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The objective of gene therapy is to insert one or more foreign genes into the

¢ells of an organism to shut down a gene, 1o replace a defective gene, or to express a
gene product that provides a prophylactic or therapeutic effect. Recent advances in

gene.therapy have highlighted a variety of methods for introducing foreign genes into

the genome of recipient mammals. See Romano ef al. 1998, 1999; Balicki and
Beutler, 2002; Wadhwa et al., 2002; and Thomas et al., 2003. These advances relate
to using viral vectors, both human and non-human, and non-viral vectors, such as

DNA-liposoine complexes.

While each vector system has its advantages, cach also has significant
drawbacks that have limited any clinical application. In particular, viral vectors pose

serious safety concerns, including recombination with wild-type viruses, insertional




and oncogenic potential, intrinsic toxicity of animal
virus vectors to mammalian cells, virus-induced
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A similar lack of specificity also has hindered the application of non-minicell
vectors, and various approaches are under development to address this problem. See
Wickham, 2003. One approach makes use of the receptor-mediated endocytosis

 (RME) system, present in m-any_cel:! types, and entails development of a diverse set of
targeting ligands. In this approach, cell-specificity is imparted to the vector by

liﬁk"ing ittoa _Iigand that targets a ,speciﬁg cell surface receptor or marker. Following
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linking it to a ligand that targets a specific cell
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‘Even if ligand-based targeting was employed to enable endocytosis of killed bacterial
cells or non-living particles of bacterial origin, the method would not be ,expected to
be effective for gene delivery. Rather, it would be éxpected that endosomes would
degrade the non-living cells or particles, making them ineffective as gene delivery

vectors. In that regard, it currently is thought that only live facultative intracellular
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Disclosed are biépeciﬁc ligands useful for targeting minicell
- vectors to non-phagocytic mammalian host cells. The bispecific ligand may bé
polypepﬁdé or carbohydrate, and may comprise an antibody or antibody fragment. In
preferred embodiments, the bispecific ligand has a first arm that carries specificity for
a bacterial minicell _su.rfacc'strucl:ture and a second arm that carries specificity for a
non-phagocytic mammatian cell surface structure. . A desirable minicell surface

structure for ligand binding is an O-polysaccharide component of a
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containing a therapeutic nucleic acid molecule and said bispecific ligands being capable
of binding to said minicells and to a receptor capable of activating receptor-mediated
endocytosis on target non-phagocytic mammalian cells, for use in a method of treating a

disease or moditying a trait by administration of said medicament to a cell, tissue, or

organ.
Disclosed is the use of bacterially derived minicells that may contain a

therapeutic nucleic acid and a bispecific ligand in the
preparation of a medicament for use in a method of treating a disease or modifying a

trait by administration of the medicament o a cell, tissue, or organ. Such
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endocytosis on target non-phagocytic mammali an cells,
for use in a nethod of treating a disease or
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to a cell, tissue, or organ. Disclosed is the use of
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therapeutic nucleic acid and a bispecific ligand in
the preparation of a nedicament for use in a nmethod of
treating a disease or nodifying a trait by
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Figure 3 shows efficient internalization of Her2/neu receptor-targeted
recombinant minicells, versus non-targeted minicells, into human ovarian cancer
SKOV-3 cells. The procedures were performed as described in Example 3 and the

results were visualized by confocal microscopy. Immunofluorescence staining was
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resul ts were visualized by confocal m croscopy.
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The present inventors have discovered that bispecific ligands can be employed
to target bacterial minicell vectors to non-phagecytic mammalian host cells. Such
host cells normally are resistant to adhesion and endocytosis of 'mini'cell's in vivo, yet
can be made receptive to minicell dehvery vector binding and internalization with the

aid of a blspecxﬁc ligand.

Additionally, the inventors have discovered that the internalized minicells are
degraded sufficiently to release recombinant plasmid DNA. This is surprising

because non-phagocytic mammalian cells inherently do not carry aggressive
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7 Additionally, the inventors have established that efficiency of gene delivery
relates to the number of minicells that are endocytosed within endosomes.
Accordingly, non-phagdcytic_ target cells that carry highly expressed receptors on the
cell surface, such as EGF receptor on the surface of some human breast ca’ncef cells,

- and to which the bispecific ligand was targeted, show more minicells engulfed within
each endosome, often more than 10, resulting in highly efficient recombinant gene
delivery to the cell nucleus. These results suggest that the chances for escape of

recombinant DNA from late endosomes are increased when the recombinant DNA

| _':lo_a'q w1thm an endosome is high enough to compensate, for losses through degradation
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respective receptors on a range of non-phagocytic cells. These cells included lung,
ovarian, brain, breast, prostate and skin cancer cells. Moreover, the efficient binding

preceded rapid endocytosis of the minicells by each of the non-phagocytic cells.

The inventors’ discovery is surprising because it previously was thought that

only “professional” phagocytes, such as maerophages and neutrophils, can endocytose
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large macromolecular particles like bacterial cells, which are 600 nm and larger.
Conversely, it was thought that non-phagocytic mammalian cells can endocytose only

small, non-living macromolecular particles such as liposomes, which are 150-400 nm,
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component. Antibodies are preferred ligands. For example, a bispecific antibody that

carries dual specificities for a surface component-on bacterially derived intact
minicells and for a surface component on target mammalian cells, can be used to
efficiently target the minicells to the target mammalian cells in vitro and in vivo.
Useful ligands also include receptors, enzynies, binding peptides, fusion/chimeric

proteins and small molecules.

- The selection of a particular ligand-is made on two primary bases: (i) specific

' 'bindin_g to one or more domains on the surface of intact minicells and {ii) specific
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and gastrointestinal tract carcinomas (Marshall, 2003); heregulin receptors (HER-2,
‘neu or c-erbB-2), which is frequently overexpressed in breast, ovarian, colon, lung,
prostate and cervical cancers (Hung et al., 2000); epidermal growth factor receptor
(EGFR), which is highly expressed in a range of solid tumors including those of the
breast, head and neck, non-small cell lung and prostate (Salomon et al., 1995);
asialloglycoprotein receptor (Stockert, 1995); transferrin receptor (Singh, 1999); ser[')in
enzyme complex receptor, which is expressed on hepatocytes (Ziady ef al., 1997);
fibroblast growth factor receptor (FGFR), which is overexpressed on pancreatic ductal

y adenqca_rpi_noma; cel_ls_ Kleeff ef al.,_'2092); vascular endothelial growth facter receptor
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ifdHtEeaBAcht BF AR SR CHic Fibrosi '
asi alaogl ;copr ot éiﬁﬁg‘?ggept orﬁ%lgﬁ)%‘ﬁg%?‘?%égﬁl” 1997).

transferrin receptor (Singh, 1999); serpin. enzyne
conpl Biek andls campiase andibedips andéduantibodyegesivaiivese s used

¢
| fe, o Al I h.fact, T
Gkt ot angb O encptBls 0uF BBt A50iSinls ebpipgd by i
divotalin vied generatien ofuEnm@inogeriktepbiise£Thaterm AQQEIdy”
arow h factor receptor -13 WO

vascul ar, endat hel i al ‘ 0 .
- 56BulrEdyelonsoranomposifio gad Benorl peRbergbodies, a5 weil as antibody
9060 AT SRR T Y ghERS K55, g o

desivativéswsefnl ovihe prosemtsswhtion aB6 hayfberubtaitkei hoteSombinant DNA
%{’ﬁ'{rﬂl an carci nomas (CGosselin and Lee, 2002); cell

WS gl ycocal yx (Batra et at, 1994); carbohydrate
receptors (Thurnher et al., 1994); and polyneric
| munwildabpd AdibotRS BRfour Mx;s‘éﬁtiﬂé chiifd, Wvo idintie MBavy chains
delivery to respiratory epithefial cells and

- anditpaddiniisal light chainnt Bethtynes of pelypefitisle sbains bavetvonstant
I, Gy 1l ' | . .. 1997). Pref d
(P GG By AN T el amgp g1 Thé Sime lass, and

ieiableatgdions . Vadablisegions efeqiniquetth @ ph@ichlar anitdd9@4d comprise an
_encong,a_ses an, i nogl gbul i n nmol ecul e obtained by in
apfigeLigding dopain;thatreeognizes @ specifinepitapgn diie mgions of the antigen
' ASE a5 ¥ : 3 J fved b A nal ,
g L0 Bnip MO8 Sk bl Bbived W Elto0y i "2
“eompleodytaritie deteaniningsregions(CBRsYI ngl e- chai n ant i body
fragnments (scFv). Antibodies and antibody derivatives

i nvention,al sqQ na tai ned

by it e A BORR o R BisE deR ROV eGP o
aigﬁgclfdr)]ﬂ; fedpinddel thaeRairtithe @B & spb¥ificAllPBhd thntiRRAY YSuch
antibody fragments include Fab fragments (a fragment that contains the antigen-
binding domain and comprises a light chain and paft of a heavy chain bridged by a
rAdisuIﬁde bond), Fab’ (an antibody fragment containing a single antigen-binding
domain comprising a Fab and an additional portion of the heavy chain through the

N hinge region, F(ab’)2 (two Fab’ molecules joined by interchain disulfide bonds in the
hinge regions of the heavy chains), a bispecific Fab (a Fab molecule having two

antigen binding domains, each of which may be directed to a different epitope), and
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and two identical |ight chains. Both types of
regi ons, whic

i de chai ns have const ant
woﬁ@{%g/%% or vary minimally anong anti bodi es SFT‘EIE@M"O“““%

same class, and variable regions. Variable regions

are unique to a particular antibody and conprise an

anti gen bi ndi ng domain that recogni zes a specific

apicky fthe Vﬁﬁd)lc,@tigmbbﬂlnmtm@w regiomalf agingle tightand heavy

that r%ﬁgp‘é%ﬁé%ﬁ%é&% voI ‘Hbfn a}ggP Ia‘fl?}gﬁdy(bl ndi ngThe

ter m "anti body" al so encorrpasses derivatives of

ant i btie antitodids, dSludaddtdnBeedy fri icondtiaie phﬁtoalan of the
t he abllltyto speC|f|caIIy bind to antlgens ch

ligrnds, Shey rrefambbness of human etigimoreragadified to he ﬁwﬁ@lfeﬂ@r use in
Hdhidns C 90 aN ilfé.lEﬂ ?%H'aﬂﬁﬁo d@’ Q:gl{ lefl Qﬂ&ﬁﬂég}/@gc L iSee e.g.,

conprises a ain an
(B':ﬂjodged aby2@03. diteylHavel bedmﬂddlﬁed:hja gerletio nddiiipdlatiyn and/or in

nment cont a single. antigen-bindi domai n
"6‘6 F?tgneﬂbfoae&?s dicteantfeenttiyin 8 aagoMer S ot hugaanizing
ﬁﬂaydaescﬂau@schﬂé&wﬁ thes. pan tBE NoC699.055, @g 385, dsb%d

mol ecul es | oi ned by tercharn disul bonds 1 n
th é,ﬂﬂs 184 e In thistmplestfcast dutmapizyd eititiodiss arafdnined by igfdfing the

b le h .bi ndi
A5 St Folihg AP af i el ihig eeiotEPB from
aapbise ReAb indd 8 hutdrin VELG 2805 IdHed 649, 16T4: 1BEAA4R4 405619880 and

scFv (the variabl e, antigen-binding deterni native

Yeshpeyen ot ala 198 gThe gengrtioared hl@aafﬁmtr haaniged aptibodies,
l-&We{rao g‘%ﬁ l&lﬁ'ggm}elg KUt %I{sg%%g %{18 Blgllggc}ref 4‘133??&%??%%[“933 fr))m the

so@aldd frathevqhirtgions @Hs) of thehgoust p@RAAADL I82yeral variants of the
ef,erabl ar f human ori |n or .are nodified to be

apizgtion teghnolpgy alsp hayg bger ¢ e\@&m@m Seei Venghaas #bql 998.

