WO 2006/021894 PCT/IB2005/003614 Delivering Functional Nucleic Acids to Mammalian Cells via
Bacterially Derived, Intact Minicells BACKGROUND OF THE INVENTION [0001] The present
invention relates to ongoing efforts to achieve effective delivery of functional nucleic acids to
mammalian c‘gﬁ)sz;ol(’lll’(f)ﬂfgsgﬁecifically, the invention relates to using bacteridl TiMEEIFER s to deliver
functional nucleic acids to mammalian cells. The invention has particular utility for eliminating drug

resistance, especiglly:in.i8e oA r t f ' ptosis and for
countering neopla@tiégll'g/‘b in tggetggkc%@%gggl ggﬁ%ﬁ%‘%@ﬁ@ﬁgﬁ&%ﬁ variety of
techniques for introducing fundiiacterialie D eridednimeatds Mbsiextinple, liposome-based

transfection methods can deliver exogenously produced nucleic acids. Such an exogenous approach
has the drawback, however, of effecting only transient inhibition of a target. Additionally, liposomes

are unstable in vivo. As an alternative tg delivery of exogenously produced nucleic acids, vectors can
deliver plasmids that encode furﬁﬂ&%&ﬁ@f@?@yﬁd@ m@ﬂ;&pﬁ%uced endogenously. The viral
vectors currently useful for this purpose, however, poses serious safety concerns. Illustrative
problems include re§@fdinatiorraséttt Wil ype wirises; insevtionalfarisl tnedyericipotertial,
virus-induced;immungsuRRressian.iNited Gapasios ah theviralyectorsda. cathriaige segments of

DNA, reversion to virulence of attenuated viruses, difficulties in recombinant virus manufacture and
distribution, 6% &tEpmRs ks doaeRiBede et iacLLLsrREsan Alysiaey e psisee 2eidased by
existing immugityaivin-aRRreanh thahebiaiecothess preblams weuld gifersignificantdepefit in making
delivery of functjonal nucleic.a& ids safer and morF]e effective. [%g&g] An effecéjve methqd of delivering
functional nuTIE4EiHs TR e hAPRCERRIRF bEhSARTST 18P Ye(arting BFARY rdYisPIRRS  Ffammalian cells

employ a variptpotibiniddiealqunesssesddawisy drugsewticliiposes a major obstacle to the
successful treatment of cancer. Similarly, drug resistance limits the efficacy of HIV treatment,

particularly to highlyigsjiveraptifetruiatiberany (HoMBIbWRIChdSety of techniques for
introducing functional nucleic acids into cells. For example, liposome-based
transfection methods can deliver exogenously produced nucleic acids. Such an
exogenous approach has the drawback, however, of effecting only transient inhibition
of a target. Additionally, liposomes are unstable in vive. As an alternative to delivery
of exogenously produced nucleic acids, vectors can deliver plasmids that encode
functional nucleic acids, which are produced endogenously. The viral vectors
currently useful for this purpose, however, poses serious safety concerns. [llustrative
problems include recombination with wild-type viruses, insertional and oncogenic
potential, virus-induced immunosuppression, limited capacity of the viral vectors to
carry large segments of DNA, reversion to virulence of attenuated viruses, difficulties
in recombinant virus manufacture and distribution, low stability, and adverse
reactions, such as an inflammatory response, caused by existing immunity. An
approach that obviated these problems would offer significant benefit in making

delivery of functional nucleic acids safer and more effective,

[0063] An effective method of delivering functional nucleic acids would be
particularly beneficial for reversing drug resistance. Mammalian cells employ a
variety of biological processes to resist drugs, which poses a major obstacle to the
successful treatment of cancer. Similarly, drug resistance limits the efficacy of HIV

ireatment, particularly to highly active antiretroviral therapy (HAART), which is



1 WO 2006/021894 PCT/IB2005/003614 based on a combination of nucleoside reverse transcriptase
inhibitors (NRTIs) and protease inhibitors (PIs) or a non-nucleoside reverse transcriptase inhibitor
(NNRTI). [00041 Clinical tumor resistance to chemotherapy can be intrinsic or acq}qired. Intrinsic
resistance exists Al tha tirhe of diagnosis in tumors that fail to respond to Firiie SH]g%ﬁ%)i‘therapy.
Acquired resistance occurs in tumors that may respond well to initial treatment, but exhibit a resistant
phenotype upesedecnraescebiBattintofnmislegsiie resistancansatibtapiaMbiusly 0setidrugs and to new

drugs, includigg.d 5@0 Eg{gg 0 structures an?d mechanisms of actian ThWDR (multidrug
t ‘%P{E&B d
resistance) ﬁ%eé%&st IS pr no&enon in Which tamor ré“’&fé s %3565%5%3% S Pjseveral

structurally unrelated drugs after exposure to a single drug. [00051 The mechanisms for multi-drug

resistance are compieY MRS TEH SRR I Rranp tertRRY High hevar B isercnigiimdtability and

mutations in leafess eslifafecamparyiechanisnaaaeiy Ginackvation, sytisianaidivg by cell
membrane pum _ﬁhdegreaﬁ%j er{/g\j/%nflux, mutations of drug, targets and failure to initiate apoptosis

(Bredel, 2001 Chen &4 UGGPYWATEHRE TRtAIsFeSr oo Qe i BHorPRISoEY Drug extrusion

is particularlyteaniimbireatnaahuestit fromovees exprassipn gfomembrane:askatiateebproteins that

pump drugs it AR IANASGIMAT Lo e R UREPIMAr SIHIONIERL, SUSh pUIPS Sl gro members of

the ATP-binding cassette (ABC) fransporter supertam oige et glycoprotein (Pgp) is
one such exafHPHEEraATIZE Thaler B e D aiDR id ke veretyoRcandéd vallss{Emicott et al., 1989;

Litman et al., 288 OtheraxampissingvdstheMRR=associated pratein(MRR, Gole st al., 1992),

breast cancer resistance pr?teg1 (BCRP; Litman et al., 2000), and lung resistance-related protein
(LRP; a majo?%ff% SIS L G HE L XBOT; forE ftrug transporter proteins also have

been identified in cancer cells (Gottesman et al., 2002) and in pathogenic microorganisms (Van
Bambeke et al., 2000§0fi(0¥1 Reskiants tcapoptdsisiograistaned calt death)iof tumar

multifactorial, owing largely to the high level of genomic instability and mutations in
cancer cells. Exemplary mechanisms are drug inactivation, extrusion of drug by cell
membrane pumps, decreased drug influx, mutations of drug targets and failure to
initiate apoptosis (Bredel, 2001; Chen ef al., 2001, White and McCubrey, 2001; Sun
et al., 2001).

[06006] Drug extrusion is particularly common, and can result from over-
expression of membrane-associated proteins that pump drugs from the intracellular to
the extracellular environment. Such pumps often are members of the ATP-binding
cassette (ABC) transporter superfamily (Doige et al., 1993). P-glycoprotein (Pgp) is
one such example, and is a2 major contributor to MDR in a variety of cancer cells
(Endicott ef al., 1989; Litman et al., 2001). Other examples include the MDR-
associated protein (MRP; Cole et al., 1992), breast cancer resistance protein (BCRP;
Litman ez al., 2000), and lung resistance—related protein (LRP; a major vault protein;
Scheffer ef al,, 2000). Other multidiug tranﬁporter proteins also have been identified
in cancer cells (Gottesman et al., 2002) and in pathogenic microorganisms (Van
Bambeke er al., 2000).

{0007} Resistance to apoptosis (programmed cell death) of tumor
cells induced by cytotoxic agents and radiation (Sellers and Fisher, 1999) is another
common mechanism. This mechanism frequently involves over-expression of anti-

apoptotic proteins, such as B-cell leukemia protein 2 (Bcl-2), Bel-Xy, Bel-W,



cells induced by cytotoxic agents and radiation (Sellers and Fisher, 1999) is another common
mechanism. This mechanism frequently involves over-expression of anti- apoptotic proteins, such as
B-cell leukemia protein 2 (Bel-2), Bcl-XL, Bel-W, 2 AIBfl 1, Mcl-1 and mutations in the p53 protein.
Although a precise understanding of how proteins like Bel-2 exerts their anti-apoptotic effects remains
elusive, the prat8ins ke bwed- rexpressed e mahyoancetiinchhding coloredtaliqrbstate hand breast

cancers (Hapaog §halpd 92 Rakhghi el o@o‘%ﬁ%ﬁ’é’c@s’?%ﬁﬁaﬂlg S99 Rcteased expression of the

transcription factor nuclear factor kappa B (NF-kB) also is a major mechanism for tumor cells to
acquire chefHBITETA Py ABS T EE TAAING erlaecb oty a0 Bt SRy ot BR halE been
identified, seakhalg drugsitizai Weckdhe., astioniad-Rrglyeopesiein (List etakrij@93Milenatal., 1991;
Wishart et gl 492), Manusueh wasers Ineliselive in einieal s, nonever hesauss they bound
to the plasma of pa l%nts, could not reach their destination (Ayesh et al., 1@5(§a; Broxternﬁ)an et al.,
1987; Lehn&tigeae (Wo96) ahd Wate toxic to normal cells. The use of functional nucleic acids to
counter MDR also had been attempted. Yet, as noted above, existing vectors for this purpose are

unstable or toxic, y pose qther serious . y issyes, Whicc? mper their use in humans (Sioud,
2004, 00091 ACcUGY o coP ARG HEA DL ot)e S RTOE FoP=atin B Manctonal
nucleic acidsctivataidttgbecdrogireSistaned, pfrombiélapoptodit)lafd deurter..nedplaktivitysimitarget cells.

SUMMARY QF Tk INVENTIQN.I0099a1t0 adirsiaspeststhete isprovded R.campositign comprising

(a) an intact minicell that contains a functional nucleic acid molecule or a plasmid comprising a

segment th&P*ShB8HEES HHEAGHEPHRL AT Aolbtlfe, BT MtE: it aredntdhs a small
molecule didgorpe piidecioge andid callphBinmaecetiticaitioacoeptable-chrmenforeadhioti@) and (b),

wherein saig fupctiopal prclejeagidmalacuie é%%%ﬁ?v&@%‘}érﬁggﬁﬂﬁ&%ﬁ RIOIELR: Al cogrributes to

drug resistance, apoptosis resistance, or neoplasticity. 3 [0009b] In a second aspect, there is provided
a method of BRIRASAPHSIFRERE FATFRCERUES- A tAr B BEHRSRTIFARSH B SHTRBURINE: 8 method comprising
the steps of. (a) providing

[0009] Accordingly, a continuing need exists for tools and methods for
delivering functional nucieic acids that reduce drug resistance, promote apoptosis, and counter

neoplasticity 1n target cells,
SUMMARY OF THE INVENTION

[000%a) It a first aspect, there is provided a composition comprising (a} an intact
minicell that contains a functional nucieic acid molecule or a plasmid comprising a segment that
encodes a Tunctional nucleic acid molecule, (b) an intact minicell that contains a small molecule
drug or peptide drug, and (¢} a pharmaceutically acceptable carrier for cach of (a) and (b),
wherein said functional nucleic acid molecule targets that transcript of a protein that contributes

to drug resistance, apoptosis resistance, or neoplasticity.

LS )



said intact minicell containing (i) a functional nucleic acid molecule or (ii) a plasmid comprising a
segment that encodes a functional nucleic acid molecule, where the functional nucleic acid molecule
targets the gene or transcript of a protein that promotes drug resistance apoptosis resistance or

neoplasticity; (b) b@ﬂ%?)f said Tlnlcell mgo conta Wlth sald %agget mam&n&llgqlcell in cu(ltt{re such

. Il d_ SGCOm cf, fhere 1s an i
that said mammalian cefl engulfs sai minicatr, Whereby tinétiohal nucléic acidis re?eased into

the cytoplagmngfBaioh targrs Drmmaiialion] celvizne eel)dd@qtbeﬁuﬁ@mrsmalthméﬁewﬂe(@mrgvaﬁmptude drug

to said targehimnammal h@&@%ﬁd&ﬁkﬂﬁt{l{?a [0940QhRisclesedkia ametnost qﬁ)d@ymﬂfajgcaﬁwﬂ@nal nucleic
acid, compr|5| g%)ga erowdln an ntact inicell. that on ain af nction nucle|]c acid molgcule or
UI’ECUOE’% ﬁ%)ciem aci mo S? where {he funciiona nucllelc
contains a pIa comprlsmg a ségmen encodes 4 functional nucleic acid molecdfe, then (b)
bringing thenminidellasas contartewithiarssrgitahammigiinihec brauehstidagesivaremaivamwdell engulfs
the miniCE'L’eﬁﬁuﬁwi&%&ﬁ%{fm?%ngﬁiﬂgiEﬂﬁﬁlxlmﬂf&@[ f;ﬂa@@@m@&mq@ﬁ@ﬁwmﬁmﬁaﬁc@leased into
the cytoplasm, tiansported o the nucleys an explessed by.h taiaet cal The aforemenioned
plasmid also may contain a reguflé?ory elemeént; hEs'a] romoter a terminator, an enhancer or a
signal sequetidesthigitiscdpeiraly firikpidsto ﬂﬁé%égw*@ﬁmﬁaﬁ@h@@déé afdnerissiarrmacieiaatid
molecule. ItigRakticadarly pdviantageousifonihe Rlasmidieaompriggea promoter that is dependent on
either RNA polymerase (pot) Il or pot Ill, such as the RNA Ill 3a polymerase promoters human 7SK, Hl
and U6. Further, the plasmid may contain a reporter element, such as a nucleic acid segment coding
for green fluorescdfitiffotein. CohigiesdsenpeesihtieoiiicsipandutsEaraniieiiaa élpmiaisipe in vitro or
in vivo. [00131 Jbesategons.ef nfwnctional psigleis acidst asdisclasedihareiraenepiipasses: SIRNA
molecules, mlcluddnézir%hRNA mole%ulgﬁ tmillc?0 A mu!le(t:glje mﬂéléigsfmfﬁ‘e%'u gute%é% grlbozyme
molecules. Prafarably tha fih oAl n&c ic acid moiecle thr 1ets e gene or 1 nscrlpﬁ ot a protein
that promotélsed*ugwésm@aﬂ@e@;ﬁin’ﬁtbmstfﬁ%pilﬂégl@,abfr‘w}itrﬂyehéhatd?ﬁ lm@pré@ﬂ@qih@m@t’iﬁpée
Particularly ysefelitargetsitbaheantibute to: drugerasistanseineiudr & Beibindingicassatigdransporters
such as P- glxtcopﬁote I\{IDR -2, MDR-3, BCRP, APTI la a%(d LRP. Paﬁlc%larlé‘useful ar ets that

contribute ta Spoptosia Fegittar I EliHe B (B MikeMMaRMphonts), BEEX ATE 1, focal
adhesion kirdgenmdopsSpntitihtiproteincodithie s rag@ﬁnma?bf@@a@@mwg@m@qm@ﬁ@am@rmutant

tumor supprassaRE@teiNSsignal sequence that is operably linked to the segment that encodes a functional
nucleic acid molecule. It is particularty advantageous for the plasmid to comprise a promoter that

is dependent on either RNA polymerase {pol) II or po! Iif, such as the RNA Tii



[00121 Also disclosed is a method of overcoming drug resistance or apoptosis resistance and treating
a malignancy in a subject. The method comprises (a) providing an intact minicell that coritains a
functional nucleic acid molecule or a plasmid comprising a segment that encodes a functional nucleic
acid molecule, where the functional nucleic acid molecule targets the _transcript of a protein that

promotes dr‘lﬁ’é‘V PAERSEa AR 5T DA Hg e Alin 8 ifto BoMta TR RIF T th Bt FREANAISRY BRI, such that
the mammadianeelbengulisthieimiritelinamdc(c)deie vernf wrehempthierapeutict deteeto the target
mammalian gell. freferabmsianaclds Reriarmed alier.steps (a) and (b), to allow the functional

nucleic acid to diminish resistance to the drug prior to the drug's administration. The drug may be
delivered by any conventional means, but it preferably is delivered via an intact minicell. [0013] In
certain embodimet®€]the minicélids tregght irfto dontactwithuthe target mamindlisad cetaia a

bispecific ligapgh T pisnackic liganthas snesificiintar hefb.acsurface companent gpithgaminicell and

a surface component on the mammalian cell, such as a_receptor. As a result, the ligand causes the
minicell to bR fie RiaHRRGERE e iR FraRlYidh e AGGHRM PR AR GBS the minicell
payload is reisasetamioithef eyioptasimiafrtmeten dmgredisimcsl inhibthermerbodinenis:af the invention,

the minicell j5 BroughiHnia.eeniaciomihy adaigeld-mammaian cel.halis LRAGQCHASIR- Ofp
endocytosis-competent. The use of bispecific ligands is ogtlonal when a target cell is

phagocytosi2ETh SETSHE TOUPAT Aly gk lo8EG18 §' Rt itiod 2Bmiprisiig (1), intaéPiRicells and (i)
a pharmacéuticallyriacoeptablecarribntherefdyiwhereninomrnicsisceniaimafutdtiorndl meicleic acid

molecule or g RiasmighifiRhancedss alupsiionahavdleicacidimeleciesThg.uncioRal rugleic acid
molecule may %ﬁ an shRNA or miRNA or other siRNA molecule, an antisense molecule, or a

ribozyme mEtEL 18 B PRSI RETHE FHABLHS! AUIRIS Y S ISR ¥47Jkts the gene or transcript of a

protein that promotes drug resistance, inhibits apoptosis, or contributes to a neoplastic phenotype.

Particularly useful faigsts that conisibute. tediug lgﬁgggga&%mm,%{@ Linding cagsglieiransporters
such as P-glycoprotein, MDR-2 and MDR-3. Particularly useful targets that contribute to apoptosis

resistance incili écﬁé‘ﬂ“ﬁtfﬁ“&@ﬁé‘ﬁﬁ?@?ﬁf&ﬁ#ﬁwﬁﬁ%%ﬁ& BEK oI APBRE T SRAPRENEE SR KiREse and p53

mutant protenmi@thériusefuhtargetsiane ondeigenic molecule or a plasmid comprising a segment that
encodes a functional nucleic acid molecuie, where the functional nucleic acid molecule targets the
transcript of a protein that promotes drug resistance (b} bringing the minicell into contact with a
target mammalian cell, such that the mammalian cell engulfs the minicell, and (c) delievering a
chemotherapeutic drug to the target mammatian celi. Preferably, step (c) i3 performed afier steps
(a) and (b), to allow the functional nucleic acid to diminish resistance to the drug prior to the
drug’s administration. The drug may be delivered by any conventional means, but it preferably is

delivered via an intact minicell,

[6013] fn certain embodiments, the minicell is brought into contact with the
target mammalian ¢ell via a bispecific hgand. The bispecific ligand has specificity for both a
surface component on the minicell and a surface component on the mammalian cell, such as a
recepior. As a result, the ligand causes the minicell to bind to the mammaltan cell, the minicell is
engulfed by the mammatian cell, and the minicell payload is released into the cytoplasm of the
mamimalian cell. In other embodiments of the invention, the minicell is brought into contact with

a target



proteins and mutant tumor suppressor proteins. The plasmid may contain a regulatory element, such
as a promoter, a terminator, an enhancer or a signal sequence that is operably linked to the segment
that encodes a functional nucleic acid molecule. Further, the plasmid may contain a reporter element.
The functional nucleic acid molecule may comprise multiple RNA interference sequences as miRNA
or ShRNA anehimeSenrmalytive soitistronioso cexpressed fronpsepaldreusronitied o legiaties
simuItaneo%ﬁtmgpwgmggémgqiglg&&r&@{&gg&g%@{gg with drug resistance. In preferred
embodiments, the composition contains fewer than one contaminating parent cell per 10', 108, 109,
10 LO, 10" or 1012 minicells. [00144a] In a third aspect, there is provided use of an intact minicell in the
manufacture of a msdigament folsreaiingedanecenap@ibiy dodection, (Saidtmimoetictontdifis (i) a
functional nuglelc acicmoleeule gt (IR RIARIIE SRR Seament Inghentadeniadyngtona

nucleic acid molecu e, where unctional nucleic acid molecule targets the gene or transcript of a
protein that PR&IIBEed @rolgsradidtantsuisbptbeisinsaistanes arid eyt OPHBehItRR is to be
brought into,centRcWitha tBrgetARAMMaliaRNGE I Stueh dhat saidimaenpalianeed rogulfs said
minicell, wherepy said functional nuclejc acid is released into the cytoplasm of the, target cell, and (c
a small molgcﬂ% ?fﬁﬁeg or Iﬁ‘éup?icialél’%#ﬂ%ﬁ% to 5“88%%%8”%3{ ea%gjrg%??r%gr% rtrallé %Sn%ggllfgé %0(5151 AIsE) :
disclosed istthisase of introtemitieelbsonaiae Preparatiornof ighiisdieapisist for tEE P ENiethod of
overcoming, {lpig, J&SIHANCH O HRFOMAHIGRRIRISSIS Mt @Qﬁ\&ﬂi@iﬁ&rﬁtiaﬂ@éhamdmmf%m a Icell, y
ecule or a plasmi

tissue or organ. In the medicament, minicells contain a f lopal nuclejc acid molect

encoding a%ﬁ’h‘aﬂ%r‘fésfsﬁﬁ%IQ?ESQBEE?%&LI‘@E&%?\“ﬁﬁ”@?@“ﬁ?fﬂ%&%ﬁ%a %ﬁ%ﬁ%ﬁ% "MOIECulE thrgets the
transcript oftarproteindhat promoetepidsiugesiesistamckdrBahibitsal dplosisy Theldiveassitraated in this
context may,he-a cangey, farexamale.. ananacquiied diseases,sushas AR and duhstalosis. 5a
WO 2006/021894 PCT/1R2005/003614 [00161 The invention affords significant improvements over
conventionaliEHGHE ANERHS FHRABHEIETSY dERTENNG TR REBIAMKY ARHA RIS SIS OFISRE of cancer
and HIV by @)cprevidingnsafe anthstable vehicles:for delprafing funetibaak onecieie &dids dithcountering

the prmCIpalsgng%%Qta Hxlastnggcgglg;“’&lq”tfr%%lgxgglnr?&cl@cd(!i%%a%%gecule. Further, the plasmid may contain a

reporter element. The functional nucieic acid molecule may comprise multiple RNA interference

sequences as miRNA or shRNA and these may be co-cistronic or expressed from separate
promoters to enable simultaneous knockdown of multiple targets associated with drug resistance.
In preferred embodiments, the composition contains fewer than one contaminating parent cell per

107, 105, 10%, 10, 10" or 10" minicelis.

[061 4a] in a third aspect, there is provided use of an intact minicell in the
manufacture of a medicament for treating cancer or a HIV infection. said minicell contains (i) a
functional nucleic acid molecule or (i} a plasmid comprising a segment that encodes a functional
nucleic acid molecule. where the functional nucleic acid molecuie targets the gene or transcript of
a protein that promotes drug resistance apoptosis resistance or neoptasticity, (b) said minicell is to
be brought into contact with a target mammalian cel], such that said mammalian cell engulfs said
minicell, whereby said functional nucleic acid is released into the cytoplasm of the target cell, and

(¢) a small molecule drug or peptide drug is to be delivered to the targei mammalian cell.



cells, (iii) reducing toxic side-effects associated with overcoming drug resistance, and (iv) providing
targeted and drug-packaged vehicles to treat the disease. BRIEF DESCRIPTION OF THE
DRAWINGS [001Z Figure 1 shows the effect of various treatments on the viability of human colon
cancer cell line Caco-2. The treatments are shown on the x-axis (minicells are designated by "M") and
percent cell viabilit#@¥hown bysbe disriesciachhbarsis & rmean ofigixlindepengerrtrmeasafements and
standard deyiagion,ofithe mean is shauin fAALRL g2 Shows fegression:of imaRicalon cancer

(Caco-2) xenografts in nude mice (11 mice per group) following dual treatment with (1) targeted
recombinantIFEHOR SE NG SRR SN A St P HIA SHAER TaRIB s itV e SheP T8 Argeted
minicells patkagedwiitidhadchemetherapetiticniiugchingiedamibhe rhisgeatfic antibodywised to target
the coron capesp el aeuled SReaElageinl 8- himury™, O:a00aer 80 Qe apl human
epidermal growth factor receptor (EGFR) on the other arm. The tar eted recombinant minicells were
injected intFavEABESY BRTRyEDarc TBe dnerindwirgdichitmastecaipatrRaged niiesnentere given
intravenously endays:d 8isdB8.2ang 32nOtheneeriirkiteatments administered intravenously include:
Group | - tumor only, Group 2 - free irinotecan, Group 3 - EGFRminicellsIrino, Group 4 -
EGFRminicellsshRNA-MDR-I, Group 5 - EGFRminiCellS EGFR ShR.NA-bct-2 and Group 6 -
miniceilsSNRNA ,MDR-t followed by free Irino. Tumor volume is shown on the y-axis. SEM is shown
for each measurement. [00191 Figure 3 shows regression of human colon cancer (Caco-2) xenografts
in nude mice (11 mice per group) following dual treatment with (1) targeted recombinant minicells
carrying shRNA encoding plasmids (anti-bc12 or anti-Mdrl) and (2) targeted minicells packaged with
the chemotherapeutic drug 5-FU. The bispecific antibody used to target the colon cancer cells carried
specificity against S. 6 WO 2006/021894 PCT/1B2005/003614 typhimurium O-antigen on one arm
and human epidermal growth factor receptor

5a



(EGFR) on the other arm. The targeted recombinant minicells were injected intravenously on days 9
and 23, and the targeted 5-FU packaged minicells were given intravenously on days 15, 18, 29 and
32. Other control treatments administered intravenously include: GI - tumor only, G2 (control), free
5-FU (5 x 103"’99’?%‘#%9&8%%% body weight - 1 x 106 ng per mouse), G3 Eéo%{%r)‘ff’@ Rminicells-FU.
G4 (control), EGFRmini Cell S EGFR ShRNA-MDR-I, G5 (control), minicellsshRNA-M.2, G6 (control),
EGFR m.inicellsshRN&IGIDRe] fottowen bif@ddvsignifesssprSan(eantror RalbRminigells EGFR
SshRNA-nonsa, nicell 28 ol), EGFRmIit11.C0115 EGFR shRNAMDR-1
followed by fre?&?&%%%%%{gsﬁﬁi;&eﬁgﬁéﬁg %ﬂiﬂ%?lg\‘f\%%cb?c%é Ighrrlﬁ‘?nfgé’l‘l?ét_ , and Gilf
EGFR (expt), fAiifiteA8EnRN A dlrRiigne 4y EairrabinivelichF b Ksharvgldmetisrshown on the
y-axis. SEM isnshawiacio, earboheaswy ememini09 | S qp gfhuman breast
cancer (M DA-M|?r-4 Biﬁxﬂeﬁo%rafts ir?%ude%e%égrﬁgéégggsg?gg%fol%%vliiihs%éécﬁga%sreeag%aent with (1)
targeted recorfibifrant RS Ly TG ERREASAEBIA § PiasHeraqaine DR s serte(2néargeted
minicells packégedtovidigherethriapenticrdtigedoxeribicine. fbe thispesific antibody used to target
the breast cancer cells carried specificity against S. typhimurium O-antigen on one arm and human
EGFR on the other arm. The targeted recombinant minicells were injected intravenously on day 21

and the targeted Dox- packageBrummcsiisqyere givemintrayenpusiymdays 27, 34 and 41.
Treatments administered intravenously include: Gl - tumor only, G2 (control), EGFRminiceliSDos,

and G3 ext EGFRm'[@&ﬁg{I%E%_g@ P37 SARNAMDR-1. followed by minicellsDaX. Tumor volume is
shown on the y-axis. |sks own %o? e%%c% rﬁeasu?}l:e%rﬁ%%?u[qogfi%ﬁésﬁen éﬁs 3%2‘ fect of dosing
schedules on g:%‘&@l%eﬂoé‘?’ﬁﬁ?@ﬁ%§§¥ah§é Siectierapeutits effests Huen slmeolomctrceniBaco-2)

xenografts weginicells are designated by “M”) and percent cell viability is shown by the bars.

Each bar is a mean of six independent measurements and standard deviation of the

mean 1s shown.

{0018! Fipure 2 shows regressfon of human colon cancer (Caco-2) xenografts
in nude mice (11 mice per group) following dual treatment with (i) targeted
recombinant minicells carrying shRNA encoding plasmids (anti-bel2 or anti-Mdrt)
and (2) targeted minicelis packaged with the chemotherapeutic drug Irinotecan. The
bispecific antibody used to target the colon cancer cells carried specificity against S.
typhimurium O-antigen on one arm and human epidermal growth factor receptor
(EGFR) on the other arm. The targeted recombinant minicells were injected
intravenously on days 9 and 23, and the targeted Irinotecan packaged minicells were
given intravenously on days 15, 18, 29 and 32. Other control treatments administered

intravenously include: Group ! - tumor only, Group 2 - free irinotecan, Group 3 -

EGFR_ , . EGFR_ . .
minicelisyin, Group 4 - minicellssurna-mpr-1,  Group 5 -

EGFR_ . . EGFR_ . .
mimnicellssprna-ber2 and Group 6 — minicellsshrna-mpr.1 followed by free

Irine. Tumor volume is shown on the y-axis. SEM is shown for each measurement.

