma cells (Kleeff er al., 2002); vascular endothelial growth factor receptor
(VEGFR), for anti-angiogenesis gene therapy (Becker e al., 2002; Hoshida et al.,, 2002);
folate receptor, which is selectively overexpressed in 90% of nonmucinous ovarian
carcinomas (Gosselin and Lee, 2002); cell surface glycocalyx (Batra et al, 1994);
carbohydrate receptors (Thurnher er al., 1994); and polymeric immunoglobulin receptor,
which s useful for gene delivery to respiratory epithelial cells and atractive for treatment of

Jung diseases such as Cystic Fibrosis (Kaetzel et al., 1997).

[0108] Preferred ligands comprise antibodies and/or antibody derivatives. As used herein,
the term “antibody” encompasses an immunoglobulin molecule obtained by in vitro or in vivo
generation of an immunogenic response. The term “antibody” includes polyclqnal,
monospecific and monoclonal antibodies, as well as antibody derivatives, such as single-
chain antibody fragments (scFv). Antibodies and antibody derivatives useful in the present

invention also can be obtained by recombinant DNA techniques.
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5.Demonstration of tailor-made cancer therapy via treatment with regulatory RNA-packaged minicells,
followed by drug-packaged minicells 101741 Most anti-cancer therapies are associated with drug
resistance. The same is true for regulatory RNA treatments, since genetic mutations in tumor cells can
render the regulatory RNA ineffective if the target gene mutates within the sequence targeted by the
regulatory RNA. 101751 There has been no effective strategy to address drug resistance in cancer
patients. Instead, new drugs must be administered to bypass the mutation. This approach faces

serious diffipatig swiiawegecinsbodéesnmsteafoircpeizpeniideycharashigiyidentic2h Reprkd ®Herapies
augment that toXIcity, "EShUage dﬂéﬁ‘_'@?@éﬁpﬁoﬁ#@ﬂ{ﬁ%ﬁaﬁ@bﬁww akiberagicklien the
patient can no I‘onger cope with the toxicity. The followin

] > foll stucgé/vas condu teglr }ob%s§esig the efficacy
of regulatoryaRNEYpefcRAGe dIRIFERN SAMONSdAEERATES RinthSs RARR 3 Y1 §'described above,
minicells weygfapkifieglaideasigaet 6 AMivlkr anibidsRrot eiRhrise Afsentigqyr binding|gjoamaeribed,
bispecific anibody was prepared. eiY0 AR B U AP BHAR Aok aR it e BiEF R
specificities,“gﬁff g I%eé)gc#é: '_lg '[?Pé%’ F mfg c%ss?RNA-K P to generateminjc g_iél?NA-KSP
[0177] Humdisectyonvolwedan en@m.ix&lm@exeﬂw}aﬂm%@%ﬂm?gﬁ&‘ﬁ‘ﬂffdéﬁ. " as described
in Example 3, and were treated. i.v. as follows: Group 1 mice received.sterile salipecapgupige of
groups 2, 3 HHA0L Ths &t aaRiiaf th AR f E?P'&Bgsesseg (égrelvﬁé\ﬁersé f)l gv@l&tlh wH

fragments that retain the ability to specifically bind to antigens. Such antibody fragments

include Fab fragments (a fragment that contains the antigen-binding domain and comprises 2

light chain and part of a heavy chain bridged by a disulfide bond), Fab’ (an antibody

fragment containing a single antigen-binding domain comprising a Fab and an additional

portion of the heavy chain through the hinge region, F(ab’)2 (two Fab’ molecules joined by

interchain disulfide bonds in the hinge regions of the heavy chains), a bispecific Fab (a Fab

molecule having two antigen binding domains, each of which can be directed to a different

epitope), and an scFv (the variable, antigen-binding determinative region of a single light and

heavy chain of an antibody linked together by a chain of amino acids.)

{0111] When antibodies, including antibody fragments, constitute part or all of the ligands,
they preferably are of human origin or are modified to be suitable for use in humans. So-
called “humanized antibodies” are well known in the art. See, e.g., Osbourn er al., 2003.
"They have been modified by genetic manipulation and/or in vitro treatment to reduce their
antigenicity in a human. Methods for humanizing antibodies are described, e.g., in U.S.
patents No. 6,639,055, No. 5,585,089, and No. 5,530,101, In the simplest case, humanized
antibodies are formed by grafting the antigen-binding loops, known as complementarity-
determining regions (CDRs), from a mouse mAb into a buman IgG. See Jones et al., 1986;
Riechmann e al., 1988; Verhoeyen et al., 1988. The generation of high-affinity humanized
antibodies, however, generally requires the transfer of one or more additional residues from
' the so-called framework regions (FRs) of the mouse parent mAb. Several variants of the

humanization technology also have been developed. See Vaughan et al., 1998,

{0112} Human antibodies, rather than “humanized antibodies,” also can 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
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EGER . .EGFR EGFR .. " 109 minicellssigNA-KsF-1, andMInlee0SsiRNA-KSP-2, respectively. The
PIkl and KSP-1 sequences were as shown in the examples above. SIRNAKSP-2 (sense strand; 5'
CTGAAGACC TGAAGACAAT 3' SEQ ID NO: 3) targets a different segment of KSP mRNA. Aft’er day
33, mice in groups 2, 3 and 4 were treated with two doses of EGFR [0178] The results showed (Figure
4)_tha_t post-day 26, the tumors were becoming resistant to the siRNA treatments. Accordingly, the
mice in groups 2, 3 and 4 were treated for the four subsequent doses, with all three doses ’
EGFRm|n|c§§IﬁhERI\b@\qiikﬂ,%tEGEthhﬁmi@etz'Sis?@Aﬁbspiﬁt,eﬁ-QEdﬁR%nﬂﬁ@&%I‘-Qi\ﬂ&" K& Aombined in
qual quanlg}}??sﬁik%, -,3’ ¥$§8 of each minicell type. In addition, by day 33 the tumors were highly
resistant to all the S|F€NAS (Figure 4). Following administration of EGFRminicellscarbopiaiin, the tumor
gré)\gg\ n ofotasy ab@mi figaice was Tetmuictisigeificanyye Fblinvindbadiesnishisticifally are
minicellscarbopiatin, gr 3.mice.sho ignificant essb ivOhutae
These dgtar%?f ‘fhaﬁ_[i &ﬂ%’-g %?s%ﬁ??ﬁi%ﬁg cﬁ?c%ﬁ%gy tg%?egﬁff?eﬁﬁl\%?n ri?lé?):a\l}?fngrsugﬁ;;{?olt?hgg
present invémtiogh irlipketimilecuis yaegaantranstingNrtraYIHEG! ‘Egﬂfb?@&{ﬁﬂhiégﬁs,'ca]??y?ﬁt& regulatory

A ) i P g iy
B - i d

that does nQFﬁEM‘ s'éﬁ%éxﬁ?méﬁhc CTcELy %{é;igtﬁ%mr‘g%ﬁgt%‘?y‘%%giﬁ ?%g}n%nstr;ﬁwfa%e:ug

protein knockeiovantiboties or ealibosin drrastansh o e Eisrant eperiictinh f%%%ﬁﬁ@"fﬁ@’e"tbi‘?dﬁl ery of a

therapeuticgly.affectiverpmasiafpaalanaiitaipackageshin iepcsamibleatisnner and are at
feast twice as large as normal monoclonal antibodies. Bispecific antibodies also can be
created by disulfide exchange, which involves enzymatic cleavage and reassociation of the

antibody fragments. See Glennie ef al., 1987.

