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The objective of gene therapy is to insert one or more foreign genes into the
cells of an organism to shut down a gene, to 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 et al. 1998, 1999; Balicki and
Beutler, 2002; Wadhwa et al.,, 2002; and Thomas ef al., 2003. These advances relate
to using viral vectors, both human and non-human, and non-viral vectors, such as

DNA-liposome complexes.

While each vector system has its advantages, each 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
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cell-specificity is inparted to the vector by,
applications, because many potential indications for gene therapy involve endothelial
and other non-phagocytic cells. Most cancers, for instance, are not of phagocytic
cells, and one would not expect that vectors lacking cell- or organ-specificity could

effectively be employed for treating such cancers.

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 many cell types, and entails development of a diverse set of
targeting ligands. In this approach, cell-specificity is imparted to the vector by

linking it to a ligand that targets a specific cell surface receptor or marker. Following
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bacterlal cells would not engage in active cell invasion, and live bacterial cells would

not be directed, contrary to their natural tropism, toward desired non-phagocytic cells.
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 expected 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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The invention also provides bispecific ligands useful for targeting minicell
vectors to non-phagocytic mammalian host cells. The bispecific ligand may be
polypeptide 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 surface structure and a second arm that carries specificity for a
non-phagocytic mammalian cell surface structure. A desirable minicell surface

structure for ligand binding is an O-polysaccharide component of a
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and the results were visualized by confocal microscopy. Immunofluorescence
staining was performed for all shown images with anti-S. fyphimurium LPS specific
monoclonal antibody, followed by Alexa Fluor 594-conjugated goat anti-mouse IgG
(H+L) antibody. Each figure is shown as an overlap of Differential Interference
Contrast (DIC) and red fluorescence images. (A) Control LNCaP cells not transfected
with minicells. No red fluorescence was observed following staining for S.
typhimurium LPS. (B) LNCaP cells transfected with non-targeted minicells and

stained after 16 hr co-incubation. Very few background red fluorescence dots were
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grey in the image). Scale bars are shown for each image.

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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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present inventors have discovered that bispecific ligands can be employed
to target bacterial minicell vectors to non-phagocytic mammalian host cells. Such
host cells normally are resistant to adhesion and endocytosis of minicells in vivo, yet
can be made receptive to minicell delivery vector binding and internalization with the

aid of a bispecific 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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Additional Iy, the inventors have established that
effniesl B g Jovotoppeeto d€Ipey migjicell) number plasmids are less effective.

Additionally, the inventors have established that efficiency of gene delivery
relates to the number of minicells that are endocytosed within endosomes.
Accordingly, non-phagocytic target cells that carry highly expressed receptors on the
cell surface, such as EGF receptor on the surface of some human breast cancer 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

load within an endosome is high enough to compensate for losses through degradation

-10-



relates to the nunber of mnicells that are
endocyt osed wi thin endosones. Accordingly,

woonsphagocyti c target cells that carry hi ghl yPCT/IB2004/004406
expressed receptors on the cell surface, such as EG-
receptor on the surface of sone human breast cancer
cells, and to which the bispecific |ligand was
t t AT [
SRR endb e TR B B Pl bk R oy be
eddhiavieé by exlﬁio'mimg inmeanvha lipgnee | datfaceaeyeptars thae ameivler-expressed on

cleus. .The esul s suggest that_.th hance Ql, .
o splL Sisface B eBrpat of BRBEE R otnin
ﬁgﬁ@ﬁﬁgg“mggﬁm;he reconbi nant DNA | oad within an
endosone i s high enough to conpensate for | osses

through degradati onwi t hin the endosone. The results
al so shascerdancearittethe |fsarég@eg disgeverigarthe inygntinn tresdeas gy
b f

Sg%‘gjré ?)'fEei fg%gg?ég&bheaféﬁgg Falﬁg u@?ngc el%fc%ﬁtv%té Q?Enhancmg
euha ilihiegl] trassfevtidaeyicdaicy mtargmlcenspdneumamthaztldosmaﬁl)t den
i ndi vi dual endgsonpes. | n, accordance h the forﬁgO|n9
drediaesor togainiceH @dhesiom endoeyiosis and gena VeRte ckite iy to farget
dﬁlﬁﬁ@ﬁﬁ%lsag}? ﬁéSed sta?ergﬁ tdrd AEAB syﬁhﬁ‘}fo HeGhlrhpy.
vectors anci ng t e mnicell transféction
efficiency in target cells or tissues t hat nor nal
ar e r elnraaetaspegt, ttieereford, thel ihvadhesair@ﬁdesmyed@ns delrwgry
gen livery.. T e abilit o.target nmnjcel Lso .
oiB hof Bt £5ise? DenBRiobYe PR R Sip FpBlsF Ry ¢ pBeriany
t R1vad YninicBl1 R c’bﬁ%ﬁlﬁ thehg)@ﬁt@cf Rlicteic héla sbdieass ard(b) non-
provi des a targeted gene delivery nethod that

c@hﬁﬁf’w@énmmﬁ 1151 dpe b1SP¢Céﬁ<F llgamﬁlél,élqvmg@pe@ﬁg@cfor both
V\eﬁl uttecll l?t 1 [11%5115}1 del c%ﬁ{(#o}{grg Hée‘%ﬁé laﬁ?l ?ﬁtto BRRE Bl 2

el c ac uence
naaphadion yélls(;suthmmlthmxmﬁillls are éﬂgalfbd B}Dﬁml rhammhbligesedls, which

havi ng specificity for both mnicell lian
cBER PEWHERMETPEessioRpERduchef the Hiczapepuc pyp T‘HF Aeid ceALeRes

manmal i an cells, such that the mnicells are engul fed

by t he’l‘l‘i@mtb@rfo&ﬁi th&t thi’é‘?h&ﬁbd ﬁ%od&lﬂ%@a@@ to a range of non-
expression product of the therapeutic nucleic acid

spltpgeedis. marthaalian eells thas nponally ar¢eafractorys tonspepidid aidkesion and