anti bodi es" are vveII known in the art. See, e.g.,

Os boyumadtanfibodied MBer thAS¥htAMEzaSRALOREL # hRY n@_{r be employed

genetic mani pul ation and/or in ‘vitro tréatment
Hil thgineentipei Theyrhavgdaghcaffinity forghéiurespective Bhbgﬁlsfand are

SFBH o A0k8R058%. RofedTa5LI DB Eihouyl Colsforran
phdde Wsplilibrhfest f&cfﬂﬁmltlﬁﬁbt A123994; RAr? @8 aBNYISBOSHREs et

are formed by grafting the antl en- bi ndi ng 1 oops,
- alentBR8; desHawdhst @l 9081 and K erppik efiadi 29P% egi ons ( CDRs),

from a nouse mAb into a human IgG See Jones et at,

1986US$HPG€:EBQ Bls tmcﬁllldei, b1 e%ﬁic s%%qe cl'tn AT E&%%ﬂ?s g'hlaclh typically

1988 neration o unmani Zé
artednatinas polypeptides consisting of a variable hght chain portion covalently

attached through 2 linker molecule to a corresponding variable heavy chain portion.
See U.S. Patents 5,455,030; 5,260,203 and 4,496,778. .Biépeciﬁc antibodies also can
be made by other methods. For example, chemical -heteroconjugates can be created
by chemically linking intact antibodies or antibody fragments of different
specificities. See Karpovsky ef al., 1984. such heteroconjugates are difficult to make

in a reproducible manner, however, and are at least twice as large as normal

monoclonal antibodies. Bispecific antibodies also can be created by disulfide
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however, generally requires the transfer of one or

nore additional residues fromthe so-called franework
WO 30830%%® (FRs) of the nouse parent mAb. SeverBET/IB2004/004406

vari ants of the humani zation technol ogy al so have

been devel oped. See Vaughan et al., 1998. Human

anti bodi es, rather than "humani zed anti bodi es," al so

eelyanbe, »ﬁﬁ'ﬂl\ Bweres efzyinliRici cliaOid 1 re&?@d{atﬁﬂwf tﬁé Ghtibody

affinity for their respective antigens and are

fragmentse iSge Glemmie @5 1¥d-very | arge, single-chain
vari abl e fragnents (scFvs) or Fab phage display

i br id. fd )4 t..al .

1996 DORB5 20 aneehy Mg ap mgnoplet el UG Bo gy ;
fwtaxgpt #netures. Tl%tff@re preddrrdd ligagdswiadefrsm thexel codgronents are |
bis ecific.single.chain antlbodles whi ch typically |
engiibered g Bﬂvwe% FERETIE HBIHgaIEn P Berease, Bietighad
altirity see TG i HoRYERE SIB0bYCarkr! 201 S ik .ﬁameav dhriau,

|'i nker nolecule to a correspondi ng variable
20Qkiand Joderoutka er 862001S Suph conjugate STuthEeHBAY bs cmdzge

i g BRIy o ot oot 20 can b o

het er oconj ugates can be created by chem cally Iinking

i nt aBispevific ligandsfthie innéntiondireftrably®d hfonobpatifid &catH end,
See Karpovsky. et at, 1984. such

ficit
. %e%el’g“élefﬂ'j %%gslé@awenwpﬂunamcﬁll% @ oparad ang specific for a single
cOBPiRAUS Gt BRI the (ﬁﬂéﬁ%\ﬁﬁr TP@ ﬁﬁarﬁ%@%@ bd 1?1 valot %t%éle or

as large as normal nonocl oha spec
bathends firesampkpircthe firen of wadaidd ﬂyabddhss;ltﬁalntt&hes]aﬁld\t&-abodies.

SR Rovrate UL A diabody B e Biontironeady ame-

matehb@damatidmmts%frvsseﬁuéﬂ RO BvG v BindinglSIRE. LHRGALSE
Fab and scFv rﬁm‘%rrents are nonoval ent they often havé

triabogyagesulisifram thegformatiogeef astrivalentiriger of HeewsFive, yielding three

R R T —

foomuwaqﬁﬁsmgcfoummageltésunctl onal affinity. See
Tom i nson and Hol I'i ger, 2000; Carter, 2001; Hudson and

~ Sour | 2001; and Todorovska et at, 2001. Such
conj ysiekbanpiize humaneapdipouse raneslonyl antthedics and fragments

) i
A1 A8 08 S o h AR ol A0y
humaa. therapaitic use, ahd thealist umbmngmpﬂl)e rBeeddudsoniaad Soarimi,
2083 eA%neg:ar%{;Ea osf%ugh Iulx z(i:nt{b%iiy that gzlmnge Esed to form one arm of a

- bispecific ligand has specificity for HERZ: Herccptinm; Trastuzumab.

Antibody variable regions also can be fused to a broad range of protein
domains. Fusion to human ixnmunoglobulin domains such as IgG1 CH3 both adds
mass and promotes dimerization. See Hu ef al., 1996. Fusion to human Ig hinge-F¢
regions can add effector functions. Also, fusion to heterologous protein domains from
multimeric proteins promotes multimerization. For example, fusion of a short scFv to |
short amphipathic helices has been used to produce miniantibodies. See Pack and

Pluckthun, 1992, Dom@ins _from pr_ote‘ins that form heterodimers, such as fos/jun, can




conmponent on target cells at the other end. The

I'&%g may be nultivalent at one or both ends. fo
Woezgarrp e? in the formof so-called diabodies, PCTHBZOM"”M“%

triabodi es and tetrabodies. See Hudson and Souri au,
2003. A diabody is a bivalent diner forned by a non-
coval ent association of two scFvs, which yields two Fv
bF Herdrtg psedues bispedifiaunotecules (Kostelby dyalr, d992)df altwmdidlp,

nt triner of three scFv . .
ORI latiin Sorh b GinH cntinz el 10 foriy HelFo st by snginepding
fsmagléshﬁmﬁ @k Meddbe tehoRs't @id@va) @l §99g)a Fﬁfall?f fusibR Notem
scFvs, yieldjing four binding sites. Several himani zed

ReReE carhe selsgted thas Rersiidahath multimerisation anwell asgmadiidonal
hBRIGRe, d. BbpAUR, SRE B LY. {gs receptors on
manma ave

een app’r ovéd for hunman

therape:u_tl c use, and the list is growing rapidly. See
Huds oMimiaellsSefithé myenticioSanvkieatedanms of Bf codiavtlin bacterial

bod n be used.to fqorm.one arm
'%ﬁr“fép%e e&ﬂﬁl@%ﬁﬁ“ﬁﬁ%’% Bl £pes ﬁwtlpefrdqqeg@mry fission, of cell
deIsempiAtDMA Je; g@?aﬁéﬁ' INPfdkaryBiié @ﬂ@ﬁ:{%&ﬁhﬁ@ ﬁ‘cahSﬂ iQfhked to

al so can be fus to a broad range of protein
wsmal bigary#‘wgmnwhwh fanedvesinvichenl gemtml formatioma.In &, salt Hor

%axrfllepr > FugHeR (R%; E § e% ucgaas m”i@gﬁ&“ﬁﬁ@f’gﬁd’ﬁdmﬂmﬁ’ﬁﬂ of geptum

formagionRa the @i pois dﬁﬁﬂg saddrisdas i-é%hltfdgfiﬁ Pf&mneﬂﬁpﬂomm

(I%Hg]geon to heterol ogous protein domains from
nesdh andgnanpclpate grniceli- c8eerds Boarit ak,d998rRaskin & de Boer,

1@’99”1111%& Lhis) fa n,olf999 dﬁ%‘ng D08 FKdlﬁﬁellsSﬂg {d sblggiffg%lﬁ %E%’é Smalt

helices has oduce m ni an
vesicles sl areRjenedatedumnd. rdl%ﬁd sﬁhltﬁleﬂﬁsl)‘r iréer@aimditiationst ddf in

fo mhetero mers, such as_fos/jun, can =16 WO
cORRY EBPer %dff PROGRAP SBIFAEECISHC (RAFANETN GRS O fpisomal gene

chF&Bﬁ@ﬁ fFér plﬁ’étﬁﬁié 188 pekOs iRleRdob it 1§'iiesﬁ]a%9e2?oé ﬁﬂfﬁcells to have

ternately modi rrerl zation domai ns can

l@tﬂ@tlcﬁﬂéﬁ’aé]d(fmtaﬁbnmlm%rodl mers by engi neering
strategi es such as knobs into holes" (Ridgway et al.,

1996 art b _
sof otp aHfigh to'mir Rk A BERLE, Roychiia Bfifelf o e prmespted
fallowingl b rarpeaif otlfer peridtio l’ﬂearﬁnﬁemé‘tté SPheighdthaSERcEsthAlm
et at, 1995. nicel]s of the invention are anucl eate.

f‘ffaﬂlaﬁg pr gxample i G AHVBI inBordrilial SceBeeve and Kigomtied 875;

L %1%'1‘ g’n Slt%?. ggﬂ%ehg?%@ galngl%ofo%%{&%%éj g%r&ﬁ-b% ?,]orﬁaimhe levels
oPgmica’:xpmtsmn ofprotaissoiredvédinl dell divisionichronostad sk@cgation, For
example, overexpression of minE leads to polar division and production of minicells.
Similarly, chromosome-less minicells may result from defects in chromosome
segregation for example the smc mutation in Bacillus subtilis (Britton et al., 1998),
spoQJ deletion in B. subtilis (Ireton et al., 1994), mukB mutation mE coli (Hiraga et
al., 1989), and parC mutation in E. coli (Stewart and D’ Ari, 1992). Gene products
may be supplied in trans. "When over-expressed from a high-copy number plasmid,
for example, CafA may enhance the rate of cell division and/or .inh_ibit chromosome

partitioning aﬁer replication (Okada ef al., 1994), resulting in formation of chained

17




normal binary fission, which involves md-cell septum
formation. In E. coli, for exanple, nutation of mn

WO 9ee56748ch as ni nCD, can renove the inhi bi t iREH/IB2004/004406
septum formation at the cell poles during cell
division, resulting in production of a normal

daughter cell and an anucleate mnicell. See de Boer
- ekligsnd aQ8Rate Masicklls GVa@i Bp&r 1989;99%hda ltiaR 1995K &ms can
..1999; Harry, 2001. ni cel | s are di stinct from ot

$paregdzq pa¥ badterial a%%@m—aps;t!vmrcﬁm negative ongm
spontaneously in certain situations and In contr ast

to m NafkliSof @k ﬁ]\féﬁﬁoﬁj%dlﬂ aﬁﬁ@l%icfdcfd 1%8[&8 e ?.l?_at can be

rearrangenents or eplsonnm express
praagoribed mgﬂlodtumlamlem produce aﬂesmd pirbduict Et&qjuq&hbseof the

i.nt act ce1 wal I's ("intact
0

#F‘??F’g‘gﬁief%’l’}mnﬂ sye aml?lF gridmolgeyles e pairearized as Cisrapeutio
andeicedidanMealles! 19 cdtadP eMbEdiRRAR! Ak ¥dnsckBlibe %&Sr Hanslation
ran e of ot her genetlc rearrangenents or tati o

tfinetions gegmeliarate or ptherwise tréadr (hsmsmbrenodlf)t iutralt in a cell,

P YPolsa? R 48! LS e R Bt i
flelmhinivellg a perturbation in the | evels of gene

expression of proteins involved in cell

di vi sj.on/ chrorrpso segregati on. For exanple
over et‘%‘r theapgippicgpuc Cn@lqi aipleculesngedes e mpducsisueh anfinctional

