TARGETED DELI VERY OF DRUGS, THERAPEUTI C NUCLEI C ACI DS AND FUNCTI ONAL
NUCLEI C ACI DS TO MAMVALI AN CELLS VI A | NTACT KI LLED BACTERI AL CELLS
CROSS- REFERENCE TO RELATED PATENT APPLI CATI ONS 100011 This
application clains the priority benefit of U S. Provisional Patent
Appl i cation Neo 20661805, 883 filed on June 23, 2006, anrci/ie2o8/003489
Provi si onal Patent Application No. 60Y¥909,078 filed on March 30,
2007, both of which are hereby incorporated herein by reference.
BACKGROUND OF THE | NVENTI ON -[0002] The present invention relates to
targeted delivery, by nmeans of intact killed bacterial cells, of

bi oacti ve nol ecul es, including therapeutic nucleic acids, functional

bt o hodk BamES B ey Ghsbios; TRPAERGR kg
chal I enge t ar ge{EthgIaNDY FUNCTIONARSNUCE I RetbesTo ARl RN Cel | S

(e.g., cancer cells) articularly in-vivo. Those hurdles include (a)
conposi tion, functi GAELLSNEAINEALT KELLERBACKERIAY, CRLIR i very
vehi cl es, (b) packaging theraPeutically significant concentrations
of bioactive nolecules, (c) targeting desired diseased cells
in-vivo, (d) over ComfpisREFPREREED HEMATRES ATghaTAlPAIcA8ORs and
successfully deliver therapeutic concentrations of bioactive

nol ecules to intracellular targets, (e) avoiding a.range of host

i mune el ement 084 c Fhigsgrrlisatiop eleims she prierp bawBl ol U.Sa Repvigiaral Bifthhges t hat
may destroy a wgglicstondRf srssjses flebsalves 23, 1086,3684 U.S(Prpvidémabitdng t he
edothel |2l DakbhBhi ARG oKL MBL S (BRI Ak e B ST 1
of a tunmor nass, Q% m grating through several |ayers of cells to
reach a target“?%W@?@dﬁqm9§”ﬁ%BWﬁ'that a solid tunor is an organi 7ed
structure containing both tumor cells and normal cells; hence a
vector nust cross several | ZEKERGUNDPRAREDYERTION access mal i gnant

cells), (h) m ratiQ% t hrough an extracellular matrix (ECM conprised
of ?0002] e present invention relates to targeted delivery, by means of intact killed

bacterial cells, of bioactive molecules, including therapeutic nucleic acids, finrctional
nucleic acids, drugs, peptides, proteins, carbohydrates and lipids, to mammalian host

cells.

{0003] A number of hurdles continue to challenge targeted delive-ry of bioactive
molecules to mammalian cells (e.g., cancer cells), particularly in-vivo. Those hurdles
inclnde {a) composition, functional characteristics and stability of delivery vehicles,
(b) packaging therapeutically significant concenirations of bicactive molecules,

() targeting desived 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 farget,
(D crossing the endothelial barrier of bload 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 exiracellular matrix (ECM) comprised of



WO 2008/ 012695PCT/ | B2007/ 003489 2 gl ycoproteins, sulfated

gl ycosam nogl ycans, hyal uronan, proteoglycans and collagen that fills
the space between cells and therefore hanpers transport of a vector,
and (i) addressing high interstitial hypertension (el evated
hydrost ati c pweseanessut si de bl ood vessel s) in the teoom2e07003489

m croenvironnent, which may limt thezaccess of bioactive nol ecul es.
[ 0004] 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. The non-viral non-living
vectors have been adapted for both nucleic acid and drug delivery.
The other two types of vectors have been adapted for nucleic acid
del i very. Non- 8l¥gonfotgins, soHyed gheptspminoglyeanspliyaronapargiepelyeans mg selipesmor

di rect tunor - cékdfillkitielspargbaaageabslls bid thgefordhash@rsatahspbit efevemtacimr s have
advant ages, t hWadﬂe&%g@@ﬁ@ntg’gﬁm@ﬁéﬁimic[ngggwed}@d’r&kaﬁt\! B0k Sutd/Ch as

retrovirth, adegnovirus,, adeno-associated Vi rys, ROX VIrus, herpes

si nmpl ex virus, glﬁﬁ%vefséﬁllﬂ&ett’fi%ﬁrﬂﬁ%“ffé‘@ﬁ“% ‘Bﬁ?@‘(’)‘“‘f%e_raﬁé%@ delivery.
However, vir al bipestivorglequlee unabl e to deliver genes systenically and
specifically to primary and/ or metastasi zed tunor cells w thout

i nfecting nor ni004]i s'sweber fkifbrenrpeton hareHenmpiopost® 80 botBmetiérasid aad  al . |
2002; Green & QY BNy, RSB virAdSHntviriRhliVing, ahendR Xk BB Yedidedl e

diffusibility of virions.within extracellula aces Si ficantly

i nders the. i el TRE gtk i bR R R R R B g i o e

anti geni ¢, anddeiyeneThprathegiwpdynes efveters hays bean gfapted for augiirasidgleligne h

i Mune r espons Ben-vind lividevdooishrepaay béig: Bokidld e JFREPROSRE king

non-speci fic i ppad:f: L eGRINSESeck (L) 03; LEard , 2003;

Waki noto et al % ﬁ%be%) . Tﬂ% ﬁeét ter &pﬁg‘tgyaggdéﬂr?é%h%% th]:sgrlfl tEl %r(%ﬁv@a%%f

elimnating ad ir 0 | d e,..2003). . HSV

(Wal dnot o et aﬁi.a,g 20‘8%3_‘@%%0%@] 45%%?%?% %bwnsf d|m\%°| %§c}°§?g¢g 19 I(liurs_tzp Are

exenmpl i fied by ViEst st Empler Vimeragd [Epdiigh bexedesn develarrhior eent debivers

(I'i posones, |i Hoptwexes)l vedtmls sy niabietd delived pojpesystemicly afddrdftlaBxes) .

g_hety_ are nor e }5&5&9%&& Iﬂea%tiiﬁh huor &ﬁ%ﬂfﬁz inf2Qhe Ab AR sSRY %An@dgﬁaye

i stinct advan S because, t hei ecul ar_ conpg | -can

control | ed, mﬁ‘%geéﬁu}gﬁg’gﬁ%dﬁﬁr ‘é{ﬁ’?ﬂ 23@4’ g“ﬁf’ g“sﬁ.???ﬁg:g‘e?@b%r ggﬁhgmfl'gf' (ﬁf’y

si npl e, they cesxireaelydimitodidiffesitility afigrions fvithin srimeplinlar hceederificertlys s

eta?., 1999; deind@¢ile dissAhnina@RQl Vird Béttokd) BYorédiér, ViR alcBRkHAAGAHI C WO

2008/ 012695 Pcréhlex%go%é) 8 é rQsQ ?o%%?t immune responses, Such immune responses include both
specific adaptive responses and non-specific innate responses (Chen et al., 2003;
Ferrazi et al., 2003; Wakimoto ef al., 2003). The latter plays an important role in
eliminating adenoviral vectors (Lin and Muruve, 2003) and HSV (Wakimoto et al.,

©2003).

[0006] INon-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 ¢an accommodate a range of transgene
sizes (Kreiss ef al., 1999; de Jong et al., 2001) and they are less immunogenic



3 (Wiitnore et at, 1999, 2001; Dow etal., 1999; Ruiz et at, 2001)..
The efficiency of gene delivery with non-viral non-living vectors is
significantly |l ess, however, than with viral vectors. At |east 106
pi asm d copies are needed to transfect a single cell, with

appr oxi mat el ywpo®snn@®scopi es actually nmaking it to tReTmwofweus? f or
transgene expression (Feigner and Rindold, 1989; Janes and G orgi o,
2000; Tachi bana et at, 2002). This inefficiency is attributable to
the inability of non-viral non-living vectors to overcone the

nuner ous chal | enges encountered between a site of adm nistration and
| ocalization in a target cell nucleus, including, (a) the physical

and chem cal s f I ts ery

extracel | ul ar aceore %fg 19%0"3{'@?\» e dlEM V&G o%”ﬁ?’os i é}ﬁ‘('l?f}cy &cape
fromthe endosmﬁel‘é’ P‘Piﬁeﬁtﬂén%rli"@g"ﬂ@fwaﬁ#‘f@kﬁlﬂgsst@%‘sﬁsé@e mes and
cytosol i c transjaovital veatdek. (3d)eadd mwlp&a@dlcsmalateaﬁéde@ﬁ tabstéchesiasm d for

(ranscr | pti on. i Adhlu 1o do¢ ESEAALER A0, RISAL RRlRlisl 2! o5

bi ol ogi cal bat her SUCh “as | genl responses

itself and i mBEESSE FigleatratRipgrld d9%0 lemerauh Cicseie2Als Jachispnags ‘Fﬁ:ng a
central unnet h3doa) dtisGeGictanty ik atribugble foYinanlitadf non-#19Q Gon-iIBiizasttas

2000; Rui z at @loyerddikhhe nummﬂm?& éafan&hﬁtéémtv?eeﬁ QSI{EQPadnhM Rfofruc! ei c
aci d/ drug dell%/rﬁr%l icles, rgac e etg qg sQ been
devel oped for (g ?’b‘gf‘éaﬁgef ) g Phypica %b%““’a
Soghononyan et ﬁ#bﬂlwmaﬂdﬂﬁés‘e'we’e ige Bltbhﬁxmlhéqrsmaye b)seiiploo aptakof
nucl ei ¢ aci ds ®yendsoy@sis, (butcaﬁwmtnemeaﬁb@hﬁycoﬁgﬁuﬁw@h& th faffidkitiglto Cel | s,

replicate int r@t%t,hét'aﬁtt;xosattda b att:@) hiboR1b 8l denell ﬁ%fa' gk at

al., 1997). Th enonenon i s acl a conpl ex
bacterial syst E?’PPT‘&?P“? e pSEHOR T sh Bﬂé’f"’é‘?‘ =] Chﬁ)‘P’ﬁiléP%méhb%t" ayrigEs o
manmmal i an cel | sich whimotangganic regaxitet to the dehier itselfiand timmoneGiimalpitptbg sérmin( Chen

at at, 1996; mevskquatceatomatﬂ&%@ce@mmﬁtem@ ted ép@%nfega{%@mtat 1999;
Blfldobacterltﬁgtﬂ\g‘gaégw et a 9%0% 00; 2001; Li etal.,

Cl ostridium ( fr Ruiz eqdg ox at at, 1996; Lemmon et al.

1997; Theys et al 2001; Dang at, at, 2001; Nuyts at at, 2002a; 2002b
Liu at at, 200P0¥d| dsae F‘Fe&’ateg%m‘é’?&’g&t“"%tf a°“’f%€3‘#h"ﬂ_%v&h§{es’é‘|"e 1999:
Platt at al. , POBHal vedors bdve alsq bezmwﬁlomwmmr@rgtedatetapfwﬁf)ﬂeherdrl.,

Vihrio (Yu etabgos; Q@Q«ﬂamﬁiﬁ:md@dwm&s&a&am R cAS 2 puﬂ%oﬁﬁdcﬁ:ﬁti ve
| i ve bacteri al ac, enuat ed bacf_1 {e]

been expl ored ES s\%ﬁmﬁﬁ' but;a’fegerm“%i b’la\‘?ce"“rnlur#”htﬁ"é' iU R 'Satﬁ q]I“FIay etal .
2000; Wi ss an#hddsibibe jnfastst eslls Foprdlek @ At This phemm?q is t to be
2008/ 012695PCT: ﬁBﬁQ&H/oﬁQB&ﬁﬂex%amtﬁackysﬁayorWMgaa@érﬁgﬁahlﬁs direbdybi t or s
(Lee et al. us,lvtmcﬁfcmﬂ%smt?@tﬂt?’ﬁmucﬁgpﬁ{a{:&to%@ r{&g%t &9

enzymes (Ki ng or_¢c I nes SI

Si gni ficant dr é%%a%R’éa‘ﬂb‘f’ HP gt’é?i’r%ﬁ’cﬁo‘?o Ry, BYidphacier S arRn ant
bact eri a gr adueddl3200&2001 Lo r. . OINACIpsir idiimy @ intomeral. 1980 Eox @ af.HESE;
absence of sel eghih&ie: bl Q§§?U1I‘ﬁ:y§5!dd aﬁ)@?@aﬂé&@l Qbﬂsmﬂs &e006AL I on,

(13) bacteria h rate
and appear to g@%{éfiup gzgﬁﬁl We%f’ véﬁeflt(gﬁgal&g ?8‘3 ﬁr‘lggg’?tﬂ%trefer
period of ti nmecwi2fdE %“‘tﬂiﬁbrzgmt Rasentseecy e Re02wmdtfdhrio (¥p s W8N 2fc) | i ve
G am negat i ve haketievdsidatises hodes-sdafvalpd datedieMedters.,endot oxi n response
in manmal i an hosts, possibly due to in-vivo sheddi ng of endotoxin
(I'i popol ysacchgedoske; Llhm)mua&adaoaeﬁakma]sa Bieh edpldédl ab @EnRis B dEIRBHMPNS €
due to cellul aﬁucle&va@ﬁbaﬂ Ita(egzl %’b%t Wg1ss &G%hm dio%i Qﬁﬁ,wg ) IZE@I y .
bacteria accunul ate and grow i'n the necrotic and relatl vefz yg)om C
foci within tunors, but not in well-oxygenated tunors at the ri m of
the grow ng nodul es where tunor cells are normally nost aggressive,
(e) the risk associated with possible reversion to a virulent
phenotype of these bacteria is a major concern (Dunham 2002), and




WD 20081012695PCT/ 132007/ 003489 5 SUMMARY OF THE | NVENTI ON [ 0011] To
address these and ot her needs, the present invention provides, in one
aspect, a conposition that conprises a plurality of intact killed
bacterial cells and a pharmaceutically acceptable carrier. The killed
bacterial cel Wozpemeasn a therapeutic nucleic acid, aCTABEGWOF8%
functional nucleic acid. Wth respect*to the latter, in one

enbodi nent the functional nucleic acid is plasmd-free. In this
regard, functional nucleic acids are packaged directly into killed
bacterial cells by passing through the bacterial cell's intact
menbrane, w thout using plasm d-based expression constructs. or the
expreSS|on machj of a host C%&F, Such plasm d-free functional

nucl ei ¢ aci ds ‘é{;f“ %" TRETSE PREPHS nBiPHgT Eee e'dfy@ﬁ?sé 200%% Lheirti 298Py anded
DNA or RNA. | nprodres-emiotharemimes ing @ d/.128¢2) er dytokinen(Yhmadz @rd/a2090).

pl asm d-free fﬁ@ﬁﬁéaﬁﬂﬁiwﬂﬁb&@ b apfbadh inbBRbe (hﬁwl’e %éﬂulﬂﬁe@xf B&.:BM In a
preferred enmbo :{E{H}lo&e p?asg%rm?f }ntvl vgnmellm 3 H:le 6"?8 nﬁegf 5 ]-B&l()fl Pregu.rgs

‘endot oxi n. [ 00 ivent1on a
useful for taryeeragatrd plesadd %S@Fé&aé% &r) e%ﬁrhsmv@gm'éln%tewgﬁla\@el |'s.
The bi speci fi Clolvbiggadieth Fejanh eprpity pephilaest IR ey adbside BF & shorter

gl ycopeptide, anda %ﬁ%@%ﬁ&sﬂ&?ﬂ%h?ﬁ%u 1 {%%I(QQQXGI'MR In

preferred enbodi nents I sSpecl Has a first armt

carries speci f PaEleps) VEOTS SRSt @?’?‘%ﬁ“‘igtﬁi“f‘é"é@”%ﬁt"t‘ BRRERlERn Ao, EPS%‘E‘Xond
arm t hat carri é® tspedicshadiling of epdotaximiliperalysaachaddel LPSHandl avke sTolbiddeur e.

Further, the f}eE for 8 PBnst ke %Q@llﬁﬁ%ﬂﬁo@{%@ﬁto%ﬁl@mﬁbﬁﬂfg%rf i1Ge | 1 gand
may be nonospegifi.c el L;tu}dv & ?]e A, d"fc ‘ée he qﬁgoxc %lurface
structure for |gano|"”t'3m P fnd oy in e yegsone pad et el 6#9% SAeft of a

| i popol ysacchaiimges, ot pejn willeay gespptopensmihd um ofthe growing fedeles heraict ur es
for ligand bi nekindgcels e ARREIPLMdsEageRistlepenhd NsklRR0GRe AR stbIOf
activating recgoérasna@@traafﬁghe%&g& pgﬁgb%mia D thiol S8 QA IDlhd_anot her

aspect, the invention provi at’ conpri ses
bringing a pl uf%¥ W@f‘hwk P%‘er‘ﬁfﬁ‘éf‘%"r"’iab‘ie %:wlgad twraatezfm pssepfafad
manmal i an cel | sptidshbcka lbe phagag pirtiaiasly bo# preblen tyinosnseampmpdiednt , such

that the kill egat,%pg,gghlagiateggggén@;% qengul fed by the mammalian cells
and release their payload intracellularly. The.payl oad may corrprl se a

t herapeuti ¢ nuglgC B@Eéuge Opr@olJr&QGﬁtanep@ lhaxﬂ;”:ﬁ: 411@ Etﬁce@é:éanrﬂEr tﬁera{ii)reﬁ{ﬂs in

2008/ 012695 PCT 1 1 0 QZ %rgent nee% exists for targeted delivery strategies that will either

salectwely deliver bicactive agents to tumor cells and target organs, or protect normal
tissues from administered antineoplastic agents. Such strategies should impro.ve the
efficacy of treatment by increasing the therapeutic indexes of anticancer agents, while
minimizing the risks of therapy-related toxicity.

[0010] The present invention provides a versatile delivery vehicle for improved
drug, therapeuntic nucleic acid and functional nucleic acid delivery strategies,

especially but not exclusively in the context of cancer chemotherapy.



6 [00141 In one enbodinent, a nethod of delivering a functional
nucleic acid, conpriies (a) providing a plurality of killed bacteri al
cells in a pharmaceutical carrier, each killed bacterial cell of the
plurality enconpassing (i) a functional nucleic acid or (ii) a

pl asm d conpr weeasiakésn segnment that encodes a functi ecwusz00umodse ¢ aci d
and then (b) bringing said killed bacierial cells of the plurality
into contact with target mammalian cells, such that said mammal i an
cells engulf said killed bacterial cell, whereby said functional
nucleic acid is released into the cytoplasmof the target cell. In
one aspect, the killed bacterial cells are plasm d-free, while in
anot her the functi onal nuclelc aC|d isre ulator RNA. 100151
According to another aspect, WqéhﬁﬂE s a targeted
delivery method that conprises brlnglng blspeC|t|c | i gands into
contact with (I0P2%n{fgaddess hessandnibar Breps e pppiubinyqrton RGH#eRI MO desired
payl oad and (i aspechmivmpdsizion ibatlcbsprispragfheslithbijintan killpdtageda) télls aneermal | an

celI's. The bi spagidbsicdibdanssid\ @yt SPR&lkh Glcle¥alls BLiRa ﬁeﬁwlace
conponent on t i ntgct_ Ki lrgglﬂcba(:t erial

S
conmponent on t ?I“é’ i tonalayelgie %‘? %}ﬂé{?g‘ﬁfté?the ]L,éger‘af“ P¥sul t,
the |igands ca¢medinteat the fupaignabausicisraiid is asinia-fiss. Bi thidregudifimstiorabmal | an
cells, the kil hegidsat 8 pakagsLditetilyante kRB@bdcleas chl)s bl basinpFREH 186

cells, and t he%%%}‘ al%glps ﬁ&&%nﬁ?ﬂgﬁlﬁh&qgmﬁ plas%gd-lT%Fecﬁt %ﬁes@ikn gc]%l;u-u ' S

released into asm o may
conpi |l se a the?’d-b“eﬁlf?’ie‘\‘ﬁmi‘ié}ﬁl@i‘e& of @jhgst cgfl. ﬁﬂﬁtﬁla}sﬁ‘mwﬁ‘ﬂ’éﬁ“é‘?‘d‘“ﬁ&‘P &by a
drug. [00161 | are peimphificitby einglas fmble;, of hdtistmaneat DR ofRIW. Iese a net hod

g; | .";ﬁ;ﬁ?;“ Iﬂg grawldeﬁﬁkﬁkma@m%engpﬁmmasmﬁélfﬁca&ﬁﬁéuaggg&ma&s ng g
Torporaney, N teiiah Sia. 3 a ek eﬂﬂ??ﬁ'@w O ez i GeEETATy s Ol |

t hat cont ai ns ¢dadptoginf uncti onal nucleic acid nolecule or (ii) a
plasm d conpri ﬁm@b]ofnamsaﬁmemoﬁrmaes ﬁ&ﬁ&ﬁ@ﬁg@dﬁzﬂé’f@l&bﬂﬂ@dmﬁlﬁﬂkcﬁl c acn d

| |
nol ecul e into ﬁq’p"’ﬁ g" B‘ac?‘ %?cellnmﬁgec&c%g%nd ma P %o'%cgl e, aCI q

cell engulfs t I-on

is rel eased i npfsb@m@ateywﬁpmme 0 19% GORRISeIan 39tiad orAREbady Saameat
expressed by t heprifatgenbadhints, {h6 Gitpedifik Hgahe hatafban aﬁmhattharﬁeslspecﬁmty on,
the contact be iy Ju&ﬂ: bagh.a dnak s pcmqgg%gg &gl | s may be
invitro or mtfa\e?\e?%t ll 08/012%95Pw%%%§007/ 003489 &l{fg 8] The
i nvention furt H’é?‘mﬁ’ﬂa&\?Fl{j%’?a‘i?éF?F&H% Bughery R hesgeop cells
with a drug. Ohispesific ligawdtrapbie monperevifs ommubtitaleny Aaﬂe@;@hleémqﬂatmﬁwe

gradi ent of th@w&&k&'mh ShERis £0CG {aays%cmidaeonsgﬁ@lenumacont aining ihe
Killed bacteri ?l CF acc, ancpeq%% Desu'a\lnled baCIt %rctlalf’is 4 esmicgﬂ{es? rllig‘?nﬁl The
drug naturally VS /5 "CORCENt -on adi

ki |l ed bact eri &indiger ressrtsnH P@ﬁerﬁblnt@%ﬁkﬁ?gébl‘b?fa?Wéf'%ﬁtngt?rrW%qﬁle

bacterial cytopkdasiasiss prevented due to the bacterial cells being

netabolically inactive. 100191 Another nethod of |oading killed

bacterial cell soms]t Mcacthp @ anotialspes, (Eeihtditibrgoddebagdieéry alethe®thht under

condi tions, su t GhEY bAlindaShdierl & [ gﬁhat es a
gw@g nkgﬁenco SR il %% terfal ﬂéﬁocl?rféct@ﬂﬂ &%.ﬁ

t herapeutic nu acl

rel eased into CHIE HEADPHRESHOHS o ﬁﬁd"ﬁﬁﬁse@g’ﬁi’te%é}“fh that {hg k't“ﬁ%?‘?“ﬁ‘ﬁ?ll ing
t he bacterial ecelskreteogutfot iy thymargnaliny ealls knd| rkleade thaicpagtopdintrapeiiflaly.

cont ai ni ng t he T8¢ pigtohdmb\@hpriselrRPpa&B nucleic acid, a functional nucleic acid or a
drug,




10020] In accordance with another aspect, the present invention
contenplates a nethod for fornmulating a killed bacterial cell with a
pl asm d-free functional nucleic acid. The nethod conprises
co-incubating a plurality of killed bacterial cells with a functional
nucl ei ¢ aci d, weuekoresr equl at ory RNA |i ke si RNA, m RhA/Boomiod48sNA, i n
a buffer. In some enbodi nents, the cofincubation may involve gentle
shaking, while in others the co-incubation is static. In sone
aspects, the co-incubation |asts about half an hour, while in others
it lasts about an hour. In one enbodi nent, the buffer conprises
buffered saline, for exanple, a Ix phosphate buffer solution. In
anot her enbodi rEe{! t he co -j.ncubation is conducted at a tenperature
of about 4C tol"fk8uf®%? %ﬁffﬁafﬁé°?8fdﬁhﬁﬂPg%@@h°%BﬁPﬂ°‘°Z’8’é or about
37C. The co- ineqammqs(mPmaﬁlngembraily@fhlﬂigmac@@a‘lcellm&phit@ﬂceua@l@meio

1017 or 1013 khdch Eiﬂechﬁﬁt&ﬁl kel of 88 iusamy[eg&aqakssﬂig ) Pﬁ:ﬂ&i@ﬁﬁl miclb¥EBdl &N
cont enpl at es a glasmld Fomop%cedfoi%a seﬁénant%ag e:,[ et%des ? ﬁm&mnaﬁ nuczem ac:dsﬁgﬁf ¢

ligands in the

treating a dis B'éngéﬂg seif) Killed apigriah cqlls af@eﬁwﬂ%mmﬁ%lﬂ?taﬂﬂlm%f t he

medi cament to mammbliap célisShetothat 6did ME@AKlian bdllsb&gelf@ﬁdk;namaaénal tdne killed
bacterial cell %hé}%tsﬁh ﬁm@u&ﬁ%&flﬁ%}ﬂ&wﬁk‘d&gﬁh&m@ oﬁﬁ%!a%et . drug

or a functi onaheonuc el c a!%"P ecific

li gands that afePR@aBate BFW‘RH‘F“rF@"St"(SCRIT?E“‘?(?T?EHI%W@H%‘? cell's and
to target nonphagbosinhdeiqmidmicgdmoyd®Nss. Such nmedi caments are useful
to treat vari oypi£0oncdhiRE® aAdikkr %@ﬁ%ﬁve%on‘pw&%ﬂa&gte@am{r&fy on or

function of a de r ot ei,n,

20081012695Pdﬁ%§%§gf56%'2f§“d° g‘“%‘b‘?%%“é 4 a"'ésr’“t? u?i‘&"t“i%‘ﬂ‘ @potagt §illed ot
protein. |11 usbsckpriphrelisdhat aqutalp adseitsd pidned antd) dempalseeellaprefmabbancer
and an acqui r egdorcpHE R, maaheliate 1\ ThSbisieidi nmuﬂaaemwwmr bahd

tuber cul 01 5. - hy BpbAl ok il kI EARDEAR U L eyl by me U

as fertility, or an_Immune response assocl at e ergen OI’ an

i nfectious agefempalsellspieh aﬁlaé‘?éﬂ?" A0 ek B l‘éar"élb"ab?eé‘% Igjied b“a"“"“a
phar maceut i cal ksl tabipé pttbdrhenmaditinedls, figrkillsd bacteyinlnglls ard eagdifed by the d

\t/)\nafa e;ln?: blcglt: gmm;ﬁhﬁan@ais%d ﬂﬁ?@iéda%&mt&ﬁeﬁ il L.nmal:tbrva@ceh@ sfrﬁ%'geal cells
o5 o P B it o, Tt SIS pappoee e

filtration,
nucl ei ¢ aci ds, ﬂm@ﬂbaﬁlnmh%nwimd@bsdm&edl a contani nants, and
(iii) antibody-based sequestration, to elimnate residual free
endot oxi n. BRI K 1BEICR PRIENsER: T vBRIsnpNESes 4 98RE of Fegomiag frughows

hi ghl'y signi fi eRistancd bt dpoptbdidresi@int bt Sreafingla bxhﬁg@&ﬁ:b'fiﬂ dsubject by delivering

ant i body- targe r i.l.] ed
bacterial cell ta% bogﬁgﬁqgélggcg can%e?ce(ﬁ #%B%gé X€eno r%llf(%lhéde

est abl i shed suBi‘Fﬁﬁ“&lrfé% W@W“‘E‘l’r@‘“ﬁﬁ’ﬁ&f‘ﬂé’r" Bl 492 plagmidy| b/ ¢
nul nu m ce andcmmedqﬁﬁmgnwmlﬂmoc!eeaﬁlhmnali@cleiqnarcm,mcmcolexmcroatattr eat ed
(n 11 nice per x@ﬁm?et mmxﬁaameuﬂu%ymﬁhmamﬁ cemehgnffs E}é@ﬂfé@weynlcai n

ég)c i(agre d n\(I)vin'E La{g—g%unc onlalnr:[u e1c aclé is re?ease% ‘into XIQ cytop Js{nyg]angpaéigtg; to% he nuc eeuls =

and expressed by the target cell.

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

mammalian cells may be in vitro or i vivo,



(3), or with BGFR-targeted intact killed S. Typhi nurium bacteri al
cells packaged with dox (04). G mce were controls and received
sterile physiological saline (i.v.). The treatnments were adm ni stered
on the days nmarked by a triangle on the x-axis and tunor vol ume was
measured as showpsgnsthey- axi s. The result shOas a hirghisgoogdogss f i cant
anti-tunmor effect when EGFRIdIled S. fyphinuriurnoox (04) was used as
a treatnment while the 02 and 03 m ce showed no anti-tunor effects.

St andard deviation is shown for each nmeasurenent. [0024] Figure 2
graphically shows that intact killed bacterial cells packaged with
paclitaxel or siRNA inhibit the growt h of human col on cancer cell

(HCT116) tunor N 08/ 012695 2 4 0025]
Figure 3 shovvsfatokg \rﬁg‘\e/&vgrﬁlfn ‘EWEP@IJE‘% "%P“ﬁT g’ﬁ? 4‘?&"&13’ Wf‘?f‘%‘@lﬂhun&n
col on cancer (€dwe- Qe seetnwethedinwhgycreptihpaconcedtiation gradiantivbthe dpg ot ocol |
\tAheL ﬁi n the fi p&ivednlaf ftAidNlaE QBN &ﬁ&xﬁgﬁﬁm&%wﬁmceh& dnll 8 kifled
yphhnuriuna c secon

conpri ses EG:R-%%‘%\({:]E%H %%:LasWHelquM% M ?’?sum carsrconcenm%o% %adqem

I ri notecan or sltﬂhalaﬂﬁiﬁaatewl c@(l'swn@am T*hl@s@f vf&qdw&%%mmaﬂd second
treat ment s ar ecgbiash iprednted taentg the bartialaplisdeing victabaifidtactse| y, bel ow
the x-axis. DETAI LED DESCRI PTI ON [ 0026] The present inventors have
det er mi ned t hafooiLsyt atxothei hiteall 48 madieg kikdd be@drabeetis wited dreghiaresvehi cl es

for targeted d@&ﬂu}ﬁgg%ae{mmaf uﬂﬁ&%ﬁ&mﬂé‘%cﬁhﬁt é&b&i’,{% sl {e&ﬂ%&cﬂ@é'and

nucl ei ¢ aci ds and cancer ceIIs

ru sease| iUl
both i1 vitro SREENS GRPB ARG o %f“ﬁf"i“%nsﬁ‘d‘ ot e Jo e
underlie that et @e eitopdesinefithe bGORF] cellord hondkitiihpthe bdsterial geib fgmone

di scovered t haby Whe RiEOPRRAICEIRRSHARAPHE bt thedeyiophae! Kill ed
bacterial cells containing a therapeutic nucleic acid; drug or

functional nuclk®pg Iﬁﬁéc@rd&&!hﬂ’lﬁ%&t@as@écﬁﬁﬁ%&e@én@m@&h&%oh{éﬁ iegands, and
(c) a pharmaceut| ?o cont act

cce carr i er
wi th di seased 6'? g lrﬁ’ \llf“?r@ g‘? &Haﬁff’elcfel ‘t&"ﬂ“ﬁ‘@ﬂ“ﬂ‘é ¥eri al
cell vehicles atid Wd@@;ﬂﬂemsatcomcgwﬁeﬁ ﬂlmﬂletmgﬁlkliletdtb@cttrahgéi witha

nonphagocytic m@mmi rBiei6 @i, Such bR feBulbth:y ROMEIKY sifBR, AIBUA B shBR4, iRecause
al t hough bi spe% éfér I ﬁgg déod{mae & tpee c%- nc%%aﬁig{l mgy m@glgee entYeI sE‘lg}Jirfgra\Qﬂle in

non-vir al dellver

(W ckham at al °‘h°‘f @96’0 -inqabaien Eé’é‘lkc é@ S°§’L° asPEﬂ@ 1““3 °BHI§E‘WB?“ lasts agput hald 0 3;
Qgri s 8c Wagnerp h@BGdjile in dthevsd sladiedbing we Bovk. Hatond ettepivent; treblifat ed

endocyt 0si s WouldnREIbuRLK sallifd, 1R Bkdupfel £BX ARsihdle S8R SolRRA! ffahétherC€l | S-
embodiment, the co-incubation _is conducted at a temperature of about 4°C to about
37°C, about 20°C to about 30°C, about 25°C, or about 37°C. The co-incubation can
comprise about 107, 10%, 10°, 10°, 10", 10' or 10" Killed bacterial cells.
[0021] The present invention co_ntemplates a use of intact killed bacterial cells and

bispecific ligands in the preparation of a medicament, for use in a method of txeating 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, & 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 fimction of a desired protéin, or by inhtbiting



[ 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
manmal i an cel |l plasma nenbrane. Wckhamet al, 1996; Nettel beck

etal ., 2001; Boumbemwssset at, 2003. The cl at hri n- coat ec/Brdssesenbl e
a cup that envel opes the vector, but ¢he size of the cup is
understood to be a limting factor. Clathru' t-coated pits have a
limted size of 85-110 urn, due to the size of the clathrin coat.
Swanson 8c Wafts, 1995. Bacterial cells, by contrast, are at |east
400 urn in WD 2008/ 012695PCT/ 1112007/ 003489 10 di aneter and 1, 000 nu
in length. Hence, ii.s was not expected that such a targeti approach
woul d wor k f or S4EfesyizPr FRRetiamof araf&'etsrrr?tgm Hlggragye °Rﬁ’ﬁwcé’dg‘éﬂsé’6 g ng
ot her | arge vestotscsapbordgdred HiccagxpeltisDBprtthehiaknbhysendagit er i al

celI's woul d nofpf&udsiat ﬁit&ﬁitivé@qhé&ra%%a@laﬁ&bgwf mﬂaﬁﬂﬂm&&mm
i nstance, |arge I|

i'm
preferential | ymg?ﬁ“ eg%oé‘ﬁa§5°g?t°?ggiém%l?rgerh‘f’i8“i’i’feﬁg FF??“'i' ndependent
endocyt osi s, WF'QL | 1 er D | ess than_ 200 ri % can bhe
i nternalized v P‘?T?&%‘F‘f"g% “@Pﬁpﬁ PSP rhumasaintly sspmpiabieaethgd 0 g
et al, 1999. Likpwifyeg intaghigiedbaqtasgleslls. Shenethal combiots(D&illinglive, on the

order of 350 nmceenaaalst\m ahﬂib:@ticZ%a) cEHas- I filritioR Ghd/dFRBAMELE 8] oS Vi a
a cl athrin-coat,e

n 0
simlar vein, ‘Fr ehaeec?{:' ‘it‘”‘m’ - Selialer ?. %sn‘Q‘ae '}“Sl ' 8““?%%?13“% "H’“’P 1;’7}3 Te
pat hogens, |i k@e%h&“@ﬁ“m‘“’@é@ (i) antippidy-basechausxitatiom to e&m@éwegl ﬁleP ke
macr ophages enegidbbxisuch pat hogens, and the engul fnent process is
clathrin- and receptor-independent, being acconplished by
phagocytosis. The interaction of |arge pathogens with the cell
surface induces a conpl ex BABRBEFGRIPEERC AR EHE DRAJYINGSt 0 actin
rearrangenents at the plasna nenbrane to forma | arge phagocytic cup,
whi ch engul fs {88@3]bdégues § aaws iigtdnsgnifipan 2@bmar tifects 99 BispeFifie antibgdyal | ng
cascades that &Egetea &aﬁ@aﬁeir@laam dang pba@geaﬁmmﬂmwa&mai &lts. af@ﬁdaaa broust
rearrangenents _at Jrenbrane under.st 00 an,
1996; Menard ef*&f . fglggig%l oﬂm anaae%ggsshg&tu{w% dl Eweenﬂw d
Cossart, 1998. sk[wﬁgﬂadgp B4l end/mareict dng ahérdmeorivalumey ﬂq@h@fﬂémﬂ of

part 't cle ISI ze Qﬁhe%&ﬁﬁg@& gﬂEﬁF':ﬁEé?ﬁér ErB\lﬁjﬁ %@ﬁ&ﬁlﬁm\%&hﬁh a&ﬂaﬂmﬂ{nogesz
|ssrongy3| enaen or st udl e
the effect of E%P’t prstatEeisd infagt ‘&‘F“é%%‘m‘d’gﬁ%‘%&“?@é’? a%‘i%d*‘%‘?é‘ﬂ’& uded
that the opti mé@3ramith BGER dirgeedinpet kidledd Tophimpitindaeteriaberifoparkaged s i s
-25 nm See al s4h bak@E). bl mice we® OahitroSam eeevbddterile ﬁx@ﬁdloglﬁaﬁhhﬁé @ab,

2005, confir ma(i‘hé mzmeﬁg %le"ﬁﬁh%tered 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

EGFRyilled S, phimuriumpey (G4) was used as a

,_.

significant anti-tumor effect when
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 siRNA. inhibit the growth of human colon cancer cell (HICT116) tumors
in vivo.



