Del i vering Functional Nucleic Acids to Mammalian Cells via Bacterially
Derived, Intact Mnicells BACKGROUND OF THE | NVENTI ON [ 0001] The present

i nvenjti omvoeb(ast/(a;;s9t;o ongoing efforts to achi eve effecti verdBiooweryi4of
functional nucleic acids to mammalian cells. Mre specifically, the
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produced nucl eic acids. PAeREROBNPOORAUSE APPERAGTONNAs t he drawback,
however, of effecting only transient inhibition of a target. Additionally,

| i posomes are unstable in vivo. As an alternative to delivery of
exogenousl| y prl80RKethenpresant dneentigr relogs ttoongeias edoris\ieracpieye effgetivehat

encode fupetion nuecl ei.c I:ds. .. whi re..nrodyce : Yaodhe vira
Vectors CHTVeR R, SHEPE T Reidt Nor DaBafiRh AUET MEREIRIRARY L0

concerns. i_rﬂ'édtik‘bﬁtrélate}; V@usdjﬁg) bha¢rial infigicell @edtes avideliv ifarctiohilmusleicdadigspe
viruses, insertignal and ancogenic potential, virus-jndyced .
i munosupBr Basimakian| gelisy o The J9xeRtiop bas paricylar a‘f“lméctllobr igigating dng 4r ge

segment s af; LINQ, _ersﬁiéﬁ{rlrgnu tHeO ciltbbt! GNEScOf adl LAMARGapY, 'HS $omStidd 1 cul ti es

in reconbinant vir acture and distribution, low'stability, and
adver se rapaptosisnsd feuwohnesngnedpidstiatyrat targetedesjonse, caused by existing
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Mammal i an cells enploy a variety of biological processes to resjst drugs,
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Simlarl yexogéﬁ&ls raﬁﬁrioﬁélﬁ%ethé Wbﬁcﬁ, hl%w%t/érj, Sfi@ﬂ(ecﬁfmg HhM transient inhibition
of a target. Additionally, liposomes are unstable in vivo. 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. Illustrative
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.

[0003) 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

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



treatnment, particularly to highly active antiretroviral therapy (HAART),
whi ch i sbased on a conbi nati on of nucl eosi de reverse transcri ptase
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to chenot herapy can be intrinsic or acquired. Intrinsic resistance exists
at the tibrsedbndi egnbisption of nuctersidet teatrsé diansariptasesiphibidots (NR FIs) and ne

h h h, d |
nitral e LA ThOPESHRERE S R Date oot cofR Bnce. “such”

tunors gain resistance both to previously used drugs and to new drugs,

i ncl udi ng dr ugi004]t Glinitdlftementesisiantic todhemottehpyRahdviiswmsielor a6quiea. The
term MDR (nul tidrug resistance) describes this phenonmenon in i ch tunor

cel l's becOHESEr F?é’ssgaf’%% sty it ql%t@@v%fr dipgrasisutiy ymery that fabrarestontt tiys af ter
exposur e £Qt.BnStH Rhdh AMA9- ALC&Q&Q]WS-{B&C%%E&? i Winde rthﬂ%ah/' re%{ qls I stance

are conplex and nultifactori owng largely tot genom ¢
i nst abi | i toyindiatitreattment, bus exlnbl(carreﬁstamephesotyﬁxapm a&c;an‘amha$m$mmmr£ dr ug

t t t f d | | b d.d
it Aol Poflo Pt Begifias R IP oS Ry bhdvinE pEae ours
(Bredel, dfefknt SARMIES arfel hechadi3hk of WhidE PiRTrelvh QDR ult?(g'gé resﬁ‘t%ﬁlcg)t

2001) . [0006] Drug extrusion is particularly comon, and can result from
over expr ei5¢idhes dhisrphepemeran ins whicht wengsresileibasom grospuesistant Ugseveraim t he

monbors. of CRe R e RS B s SR SRR g, o o1 "euper fam |y ( Doi ge et

ah, 1993). P—gl ycoprotein (Pgp) is one such exanple, and is a mmjor
contri butor td00@R The amvmah'fstn)s d’br camtté—dmgelﬂesls(aﬁsmdi aret tcoaiplexh, ark989;

Litman et ). er exa ude the soci ated protein (MRP;
Col o et dRTEAL g e A B e el oitnpmih WropcRs R ah,
2000), artﬁn&dirbglli eEk&hﬁlﬂf‘}Ef‘mEéﬂaﬁ{sﬁQ a?é Qlt'u%' iRadtivifion, 2xHaioh oYa byPEdt ei n;
Scheffer et ah, 2000). O'her | tidrug transporter proteins o have been

i dentifi éaemhraeam@mp8cé¢qr@se¢sdmgemfalw gutatfons zﬂod_r)xg atmgeﬁsrarpafaﬂogem c
o 5 SR ook s IRRK 0] Ehen &1 2001 R aRE MRS 2081,35P1 5 9

(pr ogr anme
etaL,ZOOl)

[0006] 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 a major contributor to MDR in a variety of cancer cells
(Endicott et al., 1989; Litman et al., 2001). Other examples include the MDR-
associated protein (MRP; Cole et al., 1992), breast cancer resistance protein (BCRP;
Litman et al., 2000), and lung resistance—related protein (LRP; a major vault protein;
Scheffer et al., 2000). Other multidrug transborter proteins also have been identified

in cancer cells (Gottesman et al., 2002) and in pathogenic microorganisms (Van
Bambeke et 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-Xi, Bel-W,



cells induced by cytotoxic agents and radiation (Sellers and Fi sher, 1999)
i s anot her conmmon nechanism This nechani smfrequently invol ves
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delivering functional nucleic acids that reduce drug resistance, promote apoptosis, and

counter neoplasticity in target cells.

SUMMARY OF THE INVENTION

[0010] To address these and other needs, the present invention provides, in
one aspect, a method of delivering a functional nucleic acid, comprising (a) providing
an intact minicell that contains a functional nucleic acid molecule or contains 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, thé
functional nucleic acid molecule is released into the cytoplasm, transported to the
nucleus and expressed by the target cell. The aforementioned plasmid also 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. It is particularly advantageous for the plasmid to comprise a promoter that

is dependent on either RNA polymerase (pol) II or pol III, such as the RNA III



contain a regulatory elenent, such as a pronoter, a term nator, an enhancer
or a signal sequence that is operably linked to the segnent that encodes a
funct i onavonuelrisy4aci d nolecule. It is particularly adeamiBpesusefor the
plasmd to conprise a pronoter that is dependent on either RNA pol ynerase
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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 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)
delivering a chemotherapeutic drug to the target mammalian cell. Preferably, step (c)
is performed after 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 embodiments of the invention, the minicell is brought into
contact with the target mammalian cell via a bispecific ligand. The bispecific ligand
has specificity for both a surface component on the minicell and a surface component
on the mammalianAcell, such as a receptor. As a result, the ligand causes the minicell
to bind to the mammalian cell, the minicell is engulfed by the mammalian cell, and
the minicell payload is released into the cytoplasm of the mammalian cell. In other

embodiments of the invention, the minicell is brought into contact with a target



contact with the target mammalian cell via a bispecific Iigand. The

bi specific ligand has specificity for both a surface conponent on the
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reporter element. The functional nucleic 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, 108, 10°, 10'°, 10" or 10"

minicells.

[0015] In still another aspect, the invention provides for a use of intact
minicells in the preparation of a medicament for use in a method of overcoming drug
resistance or promoting apoptosis by administration of the medicament to a cell,
tissue or organ. In the medicament, minicells contain a functional nucleic acid
molecule or a plasmid encoding a functional nucleic acid molecule, where the
functional nucleic acid molecule targets the transcript of a protein that promotes drug
resistance or inhibits apoptosis. The disease treated in this context may be a cancer,

for example, or an acquired disease, such as AIDS and tuberculosis.



[0015] In still another aspect, the invention provides for a use of intact

mnicells in the preparation of a nedicanent for use in a nethod of

over coni ngodoes21®si St ance or pronoting apoptosis by adrcmiiBtasbizens of the

medi canment to a cell, tissue or organ. In the nedicament, mnicells contain
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and stand ari.on of 00181 Figure 2 shows
regr essi oﬁﬁ%ftghcg;%n ligfﬂ?e % trea SaP’EesSli“?thl?&ethm’ééXlé 11 nice
per gr oupImfnﬁ)delll@\Mrm@esig@ked bf—‘&m%dV}SeTr&n( M| Wbﬂﬁ&qs/éﬁﬁmfﬁﬁ dﬂﬂ?lega Jnnicells
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bi speci flﬁleglmslslgg@}{ used to target the colon cancer cells carried
specificity against S. typhinmurium O antigen on one arm and hunan epi der mal
growth factor receptor (EGFR) on the other arm The targeted recombi nant
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and 32, - PhOROSREE o1t Pk Ag B Rl ey dual weatmen? with (1) targeted
recombinant minicells carrying shRNA encoding plasmids (anti-bcl2 or anti-Mdrl)
and (2) targeted minicells 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 1 - tumor only, Group 2 - free irinotecan, Group 3 -

R . . EGFR . .
minicellsyin,, Group 4 - minicellsssgna-mpr-1,  Group 5 -

EGFR_ . . EGFR_ . .
minicellsshnrNA-bel-2 and Group 6 — minicellssurna-MpRr-1 followed by free

Irino. 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.
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packaged WnEavenausly: pe darstibandiiand thirtargefed SeFU Packdped petgicélicwaetginady used

: Il Led ecificity against S.typhinmurium
o anti gon rrshdrdy SHEBSSIAAY 29 E 42 @&_sm?tfoacv@amf@g@gagsst@e@m) on

i t Rlﬁﬁ)?tb(‘g S n
it Ete r gagﬁgdﬁ%gi ailrghgﬁéﬁ}di I23, an E’ta’lhitgez g@ é’?é@ﬂéé‘%ﬁwiﬁﬁ&gﬁ%ﬁ Bffcel 1 s
wer e gi vemdust hadematigty- orx defyse b5 m%ﬁse),2@3g('39né3gl_), ﬁﬂgg{inig%%fp&' 4

treatments adm ni red i ntravenously include: _ ;
(control) ,(ccfntad),S'-? nfidicallsyRnAYIRD, 065 NRuarol) Y W Bidels; ,%N,gsbc _;%N%G per.
mouse), G3 (contrgl), minicellss.pu- G4 (contcrol), mnicells"s - MDR-i >
G5 (cont r f9ntrahni cemimicel SRNA Ipir:12 follbve clont T DimlinicailRirpeld s (SR, MOR: |
fol |l owed kyrgm nicellss.Fu, G7 (control), s ceI_I S s_hRNA— nonsense fol |l owed
by i ni cel | s3nipigellismyacontsol Yollomwed cahl s sEIgihEMd\éDEg-.gU,f oGBowgebntral),f r ee
5-FU, &9 Eempt.), H1 nicells shRNAVMDR- i fol | owed by mi @Phge.l ls - uand A O
(expt), m ni CEPICE Sshimmadpe] -fgllmbyoﬁmeowh m?%(eng;g ssnlnmgls;g@t wor
me is sho n the >pemxi.s. SEMis shown for eaglpmeasure . _
E?Ljﬂre 4 WBVR/SV\@?@O&Y%!SEVW of GRS -Fur 8¢t g&ﬁlné“é‘i’t)( MDA- ltmllq?ﬁ)hmlwnfxg; 31; : Zdl n
nude m ce | c&GPRr. graup) follow n ual treatnment wt )
r econbi narﬁc'guoﬁeﬁim)el I??I(lzlgg:reg?%f) *sHERRRT &R @S?ﬂ%ﬁpo‘h%é’nﬁls- RM)isand (2)
target ed BhdWiCRrkschhasisagakoi th chenot herapeutic drug doxorubicin. The

[0020] 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 plasmid (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.
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-

packaged minicells were given intravenously on days 27, 34 and 41. Treatments

administered intravenously include: G1 - tumor only, G2 (control), EGFRminicellsDox,

and G3 (expt), EGFRminicellsshRNA-MDR-l followed by EGFRminicellsDox. Tumor

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

[0021] Figure S 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 (control), free irinotecan, G3 (expt), EGFRminicellSshRNA-MDR-]
followed 96 hrs later by EGFRminicellsmno, G4 (expt), EGFRminicellsshRNA-MDR-l

followed 120 hrs later by EGFRminicellslrino, and GS (expt), EGFRminicellsshRNA-MDR-l



bi specific anti body used to target the breast cancer cells carried
specificity against S. typhimurium O antigen on one armand human EGFR on
the ot herweroos/khed4t ar get ed reconbi nant ninicells were PoraBiesioossls
intravenously on day 2 1 and the targeted Doxpackaged minicells were given
i ntravenous|y on days 27, bgzlE pd 41. Treatnents admi nistered intravenously
i ncl ude: dplloawed, hés ﬁtfnlla T (%cmhticecbllsmno. niThe bEbbdﬁD@)ﬁtibc&ilydus@B_té eatﬁét),

1 ni NA-MDR-i fal |l owed by .minicellsoox- Tunor volunme is shown on
The ~-ax 4T BRI GOEHAR CORRcPHEiTERG FURB . pOUBTRIT Coantizes coraoms t ho
effect of 2AAInAGusaHEBHRES BR JiktaFmaTuffor Q§lldg{eq§ Eﬁ%p?r?g)l%r}/ga}g'(tlp &@feut
effect. Human col on cancer (Caco-2) xenografts were establi'shed 1n nude
m ce and tih@wmﬁoemqbgmasmemehous treatments were admnistered: @ - tunor
only, & (control), free irinotecan, G3 (expt), rninicells shRNA- MDR-i

Fol  oned 120 niwZRl st e Uebrld 08 goSine Shbies fp evibp ot iy
sﬁRNA— VDR1¢stiBHRe fanid| theengeititd effes. | HufGn tbbidﬁ Pﬁ\xﬁ;@i (Shcot2 n%nogﬁﬁs%f,@egg; : ﬁst
i rried speci
S typht i RGeS MhFEaRicE anQHE 2inN MdnRHRRAECRRm NS teet shmioisiardn Lot
: i ' r _eadsrreasurenent. [ 00221
\Iélmgﬂrg Ifssscﬁlga/svm?lﬁg otél f e(%% a(é?ntaiglgwﬁ'aés’%m%%gexg ’reie’?‘gﬁ‘?e”ﬁﬁw-b@ﬁési st ance
d thera ' figet FOFRQ): ancep4( - X)GFK rafts were
22t abl ?gh%%ﬁ&nggeﬁgﬁlgtgﬁm t hgﬁ?g?l{%a'\ﬂ)’ng“i @&Q\’/enou@pﬁ%&%“ﬁ%ﬁ@w@r e

i ni ; IR BGFEL ). . expt
aan nL 1 etltbuedl120 g b9V miclioant kA &s GEAT T ERLE B by )

mi ni cel | s folloRNA- MBRars lter b;a\’/?@%l‘naiafbems%—ul afiRy bidYecifid ARfIods SsBd to F..Pget@
(expt), mnicells ShRNA-MDR-i fol |l owed 144 hrs | ater by m ni cel I'ss. pu- The
bi speci fi theabreasssaycenselds euriedspesificitycagainstiSt fwpnieriuecOlmtigar bi ode

speci fi ci i yphi muni um O-.anti gen on.one arm nd_hunan EGFR on
tﬁe ot hergga{l? %&P%‘ﬁn%r}§\(/}gfzu°?rle%?§{h§ﬁ% @Wn?‘%oqgms’ q’é’.‘“@l\’ﬁ?% XgowhkMor each
measur enerstshoWi Téd daEPridESERWEHR| ON OF THE PREFERRED EMBODI MENTS

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 nucleic 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.

[0024] The inventors also have discovered that minicells can sequentially
transfect the same target mammalian cells, particularly irn 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 to 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



[ 0023] The inventors have di scovered that intact bacterially derived
mnicells can safely and effectively introduce into target mammalian cells
any of a weng&/misdfiuncti onal nucleic acids, such as an ecRMemdh@ewd e, a

m RNA nol ecul e, a ribozynme, or an antisense nucleic acid. In the particular
context of cancer and H 'V infection, the inventors have found that the

i nt r oduct igeResean bapddicssed| withumlinicallsabatdstroduce nwdtiple RNA] $eguencesintdibact

mnicells i.mi.ni resi stance or optosi s resistance.in the

t ar get cePP%.aéngb?gPh 89&%\%}1@3‘?@ OzjlqngetffaQ%Qﬁgsa@a\fB?te’g’ﬁPngg misedlsl I's can
sequent i ahledidtedaRBAg Cleliver® amdratlothval QlffiBlRATEMIE 30r Eﬁddkaew%{ftt&rg&'ﬁ{x y in
vivo, and that mnicells can_ sequenti all ﬁ deliver a range of different

payl oads [GISanse-qmediating, qaroteinsmennesn «alls s formmslye  disistamy ertb esspesifict he

first for ar gl t i vehj ¢l nd _provide, for the first
e, o morg RSP RPE e b SRR Y MO SR R PYRBe ShbF and 1 v
wher e di f famedtugs.hdhispiehd firspayvioadsmosedtivon obefféalviehetr@tingahdee tiwame cel |
before a therapeutic effect is achieved, Simlarly, the inventors have

di scover el trﬁﬁgﬁf’ﬁ'e ©orfl eXth o’BF@ﬁﬁ%f ofyr HeAtmERt st aFite GISORITAOB O t h

mul tipl e ohgnddtheraseutid Giubf CHANEANSH GARICOS, %gﬁi?foe%@ t¥dat 'Hrﬂé-?ésfs‘? ks that
introduce nultiple RNAI sequences into a host cell to counteract e
nul ti t udecreyepldy icéfeefsfedic tis discaderethatp HoolovemnilAG0-Moldi keed Ithemd frat adiuRNAI

del i i i e, for knockd t d
s ot anc ot PR o ekl SR hat i i peci 11 c

chenot her spitince Wingg RIAN cef flibitowse loy dlﬁgtfeﬁi@faﬁge-lvﬁeﬁﬁtiﬂ% NpreRidss sippckaged
with the same%(ijru S. This is the first in vivo denonstraftion of effectively
treating FE9HEES dfugagoncentiations thabegn £ayisasevest Ficiyetonbmemanaliansabisetnt . The

concent rafhe nRnddl STRIRIARRH! £, HirtGHmERhled Fefichey (P RILAN BRLLS by SaU r ed

to treat drug-resistant cancer ce fectively 1s’discovered Ye over
1000- f ol dmiiisell-miediatedrahemdtheppentiadmenhas thé pstential do sreatransdrgietivatpver y
because al)v%th rtevi ous nefhods to reverse drug resistance using RNA or

i nhi bi t or & oF dF UG FRL 8t ance- nedi ating proteins still required drug
concentrations that can cause severe toxicity to a manmal i an subject. Thus,

met hods of the[002SEAUdGDnally, €the THivBhteR! havle dikbested ethhiv fhe/ sefotyfdAbs f Ol | oved
by m ni cel | -,midl ated chenpt herapeutic drug, has the potential to treat
cancer ef REuEs k?é’??/ be adapted to overcome a host immune response against minicells.
[0026] 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
[0027] 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.



wi t hout severe toxicity. [0025] Additionally, the inventors have discovered
that the serotype of mnicells can be adapted to overcone a host inmune
response woanewai2isyuni cel | s. [0026] The fol | owi ng descri priraB200sitdsnes t he
invention related to these discoveries, without limting the invention to

the particul ar di pents, t hodol ogy, protocols, or reagents described.
Li ke\?\,i se, the tl Wnd&gﬁnﬁ?sé’ gﬂwoﬂ‘g%rﬁeff'é% Para irsgleis amdbouioteenies onl y

and does '@@fnple@xﬂgniar& Ffa% of ?tpgﬁghml%@ﬁ% Iﬁ?rllsghpt [})1%{ Icg'ﬂ Iéllagr:i](ﬁz% %Oﬁ'lz] Unl ess

defined otherw se, all technica scien erns us _
descri pt i ¢insipeanhbloghkite trpdationg Aws antisenwerdligonndestiicansy &ymprvesaNaki | | ed
in the relg art. [0028] For convenience, the nmeaning of certain terms
and phrasgs enpl oyed in the specification, exanples, and appended cl ai nms
are provided below. O her ternms and phrases are defined throughout the

speci fi cati on. [0030P9IBidielesilagsdqaended ofBseqerice” d¥ers MM Srtﬁ(;rti-l){}gggde
plural reference unless the context clearly dictates otherw se. 0]
"ANt | sensBO{W}‘ Bﬁlfgloéé‘f’lyﬁépthee*@#@c?-o a nucl ei ¢ acid nol ecul e conpl enentary

to a portion of a particular gene transcript that can hybridize to the

transcript anddg3eekd tor e '@n‘m@gﬁa‘ ' »Ql gonucl eot,i de .may
conpri sepRNA or[MDNﬁ. G[agge?fi] qll'|'3§I3i|)lg§rr&tl)’l e(t:u af 2%3%@2’%@@ ngfl Q%réldlﬁg}?(‘:euseflef ers to
all or a puerchangedily shaseihy mefet ¢otdetle aortigsoésy eptdxtiibits anusbeaant pRVAR]

"Cancer," O | r," i gnancy" and "car¢jnoma, " used

i nter chansggﬁweﬁ%{r;}eﬁcﬁe,m?@&a IS@H%}?F%S%S? O_f icggtﬁ%ls"t?ﬁ“fi]lt Prolifgratiqn. athaper r ant
growt h pherttodpeandhaesapssiidiest s dinsérdioh! paabilallPSHpRf & Wtdaabedls, ce! |
proliferatign. The methods and conpositions of this invention partrcularly

apply to PREEIEAETeIastic gaasiatic,snd napmetastaticeellset ast atic, and
non-netastatic cells. [0033] "Conplenentary” refers to the topol ogical

Chil i i i . f. two

conpati bi ity ao3sptedidpled Ao R0 4RE 1dpBloBAF Lo Sariifid, 3552t in

nol ecul es, suc agpa functional nuclerc aC|p§ g 19 Y &
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 polyhucleotide 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 generic term for proteins released by one cell

population that act on another cell population as intercellular mediators.

[0036] “Drug” refers to any physiologically or pharmacologically active

substance that produces a local or systemic effect in animals, particularly mammals

and humans.
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nol ecule and its target. The nol ecul es can be descri bed as conpl enentary,
and furthernore, the contact surface characteristics are conplenentary to
each ot hewo 2p@@d4do4" Corresponds to" or "represents" whercwaBzhos/mosshe
context of, for exanple, a polynucleotide or sequence that "corresponds to"
or "represents" a gene neans that a sequence of the polynucleotide is
present in thejogsTie“Bxpressidnte gunetablyC raferd geNnehepr@dodt, b8 gwhichRNA. The
pol ynucl eoti de_ may be whol |y present within an exon of a genom c sequence
of the gerdynusteotifle sequsnee Wilergash suesessiipldransefirtioncangstranglation sych kot i de
may be Pr&aatloid Tvlls! EHEUmiRY MR sdubnce SLUEMRiRA: bREGRA! | BUIn

pol ynucl eot1 de sequence I's present inh an : &i't her pre- or

post - spl i winkexts hérain, iespassi@x pafes stoathe pradiwton of mRNAgefre otHed@8biextsCyt oki ne”
is a generic ter mff or_prot eilfr%;?. rel e%?ﬂed by one cell population that act on
anot her cRIPFesPEFISHEte thedroturtiop OEPIM By medi at ors. [0036] "Drug” refers to
any physiologically or pharmacol ogically active substance that produces a

| ocal or syst eogsjefFasdtiond] rbieltbaddid” Rt i€ bnaéle) dvaimmlurRntathup&ns. [ 0037]
"Expression” generally refers to the process by which a pol ynucl eoti de
sequence inHaduciordntoE hest sl speeidiealéy iperfases with expressipaof 8rpretedh {hat
detect abl g | ] i yolg { ed. In
cor tai n iyt Eal ARIAEHAR RIS T BT RR" G Bl e BRI SRR |
ot her conprewirsby ditpethsintevactingfvatlsa trandchipt thaoehootiesothe piotpinotRibozynjd3038]
"Functional. nucleic acid" refe to nucl ei cid pplecule that, upon
introduct‘?‘ﬁﬁer}sﬁt’?}“’&‘%ég S &8 st ﬁeg}oﬁl‘?%‘gﬁsi )‘/‘“ﬁ‘ﬁﬁ%ﬂ Fgﬁg@ folgeu ’pFlée‘gEPon of a
protein. mAge(@ﬁi@du? fesifiah 00! bRUC L icheG] MidFBIRACAS eRiRIANS) EdiRtiRAPAci ty to
reduce expression of a protein by directly interacting with a transcri pt

t hat encoekemplarg functivrdlmuclRicasidsnes, anti sense nucleic acids and si RNA
nol ecul es, including shRNA nol ecul es, short RNAs (typically |ess than 400

bases in | engt MGl O ] ' e Wast Lepal
nucl ei ¢ aci ds. @8%139 eI?(:Geﬁe Sé}g@@%&gﬂ%t&%@%ﬁ% tggtt‘{gé{e&{s%sq%encieh]? at
conpri sescoiny seguerved neoddkary for dtheeprodsctivacess polypémtidet dreprpcwskrct Thao of a

ol ypeptide or precursor. T
.POLYPep polypepti?ie can be encodecP gy 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 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, 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 a single cell
may not necessarily be completely identical in morphology or in genomic or total
DNA complement as the original parent due to natural, accidental, or deliberate

mutation.

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

sequence binds to a complementary sequence through base pairing.
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pol ypepti de can be encoded by a full length coding sequence or by any
portion of the coding sequence. A gene may constitute an uninterrupted
codi ng sewoenem20894it may i nclude one or nore introns, powns2doyodzee:
appropriate splice junctions. Mreover, a gene nay contain one or nore
nodi fications in either the coding or the untranslated regions that could
affect the bi oll 2t allndividuel’t ysubject, A hostévandh Fpastenty? tused intbrehinezeebdpr essi on

pr oduct, : on,. or the nner of. expression control. Such
a1 ot ot %aer%x‘%‘?‘ B 8 oot hF yiBRAY g5 1Sa ITFUMENT (OF LIRS,

del et i ons desired. sinbariei preferedsentbodanientOthe AR dHE |sabjetd@dst, bP philirt i§ g92r d,
such nodified g }?s NF% be referred to as "variants" of the "native" gene.
[ 0040] " HEEMARe(ther sUpEEts may include, but ges nofdimigad tog gattechassesndogssents,as a

reci pi ent ghidka Bigh SAPNR RAN HLrikBEsO4ndthicet her transfer of pol ynucl eoti des,
and i ncl uges the progeny of the original cell that has been transfected.