R e e, AL i PN PR o a RN B ep R or

B@@mslglm produdtion of mdnmqii ie deshﬂ:ds For axtngile,ahe géheﬁamdtérﬂﬁ of

S I S on et at 9 ion in B.
Bt F"i“'se"%?ﬁ'iee% Wﬂéqnca&ecépf% a&zm SRl PEPAe ol ihemapenitc
hd, Such nadi !

colt (Stewar tﬁg%ﬁg‘u{&?{?ws&g%r%gog %‘rﬁ% lh{é ra'té?l Sferred
RN F*%@WWQSDW%RPMwn@@é nxwm@s@famsfemd a{ephcons such as

J‘yn%g] e g 0&){ e r a 0 o#%%g%rfed(ﬁe{}?téq Igﬁtegﬁldf‘@rtgaﬁ?ﬁ%“{% DNA of host

oeﬂs.om)sorre part itioning after replication (Ckada et

al ., 1994), resulting in formation of chained -17 WD

2005/.056749, PCTRBZOO4/ 004406 cells and anucl eat e

mi ni GSPISSTIPSRILeY, trapslation of g giyen thespsutie nygleic agigayolecule may
I of

RGP (RaBg Rl R ETd SRS UPAPATSS HueBbh

emphysemee ot ingorrectiiginhom entos. efmetabmltkmmhapad stifbrosBn

transcrl bed..an transl at d tQ_produce a desired
- Tg?‘ﬁ a?%%é%ﬁﬂsfap?w nyg Tei 4 Mg S effectepntraceptive

s&?ﬁ%ﬂgﬁgtnﬂdgl@%oﬂuﬂﬁpﬁ%' SER1iBton OR FE AU A, Aflergen-mediated
and infectious agent-mediated inflammatory disorders also can be countered by

- administering, via the -preserit invention, a therapeutic nucleic acid molecule that,
upon expression in a patient, affects immune response(s) associated with the allergen
and infectious agent, respectively. A therapeutic nu.cléic acid molecule also may have
an expression product, or there may be a downstream product of post-translational
modification of the expression product, thatreduces the immunologic sequalae related

 to transplantation or that helps facilitate tissue growth and regeneration.
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nucleic acid nolecules.”" In certain enbodi nents, the

Wdaioﬁf}ﬁﬁ'?bpt' on and/or translation product fu?,gtr%]ﬂ%%&mﬁ

lorate or otherw se treat a di sease or
trait in acell, tissue or organ. Ordinarily, the
t herapeutic nucl eic acid is found on a plasmd within
the m nicells, ieeltherapeutlc nucl ei ¢ acid nol ecul e

encoddbthsrapedisicleic e meleculeraay bsfhe nonmal cpuntgrpart of a gene
t'eﬁﬁ@:?s%s a pidRGR ViR ﬁnﬁ:‘u%&%p ally br dhf? s %‘F&% ,fdc‘ﬂ&‘i,ognal levels

pol'ypeptide or protein tion
de g idrsezbe sfatm, aeisdhptase, fohexapepletvwith thatpstic d‘ibr(m‘is transmembrane

Biat FRMaET 1 YeE gt (hererh &1 dlo | Ol ot o 198%
muhéns efal rl@%@ﬁﬂl Jﬁgﬁﬁﬁﬁ“ﬁ's&m éeﬂl%l&n* N &Pivith 6 of a-globin,

transferred ext Fachr onbso rep cation a
Sxglokin endy-ghobint mathslﬁmenmj T@ahe:apemtlc swclhicagid mplesoleean have

Qr intﬁ%r tiA s%}p hﬁngig r&g&g mat e.rl a Btl?orlrte Thus, an
bﬁ&@sﬁbﬁﬁh&ﬁn%ﬁ” aaglgbi\‘l%elv ﬂ%léb‘?r?%lﬂcﬁ c%ﬁét@n‘nfes%cﬂhglasscmxa can be

nol ecul e may be useful 1N treatl ng. cancer or

awglivmied bitigsrcatherapy.ivacemdaicBSiththe proset mvenamp hl,smgrm intact
ar. Correct n i-nborn err.ars of metabolism. such as
B EfiteEg g o tﬁ%@mﬂequwﬂft&aaﬁﬁgvémw Js'gp
hMAEARIUVA Graldieipe|is-B6is 4 @eﬂceeéftﬁe& ARRALI Ve

sterilization, including c ceptive st i zation
of feral aninals. Al er gen- rredl ated and i nf ecti ous
agent Imibeltreatmgni offdanenrpa thegapdlutmnmbusamd Bmieccalc switable for use

t
SRR Bin Yrer L RyEREOT EoiS hpiepibg® IHGF Etropondaap or i
driied B0l £géicqhatiidasdodiateld SAth tuAbf ﬁﬁ)b?esmbﬂ"'ﬁﬁeﬁas the p53 gene,
r esponse( s) associated with the allergen

bsiomagene, and dhganeieneading tamon seapsis factprn dcwislecvariety
ul ex 0 or
_ @ﬁggﬁg TRAGS | GinBle> R LS4 wAls 2 URLFPEE R RYIOBY B
apsoach) punsiant tboliminveﬂiﬁlﬂi fRepRdseativf cahbds Rxibisaegardinclude
roduct.,, that reduces the | mTunoI ogi ¢ sequal ae rel ated
on Faxcinoma, progtate fanger, (rgast ¢raress! una SRNCEE, ak@ qapgeyy iver cancer,

821 Siricfids canker, Waif St OR&I M peck ck cancer, 2 and

U hikeR R o f;
PCT/ r 82604/ 04406’ " A therapedtic nucléic acl cf]
Irphéreat Huswativeglapilloorss arqoayuamots @lligapitlomzathasil peass

oo FISHORR SRR el 5 e P S,
PIARS wirgy e;ﬁ&ﬁfﬁ%ﬁ?spl&%é Perb SRl drd nﬁaﬂ%ﬁgﬁﬂ warts.

transme

A therapeutic nucleic acid molecule for the present invention also can
comprise a DNA segment coding foran enzyme that converts an inactive prodrug into
one or more cytotoxic metabolites so that, upon in vive introduction of the prodrug,
the target cell in effect is compelled, perhaps with neighboring cells as well, to
commit suicide. Preclinical and clinical applications of such a “suicide gene, ” which
can be of non-human origin or human origin, are reviewed by Spencer (2000),
Shangara et al. (2000) and Yazawa et al. (2002). Illustrative of suicide genes of non-

human origin are those that code for HSV-thymidine kinase(rk), cytosine deaminase

.._'1 _9_




conductance regulator in cystic fibrosis (Keremet at,

1989; Riordan et at, 1989; Rommens et at, 1989), wth
WOPMAS6HPn in sickle-cel | anemia, and with anPCEAB2004/004406

a-globin, 13-globin and y-globin in thalassem a. The

therapeutic nucl ei c acid nol ecul e can have an

anti sense RNA transcript or small interfering RNA as

(anAb @mmi:ﬂqih@pﬁonbﬂsylﬁans?é}as&%ﬁﬁﬁﬁe-@ﬁ%@ﬁﬂoﬁﬂoﬁﬁosyl—transferase
| ob| n over 1(i;‘Robl n whi ch characterizes

heuripgrandiensileabopyrylgen@Nhdleap), in
%"‘ﬁ?ﬁ%?‘f” ‘%2%%@@ P BS e pliieE O R el S D B isioer
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is derived froma gene that is associated wth tunor

suppr& suicisie-gene therapy ol Sapplied t, the trhatmest df)Mﬂ]ﬁSasTInaa
t
ey L0 Bech 16 PR, SRR B0t R xR SE 7 o 8 il s soon

aritated Iniaﬁnmaliiiilmellﬁi bésonid BEchiAl by FIV-1 hiThieseaRBIORPER the HIV-1
ursuant to the i nventi on. Repr esentative cancers in

rFﬂflétOWeﬂa‘Fﬁ’tP nicat aadlor Rey.da nmﬁeﬂmmesmm@ﬁ atoxiccgene euch as
{ﬁﬂ Athkris RAGE rcgtosﬁ’x@ GenBBiHSE, or ﬁﬁér?er&g-'}% §.ﬁgr 1|pfecg fon b %a M1

e cancer, ovary cancer, pancrea
Sea eck ethéaiﬂ%; dDums let ab,nmls Haxfidon &ndtp hosta; Harrlson etal.,

tive | omas are squanous cell papillo
1?#{%‘?3{ ﬂ & s?ggpl Il oma and | aryngeal papill ona.
Exanpl es of wart conditions are genital warts,

pl antre tiigettic ARISRAIROVSRE Rvbdio Ynﬁfq{uh’éi 6{ g gghﬁfnea'a

mal i gnant warts. A therapeutic nuc ecu
plasmid withisy the srinictlhy The plosmid alse nancontainpn adaktlanaiDNAclew acid
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eﬁliﬁbcr i el Ceyi]?ﬂah sequimive] Mtd QAR bb&abI flinkBE@ tdhe ﬂidr'ﬂaeuué Rcleic

rget c in effect is conpelléd, f|oerhaps Wit
' -a‘ﬁ Segmet Aguitable pramotgesan bqitssue:smni tc cxgven umor-spcclﬁc as

t}Prtﬁ t@mj i cal applications of such a
%u%ﬂ’@é‘egéﬂe 1%#:(9:}] can be of non-hunman origin or
human origin, are reviewed by Spencer (2000),

Shandgremeter i “tisqRogoyifish hea dvactivatediprefeRAfly in a given

R t enes of non- human origin are
tigs 830, Rce, Blofits fn 50t praessive, e G6Rat Rpsucc g komseably

lisleAsHaGe sécﬁxeﬁ@. Zﬁ%a%nggf thSdd- éﬁ%ﬂr&géépsﬁmcludes, for
‘example: the hepatocyte~speciﬂc prqmotcr for albumin and o;—-antitrypsin,
respectively; the elastase I gene control region, WMCh is active in pancreatic acinar
cells; the insulin gen_e'cdntrol region, active in pancreatic beta cells; the mouse
mammary tumor virus control region, which is active in testicular, breast, lymphoid
and mast cells; the myelin basic protein gene control region, active in oligodendrocyte
- cells in the brain; and the gonadotropic releasing hormone gene control region, which
is active in cells of the hypothalamus. See Frain et al. (1990), Ciliberto et al. (1 985),
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(CDA) + uracil phophoribosytransferase,

X ' guani ne phophori bosyl -transferase T),
woé@{g@g‘#@%uct ase (NTR), purine nucl eosi de phop%??i[%@ 24/004406
(PNP, DeoD), cytochronme P450 (CYP4Bl),

car boxypepti dase & (CP&), and D-am no acid oxidase

éDAAO respectively. Human-origin suicide genes are
sokesd ef ¢4, &I0%), Kelsryet of. (398 BnSwiteradr (H984) pivfac Dozl (1887),

i Y ) RISl BSS

(188pecti vel y. A suicide-gene therapy could be appli ed
to the treatment of AIDS. This strategy has been

t est eﬁl P sui ci de vectors that express a toxic gene
pr odut TS 8158 gepromoters (hat arg exprepied paefereatially ipseraa tumor