[ 0032] Moreover, even though bispecific |igands reportedly have been
used to redirect viral vectors, the nethod has not always been
successful in the context of gene delivery. In attenpted retargeting
of viruses fromtheir native receptors to alternative WO

2008/ 012695PCWoLii3@087 1003489 11 receptors, many expeciiEni@sH8aye
shown that cell surface attachment is®insufficient for sustained
viral entry and gene expression. Al so, when virus envel ope proteins
were nodified for re-targeting, they exhibited | ow fusion activity,
resulting in inefficient viral entry into cells. Zhao et al., 1999.
In the absence of specific targeting, strategies have depended on
direct injection.to a localized site. Akporiaye & Hersh, 1999. [0033]
Thus, the art &%eSisvee hays By spew ‘Ffdé"glrfséf&ﬁ?fé“%f’m R gpln
intact killed baectréCacal?) mabgraftsdl ushesdieidremtcatprai@nh phagjo ty fikse

gﬁm' i andc telhl ?‘eaﬂl&t Edﬁ{phtlﬁﬁsei»uqaa{agedq&néd@ s,pmmﬁ\h catdRg hrnmglkolrts

i scovere a e una e o)
specifically aﬁ‘f%%é“figh %ﬁ‘iﬁ’n‘gtéffaﬁeé‘fc"g‘pﬁﬁeﬁﬁfgi&@'p?c 83“1%1&

manmal i an cel | saryingeithes fringiecanap Edlperduradili(EH): M{Shﬂqs?@hmée@md

i ncubation per izedSentshroshBRHTBES triddeld ERE BRAri oA reGibtlvely] YRS thd Raxis. _
particular, non-targeted killed bacterial cells are not internalized

by non-phagocytic mammal i an cel bgraBypasEsoraSitoNki | | ed bacteri al
cells are readily phagocytosed by professional phagocytes |ike

macr ophages. Th‘éo&s]C omg}ewnaa%meﬁ{abé Berrhinfithdl §¥act 18R bAGT200BE 4k Cl €S

up Lo 12 O o Cepladantl oRe DL ROLSSPhONRL AIAIOCN].CR RRKE 81 o1

es Tnto hacr
occurs with paﬁfrﬁ%méwtoélsgswléw 13 prgresr Rl poth o gge 3'18'903’)’0 A
"“Unli ke viral wesbsbSsuipkisihg Sif@Cdries ambdiy thathheméandtion, vi ral receptors and
trigger their internalization, therefore, killed bacterial cells have

no simlar nmech am]s Aok exajn@wa:dememcﬁ diftoverddiag Ok ichipddfitiedbnitige! | s.
[0034] Agai nst. g, kablQE Rt LG Ly S Gy iyl
bi specific Ilgamsf(t:an rerﬂl? lﬁe en%%cf}ﬁ °of T ht act é{ é
bacterial cel | S #idraxigel (ﬁh’%}@ﬁ@?‘f tersetinglgands apd A HhémaF’?“(t-}F? Hinary
data suggests tabmptabletagden ak bmaght bt @htalyxdthdiseandd celis 7k sirmayinotolihe Vi a
the receptor- apg: BRGSQREAR Géﬁtxﬁaﬁbﬁs Q@Qﬁ&}%@éd éﬁ%ﬁé{em § DG Rednbs
Applicants ar eéagot bound to %\# eor % ( The ) entors
further di scovdPEgo¥EREPTRalEa shaﬁ’éﬁﬂ‘bc’g S& & ?ﬂsfg% et eri a
are conpl et el y bireeifiedigends heve heenassdite tatgatrvnviaﬁe@umnesral dstieesyivehisley to
endol ysosonal Gl pRiEbdyREkGmmaIh SelWQWickhbn{d? 1S, 110%5; Natkhidac: banst;,
degmdative mec I%Q&h%@ at., %S grgﬁs &%Pa%i?irf‘zoﬂig f@%rb%&w@mit%gﬁoé}héaka%' cal
particles |ike bacter r’l 1

endocytosis would not work for particles as large as bacterial cells.

[0028]) For instance, adenoviral vectors have been redirected to target mammalian

cell-surface receptors, such as endoglin on endothelial eells, and internalized via

clathrin-coated pits in the mammalian cell plasma membrane. Wickham er al., 1996;

Nettelbeck et al,, 2001; Boucher el 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 Ieast 400 nm in



WD 20081012695PCT11132007/ 003489 12 were thought to operate only in
pr of essi onal phagocytes, |ike macrophages. Those nechani sns were
thought to permt full antigen processing and presentation by

pr of essi onal phagocytes. Because nost non-phagocytic cells do not
process and pwes@stniz@anti gens, it was believed that tproysoowbasned
only mld antigen processing systens fhat are mainly used for
re-cycling of cellular conponents. 00361 After being internalized
by receptor-nedi ated endocytosis, vectors are enclosed within
endosomal or |ysosomal nenbranes, and are therefore separated from
the cytoplasm This constitutes a significant inpedinent to payl oad
delivery, especiall use and | ysos JTents can
become hi ghly %%ﬂn:XmPﬁ% 'nedggﬁﬁ%?%“Tﬁ%ﬁ°é 8$%§55%SR%5 "8 such as
nucl ei ¢ aci ds mmmamm@ﬁﬁwmk%m@&%@%ﬂ@#ﬂg%ﬁe dellvery vectors have
mechani snms that allow nucleic acids to enter the cytoplasm but

skill ed arti saf8%oiewledse caxpaing otherddrgssiebtars suppbripd thesrnskiatinadhatini sns.

[ 0037] Vi r useskilldd®hot@%bans @oulchﬂk’Be ﬂﬁﬂﬁﬂ@dm&ﬂ@ﬂ&ﬁﬁm@hﬁdp.&r @sesses to
enter the mamaljan,ce ﬁuch as

|l [USES
HV-1., gain ateese 1o lfpﬁﬁgxe non' ‘ Vecg’rs“& r ect""‘?3 s%éen{' ﬁe’i pl asma
nmenbr ane. St ei ¥ reteptay- and ﬂW‘MﬂéﬁL@ﬁ el Wik gedlsr i elc’seaﬂp%ﬁsﬂn
strategi es to Jmened catbe irftdanligad GV rSCidhkpeaiitalathifin-dagehdsnt IRevQC Binass 8. For

exanpl e, i nfl ugnigoVi flses mygm&s%s fsﬁéﬁ'a?ﬂc&ﬁmmﬁ o\ﬁltﬁeadrde?‘gﬁfﬁgﬂ(}soml

menbr anes, mhlch IS tri acli di c environ

endosome. Mar stro8e ngra ﬂgﬂ’é w?@%@“m‘ﬁ P P g pctethriy "?ﬁ‘?‘r’g 8 a fresant

i nfluenza vi r aind@algsl18fPe gl ycoprotei n hemaggl uti ni n (HA) under goes
conformati onal changes, |eading tote protrusion of a hydrophobic
spi ke into thel083osondhilareribmanphagbratic manialiat edls pandyesglf ldgrsi on.

Bul | ough et al paxho;e%%ke mﬁﬁa\ebxrsump%f&;goﬂ m@&b&@m&%awpﬁ &RBgud Nto
t he cytosol on,of the . en 4)soma. Low

D has Sever ol ) PEERER AL ki BOrs s SRR St BUSRS t he
capsid's pent own}smoewhsh%wghmﬂomﬁmmmhmnm@mhw@ withcthe esllpose
hydr ophobi ¢ 1 egkfastSndueds aQARNGIERbINFREEMR 1eding tCiciE lchRRgenRais Bt 80 al .

1985, Addi U1 ONghdkoanefBlabl (3 Bl ARG ACLD Gnlch &%:é Agvafiehg v ral

capsid al so seens to_con st at,
1996. WD 2008PB¥sieas Pesti 18081y Ieglinggaspies that are responsible, on bacieria

entyy, for actin rearrangements at the plasma membrane are poorly understood.
Galan, 1996; Menard et al., 1996; Finlay and Cossart, 1997: Dramsi and Cossart,
1998,

[0031] Specific investigations 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 endoeytosis is ~25 nm.
See also Nakai et al., 2003; Osaki et al., 2004. Gao et 4l., 2005, confirmed that
conclusion,

[8032] 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



100381 For |iposomal vectors, the endosomal nenbrane bather continues
tolimt the efficiency of gene delivery. Successful release of

| i posomal nucleic acids is understood to result from di sruption of

t he endo-1ysosone nmenbrane. Xu & Szoka, 1996; EI Quahabi et al.,
1997; Zel phat wo&e@enbésa, 1996a; Wattiaux et at, 2000. rimspogjioisen of

t he endo-1ysosomal nenbrane is thought to occur via transbil ayer
flip-flop of lipids, |eading to nenbrane destabilization and
penetration of naked DNA into the cytoplasm Zelphati & Szoka, 19964,
19966; Mii et at, 2000. Studies have further denonstrated that

cytopl asm c rel ease of |iposomal contenti involves (a) charge
neutralization of a cationic conplexing agent with anionic

macr onol ecul esreSERNS: FETRFRHREts hrygiskpynhay cellsarfase giteghraatis incwfficlenat i oni ¢
| i pi d- medi at ed fdr e@tainad viedd ehnfy@hd gaasripREsond adsb Alfieh ivitditeh G:Ropbyroteins

DLL- sensi ti ve |tilainel¥.pRehes Sin oy cRbiced Ao Vo Rbi Shntng il 997

Cl ark & Hersh, 9. Addi ti onal ave a mxture of
neutral |ipid ("B%gﬁ?tv\ﬂa't%‘r%ﬁf @H‘?"iebf’ldl?ge?cﬁ e é\{;@@e?}fenbrane

di srupti on andspenifir egsting, stiwgvawlwﬂdepmded ¢nplrscinié¢ctionm adtlized gecased
into the cytoplsadsdBayd@eRi88$IPE pronotes the fusion of |iposone
particles with endosomal nenbranes. Farhood et at, 1995; Fasbender et

at, 1997, Haf ejoo8%) afnus, a&%m ,ﬂmﬁiﬁiﬂe&ﬁé ﬁgal?cﬁlwaamdmm&ar@%muued

dendrl ners hav ate disru

S AAU ALL - pIIC ST RRRE W L T A AT e
capacity that ﬁvm%é%e 1sm1°rs|drfg°vaqqféﬁheﬁl@n@fﬂe¥eéhlﬂe4 bagierd) sellvarg ungdfee mm
1998; Sonawane iedpedificallffilere oAl idlivernahyldad AeionGPhadobtit nadmalde cells,

i ncorporated intQ ahér@%%%@aﬁt‘é& Gib %{tr?pﬂoﬂnéeﬂﬁmﬁb%{léﬂ e;%?c@rh ?H&%ﬁr%@‘“' ytic

pore forming protein Lerla nonoc %@J Isteriolysin
(LLD). Lorenzi ™aRgralizneel] hepgsin pagtipulse; nony %?é"& 136?’“5?‘@&&‘??@%“’6 he
endosomal nmenbimaeslizédtymebyhaabdytovhmgmiaceie By coandy Bilitbacteduhtaint S

into the cyt 0p|a@:§£9dll}ﬁﬁg&5¢o&hb ]1:%@@10n£!%9%%&y1&§%§ma&&HhEé%QtT}ﬁseaCh' ngs

suggest that sophl stica ani sps are necessary to all ow sone
vect or payl oad SYEPPRRESFE ‘Tﬁ%d‘?gﬁétﬁ%’ﬁ’ﬁ“ﬁﬁ P e, P“”T‘?‘T%P}E‘ﬁ‘?"P'TQEF Béct eri al

cel | is a non- Iprofiissignapghrgdcetes(Kanid etide £28Aind dar maxiaa ypthkeob s onal _
menbrane dest amlérb,zamms tr&mztcwaﬂﬁges obhiEs Wﬁﬂk&& §f'£12 ﬁﬁwa%gteglad hfat if

killed bacteri C r |es of asm d
DNA, then someai%?s ﬁ?oil%ﬁ}ff%‘ﬁh B‘é%rﬁﬁ’ﬁtespfch@algvr?é‘gg mlr%‘ﬁ%?’é%ﬁxwgfﬁout
the need to degitealitérsligation, thireforgkilletl hestegpideisdand nomm mgrbanisthios
sunnests that Wikdéen®Psdn-BhectiR MinasidndelNA i s likely to be dearaded
in the endo- WD 2008/ 012695PCT/ 1132007/ 003489 14 |ysosomal vacuol e,

it was possi bl godas) ON@EAsEL BackEBunA Ve ﬁ@nﬁ%lsb%&cﬂbﬁéd @n@trbfébécﬁﬁ:QigﬁmdDNA
to escape int acgnélgét%%en?ocgﬁg@ﬁgt]m%rghﬁe ba terYan W'.l mnon-qlfa nal ly, the
vere

i nventors disco non- phagocy ceIIs are
not thought to "E?ﬂ?"ﬂi%ﬂ% r?rqlww&wlsuw%b%wwhmﬁaﬁhagwl eHaratoul d
degr ade conpl excamvia thec@ppanfidtmasiopinalvsiedepkhadén: pahehg Moadh tiee| | S, t hat

may not be trueg l'[ggtsgllé B&Qﬁnd\{6ﬁl\éh§ﬂ%fl es that intracellular
degradati on of suc conplex structures |ike bacteri al cel ls is

linited to profigss oagl,nm&gmud@sc&@khm%@&d & g cOMP et e

antigen processin resentatjon a re a aspect t he
i nventors di scG0® @d‘et"ﬁﬁfletélysdf’ﬁ?ﬂeﬂndﬁtﬁf '(‘,’Bﬁ‘(‘,"’é}‘ﬂ ?saR‘FSBﬁaW edPoact i ve
drug carried byysbiospewmpargndnisg Anisiwessrpesisghecaiseig:sh dedaigivg niechabieds
bacterial cel | ShaahS 6apBSE 8RR EradiRBa @ 6lOOkIYS PSANRIIKIBIRAARR RREisepdIer S
the mammal i an cell cytoplasm Additionally, they discovered that
killed bacterial cells are highly versatile in their capacity to
package a range of different drugs (e.g., hydrophilic, hydrophobic,
and anphi pat hi ¢ drugs such as doxorubicin, paclitaxel, cisplatin,
carboplatin, 5- fluorouracil, and irinotecan) and have found that all




[ 00421 Targeting of particle-based systens in the context of cancer
t herapy has exploited the | eaky tunor vascul ature (fain, 1998) and
the lack of an effective |ynphatic drai nage (Maeda and Mat sunur a,
1989; Seynour, 1992; Yuan etal., 1994), which results in enhanced
perneabi l ity wodowkebenti on (Ent) effect (Maeda, 2001pcoHis200imoesd ati ng
particles (passive targeting). Tunor messels have an irregul ar

di aneter, an abnormal branching pattern, and do not fit well into the
usual classification of arterioles, capillaries, or venules. Warren,
1979; Less eral., 1991, 1997; Konerding et al., 1995. O particul ar
functional inportance,|unor vessels are

2008/ 012695PCT/ 1132007/ 003489 15 unusual | Ieak Pet er son and

Appel gren, 197 Vere thopghigsqerratg caly Juprefessipogd ghagpeytes hkwscrophwgﬂhom/or ak
eral ., 1988. Thechhyigeryee thowbi toipérnitdiil a‘ntigmlprmsmg)ms:mémnbmbﬂ ar ge
mol ecul es has ﬁ&ld}b?[sﬁﬁ%o%%eé %e&ﬂ&%o@%miﬁéﬁ%yﬁ&eu@% Lcﬁ}éﬁakéss apd Jain,

1986; Jai n, 7; Jain However er sjzelimt for agent S
that can t raveP??nV’é‘E%e@f 3t 95F befieyeddratthey ‘i°ﬁtﬁ‘BF‘£ o il e PERCeigs

regul ated are pombhatakiwrisly oed or@revcitasdyelivbasmpettntshe pore cut of f
size of a human col on carci noma grown subcutaneously in

i mmunodef i ci ent003d]c eiltepbdin iletneizedbyAO@pi600edinted endoriasis, @éctamd arg 1995,

Q hers reporte%cida@tmﬁﬂn&asgamr&waﬁy@ana,eﬂglra@es%a aRhileredird &pteonl y 100
nm Hobbs et al

i nd that
Ihtact kil eq EamiE bt FaS e deint St slien s Do get i
ext nvasate t heewm@bﬁe@amen@emalmwsowmaammfgmtcmﬁw@w highs
di scovery enablkmstictahe depsfile Glorel thin@9% okd bayRad, Bie hefcRic atiat ha véodsr. t Unor

therapy in vivg, cLsQﬂﬁ%’eL (¢ Crrgh&'ib?é ta¥e méchmﬁ’sﬁn%\ﬁﬁpﬂﬁl%u&@ﬁ acé&égcg&% ed

t hat the abnorma environnent 1s

interstitial h)‘;"ﬁéﬁf’@?ﬁé’} BWskﬂ?WW%V&P%P%Y‘PEmE}Fé%WFé““'But side the
bl ood vessel s; megssiset.al ., 1992; Jain, 2001) that limts access of
anti-cancer ther apeutics. For instance, it was reported that when
breast cancer (WBAMYiRids) fot eramp, loed bivédsbhiktiontddodoeesaabdty tien SCI D

mce were st Udhﬁﬁirufa%cgﬂ"bﬁ&pldsﬁt Eﬂ«)é?oﬁl&i’r@u-d ﬂh@&téu&{'as@frvqoﬁbﬂﬂ Adss iggent
Gadol i ni um di et hy et rt%ac{n Z;ﬁﬁ)ent tat e, ]')ther was a %e?c ease in
the entry of tMHg G af‘ﬁarﬁ}?m ’fﬁd S el e R04.
The aut hors of emhhwedr\eqmsuasesvpmbtmtes@stomanetrathéle@m?s:eqmédwmbreneeﬁsre in
interstitial hypREfH NS IFOrexsMPIeaSiusnzh hﬁ\kestlh@cmug&l biftkeSiisat dnll bllbsomal

pressure for Ceﬁnekh}é{.& \Mﬂfﬂ{i@ S—&%& %hﬁel ol dx%%dw ?thef' % gsroglgy sh &

i ncreasi ng out ors
di scovered t hattielepips. d28% A¢ fogt P%I““‘-‘d’éﬁdP@mé’F é‘ﬂﬁﬁ’tza WF%EFEP’@EF %V"%f&*éﬂ
interstitial hjpesgpmtisinGla) dndérgas eonfilnhaiobad claogss deadingitqghé yrosisipnbfd cant

an: : -t umo{ hef f %§5r§phﬁﬁb gplkeju)xto d&%@%ﬁﬁsﬂ%ﬂemmmmg &sﬁsﬂamﬂm?aal t

ou i nes e i Ol’l r Q ese coverl es ou imti ng
Che i nvent f on Bt ok b, e nied apash bOeveial HoRBIBLYS SBUES ol s
or reagents desuseliabise tied foecidifisetion pfthe MSW%&W%MBMPfﬁon the
dfesc[1 i bes part iagdab aﬁaleﬁﬂaﬂdpﬁf&a&ﬁpw meyaps_am@eﬁi&ﬁﬁl | otaﬁhﬁde_rgabst t hg scope

0 t he i nventi AN el l I, W e | C

Sci enti 16 ter nutrrSARniiELl AG LRSI, Bl LELIIGR nBllhne
comonl y under $¥@RomySetrid g 1885 |addigonally.fgnsicgraispgiactiyipyof the adeno

Addi tional |y, viADcABUISIO:R60 GRCTHBILDRTIDRM &Bapt 6 Greber ef al., 1996.



the singular fornms "a," "an,"” and "the" include plural reference

unl ess the context clearly dictates otherw se. Conpositions
Conprising Intact Killed Bacterial Cells [0045] In one aspect, the

i nvention provides a conposition conprising intact killed bacteri al
cells and a pharomeessi cal |y acceptabl e carrier thereftmsofiheskil | ed
bacterial cells may contain a therape@dtic nucleic acid, a drug, a
functional nucleic add nol ecul e or a conbination thereof. Intact
Killed Bacterial Cells [0046] According to the invention, killed
bacterial cells are non-living prokaryotic cells of bacteria,
cyanobat ezi a, eubacteria and archaebacteria, as defined.in the 2nd
edition of BERGEY' S MANUAL OF SYSTEMATIC BI OLOGY. Such cells are
deermed to be " {4488 cFor inpsqmpbyeclirs he edosemal mpmbeane bastier copiinpes ghlimibr  cel |
nmenbrane and cokreficiandy@ngint Gelivedye Sicadssfileleds €bflipasdingl) nutibia beidsds

it e Bt s P e g
| ecul dé%% Jath 248 S,¥pka (e %

R aca b i o b bt A

exanpl e, the gapelgidsiéabing & maibrind H@faﬁiﬁiaﬁ@@ﬁd@%ﬁgﬁm@f m&&m& into

receptor, enz YH.E c¥19plas£nf %Je%})atp £ ?.%clkgq9§ga {99&)" %%‘}ta} CZOU(? é‘éuedlets fare

nmet hods can resul expres nomn-
transferred th@ﬁm%ﬁiﬂe%%mlasw%aﬁ lwrasoaﬁbpoetﬁﬁf w&veé &) of
transferred replageansraBzatbn 6% cefiinR @B exinfagind il irfdniORacRimotecaassf er r ed

genetic materi edcha{m,&nkhﬁldgwt gb!ﬁﬁ% AR5k hﬁﬁlrhe%late[ig%%?,] .Jtz

phrase "nucl ei c %gam%o sb e term g denot e
pol yneric fornf® f’%‘ﬁlﬁaﬂ‘ﬂ’s Yc?ﬁ'sﬁ‘?ﬂf”f’ Bty pYroby! tg"r%i““’ts’l 18?1?13@!”@6’[ i des
or deoxynucl eott.d8%; Clate Hersk| 160fe Axiditighabstudiesdans|shown that a mistere o8t r anded
DNA or RNA, geaaﬁ:amxglmwapmaom&mm&mndﬁmarsn@umhaym&eases

conpri si ng purlne H&J% é’? t.ur al mcally
or bi ocheni cal f 3s°mr?g%m{re?g ﬁe?eg wd m6 |p%?§1 e 2ot i de

bases. The bac RI?B\?@S e fugiop of resrmcapttitlacwitmdasens meswérawg ﬁ?fbood el
phosphat e gr oups, 19985 Fasberidyt{er £/319970HatENAGG D001DMA., Qtiomarbikheed or

substituted su . one of
the WD 10081 O%Qg élgﬁe &2 8‘%%%1% :9%58&1:0 fﬁ lftzﬁé ﬁg{lﬂt%ﬁ L)ythe ént]&y&?bq‘xﬁp

membrane, because they have an extensive buffering capacity that provokes swelling
and disruption of endosomes. Klemm, 1998; Sonawane ef al, 2003, Additional
functionality can be incorporated into liposome vectors in the form of an
endosomolytic pore forming protein from Listeria monocytogenes, listeriolysin O
(LLO). Lorenzi and Lee, 2005. LLO is capable of breaching the endosomal
membrane, thereby allowing escape of endosomal contents into the cytoplasm. Lee et
al,, 1996,

[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 pon-living particle and does not carry any lysosomal membrane destabilizing
functions, The inventors discovered, that if killed bacterial cells carry at }east 70 to
100 copies of plasmid IDNA, then some of this DIVA can escape the endosomal
mermbrane without the need to destabilize or disrupt the endosomal membrane, This
sugeests that while most of the vlasmid DNA. is Iikelv to be deeraded in the endo-



17 pol ynucl eotide can conprise a polynmer of synthetic subunits such
as phosphoram dites and thus can be an ol i godeoxynucl eosi de
phosphoram date or a m xed phosphoram dat e- phosphodi ester oligoner. A
pol ynucl eoti de may conpri se nodified nucl eotides, such as nethyl ated
nucl eoti des amd 20mach2@9t i de anal ogs, uracyl, other sugermsoominsied i nki ng
groups such as fiuororibose and thioatte, and nucl eoti de branches. A
pol ynucl eoti de may be further nodified, such as by conjugation with a
| abel i ng conponent. Qther types of nodifications include caps,
substitution of one or nore of the naturally occurring nucl eotides
wi th an anal og, and introduction of neans for attathing the
pol ynucl eotide to proteins, netal ions, |abeling conponents, other
pol ynucl eot i delySosgfpal xaaugpitivas ppssigierto ovepydula the gy Trehy peigiipome
"protein," usedNAnt ecahtgtialolthe tameilian cell eftenlastno Additomh ke inverft@s m of
ami no aci ds o 4iaVerbARM kihoud HofBndEB ib RSk WA LR RS nd dshent to carry
unt r ansl at ed, nﬁh%rp cal | Y nodi fied, Di o&hem ?g%slg% rTDdllfl eg, and
derivatized amho SRIOFE! PrccrHemsapisTy aeoy BeIRFBE Hat ural |y
occurring, recewmpopahiructyes Kiebadtiaial eells, that mavynotheritve.Fae pomniofiew hese.
Mor eovFlr, a POiptaaEitha Riadelir@k £hdatieTRf R GFHid 6@ tractirésART Botterifcelds
natural |l y occuy.r. r . [ [ r orotein may
be a oi ngl o mopiirupsBpRiaElbhadbeRRple s ol UKRER) B ikl
addi tion, suchPREEHPLPEEEET- prot ei ns may have nodified peptide
backbones. The termnms include fusion proteins, including fusion
proteins wth Kot dp 6?3@&68@3§ﬁﬁﬁv°&&%ﬂ‘%@ﬁﬁéﬁé@ significRm fneghtptipn
het er ol ogous auntbidectivelkiogearsed gadwpeciSdipashegsted, divg-backigedkilliDhabterial
the 11k, [0050 TroRrpEbe ety Tl Aubhe B oiiel SRTmREAEY 1o ane
process by whi ‘EJ%"&“BO*‘%PBT@O&F SORYERRY ’é‘ﬁiﬁ‘]’&%t%/’&b‘éegs ¥ Bighlg yepntle
transcri pti on axtbeitoapaody mpadsazesureize pfhdfereht drogst(a bl ey dtophili¢, Sydybphplie
anm no aci d sequeNaRhhthid BRAESEh ABxdRCMIE B8fdxel,lcRplafd, EaAbdplaGRBL eXt S
herei n, expr esgl on rqf ens. 1o atmpedr})lr %(;.UCEI an llof mﬁl}lA Lne&I h %
contexts, exprBSSPBify B &P eR TRE BTG Crt B oraify Brster “[“g B1]
Transcri ption bacteripleplds|in thergpputigally signifieapt coprentegienst | ¢ nucl ei ¢ aci d
nol ecul e may be useful in treating cancer or an acquired di Sease,
such as AI DS, FRéUndhe trventanFuptg diroryednerhem Yisediyvubsyag gl
enphyse ][nab Or  ig@aikiged killedbaoRRk kélls €fof hflicRY, aRBERRA S WMerafeitit) as
cystic fibrosi : [ :

Were flr@%ﬁ%e?ﬂ%{a@éég&{y lﬂtﬁ%h%.lr@ée CQKQV[IQJ Iruﬁmtl {Elﬁ%ﬁ%ﬁ%gﬁh di ng

nucleic acid may a e ntraceptive sterillza

contraceptive SPEBFTEISH HP ?}Fb‘P%dr‘ﬁfFSe‘g‘m“ﬁﬂiﬂé’?m%glt@r*b‘%%“ﬁ&ﬁ“ﬁf‘&ﬂedand

i nfecti ous agehte tetinat midroexvidommemat ory di sorders al so can be
countered by administering, via the present invention, a therapeutic
nucl ei ¢ aci d miiod2jul ergetigtof ppicie-bospl sygensin the nomexpaficarenttheralyhact s

i mmune !'espons@:(p'ic)ite@-ﬁx@%b?cﬁrﬁ&Mcﬁﬂam;eltﬁhﬁhdﬁ{&ﬁﬁle@dagofdﬂfeﬁ%ibé)us agent,
respectively. @&{!}Fetr eut |($gn%gl gt‘)’ﬁt aci d _gcul e fd sq%ma% t?ave an
expressi on pro ?‘cgﬁr;’ﬁaﬁce N (VA o[- t PRI FoAUTEYER B4

post -t ransl at i dPR4P, whishrgsplisan srdipnced perhrabiliyaneretontion (BRRIG et (Mackat
reduces the i nuuOIpbRgtWatiRE gitadadpdsalaipding Tuhansabonva ki BRpR4 t hat
hel ps facili ta]ﬁ]%.mgt'ex? %%n%n&%&cﬁﬂ?pa&gﬁeagg Ekgrgolt B\welt 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



[ 0052) The ternms "Cancer,"” "neoplasm™ "tunor," "malignancy” and
"carcinoma," used interchangeably herein, refer to cells or tissues
that exhibit an aberrant grow h phenotype characterized by a
significant | oss of control of cell proliferation. The methods and
conposi ti ons wo2bdsoresnvention particularly apply torprmeanoesous,
mal i gnant, pre-netastatic, netastaticis and non-netastatic cells.