A VR P PR o L SBRSGH i i o

SR gdattaridd Besi fitymcbre e el asii-$IER2 fceptes bhﬁ*ECﬁoerCCptOI‘ or
exanpl e, bispecific antibody |igands with

ati-angsesopdecpkoa speréficipyeest the ethey argm eldisiently poapdminicells to the
%Eﬁe'ch@?ecgﬁ&%%@arran@%f ﬁoﬁ%aé@%gtcgﬁs. Ofhese 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 macrophages and neutrophils, can endocytose
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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biurfise tomporeut Hing earged BPID efeceor edprtighy acadeptoanababte af

sur face coprponent gn .amnicell. Pref ef ably, t H/e
mediating endocytosis. The ligands may comprise a polypeptide and/or carbohydrate
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, enzymes, binding peptides, fusion/chimeric

proteins and small molecules.

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

binding to one or more domains on the surface of intact minicells and (ii) specific

-12-



surface conponent on a target cell is a receptor
especially a receptor capable of nediating

wenasoyi7asi s. The |igands nay conprise a pol ypr@l/igbe04/004406
and/ or car bohydrate conponent. Antibodies are
preferred |igands. For exanple, a bispecific antibody
that carries dual specificities for a surface
c t I [ ' 1 1. C ;
r OERRIEbpo B HAA! Bl o MESUNRS o Ml M This 1900
bprefesﬁﬂy ha)vaf fitsc amntliaycaraewbmﬁhEy fornai bmetekiglly delﬁ\had intact

ar etrm i an cel S|n¥|tr andmvuéo liJs ul
waﬂﬁfdksua %Stmélrraa% P &copt o that parrigs spectiicipyitorp non-
bgﬁﬁ: miHHa 5 &N s'ﬁ?f'abé:stﬁfcﬁfr@ | PAcHASYdhS ﬂﬁlt hnd second arms may
nDIecu es. The selection of a particular ligand is

neadmubivalont Rrefenably, coetsarm ismonosprsific, ieverbif miltigglens. one

or nore domai ns on the surface of intact mnicells and
(ii) s

(i) oSBT g RO, PRI L or e

hagwldao bf lrslsdcafw fior tlgé@-pﬁbfl’sidchalcﬁilﬁfirllﬁdnemt%qf aflipopélysaccharide
Yy erive i nt act mni ce urface structure
a%an e Pagtemalicell o Pihes sigigeld sy ?%mswts?es at can be

h
n?fb?ﬂ?cg%xy fiddnd TRAHTIRY indfhde bl s1r°rParcE %ﬁﬁos%ﬁ %F}étﬁ%e.s ERS

e fi rs and setond arns
Rrazbayattss, oneasér rawmbnaeesnpnhlm,sfplebné amd ﬂwaéla. i f
mul tival ent. For binding to bacterially derived
m ni ce de ble for
oo Eordindife e aheE RARCHS ArpLofIRE LSS sl ok f Hifacg
| éRORANeHSAHTHBAL pHAGodyRid Mfhndalidhece N ISRtk chapbitsdhclGd dell

O her mnicell surface structures that can be

esysfase praieing peptidgs aad parhehdeatess svhgther eharacterized or

s - S

SRR ot R R BN RS p i
breneptongme diated regddcytsis, sre desieable mlbs‘urfabeccbmgamdtslfSr targeting.
specific for a surface conponent of a non- phagocytic
manmal fan cell. Such conponents i nC|1lIIde cell

pr ot ej gwaﬁ;élﬁﬂ( e W rts{gqngg Tslastatic ce{ls Vasculature

COAs BGcR b &RfbtIialadl @ﬁ@%@éth%ﬁﬂcle@%llé l&&g $eMS idney cells, blood
receptors, especi ally those capabl activating

r@dl@pqummvac@ks bratoeslls.disies celksy @msﬁorthmr@r@@lrsors of any
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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);
asialoglycoprotein receptor (Stockert, 1995); transferrin receptor (Singh, 1999); serpin
enzyme complex receptor, which is expressed on hepatocytes (Ziady et al., 1997);
fibroblast growth factor receptor (FGFR), which is overexpressed on pancreatic ductal

adenocarcinoma cells (Kleeff et al., 2002); vascular endothelial growth factor receptor
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enconpass an j mmunogl obul i n.nol ecul e .obt.ai by i