¢clls %9 ey céﬂs\be} se, BAG et é?e&}s@fiﬁ rgééif‘/l?eahﬂg dﬁ‘t{‘fy(zxﬁ cancers in

regul atory elerents, Tat uce
aegprdenes with dfe mesleobancelgmne Thiachisaef pramiitgpirthacure apecific for

eI R e B pncg prospoce. 1S b el pprigi b

MUC 1mMomHWr,rmsﬁ@cwre@k carcihBRrddihe *ﬁ%ﬁa %@BD%&:&oer/swo
1992b; Ragheb et af, 1999. The therapeutic nucleic

P&einatebfwlll W&RP%W@EIOP%FWWWO@W ARMSY thn a

The ,pl as
con§ ain dﬁs grg.lg{e HZ fﬁ hﬁoﬁ&? “g]é(f}ﬁs s&%’bﬁ&ﬁf %F}Ypressmg
cellnsichas solon candee gellsaamt the Gegokindse tﬁp&lﬂl géie lﬁ'oﬂnbmb QArget
a ter enhancer or. _a _si sequence nd
PRl e oo pe tiart (1996 ) Mot & Potten(d PP Rurane e
AY19DATK i abi & FUi1699), € Promoter can be
tissué-specific or even tunor-specific, as the

therapeutl c context dictates. A pronoter is

"t ss%@gsq;l@eq&eme cammmsad dcsorelirty toabeprepane frventidri, & éffect
ective in drivin

tiss ue ff ng
stFeutt i beoles SN Bl tpuIoTEtRn o/ SRresHion B 1
phititkiRd cellulaiCoripaltme A0 UBIE Sa thERHGRS FAIPREIQkide molecule that is
t ssue-specific pronnters i ncl udes,” for exanpl e:

%?%E‘?ﬂ@a%tﬁ@@lcﬁﬂ%n@y M@Ira signal spqnente, improper readmg frame
Sy o ROFAEA ST R

pogkehs; thttrhlw toriaflhénde G@PGuUMIBTH dellk, lh&@b]ﬁﬁg withiithe/ €hdsBn treatment

g‘@ﬁ‘@ aﬁlc beta, cells; the npuse mmary tunor, Vvirus
prgtigry | Insigtyg signpl seausneesinclugde tharhqewdysaycatpnmmlésgqeuon

séqt @moﬂ&cnﬁftfjm@g AEMNo. sL8 me{he'h fke%r&[o?lts%@fﬁnlce

gene control re Pob Tact Ve Th oli'g droc
disalosddenkU ¥ mtemmb SJﬂawdﬁmfitth@sxgnalrsedlmw p@mbﬁ iofftheezsig32
‘ ene rol, re tive in cells of the
P tﬁ St ‘?edgglﬁ@rwt gg"- '940.35=(l§§*90) Giliberto etal.
(1985), : |
A plasmid within a minicell of the invention also may contain a reporter

element. A reporter element confers on its recombinant host a readily detectable
phenotype or characteristic, typically by encoding a polypeptide, not otherwise
produced by the host, that can be detected, upon exprcssion,‘by_hisfo!ogical' or in situ
analysis, such as by in vivo imaging techniques. For example, a reporter elér_nent'
_deliveredj by an intact minicell, according to the present invenfi'on, cdu‘ldcode fora

~ ‘protein that p;oduccs?_;in the -cngulﬁng host cell, a colorimetric D? fluorometric change
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20 WO 2005/ 056749 PCT/ 1B2004/ 004406 Pinkert et al.,

%@87), Kel sey et al. (1987), Swift et al. (1984),
WORASHSWAP d (1987), Hanahan, (1985), Leder etPEI/IB2004/004406

(1986), Readhead et at (1987), and Mason et at
(1986). There also are pronoters that are expressed
preferentially in certain tunor <cells or in tunor

that isslepetablReby jABHy hitdysidamR MaEH dlquhtitatveaRsbmBquantitative
accordance wiith the present

fere cancers in
%ﬁmwma?‘a?%vmonp AHnittative of these prpisins ag esi¢rascs,
% phaﬁ@seg Sroteel Snd Gihdd énli %‘Rﬁﬁ&%x%&ﬂ%@ﬁérﬁ%?ﬁ%

ronoter, to target rrelan
@tmﬁdﬂ@chromophorcgeﬂudn'opme carci noma; the hybrid myoD
enhancer/Sv40 pronoter, which targets expressi on to

rhabdlg y rco l\/ﬁ) }5 car noe i ¢ antigen
( CEA) It B0 CAmPIGH e el p%”é‘?"F‘P a6 Rl ealprighange
Vi lcic§ver°g¥!‘2ﬁJ afl df %:Jﬁgﬁ‘ic%ﬂ&‘iﬁfe fiitlol 1[3-52%]4(:?0%}43, ce(ﬁ ﬂﬁﬁtﬁﬁase,

type |17 gene promoter, to farg

whick bridives a I@eechdy ztlddh?ﬂ@ G}acteMal heiferdsdyol b BetefobSOR0 |
1999). A signal

K 199 Kat t at
SRR Slie Rt outin Haeanrementpeioas oF Helds o userol L this
o’ slaQBporte? eﬁHeﬁPfhat éﬁﬁ?&tﬂlé’ gre% fRa0reSetht @%gédzg FGF%) of the

. product or localization o Xpression pro
Jp‘lﬁrﬁShﬁdﬁmrmthm.rasslesmﬂxd o Prashhersy]. (2999 eMhp istd of GFP-

(BN BB O SRy st Bet BT mlicifions, fiy 8681101
(diseidiena folymiBleotidd i uéd@efenéétﬁngex awaﬁhﬁthcm GHp %boﬁfotem,

interest is secreted by an engul fi cell or it
cpRigijinga chramophsye f@meﬁffrqmnmmwd gh 62) am;i in

PSR! {dsckches £ AOSRTBER B TR TRt Heemids 254
vidtdréa GFBa;brosﬁhrgeat peplide bodug Bliered daseEdeBestopéttikk)Sand by a
%ate 5,143 83&1 t he BARI secretiqn sequence,

i o gl (194) it wtantGiFPs; claractotized byed-tone-faldgnal
: zsi g32  pol ypeptide, described
uf@fb‘&&%@& lgggf{{a%n %Bhglgg 197. A plasmd within.a
mnicell of the invention also nay contain a reporter
el emémptheptype pba raporiet element is assbeiatedovith drsexpegssivhipraduict

di | d b
3P e s ARG ool el Sesifauinie s ity Eorjramsepthedieo gene
pRASCtOd RSt whhest HORVES of ¢ AnkiBioie $41 stmﬁe &géhe%codm

det ect ed, upon expression, by, histological or in si
- dihydrofolate reductase confers resistance to methotrexate, and the chloramphemcol

acetyltransferase (CAT) gene bestows resistance to chloramphenicol..

Other genes for use as a reporter ‘e_Iemenf include those that can transform a
host minicell to express distinguishing cell-surface antigens, e.g., viral envelope
proteins such as HIV gp120 or herpes gD, which are readily detectable by

“immunoassays.

Target cells of the invention include any cell into which an eéxogenous nucleic
acid molecule is to be introduced. (“Introduced,” when used in reference to an

exogenous nucleic acid molecule, means that the nucleic acid molecule carried within
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anal ysi's, such as by in vivo imaging techniques.. For

E3o a reporter elenent delivered by an_intact
“rn1n¥@%ﬁ1 according to the present i nvent i onFCAgHF1]4/004406

code for a protein that produces, in the engulfing

host cell, a colorinmetric or fluoronetric change -21

WO 2005/ 056749 PCT/|B2004/ 004406 that is detectable

Byminieellits Gelwmriy@ the tasggt el Diesirablajiaesst ¢ailamra/ehapacterized by

f L. FPtional. ...
%‘ft esﬂ?’ﬂ"'gf d defit shface Jeg(%b&(téll tggt ? %nsb(:}%L ﬁg f’f ? h a.ng1|,’a facilitates
centlmyas;e!s Prefphaistal‘pt aclisare nmpa@@ew@ﬁﬁamh Sat EHEZOLNES ,

t t|V|t ich generates a detectable
eﬁ‘ﬁaﬁﬁﬁaﬂe 308F %?r&éwaﬂ@ esppk arg papmalianp| es are E.

coli (3-gal actosidase, which effects a col or change

via c |Mﬁﬁ%n@ﬁoxﬂﬁo§1ﬁkﬁisgﬁgﬁé‘ig%xﬁfbﬂ%&? 8¢ Gsed to dv\}nver a range of

i ndo] yl - (3-D-gal act osi de, an er ase,
o%¢lgicasisl mole whishrean besPNfe af treld ceganatni¢c DNA er RYig), and

i Be BEHREL F arE TR Bheh it The il 854 oo gresent i

aaiihizsil, pussuantr t& R prédenelReRtidn, thpdak e Fo@S of HHlaSREN
fl uorescent protein (G-P) of f he jellyfish, Aequorea

GXRISSHnavecigs or gther genicdly coYStaich Pubis net geaomiq DOYEprigmating

B ol Bt GRfeoL B 08 B0 OR RSl SPRE Bl B gl

pokytnnck eny dered BiNe or RN sqyilesg fon? 3 Sulaiydiie; ?ﬁi keryohib, or
SRS sEvae waE R R e S b GRoUSionahind rasatissal
- GorftAlbf 4 E-ﬁc‘a't_;% End BGr&lA r&hofgh % %ﬁb‘iﬁﬂé} Q@ )g%ef\:d in the

victoria OV|d|ng a pepti avi ng
magabion celt um@@mmcasatm@fadtowﬁm thedpst ¢elbf Hei m et
al. (1994) of a nutant GFP, characterized by a

4-t I {
O Bl o RE RYBTERy b0 G, S TR G x i
procedups, Ersoxemple] e telld May bé ANEREeS ffohfa SRFRERUBIRES by

mnicell resistant to a toxin. For instance, ‘the neo

lﬂgﬁé’ A epperriaterigaad maydes selactod brped andnemdedge of peell surface

SEUAS BUE o W bR, RS 1 OE ) e
qeﬂb area:kpxted fnte ah apmpﬂytbtepﬁnﬁlbmaaﬁﬁ INCAor geaitiple @il asisid, and
Ot her genes for use as

res nce to ch col
Rl Bl DU SR ALS JEors HOSS thi et Bl pss & ba derived:
l*“r@ééssé}.‘ 5 aﬁalhmgqmﬁfee T v?e%lﬂido‘%”ihillfﬁ 48 af Gderibld fpce
ant'i gens, e.g., V|ra enve
: PCT/IBOZ/04632 Minicells carrying the recombmant DNA are then purified by
procedures known in the art and described in PCT/IB02/04632. The bispecific ligand

ts then bound to the reconribinant purified minicells, for example by in vitro

incubation in suitable medium, and excess ligand is washed away from the ligand-

- loaded minicells. The composition comprising purified intact minicells and the
bispecific ligand, attached to the :ﬁinic_ell—s via one arm that has specificity for a
minicell surface component, is then brought into contact with target cells either in
vitro, for example, in tissue culture (as ,déscribed in Example 1, 2 and 3), or in vivo (as

described in example 4).




