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molecules to mammalian cells (e.g., cancer cells), particularly in-vivo. Those hurdles

include (a) composition, functional characteristics and stability of delivery vehicles,
(b) packaging therapeutically significant concentrations of bioactive molecules,

(c) targeting desired diseased cells in-vivo, (d) overcoming a series of intracellular
barriers and successfully deliver therapeutic concentrations of bioactive molecules to
intracellular targets, (€) avoiding a range of host immune elements such as antibodies,
complement, and macrophages that may destroy a vector before it reaches a target,

(f) crossing the endothelial barrier of blood vessel walls, particularly at the site of a
tumor mass, (g) migrating through several layers of cells to reach a target (e.g., it is
known that a solid tumor is an organized structure containing both tumor cells and
normal cells; hence a vector must cross several layers of normal cells to access

malignant cells), (h) migrating through an extracellular matrix (ECM) comprised of
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a vector, and (i) addressimg high interstitia

hypertensi on (el evated hydrostati c pressure outside

bl ood vessels) in the tunor m croenvironnent, which

may limt the access of bioactive nolecules. [00041 A

nunber of different vectors have been proposed for

both nucleic acid and drug delivery, including viral,

non-viral non-living, and non-viral |iving vectors.
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[0006] Non-viral non-living vectors are exemplified by cationic polymers
(polyplexes), cationic lipids (liposomes, lipoplexes) and synthetic nanoparticles
(nanoplexes). They are more versatile than viral vectors, and offer several distinct
advantages because their molecular composition can be controlled, manufacturing and
analysis of such vectors is fairly simple, they can accommodate a range of transgene

sizes (Kreiss ef al., 1999; de Jong et al., 2001) and they are less immunogenic
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under investigation as tumor-selective live bacterial vectors.

[0008] Live attenuated bacteria have also been explored as vehicles for delivering
nucleic acids (Paglia et al., 2000; Weiss and Chakraborty 2001; Yuhua ef al., 2001),
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[0010}] The present invention provides a versatile delivery vehicle for improved
drug, therapeutic nucleic acid and functional nucleic acid delivery strategies,

especially but not exclusively in the context of cancer chemotherapy.
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intact killed bacterial celis and a pharmaceutically
acceptable carrier- The killed bacterial cells contain
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[0013] According to another aspect, the invention provides a delivery method that
comprises bringing a plurality of killed bacterial cells into contact with mammalian
cells that are phagocytosis- or eﬁdocytosis-competent, such that the killed bacterial
cells are engulfed by the mammalian cells and release their payload intracellularly.

The payload may comprise a therapeutic nucleic acid, a functional nucleic acid or a

drug.
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a functional nucleic acid to a target cell. The method comprises bringing a killed
bacterial cell that contains (i) a functional nucleic acid molecule or (ii) a plasmid
comprised of a segment that encodes a functional nucleic acid molecule into contact
with a target mammalian cell. The mammalian cell engulfs the killed bacterial cell,
the functional nucleic acid is released into the cytoplasm, transported to the nucleus

and expressed by the target cell.

[0017] Inrelation to this invention, the contact between killed bacterial cells and

mammalian cells may be irn vitro or in vivo.



[0017] In relation to this invention, the contact

between killed bacterial cells and mammalian cells
woregsheedh vitro or in vivo. WO 2008/ 012695  PCT/IB2007/003489
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provi des nethods for |loading killed bacterial cells
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concentration gradient of the drug between an
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bispecific ligands in the preparation of a medicament, for use in a method of treating a

disease or modifying a trait by administration of the medicament to a cell, tissue, or
organ. In the medicament, the killed bacterial cells contain a therapeutic nucleic acid
molecule, a drug or a functional nucleic acid molecule, and, optionally, bispecific
ligands that are capable of binding to the killed bacterial cells and to target non-
phagocytic mammalian cells. Such medicaments are useful to treat various conditions

and diseases by increasing expression or function of a desired protein, or by inhibiting
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f‘@lﬁ‘@?ﬁ?ffmer apeutic drug-packaged intact killed bacteri al
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bl ades) in BaBRIEFNESCRIPTENOF WHEDRWWINGS! unes
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mideangrk éreatedt(he= k1 micespeaaptoun)intpavenoliziygi. wawitheas doxdrubicin

s firecf i hifea riaeh it BARERr ool Faotbged with dox
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S04 G MHSuehoned 08, 0Ll LUTRE, et RCLR)sicth 8P kSne G.v.).
The treatments were administered on the days marked by a triangle on the x-axis and

tumor volume was measured as shown on the y-axis. The result shows a highly

significant anti-tumor effect when EGFR

killed S. typhimuriumpex (G4) was used as a
treatment while the G2 and G3 mice showed no anti-tumor effects. Standard

deviation is shown for each measurement.

[0024] Figure 2 graphically shows that intact killed bacterial cells packaged with
paclitaxel or siRINA inhibit the growth of human colon cancer cell (HCT116) tumors

in vivo.
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9 [00251 Figure 3 shows the reversal of drug
resistance in mce carrying human col on cancer
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[00271 For exanple, the inventors discovered that when
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sl ea YT dupRiside difcotietie®umMerlié thak dererthit@tion.nt act kil l ed
bacterlal cell” vehicles are endocytosed at hlgh

ff t et
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non-viral delivery. vehicles to _no -ph C
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it was believed that receptor-nediated

tasd killeddiasterislisal! vrhticlappte andpeyparad at high efficjegey dntg darget non-
eﬁ%{o@%ﬁé‘ﬁave egﬁm deH02FhisFRtc g‘v@ﬁ} RRCE surpHss) %\éb&%b although
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[0028] For instance, adenoviral vectors have been redirected to target mammalian
cell-surface receptors, such as endoglin on endothelial cells, and internalized via
clathrin-coated pits in the mammalian cell plasma membrane. Wickham ez al., 1996;
Nettelbeck er al., 2001; Boucher et al., 2003. The clathrin-coated pits resemble a cup
that envelopes the vector, but the size of the cup is understood to be a limiting factor.
Clathrin-coated pits have a limited size of 85-110 nm, due to the size of the clathrin

coat. Swanson & Watts, 1995. Bacterial cells, by contrast, are at least 400 nm in
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1,000 urn in length. Hence, is was not expected that
such a targeting approach would work for killed
bacterial cells. [0029] Know edge concerni ng ot her
| arge vectors supported the expectation that killed
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B al3B e H ek TR ich 2 eSO e o et 350 nm x
2803@0 Y28 dol ikt infBer ARRNESn QBN h a SatBfinRohiRdgRRENay. Essani
and. t he Sngulfrrent process is clathrin- and
apd LAl 97 hdependent,  bei ng acconpl i shed by
phagocytosis. The interaction of |arge pathogens wth
[?d)m)gl_c el a sifiilaf @61, howpEefocsic mmhﬁmifi @rma:chﬁ@otcaagaﬁdage
eadi ng . to_actin rearrangenents a e ma
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shbe pRAGE&s! 48 the %Qﬁﬁheﬁf‘ﬂo@é&%ﬁ@&lﬁﬁrﬁ@ 98d rddeBtor-independent,

signaling cascades that are responsible, on bacterial

befnigr aecomplishea hphagaryienige fbA daterrction of jarae pathpessaife the cell
i i il r€ ts at th

SRR AR08 0 QBRI B s o

rioos: meobsat tgfeun filarge phegadyiachprwhichrepgulfetheftheterium.
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5oL ot 1a0rrhe Rl SRELAL oy SGEAARRL S bt
eaxynfiirectihogarangementalat theaflddna siemiraw drhpoefly andersfood.

. : I it | . .
BBk 48, IR 0 YO e SRR 95, Bt and o,
I9®8ept or - nedi at ed endocytosis is -25 nm See al so
Nakai et al., 2003; Osaki et al., 2004. Gao et al.,

[699& §8&:f1ﬁ£ HRIQSﬁéElIonS into the effect of particle size on receptor-mediated

endocytosis show that the process is strongly size-depéndent. For example, Aoyama
et al., 2003, studied the effect of particle size on glycoviral gene delivery and
concluded that the optimal particle size for receptor-mediated endocytosis is ~25 nm.
See also Nakali et al., 2003; Osaki ef al., 2004. Gao et al., 2005, confirmed that

conclusion.

[0032] Moreover, even though bispecific ligands reportedly have been used to re-
direct viral vectors, the method has not always been successful in the context of gene

delivery. In attempted retargeting of viruses from their native receptors to alternative
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viral entry and gene expression. Al so, when virus
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ic mammalian cells. In further support of

non-
4$P%V%®| f%”$hé9?%ventors di scovered that non-targeted
killed bacterial cells are unable to specifically
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tﬁ%l foiht, ﬁﬁsmvérﬁoﬂ%n&do‘%ﬁlearthat%ﬁ-tﬁ@’e&%tlﬁﬁed(b&ét&@al cells are unable
bacterital cells are not 1nternallzed
tﬁ@ne(pﬁa@lbc?dhe@e teagnvedalivar e paylead &/n@bnhamvtw riamagjian cells,
i
%’%g gﬂég I?el ﬁgﬁ% aﬁtem%?:se\{vfetfsf %FHI{Z% e%gg&g%#ﬁ?%ﬂogim a number of
wemnuilienael sllnear In mr’ucmlmd mogdarghtet] killes bgsderial celésargmot

1(’%& n%hzegt%r v 0?1—&%@%319 gm?rﬁahtag rrgl&se rsrig%’ %ﬁg{r%sg,ggggg ¥i&8rial cells

are aeamarrﬁhagbeﬁosemtthy pratsssiphaigdngocaes Bkevnhbrophagesc [Tdgs
of < Tabaja .and | kada, 1988; 19 Unl i.ke vi.ral
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%Mes&fohggﬁ{ago&ﬁes (KirKer BA] 1 788 288 thd: Resehar eptald &f ed

cterial cell have no simlar nmechanismto

BERrapartiplss Hﬁﬁg@@ﬁ?ﬂ*@gﬁ%ﬂﬁ?&ﬁ with particles qfgh3 4qm Agagaap?sqnd Ikada,
Léﬁ&s 1996k @ﬂt@q”lr i O@ctbx@\f%?tsgééﬁ@aﬂﬁpaﬂie%\ﬂﬁfﬁ ede Pﬁ)trs and trigger

I Specl can € endocyt05|s o)

ihntramemalilza@@n tth@'c:&qre,ddlll@bbaoserwl celinhaysmoptimglet perkanism to
> a suggests that
a 4 &fkh:ﬁgec&’{g et{rglﬁg%%gh S may occur via the

rece t or- and macr opi nocyt osi s-dependent pat hway,
[0934H h Against this background, the inventors also discovered that bispecific ligands

can direct the endocytosis of intact killed bacterial cells within non-phagocytic

mammalian cells. Preliminary data suggests that internalization of bacterial cells may
occur via the receptor- and macropinocytosis-dependent pathway, though the

Applicants are not bound to such a theory.

[0035] The inventors further discovered that following endocytosis, the killed
bacteria are completely degraded in intracellular vacuoles, presumably endo-
lysosomal compartments. This was surprising because harsh degradative mechanisms

that are capable of degrading large biological particles like bacterial and parasitic cells



Applicants are not bound to such a theory. [0035] The
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degraded in intracellul ar vacuol es, presunmably endo-
| ysosomal conmpartnments. This was surprising because
harsh degradati ve nechanisnms that are capabl e of
degradi ng | arge biological particles like bacteri al
and parasitic cells W 2008/012695 PCT/|1B2007/ 003489
12 were thought to operate only in professional
phagocytes, |ike macrophages. Those nechani sns were
wiére tighhtght to prearatetonfyin prafﬁSSigeai mmagcm@, hifye mmphages Those
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mofesgjend, phapodyass. tﬁédaeseadotthml-p}fagpcﬁmals mdm pkgcess and
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vectors are encl osed W t hi n endosomal or |ysosonal

(38, FATRs oSRENebilied B SeSaRERGi P andd S Mosia retnps are

dnoldaay Watkth eeddseaiay or ly@ﬁd@ﬁfaﬂ aidnybrbﬁ@auﬁ@a&rtde&mfalsemaed

sosomal conpartnents,can beco L causti ngd .
éa%ra e BT fAHSGGUR R A SIE Ot trdnrimebCiRaviodd delivery,
apbdsily Be@u‘s’@@ﬁ&fsomaﬁ&&ﬂ‘cp§§§§oﬁ{al gsmgadﬁxlehmfaﬁ bée6he hghly
have nmechani sns that allow nucleic acids to enter.  the

OpEATLIRETAR Mok e §9% ¢ SemoTH SNER FRISdsipaEIs in a vestor

ek &ehll gent AelioMS Vbl hdVRGHa M Es thAGBI6 Mid14ie @8ids to enter
for exanple, havé evolved sophisticated processes to

thacxioplase, bahskided anisars wowldmep papaet mipigellbipdipve such
helHaQiskld uses, such as HIV-1, gain access to the
cytopfasm by- direct fusion with the plasma nenbrane.
Stein et al., 1987. Non- envel oped viruses use various

19037k eYiimses, éorp@wetnlat@w Reolupdsrnbvisticated mypeaseesdpieater the
@Hﬁ%ﬁ‘aﬂ%gﬁfo@ﬁ r}Hrb‘ §esvb Ry Il %%ﬁ acgess to

usi on of OSOHH ranes,
the |cgtg>@ia§m by dirbet fa&apul mthethv pia@memmbtanﬁh Stein dbglon87. Non-

F)E)eg‘ virdSes e%no&? 8¥ate é% Fatettﬁg ﬁlp({o%g %Q{brane after

enza Vlr envel ope elrn emagg ut
e(rtdA):ymmelF@oesamphf nﬂuanz'maises; h'eﬂmg@ §ysidreafithn g'mabammeldosomal

tbr SI . % 1§atr1 Q 1d313ch'~: ngle?xt BP % 5‘1‘38? qnngl Marsh &
Retaer e

rane rane ulTough et
HEleniuk9D9R9. A«dﬂnm/ |pH,| ﬂm@radlmmananlﬁabmm/\anhl teavelspaplycoprotein
hernaggtl&}mmms) delygoes conformational changes, leading to the protrusion of a
hydrophobic spike into the endosomal membrane that initiates membrane fusion.
Bullough ef al., 1994. Adenoviruses also are believed to escape into the cytosol by a
mechanism tied to acidification of the endosome. Low pH has several effects on the
adeno viral capsid. For example, the capsid’s penton protein undergoes
conformational changes that expose hydrophobic regions for endosomal membrane
interaction. Seth et al., 1985. Additionally, intrinsic protease activity of the adeno

viral capsid also seems to contribute to endosomal escape. Greber er al., 1996.
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feﬁbwgc@mmtrmrhﬂzqtqymlwma relasesiiliposempl eontends myekves (2)
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pr ot eogl ycans cationic redi at ed fusion
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th& amjouAses ligosomab eordaRErelpasedirite shet h_s&of)llasxhpbedaﬁse DOPE

e LT R T R N
200995 AF8Bender el &1 1C999E1~Iaﬁﬁdzt ah Oi()CElm ARo d@ﬁ@hicﬂm}ISand
have been used to facilitate di_sruption of th

RebyPiRe deprmershavs Parr usadde feriltathdirupsioa ofihe endolysosomal

B¥hBARkYEeAUdd 1%¥ RevEAPSabhdvd Baferi g%gh@ﬁy &%Hdvﬁﬁes swelling
and di sruption_o endosomes Kl enm Sonawane

agyd distpptian oferfaspsal K Wei?%aﬁw‘ya@aﬁ e 2003. Adaftional
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[0039] Thus, current teachings suggest that sophisticated mechanisms are necessary
to allow some vector payload to escape the lysosomal membrane. The killed bacterial
cell is a non-living particle and does not carry any lysosomal membrane destabilizing
functions. The inventors discovered, that if killed bacterial cells carry at least 70 to
100 copies of plasmid DNA, then some of this DNA can escape the endosomal
membrane without the need to destabilize or disrupt the endosomal membrane. This

sueggests that while most of the nlasmid DNA is likelv to be degraded in the endo-
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[0042] Targeting of particle-based systems in the context of cancer therapy has
exploited the leaky tumor vasculature (Jain, 1998) and the lack of an effective
lymphatic drainage (Maeda and Matsumura, 1989; Seymour, 1992;' Yuan et al.,
1994), which results in enhanced permeability and retention (EPR) effect (Maeda,
2001) of circulating particles (passive targeting). Tumor vessels have an irregular
diameter, an abnormal branching pattern, and do not fit well into the usual
classification of arterioles, capillaries, or venules. Warren, 1979; Less et al., 1991,

1997; Konerding et al., 1995. Of particular functional importance, tumor vessels are
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discovered that killed bacterial cells are not hindered by such interstitial hypertension,

but are able to achieve highly sigﬁiﬁcant anti-tumor effects (Fig. 1).

[0044] 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 herein describes particular
embodiments only, and does not limit the scope of the invention. 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. Additionally,



2004. The authors of that report speculated that the
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into the genomic DNA of host cells.

[0048] 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 is typical for RNA and DNA, or modified or
substituted sugar or phosphate groups. Alternatively, the backboné of the
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[0050] The term “expression generally refers to the process by which a
polynucleotide sequence undergoes successful transcription and translation such that
detectable levels of the amino acid sequence or protein are expressed. In certain
contexts herein, expression refers to the production of mRNA. In other contexts,

expression refers to the production of protein.

[0051] Transcription or translation of a given therapeutic nucleic acid molecule may

be useful in treating cancer or an acquired disease, such as AIDS, pneumonia,
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[0054] In the treatment of cancer, a therapeutic nucleic acid molecule suitable for
use according to the present invention could have a sequence that corresponds to or is
derived from a gene that is associated with tumor suppression, such as the p53 gene,

the retinoblastoma gene, and the gene encoding tumor necrosis factor. A wide variety
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as treated mammalian cells become infected by HIV-1. These vectors use the HIV-1
regulatory elements, Tat and/or Rev, to induce the expression of a toxic gene such as
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and D-am no acid oxidase (DAAO), respectively.