{0019} Figure 3 shows regression of human colon cancer (Caco-2) xenografts
in nude mice (11 mice per group) following dual treatment with (1) targeted
recombinant minicells carrying shRNA encoding plasmids {anti-bcl2 or anti-Mdrl)
and (2) targeted minicells packaged with the chemotherapeutic drug 5-FU. The

bispecific antibody used to target the colon cancer cells carried specificity against S,



established in nude mice and the following intravenous treatments were administered: Cl - tumor only,
G2 (control), free irinotecan, G3 ex t , EGFRminicells ( p } shRNA-MDR-I followed 96 hrs later by
EGFR Y tr;,,0, G4 é{ex t%%r:?inicellsShRNq_MDR-t followed 120 hrs later by EGER Y Irino> and G5
(expt), minicegt Wg“- R-t 7 WO 2006/021894 PCT/IB2005/003614 followad 1A% later by Y
trino The bispecific antibody used to target the breast cancer cells carried specificity against S.
typhimurium CYaREHBh Griatigem em@tuaman 4A& BRmom thpidsher] agrowTiufactoyakkssgrds shown on
the y-axis: SENGGBIO oA ar saek WRRSUIH,H0PRL IIG S ShMS e elied o dgoing

. i) e
schedules on reversal of drug- resistance and therapeutic effect. Human colon cancer Co-2)

xenografts wel BB SR FasutRM hice BHdhn Erstisd frg ihnaske sotim inealiners wiera

administered: ifieveuonelyonly 462 (LoNI8Yporei5sEU, GiifexplldF GERMIMESISSIRNAMDR-
followed 96 hrs later béﬁ GFRminicells5-FU, G4 (expt), EGFRminicellSShRNA-MDR-t ?ollowed 120

hrs later by EGERIMIEHEERER G & &5 HEUoRORG ERfREmSs HRRR AMDE ¢ idllowannidt his later by
EGFRminicellgsskdd . vhhe Rispgeifi antigody Used 1o tar e breastcancer cells carried specificity
against S. typhimuriumE%- infigen on one agrrg] and&%ﬁﬁﬁgE%E%%ﬁ’the olifﬁfel}rcg?rﬂﬁﬁt?ﬁ*ug%r volume is
shown on the {FesdnIBEM  issticiingor.eash. measufemant) DETATERBESCRIPTIONGOF THE
PREFERRED EMP(%EIM:E}NTS. 0923] The inventors have diggovered that intact bacterially derived
minicells can gzgpeﬁ? hd effSERUEN itsduRR intd @Gt Pammaiaisdbiisan{of @aatigs.of functional
nucleic acids,%&lﬁlﬁc@nﬂmpx moleculey;amIRNA moteesle, a ribozyme, r an antisense nucleic
acid. In the paggﬁyla_r ‘contsext of cancer and HIV infgztion, the f]r%é% %’ha&ggﬂ‘ogﬁﬁﬂtﬁﬁ}the
introduction of funetiisellfucieiaeridsititovtargst Gelis 5-Vid, intacteminiceiS aanieiminish, drug
resistance or apoptosis resistancedsthe target

NE)RP; ?oﬁoweds %y gC”Ehminicei ss.py, and G16 (expt), EGFRminiceIisshRNA-bc;_z,

EGFR_ . .
followed by minicellss.py.  Tumor volume is shown on the y-axis. SEM is

shown for each measurement.

[6020] Figure 4 shows regression of human breast cancer (MDA-MB-468)
xenografts in nude mice (11 mice per group) following dual treatment with (1)
targeted recombinant minicells carrying shRNA encoding piasmid (anti-MDR-1) and
(2) targeted minicells packaged with chemotherapeutic drug doxorubicin. The
bispecific antibody used to target the breast cancer cells carried specificity against S.
fyphimurium O-antigen on one arm and human EGFR on the other arm. The targeted
recombinant minicells were injected intravenously on day 21 and the targeted Dox-
packaged minicells were given intravenously on days 27, 34 and 41. Treatments

administered intravenously include: G1 - tumor only, G2 {comtrel}, EGFRminiceIisDox,

- BGFR__, .
and G3 (expt), minicellsgipna.mpr.r followed by EGFRminicei!sDox. Tumor

volume is shown on the y-axis. SEM is shown for each measurement.

[0021] Figure § shows the effect of dosing schedules on reversal of drug-

resistance and therapeutic effect. Human colon cancer (Caco-2) xenografts were

established in nude mice and the following intravenous treatments were administered:

G1 - tumor only, G2 (centrol), free irinotecan, G3 {expt), EGFRminiceilsshRNA-MDR-l
followed 96 hrs later by EGFRminiceils;rim, G4 (expt), EGFRminiccllsshRNA-Mgg.;

followed 120 hrs later by EGFRminicells;rim, and G5 (expt), EGFRminiceHsshRNA“MDR_i



cells. [0024] The inventors also have discovered that minicells can sequentially transfect the same
target mammalian cells, particularly in vivo, and that minicells can sequentially deliver a range of
different payloads to the same target mammalian cells. These discoveries are the first for any
macroparticu%?ezgﬂeéﬁvéﬁ%/ehicle and provide, for the first time, a methodlfgjfjrlgé?(%:%or%sﬁl]éix
multifactorial diseases like cancer and HIV where different therapeutic payloads need to be delivered

to the same céilllvefedel 4 therapeubie Effuiiisaabigyedrininvipanibeioyeniasshayediscovered that
the complex %lggl,em of d%g reﬁistance assogjated with multiple mutations in different 8 WO
2006/021894 PETIRIOTEOE S GBHESRETIAAABHESESa WM& OtHBEERIrGBRRE multiple
RNAIi sequences: imtd burhasECGHR o denigrack-the Tankitvde.afge sksic:defarts,-and, teaollowing
minicell- mediﬁt%@y@rgg@%ga%% rglellg)wing sufficient time for knockdown of target drug
resistance-mediating proteins, cancer ceﬁ‘s formerly resistant to specific chemotherapeutic drugs can
effectively be treated with minicells packaged with the same drugs. This is the first in vivo

oWl L s ithafise efrdettry shar dmertretons of tatment. The

concentration efithemotherapagticirgsodelivaied Wadminiaalls, requires to teakdrygsresistant
cancer cells efcfs%%il\{%g di%dzi%%gve]réaed t% %16 n?v;%g 1000-fold less than free drug treatment. This is a
surprising discovery IOUS Tt S a5 PV EPSE U S 1R IAHE A URIRGRRAAI or inhibitors

ecause all previous

of drug resistafite-mediatingpréizinsoatitoliedrisest MU grpRegmlatibisihatean cause severe toxicity
toa mammaIriT?n subject, Thus, methogs:pf the invention, i.e., minicgll-mediated delivery of RNAI

followed by nite&ifnatitsd e Motherapiitrlitrey, s (Feppotentiantoicedatcansaneffectively

without severgdgxigity; 10029].Adqitionetly. the,inventors have disceweted that the serotype of
minicells can be adapted to overcogne a ést?}ri\%iﬁlﬁéa?éé%%oﬁ%sxé} igains?ﬁﬁlfﬁ?%%WTM] The following

description oufiifiesciid 4dventionrelalet toiess discovasesswilmeuidimiina.te tpvgsien to the
particular emt%ggliggeeag%

S . cp s .
dancer cells carried specificity against S, fyphimurium O-antigen on one
arm and human EGFR on the other arm. Tumor volume is shown on the y-axis, SEM

is shown for each measurement.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0023] The inventors have discovered that intact bacterially derived minicells
can safely and effectively introduce into target mammalian cells any of a range of
functional nucleie acids, such as an siRNA molecule, a miRNA molecule, a ribozyme,
or an antisense nucleic acid. In the particular context of cancer and HIV infection, the
inventors have found that the introduction of functional nucleic acids into target cells,

via intact minicells, can diminish drug resistance or apoptosis resistance in the target

cells.

f0024] The inventors also have discovered that minicells can sequentialiy
transfect the same target mammalian cells, particularly in vivo, and that minicells can
sequentially deliver a range of different payloads to the same target mammalian cells,
These discoveries are the first for any macroparticulate delivery vehicle and provide,
for the first time, a method fo treat complex multifactorial diseases like cancer and
HIV where different therapeutic payloads need to be delivered to the same cell before
a therapeutic effect is achieved. Similarly, the inventors have discovered that the

complex problem of drug resistance associated with multiple mutations in different

8



methodology, protocols, or reagents described. Likewise, the terminology used here describes
particular embodiments only and does not limit the scope of the invention. I. Definitions [0027] Unless

defined otherwise, all technical and scientific terms used in this descriptiolpc%\é%ﬂ%g > Same meaping
as commonl)yv&ﬁaig?é%%}a‘['by those skilled in the relevant art. [0028] For corivenierice, the meaning of

certain terms and phrases employed in the specification, examples, and appended claims are
provided belogen®ther teradgranephithseinias dtfinea sdiedghoiple ® specitigations [9Q20] The
singular forms, "a," "an,” "the: incl plural reference unless th xt clearly.di tates
otherwise. 9 \?lvoogtfggg O%§%§&$§l}é§%gg88§§fﬂe fﬁ(%gfick&n%?séeE%Sa(éofﬁgogﬁﬂ%l% i§&" refers to a
nucleic acid nietétaitd Edviplephiaptanniballperipméiacpativel frjerekdanscriptahat dar hybridize to
the transcriplsand.hlacinitadiagslafion:An apisensealaonysigalide maygomprise B, or DNA
[0031] "Biomolecular sequence” or "sequence” refers to all or a portion of a_polynucleotide or
polypeptide sEBTRNOEr RIS Frughear <Firebinhshs, ratipsbrithniailsriscackegsdoaiéinbma,” used

interchangeably-feteips. rafiess to aells:of issuesishahexkibic ap abeiant arowth, phesotype .
characterized.by afigpificant lo $ of §ontro| 8{3 ell proliferation. The_methods and compositions of this
37 regrav & -

Gt oB R SiigRant BrEMbtastatlt, nieRssEsHEoaN P!

invention partfculary aglaiy {8 pFlecan = _
non-metastatiehesiish¢6088iie Compledudintary” vefersindlie, topplegicab cosapatibityvrmeatching
together of the JEraching srifacas qf twe malggules, such as 60%15‘%‘??% nigleic acid, molecule and

its target. The molecules can be described as complementary, an ermore, Re cortact surface
characteristic§ & EBmpREFie APt ag chisethen foosut Warrespondstodstdreprasaints’ when used
in the context:efidancexasmeRARPIVAURISBIER OFSeatienes: Ak (CAUERRANS JRQr fapresents” a

gene: required drug concentrations that can cause severe toxicity to a mammalian subject.
Thus, methods of the invention, f.e., minicell-mediated delivery of RNAi followed by
minicell-mediated chemotherapeutic drug, has the potential to treat cancer effectively

without severe toxicity.

{0825] Additionally, the inventors have discovered that the serotype of

minicells can be adapted to overcome a host immune response against minicells.

f0026] The following description outlines the invention related to these
discoveries, without limiting the invention to the particular embodiments,
methodology, protocols, or reagents described. Likewise, the terminology used here

describes particular embodiments only and does not limit the scope of the invention.

L Definitions
[0827] Unless defined otherwise, all technical and scientific terms used in this

description have the same meaning as commonly understood by those skilled in the

relevant art.

[0028] For convenience, the meaning of certain terms and phrases employed
in the specification, examples, and appended claims are provided below. Other terms

and phrases are defined throughout the specification.

[0029] The singular forms “a,” “an,” and “the” include plural reference unless

the context clearly dictates otherwise,



means that a sequence of the polynucleotide is present in the gene or in the nucleic acid gene
product, e.g., MRNA. The polynucleotide may be wholly present within an exon of a genomic

sequence of the gene, or different portions of the sequence of the polynucleotide may be present in
: WO eﬁmilssﬁs ) : FCTIB00503014 .
different exons; €.g., such that the contiguous polynucleotide sequence is present’in an mRNA, either

pre- or post-splicing, that is‘an expression product of the gene. [0035] "Cytokine" is a generic term for
proteins released by[8A0teippissnsatishignarelevtte anttivey cell popukiticn asdnterdeduilar mediators.

[0036] "Drug’ ésegieitaty bV Ideaizall opntenmAcalRdialAR NG SUPSINGE Ihal produces a

local or systemic effect in animals, particularly mammals and humans. 10 ‘894
PCT/1B2005/583%1 4 ﬁ?ﬁ‘%ﬁ’“ﬁ%ﬁé@éﬁlﬁﬁ@@e ey anjseansretisoniclspidegadrycomielsaRISlynucleotide
sequence undarfdes. successful transcription and translation such that detectable levels of the amino
acid sequence or protein are expressed. In certain contexts herein, expression refers to the

production ofmRNA[Q@BQ}h%ﬁ%%QM%Q&g&gJ nJefers to the production of i%rotein. 0381

0 ‘ﬁ;t ;
" . . aence” reiers o all or rH
Functional nucleic acid" refers to a nucleic’'acid moleculfe that, upon infroduciBy 15tb A Aost cell,

specifically infSeras WA eYsmMids pigtei. In general, functional nucleic acid molecules have
the capacity to reduce expression of a protein by directly interacting with a transcript that encodes the

protein. Ribozymes, {&iiidetiSannticiciseapids:andisitiNA ‘melesides ingluding shRNAmalecules, short
RNAs (typicallyless es in length),.micra:RNAs (miRNAS) constitute exemplary functional
nucleic acids. !0039] " gzr}ég%g%ré tlbc%rpg yﬁ%iéiegﬁigg’sgeeautéﬁﬁ%ee Aﬁ%&cg‘%ﬁg%@é%wk&nd coding
sequences n pershareiprsaddion efcifiohmpdptidel oroptedurser!Theifelyeptidthean be
encoded by afidiHengtheoding SEGURNCE QLibY A% t@ﬁiﬂiﬂ‘i@ﬁycg g &€ yenge. sgene may

constitute an uninterrupted coding sequence or it may include onge of more introns, bourid by the
appropriate Sﬁﬁgﬁgﬁ%ﬁﬁ@%F é)ix,e@statzc, and non-metastatic cells,
{0033] “Compiementary” refers to the topological compatibility or matching
together of the interacting surfaces of two molecules, such as a functional nucleic acid
molecule and its target. The molecules can be described as complementary, and

furthermore, the contact surface characteristics are complementary to each other.

[0034] “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 polyﬁuc}eetide may be wholly present within an
exon of a genomic sequence of the gene, or different portions of the sequence of the
polynucleotide may be present in different exons, e.g., such that the contiguous
polynucleotide sequence is present in an mRNA, either pre- or post-splicing, that is an

expression product of the gene.

(0035] “Cytokine” is a genmeric term for proteins released by one cell

population that act on another celi population as intercellular mediators,

[0636] “Drug™ refers to any physiologically or pharmacologically active
substance that produces a local or systemic effect in animais, particularly mammals

and humans.
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gene may contain one or more modifications in either the coding or the untranslated. regions that
could affect the biological activity or the chemical structure of the expression product, the rate of

expression, or the manner of expression control. Such modifications include Pu%qreﬂnot4limited to,
mutations, in&etioMEd&étions, and substitutions of one or more nueleoti%ceg. RIS ?(%ard, such
modified genes may be referred to as "variants” of the "native" gene. [0040] "Host cell” refers to a cell

that may be, or has jggef), UBREaS;BFeCIIGRLIfOT 3dREOMBINARE VeslREQr Ofher figerfer of
polynucleotides, and includesthe progeny of the oré%inal cell that hag been transfected. The progeny

of a single calP R AR qeteaNearAy RECEEHHRIRSRA THE HRASCRPHS ARDIBERSBERT GURL AR or total DNA
complement asdbasiginalspsrens duenks aatusaluassidaniabiendetibempiasedutatiorer{8a41]

"Hybridization" refers t by which I leotid binds t I t :
sequence thiEBF BalE B NG 1 W S0DBI0DTRA BT S50D5 0036 s (00451 ihicual,

"subject," "hostpramthipefient; tuspchinteiehafhgeably herein, 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 humaggathersbigcisinayinciide. R are Rotilimited tewtaitie, harsesndogs, cats,

guinea pigs, rabbits, rats, primates, and mice. [0043]

! "'%abel" refers to agen%s that are capable of
providing a dEtERENSRPTSIGiNAT, B SE tirafr 5P IR r g Tte PAELSRARIN Bhe'dt RigFdadditional

members of gesigaalfprosticing sistenid akietalthdatate!diregilyidetectabte angaydynfivfchuse in the
invention include T aiescent abels.apecie Morphares ndude erssealn. ghodamine, BODIPY,
cyanine dyes™and thelike: The ihvention also con em%la esthe Use of radioactive isotopes, such as
35S, 32P, 3Hamdisdntiverlikdens deide|snC sl8imetricidubels isgtiing cofdiialmelervesoidst glass or
plastic (¢.0., RelystYfERRAROIMBIIRUIeRS: i Repdamapisariedtizerh iy lastance see U-S.

patents No. 4,366,241, No. 4,277,437, No. 4,275,149, No. 3,996,345, No. 3,939,350,
exemplary functional nucleic acids.

[0639] “Gene” refers to a polynucleotide sequence that comprises control and
coding sequences necessary for the production of a polypeptide or precursor. The
polypeptide can be encoded by a full length coding sequence or by any portion of the
coding sequence. A gene may constitute an uninterrupted coding sequence or it may
include one or more introns, bound by the appropriate splice junctions. Moreover, a
gene may contain one or more modifications in either the coding or the untransiated
regions that could affect the biological activity or the chemical structure of the
expression product, the rate of expression, or the manner of expression control. Such
modifications include, but are not limited to, mutations, insertions, deletions, and

substitutions of one or more nucleotides. In this regard, such modified genes may be

referred to as “variants” of the “native” gene.

[0040] “Host cell” refers to a cell that may be, or has been, used as a recipient
for a recombinant vector or other transfer of polynucleotides, and includes the
progeny of the original cell that has been transfected. The progeny of 2 single cell
may not necessarily be compietely identical in morphology or in genomic or total
DNA complement as the original parent due o natural, accidental, or deliberate

mautation.

[0041] “Hybridization” refers to any process by which a polynucleotide

sequence binds to a complementary sequence through base pairing,
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No. 3,850,752, and No. 3,817,837. [0044] "Oligonucleotide” refers to a polynucleotide comprising, for
example, from about 10 nucleotides (nt) to about 1000 nt. Oligonucleotides for use in the invention
are preferabl&gfrom about 10 nt to about 150 nt. The oligonucleotide may ng a na%r@%\é occurring

oligonucleoti Oo%ogég}%%%etic oligonucleotide. Oligonucleotides may be modified. }4'Minicell"

refers to anucleate forms of bacterial cells, engendered by a disturbance in the coordination, during
binary fission, of celli@é#gjolinitHddhlA ‘Smbfegatitiodlinieellsmaredistinetdfmitolaasamall vesicles
that are genergigd ang. Ir%eﬁgegég%m%e%% Y i ain situations and, in contrast to minicells, are
not due to specific’ eneetic rearrangementé.oféefo%grer{é%ﬂgnlea n)?ﬁ?séstgel%r?? ?éroﬁrg%ﬁ%?ﬁrgﬁhe present
invention, it is&&kablEferhHFiEEIRdtembriimsrictee Indialiduginsabieshihiselst) pidediis"Modified

oligonucleotidgiiraid "Macifiagipabnegieriide; wierionqligonugieotides arnalynycleatides with one or
more chemical modifications at the molecular level of the natural molecular structtres of all or any of
the bases, su§RF¥hB18tda0 it Ml aSRIes pikBitste linkages, as well as to molecules having added
12 WO 2006/027.894 PCT/1B20051003614 substitutions or a combination of modifications at these

sites. The intemucle&¥4a] [‘)‘E@éﬁﬁ&l@"ﬂi’ﬁMag@m%eq@haaphddi@étgrpmd@@hoﬁﬂ%temg
phosphoramidaies sleiane. carhensis, SAhBRMAIESier Joslamidale, seibamate ioether
Y

bridged phosphoramidate, bridged methylene phosphonate, phosphorothioate, mefﬁgllp%osphonate,
phosphorodittigate PRHER SHaEBhorabsis dbeicr e diferier Arisaiekdraridednkagessedn 358", 5'-3', or
5-5' linkages, iansheombioRidenswi-sueh: sipiar linkages FhsRbesriodigsier inkagednay be
replaced with %s&t%giitutg %ﬁge, such as pho phcg_othioatex methylamino, methyiphosphonate,
phosphoramid AtS Bhe yughdinie CEHUTHEMTHERE ikt SPMEFoRR Bl eRETRARIE® be
substituted (egs hexobephasihagissteripeptide YRciticaadids) ikbesmodificatinpsmay:be internal
(single or repggied) Qrat the ERFRLPT ég?d or colored glass or plastic (e.g., polystyrene,

polypropylene, latex) beads may also be utilized. For instance, see 1., patents No.

4,366,241, No. 4,277,437, No. 4,275,149, No. 3,996,343, No. 3,939,350,

No. 3,850,752, and No. 3,817,837,

[0644] “Oligonucleotide” refers to a polynucleotide comprising, for example,
from about 10 nucieotides (nt) to about 1000 nt. Oligonucleotides for use in the
invention are preferably from about 10 nt to about 150 nt. The oligonucleotide may
be a naturally occurring oligonucleotide or a synthetic oligonucleatide.

Oligonucleotides may be modified.

[0845] “Minicell” refers to anucleate forms of bacterial cells, engendered by a
disturbance in the coordination, during binary fission, of cell division with DNA
segregation. Minicells are distinct from other small vesicles that are generated and
released spontaneously in certain situations and, in contrast to minicells, are not due
to specific genetic rearrangements or episomal gene expression. For practicing the
present invention, it is desirable for minicells to have intact cell walls (“intact

minicelis™).

[0046] “Modified oligonucieotide” and “Modified polynucleotide” refer to
oligonucleotides or polynucieotides with one or more chemical modifications at the
molecular level of the natural molecular structures of all or any of the bases, sugar

moieties, internucleoside phosphate linkages, as well as to molecules having added
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oligonucleoti.de molecule, and may include additions to the molecule of the internucleoside phosphate
linkages, such as deoxyribose and phosphate modifications which cleave or crosslink to the opposite
chains or to associated enzymes or other proteins. The terms "modified c;{)isgon__ucleotid%s“ anq .
"modified pof¥REEHHHEL also include oligonucleotides or polynucleotides-ddidieiNg®htodifications
to the sugar moieties (e.g., 3'-substituted ribonucleotides or deoxyribonucleotide monomers), any of
which are bouswbsotyeiirer wice Sdnihiinbagésn (@l ibhe phiase sheclethacidamolasssrs” and éhe
term "polynuclgeotides” olymeric forms of nucleotides af an Iengt%&t‘ler ribonucleotides or
deoxynucleotiggég‘iﬁﬁ(gyﬁ%%g sﬁge-%%o%%iéeg%#?ﬁ%fﬁ- d%ﬁ Q%%r N o ,Orﬂgﬁ(i%%ﬁt DNA,
cDNA, DNA-RNZ: b ridgsbesate petyeasy o eishng asating dud qybimizineiiasas-obotged natural, f
chemically or pigghgspisallyenodifisghgBen-naliul e deriyaizad aucleotidg hases, The backbone of a
polynucleotidgggn comprise sugars %?nd phosg%gte b S may typicga%y%% found il RNA or

10S roups ( (
DNA), or modifsd iihespditeited gh@“ﬁ“@@éﬁgéﬁﬁateg@ﬁﬂ%. pitsphaivsipathe trackBéne of the

polynucleotidemammmﬁﬂseiﬁc@gﬂymeﬁﬂﬁS,yme,ti§r$1t81rﬂﬁ%ﬁﬁ@&% s e%ggm%@mgi%é@pd tf}us can
be an oligodeoxynuclegside phosphoramidate or a mixed phosphoramidate-phospho iester oligomer.
A polynucleotisd‘g{ﬁrﬁ}éyﬁé%%%?iseﬁg f"%%l} R RS EL R e s thVAStE it 1B staEE wRd nucleotide
analogs, uracylzkegher segars, and linkicgpigraupssech asdiugtatihose aneithipeissmnadinucleotide

branches. A p. ide . m further modified..such as by conjugation with a _labeling
component. o%é%%é% %%%’c%ﬁc%ﬁ%ﬁ%Iiﬁ’cﬁlge&(?aggosseu%%%ﬁ%lo% 6t %ﬁ%nrmf%p(f%ﬁ 25061021894
PCT/IB2005/0036 1% HErE Bihe (paturamrper coirmg edicttotidapiivith arlaitalegdand Titroduction of
means for attaghimghenpolvayiclrotide do.pratains. metalions:jabeling gampansntss ofher

polynucleotides, or a solid support. [0048] "Pharmaceutically acceptable” refers'to physiological

compatibility. 9 i QHER LN B e RADBHArREHEF e2EHiaRe dBesfotapisykedichsgical activity
of the compositiembeiingiae pricipiaretiniagherucaty deetlaBis MAIPXMEHR: modifications

which cleave or crossiink to the opposite chains or to associated enzymes or other
proteins. The terms “modified oligonucieotides” and “modified polynucieotides” also
include oligonucieotides or polynucieotides comprising modifications to the sugar
moieties (e.g., 3’-substituted ribonucleotides or deoxyribonucleotide monomers), any

of which are bound together via 5 to 3’ linkages.

{8047] The phrase “nucleic acid molecules” and the term “polynuclectides”
dénote polymeric forms of nucleotides of any length, either ribonucleotides or
deoxynucleotides. They include single-, double-, or multi-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, non-natural,
or derivatized nucleotide bases. The backbone of a polynucleotide can comprise
sugars and phosphate groups (as may typically be found in RNA or DNA), or
modified or substituted sugar or phosphate groups. Alternatively, the backbone of the
polynucleotide can comprise a polymer of synthetic subunits such as
phosphoramidites and thus can be an oligodeoxynucieoside phosphoramidate or a
mixed phosphoramidate-phosphodiester oligomer., A polynucleotide may comprise
modified nucleotides, such as methylated nucleotides and nucleotide analogs, uracyl,
other sugars, and linking groups such as fluororibose and thicate, and nucleotide
branches. A polynucleotide may be further modified, such as by conjugation with a

labeling component. Other types of modifications include caps, substitution of one or
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the organism in which it is administered. [0049] "Polypeptide" and "protein," used interchangeably
herein, refer to a polymeric form of amino acids of any length, which may include translated,
untranslated chemicall)émodified, biochemically modified, and derivatized amino_acids. A polypeptide

or protein mév(%éoﬂ%{?a} ?ﬁ/ occurring, recombinant, or synthetic, or any cSMBIRALEA Btdese.

Moreover, a polypeptide or protein may comprise a fragment of a naturally occurring protein or

peptide. A polyReRIidRHatRFAI9IncRAN RS A-RIBHIR INAIE G4 aRIJR NS Sa B Hignelearkas complex. In
addition, such p%)}lége_ptides or proteins may have modified peptide backbones. The terms include

fusion proteinS” ARG R RANBHSESGVth RIS SREF LIS B miRS HREcC LBERRSER, Hh€Tons with
heterologouspinghbsisaeirgotisa esieiesiggartiences, with or without N-terminal methionine residues,
immunologically tagged proteins, and the like. [0050] "Purified" refers to a compound that is removed

fom it natural enagiens e isahans! AbOLAN B8 o] T AP Yon QY0 9196, 9206

93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.9%, or 99.99% free from other components with which it is
naturally assctiRRAITRSOBIFIRINSATRE $eFEFET0 &h RNAIFHDIEet e/ RAIRE §H e MMEHR activity that
can repeatedhglegvs atberRpHABalesulesdn ainvaleclide base Seruense:- ispeeificimanner. [0052]
"RNA interference” (RNA&irefers (o] s%géq.ence-s ecific, or gene specific suppression of gene
expression (p%@fﬁ% IERAL R AHBESIEE By short interfering RNA (siRNA), short-haripin RNA,
short RNA or micro-RNA. 14 WO 2006/021894 PCT/IB2005/003614 100531 "Sequence Identity"
refers to a degree of iAfllarfplopensiapicrmentasisind heved g teapeathly ideiity Bidomplete identity. A
partially complemeniary.sgadensgils og@dmfaallsa%%ziamm% apdfipRticaksgaence from

hybridizing to a target polynucleotide; it is referred to using the functional term "substantially identical.”
The inhibition"ﬁfrﬁ?ﬂﬁﬁf%a %mgfgl,eR)ochemlcaiiy modified, and derivatized amino

acids. A polypeptide or protein may be naturally occurring, recombinant, or
synthetic, or any combination of these. Moreover, a polypeptide or protein may
comprise a fragment of a naturally occurring protein or peptide. A polypeptide or
protein may be a single molecule or may be a multi-molecular complex. In addition,
such polypeptides or proteins may have modified peptide backbones. The terms
include fusion proteins, including fusion proteins with a heterologous amino acid
sequence, fusions with heterologous and homologous leader sequences, with or
without N-terminal methionine residues, immunologically tagged proteins, and the
like.

[0050] “Purified” refers to a compound that is removed from ifs natural
environment and is at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.9%, or 99.99% frec from other

components with which it is naturally associated.

[0051] “Ribozyme” refers to an RNA molecule having an enzymatic activity
that can repeatedly cleave other RNA molecules in a nuclectide base sequence-

specific manner.

[0052] “RNA interference” (RNAI) refers to sequence-specific or gene
specific suppression of gene expression (protein synthesis) that is mediated by short
interfering RNA (siRINA), short-haripin RINA, short RNA or micro-RNA.
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complementary sequence to the target sequence may be examined using a hybridization assay
(Southern or Northern blot, solution hybridization, and the like) under conditions of low stringency. A
substantially identical sequence or probe will compete for and inhibit the Rinding (i

hybridization &Zgﬂgéﬂr%}lgifeitely identical sequence or probe to the target sepclirl)}%{%g% ?ﬁ’]‘géggconditions of
low stringency. This is not to say that conditions of low stringency are such that non-specific binding is
permitted; low strind@$f3) ctiedimms relgantétthat wferbinting of tiversequénceisititite another be a

specific (i.e., seleglivehiiaracinn. THeAhseRae OlRaRrRECHRBIBAING./B]Y be estedpy the use of a

second target sequence which lacks even a partial degree of complementarity (e.g., less than about
30% identity) ST RIEIEBEEN S BRI SBE TR Gih iRt REEH o BRMHSBt HiFBFIEH S96 8985 econd
non-complemgsiakyHangeh SeoHeRes pHRRAL Adethels wavefdvie Wing: ses yeneridpriigy, in the

context to twg nucleic acid or polypeptide sequences, entails referencing residues in the two
sequences tr?a?{“g?@‘m%%aﬁ%r\‘ﬁﬁ% aligh&d t lf}ﬂa%ﬁnﬁ' Bhé E%hodlenocga ver8™g ﬁétéiﬁed region. As
used here, "pemeitagetaf sequence identity"” meansthe:valuengetéeminedhbyetonsparing two optimally
aligned Seq”%gggéig‘%%rnaag&m@@5&8&%%@%%}%@%%% 49008 OBP%’&U&@%}L%? sequence in

the comparison win OW may comprise a etions (i.e., gaps) as compare j[p the reference
sequence (whigfedewsiiionesiisisetankitions rdeiEaoak) feceptimsakgrhianiepetialiwo

sequences. The.peroaitage issealculatnsiby determining theaumber Stpqsiians akwhich the

identical nucleic acid base occurs in both sequences to yield the number of matched, positions,
dividing the nEfREEFOPHRIRNEE HSsHEHS BH-HETOITERABEICEE SoSRTOAS TS wihtlow of
comparison ansl mukiplying tbedasult by 1Q0steinyielethe: partetiag et sealiensdigntidy. (00551

about 30 nucRSTEREAAD AP ATE CAPAUIL Bt To VN0 OB B, TEB0EOASEIY mediting
RNA interferemmeeheRbbAd) spesilisétiherdint theitderacsiRN Al clordesestforen-specific binding

may be tested by the use of a second target sequence which jacks 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 second non-complementary target

sequence.