TRERIE TR 45 RV RB ACTERY P g HOguR & the san dlass, and
I @RORI8gions EVARIUR redithns ARMNhiquens lapdafcuR® lad&bsiyand comprise an
monospeci fic and nonocl onal antibodies, as well as

asntigon bipdingrdoyeain tha recegnitesasspetifig Ieeu@ﬁ:aﬂiheammm;the antigen
L@e rﬁg%%af%t% Va?re S@{ éhre%ﬂ ogfk{]é%a g%i!llpo%gl)ﬁbd(ﬁg%%/gt 'n"gs

b‘scohmﬁréntﬂaplde%nﬁ@g:ﬂgidnsfeg:Dm)l d type anti bodi es
have four polypeptide chains t wo identical heavy

chai ns_and two {ical ght chai,ns. tt %Eles of
pol ypept§ faencw&m?g %ewﬁmaaﬁ% PaYAtYAS OF aptibeics suhyis
vaﬁ%oey frx%ﬁxntmw fe%h YhePBRINY & IRAi1$ Bindfto biGeed@Buch

cl ass,
antlbody fragments include Fab fragments (a fragment that contains the antigen-

binding domain and comprises a light chain and part of a heavy chain bridged by a
disulfide bond), Fab’ (an antibody fragment containing a single antigen-binding
domain comprising a Fab and an additional portion of the heavy chain through the
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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vari able regions. Variable regions are unique to a

particul ar anti body and conprise an antigen bi ndi ng
waloonsiossTehat recogni zes a specific epitope. ThECT/ERRON®4406

of the antigen binding domain that are nost directly

i nvol ved in antibody binding are

"“conpl enentarity-determ ning regions” (CDRs). The term

ﬁ'g c'Fngilé r¥taﬂ 518 a%Pgé}gﬁi@Etﬁlgsdeﬂe%tn\régﬁlg IY cgf agégﬁ%lp thtteagld heavy

s¢imixi 6f anadnltlyodb,r hﬂ(didO@hhdrgpgras:haﬁuﬁ farmamd ad)drdy fragments

include Fab fragnents (a fragnent that cont ai ns the

ant i gephi ndi dOITHI and ses ht chai n d

o t o et AnciheieSn e ot naG B e Pt B By ATof he

Fﬁ'%hndé Qﬁby%‘r%fe%ljy’alferoﬁﬁﬁﬁﬁﬁ ofipitcriafd Medified B ﬁlltable for use in
i gen- bi ndi ngh domai n conpr | sing a Fab and an

ﬁlmumnSolSafcaB@ﬁ Lman@?fedtan@bcwb vyrewell Knewa suidgh aﬂh@ge eg,
e 00 2T A RO R BL S BE o

hﬁwyrea{maanm o) redacebthslp entidenivityaba tlamEab Muthceis tfbﬂum@anm@
anti gen  bi ndi ng domai ns, each of which

dw@efhéaatedieacrdqefif%gemUépp%tsrg}éNO a3 SR ot i&#é)” and
051 20 Tt 80yt
t agigehdindig laoph &hownfis ecamplemantadty- Qethmngmd:gldwdC@Rs) from

i ncl udi n antl fragnents, con
G onSs Mk R 1o See s o7 G 98- Rishhengyer gl og8; and
ayerhBBn ey afl, fom8b e khRich JfQﬁgﬂlﬁﬁinﬁtSJ hiHARREd antibodies,
So-called "humani zed "anti bodi es® are well known in the
ahawevengenerally reqaisbiothe traesfer0f ong oo groreraddjtions) eesisien from the
d| fi net i p L.af

lﬁggﬁa eo fl(e%&éogls{('ﬁ'g r°¥é%+1§%ﬁﬁ>qg€{ gﬁ‘lAnbna ewtefa?vanants of the
Miilrhwﬂﬁatibﬂ tedhtblBpy aiso Bavdhdeh develspedl Sed@maphdied al.£1998,
in US. patents No. 6,639,055, No. 5,585,089, and I\Io

5,530,101. In_the sinplest case, mani zed, _a tlbo
are f oFHBAN BYiRAdiESe taﬂ%r thea ﬁﬂmﬁlgé?ffj "H}Url?eélﬁ@ |af§ Beemployed

k
mla\@u@énm Q@a@@ﬁlghgfﬁégﬁf@hggq&geawe%ﬁ é&%%a)are

froma nouse rnAb int ' ee JonesS et a
1@86nelRobrimed frone verallarge, 1s&@fle-clava vatgabioggmerds (saFys) or Fab

ot gty TEREHESy SFF OReEs & 1990, Vsl o oy gpeets e

041.,0998,Qfc MRE cASldi1DODRAL K&ﬁﬁplﬁlé?&l f2000) t he so-cal | ed
f r anmewor k regi ons (FRs) of e nouse parent mADb.

Several variants of the humani_zati on technol ogy al s

have bE&Huldisaainplselinclyde bispagjfiasingle chain aptibedies, which typically

are recombinant polypeptides consisting of a variable light chain portion covalently
attached through a linker molecule to a corresponding variable heavy chain portion.
See U.S. Patents 5,455,030; 5,260,203 and 4,496,778. Bispecific 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 et 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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Human anti bodi es, rather than "humani zed anti bodi es, "

al so may be enployed in the invention. They have high
wa@bdososdryy f or their respective antigens and arBCT/IB2004/004406

routinely obtained fromvery |large, single-chain

vari abl e fragnents (scFvs) or Fab phage displ ay

libraries. See Giffiths et al., 1994 Vaughan et al.