Human-ori gi n suicide genes are exenplified by genes

that encode carboxypepti dase Al (CPA), deoxycytidi ne

ki nase (dCK), cytochrone P450 (CYP2B 1, 6),

[QOSHF R/'lFl‘réEiBéﬂépeund:lhiB'}Rilé:asqdaﬁ’ehq irveotidRypi3ly is contained on a

TS PRk 5 R Ly B

nbelelt dcod fj@dnem tHnt Stictiods as/eeég@ﬂ%ofwa&mlem BetSascn provicter, a
ene product as soon treate Rl i an
BHEE PRFEETES By FSPaTS I o bBD P STOREY Heksd 9. the
ﬂﬁ&%ﬁu@b%le@d £18 BéEmentatA AR prBRGterl AnibRdiseEe-EdRific or even
expression of a toxic gene such as a-diphtheria

e RT-pRecifia, 38 thedhgapaniaedte digiiieer f er on- a2 after

infection by H'V-1. See Curiel et al., 1993; D nges et

[6058]. 1ﬁ955ﬁ1e Ehii® AtclElk adld mayl 8fchale aHidilé Bénedr shormal counter
199 %} et al., 1999, VR%QOS/ 012695

éﬂfla&e@e %@ﬁE@QSGSZ‘O’rP@%‘ﬁF upRLFPEnAIY op hdpreent in

aBRbEn A evelLinl tAY @t A dryRI1IC AVTbyedvEr, ERNhR ARG ORudeic acld may
plasm d wthin the killed bacterial cell. The pl asm d

b&|¢§afam¢ onpRemideeraadsed of manltipleycksie a@éusaq‘sf@gﬁ% nfurther, the
ptlmldfnwédn%ﬁ a8 gflaloPd tleRlcl Y¥n@bLARPorteSiEheat 2
pronoter, a terninator, an enhancer ‘or a signal
se uence and that is operably linked to the .
(0928 apbhe fesmnigene efors tQi pelyripieotide sqanents BatfagpRsisep control
aaa%oéﬁlegtéeaéaﬁe§ REGs e f&fthglé?cfﬂuchb'ﬁrgf‘a?B%E fido ordrebitor. The
herapeutic context dictates he therapeutic
nolpepiide aan be mgndeﬁ dbuadull length p@l@mg speuepee ar hp paw portion of the
rt

P RRucrR) . BndipBP Btk EXBR SRS B Spd kO it may
inclutd ensrammetd trops, HounViby ehe approptietetshieejysotions. Moreover, a

| ej.c I; s [
S ot TR et RS e Tt BTRE bhstared
piassiitit reyldafifetaihe biolpgigal a;:ltuvrty oe lenahemical dtruetuge of the

rter The t
BEPiB o RRaRE oyt 8 EPrehalh. EE RS of b Bl Boffol. Such
modifiegticaduelndesut acass dinyitddoo, tiutatjpnsdnsdriions, deleéions, and
&%L%ﬁ rtlsl, g ont o rrrlgr%unru%%rotidérsh Tn this regard, such modified genes may be

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

[0060] The term “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.



pol ypepti de can be encoded by a full Iength coding
sequence or by any portion of the coding sequence. A
W@emws/omsys constitute an uninterrupted codi ng SPCI/EBROE7/003489
or it my include one or nore introns, bound by the
appropriate splice junctions. Mreover, a gene nay
contain one or nore nodifications in either the coding
or the untranslated regions that could affect the
bi ol ogi cal activity or the chem cal structure of the
expression product, the rate of expression, or the
manner of expression control. Such nodifications
i ncl uRlguldtuty Blegrensst | i-mited to, nutations,

rtions, .del.eti n stifutions of

DBt Gd metfSpe BU6s iAioed Va a8 prpsent
1H9&)hti@ﬁ aldoada@rHa®d atdesiasd émﬂirigrﬁegi'neﬁf lihtked c'i;fwdtiv&y to a regulatory
$ene n%? 60] The term"host cell” refers to a q
RNt PDES 2 PRI, EEminalars an grhancer and/op a:penglspayence. A
su@eBle R Sabler ¥RAC O Fissile-Pebiiic drlerdS fuliorMpecific, as the therapeutic
pol ynucl eoti des, and includes the progeny of the
Onfext digtatee| | that has been transfected. The progeny
of a single cell may not necessarily be conpletely

['0062]t | AddroldtdiBs Plihedpedfict Whe® RAThé&tiRked ﬁ%ﬁirentg}l& in a given
onpl enent as the original parent, due to natural

%?él%‘? achibgnee, bt elfativedp SrvingR¥PERSSION. InAby 12788 psosf an operably
1?&%'&%9&741 Qgé)’tfe%%e éﬁie cﬁ%gé&ly%f(?fs)(uﬂfe@ﬁm ﬁrthQ@i‘]r]mﬁldes for

nucl eic acid ol ecule to be’introduced via the

aepicicthe JeprtReyterspsafic Promoten foraibwninmandm—antite/rain,
Q?ﬁécfﬁgy?&%c&%s%esl%gﬂg B&rﬁkdlr}g@gn ORRicA X&{\Bé 111 aflcreatic acinar
regul atory el enent, suc pronoter, a m nat or,

coll st anredin egnel cortrel regignactivedh epreeseatiy besy p@léﬁa the mouse
155191@3&&2 Eugg%‘g& c?sn?t?)ﬁ ?e%? éﬁgﬁdgfj Qarctlséé % estl%ul:a: bfeatst gmphoid
06 24t céllqg rtherotyetin |basf¢lpmtsmege$1p eeontfrok:t'ngMnemcnvte mS)hgodendrocyte

preferential ti ssue
%ezlﬁé% e%r Cﬁl} V%Oqaﬁo%?}?lv f%a%é%ﬁ g Benie co?l‘rr]ol region, which
sacted inl dﬂlwftheoﬁyrmnhalmnabsge Filalméved. 0PO); Cilitdrto ef al. (1985),

Prbrtace., A8 R rLel oA Lol MRD S 1o,

RhAdHah o198 6Y, Laibrer 41. @986 R Readhidallley phi(N987), and Mason er al.
resgectlvely the el astase | gene control region,

' is active in pancreatic acinar cells; the
insulin gene control region, active in pancreatic bet a
(0068 ; Thbe d1¥0IS@ promoTas that présﬁd&pleﬁiﬂéﬂﬂlﬂl_yriﬁ@hﬂﬁn tumor

cr1| s actiye in testicular, hreast, id .
ce s or in tumor ceY Is per se, and that are tseful for treat&xxglm?f%rent cancers in

accordance with the present invention. The class of promoters that are specific for
cancer cells is illustrated by: the tyrosinase promoter, to target melanomas; the
MUCI1/Df3 promoter, to target breast carcinoma; the hybrid myoD enhancer/SV40
promoter, which targets expression to rhabdomyosarcoma (RMS); the
carcinoembryonic antigen tCEA) 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).



and mast cells; the nyelin basic protein gene control

region, active in oligodendrocyte cells in the brain;
wapashisIgyonadot ropi ¢ rel easi ng hornone gene CPRCIL/IB2007/003489

region, which 1is active in2cells of the hypothal anus.

See Frain et al. (1990), Cliberto et al. (1985),

Pinkert et al., (1987), Kelsey et al. (1987), Swift et

al. (1984), MacDonald (1987), Hanahan, (1985), Leder

et al. (1986), Readhead et al. (1987), and Mason et

al . (1986). [0063] There also are pronoters that are
expressed preferentially in certain tunor cells or in
[000d]r Rrobicderp¢hatses depeddeniamn ether B3R pblyhmraster(palt) ilhor pol II are

nt_cancers in Q dan ith IS

p?%f%ggel ?yromg S f% %%estr%l}s%n %rm it e}%hvlm}/ RS lged ,511 Gferfs f%r shRNA
tfapscriptioncee tlmlCNsA IIBpmllyhmdsez;tr@:doteys Hi hadije.0si nase

pronoter., to target nmel anorras the MJCL/Df3

E’;]ﬁgﬁf:g gil}% er%%%m : %Q %fr;]g%lrgms t}tleh erlg?éélkg énven%{l QO effect
sebratidooyf as axpmMOr( ﬁl’dﬂ)nct dxﬁecalaancm nﬁanmgteersum potugan a

SRS 20 e B BB Bl i
de!ﬁperemvugﬁiﬂ&t Rllmtﬁaefenal SelIs&hQﬁ‘Inchmérh' sigredl |se<§i.&1nhe it pgoper
%{f{l o A 831:%? 8(4 %g%g%ra 1|’rtctt g? 1r§er§gtt(1t§_ g[gg?ted %@ an engulfing
o%ﬂQﬁA@E@&iypﬁﬁféb@%@ﬂ%é%@m&?dlﬁ eaklidk %ew&h the chosen

that are dependent on either RNA polynerase
tatipent paradige. IHpsradive siengl snaerges indpdyids éxaemolysm C-terminal

dERBSA SEQlenel deﬂr%@dﬁn ﬁf §f ﬁ‘i{ 6N dS’ O, 8565 OB AR retion

transcrlptlon are the _g %nerase pronoters Hl
safAvengs. dipdosalinAl.§i gmnt N@qit &4 and ke sigeal sequence portion of

i 9,8%?2 gglyg?pt‘icﬂze dBLCEBER n U, ‘;ﬂ% déu R, (ngflfﬁ‘:t

secr an’ expressi on pro otal i zati on of
an expression product to a particular cellular
conp enaeter Llamerds a t her apeuti c pol ynucl eoti de

[gg(:@]c Uy grrtfc f ¢i¥ mAhlY & £ m\ﬁlozaul:&f d eq#élrggch of the present

l"ud
ipvcr:tgnl candadiidga femm'e? gl@;ﬂit ? Airtepwm eéemressnfms on its
@E&qﬁ%tanpﬁoslt Q'tgard?lg/tde'tegctaso?g Bﬁérﬁw%gzﬂ%%?%gtﬁ&& qg}alcgl‘ﬂ' t)y
aeblling a pvl}qulda,gmmﬂterwm prhdmxed bytthe hostethiat q:mrimckﬂegented,

SRS MSULIE B PR TRl
tpdilﬁq\tlesl\l@or 5xérﬂﬁle83 &:potrtl&e eBﬁR'ﬁt delbvepdd bylan Frap&ilie] bacterial
%e > gcléq%g ng 6c? f}}edﬂe#? 1nvent10n couldo 30?:1e7f§13 a plaor‘ggnttﬂa% psrégpcaels, 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
other enzymes, the activity of which generates a detectable chromophore or

fluorophore.

{0067] Preferred examples are E. coli 3-galactosidase, which effects a color change
via cleavage of an indigogenic substrate, indolyl-p-D-galactoside, and a luciferase,

which oxidizes a long-chain aldehyde (bacterial luciferase) or a heterocyclic



the zsi g32 pol ypeptide, described in U S. patent No.

6, 025, 197. Reporter Elenents [0066] A nucleic acid
woriosowees t o be introduced via the approach of P€TEB2007/003489

present invention can inchkside a reporter element. A

reporter element confers on its reconbinant host a

readi |y detectabl e phenotype or characteristic,

typically by encoding a polypeptide, not otherw se

produced by the host, that can be detected, upon

expression, by hlstologlcal or in situ analysis, such

as by in vivo inmaeging techniques. For exanple, a

qaehonylie acil (@eaiferinglevitly reepnbymitant miteast ofdighte dlso useful in this
Jg)glﬁelg(g ﬂcagteé)o?tgir élgm% t?nafjérﬂzg s(th% :%ge Eiglio%g%cenf%rgpelﬁ ?@FP) of the
JjehgldH, Mlagud!?(wtvzate;hh asalesailsdi byR milerer al KLRQS()nﬁ’hB ifiecld of GFP-

R Rehai ot RO Loy P bbbk SifgkCon, NP ggs1ion

@isclosans polyplilesade seal@émc\eﬁddceﬂmgld 23$Sdrﬁ1&bla\¢&1 GFPtalpgﬁﬁ)tem,
r ot.ej ns re esterases 0osp at ases, pr ot eases
png ophgyg formpqd frep pingRFids 66 dhropgh & %PCF

Wb 0982l @1 chsdosep B%&hﬁéaﬁcfd dﬂﬁ@@bﬂﬁ?for R9 peptlde of A
Preferred exanples are E. coli al act osi dase, which

wripgiet G, ripydinechaerjisle hﬁvalgcql@ OTBTCCRHPIOREISEY @R Y 2
mﬁ@ﬁw% Jt amwézr)(o%a%a@hﬁetp Stifeactailady/ thﬁ-@&%&?

I ch oxi di zes ‘a 10ong-chai n al dehyde (bacteéri al
imprpyamentdy exeitadionamarlideda:| i ¢ WO 2008/ 012695
PCT/ 1 B2007/ 003489 23 carboxylic acid (luciferin),

QM)BQ] t PG oBRREAE Bl epbRttASReRis hésdBlatedAWRR all %ﬁfn‘ékmbﬂ product
context is_a reporter elenment that encodes t

Grerendens dlhe eesembinap killer bagteripl) cebkrepif@nt joed foyin. lepr Instance, the

%ﬁgﬁ%b&taq{dstaag ane [dVREDMMe B{tﬂﬁgﬁé G@ftls alhile a gene
ﬁ? % § e field related tec ogy I's
¢ncodingrdihedtofnjate wedystask icohteds RSIFtaapptd mathotnesate)ymd the
b soL RS BOAYUGLSROLAG ASSERER,
ehlohnmhe fieot.e fornmed from am no aci ds 65 through 67)
and WD 095/21191 (discloses a nodification of the cDNA

h 0 | i di
(0501 GO RERES: kit o8 by Sppnglief eRH e Kefiactbi il Ghedrapetorm o
lost kétﬁdrhactfﬁ*ial-leetlhmeetxpad:ss distiaguishimig c&llmut‘féln@ a@iiRns, e.g., viral

ééx?(\%ﬁ pﬁéir? s n‘b"fb'M tag gﬂ%%opdgggf lhgﬂ)e§ ED QVt\flschgQr‘é freargilly detectable by

trmpund)assaﬁlerrent is associated with an expression
pr oduct

Drugs
[0070] Drugs useful in the invention may be any physiologically or
pharmacologically active substance that produces a desired local or systemic effect in
animals, particularly mammals and humans. Drugs may be inorganic or organic
compounds, without limitation, including peptides, proteins, nucleic acids, and small
molecules, any of which may be characterized or uncharacterized. They may be in
various forms, such as unchanged molecules, molecular complexes,
pharmacologically acceptable salts, such as hydrochloride, hydrobromide, sulfate,

laurate, palmitate, phosphate, nitrite, nitrate, borate, acetate, maleate, tartrate, oleate,



that renders the reconbi nant killed bacterial cel

resistant to a toxin. For instance, the neo gene
wEe@BecI6ss a host agai nst toxic | evels of the aptT/B2007/03489

418, while a gene encodi ng4di hydr of ol ate reduct ase

confers resistance to nethotrexate, and the

chl or anpheni col acetyltransferase (CAT) gene bestows

resi stance to chl oranphenicol. [0069] O her genes for

use as a reporter elenent include those that can

transforma host killed bacterial cell to express

di stinguishing cell-surface antigens, e.g., viral

@ﬁuﬁb&pencpﬂﬁtlﬂ&en Forucidiadruph, \$aipdLMenils, la&ﬁmrgﬁgamc cations,

| ch re ad| detectable. b noassay u
ey R e PR o doh RO WAt: OPRGgh 8 OBHpAES. Sheh as bases,
d&ﬁyt@am ﬂgid‘e@als)b et beFii%gdl Jrrmﬁ}lg Bt & +v¥tteaﬁ{sbu%f1éaéfi§$ea:m&a ina
a roauces a Si.re OCa systemc, e ecC I n
é Tt tds a yater; soly OLS? ﬂ?l%mege%f; AT ARAERY. derpatike Hsgpobewhich

hRAhERIA@nos, o@rbgaﬂ«,l dRliveSTRAUSAYSrted by BRAmds] Hyalét zea By the body
i_ncl udi ng peptid proteins, nuclelc acids,

R ) @her I&ﬁ&?behc REAcesses s, the @riginsl atqr@?quzlé@lmcuve form.
uncharacterized. They nmay be in various forns, such
[@9711']”“‘)@9@1@ drumligaui©shenith@apditic HLRAR BX@Snosuppressive agents,
pharnaco ically acceptable salts, such as

lﬁ%‘h Pbﬁq% C agenis. mf?ﬁiya@ cogtpopads radipagiivatisotopes, receptors,

BFOLEFHE aciPRRBRRA: Sme vt fray e iy BOGRHE duced b

acet at e, Fr%l eat €, tgl;nfratel oagateea %008/ dl%glégro Heea vy
Potelis 20 0madEngs methods| i cyl ate, and the |ike. For
aci dic drugs, salts of netals, am nes or organic

dpnam gd @ht SXAMRLRI b@taets@fca%mtﬁmg RlstfincE MavOBarticular
use Derivatives of drugs, such bases, esters and :
Wity én the igyention. ﬁ@chﬁe\dncapalhalggisﬂﬁgp virblggingrand vincristine), the
Adigabudt t
SRR e 00, BBkl BnfaaisBRtHT AR Griiftion inhibitors
fetgarasinompkineB) and mittohdld sishitinog, drags (z\&.i paglitaxel). (Ambudkar
%ecj | ygbh, 1s converted by enzymes, hydrolyzed by the

él'y , or by other netabolic processes to the

or| i nal t her apeutically active form [00711 Usef ul

tf13 ilmgmml esnerpelrsnethetapy egerjeaegreferred drugs. Useful cancer

t

%H%“*“n&@?fg RS i n O R omen oKL AR cofUtb difncimine, alkene
sudtonptess tstrazinedplptimng pggpamdsvpymmgilemm pwtine hnai*asfs,
Qggxg n%wlﬁéé Bfol‘afehéi{gidgﬁgaxﬁﬁra%aﬂa‘é% Sxdhes, FUES EhIcSasO"
topoisomerase inhibitors and hormonal agents. Exemplary chemotherapy drugs are

Actinomycin-D, Alkeran, Ara-C, Anastrozole, Asparaginase, BiICNU, Bicalutamide,
Bleomycin, Busulfan, Capecitabine, Carboplatin, Carboplatinum, Carmustine, CCNU,
Chlorambucil, Cisplatin, Cladribine, CPT-11, Cyclophosphamide, Cytarabine,
Cytosine arabinoside, Cytoxan, Dacarbazine, Dactinomycin, Daunorubicin,
Dexrazoxane, Docetaxel, Doxorubicin, DTIC, Epirubicin, Ethyleneimine, Etoposide,
Floxuridine, Fludarabine, Fluorouracil, Flutamide, Fotemustine, Gemcitabine, '
Herceptin, Hexamethylamine, Hydroxyurea, Idarubicin, Ifosfamide, Irinotecan,
Lomustine, Mechlorethamine, Melphalan, Mercaptopurine, Methotrexate, Mitomycin,