{6654] Another way of viewing sequence identity, in the context to two
nucleic acid or polypeptide sequences, entails referencing residues in the two
sequences that are the same when aligned for maximum correspondence over a
specified region. As used here, “percentage of sequence identity” means the value
determined by comparing two optimally aligned sequences over a comparison
window, wherein the portion of the polynucleotide sequence in the comparison
window may comprise additions or deletions (i.e., gaps) as compared to the reference
sequence (which does not comprise additions or deletions) for optimal alignment of
the two sequences. The percentage is calculated by determining the number of
pos'itions at which the identical nucleic acid base occurs in both sequences to yield the
number of matched positions, dividing the number of matched positions by the total
number of positions in the window of comparison and multiplying the result by 100 to

yield the percentage of sequence identity.

{0035] “Short interfering RNA” (siRNA) refers t¢ double-stranded RNA

molecules, generally, from about 10 to about 30 nucleotides long that are capable of

15



hairpin RNAs, also known as shRNAs. [0056] The terms "treatment,” "treating," "treat," and the like
refer to obtaining a desired pharmacological and/or physiologic effect. The effect may be prophylactic
in terms of ¢ ly or partially preventing a disease or symptom there . e therapeutic
in terms of aqgg’?%%ﬁg6éré§g£plete stabilization or cure for a disease and/orQa%?})gl?ég&efrﬁgﬁgattributable to
the disease, "Treatment” covers any treatment of a disease in a mammal, particularly a human, and
includes: (a)ReevantimaNAcdiseasROBMNDIORL i ROQUIING Brah SUIeStndNGsBRyHbe
predisposed to the disease,or symptom hut has not yet been diagnosed as having it; (b) inhibiting the
disease symptBHHf: .,%?r@&?@ﬁ%%@ &nt; or (c) relieving the disease symptom, i.e., causing
regression of the disease or symptom. II. Delivery of Functional Nucleic Acids via Minicells [0057] In
one aspect, the invéflidi pghlevitksma Meatioyw! délizetipg a Tapritiorsarntedeltkacis® afarget cell,
comprising (yavigindRe st minicaldat &am?maém%%!%@wu@ﬁg: agidimplede or a
plasmid comprising a segment that encodes a functional nucleic_acid molecule, then, (b) bringing the
minicell into EBRACETHENR 1EFgat Fhammpitely QIPEtehtHaCHsBRA A MSRAT QIISEREIHE the minicell.
Following engufmeni-afthesminicelzthe functionahnucleigacil saesilecdisraigasadinto the
cytoplasm of the target cell or expressed by the.target.cell.. Minicglls may be hrought into contact with
the target mamma |é9n&c%}ﬁ§a\§’?a ISpoé-Cl |?:]eﬂ¥§a% s'c,%e%'{mstt ggt(?r%%&o inSV‘Vé{1 ?(%%%/05?? .%%ntact between
the minicell anetihe atargetmem riadismseastt may henimeltrpeordn aiyos Auiviinicelisiieds®t: Minicells of
the invention e Rnug etﬁgrgg&ge%rcg; &H‘f{oz@%}&ﬂ%} eﬂis,aeplg%g%g&pyng}ﬁ@urbance in
the coordination, during binary fission, of cell division with DNA segregation. Prokaryotic chromosomal
replication is RFAEEPORSHETIHAIHIBRR ASSIBRIOMHIEA IR AN &8 IRtarcER BEstdis ferkREiBh(Bh E. coif, for
example, Mutation:Rl:NiR geRes skahes MInChreanyeinLedaeHRbibioPEaeRtm ermation at the
cell poles during cell division, resulting in production of a normal daughter cell and an anucleate

minicell. See BBV BIPAT ™1 662 RELRIFr & T B he disease or symplom.

II. - Deliverv of Functional Nucleic Acids via Minicells

[0057] In one aspect, the invention provides a method of delivering a
functional nucleic acid to a target cell, comprising (a) providing an intact minicell that
contains a functional nucleic acid molecuie or a plasmid comprising a segment that
encodes a functional nucleic acid molecule, then, (b) bringing the minicell into
contact with a target mammalian cell, such that the mammalian cell engulfs the
minicell, Following engulfment of the minicell, the functional nucleic acid molecule
is released into the cytoplasm of the target cell or expressed by the target cell.
Minicells may be brought into contact with the target mammalian cells via bispecific
ligands, as described in WO 2005/056749. Contact between the minicell and the

target mammalian cell may be in vitro or in vive.

A. Minicells

{0058} Minicelis of the invention are anucleate forms of E. coli or other
bacterial cells, engendered by a disturbance in the coordination, during binary fission,
of cell division with DNA segregation. Prokaryotic chromosomal replication is linked
to normal binary fission, which involves mid-cell septum formation. In E. coli, for
exampie, mutation of min genes, such as minCD, can remove the inhibition of septum
formation at the cell poles during cell division, resulting in production of a normal
daughter cell and an anucleate minicell. See de Boer ef al., 1992; Raskin & de Boer,
1999; Hu & Lutkenhaus, 1999; Harry, 2001, Minicelis are distinct from other small
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1999; Hu & Lutkenhaus, 1999; Harry, 2001. Minicells are distinct from other small 16 WO _
2006/021894 PC17/1112005/003614 vesicles that are generated and released spontaneously in
certain situations and, in contrast to minicells, are not due to specific genetic rearrangements or
episomal gen® Ceftd28idh. For practicing the present invention, it is desirgﬁﬁwmﬂs_tq have
intact cell walls ("intact minicells"). [0059] In addition to min operon mutations, anucleate minicells also
are generated"fSifdRiteh aengmonsthenderieticdeguangementsordnuiatiansihat affect septum

formation, for @yampiedthediv! j lis;ee Reeve and Cornett, 1975, Levin et al., 1992.
Minicells also can be,forrl?%ed %Ilb\évl?ng%&pg%%%%gﬁ ﬁ%?ﬁ%c [SOerSFgERE FrEaNBhes hroteins

involved in celFERTSROMIcHT BhisaTi e Ssbe Rigenm i rRoH exalis ds sirablexprassitrelbf minfdeads to polar

division and pieaucianelisnigalismGimilasly, chromosome-less minicells may result from defects in
chromosome segregation for example the smc mutation in Bacillus subtilis (Britton et al., 1998),

spoOJ deletion in B. ﬁjéggi%l%t&goet %Iq., 199§§ mukB mutation in E. coli (Hiraga et al., 1989), and

parC mutation in E. coli (Stewart and DA 1987 GERE PG AR be! ieflSA thEhs. When

over-expresse8EfroayE Thilfvinpy roesoed ml%rmdﬁmrrmmgﬁzﬁff&mm??%%@ éﬂ%d%altt_engfitr:]ell
division and/ofRbiRitehramoseme paritian ication (Okada et al. , regulting il
formation of ¢ ewbé& cells and anuclggee rﬁ?n%%%%gg{ﬁ%t %ﬁ?: %85%%%6 3_%_ aﬁé%@). Minieells
can be preparg ont Ry iHcteti: chiigs s ﬁﬁsﬁﬁ/@ﬁﬁ@r@rﬁéﬁe@ﬁmmgmopﬁﬁﬁ]:ln
accordance wittvéhe oivestionemirigalls eantaiRa-fungtionakinygleichacid Qf.a/plasmid that encodes a

[ [ [ [ i [ ired, "Functional" nucleic acid molecules of the
functional nucleg agd for which deliery s desire

invention have The capacity 1o reduce expreesisriota ﬁio@ﬁﬁb%ﬂ%éﬂyﬂﬁl@réﬁﬁﬁ@wm%_transcript
that encodes thredpetitsinoiRiketioleRinidisrsibaiymesonrdastisgnreInUGRIc acids erpstitute
exemplary fu n@é@&@':ﬁ%ﬁk%ﬁ@s%%%s@gl%@&l&l I}/Io(r:’leexcatrjrlx%% the smc mutation in Baciflus subtilis

(Britton er al, 1998}, spoOJ deletion in B. subtilis (Ireton et al, 1994), muiB

mutation in £. coli (Hiraga e al, 1989), and parC mutation in E. coli (Stewart and

D’Ari, 1992). Gene products may be supplied in trans. When over-expressed from a

high-copy number plasmid, for example, CafA may enhance the rate of cell division

and/or inhibit chromosome partitioning after replication {Okada ef al, 1994),

resulting in formation of chained cells and anucleate minicells {Wachi et al, 1989,

Okada ef al, 1993). Minicells can be prepared from any bacterial cell of Gram-

positive or Gram-negative origin.

[0060] In accordance with the invention, minicells contain a functional nucleic
acid or a plasmid that encodes a functional nucleic acid for which delivery is desired.
“Functional” nucleic acid molecules of the invention have the capacity to reduce
expression of a protein by direcily interacting with a transcript that encodes the

protein.  siRNA molecules, ribozymes, and antisense nucleic acids constitute

exemplary functional nucleic acids.

B. siRINA Molecules
{0061] Short interfering RNA (siRNA) molecules are useful for performing

RNA interference (RNAI), a post-transcriptional gene silencing mechanism. 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
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[0061] Short interfering RNA (siRNA) molecules are useful for performing RNA interference (RNAI), a
post-transcriptional gene silencing mechanism. siRNA generally refers to double-stranded RNA
molecules from about 10 to about 30 nucleotides long that are named for their abilitg S‘Pecifically to
interfere With“b?ozt’&ﬂﬂ@%dfession. Preferably, siRNA molecules are 12-28 Autfstiee :Toln49, more
preferably 17 WO 2006/021894 PCT/1B2005/003614 15-25 nucleotides long, still more preferably
19-23 nucleotitiedIoRtF krtideiodengresithinpz meferableoliles longleTtidreforeg preferiest SIRNA
molecules areptZedBly 24, baddeciiel §ordsd. PRerlibrd Hrdfrd sHONAOmAta8.9%a2) Husleotides in
length. [0062] T«cp? ée%gt%ognﬁostrand desg;énates the length of an siRNA mo_ecufe. Forinstance, an
SIRNA that is déschbed ds 2t Hbaiuéledtrd - thd {a2912mheP R auelsatjsieadntivagpposite strands of
RNA that anneal together for 19 contiguous base pairings. The two remaining ribonucleotides on each
strand would form ar®88¥kihgrigretvhénrarssiRil designtsinsiimiesitandsofidifieremiengths, the longer
of the strands-degi S, th of ' : instance, a dsSRNA containing one strand that
is 21 nucleotidegs? %%gﬁgﬁ’d%%é%ﬂ%?’ grﬁ%%%%\%é %%%riu% égﬁa%(s)?foﬁ%%o%r@s%%%ﬂa@ rﬁner. [0063]

SiRNAs that cEHBREE HoovmnptifgsaradiealrBbid. thakaoverhveyteayiobd Atctheifionthesd’ end of a
strand. Preferabiynjiis artbeRicenemafitheRASEARAT helepgth o anoverh PRmRYary, but

preferably is a%quéjzg I E}o ab% 5 bases, and more preferably is about 2 nucleotides gﬁg%referably, the
siRNA of the prese}}lat fhventioh Wiff: TGS EGSAAg of A5Gt Whatbadesweregsreferably, the
3' overhang i$h2 sibode dedgides tbnderstienfmerdivefemblyadhace, ihrrucieatides: comprising the 3

overhang are yyidi [ ing to_the inventipn, the term siRNA includes short hairpin
RNAs (shRNA%{;)%gls@h%%}g %g%%z%%ﬁg% r? gle saf]rgfr?dsg?%iglihiﬁé f%?ﬁnlss & SH8BRSstg&ture, where

the stem cons‘?§t§"§ﬁﬁ?eaﬁn¢£ﬁémentary sense and antisense strands that comprise a
double-stranded siRNA, and the loop is a linker of varying size. The stem structure of ShRNAs

generally is from abq0e6h) MRADOULIEO AuEHRREIARSIMIBang are desirable. The overhang may
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 may 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,

{0064] According to the invention, the term siRNA includes short hairpin
RNAs (shRNAs). shRNAs comprise a single strand of RNA that forms a stem-loop
structure, where the stem consists of the complementary sense and antisense strands
that comprise a double-stranded siRNA, and the loop is a linker of varying size. The
stem structure of shRNAs generally is from about 10 to about 30 nucieotides long.
Preferably, the stem of shRNA molecules are 12-28 nucleotides long, more preferably
15-25 nucieotides long, still more preferably 19-23 nucleotides long and most
preferably 21-23 nucleotides long. Therefore, preferred shRNA molecules comprise
stems that are 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 28 or 29

nucleotides in length,

[0065] siRNAs of the invention are designed to interact with a target
ribonucleotide sequence, meaning they complement a target sequence sufficiently to

hybridize to the target sequence. In one embodiment, the invention provides an
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Preferably, the stem of ShRNA 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 ShRNA molecules comprise stems that are 12, 13, 14, 15, 16, 17, 18, 19,
20, 21, 22, 2?%5’%@‘2%4 27 28 or 29 nucleotides in length. [0065] siRNKg?;[flﬁ%g"?ﬁ({?éﬁ]tfon are
designed to interact with a target ribonucleotide sequence, meaning they complement a target
sequence suffidiéitiyntolehylbridinerisitbe tibgmtdegidenequincene eabOOHE Gt Re%\EIton provides

an 18 WO 20&6%3’”@641&%{&%528?&0% 4, SIRNA molecule comprising a ribgnucleotide sequence
at least 70%, 75%, 80%, 805% or 90% ider(%lga]]etgl:%}g arget n ooril%) eoﬁﬁgrﬂgqélﬁﬁteﬁ & §FEke complement
of a target ribBReRIESHHAssquRItEe. BrpEraiibliyhersRATR O lemllsdalet isat ROYST 9%, 98580, 96%, 97%,

98%, 99% or $66509gestino e A elHRenULeRlide SRAYENGE AL IhE. Somplement,of the target
ribonucleotide sg&gjence. !gl st preferably, an siRNA will be 100% identical to the target nucleotide

sequence or (REESFANIEREREI RS THISBHEERI St RS Begtfe nMe sHRiewdly sir siRbdnbleules with
insertions, deleliins densinglapaint routetionsclelativestaatatget may alse heeffective {0066] Tools to

assist SIRNA ?1%%' @ adily availahle to the wl'c. For exam Rl}%eﬁa computer-based siRNA design
tool is available o%eg%ngtgrsr? %( eal%cﬁ.%sgr@r%as‘ on%o{ﬁ%??f.‘%fbgf BETHERT BIFERM®Es are RNA
molecules havifig apcwizprieiionactivhy ¢hat cagerepsated e cifavéyother RNA moleculesina -
nucleotide base sequence-specific manner. Such enzymatic RNA molecules may be targeted to

virtually any RNA tr@mmga@d@mgﬁmim;w@(g@ggqa%g;jp ¥t $0068hix, hasic yarieties of
naturally-occug}r{ip nzymatic NAbs ar W resently, Each can catalyze the hydrolysis of RNA
phosphodiestergg%ﬁs in frane féh&‘c’t%‘ﬁsm Ié%?}g"oﬁ?@} RNAA BRicurS) iR dsissmsisiBlogical

conditions. In vgewelisdireaymatic polynucleotides act by first binding to a target RNA. Such

C. Ribozymes
[6067] Ribozymes are RNA molecules having an enzymatic activity that can
repeatedly cleave other RNA molecules in a nucleotide base sequence-specific
manner. Such enzymatic RNA molecules may be targeted to virtually any RNA

transcript, and efficient cleavage achieved in vitro.

[0068] Six basic varieties of naturaliy-occurring enzymatic RNAs are known
presently. Each can catalyze the hydrolysis of RNA phosphodiester bonds in trans
(and thus can cleave other RNA molecuies) under physiological conditions. In
general, enzymatic polynucieotides act by first binding to a target RNA. Such
binding occurs through the target binding portion of a enzymatic polynucleotide
which is held in close proximity to an enzymatic portion of the molecule that acts to
cleave the target RNA. Thus, the enzymatic polynucleotide first recognizes and then
binds a target RNA through complementary base-pairing, and once bound to the
corTect site, acts enzymatically to cut the target RNA. Strategic cleavage of such a
target RNA will destroy its ability to direct synthesis of an encoded protein. After an
enzymatic polynucleotide has bound and cleaved its RNA target, it is released from

that RNA to search for another target and can repeatedly bind and cleave new targets.

[0069] The enzymatic nature of a ribozyme is advantageous. Because a single
ribozyme molecule is able to cleave many molecules of target RNA, effective

concentrations of ribozyme can be quite low.
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binding occurs through the target binding portion of a enzymatic polynucleotide which is held in close
proximity to an enzymatic portion of the molecule that acts to cleave the target RNA. Thus, the

enzymatic po‘l)é/nucleotide first recognizes and then binds a target RNA thrgugh g(%%)ql_f entary

base-pairing, 536"8HEE Hdund to the correct site, acts enzymatically to cufﬁ%%?arge A. Strategic

cleavage of such a target RNA will destroy its ability to direct synthesis of an encoded protein. After
an enzymatic polyniffi@élitiectids fimnychendnaleavenbitscRdMA tafgetvdatds eiedsethiiammdhat RNA to
search for angther tagget and.gan e atadly ind and cleaye tar 0069] The enzymatic
nature of a ribozyme is a yantageo@%ﬁ Be?éu%gpg%ﬁ%ﬁgpﬁgé%m%ﬁg%%&é %gglﬁeep% E('I:T‘eave many
molecules of ARFERReRaEeEale viorcaataiReth rvdArre CHPBR quite Ibwwmtde YW 2006/021894

PCT111120090036%4. IDGFRHsefuliRozumasmaysomprisgane Phseyeraldiifzeingluding
hammerhead (Rossi et al. (1992)), hairpin (Hampel and Tritz, (1989), Hampel et al. " (1990)), hepatitis

delta virus mdtt{BRHote i BEeh PTo92 8 DEH PRt RS AP Siing. Godigr 60 RNaseP RNA
in associationswithias:RNAiguideseqaeee ESusricrDakpdamiat (AA88)) nandNeurgspora VS RNA
(Saville & Collins (1990);,.Saville. & Collins (1991); Collins, & Olilve 1993)). These spec,ifig motifs are
ot limiting, A5 S et A B O A BT TS RN 1o Bt EHAC SORERE: substate
binding site thatigregnplémertariid ionenmongtargebRNA regionsgariiNthat dtdmayenducleotide
sequences within erisutrounding that substratepinding si hich.impait an RNA, cleaving activity to
the molecule. [0071] Ribozymes of trt?e invention mg)y ?ﬁ%?r%%ﬁ\gg%géﬂisé%ﬁ%gnbdg eotides (e.g., for
improved stabifiFHrgathig, ey cikmcng eudithsedliemdecsiicoding the ribozymes may be under the
control of a strong constitutive promoter, such as, for example, RNA Polymerase 1l or RNA

Polymerase Ill proméF] s8itheynansiediednealimpwithpreduceise fficigine  uantitias af:ile ribozyme to
destroy targel pndqgeRRRR VP SRBHRS, AN L3NS IO D A USSR e D LdRngeqiides
ribozymes may be under the cbntroi of a strong constitutive promoter, such as, for
example, RNA Polymerase I or RNA Polymerase III promoter, so that transfected
cells will produce sufficient quantities of the ribozyme to destroy target endogenous

messages and inhibit translation.

D. Antisense Oligonucleotides
[0072] Antisense oligonucleotides of the invention specifically hybridize with

a nucleic acid encoding a protein, and interfere with transcription or translation of the
protein. In one embodiment, an antisense oligonucleotide targets DNA and interferes
with its replication and/or transcription. In another embodiment, an antisense
oligonucleotide specifically hybridizes with RNA, including pre-mRNA and mRNA.
Such antisense oligonucleotides may affect, for example, translocation of the RNA to
the site of protein translation, translation of protein from the RNA, splicing of the
RNA 10 yield one or more mRNA species, and catalytic activity that may be engaged
in or facilitated by the RNA. The overall effect of such interference is to modulate,

decrease, or inhibit target protein expression.

[0073] There are several sites within a gene that may be utilized in designing
an antisense oligonucieotide. For example, an antisense oligonucleotide may bind the
region encompassing the translation initiation codon, also known as the start codon, of
the open reading frame. In this regard, “start codon and “transiation initiation codon”

generally refer to the portion of such mRNA or gene that encompasses from at least
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[0072] Antisense oligonucleotides of the invention specifically hybridize with a nucleic acid encoding a
protein, and interfere with transcription or translation of the protein. In one embodiment, an antisense
oligonucleotide targets DNA and interferes with its replication and/or transcription. In another
embodiment,"& @ﬁﬁgéjﬁgé oligonucleotide specifically hybridizes with RNPAE ﬁ@ﬁ?g?ﬁogﬂ%r%-mRNA and
MRNA. Such antisense oligonucleotides may affect, for example, translocation of the RNA to the site

of protein trangiation, {sapsationairsoteinfemndhedifisnicingiheBNA & yield ppe or more

MRNA species, and catalytic activity that may be engaged in or facilitated by the RNA. The overall
effect of suchiARAERATEESL {BHREARIRE Y decrease, or inhibit target protein expression. [0073] There
are several sites within a gene that may be utilized in designing an antisense oligonucleotide. For
example, an antiser{88 @ligormibée otiddomanyibingt tinterpetitonte nooun pabsitgrtieatiath staldon initiation

codon, also known asiihe startcodan,.of the.openseaging frame-inihis ragrdrsstpRgpdon and

“translation initiation codon” generally refer to the portion of such mRNA orgene that encompasses
from at least PENFESDEEIOD 188D CefHEB 005508561 2°5H3LP DS S AMER A RRSI ntiguous

nucleotides ingithgsdicaction (ke A3yt from adnanslatienisiiatinncedonuldi#kAnother site for
antisense interaction to _ochur is the t%rmination, codon rgf the open reading frame. The terms "stop

codon region®4Hd “FSHEIAHSH" EHHNAHEH CHABRTEYTHTefer generally to a portion of such a mMRNA

or gene that encompasses from at least about 25 to at least about 50 contiguous nucleotides in either
direction form a tranélifftintesneiPRiticeréBdo At 40079 FhéBHaRIeadMEp frifie BY detiri§degion also

may be targetgel .gffactively. Tha,qpandeading ame.is genamiydiderstaqditoreferde the region
between the translation initiation codon and the translation termination codon. Another target region is

the 5' untranstatEETE it TARTERIRS HESRSIRILIFBIR BN AN, TARS BUAR e IBHOAEM the%GEnslation
initiation codomdtiactugesHgonuctaotidesrbalivedndfionn voaphsitetand thentednatering iritiation codon
of a mRNA Orthe; 3* direction from the iranslation initiation codon. It includes the nucleotides

between the 5’ cap site and the transiation initiation codon of a mRNA or

corresponding nucleotides on the gene.

[0076] Similarly, the 3’ untranslated region may be used as a target for
antisense oligonucleotides. The 3’ untransiated region is that portion of the mRNA in
the 37 direction from the translation termination codon, and thus includes the
nucleotides between the translation termination codon and the 3” end of a mRINA or

corresponding nucleotides of the gene.

[0877] An antisense oligonucleotide may also target the 5° cap region of an
mRNA. The 5° cap comprises an N7-methylated guanosine residue joined to the 5°-
most residue of the mRNA via 5°-5 triphosphate linkage. The 5 cap region is
considered to include the 5° cap structure itself as well as the first 50 nucleotfides

adjacent to the cap.

[0078] Although some eukaryotic mRNA transcripts are directly translated,
many contain one or more intron regions, which are excised from a transcript before it
is translated. The remaining (and therefore iranslated) exon regions are spliced
together to form a continuous mRNA seguence. mRNA splice sites, ie., intron-exon
junctions, represent possible target regions, and are particularly useful in situations

where aberrant splicing is implicated in disease, or where an overproduction of a
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corresponding nucleotides on the gene. [0076] Similarly, the 3' untranslated region may be used as a
target for antisense oligonucleotides. The 3' untranslated region is that portion of the mRNA in the 3'
direction from the translation termination codon, and thus includes the nucleotides between the
translation tePMAAEH ¥88on and the 3 end of a mMRNA or corresponding%&éﬁ%%%@oésg]ﬁthe gene.
[0077] An antisense oligonucleotide may also target the 5' cap region of an mRNA. The 5' cap

comprises arFMamgmxta@ SREPRIGESIMBHAINRM 10iReR - MRRtscsidueAhiheuiNA via 55
triphosphate linkage. The 5' cap region is considered to include the 5' cap structure itself as well as
the first 50 nUBRSHGHE LS dR CEHTARERRE RE P S FOIP AR AL GRS Be R Kare e PR BRIk hscripts are
directly translgtiggnudladtideontain one or more intron regions, which are excised from a transcript
before it is translated. The remaining (and therefore translated) exon regions are spliced together to

form a continuous M4 SpAKSAGE VIRMASBLCEAISE i ARE AR BIRCHNR-aREEseNt possible

target regions, and are p arly useful In situations where aberrant splicing is implicated in disease,
or where an dveWodirsiorremalememo 2008/0Esd RO B AeSInT &t £ hesticul#ETRNA splice

product is impligated indisgase:dMereqver, shartantfusion dunetians.dusdoraatangements or
deletions are alsq Iigpossible targets for antisense oligonucleotides. 100791 With these various target

sites in mind, RAHSENEE SR TEIE RFGREThAI° HUSSTRATENES G pIErmaRtal) 1 fife FaRgbt
polynucleotidagpatistie chessmuiiereimist el asufficignhdegradofreednplementadogor precise

pairing such that stable and, specific binding ogcurs between the aligonucleotide and t
polynucleotidg:)t%l gfee?e%@igotﬁ%ﬁy?%tcﬁ% tgre%e }?8?{ A %Ci%or% (g%l%%iejﬁggegf%cgr%g%%%dlez%é?e'd%%ot be 100%
complementasyiietisatobizitsueirgttip dlynselBotidie hvthisispblsifichsly bipdHdizubles Amisgntisense

oligonucleotidg, iz, spaciically w&{@&@p@m&m@m@%%ﬁﬂﬁ@@éﬁngﬂim&ue}e@iﬁﬁ to the target
polynucleotide interferes with the normal function of the ' )
target polynucleotide to cause a loss of utility, and there is a sufficient degree of

complementarity to avoid non-specific binding of the antisense oligonucleotide to
non-target sequences under conditions in which specific binding is desired, i.e., under
physiological conditions in the case of in vivo assays or therapeutic treatment, and in

the case of in vitro assays, under conditions in which the assays are performed.

[0080] The antisense oligonucleotides may be at least about 8 nt to at least
about 50 nt in length. In one embodiment, the antisense oligonucleotides may be

about 12 to about 36 nt in length,

[0081] The antisense oligonucleotides used in accordance with this invention
may be conveniently and routinely made through the well-known technique of solid
phase synthesis. Equipment for such synthesis is sold by several vendors including,
for example, Applied Biosystems (Foster City, CA). Any other means for such
synthesis known in the art may additionally or alternatively be employed. It is well
known to use similar techniques to prepare oligonucleotides such as the

phosphorothioates and alkylated derivatives.

E. Nucleic Acids Encoding Functional Nucleic Acids

[0082] In preferred embodiments of the invention, minicells comprise nucleic
acids that encode functional nucleic acids. For example, a plasmid may encode a

functional nucleic acid that is expressed inside of mammalian target cells. This makes
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target polynucleotide to cause a loss of utility, and there is a sufficient degree of complementarity to
avoid non-specific binding of the antisense oligonucleotide to non-target sequences under conditions
in which specific binding is desired, i.e., under physiological conditions in the case of in vivo assays or
therapeutic tr%%%%‘ﬁ?? Rd in the case of in vitro assays, under conditiond’ %T%%g??/t%}gﬁé%says are
performed. 100801 The antisense oligonucleotides may be at least about 8 nt to at least about 50 nt

in length. In opesgbibentiventiihdetintseastiaiganleleotidesimaywarhaneuidl2iaabaevt30 ntin
length. [OOSlJthghe asnetgegageolipo%u%e%ti%g? used in accordance with this invention may be
conveniently an rouflnefil made %ﬁ(rgug% the Welknown technique of solid phase synthesis.
Equipment for such s&)nthesis is sold by several vendors including, for example, Applied Biosystems

(Foster City, CA). ARJOSH e dpecrabaaphingatmasice lpn &oay rtfepiatmidy iud itemedingor

alternatively hexeroplayed. dtrsiweledinavs tause similaniechniguesdgpierats oliggpigleotides such
as the phosphorothioates an alkgrll%}ed %%rif\@tives. E. Nucleic Acids Encoding Functional Nucleic

Acids 100821 TR BrRf&rASE B mbSthFrEHtS TTPERtH M HiRle SHEEoRIb LS HEABIRS: dkifls that encode

functional nugleisibleids. iFet extmiple, axptasmiditipy engodeiaafunctionahnueleioagidthat is
expressed insigg.of m ég&lgara rggtegielrl%sjcl'gis alée%HZZ,.WO (23%)6/0 1894 PCT/1B2005/003614

. IVl IOt Erer FOmoiers, T .
possible endogenous delivery of functiorfal' nucleic acids, Which has & vanrfage over the transient

nature of exo§&#HvpS deiely (4008l Ftus keldombirantiptectdninioe Hserby mwamytpiasmid DNA
encoding oneieNROE SIRNASREAUGNERS almed At Siencing il fesigtiance or apoptpss resistance

genes. Using minicells that encode multiple functional nucleic acids, it is ‘possible to treat cells that

express multifte Upli TEErstivf eaetrapidRiab DinEreptigiRr A Seggantesiédibasxpiessed
individually frem diftitepimrpmeiels. Eaffeexanime SBNAIMIeINGRUR-RRINAECARDS expressed

from the U6 promoter and. siRNA targeting B¢l-2 mRNA cap be expressed from the HI promoter.
These psm@e promoter, \m}ere 5 re%omcbmant ;:'h‘asmlacp carr?eéj an expression casset?e
comprised of multiple siRNA-encoding sequences, which are linked together via non-
coding polynucleotide sequences. A single gene transcription terminator can be

placed downstream of the complete expression cassette.