1 h : '
g B Mol fsentiidic ey FRERRL RS e body
bfrsgyeaitd. | SeeGleghie ecdlail@8ant i bodi es, \Nhl ch typically
are reconbi nant pol ypepti des consisting of a variable

i ght chai t | ent | tt th .
|1 eker DS RASRe B en e ok anons YRR by BRHEH G tow atfniey
ChatdigdQfrhiétQres. PRErefdrS. B@iré‘d‘h%an’ﬁs #inde G these2@ftaptdents are

and 4 496, 778. BlspeC| i c antibodi es al so can be nmade
b@ngmqqggd intetdimarc, tR@erie fatepraerie pertiigadgs to increase functional

c
GRELPoSN YORNEDa SR RNERO T clteL 2B fldehy pid K,
SN ﬁmcthdoesvskseealKaDpDvSkgh ®@hjughte sirdBiressdibe created by
heterocoq@ugates are ﬂifficult to make in a
PaeRhandlPeesgHm 810ss-HBever , and are at |east twice
as Iarge as normal nonocl onal antibodi es. Bispecific

ant i bogjsgscifd Bgarfde B i 1&\%@@53 Hrelpdrabliy e &bﬁ&%&h@%ﬂ&ch end,

whi ch i nvol ves enzynati c cl eavage ahd reassoci ati on of
t kee, sprcifib detya finglg nmnpcsnenSelen@neﬁrim ag one end andspedific for a single

o Pt ot e st AREER P B e iR at ome o

TlBtﬂh ehd, Sor eRAADR! InAHe fdrﬁﬂrﬂia dApetedibbeuies, Be®Bdies and tetrabodies.
nponents are engineered into dinmeric, trinmeric or

t %terIéWéPn and Senriay 2003. 14 diabedpissebiyalpnitdimpniorned by p agn-

BB AR Bg IR SBhich A o raing . LRERRC =

cmrabm@aﬁ:mltstfrm therfeﬁnatmn dfa tivaadited mey of theswi scBYs, givtlling three
ands of th

0B 5. BREA DTy TR o UPTER! et lpyctramer of

| fofir scFYBSALAING D@ biRdiph Badse_component on i ni cells at
one end I%GCIfIC for a single conponent on target

cells at the ot her end. The ligands may be nul tival ent
at oneSfmeri'tb bumarigels humen, andangiise manaclohd ahtibedies and fragments

BeEaE VSRS tob PR oA GhaliEh SABRGLF Begn Throved for
dlhlﬁﬁ‘z(n therap@dichiée AandIRCIIt A @O ﬁpﬁlﬂﬁt $H@fsoh whd Souriau,

scFvs, which yields two_Fv bin sites. Likew se, a
2003. 'An examplé of such an antibody that can e used to form one arm of a

bispecific ligand has specificity for HER2: Herceptin ; Trastuzumab.

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

Pluckthun, 1992. Domains from proteins that form heterodimers, such as fos/jun, can

-16-



triabody results fromthe formation of a trival ent

trimer of three scFvs, yielding three binding sites,
w@nwsasd7ed r abody results fromthe formati on of P@EI/IB2004/004406

tetraval ent tetraner of four scFvs, yielding four

bi ndi ng sites. Several humani zed, human, and nouse

nmonocl onal anti bodi es and fragnents thereof that have

Speidiits b;aauﬁgﬁis &S InBlegulRd (KSR bﬁw %ig%fmﬁaﬂ%nﬁ‘?&{)

approved erapeuti c USE,
ghmpdlgmerlamcdi domasesecahild sogineerdd Sofa)n‘mdl@terdkﬁﬁ@rs PArengineering

B B0 PRS0, B B,
%eréﬁn%%%le@ted tHat &IV%%B@I@ mufiithéPRdYn ¥R RS n additional

regions also can be fused to a broad range of protein
dbmstions e g~agemavidia. SeerBubelraighofl%bul i n donai ns such
as lgd CH3 both adds nass and prom)t es dinerization.

See HuNﬁLlC@i SO C}ljreq ?xf@ent cHlSdr ? QE.héo?zghooEl?er bacterial
regi ons can a unc i ons. S0, fusion to
hedlB| elgendared by atitstmbzdmm the cbominatiohf duringibingdy fikdom L cell

prom;)t es nerizatio For exanpl e, fusi on of . a,
fseorgwgﬁ%& SFESFEalgRy ﬁrq#amile chemastwalapieeion itiked o
t Qorﬁ{aq’ gh‘ﬁ?y ms{Una%iéﬁqghﬁ\%s ﬁ%eﬁ%@ﬁmﬁpﬁ)rﬁhﬁ’&{‘tlﬂ%‘ coli, for