Mitotane, Mitoxantrone, Oxaliplatin, Paclitaxel, Pamidronate, Pentostatin,



[00721 Drugs that are affected by classical nultidrug
resi stance have particular wutility in the invention,
WG omR/0e9vi nca al kal oids (e.g., Vinblastine anpPCT/1B2007/003489
vincristine), the anthracyslines (e.g., doxorubicin
and daunorubicin), RNA transcription inhibitors
(e.g., actinonycin-D) and m crotubul e stabilizing
drugs (e.g., paclitaxel). (Anmbudkar et al., 1999).
[00731 In general, cancer chenotherapy agents are
preferred drugs. Useful cancer chenotherapy drugs
i ncl ude nitrogen nustards, nitrosorueas,
Pﬁtmy@’nei’nmicm@azialbk&imxinabl Bencitlg Strepéizoaini, 88 1-57 1 a$ trepiozocin,

T%Wtr&ﬁtug? dlzéaxg%/oé%mu?em g?xg)gglﬁ%?géérsagynrel gga%lnﬁg E’Iélgotepa, Tomudex,
Topx@tas Trvosutphan| Kahetdsate, VinbldstosEy fmsﬁsmmh Mindesire,

Exenpl ary chenot herapy drugs are
AE?“"H’ C|n16§%ﬁ$€]r°§ﬁ Ara-C, Anastrozol e,
Asparaglnase Bi CNU, Blcalutan1de Bl eonyci n,

(Bl flagefulGapee dmhid‘uleeralﬁadxbxgp hbiincludiadlkelkiat iagents such as

T@‘%g?yﬂs%m‘@}d‘éﬁoﬂa%% iﬁ?{éﬁ"ﬁ oséﬁhéfy?nélﬁgﬁ% dmprosulfan and

P@ﬁs@ﬁhm&zﬁﬁcﬁhbs’lﬁﬁ:hdi@ Be@zbdapancm%qamhb’;z\uaeredopa and Uredopa;

%’i‘%’lﬂ b g I‘Eﬂqﬁt}n el %IE);HCHJ %Wéﬁgg?n tHgthy ienemlelamme
uEé@}éﬂépﬁtgphoﬁhgw rth@'éh@fbneﬁﬁdtﬂ@%%@oﬂﬁmd@'aﬁ@ rtﬁﬂlreﬁ@lld)lomelamme

Fl ut am de, Fotenustine, Gentit Herce‘%@
nilgsasRaR Ry sAeh a3 hlosmbicl Chiorarphszinen Chplophpsphpmide,

Hsrh A0 €5 Mo s fAniAE Sk S oreWR G h O R E MG famiNE bRidR 19 Brochloride,
Mer capt opurine, Methotrexate, Mtomycin, M totane,

Nwlpb&lamhi@mnb@w Pb@rmsteﬁtne;%r@ﬂmw@pe, Pafasiipids: wracil mustard;
&Srgést seHch 3 gr%?n 8@2 %ﬂ?oqgétggg / 1*&%89%141’%0 i%gglstlﬁé Nimustine,

I canyci n, azl ne t uxi ma { er ol
aﬁti rlbptrozsimem antﬂﬂibtléﬂs_uchss Parcinaoeysins, ARsimomiytan Authramycin,
TenDzoI

Ws?ﬁl eofgyrdge r&e{%?s é%gpn-r%%flaﬁeaﬂﬁcm Eﬁr%g%%gl ! @ﬁmmomycm

ecan reosutl
G’arrzmphmna(:hron\bmb&xas,t[bmnohﬁynnx Daunmbm\dn Moeterubdcin, 6-diazo-5-

Vi nor el bi ne, .VP-16_ . and. Xe| oda

SearserraR, DPabishe ErhRbR G Eshrp it HAp bt et emyein.
M&ozrr]ﬁbin@ thﬁB?acquf’tlﬁﬁoﬁ?( ablesnbig?athnd ehvahiyyinsfsnéﬁmmabms

su as sul f an osul, n osul f an;

B e on oins QBRI dodeaiiei. STeoREE, Saergzocin
B dillRdoPenimed TykRbitH, mzaﬁx&zdmtdmme@bame@ @6ch as
|nclud|n aItretamne triet m ne,

MF‘iheff9¥9éﬁ aph oitsPuiecd £5-FUb; ‘8%{ ISR SeFhaOP SRR i,
MBGhotrekdtB! FR¢t PG |aﬁmﬁaetrexate, purine analogs such as Fludarabine, 6-

mercaptopurine, Thiamiprine, and Thioguanine; pyrimidine analogs such as
Ancitabine, Azacitidine, 6-azauridine, Carmofur, Cytarabine, Dideéxyuridine,
Doxifluridine, Enocitabine, Floxuridine, and 5-FU; androgens such as Calusterone,
Dromostanolone Propionate, Epitiostanol, Rnepitiostane, and Testolactone; anti-
adrenals such as aminoglutethimide, Mitotane, and Trilostane; folic acid replenisher
such as frolinic acid; aceglatone; aldophosphamide glycoside; aminolevulinic acid;
Amsacrine; Bestrabucil; Bisantrene; Edatraxate; Defofamine; Demecolcine;
Diaziquone; Elfornithine; elliptinium acetate; Etoglucid; gallium nitrate; hydroxyurea;

Lentinan: Lonidamine: Mitoguazone: Mitoxantrone: Monidamol: Nitracrine:



nitrogen nustards such as Chl oranbucil,
Chl or naphazi ne, Chol ophospham de, Estranustine,

wo t@shmsvzie, nechl or et ham ne, nechl or et ham ne PXI/TE2007/003489
hydrochl ori de, Mel phal an, 20ovenbi ehi n, Phenesteri ne,
Predni nusti ne, Trofosfam de, uracil nustard,
ni troureas such as Cannustine, Chiorozotocin,
Fot enusti ne, Lonustine, Ninustine, and Raninustine;
anti biotics such as Acl aci nonysi ns, Actinonycin,
Aut hramycin, Azaserine, Bleonycins, Cactinomnycin,
Cal i cheam cin, Carabicin, Carm nonycin,
P(éatczs'tanmp FhénametPirambiciry; giodephylliiciaciiyZedthylhydrazide;

b b
TR B ik RA AR S ottt S B e peniums teweamicaciss
tHazgbond; 2, ZWf-ﬁﬁMl@ﬂMCHmylade, onymhm-svlrﬂyﬁﬁar[eﬁualrba&me

%’Ii“?qf%’\%%gl Wf’% %}%{ﬁwyﬁr‘oﬁxa %gmﬁlin& frabinoside
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insulin; proinsulin; relaxin; prorelaxin; glycoprotein hormones such as follicle

rmone; thyroxine;

stimulating hormone (FSH), thyroid stimulating hormone (TSH), apd luteinizing
hormone (LH); hepatic growth factor; fibroblast growth factor; prolactin; placental
lactogen; tumor necrosis factor-a and -f3; mullerian-inhibiting substance; mouse
gonadotropin-associated peptide; inhibin; activin; vascular endothelial growth factor;
integrin; thrombopoietin (TPO); nerve growth factors such as NGF-f; platelet growth
factor; transforming growth factors (TGFs) such as TGF-a and TGF-B; insulin-like

orowth factor-TI and -11: ervthroooietin (EPOY: osteoinductive factors: interferons such



Poul enc Rorer, Antony, France); Chloranbucil;
Centi t abi ne; 6-thioguani ne; Mercaptopurine;
woveiokoiexat e; pl ati num anal ogs such as C spl apCTIBE07/003489
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ipti€8 €actol®IAdluding INE andRé 1Tne r(rKLgenAs (Usad Béfefi) dhe tern
and anti - andr ogtens such as Fl utam de, Ni | ut am de

BEYANG INGHHAFS Proteis fianr pural soures e Kpmecopinant cell culture and

HORLIRAS Bktitabd)ivaldss 8P RN Live 3bdfonc@ 6y 1dRirRS.
derlvatlves of any of the above [ 00751 Useful drugs

de c i nes. Ies f syc t oki nes are
@9?&1 oETC“ﬁ 183 H@ng{inﬂ" P’é‘ﬁ%’d’ ‘B@’% Bep? S'amvatmg
IRy ARARS. cohﬂ@ﬂtéléi ﬁfbd@ﬁ@ﬁﬁe Y b@%ug& kﬁ&hﬁﬂx‘ér@eﬁn@ ﬁgéﬁt lfb an active

hor nones such as human

%‘r‘r%?ﬁ‘cefgﬁh&‘&t hgeﬁcf’rgmﬂéo Sgﬁ)o'!' 38%5\/\”&%{1%%% W]@r ﬁé"ﬁ@ No. 4,975,278.
eALRYRE gnﬂ%ér@&ﬁ orleY [IRMIIRS an} BEHthdcagbf Mklhg on a

aX|n proreel axi n; glycoprotein hornmones such as
pr@drugclnéuclgﬂ Ayl S@taSrtg CAGI kS ieto (i Spiyre ackye.giygptoxic form.
stinmul ati ng hornmone (TSH), and luteinizing hornone

(OB} PEPBhipEs Gl AL fvBAKAH, anfihBEORIIBS badE RN R RGNS 2 drug if

prol act| n, placental 1actogen; tunor necrosis
if gentains & nusiic agid enpeding e ida¥e. | Fov Gramply aplaweigreey; encode a drug

ﬁgpﬁ%xRﬂzggeggigB g?%glr@ﬁﬂ?a}nlatgfélt PaRL h’ﬂ‘ﬁs aRBY PbdRible endogenous

activi r owt act or
dedtveyyr pFdrugh it bas edvanta@wo)yer themmgmmﬂtre fof exegenous
&%W{fs NGF- (3; platelet growth factor; transform ng
factors (TGFs) such as TG--a and TG (3;
insulin-like growh factor-1 and -TL ervthronoietin
( F- POFungrinradMudlesn deids f et nrc- interferons such WO

@Q%f 0*?9&{1&@6&&%@9@@9&%&% a%c?e? Cg@h%ﬁ&@&g@ 1tiht, updn

stimulatin sSuc
mﬂwirawtmﬁost(mwsmﬁcgﬂmnutnf@ys mﬁmqun@g@f@gmtem In

%cﬁ% (1255%}8% ag n?%l_%{icuic?{}ﬁo?ec E_t%’%:ﬁfe? ?pa{:i{&? %’r Je?ﬁé_%%ression ofa
priotedn by dirgetly int8actihg Yith a transcript that encodes the protein. Regulatory
RNA, such as siRNA, shRNA, short RNAs (typically less than 400 bases in length),
micro-RNAs (miRNAs), ribozymes and decoy RNA, and éntisense nucleic acids .

constitute exemplary functional nucleic acids.

[0079] “Regulatory RNA” denotes a category inclusive of RNAs that affect
expression by RNA interference, suppression of gene expression, or another

mechanism. Accordingly, in addition to shRNA, siRNA, miRNA, and antisense



IL-11, IL-12, IL-15; a tunor necrosis factor such as
TNF-a or TNF-(3; and other polypeptide factors
wo pBatieny LI F and kit ligand (KL). As used heP&i/mB20011®3489

tern cytokine includes praseins fromnatural sources

or fromreconbinant cell culture and biologically

active equivalents of the native sequence cytokines.

[00761 The drugs may be prodrugs, subsequently

activated by a prodrug-activating enzyne that

converts a prodrug like a peptidyl chenotherapeutic

agent to an active anti-cancer drug. See, e.g., WO

s8BNUY, 38 catygdrg bfddguiSory RS AsRatledes tloozyd @ 2hd 2ie8oy RINAs, inter
eral, the enzyme conponent includes any enzyne

capabl e of acting on a prodrug in such a way so as to

coverTarigtetsiaﬁ}hmictzanathzelachub cytotoxic form [00771
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na encode a dru |s expressed lnsLde of

e B e’t°&¥%¢et§‘&"éF’? applicatiomof fupciianalpucleis asikiitstrgies in

tﬂeéel Rkt Ohavil BEaS aaclﬂ@iré'd"nhﬁ§ aRON@NLRNRS ﬂ@éfsénetflflﬁof kllled
transi ent nature of exogenous deliver Functi o

bagtariel eelhwedders) foeeass ﬁtﬂ\’é‘t(ﬂgﬁ)\‘b}b CﬁH’@PézQO%c“G-‘ etrtéf @PQB) Nieth
[

G2, bR o VBB A h Pt of, ORI al. 2009),

Iy &9di @R06}- a protein. In general, functional

nucl ei ¢ aci d nol ecul es have the capacity to reduce

msipset&eineftha@ coRfrMufd 1 d%{% %s!s%aﬁichxeohﬁttﬁfeqﬁ&feﬁedwg&s of

transcript that encodes t protein. Regul atory

ﬁwvoray @Hclags agi AT hespiRIG)S 18/AY P@ntrzhm toap@ised dipg resigfance or
&m&% h}é§i§1§gé@ W%@Qtdmeas e fik %u%uﬁﬁ%%)mmaélg respond to

ozyrre and ecoy NA, ant’i sense nucl ei ¢ acl
@'@E%thult beeonex eaﬁﬂcmry on@nbsqqgwal treatropnticyclesi s refigamphenotype
is %@g&lkéﬁ# gii'shlgéﬁ%% % g@ﬁ:@ﬁ Ird¥u %%keslﬂe?ﬁc\é $0haddfNMP binding

@smjteeWSpmms sgeinas Bmwsmtan (Pﬁgp, Rﬂbl(h @GY hedb&li, 8B CB1,

SRR pllt; hibidhe BT st bR A Bk 3.

MRPX@hwgadryg 0fsistapel aatamatecRpMem))CB(EM%BLl(bmypmﬁt éuster
St Rbefson protsoncabend; a S35} Fedltanct o800 p’P'éJt‘élne ling
resistance-related protein, cyclooxygenase-2, nuclear factor kappa, XRCC]1 (K-ray
cross-complementing group 1), ERCC1 (Excision cross-complementing gene),
GSTP1 (Glutathione S-transferase), mutant -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).

[0082] Particularly useful targets that contribute to drug resistance include ATP
binding cassette transporters such as P-glycoprotein, MDR-2, MDR-3, BCRP,
APT11a and LRP.



[ 0080] Functional nucleic acids of the invention

preferably target the gene or transcript of a protein
wao b@s/omoeesot es drug resi stance, inhibits apoptPSI/EB2007/003489

pronotes a neoplastic phenwotype. Successf ul

application of functional nucleic acid strategies in

these contexts have been achieved in the art, but

wi t hout the benefits of killed bacterial cell vectors.

See, e.g., Sioud (2004), Caplen (2003), Wi et al.

(2003), Nieth et al. (2003), Caplen and Musses

(2003), Duxbury et al. (2004), Yague et al. (2004),

(D083 eUseful taf@O94lso i profuind thanheonitite ¢oApTptbsis eesistance.

titut fer t .
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&3 &d edrsgr)opomllﬁb&lM@mlmmpa@np@&ﬂ@akem& Sptotéid)l DIP13a
resi stance-associj at ed pr oteln,

(QIC dntgreting reieiagl 38).3YIBD. sﬁbybesz@g@mgé domaj)epla KLF4
(}éﬁb%él lhépfg@tor XB@E«!/TMP f(?yansﬁﬁeﬁél &H%il@&ﬁﬁﬁéﬁkﬁo&‘ié?UQPKl &

Exci'si on cross-conpl enenti ng gene

fém{‘émmmnﬁmam)sl?%?éﬁl (Palaahike kimasay Lul'firp53 -3¥as, ErbB1,
?ﬁgi\f’( @/ a%@&lﬁlo érf‘do%ﬁ'éiﬁl @g)v&th facgoﬁr ?A@ id '(B%@aéssga&gﬂtaﬁ‘rayogene 1),

quited resi'’stance en previou
MIRE2, BIGRE AL, &Tlf-ﬁﬂll retsxstanes-pmdlatezd preinriung r&swdanspgss:lated

h
B R T Bt P e R REGGLHCTROR R, Autant p-
fubulig, andegostiafacers.el ated protein). [0082]
Particularly useful targets that contribute to drug

L.hdin t r$.er .
(R3NF I R b feo Rl Do AR iRy A RO Bpvovic
Hid NﬁPHIV@QQGWEﬁﬁHBTE&DHBQOM@Q&&B@hMePQﬂ&S Bnd CCRS5
{ngefu!5 tar tts al so include proteins that contribute
B&eas‘??’? si stance. These include Bel-2 (B cell

I eukem a/l ynphoma), Bcl-XL, Al/Bfl 1, focal adhesion
[0086] 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 killed bacterial cell-producing
bacterial strain, which is used to produce recombinant killed bacterial cells that are

administered to address the acquired drug resistance.



ki nase, D hydrodi ol dehydrogenase and p53 nut ant
protein. [0084] Useful targets further include
wor@snesdT and nmutant tunor suppressor  pr ot ei PGI/IB2007/003489
Exanpl es include [3-Catening PKC-a (protein kinase Q),
C- RAF, K-Ras (V 12), DP97 Dead box RNA heli case,
DNMIT (DNA nmet hyltransferase 1), FLIP (Flice-like
inhibitory protein), C Sfc, 53BPlI, Polyconb group
protein EZH2 (Enhancer of zeste honol ogue), ErbB 1,
HPV- 16 E5 and E7 (human papillomavirus early 5 and
early 7), Fortilin & MCI1P (Myeloid cell |eukema 1°
pr ot e¥RY A Mblecilda (DDC i nteracting protein 13a), MBD2

AP RO AN g S B o

imecferinng (RISBKY], a&os@l?ﬁikc@ﬁpbmat @osé nhericmmec)hanB&QOAccording to

tlg\%/glgve I’?lglp o%h.h}gst ferg? ﬁa&%%ﬂaﬁcﬁg%ﬁ?‘ fngEr s 'or smgg:stranded

héBﬁixﬂlN&Sﬁx@le@hRﬂ fanbabagdoao hpout IdRRILleddidss Allg, which are named

resi st assocjated protein
ool Babiy SPEAiBral top}m’ffsrenm 9’6?‘8%&7‘@’&??5@2‘ Frefitrbl gjouble-
strafd&d siRBRP holetReshre ERORhuclestifds 10! @bte ﬁﬂeferéﬁlpllBLZB
and grovvth factors. [00851 Wth regard to H'V

nulegtideslong siljmpes pratrails 12123 nugleotidey/lqug andppest prgferably 21-
2H erci\&;tldeHo gqureréﬂ)r\é YcrrédTMol%ﬁ%Aa[ré @Qe@KHnFS 16,17,

receptor) (2 noki ne receptor)
18ed 3t 2d¢ 22 Ao P4, 26neT 88 @géﬂ@wlyotuéesnar}ﬁa’f of

different drug resistance or apoptosis resistance

[pOg ey he ragﬁb@f QR&%RhE aeﬁgnat@s #Rn&askth 6h |d§uble-stranded siRNA
Theref ore functional nucleic acids used in

meleridds Fof instrmce, m/@nhl%wmd sERArthatdp dagraibsd ap 21
r‘ﬂdﬁﬁclegﬂﬁeé lﬁﬁ% P2 érf cR18RSH% ﬁééTRb& 5{}%&“@ 3raREYHE RNA that

mut ati ons t I n acqu resi st ance,
asxpe:zdltc)geihcsn fiarnag coatngmls bass menlgsa riEhestveottethining aibonucleotides

atcﬁlg{rgnﬁl lg;ég{cgf%%' O ¢ ‘1"’3{‘2‘12‘]“9 i ﬁhcm' s‘T’Rf\Ir &Jt%ftglﬁ o strands of

acteria pro u0|ng ac
daffewnn lengthisctheilsnges efl theostmaundsl destgmasesothb ilenaht oKihelséRINA. For

A R outr e fied et iAor Ditlesfad1oh i d Bons
sf@hd 3R @970 A0Q48:Hes I0ng, sbiiduiybh@duhes [ 0087] Short
interfering RNA (si RNA) nol ecul es are useful for

BB PRl et RS e Forbird ey agg desirable. The
Aeeleangi may beat the 5° or the 3’ end of a strand. Preferably, 1t is at the 3” end of
the RNA strand. The length of an overhang may vary, but preferably is about 1 to
about 5 bases, and more preferably is about 2 nucleotides long. Preferably, the
siRNA of the present invention will comprise a 3° overhang of about 2 to 4 bases.
More preferably, the 3’ overhang is 2 ribonucleotides long. Even more préferably, the

2 ribonucleotides comprising the 3° overhang are uridine (U).