[0114] Because Fab and scFv fragments are monovalent they often have low affinity for

target structures. Therefore, preferred ligands made from these components are engineered
into dimeric, trimeric or tetrameric conjugates to increase functional affinity. See Tomlinson
and Holiiger, 2000; Carter, 2001; Hudson and Souriau, 2001; and Todorovska et al., 2001,

Such conjugate structures can be created by chemical and/or genetic cross-links.

[0115] Bispecific ligands of the invention preferably are monospecific at each end, ie,
specific for a single component on minicells at one end and specific for a single component
on target cells at the other end. The ligands can be multivalent at one or both ends, for
example, in the form of so-called diabodies, triabodies and tetrabodies. See Hudson and
Souriau, 2003. A diabody is a bivalent dimer formed by 2 non-covalent association of two
scFvs, which yields two Fv binding sites. Likewise, 2 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.

[0116] 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, 2003. An exampie
of such an antibody that can be used to form one arm of a bispecific ligand has specificity for

HER2: Herceptinm; Trastuzumab.
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[0180] To demonstrate that the inventive methods package therapeutically effective amounts of
regulatory RNA in intact minicells, it was necessary to demonstrate that bispecific antibody-targeted,
regulatory RNA-packaged minicells could efficiently and effectively trigger tumor cell-growth arrest and
induce apoptotic cell death. [0181] In a humidified atmosphere of 95% air and 5% CO2 at 37C, human
colonic epithelial cancer cells (HCT116) were grown in tissue culture in RPM! 1640 medium,
supplemented with 5% Bovine Calf Serum and glutamine. As described above, minicells were purified,
were packajge tvithtitey Aedisblet acgigyaindioPahdrekised sedankepedaranen cef treis AeFEEE- carried

anti-S. typhimyrium 0-anti ' i HiICHAS. bbil sddsomhibanditaaigemAasp,
minicellssat %JIE? an m%gﬂ{gii?%?oﬁggﬁgiﬁ%qdﬁEGERI\{;&IIiCersiRNA-L%

P
EGERminicaessigatiaon SemHE e akntiPie | E upietrie ke g, Fee d & 58 P L5 & p‘?gff‘é’é‘?’and the
experimentghamdrzo Niisd, iRisp MR Rugsiectestal domtimofibyd @duitiméslpro®iripTanassell. An
additional, cells-only contrql was_includ O[S4 100: Witk Fain the wells
were Washe'ali%r%% wﬁg'%' with Fag] F?EB%?We%?v%é??t%%e%tg%a;t 4 ourl‘g? Ig\/#g‘llﬁasn}gg Irl!féeurs, 24
hours, 32 hosed rriodach minispékediesnshee Fark and Ranktinsd T dDRTeals 7608 Bfﬂ‘&Hﬁl‘%*ﬁd
incubated afgn fREAMURMEMI RN HIFEALS, Wakewnedad pradecibispecifcateeitude (Kofieipdd 7.8) and
were treated with 100 mg/ml of RNAse, to ensure that only the DN ' he_ cells were
stained Withaﬁrop}iéqa)m%%io‘gtfmfé?gt a‘{‘é’lﬁ‘% i "5%11(':? f'hgin Were a%%l??gd%%ﬂ%géegA%sqggﬁburTM
flow cytometessgodiniest if Beimerribickmntmhesyesikin Tiaebs iNebaeysdiideray &t fladdddrie
University (YA sMsamnaAribs Cnlde Quastaaauisiinassstiamalysiesaiionss. aiaa Becton
Dickinson product. 101831 FACS analysis of the cells show dﬁ%@t by 4 and 8 hours post-transfection
(Figure EGFﬂﬁﬁﬂl&@ﬂ%‘a‘?&ﬁ%ﬁsﬁﬁ/éﬁé‘%ﬁ‘jtd&||§?Fe?%‘l’58§ \%ﬂﬁﬁe &'OE E GERminicellssiRNA-PIK

characterized by a robust 02 cell-cycle arrest. Control cells, either cells only or treated with

EGFRminicelig;sh9uethagoefiRis £ isdsythasednaehogar normal G, S, and 02 phases of the
cell cycle. By 16 and 24 hours, the experimental cells displayed not only a robust 02 arrest but also a

large numbefoot SipTit dticmidis fEther proyidey 5 delive hyunsam eftsingiacbacteratie dsrivedimental
910UPS Were Rl R HINSSIAA LSRN Ge Risgbas Mot aRksiodn Eigpacd). 101841

These results demonstrate that the targeted intact minic%ls were r?gckaggd ith %theﬁ?er%ttlcally
effective am&uek SrragaianRsiinRich AT fERARls AliFnBRIDBFAIENRASITEEH STerd ighiyetficient and
significantly gftegkuelin sasgakppatbigdaaptikeoisn eighlfi themomoells, Mvghtingjrsagwinotiesd| death.
CITED PUBL:L%A\E(%%)S;ﬂasm of the mammalian cells. This delivery approach can be effected without

the use of targeting ligands.

[0119] A variety of mechanisms can 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 by extending pseudopodia over the
particle surface until the particle is totally enveloped. Although described as “non-specific”
phagocytosis, the involvement of specific receptors in the process has been demonstrated.

See Wright ef al., (1986); Speert er al., (1988).

[0120] Thus, one form of phagocytosis involves interaction between surface ligands and
ligand-receptors located at the membranes of the pseudopodia. This attachment step,
mediated by the specific receptors, is thought to be dependent on bacterial surface adhesins.
With respect to less virulent bacteria, such as non-enterotoxigenic £. coli, phagocytosis also

can occur in the absence of surface ligands for phagocyte receptors. See Pikaar ef al. (1995),
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Barr, F.A., Sillje, H.H., and Nigg, E.A. Pololike kinases and the orchestration of cell division. Nat. Rev.
MoL Cell. .Biol. 5: 429-440 (2004). Batra, R.K., Wang-Joharining, F., Wagner, E., Garver, R.I. Jr.,
Curie!, D.T. Receptor-mediated gene delivery employing lectin-binding specificity. Gene Ther. 1:
255-260(1994). Becker, C.M., Famebo, F.A., lordanescu, I., Behonick, Di., Shih, M.C., Dunning, P.,
Christofferson, R., Mulligan, R.C., Taylor, G.A., Kuo, Ci., Zetter, B.R. Gene therapy of prostate cancer
with the soluble vascular endothelial growth factor receptor FIkl . Cancer Biol. Ther. 1: 548-553 (2002).