The progeny of a single cell nmay not necessarily be conpletely identical in

nor phol ogy or {#43kndabel” geferotabgdtntinompd eapable as provadiagigieattaplar ent due

to natural;, .aC&i aor. deljberate mutation. [0041]. "Hybridi zation"

refers toglgﬁé’ %P%gg}srg‘!tgyor\}mogﬁh Q?ES?t%h‘@’ftléB’P‘? B‘emé’i? h’c?é‘g%'f’ﬁ‘a cregfa

conpl enentignyl preduediicsystdni. oLghel b aReaRalifecily dbRO4BE ankindiy/ fil¥ale in thubi ect, "

"host," and "patient," used interchangeably herein, refér to any mammali an
] i

subj ect fHWVe 1 dprescant dabelent Spesific Hlwomphores insbideefluokeseene

pref err edabesi L AC] Y ' o host r patient is a human.

Qt her subjr ects ﬁan?qargr{gg}éé&géuq};eg%ga F\hgﬁ H{%: ﬁ‘lﬁjtteelgvét?%l,o h(?%f) tCBg,entart%set ® dogs,

cats, gui heeofpiadgoactivabibotopes, suthsas 8,i mt’el anditiek Mikecss 1abO948hlorahal " refers

to agents at _are capabl.e of providing. a detectable signal, either

directly g‘&’&tsh?%ctl?gﬁsi E@Eq“iaét P \th?f’l?f%@ 8lastrfire PEAHS t (chalPoishiseies of a

si gnal  pr pelypiopgleny,Ih@R) béaAde=y AIftAbe Bfilfed! TRF it NarlE! s%??@@' ﬁat@rﬁg y find

uor op

use in the_invention include fluorescent |abels. Specific f ores

i ncl ude f#d60-84beiNo. rhdthdiTne NoBOBI2TY,148y aNbne3,89634andN¢.he3, 939350, The

i nventi onzgl t use of radioactive isotopes, such as 35S,
32P, 3H, agg’?ﬁg?ﬁ’ﬁgpg@ ?3&)2’?? Colorimetric | abels such as colloidal gold

or colored glass or plastic (e.g., polystyrene,
[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 preferably from about 10 nt to about 150 nt. The oligonucleotide may
be a naturally occurring oligonucleotidle or a synthetic oligonucleotide.

Oligonucleotides may be modified.

[0045] “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

minicells”).

[0046] “Modified oligonucleotide” and “Modified polynucleotide” refer to
oligonucleotides or polynucleotides 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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pol ypropyl ene, | atex) beads may al so be utilized. For instance, see U.S.
patents No. 4,366,241, No. 4,277,437, No. 4,275,149, No. 3,996, 345, No

3, 939, 350W0N006/0218%0, 752, and No. 3,817,837. [0044] "d irgunBmioseissde

refers to a polynucleotide conprising, for exanple, fromabout 10

nucl eotides (nt) to about 1000 nt. Qigonucleotides for use in the

i nvent i ons‘él?sgt% BF &F fofymbipgianaglomodifigatinnst & thessutites.5Thet inteTieleoside .
ol i gonucl ' MRk a. nat yr.a . i n i gonucl eot i de or. sk/nt etic
ol i gonucl gg{)éipggt.e a |£g)%ersluc 20?5 %déislgsr?%&g{etéﬂﬁogkﬁc%k’ié%ne 6@431]'0519 "APEES" refers
to anucl eallexaher embafatd aattexymbthgkkics , acenghdder etbaiyaté, tﬁioﬁthéf['\,mb@{tfg@dl n E he
coordinatipn, .duri.ng binary fjssion, of cell division wt segregation.
M ni cel | spg?gé’ha'iagll?%%’t f Hﬁ'g?fi hermé&thylepe vesli’}tﬂséléonlaﬁat aphosgaTethinaia andI I
rel eased spenigephisiae, | PhoPhbRIdNhdbiel bl Bibsphdlo®RRld a5t {firgkni cell s,
are not due toﬁgﬁeci fic gens?thi o rearrangén%b?ts orpep?sorrgae{ gene é)xpresm on.
For pract tEsREcleetideplinkagen, or Ai-8htS &, o1 ¥'-3 slinkages; abdl eobinatioms afeduck t 0 have

L B PR o S r AR BIRRIGEL e
Wi th one tinkager e sivhi cal npisbispharothicatss atmdthamilos CUlnRthy BN Rbh&Hatd he
natural mp] ecplar .structures of all or any of the bases, 'sugar noi éties,

i nt er nucl gﬁ%ﬁpggragﬂ%g%megqapﬁmgegc} thfs“b@lgg! subwnit of ths| l@,‘?ﬂ:lﬁ!ﬁ;hd?: mg}; e
addedsubsg;i | [ o] | QNS . :

I nt er nucl glggr%ée%gﬁ%g%tﬁgt g%??ngg(ggs?hnﬁkhiﬂg ;t){{bgl%hgg?ens eerlc, 9 hS%phgﬁ?l ester,
phosphor amodtcetions Ilmgartg, mtgmlakﬁr(amﬁl,e marfjmxgta@';) byljasgﬁénéinﬁgs?é ﬁfemﬁat e,
carbanmat e, .t hi oet her, bridge osphor at e, bridg

phosphon af lég,onblﬁlggﬁ%p r%‘?lﬁ?“ggft. 8{1‘? n’@f‘ﬁyﬁnﬁﬁgé pHEHIRNE, 1% Hg% p'l*?@lreéﬂli"tt af dh% e3
T i R e N L ST
phos phod i whicBclegvg k(?{g“éoﬁﬁpk fhe theepbrositel chaing on te atsotiatedt enzyinak agethesuch as

h h ' d am. et hyl phosphonat e.. .ohosphor.am dat e, and
uan a1 neb . T el G i o PRSP AR o PABSHEN R Lk
subst i t ut Bdlude. digonbeaaiies ph gopymdicotdar corpgingd tolifidatibs &5 kS Jugal e

moieties (e.g., 3’-substituted ribonucleotides or deoxyribonucleotide monomers), any

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

[0047] The phrase “nucleic acid molecules” and the term “polynucleotides”
denote 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 oligodeoxynucleoside 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 thioate, 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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nodi fications may be internal (single or repeated) or at the end(s) of the
ol i gonucl eoti de nol ecul e, and may i nclude additions to the nolecule of the
i nt er nuclwoWe2pvasphat e |i nkages, such as deoxyri bosepamdpmossgsoat e

nmodi fications which cleave or crosslink to the opposite chains or to

associ ated enzynes or other proteins. The terns "nodified oligonucl eoti des”
and " nodihbrthikd yauallgotideiig nadlsstides Hlithd@ adhlogOamdCih@oducties of means

pol ynucl eoti des.conprising nodifications to the sugar noieties (e.qg.

3' - subst i ioneEeching His R wicleotide & PrRteingrmeahirascBbeling srspRARERts) othghy ' of
whi ch ar : i w10 3" linkages. [0047] The phrase "nucleic
aci d nol a&a%gﬁogg%‘?%ﬂgﬁc%lg%pﬁ%%l ynucl eoti des" denote polyneric forns of

nucl eotides of any length, either ribonucleotides or deoxynucl eotides. They
i ncl ude si ngl el0048jo(iBhasmacentically aiceptable’ioreterOmA pbysisiNgicalyeompatibiliis, cDNA,

DNA- RNA hybr.i ds, or. al L. conprisin uri.ne and pyrim dine bases or
other nat or Baapdiicdlyy Agceatebls SaRieh rasidpiriaiesenot ReBug bipipeital,
derivati zggivityof Rt dotiepobiida beinghrIntiAigicheIN & @fenﬁcdﬂ?ﬁﬁ&ﬂ@h@&tﬂ(ﬁ%)ﬁam conpri se
sugars and phosphate groups (as.may typically be found in RNA or DNA), or
nodi fi ed e oxgaBism ingvlaeh ¥ igegmigistesthsphat e groups. Alternatively, the
backbone of the pol ynucl eotide can conprise a polynmer of synthetic subunits
such as phosphppgsy dpdiGee g bhY S prdlin PCustl iREIHALRINY MediR ORI e,

phosphor ani datl[e0 gﬂ a n?é?é‘l phosphgr an dat e- rl)hos?p%%?i egt er ol | gomgra.

pol ynucl eptlymericrefprio oofprimgeo repidist bE@npulchgtbs iwhesh mayc hnduvderstanylateded

| eotid d | eot i . t d, Li nki
O oupe. suttreRS ey ShEReBBE SR HiostrRioRls aRhalfrorrhES vl oty
pol ynucl egfidsde Aeyolpgeptide t ke prdtBigdi flagdbe Sldealds deyurtiap) Wedhibdhnyi bh a

| abel i ng conponent. Qther types of nodifications include caps, substitution
of one oryyothetief ox pay sambinatipy of theser i Mprenver. ebPplygsptidet or arpteindnay, and

i ntroduct| neans. f.o achi u i de I nmet al
ons, 1 apaibiie CRABReYr haBEy bbbk ol BaAS ARRRbRICS:
[0048] " Phrateimmay tbe aadihgle amdaplead iy beh endtiintol pdwai colmpdexc alln acdditjpag | bi [ity.
A phar maceugi czill I y,gccept able carrjer or ?)( i pi ent ~does not _abrogate

bi ol ogi cafiCBRAYREPYIS O RECIUBTRA] bavsrmpl ’ﬁ‘é B et hoBgs. | ecHERS cal | y

inert andipkRideGhsib®PrStefn®, including fusion proteins with a heterologous amino acid

sequence, fusions with heterologous and homologous leader sequences, with or

Loy

without N-terminal methionine residues, immunologically tagged proteins, and the

like.

[0050] “Purified” refers to a compound that is removed from its 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% free 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 nucleotide 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 (siRNA), short-haripin RNA, short RNA or micro-RNA.
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the organismin which it is adm nistered. [0049] "Pol ypeptide" and
"protein,"” used interchangeably herein, refer to a polyneric formof am no
aci ds of woyobeanggoh, whi ch may include transl ated, untraoshsioesiposehem cally
nodi fied, biochem cally nodified, and derivatized am no acids. A

pol ypeptide or protein may be naturally occurring, reconbinant, or
synthetic, or EM¥y3lkoRenueass ohdestity nhersders Mgpe ot erdegrge porly peiptilatiy ofr prot ein

may conpr | n > i ' r APept:iee. A
pol ypepti éde iolgm%llritot ] nhrlrgr% rﬁ%)ﬂgé g{aﬁga:l éd%I%%EIce BgEfrg@hggpaAnEﬁI?- nmol ecul ar
conpl ex. ¢ompledentarynseqaench ip @y plegytat dexst partipilyp irdiibis amijdehdoat seaqpetnte ed
pepti de bac .The terns incl fusi.on _proteins, includi nﬁﬁf%%gi on
rol ogous

khones. de, u
D bt 61 s TPEHBB iR §1GHRTE PO et SO IBTAD P B PR e
~and honol a@gguant#9dSdenBiSAeNCESe  WhibllidAl ot hjiHizdohe b el HmpRiPni ne.
resi dues, inmmunol ogically tagged proteins, and the |ike. [0050] "Purified"
refers tocamplompataryd sequence stor dhoviatget resanénce meyubal examinednneng and i s at

| east aboyt %. 65% 7Q%. ., 715% 0h 85% 909% 910 .020% 9309y 949 95%
96% 97% H@’é@?z%ﬁ%as%éﬁ@%“h%?‘ Sggdery Bld folden: er‘rdg"zééof%ﬁb%né?nEhSL}b@e? h whi ch
it is natuidk kyndiseacifabacstringdabyl] A" fibbaa1s idestioal sequena@oridberadilecul e
havi ng an enzymatic activity that can repeatedly cleave ot her, RNA nol ecul es
in a nucl e¥rpdeieand mubiidhe buding (. ¢c thednbedizalionsf]a equpletely Wentigabnce”
(RNAI ) re 3 i [ f A ﬁw e} f;. gene
expr essi o%@%‘?%?’é?’ﬁ%&gﬁﬁ%g‘?% Sﬁ‘%{@g&fﬁgﬁ?ﬁ‘?g deychs) ort %ee?\l?%r gfrgilsng RNA
(si RNA), sdtotot sdyathapondRivhs cthlomt stRNgermry are csuch RINA. fodep8tifit Seudiegde

| dentity" refers to a d f.simlarit .conpl tarity. Th b
part al | BEALEd 19 sEpReentieR: Feapite S hERRG oL SR FEHEREL) S quence
i s one t haiotdr He@aplciPd((1 d delettive) ThitdclioRN Thel 8BehERb SRAYRBIER Hifdify

hybridi zing to a target po1 nucl eotide; it is referred to using the
f unct i onamay &e tastedysheinte ofd speongetarget sequenceivéi¢hlarks eviea s roftighglegreeli zat i on

Of e CORPLRSLXe AR G MR an BOHORFE ideRidy ) AR REIASFedRY D

exam ned USI
binding, the probe will not hybridize to the second non-complementary target

sequence.

[0054] 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.

[0055] “Short interfering RNA” (siRNA) refers to double-stranded RNA

molecules, generally, from about 10 to about 30 nucleotides long that are capable of
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hybri di zati on assay (Southern or Northern blot, solution hybridization, and
the like) under conditions of |low stringency. A substantially identical
sequence WO 2pscalesowi | | conpete for and inhibit the bindipogigroosoosetshe

hybri di zati on) of a conpletely identical sequence or probe to the target
sequence under conditions of |low stringency. This is not to say that

condi t i onmediatih@ RN [ritdrgeaRy (RNAIRUAL ubdibherdiaNthepedi SiRNAinttlideg shat
permtted; | ow stringency conditions requi re that the binding of two
sequences %lﬁ’lleNAénélﬁ%EFo‘ﬁ‘ea%S%-‘i fic (i.e., selective) interaction. The.
absence of non-specific binding my be tested by the use of a second target

sequence uhi chidogelane et <8ich|” d9REGR of (RATP SIEMAILY - G, | €55

t han about 30% identity); In sence non-speci fi ¢ binding, the probe
will not dhthining a;eleslmdtIbharmemhmglcaicnnd@mmhlyanmgtcacﬁieqtarﬂm cffeyweaycke [ 0054]

Anot her wa f. view sequenc it n the.cont 0o two pucleic
e or ebpRiattiolt B Ol ey o i, Pesveririe R Bt Or KRR { v
sequencesthtRaf add/6r hia§ ARrapb@ Bl 1eBNeef & Qarti dr BoMpIaE sRdARAGeNee over a
specified region. As used here, "percentage of seguence |dent|ty means t he

val ue det@ipilaed digeasempaior igvers® coiget Awmbujable itg ﬁb@l déssaisenCétratment” a
conpar i Sofh, s ‘A&ec?‘{mﬁtedffh iEsP 9h ta'rgé]m@&l hﬂﬁlcﬂfé lhrﬁQﬁ ' ?lﬁ inQgggnce in
OW nmay conprise a

t he conpari son S or |ons’ e., gaps) as
conpar ed (ad prdventing dhiecediseass enusynpeort Viom h)cdmemgnnta subjmnslechdmhﬁ bens or

del eti ons for opt i | ignment of the two s que ce erc ge is
cal cul at P%F@Eé? {E%rﬁlﬁ%gset%éywamwfg? aagv(ett e ag e e SdBhe: ol
nucl ei c aﬁﬂlfbltlﬂ?gs fheOBiSaAsS siAplat 1y, es%t%fiﬁf% tdévé’lbﬁx'n@ntt B? (EWf@H@i’rm?fthémt ched
positions, dividing the nunger of ‘mat ched positions he total nunber of

posi ti onsdisease Bmpiond ow, gausmrrpmsss@mfah@dmwppwnmmt he result by 100 to
yi el d the percentage of sequence identity. [0055] "Short interfering RNA"

(si RNA) refersHto dﬁgﬁvee g%ﬁ@p%%gal%lé‘fPA%gﬁ e?%iﬁggﬁr ally, from about 10

to about 30 nucl eot ing RNA interference
(RNAI ). As usemoserhi one t dxPedterthe shﬂmﬁoh npiouidies = hadthodaifr ﬂd:lfVeRh@\Sa al so
known as NAS 056]. The terns "treatneng, " "tJeatln ) tre? " and the
li ke ref eﬁmf;téonal nucleic acid to a target cell, comprising (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, 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 vivo.

A. Minicells

[0058] Minicells 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
example, 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 et al., 1992; Raskin & de Boer,
1999; Hu & Lutkenhaus, 1999; Harry, 2001. Minicells are distinct from other small
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obtai ning a desired pharmacol ogi cal and/or physiologic effect. The effect
may be prophylactic in ternms of conpletely or partially preventing a .
di sease owvogyegkeswt her eof and/or nmay be therapeutic inpcenBmosbosaiparti al
or conplete stabilization or cure for a disease and/or adverse effect

' di sease.. "Treatment” covers any treatnment of a disease
?;t ;.I %ﬂe&fﬁgﬁ alngzﬂf ?Pvaﬁdmﬁ,ea%sﬂoﬁﬁpmb‘. Iy ggrtape gifeationp@ndhin di sease

or synpt orcohtrastt® aaicEIls) grel dbt Aus Wéﬁgﬁc\’g&h&}k W%@%g%ﬁgss&ﬁeg%%{en%l tg%}et he

di sease or synptom but has not yet ‘been di agnosed i'ng i
[ In?n bi ti ng?xf’%/?gseali‘-sgagér%‘}mdmprbsem Invantias tif iwglesitablel &rahidpelnte hore (C)

I evi ' ' : ' ' di sease or
relieving; ” |.e., causing regression of the
8 | EASS SRRl

synpt om iver Nucl eic Acids via Mnicells [0057] In
one aspect, the invention provides a nethod of delivering a functional

nucl ei ¢ acid t 059 dn gelditivel to rEoNGPerc AgitAtidhs, BV Snidltell Akt o1 Ni cel |
that contains a.functional nucleic acid nolecule or a plasmd conprising a
segment t ﬁg?er%tﬁggglé%wﬁgﬁﬁ‘ﬂ%‘? gfhergraelis seas@ngemente ox mattations that @ffgctbr i ngi ng

t he m ni cetptumofmAnt &itexWnbld i Bl C8Ll posUcCh fthat the
manmal i an cﬁel | engul féefhegmr%bnilggl?&ggg? oW n%dbzzﬂféu ??rléﬁ?veoq‘ndtﬂ%n ni cel |,
the funct il8huILeyieal.c 1983 Minitadisalse cas be dremddollowing atfreumatiopkmg of the

the.target cell. Mnicells may be brought into
contact v R o8 BERS Rl . P8R s Tolyeg ipetalh (bvinpyahipsioseEe
descr i bed ségregiior00560 2RaMPle, CoBlcRBlesHG \WEENiHEN feall o f@lfrogggs]i%eanhar get

: . ] ¢
manmel ian cel | .may be. in vitro or in vivo. A Mnice { nicells o
t he i nven®f Ctéc?rb%ﬁnﬁét}lﬁedlcse Silady.ophremogeme-lass  witienllsbmay eresalt feah| s,

engender e rdination, dur.i n i nar fl_sl_on, 0
ce?l di vi gf%ﬁts\?\? tg lﬁﬁ%&ggg?gersghttfogﬁf@c%%gﬂ’g?ﬂgtﬂmf %Hﬁah%g‘bgﬁ?’?lf‘%ﬁfqn At i on is
linked t o(Prittaraler lgi.nd998Y, i peOdndelettvincin BnwabniBs (10ét6n G2 ! 47, SEIiY M,f,e8 Mat i on.
In E. col| f%r .e %.e .Jmut ati pn %f m H genes, such as mi nCD, can renove
t he i nhi bi ulla(glnndflxég% i (Hiragg ﬁﬁf’f’olng 4 WAPEE| Mutghenin Fueelh(Stewait add vi si on,
resul ti ngD Aript Y.C GeRd pRIdudts '?19{3/%' sllﬁﬁ‘l‘i’éllhﬁne};aiﬁe B{’h&n&/eﬁ-@x&@&%h $3ta
mnicell. See de Boer et ah, 1992; Raskin & de Boer, o
igh-copy number plasmid, for example, CafA may enhance the rate of cell division

and/or inhibit chromosome partitioning after replication (Okada er al, 1994),

resulting in formation of chained cells and anucleate minicells (Wachi et al., 1989;

Okada et 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 directly interacting with a transcript that encodes the
protein.  siRNA molecules, ribozymes, and antisense nucleic acids constitute

exemplary functional nucleic acids.

B. siRNA 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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1999; Hu & Lutkenhaus, 1999; Harry, 2001. Mnicells are distinct from other
snal ivesi cles that are generated and rel eased spontaneously in certain

si tuati onwoaneb/o2isy4contrast to minicells, are not due tecspBmiofb@sgenetic
rearrangenents or episomal gene expression. For practicing the pr ese'rllt
invention, d4si ets'ralef mnicells to have intact cell walls ("intact
ni ni cel | s"]) ) %6’8‘%@]’ "?eﬁ A8 Fﬁgnmﬂ? rPir‘?feréB]é(r bf-2Aunealelides langicindamest

m ni cel | s mbfembhy 21-g8asclaswits icHd. MR, g&?&f‘ed%lzﬁhthﬁ{)le%“setr'eﬁ)g .
‘rearrangenents or nutations that affect septum formation, _o? e arlr?)’le in
the IV, 10 15,85, S5 19,90, BhaIR@bvd. anE6CHT Abbt 29 A8I&tideed ngh. al , 1992
Mnicells also can be fornmed follow ng a peyt_urb;ah on in the |evel stpfngene
expressi on of i i i el l. division/chranos segregation.
FoP exanpl e, o@gﬁﬁﬁggﬁﬁbgg g?nktgﬂ?%l Aeegl gatf%ﬁﬁgF%p@?W§ﬁ§§Adﬂ%eﬁﬁ%duct| on
of mi ni celHos insginge, | aariIFNActhavisuissuribetl 8 91 HbohGAbdthleSWhg' @M Liher) cBfilgdef ect s

i n chronosqQne .seqreqati on for. ex | e the snt nmutation’in Bacillus subtilis
(Britton &t RHE %@‘égs’l?osétﬁé&n%e?%&nthah agneak iagether for(1% eomsiguots hise é994) !
MukB nut afpaieiigs.N FheCOld rélfaindgR r%a@éleot?d%?galb Aa¢ &ﬁ%ﬁ% \Evnpl{;l'l%t 'fqgﬁ)slagv\h' nCO :
(Stewart and D Ari, 1992). GCene products nmay e suppli d t . e

over - expr eS¥&haEy oW herharg$iR&Gpyomaimb ewo plrasiziof diffeaent ey, Ehe IG?.%A dJray

. i Vi Si inhibit chronmpsone partitioning
21[] P 2? Creefoplf\ec%%lgsn&f(s @%géﬁgthgltl\e/}é@,l %?gg%wé‘eégf kg R FSBNMAEIHHNIE avRai ned
cel |'s andsaamdcthanie2 inoclestides 16MaahE aecaid st%a?ﬁ%agﬁaﬁ’@nﬁéle@dc{es 11815?32 -

M ni cel |l s can be epared fromany bacterial cell of Ganpositive™

G am negaf?’?ﬁé‘t‘ﬂ‘?ﬁzgilﬁme[-OOGO] In accordance with the invention, mnicells

contain a functional nucleic acid or a plasmd that eg;gdes a funcé! gnal
cleic acid f ki j I esi o - Fun n nucl ei c_aci

ggl ecul es of t e0 %%{mﬁigfaﬁgﬂ%p 1!(1 e&cg%eg%%@yarggeér:lggfﬁte h BYfgb%rf%’ﬁ‘a}Sf a

prot ei n bbe aithe 8t pythi 3t enchof 4 stopndi tPrefarabtyaitsis bi the 3t Bl o£he RIES st-hgy pr ot ei n.

i j ., and antj sense nuc|eic acids constitute
exonp! ary PR S ACE e ROV, bETIERra uAbouL i shovstisehend
i nter f er i morpiigrabIREbow! B autiestids Gonts ebrfeinly, BR" RN B 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 nucleotides long.
Preferably, the stem of ShARNA 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, 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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RNA interference (RNAI ), a post-transcriptional gene silencing nechanism
si RNA general |y refers to doubl e-stranded RNA nol ecul es from about 10 to
about 30 wocheakighes | ong that are naned for their abil ipCyBpesbizscal |y to
interfere with protein expression. Preferably, siRNA nolecules are 12-28

nucl eoti des. | ong, re preferabl yl5-25 nucl eotides long, still nore
pr ef er abl 933}@‘322%01?15@? EURPHUAE p sibgnuaieptide sequsned atrledst J0%175%, RO 85%i des

. Therggf ideRfi [ I e 13, 14 15, 16, 17, 18,
1, Ja0, 55" 25 iesiEd 5 Wt MORRGE €91 Eor B roeins St b
The | engt mibofiuddendids tsequretcal eBiefrratilgsthe BiRN & ngilévuly is&lﬂleai;t@:%mlzl"/@,%ky@. 2Eor )
i nstance, | J5 at s described as 2 1 ribonucleotides long (a 21-ner
coul d con@?%g?@x‘}m%ﬁp%%ilﬁ%gs{dFa thtﬁ?er@rg%_é} oRtieodide t ssguense ot 1?rand
. iy o : S
cont i guOu%oﬂﬁ@b‘e@eﬂﬁbfﬁlg%get%&nﬁé’l@bﬂcﬁ%ﬁygﬁtIgﬂlo%gﬂma% : aﬂ%gzsx@ﬂofvﬁgfop .

woul d form an "over hang. en an siR tran I'Tferent
| engt hs, tIAR™ ddrgeiralofo tthe Brgeanaiclaptide gsequeset he thengimplefmetthef sihBNA.  For

i nst ance, ; inLn e str. that is 2 .1.nuc)eotides |ong and a
second str %ﬂg i %a&dg |OS§ &‘gé(? @ér:iu gﬂllc(’e%g?vieﬁeséﬁﬂg‘n _5‘,0?688“?§ Vi f‘bggmé’nisl‘h%wns [AB063]

si RNAs t haingleqroptinsetationsavlatiietog: @fget fag klsalbk effediiie, over hang may be at the
5 or the 3" end of a strand. Preferably, it is at the 3' end of the RNA

strand. The le f an overh y.vary, but preferably is about 1 to
about 5 bases, T@F?g] 3;8?'3 tBraé?létrszlgﬁ@n&“é‘@bﬂﬁtreaﬁﬂﬁlfé’?’éﬁhliﬁ e thel piblic. Hroef er abl vy,
the si RNAeﬁJefml\%lB,e aPE&HHMREr-bAE LR RA %Lign CR0P"is Sa‘%'%ﬂ'ab?f% &V?llﬂya}{ﬁggm%{ zﬁ‘bOUt 2
to 4 bases. re preferably, the 3" ovérhang is 2 ribonucleotides Tong.
Even nor eWpyvefbargigcgn.cathe 2 ri bonucl eoti des conpri sing the 3' overhang are
uridine (U). [0064] According to the invention, the term si RNA includes

short hairpin RNAs hRNRS) ;EBNAS conprise a single strand of RNA that
forms a stem | oop stt?uct O,Z re the stemconsists of the conplenentary

sense and anti {i963pRiticzgmes atehIaNACmBIébﬁls@thidg)ub|eﬁzﬁﬁ£tfénﬂﬁi@mman and the
|l oop is a_link ize. The stem structure of shR generally is

from aboufepiﬁe&% E%Y\g’taroé{??ﬁ%%ﬁe&qlﬁfé‘kesl Bng. nyslestide abisy, sehencstspenifié shRNA
o) ecul eomahferl 2586h DUSRARE SR IONGuITHE, B TELAR ARudR BPRRRL! des

l ong, still nore preferably 19-23 nucleotides an
transcript, and efficient cleavage achieved in vitro.