[0884] In one strategy, a plasmid encodes the sense and antisense strands of
an siRNA as two independent transcripts that, after expression within a targst cell,
hybridize to form functional siRNA duplexes. In a second preferred strategy, a
plasmid encodes one or more siRNAs that each are expressed as a single transcript
that forms a short hairpin RNA stem-loop structure. The hairpin structure may be
processed by a Dicer enzyme into functional siRNA. ‘

F. Reporter Elements

16085] A nucleic acid molecule to be introduced via the approach of the
present invention can include a reporter element. A reporter element confers on its
recombinant host a readily detectable phenotype or characteristic, typically by
encoding a polypeptide, not otherwise produced by the host, that can be detected,
upon expression, by hisiological or in situ analysis. such as by in vivo imaging
techniques. For example, a reporter element delivered by an intact minicell,
according to the present invention, could code for a protein that produces, in the
engulfing host cell, a colorimetric or fluorometric change that is detectable by in situ
analysis and that is a quantitative or semi-quantitative function of transcriptionat

activation. Hlustrative of these proteins are esterases, phosphatases, proteases and
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multiple expression cassettes preferably are carried on a single plasmid, but may also be on different
plasmids. Different sSiRNA sequences also can be expressed from a single promoter, Where the
recombinant plasmid carries an expression cassette comprised of multiple sSiRNA-encod

sequences, \kﬁﬁ(ﬁ’? UK liked together via non- coding polynucleotide seqlfe(ﬁrég;sz %@(}ﬁ;& é gene
transcription terminator can be placed downstream of the complete expression cassette. [00841 In

one strategy g, plasmidRICAfes g rense %%Rngée}gesst@r&%ee{a@@ RNABROpdependent

transcripts that, after expression within a target cell, hybridize to form functional siRNA duplexes. In a
second prefeﬂ‘é?ﬂ%ﬁﬁf@gy, a plasmid encodes one or more siRNAs that each are expressed as a
single transcript that forms a short hairpin RNA stem-loop structure. The hairpin structure may be
processed by a Dicésdsar mdeintd femaipjexahﬁm\léolF{}%emmdedemeri& [ﬁﬁﬁﬁs‘la%nunleic acid
molecule to b ntroduce V|a the %p roagh of the pres ent mvgn}tl? p arel orter element. A
e cm 8] a au 23 ..
reporter elent oft 1t8°r ARt HoS a rea y "detectable pﬁeno ype ‘of Characteristic,
typically by enc:éﬁtng awhiylpepﬁdﬁeraomoth;egmhmprahﬁahedcby(kmﬁdn@t lthéfecan)bedetected, upon

o eSS oAl BL I R AN AN SIE R Ao Y MG A oo oARel xamp i 2

reporter element elivere n intact minicell;” according to the present invention, could code for a
protein that pﬁ@@fube:smswmﬁ@ﬁgamm@%@t dementdBIbIRTORTS Wlﬂ@ﬁ@rﬁeﬁﬁe@ﬁaﬁg@@ﬁm is

detectable by #y$if %f%@é?éﬁ?f@!i‘dﬁﬁkﬁ@%ﬂw%%feé&%%ﬁmﬂ@tw%ﬂm@@@? ofgeanscriptional

activation. lllustrative of these proteins are esterases, phosphatases, IliTéproteases and 23 WO
2006/021894 B RIBITOLBRsE A REY enbTiedcdihy SemaRPETRhich haPRiakws Widctable
chromophorepos/fiugronane 8086} dyrieresiexamples: aiacﬁmgn@wlmasidasemhich effects a

color change via cleavage of an indi genic substrat indo lactgside, and a_luciferase,
which OX|d|ze§°3plrgﬁed fhé%y(fgr c?erlal?u ecr?afge o%%ko 2cHE 63 %‘m ghgﬂ dj

WO 095/2119} (discloses a modification of the c¢cDNA for the apopeptide of A
victoria GFP, providing a peptide having altered fluorescent properties), and by 2
report of Heim ef al (1994) of a mutant GFP, characterized by a 4-to-6-fold

improvement in excitation amplitude.

[G087] Another type of a reporter element is associated with an expression
product that renders the recombinant minicell resistant to a toxin. For instance, the
neo gene protects a host against toxic levels of the antibiotic G418, while a gene
encoding dihydrofolate reductase confers resistance to methotrexate, and the
chloramphenicol  acetyltransferase  (CAT) gene  bestows  resistance o

chloramphenicol.

[0088] Other genes for use as a reporter element include those that can
transform a host minicell to express distinguishing cell-surface antigens, e.g., virai
envelope proteins such as HIV gpl20 or herpes gD, which are readily detectable by

HRMUNoassays.

G, Repulatory Elements

[0089] A nucleic acid molecule to be introduced via the approach of the
present invention also can have a desired encoding segment linked operatively to a
regulatory element, such as a promoter, a terminator, an enhancer and/or a signal
sequence. A suitable promoter can be tissue-specific or even tumor-specific, as the

therapeutic context dictates,
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heterocyclic carboxylic acid (luciferin), with the concomitant release of light. Also useful in this context
is a reporter element that encodes the green fluorescent protein (GFP) of the jellyfish, Aequorea
victor/a, as described by Prasher et al. (1995). The field of GFP-related technology is illustrated by
two publishe(‘f“ Bégﬁﬁé(ﬁb%)cd’ations, WO 095/21191 (discloses a polynucleotF&nga@gﬁgr’eﬁgncoding a
238 amino-acid GFP apoprotein, containing a chromophore formed from amino acids 65 through 67)

and WO 095/21191[¢atgIasemmoradiicatins-afdiacOMAdor thecapapepiserefhilyvistaria GFP,
providing a p \'[,Qletpgt\lgna% Ii(leergcd flféorﬁg %rétgrgpe{ties)f, and.by a r gort of Heim et al. (1994) of a
mutant GFP, Characterize byaf—’to- T |mpr0\1/‘ér1 Rt eXeitatlo mfﬁﬁhaﬁ}f@@éﬁ%nother type
of a reporter elperadtit iSzedostanegmiitiegnesxpresBiencasegduct dhatssandeesifite peaonsbinant minicell

resistant (0 a iRt EOTRSIARGRINe HEIENSAIPRCISA NBRIAGRINSLIOIGIRYeIs Af the antiotic

| <2
G418, while a gene encoding ¢ Qg,drofolate reductase confers resistance o m_ethot*rexa.{te, and the
chlorampheni®$ a0t TBfsH S [ CAT ) etechésteiis resiseanicsiay. chldehnipHetilolif0088] Other

genes for usepaf-RrEpatiakelemenidnelude thasethal Gan ansiarms ahost.minicel g express
distinguishing cell_-sgrface antigens, e.g,, viral envelope proteins suchas HIV gp120 or herpes gD,

which are reatiify Heteta TARINGAE SRR OGIRIgu KIS EIBTHER IS (6RO Rtfdsic acid
molecule to beyintiwddiced viatheddpproachyefitheaiitesentinentionaisd eandhave:adesired encoding
segment linked.operatively to a. regulatory element, such a romaoter, a terminator, an enhancer
and/or a signélsfl 1%%%1%%?8 .eACs{%l églgkg%}g%lo era"%an&ge %}‘sal%gsopé%iffgg%?”el e%cfﬁ’r%er-gﬁré%ific, as the
therapeutic conix! ditigtesy 24N ¥G2006102489f PE THB2DUEI003634: AB00a1A Rfdhter is

tissue-specifigjiyhendt is. apsiyates) preferentiallydm aiven fissue,and, RS, i effeglye in driving
expression, in the target tissue, of an :
MacDonald (1987), Hanahan, (1985), Leder e al. (1986), Readhead et al. (1987), and

Mason ef al. (1986),

[6491] There also are promoters that are expressed preferentially in certain
tumor cells or in tamor cells per se, and that are useful for treating different cancers in
accordance with the present invention. The class of promoters that are specific for
cancer cells is illustrated by: the tyrosinase promoter, to target melanomas; the
MUCVDI3 promoter, to target breast carcinoma; the hybrid myoD enhancer/SV4(0
promoter, which targets expression to rhabdomyosarcoma (RMS), the
carcinoembryonic anﬁgen (CEA) promoter, which is specific for CEA-expressing
cells such as colon cancer cells, and the hexokinase type 11 gene promoter, to target
non-small cell lung carcinomas. See Hart (1996), Morton & Potter (1998), Kurane ef
al. (1998) and Katabi et al. (1999).

[0092] Promoters that are dependent on either RNA polymerase (pol) I or pol
H are preferred promoters. Highly preferred promoters are the RNA III polymerase

promoters Hi and U6.

[G093] A signal sequence can be used, according to the present invention, to
effect secretion of an expression product or localization of an expression product to a
particular cellular compartment. Thus, a therapeutic polynucleotide molecule that is
delivered via intact minicells may include a signal sequence, in proper reading frame,
such that the expression product of interest is secreted by an engulfing cell or its

progeny, thereby to influence surrounding cells, in keeping with the chosen treatment
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operably linked structural sequence. The category of tissue-specific promoters includes, for example:
the hepatocyte-specific promoter for albumin and al- antitrypsin, respectively; the elastase | gene
control region, which is active in pancreatic acinar cells; the insulin gene contr_oloréa%i{c})s%,lgctive in
pancreatic betd 3%?@?2{%4 mouse mammary tumor virus control region, which 15 Aetve i testicular,
breast, lymphoid and mast cells; the myelin basic protein gene control region, active in
9"90dendf0095£?a&gﬁ.'rnm@c#a{@@'s@m%meesdma@&@%éms; reOREARRES ERAEAI region, which
is active in cells of the hypaothalamus. See Frain et alﬁé}1990), Ciliberto et al. (1985), Pinkert et al.,
(1987), Kelseyeeare(1dpsyybedyint -8t pesshNavaddoddf (rodr Rl arreriien F688 Feder et al.
(1986), Readlgadset at. (1984 a1 o Masamras adn (11886} {A0& L e Aalsn afenpraigdlers that are
expressed preferentiglly in certain or cells or i cells per se, and that are useful for treating
different cand¥r<HRPA Céfaﬁrﬁ%‘g&\}\ﬂ:ﬁ : ‘é’%%g}%t ﬁ%%eﬁ%?ﬁ. The class of promoters that are specific for
cancer cells is illustrated by: the tyrosinase promoter, to target melanomas; the MUC1/Df3 promoter,
to target breast carcinomatithe hyBHEESODRBRARCEMENR b Moter, which targets expression to
rhabdomyosarcoma¢RMS), theosareinggmpnmnic antigem(GEA) promotanavieh dscspecific for
CEA-expressing cells such as colon cancer cells, and the hexokinase type Il gene promoter, to target
non-small celP i) EEIHBHAET eSS Y14 FHE 66T MBI STBHSHToF8 R e%@aﬁﬁc(lg%) and
Katabi et al. (3299)y$0093].Branfatessriiatiare sleperndemiomeltherai Apabaieraseatsol) 1l or pot 11
are preferred promoters. Highly preferred promoters are th [llpol ra s ters HI and
U6. [0093] A s?&ﬁ%ﬁ%%ﬁﬂeeng%ncaégﬁlb‘éeésneld% eag’é%lg |§§%%?H§%?Ne%§ﬁﬁﬁvé§:ﬁgﬁ?% F‘?}eﬁ f{gt%"secretion of

an expressiorsprodgctorid Caligatisinptan28LpreBsion prdddeBioNicpastich & EBIufarédmpartment.
Thus, a therapebiic pAbIeIRAtBRfBRIeCHIR. habis, delversdviadotachinicalls majnclude a signal
sequence, in proper reading frame, such that the expression product of interest is secreted by an

enguling cellor s pipagny, inerehy o nfhenes suiounding cols, neeping i figghoser

of functional nucleic acids. The proteins may contribute to acquired drug resistance
or intrinsic drug resistance. When diseased cells, such as tumor cells, initially
respond to drugs, but become refractory on subsequent treatment cycles, the resistant
phenotype is acquired. Useful targets involved in acquired drug resistance include
ATP binding cassette transporters such as P-glycoprotein (P-gp, P-170, PGYL,
MDRI, ABCB1, MDR-associated protein, Multidrug resistance protein 1), MDR-2
and MDR-3. MRP2 (multi-drug resistance associated protein}, BCR-ABL
(breakpoint cluster region — Abelson protooncogene), a STI-571 resistance-associated
protein, lung resistance-related protein, cyclooxygenase-2, nuclear factor kappa,
XRCCl (Xray cross-complementing group 1), ERCC] (Excision cross-
complementing gene), GSTP1 (Glutathione S—transferaée}, mutant B-tubulin, and
growth factors such as IL-6 are additional targets involved in acquired drug
resistance. When previously untreated cells fail to respond to one or more drugs, the
resistant phenotype is intrinsic. An example of a protein contributing to intrinsic

resistance is LRP (fung resistance-related protein).

[0096] Useful targeis also include proteins that contribute to apoptosis
resistance. These include Bel-2 (B cell leukemia/lymphoma), Bel-X;,, A1/Bfl 1, focal

adhesion kinase and p53 mutant protein.
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25 WO 2006/021894 PCT/1B20051003614 paradigm. lllustrative signal sequences include the
haemolysin C-terminal secretion sequence, described in U.S. patent No. 5,143,830, the BART
secretion squjenced disclosed in U.S. patent No. 5,037,743, and the signal sequence %rtion of the
zsig32 polyp Stﬁ%,/&?ég%fibed in U.S. patent No. 6,025,197. H. Tareets of EURRHBRAI R itleic Acids
[0094] Functional nucleic acids of the invention target the gene or transcript of a protein that promotes

drug resistance, inhi@@ﬂ?@%@?@ﬂ%@&@%W&ﬁd&%&?%&i@%@%%t%.Hﬁ@?%ﬂl-@@&"caﬂon of
e

functional nucleic acid strate%jes, in these contexts have been achieved in the art, but without the
benefits of miTREINYeFGRNPES sRe e ST FBHOS (CRyRREIDERRF Tt GIRbo5 Feth et al.
(2003), Caplew 1andivongses (BHORNRUE W€t RINZOD4DNagu et akrF0a4), DuBbhIet al. (2004),
[0095] Proteins, that.contribute to drug resis e cguﬁg' ute preferred targets_of.functional nucleic
acids. The pr%%?ﬁéﬁ%%y”&ﬁﬁ%t@ 10 aif:?auiéggg&rugjres stagr?%émcl}lr%nﬁfﬁg%: c?rrl?%mr%srg%a%r?ce. When
diseased cell§Esushas e belts;lirgtall\Eneshoht Mol 8rugsndut hébome refrabtoryronssubsequent

treatment cycles, (8e[eaiany PreRRivRe IAAgUIRY. iaclul asiainvolueiip asguied drg

resistance include ATP binding cassette transporters such as P-glycoprotein (P-gp, P-170, PGY1,

MDRI, ABCBIDMBRussaseiateerfsidteirne Miidr §edistanee BORR-22andMDR-3. MRP2
(multi-drug registapeeiassaciated prateinrBGRABE{RreakpoiRt clustar frAION - d¥helson

protooncogene), a STI-571 resistance-assqciated. protein ’Iung resistance-related protein,
Cyclooxygonataks. RGP G Hbpe SXRCE bRy S emichung Ghough ERCC
(Excision crossz¢dmplementinggens)ish Sk ulathione:G4tranaférase)y thutamiof3atebulin, and
growth factors tguch as IL-6 are additional targets involved in acquired drug resistance. When

. QEene . . . .. ..
previously unfreated celld fail to respond to one or more drugs, the resistant phenotype is intrinsic. An
example of a protein contributing to intrinsic resistance is LRP (lun resistance-relate(Ij\Protein). [0096]

Useful targets also iHtd8eBitraraartiatdoninbstione aigspégade HIV-Tat, HIV-Rev, H
Vif, HIV-Nef, HIV-Gag, HIV-Env, LTR, CD4, CXCR4 (chemokine receptor) and

CCRS5 (chemokine recepior).

{10099] Because of tumor cell heterogeneity, a number of different drug
resistance or apopiosis resistance pathways may be operational in target cells.
Therefore, the functional nucleic acids used in methods of the invention may require
change over time. For instance, if biopsy samples reveal new mutations that result in
acquired drug resistance, specific siRNAs can be _ciesigned and encoded on a suitable
expression plasmid, which is transformed into a minicell-producing bacterial strain,
which is used to produce recombinant minicells that are administered to address the

acquired drug resistance.

HIL Method of Overcoming Dirug Resistance and Treating Disease

{6100} In another aspect, the invention provides a method of overcoming drug
resistance and treating a disease, such as cancer or AIDS, in a subject. The method
comprises {a) providing an intact minicell that contains a functional nucleic acid
molecule or a plasmid comprising a segment that encodes a functional nucleic acid
molecule, where the functional nucleic acid molecule targets the gene or transcript of
a protein that promotes drug resistance, (b) bringing the minicell into contact with a
target mammalian cell, such that the mammalian cell engulfs the minicell, and (¢}
delivering a drug to the target mammalian cell. Preferably, step (¢) is performed after

steps {a) and (b}, to allow the functional nucleic acid fo diminish resistance to the drug
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resistance. These include Bcl-2 (B cell leukemia/lymphoma), Bel-XL, Al/Bfl 1, focal adhesion kinase
and p53 mutant protein. 26 WO 2006/021894 PCT/IB2005/003614 [0097] Useful targets further
include oncogenic and mutant tumor suppressor proteins. Examples include [I-Catenin, PKC-a (protein
kinase C), C- AP (V12), DP97 Dead box RNA helicase, DNMTI (B &l?ﬁ{}e“’t?{g/%r%ﬁsferase 1),
FLIP (Flice-like inhibitory protein), C-Sfc, S3BPI, Polycomb group protein EZH2 (Enhancer of zeste
homologue), BriBItdRY-dtEd abdilbzuthismanipaiediomavifesdaaring apeg-aatlod) oFartilin & MCIIP
(Myeloid cell | mia | protein), DIP13a (DDC interacting protein 13%MBD2 ethyl CpG binding
domain), p21,%§3n%&g%%lgl?|%&%c%lc?&9 ) Sptf T &{'Iy lsa}(T]i %&’a%i’?&locf BiiaeF r protein), SPK1 &
SPK2 (Sphingosine kinase), P300, PLKI (Polo-like kinase-1), Trp53, Ras, ErbBl, VEGF (Vascular
endothelial growth 483 AREPEiAte-| (B - AsssiiateddBtERNBGENS<L ) 3098t regard to HIV
infection, targessiesilistel HiaRat, hby-Bewa sl uMiks HIVNGE HUNYGag. Ny ERMdnERGD4, CXCRA
(chemokine r(zcec%gir Egsqulgb CCRS g hemokine receptor). 100991 Because of tumor cell heterogeneity,

a number of diffSrent artg redSiRce BIEBEIBES (OEEHRCE Hh e Ep e bpEdtiinal in target
cells. Therefardptive funpiielipl muckdicadidsusethinimethodhof the javentioaanayseauire change
over time. Forinsfance, itbjopsy samples reveal new mutations, that,result in_acquired drug
resistance, sp&eCific SIRNAS ca%@aige%i"g%ea Cgﬁg%?ﬁé%rgg on-a kslﬁﬁabrllemg%efelgégc?ﬁtspIasmid, which is
transformed into a minicell-producing bacterial strain, which is used to produce recombinant minicells
that are administered to address ' VeI E nce. lll. Method of Overcoming Drug

Resistance and TredfinggDiseaq GOk enotheraspectythedaventionpraisesiamsthod of
overcoming drug resisI%r}ge r%ged teQ?aEii{wﬁ_ja disease, such as cancer,or AIDS %’lﬁf\ ubject. The method

i thErEsmainds ETER4 RbEtTeeige: the same

comprises (a) providing an Atact minice
mammalian cells can be successfully re-transfected by targeted intact minicells that

are packaged with different payloads. For example, siRNA-encoding plasmid-
packaged minicells can transfect a mammalian cell, afler which drug-packaged
minicells can deliver drug to the same mammalian cell. This discovery was a
surprise, and indicates that the intracellular processes associated with minicell
breakdown, endosomal release of a payload and escape of the payload to intracellular
targets remains fully functional after the first round of transfection and payload

delivery.

[0163] The drug may be packaged in a separate minicell from the functional
nucleic acid or plasmid encoding the functional nucleic acid. Alternatively, the drug
may be packaged in the same minicell as the functional nucleic acid molecule or
plasmid encoding the functional nucleic acid molecule. Certain drugs may interact
with nucleic acids and preclude co-packaging of drug and nucleic acid in the same

minicell. For example, Doxorubicin is known to interact with DNA.

[8104] Preferably, minicells of the invention contain a sufficient quantity of
drug to exert the drug’s physiological or pharmacological effect on a target cell. Also
preferably, drugs contained within the minicells are heterologous, or foreign, to the

minicells, meaning that the minicells’ parent bacterial celis do not normally produce
the drug.
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molecule or a plasmid comprising a segment that encodes a functional nucleic acid molecule, where
the functional nucleic acid molecule targets the gene or transcript of a protein that promotes drug
resistance, (b) bringing the minicell into contact with a target mammalian cell, such that the
mammalian ¢ fpéﬂ%(ﬂ%sﬁ%e minicell, and (c) delivering a drug to the targe}f?ﬁgﬁﬁwgﬁgﬁ%‘éll.
Preferably, step (c) is performed after steps (a) and (b), to allow the functional nucleic acid to diminish

resistance to the drygy ¢&f ¥R 20809218 944RG /BRANSEYZE L4h PEIGRIR. G diugisiadministration.

Delivery of the drug and introduction of the functional nucleic acid can occur consecutively, in any

order, or simBaffEaiiRgy 2 [OUTEPRIG EFG S BGetenDERGE Sy BN Steal Zny

conventional g3gansnf GRiBXRMPIRI0IMOS RRYIDR HehiMered avally, hareaterallyidingkiamling
subcutaneously, ir)trav%?g uslg, intramuscularly j

intraperitoneally, and by infysion), topjcally,
ranadermal VB EIEHE PR EBERE PR B P BT oY S bR SAER g is casily
ascertainablenythosenskilled dortrenmadicaradtentA ieugd eliven)i viathikiells PRO2]iHIthough drug
delivery may occur vi%conventiopal means d% %ryiﬁﬁni i %eléﬁ)g %(%f%% . g&g}g? rtg?ard, the
ells ca u

. cotcentration g a{hei‘h is reverssd lc_!» .
inventors have discovered-that the same ‘'mammalian c be successtully re-transtected by

targeted intactinigd8ells that are packaged with different payloads. For example, siRNA-encoding
plasmid- packaged minicells can transfect a mammalian cell, after which drug-packaged minicells can
deliver drug to the sgmesnaimoudlian-eelis s disgovesy wasallsurprise vane indicateshthat the

intracellular processes %ssocigte Wi{h Hﬂnicell break own endgsom,al reileése qf apa load and
dru: ﬁlm‘i Y. Cal 0g 1350 ved 1 naéal%ro-r;a. ﬁo ?Jent.. Of xaﬁn Ef“ iltaxe c%;
escape of the pa%/ oad to’intracellular targets remains fully functional after the first round of

transfection amel gissdbad ideliverblfod0d] FhendiugdnayhepperckBhtidty etivapdaate wmikitell from the
functional nuglicagid, ox RlesTifkeReadipashe tuctionalouelsic Aot Alleinalively,4hg drug may be

packaged in the'same minicell as the functional nucleic acid molecule or plasmid encoding the
functional nuci&itescier et enesirtand drgs hiinimerqggounts 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 discoversd that even hydrophobic
drugs can diffuse into the cytoplasm of minicells to achieve a high and 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 cytopiasm.

[0107] Another method of loading minicells with a drug involves culturing a
recombinant parent bacterial cell under conditions wherein the parent bacterial cell
transcribes and translates a nucleic acid encoding the drug, such that the drug is
released into the cytoplasm of the parent bacterial cell. For example, a gene cluster
encoding the cellular biosynthetic pathway for a desired drug can be cloned and
transferred into a parent bacterial strain that is capable of producing minicells,
Genetic transcription and translation of the gene cluster results in biosynthesis of the
drug within the cytoplasm of the parent bacterial cells, filling the bacterial cytoplasm
with the drug. When the parent bacterial cell divides and forms progeny minicells,
the minicells also contain the drug in their cytoplasm. The pre-packaged minicells
can be purified by any of the minicell purification processes known in the art and

described above,

[0108] Similarly, another method of loading minicells with a drug involves

culturing a recombinant minicell that contains an expression plasmid encoding the
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with nucleic acids and preclude co-packaging of drug and nucleic acid in the same minicell. For
example, Doxorubicin is known to interact with DNA. [0104] Preferably, minicells of the invention
contain a sufficient quantity of drug to exert the drug's physiological or pharmacoli?ﬁical effect on a

target cell. AES W@?éﬁﬁ’l‘&/, drugs contained within the minicells are hetergfaﬂ%, P%%‘ign, to the

minicells, meaning that the minicells' parent bacterial cells do not normally produce the drug. 28 WO
2006/021894 #€J/iB2@05(DOBBL4 {0d03HaBdib hydsophibdiagdiydraphrbicdstgis-eambe packaged

in minicells bym%g@@iﬁ&pﬁg}g Tgerﬁ gradient of the drug between en extracellular medium
containing minicells and the minicell cytoplasm. When the extracellular medium contains a higher

drug concentration than the minicell cytoplasm, the drug naturally moves down this concentration
gradient, into the minicell c?topla%%ﬁ/hen the concentration gradient is reversed, however, the drug
does not move out ofatig|inigellssdRi106] Tiadoad-minigellsavithdrags thaiHoupalivarenot water

soluble, the drugs initially can be. dissolved in.an appropriate solvent. For example, Paelitaxel can be
dissolved in apﬁ%%fecﬁ?? g%c %@ﬁfﬁ&?’%ﬁ'ﬁgé%&eggﬁto%% E CEE)(%I 8%8&3 PRSP GiIRFSHEwed by a
dilution in PBSiterabhieveieubolptivanof BiaclitdXelithat is Parily dilyted inagudous vedidand carries
minimal amounts, 0f the: organiG $QVENL L0 ; LRSS the dryg remains in solution. Minicells can be
incubated in this final medium fo?drug Io’aiding. %%%Eﬁ%%f %?iet%lrsé |§C%%/§%#TF% 3@5#1?hydrophobic
drugs can diffFEUSHHIE the x5 pTah BEMATCBRS 5 deticve mdigheiztierdpentivatipesignificant

cytoplasmic diugidaad. Thissis upaxpecied lggg%%%ghe ﬂgmgﬁ@@e%@&gﬁs cg&%@égeg’of a
hydrophobic phos holiioid%%&a er, Whig would be expected to_prevent diffusion of hydrophobic
molecules intd tha CyIBPREHY AT RNt FtH5a RS BIRG dhime IR TRmH IS af i@ volves

culturing a rebombinpstpatenpiiagteraltellyndeseonstiienscathereinhe: parentdaiaral cell
transcribes arﬂ}ﬁ@[ﬁ@@%%ﬁ%@c Iélc%l %Celgllgotgjlpg%,tgﬁtg rc%gmgyaﬂ,l L%gg@%? glxj' aizicic 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 delivery, is converted by enzymes, hydrolvzed by the body

pH, or by other metabolic processes to the original therapeutically active form.

{0110] Useful drugs include chemotherapeutic agents, immunosuppressive
agents, cytokines, cytotoxic agents, nucleolytic compounds, radioactive isotopes,
receptors, and pro-drug activating enzymes, which may be naturally occurring or

produced by recombinant methods.

{0111} Drugs that are affected by classical multidrug resistance have
particular utility in the invention, such as vinca alkaloids (e.g., vinblastine and
vincristine), the anthracyclines (e.g., doxorubicin and daunorubicin), RNA
transeription inhibitors (e.g., actinomycin-D) and microtubule stabilizing drugs (e.g.,
paclitaxel). (Ambudkar ¢/ al., 1999)

{0112] In general, cancer chemotherapy agents are preferred drugs. Usefui
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
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released into the cytoplasm of the parent bacterial cell. For example, a gene cluster encoding the
cellular biosynthetic pathway for a desired drug can be cloned and transferred into a parent bacterial
strain that is capable o{g{groducing minicells. Genetic transcription and translation of thelgene cluster

results in bioXHEIEYE i

the drug within the cytoplasm of the parent bact%ﬁgﬁ%%ngf%ﬁlng the bacterial
cytoplasm with the drug. When the parent bacterial cell divides and forms progeny minicells, the

rnfi?ri]cellsf gls%gg%?ggégggrgg(g}ﬁe%gﬁgmﬁgﬁoﬁg o1¢ -ga@ghg%@%m%ﬂjgglj?cmm@gd@yriﬁed by any
of the minicell purification processes known in the art and described above. [Q1081 Similarly, another
method of loBAfRE NN GARRGTAPRIEH LD oR IRt Fing A ORRLBTRBIA R HTIC ﬁ%%%ﬁjntains an
expression ptagaigdenendingdpa:;z9 Bieieae/02F894 1P CTitBaa0syki4 dyugabhaer conditions
such that the %e%ne encodig%1 thg dru% is transcﬂgedband trarﬁlgg%% within tr}s gwninic lI..nB. Drugs

[01091 Drugs &K in THE TR Gon WY Be any physiolgically oF phartacologically active

substance thakpraduees, @de@m:l,I@@abm}aégistéﬁiiéceff@nihicaniﬁ&hé?p‘émhﬁala‘itypﬂféﬁ@mals and
humans. Druge, {1 Re INBISAnIE AL OraRRi.camPoRiis, Ehoubimiiatin. inclidingipepiides,

proteins, nucleic acids, and small molecules, any of which may be characierizeq or uncharacterized.
They may betherepatioustieraas Gilamins unidingee thol SHIEs iholedalarsbmpfexes e
pharmacologicallyaeeceptahie.salis, sichesiwekochiergr hydohomidex selBiRorigurate, palmitate,

phosphate, nitrite, nitrate, borate, acetate, maleate, tartrate, oleate, gﬁgic ate, and the like. For acidic
A

. late, ,
drugs, salts O, aRfiiReBFdiyani @R, for BXible, qURt FamhiSHitA ¢an be used.
Derivatives oftleugscliGhasdaseas, RisiensandamidesSalsaeanihe IBetll 1A Yregdhatiis water
insoluble can.be used i form that is.a water, saluble.derivative thereof,. erivative
thereof, whichgfﬁoéiﬁ eélrnlzriaﬂ"’s gﬁ%ie{?%r %??%‘%%ﬁ@%@l?usg%‘gﬁvgﬁﬁé’é%& gé’z@%ﬁ%@?ﬁy@ro y(%a% by the body
pH, or by othdiopattednlic Trosekdes.to Thangtigiatd. théfabdastioglly ddtcestanm. Vindesine,

Vinorelbine, VP-16, and Xeloda.