Bertrand, JdR.inSaider, Nhub/etbeisréssnO pokonior. sharsirsesskbutals pRaNimited 38 H5aloff of antisense

oligonucleqtides,and SIRNAS I Gell GHItHAER 3adld MiResRIOChiPRReRiRPOI: BesaGnnunieir296:
1000-1004“(55%5. angy, A., Lane, H.A., d'Herin, P., Harper, M, Kress, M., Nigg, EA;
PhosphoryRitist bacisBabaels age ate snguifedcby Y55 of fiunPRRBEL ?Slskﬁﬂréq&r}-related motor
essential foihipQIanaRNdkRFopHialied macrophigell 83 tiklHonitH ypeOecNaBast- P. and Elferink, R.O.
Mammalian ABC transporters in health and disease...4mm Rev. Biochem. 71: ?37-592 2002). Bredel,

M. Anticand@taiiulmasBistasnaifngrimrespsiurareaRetihordy BrARuTee a5, RE1SEYA (2001).
Britton, R.AuybrifbiiRed byRIRERNSNSAmonIBALREkOFIZRIGOSIIE Elipr ik ieyblic B\ piotainairardlved in
Chromosomfagggg'ggﬂ mg%inGgR?ys ge$%é2£4é%%§3ig}gc%% and replicate there. Two basic

mechanisms in this regard are Clathrin-dependent receptor-mediated endocytosis, also known

as “coated pit endocytosis” (Riezman, 1993), and Clathrin-independent endocytosis {Sandvig

& Deurs, 1994). Either or both can be involved when an engulfing-competent cell that acts

by endocytosis (i.e., an “endocytosis-competent” host cell) engulfs minicells in accordance

with the invention. Representative endocytosis-competent cells are breast epithelial cells,

enterocytes in the gastrointestinal tract, stomach epithelial cells, lung epithelial cells, and

urinary tract and biadder epithelial cells.

{0122] When effecting delivery 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 can be suitable to deliver a drug that is effective
for colon cancer cells. Similarly, minicells derived from Helicobacter pylori, carrying
adhesins specific for stomach epithelial cells, could be ;uiled for delivery aimed at stomach
cancer cells. Inhalation or insufflation can be ideal for administering intact minicells derived
from a Pseudomonas species that carry adhesins recognized by receptors on lung epithelial
cells. Minicells derived from Lactobacilli bacteria, which carry adhesins specific for wrinary
tract and bladder epithelial cells, could be well-suited for intraurethral delivery of a drug to a

urinary tract or a bladder cancer.

Formulations

{0123} In one aspect, there is provided a composition comprising (a) a plurality of intact
minicells, each minicell of the plurality encompassing plasmid-free functional nucleic acid,

and {b) 2 pharmaceutically acceptable carrier therefor,
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f : ell. Nature 422: 37-44 (2003). Czauderna, F
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to a target cell. The minicell and ligand can be any of those described herein. Thus, the
minicell contains a nucleic acid encoding a functional nucleic acid and the bispecific ligand

preferably is capable of binding to a surface component of the minicell and to a surface

component of a target mammalian cell.

[0126] Formulations can be presented in unit dosage form, e.g., in ampules or vials, of in
multi-dose containers, with or without an added preservative. The formulation can be 2
solution, a suspension, or an emulsion in oily or agueous vehicles, and can contain
formulatory agents, such as suspending, stabilizing and/or dispersing agents. A suitable
solution is isotonic with the blood of the recipient and is itlustrated by saline, Ringer's
solution, and dextrose solution. Altematively, formulations can be in lyophilized powder
form, for reconstitution with a suitable vehicle, e.g., sterile, pyrogen-free water or
physiclogical saline. The formulations also can be in the form of a depot preparation. Such
long-acting formulations can be administered by implantation (for example, subcutaneously

or intramuscularly) or by intramuscular injection.

Administration Routes

[0127] Formulations described herein can be administered via various rouies and to various
sites in a mammalian body, to achieve the therapeutic effect(s) desired, either locally or
systemically. Delivery can be accomplished, for example, by oral administration, by
application of the formulation to a body cavity, by inhalation or insufflation, or by parenteral,
intramuscular, intravenous, intraportal, intrahepatic, peritoneal, subcutaneous, intratumoral,
or intradermal administration. The mode and site of administration is dependent on the
location of the target cells. For example, cystic-fibrotic cells can be efficiently targeted by
inhaled delivery of the targeted minicells. Similarly, tumor metastasis can be more
efficiently treated via intravenous delivery of targeted minicells. Primary ovarian cancer can

be treated via intraperitoneal delivery of targeted minicells.
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tool, and thegaRg s, Ao BavalvgsifiA ¥het(a008). fay kdhadntee Il MiiliRadis ers Bratijeberman,
J. The silent treatment: sSIRNAs as small molecule drugs. Gene Ther, 13: - men, J.,
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publication number W003/033519. One such method combines cross-flow filtration (feed
flow is paralie! to a membrane surface, Forbes, 1987) and dead-end filtration (feed flow is
perpendicular to the membrane surface). Optionally, the filtration combination can be
preceded by a differential centrifugation, at low centrifugal force, to remove some portion of

the bacterial cells and thereby enrich the supernatant for minicells.

[0130} Another p&riﬁcation method employs density gradient centrifugation in a biologically
compatible medium. After centrifugation, a minicell band is collected from the gradient, and,
optionally, the minicells are subjected to further rounds of density gradient centrifugation to
maximize purity. The method can further include a preliminary step of performing
differential centrifugation on the minicell-containing sample. When performed at low
centrifugal force,‘ differential centrifugation will remove some portion of parent bacterial

cells, thereby enriching the supernatant for minicells.

[0131] Paniicularly 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 bacterial cells to adopt a
filamentous form, followed by (b) filtering the sample to obtain a purified - minicell

preparation.

[0132] Known minicell purification methods also can be combined. One highly effective

combination of methods is as foliows:
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]:Pun ication me hod.

[0135] Step C: Cross-flow filtration through a 0.45 um filter to further reduce parent

bacterial cell contamination.

[0136] Step D: Stress-induced filamentation of residual parent bacterial cells. This can be
accomplished by subjecting the minicell suspension to any of several stress-inducing

environumental conditions.
[0137] Step E: Antibiotic treatment to kill parent bacterial cetls.

[0138] Step F: Cross-flow fiitration to remove small contaminants, such as membrane blebs,
membrane fragments, bacterial debris, nucleic acids, media components and so forth, and to
concentrate the minicells. A 0.2 um filter can be employed to separate minicells from small

contaminants, and a 0.1 pm filter can be employed to concentrate minicells.

[6139] Step G: Dead-end filtration to eliminate filamentous dead bacterial cells. A 0.45 um

filter can be employed for this step.

[0140] Step H: Removal of endotoxin from the minicell preparation. Anti-Lipid A coated

magnetic beads can be employed for this step.