[ 0053] A therapeutic nucleic acid nolecule may be the nornal
counterpart of a gene that expresses a protein that functions
abnormal ly or that is present in abnorrmal levels in a disease state,
as is the case, for exanple, with the cystic fibrosis t ransmenbr anc
conductance regulator in cystlc fibrosis 1989; Riordan
et at, 1989; ROHaINATaFrersopgadyprelgrann!FE, &eéb‘r'%‘fl 1"14 J%d&?ﬁefatﬂa |
anem a, and wi t987.d897: Divorak glab P88, TBe hypetpeumeability y£ tghatmicrovessels to

thal assem a. TS moRBISHEERE db&&@d@ﬁ ﬁt@fférdﬂi stidiesd GRMRIwAKIQUETain] J0869| ObI N

whi ch characte San e

t herapy, in ac‘%&‘r g%ﬁég"\kpfdh%f wer @%Etrsm%@n %Or%ﬁﬁ*%s%@ﬁcﬂlé“aﬁml nt act
killed bacter |‘&Fsel§@fﬂlﬁéﬁgwf@é %ﬂlefdmeatilﬁe@rwoaémeqstn@cb@er ating a
sequence t hat dﬂlﬂﬁrrﬁbasuadﬁtﬂhe':‘;ﬁﬁ&ﬁtom6ﬂ’a&1ﬁﬁﬁ§{¢on:ﬁ1cwbﬁoma/gr8wﬁ t ar get

sequence of t gy aa gL ol HroenbAPRAL o b 08l dBBARAT vl cFANCET.

t herapeutic nu ecu e sult or use according to the
present invent %8 g arpEaidhahsome Suparthave heare bPE gl gpe 10y | s
derived from aHgkbaer 4.hiE#98).sAassnglysit wdh swiptiting to find thatimppt BHei leceriat uch
as the pS3 0eNGs L. &t 1,00 Bkl Alio O83Ca @il ddiBaBPAT vaR ML UTTDr
necrosis factor. de vari et WO 20 8/ 0 2695PCl7lB§007100348 19
of solid turmr‘%‘mors 35%8’@?‘“’””5‘? ﬂ‘F‘%‘r‘Fﬁg inH PR Preterial el SRR P Be
treatabl e by thespwppiveach, pursuant to the invention. Representative
cancers in this regard include colon carcinoma, prostate cancer,
breast cancer, [0b4A])g Acidivomsilly, iigkévivugpwesemgeekted/ Bt teabhoensl tipeme cancer,

ovary cancer, RaREhHfRmet ﬁQ:ﬁJmctel?iEé# vy it Al hypé}ééﬂmftélgvaﬂﬁ ﬁ}‘d:é‘s?aﬂ@ er,

and Iyrrphoma I I1ustrat.i S are Ao

choroi d pl exusprﬁﬁb’ielc’l’%‘ﬂ% &Wgoaqovﬁ?sﬁg‘gésletﬁlaﬁ Wa%@?garrr%’lng fB’c $ﬁvart
condi ti ons ar eanfeqapgentherapeptios, Foslingtrnees ltwaerF@ﬂB‘éﬁthd@was%#@s@@A*
verruci fmm s, mck3atpinkh@Ragiblivad bhotdpRabbh SO ARe a:aeuﬁxmed Pustied ¢ aci d

mol ecul e, for n?rgveggugiﬁ&hoﬂ :ﬂ'\é&'pt&ét g&n%ﬂilgh:ﬁlﬂg dig8 i@ %e@@&ma nt

codi ng for an ts-an I nactlve rugmnto one’ or
nore cyt ot oxi c%t@bbﬁ?%%@“é@afmffm&ﬁ@ﬁaﬁtﬁﬁeﬁ‘?/ eri %f-of the

prodrug, the t200getheaitiorsiofithatfrérogispacalatedingeicl cbgbrvep brcteasp & injetstitial

nei ghbori ng ceh n&émwal geststuﬁt OB itm&uhgb@s‘mel?sre&mfalt&ﬁ&m@a@
clinical appl | ons o) sui

a
non- hunan orig lﬁc’ Yessﬁllj eé'r“?" “gwgr“é ?‘88%d I%'hcsg Frgléermv(eﬁﬁﬁm
Shangara et a/ dis¢rgedhatdiigd W@amelbtafeallo‘ﬁ hiyideerd Dy such jnferpditisl Aynetension
sui ci de genes mtamhm&mlmﬁlgﬁrfﬁaﬁtbﬁsmbmmc@@ent or -
HSV-t hym di ne ki nase(tk), cytosine deam nase (CDA) uracil
phophor i bosyl - fgpaqs fe &SBwink astdvtBeogERE e valiophatl osst teanaf.gr ase

beoD) | eyt oonr S ilohoh L AHChERLA. B0 RRARIIED B
D-am no aci d oRY W2Esws fespikey. L"F%'ésﬁéﬁi‘ie%?%gyﬂéﬁ%ﬁe’&d%’i“ﬁs ‘E’iaﬁe genes
are exenpl i fi eembydirgmrseslyt dndtioes nardichit thascbey he pivertias EUnidss {ORA) |

deoxycyti di ne kingase A1d5klicat Erﬁétsg&hﬁ'g R S edin (iR gc'?ﬂamcﬁl)have the same

| NGF1VPI C. BP/ F FKBP/ Cas tjvel 56) A
sui ci de- gene tﬁ’ZraWEW?IR ég%‘?ﬂgémfc&ﬁ%gmttgs i |ve y R{’rﬁ & 2I'hi s

strategy has been tested with suicide vectors that express a toxic
gene product as soon as treated nmanmalian cells becone infected by
H V-1. These vectors use the HI V-1 regulatory elenents, Tat and/or
Rev, to induce the expression of a toxic gene such as a-di phtheria




WD 20081012695PCT/ 152007/ 003489 20 [00571 The therapeutic nucleic
acid of the invention typically is contained on a plasmd within the
killed bacterial cell. The plasmd also may contain an additional

nucl eic acid segnent that f-unctions as a regulatory elenent, such as
a pronoter, awbesmpdm@sor, an enhancer or a signal segoesoeyoand t hat
is operably linked to the therapeutidénucleic acid segnent: A
suitabl e pronoter can be tissue-specific or even tunor-specific, as
the therapeutic context dictates. [00581. The Therapeutic nucleic
acid may encode a suicide gene or a normal counter . part of a gene

t hat expresses a protein that functions abnormally or is present in
abnormal levelg in the magmplian cell. Mreover, the therapeutic

nucl eic acid SRRl JOFPS | he 0o APda ST ﬁ”s‘lﬂilecl’l‘t‘ﬁ‘rtﬁlf:’ie%“éﬂnlffﬁ REPYSEHI e
nucl ei ¢ aci d selgaryiétates obarviiseer, the plasmid may contain a regul atory
el ement and/or a reporter elenent [0059} The tenn "gene" refers to a
pol ynucl eot i de Campps i ing Hils Bacte glis and codi ng sequences

necessary for idﬁp rIQ gﬁ%ﬁe@ﬁth@ fnvéhh&%r&ﬁ@egra'cgﬁpogiltxorp{o%}gﬁé}ﬁtactm

pol ypepti de ca codi.ng _se %y any
portion of t hegﬁ: e&ﬁﬁ&@%ﬁﬁ&%&ﬂ“‘t&"ﬁ%ﬁ °eﬁ‘g'§} ‘g ﬂ’éﬂf‘“"'d bacteria

uni nterrupted edidmay mmwemnp@mmmmmmmlemme i ntrons,
bound by t he appleos draf@mbiRition hejetDCt i ONS. Moreover, a gene nay
contain one or nore nodifications in either the coding or the

unt r ansl at ed region@uanm%dggygdﬂaaﬁect t he bi ol ogi cal activity or the
Chem Cal str ucmdﬁﬁxq{cc&g% g})‘gglg%%glqnnkl@ﬂ%ﬁ&enal ce;llpgrer% Ilvmgpro %(rgr eSSI On

or the manner ressi on con AOAITT CAt 1 ONS SENe

are not |inite@leal baﬁi&t‘%t’l’aa?if@‘eﬂt" Fékepteriagrd arckpebasteris Asdefipgdda the 2nd
substitutions editiong BercayBMINTUCHrSYETEER S1C BroLoEN | Suck egael geeFHEH be
nodi fi ed geness« » \ gene.
e T aeres gk g%ewts@rsg &t ofwaits aﬁ&tﬁaﬁnﬁmi}&n alﬂgg Bt et
been, used as F%F® |(‘ﬂ1°?f‘fta°LFlUPaté?"P@éﬁ’r?ﬁﬁ‘ié‘??tba‘%}@t?t %?P““Eﬁr other transfer
of polynucleotrdes and |ncludes t he ogeny of the original cel

that has been transP@@pEdc Ve %g@%&eﬁf’eﬁ’céﬁxﬂ@ﬁ-‘@” Eektimay not
necessarily beIQDéTTpI&ﬂeﬂageutxdmteiceah milgculeenpiiiat Ofrpdudt, sucnasgfpﬁprme,c or.

total DNA conp ﬁ?%%ﬂﬁdeaﬁ ploR&:, ﬁtsbxgam&n d?%)i&ﬂ‘i HiRa i ¢
accidental, or de rate WO 200 /012695P /1112007/ 003489

21 example, ti e genetic matenaf 0 mterest can encode 8 hormone, receptor, enzyme, or

(poly) peptide of therapeutic value, Such methods can result in transient expression
of non-integrated transferred DNA, extrachromosomal replication and expression of
transferred replicons such as episomes, or integration of transferred genetic material
into the genomic DNA of hast 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 a2 polymer comprising purine and
pyrimidine bases or other natural, chemically or biochemically modified, non-natural,
or derivatized nucleotide bases. The backbone ofa polynucleotide can comprise
sugars and phosphate groups, as is typical for RNA and DNA, or modified or
substituted sugar or phosphate groups. Alternatively, the backbone of the



Regul atory El enents- [0061] A nucleic acid nolecule to be introduced
via the approach of the present invention also can have a desired
encodi ng segnent |inked operatively to a regulatory elenent, such as
a pronoter, a term nator, an enhancer and/or a signal sequence. A
sui t abl e pron®ogposg@ENSbe ti ssue-specific or even tundBeVEBpoTiofsr, as
the therapeutic context dictates. [0082] A pronoter is
"tissue-specific" when it is activated preferentially in a given

ti ssue and, hence, is effective in driving expression, in the target
ti ssue, of an operably linked structural sequence. The category of

ti ssue-specifiepronoters includes, for exanple t he

hepat ocyt e- speC|f|c ronoter for antitrypsin,
respectively; PHEgradEse w?’pnseagﬁ%nﬁwgetécsg%uﬁmw his active in
pancreatic aC|ﬁ%ﬁmﬁﬁmm@ms¥ﬁéwﬁﬁ@@#@hdgeﬁéﬂweﬂﬁﬁ@FPME@P@WMNEGI$ve in
pancreatic bet ameeb}hosphohhﬁdamssphdmmigoxhunwpowhﬁmumtb&hpr{segI on,
whi ch i's actiVeolied fisfebifid, don &F&@@aﬂd o EBHAR s ATLoARSLIGE oy, ! e

myelin basic protein gene _contr regl on |ve |go rocyte
cells in the bP‘QF’ﬁ“ga?nﬂ‘dthﬁJé‘“%ﬁﬂ‘a’d 6‘E°P Bpiorgribpss gud "H’Qa‘ﬁd‘F
control regi onbrapghes A n@mﬂth&ﬂeﬁeﬂkmoﬁﬁﬁndmwt:dmaigaimsmﬂz See

Frain et al. (738 &ﬂt@mﬁ'ttﬂ;es oflmbafirRdtio El{ﬁ"ercE sShublutiod JRRe gr-
Kel sey et at (198

98¢ . nahan
(1985), Leder. SPFIHPT y°°ﬁ3516§1’1(“§8°§é#a‘1" f@"g é‘?ﬁ&’ ‘l\?ﬁ%‘ﬁﬁ
(1986). 100631 fWH@c’@n&m Bolmﬂlelemde HOTEging, tﬂhtaltwl&r lebea;t&m@mets, other
preferential |l ypblimclestidad, br 4 sdi@suppad. | s or in tunor cells per se, and
that are useful for treating different cancers in accordance with the

present i ln?/ent o] Th@yfe?ﬁ&s am“pf&qeamkarlﬁteich@rgeaary@le;sae&fe;tbg I or t
cancer cells | a Si ' ) o targe
t he'ﬁ?\}r']ﬂlé%? Of%mgx%‘ o gl’f? Igrlgg!r wﬁ"?l%sga)p 8?00 L&l stated

mel anomas; carci n’oma t he

hybrid non enh&ﬁ@é‘fl?‘%"wm?‘%ﬁm Rigrherpically epdifigd @ndicaivatipesypming
rhabdomyosar coesids( A-gulpeptiibier peatin naoiembtuytdn beuaing,irg@mbinaEA}y  pronot er,
which is speci fsﬁ‘&le&%r &?%rﬁsf%‘é‘é&tﬁwe @&é&&aﬁyﬁﬁyﬁﬁu&%} Sbteis HAG T

cells, and the 0 tar%éat non-snal |

exoki pase t pe |1 ene pr ombt
cell lung car cf"?fb‘ﬁ’é"sagﬁﬁ f‘f‘a‘f‘i PR ORPepifEr 4POBRBWEET Kur ane
et at ( 1998) anchteicanaytiie agingig hnoleél&@@@)ay be y\@ulti-molecular complex. In addition,

2008/ 012695PCT /sﬂcB%QQJe;@&%ﬁgot&Bs :h&%@a@édmﬂmaﬁﬁsbiclai?shesa&ﬁ‘e #ependent
on either RNA E)O gzg‘g &ﬁéﬂﬁllacludmégmog gxate Ins w% h8 elf)gc[ug S%pﬁwoc{m ters

for gene transcrl T on, err pr oot ers

transcri ption a?q@ewélsmwh het%?%?mnabgnqs?@m@ﬁ@sewmaﬁaﬂw [ 0065]
A signal sequendéiotBrerhinaliaabipnifcreaduds, igmimlcglaalynigestbteind) u@thd on, to
effect secreti g, of an expression product or |ocalization of an
expression product to a parti cular cellular conpartnent. Thus, a

therapeutic pol Mclﬁggg&ge &u%&elta fe!rsﬁ glgé &L Méhaa | nt act
ceI

killed bacterla |nc a signha uenc

readi ng frame, PUFRKepigse %é?%ﬁs%tff&fﬁ‘??“%ﬁnﬁ‘ﬁ“@f‘t@gﬁ“ éhat
secret ed by an deenpbleflévely oﬁ@b hmige adid sqpn@ge pryieint aremxplossed. dn ¢athinuence
sur roundi ng cek:&rﬁextslhereiﬁﬁﬁ@te%nmﬁrbtotttheprsd&a&%f&mt W bther Bedied] gM
IlTustrative si, aLmr;segus%l es i ng. %e t‘he haermol ysin C-term nal
secretion seque escri 5 [’f pé’f ent No. 5,143,830, thel 3AR1
secretion Sequ |scl sed p ate nd t he
S onal sequenci‘”’%@rt RS BRSor ey 8 Db i it asd rateatr ol s

patent No. 6, 0251153@17111 treating cancer or an acqmre chsease, such as ATDS, pneumonia,



Reporter Elenents [0066] A nucleic acid nolecule to be introduced via
t he approach of the present invention can include a reporter el enent.
A reporter elenent confers on its reconbinant host a readily
det ect abl e phenotype or characteristic, typically by encoding a

pol ypepti de, wnotwmwbh@sw se produced by the host, thapcodmot®sss

det ect ed, upon expression, by histological or in situ analysis, such
as by in vivo imagi ng techni ques. For exanple, a reporter el enent

delivered by an intact killed bacterial cell, according to the
present invention, could code for a protein that produces, in the
engul fing host cell, a calorinetric or fluorornetric change that is

detectable by in S|tu anal ysis and that is a gquantjtative or
seni - quant i t at PRSI ILTTEHIng FRPFR EForh o RertpRPlisgs pycly &t Gyefis fibrosis.
Il ustrative ofrahdegpinpr inditive ofia theephdy rasieis acip hag fhaifdaesmia@piiecases

and ot her enzyE@tﬂzzatﬁ(}ﬂQn@&ﬁﬂg‘é’oﬁﬁ/ac%ﬁwé"é?ériﬁpaug@%ﬁtaﬁﬁnaﬁ Hﬂ Ghfiheq
chronophore or fl F Preferreg

s are c0| I
p- gal act osi das& AT Sa@'f?&? ‘gte‘g BRI A5G ES %jf rzpa'ég"e%?ﬂ@‘
i ndi gogeni ¢ supdipigieng, Yinte piptentigveftionad tererpoiicimcleigpeld moleentd thar ase
\r/]\:hi ch oxi f'i zesuﬁbnleﬁﬁ@szlgmm gade)éﬁejaﬁ‘m lﬁg%igﬁgxghczjgwblﬁﬁ aﬁ&hl eﬂfergand
eterocyclic 2 ic a
(luciferin), W%@%%&S%ﬁrgor%pg %Iy 6as6 0 ucmcaﬁ e )s%alfjsné uf s n

this context |8 %i‘PFésﬁ@rpfcéiPctﬁéﬁfé‘}Waytbﬁ &f‘m'@ﬁ‘é“ié‘a’éé“ﬂ‘ﬂé’f@qsb‘@#ﬂﬂ%ﬁr escent
protein (GFP) olbdifibesion ef thesibreision fedutisareticed e inayunalsgic @qilde bededy

Prasher et al . (udshhhtatidd & tat il sl R0 AR GEERAkEIY 1S
illustrated by tV\D%%}J“b|II sh eg P(E% aplp | i cations; ﬂnV\iD 095/21191

(discloses a p ﬂioﬁ)u G %%g%aﬁv%ﬂ“%&ﬁasgxg?ﬂ%lapg légaﬁcﬁmlﬂﬂfgﬁbfg%

apopr ot ein, containin hr onophor’e fromam'no

t hrough 67) an8™danesst !9‘1“?(“&1Ff'ga%%ea%orém%wt@e‘a% PSRN EERW: DNA
f or the apopepbbaietypfchikactarized yra signifiest logy afeortiohaf cell pelfferaitte. fBe/i ng

al tered fluor ese@Bls 2nd QRGHLHES Lfth@ﬂﬁemn ﬁarﬁc%ﬂﬂ{r hop®fto bbb dus,at  (1994)
of a nmutant GFP, ch racterized rovenent in
excitation anpfrreas Pri@ﬁ%ﬁwﬂﬁ%%lsﬁé‘? a[‘%/?f’é‘“b&fasté““r':églb)rter el enent is
associated wt Og:g e“{&resm on rocl renders the reconbi nant
killed bacteri el PPARTS X ‘°ta8 5‘° °6 ?ﬁay‘ifd’i"‘“PH% STrEEP fiR 85
gene protects #Hhakrypressegpairefsin thapfunationsebrdrmyaltyfor thads pratentin eimpanall4desds,

whil e a gene efntDdlicg seic/ug thtad Akatr exapgldoliaste S MESisiBGhsheaee t o

rothot rexat e, ad,bhs. SPLALATRANKSGL REEhY 41 ARSIELARS, (M, dene

best ows resistance to c eni ¢ enes use as
a reporter el efemPeRsfErh 4B} ReBE-aldvinin delde- ?#’&F&#%Mﬁ‘ﬁ“”rﬁs PchEJPPlesd
bacterial cell pigbeepd gobitl ipthilegeais NG of Slckss stéa&cﬁsleowaémb&%ﬁ:n e.g.,

viral envel ope g@ﬁ%\@!cﬂ%hara‘é%ﬂzéﬁ o MR A Pl IS ERE Sy SR mi,Cfy 2r e

readi |y detect
accorda.nce with the present mventlon, using an intact killed bacterial cell engineered

to contain a plasmid incorporating a sequence that has an antisense RNA transcript

vis-&-vis a target sequence of the o-globin mRIVA.

[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 retinoblastorna gene, and the gene encoding tumor necrosis factor. A wide variety



Drugs [0070] Drugs useful in the invention may be any physiologically
or pharmacol ogi cally active substance that produces a desired | ocal

or systemc effect in animals, particularly manmal s and humans. Drugs
may be inorganic or organic conmpounds, without limtation, including
pepti des, proweizmsmzesacl ei ¢ aci ds, and snmal |l nol ecul estsanyoods whi ch
may be characterized or uncharacterizéd. They nmay be in various
forms, such as unchanged nol ecul es, nol ecul ar conpl exes,

phar macol ogi cal | y acceptabl e salts, such as hydrochl ori de,

hydr obrom de, sul fate, |aurate, pahnitate, phosphate, nitrite,

nitrate, borate, acetate, naleate, tartrate, oleate, WO
2008/012695PCT/182007/003489 24 salicylate, and the |ike. For acidic
drugs, salts oPfSPH] T sk Eeniffomss gathyerts c sRqulsihe tregtabe by i) e

guat er nary anmenpraach. perawntie the SevehtioDeR¢preatntafiescapdersdn hiyIegesiiodudas

bases, esters gadgh @mrﬁLﬁﬁ o cgﬁ‘h@r Dﬁasua‘esstf 1&&5&& Jkt%ﬁéandeﬁ 1V bRk,
i nsol ubI e can ge used for m t erivatjve

thereof; or as & base’ ?jve | Fatr V[/'a“mieﬁsec F Iécg? %raW?f'%ﬁr’ A %ri%r"ﬁ%‘rca?cﬁ"sf%flnce

or by i ts del | Wwyfamq ﬁlmeep%@&nwyaremm cellnppitloms; slegoipplextie body
pH, or by ot hEbapﬁtRﬁxﬁbﬁth leBmPLNGHIsAS HxRmblBEof Wit GdndibnstaRaieaiReWwhiscal | y
act i ve Torm oL Pl bl ACLUAEENETRLBLFREM!  C agen S,

i mrunosuppr essive agent cyt okl nes, t'oxi ¢ nt's nucleolytlc
compounds, radj '[[ﬁggjt I Vﬁnella e%\t.igxﬁ%éic 3018%1 RaE’sﬁg %i'thg‘ r se rxr?vedtli u%sgCt | vating
enzynmes, which na nt hetic or
reconbi nant mefoeRIEe aPUé‘TE%“’eﬂr‘iﬁ@gg f‘ﬁa‘t e“é?’%f’ %‘Ff“é’é’?‘@dﬂ B";?""&'F a§’§‘i“6 ito

mul tidrug resi shemerdrywexpandabolitbsan that, pdntiyvivainttddectionuithd prediug, SUCh

as \r/]'r ne acﬁ: ﬁgls e Qipd: Belldn eff¥d lgmn@p%ﬁedgger%géw\gir ﬁ’é&ixﬁo’%ﬁaim as WetCto
transcr?/ptl on |%W%F'{‘%$S)§feép’ljca?a”§€? Bfartfmﬁ)"f%\’ﬁ@ W@Aﬁﬂ’ﬁﬁl‘” ioh
stabilizing dr GQ@E(OéD@-hmnpamﬁamta)bémn or{girive cicmweddiycfipencer(@@0),. [ 0073]
I n general, Caﬂﬁﬁﬁmﬁmdﬂﬁfﬁ@ﬁ’aﬁ%gﬁa@ (8008). @ﬂ&&ﬁ'ﬁé@ﬂuﬁfdﬂgﬁw desef-ul

cancer Chermt hﬁlﬂ"'lﬁ gr uagﬁst OSB tcoge or%ié\(?%ym: 11'13 %eﬂ 145 n(;SlIng esa(r)nli Ueas
et hyl enei m ne ona razine, a u npoun g

pyrim di ne anakeQd)* yagi nhephaﬁ%ﬂsﬂg@nsqu W&ba{a@&e P’PB@"&‘PESYhnaI 0gs,
ant | uacycl i nes frafisfexan @SR, hitkeduaisk AITH)dsirind PBésRe HRIspiReylish [FNP, t Or S

and hor monal a%%E!rB)Scn&%BHB'P%o\’(c‘}B@ﬁ'Bth&E%Bé’ptﬁ&H%ﬁ (&@g%ﬁ&b’l&?@' ri-

Al keran, Ara-C, Ana,strozo Aspar agl hase,

Bl eomyci n, Bus aFif gHe as?ﬁ?fe"(:?)t Kie ezy(ﬂ?‘ﬁﬂ’p‘?“&ﬂ sﬁlcldtﬁ‘?“ﬁtfb‘f XeTpif
Cannusti ne, CCikfes Ohl egeerbrubnixypep@laspd BIOPA), d&@xactidibs kimse @GPK), 1 1

Cycl ophosphani d@ochtaito 43P {vP2B LY}, DNGRR/FABARLY PBEIIEasphayd, 43I /D53,
Dacar bazi ne, Dacg Q% ci n, Daunerubicin, Dexrazoxane, Docetaxel,
Doxor ubi ci n, ?}yrubl cin, Ethyl enei m ne, Etoposide, Fl oxuri di ne,

Fl udar abi ne, I(H]g u‘&aﬂé ttuni dﬁ & a
- b
Herceptin, Hexde E”ﬁ% il en?—ﬁ‘da%x yur ea P dﬂuﬁ]&hga%ﬁen fgoﬁsk
| ri not ecan, Lo Fiesy has beﬁfefemddrlté\tswaﬁf MRStoms\At BPESHRtOXIRBRTE aﬁé@beﬁrsp%
Met hot rexat e, M frargi eiammalidntcellstreymelibt @EIRTITVAE ThéX edetopl BE thaHIV-1
Paclitaxel, Pa %ﬂfa@%l&ueng,ef% Qi%ﬁo@kla\e to induce the expression of a toxic gene such as
a-diphtheria toxin, cytosine deaminase, or interferon-a2 after infection by HIV-1.
See Curiel et al,, 1993; Dinges et al., 1995; Harrison ef al., 1992a; Harrison ef al.,
1992b; Ragheb et al., 1999.




WD 2008/ 012695PC171132007/ 003489 25 Plicanycin, Procastazine,

Ri t uxi mab, Steroids, Streptozocin, STI-571, Streptozocin, Tanoxifen,
Tenozol om de, Teni posi de, Tetrazine, Thioguanine, Thiotepa, Tonudex,
Topot ecan, Treosul phan, Trinmetrexate, Vinblastine, Vincristine,

Vi ndesi ne, Vi norzelsipizese, VP- 16, and Xel oda. [0074] Usetthenansss
chenot herapy drugs al so include al kylaating agents such as Thi ot epa
and cycl osphospham de; al kyl sul fonates such as Bum Iran,

| mprosul fan and Pi posul fan; aziridines such as Benzodopa, Carboquone,
Met ur edopa, and Uredopa; ethyl eni mi nes and net hyl anel am nes i ncl udi ng
altretam ne, triethylenemel am ne, trietyl enephosphorani de,

tri et hyl eret hi ophos haoram de and trinethyl ol onel am ne; nitrogen

nust ar ds such LQES'FM B¢ tprarruiiq nucleis peidatheiryardon whells jsiersrdende,

Est ranustine, plhssd aithifléy kieChiolif R Mmhe piasnite ak tdyeblisinhafidiisha e

hydr ochl or i de, gl RN Ao RACRPILER] Bt P SURLAIS T e

Trof osfam de, until nmnus ar%pa\énl troureas suc

Chl or ozot oci n, “EYM A e mE’barﬁ%’f'Jlsﬁ‘ﬁ‘emﬁh%Q’Pﬁ‘ﬁ‘épemalﬁé‘“??&ﬁ?%st| ne;
antibiotics sutiabramtmﬁmicamlaudawntsAsmwlemmmmnbAQSSh¢-a:wﬁ¢weven
Azaserine, Bl epigLiR&fc Q@@&m&@;@,ﬂ@@mmh&@geam cin, Carabicin,

Car mi nonycin, Carzi noph| lin ronoi nyci ns, Dacti norryci n,

Daunor ubi ci n, msﬂm@m@mpeﬁﬁm@m ﬁu@%&&aﬁ%&ﬂ%&@%@%@&&w n,

Epi r ubi ci n, Esoru icin ns,
mycophenol i ¢ akl'd, aﬁ%’b"é‘f”%ﬁ’?&mes a?ﬁbﬁe@%@“ﬁﬁg &ya& F}h/{f‘é ﬂs:gesem il

Pot firomycin, mweme)ieralsintigaemmplisnsell. MerseshiteitirapSite awsleinAcidmhay,
Strept ozoci n, B'wmramedmm pldsh@tiofiBised £f MQSilédnichic atit eeqd@nk¢sh Fakhas, the

anti - met abol | t Ssmilt by ﬁh@@ﬁ%ﬁa‘i&%é}&ﬁm@ &%{%&%8&%&9' L (5-11));

folic acid ana ogues suc Denopterin trexate, Pteropterin,

and Trinmetr exa pl{th R0 ﬁ%ﬂé”q&% %Cﬂl dﬂﬁcl&kk‘e s%%%?c!e%%t éodiprises control

mer capt opur i ne | am pri ana 'Cll}? such
as Ancit abi ne, *)Pa¢PE FeaReess n@ﬂﬁ&f&quﬂaupﬁ@uct’eaﬁﬁwuwephégﬂr@feaﬁﬁﬁe
Di deoxyur i di nepoljpeptidelcen be@hévded Hyra(foll leadih tv@ing kdqostide ordby Ay podtivel oSthEU;

andr ogens SUChc&h% cCARE A QRR mancQ{m{e%H%&% egelel] é&ugnce or it may
Ep|t| ost anol ,- Rne |t| ost ane, ﬁmﬁ? tg act one: fﬂ?mtl - I's such-as
am nogl ut et hi m‘”ﬁ‘é? emepypg{ﬁgmglsn | %?pefﬁ’émt? Fed“‘éf?}?‘ﬁ BrERidsher
such as froli ns@ea@vdontmevgloammnmodﬁhaﬁe%@sl%aﬂn epding bythowitdesiated

am nol evul i ni Crs’éfbhﬁthat/ﬁbﬁl&ﬁfd’ci tAEbiolBasH £0'ﬁbkb&:ir|the cﬂnﬁ@:ﬂswuem;ofﬁdat raxat e,

Def of am ne; FGF%BL&{ ]E}Sductqh@ﬁalt}: dd}%:)t?rﬂ.&?%}ﬁf Gior 3 )Lpte%&n déoHQ&lagﬁilat €

Et ogl uci d; gal um ni urea; nan onl
M t oguazone: “‘fe K‘F F“teNP{“P%‘PP% fsertiopg; deletions, and
2008/ 012695PCT A@&mm 0034 89ndEmickemides hathismegadhmrionetifiedReneampbdi n;

podophyl I'i ni ¢ agdda tlas @tV iR 2hA0e gBhPCar bazi ne; PSKI 4; Razoxane;
Si zof rran; Spirogermani um tenuazonic acid; tdaziquone; 2,

2", 2"-tri Chl or HOIO 1e I kR kR4 celth 2HRANa ce\{tﬁhgﬁ% Heor thAAL RAaLOE;

I\/arm)rmstlne nltol Mto acto cyt
e MR BrL Ol LGt Ol (b RO Bl BN oAV Sk S

Pacl i t axel (TAR’@]P@&GIquf the ofisig) eqlighaSiasibin t@\&f@t&égvhe e B clgle Nﬂb and
Doxet axel ( TAXGIhirtitQhcei3a 0 Baiple@MCiddrficR in mAPHoRBY or il EGHBMR)or total

Chl or anmbuci t;
Vet hot rexat e rarcnaaraer B bARAR Ao AR AORLARNL bfiere |
Vi nbl astine; pPEPfYum et oposide (VP-16); Ifosf am de; Mtomycin C
M toxantrone; Vincristine; Vinorel bine; Navel bi ne; Novantrone;
Teni posi de; Daunonyci n; Am nopterin; Xeloda; |bandronate; CPT-1 1;
t opoi sonmerase i nhi bitor BPS 2000; difl uoronethyl omthine (DVFO);
retinoic acid; Esperam cins; Capecitabine; and pharnmaceutically
acceptabl e salts, acids or derivatives of any of the above. Al so

i ncluded are anti-hornonal agents that act to regulate or inhibit




WO 2008/ 012695PCT/ 1B2007/ 003489 27 as interferon-a, 4 and -y; col ony
stimulating factors (CSFs) such as macrophage- CSF (M CSF);

gr anul ocyt e- macr ophage- CSF (Gwt CSF) ; and granul ocyt e- CSF ( GCSF) ;
interleulcins (Its) such as IL-1, IL-la, IL-2, IL-3, IL-4, IL-5,
IL-6, I1L-7, |woRposhzes®, |L-11, |L-12, IL-15; a tunor pomBroBiosiss act or
such as TNF-a or TNF-13; and other pdtypeptide factors including LW
and kit ligand (I1(L). As used herein, the tern cytokine includes
proteins fromnatural sources or fromreconbinant cell culture and
bi ol ogically active equival ents of the native sequence cytokines.
(0076] The drugs may be prodrugs, subsequently activated by a
prodrug-activating enzg/me that converts a prodrug |like a pepti dyI
chenot herapeutic a g Elgriesfs i ve anti - cancer drug. See, e.g., WO
88/ 07378; WO 819v6tl 1495nuclgicscld Paleeult tolNe inirdd B4ty i@ A8 applaactype fhe peekent t he

enzyne corrponeimedna&hmﬁﬁh@ex d&nwéﬁeomra@g%leﬂt mce@ai;uaﬁlmyq@a ﬁgﬂiitgﬁl rug
in such a way s I ve, E?/t ot OX]|

form [00771 FElpmis rs‘b"g‘s?%%p%?w&ehé‘ef’ﬂ%?h %ﬁqﬂ&% A R A
bacterial cel| s¥® EBFPF?Q‘G%F&GP?J@GSWFSPMﬁC(Pomeailmr-apewﬁelaeﬁetba@mtlencod| ng
a drug. For exasgexedictitedl asm d may encode a drug that is expressed

i nside of mammalian target cells. This makes possi bl e endogenous

delivery of dr ymsz) wtilbrexhotaas‘&fsﬂﬁaﬁ&ﬂﬁ’e&h&\lﬁé a&xbﬁedtﬁi'@&&t@mm agfvb&{ e of
exogenous del i ¥1 ?é/ dnd, hlénc%t 9&%}wem el ggcxﬁ%.?smn lfl thL?aﬁ%?tl ssue. éﬂn operaﬁ:%r

nucl ei ¢ aci d" 6l ¢ acl
i ntroduction i Htﬂ@d a"%wgaﬂ S%E‘IHP" Thp egepiy ORtigsye- W‘@H‘@P‘é@s W1P¢Psa for
expressi on of eaxauplt eiehepataaytgameifiaprombianit dlandh atducbaitgpsdi d

ol ecul es have dheuLRPae lal‘hélas&? &9%&8& r@ﬁi&hﬂ&cn% m%a:ﬁ&e%@dc{hapy
directly mteraq @% \Mgt atra hat enco es %H’;Itﬁ‘ln

Regul atory RNA® i | ETW“" °"§ﬁ’(5‘rpf'“ 5MPY¥e| ess t han
400 bases in | engmhy mmrquﬁowg(omvmﬂss) aotiye 1tm=zt}mbs bmsd hoigdoyd RNA,
and antisense aih®i &ns dedsselin weﬁotetu%& &xmgﬁ:&yac&m&&nge&bahmwl eic

aci ds. [00791 'oJig gl Al oM R N0k S0 Auf A ST Voo AT LSy QlricKAS
that affect expressmnB PErenees rgessmn 0 g’ene

expressi on, or 1%’&)&“%@“?@6@%%“%0%%’?’ (1|9PP)a%FH‘P°FP el {HP8ERRNA,
Si RNA, m RNA, &imtlerbattdl.,JEIBIR Kelsey ef al. (1987), Swift ef al. (1984), MacDonald (1987),

Hanaban, (1985), Leder ¢f al. (1986), Readhead et al. (1987), and Mason et al,
(1986).

{0063) There also are promaoters that ave expressed preferentially in certain tumor
cells or in tumor cells per se, and that are usefusl for treating different cancers in
accordance with the present invention. The class of promoters that are specific for
cancer cells is illustrated by: the tyrosinase promoter, to target melancmas; the
MUC1/Df3 promoter, to target breast carcinoma; the hybrid myeD enhancer/SV40
promoter, which targets ex'pressioq to rhabdomyosarcoma (RMS); the
carcinoembryonic antigen (CEA) promoter, which is specific for CEA-expressing
cells such as colon cancer cells, and the hexokinase type Il gene promoter, to target
non-small cell lung carcinomas. See Hart (1996), Morton & Potter (1998), Kurane ef
al, (1998) and Katabi ez al. (1999), '



WO 20081012695PCT/ 1332007/ 003489 28 ssRNA, the category of regulatory
RNAs includes ribozynes and decoy RNAs, inter alia. Targets
((Functional Nucleic Acids (00801 Functional nucleic acids of the
invention preferably target the gene or transcript of a protein that
pronot es drugwoesisskesce, i nhibits apoptosis or pronetes@rnaepl astic
phenot ype. Successful application of Zunctional 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.,

Si oud (2004), Caplen (2003), Wi et al. (2003), N eth etal. (2003),
Capl en and Mousses (.2003), Dincbury et al. (2004), Yague et al.
(2004), Duan e@?‘{. é2004% 100811 Proteins_that contribute to drug
resi stance conPPHiuFEomit bt prdereaigieeity RNArRobsrss (AR PEROL I 4% dis .
The protei ns nmepfegeduremiters &r pae gewporiptionl Mighly prefstdyiranges for siRNA | NSi C
drug resist anCEansWiﬁ&uﬂi:&@m%?&%&ase%mt@ﬁ{féﬁwa cells, initially
respond to drugs, but becone refractory on subsequent treatnent

cycles, the regpdbpnk sigh hohREsah Be %9#9&(:5&91 _t&-&@f:ﬂéiemtiﬁve%gl,sto Liypl ved
in acquired dru ge3|fstance.| ncl ude Q P bj ng ng cas_settmékiﬁt ransporters
such as P-gl yc%%’ﬁs Pt E" PEIGHC" BT o @?Ea"l%?\#a,“ ABEE™ PRBIE W ésoci at ed
protein, Milti setigys esdinlr eompeartpant t iy a ferapgvBRpdymaelebtiNDRoIgeuldRPR

(lnul ti-drug resdstanarinksSadah@siale iy HhondBeRy Shudibd, Sakaed Nt
cluster region ... 0 I ene ] - 571

resi st ance- assgg?ﬁ%%%%b? %Jtﬂé%fﬁg%gﬁs‘?“e%?“é‘ é’%&l[ae—mrs of Bl Bt Breagiine

cycl ooxygenas e or HEpPeray, thezrby ty influgngs gurrorpgivg cellyin kggping with the chosen
cross- conpl enetdunent garaiigm. [ DystratREGEn feqoinsdsaitiude B8 Baef0lyith €rBfAkiang
gene), GSTPL ((Qoiligh RhRRE, Sadivd e, ?ﬁ&&m.@%@,@h btle BlARR Wb, ANC

grow h factors.such gs IL-6 e addi nal _fargets jnvolved In

acqui red drug Feég?“ﬁ’gﬁ'égs.ed W’fg% pﬁ‘?‘é‘%"o &737 ahias g‘&f’%‘ﬁl Layepee pegier of o
respond to onethsesiga@melypiptidss deseribed ind58.prtamtNopheaFd®Y:pe is intrinsic.
An exanple of a protein contributing to intrinsic resistanee is LRP
(lung resistance-r dleptredEppmerein) . [ 0082] Particularly useful targets

that contri but @ok& detMglefc%&h%&ea_@mibeﬁluesléed‘\lfmbgﬁﬁua%f% RSint €
transporters Sﬁ%ﬁﬁ;&w gg%&o e'ﬁxglgen't\f%}e%bm'}’%ﬁemo% R onitsr 11 12 and

LRP. WO 2008/ )
recombinant host a readily detectable phenotype or characteristic, typically by

encoding a polypeptide, not otherwise produced by the host, that can be detected,
upon expression, by histological or in situ analysis, such as by i vivo imaging
techniques. For example, a reportez: element delivered by an intact killed bacterial
cell, according to the present invention, could code for a protein that produces, in the
engulfing host cell, a colorimetrie or fluorometric change that is detectable by in situ
analysis and that is a quantitative or semi-quantitative function of transcriptional
activation. Hlustrative of these proteins are esterases, phosphatases, proteases and
other enzymes, the activity of which generates a detectable chromophore or
fluorophaore. .