proteins such as H'V gpl20 or herpes gD, which are

readi |y detectable by imunoassays. Target cells of
WQ’(‘P@W%%‘@nti on include any cell into which anPEXaH20060&1406
nucleic acid nolecule is to be introduced.
("I'ntroduced,"” when used in reference to an exogenous
nucl ei ¢ acid nol ecul e, neans that the nucleic acid
nol ec Tihas, thy invatlioniihidlides-adnetdéd ﬁﬁ%@t‘f@ﬁﬁﬁé 9x vivo gene therapy
e

PCT/ | 82004/ 004406 . a minicell is livered to the
£Rp getireddpn-phagseytic mamunalisngells et are nameallyiafrapiertp meigicell-

;
@éﬁa&?@%«aﬁ e | 8 g}%e%ﬁh% ﬁ&[ &?Q&gétgﬁggéﬂ %élgageutzc%%ﬂ:w acid,
ﬂteqiraeneldwtmmg etn beitesl inteatnent phHegioay tomlitionsand diseases, to

“that th J £, t b |
It P ian 3 8 Ao el inBA 3 HS AR O GBS of beepe
SlodhbrSandW6e0th OFoPiﬂE‘taﬁ?& H‘ﬁﬁé@nbﬁo&l&l trafRlatidn bAY gﬁreﬁ fthf:rapeutu:

hucl el ¢ aci d nol ecul es, which”  can be cDNA as
g‘&“d@ﬁﬂ@d mheleayle apbe wseful in dncating Gancerive aaenqmredrdmelam such as

re: éﬁ'l{%ﬂl?lgm‘gréﬂﬁé}{ %&tﬂ{l a7, o or "ggﬁ? nﬁﬁlg %ib%rr? %Iggra rlgr)ggné:fﬂuboFsm, such as -

- ¢ystie fibtasls, Tﬁzﬁﬁbﬂp&bﬁ ot &ens‘lardm offa therRpedBifindcleRHRIEMEY 8o
vector, or other, genetjic construct, but is not genom c

t erntigeeniive stgrilization, mekidingqoatmenptive sterilization gd fesal animals.
t
A8l Bk SRSy T o
(Elnhw'qd:hyi a:d,tmplstibklﬂg,ma the, prevent myerttimm 4 thefapetiBendieic Acid

‘ge aced under the tr.ansl onal and
Pk Rt PR SPECAR 1R P APy ReRoNae(s) associsted
WP IR SHEREn RAP IR Sbus Qéen’é‘i‘é%@ctf%l' catic ﬁg‘fﬂ{’fg r%tcnﬁ

- mammal i an cell using ttans-activating ctors
thelseule alsp maydiavoasexpiresston produet tor drerenmpy be apiemfnsmm product

05@#3?33'5%3?”3 aiodifippiot aEhesimnsion plop ot redussf s
RigidequdlhdRtited M@ﬂﬁﬁ@ﬁé@éﬁhﬁt‘ HaRGadiBMidEssue growth

seI ect ed based on know edge of a cell Surface

angd segeneretiomat i s expressed by the target cells. The
gene(s) to be delivered to the target ceIIs are

&) on e flcfieaP RIARL ARE RS U Sl B B ¥Brectelecl

exanpl e a asmd, and anst erred Irnto
tyyms trevitral Suelh transffers mevdziefiuh fdrhﬁvalriﬁt)mﬂpufpd%s; ehérSasatb erdate a

ri ved Processes, fo tai mnicells are
opeE amapivGs ige asarinion of gaeqie gt which can then be
hEGEdg02/ 04632. M nicells carrying the reconbi nant DNA
- are then purified by

1In a related aspect, the invention provides a composition of matter useful for
mtroducmg exogenous nucleic acid molecules into target non-phagocytic mammalian
cells with high efficiency. The composition comprises (i) a bacterially derived
m_m:cell and (ii) a bispecific ligand. The minicell and hgand may be any of those
described herein. Thus, the minicell contains a therapentic nucleic acid molecule and
the bispecific ligand preferably is capable of binding to a surface component of the

- minicell and to a surface component of a target mammalian cell. l




procedures known in the art and describedin
PCT/ 1 BO2/ 04632. The bispecific ligand is then bound

WO 20§545634% econbi nant purified nminicells, for excimizerdngs406
in vitro incubation in suitable nedium and excess
ligand is washed away fromthe |igand- |oaded
m nicells. The conposition conprising purified intact

m ni cglebmpdfiford Osisti g&%ﬁ&:‘nﬁlh ao% ﬂem ﬁﬁ{l&%& Bish&Sric

mnicells via one ar S Speci i
ligandseedithe Bmffné memimm;iﬁlaem 3 camspastiion that msngjdbs such einicells and

A Sk B R oo e o b e o plvcrine

cﬁlaﬁijrd)fﬁ)e cobipokition) ¢4 bé ﬁﬁmu@kﬁ&i?ﬁa' cBBekntiBnA XA Susthp. one &8
WO 2 05/ 056749 PCT/ 182004/ 004406 Thus, the invention

e Pl elogicalt arseptakle casaers of poipjenss Kormulagensdfor inisctipymay

Berefled i Gt RRALDOARIGN i GrlIRIBL VAR, 3h iy BB oBffiners,

mﬂmwﬁwﬂnpatdﬂd poserpativet Mhe fah@ditioi @hn be @slution, a suspension,
t her apeuti.c ucI ei c aci ﬁk‘} the present jnvention can

o, @1 o {5 oflE it #uReus ehiples: 450 4ayciRatn Wpgulaiory agents, such as
sipeRdiagL; Ssmbﬁlﬁzm%dhﬁfo? ﬂfsﬁerﬁ)ﬁg ?%ﬁi JOA s@fabﬁ: s‘aﬁﬁi'oﬁﬁglsotomc with the

rotein, to inhibit eXpre or function o
fthe regipiens and Urllldtstratédrbm salihg Ringerts salution,iapd ﬂextme

S&"“ﬁgiu e R, S Dieifons b RS oppitiifecbnden orn o
révofstititih witls € aiRbleSukibleds g, fbMe, p fﬁ tf@é'%termﬂybﬁﬂ@eal
me

Qr in_correcting inborn errors o aboli sm such as
sglipg iThe ppmpesiticns alsp aay be |f¢prmltmed)as a deamfsmramaranono Such long-

o O PREA s M R At B Ran ™ (S Ssmmplscwiprpansousy

-oshmmmm)anmﬁﬁhadcuhﬂhijﬁiﬁ%m Al'l ergen-nedi ated and
i nf ectl ous agent - rredl ated inflammatory disorders also

can ' cou terz admj ni sterin vi a the present

i nve GO&P"S oy IR qan Iaémmrﬁp@émaewwgﬁ routes

antPRV 80 SES1iR t
r es &mse( s) ésg é’ta?g!?%%ﬁ Hv(\)/la to a@fufe ‘ﬁhé éf??yéﬂﬁc effect(s) desired,

1y o5 systpeically: d3givety mey joe a&mk;dmh@b didri example by orat
B I T N P ey b
inpeffTatibs, &ﬂ%)hr@atdﬂfbﬁél iﬁ&ﬂinﬁkdiﬂﬁr‘ Ritca®éncul QHW $itPARepatic,

pr.oduct reduces the. |nnunolog|c sequal ae

. quémab gubgitanegus inteaturaetab or irtradpmnal administration] Themede and
i R nvent o al.so
site UG 1o AR BEH B etk Mian o e et Phso ol pibenle
cysni:-lﬁbrquc cells may be efficiently targeted by inhaled delivery of the targeted

recombinant minicells. Similarly, tumor metastasis may be more efficiently treated -

- via intravenous delivery of targeted recombinant minicells. Primary ovarian cancer

may be treated via intraperitoneal delivery of targeted recombinant minicells.

The following examples are intended to illustrate and provide a more complete
'gnde-rstanding of the invention without limiting the invention to the examples

provided.




types in vitro. Such transfers are useful for a
variety of purposes, such as to create a cell that
- WO2HIS56Huce | arge quantities of a sel ected pRETABING4/004406
whi ch can then be harvested. In a related aspect, the

I nvention provides a conposition of matter useful for

i ntroduci ng exogenous nucleic acid nolecules into
Eangele nomgahﬁgﬁrcwmmmﬂgahu FceptSr-medibitddin®raflization of
fficiency. The conposition conprises (i) a

spedfic aptihodystargelgd minicelsinto aen-ghagycytichuparc prastate

' ﬁ{b‘i’:? m-ni cell and |ligand may be any of those
lél}%elgcri ae(EJI—‘tiﬁerei n. Thus, the mnicell contains a
theragﬁytic nucl eic acid nol ecule and the bispecific

| i gandhisresperindritygemeonstmapaithe adfispecifidiantgbody witls Bath agments
component ,of the . mmnjcell and to a surface conponenf,
GRSy Dt ST g qien SesB08 YA pocitities can
Efablelsindia m@ﬂé@ﬁor-ﬁe&iﬁfm(iﬁtbhiaﬁﬁamé‘églpﬂ&mrium-flerived
essential 'y of reconbinant mnicells and bispecific
mirdegligdntoprestate pareineme celis/dat 4ro knowh e ovessexpress the androgen

[ 14 E‘ﬂ? ncludes such mnicells and 1|igands

I\se\nggﬁ&gtirt%r%%%ns i'Tuents that do not interfere unduly
with the DNA-delivering quality of the conposition)
‘can b® rt]ypmmimmwrcmemmkmbl il gendrated revidisly(@atene or
_nor.e ySj ' acceptable carriers or .
wplirafanp ST B AR o Gahisprmeq with Fesamibiant plasmid pORFS-
S ¢ SRNER B1d (TnHPden 9IRS, AA) USAY: Thi Rty i
vials, or icri:nrmléein-dose %d;étlg}l[r{g?gmma ork%ﬁaﬁ%rﬂ?han
gene exfrressiqr ectar vt exppressththe S ViltkaSh ble fosion peneainder the

R B A ey o T 0 e o
He#pds shfiples %éﬁ%ﬂﬂ: Ndrus ?HQVIE'&E& E}Qcoﬂ@@ét?énz fn?ﬁﬁgﬂgcﬁﬂe kinase,

agents. A suitable sol'ution s 1sofonic
thit coul carfvertiprodrag igparesine analog ganditlosir (GCYY thygarsidlovie,

Ri : ' d, dext l.ution. ..

oRPRS BRI Sl 0 A B85 ¥l ispbt and
tilsheBaté Rirfs by BhdogeR6@Iahisellt GOV-WighdsphatSlbilsaht 8 OH on the
‘vehicle, e.qg., sterile, pyrogen-free water or.

g :
depxpaibepoe well as tabprdbetwhen heZ ond 81 earbons| whichnarg ngecssary
: I d.ias,.a.de P jon. Such. | ong- acting
oroAT Bl BerBofc RS b P RE P bhp s im@ition fotsed:
prexenie HNA whaiattemnenativh)and dads 1 aFopissisd| Bxprassionlof BISV 1tk
ol nFﬁtfr anmuscyl ar algg% ection. A conposition of the present

therrfercsentitiesirapsiegadmanuralipacells to saneickiyir andis ere ofithg most
VA BRI BT ELIRP o TR kil
1998). As a control, a plasmid was constructed where HSVitk::Sh ble gene fusion was
deleted by cleaving plasmid pORFS-HSV1tk::Sh ble with restriction enzymes Ncol
and Nhel, blunt-ending the sites with T4 DNA polymerase and religating the plasmid.
The Neol and Nhel sites are unique in plasmid pORFS-HSV 1tk::Sh ble and fiank the
HSV1tk::Sh ble gene fusion. The resulting plasmid designated pORF5-HSV1tk- was
also transformed in 8. typhimurium minCDE- mutant strain.
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either locally or systemically. Delivery may be
acconpli shed, for exanple, by oral admnistration, by