Administration Schedules

[0141] In general, the formulations disclosed herein can be used at appropriate dosages
defined by routine testing, to obtain optimal physiological effect, while minimizing any
potential toxicity. The dosage regimen can be selected in accordance with a variety of factors
including age, weight, sex, medical condition of the patient; the severity of the condition to

be treated, the route of administration, and the renal and hepatic function of the patient.
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Ichinose, CyMofl;dd -mE:ZiﬂlﬂmBeﬁi’élﬁg%&h%@mm%wﬂtmimmﬁeﬁﬂmiweﬂ ‘oRaNe! mutants
producing anucleate cells.Bacterial. 171: 1496-1505 (1989). Hoshida, T., Sunar‘réutra uda, D.C.,

, ; . | M.
Egawa, S., kingtissirf the pstienal meciers Acidiand dres fupabiios 10, R{BeE siterapad fareel ﬁél:(le)she therapy

for pancreatinsa@itnUsigidmascnayisimimndtor ehaosing:eiblubldrii- tanabedonsitetest ekl growth
factor recep&%&nﬂ%ﬁ&é‘%ﬁ? o%%:rr:ll'a} ]ébncentration for a treatment regimen. The dosages of the minicelis

and drugs can be adjusted when used in combination, to achieve desired effects.

[0143] Moreover, the desage administration of the formulations can be optimized using a
pharmacokinetic/pharmacodynamic modeling system. For example, one or more dosage
regimens can be chosen and a pharmacokinetic/pharmacodynamic model can be used to
determine the pharmacokinetic/pharmacodynamic profile of one or more dosage regimens.
Next, one of the dosage regimens for administration can be selected which achieves the
desired  pharmacokinetic/pharmacodynamic  response  based  on the  particular
pharmacokinetic/pharmacodynamic profile. See, e.g., WO 00/67776. In this regard, a dosage
regimen for any indication can be determined using the approach and modei described herein

at Example 6, modified for the particular cell of interest.

[0144] Specifically, the formulations can be administered at least once a week over the
course of several weeks. In one embodiment, the formulations are administered at least once

a week over several weeks to several months.

(0145] More specificalty, the formulations can be administered at least once a day for about
2,3,4,56,7,8 9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29, 30 or 3! days. Alternatively, the formulations can be administered about once every day,
about once every 2, 3,4, 5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25,26, 27, 28, 29, 30 or 31 days or more.

{0146] The formulations can altematively be administered about once every week, about
once every 2, 3, 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 weeks or more.
Alternatively, the formulations can be administered at least once a week for about 2, 3, 4, 5,
6.7,8,9, 10,11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 weeks or more.

[0147] Alternatively, the formulations can be administered about once every month, about

once every 2,3, 4,5,6,7,8,9, 10, Il or 12 months or more.
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1686'1701@!’%@@3&1 occur anytime from several minutes to several hours after administration of the

minicells. The drug can alternatively be administered anytime from several hours to several

days, possibly several weeks up to several months after the minicells.

[0150] More specifically, the functional nucleic acid-packaged minicells can be administered
at least about 1,2, 3,4, 5,6,7,8,9,10,11,12,13,14, 15,16, 17, 18,19,20,21,22, 23 or 24
hours before the drug. Moreover, the minicells can be administered at least about 1, 2, 3, 4,
5,6,7,8,9,10,11, 12, 13, 14, 15, 16, 17, 18,19, 20, 21, 22, 23, 24, 25, 26, 27, 28,29, 30 or
31 days before the administration of the drug. In yet another embodiment, the minicells can
be administered at least about 1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14,15, 16, 17, 18, 1S or
20 weeks or more before the drug. In a further embodiment, the minicells can be

administered at least about 1,2, 3,4,5,6,7,8,9,10, 11 or 12 months before the drug.

{0151] In another embodiment, the minicell is administered after the drug.  The
administration of the minicell can occur anytime from several minutes to several hours after
the administration of the drug. The minicell can alternatively be administered anytime from

several hours to several days, possibly several weeks up to several months after the drug.

[0152} The following examples are illustrative only, rather than limiting, and provide a more

complete understanding of the invention.

Examples
1. Direct packaging of regulatory RNA into intact minicells in vitro

10153} Bacterially derived intact minicells were prepared and purified as described in U.5.
Published Application No. US 2004/0265994. Cy3-labeled glyceraldehydes-3-phosphate
deﬁydrogcnase (GAPDH) siRNA was obtained (excitation max (Amax) 747nm, emission max
{Amax) 563nm), product of Ambion (Austin, Texas USA), and was reconstituted in nuclease-

free water to a final concentration of S0uM.

(6154] Approximately 10" minicells were resuspended in 1x Phosphate Buffer Solution

(PBS) (Gibco) and were co-incubated with 1uM of Cy3-labeled GAPDH siRNA. The

39



Knappik, A. et at Fully synthetic human combinatorial antibody libraries (HuCAL) based on modular
consensus frameworks and CDRs randomized with trinucleotides../. Mol. Biol. 296: 57-86 (2000).
Jones, P.T., Dear, PE., Foote, J., Neuberger, M.S., Winter, G. Replacing the
complementarity-determining regions in a human antibody with those from a mouse. Nature 321:

522-52511t988)oK sty ednid Qs Earch hows, M eiiseryith g tipsing. MCopigkumighicalis. wetsungman,

K.R. Th IC4i lip.. tQyn ot 1S:.Bi SQG: S5:
75-450 108 ) spo R R FEs, M R BN R ST B d e

assemblyasiesherismethitietakirotnaéngationdlacUletihibitor dBeIniptiE KinesienggBdl Cell
Sl 150,975, %85,2000) KIS FYRAL. K kBREn . En i8S s BHEI Gt W BoSROSK

B.A., Korc, M. Targeting of suicide gene delivery in pancreatic cancer cells'via FGF receptors. Cancer
Gene THére®B2 B3R {radR)] KGbtsameid. Aredvd\vd el znipvs Mosicerasd treemagny withnaiges vectors.

Annu. R JOXi p - 3). Kostelny, S.A., Cole, M.S., Tso, J.Y. Formation of
a bispecﬁgggﬁ{éﬂ%ﬁﬁlﬁ éiggé o |Eéu%%§%?b%§r% 3. Immunol. 148: 1547-1553 (1992). 1Cruh, G.D.
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Additionally, the co-incubation times were varied to include 1 hour, 2 hours, 4 hours, and 12

hours, respectively.

[0156] As shown in Figure 1B, the intact the siRNA molecules rapidly diffused into the
minicells. The 2-hour incubation at 37°C was sufficient to achieve highly significant

packaging of the minicells.

[0157] In order to determine whether the siRNA molecules were inside the minicells or
adherent on minicell surfaces, the minicells with Cy3-fluorescence-labeled siRNA were
incubated with exonucleases overnight, followed by a repeat of fluorescence microscopy.
The results were identical to those shown in Fig. 1B, indicating that the siRNAs were

internalized by the minicells and were not adherent on the minicell surface.

2. In vitro transfection of human breast cancer cells with regulatory RNA-

packaged, bispecific antibody-targeted minicells

[0158] To demonstrate that minicells carrying regulatory RNA are stable in serum in-viiro
and that they can be internalized by specifically-targeted mammalian cells, the following

experiment was carried out.