[0090] 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 siRNA molecule

comprising a ribonucleotide sequence at least 70%, 75%, 80%, 85% or 90% identical



this invention, siRNAs refer to doubl e-stranded RNA
nol ecul es or single-stranded hairpin RNA nol ecul es

wo e@sosseit 10 to about 30 nucl eotides | ong, wWGCTIB2807003489
nanmed for their ability specifically to interfere
with protein expression. Preferably, double- stranded
si RNA nol ecul es are 12-28 nucl eotides |ong, nore
preferably 15-25 nucleotides long, still nore
preferably 19-23 nucl eotides | ong and nost preferably
21- 23 nucleotides |long. Therefore, preferred si RNA
nol ecul es are 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
1@ 3, tar28t riB@ucE@tidE BeqieTic@8r the cdthplemémtatfiaderget ribbmmdgdtide

0083 hg.d, € o
L0088 B S0, B0 Rl 0 L 54 ik 8o,
o6 bt ee&%ndﬁdﬁﬂl & thelfarpétatbdnsicldetide Bd‘lﬁﬂn@ﬁoﬁhe complement of the

o bggjﬁgrélec LR S el PRt pRl b G Ob SRGORRINSE. {oHs sdentical to

tB® Eﬂrg@m&oﬁaé Seihéd Hithe codhpldiéht OE B Abdtticleotide sequence.
rlbonucl o |d n e ch strand, would form an

HeYeYFRaHE- i SRIORS A1 ST sielmpRiniputations

r@lafnfvsE&E!Earb@ﬂﬁ&ﬁﬁlso%@%fﬂe@ﬂﬂ@er of the strands
designates the length of the si RNA. For instance,

t d that 2, | ti
PR 21801 o aest o S prdehigmiomsr ooty Byt e aubl oﬁ@r
AR, ldRspAerHasedBIRNA QO&Lh 148 qph@&l&bl@&ﬂﬁl@ ifefRNfat

that conprise an overhang are'desirable. The overhang
W HarBEceheon: or the 3' end of a strand.

Preferably, it is at the 3' end of the RNA strand.

[0092] ergldicdl, SARNNELES R EBUnYE shand BF RIVA tifk f&ha\s d siem-loop
abolt 1 to about 5 bases, and nDre Preferab

ABSHHIE IV hEre R sEReEonsisH L e eqraplgmeptary prnse gn Rwlwse strands
&1 ccﬂﬁﬁ%%rg ddt{BY@%érﬂ@d‘éﬁﬂNACQﬁm{HeQSO 1s?h hl%'e? B‘F%Q@u?g size. The

out bases. pre er ab overh ang
stsmzstmpmgﬁﬁé?d%@l eenelr@lhgls fmmmbm @r@fo@t D) nyclewa?s long.

I;)ref’éémg%%%% gg%ﬁ‘ﬂq%{{&sﬁg? 1%61 2328 BM&EQ@&& l@ﬁf more preferably

theé Tnvention
te2h gneldotidesi lnngrsaﬂtmwetme@ratbéy g%{23rmmmudbzetﬂng@ad most

T

gaes e ach tﬁirlB 14.hies, i1 6y ER 118019, [R00 2il 4225 28024, FMRG, 27 28 or 29

rising a ribonucl eoti de sequence at
‘P‘é"a\%‘%%féénfe?g&) 80% 85% or 90% i dentical WO
2008/ 012695 PCT/ 1 B2007/ 003489 31 to a target

ri bonRélagpresde sequence or the conpl enent of a target

Lg?@ﬂ g ‘?t?“get% e R B f“%%ﬁ%%%ﬂy “g’f&fn%ggigg%ty that can

repeatedly cleave other RNA molecules in a nucleotide base sequence-specific

manner. Such enzymatic RNA molecules may be targeted to virtually any RNA

transcript, and efficient cleavage achieved in vitro.

[0094] 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



99% or 100% identical to the target ribonucleotide
sequence or the conplenent of the target

w0 p@snusheot i de sequence. Most preferably, an BCRINS2007/003489
will be 100%identical to 3the target nucl eotide
sequence or the conplenent of the ribonucl eotide
sequence. However, siRNA nolecules with insertions,
del etions or single point nmutations relative to a
target may al so be effective. [0091] Tools to assi st
si RNA design are readily available to the public. For
exanpl e, a conputer-based si RNA design tool is

~ igh sl i plost praximigy e an enzyriic, piviemat the. molesule that acts to

A5 0 RS SR S8, A0 8 R e
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tRAR A éarch Fordndihki 190kt &lRBcanGBPeat&dly bind B dEcleave new targets.

preferably 19-23 nucl eotides |ong and nost preferably

cl eotides | on refore, eferre ShRNA
(7S MBS cEimAT o e athmeds aopptagpous 1Hocaphe « ppgle
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nucl eot j des % | ength.. Ri bozymes [0093] Ribozymes are
mﬁ\el}ﬁﬂt’é’E‘Eng AR GAThPE 898108 i ¢ activity that can

repeatedly cleave other RNA nol ecules in a nucleotide
[0a36] stiefabeibospRed kg coMprifesne Sehed BT, iigclihAg

et ot s AP IFBeartin e ot G T9RY Flaet et .
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enzyna known presently can cataly
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ysi ol ogi cal con

tions enera enzynmat
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1§H&{hg, Bl 05l hDg 1 08 i P a/terE: fttﬁ%gﬁWi n 8?1%{ étgbag a specific

por Ion O a enzymati c polyn ot
obFtBROCliN® 68180t is3mpiléruéntary theing or mak dagetiRYA rigiops, and

thek 1@ﬂa‘?@&t}(éf@t§ti(ﬁ s@&rlénlcgywﬂiunt &esu%lugﬁﬁllgqhgthsﬁgst@a% %intd?ng site

which impart an RNA cleaving activity to the molecule.

[0097] Ribozymes of the invention may comprise modified oligonucleotides (e.g.,
for improved stability, targeting, efc.). Nucleic acid sequences encoding the
ribozyﬁles may be under the control of a strong constitutive promoter, such as, for
example, RNA Polymerase IT or RNA Polymerase III promoter, so that transfected
cells will produce sufficient quantities of the ribozyme to destroy target endogenous

messages and inhibit translation.

Antisense Oligonucleotides
[0098] Antisense oligonucleotides of the invention specifically hybridize with a

nucleic acid encoding a protein, and interfere with transcription or translation of the



cl eave the target RNA. Thus, the enzymatic
pol ynucl eoti de first recogni zes and then binds a

wo 20080126BNA t hr ough conpl ement ary base- pai ri ngPCHIB2007/003489
once bound to the correct3site, acts enzymatically to
cut the target RNA. Strategic cleavage of such a
target RNA will destroy its ability to direct
synthesi s of an encoded protein. After an enzynatic
pol ynucl eoti de has bound and cleaved its RNA target,
it is released from that RNA to search for another
target and can repeatedly bind and cl eave new targets.
Hro®B6] IMtee embydiatent, anamtis@sebligomidmgdﬂrﬁaﬁgsts DNA and interferes

a%\r/e%nt a otus cause a tS| ngf Z\ e no| ecul )
vapt €° fe e E MY ISR e *’“Pﬁ}eér 5“3 EREA & ?“etsf?svee
cdxgbﬁeﬂédswdel s(paslf‘mﬁlly hplaidines wih mmbmlﬂwe-x{xm&nd mRNA.

ri.se ever mot i f

e atisons® ST adeS DTy e, fOspampls gnlochin o the RNA to
thésitped praten fhhdlatior, h%ﬁ&)itloﬂ‘ﬁffp@telﬁ‘tfro% the I{Nae'@;)l}omg of the

ep at|t| delta virus notif Perrotagg and Been 1992)
%ﬁ&}a Yl‘e RPF ShmaEe RNASPesies: Rgd cataggie apiyity ﬂmgeaad’e éngaged
iRYAfAC i RE&AQS Rk IRMNAWTHE ofBraiNA¥e@t bfifucha iR R ce is to modulate,

Querrier-Takada et al. (1983)), and Neurospora VS RNA
Cf%‘;ﬁ\?ﬁ? |o& lﬁueéﬁqrgﬁspretfgge;presssam lle & Collins (1991);

Collins & Aive (1993)). These specific notifs are not

[bomlt I ﬂghg&ﬁlc&ldud&’h Adfers3o larmwrh@ryouua c@mbhbiagytm eRémple, from
his invention is hat it has SeCI strate

a&OﬁHi%gﬂ@P?@ﬁﬁ KBy t? by 9P ﬁ%nP&g9nlt°ée<81¢@s 0T 4iSriR the invention

48 bRgEraBYRERUB0610 AN abblief 50 At. hﬁiéeolfggﬁh@l%ﬂld’eemay be a
sequences w thin or surroundi n&t hat substrate binding

ngtgrelly pRewHng phgprudertidesr ¢l syatietig olieenudleqfideo Qligonucleotides
S W iadP097] Ribozymes of the invention may
conprise nmodi fi ed ol i gonucl eoti des (e g., for

roved stability, targeting, etc. Nucl ei ¢ aci d
(03B Sl il eiangue Retde' a90oiM o Sl pobiEEiRaRds TR to

(?l%btnﬁgileo@(flﬁsaor%g '\ﬁ'ﬂ.\%le%ﬁaést Wit lon¥ &r H{&g@ﬁéﬁ1caf5hﬁgﬁ1fﬁ§tlons at the

exa nmerase || or ynmer ase

rppbnnlae leve?s@f thh @atmalanglﬁe@aeﬁmcweis pEalhvor anhehidg bases, sugar
erfue L&Ye%gfdetdh%§ I%fte fnlﬁga E ba(g ad ® HERE IQQ/ havmg added
arg ne 0N

ogenous I't trans
samsnmanasoa c‘gohmtlembf me)shfidaﬁgﬁq atAhegeseigs.e The 1nternucleos1de

?C]ﬁ gﬁ%&' ‘fllnﬁg teltsq'gér QJ BIIHF ghb&éégtgxg pgg%‘p‘ci-%?x%sier %\los horamldated,
sxmxené &aﬂawmtehcarbanme&lplesmn asetatiridats) (airbamate,fthtdwﬁaeVMndged
%o%gﬁgr%%qgaﬁe,%%gkg %rtx)e }Z)/'I(e)r(l)g’ glggo%phg’r:;’ate, phosphorothioate,
methylphosphonate, phosphorodithioate, bridged phosphorothioate or sulfone
internucleotide linkages, or 3°-3°, 5°-3°, or 5°.5° linkages, and combinations of such
similar linkages. The phosphodiester linkage may be replaced with a substitute
linkage, such as phosphorothioate, methylamino, methylphosphonate,
phosphoramidate, and guanidine, and the ribose subunit of the polynucleotides may
also be substituted (e.g., hexose phosphodiester; peptide nucleic acids). The
modifications may be internal (single or repeated) or at the end(s) of the

oligonucleotide molecule, and may include additions to the molecule of the

internucleoside phosphate linkages, such as deoxyribose and phosphate modifications



protein. In one enbodi ment, an antisense

ol i gonucl eotide targets DNA and interferes wthits
wOo e@Biocads on and/ or transcription. |In another PCT/IB2007/003489

enbodi nent, an anti sense @kigonucl eotide specifically

hybri di zes with RNA, including pre-nRNA and nRNA

Such antisense ol igonucl eotides may affect, for

exanpl e, translocation of the RNAto the site of

protein translation, translation of protein fromthe

RNA, splicing of the RNA to yield one or nore nRNA

species, and catalytic activity that may be engaged
whiclogleveoon drossiiak thhet dppoRitgrchafheoripassidiated ¢rgymesfor other

e ” bid

p?(#%%l :Fh? gérrﬁ{s ‘?ﬁ:o%l{ ied gﬁ cgﬂgl?léélgg?igsn a"?og’g%_?ﬁgd p%nucleotldes also
iﬂdﬂldq;dn’gmiuek@btldﬁ orrmﬂmletodldas m)hwisjng amdiﬁi@tions to the sugar

0 _nu {i
TR 6 e S eonep e b P aBp ek sfeoid RS any
otfmtﬁcsﬁmrbouﬁﬂeog&ﬂe:@etwwa"nmgéwut 10 nt to about
150 *nt. The oligonucleotide may be a naturally

rri.ng ol i gonu or _a thetic .. .. _

(BFFHr Tt B P i S TR W A itizod i dgjeving an
abﬁéﬁﬁk olibitlicid aeide 0 [Fog exatfiple par ﬁi&i'seﬁsmbllg\zhdﬂ%bﬁdk may bind the
By G B BELb e e AR Ca A e Towh as the start codon, of
tﬁ@ldpéri T’eaﬂllnglﬂzhn@d InhRis rfBQirﬁl ,lC‘Ethﬁ‘E cd)cﬁl\tﬁinf dOErﬁgﬂ&tlﬁﬂiniﬁﬁion codon”

nol ecul ar structures of a r any of the bases ugar
grpeally aeter fo.the PRTRGTESSugR "Hiﬁép?faﬁeée thaf|eRgaRpasses e at least
But D5 APAasat S 3vicogti 2R huckeBadd iithePdirédtiod (i.e., 5° or 3%)

conbi nati on of nodificaftions at these sites. The

from artrgelabios ijiatigfhendoRat e | i nkages may be
phosphodi ester, phosphotriester, phosphoram date,

[Bld)Z]X aAfotheASiROMA hiischadd RAHORSIY RILLTs thefeindbtidalcddon of the
car bamat e thloether Jbridged phosphorani date,

e a@%m&%ﬁwyi e (eSS SRR RRden Tpgies pwaf} Oransipgiop termination
JSRbRYLR @rall? ho §?p€9ﬁfdﬂjbit HicRALERNY bxd that encompasses

hosp orot | oa e or “sul I nt ernucl eot | I'i nkages,
mgt legst abgut 35 to rlespt alg;outﬁOmgggousmlqg@ﬁm megithsh §1rect10n
18En§gﬁﬂmhﬁoﬂk&§%n$t The phosphodi ester |inkage
e replaced a substltute I i nkage, such as
phosphorothloate met hyl am no, net hyl phosphonat e,
[Bh@%lp h%‘hgﬁpqateedlnarfmarrﬁqﬁlmregmmalﬁm mayibsdargetsdinbivetively.

'ﬁ{ 18 %ﬁ%h}% Q&?‘afr;%gn Lt\%ed t?cFre?é’xbt%tthé l‘%g%_rl&ée%wgcn the

epos e nuclelc acids
tranglatiop anitighien n@qpnkﬁeidi the tendati¢siengination codgipafinetheptarget

8 iglahi*l& GG 8‘3&%\ BegiBh ! QH% ﬁu%? ?‘Z r[‘?%afﬁle‘ﬂb% ik s°

ude a ons"to t
direcdion [ﬁmlnetkelwbm]cahos piniingon cwrkmg dsinchudeh thesnucleotides between the-

Sd ?16%{&3 Qgé? el nsﬁllilgi?i QQ %‘aﬁoHBQAJA gfaé lln%%A or corresponding

nucleotides on the gene.

[0104] Similarly, the 3* untranslated region may be used as a target for antisense
oligonucleotides. The 3’ untranslated region is that portion of the mRNA in the 3’
direction from the translation termination codon, and thus includes the nucleotides
between the translation termination codon and the 3° end of a mRNA or

corresponding nucleotides of the gene.



WD 2008/ 012695 PCT/ 1 B2007/ 003489 34 which cl eave or

crosslink to the opposite chains or to associ ated
We@rwpneES9IDr other proteins. The terns "nodi fiBCI/IB2007/003489

ol i gonucl eoti des” and "nodi3fi ed pol ynucl eoti des” al so

i ncl ude ol i gonucl eotides or pol ynucl eoti des conpri sing

nodi fications to the sugar noieties (e.g.,

3'-substituted ribonucl eoti des or deoxyri bonucl eoti de

nononers), any of which are bound together via 5 to

3" linkages. [0101] There are several sites within a

gene that may be utilized in designing an antisense

[@105) o nAie hetidense oliganmuckotidp ey adso @rdet slen$'ecap region of an mRNA.