[0113] Useful cancer chemotherapy drugs also include alkylating agents such
as Thiotepa and cyclosphosphamide; alkyl sulfonates such as Busulfan, Improsulfan
and Piposulfan; aziridines such as Benzodopa, Carboquone, Meturedopa, and
Uredopa;  ethylenimines and  methylamelamines  including  altretamine,
triethylenemelamine, trietylenephosphoramide, triethylenethiophosphacramide and
trimethylolomelamine; nitrogen mustards such as Chlorambucil, Chiomaphazine,
Cholophoesphamide, ‘Estramustine, Ifosfamide, mechlorethamine, mechlorethamine
oxide hydrochloride, Meiphalan, Novembiehin, Phenesterine, Prednimustine,
Trofosfamide, uracii mustard; nitroureas such as Cannustine, Chiorozotocin,
Fotemustine, Lomustine, Nimustine, and Ranimustine; antibiofics such as
Aclacinomysins, Actinomycin, Authramycin, Azaserine, Bleomycins, Cactinomyein,
Calicheamicin, Carabicin, Carminomycin, Carzinophilin, Chromoinycins,
Dactinomycin, Daunorubicin, Detorubicin, 6-diazo-5-oxo-L-norleucine, Doxorubicin,
Epirubicin, Esorubicin, Idambicin, Marcellomycin, Mitomycins, mycophenolic acid,
Nogalamycin, Olivomycins, Peplomycin, Potfiromycin, Puromycin, Quelamycin,
Rodorubicin, Streptonigrin, Streptozocin, Tubercidin, Ubenimex, Zinostatin, and
Zorubicin; anti-metabolites such as Methotrexate and 5-fluorouracil (5-FU); folic acid
analogues such as Denopterin, Methotrexate, Pteropterin, and Trimetrexate; purine
analogs such as Fludarabine, 6-mercaptopurine, Thiamiprine, and Thioguanine,

pyrimidine analogs such as Ancitabine, Azacitidine, 6-azauridine, Carmofur,
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101101 Useful drugs include chemotherapeutic agents, immunosuppressive agents, cytokines,
cytotoxic agents, nucleolytic compounds, radioactive isotopes, receptors, and pro-drug activating

enzymes, Whig;h maz be naturally occurring or produced by recombinant methods.g 01111 Drugs that
are affected &Pc%g&ﬁ ?3’§§9rénultidrug resistance have particular utility in the ?Wéﬁ%g% YieH as vinca
alkaloids (e.qg., vinblastine and vincristine), the anthracyclines (e.g., doxorubicin and daunorubicin),

RNA  transcrigfioninubiters: (& A @slinanayein:til RN demicreiulersianiiging dingss(eg;, paclitaxel).

(Ambudkar et al., 1999) [0112] In general, cancer chemotherapy agents are preferred drugs. Useful
cancer chem®AEEES diisE indfud S HRFEERIm USRS AhHi08e ruB P SiAlRe nERHine Rk ane
sulfonates, tetipgpiniosalalinum TamBRetids apyrittidisle analegsrputpeenaiggs, Mntmetabolites, folate

analogs, anthragiyc#.es, taxa 5y ving, alkakoid topoisomerase jnhibitors, and hqrmon,al agents.
Exemplary cli8mot épﬁb&i?edru%gslﬁrea %\/\7@5}6 Zi%%ﬁ F%T;@ BG5/88 61fc%ﬁﬁg?hycin-D,
Alkeran, Ara-@ijoshasttezcte, g&mkag_iam@i@mm ,_aﬁii:aﬁn&miﬁlm; B@e@mbyeih,%;mﬂﬁa_n;, N
Capecitabin &@f&@&?éémf&mga'%@%&1&%{@{%@0&?,@féom%!szé?mﬁ%%w%e!a&ea; Cladribine,

CPT-11, Cyclophosphamide, Cytarabine, Cytosine arabinoside, Cytoxan, acarbazine, Dactinomycin,
DaunorubicinEt ez oxahisnD diEtase | BB REIUSRIn LETHIENE pheib . EthNIHTFRICEtoposide,
Floxuridine, Fludarabing. Fluargmacih Flutamide,Fotemusiing, Gepncitabine, Hereentin,
Hexamethylamine, Hydroxyurea, Idarubicin, Ifosfamide, Irinotecan, Lomustine, Mechlorethamine,
Meiphalan, MEREREHHINAS HetibERT o T oMITSane WHioRAFHGRE, ORAIPRALN, Pacitaxet,
Pamidronate SRratestakiiyn? licamysini radarbazineuBitximaly SteroitseStreptazadit,; STI-571,

Popotecan. THESEbhan PR e te s NL A,  BUBTE Rty 16, an
Xeloda. [01131pdseiukeaniGetshensotfariesidsgS dse-Hioludy dikietimgagentsheoidiya;
taxoids, e.g., Paclitaxel (TAXOL®, Bristol-Myers Squibb Oncology, Princeton, NI)
and Doxetaxel (TAXOTERE®, Rhone-Poulenc Rorer, Antony, France};
Chlorambucil; Gemcitabine; 6-thioguanine; Mercaptopurine; Methotrexate; platinum
analogs such as Cisplatin And Carboplatin; Vinblastine; platinum; etoposide (VP-16};
Ifosfamide; Mitomyein C; Mitoxantrone; Vincristine; Vinorelbine; Navelbine;
Novantrone; Teniposide; Daunomycin; Aminopterin; Xeloda; Ibandronate; CPT-11;
topoisomerase inhibitor RFS 2000; difluoromethylomithine (DMFO); retinoic acid;
Esperamicing, Capecitabine, and pharmaceutically dcceptable salts, acids or
derivatives of any of the above. Also included are anti-hormonal agents that act to
regulate or inhibit hormone action on tumors such as anti-estrogens including for
example Tamoxifen, Raloxifene, aromatase inhibiting 4(5)-imidazoles, 4
Hydroxytamoxifen, Trioxifene, Keoxifene, Onapristone, And Toremifene (Fareston);
and anti-androgens such as Flutamide, Nilutamide, Bicalutamide, Leuprolide, and
Goserelin; and pharmaceutically acceptable salts, acids or derivatives of any of the

above,

{0114 Useful drugs also include cytokines. Examples of such cytokines are
lymphokines, monokines, and traditional polypeptide hormones. Included among the
cytokines are growth hormones such as human growth hormone, N-methionyl 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
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as Thiotepa and cyclosphosphamide; alkyl sulfonates such as Busulfan, Improsulfan and Piposulfan;
aziridines such as Benzodopa, Carboquone, Meturedopa, and Uredopa; ethylenimines and
methylamelamines including altretamine, triethylenemelamine, trietylenephosphoramide,
triethylenethi%ﬁ@ﬁﬁé@?ﬁmide and trimethylolomelamine; nitrogen mustdraS &P 2L orambucil,
Chlornaphazine, Cholophosphamide, Estramustine, Ifosfamide, mechlorethamine, mechlorethamine
oxide hydrocHierge\bibhdieprtoremibidhtiorP fibrablastrigrn vhefinimustiolesti afbstataide, uracil

mustard; nitrque%&ﬁuaar@% Q@&aygtiﬁ@c&ﬁ'0&9&@2@%@!&%@8@&&%@&&%; Nimustine, and

Ranimustine; antibiotics such as Aclacinomysins, Actinomycin, Authramycin, Azaserine, Bleomycins,
Cactinomycin8eiRtreirtAcieadmatideciinbie Aot Carssrirheinorony deirDactinomycin,
Daunorubi.einnigtiefubisinbépsiiazo Sraxglererienstngaddoxaiwaicih Episubigisi-Eseraicin,
Idambicin, Marcellomycin, Mitomycins, myco lic acid, lamyein, Qlivomyeins, Peplomycin,
Potfiromycin, ﬁrogmtﬁxzrf‘ﬁ,o ulg%l%?&ﬁ %%%f:ggﬁg%ﬂ 8if p%%%%%? ﬁég’g iﬁfl%?lﬁé?riéfdin,
Ubenimex, Zigosiasltifcael Zardibicirytantiaettaiiitos stchrdsdetfotrexatataricrmélaorburacil (5-FU);
folic acid an h a Qptenin, - i i te;purine analogs
such as Fludi%%gélﬁ{ggﬁe%%%rc%a%%]pU’r%%g&%gﬁ%gﬁlﬁggﬁgg%?ﬁﬁg%% gsp&%%%ﬁ%a%%aﬂl%gs such as
Ancitabine, AZ¥tiugine geuazatigimes CasrS F3OW S S0p 6102 By RaTHBED 08063614

Cytarabine, Dideaxyiidines Dexiflubding, Enecitabine; Hoxurdinesand 5-kUy, androgens such as
Calusterone, Dromostanolone Propionate, Epitiostanol, Rpepitiostane, and Testolactone;

anti-adrenals Scich-a-drminbglaiethiiias, WhteHn & !Sh UFRIGSEANE: FolfE 40T FepiBRISHST such as
frolinic acid; apeiglaiant; fatdepHasphamitdergboside;aninaleyulinie acid; AmsactiaeeBestrabucil;
Bisantrene; Eq,?t[(axate' Defofamine; ernec%glcline' Diaziq%[one' Elfornithine; elli ttinium gcetate;
. JKIflE u%él_ es Protems Of, daturd _sEizrce Or - ox_nl\}iecommnant Qe@lc ure and
Etoglucid; gaIﬁUm nitrate; hydroxyurea; Lentinan; Lonidarnine; Mitoguazone; Mitoxantrone;
Mopidamol; Niteicgisel Penitostatiny dnéneitist pRivarsdgisincepotidphsalinic acid; 2-ethylhydrazide;
Procarbazine; PSK(r) Razoxane; Sizofrran;
[0115]} The drugs may be prodrugs, subsequently activated by a prodrug-
activating enzyme that converts a prodrug like a peptidyl chemotherapeutic agent
to an active anti-cancer drug. See, e.g., WO 88/07378; WO 81/01145; U.S. Patent
No. 4,875,278, 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.

Iv. Drirecting Minicells to Specific Mammalian Cells

{0116] In one aspect of the invention, a minicell is directed to a target
mammalian cell via a bispecific ligand, as described in WO 2005/056749. 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 enguifed by the mammalian cell, and the mammalian cell produces the functional
nucleic acid molecule. This targeted delivery method may be performsd in vivo or in

vitro, or botk in vivo and in vitro.

16117} Contact between bispecific ligand, minicell and mammalian cell may
occur in a number of different ways. For in  vive delivery, it is preferable 1o
administer a minicell that already has the bispecific ligand attached to it. Thus,

minicell, bispecific ligand and target cell all are brought into contact when the
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Spirogermanium; tenuazonic acid; triaziquone; 2, 2',2"-trichlorotriethylamine; Urethan; Vindesine;

Dacarbazine; Mannomustine; Mitobronitol; Mitolactol; Pipobroman; Gacytosine; Arabinoside ("Ara-C");

cyclophosphamide; thiotEPa; taxoids, e.g., Paclitaxel (TAXOL(r) Bristol-Wﬁ@&wgﬁggcology,
rance);

Princeton, N\‘Fj,()azr[{g6 oxetaxel (TAXOTERE(r), Rhone-Poulenc Rorer, Antony, hlorambucil;

Gemcitabine; 6-thioguanine; Mercaptopurine; Methotrexate; platinum analogs such as Cisplatin And

Carboplatin; ¥inklagting; Alatnys etenasige LYR:k6e Ifasiamidea; Mitemaycin Gs-htoxantrone;
Vincristine; Vinorelhing; Navelbine; Novanfrone; Teniposide; Daunomycin; Aminopterin; Xeloda;

Ibandronate; BS99 ligap0 Ruh TS ifpRd ot AR BOB B> RS RS e tomithine (DMFO): retinoic

acid; Esperamicins; Capecitabine; and pharmaceutically acceptable salts, acids or derivatives of any
of the above. Also illlgkeOartecantitivormthnaiisnyeifts Handsindriregskite Brimhidizheritone action on

tumors such as apti:eSHE0SRSINcdingior examplaTamedfen Ralgxisas. aomaiase inhibiting .

4(5)-imidazoles, 4 Hydroxytamoxifen, Trioxifene, Keoxifene, Onapristone, And Toremifene (Fareston);
and anti-andrdgERsEeHRPRstRE Nallaiaree; Bt te SERUBDIIS SHPEBEErelin; and
pharmaceuticallyagseptable.saits -acidsionderiviativesot s ohtheiabaueafo 1%dkisatul drugs also

include cytokines. Examples of such cytgkines are lymphokines, monokines, and traditional
polypeptide H&?ﬁ%@??ﬁh%lﬁﬁgg&&?#&?%%ﬁ% t%&?&ﬁr?gssmg’r%%#ﬁﬁ?ﬁ“ﬁ%ﬁ%%%é“é%ﬁ% 7°as 1?Jlnman growth
hormone, N-methienyhhimed wgrbuatytiorstionén andisovirengrewtishario gz pirathyiosid hormone;
thyroxine; insulin; proinsulin; relaxin; prorelaxin; ' uc folli stimulating
normone.(FSHR B e Ho e e G o0ebs e
PCT/IB2005/0038t40tarerorie (i), nepbaicogrotwth factbe fisrobiabedpsnHsachey Srélactin; placental

lactogen; tumgg negrosis.facto:aiand 31 mulisraminhibitingsikstapesimouse

gonadotropin-associated peptide; inhibin; activin; vascular endothelial growth factor; integrin;
thrombopoietin (TPQY; NErYE IOV Jacals UEh NG HERLI MW Bach is broadly
applicable to & 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,
anti-EGF receptor or anti-androgen receptor specificity on the other arm efficiently
bind minicells to the respective receptors on a range of target non-phagocytic cells.
These cells include iung, ovarian, brain, breast, prostate and skin cancer cells.
Moreover, the efficient binding precedes rapid endocytosis of the minicells by each of

the non-phagocytic cells.

[0120] Target celis of the invention include any cell into which a functional
nucleic acid is to be introduced. Desirable target cells are characterized by expression
of a cell surface receptor that, upon binding of a ligand, facilitates endocytosis.
Preferred target cells are non-phagocytic, meaning that the cells are not professional
phagocytes, such as macrophages, dendritic cells and Natural Killer (NK) cells.

Preferred target celis also are mammalian.

[0121] Ligands useful in the targeted delivery methods of this invention
include any agent that binds to a surface component on a target cell and to a surface
component on a minicell. Preferably, the surface component on a target cell 15 a
receptor, especially a receptor capable of mediating endocytosis. The ligands may

comprise a polypeptide and/or carbohydrate component. Antibodies are preferred
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factor; transforming growth factors (TGFs) such as TGF-a and TGF-O0; insulin-like growth factor-1 and
il; erythropoietin (EPO); osteoinductive factors; interferons such as interferon-a, -(3 and -v; colony
stimulating factors (CSFs) such as macrophage-CSF (M-CSF); granulocyte-macrog:)ha e-CSF
(GM-CSF); a §PaNtib8e-CSF (GCSF); interleukins (ILs) such as IL-1, AEHABHPD%018 1 4, -5,
IL-6, IL-7, IL-8, IL-9, IL-11, IL-12, IL-15; a tumor necrosis factor such as TNF-a or "1NF-[3; and other

polypeptide fagios InAdlnghbE ABSLIAICL) A5 UsBELLEFLRGIRER BYipkiBgncludes

proteins from natural sources or from recombinant cell culture and biologically active equivalents of
the native sefRRERERSE}RkiRrteTioy slerred driet miislsHradriRyse sUFees sempPHiiited by a
prodrug- activaieg eazyaeathaticoRYerks aRpefugdike adeptidyiichemainerapenieagent to an
active anti-cancer drue%. S e,_e.?., wWQ 88/0737% \gV%81/ 1145; U.S, Patent No. 4,975,278. In
general, the SRR BSSRIHEAIRATALS 2H) dA L SaRa Al dP S SR PR such & way
SO as to covestrtiingpistidirduaktivehinytotexiaeiorand v Dinectivgibinicells to Specific Mammalian
Cells [0116) In one aspect of the invention, a minicell is directed to a target mammalian cell via a

bispecific ligand, asgeseribedinWi.2005/056440911he bisnecific Hoand.-having.speqificity for both

minicell and mammalian cell components, causes the minicell to hind to the mammalian cell, such that

s

the minicell i€PERGEITRIEBAHR MRAMHTAREN CEHEh dtHETIEFtharar taft SROUtEsHHe finctional
nucleic acid reglegidleiddis: targeted:delive yometzoshniay hefperfol medingetve: 0. inThitrp, or both in
vivo and in vi(;ro.r[gslquCob ta%ta Qgtgv%qn bisp&qﬁjfigalljgéasng mjﬁgtell fa?% @g@g@aﬂiagﬁgﬁll Cg1ay occur in
a number of différen f/véey%. orin wvo%%ﬁ%ry, it IS prefera e 96" administer a minicell that already
has the bispeuifictliganiditastiact tetitcTihasanmimicethrigispaeificatigemdeansptareticdiizall are brought

into contact when Ihe, 33, WQ 2006/l 834 PCIIIR200%Q0361 4, Rispesifie Ugandsiaragted minicell

reaches the target cell in vivo. Alternatively, . . .
multivalent. Preferably, each arm is monospecific, even if multivalent,

[0123] For binding to bacterially derived minicells, it is desirabie for one arm
of the ligand to be specific for the O-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 pilli, fimbrae and

flagella cell surface exposed peptide segments.

[0124] For binding to target cells, one arm of the ligand is specific for a
surface component of a mammalian cell. Such components include cell surface
proteins, peptides and carbohydrates, whether characterized or uncharacterized. Cell
surface receptors, especially those capable of activating receptor-mediated
endocytosis, are desirable cell surface components for targeting. Such receptors, if
over-expressed on the target cell surface, confer additional selectivity for targeting the

cells to be treated, thereby reducing the possibility for delivery to non-target cells.

10125} By way of example, one may target tumor cells, metastatic cells,
vasculature cells, such as endothelial cells and smooth muscle cells, lung cells, kidney
cells, blood cells, bone marrow cells, brain cells, liver cells, and so forth, or
precursors of any selected cell by selecting a ligand that specifically binds a cell
surface recepior motif on the desired cells. Examples of cell surface receptors include

carcinoembryonic antigen (CEA), which is overexpressed in most colon, rectum,
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bispecific ligand and minicell can be separately administered in vivo. [0118] Contact between the
bispecific ligands, minicells and mammalian cells also may occur during one or more incubations in

vitro. In one embodiment, the three elements are incubated together all at gnce. Alternatively,

step-wise inchibHIGHE2EEY e performed. In one example of a step-wise gggflo%g %/?%?ﬁ}éells and

bi-specific ligands are first incubated together to form bispeeifi.c ligand-targeted minicells, which are
then incubategaasth target gellsedn anothexexamplieabispecifiadigands arifirstaincabated with target
cells, followe% bg an incubationgg#'tllg Eﬂnicells. A %wina}tllog .of one or.more in vitro i(pcubations and
. . . peregulin receplors ~z, HEH OFf L~eriis- wnich.1$ frequently overexpressed in .

in vivo adminiStrations also ma ring Blspem IC ligards, minice SHRA mhamTahan iarget cells into
contact. [0119}<Bkte imeentorsdbnndithgt thestaigetall deliverly appeoacHisbreoadly apflicable to a

range of manumalncells.ichiding el hat cermallyate afianion taspeqif adhesion and

endocytosis of minicells. For example, bispecific antibody liga anti-0-polysaccharide
specificity on $Hé M%@@Hﬁmm?é@%%r@f%ﬁﬁ-@@%gé’ﬁ%r spasiuaharlgens @8Eptor specificity
on the other axaLgtficientbmbindminicellsoto therespestiveiasepiassion asiangs: of tasget
non-phagocytic cells, These cells include lung, ovarian, brain, breast, prostate and skin cancer cells.
Moreover, théBHiciBtt BFaMY pkeedes!rapitl SREGRYBEICHF tHEMiRicERE B ealliior tHe
non-phagocytigeeitsd 20t thasgat calisagh the wyvention;intluddanyesitintadichcafunctional

nucleic acid i?tth int ooLuced. Desira’blg target cel%s are characterized by expr ﬁiort:f of a cell
WIS [o}Y f%){p‘f ong Creanc igl‘}/ g eell el
surface recepto th

l% FSS? a}_i_l ic dquctal C%Il Carciy g Cells
t, upon binding*of a ligand, facilitates endocytosis. Preférred target cells are

non-phggocy@é—; rr%)@ﬁﬁngmvme eedisteebehopprothsdiotal rﬁ@ag@é:yt@é,E@ﬁﬂf),agﬁ?fin_a%ﬂft@phagesz
dendritic cells,gpd Natwal Killeq,(NK) callsy Lreferred dasogt sallsalse aremammalian,0121] Ligands

useful in the targeted delivery methods of this invention mcludee any agent that binds to a surface
component ofesERifGet"Caf il & BSFace EEmPERSAL §h dMintePIRBRSHABY, fé&tiface

component oRAcataelsCatiialid 9senter, esperialy! adgeapiay capablqBiracdialing gngdocytosis. The
igands may comprise. 2 PRYReRNde 2Ndlor carbanyigis companent, Anbodies aje fisferred
receptor, which is useful for gene delivery to respiratory epithelial cells and attractive

for treatment of hung diseases such as Cystic Fibrosis (Kaetze! et al., 1997).

{0126] Preferred ligands comprise antibodies and/or antibody derivatives. As
used herein, the term “antibody” encompasses an immunogiobulin 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 may be obtained by recombinant DNA

techniques.

101271 Wild type antibodies have four polypeptide chains, two identical heavy
chains and two identical light chains. Both types of polypeptide chains have constant
regions, which do not vary or vary minimally among antibodies of the same class, and
variable regions. Variable regidns are unique {o a particular antibody and comprise an
antigen binding domain that recognizes a specific epitope. The regions of the antigen
binding domain that are most directly involved in antibody binding are

“complementarity-determining regions” (CDRs).

{0128} The term “antibody” also encompasses dertvatives of antibodies, such

as antibody fragments that retain the ability to specifically bind to antigens. Such
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34 WO 2006/021894 PCT/IB2005/003614 ligands. For example, a bispecific antibody that carries dual
specificities for a surface component on bacterially derived intact minicells and for a surface
component on target mammalian cells, can be used efficiently to target the minicells to the target
mammalian CeINAFE*And in vivo. Useful ligands also include receptor}ce%%%%%%e:’sﬁfo 6éf’ding
peptides, fusion/chimeric proteins and small molecules. [0122] The selection of a particular ligand is

made on two prmy sHigiR{insRasifiahindiingdaone Pighere domabit.on the siitigee of intact
minicells and (ii) _specific,bindig to one orr@ge domains on t eai%urface of tt’ga.t gr
ac

lls. Thus,
gands prefelSBAPATEE S T TAECab G SHULTET T bty R At iicel

act Minicell
surface structiiselfinel acsetoRdbarfarthatitadie srspeeificityrioimangnasimgtiamogstifdoe structure.
Each of the first and second arm Mt Prefe _ IS specific, even if
multivalent. [8%5%]‘ rﬁg?%ﬁr? fﬁ% tao%grgg?’ecr?gl?yac%ﬁ\{/%hﬁ inrfégé SB%I?{I% ggaé?r}a%b e oﬁ%ﬁ&ﬁ%\rﬁ% of the ligand
to be specificlfeetieDopolishoeHatel & B mpdratsdpaef popoiysdedhdiad fsuprnéhithéparent

bacterial cell. Qihermigicelsyfacg. stuustmres.thatcambe-exnioited farligandihinding.jnclude cell
surface-exposed polypeptides and carbor:p?ydrates on outer membranes, such as piITs, fimbrae and
e

flagella cell stfA%E S0y888 d PRpfiteaty fentic ot 2uPEGiBR7AMG fodféﬁﬁ@‘ﬁfbﬁfé?%eaﬁﬁn of the
ligand is specifieder answiagsampenentdha eammalian eellaSuchweshpostentsiihelude cell surface

proteins, peptides and carho ir te ,V\éh(?th rch raﬁcte‘ized or uncharacterized. Cell surface
receptors, esp&tiafly 1688 é’% Iced ctatert o Chaln ol

%%@%Ttlr?b recéptor-mie%)laaféds’}endocytosis, are desirable cell
surface components for targeting. Such receptors, if over-exgressed on the target cell surface, confer

additional selectivitylf3r-Pargdsapatibodists iy e e sstotdie SRRSO BEEISMiR} for delivery to

non-target celis Q4 zah By way qtRXMRPie:. ePaiay tagat dtmentalS.meiastatiesbllitsr vasculature
cells, such as endothelial cells anﬂ smooth muscle cells, Mn% ceII? Eirgrﬁ}/.ceﬂs, bIOOé;I cells, bone
?%ng e well knownt in the ‘art. See,

marrow cells, Bfalft 8820y er &R UIARIFRq gptibodies

e.g., Osbourn er af., 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. 6,635,055, 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 human IgG. See Jones et al., 1986; Riechmann ef al., 1988; and
Verhoeyen e 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 ef al., 1998,

{0130} Human antibodies, rather than “humanized antibodies,” also may be
employed in the invention. They have high affinity for their respective antigens and
are routinely obtained from very large, single-chain variable fragments (scFvs) or Fab
phage display libraries. See Griffiths ef al,, 1994; Vaughan ef al., 1996; Sheets e
al., 1998; de Haard er al., 1999; and Knappik et al., 2000,

[0831] Useful ligands also include bispecific single chain antibodies, which
typically are recombinant polypeptides consisting of a variable light chain portion
a':ovalentiy attached through a linker molecule to a corresponding variable heavy chain
portion. See U.S. patents No. 5,455,030, No. 5,260,203, and No. 4,496,778.

Bispecific antibodies also can be made by other methods. For example, chemical
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precursors of any selected cell by selecting a ligand that specifically binds a cell surface receptor motif
on the desired cells. Examples of cell surface receptors include carcinoembryonic antigen (CEA),
which is overexpressed in most colon, rectum, 35 WO 2006/021894 PCTIIB2005/003614 breast,
lung, pancreggﬁgwaﬁégé&%intestinal tract carcinomas (Marshall, 2003); he?gaﬁl? Grﬁe":'éeé%%‘rs (HER-2,
neu or c-erbB-2), which is frequently overexpressed in breast, ovarian, colon, lung, prostate and

cervical cancgia{5uAR ek -« 4000k reaRig Larpwith fastonrecentenibsaRR brvhighis highly
expressed in a range of solid tumors jncluding those of th breasgtg%%d ar}i%neck, non-small cell lung
rt

and prostate TSR L LFerab 8 ity SR AP P S § 5y tr 8hSerrin receptor
(Singh, 1999})isetpimppawnercdifiitek reoepioin whighisudkjr essredrandepatoexte swi¢ady et al.,

1997); fibroblast growth factar receptor .(FGER), which is overexpressed on n%rgl%g{: uctal
adenoeareinc?rsn%ggglf‘ss(%ré% 3%%?.,%5?%\/%&%&%%@3% lglﬁﬂtg%roo%?v% ggtggrgré)ceptore VEGFR), for
anti- angiogehesisgére thenapge(Bddkerutchiss200 mpich Hishitks endlre2000ptfolaté theéceptor, which

is selectively guerexpres in 2Q%-9f henmueinael4s ovarian carcinomas (Gosselin and Lee, 2002);

cell surface glycocalyx (Batra et al., 1994); carbohydrate receptors (Thurnher et al., 1994); and

polymeric immunog| in_receptar, which is useful for gene delivery to respiratqry epithelial cells and
attractive for treatm E?%?ﬁﬁ? u(%s%%%@%gsﬁc h &%t?/grﬁ‘ég&?%%gi%gf 6{%%58%@5??%??“1"01261
Preferred ligasfiisicpniprisergetisoditsand/cf antiborly pefiratil elsgads usedeerein, thesterm
anibody” engompRRsRS A MUnO0IaR 5&@}%‘6& RPN R NG AL Vi generalion of an

immunogenic response. teérm "anti "“Includes polyclonal, monospécific and monoclonal

antibodies, asweeticas!aaflistty hrsrivamison el aklaihgie-2Rath SatBodPbdmenme @dv).
Antibodies anghaniody, deriyativgp dseful i the mﬁents;uym&ghgg@ mavibeolained by
recombinant DNA techniques. [01271 Wild type antibodies have four.polypeptide chains, two identical
heavy chainsSEREPARS emical MGRTIRHE BOHIPEES of polypeptide chains have constant
[0133] Bispecific ligands of the invention preferably are monospecific at each

end, i.e., specific for 2 single component on minicells at one end and specific for &

single component on target cells at the other end. The ligands may 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

a non-covalent association of two scFvs, which vields two Fv binding sites. Likewise,

a triabody results from the formation of a trivalent trimer of three scFvs, yielding

three binding sites, and a tetrabody results from the formation of a tetravalent tetramer

of four scFvs, vielding four binding sites.

[0134] Several humanized, human, and mouse monoclonal antibodies and
ragments 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 example of such an antibody that can be used to form one arm of a

bispecific ligand has specificity for HER2: Herccp‘ainTM; Trastuzumab.