[0159] siRNA directed to polo-kinase 1 (Plk1) was synthesized with a target sequence 5°-
GGTGGATGTGTGGTCCATTTT-3"(SEQ ID NO: 1), and tagged with a fluorescent tag,
AlexaFluor 488. Polio kinases have multiple functions during the entry into mitosis,
centrosome maturation, bipolar spindle formation, the segregation of chromosomes and
cytokinesis, and, crucially, the fidelity monitoring of checkpoint control (Glover ef al., 1998;
Barr et al., 2004; van de Weerdt and Medema 2006). In humans, Plkl is the best

characterized member of this family.
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incubated with human breast cancer cells, in tissue culture, at a density of 10,000 minicells:1

tumor cell. The incubation was carried out for | hour, 2 hours, 4 hours and 24 hours. At
each time point, the cells were collected and stained with DAPI (nuclear stain, blue

fluorescence). The cells were observed using the IX81 confocal microscope (Olympus) and
the CeliR software.

[0161] By 1 hour the fluorescent, siRNA-carrying minicells had adhered to the MDA-MB-
468 cells (see Figure 2). This attachment was due, it is believed, to the binding to the
minicell-attached BsAb, which targeted the EGF receptor on the MDA-MB-468 cells, since
the control incubation with non-targeted minicellsarass-pix1-siRna Were washed away and did

not show any green fluorescence associated with the MDA-MB-468 cells. By 2 hours post-

EGFR

incubation, the minicellssr4gs-piki-sikna Were internalized within the MDA-MB-468

cells and exhibited intense green fluorescence. By 24 hours most of the green fluorescence

was gone, indicating that the internalized minicells had been broken down, presumably

within the phagolysosomes.

3. Extraction and quantification of siRNA from intact minicells

[0162] Since siRNAs do not occur naturally in bacterial cells or bacterially-derived minicells,
it is unsurprising that no established methodology exists for extracting siRNA from such
particles. Accordingly, the present inventors developed a method for quantitative extraction

of siRNAs that are packaged in intact minicells, pursuant to the invention.

[0163] Kinesin spindle protein (KSP), also known as “kinesin-5" and “Eg5,” is a microtubule

motor protein. It is essential to the formation of bipolar spindies and to proper segregation of

41



Opalinska, J.B. and Gewirtz, A.M. Nucleic-acid therapeutics: basic principles and recent applications.
Nat. Rev. Drug Discov. 1: 503-514 (2002). Osbourn, J., Jermutus, L., Duncan, A. Current methods for
the generation of human antibodies for the treatment of autoimmune diseases. Drug DeL Tech. 8:
845-851 (2003). Pack, P. and Pluckthun, A. Miniantibodies: use of amphipathic helices to produce
function&ISHeabromakdy diesicntosiaghisstendithinigh. al RSy BleEphstichia Q¢ Bivenansidry 31
1579-1584(1992). Posklisnme FshetaiPtilof: BRI GihHANRYP DL CaokinShA birpin
RNAs (shRNAs) induce sequence-specific silencing in mammalian cells. Genes & Development 16:
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( ) specifically, KSP-1-siRNA double-stranded oligonucleotide sequences (sense strand; 5'-AAC
TGG ATC GTA AGA AGG CAG-3" SEQ ID NO: 2) were synthesized and packaged into

minicells, pursuant to the procedures set out in Example 1, supra.

[0165] Minicellssirnaise (10') and a comparable number of control empty minicells were
processed, using a number of commercially available nucleic acid extraction kits. The resuits
showed that the mirVana miRNA isolation kit (Ambion} provided quantitative extraction of
the siRNA-KSP from intact minicells. The procedure was carried out according to the

manufacturer’s instructions,

[0166] The punfied siRNA first was stained with an ultra-sensitive fluorescent nucleic acid
dye, RiboGreen™, product of Molecular Probes Inc. (Eugene, Oregon USA), followed by
quantitation using the NanoDrop ND-3300 Fluorospectrometer, product of NanoDrop
Technologies Inc. (Wilmington, Delaware USA), also according to the manufacturer’s
instructions. RNA-bound RiboGreen™ has an excitation maximum of ~500nm and an

emission maximum of ~525nm.

[0167) The results showed that the minicells were able to carry the siRNAs. 10'" empty
minicells carried ~1.4 pg RNA, presumably a background level of endogenously formed
bacterial RNA. The same number of minicellsgrna.xsp carried ~2.7 pg RNA, comprising
endogenous bacterial RNA plus exogenously packaged siRNA-KSP  Thus, these data

demonstrate that 10" minicells can package at least ~1.3 pg of exogenously packaged
siRNA.

4. In vivo demonstration of anti-tumor effects achieved by regulatorv RNA-packaged

minicells
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minicells according to the present invention. Minicells were purified, and 10° minicells were
packaged with anti-KSP siRNA, as described in Example 1. A BsAb also was prepared and
attached to the minicellssipna-ksp, as described in Example 2, to generate

EGFR . .
minicellsgsrna-kSP-

[0170] The mice used in this example were purchased from Animal Resources Centre (Perth,
WA, Australia), and all animal experiments were performed in compliance with the guide of
care and use of laboratory animals, with Animal Ethics Committee approval. The
experiments were performed in the NSW Agriculture-accredited small animal facility at
EnGenelC Pty Ltd (Sydney, New South Wales, Australia).

{0171] Human breast cancer cells (MDA-MB-468, ATCC) were grown in tissue culture in
RPMI 1640 medium supplemented with GIBCO-BRL 5% Bovine Calf Serum, product of
Invitrogen Corporation (Carlsbad, California USA), and glutamine (Invitrogen) in a

humidified atmosphere of 95% air and 5% CO,at 37°C. 1x 10° cells in 50 pl serum-free

media were mixed together with 50 ul growth factor reduced matrigel, product of BD
Biosciences (Franklin Lakes, New Jersey USA). By means of a 23-gauge needle, the cells
were injected subcutaneously between the shoulder blades of each mouse. The tumors were
measured twice a week, using an electronic digital caliper (precision to 0.001), product of

Mitutoyo (Japan), and mean turmor volume was calculated using the formula: length (mm) x

width? (mm) X 0.5 = volume (mm?).

[0172] The various treatments commenced once the tumors reached volumes between 170
mm? and 200 mm®, and mice were randomized to two different groups of eight per group.
Control group 1 received sterile saline, while experimental group 2 received

EOFR minicellsgrna-kse-( 10%), four times per week.

[0173] As shown in Figure 3, “° "minicellsgpna.xsp provided a highly significant anti-

tumor effect compared to the saline controls. The results demonstrate that (a) siRNAs were
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RNA-packaged minicells, followed by drug-packaged minicells

[0174] Most anti-cancer therapies are associated with drug resistance. The same is true for
regulatory RNA treatments, since genetic mutations in tumor cells can render the regulatory

RNA ineffective if the target gene mutates within the sequence targeted by the regulatory
RNA.