[0068] Six basic varieties of naturally-occurring enzymatic RNAs are known
presently. Each can catalyze the hydrolysis of RNA phosphodiester bonds in trans
(and thus can cleave other RNA molecules) under physiological conditions. In
general, enzymatic polynucleotides 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
correct 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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preferably 21-23 nucl eotides |ong. Therefore, preferred shRNA nol ecul es
conprise stens that are 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25, 26, 2¥02806ar2189 nucl eotides in length. [0065] si RNApcwfiBtdosooseention
are designed to interact with a target ribonucleotide sequence, neaning
they conplenment a target sequence sufficiently to hybridi ze to th.e t ar get
sequence. | n of®78hbsefluhegihozymae maw enmptise Pnevofdesvesal sinBiil, rindlediup e

conprisin ri | de ence .at. |l east 70%. 75% % 85% or 90%
i drerﬁt i cal 9?@m§}1{%g§' %{)S%?%t%n I(?gggét nglgéﬁﬂawglea%fﬁlﬁe?ﬁgﬁgﬂ{m er‘{'a t ar get
ri bonucl e@t990p, hepptieis cielta Rk elicifl (Perrbtie asd BYén TPIRGULBUp T ifitroh $BH. 90%
95% 96% _97% . 98% 539% or_100%identical to the target ribonucleotide
sequence BMCRHNOCSHS YfbhRINaseP N Aqingassogintingm witheat suiga eﬂlﬁquﬁn_cg/bs t

ref erabl yg T4 W L 00% { | cal h get je
gequence g(r}u?ﬂgs};orrpl \gtrrélht(@c?f” %f Eﬁﬁ?@%&%@?éﬁ% gsggﬁfeen%eqoﬁﬁésmégg))ﬁ si RNA
mol ecul esSexilly & Kdling 0199]); dedlbos EnOlise ($999)). e Thesentpedificamotifisarealogt i ve to

.al ffective.. [0Q66] Toals to assist si RNA design are
Fead 1y aDmHih AEal frof i TiRpHTn Bethozbme s Iy eGETa e I 8 dPS A desi gn
tool is avéstrateltindifg bikethaniseioRfHleriént WMo SHRLFRERE FMNRIA r%i@&é‘éﬂ@s [0067]

Ri bozymes are RNA nol ecul es having an enzymatic activity that can

r epeat ed| {hatfitehave Wickretidrmpauenrescyithio omsuarayndingahatdsbsiaate binding site ;
sequence- B A | C nol ecul es may be targeted to
virtual | y@ﬁgl léhingﬁgx%rc%egﬁﬁggﬁ%wﬁ%ﬁ %lﬂpiél@%lf'eavage achieved in vitro.
[0068] Six basic varieties of naturally-occurring enzymatic RNAs are known
present|ly. Eac[00§hhRimzzinyy of tHeeinhgrdionl may mmbriﬁl%gﬂhﬁ&gﬁ]igdhfﬂﬂécﬁfdefiondS in
trans (and thus .can cl.eave,.other RNA mol ecul es) under physi ol ogi ca

condi ti(onge:g"l T appved, St%‘ﬁk?’n’éﬁrg?‘%le%ucNéﬁlﬂcd%%d ARAUEBGEST gnoadingi theli ng to a
target RNAbozyHEd miye REdQCEY odnfdl’ U E't_r(gr{kef&ﬁfiﬂl%% ?!r&ﬂbt@ﬂ % b gg,of a
enzymati ¢ pol ynucl eotide which is held in—close proximty 'to an’enzymatic
portion ofxapie, JRNACRelEmetaae Ilaet BN Polyswevase tiHeprosnogeet siRMAt tiihsfscted he

enzymat i Cce?ﬁ'%iﬂ'"ﬁ%&?cteisﬂ?ﬁgiér{tscfuaﬂt?tlce%%r%ltﬁg %bgzrgl(;net oeg'estroy 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 to 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 oligonucleotide. 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 “translation initiation codon”

generally refer to the portion of such mRNA or gene that encompasses from at least
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binds a target RNA through conpl enentary base-pairing, and once bound to
the correct site, acts enzymatically to cut the target RNA Strategic

cl eavage wb 2014t arget RNA will destroy its ability tordBroesbossynt hesi s
of an encoded protein. After an enzymatic pol ynucl eoti de has bound and
cleaved its RNA target, it is released fromthat RNA to search for another
target arboasds tefpdaisedbyutHondnapebus Ingaleetidewdvin teith@edifectib® (6] 5> Wi’ pnzymat i ¢
nature of _a ribozyne |s.advantageous. Because a single ribozynme nolecule is
abl e to dr¥BRdranglRioRBNERIONESdHF t arget RNA, effective concentrations of

ri bozyme can be quite | ow. [0070] Useful ribozymes may conprise one of

several noti fsor4ICAHSMA%iRFTIERIRERD ihBRREbn & ol is(thd 82hinatidRico@bM ( Hanpel
and Tritz, (1989), Hanpel et al. (1990)), hepatitis delta virus notif

(Perrott aofathe Beem reading)framg.ouph¢ terms Gstop Uc@lonPaagion” od “4ra@gatigyi)
RNaseP N _assocjation wth an ui de..seqpence rier-Takada et
oo Toparmitafi RElsREeBp e ARaRleLd feadT Bh SRR WRIEL by SbadBifa §
Col I'i ns (kR8hpassédlfoimat Rasdl dboat 03993} JeasTheae Sop&smitighcusmididatidas ¢n not
limting, as all that is inportant in_a ribozyne of this invention is that

it has a dpeedirection fors ¢ frapslyjondempinationecodpt i s conpl enentary to one or
nore target RNA regions, and that it have nucl eoti de sequences within or

surrounding t haiy7SuPRd IBLE Rhdidk rkd I WAL bBA! dis@ i beClR@RALN0
activity to the nolecule. [0071] R bozynes of the inventi'on nay conprise
nmodi fi ed effdctjuelyc| Bt dpbasrepding franfeors gempradly ehdststdoid| ot rgfer ttarthetrégion etc. ).
Nucl ei ¢ acid sequences gncading the ribozynes, may be under .the control of a
Strong coITRLET SapmaNe dpiadon rFoden Figy e, SR ORIATER P Rer el |1 or
RNA Pol yner@sér thiget R Gie, 5’ Sdtrhivddted feail Q@iddds @Rl postion bff a MROAIGE
sufficient qstgan_ti ties of the ribozynme to destroy target endogenous nessages

and i nhi bthe ¥ rdirestian ifspm the tapslptierh gntiatiangenden) eBtingladey to7myclontidersense

ol I gonucl %‘?&E&eﬁh@fs* Daﬁa S S Qb %&%Slhﬁérf%{t%tig'% dedg{ngf W LikiGaNYE! el ¢
acid encoding a protern, and interfere wth transcription or translation of
t he pr ot etoprespondinpenieidotides@nthe gaie.ant i sense ol i gonucl eoti de targets DNA
and interferes with its replication and/or transcription. In another

embodi ment, an[Oﬁ%]I §ief\ana$ly, 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 termination codon and the 3’ end of a mRNA or

corresponding nucleotides of the gene.

[0077] 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 nucleotides

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 translated) exon regions are spliced
together to form a continuous mRNA sequence. mRNA splice sites, i.e., 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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ol i gonucl eotide specifically hybridizes with RNA, including pre-nRNA and
MRNA. Such anti sense oligonucl eotides may affect, for exanple,

t ransl ocavoenosnf2igohe RNA to the site of protein transl arcong2dosenssiati on of
protein fromthe RNA splicing of the RNAto yield one or nore nRNA
species, and catalytic activity that may be engaged in or facilitated by

the RNA. dhigcdmehRNA sflfce Grodict ssihplichiea ih diseiee MordoOeraBittaat fusislecr ease,
or inhibit target protein expression. [0073] There are several sites within

a gene tw&pctrﬁw dye tetrprlraz@amieﬁtSdésde@erﬁg agen algn AOSEPIS datgrisoR ABliEHES de. For
exanpl e, oﬁg&%&ﬁ{ge ol i gonucl eoti de may bind the regi on enconpassing the
transl ati o 1ni I'on codon, aI so known as the start codon, of the open
reading frane. In this regard "start codon and "translation initiation
codon" gener al |0979]eWath thcset\radom)targ'eo witesf inguipH, alfﬂswnseroligemmlctduidbs that onpasses
from at Ieastﬁ.b ng125t hf% i t) ous eotldﬁ[séln ei t her
di rect i on®ESUEICICNEY CGM “)‘e“ﬁ% a1 PPLerd PpnBte |“é‘fsit ﬁc B8n. M G074]

Anot her  sinhig He%su@f&ér&%%@e|o'f"&:61&1§ﬁ¥ﬂeﬂfhri&)0018}§1@éi§e p&irihB Sudtethi iadié amd codon of
the open reading frame he terns "sto on region”™ and "transl ation

ter i nati mc@@dmdmggrcews hesiean @érrérganweqttsleaarﬁoﬂxmmhywle@uéﬁ tZPRNA or
gene t haty n?ﬂb‘%&ﬁﬁgtl Zsé &%H&eat '2{? dﬁn Qﬁgtol nhaeéﬂ d %%4 xfo'?%'é 8%

cont i guous ‘nuc n & th ron form a ransl ation term nation
codon. | O&biﬁﬂleﬁhﬂa@pe nhat efidts rtajgétrmmuolemdnﬁorlg; spegificallyahyboidivaplebeAr ar get ed

effectively, e open readi.n ney al | drstoo to.refer to the
gt on betTBeRTe HEORAFIRLF SRe BT ADBA e BROHemANIHE s G nutsRos

term nat i o oQeeRideAB Qﬁé‘%geft %A EclE&ﬂieQHteH%re"s R@ttPthe YWokhATah&RGbIRII On,
which is the portion of direction fromthe translation

initiati orarg;aodnolynuclteomdectmd@se tahk@smﬁ Iuebtsr, dod therevieansuffieient degige of t e and
the transl ati,on i,ni.ti ation,co corres ucl.eoti des on
the_gene.“(ogFarhy Aobile tPfi3Betfic, it oL SSRGSkt IOGACE L5
target fOﬁorﬁ&}an@s|uﬁ@él*&'n@i@fbh§jﬂﬁwhl-EH@p&lﬁdlehﬂﬁl@S‘s aea@dl B9 @fdet s t hat
portion of th inthe 3 direction fromthe translation term nation

codon, anphysinlesi¢al epuditiens inchp gesecitin d&'s BTGB Herapsuti¢ Hrament. gad in
termnati fd cﬁs%q)qr)n @% 4s%s§unc§pgorﬂfitlcﬁls TN B 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 30 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 wuse 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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correspondi ng nucl eotides of the gene. [0077] An antisense oligonucleotide
may al so target the 5 cap region of an nRNA. The 5' cap conprises an

N7- met hy lwbedosguessasi ne residue joined to the 5 - nost pesgiiB2es0636ih1e MRNA
via 5 -5" triphosphate |inkage. The 5 cap region is considered to include
the 5 cap structure itself as well as the first 50 nucl eotides adjacent to
the cap. Popids epdagenensndediveny efufvactionti nuqhdmlAcitls,anhicln\l‘s\lﬁi Sc;]\&h&géh cegt | é f
transl ate y contai n_one or re intron regions, ich are excise rom
a transcr ﬂ?oett%g’%ng i O?gx?gregﬂ‘éﬁ%{ﬂé(ﬁfy' The remaining (and therefore

transl ated) exon regions are spliced together to forma continuous mMRNA
sequence. NRNA[@)33] Thusirt@Bnbihar intaétthin@dellexey dal 1hiid, DNAPE RS &Rk

possible target regions, and are particularly useful in situations where
aberrant SPF i%i MErS SRV sequencss jaimed b ssdlencipg ding rresistanesy or mpopiesisi on of
aparti cul adsiseRNA i Q&ifs o j ' i 1.Mor eover.

Do rant TosTICE bR AR RRHEHL ol RO BRI Rufi SRR Bl b
possi bl e passide $o freat eallsithatnegress imudtiple! drag irekéstanck 087 Qnidiish DifRséntvar i ous

i tes4 i nd ti | i gonuc) eotides that are sufficiently
Larget, <1 SENAPsllides 300 RS Boomeb IO chels 5% GDRnmemomtCuIt LY o
suf fi ci entxAg0ecaRNA GOSIINGTRM ARNA BT bOLRSksRd BRI !tﬁ@U%#ﬁB;{nh%?tanét abl e

and specific binding occurs between the ol |30nucl eot i de anit
pol ynucl e8RNe targetes BoldpwRiNhtdap, be hepressqd drae thé Bh mmombensEhese

ool ynue! e SEHE pRTER A asctied BUGEATRLCAROLE N o el Hhndid, bl mé oS
ol i gonucl kobh différsntsplesrnils.c Aiffyrehy HIRINA 2éedtleReashtd Ginsl Bgprefsed RBnARt | sense

ol i gonucl eotide to the target polynucleotide interferes with the nornal
f ungt i on SPEEnBroMYigeWhse fﬁﬁcﬂe%‘ﬁff‘b@%ﬂtt Blagmids gargiep g egpresgion jcpgsettand t her e

s a suff béhfimled bPaRepI0LFAQNRESTARL Subect AuAURbLAL 1100 $REGICE Lfa Rlandi ng. of

the antisense oligonucleotide to non-target sequences UuNt conditions in
whi ch spee¢ding polymaflagtides seipiengesd, Ai siegle gandetransbnistionl Ggindradtorceamdbé i ons i n

the case @f in,vivo assays or erapeutic treatnent, and in the case of in

vitro assglﬂg‘?dn‘%ﬂ?ﬂ}?ﬁe%ﬁﬁhei°8H§’tlffqﬁe§ﬁl‘)\’f’st§??r’t%§se§§'says are perforned. [0080]

The anti sense oligonucl eotides may be at | east about 8 nt to at |east
[0084] In one strategy, a plasmid encodes the sense and antisense strands of

an siRNA as two independent transcripts that, after expression within a target 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

[0085] 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 histological 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 transcriptional

activation. Illustrative of these proteins are esterases, phosphatases, proteases and
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about 50 nt in length. In one enbodi nent, the antisense oligonucl eotides
may be about 12 to about 30 nt in length. [0081] The anti sense

ol i gonuclwotverrisssed i n accordance with this inventionpoaysiescaeweni ently
and routinely made through the well-known techni que of solid phase

synt hesi s. Equi pnment for such synthesis is sold by several vendors

i ncl udi Ngethéroengyhadtp| the ANty €6f Bilasl SicpbatdsFas Heectible Y chréMbphdi8yopt her
means for such synthesis known in the art nay additionally or alternatively
be enpl oyfé‘éﬁfoll’hor?s wel | known to use simlar techniques to prepare

ol i gonucl eoti des such as the phosphorothi oates and al kyl ated derivati ves.

E. Nucl eic Aci I I I lel I: [ ] red
enbodi ment s of ﬁtﬁﬁ&jnl?%%g%? |é§(%&$}rﬁs%?%eEl Pgﬁgg%%?‘ﬁggég%&c?’ggg egféa?t EJ ?‘ﬂg{ encode
funct i onadhafgie Ived @leatagls of Rar indigdgphie, substidiés fHidelyMByDatetside, faHdicd i onal
nucleic acid that is expressed inside of mammalian target cells. This

nak es pos siupiferasen dwlicho @xidieasi @elgngothain riddehydel (hagierial dueidsrase) ohizh has
advant ag . i,ent e L Lyer.: 10 Thus,
e et e A R L K o g e

si RNA sequsefid és this nedtexttis airbporer elpnthtithat esdosiesaitheqgresn fywpdcost rote@@si St ance

genes. Usj m njcells that encode nultiple fyonctjonal nuclei ids, it is
possi bl e J(Cﬂfq%[)roég‘l?e bVﬁgl’r‘ﬁQ’t‘o”éﬁb’%‘&”’r?ﬁIdF?cﬁ‘!bS‘lil3thda§h€‘sfts‘ﬁah§8g)_nea’§$%ni sns.
Di ff er ent 1) BNAFPERLRRCRHMLYIE ilﬁf&ﬁ‘_ﬁt%g %gg\gb RdbNddE RICTYagpliesmasf fvey ent

pronoters. For exanple, si targetin MRNA can be "expressed fromthe
U6 pr onot @5/21131 s(dirklasesan geslymugleBtifle 3eqiRrhie cngpding exPilesminp-dcidigkithe H

pronoter._ These nulti.pl e expression.cassettes preferably. are ried on a
Bl ol e pi MR bR A SROBEPRC aFPRNE S REUE B YpRhlh 871 Mf Rua
sequenceswa 695/2 BIv1badistgre s ss addificativi ofi the | SONA Ofodt hE , apop&tilet e 4.

reconbi nant plasmd carries an expression cassette conprised of multiple

si RNA- encWeferg SERupiovisking meeﬂdea?levmg kergdt Rupaescent progertishe gad by 2

pol ynucl eqt.i de nGes N t St d.Did t I nat.of n be
pl aced dol\%hgl?roeiz?ngg? %hél' c@grr%petg%%eg%%&sq;%ﬂ glgdégéé%r?%fl %§8§?gﬁfoﬁe
st r at egy, ingprpvasmt th enitetdesathpléudense and anti sense strands of

[0087) 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 to

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., viral
envelope proteins such as HIV gpl20 or herpes gD, which are readily detectable by

immunoassays.

G. Regulatory 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.

24



an si RNA as two i ndependent transcripts that, after expression within a
target cell, hybridize to formfunctional siRNA duplexes. In a second

pref err edwvetoaimrgsps a pl asm d encodes one or nore si RNApctrhBoosamhiar e
expressed as a single transcript that forms a short hairpin RNA stem| oop
structure. The hairpin structure may be processed by a Dicer enzyne into
functional si RIM0IOFA mepwierds “Hisupspecfi§’00B&] itAs actolagidepraferahtially écal e t o be

i nt roduced: vi.a:. t.he. ap C .he.present inventi.on, can include_a reporter
el enent . gw\réléglg%qke?r%é%%%h% éc}ger?}l@? é’p Sﬂv'intgsexf’ré’éﬁ%ilﬁgm A IsgUs ofan y

det ect abl epghlgotinied etructital 36§ RhtSE! | The tcmﬁﬁlajl b¥ th¥ucsfeeicN Brodnoters

pol ypepti de ot herw se produced by the host, that can be detected, upon

Ot : . . .
expr essi oH’,Cl‘b{}]S’hf%ft sxuppleal the hepateexterspasifie siramotst clior eadbuyini andiare i magi ng
t echni quegpt; e p I n livered an_intact.
ni ni celql , §relat(l:tc rar ﬁg%ﬁ%ﬁv{ﬂg Eplf(:egrg%\ttggﬁ er}wgn i %%lﬂl%(l:or\églggtygécq of aﬁh‘é‘? dtein that
produces, panereatie aeimgutdlisnthelinsdingeht comrot eégion, metivd & Pinclebtiob&aetilg;c change

that is detectable by in situ.analysis and that .is a quantitative or
se?ri -Iqaan et‘&?‘i‘sx‘ié“?rﬂﬁléﬁ WHOE fvIrup aﬂé irEﬁ‘P’&n‘é{{‘]lcgé% AHYEilR festicplpy dreagt i ve of

these prolgiphvidiatd 864secaHESthe Rﬂﬁﬁﬁhgés?cs%%teiﬁ[%%@%ﬁﬁoﬁ?%%ﬁ‘e{cﬁ@@%}{FYES, t he

activity of which generates a detectable chro hore or udrophore. [0086]
Pr ef er r edobgagdepdresytareells. incthe  braing ahd sho gouadatropishietdasinif rtone geat or

h [ . | .ndl go [ ubstrat.e, ingdolyl:b-D gal act osi de,
and a1 uc PR MRS AR AL BPON 1B BRI R Gru et el 18P0
| uci f er as€jlitertoar hbt(lﬂ&i?,ym'hkeﬁt iftﬂbmm%,ql(agdydettﬁzy. L(cwzm{ SW%ft eIt (19@& Cor
I t I i ght. so useful in this context is a rep
ol ement ¢ MaeDERERALE et 48 eit el (obeRandiemby! of (I0R2) o6 | y1 1 sh.
Aequor ea N80k A (1986)descri bed by Prasher et al. (1995). The field of
GFP-rel ated technoﬁ ogy is illustrated by two published PCT applications, WO

095/ 21 191 (discl oses a pol ynucl eotide sequence encodi ng a 238 am no-acid
GFP apopr ot ei n[0096hThé¢raialyy arecprometsph tirag afcoexmresskd preferentiallyati dartais t hr ough

o7 o, R it 260975, o L R BedfROHRER) Lo
f 1 uor escemadcopfanpentthediy preadst iByertion. 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 carcinoma; the hybrid myoD enhancer/SV40
promoter, which targets expression to rhabdomyosarcoma (RMS); the
carcinoembryonic antigen (CEA) promoter, which is specific for CEA-expressing
cells such as colon cancer cells, and the hexokinase type II gene promoter, to target

non-small cell lung carcinomas. See Hart (1996), Morton & Potter (1998), Kurane et
al. (1998) and Katabi et al. (1999).

[0092] Promoters that are dependent on either RNA polymerase (pol) II or pol
IT are preferred promoters. Highly preferred promoters are the RNA III polymerase
promoters H1 and US6.

[0093] 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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report of Heimet al. (1994) of a nutant GFP, characterized by a
4-to0-6-fold inprovenent in excitation anplitude. [0087] Another type of a
reporter wbeowmniiges associated with an expressi on produetthuBzisneater s the
reconbinant mnicell resistant to a toxin. For instance, the neo gene
protects a host against toxic levels of the antibiotic (418, while a gene

encodi Ng shirdisth OfI0LstERivE QIbaT SuBec@d i Eder B haémslgSint QiR se@¥@ée, and
t he chl oranpheni col acetyltransferase (CAT) gene bestows resistance to

chl or anphssapense. dessobel ilher pafente Nos §5143980.a theaBARIopecastion) sagiecei ncl ude
t hose t haj. . f 4RI CEl ISt i shi.

col 1 - sur r s 0 R T8 PRGN STs7 a3, S5 e SRR EARE Rl H AR 20 or
her pes gDpolyepdlbe,alescribeddn UyS. peteatNald,@29H197%. mmunoassays. G Regul atory

El ements [0089] A nucleic acid nolecule to be introduced via the approach
of the present invention.al so n_hav ?esire encodi ng segnent |inked

operatively to a regul ato¥§e 1on 18ronoter, a termnator, an

enhancer and/ ofpo94]SF@ieibnal SRRICLoidS oSt lilvtinBoR tABBI BE geAd oP Ganscript
ti ssue-specific or even tunor-specific, as the therapeutic context

di C]E at es. ¢iOpOJeimthet pramades dryg Tesistange. ishibith Apeptosihenpriomates aeaoplagtied
STy ! . | T e of EES v
Dot oCerinbiobr SR HARIERTF AS068 sl L iRl bk

expr essi ar ge I'ssue, oper a ura
sequence. cohlisxtC hdvedsey achiet¢ds Bilithe Jpe duf withputah® bensfits of midiesl] veaorsexanpl e:

t he hepat ocyt e-specj fi ronpter for_al bum d_aiantitrypsin

respect i vegey & &-haoyd Q@ﬁéﬁ@ag}%&é%ogoﬁ& ‘ifl‘%@&&gn,l\ﬁl i H}-ié&;@ét Caplen
pancreati ' ; i ' Welol ) in

Pancr oat | D P By B B0 e B U o, i ch

is active in testicular, breast, |ynphoid and nast cells; the nyelin basic
protein gene ci9@PFloProtains that cerdtibute to Wrug fegistiape corsjitute Ppesferged targdi®e brain;

ond e SORISRIRPhHE SR, O RPAALE RO [ g AL ot Ve
(1985), Pomkeribsi€tdrad redistd@®é) , Wadns @igesbd aklls,(RA73s, pwérf telB] imitiallf 1984) ,
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, PGY1,
MDRI1, ABCBI1, 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,
XRCCl1 (X-ray cross-complementing group 1), ERCC1 (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 (lung resistance-related protein).