WO2P¥056HPi on of the fornmulation to a body caviPCE/IBLP4/004406

i nhal ation or insuf cation, or by parenteral,

i ntramuscul ar, intravenous, intraportal, intrahepatic,

peritoneal, subcutaneous, intratunoral, or intradernal

adm nRetdnabihai midielly@es i fe phishBdOverd Piitifitd héiag R pradient

is. .dependent on the |ocation of the target cells. For

| é%@é%ﬂlﬂét}on Idylamentationy; idlration endotondy rayeoval progedume described in
' [ he targeted

{rngt{:rgﬁ @g}lgﬁfﬁﬁﬁ@%@ﬁ?g?byﬁfoﬁg 33/i tunor netastasis may

be nore efficiently treated via intravenous delivery

of t aTlebisptcifecatibodiawas comiraeted by linkingenti- vahirawrium
ancer be..treateg via,int ritoneal .delivery of

ﬁ%%@?@%%%@d?%&}% % Biaire, eanfl gpiigpgipger kegrpioE mouse

R6B0dI kP BRI dLe8 (1gG; AHchal EamBHdpE, VK S q%ﬁ!ﬁ_e& ?eceﬁmﬁﬁﬁ e

under st andi ng_of the invention wthout lTimting the
. PrREEnATG Niathe Fo Eagnentp Esachmmondclimal antibedy\and in brief the

. 4 B2004/ 004406 Exanple 1. Highly
éﬁ?%?e@%%fﬁ@%% and receptor-nedi at ed
internalization of bispecific antibody-targeted

m ni dadrifediredombiemt pioagin Y Gi @idiceBivtehaslopy,Rockford, IL, USA)
denonstrates that a

car ¢j no cfel [_s Thi s ,exp_(%ri,rren .th _
, ‘H?Séﬁlé‘&? e 3t sensaRrationtof Y nefrabidmmunoputerbjndipg buffer
e bRl BB s SRRl R o

- Witle £ pietixdPsblitioRtoh AR 20 LAk 3Bh 8f an¥i-S. fyphimurium LPS
typhi muriumderived minicells into prostate carcinona

-(Béfqaschtmiam%ﬁ@ lea o Fianders ME US4 prrsbanti-hgnamandoegsn receptor
t h | f . typhi [ I -
SFRR o 5 B B e R BT

pagtpini AAT were, thétGembBOLADMNSR). DRgablea & PRAER G SWhition
recqonbi nant plasm d pORF5- HSV 1ltk::Sh ble.

(PypencodiR -8 ml copted withapcombingnt Profeingi seyalentiyscoapled to the
\ . !
SRR mp SRS pRNRIECO) B DIGELE OB oD SAPHEdd enty
a—mﬂ:w&?l oﬁh@d@uﬁgibwh;jnﬁlrsﬁmﬁda'mo ﬁr@plbl&l&f beduf(sﬁngs/ &Illj'ec i’Ehg tube
I S | ex serot e VI rus an
85 Db e LR R oS o s
iROB118 (KERASS AU BiflcPichtalt Wuls Gitided ( Phbedds were

ganci cl ovi r-
resuspended in 0.5 ml of washing solution containing 0.1M Na-phosphate buffer (pH

~ 5.0): The bead immobilization and washing steps were repeated three times. The
solution containing protein A/G-bispecific antibody complex was added to the beads
-a_:_ld incubated with gentle mixing at room temperature for 40 min, The tube was
placed on the MPC-S stand to iﬁmobi]-ize the beads and the protein A/G-bispecific
antibody complex was removed with a pipette.' This step removed the unbound

excess monoclonal antibodies from the solution and provided a solution that carried

the bispecific antibody linked to protein A/G via their Fc fragments.




nmonophosphate (GCV-MP). The latter is then converted
~to the di phosphate and triphosphate forns by
WONBH3EMBus ki nases. GCV-triphosphate |acks tRET/EB200HD04406

on the deoxyribose as well as the bond between the 2

and 3' carbons which are necessary for DNA chain

el ongatlioon. As a result, GCV-triphosphate integration

causes$0 " pcdmbindnemiNCel BRAE idcBbatb M3 th R FBtiA R2GDidpRcific

apoptosis. Expression of HSV Itk therefore sensitizes

aitibedy art i atronmm fomperatere|ts coas tham iicdlls wiith the dntitsdgrvia its
. t. wWdely used single suicide strategies for

%{a{lr}%gnggﬁegl%ﬁerapy (Si nghal and Kai ser, 1998). As a

control, a plasmd was constructed where HSVtk::Sh ble

gene Postrrawitomdelie] FNCHY (ATeayRbgvlla MDIUBRRGRrd 5¥wn
] ‘{iﬁ  ble with restriction enzymes Ncol and” Nnel,

B P@éﬂ&%ﬁ&%@ dlapksdn GAMI hodOnnentivyn isyprlemented with 10% FCS

4rfll anBiBioking TiE ' Gl .an b, SIt are

uni que il'n pl asr%ﬂga%g_:{%gﬁ%@/ﬁ] '?'%3:{15 "ilte%?rﬁjg%f%%ﬂcyt‘ h@ﬁer

aveigit att@thnisng theadtiemediom Wherefreshedtand o pheflaskdvas added

.?\?si gnated pORFS-HSV |tk- was also transforned in S.
Y pefo

naghingriceliscarrying plasmid pQRES-HSV 1tkyeh bEaBooEG7ered

PCT/.1.B2004/ 004406, Reconbi nant mnicel}s carrying the
THERINHIL TPl a1 B FAGK wRaddeddp nf the sue minioals but

[ ' by b ' iltration / . .
ca i oA S8 el bAREAAL Wb Rely (it e SMbinant minicell)
Thetrgicef minivells wepresthteaaminonnd ¢odls wACT00 80 AR 4Ras ectid Bells
bi speci fic antibody was constructed by |linking anti-S.

weps Hicheatsdiman| ingybpior yadas Shat0d end BY ifwilGn24 Sak3s hrs

i. 1€y A) and t.i - andr,Qge eceptQr, nouse . .
o 0 w e B e DR, B PP et wih
‘gontld shiakidg @0k RRRY trypRidiedl Ad MR 'esa%&orgfmﬁ{n%%@ﬂgﬁﬁs in
of each nonocl onal antibody and i n bri the '

26 medlaplate Eeagh imgpoins|in tripdicate); vith el nuadendinsahicopflodneiyn
A G (Pi erce Biotechnol ogy, Rockford, IL, USA) was
di | Lot C L L Al ds. f 100 N P
 mrunoce 2 o collio R0 kA Rt Busatosmalliciie By pomipg and
blockedmvitlo 5% eemabgoat stmwhsHigla &bl%\ﬁéﬂzl%vﬁﬁi}ﬁ%@hﬁﬂ@%mﬁg
gg/ m~ each o

Lih a premxed sol utjon containin |
oo LSS0t Hiodores, Stomeainec o) aunosioneaivedy. The
adtlbdag Birding W U@%M%% Lafy ORGPtk S GRR A xa
, (_Abegm ‘glagnbarsirdge,e U 'ﬁ%%ﬁona ewfﬁgg%é’_%ﬁéﬂﬁaﬂuor
- 3 90 aned iflwortsesmeesrducitatibnt S90nm and emission 617nm; Molecular
"Probes, Eugene, OR, USA) and viewed by fluorescence confocal microscopy

(Fluoview, Olympus America, Melville, NY, USA). F luorescence and Differential

“Image Contrast (DIC) images were collected and overlaid as shown inF igure 1.

The results showed that non-targeted recombinant miniceils did not
'Speciﬁcally adhere to-or get internalized in the LNCaP prostate carcinoma cells at any
- of the time poirits analyzed (Fig. 1B and 1D) and cells appeared the same as control
non-transfected cells. AH fields analyzed revealed minor backgrpun‘d red
fluorescence. In contrast, the targeted recombinant minicells were found to strongly

. gdhgre to the LNCaP Vc_el_ls p;esumab]y. via binding of the ;argeﬁ_hg.bispeciﬁp antibody




protein A/G were then renoved as foll ows. Dynabeads(r)

Protein G solution (Dynabeads(r) [2.8 nj coated with
WO2809BT48ant Protein G coval ently coupl ed to (PEE/IB2004/004406

surface of the magnetic particles; Dynal Biotech,

Gsl o, Norway) was m xed gently and 100 pl of the

solution was transferred into an eppendorf centrifuge

taibe cell berficebadropass ribReL dAdidltxbﬁ‘ﬂldemb 16{8%5 24hr incubation
;Ma gnetic Particle Concentrator, %& S) t
lm?tﬂ?mtii 1205t hVGs8£qlls shoavedfimtenseyed pmseenmgmiun the cytoplasm

i sty e RSOGO BRIA LR el Pl

(q@bptoﬁnﬁ)hateﬁlmdbqaaéxs mobi | i zati on and washi ng steps
were repeated three tines. The sol uti on contai ni ng

Rl LT AL o

hiitoay ledifed RELK QHdicht bil urfa€e
MPC- Syst and toglllﬂmmblll [ Zeﬁ%ﬁ%&%&?gé&?ﬁlgﬁ%’é tt%ﬁgg%(?{ﬁ ern receptor

fmuad ph g eamakian eoht (aprdsagencoegritendn s abroyrexauple) ard that the

b d
Rt Binif Lyt B TR LR B S Pt gt
@mwt¢mmbﬂiac@aﬁﬁtt@¢bo¢mam ecific antibody. |inked
to protein AAGvia their ragnents. -27 WO

2005/ 056749 PCT/ 1 B2004/ 004406 1010 reconbi nant
eflicienthinding godrepentorrmndiatad internalization of

RGP N ol B P B AR i

wlenpedrehonzbeelBgi on Prostate carci norra ceI I s LNCaP
(ATCC, Rockville, USA) were grown to ful I

coppi e %ﬂpﬂ%&@'ﬁ@ bishe By AT UL MM S atipigel
spesificibpndaad-androber &cé%taﬁiﬁﬁamg ség&rﬁgi@ﬁédxmaaénﬂféﬂa@[e

overnj ght attachnent e culture nedium was refreshed
siivng bwdingdorthaandroges regeptad on Fonr phegnentisanammahianesll, the

I
Tk oo, AT e poneleomngiiotfd g thegesapor
hi!hchﬁg(trmredd'd&@tdl‘?ﬁedﬁted &ﬁioﬁmd ts)mfﬂlcﬂe?cbrﬁblhbﬁt ntl)lmdcells ata
car surface attached bispecific antibody
: h(‘éh‘fféé'le - r'g)lé'éﬁﬁ"f’ﬁ%lﬁ demppgteaggs tht the Weﬂi’ﬁ ryedphenomenon is
RhdthRkdl apa e pt
FhONERY ohd RIS PRYAHBASRA RO 5P anpiichfIE o Elkinko of Bfferon
- endabytosteodgR:tent dec8F0rs, on diffsrémt nenchhagodytis manahhltnad]lhy
four washes (5m per wash) with fresh | x Dul becco's
rrediwvvith. 1 . : .
ore specifically, this experiment shows that human breast adenocarcinoma
cells (MDA-MB-468, ATCC; human tnammary epithelial cells; non-phagocytic) can
be targeted via a bispecific antibody carrying Fab fragments with anti-S. typhimurium
LPS (minicell surface binding specificity) and anti-epidermal growth factor receptor
(EGFR) binding specificity. The cell line MDA-MB-468 cells were grown in tissae
culture as described for prostate carcinoma cells in example 1. The bispecific
antibody was constructed as described in Example 1, except that the anti-androgen '
receptor monoclonal antibody was replaced with anti-EGFR monoclonal anﬁbody