Dondi ns frfom proteins that form heterodiners,
scpdm;zls mhgstigruef, minagehes, SI@dlsmUnﬁDommNs ﬁ@onhubmon of septum

| | t 1992 | t
BB bR 05 £ b e ell gh it R tnelinao g tin b nomal
heduphRe corbhsd &YartiRRaReRIRH. Sté 8 BOLRS o UPID22RaskiAN 8O Boer,
into holes" (Ridgway et al, 1996). Fi nal Ty, fusion

pF % M%Mkﬂf@hwc % Elagrg| 200 e Mimirglls preclistinet f;gl[nh)ther small
LGP L e U R oA R o

t tentiaive mtinizollg aee o1dat endpecitioigeBetizf redrrangements or e;mbmnal gene
bacterjal cells, engendered by a djsturbance in th
CEHHNEASIORY | gﬁpraamlpg, emr?ﬁSPS/mf’?@@Po’r‘i Is depirale OrdPWCé:ll%FP have

e ssokar yoti ¢ chronpsonal
iniqes | cat i oﬁ&({ ﬁg?&hgﬂlgelﬁr? y

rep to" normal binary fission, which
involves md-cell septumformation. In E. coli, for
exanpl addmcmttb @tin opgran garﬁ@ts)ns,samhleats niinieCily alsmare generated

vet of se umf rmati.on at, t cel |
EB T f gl Sk b el Rt Ren B yeA st o effe G feppm
afonafidd, ferdx@phs inGRd HivEBVBIl BB anbeliEL B8R Rdehé 8@l CornSRE1975;
de Boer et al 1992; Raskin & de Boer, 1999; Hu &

LLewie shalud 992.obybinicellsralsp capg formadrfolewing apestughasion i the levels
f 5@&9%9&%55?&%11 proteins involved in cell division/chromosome segregation. 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),
spoOJ deletion in B. subtilis (Ireton et al., 1994), mukB mutation in E. 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 inhibit chromosome

partitioning after replication (Okada et al., 1994), resulting in formation of chained
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vesi cles that are generated and rel eased spont aneously

in certain situations and, in contrast to mnicells,
wae@snst74due t o specific genetic rearrangenent BCDIB2004/004406

epi somal gene expression. For practicing the present

invention, it is desirable for mnicells to have

intact cell walls ("intact mnicells"). In addition to

"Ll AR LA R iQR (WARHICS, AL Pogdl Oka&d &% 21 §9%) aManicells can

generated followng a range of ot her genetic

r eaprepargd front avydracrenibbdellof Gramatosaive ©c Grampiegative origin.

formation, for exanple in the frviVvBlin B. subtilis.

See Regve d rnett, 1975: Levin et..al. 9902

i i cariedfies B A¥on PARin 1 69 Gadtid olgals Brtsants.
| arsbEbddeindlcy tRahsigrato FroRLESBdBRe®produer Foh putpdyddl of ek
in cell division/chronbsone segregation. For exanpl e,

onteseak deseEptiem suehmysieis agid smalesulss Ak cagraprigedis ‘dhrrapeutic

pﬁlﬁ:@é‘f& Hl@ [ﬁlocfécu'fgsp’i Pfcl;éfrt%m . lqudilﬁ%ﬁty,.’th&{} ng@é?érl(ﬁ&%ranslation
ro S 1T n cnronbsone
spodegdtnotions @ranselngit er dthervasctrenn b disease drmdsifyi d traisin a cell,

mnicellTs may resu m detec
subtilis (Britton, et al, 1998), oQJ. .deletion in B.. . .
stse Pf %rg%l-r OrdiRarly ,themuwg, YRR SHARDH O PRasmiid within
C@kimikidkii@oa et al, 1989), andp arC nutation in E

coli (Stewart and D Ari, 1992). Gene products nay be

supplied in trans. \Wen over-expressed froma

hi gh- cbis/therapietic pickeigraaid modaculexeanpdes a poadust,isugh as functional

e nce the rate.of cell,di,Vvisi nd/ qr._i. nhi bi .

R G At Bt iR R A SRR B Pt hertide or
aprotelsf) Mo prof@civhtdf vehi¢His idesiradt iIFoneximplbiahd geleeit nfateriad of
anucleate mnicells (Wachi et al, 1989; Okada ef a/., .
1méesgst cagl eiicods p SowmeNepEECRRtElh SRBINS PhRCAYPERHES ef thefapeutic

c Alhe. ﬁﬂcgrgéfhcﬁﬁséah iré’sﬁlt% tr@is@{ﬁt Q siiéﬁeo ohghfégéalteéi transferred

nice e Invention contain a nucleic
nDNeg ekeadhirahosoaral beplicataomsandiclipatsaod d Dirartsfeared repledns such as

prqduce a desired prodyct.. For .purposes of the pr nt
el as: PiOALCEEo of andlreedesnat§pplesal Blo e gonomic DNA of host
cafjggori zed as "therapeutic nucleic acid nolecules.”

In certain enbodi nents, the transcription and/or

transl ation product functions to aneliorate or,

ot her wi@saripéign oa trandatpsef argivandhergpautic marleici agidimelseyle may

tis . [ ' h trd [

o B4 AR Yancd: O AR bkt pREarhy HERRFATDS, PO,

t finplagenh, ¢ inuetrédtiaig dghodn BRbE Of hetabotiadesich ap cytio Eibrosis.
such as functional RNA {e.g.,. antisense, ri bozlyme, .
sHRRECription RRianslgfionof gdhigraprutic guelisasid may elso effect contraceptive

sterilization, including contraceptive sterilization of feral animals. Allergen-mediated
and infectious agent-mediated inflammatory disorders also can be countered by
administering, via the present 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 nucleic acid molecule also may have
an expression product, or there may be a downstream product of post-translational
modification of the expression product, that reduces the immunologic sequalae related

to transplantation or that helps facilitate tissue growth and regeneration.
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protein, the production of which is desired. For