[0067] Preferred examples are E. coli B-galactosidase, which effects a color change
via cleavage of an indigogenic substrate, indolyl-B-D-galactoside, and a luciferase,
which oxidizes a long-chain aldehyde (bacterial luciferase) or a heterocyclic



29 [0083] Useful targets also include proteins that contribute to
apoptosi s resistance. These include Bcl-2 (B cell |eukem a/lynphonma),
Bcl - XL, Al/Bfi 1, focal adhesion | dnase, D hydrodiol dehydrogenase
and p53 nutant protein. [0084] Useful targets further include
oncogeni ¢ andwme0am269% unor suppr essor protei ns. Exanptesiomabsde
P-Catenin, PKC-tt (protein kinase C),23C RAP, K-Ras (V12), OP97 Dead
box RNA helicase, DNMI1l (DNA rnethyltransferase 1), FLIP (Flice-Ilike
inhibitory protein), C Sfc, 53BPI, Polycornb group protein EZH2
(Enhancer of zeste honol ogue), ErbBI, BPV-16 ES and E7 (human

papill omavins early 5 and early 7), Fortilin & MCI 1P (Myel oid cel

BRIl ERe SRR e
t pt/ TCTP (Tr anStméet GH&#P%QSHEW@‘PW&P@WB protimpricent SRk (GFBRK2he
( Sphi ngosi ne kgemﬁﬁsa)Aqu’&%th deR@b& ty PkeShek bR S B93)) Thd £id1PS GHRAS,

ErbBl, VEGF ( Vﬁ& Qéé' Bnd] % i'ﬂ ‘8"‘@%&‘; i@%‘ﬂr %qxf: %@%%o 095/21191

(BCL2- associ ated

resi st ance- assé‘E’i"E’F“éGPB ‘E"’@P eSF‘GFF@e preading 3338 amingtagif GFP gpopraigim,

cycl ooxygenasee&tamm@wmdpméﬁ:tmdd&ﬁpﬁa;mﬁé%ﬁiﬁsmanP I, mutant

i stubulin, and 0683 fectl on,

targets i ncl udgngl V—} la(ﬁfqus%salLl Lon\%wcbllqg/?sl\ll‘e eagﬂlékj/éé §A HI V- Env,

Lit, CD4, CXCRICPERE naz?‘ﬂfsngﬁeafe ?‘)‘“%‘f RIS BRI AR Bt R pt o ) .
10086] Bec auswory pf Haimmst ald@994) dfatmprant/SFRs cheyactedzed bprb éto-6foldli f f er ent

drug resi st ancanmbveaRRh O&itRich BGpiwi@®NCE pat hways may be operati onal

in target cells. Therefore, the functional nucleic acids used in

rr]v;t lf;ods of the mow;e rKrloQ-l%r @pyof@e@uhéreleﬁm&gesoamgdwm dRxprkRion bﬂa&kgnce

[ i opsy sanpl.e gui red dru

resi stance, spag rferll‘%rsg? \g%:ng}]{tkﬁfeé gacf%f’dn%&eﬁﬁﬁ’ygﬁéﬁﬂﬁﬁgbwsﬁcg’ﬁ% abl e

expressi on pl aged &fne pipteetha host agping doxisrleveld of the ntibiotis G418dwiblgetzensi al

cel | - produci ng eixagihgdihpdrofSlate ddictasebinEdis reSistdabe@ riedofid-aEUEE teeconbi nant

killed bacteri ss the acquired

drug resi st ancgi11 % %@%ﬁ%{%ég%%%ﬁ}:%%8%?88%§§§Q%5g5| Rt VA Mol ecul es
. 100871 Short F‘i"}f”é’l"?‘é‘aﬂcﬁlg RNA (si RNA) nol ecul es are useful for

perform ng RNA interference (EtNAi), a post-transcriptional gene

si | enci ng nech&PE%m Othereshea faysed? tenprier plpmehinplude those fanaan frpisrm 2 o

doubl e- st r andetosRhilledizkcedal kelbto expresi diginguidiingaltiadfateaintigring ¢ RNAral

mol ecul es T 1 OMeRRAYE préfink gmﬁlbmw g%deHﬂﬁérE‘éétgbd@ﬁcﬂ Q@gadlw’@etgéaab@@ naned

for their abilit ecifically tointerfere wth proteln expression.

Preferably, dodB 0g"t’i"”ﬁhded sifi.NA nol ecul es are 12-28 nucl eoti des

| ong, nore preferab 15-25 nucl eotides long, still nore preferably

19- 23 nucl eoti des I'0A& and nost preferably 21- 23 nucl eotides | ong.

Theref ore, prefl®@9le Pmpruulinthe invension maebel@y plySiologidallyds, 16, 17, 18,

19, 20, 21, 22 pha2BacoRgicalRfactivéBubsiideed@it HoduS arudﬁlle@mu@e@st&aicleﬁéwhh-

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, paimitate, phosphate, nitrite, nitrate, borate, acetate, maleate, tartrate, oleate,



[0088] The | ength of one strand designates the length of a
doubl e-stranded si RNA nol ecul e. For instance, a doubl e-stranded si RNA
that is described as 21 ribonucleotides long (a 21-ner) could
conprise two opposite strands of RNA that anneal together for 19
conti guous bawe:paprésngs. The two remai ni ng ri bonucl eetistesge each
strand woul d form an "overhang." Weredan si RNA contains two stands of
different lengths, the |longer of the strands designates the | ength of
the si RNA. For instance, a dsRNA containing one strand that is 21
nucl eoti des |l ong and a second strand that is 20 nucl eoti des |ong,
constitutes a 21-nmer. [0089) Doubl e-stranded si RNAs that conprise an
overhang are desjrable. The overhang nay be at the 5 .or the 3' end
of a strand. PFiPBHIanYthe Jike. For agididmgs,Falisofinetals, amfnes RNWgagicantipns, The
length of an oweekaiply, gRiess dhmdatii, S e evdbitivitteadrarls, bud@s BQUt 5
bases, and mor gt 2SRl died G BORM. RohbEhAISS oG0S (B Srabl v
conprise a overhang o

—+
N

t he si RNA of e present 1nyentjQon w 3. f
about 2 to 4 bé%é‘?ﬂt%r‘“@‘%?ﬂi’fb&r"aﬁ?‘,’e theqeet.pr axA haperflspivptivethereot, which
ri bonucl eot i dedn ditherdnstafeeger byots deljverefigsoninriyd bit deayries Hybolywsl by aicibdéys
conpri si ng t he A, or By 6hbamMG:bakEprabeiselith e bhDinal h@ﬁ%‘éliqaﬁ& BMbstogh, t he

invention are designed to interact with a target ribonucleotide

sequence, neanigagijt NAYRCANE ifdlide BitnoferbRuGEeRE oS ;s{v'egéeﬂg,t ly to
hybri di ze to thﬁot‘ .rr%nt the 1 nvention

arget . sequence., l.n. one enbodi N
provi des an sil :]N}fs’%B{aeo(’:“ﬁgﬁen(t:sb%%p?lg?crfﬁmﬁwg?sbﬁﬂﬁ PO IR S tRIPce at
| east 70% 75%qnigEogirg sdiveinggagmes swhich pay be ng@rally occurring or produced by
2008/ 012695PCT kfnfhidfiot/rEHom8Ront hbihbdy. @ target ri bonucl eoti de sequence
or the conplenent of a target ribonucleotide sequence. Preferably,
_tge si RNIA nol eqalg iCruglthde RS Y cifERA! n&ﬁ?&ug%s%ean&%%{% p‘ﬂﬁ{’c’?xm 100‘%]1
identical to thg-tar -ho eot i sequence, or. t co nt o
the target ri b%ﬁ‘%ﬁ‘e‘%ﬁ%‘&é’*@é%@ﬁ@& %Eag?l Sa@'é’f ‘éur%%{f)sinflej angﬁm %ﬁ‘i&&v\n | |
be 100% i dent i &Hfreqyslines & g SpEpatbicinary dgpprykicial RYA ersceptiop fréibitonp| enent
of the ri bonuclentaiitlemyeoin astmicidomy ibilizigRhas (3, adlit=R6). Vs ilbudkar
insertions, delgfipig or single point mutations relative to a target
may al so be effective. [0091] Tools to assist si RNA design are

readi|y avail aplofsit Gn il Whlelrneoleerst AIRL B pREARIBHECEOAREH.ST R

design tool is availa i(?rgon tl e | nterne . con.com [0092]
Rel atedly, shRRIREOREHBY (8% Melude pitogen mustardsy nifosomigas, ethyleneirgjperalkage
stem | oop st r ustlignates, \apazine, Hldtiows cemposwisgiyeniiing knddps, podwghaogent ary
segsehanld ant i S:ﬂiﬁ&&p&ttésaﬂﬁfe dalads, HORRYIIRE, @:F]aﬁ&yhhﬁ-ahﬁroﬂadw Si ]BNA
and the | oop i . varying size e stemstructure o
shRNAs gener al ?0)1/) ?}fésnl‘c Jég {ﬁlﬁagg%rﬁ %dﬁm%gﬁgﬁeg Bt E?(.’)"Pr?]afﬂé‘mé%?tﬁﬂaepg Lél"@ﬁ ge
Preferably, théCHoENeipD: SHman AfaiCetupsarzolyraspaasimse, BETS Sidalitaguideor | g,
nor e pref er abl Plebby@s Busittas AlpattsbideTeghopldin, ICkrboR4thuwn] Gintisald, pcii; 23
nucl eoti des | 0@moéﬂﬂuémgiﬁﬁ%sf:ﬁ&%wcﬂﬁxﬁ%y&&bﬁks?f?&r&iﬁ'e%g&%@e,
- | conmpri se stens that

Ther ef or e, pre[:er r.ecd %Iin ecul es nprLi s [ _are 12, 13,

14, 15, 16, 17_7TE"Gonge yipxanybacabazinephactipomycipeDauperubiging . o9

nucl eot i des i nPrEsAgrane. Icpiayse) Rogorubicin, DTIC, Epirubicin, Ethyleneimine, Etoposide,
Floxuridine, Fludarabine, Fluorcuracil, Flutamide; Fotemustine, Gemeitabine,
Herceptin, Hexamethylamine, Hydroxyurea, Idarubicin, Ifosfamide, Irinotecan,
Lomustine, Mechlorethamine, Melphalan, Mercaptopurine, Methotrexate, Mitomycin,
Mitotane, Mitoxantrone, Oxaliplatin, Paclitaxel, Pamidronate, Pentostatin,




[ 0093] Ri bozynes are RNA nol ecul es having an enzymatic activity that
can repeatedly cleave other RNA nol ecules in a nucl eotide base
sequence-speci fic manner. Such enzymatic RNA nol ecul es nay be
targeted to virtually any RNA transcript, and efficient cleavage
achi eved i n vivorzasof2@994] Si x basic varieties of nat mceishoyn@eeurri ng
enzymati ¢ RNAs are known presently. Bach can catal yze the hydrol ysis
of 1 ONI A phosphodi ester bonds in trans (and thus can cl eave ot her RNA
nol ecul es) under physi ol ogical conditions. In general, enzymatic

pol ynucl eoti des act by first binding to a target RNA Such bindi ng
occurs through the target binding portion of a enzymatic

pol ynucl eoti de_, WD 2098/ 012695PCT/ 1 B2007/ 003489 32 which is held in
cl ose proxi ni t Y8 Hh ey 7 REsgeby Sty Stertezesiny 87 & Strelezogtt s t o
cl eave the t ar TreoxRhiATeridzolomide} ReniportdeBetrpainep Thiggaadhee Glivtele, Tonnsitx,
recogni zes andrdpb@umPirasiaiphn! B kxRNRinbRitRY O O0R BARGEAT Y

base- pai ri ng, gnd ncewté?éjgl?dﬁe?odt he correct site, acts enzymatically

to cut the tar glélf’re egi ¢ cleavage of such a target RNA wil |

destroy its abjlity di rect sypthesis qf .an encoded protein. After
an enzymatic p %ﬁuﬁ%ﬁ’t"?‘ﬁg ?ﬁi‘gfg&g%‘??ﬁgméﬁagmc}?cé‘ﬁ\?é%ﬂﬁ%a Spefet, it
is rel eased frbrvteaand arjasnhosphanide hlkflonlioanetes shely as Busulfer, Imprdsulfappnd
rfepeat _ecbl |y Dbi npip@aBngizanes AeMas Buhgabs, Caaamt, ﬁ&&e&ﬁsz,wmelaoﬁa,alt ure
of a ribozynme ANt . L .ecule is
able to cl eaveét%%g%%la@%ﬁ%@%&%ﬁ#g@%“%&%’f%é% \Z?éele n%oeg%le%et_’ rations
of riboz-yme ciftvlseerherrhasamigiyictiylsosiponhewhapramidasad fimedyivlomelaminsi i se
one of sever al nitrogen f@stairubiuei Chipransbond® ChiemapheEees Shol@thophamide] 992) ),
ga: {p| n ( Ha”pehs_uaﬂgsg?fé, 'Iﬁ)%f&m(d%%@%@tﬁﬁiﬁigm%Eﬁ&ﬁor&hmiﬂe]&%gh%drocgﬁﬁﬁé,' ti's

elta virus no rotta a een ,..grQu jntron (U.S.
ot ent Mo 4 oMtPtEI oy e Mo e Bt o e SR e
sequence ( Guer nifreyres¥ sich daCannustihe, Chlo®88)c)n, Feteroushjeu i asystimeaNivS siRi=A
Efg\égl) I) e '?(r:\ COLﬂdiHiﬁi_ﬂ?l_gt&gg}lﬁbi?ﬁ:\.! bidch & &1@&5&%@, Ai88dycin, lmhllﬁh@&p,& dive

: ese,specific noti are no mti.n S. that.is

ot ant 1 arEREEs By, e bath it By NambiRion o ¢ ¢
substrat e bi ndFfginephiia, Einerpoipgsing.dirstinoppeie. dieynarebicin Peterubigisy &dipzer et
RNA regi ons, a@g-li-halteudiie, Daxteabivig BfibichCESafiDERAGbicH Niditallofcin,
surroundi ng t hgt, s },F,%Io e@*g@%iﬁ»%ﬁ%hﬁrﬁyc =bﬁb‘¥‘l"?ﬂ§ri J%cﬁ{\lA cl eavi ng

activity to the nolecu I yozyr des .0 .lhventr1on_  may
conpri se nodi f FEEeBYFRSHIRA @8{%@%%@%?, SRS PR RSP IER ¢y,
targeting, et cTybereNir Ubtnimes LdogaigrahZesbiencotiimgbdlive sichbozynes may
be unfler thl\lli gﬁﬁ&l’)@xa@fm@-lﬁﬁ&&%ﬂ @sngs)f Foliblichd/, B Hﬁkﬂs,l?[eﬁéﬂﬁéﬂm,asi hf ?r
exanpl e, e or ol yier ase o] r,..so.tha
transf ect ed. cg%e%ﬁrgqm\fm&?’l%ré%ﬁf&aél surt ?eé‘%/t%’_r? fm?fqaﬁ?ll?ﬁsts?%sas nglfl ‘?ﬂt“ﬁ"e“ “Tbozyne
to destroy tar JecanRgoRfe N uriritesyd Joiosurniie:ippining anajognsirhags on.
Anti sense (O i ganditkihe Akiciliine, 6-azauridine, Carmofur, Cytarabine, Dideoxyuridine,

Doxifluridine, Enocitabine, Floxuridine, and 5-FU; androgens such as Calusterone,

Dromostenolone Propionate, Epitiostanol, Rnepitiostane, and Testolactone; anti-
adrenals such as aminoglutethimide, Mitotane, and Trilostane; folic acid replenisher
such as frolinic acid; aceglatone; aldophosphamide glycoside; aminolevulinie acid;
Amsacrine; Bestrabucil; Bisanirene; Edatraxate; Defofamine; Demecolcine;
Diaziquone; Elfornithine; elliptinium acetate; Etoglucid; gallium nitrate; hydroxyurea;

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



[ 0098] Antisense oligonucleotides of the invention specifically
hybridize wth a nucleic acid encoding a protein, and interfere with
transcription or translation of the WO 2008/ 012695PCT/ 1B2007/003489
33 protein. In one enbodi nent, an antisense oligonucl eotide targets
DNA and i nt er waremowmsdsh its replication and/ or transetifkdofizssd N

anot her enbodi ment, an antisense ol i gwnucl eotide specifically

hybri di zes with RNA, including pre-rORNA and nRNA. Such anti sense

ol i gonucl eoti des may affect for exanple, translocatiori of the RNA to
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 in or facilitated by the RNA The

overal |~ ef f ect PoitostatigsFhfnsmet Pisnghifin ppdorhlliniprgid Hetylhydesdesase, or

i nhi bit target Pprabtaine; RSKE; 8smkoe; SiABRROSpirofdrnngmniedneabiiclaid;r efers to
a pol ynucl eot i @%z QJEEVZJ §=Immhi09crm meeurehmmlﬁée&ﬁttﬁé&b%&' eoti des

(nt) to about gM onyc use_In the rnvention are
preferably fro a&?fé‘fhsmf r‘f“btdaBIst'f“ YRypobrmansGasytginey Aibiersilst i de nay
be a natural | y{@eetl) tylyripksyiguivechie®Pi;dexoids, g, Bachitahae (FAXOL®, Bristol-

ol i gonucl eot i detyefdlsq@BmOsdoRgY, 'rPel@o%mH&m E}%ﬂm&bfel ﬁﬁxdﬁi@@ rRhopdi i ed

ol i gonucl eot i dg g{gc}m QIW\“&O,, 'éiﬂ %%rl emcitalia%,rg thl(?ﬁlé‘dmﬂ&m

ollgonucleotldes or gne or
modi fi cati ons &’f"f‘laﬁép%F é&%"&?"aﬁeﬁ}@}m@fﬂn@?ﬁé syrh ey EisplatinghdCarbopiating

structures of alidblastinegpiytingh; didpesieaVeas); Hugaﬁiixdé’mhﬁhlyﬂﬁc, Mﬂ&;@m&ﬁb,eosi de
phosphate [i nk%ﬁ:ﬁsnng'sw%m:m@%a;e%: m&% ?BM

substitutions qr .a cqQ 1.0on, o lcations at f S€E SI tes. The

i nt emucl eosi de Sira q%F’r’l'R"é‘ﬁ"@%“"r’rQ]Tﬂé’tﬁﬂ?&&’ﬁﬂ?ﬁdi"@&‘@rns 2000;
phosphot ri est edifluphusthylonirised MED)gttingicarié;, Espaaniicing Cagecitabine; and

car boxynet hyl e§ﬁa@1§1ace@t€é€ﬂﬂ%e§&5ﬁ sa@aaafemh%m&ebb% Bfkhe ada{;et dugs%dt
oro | oal e,

phosphor ani dat e rj.dge 20
met hyl phosphonacuged %asngﬁlgrr"gg |aﬁ%"|?s(§'gta°% %nr?%“ E‘Jie G 35%’?%1%%%& e or
sul fone i nt erru@*’fé’éﬁﬁ“efbasl@thksﬁws ingjpding @%ﬂmlﬂe Tgnoxifeyy, RgfoxiBne, | i nkages,

and conbi nati oa&nﬁfaseﬁnlﬁtin@m)hﬂrdaioneaJ@&gaﬁoxytLh@uﬂaﬂQ&Bﬂﬁdé &sb8nd | Nkage
may be repl acqu r{s & A% ?&Exa&éﬁ%?a&e‘st@ﬁa&‘ﬁm@ﬁ}%g déﬂ%ﬂt' %Eh' oate,

met hyl ani no, guan I ne, and

onat
the ribose subéﬂﬁl %@%ﬁ?ﬁﬂ@f@%%ﬁﬁ‘% arﬁ’éce%’égltl t ut ed
(e.g., hexose pmmgﬂimiltegctmrordmpimdﬁ‘amu@ﬂﬂmabm&m ds). The
nodi fications may be internal (single or repeated) or at the end(s)
of the ol i gonuddoas)t i Gefuhdiisailsh dncluderetakinys. iBxehpleiof adt cytolars 20 t he

nol ecul e of th gﬁmaqh&gﬁmem@ Hgﬁmﬁtpglyb@ﬂm%ﬁcne§ YdhcBSamong the
deoxyri bose an hos at e I ficat
20081012 695PCTF]F@T 8‘? r%}ém?ﬁfs such as human growth hormone, N-methionyl human

growth hormone, and bovine growth hormone; parathyroid hormone; thyroxine;

=
=

insuling proinsulin; relaxin; prorelaxin; glycoprotein hormones such as follicle
stimulating hormone (FSH), thyroid stimulating hormone (TSH), and luteinizing
hormone (LH); hepatic growth factor; fibroblast growth factor; proiactin; placental
lactogen; tumor necrosis factor-o. and -B; mullerian-inhibiting substance; mouse
gonadotropin-associated peptide; inhibing activing vascular endothelial growth factor;
integrin; thrombopoietin (TPO); nerve growth factors such as NGF-$; platelet growth
factor; transforming growth factors (TGFs) such as TGF-o and TGF-B; insulin-like
srowth factor-T and -TI: ervthropoietin (EPOY: osteainductive faatars: interferons such



whi ch cl eave or crosslink to the opposite chains or to associ ated
enzynmes or other proteins. The terns "nodified oligonucl eotides"” and
"nodi fi ed pol ynucl eoti des" al so include oligonucl eotides or

pol ynucl eoti des conprising nodifications to the sugar noieties (e.g.,
3' - substit ut edorfoA@e| eot i des or deoxyri bonucl eot i deCTBHICYIRNE) , any
of which are bound together via 5 t&’3" linkages. 01011 There are
several sites within a gene that may be utilized in designing an
anti sense oligonucl eotide. For exanple, an antisense oligonucl eotide
may bind the region enconpassing the translation initiation codon,

al so knomn as the start codon of the open reading franme. In this
regard, "start codan and, "translati.on initiat

efor 1o the pBIPFIORE BT FRE PRI R G e

| east about 25M{&SEk %@dwemmhas@cﬁﬁfﬁl\ﬁ@vﬁﬁhsnﬁwe@m -G8 (GO§FR| t her

direction (i. einterloukin3{ILS) shch o5 MM AL, BIS TRS] 0.0, 11126 tu,atlmnm:@ﬂm,
[ 0102] Anot her Sil é) -@%%Qﬁ&gs@?a%%g&gﬁ 8501'_}\%9& ?rcﬁ\ﬁ‘r

term nation codon gT{ e gpen %é fmltop codon
regi on" and "tP%%P@FF@F?ﬁ%?‘?ﬁ‘%W@H davr Feyitsisedperiarthefsieral |y to
a portion of seedkig indfRiddFpreteingimmendrha toeres ofpass@mbinaateibdultle ant

about 25 to at bibr%gxéény%@ﬂéfeq@@leﬁ@B%&QMUése&déﬁéeec?Iokﬂ%s in_either
direction forma translation term nation ¢codon. [01031 The open

readi ng frane R;bwﬁo%Qﬁruﬁﬁgﬂ% fbh&gseg%&qpé%ﬂ% @Jngﬁécﬁ?}a dﬂfgtdet‘(wﬁhxyg The

open readi ng franme ener al | o refer, to ere |on
betvieen t he t r SHEPSERSINCHT 17 %‘?%"%eé‘@%ﬁﬂ&h%f‘%é@fvﬁlaﬁ%eﬁ% PHIfHve
t erm nati on co#dircancindrmape¥eetess.JEP 3F/EFTH VP 81/OHAS;3).S. PaientHoss. 25838

region, which InSgeﬁéﬂﬁ m@&:&y@@coﬁufporﬁnﬂﬁmﬁed ﬁyhﬁ@mécapﬁhblé §GEaRdnkrom t he
translatlon |n|t|atlon codon ;[%m nucl otld between t he

5' cap site ana" fh’h‘% ntsll,l%hnas\rlﬂaltslo gsnto cove 01%5 more. twe, oto

I on coaon
correspondi ng i des on. 4 . '
ot 1 anorat ed-r BIPAE Honb hatng ama%?lan»ﬂ%@@“ esﬁacéwfeﬁﬁ%ﬂmdmg i
ol i gonucl eot i désontw rewleremlqi enedingaching Foxf expmple aPhegmidpay eicode aolrug he
MRNA i n the 3' mdiik&gkdse@n ;Jsrdemxﬁmmlar&a%&a&usom% QﬁH@s@&d‘siﬂaB@n&@d@ﬂs and

t hus i ncl udes ngﬂggér?&t Mr%%ﬁmp 5@&1& &@igtl.t% %xg%gg&atl on

codon and the respon I ng nu of the
gene. WO 2008A8¥¥E95PCT/ 1132007/ 003489 35
Functional Nucleic Acids
{0678] “Functional nucleic acid” refers to a nucleic acid molecule that, upon
introduction into a host cell, specifically interferes with expression of a protein. In
general, functional nucleic acid molecules have the capacity to reduce expression of a
protein by directly interacting with a transcript that encodes the protein. Regulatory
RINA, such as siRNA, shRNA, short RNAs (typically less than 400 bases in length),
micro-RNAs (miRNAs), ribozymes and decoy RNA, and antisense nucleic acids .
constitute exemplary functional nucleic acids,

[0079] “Regulatory RNA™ denotes a category inclusive of RINAs that affect
expression by RNA interference, suppression of gene expression, ox anothey
mechanism, Accordingly, in addition to shRINA, siRNA, miRNA, and antisense



[ 0105] An antisense oligonucleotide may also target the 5 cap region
of an mMRNA. The 5' cap conprises an N7-net hyl ated guanosi ne resi due
joined to the 5 -nost residue of the nRNA via 5 -5" iriphosphate

| i nkage. The 5' cap region is considered to include the 5 cap
structure itsw®lof200a812¢88l | as the first 50 nucl eoti des ratjsansniist 0 t he
cap. [01061 Although sone cukaryotic #RNA transcripts are directly
transl ated, many contain one or nore intron regions, which are
excised froma transcript before it is translated. The remaining (and
therefore transl ated) exon regions are spliced together to forma
continuous m tNA sequence. nRNA splice sites, i.e., intMe-exon

' ti , ible t ' \ d ticularl
Lserul T’ si ¢ uA BhieGRarD s PRRTOU R B prd lpa s

di sease, or whéf® an overproduction of a particular nRNA splice
product is inplicatesgershsSivsfamtucMy.Qayer, aberrant fusion junctions
due to rearran nt . e. ¢ i-bl e rgets for

anti sense oli g%ﬁ@[ ef‘?)’%l %{ﬁ'@%ﬁl‘ﬁ%ﬁ%ﬁt’%ﬁ lﬁ%%m ﬁ%spg‘_g%g?l LSIL%E-%%. g’;me?r sites in
mind, anti sens&*5PTRyBIRRIPEDatRremetesruegpsistages pibiteaveptgsisas RigmeRent ar y
to the target peiplsrisphestipeeSiconistl ahgicaion sBimetibGbnRplcRRkadgles mef er s
to the topol ogiuea coOPRivk Bich ait¥evl in HRLE %Maﬁgaﬁél%géﬁésoésfbg@fci ont

interacting sutface f two | ecy] e Ther e must [
degree of conp F’%"?P@ﬁf“fﬁ PP rﬁgféc 5@,@3889452 REFeRGFEN 1 Wint! 44 (208PeNisthg
speci fi c bi ndi mtpl.d2t08) Sapjent and doutskee(2¢B), ordwot @ ok, (2009 Aegud diel. (2004),

pol ynucl eot i de Chaif got (zobdypor t antly, the sequence of an antisense

ol i gonucl eoti de need not be 100% conpl enentary to that of its target

plo! ynucl Ieot It dg [d@l]b@raagf@hsticlsﬁiwhetbmg }ediis.%%b bShstittéd gé?etrfe_ j és&é@f of
ol i gonucl eot i i ific ridizabl. en_bi ndi ng .0 e
anti sense ol i gg'hnﬁt(%ﬂnélg’t%?l 6" 'gs't %prg'_glr" gty °°3tln3g/‘ﬁ\é\% a&%"t‘?%%“% %flgﬂ”%?res

wi th the nor mafrtnsiqeirieapsisancs: (Féher disepead cells) speirs|terearicells, ipitiallyaespenddo | oss
of utility, andridbutdetdneaefidiofy distiRéquel GEmRer®Eycha i reHRRAT eddiype t O
avoi d non-specid..c:.0hh NGl . [ & g: c [ .

non-t ar get sequedﬁ%élga ﬁ%@%ﬁﬁpﬁ&%hﬁﬁﬂ%l rgsgsgﬁgei T ﬁg&eﬁﬁ%&?nﬁﬁlgi S
desired, Le., OerEF UHRDETE sBY & Brelveenieirie (FofRs Pl A% FRE LAYRRL.$BGBY. vi vo
assays or ther &ffRtesseridisderadtens, Myltidmgiesisantdypoteiasp MUR-2 sndNIDR-G. assays,
under condi ti ORERA2AMWALELL GBS A% R18bBteRS HCRLABL (realifdint cluster
2008/ 012695PCTB2007/,003439 36 O%g%{ 2‘% antisense ol anjd eot i des
may be at |easf abod THrePYeagens: AU PG EHE 1 n one
enbodi ment, t h&sipdedeipsdrotingunigelyempicden cleanfadiar kapa RO Kaambout
30 nt in | engt osdDiRRInedting eonp I ERCET @htigo dissh-06thpelRmtirSReR)] N

d it ' b I d
through the ve %g;ggggggggﬁﬁiﬁﬁaﬁ% Buf RIS 1l o PRt O

for such synthé PRgetn irvelysidn aauited dpg resisiinteu g PreTigEYexanpl e,
Appl i ed Bi osystutrrated Fadls fadlrto Gspropd 1o@A) or migaeydragshibe resttam shehatypessich
synt hesi s knoWisirdict A8 eRdnipld'8¥% paktEH doh@B@ink ¥ intBihsielifiAA XS (Hnd €

enpl oyed. It i N p.use simlar techniques to prepare
ol i gonucl eot i dgeg%\%{‘%ﬁé%gd\?rﬁ%mbhosphor ot hi oates and al kyl at ed

derivatives. N I G, ACi Encodi Functj onal. Nuc| ei c _Acid 0110]
For purposes o % ecﬁaf]u\?gﬁ%l'%sﬁgpta L}?Wftacelfm 19 1P e pEiteREapg ﬁ)

contai ns a fun&ipiggeassetiebrepster eyl as P-glyeoprotain, MOs2.MPRE) BERP. aci d
encodi ng a fune@Pronahd DRel ei ¢ acid. For exanple, a plasm d may encode
a functional nucleic acid that is expressed inside of "manmal i an
target cells. This makes possi bl e endogenous delivery of functional
nucl ei ¢ aci ds, which has advantages over the transient nature of
exogenous delivery.



[0111] Thus, reconbinant intact killed bacterial cells may carry

pl asm d DNA encodi ng one or nore si RNA sequences ained at silencing
chug resistance or apoptosis resistance genes. Using killed bacteri al
cells that encode multiple functional nucleic acids, it ii possible
to treat cel | worweatiz@xpress nultiple drug resistanceprcBivenmoBvs .

D fferent si RNA sequences can be exprZssed individually from
different pronoters. For exanple, siFtNA targeting Pgp nRNA can be
expressed fromthe U6 pronoter and si RNA targeting Bcl-2 nmRNA can be
expressed fromthe HL pronoter. These nultiple expression cassettes
preferably are carried on a single plasm d, but may al so be on
different plasp.ds. Dfferent si sequences al so can be expressed
froma single @Pgﬁot[g?g’ft%ﬁ%‘? Usq Ifdude @Ol fabsrniribpts o ppoptesisresisieacea n
expressi on cas$ksst incledsfst-2 § cbildfukemikAymphema), BRNK:, 16t figalsdopsienc es,
which are | i nkgidask,agBidhRAIo] ¥dhdd:BQRase Ml BYmBRhopRIGL eot | de sequences. A
single gene transcription termnator can be placed downstream of the

B it s ctfn LG LG R
S . S _ S sens
strands of an g?kﬂﬂ%@%ﬁfﬂ%%gﬂ%? E&W&Wﬁ‘é?‘ﬁm (f)h‘g%ﬁ-}%
expressi on wi t Vi3 XPPBPepdiboe BN helfppssr PRIMZT & (WA fgthyirEsferasoNafLIBi RNA
dupl ex_esR NAls nt ﬁ(ﬁie@m&%numaﬁ@wtad), sts&‘@sm,,Pogccﬁalhag&mp@r&&iﬁ_Eﬂﬁﬁt ﬁnte ](c)r
nore si BlaneR NSCI | at forms
a short hairpin W&sfggﬁgﬁgﬁggggfgf%ﬁﬁgﬁ%%g?& ] n%??ﬁ%ﬁﬁ"f’%‘s may be
processed by a®¥Fcérd @Ry yhECTHE & MR OYisteid coll jonkeaia pprateimh RGP cal | v
accept abl e car (ARE tekBdgHroiiPhZe),MBRLIMedR] CHG biodiegioataing b2, &liiLess to
ohystof ol cal_ et hreRBrBERL b EaTaEes L o O
XCi pi i | VI i ti
bei ng admi ni st gﬁ%%@%‘%ﬂ%ﬁf‘?% 4’33)%1 Pﬁ‘?r‘t‘d?l iﬁhkaikégéfﬁ‘)l[)’ "ErB%“ g"slng'%ghe
or gani sm i n WhiVERF (Yaspuar gaiiethelial gromticfect®h BoCeik(BELR G sstdjted Hmdegensi)n”
[ﬁf ter_s tof fr eeMRf 'm,qm.m_a,c@m‘lsﬂi %ﬁstﬁd@&}%ﬁa{%ﬁﬁftdﬁ,m&h%ﬁst@n@aﬁ&fi tion
at 1s "free n xj.n" c a I W a
bacterial cell Srr?gﬁﬁggfr?e).&gxl a?:%?’rb%%?af gg?f kta’FPéit @%Hﬂgg‘?g?\‘tcgg??’ym?arng% of

endot oxi n" | acR&ulip edmrever 8pfersquantity or concentration of LPS to
cause toxicity in a mammal, such as a human. Endotoxin/LPS that is

unassoci at ed w9051y Wisheeearq 1QIEITY dnfectipm targets irshudp HEV-Tat HEFRevs BEV-VE as
"free endot oxi HIV-Nef, HIV-Gag, HIV-Env, LTR, CD4, CXCR4 (chemokine receptor) and CCR5

(chemokine receptor).

[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.