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

adhesion kinase and p53 mutant protein.
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MacDonal d (1987), Hanahan, (1985), Leder et al. (1986), Readhead et al.
(1987), and Mason et al. (1986). [0091] There also are pronbters that are

expr essedwpnedenesdsi al |y in certain tunor cells or in teoensoekbsseper se,
and that are useful for treating different cancers in accordance with the
present invention. The class of pronpters that are specific for cancer

celI's is illusfooerjeldsdfyl taidees fuythexsindRide oREsH¥RiceInd htahefuef sifjragteias; the
MJUCI / Df 3 pronoter, to target breast carcinoma; the hybrid nmyoD

enhancer / Boteinspr Bxemples glnden Briateyin.sPiaGror &argteim kif@S‘? el GoRapbs &-Bata (RVE);
the carci Qp&zbb)@*(‘ IrfeaB M IRR A s&"IONREEN Q?I;M& ﬁl@t %Qf%ﬁ dst 119, FRfp
'y ce , t ex

CEA- expr ess such as colon cancer oki nase type ||
gene pron@liee-like onfnan'@ey mmxs)naCJfoc,eISBBP[;n@olyeombn(grm@ pBeteinHEZAHZ 1996) ,

[0002] Pr BRbeaes o et apRolBHOn Febd P ks SRk bk raelomabiny 11 or

pol |1 argRrehed eedy nP OFHHlﬁﬁ%c Mﬁcglpl i::pél&tiedenq@ul&rngmt Brotei); IPMRy RNA 111

ronoters H and U6. A si sequence can be used,

pol ymer ase

accor di ng(DIgCtln@re}@tlegm@teinn%a); danstieg domaish), pdl, éﬁp‘f‘bs& on
roduct I t |1 ul

onpar t et BRiE i phap @E@?%R*anﬁ%ﬁéé o tedRudy PG S 81 Ver oo

vi a i nt acsPK? r(Splﬁhg&m‘éaymaMI P30, @Hilg(l@dlosmqu@ﬂmed)l TrpsBoRes, Edad| ng
frame, such that th? expre S|on pr o |nt rest is secreted by an

engul fi ngVEGIF (asey ya t&he ucilaefer)p nfn eﬁé&%u@%#mswwé@hs in

keepi ng Wﬁh Oggge )hosen treat ment par adl gm Illustrative signal sequences
i ncl ude t enol’'ysin C-term nal secretion sequence, described in U S.
patent No. 5,143,830, the BAR secretion sequence, disclosed in U S. patent
No. 5,037, 743, [0898] With repayd 40 HE¥ quleeiean, progats melugie HINethsHéﬁzlqonﬂéept i de,

descri bed,,i q7. ts,of Functi Jn
poi do. [ 005k HYNet SHS Ortror Ly Eage LI G0 CROR o bd FeeblF aMicne o
transcri pCCRfs (eheicki® fecdpi@l. pronotes drug resistance, inhibits apoptosis
or pronotes a neopl astic phenotype. Successful application of functional
nucleic acid strategies in these . .
[0099] Because of tumor cell heterogeneity, a number of different drug
resistance or apoptosis 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 designed 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.

III. Method of Overcoming Drug Resistance and Treating Disease

[0100] 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 (c)
delivering a drug to the target mammalian cell. Preferably, step (c) is performed after

steps (a) and (b), to allow the functional nucleic acid to diminish resistance to the drug
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contexts have been achieved in the art, but w thout the benefits of
mnicell vectors. See, e.g., Sioud (2004), Caplen (2003), Wi et al. (2003),
Ni et h et wb.20¢62008)%, Capl en and Mousses (2003), Duxbury petr/iB2oos/(@300¢4) ,
Yague et al. (2004), Duan et al. (2004), [0095] Proteins that contribute to
drug resistance constitute preferred targets of functional nucleic acids.
The pr ot eiPRST fythe gig’s ladménisteatimnuDebiversirafgthe edrug tamdciatrodudtionr ofhehiec dr ug
resi stanc i ed cells, such.as tunor cells, initially respond to
drugs, but cﬁ(@ﬁ%ﬁ’? % °?a§'°§ G\ LS csoﬁfﬁescélaﬁ%ﬁ’tmta%é?f i SH’S}@Faé‘g?uslbhe resi st ant
phenotype is acquired. Useful targets involved in acquired drug resistance
i ncl ude ATP bi ri@ll01y Avassiatg etot Hensipesrtions &ugh sy Podl JARRFL &y 4af- 9P

P- 170, PGYI ﬁ\f\%%il . ABCBI , l‘J\/DR associ ated protein, Miltidrug resistance
protein 1f° ol MEANDREST aupmple; Aings mpwube rdelivered norallvis pareitaraly

pr ot ei n), (iBERR1 r Nt (X=ToTMe 1B e [ ncogene), a
STl -571 r(gsi st QEI(;S;ED gustggégggl? ’e?:lnt%lrvglt%%u?%,’ llF‘tung r lélg I Tglzrgggrﬂgﬁ%a@gﬁ&bcgﬁ ei n,
cycl ooxyg&Hasien)? topinatly staanslerotatly ok &p izhalatiRECThe Xppoyriatk asctecsdgligsrgnt i ng
group 1), cision crossco e tin ene),..GSTPl (d utat hi one
S-transf e?lgcsﬁgi{agérﬁ%%a ﬁd&%ﬁﬁmlﬁf F%ﬂﬂ%&ﬂtﬂ\o%ﬁql@n eégaha[tsﬁ are
additional targets involved in acquired drug resistance. Wen previously

untreated cells faila.to D&ﬁg)DIilvelterQ][MilﬁéellﬁDr? drugs,_})he_ resistant
phenotype is IE “PSI@ An exanmpl e of a protein contributing to intrinsic
(}_—!IQZ A gu

resistance is ghe diug; dpivery; mpy asgurpYist einmgntiopalo@eansUslelivary t ar get s
al so i ncl ygeniH i L (0} l I nce, These

i ncl ude Bcl -2 (%ngééiqﬁrefegﬁgéglﬁ)a lf 5%%{%%%6)‘” 9‘%@&%%@ dkﬁ%ﬁaﬁt{l ¢ ?1835@6 adhesi on
ki nase anthapB@alizntcgHs cam be sicrefFady te-iomatacted by grgaed ithdigninicens dee

oncogeni c_an tant .tu syppressor proteins, Exanples include b-Catenin,
PKC-a (pr %I{%eg %crpég%d;s“é&hcg?ée(‘f%ﬁ%dﬁas PVfE‘?‘F‘pbPWﬁBéaﬁc%‘%g Hﬂﬁcsfh@!'i case,
DNMTT  ( DNBadkegday IniineBs @aasPanblect L amfnkdliacdii, “iek n&?i@ht&{xg-pﬁé%ﬁa n).
C-Sfc, 53BPI,, Polyconb group protein EZH2 (Enhancer of zest 0 ogue) ,
ErbBl, FImpieglsesamdeliver qrig tanthp semel memmalias el | This disdoveay lwas7) |

ot SR PR BB ok HERT Rt BORLEL ol b Rl o ot 10

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.

[0103] 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.

[0104] 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 cells do not normally produce

the drug.
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(Kruppel -1'i ke factor 4), tpt/ TCTP (Transl ational controlled tunor protein),
SPKI & SPK2 ( Sphi ngosi ne ki nase), P300, PLKlI (Polo-Ilike kinase-1), Trp53,

Ras, Er bBvo vis@21go¥ascul ar endot helial growth factor), aod/BAGsb03614
(BCL2- associ at ed at hanogene 1). [0098] Wth regard to H V infection,
targets include H V-Tat, H V-Rev, HWif, H V-Nef, HV-Gag, H V-Env, LTR,

CD4, CXCR4 (chemo#i Béth ngaﬁ@hnfc)anan@d@%bl(ccaﬂ@gmﬁnr& paCkapRt of IninicBIR99]

Because of tunopr cell heterogeneity, nunber of different drug. resistance

or apopt d¥i §repdRg 3tcRReETBHOM GERFeHtERf tbé dsp bgyespan exiraceliylar mediums
Ther ef or ?conu‘rﬁ %%ﬁc‘eﬁ?%d HE 'nﬁhféeﬂ%g%zﬂééﬁled \’*fﬁbbnnﬁlteh%ca 1&hﬁe&ﬂ}4{3“t lon
C or 1 nst |

may require change over tine. nce, I opsy sanp es reveal new
mut at i onsconkedrs  aighkt diug @oacgntraton drangthe mihmbhrcy@plasqnedlef drog siafiNfly can be

desi gned and encoded on a sui.tabl e.express on md, whic s transforned
0 i APYSS| O Qs GOAGEBEE DR s ks e PRSAT & R VB e

reconbi nadbtncé"ﬂtﬁ't@ﬁ' r§d1&$1a£s @rvers@dinhdweiﬂ‘e.erﬁ@ drig afds et hér 8eduf frd drug
resistance. |11. hod of Overcom ng Drug Resistance and Treating D sease

[ 0100] | nmipicsilser aspect, the invention provides a method of overcom ng
drug resistance and treating a disease, such as cancer or AIDS, in a

subj ect. The :16@ ?JEW hiRi ngpﬁr‘ﬁgecu gogfr?al gﬂérﬁasm Wt GBludbid Qﬂé

contains a fun nuc el c acl conprléln
segnent tdhags mmabl@ean be dissavedinadn armodmlam sodvent. n’f’)d»rmuinple beﬁtteceﬂ ban

function ucl ei c aC|d e s t he or ftr t of a
protein tMafissalvifbined d]rgg &é)geg]f Pgﬁ‘?g[?% ?lﬁﬁtﬁm‘ f’tE 1Bt o
contact Wy hf(ﬁlotv@:'agc%t a 'aﬁm"'@ﬂ irﬁpBSQBlachéUé:Q sbliondTPLREANEA! thatis Gy engul f s
the m ni celf and (C) delivering a drug to the target nmanmmalian cell.

Pr ef er abl cyllut@d &p agegoup anz;ba fand reatriesf mémmet epoulity)ofaihd C(raamc tsolvam tw t he

functlonal nucle acid to dimnish re the prior 4£0,the

i g s adieHstibiecfud sbfalparh Tohliohe MM rer bt PEabRRPER BF A
functi onaiediufl €rCdragiléadiag) ORM) tHeOMSEtbisi &ﬁ@é@(/cretlnthaﬂyvdﬂ Hedropligbic

si mul t aneously. [0101] Accordi ng to the invention, drugs may be delivered

by any cofventanghiffisaiatoibe crgplasmptpinicelds togs Wﬁ?al?&hc?é‘ldl tb@,a%m@a W1y,
par ent er aéiéﬁﬁﬁcant cytoplasmic drug load. This is unexpected because the minicell membrane

is composed of a hydrophobic phospholipid bilayer, which would be expected to

prevent diffusion of hydrophobic molecules into the cytoplasm.

[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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(i ncludi ng subcut aneously, intravenously, intramuscularly, intraperitoneal
ly, and by infusion), topically, transdernmally or by inhalation. The
appropri ave 20mae19f del i very and dosage of each drug i speaaBiopso3ei4
ascertainable by those skilled in the nedical arts. A Drug Delivery via
Mnicells [0102] Al though drug delivery may occur via conventional means,
del i very APHsTceendations gichf at dhe gpie endading g drug e tiansceibedrandhave

di SCOVere%ahh%dmiéﬁ%iﬁﬁgﬁm ian cells can be successfully re-transfected

by targeted intact mnicells that are packaged with different payl oads. For
exanpl e, si RNA-encodi ng pl asm dpackaged mnicells can transfect a mamal i an
cell, after which dBug- pdkeged nminicells can deliver drug to the sane

mamal i an cel |, k $v.di scovery. a surprise, and indicates that the
Mtracel utar MWLDrEES SREERY i He Mnbici, e bep e B logiebs

rel ease ophanpvloghallnadtiesuBReceithitifodad PaLikd 18 bAERL ARl GRS S
remains fully functional after the first round of transfection and payl oad

del i very. apiyeds|partirulabumammels and derwged Pruga mapar dnerganini @ebigaticom t he

functiona c i . s d .encodi. t he .functjonal.  nucleic acid.

Al ternati \L}%Iﬁy t _h’ew %‘g l?rrléll;[/d? Og" @5@\95‘&&0"4‘_@% REO??BH o adds, aﬁg spgll _

f unct i onamaesalesj anyacf whivh mayibe chira@briged of @REAEBEZID eTﬁégnﬁlay @ea, nucleic
S

acid nol ecul e. Cg(;tai n dngs may ipteract with nucleic aci and precl ude
co- packag'HPBr OS> artfCRuchei dnghanged n melecylgpe mqlpedar | cpoplessanpl e,

Doxor ubi CpRariiacHBgMaIY Acdeptdbld ShitsMshith RV dicgglﬁ)éi]de,ﬁh?cflr%bao%i & ?ng cel l s of

the i nvention con?l_al n a sufficient quanti tyy rug to exer rug' s
physi ol ogilausate, alpiiatenphosplegé, ontrite friiteae, mmate, dcataye tmaledtd,. tatdasg ofaes, er abl vy,

drugs contaj Lk hi n.the.mni.cells are heterol ogous, or foreign, to the

ni ni cel | s,g'mr%gg%’ \r%& [ﬂheaklkef hgorn?‘ch‘%ﬁélﬁgss’ Sagtirogﬁ’?etglé’c S Pr SRR FBORbt

normal | y_foreslsiaplcl dexetnig dhfiimbai bohuels ODBIdifre2Bariydsapnan e dr ugs can
0

be packaged in mnicells by creating a concentration grgdi ent the drug
bet ween efSIE@pdaBYqes Ao ¢Avdbaunsedontt drugi that isiwitereinsublactan the usediircel |

cyt opl asnmy, Whek it hewsst lul-ar. ' ntains a higher dr :
concent r ajtoi on t _hlan t he %‘lﬁﬁ% d P{I%V?gg%rgés?m&o?%gIb%‘?eu%rwggm {hqe\?%l,%hlch
in either instance, or by its delivery, is converted by enzymes, hydrolyzed 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
vincristing), the anthracyclines (e.g.,, doxorubicin and daunorubicin), RNA
transcription inhibitors (e.g., actinomycin-D) and microtubule stabilizing drugs (e.g.,
paclitaxel). (Ambudkar e al., 1999)

[0112] In general, cancer chemotherapy agents are preferred drugs. Useful
cancer chemotherapy drugs include nitrogen mustards, nitrosorueas, ethyleneimine,
alkane sulfonates, tetrazine, platinum compounds, pyrimidine analogs, purine analogs,
antimetabolites, folate analogs, anthracyclines, taxanes, vinca alkaloids,

topoisomerase inhibitors and hormonal agents. Exemplary chemotherapy drugs are
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noves down this concentration gradient, into the mnicell cytoplasm Wen
the concentration gradient is reversed, however, the drug does not nove out
of the nmiwoeeddrisdt0106] To load nminicells with drugs tlrat/mBmosedssys are not
wat er soluble, the drugs initially can be dissolved in an appropriate

sol vent. For exanple, Paclitaxel can be dissolved in a 1:1 blend of ethanol
and cr enopitiotykln-Dp allyeeid) oxpl @t £6as6d5510) ASparagindse) BIOWU, Bicalutathidef i on in
PBS to achi eve a solution of Paclitaxel that is partly diluted in agueous
medi a andBleamysiasBusulianelapsaitibine Carbopkinelahaplatiayn, eamusting » that the
drug rengd ' | ugd M Ry : he | | hi Lpak medi um
for drug }E)lgr | ng‘;ﬁﬂ*l'ﬁ%fss?l '3;[1%,(3 @ﬁglgllﬁl%l ?)’r S(\é’lfj‘l; gg’ovgfég%ﬁgl%dngsée’n %‘%ﬂﬁ ggh’obi c
drugs carCybdiheis arabinasidehe Cytoxapl admcatbazinei cBhattinongycat hi Bsmoautidigh and

t her apeut i cal | i qui ficant, cytopl.a | oa This | ted
boonue. IBTTAIAES oosiaRs MraorNis b bl EhS e BRRRRG | pi d
bi l ayer, mbkeHiNgulluddeatirddeH@Fohracil Femmidy, f FefnfiRtind, eeabab) ¢

mol ecul es into the cytoplasm [0107] Another nethod of | oading minicells
with a dridercenting| Hexamethylamiingg Hydwapwish.nddarupiginenifopfantids; i iinatedan, under
condi ti ons_wher ei ren | | . | ates a
nucl ei c gﬁ:?%usglﬁg’o@faﬁggﬁeﬁ%mgﬁjglg\? &@&ac{]d, iulluear aﬂt(#]pe‘ﬁ@rg{}gl%:{hg B?%qtg’g\g géﬁ?ﬁ? o the
cyt opl asnvigtbtahble plit@htrégt eOk4lplaiiml | . Pactitaxels anfinsidromage nPentastitiay

encodi ng the ce]lul ar biosyntheti at hway. for a desir ug can be cl oned
and t ransl?lé%ap’é(élm? Rf‘l?aépaﬁ‘é%ﬁtt_mﬂﬁ@geg?‘*éﬂ“‘%tﬁ"&?f?zf’ﬁat g?&'gg]agéﬁg@%?mpr oduci ng
m ni cel | sp, feh! ?ﬁﬁxsfdi&ﬁ{deﬁbéﬂg?ﬁ&q THrﬁiiiﬁé,aitHi&EhaﬁiBe ﬂ%o&ﬁé‘,er&ﬁdtﬁ:k,er

t
results in biosyhthesis o ug within'the tyt o.p’l asm of” the parent
bact eri al Tapettdcay, f Trdosulghahe Tameteexatd, cYinblabtasm VWinbristine, dMigdesingen t he

parent bagterial | di viges. and fornms progeny mnicells, the mnicells
al so con?gwr‘?retlﬁée’c\?%’d@ ‘H‘dt)ﬂeg?ﬁia‘cyt opl asm The pre-packaged ninicells can be
purified by any of the mnicell purification processes known in the art and

descri bed abov@11300&3h &inbérl chemythepap9tdrags 418d fethdefalkydaihigngents sugel | s wi th
a drug involves culturing a reconbinant mnicell that cagntains alg
expr essi o#f Prigisar ané sreJesnhgsrhseads; glkyh gukfonaggsuch gh Busyiéan. dmgrosplign gene

encodi ng fhe pirdidiths GLLiRARES I R &"Benzodopa, Carboquone, Meturedopa, and

Uredopa;  ethylenimines and methylamelamines including altretamine,

triethylenemelamine, trietylenephosphoramide, triethylenethiophosphaoramide and
trimethylolomelamine; nitrogen mustards such as Chlorambucil, Chlornaphazine,
Cholophosphamide, Estramustine, Ifosfamide, mechlorethamine, mechlorethamine
oxide hydrochloride, Melphalan, Novembiehin, Phenesterine, Prednimustine,
Trofosfamide, uracil mustard; nitroureas such as Cannustine, Chlorozotocin,
Fotemustine, Lomustine, Nimustine, and Ranimustine; antibiotics such as
Aclacinomysins, Actinomycin, Authramycin, Azaserine, Bleomycins, Cactinomycin,
Calicheamicin, Carabicin, Carminomycin, Carzinophilin, Chromoinycins,
Dactinomycin, 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,

31



translated within the mnicell. B. Drugs [0109] Drugs useful in the

I nvention may be any physiol ogically or pharmacol ogi cally active substance
t hat prodmoesos20®si red | ocal or systemc effect in ani raraB2sodsscul arly
manmal s and humans. Drugs nmay be inorganic or organi c conpounds, w thout
limtation, including peptides, proteins, nucleic acids, and small

mol ecul esCytanapinef Didésiufgined DehifiRdih€r Eaedtabinel ITIbArALhS amed-FOhey may
be in various forms, such as unchanged nol ecul es, nol ecul ar conpl exes,
phar nacol 8gragsns y saele e s afiabusieapnes q@ﬁ?&@%@’ﬁ?@ir depmignatee | Epiigstaptlon de,

sulfate, ﬁt?&s&ne,p%ﬁés%lgc oxI‘PJZ %ﬁﬁﬂxﬁ}éﬁal ”éa&fti hgimiﬁﬂgflﬁ%%?mid@%*g?agfaw ate,

mal eate, tartrate, eafe, éa i'cyl at e, an aci ugs,
sal ts of amdt al'slostang;nefblior acidgamplenishdri crush fasr feotiangp| agid;quateglatracy

amoni um can be used. Derjvatives aof. drugs, such. bases, ,esters and
ami des. al EPRReRPRSIIR Bcosidel Amipalafiniccielf Apsartins R e BERM RS i n a
f or m t hatEda¥raRaté@befof&RinePDEmE&I¢iMe DMSighHes; FHoritind Tl dptPHASE a6&hteyat i ve
thereof, which in either 1 nstance, or by its delivery, is converted by

enzynes, HFpdiugidyzgallipp wmiteateiodydroMyuise; Hyensinpsr Liopidabione; c Mifageazones to t he
original gherapeutic acti vey: | ef Siﬁ!!jﬁ .

chenot her%&gﬁ?ﬁ?%g’ge%{l@{dﬁn@ung\éllgrg%r% éa'és?é/eé%aséagﬁt sfﬂhggérg% neIrsl, cy?lcr)lt oxi c
agents, nptdophylithicCadi@maindbydrizid; OPtarbezihgOPOK®S , Rizepd; ofizofrang
pro-drug activating enzynes, which may be naturall Cﬁurring or . produced

) . Yy R Q !
by reconb?RIERETREN B stenpazpnic] asid;gdridggongy &2, at4 «%)étt%h prptigtidaming

mul tidr qufe St afG&eshaY e [EEfaﬁltbiaﬁHL;ar hhdthhdtiden. ?oﬂr&‘ﬁlﬁﬂ;t | RflolR4AN as
vinca al kalordé (e.g., vinblastine and vincristine), the anthracyclines
(e.g., doBipobrioimann GaytakinenoAwbindside, (RAA-CPanexlophosphamidhi thiodiPs; (e. g. ,

(Ambudiar agtiok 21 Bgfagh {5 Bnup b s ERefloey BBl RBH s are
preferredayfdr Udioxetd@lf UL T AROTER B MRhBRI-PHMesd URordrNClAktEnyi t FREEd);

nmust ards, nitrosorueas, ethyleneimne, alkane sulfonates, tetrazine,

pl at i num Cbleramhvedl; Geycitahing; fothiesiirnigs; Mstraptepuringi| Mgihotrexate; platinum
analogs such as Cisplatin And Carboplatin; Vinblastine; platinum; etoposide (VP-16);
Ifosfamide; Mitomycin C; Mitoxantrone; Vincristine; Vinorelbine; Navelbine;
Novantrone; Teniposide; Daunomycin; Aminopterin; Xeloda; Ibandronate; CPT-11;
topoisomerase inhibitor RFS 2000; difluoromethylornithine (DMFO); retinoic acid;
Esperamicins; Capecitabine; and pharmaceutically acceptable 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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antinetabolites, folate anal ogs, anthracyclines, taxanes, vinca al kal oi ds,
t opoi sonerase i nhibitors and hornonal agents. Exenplary chenot herapy drugs
ar eAct i nonpeoewd21894l ker an, Ara-C, Anastrozol e, Asparagi rasap2085/09e4

Bi cal ut am de, Bl eonycin, Busul fan, Capecitabine, Carboplatin,

Car bopl at | num tine, CCNU, Chlqranbucil, Cisplatin, Cladribine, CPT-I
| q‘?m obﬁwmm,ﬁe@wmm&m@%mb t groygh rfggtpaeem@%x@ﬁc,ental

Dacar bazi pRtogBRC i@ MiedrBsis FaLBRE URIACLR, mBBXAAZNMIEng RA685R% Imouse
Doxor ubi cin, DTl C, Epirubicin, Ethylenéi mne, Etoposide, Floxuridine,

Fl udar abi genadpiropn@gsasinted paptide;aimhibén; acbvianvascillae endoginadial goiwth fadten; cept i n,

Hexanet hy 1.ne | ubicin,. |.fosfamd inotecan

Lomasti nertialic meb MRS Erbo ARE BLEM I GBI Ror RulfeRr Bdurn

M t onyci nfachdri atmsfiernmibg igeosaht faotoss, (TOE ispélakd TGFPaGh tIANE; id3anhikenat e,
Pent ost ati n, gl i canyci n, Procarbazine, Rituxjimb, Steroids, Streptozocin,

STI-571, Svepessesd and -Hagmtipreietim GrRQb osipaductiverfagoni msrferensaigh ne,
Thi oguani pe;ntethGH-gP: zanaqwm STRRR e A e tors (B]E @E{i‘?s gl-gf:faoﬁgﬁé;ﬁgf%lgg’

Vi nbl asti ne, Vincristine, si ne, Vinorelbine, ,
[0113] Us&¥tCSEagranlalytermadreplagy-CHHIEGMaCSD);i andl grdsulatkyC8E (GCSHENnt s such

pr osul § Eeae e Do bt gt fre Ak dtch 1Ll abr diigpdl Tedb dodlsche.
Met ur edopd,-12ndL Wb eHOps; a @hkiyt B8rdio FactenshoRBishYNRE bANTNIRS; bAE loudk ng
altretam ne, triethyl enenelamne, triet ilil enephosphor anm de,

tri et hyl eRelypswsidndeptaeoimehdine hHd and i etiggndo(fehk| o need hereinodemtamust ar ds
such as i i I i I tne,
Font am qoy OSBRI piole s MRALAAAE sl GRGR AR Kifns FoH ERATIE bhd

Mel phal anbiolipreallyiaetiverequiRfdsnesofthe ngtiveRequbncerugbkines. Tr of osf am de, uraci |
nmustard; nitroureas such as Carnustine, Chlorozotocin, Fotenustine,

Lonustine, Ni (o d Rani nustine; antjbiotics such as Acl agi nhonysins,
Acti nonyci n, AIDASEEDe dRissamix dhe RisdRigse SHERANRRIY CofivARE P irprodrug-
Cal i Pheama&lv'atireg%hf’ﬁh@ bt GRAVERNIPLSArlg 16RT Z pBRRIYL | chBmofHRFDBRE N YEdnR'S -
Dacti nonyci n, Daunorubicin, Detorubicin, 6-diazo-5-o0xo-L-norleucrne,
Doxor ubi ctamn &sivesticiancerElug.utdieei ag., MR/ @T378; NP 811Gy U, Bdtandnyci ns,
rrycophenoNo(; 4,%955’78. 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.

V. Directing 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 engulfed by the mammalian cell, and the mammalian cell produces the functional
nucleic acid molecule. This targeted delivery method may be performed in vivo or in

vitro, or both in vivo and in vitro.