_ l(_Onco.ge'nc Rgsear-ch Products, C,am_bﬁdge, MA, USA). ‘Targ_e't_ed and non-targeted '




gentl e shaking. Al cells were trypsinized and

t hen. Easssaged on 13mm coverslips in 24 well plate
WORMSORS W e point in triplicate), with cell nBEBEB0PN4406

sub-confl uency. The cells on coverslips were fixed

wi th 4% par af or mal dehyde for 30m ns and bl ocked wth
5% normal goat serum overni ght foll owed by staining
secombmati mificells wohd ganeiatsd dnBaiséd todpihisfdt e agDAMBSAEsells

%@i ﬂe, ISA rmnoa_l onal pznti body. The _antibody bindin
She glsaven siner ffondpeyriv bES (mjricelts) ptiime inferkpls ot 16
WueX 24 HoUR! andPFsthduks Q@&gcri-geﬁdibg{/éﬁg{r %?@?ﬂgg arcingfnl Lafd, ON

590nm and em ssion 617nm Mol ecu es, EkEugene,
OR, USA) and viewed by fl uorescence confocal
mi cr oBkojssults(reveatedi (Big. 2Dbatgmumtroheddlsiand celléetredtéd with hivh-

: e and Differenti l.rage Contr .
el sl B SIS B wilor hSekowlaes SPRRSen oAl o time
poiiigs (Rigd 2A Had _2B9,Ssulg%§stiﬁ@ thaethetdhiaicell WeteAiiBlead adhere to and
reconbinant mnicells did not specifically adhere _
trags{gp e fop-phasqeanc memmalian pells. Nzapoistdhe callsdentcd mathn

. . . . . | q

R cubick ol BB MBI o bt Bai

inaatioraas] the fladreseinks inciabedito bt moelof Ziedcyteplanl £hkr 36hrs
contrast,

(Pl B2 “THle Singrwed et Psarnei e eieodh suatlod Bicobipe Bining of
gheﬁ{tigrﬂgsg(t)i ng bi spg%tieﬁ)r}:&g%ﬁogy - é%l\%-gggg‘%%%‘gg% the
birging ®Bzgow 064106 medintadradoaitbsisof thaaenizails. ogen

receptor. Additionally, at the 161lir and 24hr

EEAIES Rilpe} pRIBE b Rie 7 feohPlotamePotd tithalpation ot
bixpletific (ahitip ody-Cargefedanihicely intd Hoaddldidcyidhumis ovarian.

m nicells had been internalized via receptor-nediated

carcirm gellss.  This result suggested that the minicells
carrying surface-attached bispecific antibody

medi ghadpias 9hhY 2&eldontiBitdd @?mlg&c%c ﬁl{{ﬁﬁﬁg %ﬁ%h-ﬁrﬁso
the cell“surface receptor ound* on a na 'an cerl
(npimingtlcgecificitepd eithérantihedmgen eecepanpindingaspecifibiag oi dii-
herent. minicells were,rapidly,ipternalized by the
Eﬁ%ﬁ-sgﬁ%@%@ F‘i‘ftg‘!ﬁﬁ - F%ﬁk?i%%qﬂg%(fd}%%%*z@ apdipgeThisRgpior or
EGEBRlon d‘nérflgba%@_@}tﬁz 15808 e focinomeddHRs Gnd blg'ﬁ&&'&i-dfnbma cells
efficient binding and receptor-nediate
respactivelyl iAdditionaliyfthe teswlfsedentanstrated teo the recepgrrtbintling
teigElied %c!e%to'r—rl]rtte%ia 8&7&1{&9&8&/ E)f the rxlgc%?nr}al,ggn %%Eiicells at a high .
efficiency. This example further demonstrates the general applicability of the

invention and discovery.

Accordingly, this experiment demonstrates that human ovarian 6arci—noma
cells (SKOV-3, ATCC; epithelial c¢lls; non-phagocytic) can be targeted via a
bispecific antibody carrying Fab fragments with anti-S, fyphimurium LPS (minicell
surface binding specificity) and mouse anti-human Her2/neu rcceptdr (Serotec Inc.,
Raleigh, NC, USA) "binding specificity. SKOV-3 cells are known 1o overexpress the

Her2 receptor (S_ailomqn etal, 1995). The experiment was performed as described in




adenocarci noma cells Exanple 1 denonstrated that a
bi specific anti body with anti-LPS (m nicell

WOZBEI56748i t y) and anti - androgen receptor bi ndiPEE/IB2004/004406
specificity can efficiently enable strong binding to
t he androgen receptor on a non-phagocytic mammal i an
cell, the prostate carcinoma cell. Additionally, the

Eﬁﬁrﬁbk§ 1 dgdengld @é @ﬁnﬁlsﬁtvexfefb@alﬁ&pﬁphﬂi-LPBI(fedlmﬁrescencc) as
triggered receptor-nedlated endocyt osi s of

Bhbi nant minicells at a high effici ency Th| S
exanpl e denonstrates that the above-observed

phem@‘ﬁ@&eul&ssgl% 3 wegél difn@lr eﬁﬂoémmg.éhgmif gmgfeg %0899 The

di scover are e to a range o
ecmﬂmbﬁKﬁkV-é -cclisrpet thote treateeipwith aon-targeted Minieslls, showed only

non oC mmal i an cells. Mre specifically,

% a%é?%ﬂfe‘ﬁii?@ﬂm“%at human breast adenocarci nona
ceI I s (MDA- MB-468, ATCC, human manmary epithelial
Egathple 4) HigRiyagR&ivat gehe %ﬂvelgetotlﬁhg[ﬂla%@cﬂi@nﬁmmahan cells via

bi speci fi.c anti body carrying Fab fragments wth
bispecific antibndymediated tapgting ofireedmbinant méwicelisndi ng
specificity) and anti-epidermal growh factor receptor

EG- i - VB- .
Lol | STheNubk QBpcfihe ddddnkuatEFidht) ertioleifaddinbi df iinicells
pmosiphibgooytic cianimalianeklls, g, marapdpithdlial Taecebtaze dilils example
nt i body s constructed as escr SBd mﬁtg,xan})le 1,
@mﬁ U RNsPaASPPYHG TRRTE ) an??é vorn aifigisat migpellular
Iﬁéﬁﬂaﬁfégﬂfo\“@%]rﬁtﬁﬁé eﬁ@dé jstd'p El'es gﬁfﬁe'}l@ 'i%&g%%gimcen M&400'nm

ant i body cogene R earc Pro
disn ter)T&ﬂigﬁemdlphﬁsmﬁMeth@@lMId PN APrdaeed mﬁﬁmlls can
PCT/ 1.B2004/ nbi t
S B¢ draceli i RN TIRER . S Dpsidmotgbmembrapes,
b thd \@/t6hdns, b SheSdelll diRus Ahd &cohm{%dﬁmlh XLeR&essed

(mmcells?/S at time intervals of 16 hours, hour s
Iadepdaminie] §aa§ffére@§lmdsbwrmv%tww-mmg@qy&p@e&%mlm that

a§§4l+a§mg%§€cel @élnpr egﬁ%\ﬁg%?ﬂh‘(ﬁgn- n%‘r:%&[ ?nmnlr 2|el l's

exhi bited only mnor background red fluorescence at .
al | thnmi breast pancet ecllsSEMI3AMBaAGS) 2iBYe insulgebwith goztthﬂmon-

iRl oReg ey Graika caaearael BORR duspied snce e
e e T
AldexabmtlSh). alﬁm-smﬂdaup Itmfgcie@BeAbrvmseas&tuxcted usingemti-
ogneego ov}r{]lse (GMIV? nogfogglta%%bggy a_nd anti-S. typhimurium LPS Mab. At
time intervals of 4 hours, 8 hours, 16 hours; 24 hours and 36 hours, the cells were
washed and fixed with 4% paraformaldehyde and blocked with 5% normal goat
serum / 2% BSA. The membrane permeability was increased with 1% Triton X-100
in PBS and cells were treated with anti-HbsAg MADb (Aldevron, diluted in 1:100)
followed by Alexa Fluor 594-conjugated goat anti-mouse IgG (Molecular probes,
diluted in 1:1000). The HbSAg protein expressing cells were a@lyzed by Confocal
Microscopy. To determine the efficiency of gene delivery, the cells were analyzed by -
Flow Cytometry. For FACS analysis, the cells were treated with anti-HBsAg MAb
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(Figs 2C-E). This suggested that the bispecific

anti body enabl ed the strong binding of the mnicells
WO@@PWE@"EGZ receptor on the surface of NDA- NBPUBEBLHEH/H(3406.

and that the binding triggered receptor nediated

endocytosis of the mnicells. Exanple 3. Highly

ef ficient binding and receptor-nedi at ed

foltoeed by Phgédeofthah (P@}@cﬁ@cgafddc%oafﬁmmeuset RGIReEH of Alexa
@1@ i‘glls I nt o non-phagocyti c hupan ovarian carci nona

EbesmpedNGS anlyss abrin sensittvedo PRpompatsdsipdea Fluor
&t i body with anti-LPS (mnicell specificity) and
ei ther anti-androgen receptor binding specificity or
anti- EGFR specificity can efficiently enable strong

bi ndi Fag nemltslreveate@i'rtbgemly the HEIR-tavgeted@Bhticells gave a gene
I s .and_breast

PP AIREN! ¢t Peal Bt o g WA The eapmpimanigoiin

dxproskibs (CHESMNGIcEEhe Bripiabd; Mg, 4BiFe ﬁl)%shib@&lve& 16 hours post- -
triggered receptor- nedi at ed endocytosis of th

trapgigptinmdiig. 4AiN) and at subsequenktigie. ponﬁs,fsuggeahng sxgrrtﬁcmt levels of
A S SRRSO 30 BABIGH kB

fhropscénee dotsdBig0ABI) at es t hat human ovari an carci nona
cells (SKOv-3, ATCC epi thelial cells; non-phagocytic)

can tar ted Vi a bi speci fic anthody carrying

Fab f SIS e UpHping bec QU6 i s mof keqwpsthatpen-plagocytic
celY Wasla th'j? darSdTaEichl iﬁtr'éé&luﬁ&? ?ne@@%}ﬁ%lll gﬁﬁdeﬁ%%&docﬁosed

Her 2/ neu receptor (Serotec
Pbllmths itlapt Qmsl lanige ias mlmSNG\MBOmB idicmetery ak&ﬂlaMcarw arigid

Shical M RGtane A pdBRIDE R Bl he il BIER et of cMigienpy (dreater

ﬂ%ﬂ%/’/gftﬁ'ééﬁe ﬂ’éﬁVebBl%Q% Iﬁﬁ n@iﬁxﬁ@ﬁﬁﬁccﬁs 4 oBser®d These

t he samples were 'stained antl -LPS
resplipindicatathatiapalicativas of de inyeation srefussfol pi gtroayansﬁct@n tools.