TR P EPRTIRR 41 58 Eraa e ea e AR R B s tost
résidieof theé mRINA dpehst &&ﬂioﬁ@aﬂ:dﬁ Hﬁhagel MHeh’ <ap @gioml js considered

odon and "transl.atio atl dq
to Sirbidn 5 5 Britrucire RBSISF peth s ghe Bt Bhaklioesulipeent to the
cﬁ%at enconpasses fromat |east about 25 to at | east
out 50 contiguous nucl eotides in either direction

: fomat slation initi
(b1 A Rhofenesdrds suari R i ROS R Phrts ity Feiedymany
cofitaillBnd 6F MoFPintiBA régeay) vilich A€ ex6f3ed fioads tragsdripBefore it is
The terns "stop, codon region” and "transl ation

trapslafadad be remaiging(apd giesriors wanslated foR rpgiopgarg spliced together

t8 %Itn*n 2RoRfimIHE fﬂnmm&{cegﬁx@@lA RBticEHERMPASHADn-ekbR fnctions,
at | east about 25 to at | east about 50 contl uous

ApFEREY Posriklejtprees regions gmdeare pamiculaskymsg il in pipationy pyhere
a%%!érﬁh%‘ilbﬁ& i€ HdeR atécpl:l'xqglealg‘ %r%?e?e é.\? ? ?roftfcﬁgx‘? ofPh partlcular

relona etargete I vel
roBéiA szémumgduqt mm@a@éne disense. Maeqoy@b @benr@t rfesflem Jttr@tlons

orrﬁaq{'at%:ég n% 26 Qe felibns LR 0;5’6551‘(1} aPdid AfrlaBfsdrQdon

ation term nati not her target
cﬂe@nodeohwﬁhe 5' wuntransl ated region, “which is the
portion of a MRNA in the 5 direction fromthe

| i i [ A, -t ine . .
h&)&gﬁ: otﬁl}lggs e%@%&vr\ggfrs] t 8&9%9%&%%5%1@3&%{%5 %thggﬁucleotldes that are
sufBeishtdy bcn:mplememaay tcumecttmgehp@ﬁ'nwlmms orust be chosen.

g? 51% grefeg%I ? ﬁ)t% aﬁcﬁﬁ%&%& Gco@xipga%%ﬂ%xao[r Qx%a%lllln% Cf)ggther of the

mmrg&hlgfsmfaem;t dfsengnolecileg ot eoist Hesa. sufffivéer8'degree of
untranslatf qglon i.S. tha
o}

SmoERuRH R PR prtne v PRl boRede HarT Shbdialsif
etdrednthe dligohude@nddwldrtue bekyhhdleeudéoatgmehnpmanﬂy, the sequence
gbd:a%nasnltlaslgrlls%Q)htg%;nrlrc]:lgc?tsde nee 9)'9 Qe ?8610/ tcrc])(renpefeme&a.ry to tﬁlatm?'\% s target
polynucleotide to be specifically hybridizable. An antisense oligonucleotide is
specifically hybridizable when binding of the antisense oligonucleotide to the target
polynucleotide interferes with thé normal function of the target polynucleotide to
cause a loss of utility, and there is a sufficient degree of complementarity to avoid
non-specific binding of the antisense oligonucleotide to non-target sequences under
conditions in which specific binding is desired, i.e., under physiological conditions in
the case of in vivo assays or therapeutic treatment, and in the case of in virro assays,

under conditions in which the assays are performed.



correspondi ng nucl eoti des of the gene. WO 2008/ 012695
PCT/ 1 B2007/ 003489 35 [0105) An anti sense

wo@bkiogomees eoti de may al so target the 5 cap repiDIB2067/003489
an nRNA. The 5 cap conpridées an N7-net hyl at ed
guanosi ne residue joined to the 5 -nost residue of
the NnRNA via 5'-5" triphosphate |inkage. The 5 cap
region is considered to include the 5 cap structure
itself as well as the first 50 nucleotides adjacent to
the cap. [0106) Although sone eukaryotic nmRNA
transcripts are directly translated, many contain one
[610810r'ﬁhei arﬁisensercétgoonsleoﬁwdschasabeatelnaétsbdutf8 wintoat least about 50

qt befo% I.S,, trans na n|n

%én gn ABeRe £m ogﬁgerg té-xg)an 1sed1r§e rogéo%ucéeoéx s gnﬁily out 12 to
abogte‘i(hetrm lémptihi.or m a conti nuous NMRNA sequence. rrRNA
splice S|tes i.e., intron-exon junctions, represent

e
LT WS T T .

Heltodvatassy; aml rootiaely madeatesyphatiel olelicknosin @clpdqtic 6£8cdid phase

splLice product l.i cat in di
SHES S FaSpary fioup b Y URE] AP RbR% Sexfial Sepdors including, for
ek@Rbled AGPNEA Biogktefied EbbeNCiti] €AY d@dyth&ihémsifar gRhSynthesis
l{pgngngg&}lnets %lrt] ggzty a§l:dft o %lo?ng %r%g’rzm &gé%gg'plc\getdh I‘t: psewgl known to

Rk s QRIS $o biparcsdlontiblebii@dsiich s GRTHRBPRIbBIiYates and
to the tar gtet pol ynucl eotides nust be chosen.

a"eéﬁ‘ﬁ SRENE * refers to the topol ogical
conpati bili ty or matching together of the interacting

Uf f avggeRldiMOERRIREL FRctiohBEN CIWSAciBe a suffi Cl ent
ree_of conplenentarity or precise gal ring su

lph 1 sFerorwpeses of Hascinyertian, anintactddded ct?;&lweléﬁomﬁes a

fahiERRVALAGTL I HR1 BRCednREnPP hﬁélls‘ﬁl R iR dir PRinctional nucleic acid.
I mportantly, the sequence an anti sense

Hﬂrueg@mntel aplasgdd maydengode b@mm@b@m@ reidtthatyis expresrge inside
(ﬁf rz.m Qré)ﬁﬁéet )&%ﬁg YAl ggsglﬂetéﬁfﬁ%&%gg Hgl"i]véry of functional

anti sense onuc
n:-qe&acp a¢idsy|Whyicinhby acu{azxaigbeovmehe bansiextgrapfre 10Iﬁ exogenous delivery.
anti sense oligonucleotide to the target

[[ng i/]t” U‘Fh&é’&é&%ﬁlﬁéﬁ JxﬁE 1% bkl A «.%Hé F%?SJ“'{}?Q’?& | dBNA

arget’ pol'ynucl eot | e to cause | Ity,
cddingene of saze SIRN Ackeurncosgjmed atﬁfsﬂm dmgtesistange on

%\6?{0@15 18 Qtaﬁ@eeéér{ 5C Lglirlgjlhﬂgd Bgct&hﬁ ik El‘ﬁl@ gggbrde multiple

onuc eOtId O non et sequences
ﬁuocta;brtail ongeicracidsi iths ppesidilé to:trtat r¢d11n that exptess muliipld dmg,

g&nceo Hr\ét?ﬁa(}usongs cBlfferen sﬂﬁ\ﬁ sequences can be expressed individually
from different promoters. For example, siRINA targeting Pgp mRNA can be
expressed from the U6 promoter and siRNA targeting Bel-2 mRNA can be expressed
from the H1 promoter. These multiple expression cassettes preferably are carried on a
single plasmid, but may also be on different plasmids. Different siRNA sequences
also can be expressed from a single promoter, where the recombinant plasmid carries
an expression cassette comprised of multiple siRNA-encoding sequences, which are
linked together via non-coding polynucleotide sequences. A single gene transcription

terminator can be placed downstream of the complete expression cassette.



the case of in vivo assays or therapeutic treatnent,

and in the case of in vitro assays, under conditions
WO poogixshs t he assays are perfornmed. WO 2008/ 012GPB32007/003489

PCT/ 1 B2007/ 003489 36 [01087 The anti sense

ol i gonucl eoti des may be at |east about 8 nt to at

| east about 50 nt in length. In one enbodi nent, the

anti sense ol i gonucl eoti des nay be about 12 to about

30 nt in length. [0109] The antisense oligonucl eotides

used in accordance with this invention may be

conveniently and routinely made through the well-known

[0ER]ni lpemesfrategl i alplabraskenceyin thesense daguanpinense sfrands of an

ﬁﬁ%ﬂ a%mtoqﬁéép%g%ér}t%rgg Cgﬂ%sys earff%r E:%%re?s%r? Htpﬁ'l E\"%igeq ‘cell,

hahyidize he formefmstibmal sSRNA ég)ﬂmdees iisa sdomndnprefarredh strategy, a
.ddit'onall or ed. .1t [s .
R e R of wlve PRVAT B Eiii eyt SuPiEireAE  side bnsoript
thdti fgendis kiget halgsin RNA sesn1dp phespboTat happinesruatife may be
al kyl te erivatives. g_lcl eic ﬁgﬁ&\s Encodi ng
¢t £ CREYMAT}LY PR si ‘pur poses of the
invention, an intact killed bacterial cell contains a
f unctPenadaceutidatly acosptdble cakriersont ai ns a nucI eic acid

ncqdi functional nucleic_acid. e,
lﬁtﬁﬁ 'ggﬁﬁlt)a“eeh‘&‘s aceeq h "rters tﬂ}%‘}yét O%I%ar & &t‘bﬁl’éy A
RhfeHeallyEdcdftableicalierbR ok aipidnd do& n&%'btcﬁgate-mﬁbﬁ)glcal activity
nmakes possi bl e endgogenous delivery of funct|onal

afthe eprapesitionsbeipg a nnﬁaereéd tﬁac#@@g% Ya0ert anghis RQtAerar énthe

JRAHER iR i RRsinfiedyery.  [0111] Thus,
reconbl nant intact killed bacterial cells may carry

plasnm d DNA encoding one or nore siRNA sequences
ai medEMO'¥Menci ng drug resistance or apopt osis

[0e4]St %t&ﬁﬁeﬁefeﬁsﬁb Fide Kipbb@@s&%ﬁ&% @,PS)e!A&oH‘ﬂély,

encode nultiple functional nucleic acids, it

qoRmsiion thet if ae ofendosorinalacks bPSdbatis pedsspeatg yth a bacterial
dRThShBAGE REChAsh hIQt i< B Rtialf) RO PAHIRIGRS 14eR0a
I ndl Vi a

e expr esse rom erent pr onot ers.
sufficientamehtty agi qatwmmlgemf wsngpamxm ip@ mammal, such as a

I'Eféﬁ?e[ng Séﬂ;ﬁ%xﬁﬁ%ﬁsﬂﬁat% Lﬁg%ggitaﬁn{dr ?E’é%lt &ﬁl%&ﬁtgf-bne also is

be expresse r onot
refeased tmak ffrpd endotgxies’si on cassettes preferably are
carried on a single plasnmd, but nay al so be on

PLSeT BRboBl AL 42 ibERAER 1 8 &tﬁgsﬁgﬂ fifffirariBh ough a
eex resse roma Sing ter

0.2 ponBitea rﬁrep Ieadmbxhn(?mdretndstoxm mlcelles are smaller than 0.2 pm and

hence are readily filtered from a composition that retains killed bacterial cells, which

are larger than 0.2 pm. Additionally, anti-lipid A monoclonal antibodies can be used

to bind to free endotoxin. The anti-lipid A monoclonal antibodies can be bound to a

solid support such as an affinity chromatography column or magnetic beads via their

Fc component, leaving the lipid A-binding Fab fragments free to bind to free LPS.

Bispecific Ligands
[0116] Compositions of the invention also may comprise one or more bispecific
ligands. Ligands useful in the invention include any agent that binds to a surface

component on a target cell and to a surface component on a killed bacterial cell.



an expression cassette conprised of nultiple
si RNA- encodi ng sequences, which are |inked together

wao e@sn@stodi ng pol ynucl eoti de sequences. A siPCI/EB20EM®3489
transcription term nator é&n be placed downstream of
the conpl ete expression cassette. WO 2008/ 012695
PCT/ 1 B2007/ 003489 37 [0112] In one strategy, a
pl asm d encodes the sense and anti sense strands of an
si RNA as two i ndependent transcripts that, after
expression wwthin a target cell, hybridize to form
functional siRNA duplexes. In a second preferred
Pyeferabdyythe mf@ea&mmnemwm@eﬁ fis arm’cepwir,Felslpscialha@ receptor

PR B PR 05500 B P incr
cattrohgtratecomporieat. Ahﬁbeﬁsedrebyehn@d digandy ZEdiExamph: a bispecific

functign si RNA.. Pha tlcal cceptahl e carriers, .

op 051 B BrarTieh Dtk PL TP eR it SOMEPRE op pacicriafly derived

ipfayskille® Gh&alialGRIIP aﬁdl Eirld stuyfacé\co@baﬁémeauaﬂgeeﬂnbmmauan cells,
pt g(gg% carrier exci gz i ent does not abro ate

cipntinip tt@rgebtpeM dck&%gt} esllsfohs ﬁ]@get mammalian cells

zad,m«m hsd B 8%, The 641850 IThi¥efulBEAnRMEJ iiclN@Es £¥ptbrst Snzymes,
the organismin which it is adm nistered. Endotoxin

hipdipg pepiigigofusian/ehimgrig proteigs ppd gmpll ME‘W%ccharl de
(LPS). Accordingly, a conposition that is "free of

[enemt oxhdselb@idpsoflaartifidhr Jigandiaafde |oﬂttﬁ'6 pMohdty@riteria: (i)
bacteri a cell nenbrane. A conposition_that

SPECEMIRUPE (P PR BPTCHRTBHBS PR tha WElage af intagt i laddhpeterial cells

L)) b;SéélﬁH bx?x@ﬁfg&ﬁtohéfo& %[br@ﬁioin%&stcﬁx tha 'dﬁﬁade%@ tﬁé Ea\‘gétréells
a mahmal, such as a human. Endot oxi n/ LPS t

Thss Herndapaefergbisnhaversafise pina thag éameﬁémﬁwéy ﬁnr@dvaptﬁrlally
c{)egi‘v%fl Efdeiql acftér?a‘f BN 9QIR dructdr? giﬂt?la sg&%‘ata% tHatc@ries

i mnate roma COI’TpOSItIOﬂV tration
sheidigh for a amngaliahidetlesnrfagy ﬁelcewdotE@xh of thediretaiut seromd arms

. . 0
rg]%ggle h%ﬁ??%l?rgf ?g!:flfe?a% rp{ 'aé%g% n%% ismo ospe% tf'%ng\?e 1% g’lultlvalent
killed bacterial cells, which are | ar ger than 0.2 gm

[B488) | Bombingdingdn tb'acueripllwl devivashiobed hadteraitdeBadt sglesigable for one

r [ d A
5SS Hgp P Mkl BE e IR BenalOE BRI 0
lmm:lqd)a;acczhandé ffoumidton e et bgcvtalpaltiwelio [Qther Iollealrhwetlalcpell
h n t he
REREE il oah e SRRRAEBrisfbifing pRudelipl sortace-
exposed polypept1des and carbohydrates on outer membranes such as pilli, fimbrae,

outer-membrane protein and flagella cell surface exposed peptide segments.

[0119] 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.



Bi specific Ligands [01161 Conpositions of the
i nvention al so nmay conprise one or nore bispecific
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1L P PSeferrf® BbhiRScoaiptise anhibbuiel ald2sr antddbotif @erivatives. As used

chara%}erlz ed or uncharacterized. Cel
herein, t

e term “antibody’” encompasses an 1mmunoglo§’1ﬁlrrlc r%gﬁzcule 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.

[0122] Wild type antibodies have four polypeptide chains, two identical heavy

chains and two identical light chains. Both types of polypeptide chains have constant
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antlgen-blndmg 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.
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anti body derivatives useful in the present invention
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created by chemical and/or genetic cross-links.

[0128] Bispecific ligands of the invention preferably are monospecific at each end,
i.e., specific for a single component on killed bacterial cells at one end and specific
for a single component on target cells at the other end. The ligands may be
multivalent at one or both ends, for example, in the form of so-called diabodies,
triabodies and tetrabodies. See Hudson and Souriau, 2003. A diabody is a bivalent
dimer formed by a non-covalent association of two scFvs, which yields two Fv

binding sites. Likewise, a triabody results from the formation of a trivalent trimer of
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[&igﬂr OYScl)(r?e eer}lbgcllmemz Q}Qe comlla'lgstl]tlocnopd gr{ilsteg asklﬁé'é: Baltjcrteeéal 'Y that
contains a functional nucleic acid molecule and a drug. The functional nucleic acid
molecule may be one that targets the transcript of a protein that contributes to drug
resistance. Preferably, the functional nucleic acid molecule targets the transcript of a
protein that contributes to resistance against the same drug in the composition. The
drug may be contained within a killed bacterial cell, even the same killed Bacterial

cell as the functional nucleic acid molecule, but need not be so contained.
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as r@n entero?omgemc E. coli, phagocytosis also may occur in the absence of surface

ligands for phagocyte receptors. See Pikaar e al. (1995), for instance. Thus, the
present invention encompasses bﬁt is not limited to the use of killed bacterial cells
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.

[0135] Another engulfing process is endocytosis, by which intracellular pathogens
exemplified by species of Salmonella, Escherichia, Shigella, Helicobacter,

Pseudomonas and Lactobacilli gain entry to mammalian epithelial cells and replicate
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[0¢8Ty [mohdembbdiaine thé ddlifchyarthod is a therapeutic nucleic acid
delivery method that comprises bringing killed bacterial cells that contain a plasmid
comprised of a nucleic acid sequence into contact with mammalian cells that are
phagocytosis- or endocytosis-competent, such that the killed bacterial cells are
engulfed by the mammalian cells. The plasmid preferably encodes a therapeutic
expression product. After the killed bacterial cells are brought into contact with the
mammalian cells, the latter cells produce an expression product of the therapeutic
nucleic acid sequence. The therapeutic nucleic acid delivery method may be

performed in vitro or in vivo.
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stomach epithelial cells, could be suited for delivery
Y3&Y%ed at stomach cancer cells. |Inhalation or

insufflation may be ideal for adm nistering intact
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e arry adhesins recagni zed b cept ar
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expression constructs or the expression machinery of a host cell. In one embodiment,

therefore, a method of delivering functional nucleic acid comprises (2) providing a
plurality of intact killed bacterial cells in a pharmaceutically acceptable carrier, each
bacterial cell of the plurality encompassing plasmid-free functional nucleic acid, and
(b) bringing the killed bacterial cells of the plurality into contact with mammalian
cells such that the mammalian cells gngulf killed bacterial cells of the plurality,

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



suited for intraurethral delivery of a drug to a

urinary tract or a bladder cancer. [01371 In one
wersdizsent , the delivery nethod is a therapeup¢TIB2007/003489

nucleic acid delivery nethed that conprises bringing

killed bacterial cells that contain a plasmd

conprised of a nucleic acid sequence into contact with

manmal i an cells that are phagocytosis- or

endocyt osi s-conpetent, such that the killed bacterial

cells are engulfed by the manmmalian cells. The

plasm d preferably encodes a therapeutic expression
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thethsmapentionueleiglagishi d t hat encodes a functiona
nucleic acid nolecule into contact with manmal i an
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Pursuant to the present invention, therefore, killed bacterial cells carrying at least 70

to 100 copies of plasmid DNA are preferred. The inventors have used such killed
bacterial cells for successful nucleic acid delivery. The successful result suggests that
even if most of the plasmid DNA is degraded in the endo-lysosomal vacuole, it is
possible to overwhelm the system and to have some DNA to escape intact into the

mammalian cell cytoplasm.