[0117] Contact between bispecific ligand, minicell and mammalian cell may
occur in a number of different ways. For in vivo delivery, it is preferable to
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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Nogal amycin, divonycins, Peplonycin, Potfironycin, Puronycin, Quelanycin,
Rodorubicin, Streptonigrin, Streptozocin, Tubercidin, Ubeninex, Zinostatin,
and Zor ubWoi2nge/mingois- met abol i t es such as Met hot rexat e aneéchaBloosn@draci |
(5-FU); folic acid anal ogues such as Denopterin, Methotrexate, Pteropterin,
and Trimetrexate; purine anal ogs such as Fl udarabi ne, 6-mercaptopurine,

Thi am pr i gigpecHiRdliddtidogtRRdNRiniBA! irddcHEs theaRidgR OIS HE Rives Aeidatibelnge,
Azaci tidine, 6-azauridine, Carnofur,Cytarabine, D deoxyuridine,

Doxi f | ur i Wisnesificiigand padhmiricelpanberseparately administersd indingr ogens such as

Cal ust erone, Dronostanol one Propionate, Epitiostanol, Rnepitiostane, and

I
Testol act one; (3gigy @ckiaABkweah itk BspRM0RhiL, gfllﬁic@]lggnd M cotnd

Tril ostane; folic aC| rep eni s inic acid; ace atone;
al dophos pisminde oguy dosnglene ammow|ivsubationson adial ; Inmmam’qodanerﬁdhe thagsuci | ;

Bi santren at raxate; fof am ne; De ol c azi uon EIfornlthlne
el lipti nleﬁ?ﬂ“érg%?rﬁtlgcu e&ge %%f‘ﬂnﬁlgailop?%ﬁﬁia?#é eiy E EQPOILe‘% nan;

Loni dam ng; pdddradazenene bkdrdardfrOuep Wﬁph%{ﬁrﬂaﬂm nlNhtcen@rammem speMost atin;
Phenanet ; P| rarubi ci n; podophyllinic acid et hyl hydr azi de; Procarbazi ne;

PSK(r): Rigassnmre:firs lz@fhareértog@mrrt@&mwbzﬁmﬂﬁc lﬂ@ﬁda‘%ﬁﬁeé migicghls, yhidyi quone:

2, 2',2" Uret
l\/!annormstalI %g %F%?%‘ﬁ. t%gk}lncfe%lls rlﬁ apgﬂﬂﬁrl poa@%ﬁgﬂggeﬁgacl?%glﬂ%g&e% abi nosi de
(" Ara- C')incutyaeddopitio sppia e s folﬂdsW@tll:‘;Pm mt:abmmdswtmmgncelﬁao& combimhtignr AXOL(r) ,

Bristol - Ivyers Squi bb Oncol og Princeton, and Doxeta OTERE(r
Rhone- PouflePie REFBATE JntigAy e hatigns jnd o Br%ﬁszﬁﬁat@@ ioamaﬂpg(mg ()

6-t hi oguag /&;E%lﬁc aﬁé@‘%ﬂﬂi&éll{'@nd m&ghﬁrﬁﬁ?%e@celgllﬁﬁdaﬁfﬁb@-nal ogs such as
Cisplatin opl'atin; Vinblastine; ati num etoposide (VP- 16);

| fosfam de; Mtonycin C M t oxant r one; \/ ncri stine; Vinorel bine; Navel bi ne;
Novant rone: Teldil BisThie invBaiono fgunidnthainthen tsgeted delivesy paroachandrendht e; CPT- |

| ; topoisg n | i ) ;
retinoic %Dgﬁrg‘{bq%?o Lerag 8Ifgl£‘a;nﬁegha§m ﬁ 2 Bﬁﬁg&lﬂgngﬁ?%lg{llﬁacewg %:é;ﬁ%ﬁ(agggpept abl e
salts, acfotpesific delh¢svcﬂt andeéndokytakiy oﬁfmlhhellﬁbEUﬁexaﬁd;ﬂQ bispetifidenhtibody

anti - hor npnal agents, that act to regulate or inhibi t hor npne acti on on

tunors sulgands Witk i‘ntbg)rﬁ%b%ﬁ@aflﬁélsﬂ?ﬁlfﬁ%}tﬁ B oax AFP| A TatiERE Tecaritoxi f ene,
aronat ase, dtf)ﬁt}p'r%&ébgord'&‘sgntf zmcﬁi@gegl I@§ept& specificity on the other arm efficiently

bind minicells to the respective receptors on a range of target non-phagocytic cells.
These cells include lung, ovarian, brain, breast, prostate and skin cancer cells.
Moreover, the efficient binding precedes rapid endocytosis of the minicells by each of

the non-phagocytic cells.

[0120] Target cells 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 cells 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 is 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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Hydr oxyt anoxi fen, Trioxifene, Keoxifene, Onapristone, And Torem fene
(Fareston); and anti-androgens such as Flutam de, N |utam de, Bical utam de,
Leupr ol i dwo 20ewh2@serel i n; and pharnaceutical |l y accept alpce/mBalossosceci ds or
derivatives of any of the above. [0114] Useful drugs al so include

cyt oki nes. Exanpl es of such cytokines are |ynphoki nes, nonokines, and
tradi ti onglanpal Fareghingt:, B bispedific antﬁmbzunkmaﬁré@ragaltslpeclﬁymekfdia&uﬁh& growt h
hor nrones such as hupan growt h haornone, N-methi onyl hurman growt h hor none,
and bovi r@r@oamthoméﬁ%rhaély é%rr@ény%ﬁ minies osnd fqrrﬁ/ﬁwiaCﬁecommgmt. o

roi nsul i el.ax I r I
Gt i at 1 pch St lian il oo buee SRACHRL ) DrbR P BRSCEHCY B fget 1 <1 ©
| ut ei ni mmghmaﬁmmeel(shlﬂ)v;t@anhzbumagrl@wﬁﬂ li‘gandlswlso include Idcaptoryy enmynkesf act or ;

pr ol act| | acent act pgen; turmr ne S ac or a and -b;
mul | eri an® ‘P%HEIBFWC%@ rlé‘ t‘:gﬂ%eéw @gmﬁi Sassoci ated pepti de;

i nhi bin; activin; vascul ar endot heI i aI growt h factor i ntegrin;

t hr onbopoi et | n[o(lmorhe fefdovien Of #phrfichlaci@ing iSbabe ag t\b@ﬁnmr;péraéled e%) growt h
factor; transformng growh factors (TG-s) such as TG--a and TGF

i nsul i n- | spReifigriinding @ eneor marpdomains q thenvustaes ef infaqtpminjcelly apddithduct i ve

factors; f t | ati ng
factors (gégf:'ﬁ)"% lﬁ%@ 52%%C£§B%%g§n@&0%%&ﬂ§}f&gfoaﬁfgf oc e&nn%crsg% age- CSF
(Gu CSF) ; hmds @refembbclya\e aCSFst (aﬁﬁSEat carn¢sespeeificitysfof laLlsa)ctesmﬂyn desvéd - |,
IL-la, IL-2, L-5, (ﬁ,lL-?,IL-BHILQ | L IL12
IL-15; a i AREH G PGS fid % SECPRE. Al af (garmes Sar s efor

pol ypept i gdembRghRr1li Aftaddi ighckhd apsbnkbf thd gRQdaddsdecondSaraiethapesei n, the
tern cytokine includes proteins fromnatural sources or fromreconbi nant
cel | cul tmpkivaledt. Rrofeoably #achyararisimanospagifica een i€ myftivalentnat i ve sequence
cytokines. [0115] The drugs nay be prodrugs subsequently activated by a

prodrugacti vat ‘Oiig%]elggr%ﬁ?dlhgﬁg b&NAAL R @ecpfn?rQEé’lg Ll 1&8%%32@9%{ gr)[é argy

chenot her apeut active an cance

88/ 07378; ofV\Qh81/h@indl4ﬁ), bé SspebHicerfor Nthe @-@Bﬁrsé’c?oﬂancﬂm gmmmmht; cbfhea enzynmne
conponent . i ncl ude enzyne capabl e actin rodru uch a way
so as to ]éRRP@Lﬁa‘? a’i‘ﬁiﬁ (foﬁni‘g o the Qéliemlg’a“@?fﬂotcglil c th‘lrornfmmc 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.

[0125] 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 receptor 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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IV. Directing Mnicells to Specific Mammalian Cells [0116] In one aspect of
the invention, a mnicell is directed to a target mammalian cell via a

bi speci f iwol2o@andso4as descri bed in WO 2005/ 056749. The kpicspemioshaseid gand,
havi ng specificity for both mnicell and mammalian cell conponents, causes
the mnicell to bind to the manmalian cell, such that the mnicell is
~engul fed bryasthdumgrmmcrfalﬁ ewd | gasanhitdstimlrrmmlchrainoumlsl (Mastaite2003)e

functi ona ucl ei c ac cule. Thi eted deliv net hod ma

per o nedtTEGinviscestis (HER Ftencse g Ph wib SaeiT, YRS - Cont act
bet ween bb&@@C lobargan, | @], lufg, npﬁﬁiate ahd Jpeal éa%@er@edl-iun@ab’t aecroonn a
nunber of different For 1n vivo deliver IS preferabl e to

admi ni st eppidermiahigeayth %ﬁat reseptondGRBS whish s i@@y FxRressegand mngached to

it. Thus, nttuﬁ'l%llg lnclm r?%e ﬁfo%e 5t ltﬂdegﬁfaegstap&gt ﬁ{dgr%ckc rk sr%I ﬂn Rl Eiﬁlgg gﬁl&;ht into

cont act V\i‘l | Speci I gan n ni cel reachest arget cell
in vivo. p\dostatenaswmby eblcspem%)Cakla@gtydommm rcerbl (Smiokére depftatel y
adm ni stered in vivo. é }1 C& éact bet ween the bispecific |igands,

m ni cel | s™ Ge%rr’f%l?l?t%( wehs 12P2h ?f:égmoewrnwpm&%ﬁ@eawrmmch dgubat i ons

L hee. QiRteRRe FRTROAIGERRS (Al ENLES 19VDIHbRbIN: Surb RBY B G loB0EE Do Al

at once. Al'ternatively, Step-w $e incubati'ons nay for med
exanpl e ofFGFR: epichi 1sevqpmres§c¢h on pamireasic] chlcmﬂmdd@ocapmomaloellk (Kleeffer ar e

first incupa to eth t o, f,or.m bi s iclia nlclls,

whi ch are? }t’jhgﬁa?)n %SQP vHOFPelhg" R@é ﬁtagtorl ﬁe% S8t h@;}‘g(gﬁlgﬂp?]%r aﬁl?speci fic
l'i gands asfriddensdis igohe! Bakras méchext of @B} 2063 had Hohidaweda/Qy20m0);i faebat i on
with mnicells. A conbination of one or nore in vitro i ncubat i ons and in

vi vo admi ¥EeRtPht WBish i selestivelhravetrxpressrdciin | 0% i ghm@amugingie eiviesamnd
mammal i an, fﬁlgﬁgs %@bgséhﬂ @h&’ 1S@NbGEE cellp %&r?zlce}%fco'c?l&ﬁ rtb%frﬁ eft%mq9§ at t he

t ar get ed I'very approach is broa ange of "hanfmal i an
cells, i nwdrbmhydgltea‘ed:eptdrha(frhunﬂnaleltyalar E994é‘f laad:tpuiymemx: smamnbgkobahlﬂnesi on

and endocytosi s of mnlc . _For _.exa eCJflc antib ands with
Bt <O polesSRee isTths CSFBLIF eepe GRSt gl Fibkesnd aliesstfs

anti - EGF 1@ @Rphnt 8f luﬂ@ﬁiseé’s@%&ﬁ%@ (YRGEEPILRSsiSRaRizk] &idly 1997yt he ot her arm
efficiently bind mnicells to the réspective receptors on a range of target

non- phagocytic cells
phagocy [0126] Preferred ligands comprise antibodies and/or antibody derivatives. As

used herein, the term “antibody” encompasses an immunoglobulin molecule obtained
by in vitro or in vivo generation of an immunogenic response. The term “antibody”
includes 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.

[0127] 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 regions are unique to a particular antibody and comprise an
antigen binding domain that recognizes a specific epitope. The regions of the antigen
binding domain that are most directly involved in antibody binding are

“complementarity-determining regions” (CDRs).

[0128] The term “antibody” also encompasses derivatives of antibodies, such

as antibody fragments that retain the ability to specifically bind to antigens. Such
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These cells include lung, ovarian, brain, breast, prostate and skin cancer
cells. Moreover, the efficient binding precedes rapid endocytosis of the

m ni cel | swbyo@arissaf t he non-phagocytic cells. [0120] TecgaBosbissiof the

i nvention include any cell into which a functional nucleic acid is to be

I ntroduced. Desirable target cells are characterized by expression of a

cel | surfagdode deghentst hatude UfabN fragmeltn da dfaginednt ghdatdoontaing Ithet aftégen-
endocytosjs.. Preferred target cells are nqn-phagocytic, neanjng.that the
cell's ar eblﬁélﬁlgﬂog%‘kéﬁl%ﬁ%g%ég"o‘é%}?ég?%& FPaicolri ?adpnféﬂ@@sl?n%@ﬁdm ic cells
and Nat ur @byihé | ndf, b’ ¢@h! shtibbl fﬁ;&rﬁeﬂt BhARlinS &l LingR! SRiRhDifmAgal i an.
[0121] Liga%ds usef%l I n @he t%rggtg delivery %%th&d% of { islinvention

i ncl ude adpmaigeomprisiag dHFalignd on additiohal qericeompbd Henheayy chainghrpeighdk¢ | and to
a surface .conponen ; mnicell. PBreferahly.. the.surface.coaponent on a
Car get - oahhet BEpT, EGBrdeo Eafcnpteptice st dipisk R BshAGE pORERR A6 g
endocyt oshifige Té%oﬂs! R tHEShdiRy ch@ife),iSBispeddié YRBhI [ MABcole Kaidpotwdlr at e
conmponent. Antibodies are preferredligands. For exanple, a bispecific

anti body amigen badingdomias. espleof whidhimay be diregied tn p slifferenrapiioneh 2ush

bacteri al Il . o . . : t ar get
ol | artrL o Gl Yekig - indfly GithatOt i GY ARRIEREROARHeaR) | P

t ar get machail ofam angibbdy limkeditogahearbgt ai chaini of amikésadidd.) | i gands al so i ncl ude
receptors, enzymes, binding peptides, fusion/chineric proteins and small

nol ecul es. [01 The sel ecti.on.of articular ligand i.s made on two
primary cri terﬁ’i.b]( p‘&‘egﬁé‘ﬁgﬂlﬁs’ bﬁ‘%‘ﬁﬂga %b%ﬁ'eé?ﬁm??gﬁ’ é:oagﬁgtier&artow TILe
surface obf thelahdsielyGRéfefabBNste (Of himaR gl 6r &k MddiBed & BNQiiQAbleNBf €
domai ns on the surface of the target cells. Thus, ligands preferably have a

first arnvsehiathumansi &So-eabledi“hpwpniged antibpdiss? aee wallkpowarintagl artnt See

m ni cel | r truet d t -1 ].e8S; LfiLeity for a
a1 an® Lo oS ek 4 108, by et EEL mBLlBeL b o6 hEoBRREh WhELY, O 2
mul ti val emt vitrBrisshenaiblty redeae lthedrr antigenitivg ais pdminianc , Metheds fdr Wamhdniziag ent .

[0123] For hinding to bacterially derived mnicell |t 1s desirable for
one arm o?m'lc%ﬁ ‘ePia.g‘“aﬁiGS"trgcévee‘é’péBilfJi c PRERSt ﬁ@‘ 6638403§a§8hérﬁ83@§80@%nem of
a |i popol ygas ehR1 o dernf Ry Gichpyt LR, RBh&edRAGbEdiLPhre Finked K3 HafingIthd cel |

sur f ace

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 et al., 1988. The generation of high-affinity humanized antibodies,
however, generally requires the transfer of one or more additional residues from the
so-called framework regions (FRs) of the mouse parent mAb. Several variants of the

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

[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 et al., 1994; Vaughan et al., 1996; Sheets ef
al., 1998; de Haard et al., 1999; and Knappik e al., 2000.

[0131] Useful ligands also include bispecific single chain antibodies, which
typically are recombinant polypeptides consisting of a variable light chain portion
covalently 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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structures that can be exploited for Iigand binding include cell
surface-exposed pol ypepti des and carbohydrates on outer nenbranes, such as
pilli, fiwbnae/m@mdsflagella cell surface exposed pepti decyagrwsnv@si4d 0124]
For binding to target cells, one armof the ligand is specific for a
surface conponent of a manmalian cell. Such conponents include cell surface
pr ot ei ns, hepeapédnjiated ndn drr drediydl batohsmicatie linkingCiheica aiitéodies coraintibody

unchar ac':ér

i zed. |l. surface receptors, especial]y those capabl e of
activati ag‘%’éspPgr%lfJﬁi%ﬁ?taﬁpQB‘%@HW&cy%eﬁs 4rpoY ?fe@li"r qe ?’QWB%‘UISF%e
conponent g dBéor RHatR G ARUER HEEEROleprodubibRVAANRY BAE 52SA 108 g t ar get
cell surface, confer additional selectivity for targeting the cells to be

treated, dshergem nogdalcinagodiéral pogladixsl | Bigpdeific ansibiodiss plsoccandie-areatefet cel | s.
[0125] By, way of. ex | e, one .may target t.unbr cells, metast.ati ells,
vascul at roaelids SEmeE R R dBPur T S el Sl ik Sinbiabitn LS, °i ung
cel I's, kighi@yd¢fhimentd! S€dGRahieSs abor®g7marrow cells, brain cells, liver
cells, and so forth, or precursors of any selected cell by selecting a

| igand that specifically binds a _ce|ll surface receptor notif on fhe desired

cel I's. Exanpl e183] Beqapseskial spdescFydlmapmsnts arr anangualenl ten 08RB NI ant i gen
(CEA), Wfﬁnitysf&vs‘?gefpgtﬁ?c%&@s.' Dml%&vorgol Eferrffcltiéz‘a'ﬁhprﬁ frdh NhesP@Ncr eas

and gastrol ntestinal”tract carcinonas rsha 003); heregulin receptors
(HER- 2, neammments @rdodhgd)ecredhintohdiimerit r teiqueeiatdr yetoneriexqonppstes to inctnasast |

ovarian, golon, . | pLostate and ceryical el s . al . 000) ;

epi der nal ﬁ‘&?tb%ah aﬁnﬁ'gftyoréereet%[ﬂﬁﬁsron(%& Qlﬁ%ﬂi 2%?%&%&%’?‘&%% ina
range of s@lrad, LUODS snd TelsdVa@ EMEEE2001. t FRcRIRafizateNG@ARNREA 2§ Che _
non-small cell lung and prostate (Salonmon et al., 1995); asial oglycoprotein

recept or ¢rétted Re chemicalgmylor gergliscfeagssilinks.ecept or (Si ngh, 1999); serpin
enzynme conpl ex receptor, which is expressed on hepatocytes (Zi ady et al.,

1997); fibrobl ] : F%:f@ i j ssed on
pancreatic duc@g?ﬂg%gﬁ%@é gg%@%g%?%ﬁpg&?ﬁflé’e ag%}y\%f:%dfg%e%@%gg@ﬁl ar
endot hel i ald, gegwpérifiadirar singleepphgonén/EEFR)nicdllsrat ant iecad gnd gpemBe forgene
t herapy (Becker et al., 2002 and Hoshida et al., 2002); folate.receptor,
which' | s SEAEEPRPRN SRRl eb i GG oo B Sisatts HBLLe SUENAFTER, of nomas
(Gossel i no@ngr b6@: erdR0%0r; exafiple, SHIth@d8rmd lof GOCAlIYK difBBliks, @fabddies adP94) ;

tetrabodies. See Hudson and Souriau, 2003. A diabody is a bivalent dimer formed by

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.

[0134] Several humanized, human, and mouse monoclonal antibodies and
fragments thereof that have specificity for receptors on mammalian cells have been
approved for human therapeutic use, and the list is growing rapidly. See Hudson and

Souriau, 2003. An example of such an antibody that can be used to form one arm of a

bispecific ligand has specificity for HER2: HerceptinTM; Trastuzumab.

[0135] Antibody variable regions also 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 et 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 scFv to
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car bohydrate receptors (Thurnher et ah, 1994); and pol ymeric inmunogl obulin
receptor, which is useful for gene delivery to respiratory epithelial cells
and attr agbi2v&/20894t r eat nent of | ung di seases such as CpsiriiB2065/00308i S

(Kaet zel et al., 1997). [0126] Preferred |igands conprise anti bodi es and/ or
anti body derivatives, used herein, the term"antibody" enconpasses an

i munogl o9 #MpkPaBIg bﬁlwm hasBepnpysefl o \areduge grinjiantippdies. gSae Pagk and of an

i mrunogeny i I specific
- mosoc] BeEABEOBSP: DOAfilHh pRRbL B orl L HAEME YL & Rljufreap

si ngl e- chié msahtd Ipoetincé ragpeeific smokciley (KAm]npodl @s H9Q) antj bhetyatdigt i vat i ves
useful in the esent nvention al so may be obtaine reconbi nant DNA

t echni quel2® m‘fcb%fri‘fa A %OI’E‘%}B%C%P? BB%‘PE@X%&Q/@% gte gfr‘ﬁv{é@' i FEERAM s, two

i denti cal sthRaes GRRIABSKAGK ihiOhdIEe RidpNay! dr Gt 19%%)' "Fnal BOHlsidny proteidf

pol ypepti de chains have constant regions, whi ch do not vary or var

m ni mal | ypmrSgcaahbet mi@nte% thet provades beth whliiserizatien e mielidseany adglitgors

Vari abl e Shs At ue ot o art anti body and conpri se an

anti gen bﬁ%gel nge(fosgep avi SF%P%S 8S’ 1gggloem fic epitope. The regions of

t he antigen bindi ng dOITB.I n that are nost directl y i nvol ved in anti body

bi ndi ng are "cwWnpl eDelitay td phagetrosis-ror vaddeyeistrdmuetdafedils [ 0128] The term
"anti body" als asses, derivatives of ant | bodi es, such as anti body
fragments that 01365 1R dRentipn o fert proyjsles fr c,dgiwngbbmnqaes it brapgiag

Suchant i begyerfa119 YRRK SmiM&dI4G8olBRtab M HITRRKNAI AN cﬁﬁgmﬁﬂﬁretpbﬂ%mgfb@fsa' ns the
ant i genbi ndi ng domai n and conprises a light chain and part o heavy chain
bri dged bgr enddcstobisicdmpbtent) Suétainan(nealiaanteilsodichraag waprble ofienguifing a

7 oL NN SR o 0D DL Tl " ©

j oi ned byergulfahe fahibelth), amid‘hlrél@amnaspmoatdhﬁtdlhagﬁopﬁ%@m&haﬁlhﬁh&eavy
chains), a bispecific Fab (a Fab nol ecul e having two antigen binding

domai ns, eAksh This dehiveny appspaplecaf l?eeq,ffeétfdtvaﬂwumhewé? ehtargsipg digands. and an scFv
(the vari abl e, antigen-binding determ native region of a single |light and
heavy chai n of (gR7RAtVReAYof h 1§s- )
[0129] When an{i Eo]g‘lﬂesa ﬁ’noc ué(}?%gséﬁgﬁ g%s ln@%égﬁgnﬁés&ggofh%q}ﬁip g&pgrt or

al | 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 et 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 to less virulent bacteria,
such as non-enterotoxigenic E. 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 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., “phagocytosis-competent” host cells), of

which neutrophils and macrophages are the primary types in mammals.
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of the ligands, they preferably are of human origin or are nodified to be
suitable for use in humans. So-called "humani zed anti bodi es” are well known
in the arwo 8@m21®49., Osbourn et al, 2003. They have beemwBmdsbhizeth by
genetic mani pul ation and/or in vitro treatnment to reduce their antigenicity
in a human. Methods for humani zi ng anti bodi es are described, e.g., in US.
patents No. 6, msf)]OAEchNo engulfigg, ﬁlﬁ@sssaisdehdbncyﬁy,sﬁsﬂaylwﬁch nntrdvellslanpl est

. h i zed ant f ft t nd
oops, knBEEEs BRI SPris: Qe ErAr ot Sriette IR ATE. mouse
mAb i nt o pselauaiﬁandsgﬁd L%%b&@megalﬁtena& to nﬂa%ﬁﬁanaﬁl ghem el ard repA@RS; and

Ver hoeyen et al., 1988. The generation of high-affinity hunmanized
ant i bodi e%lerehdim/basw @mmmsyn tlésqmgmedsar@ Gdat radspe@dermre@p@rome%ﬁb

addi tion r s t he nouse
par ent mﬁ\% do gitoge{?a RVEN an? O%tegﬁi doc mgm?%lrélz c’h@% E?l%%rlﬁave been
devel opedindgeaddfaupiacytadis Bandwlig®B Dc{u@s’l,3©]94)-|uEﬁHEramholﬂDdia§?She inedlhed t han

"humani zed, ant i bodiﬁ_ ," also may be enp g yed in the invention. They have
hi gh af f i Whesy ap gngy @gwomﬁew%haérﬁqtsg Fendpeytesis (réoutl nENAPCHI9BIST ned from

very larggm éﬁt&ﬁ" eh&é?abal)v%gﬁl@ midi@IIE R Sﬁéc%‘fcl%\ﬁéé %h':ft‘l*i’e PigeRid SP! ay
l'ibraries. e Giffiths et ., 1994; Vaughan et al 6; Sheets et al,

1998; de Remestntttivalendd§esis- @mwekanapplilkaletbraast eﬁlﬂﬁﬂlal {:@lﬁsm}telldsyetfeghnl i gands
I i ncl yde_ bi f ti bod
Feconbi nalft ssoryBEstrduth oufach hifefHl.ilSy -8R e o bR el o

coval ent | Na@hﬁ@gt&gg&t fthel@ncalsl | nker nol ecul e to a correspondi ng varl abI e
heavy chain portion. See U S. patents No. 5,455,030, No. 5,260,203, and No.
4,496, 778. Bispecific antjbodies. also can be made by ot her nefhods. For

exanpl e, cheni AABkLIhen <Sirtipgdeliven o e enestfingacamPetend imarmmpljan eelki ng
I ntact anfihodifs Eg%owﬁogﬁﬁgrﬂgfa gﬁ@hﬁmﬁi ok ﬁ&tnoﬁl%ﬁfegipgt 1 See

Kar povsky et ah, eteroconj ates are to nmake
in a repr m(ﬂlucmdcl the mhoite rof dnadtesinkesatred fashe mincellasmphuygad: a‘?:)rrwmmple

nonocl onal, ant .Bi.specific,antibodi es sq can be creat.ed
di sul fi de‘l’w‘gif’é’ﬁl%(??gg"l fc? Fﬁ’ff/lgf”j\%@a I I @hgg%ah? éf?drercg%f%etflcggti on of
the anti b&mc%ﬁmaﬁmg%&p@r@Bﬂleﬁte%cy@éa,aneH@ astiofhtétihalBesaUsR hap and

scFv fragnents are nonoval ent they oftén have [ow
be suitable to deliver a drug that is effective for colon cancer cells. Similarly,

minicells derived from Helicobacter pylori, carrying adhesins specific for stomach
epithelial cells, could be suited for delivery aimed at stomach cancer cells. Inhalation
or insufflation 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 Lactobacilli bacteria, which carry adhesins specific for
urinary tract and bladder epithelial cells, could be well-suited for intraurethral

delivery of a drug to a urinary tract 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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affinity for target structures. Therefore, preferred |igands rmade from
t hese conponents are engineered into dineric, trinmeric or tetraneric

conj ugat esotdnegeease functional affinity. See Tom i nsearapghosioisbiger ,
2000; Carter, 2001; Hudson and Souriau, 2001; and Todorovska et ah, 2001.
Such conjugate structures may be created by chem cal and/or genetic

cross- | i nRucleif caesBMa; §pecciany of| thgaregulatory tehementy @t feporter ele@ents] vs ar e
nonospeci Ilés%rigédﬁe%:iﬂ end, i.e., specific for a single conmponent on

m nicell s at one end and specific for a single conponent on target cells at
the other end. The |igands nmay be nultival ent at one or both ends, for
exanpl e, in th@1#2} Thoffosmletadl egtidnadlyodompriset ni dingdiae sdeacribedeherainodi es.