[0175] There has been no effective strategy to address drug resistance in cancer patients.
Instead, new drugs must be administered to bypass the mutation. This approach faces serious
difficulties, however, since most anti-cancer drugs are highly toxic, and combined therapies
augment that toxicity, resulting in dose limitation and frequent abandonment of therapy when
the patient can no longer cope with the toxicity. The following study was conducted to assess

the efficacy of regulatory RNA-packaged minicells in addressing such resistance.

[0176] As described above, minicells were purified and packaged (10%) with anti-KSP or
anti-Pik1 siRNA. Also as previously described, bispecific antibody was prepared, carrying
anti-S. typhimurium O-antigen and anti-human EGFR specificities, and was attached to the

.. EGFR__. .
minicellsgrna-g sp t0 generate minicellsgrNa-ksp-

[0177] Human colon cancer (HCT116; ATCC) xenografts were established in nude mice, as
described in Example 3, and were treated i.v. as follows: Group 1 mice received sterile

saline, and mice of groups 2, 3 and 4 were treated for the first 10 doses (see Figure 4) with

EGFR EGFR
10°

. EGFR_. . ..
minicellsgirna-pikis minicellsgrna-ksp-1,  and minicellsgrNA-KSP-25

respectively. The Plk1 and KSP-1 sequences were as shown in the examples above. siRNA-
KSP-2 (sense strand; 5° CTGAAGACC TGAAGACAAT 37 SEQ ID NO: 3) targets a
different segment of KSP mRNA. After day 33, mice in groups 2, 3 and 4 were treated with

EGFR_ . .
two doses of minicellScarboptatin-

[0178] The results showed (Figure 4) that post-day 26, the tumors were becoming resistant to

the siRNA treatments. Accordingly, the mice in groups 2, 3 and 4 were treated for the four
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Glycobiolgghichithd bdain{sPibn of EGFRminicellswbophﬁn, the tumor growth in groups 3 and 4 mice

was retarded significantly. Following administration of EGFRminiceIlsca,boplaﬁn, group 3 mice

showed a significant regression in tumor volume.

[0179] These data show that drug-resistant tumor cells can be treated effectively in vivo,
pursuant to the present invention. In particular, (1) sequential administrations of targeted
minicells, carrying regulatory RNA sequences designed to reduce tumor burden significantly,
are followed, when the tumor cells become resistant to the siRNA-mediated anti-tumor effect,

by (2) targeted minicells carrying a drug that does not act on the same protein targeted by the

regulatory RNA.
6. Demonstration of target protein knockdown in tumor cells and resultant

arrest in cell growth following targeted delivery of a_ therapeutically

effective amount of regulatory RNA packaged in intact minicells

{0180) To demonstrate that the inventive methods package therapeutically effective amounts
of regulatory RNA in intact minicells, it was necessary to demonstrate that bispecific
antibody-targeted, regulatory RNA-packaged minicells could efficiently and effectively

trigger tumor cell-growth arrest and induce apoptotic cell death.

[0181] In a humidified atmosphere of 95% air and 5% CO, at 37°C, human colonic epithelial

cancer cells (HCT116) were grown in tissue culture in RPMI 1640 medium, supplemented
with 5% Bovine Calf Serum and glutamine. As described above, minicells were purified,
were packaged with siRNA directed against Pikl or KSP, and were attached to a BsAb that
carried anti-S. ryphimurium O-antigen and anti-human EGFR specificities. Thus, from the
minicellssiknaksp,  minicellssirna.pki, and  minicells  (control) were  generated

EGFRm EGFRminicellssiRNA.pm and ““FRminicells. HCT116 cells were seeded

inicellsgirna-ksp,
in six-well plates, and the experimental and control groups were transfected at a ratio of

5,000 minicells : 1 HCT116 cell. An additional, cells-only control was included.
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with 100 mg/m] of RNAse, to ensure that only the DNA was stained. The cells were stained
with propidium iodide (nucleic acid stain) and then were analyzed using a FACSCalibur™
flow cytometer, product of Becton Dickinson (Franklin Lakes, New Jersey USA), at

Macquarie University (Sydney, Australia), and the CELL Quest acquisition-and-analysis
software, also a Becton Dickinson product.

[0183] FACS analysis of the cells showed that, by 4 and 8 hours post-transfection (Figure
SA), cells treated with either ““"Fminicelisqrnakse or O Fminicellsyrnapiki  Were
characterized by a robust G2 cell-cycle arrest. Control celis, either cells only or treated with
EGfRminicells, showed no adverse effects. These ceils showed normal G1, S, and G2 phases
of the cell cycle. By 16 and 24 hours, the experimental cells displayed not only a robust G2
- arrest but also a large number of apoptotic cells (Figure 6). By 32 and 48 hours, most of the

cells in the experimental groups were apoptotic and had tumed into cell debris (See in
particular brackets in Figure 7).

[0184] These results demonstrate that the targeted intact minicells were packaged with a
therapeutically effective amount of regulatory RNA, and that the minicells of the invention

" were highly efficient and significantly effective in target protein knockdown within tumor
cells, resulting in apoptotic cell death.
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4. The composition of claim 3, wherein said regulatory RNA is selected from the group consisting of

siRNA, miRNA and shRNA. 5. The composition of claim I, wherein said functional nucleic acid is not
chemically modified. 6. The composition of claim 1, wherein said functional nucleic acid is DNA. 7.
The composition of claim I, wherein said functional nucleic acid targets the RNA transcript encoding a

protein that contributes to drug resistance. 8. The composition of claim 1, wherein said functional
nucleic acid targets the transcript of P-glycoprotein, MDR MDR-
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15. The composition of claim 14, wherein said functional nucleic acid targets the transcript encoding a
protein that contributes to resistance to said drug.  16. The composition of claim 14, wherein said
drug is packaged in an intact minicell.  17. The composition of claim 16, wherein said functional
nucleic acid and said drug are packaged within the same minicell.  18. The composition of claim 1,
further comprising a bispecific ligand.  19. The composition of claim 18, wherein said bispecific
ligand comprises a first arm that carries specificity for a minicell surface structure and a second arm
that carries $pssifichtyr forRearpnfpHagdeydic, mbmiNatiznges|l dMSaceWataptcb. Replating chmposition of
claim 19, whereesatanipduirsuniag aegiansting marantibiydavitattidse dormpdmatsoature
lipopolysacchkidé oi&ditPPnicell surface.  21. The composition of claim 19, wherein said
mammalian gghsairface, BeRMOV is, CHpmbla, OF AC| PaTifgs [ 9CeD]Miskadintd ¢ endnaytaaisioRsaid
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26. The composition of claim 1, wherein said composition contains fewer than about 1 contaminating
parent bacterial cell per 1010 minicells 27. The composition of claim I, wherein said composition
contains fewer than about 1 contaminating parent bacterial cell per 1011 minicells.  28. A method of
delivering functional nucleic acid, comprising (a) providing a plurality of intact minicells in a
pharmaceutically acceptable carrier, each minicell of said plurality encompassing plasmid-free
functional nucleic acid, and (b) bringing minicells of said plurality into contac