[0145] In another embodiment, the targeted delivery method is a drug delivery

method that comprises bringing bispecific ligands into contact with killed bacterial



vivo. [01401 Thus, in one aspect a nethod of
delivering functional nucleic acid involves the use
wo@Rookioldeexl bacterial cells that conprise pl asmPdF/iB20e7/003489
functional nucleic acid. 1a7 this regard, functiona
nucl ei c acids are packaged directly into killed
bacterial cells by passing through the bacteri al
cell's intact nenbrane wi t hout using plasm d-based
expression constructs or the expression nmachinery of a
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a target mammal i an cell, such that the mammali an
cell, includi
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RIP@iVERP e tHoAGhAtoafirRds BRhEME bYspRBifieatkangs Mo contact with (a)

t herapeutic nucleic acid delivery nethod that
Kibrbbrcserial Kplintrhgpnseio s ienal pgalatsscihmolecaivt errplasmid

Wh{ﬂﬁse& 'ol‘f&a%ggrﬁé’lﬁttﬁﬁt' AbodRd fintiidial ?19@1%@:' dtifmolecule and (b) target
rafeutlc nucl ei ¢ aci d sequence and non- phagocyt |

inneeldse| The bispreifit Hpandsicausd thg kilpd bastesial eolls to bind to the
. T Li .
S SBOA L LS Pl s b IR e
deiist Rellowingnmighifimeoedf the Kilkwal betaridl icelh, the furstionyl nuieksic acid
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alll i very relates to the copy nunber of plasm d DNA
that the killed bacterial cells carry. "It is well

[‘6@9&“ tl'ﬂ@ge tgrég%htdeﬁe%%oﬁyﬁ'la?b% performed in vivo or in vitro, or

both in vivo and in vitro. Contact between bispecific ligand, killed bacterial cell and
mammalian cell may occur in a number of different ways. For in vivo delivery, it is
preferable to administer a killed bacterial cell that already has the b'ispeciﬁc ligand
attached to it. Ti:lus, killed bacterjal cell, bispecific ligand and target cell all are
brought into contact when the bispecific ligand-targeted killed bacterial cell reaches
the target cell in vivo. Alternatively, bispecific ligand and killed bacterial cell can be

separately administered in vivo.



acid delivery is that >99% of the internalized DNA is
degraded in the endosone or |ysosone, wthout

w0 e@sloizsgs t he cytopl asm of the target cell. ASPEI/IB2007/003489
non-living particle, killa8 bacterial cells are
expected to | ack functions destabilizing or disrupting
the endo-lysosomal nenbrane of target cells and are
unlikely to possess sophisticated mnechanisnms for
allowing internalized DNA to escape the endo-|ysosona
menbrane. Pursuant to the present invention,
therefore, killed bacterial cells carrﬁlng at least 70
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cells are not professional phagocytes, such as macrophages, dendritic cells and

Natural Killer (NK) cells. Preferred target cells also are mammalian.

[0152] Delivery methods of the invention may be employed for the purpose of
treating disease conditions. The terms “treatment,” “treating,” “treat,” and the like
refer to obtaining a desired pharmacological and/or physiologic effect. The effect

may be prophylactic in terms of completely or partially preventing a disease or
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[B%J] '_Erugs me%? Qé 8£1ivered by any conventional means. For example, drugs

may be delivered orally, parenterally (including spbcutaneously, intravenously,

intramuscularly, intraperitoneally, and by infusion), topically, transdermally or by
inhalation. The appropriate mode of delivery and dosage of each drug is easily

ascertainable by those skilled in the medical arts. .

[0155] Although drug delivery may occur via conventional means, delivery via
killed bacterial cells is preferred. In this regard, the inventors have discovered that the
same mammalian cells can be successfully re-transfected by targeted intact killed

bacterial cells that are packaged with different payloads. For example, siRNA-
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shorter periods, such as about hal_f an hour, also may be effective. In one
embodiment, the buffer comprises buffered saline, for example a 1X phosphate buffer
solution. The buffered saline can be in gelatin form. In another embodiment, the co-
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about 30°C; about 25°C; or about 37°C. In other aspects, the co-incubation can

comprise about 107, 10%, 10°, 10%°, 10"}, 10" or 10" killed bacterial cells. Specific
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therapeutically significant cytoplasmic drug load. This is unexpected because the
killed bacterial cell membrane is composed of a hydrophobic phospholipid bilayer,
which would be expected to prevent diffusion of hydrophobic molecules into the

cytoplasm.

[0162] Another method of loading killed bacteriat cells with a drug involves

culturing a recombinant parent bacterial cell under conditions wherein the parent
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Nucleic Acid Into Killed Bacterial Cells [0157]
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cells, even more preferably contain fewer than about 1 contaminating parent bacterial
cell per 10° killed bacterial cells, still more preferably contain fewer than about 1
contaminating parent bacterial cell per 10" killed bacterial cells and most preferably

contain fewer than about 1 contaminating parent bacterial cell per 10" killed bacterial

cells.

[0165] A composition consisting essentially of killed bacterial cells and, optionally
therapeutic nucleic acids, drugs, functional nucleic acids and bispecific ligands, of the
present invention (that is, a formulation that includes such killed bacterial cells with

other constituents that do not interfere unduly with the delivering quality of the
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also be conducted where the same number of live and killed bacterial cells are

checked for the ability to package a chemotherapeutic drug.

[0168] Impurities such as media, buffers, cellular debris, membrane blebs, free

nucleic acids and free endotoxin can be eliminated from a killed bacterial preparation
by filtration, such as filtration through 0.2 pm cross-flow filtration. A filter pore size
of about 0.2 pm is preferred because contaminants generally are smaller than 0.2 pm.

Thus, using such a filter pore size allows contaminants to be filtered out, and intact
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compositions may be in lyophilized powder form, for reconstitution with a suitable

vehicle, e.g., sterile, pyrogen-free water or physiological saline. The compositions
also may be in the form of a depot preparation. Such long-acting compositions may
be administered by implantation (for example, subcutaneously or intramuscularly) or

by intramuscular injection.

[0171] With respect to the administration of compositions of the invention, the

terms “individual,” “subject,” “host,” and “patient,” used interchangeably herein,
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and lipids. OQther processes that may be used for
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art. [0167] The absence of nenbrane denaturation in a
killed bacterial preparation can be verified by any
met hod wel |l -known in the art. For exanple, plasm d DNA
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one or more dosage regimens. Next, one of the dosage regimens for administration
may be selected which achieves the desired pharmacokinetic/pharmacodynamic
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e.g.. WO 00/67776. '



adm ni stration, by application of the fornulation to a

body cavity, by inhalation or insufflation, or by
w@asenimeal , i ntranuscul ar, intravenous, i ntr apoOr/1EA(07/003489

i ntrahepatic, peritoneal, ssubcutaneous, intratunoral,

or intradermal adm nistration. The node and site of

admnistration is dependent on the |ocation of the

target cells. For exanple, cystic-fibrotic cells nay

be efficiently targeted by inhaled delivery of the

targeted Kkilled bacterial cells. Simlarly, tunor

netastasis may be -nore efficiently treated via
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drthg@nmuscul ar injection. [0171] Wth respect to the
adm ni stration of conpositions of the invention, the
ternms "individual ," "subject," "host,". and_ "patient,
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after admlmstratlon of the killed bactenal cells. The drug may alternatively be
administered anytime from several hours to several days, possibly several weeks up to

several months after the killed bacterial cells.

[0181] More specifically, the killed bacterial cells may be administered at least
about1,2,3,4,5,6,7,8,9,10,11, 12,13, 14,15, 16, 17, 18, 19, 20, 21, 22, 23 or 24
hours before the drug. Moreover, the killed bacterial cells 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, 29, 30 or 31 days before the administration of the drug. In yet

another embodiment, the killed bacterial cells may be administered at least about 1, 2,



m nimzing any potential toxicity. The dosage regi nen
may be selected in accordance with a variety of
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treated, the route of adm nistration, and the rena
and hepatic function of the patient. [0173) Opti nal
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[0184] Killed bacterial cells (1 x 10%) were incubated with 60 pug/ml doxorubicin for
2 hrs at 37°C in 1ml 1 x BSG (buffered saline gelatin). Excess drug was washed away
from the bacterial cells by six repeat washing steps where the cells were centrifuged at

13,200 rpm for five minutes followed by resuspension in fresh BSG solution.

[0185] The doxorubicin was extracted from the killed bacteria following five cycles
of vortexing and sonication in the presence of 97mM HCl-isopropyl alcohol (HCl-
IPA). The samples were then diluted in an equal volume of water and the five cycles
repeated. After centrifugation at 13,200 rpm for 5 min to pellet debris, the
supernatants were harvested for drug quantitation by HPL.C. The mobile phase



[0177] The conpositions may alternatively be

adm ni st ered about once every week, about once every
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17, 18, 19 or 20 weeks or ssore. Alternatively, the

conpositions may be adm nistered at | east once a week

for about 2, 3, 4, 5, 6, 7, 8 9, 10, 11, 12, 13, 14,

15, 16, 17, 18, 19 or 20 weeks or nore. [0178]
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about once every nonth, about once every 2, 3, 4, 5,

6, 7, 8, 9, 10, 11 or 12 nonths or nore. [0179] The
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GRRGRELA Krsli8 o op- 5g. TR IAR S ¥giF BRRELGA EiFosphere
HIOB8luhA (VEROK) buofD, abetkitidrefadBe bediiation GE48G nir#hd

adm ni stered before a drug, admnistration of the
egrisgiomalS ¥ramy using & Shﬁ%d’l@rh%"e‘&% pydtenycompaisingnsanfesagipler,

hour after nin'strat'o t he b t

AR cediiet g e it o ft, bt B0 G A rEciee detector,
rafYihl FRrsisi0 MR SPIeERB dawase fShlﬁlﬁHﬂf eb %possl bly
several weeks up to several nonths after the killed

cel | 018 More s cal | he kil l ed ..
BESe1c, Tt afegnder e Pl whniiBp B ing Seleed Sy o Soorubicin
a:ndzhe fosulls sl%w&t thdt ~ élg%f dSRorublein l72as phgkageﬁ,m 35 1®Gilled
18, 19, 20, 21, 2 23 or 24 hours before the

MWU@w-NﬂkEover the killed bacterial cells may be
adm ni stered at |east about 1, 2, 3, 4, 5, 6, 7, 8,

@xaxﬂﬂle 2131‘ unlgr re"g’%essi(fh/stllﬁlllzllﬁon]t‘zno&ﬁ)g il adaPinistiatiotlof

days before the
l‘a@ﬁ&ﬂwn@@b énwaﬂﬂe-whgged hllyeétbacaerealmsﬂs in nude mice

cells may be -
awq?%%%@s&g’gﬁgé@gﬁ%’qﬂ 2, WD 5008] 012695

[PTE7] BZOB 2x00@l8dem&Bigtes Aqat Bispgeifiz ligndgarge@d and Doxorubicin-

%a%k%ée% 1{1%1& klél%d bgig%Fn;:l e}%? é‘&e% %rgisyngxﬁ tb?h&ﬁeé.lgrgllrelﬁftecgncer cell
thaetr aen@raﬁebdtsblrshyd e6 actek pidiearae atiyndieasde madzout 1,
2, 3, 4, 5, 6, 7, 8 9, 10, 11 or 12 nonths before the

lg ?]ér IL\gl]d%gtlrrqeﬁ ift gﬁl]f)ie f“rﬂ?ﬂgd {Jhm'lz}}ﬁmk&%ise\gere _Fﬁckaged with

ni st er ed er t
c&qu’ahmpemcmu@i)ombmbkqm ad “tme:pveuﬁ@d oftfeed errrh)yomn byrepeat

FRbenERiof 1 SRR e T hEERIR R 1) cd bact or i ol
cell may alternatively be adm nistered anytine from

[9382F alA bisproifie entthody catryiganti-bBS and pyti-bamandl GER srecificities
Whs LshsBEYEH %L f&iPJW? SAQ%@-‘E@IFE nfiriddtonal antibody was selected

because the xenografted cells were human breast cancer cells MDA-MB-468 that are
known to overexpress the EGF receptor on the cell surface. A BsAb with anti-S.
Typhimurium O-antigen and anti-EGFR specificities was constructed as described in
PCT/US2004/041010. Briefly, bispecific antibody (BsAb) was constructed by linking
an anti-S. Typhimurium O-antigen monoclonal antibody (MAb) (IgG1; Biodesign)
and a MAD directed against a target cell-surface receptor that is mouse anti-human
EGFR (IgG2a; Oncogene). The two antibodies were cross-linked via their Fc regions
using 15uriﬁed recombinant protein A/G (Pierce Bioteéhnology). Briefly, protein A/G



EXAMPLES Exanple 1. Killed bacteria are successfully
packaged with the chenot herapeutic drug doxorubi cin.
wQ 088 126%al nonel | a typhi murium strai n was cul t BCETB2007/003489
overnight in Trypticase Soy9 Broth (TSB). The strain
was then subcultured (1:100) in 100 M of TSB and
growmn to early | og phase (0D600 = 0.406). Bacteri al
count was enunerated by plating serial dilutions on
TSB agar plates and perform ng a colony count after
overni ght incubation. The result showed that the
culture carried - 5 x 108 bacteria/m. To kill the
(Htrgimldinat em@ntraum wasfaddae te (i5tmk of avaremired sduiéen

e e P

Mg s, apdah@ibatedaseedipht 2 4fﬂathbbss dnaibbdies alere s et dg
been kil]ed. [0184] Killed bacterial cells (1 x 109)
ingabatonith BFoein -cAnBeaigH Macastie Peasis and geatle mixipg gt om

t%Xger'aﬂn'é fir 4b xﬁlrﬁsﬁgﬁélbxﬂgéx%tﬁ%eﬁﬁla’tl@@ ogﬁleq;eh@g th gin A/G-

was washed away frorgt e bacterial cel y SiX

Bseﬂmﬂn]vlax fwas gnatbeted wittei @ ddepadhpsd hidled baentlall deligdok-1 hr at
at 13,200 rpmfor five mn s foll
TP ISHRAETBR 17 Fo3 iah Yoy mbmﬁwwé]ﬂ\{@rﬂéamlgen specific

exemhUbisaHhcaeps ext ract ed from t he killed bacteria
follow ng five cycles of vort exi ng and soni cati on in

ence of .97 - so | PA
LS00 R Bk e T R AT HIE s Rt teL g A L Rgfotes
O@el Parfsl Wiag Ausueligeldes arﬂitﬁ@le&’ﬁpﬁﬂmeﬁfst\%re performed in
centrif ugat | on at

200 rp mn to eI | e
paplagce Wil th Pﬁgeyﬁtagdvaé? of [?QP%%‘%Y@@W ‘{hj“h Animal

AR A dnRth iR )Srdiuai—CThér %eﬁ%dt@w@fé%fe@fo\‘\@ea@@ﬁ{emgﬁ)g5
PCT/ 1 B2007/ 003489 58 conprised | 00mM amroni um f or

Agricuig eedredited sl lhanippHacHitg pt Enfdengl ety Ltd (ydney, NEW,

AREBLSD A48 R DN T s

raamzm@ epitheadial calls; mpbyg@cyap} wetecgrown in gigsueraudines to full
con nﬁgrllco 1nalt" 7?53{%5 RH?&IH%@@&&JPR‘ZE lgm%\ég wilt5%Bovine Calf

ing an at osa ent egasse
Smame(l(}iBQO-@RhaLlfe dTeulmolhgass dnviteb@e) Canpbration Grslsbas €A,

AT BT R 7 i LR O9R S g 59 O

zwa9°<12nt1 ey m?lcaneth $0uB sstuanfiae chedin wogether wdb)dﬁ)rulbgmwth factor
g?{%lgrgﬁtrqegﬁfj@li Biggz\{\%%ra% dgnklmzLeg(es, N? ,Clﬁ(é’ASJ\t%;'e?e 1?136\’\?56
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) and mean tumor volume was calculated using the formula,
length (mm) x width 2 (mm) X 0.5 = volume (mm®). 16 days post-implantation, the
tumors reached volumes between 40 mm? and 70 mm?>, and mice were randomized to

four different groups of five per group.

[0191] The experiment was designed as follows. Group 1 (control) received an i.v.
dose of 100 pl of sterile physiological saline. Group 2 (control) received an i.v. dose

of free Doxorubicin (7 mg/kg of mouse body weight). Group 3 (control) received 1 x



bacterial cells. Exanple 2. Tunor

regression/stabilization followng i.v. admnistration
W@2008BGH6S t ar get ed, doxor ubi ci n- packaged Ki | | eBICT/IB2007/003489

bacterial cells in nude m ee carrying human breast

cancer xenografts. [0187] This exanpl e denonstrates

that bispecific |ligand-targeted and Doxor ubi ci n-

packaged intact killed bacterial cells can effect

regressi on of human breast cancer cell tunor

xenografts established in 6 week ol d fermal e athymc

nude mce. [0188] As described-in Exanple 1, killed S

10y/abdendftdotrpacihgeat Mﬁe@ baaekagalled\St Mphiohenmidey. apewp g
drug, Doxorubicin and yere pur|f| ed of free endoto

(ﬁvgpqrep@&@l) Teeaived 1 pigldk ¥idose GG ﬁBng?éedaﬂﬁi?'P@Fk%gﬁé Kkilled bacteria
SRR W0, RABE e BRI ARt o

d@@erss\wrucgﬁml @sd4y8l21088 and34ant i - EGFR monocl onal
anti body was sel ected because the xenografted cells

uman breast cancer cells MaAspB-4 t are
hF %ﬁw\?és( tgtee Eghat thee pt olfﬂlsﬁ%t Pzg f@rfumpox Were
l'g%i‘gil %ﬁgctl E ﬁ%éﬁle\o’il{ 'reéessxﬂ&%1ﬂ£ﬁmsqﬁ0%%dr&?% the three

ant - specificities was constructed as
cduwrelsi bed in PCT/ US2004/ 041010. Briefly, bispecific
anti body (BsAb) was constructed by linking an anti-S.
Typhi murium OG- anti gen nonocl onal anti body (MAb) (194 ;
lBkmmBg rA)ntl-andon effdéas dolleeingd.vagdmisistratioarcfd GFR-targeted,

[talcb Ce ‘rgﬁ(%)e sp %E{}%sngﬁpf%gapg%e%?%&mged kElg:JQbactenal
@ll@&thﬂﬂ kficle vax&y_tdgehmgsﬂ Fc)_bﬁgi alitcer ?squg}alnur ified

nt t n. erce nol.o 3 .
(BFSET T EE SkoRble o et hehe B asbBleR et PHacie s gudagsd with
21 ta%Obra RN Af édhahhibnBegidvathi iRiMan@orBéidrer ¢l Quorih vivo.

of a prem xed sol uti on cont ai ni ng 20 g/m each of

b, s isthed Sodhngn el wllek Sobmrr e edls vere

pARk S ety emexbyﬂaefapsuﬁxa&@g pubmiaxaramtiame putified g feedndotoxin
magnet i c b ads, and gentle mxin room tenperature
Bygierads cRpt %"(Oé‘ra“ﬁla ’}gca‘gaé’p‘ét?@? PRFIBtaRhe peads,

the protein A/G BsAb conpl ex was i ncubated with 109 :
[0e95]pasngadlyk siRreA algamtsteuhb &lines 2l dpindle prateilr(KsP) was qm:kaged