No! c@rxlcﬂ{ly é%ﬁ%%&ﬂ? Pélﬁé e s %ﬂ% a gzéi}a g%e%sogj sw:(%lﬁc %éne@e‘fivery to

con
noephigocgid madmmaliag ekllss, showed only m nor background
red fluorescence. Exanpl e 4. Highly efficient gene

_deI| n-p ocy mamal | an cel |l s _via
-Bﬂ!gpéei)i?' q%g‘y’ F‘&'PE*‘& REging qunwcq“éé@;hﬂmarhreasf
cdticet ﬁ@ﬂdg?afts in female athymic nude mice

This example demonstrates that targeted recombinaht minicells carrying a
plasmid encoding HS Vtk gene can effect regression of human breast cancér cell

tumor xenografis established in 6 week old female athymic nude mice.

The bispecific antibody was constructed as described in Example 1, except
~ that instead of the anti-androgen receptoi' monoclonal antibody, the anti-epid'ermal
growth factor receptor (anti-EGFR) monoclonal antibody (Oncogene Research
Products, Cambridge, MA, USA) was used. This was because the xenografted cells
were human breast cancer cells MDA-MB-468 that are known to overexpress the

EGF receptor on the cell surface. The mice were purchased from Animal Resources

3




The above experinments denonstrated highly efficient
attachnment of mnicells. to non-phagocytic manmal i an
WO 2085/b374%. g., human epithelial cancer cells. Pdu/m2004/004406
exanpl e denonstrates that non-phagocytic nmanmal i an
cells have an efficient intracellular mechanismfor
degr adi ng endocyt osedparticles that are as | arge as

' G‘Eﬂﬁ‘ecﬁéﬁlﬁ Wﬁo%&gnpggtﬂf@@%&m& QieSe ﬁ%i'm‘eﬁ u%érﬁgﬁ"al}l%%\@nth

hat " pl asm inmnicefls can esc
thﬂ guide of cart and dmgmfdalwrama apmmale and svitheSmapd Ethies Commlttee

TR Pl BRI S S e ) A e s
anhfgeabilif aatshe}ehaccm 184 {Syah&n NIWd alubyAfa) gmﬁ-rhﬁ 468

non- phagocytic cells, indicating that app I cations of
ibseashednger %llé wesegulturddres desaribed imercingnde P-(and i Sot B0° cells

i:gﬁ‘ BRER oo dRREFogfE ik ST Eott e SRRyt gBintioD
ey (i oty o

Eﬂﬁa?j C{eﬂs gaph moysg using 4 23'@;;6 mm@!#; sPedppiogawerg measured

ltﬁrﬂ:@%‘%&ﬂ@ﬁl@% M%ﬂ%mcﬁ% E,tjgy , precision to0.001)

cyt omegal ovirus (
ang pisorvolume WRScAabatedusing the ﬁmmlﬂa vlahgh Ginnd xeides? (niin) X

24 h d 36 h | |
Ok o4 e s o rachedd oy tetveen
50inir’ Bt IVRAR] arldQice wWeRd ﬂdﬂadmée@to%%d;@&u@% B02 per

perneability Wwas increased with 1% Triton
EPE8- and cells were treated with anti-HosAg MAb
(Al devron, diluted in 1:100) foIIovved by Al exa Fl uor

o0 BB G 98 el SRS SEhRT AR RRUER

trestment rGiopp @ contrdlprebeioad neduaﬁgem@&)inblﬁﬁmdﬁﬁﬁfeﬂk iRt carried

iR by SV B Rcdeneapted b HER G0 oy 31,28 andds. The
TSR 108 d LY GRS, M5 T30, 1% doses of GOV o

su@hgssn'e dayhr This gRBp-wasdesigaddad dgmlmnf nonmugaed @inicells

Fl 594 b FACS I !
ol A5 Eer heshirid apnes P s b %npp%%gryeééin fcﬁrmvm' g
GCQB&éa‘trﬁeﬁte\Cﬁ@gﬁg (&Jiﬁbl)q{fdsxﬂehg téxﬁfi&eitf%‘é
gave a gene el ivery efficiéncy of greater t /o

targeted. remblyaﬂtml%H%MIWBsrmﬂqﬂﬂFﬁ-HSVI& :Sh ble in the
absence of GCV had any effect on tumor regression, Therefore, Group 3 mice

received targeted recombinant minicells carrying plasmid pORF5-HSV1tk::Sh ble
(designated TM-HSVtk) on the same days as for group 2 bitt received no GCV
treatment. Group 4 (control) was designed to determine if the bispecific antibody in
the absence of recombinant minicells had any effect on tumor regression, Therefore,
these mice received the bispecific antibody on the same days that recorﬂbinant
targeted or non-targeted minicells were given, i.e., déys 21, 28 and 35. The antibody
treatment was followed by GCV treatnient on the same days as for group 2. Group §

(experimental) was designed to determine if the targeted récombinant minicells

% carrymg plasmld pORFS-HSVltk Sh hle could eﬂ’ectwely dellver the p!asmid to the -
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expression (cells fluorescing bright red; Fig. 4Bii -
iii) was observed 16 hours post- transfection (Fig.

WOLAPSOS6T#d at subsequent ‘time points, suggest iPOE/B2004/004406

significant levels of reconbinant protein per cell.
Al'l control cells showed only background red
fluorescence dots (Fig. 413i). These results were

Serididfddmde 6alssadi '11ttulﬂ%§r mmematﬂe%semd following
non- phagocytic cells woul arry such an effticient

frratmenkof the mcorwithasingln CfOéfF 08@ ammgaMmellccbed Therefore,

] 400n
Biubsvebiivid Ghecplafredinniflnd RyfSel) S B8 sl S A
faltbiwted biyaGCY, treatindiid ©x ﬁeﬁm BY ahid Qﬁ Geotgl 6 @kp&irhdAlPvay the
reat er %han 95% ene delivery to non-phagocytic
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. Interestingly, group 2 mice also showed no evidence of tumor regression, suggesting

the non-targeted: ref_:ombmant minicells could not transfect the human breast cancér

. cells and achieve a clinically significant outcome. Statistical analysis of the data
using One-way ANOVA showed that experimental groups (5 and 6) were highly

~ significant compared to the control groups 1 to 4 (p=0.001). This result is a first
demohsufation of targeted in vivo gene delivery to non-phagocytic mammalian cells
_mediated by Bactcﬁa'lly derived intact recombinant minicells. Tt also demonstrates a
role for receptor-mediated endocytosis of the minicells in achieving highly significant
.gene delivery to these non-_phagocyﬁc mammalian cells (compare group 2 with

groups S and 6).




human breast cancer cells were cultured as descri bed
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effectively deliver the plasmd
the days shown CvFlg 6). Groups 2, 4; 6 and 7also recelved GCV (i.p.) on the days

shown.

The results revealed a significant stabilization/ regression of the established
tumors only in mice u'eeted.with EGFR-targeted minicellsysviw. Both minicell doses
10 or 10° per dose were equally eﬁ'ecti#e, indicating that the targeting methodology
is highly efficient and enhances the therapeutic index',I making vector concentration

“less of a limiting factor. Statistical analysis of the data using One-way ANOVA
-showed that results in the experimental groups (6 and 7) were highly significant
compared to the control groups 1 to 5 (p=0.'0001). This data showed that the minicell
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5. A method according to claim 3, wherein 5aid first arm and said -

second arm are multivalent.

- 6 - A method according to claim 3, wherein said minicell surface * -

structure is an O-polysaccharide component ofa lipopolysacchgridc on said

minicell surface.

7. A method according to claim 3, wherein said minicell surface
structure is a member of the group consisting of outer membrane proteins, pilli,

fimbrae, flagella, and cell-surface exposed carbohydrates.

8. A method according to claim 3, wherein said mammalian cell
. surface receptor is capable of activating receptor-mediated endocytosis of said

minicell.
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wherein said first armand said second armare

mul tivalent. 6.. A method according to claim 3,

wherein said mniceli surface structure is an

0- pol ysacchari de conponent of a |i popol ysaccharide on
said mniceli surface. 7_ A method according to claim

3, Woerein s syrface - structure is a
nemper of thgﬂ’g‘} %EJ‘E ‘ﬁ%%{? iﬂ“ﬁﬂn‘g Wherel seisk bispenificdipand
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exposed carbohydrates. 8. A nethod according to claim

3, Whgrei g &t‘g‘iﬁg |ian cell surface receptor is

~ capable of ac f:? Yierte clepp dr Wheseinaeid bispadific Yigas s of
' C%Wfﬁeswhmnmhédanﬁﬁo@_ A met hod according to .claimil,

wherein sai d bi speC| fie ligand .conprises an anti body

or aﬂ tibog M}o 10. A rrethod according to claim
érei'n sa 8‘?0§ B8 14 tlain) 1,guresein sadprinieels cdin rises
anﬁnﬁﬁmeﬂe'chllantl body. 11. A method according to claim 1,

wherein said minicell. conprises an intact cell wall.

'12 2A t% ﬁlﬂgccor ing to claiml1, wherein said
t her apeu feo m%@l‘da@ehwénmm eithdapedicrilickide

acgén@enie¢naéd6ﬁ§&ﬁﬁd@§eger ding to claim1, wherein said
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14. A method according to claim 1, wherein said therapeutic nucleic acid is

contained on a plasmid comprised of multiple nucleic acid sequences.

15. A method according to claim 14, wherein said plasmid comprises a

regulatory element,

16. A method according to claim 14, wherein said plasmid comprises a

reporter element.

17. A composition comprising (i) a bacterially derived minicell that contains a
therapeutic nucleic acid molecule and (ii) a bispecific ligand that is capable of binding to
a surface component of said minicell and to a surface component of a non-phagocytic
mammalian cell, wherein said bispecific ligand has specificity for a mammalian cell
surface receptor capable of activating receptor-medicated endocytosis.
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contained on a plasm d conprised of nultiple nucleic
aci d sequences. 15. A nethod according to claim 14,
wherein said plasm d conprises a regulatory el enent.
16. A nethod according to claim14, wherein said
plasm d conprises a reporter elenent. 17. A
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25.  The composition of claim 17, wherein said bispecific ligand COINPIiSes an
antibody or antibody fragment.

26.  The composition of claim 17, wherein said bispecific ligand comprises a

humanized antibody.

27.  The composition of claim 17, wherein said minicell comprises an intact
cell wall.

28.  The composition of claim 17, wherein said therapeutic nucleic acid

sequence encodes a suicide gene.
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26. The conposition of claim17, wherein said
bi specific ligand conprises a humani zed anti body. 27.
The conposition of claim 17, wherein said mnicel
conprises an intact cell wall. 28. The conposition of
claim17, wherein said therapeutic nucleic acid
seq ce .encodes a. suicide gene. 49 29. The . ) ]
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el ement. 33. Use of bacterially derived intact

nmi ni3del | Ihgsempesitipncaficlaém|30gwhetsini saidilasmid cepprises b oegulatory
el@fenpg Medi cament, said mnicells containing a

therapeutic nucleic acid nolecule and said bispecific

| i gands bei ng capable of binding to said mnicells and

to re tor capabl e af activating receptor-nedi ated

endggyt ogﬁg C%‘HP?SifO&eftf e 1h agsesin said nlasmie comprises |3 porter
elehfent.use in a nmethod of treating a disease or nodifying

atrait by admnistration of said nedicanent to a

cell, tissue, or organ. 50
33.  Use of bacterially derived intact minicells and bispecific ligands in the

preparation of a medicament, said minicells containing a therapeutic nucleic acid
molecule and said bispecific ligands being capable of binding to said minicells and to a
receptor capable of activating receptor-mediated endocytosis on target non-phagocytic
mammalian cells, for use in a method of treating a disease or modifying a trait by

administration of said medicament to a cell, tissue, or organ.
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