See Hudso nd .Soyri au,. 03., A diahody is a bivalent dijner forned by a
mon- coval ERCHRTodiea P RADRT 41 Srraaion, s (b dEiE wk ETBIR g o) ¢ os.

Li kewi se, mnitdli 8129 Rontaes Wl dileid @idthsleéié, FRich @8 Opladinid, Al £RbddsItheer of
three scFvs, yielding three binding sites, and a tetrabody results fromthe

formati ond®®- a tetraval ent tetramer of four scFvs, yielding four binding
sites. [0134] Several humani zed, human, and nouse nonocl onal anti bodi es and

fragments thergQit $ bfLCi [ cells
have been appr g@gé]t J{Pgér ntl!}g}r%lr%%tg ﬁlgirnleallfélﬁ%clﬁﬁgogg epgﬁ‘%}%z Cpﬁtg[ﬁa?gswéé r%\%il ng
rapidly. Semt Hedammisningatent bacter20@8ll pénl B>aimjuets,afiors peéfemblyacunidiody t hat

can be used to formone arm.of a bispecifi.c |igand has specificity for
FER2:  Her ESSE 0 ab?P&%t“ﬁ’?@ﬁﬁB?t“igd%ﬁFebAﬁWB‘o _Rﬁéﬂioamléwﬁ YRR ™'€o can be
fused to prefiraay Jog{&ﬂ? Qﬁ%ﬁ@egpi!thﬁﬁ QibButd P N hBdnindtthgl PledtObdTRN ckTRRagP obul i n

(6]

domai ns such as’ | adds mass and pronotes dinerization. See Hu
et ah, 19@énicellssisbl morenprefarably dontaie -fewer tghoabout dncentamifating tnarent

_ s mochored cahout dnconfamfivg trorent
pr ot ci ns BIOTER sl O Db AR AR RERBLY" PRER, A SEL A (G °

t oshort asmhirpRbhhEpdientinesribieclipren0'tsadictiss. pr oduce ni ni anti bodi es. See
Pack and Pl uckthun, 1992. Domai ns from proteins that form heterodiners,

such as fos/ju an be used to produce bispecific nplecul es (Kostelny et
al ., 1992) andﬁ“&ﬁl Lhe, doanylationsglsorePHRLY ofPHRIFa nRisResHIY digan iff%er ed to

form het epociE ke MniEAD S frbBi%efil I AlLRIASISHIiGRd HAPBS ahbP tRRE €S”
(R dgway eaté@g:?(? e199%1) . Fc?nazfrgy, e?us?ﬁ)n pr ot e%d[frtl1 ighd P HS ahf
described herein. Thus, the minicell contains a nucleic acid encoding a functional
nucleic acid and the bispecific ligand preferably is capable of binding to a surface

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

[0145] A formulation consisting essentially of minicells 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 ampules 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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partners can be selected that provide both nmultinerization as well as an
additional function, e.g. streptavidin. See Dubel et al., 1995. V. Delivery
t o phagooybasec219m endocvt osi s-conpetent cells [0136] Pae/resndsson
further provides for delivery by nmeans of bringing bacterially derived
mnicells into contact wwth mammal i an cells that are phagocytosi sor
endocyt osfosmglatiprt ﬁ’aﬁ?r ‘beSudhoprnzel paiiee Foms,, fonbeRsttutor HihbA suiedblengul fing
parent bacterial cells in the manner of jntracellular bacterial pathogens,
| i kewi se VERiflg,fe-§ haterHenPyEIgeR-frognveter Pl pRYQoging; Srahﬁﬁyl% formplgtippe
cytopl as ected
W t hout {‘thi rll}gélgg% tar gﬂg??fnéé&%doggreggyaﬁfrge%%qﬁﬂ%ar| lgan%i}:sﬁgﬁéns may be
i nvol ved admihiseerehigy iniplagfatién (fonexaeipls, shpcwangioudmn olrym;.armiscaletln oramd t he
present invention i.s not dependent on any particular nechanismin this
regard. FgFa@yY dedlgocytosis is a wel | -docunented process in which
macr ophages and ot her phagocyte cells, such as neutrophils, ingest
particles by extendang psédideasgion ROWeRE the particle surface until the
particle is totally envel oped. Although described as "non-specific"”
phagocyt osi s, [OA&7]i Frratulasioanof ghe yerticn; ¢anybecedrmipisterpdy Vtah\éal’&uéé@s%s has been
denonstr 8] Thus,
aﬁn?dco v§88usv¥1fe9m a fhard 1a£130%§§)to a?x@l Onlthg‘?l% W@eutlé %H?(gés dFsQIJeﬁ ]

one for phagocyt osi s |nvo ves | ntera en sur I gahds and
| i gand- r egithet tucally oc aysemihlly.h®eiieeryrmimnebe aécdn’qmsbaietfdnmnh;ﬁe (Bharal and

Giffin, 1981 Thig att chrrent diated by the s i.c.receptors,

s t houg IR GIsH el JeRREAEH 806 dPITaflsGar Kot boR ESPAEY WPIFITEShoct T o

l'ess Vi r Ul REECt &' bt pafdhidiald SnitaRuBRLE" Rla¥iidas) ﬁmﬁpo&eql intraBBR@RC Y OSi S

al so may occur in the absence of surfacé |igands for grcyte recept ors.
t

See Pi kaaperieneal, subqs@wpus flwatumgtaérmentradmal @drmmwr@g@m henmeds prsh

i ed
o Tack surrceriBisBeion s YehERsbPoh RSB o B HER! Sy Tlor Pl 0o

bact eri al cygit{fibrotRNEElBrBaE be Wfficientby tpfragb by tlﬂlialéd délivery of the targeted
"phagocyt osi s-conpetent™ host cells), of which neutrophils and nmacrophages

are the’ piinielly. Sypaaly, e mesagipnay be e ﬁ@cw@mjmeﬁﬁeﬁqlw&xe&@us s
endocyt oSy gy o\fhia(f‘%htéd"tfg (f&':lll%l‘l i ﬁrh%ﬁ% 4P| Inbi efe bi¥eatREGiES Of

Sal nonel | &, chéric cobacter,
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 1 contaminating parent bacterial cell per 10’
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 1 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 minicells.
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Pseudononas and Lactobacilli gain entry to mammalian epithelial cells and
replicate there. Two basic nechanisns in this regard are C at hri n-dependent
r ecept or -wedv@yetssendocyt osi s, al so known as "coated pi pcenBmoybE3si4"

(Ri ezman, 1993), and d at hri ni ndependent endocytosis (Sandvig & Deurs,
1994). Either or both may be invol ved when an engul fi ng-conpetent cell that
acts by endocyld§0kAqother purificationdocthod snpbysplensht gradmst censtifugatemul f s

m nicells.in accordance wt.h the .inventi.on. Representative .

endocyt ooins 2 BAERIEY ateliis; g o ABEY eRBRRisnan) Aomselo PR d8s i n ¢ he
gastroi nt @sletteal frém ahé gradi@ReRY, eiptiohdly, ahe @fthicells hrenghbpiddhel fidtheeel | s,
and urinary tract and bl adder epithelial cells. [0140] en effecting

del i very to¥nds of igosityi gedicafnsentsifegatantal marnies Putiiy: hdire mpdodgmayf a
targetinggli, h o] i cat k. Ot . il la. 1 nfl uence
t he choice o?‘a g%é%%r?é’?é}sr@h?geét?%:& ?tpﬁgglrﬁhlﬁgc% ?ﬁgﬂpgoyéﬁéﬁ cl)l\rMOJéQgérrpl e,

Sal nonel | mjnié&dktweniining asampit. SWigal pafemed iae dowatentrifaghi efoices diffeadntial e
recogni zed by endocyt psis-nediating receptors on.enterocytes in the

gast r oi At et yaftion, wit remyg SR pRItlgR;of 2pteat beeterialicsls tﬁgramgmﬂﬂa@g is

ef f ecti vegt QlprRIaN f6ARGREIcE! | s. Simlarly, mnicells derived from

Hel i cobacter pylori, carrying adhesins specific for stomach epithelial

cells, could be suited for delivery ained at stonmach cancer cells.

| nhal ati on or [0A8LF Particularly mesffastive depurificationadmathedser exigoit nt basteridd ni cel | s
derived f 2 n che hat rry. | RS . Lecogni y
recept or sh TSR ASTRRERR ARG Rk THi8la di BRI BUAR SRR ESEal Y, |
bact eri a, inshide hhe stepy ofi(i) sabjestimppecarhple doatainifg Rdnigelly @CA camditidl gdder
epithelial cells, could be well-suited for iptrayrethral delivery of a drug
to a uri ndfjcespaeent B%Ct%flﬂEF%lEFcf@rad‘é‘}ﬁﬂéﬁﬁmeWPPS il aved by (Pb@mngﬁ%

I nventi ong il AR iWatdikifiel SEPBR )sitions, or fornulations,

conpri si nsg (a‘% an ?1nta£§'¥1 %ah?‘éeﬁfﬁaﬁg‘%?@? a pharmaceutically acceptabl e
carrier therefor, where the mnicell contains a functional nucleic acid
mol ecul e or a W1a2hKdowonpmicslinpurificatignentthedsaalse rmeo dees cembinadt | Gnal

1L L SR OSBRIl 200 oo any o those

[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.

[0154] Step B: Density gradient centrifugation using an isotonic and
non-toxic density gradient medium. This step separates minicells from many
contaminants, including parent bacterial cells, with minimal loss of minicells.

Preferably, this step is repeated within a purification method.

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

reduce parent bacterial cell contamination.

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

several stress-inducing environmental conditions.

[0157] Step E: Antibiotic treatment to kill parent bacterial cells.
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descri bed herein. The functional nucleic acid also may be encoded by

anot her nucleic acid, such as a plasmd, as described herein. The nucleic
aci d encostongodinessfiunct i onal nucl ei ¢ acid may have any ofctrhe20800s68¢ ory

el enents or reporter elenents, as described herein. [0142] The fornul ation
optionally conprise a drug, as described herein. Preferably, the m nicel

of the fornul qoi188] StepFai ns tORsgfbg. filtdtieantd irdebye shlall BdmaiRlahtsRYy
contain a nucleic acid nolecule, such as a plasnid, that encodes the drug.

[0143] ThHchphmegirancotels, memprans: ARG RectpralidePtb| Rpciedhidih Meier t han
about 1 COMABRLAR LA Yo RBHE Und B ARt e mBRENGOA TONA SIS mdlPbE

preferably ewer t’han abou contam nati ng paren

per 108 ndniplefdd &, sepMaft HRR1P FRhEBE YoRaninhi, ARIED. It hanfiled endy Be
contam nating parent bacterial cell per 109 mnicells, still nore

pr ef er abl §mpleyRddpsonesptratetimicelbout 1 cont ani nating parent bacterial cell
per 1010 mnicells and nost preferably contain fewer than about 1

cont ani nati ng IR act eri ahefeldq Aftfractch 'tomenhﬁﬁda Zﬁ%@%arﬁgi‘h hg the

formul ati ons al So ‘optionally contain a bispecific
m ni cel | hastesial exllyetA @45 bm filkse nmyrhecatploymddot thimsteb.may be any of those
descri bed herein. Thus, the mnicell contains a nucleic acid encoding a

functional nuc].ei cid and the bispecific ligand pref.erably is capable of
bi nding to a sﬂ?ﬂ@c eeg'npone erﬂ?w’?ho ?ﬂdﬂfoé‘& °§ha‘9“t Bnlélcglgﬁ?fc%atﬁ)f}rrponent
of a targghtiMAMER échfedfthgnetit B Imay Eewnﬁmbﬁd@f\;m@ag;b.sti ng essentially of
mnicells and, optionally drugs and bispecific |igands, of the present

invention (that is, a fornulation that includes such mnicells, drugs and
ligands with other €onstAdmansteationgehedylesot interfere unduly with the

pucl ei ¢ acid oforf |- 4Ehine" 1120 Gkiflidrdohs OlistBSed HIRAR ! flaf"be CADSy
formul ated i n ctonventional "manner, using one or nore phafmaceutically
accept abl appeepriateedasages defined by ndwine [1€:tiag] toFabtaim bptimelshysiyodieal pffegent ed i n

unit dosage..form .e.g., in.a les .or vials, or in nulti-dos opt ai ners,

with or wElbam ARy peddll yotele. Th b rerr b B uti on, a

suspensi ofpcoffan@ Wl vikiefy éfifallolsyinfludM@URe Uweight, 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.

[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 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 used 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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vehi cl es, and may contain fornulatory agents, such as suspendi ng,
stabilizing and/ or dispersing agents. A suitable solution is isotonic with
t he bl oodwofddnaigeeci pient and is illustrated by salinepcRiBpes&6s0! ution,
and dextrose solution. Alternatively,fornulations may be in |yophilized
powder form for reconstitution with a suitable vehicle, e.g., sterile,

pyr ogen- f desiredatpbarmmcokingtic/phapgacalynsmic nespofise baseduloat i thas pattigolamay be in
the formof a depot. preparation.. Su | gng- actj f | ati ons may be

adni ni st e&éﬁmﬁﬁo e ﬁ??cc‘?ﬂy‘ﬁ“b‘? pé‘?iﬂﬁp&%e; e‘§ub&§&%@r&%1 y or

i ntramuscul arly) or by intranuscular injection. A Admnistration Routes

[0147] For nul aj016aF Spdcifidadly] fhee RirindMtioas niey BEMdiifikRFdaty iestVafideOdlS rout es
and to various sites in a _nmammalian body, to achieve the therapeutic
ef f ect (s) WagsPYEdthe giourse of| sy} yeeks. sl pagriembpinentethe fermyulptigns pae

acconpl i SQ&Hmi&QE%%@&PB&e PNedd Her E%i{é-}ﬁ!\&tef&@ttoisg{?eralt}?(?tgtpgl i cation of the

formulation to a y cavity, by in ation or 1 nsuf i'on, or by
parenteral, intramuscular, intravenous, intraportal, intrahepatic, '
peritoneal , subdefhNsouspecificalnttherformi]ations nay baddmimadterad at leagttonet 2 on. The

ol s FopobfnAn 2 agkt BTG 0,|§ TR Ty 301 1 et 2 e by
i nhal ed dgd,i ¥%r%6,087,t38 29arWebed1nddysCelltsmadidly, aiel formulsfBhs MRyaBE asi s may
be nore efficiently treated via intravenous delivery of targeted mnicells.

Primary ofdmineredipbit ones/evsey dieabet afice eveiy Zapeti 1 Gndad, Ui Vbri, of
target ed | Yaops g, 15187 0y o] G508, ) 54 981 58 81244 o By A Qe

substanti al’ly’fTree’ f roni cant am’nat 1'ig parent ~Bact eri-al
m nicell-containing fornmulati ons of the invention preferably contain fewer

t han about 1 cEd$6hThatormylaimne maytdetmtively beeddmipsterddDabout pheetvesy nor e

pr ef er abl ont ai.n fewer b 1 n i.nat i .ng re acterjal cell
D b R aH Lol R b 00U o GO IS )0 RS g E15
cont am nawedl@ RanemR! Athfived), tietdrmiRtiodORafibRi RflihiSteredt dt!1bastBh& a
preferably contain fewer than about 1 contaninating parent bacterial cell

per 10 10Waekfasabew 2add4nb$t 7p8.ct dPabl.y2c bhtldi hS.fldndy, 184A caBOuveeks

cont am nagﬂ'xggreparent bacterial cell per 10 1 1 mnicells.

[0167] Alternatively, the formulations 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.

[0168] 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 minicells 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.

[0170] 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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[0149] Methods of purifying mnicells are known in the art and described in
PCT/ 1 B0O2/ 04632. One such nethod conbi nes cross-flow filtration (feed flow

i s paral lwb 20@/m@1syenbr ane surface; Forbes, 1987) and deadTaBzhofid3srati on
(feed flow is perpendicular to the nmenbrane surface). Optionally, the
filtration conbination can be preceded by a differential centrifugation, at
| ow cent r2d, 3oakr 3 adage befode thRdMEniSRARNATthe dfug0fIntjRe ahethéregmsddimedt) s and

t hereby enrich the supernatant for mnjcells.[0150] Another iuri fication

met hod  entBf SyBiceds@ay ve gdmunigered atlsastabefds Lo 47> & biSoPolflh-dai 13 1éonpati bl e
medi um ri i L B | |l gl.d%nf, 3 e

gr adi ent ',Aﬁé?]g’, P%B?I’ g’%&%,%%&%%?igeﬂ%fogﬁgggt%' ggtae%ﬁ%lo ulﬁa eIr:IQ’r ounds of
density ghadiisicellceay befadganisteredtad lemixaboug &, 2, i4, ¥, 6,TheS, 9el o oml2 f urt her

i nclude a rtfll Fgﬁ nak step of performng differential centrifugation on the
m ni cel | -185?1 A PHCHG! ggfﬁﬁ'e. When performed at |ow centrifugal force,
differential centrifugation will renove sonme portion of parent bacteri al

cel I's, thereby[0en1] Bhamghdrhenlodpaémati@ninidics]] 8 adiflidtéred 202D e Bagt i cul arly
effective purification nethods exploit bacterial filanmentation to jncrease
mi ni cel | Phe-adninistrtien of the minicell mayocewraayiivg fram prygral annitse fuweerhe st eps
of (a) subjecti . t aF i } Ni | s | h I nduces
par ent e AR s RARRAGARA B Uhe Al T PR rnln A MR LAl
filteringadnhieiseacdareytime fodrh aevera hoursith isexdratiday < plobsily apenratwerks up €.52]
Known mi ni ceIﬁL pur i fhcatﬁ_li ﬁa{ met hods al so can be conbi ned. One highly

ef fecti veS¥EHDIA Cof® fH8hods is as follows: [0153] Step A: Differenti al
centrifugation of a mnicell producing bacterial cell culture. This step,
whi ch may be pm1for TRIfAwIRDEXNNEs /B kistrdfveTbilyt ﬁﬁherrtﬁzrmm&ir%psﬁd par ent
bacterial cells, while leaving mnicells in the supernatant. [0154] Step B:
Density gPradidemtmewrpommlelganderstanding gf #ie inventioni Thgrixamples dgmiostepdhsi t y

gr adi ent ' ' E N} g 4 au ts,

el udi notBed s BhEPcERAR Be R barpa O BT ERRRARARAT

Pr ef er abl of, tatdeital sicembirmnt apeiatlsdcantytig RNAipsequéncestdesipnatdetonmduce 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-bcl-2 shRNA expression plasmids and

purification of recombinant minicells.

[0173] Recombinant minicells carrying plasmids encoding shRNA sequences

(Mdr1 or bel-2) were generated as follows. The Mdrl shRNA sequence used in this
study was described by Wu et al., 2003 (5>-TCGA
~ AAGAAACCAACTGTCAGTGTA  gagtactg TACACTGACAGTTGGTTTCTT
TTTTT-3’) (SEQ ID NO: 1) and the bcl-2 shRNA sequence used was described by
Wacheck et 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 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 were
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[0155] Step C Cross-flow filtration through a 0.45 mmfilter to further
reduce parent bacterial cell contamnation. [0156] Step D. Stress-induced
fil ament avoeooenf21g9esi dual parent bacterial cells. This weyibBmoscaenpl i shed
by subjecting the minicell suspension to any of several stress-inducing
environmental conditions. [0157] Step E: Antibiotic treatnment to kill
parent baghREl #d ifStdnfe ﬁ)%}'éﬁ]:ss%nqporﬂhe@ﬁgﬁnﬁdt@x\l\/ THel e bifint tplashedpve snal |
contam nants, such as nmenbrane bl ebs, nenbrane fragnents, bacterial debris,
nucl ei ¢ aw¢rastransfamgd catep hee St $Paimpraan trinCE-amuytanb seaincand mipiseihe

m nicells . Q. | l.ner y |.o 1.0,sep t 1irgel | rom smal |
cont am nacrilfl?fn%aﬁhf? l%sl.nglhﬁmwgl%l P gﬁﬁ%asbégsg%?%ylgd%{% ?(())/Dr;ggghzt% ?'at Zl"ﬁng‘ nicells.
[0159] SteéorbinkRadimedells fdrk IRbikRited ifickI¥ LSS, AERiQESIsgRILdpact eri al
cells. A0.45 umfilter may be grrpl oyed forsm{t%;ﬁﬁ\g&gt ep. [0160$§%?8%9H:
Renoval akspentiatlpxin fromthe mnicell preparation. Anti-Lipid A coated
magneti ¢ beads nay be enployed for this step. C. Adm nistration Schedul es
[0161] In general ., the fornulations disclosed herein may be.us at
boprobr i at o dcEstpielede BRI riteb et il BRIt

physi ol oghediatedl shRNA pidinli@ delivéryitsidpgg aéistaol @ntérddells Qi Geveérsalofe dosage
regi men may be selected in accordance with a variety of factors including
age, wei gHtug registangef-wo- condi ti on of the patient; the severity of the
condition to be treated, the route of admnistration, and the renal and
hepatic functi f i : t r &b | CAh&Vi ng
concentrati onsmgzﬂn%?ges{ﬂ@éﬁaﬁ ll(’:Ierc tegl%%%“ﬁ% {a%gé rogncggbl'?ﬂg? rdyg:i‘r glagtls%%xi nmum
ef fi cacy amicodingitranpaipts haie efeheshbwntayeyaspudng rasistegienancdpaerectllsrint he

kinetics aof the m.nicell .and dru vail abi |l .ty t rget sites and target
cel I's. Di'dtPi Elﬂﬁ iCB‘H,caﬁehfﬁd% B i ﬂﬁ?‘ein%hgﬂymoha%f oSﬁOR%I?‘Sam&ﬁ NEeet | ce&fgj, drug may
be consi 130Re i-69b e TRedbmBinkAEmIEd| RBdar§aiiC &itl-MIDR PRARMA plabiiht ment

regi nen. The dosages of the mnicells and drugs nmay be adjusted when used
i n conmbi niinsallssiraaaghi @ vanddesintrald seRINAc tagainst a nonsense RNA sequence

(minicellssyrNA-nonsense) Were purified and bispecific antibody carrying 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 minicellssurna-mMpDR-1 and

EGFRminicellsShm\IA.ﬂonsense. Minicells packaged with chemotherapeutic drugs 5-FU

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

minicellss_py and EGFRminicellsmno respectively.

[0175] 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 sShRNA
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 108 cells/ flask
in Minimum Essential Medium with 10% cosmic calf serum and incubated for 3

hours at 37°C, 5% CO,.

[0176] The cells were treated with (a) EGFRminicellsshRNA-MDR.l, and (b)

EGFRminicellsShm\m.nonse_ns(.,. A control flask was included that did not receive any
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[0163] Moreover, the dosage adm nistration of the fornulations may be
optim zed using a pharnmacoki neti c/ phar macodynam ¢ nodel i ng system For
exanpl e, woeoawo2n®ue dosage regi nens may be chosen and &CT/IB2005/003614

phar macoki neti ¢/ phar macodynam ¢ nodel nay be used to determ ne the

phar macoki neti c/ phar macodynam c profile of one or@rmre dosage regi nmens.
Next, on e [ WX, j! whi ch
achi evesq'ff%te%ée[{sli rggﬂgﬂgr\{ﬁ%gg%&%? I %f’ %ﬁ%@nﬁ%?ﬁ% crb egg%f)%ﬁgﬁgggaggsdon t he
parti cul awerpliwoubated forzX hrs/ fhecetbscfosty rach teamertiwere tr$pseinised gnd sed@d0/ 67776.
[0164] Specifigally,. the fqormulations be, adm nj stered at_Jl.east, once a
week overattlﬁéoﬁﬁ?]lséﬁl/\??ﬁé‘égé'r meﬁvﬁé%tﬁ% ?‘&f%’ebenlé‘clé%?fij?‘?fe% s ‘i‘thﬁ f%og%‘ul ations
are adm ni:6f emgd cBhird18RReall CEISWERShe R IRIUbSEY SFil (6'RElS/ (reatdRNGN(@E nonths.
[0165] More specifically, the fornul ati ons may be Fadm nistered at 1 east
once a dafyed rinoadaant (23, uBl), @) free 6-FU, (28, p®Y), 160, “TTmidivellsk3o, a4d (@b, 16,
17, 18, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 or 3 1 days.

Al ternati veijnicdikss-fc@rnul ations may be adm ni stered about once every day,
about once every 2, 3, 4, 5 6, 7, 8 9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23g;4é8.. 25, 26, 27, 28, 29, 30 _or 3 1 days or nore.
[0166] The for@7HtThens nayinigellanmatinmel yrasedaBasa? ssells ewershigubasee every

week, about agnce every 2, 3, 4demb, .6, 7, 8, 9, 10, , 12, 13, 14, 15, 16,
17, 18, 19ith(6 Wlﬁe/e%%aUBFmM?)eFMAant“é?erUéi-Fwé‘P‘S}‘,‘SPFﬁ‘gC?]‘ul% mig%{?él Sivee ks be

adm ni st qr. o Kk, f b 2, 3 (1, 10, 11,
12, 13, %?& f@fc &@?o%?%lgitg{g&féetgafg{fegegt&%ﬁ Orrrlt)?}(’até1 g%g%msiil g@rﬁgeti vel y,
the for mikiabiegdts @MfrdeesFWT @) STEFpechiadmep,, amde(eg Vel YmimediR,; ;@boTke Once
every 2, 3, 4, 5 6, 7, 8 9, 10, 11 or 12 nonths or nore. [0168] The
f or mul at i%dﬁgmmrﬁyelhgmﬂmngggs@t effeated N Cacslngtelsdaivese dama, teatede widi al daily
dosage %Be adm ni stered in divided doses of two, three, or four tines
daily. [ hidicellsgttnod in which mnicells are adm ni stered before a drug,
adm ni stration of the drug may occur anytine fromseveral mnutes to
several ,“33{; DS AT CUR. ek ihOtbaR 1% a "RIKSE 72° rs TolSWwed By he
colorimetric MTT cell proliferation assay (Cory et 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.

[0179] The results showed (Fig. 1) that the Caco-2 cells were highly resistant

to first-line chemotherapy drugs for colon cancer, i.e., irinotecan and 5-FU.