NN M T N
microtubule motor protein that is essential for the formation of bipolar spindles and
the proper segregation of sister chromatids during mitosis (Enos and Morris, 1990;
Blangy et al., 1995; Dagenbach and Endow, 2004). Inhibition of KSP causes the
formation of monopolar mitotic spindles, activates the spindle assembly checkpoint,
and arrests cells at mitosis, which leads to subsequent cell death (Blangy et al., 1995,
Mayer et al., 1999; Kapoor et al., 2000; Tao et al., 2005). The KSP-siRNA double
stranded oligonucleotides sequences (sense strand; 5'-AAC TGG ATC GTA AGA
AGG CAG-3") were synthesized and packaged into the killed S. Typhimurium strain
by incubating 1 x 10'® bacteria with 1um of the siRINA-KSP. The co-incubation was
carried out in 1 x Phosphate Buffer Solution (PBS) (Gibco) for 12 hours at 37°C with

gentle mixing. Post-packaging, the bacteria were pelleted and washed twice with



[0190] The mce used in this exanple were purchased

from Ani mal Resources Centre, Perth, WA, Australi a,
wa@ansalleoani mal experinments were perfornmed i n PCT/IB2007/003489

conpliance with the guide ef care and use of

| aboratory animals, and with Animal Ethics Committee

approval. The experinents were perforned in the NSW

Agriculture accredited small aninmal facility at

EnCGenel C Pty Ltd (Sydney, NSW Australia). Human

breast adenocarci noma cells (NMDA- MB-468, ATCC, human

mamary epithelial cells; non-phagocytic) were grown
1xPABS ibyseatrifugdtiomefor d Ofminlites @0 h6,20@ my The Hacksiaf celikwere

i n enent ed wit | f

il Mies B BRES 14 QAR o groasbacaghd SRR SF”
Corporation, Carlsbad, CA  USA) and gl utam ne

[(Ql%\}l tA& tbgs@ac)xﬁlc mnabhdmcahsfmg dnil MSsatdemd -ldm @S BGHR smlﬁcmes

1 cel,ls in 50 uL serumfree
VWE&O%S fl{?geéjtﬁecfés‘v‘\ﬁl‘? #’fﬁg’pd?ngh factor reduced
matri gel (BD Biosciences, Franklin Lakes, NJ, USA)
[OEYR | Theonicedised idothus a;mnpls werd poncbasedtfiven dhomhbBesources

| ad f c se _u a 23-gau The
QRLeR TR AE SR BB
cdhigi]ibme with it]ﬁbegm(l.é/bf vdreyaad usT] a:blhboragcrrgmnﬁnﬂs an(d With Ah)imal

! an tunor vo was cal cul at e
N SR I I R R e SR
Agfli&xltuﬂ&%déaetﬁtea @gtgnlr{ga%hamgamtpm Eﬁ@éneIClBTp Lsd (wbg,stw
vol unes _bet ween a , m ce
AURTAORY 2UTER COIOBFANERTIFER Qﬁ&mu’b@ag? Vef gropgy in tissue culture
tQ mw Qonfi&%a}%l ThE 84k hH RPMI Ve HeSuaNRppRendn@dd Wite 5%

control) received an i.v. . dose of 100 | of

B,qvem ?@lf %ﬁm 6PT3COBREGL i, Lechnolpgiess INdBpEsHEgrporation,
ChEBLY ]S A a@sA) \énd ﬁﬁﬁmr&faﬁ\h&sgé?gma%*ahﬁafmeﬁ%uﬁséﬂiﬂr@éf9s%

nmouse b G ou control) received

a8y P4 t |Bzo®06/c@ szlrs uswemﬁ@éw@together WIth 50 uL
I

gtqgéhlf%%{r@gg&c%? %a?ﬁg&%?ﬁ%%gfeé%ésﬁg%ngp Lralecgs, NJ, éJSA) were

1mféﬁfed(ssbculﬁnm heawgat e shoddepleledesgoBalh/c |ngénu mice (n = 8 mice
ugé %sm%Eq:ﬁk%u%? ndeef?ﬁq WWH g%%é suﬁé‘dI tvg«?esg%veek using

ro u
amaflentgjrmemgaal chdipsr a\ﬂ;tuﬂg&oalalbaﬁApre{:lﬁlbazq) 07004 ) ramgluh¢an tumor

JBAE renie b Do TrelReERRLE v i KPS =
‘tdl‘mé (mef).$6 dayy ﬁdsﬁbmblahﬁtimﬂtmsmcfmaaﬁddtWIMm ~2oo mm?,

re contro
anfgi mice were rancfomlzed to four different groups of eight per group.

[0198] The experiment was designed as follows. Group 1 (control) received an i.v.

dose of 100 pl of sterile physiological saline. Group 2 (control) EGFR-targeted

killed S. typhimurium bacteria not carrying any therapeutic payload (G2; EGFRg.

typhimurium). Group 3 (expt) EGFR-targeted killed S. typhimurium bacteria

EGFR . .
S. thlmur’umPaclitaxel)-

Group 4 (expt) EGFR-targeted killed S. typhimurium bacteria packaged with siRNA
EGFR

packaged with chemotherapeutic drug paclitaxel (G3;

against kinesin spindle protein (G4; S. typhimuriumggrna.ksp). The treatments

were administered three times per week.



Exanple 3. Anti-tunor effects following i.v.
adm ni stration of EGFR-targeted, paclitaxel-packaged
wo@ro0sioRNMgs Ki nesi n spi ndl e protein-packaged ki | PETIB2007/003489

bacterial <cells in nude meéze carrying human col on
cancer xenografts. [0193] This exanpl e considers

whet her intact killed bacterial cells packaged with
paclitaxel or siRNA can inhibit the growmh human col on
cancer cell tunor in vivo. [0194] Using the nethods
described in Exanple 1, killed S. typhimriumcells

were packaged with chermt her apeuti c drug pacl i taxel
[GUH] WeT1e: Ruilts Shed Eigire 0F tien Betoxédimet, 7.€ P8 killed S.
centrifugation a }Q/ashl ng away of the supernatant.
LR BtiuBepan-ataidy sSRMphlagammmmwmmdhgbiymgmﬁcam

{}Sﬁﬂeﬂ FffKa?Sf? )é-‘f F%(PHgf%& e&w&&%ﬁ?ﬁe@m 'g@%ﬁ‘%d%‘?m’éb‘%te that

hidctkillBd BAQENH kRS Bmgecpﬂv%%aﬁhﬁaﬂé‘lt or sSSRNBS@BA{Yi fthe fgBdwth of
the formati on of_ bipolar spindles and the proper

Wé@éﬂq ermee cedl WMOr 7 K¥Bmat i ds during nitosis (Enos
and Morris, 1990; Blangy et al., 1995; Dagenbach and

Hhepte 42Q§)s43)0f dady t@biﬂn@éht@onﬁﬁ‘?snﬁgLi‘%@éi)tbi"-@argce@éd'f'ﬁﬂle@nbactena-

of monopolar mtotic spindles, activates the spin
mediatad hRNde fplowed byamea?qre@fgets@llflkletatbw'tre%—.%edwted drug

Rkl J:S,Ieads to subsequent cell death (Blangy et al.
1995 Mayer et al., 1999; Kapoor et al., 2000; Tao et

2005 The KSP- RNA doubl ded
Beo0jo Lo RbmopaiEse Ji tenbios treeta kilid Satpriacsan sxperegiyve

18 Gta A nABRcerAEKEs AEVS, e WRIrRdSHR ttl'i@ﬁilléﬂﬁi’n@&ng ¢ B@Hﬁ‘@’ nw/nu

into_the killed S. Typ hi muri um strain I ncubatin
mice0 For peraessfi gelld, e qﬁed meohmti%ccgpmﬁm%spell ¥pe Caco- Whlch is

Hé%ﬁllh'r}eéip@l?ﬂ tg?rg‘@ﬁneb&%{dtﬁéjra fdr 861&9 Qa?rf?:@f‘tsﬁcl?h'g {rfifotecan

tion co) for urs at
agpdrit-fluonelupdctlds- Fﬁél;t packagi ng, the bact er| a vvere
pel |l eted and washed twice with WO 2008/ 012695

BEMJ( o agtggﬁq%ﬁgads%s&ﬁﬁﬁact e ﬂat 'é W&ﬂngﬂuﬁzq{lllé@bactena

wiers lpedkaged vath q:he;tncxthﬁg&qt@ drag mmg@n@@e}gg} Excess irinotecan or
50 B3C AU 5L BRI 0038 BRIy BB e v
avey Inoomstrifughon aﬁtldé:actenbb@bllsrat E&éﬁplmmzfor 10 197 anthibe washed
d t.hi f I
N e N e

ani mal experi ments wer e perforned | n conpliance with
[0R82]guiThe irixotecameranBUpaekaded kibed &t ppkimuniurasells werg targeted

el thg' Eéﬂﬂlf@lla attachment of an anti-O-polysaccharide/anti-EGFR bispecific
antibody to the bacterial cell surface, as described in the previous examples. An anti-
EGFR monoclonal antibody was selected because the xenograft cells, Caco-2, are
known to overexpress the EGFR on the cell surface (Nyati et al., 2004). The EGFR-
targeted, drug-packaged killed bacteria were designated EGFRG typhimuriums.ry and

EGFRS.typhimuriummno.

[0203] A recombinant S. typhimurium strain carrying a plasmid encoding anti-
MDR1 shRNA sequence was generated as follows. The MDR-1 shRINA sequence
used in this study (5°-



Et hics Committee approval. The experinents were

perfornmed in the NSW Agriculture accredited small
wa@niosmi2eédpaci ity at EnGenel C Pty Ltd (Sydney, INSEANB2007/003489

Australia). Human col on camger cells (HCT116, ATCC)

were grown in tissue culture to full confluency in

T-75 flasks in RPM 1640 medi um suppl enented with 5%

Bovi ne Calf Serum (G BCO- BRL Life Technol ogi es,

I nvitrogen Corporation, Carlsbad, CA USA) and

glutamne (lnvitrogen) in a humdified atnosphere of
95% air and 5% CO2 at 37C. 1 x 106 cells in 50 uL

TWMMGEANMAA(IE@EBA@T GTAPadifctg TAONORGAGAGTOGGTTTCTT

T@gﬂ[ulgﬁgr‘gas q(eﬁ?rgl% Q%/Dgxﬁ{)%f’?? aﬁ@@"ﬁ ST?,eFﬂmlé{% #ﬁg%swas syhthesized

afidd Qﬁ%di&iedhhﬁﬂ;ﬁﬁsmm RAGE0D (s Fa&em@@ ,(SanDRgH] ccg UB®)) such
group) using a_  23-gauge need The tunors wer

tht sk Feayeras cosldboearessss figm His rlpsseid e P%,ona?tsﬁ t Hpe plasmid
s R p Ol cngQ ¥PreplidRish wﬂfcﬁ@nﬁbl@g high ﬁaﬁ@ﬂd) cop# rix‘i.ilmbers in

nmean t unor vol unme "'was cal cul ated usin t he fornul a,
bpeirgeheetlymThy refoambingnt plagmis V@S§e&u€f\96‘|9 tmenspRmihat thg ShRNA
sgq}yeacp Qb beP%taaﬁH% e fol@%xwegas& FofPHRa% YRIMIES The

-200 nmB, and mce were random zed to four different

regonehinawsfplasimjdtwasdrangfosmpd it 1085 tPAkiraxjier. and ke rggembinant
I cont g d an

Sggﬁl ‘%Sg(gess Fe% %gy\%m& é'FRNIAS—\:" phy5| o%{o %&?cygal i ne.

t@mummn(smnml ?vaE@rthtuategéUsmacmngltbdeb -pplysanghfrighe/anti-
t n eyt i (R:

Ryl aniPr i et G S BE e A0t penere

ERTRS. egblSmutivplyix ko bact eri a packaged with

chenot herapeutic drug paclitaxel (GB EGFRS.

AL AR S O P s
tRGahass: (Bi'd’m(pS]l @oapbY) diegilpsading| Grcﬁlfﬁélz (@@EEB EGFRg,
e 50 OO S BT e
B?i@?éﬂa@mg/ %Béﬁ&mrﬁznbp@&ﬁip A lexpt)eSTS. sysitiommigriags f1or 1

t t t
Elphriy ST ERE I GORRS YN RO RriATeped, Tige:
el RURS 101160 b¥ct & HFETRS:; @iﬁhlmﬁﬂhhanWTG%oan 6 ol RERG

conpared to the two contrgl. Thus, the dat
typhgHTsmrNamee Ollgweshy ki | $etéfp]6’é‘?}fré]mlario’ @éqpqpss 2 to 6 received 1

PMEQ&E’HEW‘CEHS RAQlaliltAaRheRE wok&NWA | nhi bit the growth
human col on cancer ceII tunor in vivo. Exarrpl e 4.

ﬁggpﬁgdl‘gggqlsgitg gﬁgwe {F 1gur | Salt gg e)r(gecc(tegdt ohe aco cgl?s remained
resistant following treatments with EGFRS. typhlmunumm,w, GFRg, typhimuriums.py
and BOTRS, typhimuriumsurna-mpr:. Cells that received dual treatment, i.e. EGFRg,
typhimuriumsprya-mpri followed by EGFRg typhimuriumyjye (G6 mice) or EGFRg
typhimuriums.gy (G4 mice), showed highly significant reversal of drug resistance and
tumor regression. The data demonstrates that a dual tfeatment protocol, e.g. receptor-
targeted killed bacteria-mediated shRNA delivery followed by receptor-targeted killed
bacteria-mediated chemotherapeutic drug delivery, is highly effective in reversing

drug resistance in non-phagocytic mammalian cells.



medi ated shRNA fol |l owed by. receptor-targeted killed
bacteri a-nedi ated drug delivery. [0200] To
waeleomnsierat e t hat receptor-targeted kill ed bacP@r/iBR0C#03489
reverse drug resistance im4cancer cells in-vivo, we
carried out the followi ng study in Balb/c nu/nu mce.
For xenograft cells, we used the human col on cancer
cell line Caco-2, which is highly resistant to
first-l1ine chenotherapy drugs for col on cancer, such
as irinotecan and 5-fluorouracil (5-FU). [0201] Using
the nmet hods described in Exanple 1, S. typhinmurium
killed bacteria were pREERENMGES chenot her apeutic
drug irinotecan or 5-FU. Excess irinotecan or 5-FU
7S 1. 4
(2B} SAEibiERlioh B BEORClAubh LR crBU 6% B ihdfporatcd
hédein Hsmtdfaened Refktencato 4 3um®iatmpmbatenﬂ. (romiewer, doek ndie
%Eihed §-§ . S. Wer e resus ended in fresh 1 x PBS. This
1 g glbs%\‘?é‘sas 8FEQL8t: [0202] The irinotecan or
5- FU- packaged killed S. typhinmuriumcells were
[0207y etAﬂcboriage,tElé“ ECHEr sk B. Ghitviaghaspadts of irdmtumoral gene therapy.
nti- ar,i GFR bi specific antibody
6”%"1)&8%’ 43?1"‘5?%}93 , as described in the
previ ous exarrpl es. An anti- EGFR nonocl onal anti body
[02:08] s ehmbtidkir bachudents.hBew eRbgmadcol.c Ebrisgl. GRc36D(1990d
knovvn to overexpress the EGFR on the cell surface

r ug- pa&talgie(dv{(agﬂgoﬁ%}a%g efi a%/r\lg} & g‘i%g’}%"é uriel DT.

REGFIRSt~mkilmd geneRlefiveryranplE@ERRIeeting hinding spetvificiiy. Gene Ther.

%9%?%1@% Bbl nant S. typhinmuriumstrain carrying a
odirng anti- MDR1 shRNA sequence was

generated as follows. The MDR-1 shRNA sequence used

[02110] hi Beaken M, (Birnahd PAORdre696], Behionigk 07 SbieMgh Digping P,

PR N R P Ge R S PR g ot

PESSIAE REAcHRVItISHE @b%laﬁéculaﬂ&xcmﬂmmo peovthfhdopteasprorFik1.
| MG 800 & ngenex %gc San Di ego, CA, USA) such that
Ganser Binlditer 2088 Serifectddpi ¥sed from the plasnid Us
pronoter. The plasmd carries the pUC origin of

[ogP1)i CEEﬂg@? sVMh&Jhl engbtiematit Biolphya oM ¢ll. CSiRihgerVetlag, 1001.
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essentially free of endotoxin. 6. The conposition
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the transcript of a protein that contributes to drug
resi stance, apoptosis resistance, or neoplasticity.
8. The conposition according to claim7, wherein
said.functional nucleic acid is an si RNA, shRNA or
m RNA that targets the transcript of a protein that
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cells contain a drug.

7. The composition according to claim 2, wherein said functional nucleic
acid targets the transcript of a protein that contributes to drug resistance, apoptosis

resistance, or neoplasticity.

8. The composition according to claim 7, wherein said functional nucleic
acid is an siRNA, shRNA or miRNA that targets the transcript of a protein that

contributes to drug resistance.

9. The composition according to claim 7, wherein said functional nucleic
acid is an antisense molecule that targets the transcript of a protein that contributes to

drug resistance.



16. The conposition according to claim 15, wherein
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protein EZH2, ErbBI, HPV-16 E5 and E7, Fortilin &
MCli P, DI Pl3a, MBD2, p21, KLF4, tpt/TCTP, SPKl & SPK2,
P300, PLK1, Trp53, Ras, ErbBl, VEG-, or BAG 1. 17.
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15. The composition according to claim 7, wherein said functional nucleic

acid targets a transcript of a protein that contributes to neoplasticity.

16. The composition according to claim 15, wherein said functional
nucleic acid targets a transcript of -Catenin, PKC-o, C-RAF, K-Ras, DP97 Dead
box RNA helicase, DNMT1, FLIP, C-Sfc, 53BPI, Polycomb group protein EZH2,
ErbB1, HPV-16 E5 and E7, Fortilin & MCI1P, DIP130, MBD2, p21, KLF4,
tpt/ TCTP, SPK1 & SPK2, P300, PLK1, Trp53, Ras, ErtbB1, VEGF, or BAG-1.