exanpl e, the genetic material of interest can encode a
whorsnsEee recept or, enzyne, or (poly) peptide BET/IB2004/004406

t herapeutic value. Such nethods can result in

transi ent expression of non-integrated transferred

DNA, extrachronosonal replication and expression of

transf gr PhugeRs: orffal b P

of tra§t¥§?$%1§ genet i gﬁfnjlgtglg?'iﬁg ?nto t e Sen%ﬁr{?%%{t\lk agene

othatwgpressesl d motedir &lasﬁlnbtmds abnarmally &n $atsi preseof incabgonneal levels

ther eutic nucleic aci.d nolecul e b eful in

ingudinegse aisoss Die i dermet b dBg oystig JBpsiramembrane

D&ﬁﬂﬁ&ﬂﬁ& re SUTRIBY ﬁﬁ‘d?@nc fibrosi3 (K@f&rﬁ@ﬂdl NY98R RI6FAak bF AT, 989;

of metabolism such as cystic fibrosis. Transcription

oRommens btatl i, 3B8Yf with ﬁk@olapemmldemﬂ Iammlaamdjwnhyn)ab‘é@-globm

Cm P PL-oE e A SiRieo T horaRafic A oG molecule can have
A ﬂtﬁ&ﬁeM%ﬁ&r@ﬂ& grﬁﬁlpﬁwrﬁbﬁ%mta—s nRfitidh&Habove. Thus, an
i nflammatory di sorders al so can be countered by

aekeess pgoductiny of urgolpln@qu'fbg@htn whigh gharagierizes -thalassemia can be

REHRBEFD Y efechptaby af eCecfingt it theaissent B8 Farian pipe an ntact
ami&d| Bdrthedteti o tORaidlal REDEA ivfdepdritimCd deqliénc@ it has an
respectively. A therapeutic nucleic acid nolecule also

nantisereee RN tergerips visenvip e tatpdtsequence picthe orglpbinenBNA.
downstream product of post-translational nodification

of th Si o roduc t hat es .t he )

el o ireRi Lo RaRR 4 hetpbRlid TS Reid Rivcogle spitable for use
t f@brdived 2hd pebdnt idleBtidn SAIEhHAVchuend thae gemespandsad ofis

t herapeutic nucleic acid nolecule may be the normnal

céarived ot 2 sofe thatge awoeintgd Withdnmes supprespiopt Bich as figp33 gene,

f |

054 AROTE ok (1030l in P 57 s AR R variety
exfasoiit eumars t-headnber, pg«patlmmasf hid oaits—kharnd be rbatable by this

conduct ance re at or stl c fi.brosis
aﬁ‘PProafgs@Jrs‘ﬁi%X%dgﬁ ingntign. ¥ nta%%??élﬁ%ﬁé% fjf egard include
1988 carWnEntﬁa bprggt%'cgnde? b%a@kl:ﬁlc&e l g%@ﬁé@r 391(11?&910&’ {iYer cancer,

any of | obin, b-globin and g-globin in thalassén a.
Tbmletolamea,pwty canaer; bariceeaa cantendran ghrcet dwadaiknesk cancer, and

ense t or snal | erf
oo SR8 15 5alt e iy b s B0t bl SRR A pOTot pRRus
apAPilthNarVigFynBed lpapillomah Bxbmp e baGhR IcbAdifions are genital warts,
b-thal assem a can be aneliorated by gene therapy, in

aplenferiuats cpidermadysplpsia yemvcifonpisn pabmalignanhyadh i nt act
m ni cell engineered to contain a plasm d incorporating

a seq uﬁ%&aﬁf!ﬁ% nfl@8icHid molecule for the present invention also can

comprise a DNA segment coding for an enzyme that converts an inactive prodrug into
one or more cytotoxic metabolites so that, upon in vivo 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(tk), cytosine deaminase
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anti sense RNA transcript vis-a-vis a target sequence
of the a-globin nRNA. In the treatnent of cancer, a

wo besapeus i ¢ nucl ei ¢ aci d nol ecul e suitabl e f oPCTEE004/004406
according to the present invention could have a
sequence that corresponds to or is derived froma gene
that is associated with tunor suppression, such as the

PRDAP Srach MiobRIBS ARSI AR, it ne. Bt Mo fdtbosyl-transferase
s@RD, hitroeadactasc@IR), purhagndcleosids phaptaylase (PNE, Deob)) d

be treata ' appr oach, . pu o] e . .
Reroa b s b D b s G 1 Ph2L St I prgino acid

| 56UMILDAN @) r&sPESIVER M HUNRAHSY @h Suie IR GRAes 42¢ 8@ plified by genes
cancer, lung cancer, "skin cancer, |iver cancer, bone

cthatencodocabyxypaptidase ApAREAdadsoxyaytidine kmaac (d@n extochrome

pgzgﬁ Wﬁﬁ@%‘iﬁ%@%ﬁ%@%ﬁ@% an %ﬁ@% repRSEHYely-

papi |l oma and | aryngeal papilloma. Exanples of wart
condi t AGnR:idergeng etiiriBl conitt besappbiedrd the treatiienit of AIDS. This

epi der m)déspl asgg ét11ejr ruciforms, and malignant warts.
AStf"W&Yé}ﬂé gqTptested M Suicidey eRigribial GXPress att‘ﬁ‘éc BFIeJupfuct as soon
| JWiERdd R arind Barf &lls HRERAE ffeledBYHBRA MaHesC LI udeQhe HIV-1
an enzynme that converts an 1 nact’ive prodrug into one
oregniateey elptrensxTat andioaBel | toésduwe theapressipof a toxi¢ g«me such as