jth l I
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37. The method of claim 28, wherein said functional nucleic acid targets the transcript of MRP2,
BCR-ABL, STI-571 resistance-associated protein, lung resistance-related protein, cyclooxygenase-2,
nuclear factor kappa, XRCC I, ERCC I, GSTP |, mutant 13-tubulin, or a growth factor.  38. The
method of claim 28, wherein said functional nucleic acid targets the transcript of a protein that
contributes to apoptosis resistance. 39. The method of claim 38, wherein said functional nucleic acid
targets a transcript of Bc1-2, Bel-XL, Al /Bfl 1, focal adhesion kinase or, p53 oiiein. l4 ..The method
of claim 28awheieiDshjcBandtidhal Gaulisioadid DRFBIRNP s%?f&f’m? \%'? c%&;g)f%g)utes to
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48. The method of claim 28, wherein step (b) entails bringing a bispecific ligand into contact with at
least some of said intact minicells and said target mammalian cell, such that said bispecific ligand
causes minicells to bind to said mammalian cell.  49. The method of claim 48, wherein said target
mammalian cell is a non-phagocytic cell.  50. The method of claim 48, wherein said bispecific ligand
comprises a first arm that carries specificity for a minicell surface structure and a second arm that
carries specificity for a non-phagocytic mammalian cell surface.receptor, ...51..Ehe; d of claim
50, Whereﬁbsﬁidsnminlceﬂds!ﬂﬁﬁwfst?ué‘ﬂf@%%g’m 9@%5%?{’?&% %rgr%?)do Rie%]te%-ﬁgeﬁ%nogp&g ysaccharide
on said mifrgsikstsriethods Enzymad ARSI ot
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R ethod of claim 48,
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60. The method of claim 55, wherein said co-incubation lasts about 0.5 hour. 61. The method of claim
55, wherein said co-incubation lasts about one hour. 62. The method of claim 55, wherein said buffer
comprises buffered saline. 63. The method of claim 62, wherein said buffered saline is in gelatin form.
64. The method of claim 55, wherein said buffer comprises a IX phosphate buffer solution. 65. The
method of claim 55, wherein said co-incubation is conducted at a temperature of about 4C to about
37C. 66. The method of claim 55, wherein said co-incubation is conducted at a temperature of about
20C to about 30C. 67. The method of claim 55, wherein said co-incubation is conducted at a
temperatyweg efaRput 25C.  68. The method of claim 55, wherein said co-incubation is conducted at a

temperature of about 37C. 69. The method of claim 68, wherein said co-incubation comprises about
1010 mlnlcel S.

1000 minicel. oo MBI Oh AR @Pa MISERIR AR RHARNN CamPAsaRcPonaaT, 108

minic
plurahty encompassing plasmid-free functional nucleic acid, and (b) a pharmaceutically

acceptable carrier therefor.

2. The composition of claim 1, wherein said plurality contains a therapeutically effective

amount of said functional nucleic acid.
3. The composition of claim 1, wherein said functional nucleic acid is a regulatory RNA.

4. The composition of claim 3, wherein said regulatory RNA is selected from the group
consisting of siRNA, miRNA and shRNA.

5. The composition of claim 1, wherein said functional nucleic acid is not chemically
modified.

6. The composition of claim 1, wherein said functional nucleic acid is DNA.

7. The composition of claim 1, wherein said functional nucleic acid targets the RNA

transcript encoding a protein that contributes to drug resistance.

8. The composition of claim 1, wherein said functional nucleic acid targets the transcript
of P-glycoprotein, MDR-2, or MDR-3.

9, The composition of claim 1, wherein said functional nucleic acid targets the transcript
of MRP2, BCR-ABL, STI-571 resistance-associated protein, lung resistance-related protein,
cyclooxygenase-2, nuclear factor kappa, XRCCl, ERCC1, GSTP!, mutant B-tubulin, or a
growth factor.

10. The composition of claim 1, wherein said functional nucleic acid targets the RNA

transcript encoding a protein that contributes to apoptosis resistance.

11. The composition of claim 10, wherein said functional nucleic acid targets a transcript
of Bel-2, Bel-Xy, A1/BAl 1, focal adhesion kinase or p33 protein.
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71. The method of claim 55, wherein said co-incubation comprises about 1010 minicells. 60348179
SEQUENCE LISTING <110> BRAHMBHATT, HHMANSHU MACDIARMID, JENNIFER HULF, TOBY
<120> BACTERIALLY DERIVED INTACT MINICELLS THAT ENCOMPASS PLASMID FREE
FUNCTIONAL NUCLEIC ACID FOR IN VIVO DELIVERY TO MAMMALIAN CELLS <130>
060348-0179 <140> 12/053,197 <141> 2008-03-21 <150> 60/909,074

12. The composition of claim 1, wherein said functional nucleic acid targets a RNA

transcript of encoding a protein that contributes to neoplasticity.

13. The composition of claim 12, wherein said functional nucleic acid targets a transcript
of B~Ca}enin, PKC.a, C-RAF, K-Ras, DP97 Dead box RNA helicase, cdkl, DNMT1, FLIP,
C-Sfc, 53BPI, Polycomb group protein EZH2, ErbBl, HPV-16 ES and E7, Fortilin &

MCIIP, KSP, DIP13a, MBD2, p21, KLF4, tpt/TCTP, SPK1 & SPK2, P300, PLK1, Trp53,
Ras, ErbB1, VEGF, or BAG-1.

14. The composition of claim 1, further comprising a drug.

15. The composition of claim 14, wherein said functional nucleic acid targets the

transcript encoding a protein that contributes to resistance to said drug,
16. The composition of claim 14, wherein said drug is packaged in an intact minicell.

17. The composition of claim 16, wherein said functional nucleic acid and said drug are

packaged within the same minicell.
18. The composition of claim 1, further comprising a bispecific ligand.

19. The composition of claim 18, wherein said bispecific ligand comprises a first arm that
carries specificity for a minicell surface structure and a second arm that carries specificity for

a non-phagocytic mamnmalian cell surface receptor.

20. The composition of claim 19, wherein said minicell surface structure is an O-

polysaccharide component of a lipopolysaccharide on said minicell surface.

21. The composition of claim 19, wherein said mammalian cell surface receptor is

capable of activating receptor-mediated endocytosis of said minicell.

22. The composition of claim 18, wherein said bispecific ligand comprises an antibody or

antibody fragment.

23. The composition of claim 1, wherein said composition contains fewer than about 1

contaminating parent bacterial cell per 107 minicells.
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<151> 2007-03-30 <160>3 <170> Patentln Ver. 3.3 <210> 1 <211>21 <212> DNA <213> Artificial

Sequence <220> <223> Description of Artificial Sequence: Synthetic oligonucleotide <400> 1
ggtggatgtg tggtccattt t21 <210> 2

24. The composition of claim 1, wherein said composition contains fewer than about 1

contaminating parent bacterial cell per 10% minicells

25. The composition of claim 1, wherein said composition contains fewer than about 1

contaminating parent bacterial cell per 10° minicells

26. The composition of claim 1, wherein said composition contains fewer than about 1

contaminating parent bacterial cell per 10'° minicells

27. The composition of claim 1, wherein said composition contains fewer than about 1

contaminating parent bacterial cell per 10" minicells.