EGFR

Additionally, the cells remained resistant following treatments with minicellSirino,

EGFRminiceIIS5_pU and EGFRminicellsshRNA-MDR_l. Cells that received the dual

, EGFR__. . EGFR
treatment, i.e., minicellsshrna-Mpr-1 followed by

EGFR

minicellsyipo  Or

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

observed. In contrast, a dual treatment of EGFRminicellsshm\TA.nonsense followed by

EGFRminicellss_pU 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 EGFRminicellsshRN 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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anytinme fromseveral hours to several days, possibly several weeks up to
several nonths after the mnicells. [0170] More specifically, the mnicells
may be adwbnietwisd at | east about 1, 2, 3, 4, 5, 6, 7pc®aBRosd@ds14l, 12,
13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23 or 24 hours before the drug.
Moreover, the mnicells may be adm nistered at |east about 1, 2, 3, 4, 5,
6, 7, 8, extentOgivirg ~1230%1 3¢duttion 1B, cello survival.18ThikOdat2 Oals@ kpg@Rts #@t 24, 25,

26, 27, 28 .29 .30 or. 31 d bef th dm ni, st ' f the d . t
anot her esaustRrelbi g Ay 8 Fetr ol el et e hafkaesd il 1 72
3, 4, 5 fay Gelivkr adnorkQotehi corlcéntrdtibn JFirug intradéiiulakifs cob$parddtodrecdftupreeks or

nore before the drug. In_a further enbodinent, the mnicells my be
adni ni st ePeyidgel in hgextragsdytar gnvippnnent.4 - 5 6, 7, 8, 9, 10, 11 or 12 nonths
before the drug. [0171] In another enbodinment, the mnicell is adm nistered

after the dr U9£01§GFTHS %éﬁil@&e&xﬁin%@&lﬁ(haﬁ?ﬁ RN Axeldn BEaéffe%ﬁ%{P d?ﬂ%’éri:dm from

several mnutes to several hours after e admnistration o e drug. The
m ni cel | teagoraphagoepdici memynakien aclhd viia steapeut-tangytet mecdmbinarg ewiaicalls,(byrs to

several days,. ssi bl.y seye eks to,several nonths after the drug.
or7oy Tt Riedeit, it GERNAT Fiaodie BIRUS FogaPer HORLATEFEHUR m 1 g,
and provi g@afell® et iR ehR el BRrbiRendddveh, 4¢) the PldsANE I trBRporldietoqkanl es

denonstrate that drug resistant tunor cells can be effectively treated

i n-vi vo bipammaliaa eelhnuelews wiaie dic shBNgeiscaxpreseadntd)ribeshRiNAiig efféctivean r yi ng

resi st anca eiing B ARSE GRGARELBR)GUNE JeAR oG TDIPT, f0 B tone

dr ug- packmgeshatianicekd hre receptiye ttgtktehexdwgge bbr@dﬁ;ﬁlchtatéuﬁed:mmwlls&eﬁibls are
made sensitive. EXx e 1. Anti-MDRl a nti-bcl-2 shRNA expression

pl asni ds &MY B iaf‘frggﬂl?sﬁﬁ?dcﬂ? 3 Rlaswd; ﬂ&ﬂlﬁ ‘ﬁiaﬁ} freaifmest Progacel ) erdeesPiitnant
mnicells e . ] SIRGeAl \ rRel.n2) were
gener at edtag%é’té&/ofnlrﬁgsg 1 ﬁﬁi’ﬁ}g%?/d rl s[ﬂ g&Ngv%?g %@g& Hg g g@?%&r{ﬁ{ggtegtmuggée\l/\l/as

descri bedmisdiatad ehenadtherapagic( 8tugThelivey\GAAMSBHASTGTIEAGHGTéVegaug alrug)

TACACTGACAGITGGIIITCTT . .
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

shRNA delivery followed by receptor-targeted minicell-mediated drug delivery.

[0181] This example demonstrates that receptor-targeted minicells can be used

to reverse drug resistance in cancer cells in-vivo.

[0182] S. ryphimurium minCDE-derived minicells were purified and packaged

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

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

pl BSG and 60 pl of irinotecan solution (1 mg/ml; dissolved in steﬁle distilled water).

o]
The suspension was incubated overnight at 37 C 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 ultrafiltration
as follows. Amicon stirred 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;

49



TTTTT-3'") (SEQ ID NO 1) and the bcl-2 shRNA sequence used was descri bed by
Wacheck et ah, 2003 (5 - TCGA TGIGGATGACTGAGTACCTCA gagtactg
TCAGGTACWOGHGARBOACATTTTT-3') (SEQ I D NGO 2). The respectrismoshi3blity
sequences were synthesized and individually subcloned into plasmd I Mz 800
(I mgenex Corp., San Di ego, CA, USA) such that the sequences coul d be

expr essedMiltipone). nEhptelbwasiwahed o times withesterile distiled aater dallavyed ByWC ori gi n

xpr essedVilfipme) nghy i . i ) _
The rocorBrhant SehEGERRIRG Tie BHERR BsRafleatuty Bah ke BB o loncos

wer ecor r ege 1apd solutiohadfeirinbtec % packagddomidicall® Wi addedpr Thdtell wasHept
reconbi nant. plasm ds were transforned into the S. typhimuriummn -
mut ant st ¥ieha Rressire I nss stiged pntHbthe yelyme was srduged © %mliap?éwpg -
descri bed de Q4. : fa¥cae] 1 R joat ed
i cel | s A TR Ca by CERC At B Yokithe SedflfoppRbloan! 3
DennnstramLoﬁhhfmmphgﬂﬁBVAﬂwmﬂmmhﬂmmaoﬂhhiM&ﬂﬁmﬁbﬂh@bBnhwdﬂau&dbthNA

plasmd delivery to.dru esi stant cancer | I.s _and reversal of. ug

Fear ot ancuoraien vrding 6f Ahf “Guiiroe. SFRRAS ofiFedreleasHarEes PIgE o

di f f er ent Dgfing HeCRESHIABERraB08 Ol RBIUMARES Fdite&d RAY anbaRNthehauild Wag ever se
drug resistance in cancer cells invitro, the critical hurdle is targeted
del i very winsfemesdstormagetilat Bpreaderdr ceatrifige tyhes tfolowved by pentiifugatiolRat onbi nant
mnicells i n timMR . .4 (mn | 4 RNA -MDR i) and
control shwlé’énalﬁ)ﬁgp ngnﬁgﬁsoeéif%%@égﬁgr%gk%%gE#%:%FII? ShRNA- nonsense)
were purified and bispecific antibody carrying anti-5. typhinmurium

O antigen and P83} AwispecHcRtibpdycivhs corstrastedas dpsoeibad @abovenahdant@Shed t o

the reconbinant, mnicell s, d ' [ t ent li.cation. W,
20051 056 TRSIRSET G (FPURTER FOcotiaiooH n PEETS R (gt
m ni cel | sj;03NA Mridle aBodesisR (rjsalabp@}%éiﬁeus gjr?gdt) 2A@ SR F@nan I\Eﬁi&ffﬁial s

packaged w t'h ‘chenot herapeutic drugs 5- i rinotecan were al so prepared
and t ar geGeovthFagtvo \Receptar GEGER dmonggnmpeetlonal 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 cells (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,
IL, USA) was diluted to a final concentration of 100 pg/ml in Immunopure binding
buffer (Pierce Biotechnology) and 0.5 ml of the solution was incubated overnight at
4C with a premixed solution containing 20 pg/ml each of anti-S. typhimurium 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, Oslo, 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 supernatant 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
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FfFFR FfFFR mnicells 5-Fu d mnicellsi rjno respectively. [0175] Human col on
cancer cell line Caco-2 (ATCC), which is highly resistant to irinotecan and
5- FU, wasweeb@ukesd4f or this in-vitro study to determ neptirnBdoyno3icis
EGFR-targeted reconbi nant minicells could successfully deliver the shRNA
plasm ds to the cancer cells and secondly, if the expression of anti -MDR-I
Si RE”&&?LM ihemd &b&wlijthéged’flelgriiikﬁfgijzﬁtraﬁmete?@ﬂralﬂt&k&bt he rﬁilzm?:oTRe addel WaﬁeSSi tive
to argeted an rug- packaged nmi.nicell|s., Caco-2 cells were seeded at 3
x 106 celMagedramde MRCRY siaRdiio Eggﬂéhtlazsﬁhwg%ﬂdamnwtb%paqs%c"dgw#épf& I serum

and i ncubgl:edqs ﬁ’fass %g%@ I\V/%I&-'l{} ?7@%%?] W(z}(ﬁ?tz)fteéoéimllatl-@ thf %.Inl)o;'thd@eé)?cegsr eat ed

with (a) mnice fFR mnicells RNA - nonsense -
control frhasdclamms antloddicteshd paviddd ch smdutiore that earrimd ythe daspreific .anibodycel | s

wer e added .at .a concentration of .10 | ask, . 1L flasks. ' bat ed
o S22 el pEPREU S £ admPRt, ReGaruiit loioshs S SiniSied g o ©
1x1 04 cekjusind pisdih A/G-Bidpecid hntilodl &br arg Meo6mi REIpeAEE, fo0k0a8 thy S at

370C, 5% CO2. The control untreated cells were then incubated with (6 wells
! treat neninjcellywith the aptihogdytvisciiantidEP $kgb region. f ree 5-FU (25 mM), (c) EGFR
mnicells Irin0O , and (d) EGFR . . , , mntells5. Fu- [0177] The mnicells

ShRNA-MDR- it r [%?ﬁﬂdﬂg?ﬁﬁfe%s&ﬂnlctgis}’é‘;%ﬁltﬂgie%éfp ghfcﬂaélgdtffm 1 ﬁbn“ﬁilll 1§CS€)UIICESe at ment )

(a) mnicellss-pu’(non-speci rgeted since t I speci f1c antibody
i s target@ehtteg Rertuir Walg e Apstedliai nandn ali yaromel aixperimersy , wéie) pénfaeneB ER FCFR
Fu -

The. m ni GBI BFRATHBRGEHECOR FE5PRY et ab SPoEtps Bl HHEHTe LFEh w b
EGFR . . Ethics"COWfi@iktbS Sagptoval. 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

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

in 50 pl serum-free media together with 50 pl growth factor reduced matrigel (BD
Biosciences, Franklin Lakes, NJ, USA) were injected subcutaneously between the
shoulder blades of each mouse using a 23-gauge needle. The tumors 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. Group 2 (control), free irinotecan (1.2 x 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_ . . EGFR__ . .
G minicellsyi,o). Group 4 (control), minicellsshrNA-MDR-1-  Group S
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[0178] Al cells were incubated for a further 72 hrs followed by the
colorinmetric MIT cell proliferation assay (Cory et ai, 1991) using the
Cel | Ti t erwB@od¥@2es94s One Sol ution Cell Proliferation Assayigiwsomsga Corp. ,
Madi son, W, USA), according to the manufacturer's instructions. The
colorinetric nmeasurenments were read at 490 nm [0179] The results showed
(Fig. 1) hEGRB?ﬁ— ells wer ' List BGIR_{. hJst-1ine

chenot her(g{)])'?/&%lf)’ugs o{r?lcgl(l)ﬁcsm‘\f?&ﬁée?f']alh.gg )(ulhrﬂlﬂﬁlg’t ecarr{hlglﬁ%“{%}lmﬁ’.MDR'l

Addi ti ondfoli¥wed B K& liSndi&HRI NeHofifST ThipRkin APV IS inRaITRAL S {
mnicells } r‘fv%o, ?FCFRIFCFR m ni cg _Fss.%lzﬁﬂal n m ?l)’i cell § 1sﬁ1R§|§Tr§-[&ﬁ7%l'-'§ﬁ'l- Cells
that receougdled B FalintcE g} TE Uroup 8Qexptl)i FEalihiselBhRNA N ollovied Byowed by
mnicellsi rjn0O or mnicellss. Fu showed that this treatnment was highly

successf WS mimieaeysi Nriddieadr gigntigsbs tsaike By HRIEC ahoredithgl £ xc00bi nat i on
treatnent > 50% cell death was F FR observed. |In contrast, a dual great nment
of m ni ceahimcedlk Rhlkkaged se88 agfafl thowrag. bWIFDERcel treatelehssrecdivedhack md ef f ect

on drug resi stance, suggesting that the anti-MDR- 1 shRNA expression in the
Caco- 2 cermnsce\nasanép%l&@g dERatete Syssh Slminstesd qmdaysed aindad3. ofAlFGRIR dr ug

resi St anGge,lbigs %@iaaﬁidiﬁgrehr(ﬁpfl%gnfs Qfg, BYNingedd s Tﬁﬁ%v&%ﬁ?ggiﬂ ddyp! | oned

by free irinotecan or was a effettive in rever rug
resi st anciateudl Hetween esRNAeatd drugyitreatngnts B0 %nsuel ulsdti sfificiantc Bine waw vi val .

Fecept or PG B HTae e pl ey AERTar) e SN Ruckirt o akestisPoatsbt cn

concent raéu:pgfésﬁ&n df 8présRiohaFPhd dhughésystaREPMdRMing Proee £l tighedMRAed in the
extracellular environnent. [0180] This result denonstrated that (a) sShRNAs

can be efdrdsl-2vely delivered to non-phagocytic mammualian cells via
receptor-targeted reconbinant mnicells, (b) functional nucleic acid

(S <700 gl RTII SE0uE T 7 Ak Vol ORI 65 i (e
tumor volumes in contro’l 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 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 (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 shRNA 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 (bcl-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 minicells could effectively treat such tumors.
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mammal i an cel |l nucl eus where the shRNA is expressed, (d) the shRNA is
effective in degrading the nmRNA encoding nulti-drug resistance protein,
MDR-1, (eyotb&/eesye mammal i an cells are receptive to thecmagioosmose1f
receptor-targeted mnicells which now carry a drug instead of a plasmd,
(f) the dual treatnent protocol, i.e., receptortargeted mnicell-nediated
ShRNA del i ver yEiahbnvxeodena %eﬁbfdlénioaﬁtgeﬁ&domm&e&egﬁadioatemcacy
chenotherapeutlc rug delivery. is highly effective in reversing drug

resi st ancechieyed dwmpafggéw hpd o i{rﬂﬂ‘ﬁ'&'?'hhed’é'la | reatmentof nigicellymedited
denonstr Hg% met hod of invention
Le. dual agtﬂrlgg?(r?r%;{% f lrlévgg%tﬁg?ﬁltggfgg{;%ﬁxﬁdr#gglaghu}gl ated shRNA delivery
foll owed by receptor-targeted mnicell-nediated drug delivery. [0181] This
exanpl e denonsli88k€olorestal canveprells-aranlge knowvminbe bighly resistahktolanether o

reverse dgu .res'st ce 1n cances scells i 4O, 182] S., typhi ium
[ WwCDE- de{ﬁfs\ggﬂe ﬁiﬁfﬁl B?rﬁge% (ﬁu%u{ ﬂp?rgaragﬂgs-\&ék%c&&%e%aniq?‘}e 5%@%&% rapeutic
drug iri n@keséRods/ofxthd Gnvenkibs @hite inbt BTG thOkevetsanofaig esivlantd gade t he
supernatant was di scarded and the minicells were resuspended in 940 m BSG
and 60 ni bwalsomerpit saaer siahilization / regtessi9nni ; di ssolved in sterile distilled
wat er). The suspension was incubated overnight at 37 Cwth rot ati onto

allow the iri nmsm&? tdesc@fbfaa YBEved, i lctenewme%lﬁﬁhbd %hp% s

hihG
irinotecan non-specifically attached to the outer surface ?fg the mnicells
was t hen méHekH amayntbytrzsnl andedvere| purifiedr asing t that gradieas deotrifoganonAfn con

stirred u raf Itra 8010 (M I Ilipore, ,Bil USA) was
esontr editzpinitphe FERRE |andiann pan ploe e ; Shbligfl pedmolan U
ultrafil tﬁﬁﬁlb&l’é emmﬁ@@mmﬁqalisaﬁag{%mwmme,smmﬁ%l ArandekiryAc Ut - of f
of 300 kDa; M. Ilipore). The cell was washed three tinmes with sterile

di sti || edneuserse W@mqmeaedwndapmﬁqdq&pmt the desnkelYres (pbirngim meDEe| | was

hen fill f I
;[rlegot Iecaﬁe-g%lﬁ%]&lgngtg mlﬁl ce ’ﬁfehv\gﬁ%e n%{ﬁﬁﬁgh%mg}ec o %}ekg%a?kfﬁflgerwn pressure

of 10 psi che&idtllidrqﬂ:utlatdrhgtﬁEUvai uescribed foedriaetdedno irb Bxlampied 3t opfRIdDf f with
5 mM BSG UIt[aflltr ntlnued un he vol yne a ropped to 5
m. This & i‘%"n\ﬁaso‘fSF Jo ditermiine fhe rcap?eerra&s?rb%é{jﬁb Hé‘i‘f}{?g{ﬂ\é‘ﬁ B oPhes to
enabl e a

[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 (» = 11 mice per group). The 10 intravenous treatments

included: (a) G1 — tumor only control. G2 (control), free 5-FU (5 x 10* ng/gm of

mouse body weight ~ 1 x 10° ng per mouse). This control 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 EGFRminicells5_;:U). G4
(control), EGFRminicellsshRNA_MDR-l. G5 (control), EGFRminicellsshRNA_bcl_z. G6

EGFR

(control), minicellss;rna-mpr-1 followed by CI\/Nminicells:;.pu. The CMV

antibody is targeted to a surface protein on cytomegalovirus and this serves as a non-
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t hor ough washi ng of the exterior surfaces of the irinotecan-packaged
mnicells. During the last ultrafiltration, the volune was reduced to 1 n
and t he swopb&/e®4transferred to a sterile Eppendorf ceoatrnioogessube,

foll owed by centrifugation at 13,200 rpmfor 10 m nutes to pellet the

i ri notecan-packaged mnicells. [0183] A bispecific antibody was constructed
as descr i $nedifiebly ¢argeted icontthlS. GPubintedlpd Pamaricelldgpii-sateho foldoved by
2004-0265994. Briefly, anti-S. typhi muriumlipopolysaccharide (Biodesign,
Saco, Mai ne, Miga§llsamd. £p8 (comtvalh  Epimdiaiaetshicrombio 1 Eellaverd e beptdfU( EGFR)
nmouse nongcl onal agd bodi es (Oncogene Resear roducts, Canbridge, MA
USA) vveregﬁi (xRt t o [S’EFPIGFlléuWAeM@hbifﬂlmedpgbfégﬁnm‘@“\?i-wt K OrtexpPagnent s

of each negrecl.on anti bo An angdrrEGER .nonocl gna ti body was sel ected
because the XBMS }‘S&Wééclégﬁl%w?ﬁe‘?ye -huﬂ’é‘i‘f"%‘g“gﬁﬂ-' é%?@@@@éé’t‘?—r‘?) t hat
are known ‘ﬁéﬂ%ﬁl I hik:Te tq le. , 2004) .
[ 0184] Pu?lrgllngeg\é&%cgélga I nagﬁrilﬁprot elrggﬁ%ﬁtegﬁe‘&%gq I Btggﬁﬁ%ﬁgﬂ?iﬁggh ord,
| L, USA) ¥WasndiBRutlés alboveed a nixl dayanteevel atween saRNK0Gndrgrugl tréatméemtstmopur e
bi ndi ng buffer (Pierce Biotechnol nd. 0.5 of the solytjon was
i ncubat ed”BYEr H bﬁf‘%f_g‘i‘e G A Q?Cg%%in?‘?{e’d‘%%ql@qrowdcBH‘El%ﬁIn “Hij'eflo\g_%g/ W
each of agHRNA; geidbixPrssibin dndSs@ipressidhi of) URBRsHEH RMHBOGhENAlsistike bodi es.
The excess antibodi es” unbound to protein A/G were then renoved as fol lows.
Dy nabeads{ediappgpritein,G es gither MPR-bgnbtdeads(r) [2.8 mj coated with
reconbi nant Protein G covalently coupled to the surface of the magnetic
particles; Dyn 1 y JH Xe t d.,10 of the
sol uti on was tﬁialggf gfﬁ‘?g%‘qt%g\%%ﬁ%gﬁgn%)ogfﬁ%ghén %ggg t%é(u ga‘ Ilkﬂ?egl[eg%e was
pl aced i ntumdbywohimedHE- Snfrivhgroaps (G Ratot 8)cdnd xparimehtabprups (@ Pears) 10)0
i rmobi | i ze, the beads and the supernatant was di 3cardpd. The, beads .were
r esuspendeff {fHeF xoljme an oS FFRIG™ pgrﬁwscg}%ﬁ ri'$1Y 160§ a4 128HER Phat e
buf fer (pHost &the ThanieAdin AR BidupZ ah cOmrANdhd\RIM R vARAnMEhINPeat ed
three times. The solution containing protein A/ G bispecific antibody
m xture wdigferant eontrad gréups isendrugd do rise aihbe dayd 6 poggerendgraftiesiablishment oom
tenperatupe for .40 mn. The tu was placed on the MPC-S stand t
oo |1 206 PRl W de PRt elfRe A Bl ab Rl RS 555 s The move
W th a pi @gictithenthl adin@ilsgpn el sthdtahasdl Wdre henlitgwnd deKERSEow 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 8 (p = 0.0008).

Example S. In-vivo demonstration of tumor regression achieved in

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

[0193] The inventors have shown that human breast adenocarcinoma cell line,
MDA-MB-468 is highly sensitive to doxorubicin and that mouse xenografts treated

. . FR_ . . -
intravenously with EG minicellspoy 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. It
is well established that such drug treatment in-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 treatment groups (» = 11 mice per group) included G2 -
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nmonocl onal anti bodi es and provided a solution that carried the bispecific

anti body linked to protein AJGvia their Fc fragnents. Reconbi nant

m ni cel | swoen@/2mdybated with the protein A/ G bispecifi ecanBidosdgsefsor 1 hr

at roomtenperature, to coat the mnicells with the antibody via its

anti-LPS Egly region. [0185;r 'EE% mce used in this exanpLe were purchased

from Ani mal Reisselsres atdfid e, Peaninfeellsiignadust.-t &liawedabyd Al mivioelisgby.

experi men were perforned in Cﬁanﬂi with the guide of care and use of
=4

| abor at or y* a1 FaYEe HRPLAMH AT UEAMmADE s adipprisicrss on-fag 21

exper i menksd iIdeudREA @R erdlgivBeoNSYsAar bguhd yre accredited small ani mal
facility at EnGenelC Pty Ltd %Sydney, NSW Australia). Human col on cancer

cells (Caco-2, ATCC) were grown in tissue culture ip RPM 1640 medi um
suppl ement ed WiQ19SkFhBowdsnlds Ghovede(Hign (45 H@D- BieL B }minfetbnol 0gbes

I nvi trogen Corporatdegn, .Carlsbad, CA, USA) and glutam ne o 6 (Invitrogen)
in a hum &lovwed byt nospiriedispsx toBwmentin 43dmBw, veethighly 3ffe@ivelineetdsiogl | s in

m f di h ith,50 m w h fact. d matri gel
(B0 b1 oscPRcESS B dnb ARl Sere o iouf Wil o diufred oEbe sondls! ,

bet ween t hgarsharhiler B ERRCAE, € %g NBSRd U&FP e tamod glé'lgsle t\%l:?éa gg%%-rh e

tunors were neasured twice a week using an electronic er

(M t ut oyoresibtgnaito Dpx end the 0B gdevdeibidiy. and nean tunor vol une was
calculated using the forrmula, length (mm x width 3 (mm) X 0.5 = volunme (mMm
) . The vari ou;ﬁtre t ts. cgrrrrenced,once the tumors 3 3 reached vol unes

bet ween 50 mm artA™E! n-vixg demopgirafionsof effeeh af desimg yrhedules omi 1 f er ent

groups of rév'krmwam%%siswe%@hﬂh@r_a\seﬁii@eﬁe&rOups recei ved the follow ng
treatnments: Goup 1 (control) received no treatnment. Goup 2 (control),

free irinotecan (1.2 x 10 ng/gm of nouse bodfy weight ~ 2.4 x 10 ng per
nouse) i ntraveHdds] gihls'rﬁxagn}g@@fr@mhpﬁge 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 EGFRminicellsshRNA_MDR_l were administered intravenously
in nude mice carrying Caco-2 cell xenograft. In separate groups (# = 11 mice per
group), mice were given EGFRminicellsIrino either at 96 hr (G3), 120 hr (G4) or 144 hr
(GS) after the EGFRminicellsshRNA_MDRl treatment. G1 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 minicells, 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 EGFRminicellsmno with 144 hr (GS5) being most effective

in reversing drug resistance and achieving a significant therapeutic effect.

Example 7. Second in-vivo demonstration of effect of dosing schedules on

reversal of drug resistance and therapeutic effect.