B

U QecCOMRR] ler SM11098EDinBELE Al N1 95I, FRARof ek B1.,C1802a; Harrlson et al.,

a | ications of such a "suicide gene, " whi ch can be of

uRaghebrer gi-.n198P- human origin, are reviewed by

Spencer (2000), Shangara et al. (2000) and Yazawa et

al. (2 S

or i gt i SRt ¥ BF 8 il AR R AR

kplagiai@l(Within tieyrhosdetie ’theq;ﬂlasﬂﬁd; elé@%)y cwbntlarram dddltional nucleic acid

phophori bosyt r ansf er as xant hi ne- guani n

p?FtSB’ﬁBY ﬁhabixyrthqsaﬁgf%a*i@@v(@ﬁnt BALE am&t%fsétemmor an
SH@err&'ﬁl | s‘ég &EQ%HXH&?@O}{e?My hQ@é?lQ))'th@fhE B_E\[t&%clelc

P45 (CYP4B rboxypepti dase G , am no

amdiidi sagmanasA s@wanromcnmotbﬁmw Spbluﬁanr ovangumor -specific, as

S i de nes ar xenplified by genes that encode

'i‘.ﬁg gf F%g@td}bﬁat EtPA), deoxycyti di ne ki nase (dCK),

cyt ochr onme P450 (CYP2B1.6), LNGFR/ FKBP/ Fas,

FKBP/ Cagpemésr isatigsueRpp&ific” whepR6d actiohted pleferentially in a given

sui ci de ene t her a{) could be applied to the treatnent

ofisspe pyml, Trepges isqffegtigip dityingrapressions ig dhehaggst tgpug; ofan operably

VEfL" %ru{:tlﬂ?atl séqtRh&S ST cta&)ébﬁ' &ﬁﬁ?ueogp%gi'f'i%tpr(ﬂﬁoé&qﬂcludes for

example: the hepatocyte-specific promoter for albumin and o —antitrypsin,

respectively; the elastase I gene control region, which is active in pancreatic acinar
cells; the insulin gene control 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. (1985),
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as treated mammalian cells becone infected by H V-I

These vectors use the H V-1 regul atory el enents, Tat
wanasose7Reyv, to i nduce the expression of a t oXPCT/E064/004406

such as a-di phtheria toxin, cytosine deam nase, or

interferon- a2 after infection by HV-1. See Curiel et

al, 1993; Dinges et al, 1995; Harrison et al, 1992a;

Fhrm&&@%ﬁa@én RA83 ¢ aﬁﬁgm SWifPdral ¥P96%) MasDonald(1987)

herapeuti’c nu¢leic acid of the Invention pically is
cHandlane(d 98%), hegrrzs ad. (1 986), IRendhdaé eth(19807), .andh@son etal.
pg' 1d al so may contain an additional nucleic acid

gﬁgkt that functions as a regulatory el enent, such
as a pronoter, a term nator, an enhancer or a signa

sequenThere ald atdypromoterO Rt &bleyplebsld peeftr@ntidlB in certain tumor
t herapeutic nucleic acid segnment. A suitable pronoter
cellsise in fusmaseelpeaises and dhatageowseful for trepging different £3nqepssin

L RRLARAME fth l?HBrE%:%g)'vgﬁtﬂ;ne SF he/?.\leﬁg 8 ﬁ{otér;é‘ that are.sgﬁlf;}c for

"t1 Ssue- speci en it Is actlvat preferenti
[ carmelgue\l/lens iflustsated layn cthe Iyrngingse ipsombter ¢ tavget intelmo'rrm's,rtge

| m@@f@? P{j’&(g?f Fetglt‘e%%{, ﬁtg%tclar-sﬁﬁé%@a%dglgyg yog eIXlancer/SV40

t pofiiferS RAfkch thrgetd bRpRSEISto AR deHBdsartRha ERIASPItRe t he
hepat ocyt e-speci fic pronoter for "al bumn and

j:aramwrnbtypmcmntlg )i memyter, whiclelszpecfie far Gehexpressing
CetiITfs sgcl% sec%lon c ncer cens an ﬁ:ll}e\é?’klﬁ% ep[gﬁé: fI%%%vlf f}lé)%foher {o target

EInS n gerfe

paGICEBal tell mﬁg darchloh®s. BEEHA® (BB ONENTORGY & RUTRE (198} Kurane ef
contr ol re ich is active in testicular, breast,

| Frptfaha 3£@§¥aééﬂﬁ§) the nyelin basic proteln gene

control region, active in ollgodendrocyte cells in the

brai n; Aafthaj &,%ug&‘%%gﬁbé ARdC a{c%kﬁ FP g&?@ﬁﬁ&ﬁeﬁ to effect

control regi on, I's actlve
hgqgmtlhaloﬁmsxpr%mrﬁrraduct et loaahza(ldz@ gﬂan e@résstmarpr@dwt toad

r? gr[ce g%aééﬁmé%i%g%éltWrﬁa%lg%})o yﬁaﬂgcp]t% moleéule that is
(d8BRYed le-@ﬂ%ct ﬁﬁm@élls rﬁ§59§16])ude B@%@lﬁ%@uﬁfce ah-prépk? ?ezﬁhng frame,

and Mason et al. (19 . There also are pronoters t

asushdhas rthfs@@desglpemeqcblnt ofdntegest 1§ seeseted by angnpylfiog |c¢1koronts
hat,at.e ef uI r