[0135] Antibody variable regions aiso can be fused to a broad range of protein
domains. Fusion to human immunoglobulin domains such as IgG1 CH3 both adds
mass and promotes dimerization. See Hu ef al., 1996. Fusion to human Ig hinge-Fc
regions can add effector functions. Also, fusion to heterologous protein domains from

multimeric proteins promotes multimerization. For example, fusion of a short sckv to
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regions, which do not vary or vary minimally among antibodies of the same class, and variable
regions. Variable regions are unique to a particular antibody and comprise an antigen binding domain
that recognizes a specific epitope. The regions of the antigen binding domain that are most directly
involved in aml(%?ﬁ?’%%ﬁ%%g are "complementarity-determining regions” (Eﬁ*ﬁ‘s“)%"fbﬁ’?é“f“rhe term
"antibody" also encompasses derivatives of antibodies, such as antibody fragments that retain the
ability to spedcifiwalyryihigaiiantisas h8ubkerB6s¥Qo2008/821884a i B20 (B G364 4ndntibody
fragments inglydle Fab frasmesis,(a.rRgMmeRl At saniains dhe anden-dinding.damaln.and comprises

a light chain and part 6f a heavy chain bridged by a disulfide bond), Fab' (an antibody fragment
containing a ShgleariagpivdieRliPigoerdisamodestissidingsie Pbeartd aho3duitehat Braéivef the heavy

ﬁhain througmﬁ%e?]di'iﬂ;‘&ezﬁag}ﬁaoﬁ%)bgaﬁtw f@%ﬁ%@%fﬁ@fﬂ&%@dﬁﬁ%@r%@a&ﬂ@ﬁuﬁ@ bonds in the
inge regions of the heavy chains), a bispecific Fab (a Fab molecule having two antigen binding
domains, eactFBERRTCH AL b&™d %é‘i‘gﬂpt%‘% d gW%ﬁfté’ﬁe)l,Sg% gﬁ’?&ﬁﬂ?ﬁ%’l\%ﬁﬁm&
antigen-bindipgradetermainativieleegionhai arsingletightrandrheasaticchainaelians antiblidydinked together
by a chain of aming acids,) [0129] When antibodies, ingluding antibody fragments, constitute part or all
of the Iigandsslt%cé}f prefs gﬁl@%‘% of rr%%?n%‘rxlgélgoirif:jiﬁL”(f‘ﬂfg?é'modified to be suitable for use in humans.
So-called "humanized antibodies" are well known in the art. See, e.g., Osbourn et al., 2003. They
have been modified%y gerdcHE FRAFSUAITS AR/ SE S ORYPRESHRERERS F8dUce their antigenicity in a
human. Methods forihLrspmizingentiiodiesar epelseeded: @divéryUn®. RatentsiNgif939,055, No.
5,585,089, arkg NO.E,S&%OJO ) ln.thE sim IesE case humanizied gr})&ib dies are formed. by grafting the
antigen-bindifgTE0RL; KITOWH A& HSH DB SRR ISt PRTTHIRY RGN DRE 3 4 thouse mADb
into a human ¢g@rdBegtdunesmpztntl 986 IRechmemn ethf, ¥8B8; andavarsosyenzelfalg, 1988. The
generation of pighaffiniby umanizedanthadics,: NQuevetuaeReIAllrSaitgR dhe frapsier of one or
more additiona res?gues from %e so-calle ranglewor regllons %FR53 oe@twgegr%ﬁoﬂse parent mAb.
Several variageewf the minicells, which release their payload into the cytoplasm of the mammalian

cells. This delivery approach can be effected without the use of targeting ligands.

[6137] A variety of mechanisms may be involved in the engulfing of minicelis
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 & Jong {1986);
Speert er al. (1988).

{0138] Thus, one form of phagocytosis involves interaction between surface
ligands and ligand-receptors located at the membranes of the pseudopodia (Shaw and
Griffin, 1981). This attachment step, mediated by the specific receptors, is thought to
be dependent on bacterial surface adhesins. With respect 10 less virulent bacteria,
such as non-enterotoxigenic £ coli, phagocytosis also may occur in the absence of
surface ligands for phagocyte receptors. See Pikaar et al. (1995), for instance. Thus,
the present invention encompasses but is-not iimited to the use of minicells that either
possess or lack surface adhesins, in keeping with the nature of their parent bacterial
cells, and are engulfed by phagocytes (i.e., “phagocytosis-competent” host cells), of

which neutrophils and macrophages are the primary types in mammals.
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humanization technology also have been developed. See Vaughan et at., 1998. [01301 Human
antibodies, rather than "humanized antibodies," also may be employed in the invention. They have
high affinity for their respective antigens and are routinely obtained from very large, single-chain
variable fragl’ﬁ@rﬁ%‘}@@%é) or Fab phage display libraries. See Griffiths ef 5@?1%% R4 '4ghan et at.,
1996; Sheets et al., 1998; de Haard et at., 1999; and Knappik et al., 2000. [01311 Useful ligands also

include bispecific singdegghaiiaiantinadigsnwhishetypicalyieiesominaniRolimeptines consisting of a
variable light chain portion coyalently attach hrou linker molecule to a corresponding variable
AR S b e A Aac e e i e e
antibodies alsteaiphenmade Byoatherifhaeifiodant oo exanpiéacheitieidd] 35IV\HADI20p6£621894
PCT/IB2005/003614. _heteroconjugates cap be create hemically;linking intact antibodies or
oy ot wp RGeS B G EER e O han R eR b
heteroconjugatéscatesgifficifittoomnke iisatedopo duciiEivnuniBieantartatleasnt tWidhrias large as
normal mono%&}%@ﬁb&ﬁi@%{@@@%&@&b%@a q@%gﬁr%ﬁﬁ?gr&a&%% By disulfideigxchange, which
[ ibody fragme

involves enzymatic cleav?gﬁe and reassociatlop of the an ents. See Glennie et al., 1987.
[01321 Becal$¥F4H &rESEry tPagirients e iibAeValenfiNey dttén haverfow BairigSier target
structures. Theeeferepredesreddigandsuiade;fromiithese sempenants.are ergingesachinto di.meric,

trimeric or tettameric conjugates to increase_functional affinity. See, Tomlinson and Holliger, 2000;
Carter, 2001 FTURRBPCANE SOANAC ZOOEr S FoofovoRAEt 3. 500 R Lol

uc conﬂéate structures
may be creatéd bysthamicalancr gemetic epobsHiahksilf0188d Bispaailicdiands efithevinvention

preferably ar%Q&PE‘n‘P&BE&H& £ach; 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 may be multivalent at

one or both ends, for exam\%le, in the form of so-called diabodies, triabodies and },etrab(ﬁdies. See

Hudson and Souriad® X3V A AbEAYIE AN dinErgBrE Peient mammalian ce

without the use of a targeting ligand, the nature of the application contemplated will
influence the choice of bacterial source for the mimcells employed. For example,
Salmonella, Escherichia and Shigella species carry adhesins that are recognized by
endocytosis-mediating recepiors on enterocytes in the gastrointestinal tract, and may
be suitable 1o deliver a drug that is effective for colon cancer cells. Similarty,
minicells derived from Helicobacter pylori, carrying adhesins specific for stomach
epithelial cells, could be suited for delivery aimed at stomach cancer cells. Inhalation
or insuffiation may be ideal for administering intact minicells derived from a
Pseudomonas species that carry adhesins recognized by receptors on lung epithelial
cells. Minicells derived from Lacrobacilli bacteria, which carry adhesins specific for
urinary tract and bladder epithelial celis, could be well-suited for intraurethral

deliverv of a drug 10 a urinary {ract or a bladder cancer.

Vi.  Formulations

[0141] The invention includes within its scope compositions, or formulations,
comprising {a) an intact minicell and (b) a pharmaceutically acceptable carrier
therefor, where the minicell contains a functional nucleic acid molecule or a plasmid
comprising a segment that encodes a functional nucleic acid molecule. The functional
nucleic acid may be any of those siRNAs, shRNAs, ribozymes or antisense molecules
described herein. The functional nucleic acid also may be encoded by another nucleic

acid, such as a plasmid, as described herein. The nucleic acid encoding the functional
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a non-covalent association of two scFvs, which yields two Fv binding sites. Likewise, a triabody
results from the formation of a trivalent trimer of three scFvs, yielding three binding sites, and a
tetrabody results from the formation of a tetravalent tetramer of four scFvs, yielding four binding sites.

%?rlgé?ﬁbgn%ﬁfﬁereof that
have specificity for receptors on mammalian cells have been approved for human therapeutic use,
and the list isngrdsidngeidpidly. Boe Hoglsohthnde8oumgu, c200htA rexepople clguetiamantibody that
can be used %(%g%é)ﬂgma m of a bispecific ligand has specificity for HER2: HerceptinTM;
Trastuzumab. [01351 Antibody variable regions also can be fused to a broad range of protein
domains. Fusion to human immunoglopulin domajns such as IgG1 CH3 both adds. mass and
promotes dimerizatioh * e LT 24 Gp O PEGRILY (PN Ty Fitte2E cIHEGiBHS RS Bdd effector
functions. Alserefusiol tabhetsiratetious proteimdimainssfrains mhdtiagric prstetasetpmbtes
mulimerization, Eor example, fusion o ashort sckx o380 20061024894, PCTAB3005/003614
short amphipyariﬁll}:%efll%:gs as been used to proc?uce HiniANtibodies. See I%ack and P uckthun, 1992.
Domains frondqpenteins that form heterodimers, such as fos/jun, can be used to produce bispecific
molecules (Kostelny et al., 1992) and, alternately, homodimerization domains can be engineered to
form heterodimers by enginpering snategiasiskchasiknohs jntehelest (Risy way-et841996). Finally,
fusion protein partners can be selectedbthgt rovi@e both; multimerization a::f Wg as an.additional
function, e.g.%‘i%élbéa%‘?&fﬁ?%&&ﬁfb&é?‘& £ rg%%.e PHelive geﬁﬁ’a‘gﬁgs%?g BRasEfdsis-comoctent
cells [01361 Ehedntentisndurthenproiddéscfordelivery:byi mehpsrofBringinglihasterialtyderived
minicells into sepias it mamBAlaneelis atars phasaerlosis.f sRdaRHaRie-pampetent. Such
mammalian ck S, which are capable of engulfing parent bacterial cells in the manner of intracellular
bacterial path®dfspedikeilisacen geafarib snipnatis, (WHRhihee 4564hdirgeaivaering 1eceytoplasm of
the mamma'i%cz%ﬁﬂ%cgﬁi%geﬁ%@f&hﬁlﬁ’fé%%gaﬁ&@ sftestegywitheut thessaraftangsting ligands.

contaminating parent bacterial cell per 10" minicells,

[01341 Sevets? AUMERTED, human, and mouse monoclonal antibodies arﬁf A

0144} The formulations also optionally contain a bispecific ligand for
targeting the minicell to a target cell. The minicell and ligand may be any of those
described herein. Thus, the minicell contains a nucleic acid encoding a functional
nucleic acid and the bispecific ligand preferably is capabie of binding to a surface

component of the minicell and to a surface component of a target mammalian cell.

[0143] A formulation consisting essentially of minicelis and, optionally drugs
and bispecific ligands, of the present invention {that is, a formulation that includes
such minicells, drugs and ligands with other constituents that do not interfere unduly
with the nucleic acid or drug-delivering quality of the composition) can be formulated
in conventional manner, using one or more pharmaceutically acceptable carriers or

excipients.

{0146} Formulations may be presented in unit dosage form, e.g., in ampuies or
vials, or in multi-dose containers, with or without an added preservative. The
formulation can be a solution, a suspension, or an emulsion in oily or aqueous
vehicles, and may contain formulatory agents, such as suspending, stabilizing and/or
dispersing agents. A suitable solution is isotonic with the blood of the recipient and is

illustrated by saline, Ringer's solution, and dextrose solution.  Alternatively,
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[01371 A variety of mechanisms may be involved in the engulfing of minicells by a given type of cell,
and the present invention is not dependent on any particular mechanism in this regard. For example,
phagocytosis is a well-documented process in which macrophages and other phagocyte cells, such
as neutrophil® G 4&Hicles by extending pseudopodia over the particl%cgiﬁg&%@fﬁ the particle is
totally enveloped. Although described as "non-specific" phagocytosis, the involvement of specific

receptors in e, AGSHS ?ﬂ? hean dRmanstirindase eIt SdanatRB6)HPRaRIL8lat (1988).

[01381 Thus, one form of phagocytdsis involves interaction between surface ligands and
ligand-receptothitifofidd stethle. iREFABTAITES GTake HsBbtRSEisa SRENF anth GISTRIEIAGEE). This
attachment step, mgdiatadHaihe speaifiersraniemsnisshevaibtache dopenaesnisandasterial surface

adhesins. With respect tq less virulent bacteria, such as non-enterotoxigenic E. cqli, phagocytosis
2150 may occHTPAFETE) S8 ER G A G ek PGB P SR S A Pt . (1605,

for instance. Hxisuibepresemicmvention encompasses but is not limited to the use of minicells that
either possess or lack surface adhesins, in keeping with the nature of their parent bacterial cells, and

are engulfed by phagocytes (i.e., 4 phagocytasigrempetent” host cells), of which neutrophils and
macrophages are the primary types in mammals. 39 WO 2006/021894 PCT/IB2005/003614 [0139]

Another engulfing pibtessTia (D s Gy AT PR RA R AT HEYE N SREMBIFREBy species of
Salmonella, EsgherighiausShigelia, HeticobastesdPeeudomenasiangactoliacilt padsrentry to

mammalian epithelial cells and replicate there. Two basic mechanisms in this regard ar

Clathrin-depe Fnl?%;ci pf’ér%%%ﬁ%‘f%% ‘e%?)‘gﬁ?)sips%ya SokRow :g%eégggieﬁga& g’ﬁ(?)éc?ﬁ%?sis" (Riezman,

1993), and Ckaﬁnﬁirisﬂadex!nemdeppl!emﬁonw@m (Samdaigps. @wt&drm)'iﬁimeimimh may be

nvolvea whep ae-eauinosompsiealicsldhatacia by andRevIRSIs (0al ‘idacuiagls competent
cor

host cell) engﬁﬁs minicells in ance with the invention. Representative endocytosis-competent
cells are breabtréipherdiiareaianenterbSRaapiathe jassmresaAmBEER IS MAEHeERIEHal cells, lung

epithelial cellg;@ng WiiRRAY ration is dependent on the location of the target cells. For example,

cystic-fibrotic cells may be efficiently targeted by inhaled delivery of the targeted
minicells. Similarly, tamor metastasis may be more efficiently treated via intravenous
delivery of targeted minicells. Primary ovarian cancer may be treated via

intraperitoneal delivery of targeted minicells.

B.  Purity

[0148] Minicells of the invention are substantially free from contaminating
parent bacterial cells. Thus, minicell-containing formulations of the invention
preferably contain fewer than about ! contaminating parent bacterial cell per 1
minicells, more preferably contain fewer than about 1 contaminating parent bacterial
cell per 10" minicells, even more preferably contain fewer than about 1 contaminating
parent bacterial cell per 10° minicells, still more preferably contain fewer than about 1
contaminating parent bacterial cell per 10'° minicells and most preferably contain

fewer than about | contaminating parent bacterial cell per 10*! minicells,

[0149] Methods of purifying minicells are known in the art and described in
PCT/IB02/04632. One such method combines cross-flow filtration (feed flow is
parallel 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 minicelis.
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tract and bladder epithelial cells. (0140] 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 spec\’é‘% %’ﬁ?@zgﬁﬁesins that are recognized by endocytosis-medigﬁ%@é@é@%%‘%n

enterocytes in the gastrointestinal tract, and may be suitable to deliver a drug that is effective for colon

cancer cells. Similany1 s0)inisefsdpivaskiempdelicpbagior pylatiigagryinenadbasifigapecific for
stomach epithelial cells, cquld be suited for delivery aimed at. stomach cancer F:E Ighalation or
insufftation miy Be ISR A RS G HLES i) LSS HRHVREPHIGM & PLBCEIbNad

onas’species that
carry adhesinsliecagnizead bhe recejiorsand, lopgoepithetial wédic:Nirice hshgetive dofribmtheactobacilli

bacteria, which,cary, pdaesits saecllc arhipanrackandpladderepithaliaalisacaud be
well-suited for mtrau_rethraf eﬁvery of a %rug %0 & urinary tract or a b adder cancer. VI. Formulations
[0141] The infemisnipbiddesnsthninissysespect arposition slideforin atpnisizaBmppisial (a) an intact

minicell and (Ryapharmasauicalyaccenahle,cattgt dherefar. thegninicelksoniains a
functional nucleic acid molecule or a plasmid comprising a segment that encodes a functional nucleic
acid moleculeZ e\ eitHoRAl IR e ﬁ%%@é%f}i%@@%ﬁ%; SHNASTFBOAmes or
antisense molgeuigsndeseribes hergip. The functional nucleic acid also may be encoded by another
nucleic acid, such as a plasmid, as described herein. The nucleic acid encoding the functional 40 WO

2006/021894 PCT/I ?@%g&%ipucgﬁ%%%%%m iﬁ%?oglr]yﬁ%{g&gegng elements or reporter

elements, as described herein. 101421 mulation optionally comprise a drug, as described
herein. Prefefd®RerfaEamiificanetshe oAl 885 coRtdng FH&BPﬁZbP HARVENF A Citinicell may

contain a nuclgig,acidhmealecule.(syshashplasmithithahensrdes i tivd « condition thet
induces parent bacterial cells to adopt a filamentous form, followed by (b) filtering the

sample to obtain & purified minicell preparation.

16152} Known minicell purification methods also can be combined. One

highly effective combination of methods is as follows:

[0153] Step A: Differential centrifugation of a minicell producing
bacterial cell culture. This step, which may be performed at 2000g for about 20
minutes, removes most parent bacterial cells, while leaving minicells in the

supernatant.

[6154] 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 2 purification method.

{0155 Step C: Cross-flow filtration through a 0.45 um filter to further

reduce parent bacterial cell contamination.

[0156] Step Dt Stress-induced filamentation of resitdual parent bacterial
cells. This may be accomplished by subjecting the minicell suspension to any of

several stress-inducing environmental conditions.

[6157] Step E: Antibiotic treatment to kill parent bacterial cells.
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[01431 The minicell-containing formulations preferably contain fewer than about 1 contaminating
parent bacterial cell per 107 minicells, more preferably contain fewer than about | contaminating
parent bacterial cell per 108 minicells, even more preferably contain fewer t contaminating
parent bacteltal 28It/ E@]B?L“’OQ minicells, still more preferably contain f'ewer]t)lggrf?%zo&é%t??%c&%“ntaminating
parent bacterial cell per 1010 minicells and most preferably contain fewer than about | contaminating

parent bacterial celfpgfg] Q1 mminicells:{QkdddhnT e:faiaulatioasaleo Qptiony.aaniats a bispecific
ligand for targeting the minicell to a target cell. The minicell and ligand may be igny of those described

herein. ThusS#RB #hifitairaBh RIS 50 ER e BN UG e R SR a PG RIS i &R the bispecific

ligand preferablygsneanable &f hirbingdaq swdasecampanssiinf theminieeliandmayabsurface
component of a target mammalian cell. [01451 A formulation consi ting esseﬁliially of minicells and,

optionally drig ARk R raeresI GERER ST e SRAY SRP ARG et e fBrHIRHSN f%at includes
such minicellgsdisas: angoliganeisamithiotner constituents that do not interfere unduly with the nucleic
acid or drug-delivering quality of the composition) can be formulated in conventional manner, using
one or more pharmagauically acceptalie catiers:ar. excirients; 01461 Famaulagions.qay be
presented in unit dosage form, e.g., in ampules or vials, or in multi-dose containers, with or without an
added presemateial THEs. férfbiatsriean ey dssirion:h8udpesédn, or an emulsion in oily or
aqueous vehicles, and may contain formulatory agents, such as suspending, stabilizing and/or
dispersing agents. AggéitaBlesulution iRisatenicofitndhe blodebof the retipidhtresigidhustrated by
saline, Ringer's salution, and dextrose solution. rnativel A 006/021894

%% i%g%r%}a?eg.mame i eaés %&;ﬁo g%f#xzqé%%@ f4r1tl¥\égt%3

PCT/1&2005 ations may be in P powder form; for reconstitution with a

implantation (for exgpglg, subeutaneomsly fortirammsCilarlyjedr Byrein may be used at

appropriate dosages defined by routine testing, to obtain optimal physiological effect,

while minimizing any potential toxicity. The dosage regimen may 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.

{6162] Optimal precision in achieving concentrations of minicell and drug
within the range that yields maximum efficacy with minimal side effects may require
a regimen based on the kinetics of the minicell and drug availability to target sites and
target cells, Distribution, equilibrium, and elimination of a minicell or drug may be
considered when determining the optimal concentration for a treatment regimen. The
dosages of the minicells and drugs may be adjusted when used in combination, to

achieve desired effects.

[0163] Moreover, the dosage administration of the formulations may be
optimized using a pharmacokinetic/pharmacodynamic modeling system.  For
example, one or more dosage regimens may be chosen and a
pharmacokinetic/pharmacodynamic model may be wused to determine the
pharmacokinetic/pharmacodynamic profile of one or more dosage regimens. Next,

one of the dosage regimens for administration may be selected which achieves the
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intramuscular injection. A. Administration Routes [0147] Formulations of the invention 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 may be accomplished, for example, by oral

administratioﬁ’,obff’%%?)?ﬂg%"tion of the formulation to a body cavity, by inhala%%%lg%o?ﬁgﬂ%ﬁ}aﬁion, or by

parenteral, intramuscular, intravenous, intraportal, intrahepatic, peritoneal, subcutaneous,
intratumoral, gesirteadpharalaacinivififstionaddiB mede apgaite obadministralion issieprndent on the
location of the target cells,. For example, cystic-fibrotic cells r{g%&% iciently targeted by inhaled
delivery of thé }%3?313 gﬁ‘“%fﬁﬁ%é?@%ﬂ%ﬂ%aﬁnﬁ ﬁgg?em%‘fg’s%'s‘is may 627?2: re efficiently treated via

intravenous delivery of targeted minicells. Primary ovarian cancer may be treated via intraperitoneal
delivery of targeted HifitehzsBimdstythe1ismvisieanswptHe indemisisrare Lulsatarmigly free from

contaminating,qarenkbagietdseels sihws, minisellisonaisingorBsatians af theiipvestion preferably
contain fewer than about | contaminating parent bacterial cell per 107 minicells, more preferably
contain fewer Wjﬁf%'ﬁ{ ?ﬁSﬁfa‘?ﬂ?ﬁé‘tiﬁﬁegg?@ﬁ%vﬁé? AP FRETOE RTFiells, even more preferably
contain fewer than about 1 contaminating parent bacterial cell per 109 minicells, still more preferably
contain fewer than 268} Mersapniatilly phrentbaleterialceal perdtondmmicélis:anthenaest preferably

contain fewea&?e&%@@wi,%@}aymoa}i@,gyp%gem,%f,:tﬁ;thgqﬁ,%r 191k miniisglls; [9349] Methods of
purifying minicells are known in the art and described in PCTJIB02/04632. One such method

combines croé&:flow fiftratfor?fredd fivis Parkdlsl to'dtmraHbr dh s e gie £245987) and
dead-end filtratipin(ieadifiowdsoperpensicmastothenmnembrapessulface) 7 Qptionally; the filtration

binati iff ial [ ' I tri | f 1
porton of the AL JB1S AN krely Crer e SR atAtToF T EBIL AR 26061021604

PCT/1B2005/003614
{0166] The formulations may alternatively 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, 1% or 20
weeks or more. Alternatively, the formulations may 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.

16167} Alternatively, the formuiations may be administered about once every

month, about once every 2, 3,4, 5,6, 7, 8,9, 10, 11 or 12 months or more.

[¢168] The formulations may be administered in a single daily dose, or the
total daily dosage may be administered in divided doses of two, three, or four times

daily.

[0169] In method in which minicelis are administered before a drug,
administration of the drug may occur anytime from several minutes to several hours
after administration of the minicells. The drug may alternatively be administered
anytime from several hours to several days, possibly several weeks up to several

months after the minicells.

[6176] More specifically, the minicells may 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 may 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,
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[0150] Another purification 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 centrifugatior})&o [r%%z}({i}rl)‘%g(&urity. The
method mangr &tAtitte a preliminary step of performing differential cenirri%uga jon on the
minicell-containing sample. When performed at low centrifugal force, differential centrifugation will

remove somegopion of pareRLRACIREaleelshere Y BNshinohesuRemataNdarigicells. 101511

Particularly effective purification methods exploit bacterial _filamentation to inéreas%mgicell purity.
Thus a minicElf PSR hRHAGB EEHETFL R d82haPSl gs D ta)-suiettthg e Sahiple conitaining
miniceils to ajaondjtien that sindusesoparent haatetdktalistie adgptia fikmentausddimeatollowed by (b)

filtering the sample to obtain a purified minicell preparation, 101521 Kno ipicell pyrification
methods alsot?beaiﬁ"tgéc%l Mbi e%’ : %Iﬁlém Tfiegr r%yae#fae%’ i\%oé?ér?fg%hét%?ﬁ%égmét\%{c%@%?s ?gl oéws: [0153]
Step A: Differentidsdefitrif uigrations.of a minicell producing bacterial cell culture. This step, which may

be performed at 2000g for about 20 minutes, removes most parent bacterial cells, while leaving
minicells in the supgriatp. 1045841 SieRiBidensitygradientceptifligatianasing.amdsgtonic and
non-toxic density gradient medéﬁg;. This %ep separates minicells from many tcortltaminwa ts, including
parent bacterial R FhEISEL 6F hTfiEais ™ Pretrsbly "thie Sap s fepeated within a
purification meshed 20t 55 Stém GisEnoss-Howifiltdation tHioughia®eli45em filtermifaithée reduce
parent bacterial cell contaminpation. [01561 .St , -induced fi ' idual parent
bacterial ceII%%]?hr}lsS{r:%rg%/ %jé"%rg&'or%p issﬁgéd ﬁ'/g‘s%%%%(r%\%%%irﬁéjse%%%%&%e%@r?ygﬁf several
stress-inducirsgvernliroeniisriadrcbadiigns. [01571 Step E: Antibiotic treatment to kill parent bacterial
cells. 43

[0172] The following examples are illustrative only, rather than limiting, and
provide a more complete understanding of the invention, The examples demonstrate
that drug resistant tumor cells can be effectively treated in-vive by (1) administration
of targeted recombinant minicells carrying RNAI sequences designed to reduce or
eliminate expression of drug resistance encoding gene(s), and (2) administration of
targeted, drug-packaged minicells carrying the drug to which the cancer cells are

made sensitive.

Example 1. Anti-MDR1 and anti-bci-2 shRNA expression plasmids and

purification of recombinant minicelks.

[6173] Recombinant minicells carrying plasmids encoding shRINA sequences

(Mdr! or bel-2) were generated as follows. The Mdrl shRNA sequence used in this
study wWas described by Wu er al., 2003 (5’-TCGA
- AAGAAACCAACTGTCAGTGTA  gagtactg TACACTGACAGTTGGTTTICTT
TTTTT-3%) (SEQ ID NO: 1) and the bel-2 shRNA sequence used was described by
Wacheck er al, 2003 (5-TCGATGTGGATGACTGAGTACCTGA gagtactg
TCAGGTACTCAGTCATCCACATTTTT-3") (SEQ ID NO: 2). The respective
shRNA sequences were synthesized and individually subcloned into plasmid IMG-
800 (Imgenex Corp., San Diego, CA, USA) such that the sequences could be
expressed from the plasmid U¢ promoter. The plasmid carries the pUC origin of
replication which enables high plasmid copy numbers in bacterial cells. The

recombinant plasmids were sequenced to ensure that the shRNA sequences were
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WO 2006/021894 PCT/IB2005/003614 [01581 Step F: Cross-flow filtration 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 .sm filter may be wem3ployed to
separate mintIfe% A Ehall contaminants, and a 0.1 .tm filter may be e%%{g%%ﬂ?g} Eohtentrate
minicells. [0154] Step G: Dead-end filtration to eliminate flamentous dead bacterial cells. A 0.45 urn

fiter may be emploved forihis sten. I0G0LSIER e RemAYALAL eNdolxiRbamthrminisel

preparation. Anti-Lipid A coated magnetic beads may be employed for this step. C. Administration

Schedules [06] FraEpBTSE (SR HaleaussBih& Em Rigrhatrarat appisiiate dosages
defined by roytingesting, dr eatainvatimal-ghvsiglogisakaffacts white mingmiziog, anypetential
toxicity. The dosage regimen may be selected in accordance with a variety of factors including age,
weight, sex, AieereanaBnabrEll Trecpitrsmaa @i ormeieoniifo B BE w&aterthe route of
administratio;bsgggi\;gg; renal and hepatic function of the patient. [0162] Optimal precision in achieving
concentrations of minicell and drug within the range that yields maximum efficacy with minimal side

effects may require _a regimen hased an the kipetics of the minicell and drug availahility to target sites
and target cells. Di??ﬁ%‘ﬁ%f%%‘e%ﬁfﬁ‘ﬁﬁﬁﬁ#‘é}% gﬁ?ﬁ? 5 %ﬁﬁg é%‘ﬁﬁ?&%ﬁ“%?“&?ggmﬁﬁ%%e%é considered
when determininiatiee diffithaldencéhtidiionyfér d:eeatvistmoginten cdhendosagesbfthe minicells
and drugs m E@%Qﬂ&%e@g’ ﬁb@g}&sed in combination, to achieve desired effects. [0163] Moreover,
the dosage administration ot the formulations may be optimized using a

pharmacokinetio/pharmaeodynamic modeling system. For _example, one or. more dosage regimens
may be chosen and%%%a He ol ﬁé/ﬁfﬁ??ﬁgc%ﬁférﬁiéaﬁﬁ%ederﬁggﬁé’tu%u&"trg%sg?g#hine the
pharmacokineticghar macodynamic (rafleleivon e aeveckte dlogagesegimensaidextelbnéof the dosage
regimens for 91%[9,' n{gga&! Ly qYUPcﬁeS%!egatreg%t\é@ 158 i%gglegﬁstﬁgesiMAs into cancer cells,

particularly in-vivo. Recombinant minicells carrying anti-MDR1 shRNA plasmid

(minicellsshrva-mpri) and control shRNA against a nonsense RNA sequence

(minicellsgrNA-nonsense)  Were purified and bispecific antibody camrying anti-S.
typhimurium O-antigen and anti-human EGFR specificities was prepared and attached
to the recombinant minicells, as described in patent application Wo 2005/056749.