[0197] This example demonstrates that the dosing schedule effect observed in
example 6 is broadly applicable.
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included to confirmthe in-vitro results that the tunor cells were
resistant to the drug. Goup 3 (control), EGFR-targeted,

i ri not ecanopasskag®d ninicells (designated POPR FOPR mi nipceliBmiosn036)4 . G oup
4 (control), mnicellsshRNA-MDR-i- G oup 5(control), mnicell SShRNA-bci - 2-
Goup 6 (control), mnicells shRNA-MDR-i followed by free irinotecan. G oup
7 (experinent q)b198]nmi &Petimef BNCribERI eXMhplogedadyepdhidl Gk Hie sanjeno .
Goup 8 (expt.), mnicells shRNA-bci-2 fol l'owed by FOFR mi nicelklsirino

| ri not ecawntjals randt expeimestaligicmps sycagPitlat SFbwsdivet fteesS-kU10 wildh ol s
packaged ~ 80 ng of e drug.. All mnicell treatnments received 5.x 10
ni ni cel | <108%)d a8 %ége%@ﬂgs%r@eawm streatmgnto yvaga §arigd o A Q‘S’é‘ Al drug
t r eat mentESFRET m Ni §: . ng . 3 [PES I d a six
day inter va?ﬁbngfe\;\ﬁg%ﬂj'smggsn criérj %rﬁfn}sggf &ngl}ltl? tlg ean%orsgl:a?Haetaé‘igg I ci ent
time was @ldicmedofny simnf, riacel 12k60-faadowstCingm fred @irigy @dninddtrasibRMG2gene
expression and suppression of expression of the drug resistance nediating
protein, micg. , either MDR-1 or bcl-2. [0187] The results revealed (Fig. 2)
a striking contrast between the nean tunor volunes in control groups (G 1

to 6) and expef.l al_grpoups . apd. 8) .. Th nor. BaRumes J.n_t

experi ment al arph)%%’s‘f %rlﬁgﬂgafgf’g%é/;(éga@%?t)zaéigllgﬁggtg%no?/f\ed sllkllénﬁ?efltlsﬁﬁlhtf}@
stabilizatj,on | of 1.t:he:. 1. i B@HRS. .| . ch graoup. agt, the
rean ¢ umat Ay SrumgeP e Sartifichiy A, o bR AN L (Go ERIEETR e
and by dayadmaPeSic¥§neraeadrtal ©F UalY resibaRdt andiBerepdutit iepidaty Wase peteitynat ed
because the control animals were too sick. The experinmental animals, on the

ot her haref, theinventiessistenidean@om the pencenriignfyiregigauired tpeefqotively dregt ¢ he

t r eat nent t.atist] @Rg| I t . iN 1! ) wed t hat
experi nmen %1“1% lg%%lg’pﬂgg%nan %fkl\?l\é?féh%&gﬁ%ﬁgﬁag?ﬁdf ?’8%?01}(?@%83«% t%n?he
control desupsiglcompated o fre® ifdifdddan abidi SFilegedtients rasfectiwdly.deftenee at i on of
targeted in-vivo delivery of shRNA to address t serious problem of drug
resi stanc‘é’“gﬁhm‘gjﬁ?"t%é‘@‘gsﬁﬁ?‘f’mﬁ%“d'@ %st?%f{gd that the invention has
general application, because two nechanistically different nethods of drug
resi st ance,
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i.e., over-expressed nenbrane-associated protein punp (MOR-1) and
cytoplasm c anti-apoptosis protein (bcl-2), can be down-regulated in

dr ug- r esiwoando/asyaer cells invivo. Treating the sane celiraBrios/mzanot her
wave of receptor-targeted, chenotherapeutic drug-packaged mnicells could
effective re ch t npl e 4. Second in-vivo denonstration of

t unor haéﬁflei’sé"?gﬁiﬁff Ya ”g@hﬁ using the method of invention i.e. dual
treatment of mnicell-nmediated shRNA delivery foll owed by mnicell-nediated

drug dérineareyal [GHBSDe¢0! 10F egsmt190gycer cells are al so known to be highly
resistant to another fi rst-l [ ne chenot her apeutic drug, 5-fluorouracil

(5-FU), and this exarrp e hat the methods of the invention enabl e not
only t IRso¥terRAnces pl o@a@ﬁbbm e%ﬁ(éi e (@RVi vo but al so permit tunor

stabilization / regression. [0189] As described above, mnicells were
obt ai neg,fHLERIR §talt ¥eRhUFg8D§E mutant strain and were purified

usi ng the gradi centrlfugatlon [ filamentation / filtration / endotoxin
renoval procedure Simlarly recombinant minicells carrying shRNA plasmi ds,

shRNA- KisRlen, Expertn@pincBiod. Hmi S(RNA3H@AED. wer e obt ai ned and purified from
t he respective S. typhinmurium m nCDEreconbi nant strains. The purified enpty

m ni celd glemhge};&%gﬁ%gggnvwﬁé &h?dS(?zO%thz 2&@9 5-FU as described for

i rinotecan in yéls Wwas use 0 determne the
concentration of 5 FU packaged in the mncells. [0190] A bispecific

ant i bodartenPpNasR eng Camderr,- {2 d b8 ZSEOHEHND anti-S . typhimurium O anti gen dual
specificities was constructed as described in Exanple 3. 10 Reconbi nant

m ni cel i ncubat i the bispecific antibody for 1 hour at
r oom t ET%tah’rIéMB'[ %‘bcé‘f’t&?hg&ne%ﬂbbel I's with the antibody via its
anti-Oantigen Fab region. [0191] Caco-2 cancer cell xenografts were

est abl iciliegtd 61 aBaCéll. a1 1nslie(1988)e and once the tunors reached a vol une
bet ween 50 mmand 80 mm, mce were random zed into 10 groups (n = 11 mce
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nouse body weight 1 x 10 ng per nouse). This control was included to

confirmthe in-vitro results that the tunor cells were resistant to the
drug. &3 woandanhges EGFR-t arget ed, 5- FU-packaged ni ni celrcsngoeso@gont ed
mnicellss. Fu)- 4 (control), EGFR minicells shRNA-MDR-i- G5 (control),

EGFR mw| ¢ h Chs C I inicells shRNA-MDR-i foll owed
by m niE(:He‘ﬂq‘f‘déds‘??65’-%&‘%\B‘%ﬁ%ﬁéqu??m%"éﬂd to a surface protein on
cytomegal ovirus and this serves as a nonspecifically targeted control. G7

( cont r diaydel ehalniGeal RharmsiddNA2 7(Bp 13837429 f @9beved by mini cel | s5. Fu- 8
(control), mnicells ShRNA-MDR-i followed by free 5-FU,. & (expt),

m ni cel hRINA- - i f£ol | d by mnigellss.pu. dO (expt), EGFR ECFR

m ni ce|ﬁ°§?§e§hﬁkﬁ{!ﬁ@§PJz‘gP&CﬁB\A@%¥ %ﬁ%h?@a | ss. Fu.- The shRNA treatnents were
adm ni stered on days 9 and 23 and drug treatnents were adm ni stered on days

15, 18,Fr2i8 eanld, Mal. CthiBiola| | @wWed (99w x day interval between shRNA and drug
treatnents to ensure that sufficient tine was allowed for intracellul ar and

nucl ear_ del i very_of shRNA, ne _expressi on and suppression of expression of
the dr L}:da’ﬁ@LF"satlaHE‘ék%ﬂ’:\g?25‘555(53&30&, i.e., either MDR-| or bcl-2. [0192]
The results revealed (Fig. 3) a striking contrast between the nmean tunor

vol umesGdribotdiRt 410 T WMDY, 12:.11058)43DgoBxperi mental groups (G 9 and 10).
The tunor volumes in the experinental groups showed significant

stabilization in nost of the 11 animals in each group. In contrast, the
mean t (ASRNIG 8t 3l dsimrpungly, 134&):336% 2 387k ont rol groups continued to rise
and by day 36 post-xenograft establishnent the experinent was term nated

becausg;dshQitant.r i°‘%%‘§,®§§g‘“§?§~>t8°ﬂ)3§%lg<%ogifye experinmental aninmals, on the

ot her hand, were healt not 's toxic side effects of the
treatnment. Statistical analysis of the data using one-way ANOVA showed t hat
exper i reaiteamagred albNqtoRemn @ ahodr 2048 €2002uh1 y si gni fi cant conpared to the
control groups 1 to 8 (p = 0.0008). Exanple 5. In-vivo denonstration of

t unor r(ﬁ%%séﬁgﬂngﬁﬁ%@\jg&::3235%%8@)&&9%” resi stant human breast cancer

cells using't 193] The inventors have shown that
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VDA- MB- 468 is highly sensitive to doxorubicin and that nouse xenografts
treated FGFR intravenously with mnicellso ox stabilize / regress. [0194]
In this ewerzpéer218viDA- MB- 468 cells were cultivated in ti peuaBzobboseer and
treated with increasing concentrations of Dox to devel op a Dox-resistant

clone. Jt i || establi h uch drug treatnment in-vitro and in-vivo
up-reg(’i*uaett@z’ &%e{egﬁ?’:ﬁésﬁgg?’g?ém}%adrug resi stance proteins such as MDR-|
and bcl-2. Several Doxresistant clones were obtained and one was used to

est abl iHiretal xeROMREdbiON) BaSDOG (MY ni ce. The intravenous treatment groups
(" =11 mce per group) included & -EGFR, , "t EGFR. . , , << EG-FR

, , mnjcell SDox and - mnicells ShRNA-MDR-i followed by m nicell sDox-
A m c@i“ﬂé‘?’ét ?lu%&' cﬁﬂ% %8&%%7@986)3hRNA treat ment was admini stered on
day 2 1 and the drug treatnents were given on days 27, 34 and 4 1. [0195]

The r esiildssn &hei (it dintBidl. THRE 17805685 Z0RARN A-MDR-i F FR f ol | oved
by mnicells Dox treatnent” in G3 mce was highly effective in reversing Dox
resistance in the cancer cells and that the tunors were stabilized. The

cont r oHudseméniawriayi Naf. Medi, 8d1): 29k (2083) showed that the tunor cells were
highly resistant to Dox and the tunors grew rapidly. Exanple 6. In-vivo

~ denonsif ie?Ql.,OAd\?Ffé(EpMe 'f%igpsgmlﬁgmggg% on reversal of drug resistance

and therapeuti’c effect. [0196] This ex denonstrates the effect of
dosi ng schedul es on the reversal of drug resistance and therapeutic effect.
Al | owi tipteaghti & Bamorej Qorrf Qpimf GenttePev.géli228r(R0@). shRNA to the tunor cells
before the receptor-targeted, drugpackaged mnicells are adm ni stered

i nprov?ﬁ%t&nhﬁﬂk;f%??ridﬁ 1t76n§%£rinqu§g) experiment FR was performed, wherein

m nicell's™s were'a i St’éred intravenously in nude m ce carrying
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FfFR (Gb5) after the mnicells shRNA -MDR i treatnent. d and G were tunor

only and free irinotecan (~ 2.4 x 10 ng/dose) controls. The mnicells were

adm ni st ewedo@to2t89% 10 per dose and each dose carried ~p8@1BROSHO36T4 NOt ecan
packaged in mnicells, which is a 3,000-fold | ower dose than that

adm ni sﬁeﬁ,ﬁ{ggt aq.s%f]%a]%ﬁ%%a%: Jﬂe}k{ﬂzﬁiﬂl ts showed (Fig. 5) a clear correlation

bet ween e ti for s expressi on and subsequent adm nistration
of mnicellsi rinO with 144 hr (G5) being nost effective in reversing drug
resi st drists Gmudloggh7(@0):123-8 32j 3788 (19898). t herapeutic effect. Exanple 7.
Second i n-vivo denonstration of effect of dosing schedules on reversal of

drug resistanc nd .t her tjg. eff [0197] This exanpl e denonstrates

t hat tﬁé%%épﬁgci‘é‘hgaiﬂ eﬁ&f)jeicﬁ%zbé?sé§%d in exanple 6 is broadly

applicabl e.[0198] The experinment described in exanple 6 was repeated with

t he sardtma)er 41,9, @l SRKPEI3: qem@oogy,oups except that & received free 5-FU

(1 x 10 ng/ dose) and in G3, 4 and G5, the second treatnent was carried
out with mnic I{Zs 5.Fu - Mnicells were adm nistered at 1 x 10 per dose
and eac[Ht‘%ls"éaEa ¢l Mpl LigpS¢g SB(MH3175%(200D. 12, 500-f ol d | ower than free
drug adm nistration in G mce. [0199] The results showed (Fig. 6) that

adm ni s\aEddfN &fal'm{@?ﬁ&t’% 9. i @bgRC FR 144 hrs after the adm nistration
of mnicells shRNA- - 5) resul'ted in maxi mal efficacy of reversal of
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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 is the RNA polymerase III
promoter H1 or U6 or 7SK or the RNA polymerase II promoter CMV immediate early

promoter.

5. The composition of claim 1, wherein said functional nucleic acid is an 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.
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the transcript of a protein that contributes to apoptosis resistance.

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

targets a transcript of Bcl-2, Bcl-X;,, A1/Bfl 1, focal adhesion kinase or p53 protein..

12. The composition of claim 1, wherein said functional nucleic acid molecule 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,
DNMT1, FLIP, C-Sfc, S3BPI, Polycomb group protein EZH2, ErbB1, HPV-16 ES and E7,
Fortilin & MCI1P, DIP13a, MBD2, p21, KLF4, tpt/TCTP, SPK1 & SPK2, P300, PLK1,
Trp53, Ras, ErbB1, VEGF, or BAG-1.

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

nucleic acid molecules.

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

for each encoded functional nucleic acid molecule.

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

17. The composition of claim 16, wherein said functional nucleic acid molecule

targets the transcript of a protein that contributes to resistance to said drug.

18. The composition of claim 16, wherein said drug is packaged in an intact minicell.
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| ): Gb45-52 é1997 . WHAT IS CLAIMED I'S: 1. A conposition conprising (a) an
intact mnid& | thacompesitiemef daim b wherean said &mstiena apeleiericbmplecye oa

pl asm Lol - f: tional nucleic acid

nol ecuglea,gﬁggr%&h?%%lggﬁgag?ﬁg%g%(?g;atpﬁgﬁg%g%p@é 1#lag]lqcarri er therefore, wherein
said functional nucleic acid nolecule targets the transcript of a protein
that contributes to drug resistance, apoptosis resistance, or

neopl ast i ci £9. Tir conpesitiomed slaith dnfusthec¢amprising awbigpesific Bgdnd- pl asmi d
conprises a regulatory elenent operably linked to the segnent that encodes
a functional nucleic acid. 3. The conposition of claim2, wherein said

regul atory el e on bR Rl 0d8RARASAIG S AR BSSs o sl

conposition of ¢ wherein sald pronoter 1st ynerase |11
pr onot ehat thrries spdoifity T&kKa minitdiesuifiée gtolcyure nad @ s¢dong momthiae carfibd/ | medi at e

early pronpter, 5. The conposition of claim1, wherein said functional
nucl ei EPEEHGY for %H%‘PE@@F%%W“&I‘W PECGPY t hat targets the

transcript of a protein that contributes to drug resistance. 6. The
conposition of claim1l, wherein said functional nucleic acid is an
antisense nRbeThd @nigtditichdTGRIM 21 h@héenaly micellf subfagy QiRiuie ishatO-

contributes to drug resistance. 7. The conposition of claim1, wherein said
f unct i GRSagshends mpopgntRfjadipgpelysascharidepnsoidaniongell suefagfet s the transcript
of a protein that contributes to drug resistance.

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

capable of activating receptor-mediated endocytosis of said minicell.

24. The composition of claim 20, wherein said bispecific ligand comprises an

antibody or antibody fragment.

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

1 contaminating parent bacterial cell per 107 minicells.

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

1 contaminating parent bacterial cell per 10* minicells

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

1 contaminating parent bacterial cell per 10° minicells

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

1 contaminating parent bacterial cell per 10" minicells

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

1 contaminating parent bacterial cell per 10" minicells.
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8. The conposition of claim1, wherein said functional nucleic acid

nol ecul e targets the transcript of P-glycoprotein, MDR-2 or MDR-3.9. The
conposi t iwo 20d6/2i@ism 1, wherein said functional nucleicpratiiB2009bh@6Ld e
targets the transcript of MRP2, BCR- ABL, STI-571 resistance-associ ated

protein, lu Ie cl opxygenase | ear factor
kappa, XRCCIn§b e@gﬂ%ﬁg@%ﬁeﬂh‘%? g&fcglﬂgalt%%?/l%lf %ﬁl‘grl@lflg\ﬁéﬁ’r gingran 10. The
conposi intaohmaficed] thatroohtainst(Brasfunctioaiatnclie héia RedledMUCorRiiT a plisthid B RFise8
targets the tran rlpt of a protein that contributes to apoptosis

resi st @eseg‘ffm ?ﬂ?ﬁ@sf}“ﬁ‘itﬁﬁal&uclf’l“‘a@%‘ molecilseandithens®) bringing sdidnal
nucl ei Gnagded iR c%ﬁtabﬁwhﬁla% & arh i ASFEd Plud fthﬁ%&d%na:ﬁﬁhﬁ&%c ridefiie 1
focal adhesion kinase or proteln. osition o aim 1,
wher ei rsaghinthi¢ellnvheshpkaid dimicapnalamcmlcmnicbxsubleagedmget}se @ytéplasns of thptargét a

pr ot ei ncehhat contributes to neoplasticity. 13. The conposition of claim 12,
whereinsaid functional nucleic acid nolecule targets a transcript of

b- Cat enin, PKC-a, C- RAF, K-Ras, DP97 Dead box RNA helicase, DNMIl, FLIP,

C- Sfc, 53BPI, Polyconb group protein EZH2, ErbBl, HPV-16 E5 and E7,
Fortilin & MO TR nBtHeH3s claABOD, whértin déid:ﬁmcﬂicﬁial TR a8iaKs expréRELby {?1300

PLKI , 23, yras, ErbBl, VEGF, or BAGI|. 14. The conposition of cI aiml,
wher ei ﬁ“%ﬁ ‘Ef“pl asmi d encodes nulti pl e functional nucleic acid nol ecul es.

15. The conposition of claim 14, wherein said plasmd further conprises a
pronoter for each encoded functional nucleic acid nolecule. 16. The

conposi ti on 3f Thé Aiethodl of tlakirh O] WhEETN dafd xﬂgne%udsoﬁgunslﬂplasm% &%H@éd &fon of
claim 16, vvhereln saj d functional nucleic acid nol ecul e targets the

t r ans c IFGHIatgFy demerfihatis epratbly baked toseidsegmentesi stance to said drug. 18.
The conposition of claim 16, wherein said drug is packaged in an intact
mnicell.19. The conposition of claim 18, wherein said functional nucleic
aci d nol eculs, Phe RlcARdioH claﬁﬂ@lsﬁhgeﬁrﬂﬂir@ l? %ﬁgl@ﬂl%ﬁlt 1¥\‘atp%rﬂotrep§ RAdEht
mnicell. 20. The conposition of claim 1, er conprising %’s ecific
li gand onRNApelymaassosi ti on of cl a| m 20, wherein sai d bi speci f| c li gand
conprises a first armthat carries specificity for a mnicell surface
structure and a second armthat carries

34. The method of claim 33, wherein said promoter is the RNA III polymerase
promoter H1 or U6.

35. The method of claim 30, wherein contact between said minicell and said

mammalian cell occurs in vitro.

36. The method of claim 30, wherein contact between said minicell and said

mammalian cell occurs in vivo.

37. The method of claim 30, wherein said functional nucleic acid molecule is an

siRNA molecule that targets the transcript of a protein that contributes to drug-resistance.

38. The method of claim 30, wherein said functional nucleic acid molecule is an

antisense molecule that targets the transcript of a protein that contributes to drug-resistance.
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specificity for a non-phagocytic mammalian cell surface receptor. 22. The
conposition of claim2l1l, wherein said mnicell surface structure is an

Opol ysacokenoem2emponent of a | i popol ysacchari de on saipdTnBriosedssissur f ace.
23. The conposition of claim 21, wherein said mammalian cell surface
receptor is capable of activating receptor-nedi ated endocytosis of said

m ni cel | . 239. Tieemetbogp of £lainy 30 ovhartiaisard fonctighel mickeic adidi mwlespleds #i ¢ | i gand

conpri sgs_an antj bo or_anti bo fra t. .25.. The, conpositjion of claiml,
wherei fogathe BB BN e R ke Pt el AP fom e B U BRR ot ng par ent
bacterial cell per 107 mnicells. 26. The conposition of claim1, wherein
sai d conposition contains fewer than about 1 contam nating parent bacteri al
cel | per 10 46i Tihemkihod 27 claith 80 cehgreinishiddnonafonel michaid acidimiesiute targets the
conposi tion, copntains fewer apn a 1 contam nating parent bacterial cel
per 1oéraﬁf%'ip&8f]§g-§'b?8?m?% I\é[b%ﬁggf g’ﬁﬁéﬁ'g’of claim1, wherein said conposition
contains fewer than about 1 contam nating parent bacterial cell per 10 10
mnicells 29. The conposition of claim1, wherein said conposition contains
fewer than abovke hetodbablaidB0ghdainenid faacionnl micldehdid plechlt thrgkts the

mnicells.30. A nethod of delivering a functional nucleic acid, conprising
(a) pr &ppepripyobMBRY BER-AB: 8E1P71 resistanserassopiated;protging [ingregstanicenuc| ei ¢

Funct | Sharcufly dleldadadiape T, kPRl S xR CCHTRCCL TR ARAE 2, ot o

cont acttutwilinhomra gramglefactommmal i an cel |, such that said manmalian cell engulfs
said mnicell, whereby said functional nucleic acid is released into the
cytoplasmof the target cell. 31. The nethod of claim 30, wherein said

(et onal el 6 AeUde bR E 3P SRR U MLARI SRl BBy g0 ©

r egul att@kycriph 61%® piotdih @at conteipeteatd apopiosiks eekistanceai d segnent. 33. The net hod
of claim 31, wherein said regulatory elenment is a pronoter dependent on RNA
pol ymer ase.

43. The method of claim 42, wherein said functional nucleic acid molecule targets a

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

44. The method of claim 30, wherein said functional nucleic acid molecule targets a

transcript of a protein that contributes to neoplasticity.

45. The method of claim 44, wherein said functional nucleic acid molecule targets a
transcript of B-Catenin, PKC-a, C-RAF, K-Ras, DP97 Dead box RNA helicase, DNMT],
FLIP, C-Sfc, 53BPI, Polycomb group protein EZH2, ErbB1, HPV-16 ES and E7, Fortilin &
MCIIP, DIP13a, MBD2, p21, KLF4, tpt/TCTP, SPK1 & SPK2, P300, PLK1, Trp53, Ras,
ErbB1, VEGF, or BAG-1.

46. The method of claim 30, wherein said plasmid encodes multiple functional nucleic

acid molecules.

47. The method of claim 46, wherein said plasmid further comprises a promoter for

each encoded functional nucleic acid molecule.
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34. The nethod of claim 33, wherein said pronoter is the RNA |1l pol ynerase
promoter H or U6. 35. The nmethod of claim 30, wherein contact between said
m ni cel | wodosai2esomanmal i an cel |l occurs in vitro. 36. TireTmBtodososefs cl ai m
30, wherein contact between said mnicell and said manmalian cell occurs in
vivo. 37. The method of claim30, wherein said functional nucleic acid

nol ecul e i s48nThe methodrof daim 80.tfwakercamgasing thresten efnsta¢lpering adrygriot ei n t hat

contri ?zﬂﬁ?asr &(}?g{lrﬂgﬁinecsinstance. 38. The nethod of claim30, wherein said
functi ohal AUCT el a1 @ nol ecul e is an antisense nol ecul e t hat targets the

transcript of a protein that contributes to drug-resistance.39. The net hod
of claim30, wherein said functional nucleic acid nolecule is a ribozyne
t hat tar get 49t Hie method of ¢lpim 48, vehepeio said fundtimhalonwieid dvid molecole targets the

drug-resi stance. 40. The t.hod of claim30,. erein said functional
el el FERRTRL S Rt R R RAEHE ey AN S B8, gl ycopr of of n WDR. 2 or
MDR-3. 41. The nethod of claim 30, wherein said functional nucleic acid
nol ecul e targets the transcript of MRP2, BCR-ABL, STI-571

resi st ance- 36sDied méthdd pf clhign #8, whengin ssididsigiRpacledgad adarpinticeminicell.

cycl ooxygenase-2, nucl ear factor kappa, XRCO, ERCO, GSTPl, nutant b-
tubulin, or a growh factor. 42. The nethod of claim 30, wherein said

functi onal eic acid.nmol ecul e tarqget,s. the transcri of a protein that
cont 11 but es SHotEBpRss o TRt Sl hecdh 454 TurghrhRBE i ellaeels ™ whor ef 1
sai d f ypehi@RAl sfldahe) fre padkdgbPWREM! tRe $aMiORiMcal. t ranscript of Bcl -2,
BCl - XL, Al /Bfl 1, focal adhesion kinase or p53 protein. 44. The nethod of
cl aim 30, wherein said functional nucleic acid nolecule targets a
transcript aof protein_that contributes to neop]asticity. 45.6&{1@)rret hod

of clai m 442wk BFHod af laim AR+ Whsieln SitadPlqcc R SHBSeRBIT EuPEPs @) a
transcript of b-Catenin, PKC-a, C RAF, K-Ras, DP97 Dead box RNA heli case,
DNMII, FLIP, C Sfc, 53BPI, Polyconb group protein EZH2, ErbBl, HPV- 16 E5

and E7, For Bl The et bPelaiah 9, 3oherdfBloRid dvdlis délitéted bdrcudredtty wiklslepbSPK2,
P300, PLKlI, Trp53, Ras, ErbBlI, VEG-, or BAGI.

54. The method of claim 30, 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 minicell to bind to said mammalian cell.

55. The method of claim 54, wherein said target mammalian cell is a non-phagocytic

cell.

56. The method of claim 54, 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.

57. The method of claim 56, wherein said minicell surface structure is an O-

polysaccharide component of a lipopolysaccharide on said minicell surface.

58. The method of claim 56, wherein said mammalian cell surface receptor is capable

of activating receptor-mediated endocytosis of said minicell.
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46. The nethod of claim 30, wherein said plasm d encodes nultiple
functional nucleic acid nolecules. 47. The nethod of claim 46, wherein said
pl asmi d fwotb@wo2esapri ses a pronoter for each encoded froetBmosibossuc! ei c
acid nol ecul e. 48. The nethod of claim 30, further conprising the step of
(c) delivering a drug to said target mammalian cell. 49. The nmet hod of

cl ai m 48, whA®rBiermethpdiof ¢laian Pbrsherein saidbispaeifig ligandoeammprises ppyantibody er
transcrj f tein that contributes to resistance to said drug. 50.
The ne%ﬁ@%ﬁg#h%F§?§148, wherein said drug is packaged in an intact
mnicell. 51. The nethod of claim50, wherein said functional nucleic acid
nol ecul e or plasm d, and said drug are packaged within the same mnicell.
52. The net hBdTkefmethad of d8im 3Merksrein said pmiminabiew celbisphbgaytosist ot 0 st eps (a)
and (b). .53 The neth d of claim48, wherein said drug is delivered

concur FRJRYips *PH“?‘@E (b). 54. The nethod of claim30, wherein step (b)
entails bringing a bispecific ligand into contact with said intact mnicel

and said target mammalian cell, such that (i) said bispecific |igand causes
said mnicell to bind to said mammalian cell. 55. The nethod of clai m 54,
wherein said target manmalian cell is a non-phagocytic cell. 56. The nethod

of claimb54, wherein said bispecific |igand conprises a first armthat
carries specificity for a mnicell surface structure and a second armt hat
carries specificity for a non-phagocytic mammalian cell surface receptor.
57. The nethod of claim56, wherein said mnicell surface structure is an
Opol ysacchari de conponent of a |ipopol ysaccharide on said mnicell surface.
58. The nethod of claim56, wherein said manmal i an cell surface receptor is
capabl e of activating receptor-mnmedi ated endocytosis of said mnicell.59.
The met hod of cl aim 54, wherein said bispecific |igand conprises an

anti body or anti body fragnment. 60. The nethod of claim 30, wherein said
manmal i an cell is phagocytosis- or endocytosis-conpetent.
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