[0115] Endotoxin can be elimnated froma conposition via filtration
through a 0.2 pin filter. Free endotoxin and endotoxin micelles are
smal l er than 02 pm and hence are readily filtered froma conposition
that retains killed bacterial cells, which are larger than 0.2 | AM
Addi tional | y, wawedswoizssei d A nonocl onal anti bodi es canepbemusessko bi nd
to free endotoxin. The anti-lipid A mfnocl onal anti bodies can be
bound to a solid support such as an affinity chromatography colum or
magneti c beads via their Fc conmponent, |eaving the |ipid A-binding
Fab fragments free to bind to free LPS. Bispecilic Ligands [0116]
Conposi tions of the invention also may conprise one or nore

bi specific |igands. F@Jgﬁ{}ds useful in the invention include any agent
that binds to a suf Lof ‘f)nent on a target cell and to a surface
conponent on altR$T]| SdobmterlennigdNACEIRINA) miglecules are useful for performing RNA

2008/ 012695 Pdin&asgmmﬁs%%stmﬁﬁfoﬁagmexylenangméaﬁm? eA&&HﬂQ{be nt on

a target cell i e speci
medi ati ng endocytl%'se[:m({%o(;l %ﬁ& w{ae“% Ut ﬁfﬁ‘?&ﬁé’gt‘%m&ﬁr ‘Bélﬁ'f‘ira@ge and/ or
car bohydrat e chAvpbiem m°1&ﬁths#6@|ab@1t 4t e apmpdnueleetidey Igugatrbich Eonamed

exanpl e, a bi spedick eiligspedcifiody td ke afth p;e&m@uﬁlsssﬁﬁembfeiamytdo@@e-f or a

surface conpongpf 1 ARrRRBChakdRL LY 19 8¢ h\%éﬁgnde{llton moreiprefera lbﬁcﬁse rial

cells and for a sur?aoe cqQmponent can be
used ef fici ent PYpleptdes Eﬂ”@é‘i’“ PA% Pi?ifel"’%"é’dwt?éet‘"é?@éﬂs lgng prcsmeshprefembly 2i-g et
manmal i an cel | & pudleviides long ithereforey prefrred4RNA abkgossyread, 13SBE U, 16,i1gands

al so includes 1£38R00NS22, 803Y. T8, P BUL RnRRRIESE Fngh UST On/ chi neric
proteins and smal I nol ecul es. [0117] The selection of a particular

ligand is made[ﬂ@ﬁh t Wie Q:Bétﬁr@f ohe QtFah& Egsfgﬂates(tﬁe)len?ﬁ%gh Eéu%leghg}%tpgﬁhlﬁg one

or nore donmai ns C I nt bacteri a s and
(ii) specific BP %111%3%{5’5‘8}?% gf’&llr‘b dggﬁﬁﬁﬁgh%ﬁdf% bed@itlace of the
target cells. mbraycledtidesdengda Plrméreraalsl cpmprisy evcopbosits strandsof RNatthacar r i es
specificity f Ommngal Basharhabynigeb ¥R pdiftied Clhe kird leRfinR tbahiadsage! |

surface structgngclfggm@w?%gmana‘rmrp hat ‘% arri e’ﬁq?‘pem i Ci t%a&f or. a

mamal i an cel | ~surface structure.’ EachH Spiaipgiwe & farms
may be nul ti vafifrent lpeks, é‘?fdngOfé’&éﬁﬂnd%%iwtqﬂrﬁﬁé@ﬂé@fﬁlP siRNAy Ber | f

mul tival ent. instance,a dsRNA containing one strand that is 21 nucleotides long and a second

‘<m

strand that is 20 nucleotides long, constitutes a 21-mer,

[0089] Double-stranded siRNAs that comprise an overhang are desirable. The
overhang may be at the 5° or the 3° end of a strand. Preferably, it is at the 3° end of
the RNA strand. The length of an overhang may vary, but preferably is about 1 to
about 5 bases, and more preferably is about 2 nucleotides long. Preferably, the
siRNA of the present invention will comprise a 3’ overhang of about 2 to 4 bases.
More preferably, the 3’ overhang is 2 ribonuelectides long. Even more pr‘eferably, 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 complemient a target sequence sufficiently to hybridize to the
target sequence. Inone embodiment, the invention provides an siRNA molecule
comprising a ribonucleotide sequence at least 70%, 75%, 80%, 85% or 90% identical



101181 For binding to bacterially derived killed bacterial cells, it
is desirable for one armof the ligand to be specific for the

0- pol ysacchari de conponent of a |i popol ysaccharide found on the
parent bacterial cell. OQher killed bacterial cell surface structures
that can be ewphkwobswreasfor |igand binding i nclude cel bcomsdhaoasexposed
pol ypepti des and car bohydrates on out3%r nenbranes, such as pilli,
finbrae, outer-nmenbrane protein and flagella cell surface exposed
pepti de segnents. [0119) For binding to target cells, one ann of the
ligand is specific for a surface conponent of a mammalian cell. Such
conponents include cell surface proteins, peptides and carbohydrates,
whet her characterized, or uncharacterized. Cell surface receptors,
especi al |y t ho®@ WE shpmelpgtids sepnepeq qr fi§ crmaplesprobelateest sbetclenidocyt osi s,
are desirabl e wahdncs Fréferaldy, thosiRdirentiguledy atleast %) 3¢k, 986,GM% WPt Or S,

if over- expres mopmo%hé’enﬁﬁl’lg% teﬁ hbo%%l%ﬁ@seq&g&fo?ﬁw@%ﬁnﬁe‘ﬁp&lthe
sel ectivity fo{ar f’i c?eogde seq nccno stpngeézg{yt %gs‘?l%lg,g {/@logpﬁerrmecgll‘tlgl ng

the possibility vVery
208/ 012695PCT/ F‘BE’%W‘GGS@FBQC%@% OERGPmBpmopt pf tbé rikonngiqetids sequencenay
target tunor cHbwaver, SRNASh@dces Wil ih&tiok8dstond d1kBelB flihSmutfish as

endot hel i al cel..§,a409 PRk ﬁlmgg}fgngel I's, Lung cells, kidney cells,

bl ood cells, bone marrow ce brain ceIIs liver ceIIs and so

forth, or pr ectﬁbﬁ r Sfogl]; ﬁaag%sa ?Ekﬁ%‘é ?%1 a(f:cerfadxly a?el?le t8 etpﬁl‘z:} °y rgand t hat

specifically bin ace i red
cell's. Exanpl e?%lecﬁwpgﬁ??%@wﬁ%?gl is svailablpeon diginternes etrbr yoni c
anti gen (CEA), wwhidblrmaeongumes expr essecl in nost colon, rectum breast,
| ung, pancreas and gastrointestinal tract carcinomas (Marshall,
f2003) h?ar egul {0092 e ReptealysshRNER:opristeringle s@ar@loDBNA )that Wtk A btdnBloop
requently ove W, ate
and cer vi cal Cgﬁ%og{egﬁﬁﬁgthé Qerp Eo%?i!?lg of, tg %gn'pﬁaem%gLe%H’ an!l H&g&nﬁg #ngzéts
recept or ( EGFRPa AP 2jdew iRYfewd 38 ?qi?‘%‘lfﬂé?f vasFing e} d'hFurmr s
i ncl udi ng t hosgemnfinictue: dfs@@ts gemmlm dbodtk P tnbbut Srabcleotidk long.Uung and

prostate (Sal Oﬁi@ﬂra%tyatlhc stert g@sikNA%ﬁ'le@Jal&%‘é’ CORY. rﬁr:lgﬂtﬂesrl&%exﬂ&rg breferably

(St ockert, 199 e r ; rpin enzyrre
conpl ex recept ggrp‘s ién g;&?gﬁﬁfo 8?’.‘&3%33?%“&%9?‘3% °(’% d’g’“et al .
1997); fibrobl afsiemellyt%itzﬁ npclpotides long cBystedire, prREER] shRNA radleculss comprise

over expr ;assed ﬁéh;sﬂﬂzﬁ@feﬂal 13;:1|4duﬁ;ll@|17,ad,ﬁﬂ?m2§ bRQBERACH, b %ﬁiﬁ&@?f ?t

at, 2002 vas elial grow actor receptor (VEGFR), for
antl - angi ogenegliiése%gdeeﬁgebqgr?&r apy (Becker et al., 2002 and Hoshida et

at, 2002); folate rgeeptor, which is selectively overexpressed in 90%
of nonnuci nous _ovari an carcinomas (CGosselin and Lee, 2002); cell
surface gl ycocHPSBl Eeberymesate RNA molsaylsa having4p Brsnpeticgeivity daksst or s
(Thumher of at rep&@gl)cleaverithepRIN K mickwes immuthglidtddcisequereegptitic, Whi ch
i's useful for geng. cbameﬁ%yma mgmcﬁ@;ﬂa%e%%&&%hmmw yiyand

attractive for _trea €S SucC stic "Fibrosis

(Kaet zel et al mT@Eﬁ? ef’[iCOTﬁ‘ilfaV%ﬁgé‘?}}éerV?cgﬁ"f °gands conpri se anti bodi es
and/ or anti bOd%"gﬁﬁn tives, 8’5"3 herein, the term "anti body"
enconpasses an"| aﬁﬁuﬂeﬁ“ﬁf) o aagicramatic KA a5 Kegmor i n

vi vo generati oPFe-‘Gﬂﬂ)aﬁaqhwmm@@mﬂlehxdmp@nﬁwﬂ“ﬁh@ph@ter bamdsiibiooly "

i ncl udes pol yctaanbs caﬂereﬂala@@ﬂm&m&edudapﬁe&l pBRlogRRt oRgtng s as wel |

as anti body de t ai.n ntlbo fragnments
(scFv). Anti bo%ﬁ!née(fg1 %nngﬁam?g%&(ﬁ%&l ?%\g{’ ﬂlri"’/teéndhéecf LPEFS q%i%esa %} esent

i nvention al so® é“‘ﬁﬁ‘f%.‘ﬁlh‘éﬂ apget br“@t‘f@ﬁ’ﬁ‘i“ﬁ&ﬁﬁa Wa%mﬂ“e}ﬁfé'ée [0122]
WIld type anti bOdI es have four polypeptide chains, two identical
heavy chains and two identical |ight chains. Both types of

pol ypepti de chai ns have constant WO 2008/ 012695PCT/ 182007/ 003489



40 regions, which do not vary or vary mnimally anong anti bodi es of
the sane class, and variable regions. Variable regions are unique to
a particular antibody and conprise an antigen binding domain that
recogni zes a specific epitope. The regions of the antigen binding
domai n that awe2mmesiesdi rectly involved in antibody beogishg®ies
"conpl ementarity-determ ning regions"2(CDRs). [0123] The term

"anti body" al so enconpasses derivatives of antibodies, such as

anti body fragnments that retain the ability to specifically bind to
antigens. Such antibody fragnments include Fab fragnments (a fragnent
t hat contains the antigen-binding domain and conprises a |ight chain
and part of a heavy.chain bridged by a disulfide bond), Fab' (an

Bt body £ r agri e RAL Hre romny hema RS SROFHB Y Hgletha A i
conpri sing a Falavath tueet Bdi Theomtht exgomdtic polyafcledtive fire Rvgpnizibandithbdr ough
t he hi nge regi enrds £ RNA fhiokh domBlem Bl P Gl B8 rihOl i chain
di sul fide bondg &Qiﬁggctpiur}g‘gfﬁlsﬁitgn% oﬁﬁﬁ?@mﬁﬁ%& gﬂ;

bi specific Fab (a FaB nolecute a?/qugle t f‘ig PRI rAY6G OB ns,
each of which e8Pt RREAN destraydisEbilify taififesteyathrsis efintenpdyd preteia. AferseFv
(tgehvari ablhe_, cﬂ%&t@&ﬁhﬁﬁcﬂhﬂiid@aﬁl@iﬁdﬁhﬂﬁiﬁe&ﬁsIﬁlegit@ght,(ﬂfis Ialeg\ba%)ggng | i ght
an eavy chai ] et her. a ai n_of am no
acids). | 01241a]\?mé%ns??%)ﬂo@?%é#git%%?%ﬁ ‘%g“ er?fefi]&%}élﬂ a?ér:%ega‘ﬁ%?letwst?rgets‘
constitute par{ge04 aﬂhge,t;%m%gqg“eg@%% tggxd‘%rng%‘?grsgglﬁy ar e. olf human

origin or are nodifie _ ultabl e tor use rhn ohumans. *S8%€al | ed
"humani zed ant FEFIPeRolecyieds ahls o clepsiany moleses af reet@EA, effecfve  Osbour n
etal ., 2003. Thkagenratcss bizdnzymedad beaglitdiywgenet i ¢ mani pul ati on and/ or
invitro treatnent to reduce their antigenicity in a human. Methods
for hunmani zi ng48dli Abefubdbozyness cep campkisthne of sgveral imotifs) ieludpgt ent s No.

6, 639, 055, NO. hon585a®E8esi a2 -ﬁg,pgﬂj‘g ' se,
humani zed anti Elgg%e a%ﬁ}fﬁor mgi(\jégzb%f(%‘r afti nglﬁd;ng%ﬁ%@%%&%?%g

| oops, known a %%Tpé‘ﬂrés By mah st Berd P Bh sroprbiRggn (UiSom a
mouse xnAb i nt Batept Nafe?$7.080. RiGeed Rivh axsssetiatiat, with@2 BNARuide kuqaeace et at

ﬁ988; _ ang Ve[ h%_&ﬁp@&k}ﬁ@dﬁt all @88y, Jh@qeﬁfle%faaié @@A@éa{:ﬂg Q{boﬂfng P%&);y f
umani zed anti egener quires the transter of one
or nore additi Qna}eeér(e:gl %ﬁ%ﬁf}: 8%“_ %g’ﬁg%(}fgggﬁ)r gh“f’ F‘?ff‘?gﬁ\ﬁ‘ﬂkﬁ P&g8ftons
(FRs) of the nbU¥iesaaplbhet inipporiagiip a ribdzymeaes this inventibn isittat hhavasiezifit| on

t echnol ogy al seubktaechihitenitchbaed @RPEmerHeeto\bat Ghadite BigeBNA %88, and\O
2008/ 012695 TT&&&%@QZ&Q%%&u@&eS within or surrounding that substrate binding site

which impart an RINA 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
ribozyrﬁes may be under the control of a strong constitutive promoter, such as, for
example, RNA Polymerase II or RNA Polymerase IIT 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 2

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



[ 01251 Human anti bodi es, rather than "humani zed anti bodi es,” al so may
be enployed in the invention. They have high affinity for their
respective antigens and are routinely obtained fromvery | arge,

singl e-chain variable fragnments (scFvs) or Fab phage displ ay
libraries. Sewo@os#Réshs et at, 1994; Vaughan et at, pd@@fpiEhsets ei
at, 1998; de Heard at at, 1999; and Raappi k at at; 2000. . [01261
Useful ligands also include bispecific single chain antibodies, which
typically are reconbi nant pol ypeptides consisting of a variable |ight
chain portion covalently attached through a Iinker nolecule to a
correspondi ng vari abl e heavy chain portion. See U S. patents No.
5,455,030, No. 5,260,203, and No. 4,496, 7/78. Bi specific antibodies

al so can be neff8ly BLHANOALPAEFS 2tsgse eligqnysieatidetargats [P0IA and interferes

het er oconj ugat with $smplisetiop pedidrdmensbyptioh civiagaber ymbadiment) gn anriteaet

anti bodi es or apbhlRR&Ne FRARRBHGorREzehiil RUENEHSREGd L RIE G mRNEE

Kar povsky et aéﬁchan%gfsl. ¥ o%ﬁet sucr%gheit erocon’jsq_légs?t es .arg1 ifficult
to make in a reproducl bl e nEIners BP0 HF e AP PREIEITEAERE o5k REAR as
nor mal nonocl of&Fehpicisdepdatiop)tepsation pipreivin froro the &d4q brdioing efithde
created by di seNAitsigelexodnnge mRMA §fcied il eSHEREVIEREN: Magbaayaee and
reassoci ati on gf i fr . i t . at 87.
101271 Becausealgaﬁlggtr? G%%%\Q;ﬁ%}rjx a T%g%gﬁ%ffg?ﬁ%sﬁ%}at{&géﬁ%c? Séoym% Ea eh have
low affinity fﬁer"‘“t‘s&r‘ﬁéﬁ‘hﬁ‘éttt?r%"é?{? EEXP¥i0Pef ore, preferred |igands made
fromthese conponents are engineered into dinmeric, trimeric or
tetraneric confo0gHt eQliBwuslspfel sefers oo arebpesieatidespmprisiney for Samplndiom nson
and Hol |i ger, &@0600 n@dedtides (ntPOGHqut Hiod 80 rOlignchelSatlded fatyse RAREinveaish
Tﬁdorovlska g} ahpnefe&?_f}lfmim&h 1f59ﬂbu&a{[%oﬁé?ﬂ%&%ﬁtﬁc;ef%ﬁ%ng;b%gat eg ?K
chem cal and/or etic,crass-links. 31 Bl specl.fic Iigands o e
i nvention pref 'éarnggf}fc %ﬂﬁ?gﬁ%ﬂ@&ﬁ? Pé@ S&Jﬂgeé‘%]h""’&'%g?t“}fe P‘,"g%"g@aﬁﬁ?sc for
a singl e conpomente madificd] | ed bacterial cells at one end and specific
for a single conponent on target cells at the other end. The |igands
may be nul tival0dthl dModified dizoipolettide’had “Mpdifiedpobmpdletide”meferhe f or m of

so-cal | ed di abgghofsieotides 83RHhETeoRld Witk bieth 9icQEemiSh BiolHeiSoN 1R d
Sol aria.; 2003, ° (ill

dy.i s .a bival en i ner. fornmed a
non- Coval ent SRS RRETY up Ryl ol B E e eldroh 81 8 S G oo e
sites. Likew s@oiegestiptempelepyide phoghets linkages asyell poip melerdes hefingedded val ent
timer of WO 2068l@ba6SERGRAIMANCTHMIRARAS & obd iee ThEMusauolydsk di ng
three binding gidgsite idRgesdndy Sk 5@0@agme£t§ﬂék£%ﬁot§%gglph§zﬁh&§%im' on of a

tetraval ent tetyaner of four, scFvs, u Sites.
?P&rﬁ‘"’g’

I I . - -
101291 Sever al "if axpte. ?ﬁﬁm?et%é’ﬁﬁ}éﬁﬁﬁ?@‘%ﬁnﬁﬁqa@ﬁtﬁi thigstherhggeds and
fragnment s t her piskphotamidatyalyrideedoeativiane phogphbaate, plesgiptotisteon nmanmal i an

celI's have beenehppiomehid, BhosPiérRatinibIE baRedbtosphd®SicardResuithg | 1St s
grow ng rapi di hiter otiélejﬂggpes?nq’-§oy’[5l’,aolfl5’.-;%?1]%{ € Aglngecxm i zltien OcIf Scﬁ(:h an
antibody that can De Used to 1ornfone arm of & bispechtic 11 gand has
specificity fofimifriokast Thephosphrdiester finkogemumhgseplaced with a substitute

linkage, such as phosphorothioate, methylamino, methylphosphonate,

phosphoramidate, and guanidine, and the ribose subunit of the polynuclectides 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



[0130] Anti body variable regions also can be fused to a broad range
of protein domains. Fusion to human i nmunogl obulin domains such as

| gGL CH3 both adds mass and pronotes dinerization. See Hu et at,

1996. Fusion to human I g hinge-Pc regions can add effector functions.
Al so, fusion wo:2wetemdl ogous protein domai ns from nubgrmmEwieaspr ot ei NS
pronotes nultinerization. For exanpl &t fusion of a short scFv to
short anphi pathic helices has been used to produce m ni anti bodi es:
See Pack and Pl uckt hun, 1992. Domains from proteins that form

het er odi mers; such as fos/jun, can be used to produce bispecific

nol ecul es (Kostelny et al., 1992) and, alternately, honodi nerization
domai ns can be e | neere m _het erodl mers by engi neering
strategi es sucH g5 ?ft%(’sﬁ dﬂfﬁoclpg"f“e Ry ?S@gﬂ e ENZYRGHEPHCL ng) |y,

f usi on pr ot ei nPrpiging e eroyimdgidied elﬁwet!cé’dtdeh’wd Pmodified @olymfelzotides” also
mul tinmeri zati Ciclade dﬁ@&ﬂucl@eﬁld@%r ?dﬁiuﬁlb&ﬁ@s‘ coﬁﬁ%'nﬁﬁaaﬁcﬂmﬂs toﬁ{ers‘@éﬁ avidin.

See Dubel )
ce el et %bletie%ge %N 3 -slﬂ;dt&tut&cp &onuc%%{]?es B qtelwgag% (gfoi':zlil Pnoggfsf 2% at

enbodi nment ,

contains a fun%ﬁwhéﬁ’?ﬁemﬁﬂﬁi‘%ﬁe@ef&m%i‘%ﬂ@%ﬁs% and a drug. The
functional nucleic acid nolecul e be one that targets the
transcript of &i¢H O%Fh“PPPaﬁm'éﬁ?ﬁWﬂ gene they mdy beutitizes] is deispios an
Preferably, thetifaaciipanekotae Giotb:amplk] 4 aiftkas UignidRbSfinty b the

transcript of axorgtshhdiiate tﬁ@ﬂ&{oﬁ%ﬂﬁ& éoﬁ%%gés &%@Eaﬁge s%tcﬁéomé e

sane drug in t eco osition. % cont al ne
Killed bacteri%f °Regqading.frame- Iy hisgegsed, FWI"@‘E?“B%P@?#“&P“ pitipfiongedont o
functi onal nuctestrellyaxefedio thelpedion: ef sudiuiRive exgenothatlbospased fomianiedt WO

2008/ 012695PClasbl:33 @04 m%c%so%'én@%ﬂs\ﬁﬁa%n!}é%m&ﬁi& diretibR @906V 951 S- or
Endocyt osi s- Cog%)lggganslagonmﬁsatﬁn[:g 32] I'n another aspect, the Invention
S

provi des for delivery brlnglng bacterially derlved killed
ian cells that _are

bacterial cell t nt ac

Phagoeytos: o BV AoRGR5E f: B FOTERyIon SRET i IRPEHIASRImS i ch

are capabl e of orentrading fiagnep Thetamslistop exdpmiegiond] ahg “tiansldtion tepminatieon  of

Ib nt [ acel : ul alr | Qe RfibM e RRARNS drﬁdﬁ%%&ﬁaﬁmla} g&n@%akénla&zﬁ‘ﬂsses f
acterial ce a asm o

the manmmalian %% Fmag'[%ﬁg"%f?%laﬁ%sp &(’"tsg A(;nagﬁwﬁﬁm eﬁ%geﬁ?“feg%fgg" %"t hout

the use of tar@é’t‘?ﬁ@‘ﬂa‘?"@’émmmé@i A variety of mechani sns may be
involved in the engul fing of killed bacterial cells by a given type
of cell, and t {9203}, d5eenen readingframsor Faslingatziciaise madwbr tagetedafipetiyalyt i cul ar
mechani sm i n t Nheoperagating. frafo is gexdllphedersplaa GReH 16 S Segioh bween the

wel | - docunent eamgg&q.%ﬁmwcm giatm&mﬁlg n%*ag'co%.b e,gm&@%g&yt e

cells, such as neutrophils, 1nge y exten eudopodi a

over the parti &gt ‘ssﬁtfefsaﬁrg’a{fﬁ'f‘ﬁ Imgcl?ﬁ‘ew’b‘&}i’f‘ﬂt‘,’lp%mi’%" R4 Vﬂéﬁ£el oped.
Al t hough descr §itsetipndom thatrrggivo ififiation gidarg deiytlaiss the nicleetidenawaeerent  of

speci fic receps@sssiklnd BerRHRERHENES cdAGEH HETRNS bRLSeainpee Wi ght &
Jong (1986); SRERGHAEL orthe gehd 988) -

(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.



[0134] Thus, one form of phagocytosis involves interaction between
surface ligands and |igand-receptors |ocated at the nenbranes of the
pseudopodi a (Shaw and Griffin, 1981). This attachnent step, nediated
by the specific receptors, is thought to be dependent on bacteri al
surface adheswostsiiésh respect to | ess virul ent bact ecimoosust as
non- ent er ot oxi geni ¢ A coil, phagocytd@is also may occur in the
Absence of surface |ligands for phagocyte receptors. See Pikaar et al.
(1995), for instance. Thus, the present invention enconpasses but is
not limted to the use of killed bacterial cells that either possess
or lack surface adhesins, in keeping with the nature of their parent
bacterl al cells, and are engulfed b phaf;ocyt es éi €.,

"phagoeyt osi s- ¥ e fapisenss Sigopusieptide mayalsgiaiastnns gen w6gen 9fen MRYA-
macr ophages ar éhet eappoinpises/aniYieghiilatedprmusihsresifi@ J@iH tho s himdst

engul fing proCRSuelo? e QY HOSLS niphYpidl 1Ra enfrﬁ@és%éﬂruéléhsaﬂmaaﬁns

el | Cobact er, iﬁﬁﬁaﬁsaa%watﬂﬁmﬁ%fltﬁg@ﬁﬂ? B ) Bk an

epi thel i al cel ¢28. and replicate W) 20081012695PCT/ 1132007/ 003489 44
there. Two basic nechanisnms in this regard are C at hrin-dependent
r ecept or - medi al0&¢p] e dtbengh sesrerukagfotiomRNAtrnwspts ero dretly pinslatedidwoyt osi s

(Bl ezman, 1993aantamegrﬂ$r9fnh‘5h regl&@apmmasxcﬁmét@ékéﬁm(éﬁMVw &
Deur s, 1994) the L hot h

e ngul f i ng- conpa tlz femtmﬁmg 'ZBX {.here ore tranls ate >(Son re 1ctns arg sphc%ldntogether
"endocyt osi sc OWW““W"% Fe)l“"@PRg@BN§ SR iqe|siigg, /lga infren-froh jusetiong | n
accordance w t Rpiekeat possiiddtatgertegidie phd@se firiduiave ueill Dejhabisissvhernpet ent

cells are br eaac’c;errgﬁ) Eﬁﬁaﬁh ﬁs%plfcgﬂecjl i%’dm%g %F 9{@‘& zﬁﬁsc‘vkrgroflln.ﬁon ofa Ipa.rﬁcﬂ o

gastrointestinal _tract, “stolm

cells, and uri WWSPW&@T“%W”BPIEG‘Q%P dé“ff’rsf - RGpTeaHer, Bheppad S["Bi‘ﬁ@}"“%en
ef fect | ng del i denyretmangemestsgudiddting-acoino pbsihic tapafat dnfigneel | wi t hout
the use of a ta;;*g;cieggdelﬁi gand, the nature of the application
contenplated wll influence the choice of bacterial source for the

Ki Lll gﬂ baﬂ eri @Iﬂ)ﬁelﬂh&@é@b&ﬁgﬁgaxgggﬁesmlaﬁmseﬁéb H\ﬂegﬂdes Eﬁtcap«,e“ chia

an igella s es car adhes are rec zed by

endocyt osi s- neth "i“ﬁb i‘%‘}? 3 %ﬁgﬁ{}é’ Y88%}‘i°8§esl“?‘l'g‘trl’ﬁ8h°se“

gast r oi nt est i n&Fomplementaryd referin jheferologict] atrhmtibibtydeinatoldns tagethenef thehat i s

gf fect idv;a for ﬁ@rdaﬂng(‘saﬂﬁﬁfom& 8lecufdk. n'i"lle?erhz)étbe‘r?ishﬂi&d' ntsgéari al fCG| I's
erived from r S specific for

atommon epi t hel T Ao b Aht HhASIREHAR BRELLG

st omach cancer %T‘T‘éhe ofiggrurieatidgnd dhe Polyayseptidertarest mrtaggy,ﬂyégquechr

adm ni st eri ng bfdnactsekst bligedudkatdearédalot @al0b® coleplenvanthnf th i of its target

IF’seudomo?ﬁsI sp yﬁaestﬂaio Iﬁ@ﬁé&ﬁﬁcﬂﬁ”ﬁ?&{d&'ﬁblé e&pmgez,%@aﬁuaaﬁﬁpfsor s on
ung epithelia

L netonnei 111 DIRETErLE byioatiS wieh ipdin At s Spscbponmiecs O e
tract and bl adﬂ‘él‘nué]ﬁ?ttdné!tﬁiﬂaies witih the norpa) flmgtipreof\esl tirges polyraefedtide to
intraurethral etabd a169s)f Giflitg asirthige & @ slfisiént dadfer of doaplemeftariy ladglder

cancer. [013 7] :}nnspgdq@c ngiﬂ%qs'lf e %ken&pﬁﬁgﬁckﬁﬁ{e% 4% 1iar?eg segv.sx%l@cs under Ag

t herapeutic nuclejlc aci rver

killed bacteri &qnd’@B‘FS’I‘%wP‘ﬁ%ﬁpeﬁBﬁ‘f‘%ﬂ‘W igdesiredeis, d‘“%ﬁ%’??@é‘ﬁﬂ ﬁqndﬁmﬁﬁlﬁl eic
aci d sequence ibatae cinviagtssays bfthaapaurizitiestmenainll & thdvate ofirirro assays,
phagocyt 0si s-  Haefddd@BNs BSMScHRNRELENL perforitd. t hat the. kil | ed
bacterial cells are engulfed by the manmmalian cells. The plasraid
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
nucl ei ¢ acid sequence. The therapeutic nucleic acid delivery method
may be performed in vitro or in vivo. WO




45 (0138] In another enbodi nent, the delivery nethod is a drug
delivery nmethod that conprises bringing killed bacterial cells that
contain a drug into contact wwth mammalian cells that are

phagoeyt osi s- or endoeytosi s-conpetent, such that the killed
bacterial cel we:ase2@ngul fed by the manmal i an cel | s. pdia@206h00tgsol S t hen
rel eased into the cytoplasmof the masmalian cells. Alternatively,
the killed bacterial cells may contain a plasm d that encodes a drug,
in which case the plasm d optionally conprises a regulatory el ement
and/or a repOter elenent. The drug delivery nethod may be perforned
invitro or in vivo. [0139] In another enbodiment, the delivery
method is a functional nucleic acid delivery net hod t hat conpri ses
bringing a ki | LW paRt Bfireate ctigpcleqides may be ahlerat aBeut Ratto ot Ieahrbedt Shal
nucl ei ¢ aci d nulielengte Iopneenbbdiswitthd datitenentigahedectiddsuing bé saad 12/41C] ei C
acid mol ecul € iit@oePRiAgh W th mammalian cells that are

phagocyt osi s- or endocytosi sconpetent, (such that the killed bacteri al

cel I's are engujof@fl By Msenmgaumd&%@ acmﬁaﬁtzéj&% mﬁﬁkﬁquaH@ﬁF'

acid or plasmd is the I.nto

fhat the ki1 ciF BREHERD AN EEMEDCE Lroreh e Bkt CohigoFgidsbase
functi onal nucdyehesisaEneipmenit f excb synthiags ip bdd by Hvergh verdoaiincipdiegipr | ses a

reg]yl atglry el eémﬂpzeaqw;@rmesy&am&s%cﬁ} , BN KnyPdikkr h@&s@mk s1'§e| |
preferably ex i Q I ona

nucl ei ¢ aci d 8!‘[.1'1%?1?/ g‘lr%hé rF g&‘ Lonaﬁ'}bor aﬂema elﬁ%%empgoy\e/d;l- “t ?18 WSIFE‘“’H’“V? VoO.
10140] Thus, vfea‘wéaré%@e‘fesyWﬁ@hwﬁcl@@ﬁﬁswhlaﬁ@eplmimo@mresms!c| eic
acid invol ves #lhgawedsieriativdsi | | ed bacterial cells that conprise

pl asm d-free functional nucleic acid. In this regard, functional

nucl ei ¢ acids are packagess Eico®ag Fuicliondionddbl eds bacterial cells by
passing N Oy §i© pRARIBE B e B, bl %ﬁ&ﬁqlﬂ?%{e‘?‘ﬁcd}’\éwcous using

pl asm d- based exp cons ts oOr € expressi nery of a

host cell. In BBt ARsig L it f%@F’éP Bycleic %IW%OH@aa&mcmvluw@wmyi

functi onal nu_cl?amexanam dpleonigphmis@sode a funpdoanli nléleig acdd bty dxpledsyd igfidd Nt act

killed bacteri @Ammalﬁtm@et@elgh%%geegu&@ie exdo@?%&%@%%fm;ﬁa ol each
ree

bacterial cell_o k‘ f\ 3/ enco? ssin asm uncti onal
nucl ei ¢ acid, & “’(351%’8" i 82? A PRESRYS %@&%&B nBfrent exogprous ggfivarp
plurality into t with mammalian cells such that the nanmalian
cell's engul f km?ﬁid%ﬁ‘éfc q’éﬂ““‘d%“mt g’ﬁ‘c')c}baftﬁ‘éal RS May Fary Plagipid DAY t he
functional nucénepdingané of mage siBNAaermehcesrimedtahglenoptecinberesina@be drthe t ar get
cel ls. WO 200&0&&&9&9&%& 2AE0 VP Bk &PbatiEridi Octrd bt éﬁttﬁeﬂﬂﬁfp!ef' er

cprasm d-f ee oG aBghaTid s aP?ﬁJA&ﬁe%mat S Ll mabiGlaRg @ Pl asm d

or viral vector
Directinz Kil | &#stasemeshrnismsoRiffaent RNM sequerces sumbarrxpiessed igdivideally [ 0142]

| n anot her asp&eh difftdast pramosdnd. | Farlexpmply,i stFo®A hRktidePepAREA diebd very
medi at ed that %ﬁhﬁaﬁoﬁmmgﬁo&&&d 'ilg@og.rg 5 GRG0,

i I I ed
bacterial cell b‘ griont act ’)r%'t ‘ﬁ tar "“T‘%nah an ceﬁty&%&% é(
the manmal i an 587 gineEn Hissqarilvinlge ﬁéﬁe%rcrsaﬁm&rﬁmbw ﬁ’i?Pi‘IHFdrf&at he
ki |l ed bact er i ghglenidsmids bysapay elgeibe on different plasmids. Different SsiRNA sequences

also can be expressed from a single promoter, where the recombinant plasmid carries

an expression cassette comprised of multiple siRNA-encoding sequences, which are

case

linked together via non-coding polynucleotide sequences. A single gene transeription
terminator can be placed downstream of the complete expression cassette.