. .. . EGFR__. .
The targeted recombinant minicells were designated minicellsgrna-MDR.1 and

EGFRminicelisshRNA_nonscnse. Minicells packaged with chemotherapeutic drugs 5-FU

and irinotecan were also prepared and targeted as above and were designated
EGFR

minicellss.gy and EGFRminiceHsi,ino respectively,

¢6175] Human colon cancer cell line Caco-2 (ATCC), which is highly
resistant to irinotecan and 5-FU, was selected for this in-vitro study to determine
firstly, if EGFR-targeted recombinant minicells could successfully deliver the shRINA
plasmids to the cancer cells and secondly, if the expression of anti-MDR-1 siRNA
could reverse the drug resistance and make the Caco-2 celis sensitive to EGFR-
targeted and drug-packaged minicells. Caco-2 cells were seeded at 3 x 10° cells/ flask
in Minimum Essential Medium with 10% cosmic calf serum and incubated for 3
hours at 37°C, 5% CO;,

[6176] The cells were treated with (z) ~- ‘minicellssppns-mpri, and (b)

EGFRm'micellsshRNA_mnsmse. A control flask was included that did not receive any
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44 WO 2006/021894 PCTQS2005/003614 desired pharmacokinetic/pharmacodynamic response
based on the particular pharmacokinetic/pharmacodynamic profile. See, e.g., WO 00/67776. [01641
Specifically, the formulations may be administered at least once a week qver the course of several
weeks. In on® BfBli¥ht, the formulations are administered at least onte A Week over several

weeks to several months. [01651 More specifically, the formulations may be administered at least
once a day for about 2, 3,4, 5. 6,7, 8,9,10, 11, 12 13,14, 15,16, 17418, 191 20,122, 23, 24, 25,
26, 27, 28, 25,6 3 8?(31 gi/%b.ﬁ,&lg?ﬁaﬁe\i/%?/,at & S?rgml}]atﬁ)ns ?nay b(—:‘p administered about once every
day, about oneeeduenyReBict, 73, 165.7 T8¢ OcllOfrdr, chdh HSithdnBek6r RS dldageded 22, 23, 24,

2525 27, 28 TR 00Lholon B oGt FHBTJBS/GUnHANaRs m aliemadyely g administered

about once every week, about once every 6,7,8,9,10,11, 12,13, 14, 15, 16, 17,18, 19 or
20 weeks orGRbreThttepnamvenireedeniiv pesbhayBRahib i evrhs 1eHsB1RaE §2lveek for about

2.3, 4.5 6 bl deckt 48 1140191650 185 19) 20 WK, Qo] [T faplternatively.

the formulations may Inistered about once every month, about once every 2, 3,4, 5,6, 7, 8, 9,
10, 11 or 12 Mbhthseeimose. [01681 The formulations may be administered in a single daily dose, or

the total daily dosage may be administered in divided doses of two, three, or four times daily. [01691
In method in which g@lﬁ&i@ar@@ﬂmmls&?red before a er%gd %dmlrélsc'[;r%tlon of tt‘gﬁ%t

. ay occur
: 1 . 1§ _AaCO g Were gd’n
anytime from sever § to seVeral hotry AR adiministration of the minice %f%e drug may

alternatively hgadmiigtered.amdime f1oM Seuaralihoursderseyerat daysapessibliyseveral weeks up
to several months after the minicells. [0170] More specifically, the minice|ls 'rp;slﬁl be administered at
least about 15ispeciia astgody gs garsief101, Spafaga PreieiRs Of7IBTEEA96SY; 49) S5 0r 24 hours
before the drygy Mareovey, the miricelaniaiaa.administerat oo 85T abnitlis2e3, 4The

EGFRmixﬁceilsshRNA_mmms@ treated Caco-2 cells were then treated with

BGFR_. .
minicetss.py.

[0178] All cells were incubated for a further 72 hrs followed by the
colorimetric MTT cell proliferation assay (Cory er al., 1991) using the CellTiter 96
AQueous One Solution Cell Proliferation Assay (Promega Corp., Madison, Wi, USA),

according to the manufacturer’s instructions. The colorimetric measurements were

read at 490 nm.

[G179] The results showed (Fig. 1) that the Caco-2 cells were highly resistant

to first-line chemotherapy dmgs for colon cancer, ie. irinotecan and 5-FU.

. . . . .. BGFR_ . .
Additionally, the cells remained resistant following treatments with minicellsiving

EGFRmimﬁcelEss_pU and EGFRminiceHsshRNA_MDR.,l. Celis that received the dual

, EGFR__ . . EGFR
treatment, ie., minicellsgrnampr-t  followed by

EGFR

minicellsyina o
minicellss gy showed that this treatment was highly successful in reversing the
drug resistance and after a single combination treatment > 50% cell death was

EGFR_ . .
observed. In contrast, a dual treatment of minicellsghrnA-nonsense followed by

EGFRmini061155_FU had no effect on drug resistance, suggesting that the anti-MDR-1

shRNA expression in the Caco-2 cells was specifically responsible for the reversal of
drug resistance. The combination treatment of EGFRminiceHsshRN A-MDR-1 followed by

free irinotecan or 5-FU was also effective in reversal of drug resistance but to a lesser
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56,7,8,9, 10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 45 WO
2006/021894 PCT/IB2005/003614 29, 30 or 31 days before the administration of the drug. In yet
another embodiment, the minicells may be administered at least about 1, 2, 3, 4,5, 6, 7, 8, 9, 10, 11,

12, 13, 14, 18988%4218¥ 19 or 20 weeks or more before the drug. In a fﬁméi?%%ﬁ(@aﬁﬁent, the
minicells may be administered at least about 1, 2, 3, 4,5, 6, 7, 8, 9, 10, 11 or 12 months before the

drug. [01711 égrafoieimgmbadivaenihiheminicedtissaglivilisteress affas thadruggcthe @aministration of
the minicell may occur anytim frorg everal.minutes to seveéal ouyrs afte%he admini?tration of the
drug. The mirficen §§i3 & etf%a%\‘}%ly %‘e‘%r‘ﬁﬁ%ié"t%%tafa‘ﬁ&%?ﬁ% 1M e 8ﬁ‘§sr?6“§°§\}éra| days,
possibly severaywiebkesr apitoregsvienammonthstafierthegmgadéili2dy Tdenfeltedvio gexdmmples are

illustrative on m@&@g%Q%el)igggggﬂu&pgmg{gw&@ more complete understanding of the invention. The
at

examples demonstrate t rug resistant tumor cells can be effectively treated in-vivo by (1)
administration of targeted recombinant minicells carrying RNAI sequences designed to reduce or

eliminate expression dfarug re i StintEeRtH g e ARl S NG (S AdmAiet aion St YEieted,
drug-packaged minigeils-casicying:theithgdiswhichdheccangetcelts arbimade senrsidive) Example 1.
Anti-MDR1 and anti-bel-2 shRNA .expression plasmids and_purification of recambinant minicells.
(01731 RecorBAREMTHGHTS o SNa A B H ShNA Sebtieheds A O Bet2) were
generated as fediowidesTHeeM dheshRNAllsequenterugedrin{thithestinbyivas teseritied tytvu et al., 2003

(5TCCA AAGAMGCASCEGREAGTETA GRgierta TACACTGACAGTFOBTUCTL, TTTTT-3)

(SEQ ID NO: 1) and the bcl-2 shRNA sequence used was described by Wacheck et al., 200
(5-TCGATGTEE K A TORG T Aredicaryiydnty rTEres PACTC AGTEATECATETFTTT-3) (SEQ
ID NO: 2). ' ThewrasrestivaishRNASEGYeNERS wel e/syniTesizes-and dpdividualy subglaned into
plasmid IMG- . . .

now carry a drug instead of a plasmid, (f) the dual treatment protocol, i.e., receptor-

targeted miniceli-mediated shRNA delivery followed by receptor-targeted minicell-

mediated chemotherapeutic drug delivery is highly effective in reversing drug

resistance in non-phagocytic mammalian cells.

Example 3. in-vivo demonstration of tumor regression achieved using the
method of invention i.e. dual treatment of receptor-targeled minicell-mediated

shRNA delivery felloweé by recepior-targeted minicell-mediated drug delivery.

[6181] This example demonstrates that receptor-targeted minicells can be used

to reverse drug resistance in cancer cells in-vivo.

(6182} S nphimurium minCDE-derived minicells were purified and packaged

9
with chemotherapeutic drug innotecan. 7 x 10 minicells in BSG solution were

centrifuged, the supernatant was discarded and the minicells were resuspended in 940

pl BSG and 60 ul of irinotecan solution (I mg/ml; dissolved in sterile distilled water).

The suspension was incubated overnight at 370(‘, with rotation to allow the irinotecan
to diffuse into the minicell cytoplasm. Excess irinotecan non-specifically attached to
the outer surface of the minicells was then washed away by stirred cell ultrafiliration
as follows. Amicon stitred ultrafiltration cell Model 8010 (Millipore, Billerica, MA,
USA) was assembled according to the manufacturer’s instructions with an

ultrafiltration membrane disc {polyethersulfone; molecular weight cut-off of 300 kDa;
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800 (Imgenex Corp., San Diego, CA, USA) such that the sequences could be expressed from the
plasmid U6 promoter. The plasmid carries the pUC origin of replication which enables high plasmid
copy numbers in bacterial cells. The recombinant plasmids were sequenced to ensure that the shRNA
sequences W IWE R ©006/021894 PCT/IB2005/003614 correct and iﬁnggﬁ?é'%Pﬂéﬁb“ression from
the U6 promoter. The recombinant plasmids were transformed into the S, typhimurium minCDE-
mutant strainvnGaE)icals @HryisoviRRadlaaaritsmecreputicd hsideserthadiitidiGl 80602,201. The

recombinant minicejls were designa inicellsShRNA-MDRI, and minicellssh -bct2 respectively.
Example 2. Dggﬁr%ﬁglffg ion %ﬁ@?e‘gg%trggggé%aéggg% |€r§1a£111ﬁ%nc11ir"ﬁicgej‘lnlj-I %g%#';[%sﬁg%ﬁﬁ&gplasmid
delivery to drtg resistanlitancef ir'eﬂseamd-pm ofinghrelts _re@ismiqicé._inf\}i@r@.e[bwkwlhile siRNAs
directed againgha ranaegldiferepldyglesiRiange, Qneeding tanseintsshave-Resp sown fo reverse

drug resistance in cancer cells in-'vitro, the critical hurdle is targeted delivery of the SIRNAs into cancer

cells, particutdfiyit-ive. B8t innblieingivenseirymiatt MoREHRIRE ARG © 5

Em@n@CeIlilsSEE%!.Q-M@%@H%@?m@%@é}hﬁ%gggem;{aom&gég&ﬁﬂ a;equ@@qes anabiﬁ‘a '
minieellss -nonsense) were purified and bispecific antibody carrying anti-S. .typhjmurium
0-antigen and'SERUMEPEEFR Pocifishas \?\Véﬁafﬁseﬁgrszeaﬁﬁ* tﬁ%ﬁgﬁg‘%‘fﬁe}%%g?ﬁﬁinant

minicells, as destfibed nspatentiappleatibn Wn2006/056740d and Theddngetedmscombinant

minicells were designated EGERmi 'cells;sh NA-MDR-! GFRminicellssShRNA, nonsense Minicells
packaged Witﬁaaﬁ%%%ghéorasbesg zlﬂ!cf%r%%%e%{f A Gn I\l/#ﬁﬁ%t%%aeh v%eFSN gi?scl)g grg%%gglga%%ltégrgeted as
above and wéik2désigndted ¢ EGRRminipdigSHE UinrtdcBGRRm R atisiitaBsrespectively. [01751 Human
colon cancer cell line Caco-2 (ATCC), which is highly resistant to irinotecan and 5-FU, was selected

for this in-vitro studygesdetaraiinecifiistiyiicRR-targeiet-tego tabinmal mipiceisicaultsuccessfully
deliver the Shgu%@shed Patent Application No. 2004-0265994. Briefly, anti-S. fyphimurium
lipopolysaccharide (Biodesign, Saco, Maine, USA) and anti-human Epidermal
Growth Factor Receptor (EGFR) mouse morxoclonail antibodies (Oncogene Research
Products, Cambridge, MA, USA) were linked to purified recombinant protein A/G via
the Fc fragments of each monoclonal antibody. An anti-EGFR monoclonal antibody
was selected because the xenografted cells were human colon cancer celis (Caco-2)

that are known to overexpress the EGFR on the cell surface (Nyati et al., 2004).

[0184] Purified recombinant protein A/G (Pierce Biotechnology, Rockford,
1L, USA) was diluted to a final concentration of 100 pg/mi in Immunopure binding
buffer (Pierce Biotechnology) and 0.5 m! of the solution was incubated overnight at
4C with a premixed solution containing 20 pg/ml each of anti-S. fyphimurium LPS
and anti-human EGFR monoclonal antibodies. The excess antibodies unbound to
protein A/G were then removed as follows. Dynabeads® Protein G solution
(Dynabeads® [2.8 um] coated with recombinant Protein G covalently coupled to the
surface of the magnetic particles; Dynal Biotech, Osle, Norway) was mixed gently
and 100 pl of the solution was transferred into an Eppendorf centrifuge tube. The
tube was placed in a Dynal MPC-S (Magnetic Particle Concentrator, type S} to
immobilize the beads and the supematant was discarded. The beads were
resuspended in 0.5 ml of washing solution containing 0.1M Na-phosphate buffer (pH
5.0). The bead immobilization and washing steps were repeated three times. The

solution containing protein A/G-bispecific antibody mixture was added to the beads

50



plasmids to the cancer cells and secondly, if the expression of anti-MDR-1 siRNA could reverse the
drug resistance and make the Caco-2 cells sensitive to EGFR- targeted and drug-packaged minicells.
Caco-2 cells were seeded at 3 x 106 cells/ flask in Minimum Essential Med&um with 10% cosmic calf
serum and intUbAtEPF3 hours at 37C, 5% CO2, [01761 The cells were Freated w /%3?1‘5
EGFRminicells and ShRNA-MDR-1, (b) EGFRminicells A control flask was included that did not

receive any Yo/ \WEd AP0/ 1884 LB 2Q0p00 64 detteatnBnudinicelishyeraadded at a
concentration of 1010 E’ér flask and all flasks were mc%%gd for éz hrs. Th%é% %ﬁfro each treatment
were trypsiniSFsharsBE G Cab S5 R IRMBRISTEIHS 2500 A0k 88 B ie %%1011 § for 3 hrs at

37C, 5% C%n%&wwﬁahmﬁaat@dmall@xwe thEiidnae atidel indthd(Ghwelishb trebtment) (a) free
irinoteean (25 .i b U (25,1CM),.(¢) EGFR mi lIsiring, .and (d eils5-FU.
[0177] 4 The ‘E‘&ﬂ‘gﬂg"?a ?tﬁf&dl\ﬂrt‘? ] SOF“ H‘g% ﬁeg (3 dD(S‘g bate Rt:ggagp

mimicen treate Caco-2"celis were i with™ (6 wells /
treatment) (a)lﬂwﬂ/m|pn@f@iks§$€b*/éﬁ@hﬁsﬁ@cﬁmﬂmrg%tedrshm@th@inbisbﬁmﬁ@ anitety is targeted to

a surface prolgip OR.GHOMESRIONILSI(R) [ERolinaleeary (8) 58 SEL (A EGEBminigelstino> and

(e) EGFR minicellss The EGFRminicellsshRNA-nonense treated Caco-2 cells were then treated
with EGFRminEENEs B e 281 Wt Bifsihans thet bated§6t a further 72 firs followed by the
colorimetric MTT cell proliferation assay (Cory et al., 1991) using the CellTiter 96 AQueous One
Solution Cell Prolifeféti&fi AB@&yd@mmﬂ&g&C@ﬁpmb@%@mM&%&pmm&@wms

manufactu.rer(i rkstru%gg ¥ Ae &Jgﬂgtnﬁlgh %ﬁ%‘&nt&%’ﬂ%eﬁ?sa%&df%%x%ﬂnggl719] The results

showed (Fig. 1) that t aco-2 cells were resistant
comphance with the guide of care and use of laboratory animals and with Animal

Ethics Committee approval. The experiments were performed in the NSW
Agriculture accredited small animal facility at EnGenelC Pty Ltd (Sydney, NSW,
Australia). Human colon cancer cells (Caco-2, ATCC) were grown in tissue culture
in RPMI 1640 medium supplemented with 5% Bovine Calf Serum {(GIBCO-BRL Life
Technologies, Invitrogen Corporation,” Carlsbad, CA, USA) and glutamine

¢ 6
{Invitrogen) in a humidified atmosphere of 95% air and 5% CO,at 37 C. 1 x 10 cells

in 50 pl scrum-free media together with 50 pl growth factor reduced matrigel (BD
Biosciences, Franklin Lakes, NJ, USA} were imjected subcutaneously between the
shoulder blades of each mouse using a 23-gauge needle. The tumnors were measured

twice a week using an electronic digital caliper (Mitutoyo, Japan, precision to 0.001)

2
and mean tumor volume was calculated using the formula, length (mm) x width

3
(mm) X 0.5 = volume (mm ). The various treatments commenced once the tumors

3 3
reached volumes between 50 mm and 80 mm , and mice were randomized to eight

different groups of 11 per group.

[0186) The various groups received the following treatments: Group 1

{control) received no treatment. Greup 2 (centrol), free irinotecan (1.2 10° ng/gm

of mouse body weight ~ 2.4 x 10° ng per mouse) intravenously. This control was
included to confirm the in-vitro results that the tumor cells were resistant to the drug.
Group 3 (control), EGFR-targeted, irinotecan-packaged minicells (designated

.. EGFR__. .
EGFRm;mcelislrim). Group 4 (contref), minicellsgrna-MDR-1.  Group 5
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to first-line chemotherapy drugs for colon cancer, i.e., irinotecan and 5-FU. Additionally, the cells
remained resistant following treatments with EGFRminicells Prinm EGFRminiCel11S5-FU and EGFR
minicellSShRNA-MDRI - Cells that received the dual treatment, i.e., EGFRminicellsshRNA-MDR-1

followed by PEFRMIRI I sirino or EGFRminiceliss-FU showed that this trggﬁgﬁ?oﬁfg(g?ﬁbhly

successful in reversing the drug resistance and after a single combination treatment > 50% cell death

was observed. In gﬁrr\ltgaﬁi a duaj treatment ofg’tEgGFR@iL{“niceéls lIgolbwed.b.se NA-nonsense by
EGFRminicelSEfPhad ndPEHECS Rt FesiSERE: ULt Y thatTRE BhTNIYRIPRIhRNA

expression ingthie (aces2alIsnss sheciicabprospapsiala donthe™ EVarsalafs dhug fesistance. The

combination treatment ogGI;gFRminicells followed b g sh -MDRI'Y free irinotecan or 5-FU was also
effective in rdodrsaddbrug resiseircad Ut roepl8Ssept) 20081084894 RETIBRE65/003614

extent giving g530% reduction jn cell survival,, This data.also suggests.that .chemotherapeutic drug
delivery via recep%ﬁﬁ?&é’t@d ziﬁﬂ%?ﬁ@%%‘@l?%%ﬁ%fﬁfeieqfsg%ay %g oReLIETS R @:poncentration

iver a more poten

of drug intracgligiariy carpared.tadree gruge proyidediin.the axtraselivier eaviterrsent.(b180[ This
result demonstrated that (a) ShRNAs can be effectively delivered  to non-phagocytic mammalian cells

via receptor-taigtats resbBiNAn CRARTCEIS B): fifeisHaIsueeie4tid @HRNA) &HcbtiRg plasmids

escape from iptrageliula- raanalieswhere dhesminicells arenbrokenowdide):he plasaid is

transported tQ the mammalia Il nucl where the shRNA is expressed, . (Ejgttpe shRNA is effective
EF (? SLE%'h jin}

in degrading THE YARRIA®ERR /r"’nl.?ﬁl-du FroSRAREE SPotEiMBR-TE he R

€ same mammalian
cells are recegitivestd the nexoninve ofnécepteatadgited mifickRSNWhighnmnewrcesspa dmdg instead of a

plasmid, (f) the dual treatment protocgl,.i.e G [- %Q [ '&%glﬁn}%di%g SHRNA delivery
followed by recep %S&%I}gogzgex ICreﬁs"lsrilocne ?trlﬁ%gé e§ %%e%otﬁerapégt% drug déiiveryris highly effective in
reversing drugr bei-2.

[0187] The results revealed (Fig. 2) a striking contrast between the mean
furnor volumes in control groups (G 1 to 6) and experimental groups (G 7 and 8). The
tumor volumes in the experimental groups were rapidly stabilized and showed
significant stabilization in most of the 11 animals in each group. In contrast, the mean '
tumor volumes in all the different control groups continued to rise and by day 36 post-
xenograft establishment the experiment was terminated because the control animals
were too sick. The experimental animais, on the other hand, were healthy and did not
show any toxic side effects of the treatment. Statistical analysis of the data using one~
way ANOVA showed that experimental groups (7 and 8) were highly significant
compared to the control groups 1 to 6 (p = 0.0004). This result is a first
demonstration of targeted in-vivo delivery of shRINA to address the serious problem
of drug resistance in cancer. The result also demonstrated that the invention has
general application, because two mechanistically different methods of drug resistance,
i.e., over-expressed membrane-associated protein pump (MDR-1) and cytoplasmic
anti-apoptosis protein (bel-2), can be down-regulated in drug-resistant cancer cells in-
vivo. Treating the same cells with another wave of receptor-targeted,

chemotherapeutic drug-packaged minicelis could effectively treat such tumors.
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resistance in non-phagocytic mammalian cells. Example 3. In-vivo demonstration of tumor regression
achieved using the method of invention i.e. dual treatment of receptor-targeted minicell-mediated

SshRNA deIivz‘%‘followed by receptor-targeted minicell-mediated drug deIiveré(. %O(}lf%}u%szms example
demonstrate é?qfé%?éﬁ%r-targeted minicells can be used to reverse druﬁcr SR H Cancer cells

in-viva. [0182[ S. typhimurium minCDE-derived minicells were purified and packaged 9 with

chemotherapeutic dfyg iEietEC8Beoh A MIGSISSRG S94lino WesRe SR UiRaR, the supernatant

was discarded and the minicells were resuspended in 940 pl BSG and 60 | of iringtecan solution (1
mg/ml; dissolbekisredasnetlsimeiiodiehinsatim & sspunkiptrimeani Bl bistitiitat 37 C with

rotation to allgyriRe isinpiesafiiewdiiusernipdbenninieal| DyligRisisverExcess irinotecan non-specifically
attached to the outer surface of the minicells was then washed away by stirred cell ultrafiltration as

fllows. Amicon stiaggirafiaton cellfode! SO1RARere, Billos, MAahiSA) Was.assembled

according to the manufacturer's instructions with an ultrafiltration membrane disc (pol%ethersulfone;

molecular wefiit-Bot-esreardpoaRpiic 4ogv& Deperizi BG4 PATHE ABE5038 E4SIOMRpERE). The cell

was washed theeg dimes withsteiledistilledwaterdoioweddy-a: furthartheeenmashesith BSG. The
cell was then filled with 9 ml of fresh BSG ar)d the 1 ml solution of irinotecan-packaged minicells was

added. The cBI\ASS RESEIIHESF S{45EEaIRE GEFTH& stirred until the volume was reduced to 5 ml and

topped- off with 5 ml BSG. Ultrafiltration was continued until the volume again dropped to 5 mt. This
topping-off / ultrafiltréti&d pfocdordsiabparfstined b titresoldapubiecs tobolgitiaghifg of the
exterior surfagesefihe fingiecanmackaoednigisales Buigoske lstiafliraliogathe volume was

reduced to | ml and the sample was transferred to a sterile cEp@pendorf, centrifuge tube, followed by
centrifugationtBEMENEHER P niHERAY i FRERLIE H EFRPHRE RIRGTEREN-pIERADRY MRRTR ANt
minicells carrying shRNA plasmids, shRNA-MDR-1, shRNA-bcl-2 and shRNA-

nonsé.nse were obtained and purified from the respective S. typhimurium minCDE-
recombinant strains. The purified empty minicells were packaged with
chemotherapeutic drug 5-FU as described for irinotecan in Example 3. HPLC

analysis was used to determine the concentration of 5-FU packaged in the mincells.

[0190] A bispecific antibody comprising anti-human EGFR and anti-S.

typhimurium O-antigen dual specificities was constructed as described in Example 3.

10
Recombinant minicells (10 ) were incubated with the bispecific antibody for 1 hour

at room temperature, to coat the minicells with the antibody via its anti-O-antigen Fab

region.

[0191] Caco-2 cancer cell xenografts were established in Balb/c nude mice
and once the tumors reached a volume between 50 mm° and 80 mm3, mice were
randomized into 10 groups (n = 11 mice per group). The 10 intravenous treatments
included: (a) G1 — tumor only control. G2 (cemtrol}, free 3-FU (5 x 10* ng/gm of
mouse body weight ~ 1 x 10® ng per mouse}. This control was included fo confirm
the in-vitro results that the tumor cells were resistant to the drug. G3 (control),
EGFR-targeted, 5-FU-packaged minicells (designated EG?Rminiceils5_;:U). G4

EGFR EGFR
(contrel),

minicellsshRNA_MDR.l. G5 (C()llt!‘ﬂl), miniceilsshRNA_bd_g. G6
{conirol), EGFRminiceHsshRNA_MDR_; foliowed by CMVminiceIisMU. The CMV

aniibody is targeted to a surface protein on cytomegalovirus and this serves as a non-
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[0183] A bispecific antibody was constructed as described above and in U.S. published Patent
Application No. 2004-0265994. Briefly, anti-S. typhimurium lipopolysaccharide (Biodesign, Saco,

Maine, USA) and anti-human Epidermal Growth Factor Receptor (EGFR mrgusz%grqgﬁn%clonal
antibodies (dﬁ%&&@ﬁﬁéﬁgésearch Products, Cambridge, MA, USA) were lihkéd o p°ur|ﬁec? recombinant

protein A/G via the Fe fragments of each monoclonal antibody. An anti-EGFR monoclonal antibody

was selectedspegifiustythe geapasatted oglisiwaredyman solvretancel calls.Gallowd)d that are known
to overexpresg;the EGFR on the cell surfacg{Nyati et al., 2004). [0184] Purified recombinant protein
A/G (Pierce Biote®hHefdsyrrRo&&drantolySA) widcalitas o@findPUoNed trafien bF Y00 g/ml in
Immunopure Bingi ufter (Pj Biotechnolog BOFR lution [ ated overnight
at 4 C with aagfgngl%é)g solut‘?ﬁ%%ﬁrffgwrﬁ&‘ %&pi%lyﬁ%%agcﬁ% ant%%ﬁ?o%?fﬁﬂ‘riugnfﬁgésgggﬁd anti-human
EGFR monodiBriahaniiedies, Theexeess anlibotidsicriboynd Mhoeakein A/Gwere then removed as

follows. Dynabeads(r) Protein G solution (Dynabeads(r) [2.8 m] coated with recompjnant Protein G
covalently coﬁf)‘?@aif(éefﬁ% 0&#}%%8 Pt ?H%ﬁ&i&fﬁéﬁﬁ}&ﬁ”ﬁiwgf%ﬁ%?&?é @sﬁ%?’f\lg%rvﬁ ) was mixed
gently and 1Q0 kof thie shlidieniowas transferreddntel antizppe idbN centiifuge tubendiretdube was
placed in a Dyngl MBG:S (Magnelic arlicle Gancentraler, e, 19.immpblize (e pogds and the

( . The dedin 0.5 m1 ing solut

supernatant was discarde e beads were resuspen : of washing solution containing
0.1M Na-phoshhbié, begfer (bres:0) Fhd bepp asinobilizativr s wisHingdstepsewetarepeated three

times. The 5%@5&%@%’_&@3&%@.QFQIQ{Q%R?ESQ?EMi-%.an“bOdV mixture was added to the beads 50
WO 2006/021894 PCT/1B2005/003614 and incubated with gentle mixing at room temperature for 40

min. The tube was %@ggﬁﬁ% tpe%' tEC-V% % n {oi mo?il%ﬁeﬂthg% %%sbae%get%e t%E:Oth\ien A/G-bispecifrc
antibody was removed With a plp& &, TRy Biminddd thEL BB &XCEsd Monbaidnal antibodies
and provided @msofutinithaticamiea tizechispétiticabitibodydpket it pgoteirs A vaadHélr Fc
fragments. Regampinant el e auhates s Rrote Ry AfCsHisRasifisantizpdy for 1 hr a
room temperature, to coat the ‘

most of the 11 animals in each group. In contrast, the mean tumor volumes in all the

different control groups continued to rise and by day 36 post-xenograft establishment

the experiment was terminated because the control animals were too sick. The

experimental animals, on the other hand, were healthy and did not show any toxic side

effects of the treatment, Statistical analysis of the data using one-way ANOVA

showed that experimental groups (9 and 10) were highly significant compared to the

control groups 1 to § (p = 0.0008).

Example 5. In-vive demonstration of tumor regression achieved in

doxorubicin resistant human breast cancer cells using the method of invention.

[6193] The inventors have shown that human breast adenocarcinoma cell line,

MDA-MB-468 is highly sensitive to doxorubicin and that mouse xenografts treated

intravenously with EGFRminicellsDox stabilize / regress.

[0194] In this example, MDA-MB-468 cells were cultivated in tissue culture
and treated with increasing concentrations of Dox to develop a Dox-resistant clone. [t
is well established that such drug freatment im-vitro and in-vivo up-regulates the
expression of multi-drug resistance proteins such as MDR-1 and bel-2, Several Dox-
resistant clones were obtained and one was used to establish a xenograft in Balb/c

nude mice. The intravenous treafment groups (# = 11 mice per group) included G2 —
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minicells with the antibody via its anti-LPS Fab region. [0185] 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 and with Animal Ethics
Committee aﬁ&g) ‘(P?ﬁ%%xperiments were performed in the NSW Agricﬁﬁﬂ’f]@?gé@eﬁaﬁ]@d small
animal facility at EnGenelC Pty Ltd (Sydney, NSW, Australia). Human colon cancer cells (Caco-2,

ATCC) were §f6fmirindlsye adtae i RRMhit64Q, madivm stpesened Wisifse Bgyine Calf Serum
(GIBCO-BRL Life .Technologies, Invitroge rporation, Carlsbad, CA, USA) and glutamine o 6
(Invitrogen) inéak ﬁ?}ﬁ%&ﬁ%"d%%% é’roél%?QS A ﬁ%ﬁg S gf‘%?d@.ll?‘ﬁtTﬁdc%‘H%aVn%O pl
serum-free maediaitodetheremieBOvidd grewtn thotoR Tetigadi4hatrigel (BD Biosciences, Franklin
Lakes, NJ, USA) were injected subcutaneously between the shoulder blades of each mouse using a

23-gauge needle. T?@LW% were megsyred Wli%e Q)W‘?i%‘% u%iggmnkgll%%%%ic digital caliper
n

(Mitutoyo, Japan, precision to 0.001) 2 and meantumor volume was calcu ated ﬁﬁ)ﬁﬁle formula,

length (min) xtiicted bgniit) 3 BibeHyplumentrin ik Thenvasious Meatmenisicommenesadonce the

tumors 3 3 reached volumes hetween SOgn\i%ﬁn@ 80 mm , and mice were randomized to eight
*\atfo Vé

different group® of 1 pargréUp GE8ET A SIS N EY Tha FSBwing tReA Ments: Group |

(control) receivegunareatment GaupiR (conam)) sfee-tinatecan (@dRos 14Ng/a 9hmpuse body
weight - 2.4 x 105 n%r per mouse?iintravenously. This control was included to confirm the in-vitro

results that thE TR Ceidnfare te Sistam 45 ey, Group 3 (control), EGFR-targeted,

irinotecan-packaged minicells (designated EGFRminicellslrino). Group 4 (control),
EGFRminicellsshRN#MDR-¢. Grodny SeBDAAC 2606/ 4PCTHBR006/003614

reversal of drug resistance and therapeutic effect.