17. The composition of claim 7, further comprising a drug.

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

targets the transcript of a protein that contributes to resistance to said drug.
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met hod3-accdhgicRgPositionaceardmg iptedaiey h whareinpaididierapautic nucleic

&84 iScMifined Bn X'pré?mﬁH Q'm%?ﬁgec{ b St &h@élgic%%idjsegblgl%ces.

sequence codes for a therapeutic exXpression pro
37. A nucleic acid delivery nethod that conprises
bri ngtthg bildgsemmpogitiongaerrdingrieslaimmhathepsinsaidalasmid

&rhpedsRack@niod fefldns that contain a therapeutic
nucl eic acid sequence and (b) non-phagocytic

mamalian cells, such that (i) said bispecific, .
i gandd cad$€ compasitioniaserratng terciaim e Mhereip spidmlagmid
Scthfkidst8 ATBh A} efhérit. and (i) said

26. The composition according to claim 1, further comprising a bispecific

ligand.

27. The composition of claim 26, wherein said bispecific ligand comprises

an antibody or antibody fragment.

28. The composition of claim 26, wherein said bispecific ligand comprises

polypeptide or carbohydrate.

29. The composition according to claim 26, wherein said bispecific ligand
comprises a first arm that carries specificity for a bacterial cell surface structure and a
second arm that carries specificity for a non-phagocytic mammalian cell surface

receptor.



killed bacterial cells are engulfed by said nmanmalian
cells, which produce an expression product of said
Wo b@sapsei i ¢ nucl ei c aci d sequence. WO 2008/ 01PGPEB2007/003489

PCT/ 1 B2007/ 003489 88 38. Bhe nethod according to

claim 37, wherein said mammalian cells are in vitro.

39. The nethod according to claim 37, wherein said
manmael i an cells are in vivo. 40. A targeted drug
delivery nmethod that conprises bringing bispecific
ligands into contact with (a) killed bacterial cells

that contain a drug nmol ecule and (b) target nmanmalian

cel I s, 3@5 uchTheabmpbsitihbflclais ReOCvhicil 88 H%lrﬁﬁ'lﬁ‘ﬁlecell surface
erjal, cells to bhind to said mammal i an

rgﬁpgor it |°F§ab§%Pga%"laPE%I resgRtoETRediated ppdocyiasivefsid kidled bacterial
keell. sai d manmmalian cells, and (iii) said drug is
rel eased into the cytoplasmof said mammalian cells.

t I 40, wherein said
Lo gethme e e SR Toa Sertondifa e D 0 MRErEbFAS bedgprial cell
Boefacetthadueds an O- ﬁﬂyﬁ&cﬁéﬁdé@(ﬁ%’pom\é’ﬂ%ﬁég St Fs wagldeson said

nnth eutlc agent he et accor
%‘é‘?ﬁﬂg e“ é\“rfa%eald mammal i an cells are in v!tro
44. The nethod according to claim40, wherein said

manmmel 3an CThé ordpsitibmor élMRa 29 Swhdidfh S RAd aﬂﬁ%ﬂa d4#d%econd
to_cl ai m 40, erein said drug 1's encoded on

SPESE PUGRReEad wit hin said kil l ed bacterlal cel I s.

46. The nethod according to claim45, wherein said

pl asm3B.conPh¢ SQApesitibLGEE1aIn® DY, Wh&ERIaid fifst am%ng said second
rret hOdg&gt cording to clai m45, wherei n sai d pl asm

NaleRtenorter el ement. WO 2008/ 012695
PCT/ | B2007/ 003489 89

34. A composition consisting essentially of killed bacterial cells that

contain a therapeutic nucleic acid, a drug, or a functional nucleic acid.

35. A nucleic acid delivery method that comprises bringing killed bacterial
cells that contain a plasmid comprised of a first nucleic acid sequence into contact
with mammalian cells that are phagocytosis- or endocytosis-competent, such that said
killed bacterial cells are engulfed by said mammalian cells, whereby said mammalian

cells produce an expression product of said first nucleic acid sequence.

36. The method according to claim 35, wherein said mammalian cells are

In vivo and said first nucleic acid sequence codes for a therapeutic expression product.

37. A nucleic acid delivery method that comprises bringing bispecific
ligands into contact with (a) killed bacterial cells that contain a therapeutic nucleic
acid sequence and (b) non-phagocytic mammalian cells, such that (i) said bispecific
ligands cause said killed bacterial cells to bind to said mammalian cells and (ii) said
killed bacterial cells are engulfed by said mammalian cells, which produce an

expression product of said therapeutic nucleic acid sequence.



48. A drug delivery nethod that conprises bringing

killed bacterial cells that contain a drug into
weomsacieom t h mamal i an cells that are phagocyPCEIB00703489

endocyt osi s-conpetent, suclssthat said killed bacteri al

cells are engulfed by said manmalian cells and said

drug is released into the cytoplasm of said manmal i an

cells. 49. The method according to claim48, wherein

said drug is a chenotherapeutic agent. 50. The nethod

according to claima48, wherein said nmanmalian cells

are invitro. 51. The nethod according to claim 48,

wher ei38. SaiTheTREMBY Ladbr&Bkts cBEA 37, Wil salggnar;mﬁhan cells are

met hod according to claim48, wheréin said [

BhEBged on a plasnid contained within said k|IIed

bacterial cells. 53. The nethod according to claimb52,

wher ei3p. saithetha®Bi dc I

54. The net hod accor dﬁ%ﬁﬁ? éégﬁé@%é%gm%pﬂrg&gﬂ% cells are

Pl W¥®i d conprises a reporter elenent. 55. A nethod of

delivering a functional nucleic acid, conprising (a)

provi dong aa pdruétal dhig &livkly h@ﬁ)oggﬁéte&oh@;ﬁﬁ? b*lﬁ%lh? lb?sgfciﬁc

Pharnaceutlcal carrier, each kil teria

1gands|iptooniast wihdabkidled bacterial aells dhat cppiain a ding raplecule and (b)
?a‘f'gé% rPAmfdalidn Belld? Evﬂ?mr%%t PSR béﬁ%lﬁé g@?xacﬁ%‘éﬁ%g sdidBllled bacterial

encodes a functio elc ac

elisrtgibind tagaid mammealiapaetler(iihbaid dillesd bricterka cellsaralengylfed by
L R t u

Sh R o Thd QR FRETR Bk B PPl et
@@mmalwiileqeélby said functi onal nucleic acid is

rel eased into the cytoplasmof the target cell. 56.

The gy hod BEGALHLAIIRd i
functional nucl et;ﬂc a((::clgog lﬁ%% Q}agrgirﬁ \é‘%ef‘élﬂ‘ s%‘?arget mammalian
oclivarre noBPhagELicRRUD 7/ 003489 90 57. The et hod
according to claimb56, wherein the functional nucleic

acid 4bs el ALALY B¥ing to claim 40, wherein said drugisa -

chemotherapeutic agent.

43, The method according to claim 40, wherein said mammalian cells are
in vitro.

44, The method according to claim 40, wherein said mammalian cells are
in vivo.

45, The method according to claim 40, wherein said drug is encoded on a

plasmid contained within said killed bacterial cells.

46. The method according to claim 45, wherein said plasmid comprises a

regulatory element.

47. The method according to claim 45, wherein said plasmid comprises a

reporter element.



58. The nethod according to claim55, wherein said

functional nucleic acid is expressed by the target
w@eis/01%9 The nmet hod according to claimb55, WheT/E2007/003489

said killed bacterial cell 89contains a plasnd

conprised of a regulatory elenent that is operably

linked to said segnent. 60. The nethod according to

claimb9, wherein said regulatory elenment is a

pronot er dependent on RNA pol ynerase. 61. The net hod

according to claim®60, wherein said pronoter is the

RNA |1l polynmerase promoter H or U6. 62. The met hod
accor 489 4odel ey, m¥MSd ok cERBHAS Lriafil Rilled Habter;
killed bact erl‘LgaIe cé?lmand saa?g rrgmeT%ltll) an ‘\é\%ﬁ? egé%ggtfgal cells

that ¢aniaip a dsgg intp eonteehwith avowmalismcells thatzarerpbagocytosis- or
I :  C [ ' . i al .
AR Glol g AR e WEEHDER 20 11 beckifa) QB ' Rl by s
mevwradiangellpand sdiddfifg isublensed in®ahe cplophsindofvagbesmmalian
Itiple functional nucleic acids. 65. The nethod
according to claim®64, wherein said plasmd further

conprises a pronoter for each encoded functional
nucl eft?. acilde ngghodraesonding tuiclaine d8dwhereirosaidl diup 53,

BT goT=Te aﬁgmr' ing the step of (c) delivering a drug

to sal arget” mammal i an cell. 67. The nethod

according to claim66, wherein said functional nucleic

aci d #@r gefldietnshed ageordingto elhim 48y wheiein sdidmammalian cells are

,%%g,}{?l butes to resistance to said drug. WO 2008/ 012695
B2007/ 003489 91 68. The nethod according to

claim 66, wherein said drug is packaged in a killed

bact ePlal déieimetBod acueeding theldim d8owderein sajd orammakys cells are

W{,fgi n said functional nucleic acid or plasmd, and

sai d drug are packaged within the sane killed

bacterial cell. 70. The nethod according to clai mb55,

wher ePA t hdheanethed atsordingiv slaird 48; Whetibsaid drugis epedded on a

@ngﬁf‘éc?xtéiﬁé?%th@m“lﬁa taelial Serfsaci I 1 tated by a
I specific I gand.

53. The method according to claim 52, wherein said plasmid comprises a

regulatory element.

54. The method according to claim 52, wherein said plasmid comprises a

reporter element.

55. A method of delivering a functional nucleic acid, comprising (a)
providing a plurality of killed bacterial cells in a pharmaceutical carrier, each killed
bacterial cell of the plurality encompassing (i) a functional nucleic acid or (ii) a
plasmid comprised of a segment that encodes a functional nucleic acid and then (b)
bringing said killed bacterial cells of the plurality into contact with target mammalian
cells, such that said mammalian cells engulf said killed bacterial cell, whereby said

functional nucleic acid is released into the cytoplasm of the target cell.

56. The method according to claim 55, wherein the functional nucleic acid

is plasmid-free.



71. A nethod of loading killed bacterial cells with a
drug, conprising the step of creating a concentration
w@e@dioeshs of sai d drug between an extracel | ul aPCT/IR2d0 003489

containing said killed bacvwerial cells and the killed

bacterial cells cytoplasm such that said drug noves

down said concentration gradient, into the killed

bacterial <cells cytoplasm 72. A nethod of | oading

killed bacterial cells with a drug, conprising the

steps of: (a) culturing a bacterial cell under

condi tions such that the bacterial cell transcribes

and t sansl gt L e | 2 s t]%% A f o

sai d drug su%étthﬁgtg 5@%@%&% tgrc %‘ﬁ is?’ ?véﬁ%gééxge |gltSlé 0 guclelc acid

ispeepisRNAsai d bacterial cell, and then (b) killing

sai d bacterial cell to formone or nore killed

bact esgal el et I r b3 [ . :

Cyt opl sam g RO Bt e SRS 5 Mk IS Finctional muciete

peid peesmrpsed bysbriarget celbe preparation of a

nmedi canent, said killed bacterial cells containing a

therapeut i crHaUREBbE 28&rfingo Al 550 («Vh@reféﬁ‘ Q@H'kﬂ% bacterial cell

nucl ei ¢ acid, and said bispecific [igands being

EQIAIBF @ Plasnpd sampgised of & egylatony ademprtahalris apernablyl linkeddo said

g%ngé}{t_get non- phagocytic mamualian cells, for use in a

net hod of treating a disease or nodifying a trait by

adm ni stration of said nedicanent to a cell, tissue,

or or§n. Vibezoohrd 20@udinpaT claBRBE7 MbeBBsaid gegulatoryrelement is

AV AN Ll ed bacterial cells that

gg?r{)}?i&segée%?éﬁ%% | i | nAgﬁ?F{T/lg%g'ct erial cells, (ii)

performng filtration to separate the killed bacteri al

cel I s 5ty om™dGiHRethrd asrasding ie claim;60, véweraimsaid gremeter is the RNA

Nﬁ?b@%&g&tﬁg}n@kerqﬁ bsukrom free endotoxin. 75. The

met hod according to claim 74, wherein said killing is

perforpmed with antibiotics. 76. The method according

to cl & m 74 hepethed Aecosdinerte claimt35e Whetsip epriaet between said killed

BAARSBal ekl shili Bl Abtiad ol SNSRI DAY, according to

claim 74, wherein said fth ration conpri ses dead-end

filtration.
%3. The method according to claim 55, wherein contact between said killed

bacterial cell and said mammalian cell occurs in vivo.

64. The method according to claim 55, wherein said plasmid encodes

multiple functional nucleic acids.

65. The method according to claim 64, wherein said plasmid further

comprises a promoter for each encoded functional nucleic acid.

66. The method according to claim 55, further comprising the step of (c)

delivering a drug to said target mammalian cell.

67. The method according to claim 66, wherein said functional nucleic

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



78. The nethod according to claim 74, wherein said
separating conprises antibody-based sequestration of
wepashwedh. 79. The net hod accordi ng to cl ai m F&/1B2007/003489
wherein said filtration enploys a filter pore size of
about 0.2 m 80. A nethod for fornmulating a killed
bacterial cell of the conposition of claims3,
conprising co-incubating a plurality of intact killed
bacterial cells with functional nucleic acid in a
buffer. 81. The nethod of claim 80, wherein said
co-incubation conprises gentle shaking. 82. The
nmet hogg of By .
about 5.5 "hontedRiactRIRL t R spounEs “*”%%d He S phdaged ina
lifipd bagerigleglat i on | asts about one hour
2008/ 012695 PCT/ 1 B2007/ 003489 93 84. The nethod of

clai ng80, whe 'hfétl'ibcﬁz?dc@rcﬁﬂé tﬁélaﬁﬂ@rﬁﬁﬁéimﬁé ﬁ{n%gonal nucleic

saline. 85. The nethod [ aim 84 ereln sal
agidl fos plasgy gndesajdsdiug agfep@qlqagcd withen the 6am¥ kéllavebdetatiab bell.
cl aim 80, wherein said buffer conprises a 1X

phosphat e b‘HE ﬁn?é’th&pidébhﬁﬂg tBdlaind BS, Wﬁéxlaﬂgthg cofila® BBtRlen said

wherei n said co-incubation is conducted o

killgg bpgietizlcclfand saigitarget menupalisn giids faditated dyreebinpepific

1@% arll @l m 80, wherein said co-incubation is conducted
tenperature of about 20C to about 30C. 89. The

nethod of claim 80, wherein said co-incubation is
conduéted & mathoﬂé\%‘@fb@&kléleéfbaa@@ak cefls @/ithp@druph eomprising the
158 Q0o s BufbcHBaidplaBldh: 540 Bty MSHER S8R ellular
medivotcyttaining saidld]led/besteiial eslls dnd ¢hq kitedbadtenial cells cytoplasm,

&ﬁﬂﬂﬁét%gﬁl cﬁJBQ Woves down said concentration gradient, into the killed bacterial

cells cytoplasm.

72. A method of loading killed bacterial cells with a drug, comprising the
steps of:

(a) culturing a bacterial cell under conditions such that the bacterial cell
transcribes and translates a therapeutic nucleic acid eﬁcoding said drug, such that said

drug is released into the cytoplasm of said bacterial cell, and then

(b) killing said bacterial cell to form one or more killed bacterial cells

containing said drug in their cytoplasm.

73. Use of killed bacterial cells and bispecific ligands in the preparation of
a medicament, said killed bacterial cells containing a therapeutic nucleic acid, a drug
or a functional nucleic acid, and said bispecific ligands being capable of binding to
said killed bacterial cells and to target non-phagocytic mammalian cells, for use in a
method of treating a disease or modifying a trait by administration of said

medicament to a cell, tissue, or organ.



1010 killed bacterial cells. 92. The nmethod of claim

80, wherein said co-incubation conprises about 107,
wao®@s/o1®9; 1010, 1011, 1012 or 1013 kil l ed bactreT/a2007/003489

cells. 93. The nmethod of cl9ai m 80, wherein said

co-incubation conprises about 1010 killed bacteri al

cells. 94. The nethod according to claim80, wherein

the functional nucleic acid is plasmd-free. 95. The

nmet hod according to claim 94, wherein the functiona

nucleic acid is regulatory RNA. WO 2008/ 012695

PCT/ 1 B2007/ 003489 94 96. The nethod according to

clai m4, vhekaid dﬁﬁlﬂ*&ﬁéﬁﬁﬁé@ﬂléﬂjﬁé&é I%Qflgtha't §?rgf}le‘ses @

97. The method of claim 3, wherein sal uncti ona
killinglive bacterial seliybii) payformming filkeatioado separhigithe Bidled bacterial

YARMRIA cSfathihdHE bha WH) s%!at%ith%qélﬂed SackMAI cells from free

endotoxin.

75. The method according to claim 74, wherein said killing is performed

with antibiotics.

76. The method according to claim 74, wherein said filtration comprises

cross-flow filtration.

77. The method according to claim 74, wherein said filtration comprises
dead-end filtration.

78. The method according to claim 74, wherein said separating comprises

antibody-based sequestration of endotoxin.

79. The method according to claim 78, wherein said filtration employs a

filter pore size of about 0.2 um.
80. A method for formulating a killed bacterial cell of the composition of

claim 3, comprising co-incubating a plurality of intact killed bacterial cells with

functional nucleic acid in a buffer.

81. The method of claim 80, wherein said co-incubation comprises gentle

shaking.

82, The method of claim 80, wherein said co-incubation lasts about 0.5

hour.

83. The method of claim 80, wherein said co-incubation lasts about one

hour.



WO 2008/012695 PCT/IB2007/003489

93
84. The method of claim 80, wherein said buffer comprises buffered
saline.
85. The method of claim 84, wherein said buffered saline is in gelatin
form.

86. The method of claim 80, wherein said buffer comprises a 1X
phosphate buffer solution.

87. The method of claim 80, wherein said co-incubation is conducted at a

temperature of about 4°C to about 37°C.

88. The method of claim 80, wherein said co-incubation is conducted at a

temperature of about 20°C to about 30°C.

89. The method of claim 80, wherein said co-incubation is conducted at a

temperature of about 25°C,

90. The method of claim 80, wherein said co-incubation is conducted at a

temperature of about 37°C.

91. The method of claim 80, wherein said co-incubation comprises about
10"° killed bacterial cells.

92. The method of claim 80, wherein said co-incubation comprises about
107, 10%, 10%, 10", 10",10*2 or 10" killed bacterial cells.

93. The method of claim 80, wherein said co-incubation comprises about
10" killed bacterial cells.

94. The method according to claim 80, wherein the functional nucleic acid

is plasmid-free.

95, The method according to claim 94, wherein the functional nucleic acid

is regulatory RNA.
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96.
is DNA.

97.

98.

PCT/IB2007/003489
94

The method according to claim 94, wherein the functional nucleic acid

The method of claim 3, wherein said functional nucleic acid is DNA.

The method of claim 56, wherein said functional nucleic acid is DNA