[0143] In one enbodinment, the targeted delivery nmethod is a

t herapeutic nucleic acid delivery nmethod that conprises bringing

bi specific ligands into contact with killed bacterial cells that
contain a therapeutic nucleic acid sequence and nonphagocytic
mamal i an cel Wo2009m@eehi speci fi c |igands cause the ki ktembaoieri a
cells to bind to the mammal i an cells,3”and the killed bacterial cells
becone engul fed by the manmalian cells. The manmalian cells may then
produce an expression product of the therapeutic nucleic acid. [0144]
The efficiency of nucleic acid delivery relates to the copy nunber of
plasm d DNA that the killed bacterial cells carry. -It is well known
that a bottlen o nuc| i d. deli IS that >909% of the
internalized Dﬁx I eners'&aageg Eas’f:ﬁ'én Hifd‘g © fid e e SraRds 9fieR hout
reachi ng the c%}mﬁ%%lwpepmﬁrw@w thety pifer expmessiomwithin} 4 wigetgelpar t i cl e,
ki lled bact er i mbridied tbforﬁﬁ@cﬁdﬁﬁl&ﬁtt@ddﬁp&x&@@rka Jeaaaabfem ﬁ%ﬁg,aw l'i zi ng
or disrupting ﬁlkb&@éﬁg&re%]&é%ﬂ&@k: faéglce.ha:ee regsgg%sl C\emgi %ransgrg tar €

unlikely to possess so |st|cate anisms 1or a

i nternal i zed "E‘Sé f&%%“éﬁ'd@-@%%%ﬂ%m%cm@wsbmnt to
t he present i nmtemsietbbuamxheleafymamtofan&tioeaﬂsﬂmm erial cells carrying at
| east 70 to 100 copies of plas-rnid DNA are preferred. The inventors
have used such ki | IPettmbaetically @cepesld arrfeesr successful nucleic acid

Y e U1 CORlllacl b bocBhAAR Sl L S48 doidiBiily. A L

plasmd DNA is de ra 0- | ysaso I'S” possi bl e
to overwhel mt 5‘?’?8“1 ge%\?é“s"ﬁ?’@“ﬁﬂﬁs pes 2bregaspiologinebactivint o

t he manmal i an @éhqcommswnhgmadpmw@qd is nheariailpiaert endidooht Rty thé he
targeted del i vapanistah Aadh it & aamGistbgeadel i very net hod that conprises
bringing bispecific ligands into contact with killed bacterial "W
20081012695PCT/ 113&9@74;;9,03489 47 cells that contain a drug nolecule

and non- phagoc an.cel fic ands cause the
killed bacteri éﬁi“ief?% el lé“t‘ %Fﬁ’rﬁ#‘ﬁ%@’&%ﬁc& rdingld 2t he kil l ed
bact eri al cel | ®myedtismehapis fligefof endotpxinhiackyd Bt inmnassedite] witeebacteriag

nmol ecul e then e nfaejbﬁaese!dcdﬁibbﬁndnhﬁhtﬁ%s@ﬁhﬁﬁrfﬁe%f&h&ommd an cells.

[0146] The inv t i_cant entration
of the drug ca%?f% eé§qu)1 g,orgg@g%%ﬁo%g%g Far §°§%q¥imka|"i‘af“ec?f gf’eah al
cells al so escHp@ ’ﬁ%“’é‘ ?%H%Wc'ﬁ@fﬁﬂwcﬁwcmwﬂ?ﬁ@ is

manmal i an cel Ireﬁyrtd]plaa‘meﬂ\ibmmxmr the killed bacterial cells are
highly versatile in their capacity to package a range of different
drugs, e.g., hwrsq:pﬁhdotmn chiy i tiplatai] ﬁpmam&nﬁb@mbzi Hafithion A 23S

doxor ubi Ci N, gl ke heoe Elad Rl Abhd g&gmm sualiel PG OUL A |

i rinotecan. hese S are rea pac ﬁmﬁ?ict eri al

cells in ther alfféiﬁafe‘c’&ﬁdfl?ﬁ Frion ‘t‘:%?ﬁ’tp"%réﬂ’?é%’ﬁ’fefaé?ﬁ f"ﬂ)‘PF!;bac‘F‘EPl&eﬂF wrhigh
anot her enbodi selatger thane.2 |am. gddiribnally] antidipid ARbAvORnd Satiboditstad beaiss
nucl ei ¢ acid d@mwﬁ/eeemotm &ﬂ@&qum s Eu%Hi% d SRS L &

|l i gands into cog&act W t h %:é%f bacteri al that contain a
functional nuciPeT TPRE SHCHAS PRETPY SromatogeRly FPimE Shpsenetisdeess via thelig nent
t hat eneodes aFJcompanersnledvingtiellipidcA-binfids Fabdl feeméngs foen cb tiladto fres KRSt

mammal i an cells. The bispecific |igands cause the killed bacteri al
cells to bind to tBeresfinhgrdan cells, and the killed bacterial cells
beconme engul feldliw t&ﬂpmmkm@m&ﬁﬂoﬁﬁmo E@&ﬂ%@gn@d}%gﬂ??%ﬁ@f the

killed bacterl |'ei c acj,d ec

rel eased into t e cy ) %ssefr‘ﬁ %l;b‘et'ﬂvemf"é’rmce eﬁ’glaﬁe%waté’%ﬁf'é’ﬁé%cﬁy t he
target cell. [?91‘2‘8‘]"“%@%134%ﬁ“g‘é‘i@&%@%@nmd?d@hﬁwﬁb@%erforrred
invivo or invitro, or both in vivo and in vitro. Contact between

bi specific ligand, killed bacterial cell and mammalian cell may occur
in a nunber of different ways. For in vivo delivery, it is preferable
to admnister a killed bacterial cell that already has the bispecific



WD 20081012695PCT/ 1132007/ 003489 48 [0149] Contact between the

bi specific ligands, killed bacterial cells and manmalian cells al so

may occur during one or nore incubations in vitro. In one enbodi nent,

the three elenents are incubated together all at once. Alternatively,

step-w se i ncWBawpoRes may be perfornmed. I n one exanpbermsicomomagep-w se

approach, killed bacterial cells and?3i-specific |igands are first

i ncubat ed together to formbispecific ligand-targeted killed

bacterial cells, which are then incubated with target cells. In

anot her exanpl e, bispeciftc ligands are first incubated with target

cells, followed by an incubation with killed bacterial cells. A

conbi nati on ofPropeblor nore in vitro incubations and in_yivo

adni ni strations ars ’%i}“%?eicﬂ‘ap%i“?ﬁﬁﬁf“fﬁeﬁ“eﬂb“eﬂﬁ‘ﬁl,’m’kfsl’fcé‘ﬂy B ECERT al

cel s and nmameaprrblgrimediging eadacytasis. (fiho ligrodst maytcomprit B 6lypEptieiand/ent or S

found tpat thec#ﬁhﬂﬁéte&manﬂexngpaﬁuaa@ lfe?en.iteﬁn%%@a@wﬁxiﬂﬂ;né,%ﬁmc&ﬁct 0 a

range of mamm | udi.ng cell s at _nor are . .

refractory to %glhgé(}ifr ]&]I?a l(t:éagdcfﬁg%?g ﬁmgﬁgese(ﬁ' 5%06%%@05?{%%%4%’851%%?&% al

celI's. For exal®piddliedibagsial cpiisand fir p Bsfage domgenseienigrgehmammalian cells,

ant i - O pol ysacchae haé efgietiylté tigbtthalalladneci@iaiiedstd Mgt HER3al8caRt Or ,

anti - EGF r ecephQfpddhd # - fdLQ 1.f{.Cl on_the other

armefficiently Qind tl.(' Idloedgp c%g{r’]f%F&@Efg?@s fﬁ%eitgﬂéedeg}eeé%teoésf?v oS

receptors on a FargEPies fogEimsdempEigb e emel peleqles: These cel | s

i ncl ude | ung, @)ﬁ{l q.g tf‘)r ain, breast, prostate and skin cancer cells.

Mor eover, the il ¢ 8 TTeBT IR Er A BR et Hepad ismady op twp BIRRRY et 69 t he

kil | ed bact er i sdecifiebindingsg oxeae norsfdombies enahe quifag ofiptabtkilled bdcgerial[cOlks5 1]

tTﬁr get cte! |'s Oindt(i_iﬁp&cm_éa%mdingfb dn8 6} x]ysi'é‘d@}ﬁwn_ s%lﬁlmle shrkOof kY t&getileus.t b
erapeutic nu [ | or. functional nuclei¢c acid | o be

i ntroduced. Deﬁ'f?’al%f”gdg? fgtr‘eme{ylf’g‘éeﬁﬁsmﬁp%&ﬁr‘rfﬁ?lasts?‘écr‘tlc g’r B§a°5§<'blfyessi on of

a cel | surf acedqigeddpiag killedbacterial sellsutfhagairurtprarnd a sqcpayicr thaf cagiek i t at es

endocyt osi s. Pspetifidityda antimgatiancell hifadd Brudles- BRREORYArktGnd 8RR t hat

the cells are i f. as cr.ophages,
dendrite cell sag%]%&kﬁ‘ﬁggt} 9‘%?9}@@?&?% lgg']bllmg& %%P’eef' %nr'r'é%lg?aéernget cells

al so are mamalghah- gL i Y ds, of .the i.nventi may be
enpl oyed for th.léﬁ;gurF [),ose?r%ft &?Jrc %ee}e{lﬁyr?éﬁﬁ?g@gigag%% ?]f’i’{o}ﬁg"fs“lbgegfmic’é‘grrs
"treatnent," " ‘l‘rF‘é"éf}FE?&f““_it°"‘t°rséeéf’tﬁ,°'f°fé‘i‘f‘cP‘P‘P1@aT°i’ﬂi§‘°F@#E@Fenf ®f20bt ai ni ng a
desired phar natimpdgiachiridafithhdon b ysinobaghd caf. fand kiddhrcefifieat may be
prophylactic i fufQisiRendls (GRBRILE L&INe@bor RANA bitkihdnBiRANLIAQ. a di sease

or WD 2008/0 132x%g55&5) pq{rgeglzdgso a7n{:l gaorgo §3rates 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
compornent of 2 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.



49 synmptom thereof and/or rriay be therapeutic in terns of a parti al
or conplete stabilization or cure for a disease and/or adverse effect
attributable to the disease. "Treatnent” covers any treatnent of a

di sease in a inanml, particularly a human, and includes: (a)
preventing t hwodeselase or synptom from occurring in acswhpfeisshi ch
may be predi sposed to the di sease or 38ynptom but has not yet been

di agnosed as having it; (b) inhibiting the disease synptom i.e.,
arresting its devel oprrent or (c) relieving the disease synptom
i.e., causing regression of the disease or synptom Use of Functional
Nucl eic Acids to Overcone Drug Resistance and Treat D sease [0153] In
anot her aspect 0 #ﬂi i nvention gr ovi des a nmet hod of ovei com n‘ﬁ drug
resi stance and®t#%af¥ 8% & FFERIaoRe may jepet umas Sl anetastatiogefi vaspiature

subj ect t hr ougt#lls: biesh GS@dgtheHalmﬁat 4nd sabothnwedcleicellsaongtslls, Bdeey relts ioebd

CO][rpI‘I tses (|a) @H@‘%bﬂlrﬁﬁoﬂr@ellsnﬁrﬁﬁt}elg|ﬂv!ex%glléjﬁﬁts§fo‘rtﬂlorﬁglulrso;s%tmyc ont ai ?S
a functiona r|3|n segnen

t hat encodes fé lLJt%!([: %s‘ﬁecgr? ‘Tel CCF%%S%FCWET@E'W%&“@H t°f BA% i onal
nucl ei ¢ acid rﬁﬂ ’é*dtca‘isg&@ml%@f@@ﬁ@famrchpaﬁrﬁsmhldptsargmembp*pm ein

t hat pronotes asigm (CEA),shanﬁeweré@}eséaﬂ i st @lon|Yectich, ke, 1&%%&5&]%' cel
into contact QH’;ig i an
cell engulfs %“g@iﬁf’{“ g gu(-:a terl a bty gﬁ?)éﬁer?fuﬁnmw fug to
the target manffEI°f ‘éFT PIWh"’P’I‘Seffeé?‘"&BY grerexpressed(ip hrofst oprian, G?iﬂ%él‘masfter
steps (a) and Krds¥ts antlgersictlogncers Givhg pved.) 2006) epitlemrhad prowGhdbr r@egdérm Ni sh
resi stance to @J@@Rﬁmhml@iyéx egsktﬁn%ﬁge é:*s@lﬂmxﬁ&éfnm&lhgﬂoseg%évery

of the drug a 1.J.n ducti.on uncgti onal nuclei¢c acitd can
occur - consecu Tvely s cF fegh o Wi“grc“ Flﬁgﬁaﬁﬁf?‘ﬁﬁ%‘g’ﬂ?flﬁm 15184] Drugs
may be deli ver@elochmmwmtswm 19A52 trausfemoy reeepian{Singh, 18$Vgspivy  be
del i vered oral ényymmﬁﬁn:&ﬁd’cﬂﬂtdr)/wlﬁélﬂ@&@ﬂ%ﬁ@orﬂ%ﬁ&bﬂyﬁgm|eb’a1 1997),

intravenously,g oneal | Hsi.on)
topically, tr aﬁ;} S%Pl fmwlﬂc% Le\éeptclr Eﬁ(fﬁ%?qfvhlgh IS pveres éslgf% on ag*reahc %tal of
del i very and %T"l&?m“e%?ﬂha%ﬁeﬁgf Fs2Q03) qulwe@me ﬂ@wﬂ@aw rechpiete
skilled in the(VREHRE dir agil-tiggioghr@dibebe Mbiabyo(Betker ul 206 m&Hbgmdmyazoccur
via conventi Onﬁiozﬁmbﬁecegﬁ wﬁﬁ:ﬁ)é Hbdivity Heﬁe%&éﬁ&:ﬁ%@ ﬂndu§

preferred. In t hi.s or I scovere t the

t
same mammal i an® v@’éﬂ"?"@ﬁﬂas&g"?ﬂ@@&ggn ?qo§) Pl W"’J{F\?P"é’éflé?ﬂ(%‘i" ¥ 4kget ed
intact killed 1P4&x ewtohydrate fepeptarhi@uraliree e/ zh,Cl99¢) caid polyheritiih mewoglvbulin

payl oads. For epwhnhichsd JRiétfor J462 HRARQ L2fiddel dilidhidPiy-hA 98488 50

for treatment of lung diseases such as Cystic Fibrosis (Kaetzel ef al., 1997),

[0121] Preferred ligands comprise antibodies and/or antibody derivatives. As used
herein, the term “antibody” encompasses an immunoglobulin molecule obtained by in
vitro or in vivo generation of an immunogenic response, The term “antibody”
includes polyclonal, monospecific and monoclonal antibodies, as well as antibody
derivatives, such as single-chain antibody fragments (scFv). Antibodies and antibody
derivatives useful in the present invention also may be obtained by recombinant DNA
techniques.

[0122] Wild type antibodies have four polypeptide chains, two identical heavy
chains and two identical light chains. Both types of polypeptide chains have constant



encodi ng pl asm d- packaged killed bacterial cells can transfect a
manmal i an cel |, after which drug-packaged killed bacterial cells can
deliver drug to the sanme mammalian cell. This discovery was a
surprise, and indicates that the intracellul ar processes associ ated
with killed bworesdiadescel | breakdown, endosonal rel easesnbaspayl oad
and escape of the payload to intracel#ular targets remains fully
functional after the first round of transfection and payl oad
delivery. [0156] The drug may be packaged in a separate killed
bacterial cell fromthe functional nucleic acid or plasmd encoding
the functional nucleic acid. Alternatively, the drug may be packaged
in the sane kill ed qi terial cell as the functional nucleic acid

nmol ecul e or pl &= d‘Pﬁ"d‘Wcﬁéarf' W?Bﬁ&f’“&ﬁ%‘l"@ie&"%&? frReirEife.
Certain drugs vaunsblg ragiensa Yeriabietrbgions ede @niguede 2 pisticalaclantib@tylandi@mprise an

co- packagi ng %ngmﬂdagdoﬁua&ih@arscogﬁiesia speclﬁ@@mn&h&egllﬁ%fﬁ@%@&d al

cell. For exa Dox.or.ubi ci n

Packagi ng Fung‘]fD s N T D R Std@echﬁi"%mﬁdllq aé'g't’@%{%ing?’? (o CeI s [01571
Functi onal nuckendenaafegtycdstermiaing releatjd@PRr ect |y intod intactkill ed
bacterial cells. The process bypasses the previously required steps
of , for exanpl[8123t| T tergp “Boiitiody”@lsg encdwpassee oativetiycy dguitation sucRMA i nt o
expressi on pl amtibod$ fragnieatt Habfctiin1Ge ity to Gkificlly B & ﬁggeﬂarszm bacteria

with the plas mngﬁod?%gn?e%g%ﬁc dle P& %a?%gn@dn @r%%ﬁen% cgn%a ns eanﬁ? ead

plasmdfreefunctl nuclerc I rec into

killed bact er ipdinggopainiggd @B‘PF??&EB%{FFWaadbﬂ“tﬂfah?at’lg/'ﬂﬁ?‘bi‘“ﬁ@%@t'ak| |l ed
bacteri al cel | &suifide horfd) iFel’i(ormtibady rhgiieot canthiting ms:aglds)aﬂu”gﬁrbmcﬁr&lSSl I n

some enbodi Mendoshainteha &%g‘a%ymtahgﬁlﬂm bﬂypéﬂ&rgﬁgkhﬁﬁm &g, while
in Ghers the co-incu i.on. of :‘%bQUt one

hour is sufficlER{EEY al%%g];“tm}rng ﬂ%‘?t‘lff"B{ﬁ%"’m%%@Hmﬁ% UHHBER RS B hour |
al so may be eflingsrdgings of the isaey cbrihdcibiresrific Fehé Fobinblesulciomips vees

buf fered sal i Netigeh®ind% abmRAifs, aacﬂaivvm‘unsxﬁba& arebea&ioardlfs&énu«t tQ;R:), a;rche
buffered sali & gﬁrr‘tthg%axfaglgganksg‘ctn-b?ndx r&a natwe r?glo of a t“ggtﬁ;ht an he%}fly 37C

co-incubation 1S con erature o
about 20C to aB&nef Bpetibodybted sogether ¥a§B@@Fm8W€?m¢% ot her aspects,

t he co-incubation can co i se about 107, 108, 109, 1019, 101, 1037
or 1033 kil ed0i2dtt Wa@%@qiqssipclgﬁtg@pﬁhoéy ﬁments, constitute partor all of the
2008/ 012695 Pcmgaadaze@yra&a%&e biihupan adEnt @ lafe nﬂi‘d:ﬂeefmﬁ Gaitable Gor ufd iffe,

buffer, mnic ulmaﬁ:so%%gﬁ Jr@a&xze@énﬁbodfé%@w@emg f
particular co |nat|or?é) n L Qns ér‘FaV\nth
Dr ugs bourn ef al., 2003. ey have been modnﬁe by genetlc mampulatxon and/or in

vitro treatment to reduce their antlgemmty in a human, Methods for humanizing
antibodies are described, ¢.g., in UU.S. patents No. 6,639,055, No, 5,585,089, and

No. 5,530,101. In the simplest case, humanized antibodies are formed by grafting the
antigen-binding loops, known as complementarity-determining regions (CDRs), from
a mouse mAb into 2 human IgG. See Jones ef 4l., 1986; Riechmann ef gl., 1988; and
Verhoeyen ef al.,, 1988, The generation of high-affinity humanized antibodies,
however, generally requires the transfer of one or more additional residues from the
so-called framework regions (FRs) of the mouse parent mAb. Several variants of the
humanization technology also have been developed. See Vaughan ef af., 1998,



[0159] Preferably, killed bacterial cells of the invention contain a
sufficient quantity of drug to exert the drug' s physiol ogical or

phar macol ogi cal effect on a target cell. Al so preferably, drugs
contained within the killed bacterial cells are |aeterol ogous, or
foreign, tot z&h&ﬁ@g bacterial cells, neaning that %p&mhm}hgp
bacterial cel parent bacterial celgs do not nornar pro uce the
drug. [0160] Both hydr ophi I i ¢ and hydrophobi ¢ drugs can be packaged
in killed bacterial cells by creating a concentration gradi ent of the
drug between an extracellul ar medi um containing killed bacteri al
cells and the killed bacterial cell cytoplasm Wen the extracellular
medi um cont-ai ns a hi gher drug concentration than the killed bacteri al
cell cytopl as rip125h eHanangatitadiss, adthey ham thomaderdantibhdies, dnemibe at | on

gradie tnt t i'nt Qﬁpkb@edﬁh ke @b eliRa! @ndyahvemeghlam’%} ﬁp{haas FospeliRRnit B a:.d
concentration ra gDve
e rquin obtamec{ :Eom ﬁr% gi‘gf: V\% fgalui va[nal(;l gﬁlﬁgﬁg gsgﬁvspcg: Fa

out of the kilTe crer

bacteri al cel | sPhWetdF‘fP’GY h‘g'sﬂeﬁh%ﬂe Gristitha P 4> BPE Vughensgt € 19961 8T t he
drugs initially., pag deeislsss) 1996, snpKamppikppaopoodat e sol vent. For

exanpl e, Pacl i taxel can be dissolved in a 1:1 blend of ethanol and
crenophore EL op@| Yetdnaxyinaé asb ﬁtﬂ&fe@fspdﬁiﬂc)smgléﬂlairﬁﬂ%dﬁ%u&wdi lution in

PBS to achi eve, acgolutlonof, PaGlhidX Shobigled SR lhasdhbilisd I n

aqueous nedi a AR EATS anl ¢ vent to
ensure that theevdemtyatasheditioughy ligksy peleenle to KF‘I"T%EP“Q&%Y%‘F?%J’“E’@?“F@ can
be incubat ed iportich Secfll.fghtereNb.N5E,030, Do LicP6h,008] Amigo. FAG778L he

i nventors di scgi}/q%a,ﬁga&tﬂ@&es%semmwaepmmepmamsm@mé faes®ai NtO the

cytoplasm of killed bacterial ce

t her apeut i cal | §P&ICGHPERIE SR°° E78E ’fyacgfﬂ“&&éf Pﬁlﬁ“q 18‘3‘3 a“%?ii@s &R pect ed
because t he ki frdgmgnthefistiffar¢ng bpecibitifiesnBerdtemnousky ¢ olftsHewvaypr, gich

hydr ophobi c ph%a&e&matedmbuifﬁ&&rm miilgiiChrelvaacthidifma pRCiesl 1da ngeev ent

di f fusi on of ha/q h?ufén%ngnglo?ﬁnale%b!:d’% Ogl sh& f%%@uglh@ss ocLlp%veste@not her

met hod of | oadi cteria I nvo
culturing a re fﬁ‘aH’E‘*ﬁ’@ﬁé‘f‘fﬁ“hb‘a@%‘@?q“%l!lma&‘éFlFa"Eﬁi‘dé@ “"&%‘l’?&ﬁt‘f"? Friee
wher ei n the pasfibédy SMEnRR0 SLOGRAASHET,/138732007/ 003489 52 bacteri al
cell transcribes and translates a nucleic acid encoding the drug,
such that the pblmg iBscam@IraaszerkcirmagmbﬁteaxembWMa@mepﬁﬂdnhﬂqument

bacterial cell LR §(| | stk 16060dhddgotNess el | ul ar
bi osynt hetic p%ftﬁ \%@% a desi re‘g&dl% e canh%Hl cl onem ané transferred
into a parent Eﬁ‘&’f”éﬁ“f”éfe ?E‘P‘?Fet‘f“[‘tﬁglfn"?% TaERE B RGN FOSTE UG R e d
bacteri al cel | fuctiGes effintty.t $ea Mewmlinspt and Alodiger, 2008y ktert 200h; Hyfdsanlsed gene
cluster resul t §ojrfy, Ebﬁsmtﬂs&b\%kmr al. %01(1 rsdéh dhjubtitdkrhigre£iidyal asm of
t he parent bact er |daD cﬁ mlc hn or ‘Tgms act erial cytoplasmw th the
drug. Wen t he® pare 46t 81 af f a. VI des and forns pr ogeny killed
pactrt ol oo L AEAE e 3 0L 4 Ul |
purified by anye.cpeciflrdond qg@d%m’é@&‘l“%@?’%e@ﬁﬁ‘i‘t‘i‘&ﬁ‘id@ﬂd fi’tefiﬁ‘"esses
known in the a:&raaﬂ@le&e@ﬁnenbadta@hﬁueatﬂaaaﬁa]em&mhgemhg/mamot her
method of 1 oadl ik i B ﬁohidpag hor LR, iAo orh SR bk M6

co a ce

culturlng are | nant cteri hat c¢qQnt al ns

expressi on pl aSkpPYissALEraRgdies S md Bript 383 RO S A b’t"%&‘lt t he
gene encodi ng tiner fherogd by s nbx-aavelentiafzedatimn df twp acFys, athisll yisids bvaFvt he .

killed bacteri glhanglies. Eikdvhideya @ihibdeP FRAS bl M2Formation of a trivalent trimer of




[0164] Killed bacterial cells of the invention are substantially free
fromcontam nating parent bacterial cells, is., live bacterial cells.
Thus, killed bacterial cell-containing conpositions of the invention
preferably contain fewer than about 1 contam nating patent bacterial
cel | per 107 Yol hegRacterial cells, nore preferablypggﬂ&ﬁmﬁm&emer

t han about 1 contam nating parent bac&erlal cell per 108 ki

bacterial cells, even nore preferably contain fewer than about 1
contam nating parent bacterial cell per 109 killed bacterial cells,

still nore preferably contain fewer than about 1 contam nating parent
bacterial cell per 1018 killed bacterial cells and nost preferably
contain fewer than about 1 contam nating parent bacterial cell per

10" kil l ed bachres $cBys, gieliing thrde(hingiDE sigs.cadrpsibehionsulipfien e fqgation o
essenti al |y ofa tidvhiad idaaGérer foat scBwl yiddiagidur plidganal | y t her apeutic
nucl ei ¢ acids, drugs, functional nucleic acids and bispecific

| i gands, of th@n@f e§&etal IiMSRdd, Bitnahldi@knokss moRocionsl Abtivatieind Fagtients

ol udes such j Ll ROCLebRAl sS8LLI YLl RuBh16] SRR bLHSRESA R A0

not interfere TRTUCY Wt tha? dar T R
20081012695Pc1#ume@eemee489d ﬂlshetm@eps ﬁaeﬂly §%?ﬁ*lﬁ@nﬁm Mt ed in
conventional rmoReAy empmgfmaemmumyaanbmbmmufqmahé ymafeept abl e

carriers or exgipi. I ﬁg!g re can be
killed using )eclbr?g @Eg%gqﬂag@? 15%?}%%5 %?'Let{s |nc?f5 nag (a) treatnent
wi th an ant|b| i ch the bac er| [ sensd tive, (b)
treatment with ﬁ@it APHREFY Yeri=pR rosiRPy 38'3 %1? e\rbﬁ(iaéﬁanﬁ? il

coagul ati on ocdaarains. Eusign (chumer mumeslebulip femains|syclygs kGl OH3 belhﬁé‘ﬁol at a
concentration ﬁlkbaanm@ﬁozammerrﬁmhtSAemiuleo&s1m B@ein@s inddan tehihge-Fo

integrity and gléi%?su clé ’?T (1% e Qo BonS AL I ﬁsﬁpk{hsﬁe@o@oé&l%ﬁ% g},mﬁ;eslﬁgglane

The bacteri al process 1s we e art
manuf act ur e ofmleIFIF%“cPr‘H%}E%Ié?‘P%ﬁS npdirpgrization. Py gxagiplepfugion ‘Efﬁ’éhﬂi‘ﬁ:%@s of

bact eri al cel | sh¢itlnptightiioietces bis Hefiatdre peiice ndniantbeidnaba¢Patkiapd of t he
spatial confi gpfaliQ nwgi ﬁ%ﬁ1ﬂ@gﬁ%&ﬁt§t§ thek H,% hitSrodilB; SRS 653 ffun, can

preferably preserves t t hr ee- di nensi gnal str

macr omol ecul esPH e PrRdugs Rispestie molesplpsRoddint ¢ 4 q%?ﬁ?‘b“r fligmately,

pol ysacchar i debonemdiinerizgion domeGisivas bepngieed esfombieteroimerbley wgiaerifidr

obt ai ni ng the &takégegsub@&t‘%dbaimd}rowaqk&tgwmzas 19991 BidalBPRMEn Foeinknown

to those of or darglar IXa}r)]sD aelg;ted%a‘ Js] 19&:‘00':]1:&9&1?@51&59%5@%?&%% {on nbrane

denat uration iR 4 act e verl by any
net hod wel | - kn8wpHonye-g Heepigyigin ﬁﬁf‘rn@i’(lefhﬂh &5pl asmi d DNA can be
extracted fromreconbi nant killed baoterial cells and can be
sequenced t o ascer t4gd¥jordhCenpaskignsof t he reconbi nant DNA. . Pl asnid
cont ent can be [cisi)embieaethbbdimbeahe dompasitRCR rapidesaddiizd batbritlaelpthas m d

content 1 thecSARR RRGk Ak W ok REABA0AHE PRTLAGHALnERlSL |

menbrane i ntegri not preser I n S t hen
plasmi d | oss wB¥ “'B“ITJ‘@%‘S’&?QE ghfarggs %EEGH‘F"“F’ Glpf"iteb’htgglcgm%"ﬁsid%q li ng
process damageeesisexonBicfrmhly, bt Bwetiodal nedirrciiNgoleruly tregetsabedtsosoriptaf ons
woul d be obser }S%n et bERibuk B rad:mcé)fgmﬁaﬂféu&ﬁ&&%&feemhﬁbemsﬁmenurrber

of live and kil led bacterial ce checked for th to
package a chendtR&FL e'fft“{ e W%‘ma%llﬁﬂ na? Iﬁewf%(ea%mseg((':lﬁg%&etﬁé
buffers, cell uP@(’rasé'@tf\‘ﬂ%O“ah%‘ﬁlﬁ’Péﬁémﬁ]e@%’sb“"F‘P"é‘é“"i’R?éP emeeingdi ds and free
endotoxi n can be elininated froma killed bacteri al preparation by
filtration, such as filtration through 0.2 inn cross-flow filtration.
Afilter pore size of about 0.2 JAMis preferred because contam nants
generally are smaller than 0.2 Lim Thus, using such a filter pore
size allows contamnants to be filtered out, and intact
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The filtration may be dead-end filtration or cross-flow filtration.
Cross-flow filtration has the advantage of less filter clogging.
Also, it is preferable to perform buffer exchange washing steps,

whi ch al so ca a filter pore size of about O.
Adnlnlstratloﬁ,Egﬁ%gésand Form of Congositions [016§TH%%3$%?F%ions
of the invention can be adm nistered via various routes and to
various sites in a manmalian body, to achieve the therapeutic
effect(s) desired, either locally or systemcally. Delivery nay be
acconpl i shed, for exanple, by oral adm nistration, by application of
the formulation to a body caV|ty by |nhalat|on or insufflation, or
by parenteral, D g1k i y z 3 |ntrahepat|c

peritoneal, Suhﬂﬁ aﬁ@%er ésﬂécf %H{Wﬁtﬁh proﬁ'&es‘f&tcfem H@ﬁeans of bringin
adni ni strati on

ad { t
the | ocation off® Bae' yﬁﬁéﬁ&ggf‘ Fas"&enf—l(??“sé?énﬁ%fazt ‘I"@V’éa(“?“laﬁ‘f’f ‘ifﬁg‘?‘?t e(r; el log
may be ef fi ci ephaggeytosispserddoyigsisicampiteot Sheh ngramgliap pells)yéhichareapabls

killed bacteri afeng@tideSparent btk bafls. lammaﬁta&ﬁcaﬁh&bwab@wne
efficiently ”ﬁ&k‘%@ e%%?fm&&ﬁeﬁ‘ssc@%dﬁceﬂsehvh‘éﬂe%gs%f e ?;ﬁ&@%ﬂo ki!led

bacterial cells

i ntraperi toneaPﬁ%SMFﬁ?WﬂFﬁWé‘ﬂ%Mfiﬂ%ﬂ aBEi%aFEFaI“é’F e%"éFeF‘@th‘[%l 701
Conposi tions may uipefprgessnlipaodsi n unit dosage form e.g., in ampul es
or vials, or in nmulti-dose containers; with or without an added
preservative. ThasjcomaaRiylof Abchaddinsitayde SObluid if the efpuifing pEla¥dd®acteral  an

eul sion 1n of kying @qgﬁ%&fmhgﬁlﬁmé&n% gleéd'abeaagna)&{%atory

agents, such as pendi N l'i.Z] ng an I Spersin ents, A
sui tabl e sol ut P%TH" ag me qeprdy Fee °°P’T‘|‘§S1sé‘(‘,"i° 8‘?‘1‘@"‘%‘% is
illustrated bypoedss mevhlﬂmpgephasesgoﬂ eﬁl&r@mgome@mh mutscmhﬂﬁ ingast

Al ternatively, p &Imlememsg ﬂmoﬂaalalooermégmuk h\iﬁéla RGNS artfcR1RotafliP T
reconst i tution veéopeda ﬁt‘r-'.' ! l%s%nb\l{eﬁ higle, emﬁ? %w §§s'§s' 8o ihYLQaenf 1 ee
e

wat er or physi St cal conposi € 1nthe
form of a depo#P B%?E&QFFWGPS?P@% hP%g}l@EPFﬁlﬁthe@:oﬁ?pB@gﬁ%wswﬁ)be
adm ni st ered bgpdertpt #intiggsh.on (for exanpl e, subcutaneously or
intramuscul arly) or by intranuscular injection. 10171] Wth respect
to the adm ni stg34j Ol‘huefonéiﬁﬁﬁQﬁﬂhiéoaﬁ&iﬂﬁvcldaﬁnieﬁvmtbbﬂﬂeu shiff@e lighbs

nerei n, 0 2088 BEamer Rl s e, @b el ShGLilERERAD.

1981). This attachment step, mediated by the specific receptors, is thought to be
dependent on bacterial surface adhesins. With respect to less virulent bacteria, such

as non-enterotoxigenic E. coli, phagotytosis also may occur in the absence of surface
ligands for phagocyte receptors. _See Pikaar et al. (1995), for instance. Thus, the
present invention encompasses but is not limited {o 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 newrophils 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, Hellcobacter,

Psendomonas and Lactobacilli gain entry 10 mammalian epithelial cells and replicate



refer to any mammual i an subj ect for whom di agnosis, treatnent, or
therapy is desired. In one preferred enbodi nent, the individual,

subj ect, host, or patient is a human. O her subjects may include, but
are not limted to, cattle, horses, dogs, cats, guinea pigs, rabbits,
rats, prinmatego A@6.4kce. Adm nistration Schedul es gﬂ%%]mdoﬁsg
general the conpositions disclosed hgrein may be used at appropriate
dosages defined by routine testing, to obtain optiml physiol ogical
effect, while mnimzing any potential toxicity. The dosage regi nen
may be selected in accordance with a variety of factors including
age, weight, sex, nedical condition of the patient; the severity of
the condition to be treated, the route of adm nistration, and the
renal and hepathere. Twnbdsicamclphistnhia tfisiepaedire Clabtid-d}petieit tambtopmediitali on

i n ﬁ?hi te\r/\' ng cgn h irs,amoqmm «&,lade& genh@@{o%" @kezs% '199% qmilta%&pd eutic
within the ran I'c ni mal_si
effects may re%gei F‘éda’éf e%é"é’ mé‘ ?’l“sf P@a){)%ﬁ‘g%’ °Eg°ﬂb‘?a5f BiorrEt ed
bacterial cell Wlmdnﬂmlifalseampﬂéﬁnavama%mbvFl}dOP)Gostseiﬂg@tl “ad¢ogtosiand
target cells. {3nfplehtPudst N erROIE dilich bictbihl camn @dcbrﬁhﬁ@%ﬂﬂ@iﬂe Bilendoki | | ed
bacterial cel lRQ res-,!?,.e. Qndo%*ts{s%og?gcnpoellscz?rg as? ?‘FE EI.I\I\EI]Eﬁ s, érgcrém {rllll ng

the optimal concCen €s of the
killed bacteri %p g%?E?‘P@“E!Hd“P%%?“&“ﬁ’éEH“F‘?!@‘??H%f“ﬁéela@fllﬂ‘k‘teéﬂ agthsitetised in
conbi nati on, t vacasidibiadderdpitieliabctlief f ects. [0174] Moreover, the dosage
adm ni strati on of the conpositions nmay be optim zed using a

phar nacol dnet i pphgr elendjfeting delivagielah BgusygtametehtiantieiaideR withfl® Or

more dosage reggRng i M0 88 Nt @B O e appli 1 ill
phannacoki net i éthar ?é%% nsgﬁlém %@Q apgemaﬁmeantemp é“’d ar rlr?ﬂnuéemtehe

phar macoki net i E?fﬁf?ﬂé?‘ﬁ?ecﬁtd?"t)‘?]lleldé’a‘iﬁ“ab‘i‘?gs Heloyed- donemgle
regi nens. Next SalmmllefEStﬂqécfdwagbgdﬁegpmM@dhead'ﬂhan pS racagnizedbyray be

sel ected whi che@séy:&iéeﬁeatahﬁ'g xd&yofs%d REBHA GOk fsit dl&ésﬁm{i@ aam c

orofi 1o, See. B ueiiipRBhpttAnbe BBLIRE Y IS o8 15 89 56
[0175] Specifi b@FeIﬂ? cellsrlerived feodieliagacerpplyrirerdugddhesins epceific r | east

once a week ovebtmidiepidelii salsObould By aikted for iy ailntd QBOmesikaded®nl , t he
conposi tions ag al@tﬁkfﬁ'opiﬁ&fﬁ&ﬁﬁuﬁhé 1885 for 2ER1BIRRL: QG rS8UELAL Weeks

to several nont
denved from a Pseudomonas species that carry adhesins recognized by receptors on

lung epithelial cells, Killed bacterial cells derived from Lacfobacilli bacteria, which
carry adhesins specific for urinary tract and bladder epithelial cells, could be well-
suited for intraurethral delivery of a drug to a urinary tract or a bladder cancer.