28. A method of delivering functional nucleic acid, comprising (a) providing a plurality
of intact minicells in a pharmaceutically acceptable carrier, each minicell of said plurality
encompassing plasmid-free functional nucleic acid, and (b) bringing minicells of said
plurality into contact with mammalian cells such that said mammalian cells engulf minicells

of said plurality, whereby said functional nucleic acid is released into the cytoplasm of the
target cells.

29. The method of claim 28, wherein said functional nucleic acid is a regulatory RNA.

30. The method of claim 29, wherein said regulatory RNA is selected from the group
consisting of siRNA, miRNA and shRNA,

31. The method of claim 28, wherein said functional nucieic acid is DNA.

32. The method of claim 28, wherein contact between said minicells and said mammalian

cells occurs in vifro.

33. The method of claim 28, wherein contact between said minicells and said mammalian

cells occurs in vivo,

34. The method of claim 33, wherein at least a portion of said plurality comprises a

therapeutically effective amount of said functional nucleic acid.
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<211>21 <212> DNA <213> Avrtificial Sequence <220> <223> Description of Artificial Sequence:

Synthetic oligonucleotide <400> 2 aactggatcg taagaaggca g21 <210>3 <211>19 <212> DNA <213>
Artificial Sequence <220>

35. The method of claim 28, wherein said functional nucleic acid targets the transcript

encoding a protein that contributes to drug-resistance.

36. The method of claim 28, wherein said functional nucleic acid targets the transcript of
P-glycoprotein, MDR-2 or MDR-3.

37. The method of claim 28, wherein said functional nucleic acid targets the transcript of
MRP2, BCR-ABL, STI-57! resistance-associated protein, lung resistance-related protein,

cyclooxygenase-2, nuclear factor kappa, XRCC1, ERCCI1, GSTPI1, mutant B-tubulin, or a
growth factor.

38. The method of claim 28, wherein said functional nucleic acid targets the transcript of

a protein that contributes to apoptosis resistance.

39. The method of claim 38, wherein said functional nucleic acid targets a transcript of

Bel-2, Bel-X, A1/Bfl 1, focal adhesion kinase or p33 protein.

40, The method of claim 28, wherein said functional nucleic acid targets a transcript of a
protein that contributes to neoplasticity.

41. The method of claim 40, wherein said functional nucleic acid targets a transcript of -
Catenin, PKC-a, C-RAF, K-Ras, DP97 Dead box RNA helicase, cdkl, DNMTI, FLIP, C-
Sfc, 53BPI, Polycomb group protein EZH2, ErbB1, HPV-16 ES and E7, Fortilin & MCII1P,

DIP13a, KSP, MBD2, p21, KLF4, tptTCTP, SPK1 & SPK2, P300, PLK1, Trp33, Ras,
ErbB1, VEGF, or BAG-1.

42. The method of claim 28, further comprising a step (c) of delivering a drug to said

target mammalian cell.

43. The method of claim 42, wherein said functional nucleic acid targets the transcript of

a protein that contributes to resistance to said drug.
44. The method of claim 42, wherein said drug is packaged in an intact minicell.

45, The method of claim 44, wherein said functional nucleic acid and said drug are

packaged within the same minicell.
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<223> Description of Artificial Sequence: Synthetic oligonucleotide <400> 3 ctgaagacct gaagacaat19

46. The method of claim 42, wherein step (c) occurs subsequent to steps (a) and (b).
47. The method of claim 42, wherein said drug is delivered concurrently with step (b).

48. The method of claim 28, wherein step (b) entails bringing a bispecific ligand into
contact with at least some of said intact minicells and said target mammalian cell, such that

said bispecific ligand causes minicells to bind to said mammalian cell.
49. The method of claim 48, wherein said target mammalian cell is 2 non-phagocytic cell.

50. The method of claim 48, wherein said bispecific ligand comprises a first arm that
carries specificity for a minicell surface structure and a second arm that carries specificity for

a non-phagocytic mammalian cell surface receptor.

51. The method of claim 50, wherein said minicell surface structure is an O-

polysaccharide component of a lipopolysaccharide on said minicell surface.

52. The method of claim 50, wherein said mammalian cell surface receptor is capable of

activating receptor-mediated endocytosis of said minicell.

53. The method of claim 48, wherein said bispecific ligand comprises an antibody or

antibody fragment.

54. The method of claim 28, wherein said mammalian cell is phagocytosis- or

endocytosis-competent.

55. A method for formulating a minicell of the composition of claim 1, comprising co-

incubating a plurality of intact minicells with functional nucleic acid in a buffer.
56. The method of claim 55, wherein said functional nucleic acid is a regulatory RNA.

57. The method of claim 55, wherein said regulatory RNA is selected from the group
consisting of siRNA, miRNA and shRNA.

58. The method of claim 55, wherein said functional nucieic acid is DNA.

59. The method of claim 55, wherein said co-incubation comprises gentle shaking.
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60. The method of claim 55, wherein said co-incubation lasts about 0.5 hour.
61. The method of claim 55, wherein said co-incubation lasts about one hour.
62. The method of claim 55, wherein said buffer comprises buffered saline.
63. The method of claim 62, wherein said buffered saline is in gelatin form.

64. The method of claim 55, wherein said buffer comprises a 1X phosphate buffer
solution.

65. The method of claim 55, wherein said co-incubation is conducted at a temperature of
about 4°C to about 37°C,

66. The method of claim 55, wherein said co-incubation is conducted at a temperature of
about 20°C to about 30°C.

67. The method of claim 55, wherein said co-incubation is conducted at a temperature of
about 25°C.

68. The method of claim 55, wherein said co-incubation is conducted at a temperature of
about 37°C.

69. The method of claim 68, wherein said co-incubation comprises about 10" minicells.

70. The method of claim 55, wherein said co-incubation comprises about 107, 103, 109,
10'°, 16',10" or 10" minicells.

71. The method of claim $5, wherein said co-incubation comprises about 10'® minicelis.
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60348179
SEQUENCE LISTING

<110> BRAHMBHATT, HIMANSHU
MACDIARMID, JENNIFER
HULF, TOBY

<120> BACTERIALLY DERIVED INTACT MINICELLS THAT ENCOMPASS
PLASMID FREE FUNCTIONAL NUCLEIC ACID FOR IN VIVO
DELIVERY TO MAMMALIAN CELLS

<130> 060348-0179

<140> 12/053,197
<141>2008-03-21

<150> 60/909,074
<151> 2007-03-30

<160> 3
<170> PatentIn Ver. 3.3

<210>1

<211>21

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 1
egtggatete tggtecatit t 21

<210>2

<211>21

<212>DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 2
aactggatcg taagaaggca g 21

<210>3

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 3
ctgaagacct gaagacaat 19

Page 1