0196} This example demonstrates the effect of dosing schedules on the
reversal of drug resistance and therapeutic effect. Allowing sufficient time for
efficient delivery of shRNA to the tumor cells before the receptor-targeted, drug-
packaged minicells are administered improves the results. A time-course experiment
was performed, wherein EGFRminicellsgthA_MDR_; were administered intravenously
in nude mice carrying Caco-2 cell xenograft. In separate groups (n = 11 mice per
group), mice were given EGFRmiI‘}.iCCHSh-'mO either at 96 hr (G3), 120 hr (G4) or 144 hr
{GS5) afier the EGFRminicellsshRNA-MDm treatment. &1 and G2 were tumor only and
free irinotecan (~ 2.4 x 10° ng/dose} controls. The minicells were administered at 5 x
10 per dose and each dose carried ~ 80 ng of irinotecan packaged in minicelis, which
is a 3,000-fold lower dose than that administered as free drug. The results showed
(Fig. 5) a clear correlation between the time allowed for shRNA expression and
subsequent administration of EGFRminiceils;m with 144 hr (G5) being most effective

in reversing drug resistance and achieving a significant therapeutic effect.

Example 7. Second in-vive demounstration of effect of dosing schedules on

reversal of drug resistance and therapeutic effect.

f0197] This example demonstrates that the dosing schedule effect observed in

example 6 is broadly applicable.
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(control), EGFRminiCellsshRNA-bcl-2 Group 6 (control), EGFRminicellShRNA-MDR-1 followed by
free irinotecan. Group 7 (experimental), EGFRmIiniCell5shRNA-MDR-I followed by

EGFRminicellslrino. Group 8 (expt.), EGFRminicellsshRNA-bct-2 foIIowedP%

¥/£§3@I§rgigﬁcellslrino.
Irinotecan qu‘gﬂtﬁ%ﬁg}ﬁ%{) dies by HPLC showed that 5 x 108 minicells pac age(? 80 ng of the drug.

All minicell treatments received 5 x 108 minicells and shRNA treatments were administered on days 9

and 23. All drug  tregimgnis Va5 AdInsisrAtanHayadte Bwad AMdA% This allowed a six day

interval between shRNA"and drug treatments to ensure that sufficient time was allpwed for

intracellular stk eklvengBElsERNGA cyerrt tiasredsiercind SempprESsidnol @xpression of the
diug resistange megiating PISIC(Sy . ga T YDREL, At b7 The esuifevaaied (Fio. 2)

striking contrasf; etween the mean tumor volumes in control groups (G 1 to 6) and experimental
groups (G 7 8Rd 8)nithistamoMiolcsHe sinadraipservibatal grolpoweissapidsagtadiized and

roups (G 7 A Bjitstssumobdiolatiesi i ‘ t
showed signifiant stgbilzation mostofdlled JNMIAIR I S26101pYB 0 coNERSt hg mean tumor

volumes in afithé différeht contro ‘gfoups’continue 36 post- xenograft
establishmeniite experiment was terminated because the control animals were too sick. The
experimental animals, on the other hand, were healthy and did not show any toxic side effects of the

treatment. Statisticahagaiysis afsihe datadsing omerwarn-ANQMAshowed thatiexperimental groups (7
and 8) were highly significant compared to the control groups | to 6 (p = 0.0004). This result is a first

demonstratiotvéf targefed imhvivaidaliverjiof SHRNA toiaiddhsss thesseriods prosiededofidrug resistance
in cancer. The Jesult aise.demansiiled hal e eation has. gsnerarapnlication.aeguse two

.. ax .
mechanlstlcaWy offﬁeren s of drug reSistance, i.e., over-expressed membrane-associated

protein pumpoiViBRatirdiod tytopsiesnilemathe-eqreprosiicprotangiengyedan ddbih-feghlated in

drug-resistanfcaneer £e!ISiRuVRdRaliRg e Same-asllsmih anethenvave of seospter-targeted,
chemotherapeutic drug-packaged minicells could effectively treat such tumors. 5%W% 2006/021894
PCT/IB2005/b%386k g compared to free irinotecan and 3-FU treatments respectively. The free

drugs had no effect on tumor growth as seen in Figs 5 and 6.
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Example 4. Second in-vivo demonstration of tumor regression efficacy achieved using the method of
invention i.e. dual treatment of minicell-mediated shRNA delivery followed by minicell-mediated drug
delivery. 10188] Colorectal cancer cells are also known to be highly resistant to another first-line
chemotherap"@ t?é’"(ﬂ‘ﬂfd?%—ﬂuorouracil (5-FU), and this example shows that tHE Methods of the
invention enable not only the reversal of drug resistance in-vivo but also permit tumor stabilization /
regressiomrfdeBSraisReesBitved ablivie2Mihicells were obtained from an S. typhimuriurn minCDE-
mutant strain and were purified using the gradient centrifugation / filamentation / filtration / endotoxin
removal pregedurel Shatatipeecombinaat igggicells carrying shRNA plasmids, sShRNA-MDR-1,
shRNA-bcl-2 and shRNA- nonsense were obtained and purified from the respective S. typhimurium

minCDE- fgoombinant ﬁ((@%ﬁ:&l@%@%ig 5’: gmggwg%ells were packaged with chemotherapeutic

drug 5-FU as described for irinotecan in Example 3. HPLC analysis was used to determine the

concentration of ?-FU packaged in't:}[e? nj @Z%ﬁs 0190] A bispecifie antibody comprising anti-human
EGFR and BHHES0hiPh Ariuri 6% 'é—enljr? ép'ecificities was constructed as described in Example
3. 10 Recombinant minicells (10 ) were incubated with the bispecific antibody for i hour at room
temperatueplencBapthdomiiniBeds With tAe Al ody w8 ts anti-O-antigen Fab region. [01911 Caco-2
cancer cell xenografts were established in Balb/c nude mice and once the tumors reached a volume
between 50:pdansSQsmMBnmigerwatad rasdamizedsno 20amoups (n = 11 mice per group). The 10
intravenous treatments included: (a) Gl - tumor only control. G2 (control), free 5-FU (5 x 104 ng/gm of

mouse bo@x&ggigh&-&%‘;g%grpg@m@y@,@b ('Ebjﬁfontrol was included to confirm the in-vitro results

that the tumor cells were resistant to the drug. G3 (control), EGFR-targeted, 5-FU-packaged minicells

(designated EGFR minacellss_Fu). G4 (Ecg% 1), EGFR minicellsshRNA-MDR-]. G5 (control), EGFR
minicellss N‘A?b%ﬁ:é%é'(é%m%fr)?gé% %ﬁ%elisshRNA-MDR-t followed by CMVminicells5.FU. The
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antibody is targeted to a surface protein on cytomegalovirus and this serves as a non- 53 WO
2006/021894 PCT/1B2005/003614 specifically targeted control. G7 (control), EGFRminicells
hRNA-nosnse followed by EGFRminicells5-FU. G8 (control), EGFRminicellsshRNA-MDR-1 followed
by free 5-FU Y &8I EGFRmInicellSsShRNA-MDR-1 followed by EGFRMIMFEEIREHA G10 (expt),
E1FRminiCellsshRNA-bcl-2 followed by EGFRminicellsn-FU. The shRNA treatments were
administerglfitsRttssa- o By aRivehem tdathEhtd WER administered on days 15, 18, 29 and 32.
This allowed a six day interval between ShRNA and drug treatments to ensure that sufficient time was
allowed foFandedeeHlulararRhauciesir, 38(i8)er 83 IR NAIGENe expression and suppression of
expression of the drug resistance mediating protein, i.e., either MDR-1 or bcl-2. 101921 The results

revealed (Figvd) asitiking gcmg@,ghp&gyﬁyqngb%lg@%n tumor volumes in control groups (G 1 to 8) and
experimental groups (0 9 and 10). The tumor volumes in the experimental groups showed significant

stabilization in most of the |, 1 animals | g% roup. In contrast, the mean tumor volumes in all the
different :gﬁ%ﬁ%leé?oﬁuyﬁé&cgﬁtﬁlnl%leg}j'tc? !ﬁsgéégr@ day 36 post-xenograft establishment the experiment

was terminated because the control animals were too sick. The experimental animals, on the other
hand, weré REaHF And-ehlisHobsHbw Any$o4i0%de effects of the treatment. Statistical analysis of the
data using one-way ANOVA showed that experimental groups (9 and 10) were highly significant
compared $aitheldentigligroupsttd B:{p2Q:.0Q03)cELaRle 5. In-vivo demonstration of tumor
regression achieved in doxorubicin resistant human breast cancer cells using the method of invention.

[01931 The:jgugntars havgshawn that-human-r fdenocarcinoma cell line, MDA-MB-468 is highly
sensitive to doxorubicin and that mouse xenografts treated intravenously with EGFRminieellsDox

stabilize /_r gress. Jpégﬁgtréc&k&é%}gﬁ%n&%m%ﬁ%\{lﬁ-ﬁ@g@%eblls were cultivated in tissue culture _and
treated with increasing’concentrations of Dok to develop a'Dox-resistant clone. It is well established
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expression of multi-drug resistance proteins such as MDR-1 and bcl-2. Several Dox- resistant clones
were obtained and one was used to establish a xenograft in Balb/c nude mice. The intravenous
treatment groups (n = 11 mice per group) included G2 - 54 WO 2006/021894 PCT/1B2005/003614
EGFRminiceMEHA%¢E % GFRminicellS followed by Dox shRNA-MDR-1 Y O8RE M here tumor
only control. The shRNA treatment was administered on day 21 and the drug treatments were given
on days 2¥Au34 dn&aceTResreiti B Shoted( k8t the EGFRminicells [01951 (Fig. ~ ShRNA-MDR-t
followed by EGFRminicellsDox treatment in 03 mice was highly effective in reversing Dox resistance
in the canerr «ells et MrtdbRIurnogRwera stahilized. The control treatment with EGFRminicellsBox
(G2) showed that the tumor cells were highly resistant to Dox and the tumors grew rapidly. Example

6. In-vivo gﬁg}gpggqgi%gf @ggcg@cﬁgqugngﬁ%p%!es on reversal of drug resistance and therapeutic

effect. [01961 This example demonstrates the efféct of dosing schedules on the reversal of drug

resistanc d therapeutic effect. Allow;j ficient time for, efficient delivery of shRNA to the tumor
cells befo e‘i%?é“? eptbitta %‘a@d’rlﬁggl@z%ﬁé?j %%é%%l%%géf dministered improves the results. A
time-course experiment was performed, wherein EGFRminicellsshRNA-MDR-] were administered
intravenoushasim fudeusveelcdriVing, Catbi2Télt &hdgraft. In separate groups (n = 11 mice per
group), mice were given EGFRminicellslrino either at 96 hr (G3), 120 hr (G4) or 144 hr (G5) after the
EGFRminigeligshRNAMDR} trdatinieint., Ch and IG2 @sig tumor only and free irinotecan (- 2.4 x 105
ng/dose) controls. The minicells were administered at 5 x 108 per dose and each dose carried - 80 ng

of irinotecap, packaged . minicells, which ds.a.3,8R0-fold lowes gase than that administered as free

drug. The results showed (Fig. 5) a clear correlation between the fime allowed for shRNA expression
o, b en il 3 ECEBTge win 164 (©9) by st fecve i
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Example 7. Second in-vivo demonstration of effect of dosing schedules on reversal of drug resistance
and therapeutic effect. 101971 This example demonstrates that the dosing schedule effect observed in

example 6 is broadly applicable. 55 WO 2006/021894 PCT/1112005/003 8 experiment
described in ‘éga%%%zé%\?\fas repeated with the same controls and experim%ﬁfé{?gglr%ﬂ?gg%gcept that G2

received free 5-FU (1 x 106 ng / dose) and in G3, G4 and G5, the second treatment was carried out
with EGFRRitHss RANHRehLAVRIL HdMMRistered at 1 x 109 per dose and each dose carried - 80
ng 5-FU, i.e., - 12,500-fold lower than free drug administration in G2 mice. [0199] The results showed
(Fig. 6) thatisidfiniskrarioH I8 EBFRAMI3ES(1P8BAat 144 hrs after the administration of
EGFRminicellssfiRNA-MDR-1 (G5) resulted in maximal efficacy of reversal of drug resistance and

therapeutigigfficacys, The notesCy: qb;he@mgot@gg@evident from the concentration of drug required to
effectively treat these highly resistant tumors since the minicells carried 3,000-fold and 12,500-fold

less drug ¢om| 3@9&9 fre@e;gg&te?@: C?ggk@ reatments respectively. The free drugs had no effect
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2. The composition of claim I, wherein sald plasmid comptises 8 reguiatory

“element operably linked to the segment that encodes b fanctional aucleio asid.

3. The composition of claim 2, wherein said regulatory element is a promoter
dependent on RNA polymerase.

4, The composition of claim 3, wherein said promoter s the RNA polymerase
[T} promoter H1 or U6 or 78K or the RNA polymerase 11 promoter CMV immediate

garly promoter.

"5, The composition of ciaim 1, wherein said functional nucleic acid is.an
SiRNA, shRNA or miRNA melecule that targets the t_ranscript of & protein that
contributes to drug resistance.”

6. The composition of claim 1, whereln said functional nucleic acid is an
antisense molecule that targets the ranseript of a protein that coptributes to drog

registance,

7. The composition of claim 1, wherein said functional macleic-acid mqleaule

is a ribozyme that targets the transcript of & protein that contributes 1o drug resistance,

§. The composition of claim 1, wherein said functional nucleic acid molecule

targets the transoript of P-glycoprotein, MDR-2 or MDR-3.
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Swift et al., Cell, 38: 639 (1984). Thurnher et al., Glycobiology, 4(4):429-35 (1994). Todorovska et al.,
J. hnmunol. Methods, 248: 47-66 (2001). Tomlinson & Holliger, Methods Enzymol., 326: 461-479
(2000). U.S. patent No. 3,817,837 U.S. patent No. 3,850,752 U.S. patent No. 3,939,350 U.S. patent
No. 3,996,345 U.S. patent No. 4,275,149 U.S. patent No. 4,277,437 U.S. patent No. 4,366,241 U.S.
patent No. 4,496,778 U.S. patent No. 4,987,071 U.S. Patent No. 4,975,278 U.S. patent No.
5,037,743 U.S. patent No. 5,143,830 U.S. patent No. 5,260,203 U.S. patent No. 5,455,030 U.S.

patent No. 5,530,301 Uﬁrepa}%%é\l%n%%a%% 6%%49 989/%%%%%1%1 }%%%Pé@&%g}r“ u.S.

patent No. 6,025,197 U. S. patent No. 6,63 9,0 5 published patent application No
2004-0265%58% AP BATHBERE, & aMEicrsh: %rrﬁ%é” G@I%W@wel)a‘fe%ﬁgﬁgh BIOgI., Nature
Biotechnol.j¢bt2809:3414d( b8BE). Malighpresal, Natere Bioiechnol. ﬁ&:@ﬁSEﬁE@(lmrl,\/Vachl et

al., J. Bacterol, k71§11 (198, Wapg. et al., Nat. Med., 5: 412 (1999).

10. The composition of claim 1, wherein sald functional nucleic acid molecule

targets the transeript of a protein that contributes {o apoptosis resistance.

il The composition of claim 10, wherein said functional nucleic acid molecule

targets a transcript of Bel-2, Bel-X,, A1/B1l 1, focal adhesion kinase or p33 protein.

12, The composition of claim 1, wherein said functionai nucleic acid molecuie

targets a transcript of a protein that contributes to neoplasticity.

13, The composition of claim 12, wherein said functional nucleic acid molecule
targets a transcript of B-Catenin, PKC-a, C-RAF, K-Ras, DP97 Dead box RNA helicase,
DNMTI, FLIP, C-Sic, 53BPL Polycomb group protein EZH2, ErbB1, HPV-16 ES and E7,
Fortilin & MCIIP, DIP13a, MBD2, p21, KLF4, tpt/TCTP, SPK1 & SPKZ, P300, PLK1, Trps3,
Ras, ErbB1, VEGF, or BAG-1,

14. The composition of claim 1, wherein said plasmid encodes multipie functional

nucleic acid moiecules.

15. The composition of claim 14, wherein said ptasmid further comprises a promoter

for each encoded functional nucleic acid molecule.

16. The composition of claim 1, wherein said functional nucleic acid molecule
‘targets the transcript of a protein that contributes to resistance 1o said small molecule drug or

peptide drug.
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Wang et al., Proc. Natl. Acad. Sci. USA, 93: 7063-7068 (1996). White & McCubrey, Leukemia, 15:
1011-1021 (2001). WO 81/01145 WO 88/07378 WO 95/21191 WO 00/67776 WO 05/056749 Wu, et
al., Cancer Res., 63: 1515-19 (2003). Wacheck, et al., Oligonucleotides, 13: 393 (2003). Wright &
Jong, Experimental Medi., 163: 1245 (1986). Yague et al., Gene Therapy, 11: 1170-74 (2004). Ziady
et al., Am. J. Physiol., 273(2 Pt 1):G545-52 (1997). 63 PCT/IB20051003614 Received 24 June 2006
WHAT IS CLAIMED IS 1. A composition comprising (a) an intact minicell that contains a functional

nucleic acid molegyle or-a pl id. iSip segm ;Q%g : functiqr leic acid
molecule, (b an_igtb}éct m%i%ellt %%t]%%%]giﬁglg s?r’nall mg{lgécule Qﬁg%?%%léégggﬁraggl%ﬁg f)c% a

pharmaceuties attbisid sl eiar s B5 N Birtide sles @ss, P%hé{éﬁ" %?i’a fetieREPKeleic acid

molecule targets the transcript of a protein that contributes to drug resistance, apoptosis resistance, or

neoplasticiy. 2 The comaasiiamaflain Lvhareinsaid glasmidcomprisgs regulatory elemen

operably linked to the segment that encodes a functional nucleic ac . The composition of claim 2,
wherein said regulatory element is a promoter dependent on RNA polymerase. 4. The composition of
claim 3, wherein sgid proimotemistheRNAzpolyimerassn i promater Hi-0F LonprtSKpsthe RNA

polymerase L RISMOSE MY IMESIRIE) SRECRIRMEIETS . LR ROIRRRIOR L SRl dy Werein said
functional nuclelc‘ham ;ts:an i, o s o
a non-pnagocylic maimmaiian Cell Suriace rece 1.

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

potysaccharide 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

| contaminating parent bacterial cell per 10" minicelis.

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

1 contaminating parent bacterial cell per 10° minicelis.

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

] 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.
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siRNA, shRNA or miRNA molecule that targets the transcript of a protein that contributes to drug
resistance. 6. The composition of claim 1, wherein said functional nucleic acid is an antisense
molecule that targets the transcript of a protein that contributes to drug resistance, 7. The composition
of claim 1, wherein said functional nucleic-acid molecule is a ribozyme that targets the transcript of a
protein that contributes to drug resistance. 8. The composition of claim 1, wherein said functional
nucleic acid molecule targets the transcript of P-glycoprotein, MDR-2 or MDR-3. Amended Sheet

TPR.A/ATT 9. The,gomp@siion, of.¢laim,dr WheEIR %ﬂi@c@ﬂ”ﬂ@%%&%&%@%%&ﬂ mplgculg,fargets the

transcript of MRP2, BCR-ABL, STI-571 resistance-associated protein, lung resistance-related protein,
cyclooxygeffad@hol fBar TR di REBHaT XRCCI, ERCC1, GSTP1, mutant J-tubulin, or a growth
factor. 10. The comapositinvidistaisil Intweheieitebachfunictigal funcletaiacidsneléduleletaigets the
transcript of a protein that,contiilytes 49, ARARIPSISLERISIANEE hiodthS SAmRGSIoNRSLlaim 10,

wherein said functional nucleic acid molecule “targets a transcript of Bcl-2, Bcl-XL, AlBfl 1, focal
adhesion kinase or p53 prOtEHe1 Y M9 he RoMPGERBh BITLFInt4d WhEFEHT sEgTintfoRgInatleic acid
molecule targets a transesiptioftacproteindhathaontibutes doupeegphastieitypddsFhetomposition of claim
12, wherein said functioq‘;aeloggggl@jg,;acid molecule targets a transcript of B-Catenin, PKC-a, C-RAP,
K-Ras, DP97 Dead box RNA helicase, DNMT1, FLIP, C-Sfc, 53BPI, Polycomb group protein EZH2,
ErbBi, HPV-16 E5 and E7, Fortilin & MCIIP, DIP13a, MBD2, p21, KLF4, tptPTCTP, SPKI & SPK2,
P300, PLKI, Trp53p)RaspithiBY, M Gimiodl BAG <bntd: Fhie eoinpasitioanohdiaimd] whetein, said
plasmid encodes multiple fynglionalh auEleicacdmalecies, 1 3.The compesitionof clajm.14, wherein

said plasmid further comprises a promoter for each encoded functional nucl€ic acid molecule.
nucleic acid is released into the cytoplasm of said target mammalian cell; and

(c) delivering a small moiecule drug or peptide drug to said target mammalian cell in
culture.
29, The method of claim 28, wherein said functional nucleic acid is expressed by the
target cell.
30. The method of claim 28, wherein said miniceli contains a plasmid comprised of a

- regulatory element that is operably linked to said segment.

3L The method of c¢laim 30, wherein said regulatory element is a promoter

dependent on RINA polymerase,

32. The method of claim 31, wherein said promoter is the RNA Il polymerase
promoter H1 or US.
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16. The composition of claim 1, wherein said functional nucleic acid molecule targets the transcript of
a protein that contributes to resistance to said small molecule drug or peptide drug. 65 17. The
composition of claim 1, wherein said functional nucleic acid molecule or plasmid, and said small
molecule drug or peptide 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 {or a nep-pbaePGYtiz MARMatiar;callisuriacRrecrRRIR. 284 HhaLamposition of claim
19, wherein said minic Ilggrface sé%J]cture is a olys cchari%e comgonent of a lipopolysaccharide
1butes to, dr

0-
on said miricoll SURFAEES Dt FHE L B BBEHEH %?factfé 1 BB P R TSR aniai cell surface
receptor is capable of activating receptor-mediated endocytosis of said minicell. 22. The composition

of claim 18, wherein said-Rispesific lioanchcomptses,aniAatikacy, orantibedy fragmeants 23. The
composition of claim 1, wherein said composjtior})contains fewer than abgut 1 contaminating parent

bacterial cATBEPEIMTRICHE SEFHE CEMETRifloR B SR S WIS CAEEEMPE on contains
fewer than about 1 contaminating parent bacterial cell per 108 minicells. 25. The composition of claim
1, wherein said composition contains fewer than about | contaminating parent bacterial cell per 109
minicells. 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 1, wherein said
composition contains fewer than about 1 contaminating parent bacterial cell per 1011 minicells. 66 28.
A method of delivery an intact minicell to a target mammalian cell in culture, said method comprising
the steps of. (a) providing said intact minicell containing (i) a functional nucleic acid molecule or
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(i) a plasmid comprising a segment that encodes a functional nucleic acid molecule, where the
functional nucleic acid molecule targets the gene or transcript of a protein that promotes drug

" resistance apoptosis resistance or neoplasticity; (b) bringing said minicell into contact with said target

mammalian cell in culture, such that said mammalian cell engulfs said minicell, whereby said

functional nucleic acid is released into the cytoplasm of said target mammalian cell; and (c) delivering

a small molecule drug or peptide drug to said target mammalian cell in culture. 29. The method of

claim 28, whereinssaid fuRctional BUFRIGACKE ISEXESSRH R fHQeLicell Bthohamethod of claim

28, wherein said minicell contains a plasmid comprised of a regulatory element that is operably linked
to said segHTeAY™S 1ha e ot By LR %@?WW&P@H%TH’P@@E‘PM@@W& is a promoter

dependent on RNA polymerase, 32. The method of claim 31, wherein said promoter is the RNA IlI

polymerase promgter H-pr 6,87 331 EReMeihog ol glaimd-Whereln seld functianal pucleic acid

molecule is an siRNA molecule that targets the transcript of a protein that contributes to
drug-resist&HcES P RE MBHBE S IRT 280 WfieRsth said functional nucleic acid molecule is an

antisence molecule that targets the transcript of a protein that contributes to drug-resistance. 67a 35.

The method of clajm 28,wherein said.functienalnucleic asid molecile.is a.iibezyme hatdargets the
transcript of a protein that contributes to drug-resistance. 36. The method of claim 28, wherein said

functional TR IS Tt & targts: the tranSip ot B gREshrowR: MISEED GPIFHY 37. The
method of lairin28;civhereinasail] furietidhabnkrgipicaRicimalacule GEjRtsnthentrdngetipt ©f2MRP2,
BCR-ABL, {‘:Srgwgcggsistance-associated protein, lung resistance-related protein, cyclooxygenase-2,
nuclear factor kappa, XRCC1, E RCCI, GSTPI, mutant 8-tubulin, or a

38, The method of claim 28, wherein said functional nucleic acid molecule targets

the transcript of a protein that contributes to apoptosis resistance.

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

franscript of Bel-2, Bel-X;, A1/Bfl 1, focal adhesion kinase or p53 protein.

40, The method of claim 28, wherein said functional nucleic acid molecule targets a

transcript of & protein that contributes to neoplasticity.

41. The method of claim 40, wherein said functional nucleic acid moiecule targets a
transcript of B-Catenin, PKC-0, C-RAF, K-Ras, DP97 Dead box RNA helicase, DNMTT1, FLIP,
C-5fe, 53BPI, Polycomb group protein EZH2, ErbB1, HPV-16 ES and E7, Fortilin & MCIIP,
DIP13a, MBD2, p21, KLF4, tpt/TCTP, SPK1 & SPK2, P300, PLKI, Trp53, Ras, ErbB1, VEGF,
or BAG-1.

42, The method of claim 28, wherein said plasmid encodes multiple functional

nucleic acid molecules.

43. The method of ciaim 42, wherein said plasmid further comprises a promoter for

each encoded functional nucleic acid molecule.
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growth factor. 38. The method of claim 28, wherein said functional nucleic acid molecule targets the
transcript of a protein that contributes to apoptosis resistance. 39. The method of claim 38, wherein
said functional nucleic acid molecule targets a transcript of Bcl-2, Bcl-XL, Al/Bfl 1, focal adhesion
kinase or p53 protein. 40. The method of claim 28, wherein said functional nucleic acid molecule
targets a transcript of a protein that contributes to neoplasticity. 41. The method of claim 40, wherein
said functional nucleic acid molecule targets a transcript of 13-Catenin, PKC-a, C-RAF, K-Ras, DP97

Dead box RNA hejicase igNiERlod b Ruaifs-SHCnRIBER s LGOI OFALUR PLRIPIR Frl e 1L DB, HPV-16
E5 and E7, Fortilin & MCIIP, DJP13a, MBD2, p21, KLF4, tpt/TCTP, SPKI & SPK2, P300, PLKI, Trp53,

Ras, ErbBIREBEETSE BT Prhe HIRNEY Brretiirr s i ent S g pralsriiseHebdemultiple
functional dugleic acid molecules. 43. The method of claim 42, wherein said plasmid further comprises
a promoter for each encoded functional nucleic acid molecule. 68 44. The method of claim 28,
wherein said functignal nucleic acid molecule targets the transcript of a protein that contributes to
resistance to said Small et Rl BFpehtde e a5 rhemeto FUE danPoge fHeréin said
small molegatéegeddgnonpeptide dreid) is packaged in an intact minicell. 46. The method of claim 45,
wherein said functional nucleic acid molecule or plasmid, and said small molecule drug or peptide
drug are packaged within the same minicell. 47. The method_ of claim 28, wherein step (c) occurs
subsequent to step (a) and (‘E’ﬁ?h%lS?ﬁrﬁ}é%e%o‘d%f%raﬁﬁCﬁfi&‘%ﬁ‘é}%iﬁ”écé‘?& GHAIPRGTEtuIE drug or
peptide drugidsnielivéred sortumrently withostep(ty) 48 dFhesnethddioficlainm®8 wikiergin step (b)
entails bringing a bispecific ligand into contact with said intact minicell and said target mammalian cell,

such that (i) said bispecific ligand causes said minicell to bind to said mammalian cell.
47. The method of claim 28, wherein step {¢) occurs subsequent to steps (a) and (b).

48. The method of claim 28, wherein said small molecule drug or peptide drug is

delivered concurrently with step {b).

49, The method of claim 28, wherein step (b} entails bringing a bispecific ligand into
contact with said intact minicell and said target mammalian cell, such that (i) said bispecific

ligand causes said minicel! to bind fo said mammalian celi.

50. The method of claim 49, wherein said target mammalian cell is a non-phagocytic

cell,
3L The method of claim 49, 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.

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

polysaccharide component of a lipopolysaccharide on said minicell surface.

53. The method of claim 51, wherein said mammalian cell surface receptor is

capable of activating receptor-mediated endocytosis of said minicell.
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50. The method of claim 49, wherein said target mammalian cell is a non-phagocytic cell. 51. The
method of claim 49, 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. 52. The method of claim 51, wherein said minicell surface structure is an 0-
polysaccharide component of a lipopolysaccharide on said minicell surface. 53. The method of claim
51, wherein said mammalian cell surface receptor is capable of activating receptor-mediated
endocytosis of saig mini¢gl nGhedoThamsathostefclaimAfemheareinsaisibispesiticdigand-comprises
an antibod%nq{bo%gtﬁggg%gragment. 55. The method of claim 28, wherein said mammalian cell is
phagocytosis- or-en ocy%’osis-competent. 56. Use of an intact minicell in the manufacture of a
medicament for treating cancer or a HIV infection, said minicell contains (i) a functional nucleic acid

molecule or (i) a plasmidheamprising aisegmentihatencadassiunstienalnusigicasic melecule,

where the fur&ctional nucleic acid molecule targets the gene or transcript of a protein that promotes
ENAJCYIOSIS-COMm

drug resistance apoptos?éet?él%istance or neoplasticity, (b) said minicell is to be brought into contact
with a target mammalian cell, such that said mammalian cell engulfs said minicell, whereby said

functional nucleicsacid issteleased: ntethrcytoplasm.ofthe-tanoehcall.and {6) a:smalkmelecule drug
or peptide drug,is tobe delivered to the target mammalian cell. 79:ia moiecute or (ii) 2 plasmid
comprising a segment that encedes a functional nucleic acid molecule, where the functional
nueleic acid molecule targets the gene or transcript of a protein that promotes drug resistance
apoptosis resistance or neoplasticity, (b} said minicell is to be brought into contact with a target
mammalian cell, such that said mammalian cell engulfs said minicell, whereby said functional

nucleic acid is released into the cytoplasm of the target cell, and (c) & small molecule drug or

peptide drug is to be delivered to the target mammaiian cell.
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