[0137] In one embodiment, the delivery method 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
marnmalian 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.



[0176] More specifically, the conpositions may be adm nistered at

| east once a day for about 2, 3, 4, 5 6, 7, 8, 9,
14, 15, 16, 17, 18, 19, 20, 21 22, 23, 24, 25 26,
31 days. AIternatlver, t he conpositions nmay be

once every day,.alp4i,sonce every 2, 3, 4, 5, 6, 7,

10, 11, 12, 13,
27, 28, 29, 30 or
adm ni st ered about

8 PC’I?EB20071003489
45

{0138] In another embodiment, the delivery method is a drug delivery method that
comprises bringing killed bacterial cells that contain a drug into contact with
mammalian cells that are phagocytosis- or endocytosis-competent, such that the killed
bacterial cells are engulfed by the mammalian cells. The drug is then released into the
cytoplasm of the mammalian cells. Alternatively, the killed bacterial cells may
contain a plasmid that encodes a drug, in which ¢ase the plasmid optionally comprises
a regulatory element and/for a reporter element, The drug delivery method may be
performed in vitro or in vivo.

[0139] In another embodiment, the delivery method is a functional nucleic acid
delivery method that comprises bringing a killed bacterial cell that contains either a
functional nucleic acid molecule or a plasmid that encodes a functional nucleic acid
molecule into contact with mammalian cells that are phagocytosis- or endocytosis-
competcnt,rsuch that the killed bacterial cells are engulfed by the mammalian cells.
The functional nucleic acid or plasmid is then released into the mammalian cell. In
the case that the killed bacterial cell contains a plasmid enceding a functional nucleic
acid molecule, the plasmid optionally comprises a regulatory element and/or a
reporter element and the mammalian cell preferably expresses the functional nucleic
acld. The functional nucleic acid delivery method may be performed in vitro or in
vivo.

[0140] Thus, in one aspect a2 method of delivering functional nucleic acid involves
the use of killed bacterial cells that comprise plasmid-free functional nucleic acid, In
this regard, functional nucleic acids are packaged directly into killed bacterial cells by
passing through the bacterial cell’s intact membrane without using plasmid-based
expression constructs or the expression machinery of a host cell. It one embodiment,
therefore, a method of delivering functional nucleic acid comprises (a) providing a
plurality of intact killed bacterial cells in a pharmaceutically acceptable camrier, 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 t_angulf kiiled bacterjal cells of the plurality,

whereby the functional nucleic acid is released into the cytoplasm 6f the target cells.



10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27, 28, 29, 30 or 31 days or nore. [0177] The conpositions may
alternatively be adm ni stered about once every week, about once every
2, 3, 4, 5, 6, 7, 8 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20
weeks or norewoAkshiati vely, the conpositions may bg ﬁQEUo'}?doﬁEger ed at
| east once a week for about 2, 3, 4, &, 6, 7, 8, 9, 1% 11, 12, 13,
14, 15, 16, 17, 18, 19 or 20 weeks or nore. [0178] Alternatlvely t he
conpositions rmay be adm ni stered about once every nonth, about once
every 2, 3, 4, 5 6, 7, 8, 9, 10, 11 or 12 nonths or nore. [0179] The
conpositions may be adm nistered in a.single daily dose, or the total
dai ly dosage nay be adm nistered in divided doses of two, three, or
four tines dailPl4l] [EiBelffer fplavaidifoad” tomnattsitisrabientel ofd coraicucs pichbs el | s
are adm ni st erﬁéﬁmhﬂfr@frﬂv@ctdﬂrﬁgnsﬁ%@ésﬁaﬁbﬁﬂe@ﬂm&}RNﬁe dr ug may occur

anytinme from tes . .to eral ~hour er adm ni stration of
Ehet ki) ed pnadteehihilidiak iy %Lsf}%%% o AR Rl vely be

adni ni st ered aRA i apiberamediehainvenion movidys Satreger dﬂa’% megigted thp)
several weeks aifpldyoa bigpeeifialiga@nTiedigaidtbengstaltilel bictegial chibintoenitad witiel | s.

[01811 More s Et‘n&“a?:lnlalﬁan del3! E‘su&J tLa!t ﬁn‘! nﬁ&%ﬁa&n'c@ﬁ er@@l&‘é the 1574 pBerial

adm ni stered at east about ? 8,9, 10,11, 12, 13,
14, 15, 16, 17® 1’18"1““1’!?%“11"5?“‘"2‘21“5531’@'°a%4 hours before the drug.
Mor eover, the kill ed bacterjal cells may_be admi nistered_at | east
about 1, 2, 3,034315Inqpeembodimeny thetargetad delivery mqthod 1§ g thergpeutiopycleig 7 ¢ g-
19, 20, 21, 224::1@@11%23411&6@@ the® GompRives bE@gingbBspe@D: ligands intelppsctivéthor e t he
adm ni strati ongedd ﬁaa&laﬂeewfhadcenmsﬂ@ﬁgéuh@ﬁucﬁmadlsma{ce add@nKi | | ed

bacterial cel| %agoc%m :gan?rgarlrlla{] :I:eﬁt efhee glspeclt{c Flgantds cause"éltle kllled %éctcnal cells to

bind to the mammalian cells, and the killed bacterial cells become engulfed by the

mammalian cells. The mammalian cells may then produce an expression product of

the therapeutic nucleie aeid.

[0144) The efficiency of nucleic acid delivery relates to the copy number of plasmid
DNA that the killed bacterial cells carry. ‘It is well known that a bottleneck of nucleic
acid delivery is that >95% of the internalized DA is degraded in the endosome or
lysosome, without reaching the cytoplasm of the target cell. As a non-living particle,
killed bacterial cells are expected to lack functions destabilizing or disrupting the
endo- lysosomal membrane of target cells and are unlikely to possess sophisticated
mechanisms for allowing internalized DNA to escape the endo-lysosomal membrane.
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 cel} cytoplasm.

[0145] In another embodiment, the targeted delivery method is a drag delivery
method that comprises bringing bispecific ligands into contact with killed bacterial
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13, 14, 15, 16, 17, 18, 19 or 20 weelcs or nore before the drug. In a
further enbodinent, the killed bacterial cells nay be adm ni stered at
| east about 1, 2, 3, 4, 5, 6, 7, 8 9, 10, 11 or 12 nonths before the

drug. [0182] lh, @g%ﬁer enbodi ment, the killed bact eh&%mﬁ?dn_lgsgi S
e kille

adm nistered after the drug. The adm49| stration of t

bacterial cell may occur anytinme from several mnutes to several
hours after the adm nistration of the drug. The killed bacterial cell
may alternatively be adm nistered anytinme front several hours to
several days, possibly several weeks up to several nonths after the
drug. EXAMPLES Exanple 1. Killed bacteria are successfully packaged
wi th the chenpeiethaventtin g daig mglecidx@on nbn-phagocyfidd 8dhaliSatalin MBiel a

ExT/ggl) rrurT Ih um ft& Bﬁﬂ‘ﬂg%.nds%hﬂs&ﬁk@ﬁlle?ﬂa@feﬂélgms tao %n%mtraagmm%m gréaot hd
e str n cul tur an

grown to earl yﬁT’ g&%ﬁ%ﬁfﬁgﬁ%’ﬁﬁe er@“ﬁ%é’& e é%?i%”ea:l‘%ﬁegs 6[m ﬁfh fas

enuner at ect ' y peleauiethendeseleased o the dytenlssmp pf trgBampmalian pdllat es and

perform ng a colony count after overnight incubation. The result
showed t hat t hi@146)l {The mvendors hagediscoBred thada b anifiant cafioshiratiqiootithel drugt he

]pact er : al ¢ ;al ! &mea@gmspa‘mﬁb h}gmewrgewdwmsacteﬂgmtaﬁd edeBifes the erd%- Wit h 500
1 gl na ent am C I
9 9 em%Tami aélg f:rrl‘[ﬂi's ﬁxe m f}?({ph 5 .bﬂ"l(t)) eo!rer, tiile%(al

was plated on ascer al n acteria
had been kil l e%P"*"'PﬁPB‘EFW@W@G“H&%W@P@I&PPE’&'@I tp gackage g rapgo9f djfreat
i ncubat ed Wi t hdrog, &g/ yBobpkine, tixiraihbbié, atid #npghipathiz] sudv4s dbxonibitin, 1 X 13SG

(buffered sal 'Eh%h&ﬁ‘e‘l R shiDh, IR HRES Sq.’[uUQ;gJ}[%ég uﬂ@\ﬁ%dAﬁWeir«]E Rt he

bacterial cells SIi.X re t..washin ere . the ¢ S were
centrifuged at™ %Y?B‘&ageﬂr‘r{) "F‘@ 4 bpgterl ﬁ‘\‘j'tﬂé“éapf‘ﬁ\"‘f”&\ﬁ}&ﬂ’ﬁfﬁ’t FORETEHRS| on
in fresh 859 sol utian 0185] . The doxorubicin was extracted fromthe
killed bacteri 43| I%W"h’@r q“f"\?@‘”&?&ﬁ‘é@fgﬁ‘f’d Jedivere et 13 A fmetiprel cuglsinn
the presence odciddtiiri bShed Baicompists laihgiohidbpetifidizahds/Mto cohitvet withi(El es

were then dil ukgch ﬂaeteﬁm & il cod@in U cQna VR B aamo&aﬁe Jrla\sﬁsrﬁ.ncl es
repeated. After centrl E%ng on. a

HebrPe o e & Cinarmaedat e St S ot Bacionll MR Aot B 2 G s

| -1 PL C. The nobrnmaligngslis. The bispecific ligands cause the killed bacterial cells to bind to the
mammalian gells, and the killed bacterial cells become engulfed by the mammalian
cells. Following engulfment of the kitled bacterial cell, the functional nucleic acid
molecule is released into the cytoplasm of the target cell or expressed by the target
cell.

[0148] These targeted delivery methods may be performed in vivo or in vitro, or
both ix vivo and in vitro. Contact between bispecific ligand, killed bacterial cell and
mammalian cell may ocour in a number of different ways. For in vivo delivery, it is
preferable to administer 2 killed bacterial cell that already has the bispecific ligand
attached to it. Thus, killed bacterial 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,



WO 2008/ 012695PCT/ 1132007/ 003489 58 conpri sed 100mM ammoni um f or mat e
+ 0.05% triethylamne (pH, 3.5): MJ MeCN (acetonitrile) at a ratio of
28:42:30. The stationary phase conprised a Lichrosphere RP18 col um
(MERCK) at 40C. Detection was by excitation at 480 nm and em ssion at
550 MM Usi NGwR .siBhABE! Zu | CAVP system conprising an @H{ngﬁﬁd@&fr’
sol vent degasser, quatemary punp, colgm heater (4OC)P an
fluorescence detector, running version 7.2 SPI rev B software
(Shi madzu Corporation). [0186] The area under the peak was
interpolated in a standard curve for doxorubicin and the results
showed that - 2 pg of doxorubicin was packaged in 1 x 109 killed
bacterial cells. Exanple 2. Tunor regression/stabilization follow ng
i .v. adm ni str §1H8n GintafiEeRetrthgkitpecfic kends killiddreterpheage chaktidaliad
bact erial cell gelisRIsdHEPodThCRrifAInE ¥i e HEBRRR /AN, 1k RCHbodhaRRWA T S.
101871 This ex%ng%le?moégrr%@stcr%%eﬁ%o t%at bi sgem %I c.l bgand-.t ar‘% ted and
Doxor ubi ci npackaged I°Rt A R LR &l 8ramat ABPpivelafierayipeipgubations
regressi on of FaBhPeiEsedt Iconp exampiesf ¢ steniwiss approndhldladbacterist ¢l ndhed
iE)r(n 6 \|Aeel](. olkplI foBspadifc 1igahsnitedticfl i Gbaltt Eoethdr@d R bibecifle Bghl-Bogtel Rilled
anple 1, ki .
oo ceﬁ%o i !t}HH]n&?DHaé %ﬁ%ﬁgﬁﬁcﬁéﬁ# ?’g%%t(#‘! c%‘lt‘}“vpele’e ndot oxi n

chenot her apeuti ¢ rugig xorubicin and 1 _ena
by reireat cenPiPeigderdnasfat Rerbrrdyitingst colfs foliered by ar inenbation withg189]
A bi speci fi c akilledbaterigaslisy iArngmbinstion bR%Se antora i virrdidcbatiobGnRin vivo

speci ficities WasinGRRSh! HGWEH vAS: %Léi@mm%&u@éatbga&%@umﬁocl onal
anti body was sel ect ﬁd becaéﬁ}e t he xenografted cells were human breast

cancer cells PFEF T "M € Rlown t o overexpress the EGF
receptor on th | 1__syrface. A Bs with anti-S. Typhi muritun
0-anti gen and i‘?#ﬁ] ECRAEpE f‘?“f“g%i‘tﬁg’é“ﬁﬁ%d ‘@B‘ﬁ@f PHOIB S bRadyeplictie g i n
PCT/ US2004/ 04104 €xangrof ahingpalichiceliscinihiding cgltst thid oehpallyBsisfacmsto specific
con_SL r gct (eﬁ'mﬁ)y aliticktki ﬂﬁgﬁdbcﬁm of Biiled| %a@ﬂﬁﬂ‘délisgmrgxﬁﬂﬁé, GisRcApRRGLGnal
ant i body . .. Bi.odesi am a i rected against far get
cel | -surface.r él%néggirth %Iﬁlg? p@%fgcrﬁ%ﬁ"sadg BN 1%%&1 ﬁﬁ%ﬁ&%“%ﬁg@éf"? o
Oncogene) . The 2RHBCR McPRYS @ B4-adpeen sqcprier-specifieyion thepthey ey effiientlp gi ons
usi ng purifi ed binaiiedbaveritl cEllsab i fspdbiTe (dbRérs 6n DiafiieR€ kel oGy ) -
Briefl y, prot e'pﬂagwgﬁc cells. These cells include lung, ovarian, brain, breast, prostate and skin

cancer cells. Moreover, the efficient binding precedes rapid endocytosis of the killed

bacterial cells by each of the non-phagocytic cells.

[0151] Target cells of the invention include any cell into which a therapeutic nucleic
acid, drug or functional nucleic acid is to be introduced. Desirable target cells are
characterized by expression of a cell surface receptor that, upon bind.ing of a ligand,
facilitates endocytosis. Preferred target cells are non-phagocytic, meaning that the
cells are not professional phagocytes, such as macrophages, dendritic cells and
Natural Killexr QJK) 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,” “ireat,” and the like
refer to obtaining a desired pharmacological and/or physiclogic effect. The effect
may be prophylactic in terms of completely or partially preventing a disease or
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was added to 0.5 nl of a prem xed solution containing 20 gg/m each

of anti-S. Typhi murium 0-antigen and anti-human EGFR MAbs, and

i ncubat ed overni ght at 4C. Excess anti bodi es were renoved by

i ncubat on Wi t{oRhbeéed (3-conjugated magnetic beads agpgpaSitls® M Xi ng

at roomtenperature for 40 mn. Aftersggnmagneti c separation of the

beads, the protein M3BsAb conpl ex was incubated with 109 dox- packaged

killed bacterial cells for.1 hr at roomtenperature to coat themwth

anti body via binding of the O-antigen specific Feb ann to surface

LPS. (01901 The mce used in this exanple were purchased from Ani nal

Resources Centre, Perth, WA, Australia, and all aninal experinents

wer e per f or medyipiors diesof apfiormion berhormentiy in teransof  pagieborgqpPltiE e of

| abor at ory anispmiligatioR Gcbuibiforta disaisamld/drbdviens efEormtibitad tapphioasd. . The

experiments Wel smal |

ani mal facili ty§§?ﬂ%ét %evlrgﬁ?@‘%ta‘tzmnﬁtdgl§ ég{]%gﬁaﬁwﬁp&ﬁg{arﬂglﬂ% Human

breast adenocdPeiPRHRE (E)ézlr‘f‘?“t(“&’éﬁ djspas g B Sy R ECOGE IS iRy %)

epi t hel i al cel+issh negrbe pledigmesditd thy diseaseeor gymapigm byt hisinotysebeen fingmpssdt o

ful'l continency niihghs &Z‘ AR &eldaeﬁe%paaﬁﬂﬂe r&%@duﬁéﬂtﬁd&ﬂ@&pﬁﬁﬁﬂ&ﬁ@b with
8&

5% Bovine Calf seru 28 I fgusn resmo Sedlsl ar;\c/ors 889

- Cor por at i on, RIS ’PE afrd f&tr«fm Inwfro genyrin a

ggmuﬁl ;L}?S nf ]E rﬂ?ggﬁhﬁé g%@mé ;;é}g]l%)ﬁ; 5.?91' tﬁv 5“:‘506/0 ru %esi ce an]ﬂ ﬁgeatllgige (s:eel l s in
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t

experi ment msreawcaﬁ@&na%n& B¢ 'I“HWS"“"@% to PREEPPET an
i.v. dose of 1&d,duth mﬁttmnammaéaamysm@lf@gﬁ kidl¢d l@etbmqheell and¥ ) delivering a

(control) recejyew o thrgit mnfiBsCef préfe@Bly, 205 @) iWleGbined Aen@dps gr) Of
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the drug’s adminisiration. Delivery of the drag and infroduction of the functional

nucleic acid can oceur consecutively, in any order, or simultaneously.

[0154] Drugs may be delivered by any conventional means. For example, drugs
may be delivered orally, parenterally (including sybcutaneously, 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 successfulty re-transfected by targeted intact killed
bacterial cells that are packaged with different payloads. For éxami:le, SiRNA-



60 108/ dose of dox-packaged killed bacteria (killed S.

typhi muriunpbax). Goup 4 (experinental) received 1 x 108/ dose of
EGFR-target ed, dox-packaged killed bacteria (EwR dl| ed S.

typhi muriunpnj. Al doses were administered via the i.v. route and

the doses wergoQiWsio9n days 21, 28 and 34. [0192] Theuh showed
(Figure 1) tha? toh!e éGERki |led S. typghi muriumo were ﬁ” ﬁ)?woe fective

i n achieving tunor regression/stabilization as conpar ed to the three
controls. Exanple 3. Anti-tunor effects following i.v. adm nistration
of EGFR-targeted, paclitaxel-packaged or s1RNA-1C nesin spindle

prot ei n- packaged killed bacterial cells in nude mce carrying human
col on cancer xenografts. [0193] This exanpl e consi ders whet her intact
ki Il ed bact er i @kodirg|plasmpaedagrddkilied bivtepalckilstcaxgdnsiort a giaRialianaeil, afidri bi t
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segregation of Si
1990; Bl angy a@ﬂ%ﬂﬂtmacmeﬁ%ewca%s%ﬁawoméwlacactdnm bition of
KSP causes t heAfotiatadly, o dofg nidyibe p@pagedin tin shidé killedsacterthl &8l as et | vat es
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1666; Kapoor - chdieeie. S5t S5akymyaipect Wi s e LS PecIoROR o
stranded ol i gosfiseiecsod hutteic ssiddnthn s killsé basteriglteplh ritpr exgnpla@oRAINEC (} TA

AGA AUG CAG 3' ) xi&Bo sydidchwsi Bed. and packaged into the killed S.
Typhi murium strain by incubating 1 x 101 bacteria with 1pm of the

% i IRNA_— KSP-( ng)epéeea i GURRbhD RuNAS A 6@ Ffid il Dbictelill ChiIX Plhos phate Buffer
ol ution e 7§; th gent Xj ng.

Post - packagi ng!ﬂgﬁlq} %‘)t%lt% °<l§mv35$§’mp§ 1PP% té‘f‘%’-& ol Wé"giﬁ%ﬁ'kﬁ% “BFen wo
2008/ 012695 pC]_qeilgzr_}@pfqgg;ghﬂgss@sj_ﬂle.prevmusly required steps of, for example, cloning

nucleic acids encoding regulatory RNA. into expression plasmids, transforming
minicell-producing parent bacteria with the plasmids and generating recombinant
minicells. Instead, plasmid-free functional nucleic acid can be packaged directly into
killed bacterial cells by co-incubating a plurality of intact killed bacterial cells with
functional nucleic acid in a buffer,

[0158] In some embodiments, the co-incubation may involve gentle shaking, while in
others the co-incubation is static. 4. co-incubation of about one hour is sufficient, but
shorter periods, such as about half an hour, also may be effective. In one
embodiment, the buffer comprises buffered saline, for example a IX phosphate buffer
solution. The buffered saline can be i in gelatin form. In another embodiment, the co-
incubation is conducted at a temperature of about 4°C to about 37°C; about 20°C to
about 30°C; about 25°C, or about 37°C. In other aspects, the ¢o-incubation can
comprise about 107, 105, 10°, 10'°, 16%, 10" or 10 killed bacterial cells, Speocific



| XxPBS by centrifugation for 10 m nutes at 16,200 x g. The bacteri al
cells were washed twice in 1 x PBS to elimnate excess non-packaged
Si RNA- KSP. [0196] A bispecific antibody carrying anti-LPS and

anti - human EGFR specificities was constructed as described in Exanple
2. [0197] Themi d in this exanpl e were purchas i mal
Resour ces Oen%vlraléf&% e‘r%?h, WA, Australig, and all ani é&’%&“ﬁ@“@%nts
were performed in conpliance with the guide of care and use of

| aboratory animals, and with Animal Ethics Committee approval. The
experinments were perforned in the NSWAgriculture accredited small
animal facility at EnGenelC Pty Ltd (Sydney, NSW Australia). Human
col on cancer cells (HCT116, ATCC) were grown in tissue culture to M
continency i n phrakietetd o SdspetatireRBM, bilffed Gninesli donBemtaE, elBRk Bbpvitnizad 5%
Bovine Calf S Qg:% L nol ogi es, I nvitrogen

Cor por at i on, %?ﬁa%% nﬁﬁl@% fogc’rll1 %g utamne (Invitrogen) in a

huni di fi ed at neegingKiled Badteripowith Drugs " 506 O at 37C. 1 x 106 cells in
50 uL serum f rOes%re dieferdbygkillibracteial] k115 6f the avegtiovdoitaiha ctieient quintigd
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subcut aneousl y lget\/\%eﬁ t‘g_g shay %er_ bl a efd%% a1ld=b C n‘élj?:?ni mce (n =
8 mice per grotip]PHEPRY> EUesSoPALY S RELN R ed Pt r AT Ee RRsFlostEa &ur ed
twice a week ufsreiay, tatheilied brotaninloelth mgeaning thetihe bitled Yapibrial celly paredtapan,
preci sion to Opdddi celRAd nbR@AnallY PlofucY MWl Was cal cul ated using the
formula, length (nm x width 2 (ram) X 0.5 volunme (mMm®B). 16 days
post -i npl ant at jo2¢b) 1B HyGBHiIE: 4@ BEIRPHOHIOdE¥RE bedidkagBllin IBNA bARtEHRL WeT e
randoni zed €0 { ity dIIAEL ENberlllONBRaRl: ol Oy Bl uPURuech4OS] The
experi ment was e_s:’f gnéla_as. ol T'ows. oup _%con?er.(%'i' recerved an

i .v. dose of 1Wediyp cepfaininedtiliqddagigsizkells a9d theilled baoterial celiyyengigsm-
(control) EGFRehatgesadcdiihi redivs cohiinba higicr iy baednastion tathekilkd yi ng
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EQ’: o 2; ggtegd' %ﬂqﬁ%ﬁ 39%9, ,ItﬁeCfrEg%anﬁangmon)éslaw s cor@éﬂﬂﬂ?lﬁgr&ﬁéﬁﬂ )

] S.” typhi muriym bacCterl a packaged w t)|
chemot her apeut 10 S il o a1 selayoplers: ep ke coippHeith SifBLl B rerd )
G oup 4 (expt) hd=GHR thadye s nkinloledht 8 the kilkditauerialellhact eri a packaged
with si RNA . AK against Icinesin spindle protein (&4; EGFRS
t yphi nnui | | ni s{ohéTy- SB)load killaé bactegdiceiisivtith dvwes hatadmatly st ectedtet bulwble, t | nes

per week. WO a@ gﬁ%@ﬂl&%{é é%ﬁ@&ﬁ/aﬂ%ﬁﬁate solvent, For example, Paclitaxel

can be dissolved in a 1:1 blend of ethanol and cremophore EL (polyethoxylated castor

oil), followed by a dilution in PBS to achieve a solution of Paclitaxel that is partly
dilated in aqueous media and carries minimal amounts of the organic solvent to
ensure that the drug remains in solution. Killed bacterial cells can be incubated in this
final medium for drug loading, Thus, the inventors discovered that even hydrophobic
drugs can diffuse into the cytoplasm of killed bacterial cells to achieve a high and
therapeutically significant cytoplasmic drug load. This is unexpected because the
killed bacterial cell membrane is compose& of a hydrophobic phospholipid bilayer,
which would be expected to prevent diffusion of hydrophobic molecules into the
cytoplasm.

[0162] Ancther method of loading killed bacterial cells with a d.n.Jg involves

culturing a recombinant parent bacterial cell under conditions wherein the parent



62 [0199] The results show (Figure 2) that both treatnents, i.e.
ECERki Il ed S. tYPhi muriunPaclitunt and EGFRS. typhi nuriunmsank. Ksp,
showed highly significant anti-tunor effects as conpared to the two
controls. Thus, the data denonstrate that intact killed bacterial

cel | s packagediomde@ac! i taxel or siRNA inhibit the ggpibdivgiishumn
colon cancer cell tunmor in vivo. Examale 4. Use of dual treatnent

conprising receptor-targeted killed bacteria-nmedi ated shRNA fol | owed
by receptor-targeted killed bacteria-nmedi ated drug delivery. [0200]
To denonstrate that receptor-targeted killed bacteria can reverse
drug resistance in cancer cells in-vivo, we carried out the foll ow ng
study in Balb/c nu/nu mce. For xenograft cells, we used the human
col on cancer cbicteriplicplbtrangerihesand phrisiates 4 muckyicgRid pnooding the dmg, speh that the
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[0164] Killed bacterial celis of the invention are substantially free from
contarninating parent bacterial cells, i.z., live bacterial cells, Thus, killed bacterial
cell-containing compositions of the invention preferably contain fewer than about 1
contaminating parent bacterial cell per 107 killed bacterial cells, more preferably
contain fewer than about 1 contaminating parent bacterial cell per 10® killed bacterial
cells, even more preferably contain fewer than about 1 contaminating parent bacterial
cell per 10° killed bacterial ceils, 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 killéd bacterial cells and, optionally
therapeutic nucleic acids, drugs, functional nuecleic acids and bispecific ligands, of the
present invention (that is, a2 formulation that includes such killed bacterial cells with
other constituents that do not interfere unduly with the delivering quality of the



63 TCGAAAGAAACCAACTGICAGTGTAgagt act gTACACTGACAGTTGA TTCTT T1111-3")
was described by Wi et al., 2003. The shRNA sequence was synt hesi zed
and subcloned into plasmd | M5800 (I ngenex Corp., San D ego, CA
USA) such that the sequence coul d be expressed fromthe plasmd U6
pronoter. Theyplasp.dscarries the pUC origin of repli 509.;}0yy§5ich
enabl es hi gh pI asm é copy nunbers in facterial cells. reconbl nant
pl asm d was sequenced to ensure that the shRNA sequence vvas correct
and in-franme for expression fromthe U6 pronoter. The reconbi nant
plasm d was transfornmed into the S. iyphinmurium and, the reconbi nant
strain was designated S. typhinmuriunmshrtmnmom EG-R-targeted S.

t YPhi muri ur nshn®A- nrom was constructed by attaching the

ant i - O pol ysacohansittte) eanbé behRated mpeoedtiosal anatrieh) oslyg éne of leresur f ace of

the reconbi nanth.haet@bdld 2 LA eER Eor B R, t YPhI nuri unt shrti ocnmom
[ 0204] The various mce groups (five mce per group) received the
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Seae
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bacteria cells, such as proteins, polysaccharides and lipids. Other processes that may
be used for obtaining the killed bacterial preparation as defined above are known to
those of ordinary skill in the art.

[0167] The absence of membrane denaturation in a killed bacterial preparation can
be verified by any method well-known in the art. For example, plasmid DNA can be
extracted from recombinant killed bacterial cells and can be sequenced to ascertain
integrity of the recombinant DINA. . Plasmid content can be determined by Real-time
PCR and compared to plasmid content in the same number of live recombinant
bacterial cells. If membrane integrity was not preserved in the killing process, then
plasmid loss would be expected to occur. Additionally, if a killing process darmaged
recombinant plasmid, then DNA sequence aberrations would be observed. A test can
also be conducted where the same number of live and killed bacterial cells are
cfhecked far the ability to package a chemotherapeutic drug,

[01.68] 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 pun cross-flow filtration. A filter pore size
of about 0.2 um is preferred because contaminants generally are smaller than 0.2 pum,

Thus, using such a filter pore size allows contaminants to be filtered out, and intact



.EGFR5. typilifill ALI MEhRNA- VDRI foll owed by EGFRs typhinmuritimrino
(& mce) or EGFRS. typhinuriuns. Fu (04 mce), showed highly
significant reversal of drug resistance and tunor regression. The
data denonstrates that a dual treatnent protocol, e.g.
receptor-targghsghskidssed bacteri a-nedi ated ShRNA del b¥EYostfthoned by
receptor-targeted killed bacteria-nmedijated chenot herapeutic drug
delivery, is highly effective in reversing drug resistance in

non- phagocytic mammal i an cells. WD 2008/ 012695PCTM320071003489 64
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[0169] Compositions of the invention can be administered via various routes and to

various sites in a mammalian body, to achieve the therapeutic effect(s) desired, either
locally or systemically, Delivery may be accomplished, for example, by oral
administration, by application of the formulation to a body cavity, by inhalation or
insufflation, or by parenteral, intramuscular, intravenous, intraportal, intrahepatic,
peritoneal, subeutaneous, intratumoral, or intradermal administration. The mode and
site of administration is dependent on the location of the target cells, For example,
cystic-fibrotic cells may be efficiently targeted by inhaled delivery of the targeted
killed bacterial ceils. Similarly, fumor metastasis may be more efficiently treated via
intravenous delivery of targeted killed bacterial cells. Primary ovarian cancer may be
treated via inttaperitoneal delivery of targeted killed bacterial cells.

{0170] Compositions may be presented in unit dosage form, e.g., in ampules or
vials, or in multi-dose containers; with or without an added preservative, The
composition can be a solution, a suspension, or an emulsion in oily-or agueous
vehicles, and may contain formulatory agents, such as sugpending, stabilizing and/or
dispersing agents. A suitable solution is isotonic with the blood of the recipient and is
illustrated by saline, Ringer's solution, and dextrose solution. Alternatively,
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 intramusecularly) 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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Administration Schedule;

[0172] In general, the compositions disclosed herein may be nsed at appropriate
dosages defined by routine testing, to obtain optimal physiological effec-:t, while
minimizing any potential toxicity.. The dosage regimen may be selected in
accordance with a variety of factors including age, weight, sex, medical condition of
the patient; the severity of the condition to be treated, the route of administration, and
the renal and hepatic function of the patient.

[0173] Optimal precision in achieving concentrations of killed bacterial cell and
therapeutic within the range that yields maximum efficacy with minimal side effects
may require a regimen based on the kinetics of the killed bacterial cell and therapeutic
availability to target sites and target cells. Distribution, equilibrium, and elimination
of a killed bacterial cell or therapeutic may be considered when determining the
optimal concentration for a treatment regimen. ‘The dosages of the killed bacterial
cells and therapeutics may be adjusted when used in combination, to achieve desired
effects.

[0174] Moreover, the dosage administration of the compositions may be optimized
using a pharmacokinetic/pharmacodynamic modeling system. For example, one or
more dosage regimens may be chosen and a pharmacokinetic/pharmacodynamic
model may be used to determine the pharmacokinetic/pharmacodynamic profile of
one or more dosage regimens. Next, one of the dosage regimens for administration
may be selected which achieves the desired pharmacokinetic/pharmacodynamic
response based on the particular pharmacokinetiofpha.rmacodynamio profile, See,
e.g, WO 00/67776. ’
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13,14,15, 16, 17, 18, 9 20, 21,22, 23, 24, 25, 26,27, 28, 29, 30 or 31 days or more.

[0177) The compositions may alternatively be administered about once every week,
about once every 2, 3,4, 5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 0r 20
weeks or more. Alternatively, the compositions may be administered at least once a
week forabout 2, 3,4, 5,6,7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18, 19 or 20 wecks

OF more.

[0178] Alternatively, the compositions may be administered about once every
month, about once every 2, 3,4, 5,6, 7, 8, 9, 10, 11 or 12 months or more.

[0179] The compositions may be administered in a single daily dose, or the total
daily dosage may be administered in divided doses of two, three, or four times daily,

[0180] In method in which killed bacterial cells are administered before a drug,
adminisiration of the drug may occur anytime from several minutes to several hows
after administration of the killed bacterial cells. The dﬁg 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
aboutl,2,3,4,5,6,7,8,9,10,11, 12,13, 14, 15,16, 17, 18, 19,20, 21, 22,23 or 24
bours before the drug. Moreover, the killed bacterial cells may be administered at
leastabout 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,
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EXAMPLES

Example 1. Killed bacteria are successfully packaged with the chemeotherapeutic
drug doxorubicip.

[0183} Salmonella typhimurium strain was cultured overnight in Trypticase Soy
Broth (TSB). The strain was then subcultured (1:100) in 100 ml of TSB and grown to
early log phase (ODgp= 0.406). Bacterial count was enumeratad-'by plating serial
dilntions on TSB agar plates and performing a colony count after overnight
incubation. The result shqwed that the culture carried ~ 5 x 10® bacteria/ml. To kill
the bacterial cells, 10m] of the culture was incubated for 4 hrs with 500 pg/ml
gentamicin and 500 pg/ml chloramphenicol. A 100 pl sample was plated on TSB
agar plate to ascertain that the bacierial cells had been killed.

[0184] Killed bacterial cells (1 x 10%) were incubated with 60 pg/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. -

[0285] The doxorubicin was extracted from the killed bacteria following five cycles
of vortexing and sonication in the presence of 97mM HCl-isopropyl alcohol (HCI-
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 dmg quantitation by HPLC. The mobile phase
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132:

[0186] The area under the peak was interpolated in a standard curve for doxorubicin
and the results showed that ~ 2 pg of doxorubicin was packaged in 1 x 10° killed
bacterial cells,

Example 2. Tumor regression/stabilization following i.v. administration of
EGFR-targeted, doxorubjcin-packaged killed bacterial cells in nude mice
carrying human breast cancer xenografts, ’

[0187] This example de.monst.ra}tes that bispecific ligand-targeted and Doxorubicin-
packaged intact killed bacterial cells can effect regression of human breast cancer cell
tumor xenografts established in 6 week old female athymic nude mice.

[0188) As described in Example 1, killed S. syphimurium cells were packaged with
chemotherapeutic drug Doxorubicin and were purified of free endotoxin by repeat
centrifugation and washing away of the supernatant.

[0189] A bispecific antibody carrying anti-LPS and anti-human EGFR spesificities
was constructed as follows. An anti-EGFR monoclonal antibody was selected
because the xenografied cells were human breast cancer cells MDA-MB-468 that are
known to overcxpress 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 MAbD directed against a target cell-surface receptor that is mouse anti-human
EGFR (IgG2a; Oncogene). The two antibodies were cross-linked via their Fe regions
using purified recombinant protein A/G (Pierce Biote(;hnolc\gy). Briefly, protein A/G
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BsAb complex was incubated with 10° dox-packaged killed bacterial cells for.1 hr at

room temperature to coat them with antibody via binding of the O-antigen specific
Fab arm to surface LPS.

[0190] The mice used in this example were purchased from Animal Resources
Centre, Perth, WA, Australia, and all animal experiments were performed in
compliance with the guide of care and use of laboratory animals, and with Animal
Ethics Committee approval. The experiments were performed in the NSW
Agriculture accredited small animal facility at EnGenelC Pty Ltd {(Sydney, NSW,
Australia). FHuoman breast adenocarcinoma cells (MDA-MB-468, ATCC; human
mammary epithelial cells; non-phagocytic) were grown in tissue culture to full
confluency in T-75 flasks in RPMI 1640 medium supplemented with 5% Bovine Calf
Servm (GIBCO-BRL Life Technologies, Invitrogen Corporation, Carlsbad, CA,
USA) and glutamine (Invitrogen) in 2 humidified atmosphere of 95% air and 5% CO;
at 37°C. 1x 10%¢ells in 50 ul. serum-free me:dia together with 50 uL. growth factor
reduced matrigel (BD Biosciences, Franklin Lakes, NJ, USA) were injected
subcutaneously between the shoulder blades of each mouse using a 23-gauge needle.
The tumors were measured twice.a week using an electronic digital caliper (vitutoyo,
Japan, precision to 0.001) and mean tumor volume was calculated using the formula,
length (mm) x width 2 (mm) X 0.5 = volume (mum?). 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 X (control) received an i.v.
dose of 100 pl of sterile physiological saline. Group 2 (contrel) received an i.v. dose
of free Doxorubiein (7 mg/kg of mouse body weight), Groap 3 (control) received 1 x
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Example 3. Anti-tumor effects following i.v. administration of EGFR-targeted,
paclitaxel-packaged or siRINA-Kinesin spindle protein-packaged killed bacterial
cells in nude mice carrying human colon cancer xenogrsafis.

[6193] This example considers whether intact killed bacterial cells packaged with
paclitaxel or siRNA can inhibit the'growth human colon cancer cell tumor 7% vive.

[0194] Using the methods described in Example 1, killed S syphimurium cells were
packaged with chemotherapeutic drug paclitaxel and were purified of free endotoxin
by repeat centrifugation and washing away of the supernatant.

{0195] Separately, sIRNA against the kinesin spindle protein (KSF) was packaged
in the killed S, Typhimurium strain, KSP, also termed kinesin-5 or Eg5,is a
microtubule motor protein that is essential for the formation of bipolar spindies 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 ntonopolar mitotic spindles, activates the spindle assembly checkpoint,
and arrests cells at mitosis, whichi leads to subsequent cell death (Blangy ef gl., 1995,
Mayer et al., 1999; Kapoor et al., 2000; Tao et al., 2005). The KSP-siRNA double
stranded oligonucleotides sequences (sense strand; 5“AAC TGS ATC GTA AGA
AGG CAG-3') were synthesized and packaged into the killed $, Typhimurium strain
by incubating 1 x 10’ bacteria with 1um of the siRNA-XSP. 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
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Australig). Human colon cancer cells (HCT116, ATCC) were grown in tissue culture
to full confluency in T-75 flasks in RPMI 1640 medium supplemented with 5% -t
Bovine Calf Serum (GIBCO-BRL Lift Technologies, Invitrogen Corporation,
Carlsbad, CA, USA) and glutamine (Invitrogen} in a humidified atmosphere of 95%
air and 5% CO, at 37°C. 1 x 10%cells in 50 ul. serum-free media together with 50 ul.
growth factor reduced matrigel (BD Biosciences, Franklin Lakes, NJ, USA) were
injected subcutaneously between the shoulder blades in Balb/c nu/nu mice (r = 8 mice

per group) using a 23-gauge needle. The tumors were measured twice a week using
an electeonic 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 ~200 mm?,
and mice were randomized 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 (conirel) EGFR~targeted

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

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

packaged with chemotherapeutic drg paclitaxel {G3; EGFRg

'S. yyphimuriumpaclitael)-
Group 4 (expt) EGFR-targeted killed 8. {yphimurium bacteria packaged with siRNA
against kinesin spindle protein (G4, EGFRg, typhimuriumgpwa.ise). The treatments

were administered three times per week.



[ 0265] Hung MC, Hortobagyi ON, Deno NT. Devel opnent of clinical trial
of E1A gene therapy targeting HER- 2/ neu-over expressing breast and
ovarian cancer. Adv Exp Med Bl ot 2000; 465:171-80. WO

2008/ 012695PCT/ 1B2007/ 003489 70 10266.1 Jain, R K Transport of

mol ecul es acr @asek3®s vascul ature. Cancer Met ast asi $cfaYoorf4s909- 593
(1987). [0267] Jain, R K Delivery ofs2znol ecul ar nedicine to solid
tunors. Science 271: 1079-1080 (1996). [0268] Jain, R K The Eugene
M Landis Award Lecture 1996: Delivery of nolecular and cell ul ar
medicine to solid tunors. Mcrocirculation 4: 1-23 (1997). [0269]
Jain, RK Delivery of nolecular and cellular nmedicine to 'solid
tunors. J. Control. Release 53,49-67 (1998). 102701 Jain, R K

Del i very of nojoessgl ahe @noks gk Gigae 2 waibeth reavhansDd, FH kinens s.  Adv.
Drug Deliv. Rey. K .46. 149-68 .(g28Q1)...[0271] Jane , .. Gorgio, T.D.
Nucl ear - associ ZREE* fir&efird ™ ufkgh%?m%‘érf%‘é’é“s‘ﬁé’isgévéeﬁ}?ﬁlﬁ§‘r‘i”i’1§,ga"f s
correl at ed w t intittnaors:fferiers expragsise be tworonitdlsd Thresglthadamdnioastraedat s. Mot
Ther. 1: 339- 38k Boterial celis packaged with paclitaxel or siRINA inhibit the growth of

human colon cancer cell hunor iz vivo.

Example 4, Use of dual treatment comprising receptor-iargeted killed bacteria-
mediated shRNA followed by receptor-targeted killed bacteria-mediated drug
delivery.

[0200] To demonstrate that receptor-targeted killed bacteria can reverse drug
resistance in cancer cells in-vivo, we carried out the following study in Balb/c nu/nu
mice. For xenograft cells, we used the human colon cancer cell line Caco-2, which is
highly resistant to first-line chemotherapy drugs for colon cancer, such as irinotecan
and 5-fluorouracil (5-FU).

[0201] Using the methods described in Example I, S typhimurivm killed bacteria
were packaged with chem oﬂlcrai:eutic drug irinotecan or 5-FU. Excess irinotecan or
5-FU non-specifically attached to ﬂ;e outer surface of the killed bacteria was washed
away by centrifugation of the bacterial cells at 13,200 rpm for 10 min, and the washed
cells were resuspended in fresh 1 x PBS. This washing step was repeated.

[0202] The irinotecan or 5-FU-packaged killed S, fyphimurium cells were tarpeted
to the EGFR via attachment of an anti-Q-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 598, typhimuriums.py and

I':':“"“‘S.typhimu.riu.mmm,.

[0203] A recombinant S. typhirhurium strain carrying a plasmid encoding anti-
MDRI1 shRINA sequence was generated as follows. The MDR-1 shRIVA sequence
used in this study (5°-
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161 (1987).  recombinant plasmid was transformed into the S. typhimurium, and, the recombinant
strain was designated S, typhimurivmgprya.mpri. EGFR-targeted S,
typhimuriumspna.mpr) was constructed by attaching the anti-O-polysaccharide/anti-
EGFR bispecific antibody to the surface of the recombinant bacteria to generate

EGFRS, typhimuriumssrNa.MDOR1.

[0204] The various mice groups {five mice per group) received the following
treatments: Group 1 {control) sterile saline; Group 2 (control) E9FRg,
typhimuriumggna-mpri; Group 3 (control) EGFR-targeted, 5-FU-packaged killed
bacteria (EGFRS. typhimuriun-ls.m); Group 4 (expt) EGFRg, typhimuriumgrNA-MDRI
followed by E9FRS. typhimuriums.py; Group 5 (control) EGFR-targeted, Irino-
packaged killed bacteria (EGF Rs. typhimuriumyiye); Group 6 (expt) EGFRg,
typhimuriumgana-morr followed by EOFRS, typhimuriumiene; Groups 2 to 6 received 1

%x 109 bacterial cells, and all treatments were i.v.
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carrier therefor. 2. The conposition according to claim1l
wherein said killed bacterial cells contain functional nucleic acid.
3. The conposition according to claim2, wherein said functional
nucleic acid is plasmd-free. 4. The conposition according to

claim 3, whereipegai ad WIGEAANRY., AGE & DAL A, Fefell, B LA QEY SENA
Lorenzino, L., Lobell, R.B. Induction of apoptosis by an inhibitor of the mitotic
kinesin KSP requires both activation of the spindie assembly checkpoint and mitotic
slippage. Cancer Cell 3: 49-59 (2005).

[0367] Theys,J., Landuyt, W., Nuyts, S., e al. Specific targeting of cytosine -
deaminase to solid tumors by engineered Clostridium acetobutyiicum. Cancer Gene
Ther. 8: 294297 (2001).

[0368] Thumher M, Wagner E, Clausen H, Mechtler K, Rusconi S, Dinter A,
Bimstiel ML, Berger EG, Cotten M. Carbohydrate receptor-mediated gene transfer to
human T leukaemic cells. Glycobiology. 1994 Aug;4(4):429-35.

[0369] " Todorovska, A, et al. Design and application of diabodies, triabodies and
tetrabodies for cancer targeting. J. Jmmunol. Methods 248, 47-66 (2001).

[0370] Tomlinson, 1. & Holliger, P. Methods for generating multivalent and
bispecific antibody fragments, Methods Enzypmol. 326, 461-479 (2000).

[0371] Vaughan, T. J. et al. Human antibodies with subnanomolar affinities isolated
from a large non-immunized phage display library, Nature Biotechnol. 14, 309-314

(1596).

[0372] Vaughap, T. J., Osbourn, J. K. & Tempest, P. R. Human antibodies by
design. Nature Biofechnol, 16, 535-539 (1998).

[8373] = Verhoeyen, M., Milstein, C. & Winter, G, Reshaping human antibodies:
grafling an antilysozyime activity. Science 239, 1534-1536 (1988).°

'[0374] Wakimoto, H., Johnson; P.R., Knipe, D.M., Chiocea, E.A. (2003) Effects of
innate imrunity on herpes simplex virus and its ability to kill tumor cells. Gene Ther.
10: 983-990 (2003).

[0375] Warren, B.A. The vascular morphology of tumors. Tumor Blood
Circulation: Angiogenesis, Vascular Morphology and Blood Flow of Experimental



5. The conposition according to claim1l, whetein said conposition is
essentially free of endotoxin. 6. The conposition according to
claim1, wherein said killed bacterial cells contain a drug. 7.
The conpositiqgn according to claim2, wherein said functional nucleic
acid targets tHE'M&Eeript of a protgjn that contri bEEEYE4H ug
resi stance, apoptosis resistance, or neoplasticity. 8. The
conposition according to claim7, wherein said functional nucleic
acid is an si RNA, shRNA or mM RNA that targets the transcript of a
protein that contributes to drug resistance. 9. The conposition
according to claim7, wherein said functional nucleic acid is an
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14. The conposition according to claim 13, whergin said functional
nucleic acid targets a transcript of Bcl-2,Al/Bfl 1, focal adhesion

ki nase or p53 protein. 15. The conposition according to claim
7, wherein salgo{uﬂ%%%onal nucleic acid targets a transcript of a
protein that con es to neoplastigjty. 16. HTEBRERESRI ti on

according to claim15, wherein said functional nucleic acid targets a
transcript of |IS-Catenin, PKC-a, C RAP, K-Ras, DP97 Dead box RNA
helicase, DNMI I, FLIP, G Sfc, 53BPI, Polyconb group protein EZH2,
ErbBl, HPV-16 E5 and E7, Fortilin & MCI1P, DI P 13a, MBD2, p21, KLF4,
tpt/ TCTP, SPK1 & SPI C2, P300, PLK1, Trp53,-Ras, ErbBl, VEGF, or
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encodes a normal counterpart of a gene that expresses a protein that
functions abnormally or is present in abnormal levels in said

mammal i an cel | . 23. The conposition according to claiml,
wher ei n sal‘HOFWélf’ﬁﬁ%utl c nucleic acid is contained on %P%‘i“&@?fp%-‘s”
conprised of nultiple nucleic acid séduences. 24. The
conposition according to claim 23, wherein said plasmd conprises a
regul atory el enent. 25. The conposition according to claim 24,
wherein said plasm d conprises a reporter el enent. 26. The
conposition according to claim1, further conprising a bispecific

| i gand. 27. The conposition of claim26, wherein said

bi specific Nck n Ver QF, GRAY eyt gehAGBRPY against
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structure aEq%g%mzﬁgF h%n gn%op %k célﬁﬁar%?s@r%ufn'oﬁ by mte&{anﬁm of delivery

non- phagocy ace rece

conposi t i onobsligohadlentides medisted by cationgt 1in MfahRéEIlﬁ Wfé%@ @&t or
is capable of activating receptor-nedi ated endocytosis of.said killed
bacteri al C‘fdg,'gﬁ] . Zelphati, O. & Szoka, F. Mechanism of oligonucleotide release from cationic

liposomes. Proc. Natl. Acad. Seci, U. S. A. 93:11493— 11438 (1956).

[0397] Zhao, Y., Zhu, L., Lee, S., Li, L., Chang, E., Soong, N.W., Douer, D. &
Anderéon, W F. Identification of the block in targeted retroviral-mediated gene
transfer. Proc. Natl. Acad. Sci. US4 96: 4005~4010 (1999).

[0398] * Zhou, X., Mantis, N., Zhang, X.R., Potoka, D.A., Watkins, 3.C,, and Ford,
H.R. Salmonella typhimurium induces apoptosis in human monocyte-derived
macrophages. Microbiol. Immunol. 44: 987-995 (2000).

[0399] Ziady AG, Perales JC, Ferkol T, Gerken T, Beegen H, Perlmutter DH, Davis
PB. Gene transfer into hepatoma cell lines via the serpin enzyme complex receptor.
Am J Physiol. 1997 Aung; 273(2 Pt 1):G545-52.

~ [0400] - WO 81/01145 '

[0401] WO 88/07378

[0402] WO 95/21191

[0d03) WO 00/67776

[0404] ' U.S. Patent No. 4,975,278

[0405] U.S.PatentNo. 4,987,071



31. The conposition according to claim?29, wherein said bacteri al
cell surface structure is an 0-pol ysacchari de conponent of a

| i popol ysaccharide on said killed bacterial cell surface. 32.
The conposition of claim?29, wherein said first armand said second
arm are nonospecific. 33. The_conposition of claim29, wherein
said first armand said second ar m@-AIMS tival ent. 34. A
conposition consisting essentially of intact killed bacterial cells
that contain at : ' ' : : '

el oio agi 4; | CCOREHIAG RnErE GR Ml bl TR G0, cach
conpr i d&edinctegaheelloifspidqgilfalityl dngamgsassingtaothempewictnuicidacid a doig bea

bacteri.al ,cells fhat .contain t her apeutic nucl.eic acid gquence and
(b morfSHSHABHCVEIE PRl it Charmeca aal SoraR bl Pl thepiShec 1 c

| i gands cause said killed bacterial cells to bind to said mammal i an
cells and (i2)) saimd dsidpbsiloRagdotdihdto E18inh $, WhGeiARGMIiBEH brtteRi Eells
mammal i an cells, which produce an expression product of said

t her apéaniptn fynetiasaknugdsie agidquence, wherein said mammalian cells are
invitro. 36. A targeted drug delivery nmethod that conprises
bringi ng bi speci ' ' : i ). ¥l -1 al: g
cells that ?bnt aiT#%g%ﬁ%ﬁ%ﬂ%%%ﬁ?@Q%@ﬁ%?ﬂ %g?rélgtsa@amﬁngﬁ%gg% gé,ld s
such t psmid-fresai d bi specific |igands cause said killed bacteria
cells to bind to said mammalian cells, (ii) said killed bacteri al

cells are engul f by sai.d mammal.i an cel |l s, nd. (i, sai d, dr is,.
Pl basad i neot L he PR tRt BCCing i wht gl fungi gl el pid is

mamal ip38xAgblyRAME 1 n vitro. 37. The nethod according to
cl ai m 40, wherein said target manmalian cells are non-phagocytic
cells. 38. The nethod according to claim40, wherein said drug

i s a chenot Ber apdicicemagsifipn according t@glainT hewheseinsaidaoamogiting i essentiallih
36, wh Q%B e:ﬁh&ﬂgru9 is encoded on a plasm d contained within said

killed ™bactéerial cells. 40. The net hod according to claim 39,
wherein said plasm d conprises a regulatory el enent.
6. The composition according to claim 1, wherein said killed bacterial 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.

10. The composition according to claim 7, wherein said functional nucleic acid is

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

I1.  The composition according to claim 7, wherein said functional nucleic acid

targets the transcript of P-glycoprotein, MDR-2 or MDR-3.
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41. The nethod according to claim39, wherein said plasm d conprises
a reporter el enent. 42. A drug delivery nethod that conprises
bringing killed bacterial cells that contain a drug into contact with
manmal i an cells that are phagocytosis- or endocytosi sconpetent, such
that said kil ed : f ; i %;ﬁg{allj S
and said dr ulg2 ‘is %ﬁgg{gg%hf)%t% %éofﬂgé goytag%F Z"s“r;hggg llllssgil%1 Tama .daﬁ&%g‘ﬁbs,
wher ei targeafs thateamsetiptard MRP2,BGR-ABI, SATtF7. resistance-asd@iatdhproneh,Hoolg
according.to claim42, .wherein said,drug is. a cheno eutic. a

25 Thetuts e Bl it ei, CYOSeR AP e o P O ke oS BB 1
a I egulpitaity3-RbEHE M a growth fadbr. The nethod according to clai m 44,
wherein said plasmid conprises a reporter elenent. 47. A

met hod of delivering a functional nucleic acid, conprising (a)

provi di ng a 1§ ur dilietcpmppsikpn pecgrdiag taeelpim 7 cwhersinspidfuptinabewlaic acif
carri eny,, &@?ﬁk &AI‘{S!’:&@ olf%.(i)g&%fn%katp%Hrib?lFesttg' g}gfﬁ:!t(%lsrxsa rlelsitst% glconpassing (1)
a functiBRAl nucl et acird or ||C) a plasmd-conpri 380 a segnment

t hat encodes a functional nucleic acid and then (b) bringing said
Kill ed bact ddi al Ttelcompositibhecqokdingtd ¢lyim b3 ,ovledeinh 38id Amdilondlatughdc acid

mammal i an cells, such_that 1 d | pan cells engulf said kjlled
bact er il3Betg @|janscfips ngﬁﬁgﬁ%ﬂm ﬁgﬁ?’n‘gﬁa#och]t?@ﬁéﬁlﬁﬂ kinase qr53 predeidied i nt o

the cytoplasmof the target cell, wherein said mammalian cells are in
vitro. 1548. _THB%OB%B_EIQ% a&oRtifh Riclhion ¢) @hdfbift GaidIRERNAl Aldfeic acid
functional nucleic acid is plasmd-free. 49. The net hod

accor ditargets @ teghsdript 482 protein dhat contebhitgs tot neopkasticitic| ei ¢ acid is
regul at ory RNA 50. The nethod according to claim47, wherein

sai d functi qnal | ej id_i xpressed the target cell. .. .
31 “he et 184 adds Bibetfbt ardrfir B AL St A b ey rplsiq agid
cel | caipets B3radsdpipd 81B-C atii) P34, OIR AF [ IeRHsaADPOY DRAEHRNRNARlichs,
operabl&\ll inked to said selgmant. )
MT1, FLIP, C-Sfc, S3BPI, Polycomb group protein EZH2, ErbB1, HPV-16 E5 and E7,
Fortilin & MCI1P, DIP13¢c, MBD2, p21, KLF4, tpt/TCTP, SPK1 & SPK2, P300, PLK1,

Trp53, Ras, ErbB1, 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,

19.  The composition of claim 18, wherein said drug is packaged in a killed

bacterial cell.

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

drug are packaged within the same killed bacterial cell.

21.  The composition according to claim 1, wherein said therapeutic nucleic acid

sequence encodes a suicide gene.

22. The composition according to claim 1, wherein said therapeutic nucleic acid
encodes a normal counterpart of a gene that expresses a protein that functions abnormaily or

is present in abnormal levels in said mammalian cell.
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52. The nethod according to claim51, wherein said regulatory el enent

I's a pronoter dependent on RNA pol ynerase. 53. The net hod
according to claim52, wherein said pronoter is the RNA |11
pol ynmer ase pronoter Hl or U6. 54. The nethod according to claim

47, wherein gaid ﬂle%%fﬂp@si%ﬁ‘ﬁ@&ﬁdiﬂ‘%'t& LRn® 1 [ WRGEInQaR th@ﬂdn?éﬂc%uéﬁicda%id is
55. The met hod according to claimb54, wherein said plasmd further

conpr i sestamegd roraqlaymifl gompastd disdtipld ruglest doddhsdquanmsk.ei ¢ aci d. 56. The
met hod according to claim47, further conprising the step of (c)

del i veri d id. . L 1l .. 57..Th hod .
accor i ng t &'l ai THegsTRanupB RSt M Baind Pahersin g il bRl

the traesagitoptelehed. protein that contributes to resistance to said
dr ug.

25.  The composition according to claim 24, wherein said plasmid comprises a

reporter element.
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.

30.  The composition of claim 29, wherein said mammalian cell surface receptor is

capable of activating receptor-mediated endocytosis of said killed bacterial cell.

31.  The composition according to claim 29, wherein said bacterial cell surface
structure is an O-polysaccharide component of a lipopolysaccharide on said killed bacterial

cell surface.

32.  The composition of claim 29, wherein said first arm and said second arm are
monospecific.

33.  The composition of claim 29, wherein said first arm and said second arm are
multivalent.

34. A composition consisting essentially of intact killed bacterial cells that contain

a therapeutic nucleic actd, a drug, or a functional nucleic acid.
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58. The met hod according to claimb56, wherein said drug i s packaged in
a killed bacterial cell. 59.The nethod according to claim58, wherein
said functional nucleic acid or plasmd, and said drug are packaged
within the sane killed bacterial cell. 60. The nethod according to

claima7, wharei i hiQeeRicaddivBStHARS Bal hitpddeeBriRanL s_fs}g@éiﬁ&ﬁ%;!dmémo
said target mammalian cell is facilitated by a bispéecific |i1gand.
61. A nephiadt with [2) kdlledgpacteriabecllsithat ednthinct theiaptutivaiucksiovdid saqudraggnd

conpri sj t he st of creati a ntrati.on .gradi ent of sajd.drug
bot needPhibreaiaelt Ry BraFafiahrdR S igR bl e Rarfre et

bact er ivattefigll defls @6intl h@sdid hd@imian|cells ARG dia kilk Yac@rialdeP hitSRgulfed
such that said drug noves down said concentration gradient, into the

i nt act byispidggammetian Fells, which psodige ep EprRssiGRPIAdwRl R s7id Bferansutic necleic
killed algf%lcsteﬁﬁén%la ﬁﬁx{rbiﬁ.s\qutrg qfiﬁgcdﬁ%{:@z@ﬁﬂré‘ g the steps of:
g a bacterial ce u [

(a) culturi ndér “condi 11 Ons such that the
bacterial cell transcribes and translates a therapeutic nucleic acid

encodi ng sai3d. dr ugtargetehdivialeliserly dnaliodrhhisconglrBaskdngding bispdugfic ligands

cytopl ?I?trg]c?){ltagtaxgvgh 5(1(’[11?&11 baalcte(lgieell cl:élls ?lg]acti C;[)l’rl}:gi?l a drug molecule and (b) target
mammalian cells, such that (i) said bispecific ligands cause said killed bacterial cells to bind
to said mammalian cells, (ii) said killed bacterial cells are engulfed by said mammalian cells,
and (iii) said drug is released into the cytoplasm of said mammalian cells, wherein said

mammalian cells are in vitro.

37. The method according to claim 40, wherein said target mammalian cells are

non-phagocytic cells.

38. The method according to claim 40, wherein said drug is a chemotherapeutic

agent.

39.  The method according to claim 36, wherein said drug is encoded on a plasmid

contained within said killed bacterial cells.

40.  The method according to claim 39, wherein said plasmid comprises a

regulatory element.

41.  The method according to claim 39, wherein said plasmid comprises a reporter

element.

42. A drug delivery methed that comprises bringing killed bacterial cells that
contain a drug into contact with mammalian cells that are phagocytosis- or endocytosis-
competent, such that said killed bacterial cells are engulfed by said mammalian cells and said
drug is released into the cytoplasm of said mammalian cells, wherein said mammalian cells

are in vitro.

43, The method according to claim 42, wherein said drug is a chemotherapeutic

agent.
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(b) killing said bacterial cell to formone or nore killed bacteri al
cells containing said drug in their cytoplasm 63.Use of intact
killed bacterial cells and bispecific ligands in the preparation of a
medi canment, said killed bacterial cells containing a therapeutic

nucl ei ¢ aci Gy, 2 Afpiélnetod HEoEAiRD R cIRMELE voheRGh i Tdrdk RleASSHeH on a plasmid
conprised of a segment that encodes a functional nucleic a0|3, th
sai d bicspaviefiiveithin gad ddldddiantgriglgsdlbl e of binding to said killed
bacterial cells and to target non-phagocytic manmalian cells, for use
in a method @f treati ncet. b 9. m.ni stration of said

redt canent (o a il hofiod BieRingto I 2Tl Gh (AL iBbftver

| i gand rbg@dataryf dleméntar m t hat carries specificity for a bacteri al
surface structure and a second armthat carries specificity for a
manmal i an cel | surface structure that is a receptor capabl e of
activating récept - RElPd e Hpg tesaigs s Whetrip seif lasgid gomrprises g reporter
bacterigl,&gl | s are engul fed by said non-phagocytic manmalian cells.
64. A nep%od for preparing killed bacterial cells conprising

pl asm d-free functional nucleic acid of the conposition of claimS3,
conpri si ng &d-i ncubethadpfalehenmsy 4 fipctodnal mdeit akid] ¢edprizing @) paividieg b s
wth plamd-fr f.yncti.opal, nucleic acid jn a buffer .65 T

et hou PO g il BRgiebiALRas 247 aftpnoBfiinl e stuieckcipaal pel of e
shaki nglurality encéfipast fanetidial Fhcddionéid &f fhdniddothpfided HICARBHeAN
| asts ggghtyo.S hlg)ur.{?@mElt _6§:aThe &ethogrgp c ai§i64,pwherein saFd
co- i ncubkatenenies adenctigpaguytucleieadid 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, wherein said mammalian cells are in vitro.

48. The method according to claim 47, wherein the functional nucleic acid is

plasmid-free.

49, The method according to claim 48, wherein the functional nucleic acid is
regulatory RNA.
50.  The method according to claim 47, wherein said functional nucleic acid is

expressed by the target cell.

51. The method according to claim 47, wherein said killed bacterial cell contains a

plasmid comprised of a regulatory element that is operably linked to said segment.

52.  The method according to claim 51, wherein said regulatory element is a

promoter dependent on RNA polymerase.

53. The method according to claim 52, wherein said promoter is the RNA 111
polymerase promoter H1 or U6.

54. The method according to claim 47, wherein said plasmid encodes multiple

functional nucleic acids.
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68. The nethod of claim 64, wherein said buffer conprises buffered

sal i ne. 69. The nethod of claim64, wherein said buffered
saline is in gelatin form 70. The nethod of claim®64, wherein
said buffer conprises a | X phosphate buffer sol ution. 71. The
met hod of cls3i m 6ghe Mﬂﬁé@h&o&ﬁh@t&@ahﬂ%hﬂe&&ﬂ séuﬁ CRARY 6lr8r Bdmprises a
tenperature of about 4C to about 37C. : e nmethod of claim
64, whérenates firgagbencadehimnrcienal sudeisdoit ed at a terrperature of about
20C to about 30C. 73. The nmethod of claim64, wherein said

co-incubat i i S ﬁf@:’]‘%%ﬁ&ﬁ%cc%}dlﬁ\g a%ﬁ{ﬁ %ﬁhegfcgl%gﬂyﬁi %?e%t%pu%ﬁ(gb th4 a

The nmet hod of "clai'm erern co-incu con _
t enper akeliverimyfa dogd sé3d Grget mammadBan cele net hod of cl ai m 64, wherein
sai d co-incubation conprises about 1010 killed bacterial cells.

76. The net d of_.cl ai 4 er ei 0-i.ncy i on conpri ses
about 102, T8 maBbacoBins GudahrS, SRR PR S UREe SRHC S | .

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

58. The method according to claim 56, wherein said drug is packaged in a killed

bacterial cell.

59, The method according to claim 58, wherein said functional nucleic acid or

plasmid, and said drug are packaged within the same killed bacterial cell.

60.  The method according to claim 47, wherein the contact between said killed

bacterial cell and said target mammalian cell is facilitated by a bispecific ligand.

61. A method of loading intact killed bacterial cells with a drug, comprising the
step of creating a concentration gradient of said drug between an extracellular medium
containing said intact killed bacterial cells and the intact killed bacterial cell’s cytoplasm,
such that said drug moves down said concentration gradient, into the intact killed bacterial

cell’s cytoplasm.
62. 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 encoding 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.

63.  Use of intact killed bacterial cells and bispecific ligands in the preparation of a
medicament, said killed bacterial cells containing a therapeutic nucleic acid, a drug, a
functional nucleic acid or a plasmid comprised of a segment that encodes 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 cancer by
89



77. The nmethod of claim64, wherein said co-incubation conprises
about 1010 killed bacterial cells. 78. The nethod according to
claim64, wherein the functional nucleic acid is regul atory RNA

79. The nmethod according to claim64, wherein the functional nucleic
aci d i sidbiNfstration of s&id. méa’l@mﬁéhﬁﬂ.ﬂ@béll @Bsuf orCdrahdwherdn 8418 bikp8afif ligand
functiognal nucleic acid is 81. Thé nethod of clai m 48,

wher ei a8 aifigstRmndhat sagles ﬁPﬁ,leilaﬁiIW fae # Bagterighmprface structua@anm}@cmcbann that
accordi, jﬂgﬁ [ m a d

sai d seglgjng %mﬁ?l? %ngﬁ Y 18&;1[% h Shmﬁ&@@ﬁg&ﬁ% agg(gze ol ﬁ% o @I aim
63, \/\,hacevanmgae@bphﬂaﬁ@ﬁétad eisdoch@eis, sich tiedt waia lﬂﬁedajac&nﬁlcﬂe}l/ls 3fd?dmgﬁlfélﬁby
conponent, of o ol ysacchari de. 84. e use according to any
ofn2|a|W§I§§1$@ £ %@PlQﬂﬂﬁqgﬁn said killed bacterial cells contain
a therapeutic nuclelc aci d.

64. A method for preparing killed bacterial cells comprising plasmid-free

functional nucleic acid of the composition of claim 3, comprising co-incubating a plurality of

intact killed bacterial celis with plamid-free functional nucleic acid in a buffer.
65.  The method of claim 64, wherein said co-incubation comprises gentle shaking.
66. The method of claim 64, wherein said co-incubation lasts about 0.5 hour.
67. The method of claim 64, wherein said co-incubation lasts about one hour.,
68.  The method of claim 64, wherein said buffer comprises buffered saline.
69. The method of claim 64, wherein said buffered saline is in gelatin form.

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

solution.

71, The method of claim 64, wherein said co-incubation is conducted at a

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

72. The method of claim 64, wherein said co-incubation is conducted at a

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

73. The method of claim 64, wherein said co-incubation is conducted at a

temperature of about 25°C.

74. The method of claim 64, wherein said co-incubation is conducted at a

temperature of about 37°C.

75.  The method of claim 64, wherein said co-incubation comprises about 10"

killed bacterial cells.
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85. The use according to any of clains 63, 82, and 83, wherein said
killed bacterial cells contain a drug. 86. The use according to
any of clains 63, 82, and 83, wherein said killed bacterial cells
contain a functional nucleic acid or a plasmd conprised of a segnent

that encodesga f urfedhoRad of:gineb4, wherein said co-incubation comprises about 107, 10,
10%, 10", 10",10" or 10" killed bacterial cells.

77. The method of claim 64, wherein said co-incubation comprises about 10'°

killed bacterial cells.

78. The method according to claim 64, wherein the functional nucleic acid is
regulatory RNA.

79. The method according to claim 64, wherein the functional nucleic acid is
DNA.

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

81. The method of claim 48, wherein said functional nucleic acid is DNA.

82. The use according to claim 63, wherein at least one of said first arm and said

second arm is multivalent.

83. The use according to claim 63, wherein said bacterial surface structure is an

O-polysaccharide component of a lipopolysaccharide.

84.  The use according to any of claims 63, 82, and 83, wherein said killed

bacterial cells contain a therapeutic nucleic acid.

85. The use according to any of claims 63, 82, and 83, wherein said killed

bacterial cells contain a drug.

86. The use according to any of claims 63, 82, and 83, wherein said killed
bacterial cells contain a functional nucleic acid or a plasmid comprised of a segment that

encodes a functional nucleic.

ey