Pk it B fen S B R BT HAREL ik ffcgen weatment

ppaes@igin |Inuﬁmuve Bignall h%tién@é‘s&nﬂﬁdepﬂl@ ﬂi@érﬁb@sfhf@terﬁhﬁrﬁl secretion
specific for cancer cells is _illustrated . the

t $FAY&ICR adsscbedinlbp Patt%’tNQr ga3.380, ah%ml sleﬁr@tlon sequence,
disclosed in U.S. patent No. 5,037,743, and the signal sequence portion of the zsig32

polypeptide, described in U.S. patent No. 6,025,197.

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 expression, by histological or in situ
analysis, such as by in vivo imaging techniques. For example, a reporter element
delivered by an intact minicell, according to the present invention, could code for a

protein that produces, in the engulfing host cell, a colorimetric or fluorometric change
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MJCI / Df 3 pronoter, to target breast carcinoms; the

hybri d nyoO enhancer/ Sv40 pronoter, which targets
wez@seseaon t o rhabdomyosarcoma (RMS); the PCT/IB2004/004406

car ci noenbryoni c anti gen (CEA) pronoter, which is

specific for CEA-expressing cells such as col on cancer

cells, and the hexokinase type Il gene pronoter, to

t [ ; i . o s

(e PR R R M PG RTRRaER o Bl qupyaive
afwdctiGit efitrans¢riptional(acg9@jon. Allsstgptizg ofthgseeproteinsane esterases,

d di t h t ] Nt | t ffect
B E RS aroies i oBel T Bro e o PhameR AnrEks o
a&t&?ﬁﬂﬂ@&&bﬁ@gﬂér@@b‘ﬂhoﬂo@h&epar?i cular cellul ar
conpartnment. Thus, a therapeutic pol ynucl eotide

mol ecule that is delivered via intact mnicells ma

i ncl udirefersdgnamples giechceli B-grlantesidase.rich plfedts @m@lgr change
S 5 PR R B MBI 0SS5 e e
t @hicRbkidensa 1&%—5&%‘ SlidBrgy de §bdctoriall MuckiBRBE)H aMetdiodydRce

chosen treatnment paradigm 1llustrative signal o
seagbybie scidr{bicifern)y, WethibeeanicomitantCeleaserrif hight. shlse asdfukin this

se nce cribed.i.,n. U S nt i ,
AR50 P A5 B e Bl e By RER B e
5ie09fish{ 48qudrbdlvicheias hodatrissdycmasheper 4/i 1999). THeefield of GFP-
zsi g32 po ){pep_t ide, described in U S  patent Na,

6{6@%51, tegmologyis Alsiratedudy hve Published Beil|apgkicatioas, WO 095/21191

| B o r‘ r‘ .
SR ¥ g A TR SRR R8RS AR P Phagproen,

r eatbihing deheotgihoee foheebfrgmendno atids 4% theouglt 67) and

typi y. .encodi n ol ypept i t .ot herw se

B iat P eReoRsa TofAER R ety adtt g pepias or 4
eXPlRR I prdiidifh atpeh G Hadngilteted fhiockdscatPropettfos), 2HE By a
as by in vivo inmaging techniques. For exanple, a

r egpont o€ Heiwh ehalngl 98@] ofeemuantyFRBreharacigcizedibnig 4¢p16-fold

accordi n%ﬁt oet et&‘;ﬂ)}iesel%énventi on, could code for a
pW%Yeﬁn 4 ﬁgllg 4P |111't he engul fing host cell, a

colorinmetric or fluorometric changethat is detectable

by in Ahéthernpd yfa fepanel dldraént iissasaodiatad iwithaiiexpression product
sem -quantitative functjon of transcriptional

albat spRdsry he regqmpbingng migicelh resistan to Hioxine; g instance, the neo gene

?ﬁ%&%@?ﬁa% %&gﬁ?%ﬁ%ﬁ@& oPheLRASIEHe éﬁi’s,ﬁhgfe;a §dhe ¥litotiing

generates a detecta
chihpdrofittate eedmctabd corfap hasistancPtemethoaexaeang iteeschdoremphenicol

ety PadRrAE BRI 2e8 beMbvi TeSIhRE"S cRtofahHentof "9®

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

immunoassays.

Target cells of the invention include any cell into which an exogenous 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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via cl eavage of an indi gogenic substrate,

i ndol yl - b-D-gal actosi de, and a |uciferase, which
wo@z200diozeg a | ong- chai n al dehyde (bacterial | ucPdEIERDE@)004406

or a heterocyclic carboxylic acid (luciferin), wth

the concomtant release of light. Also useful in this

context is a reporter elenent that encodes the green

f . : ' ) hel i

u HEREAERTIPE] §) e Loty 19FabE Wil <y g3 HALRRzca by

f exgpressioh oBERek bafad reeepton dhabgipon bindingisfta lagand, fayilitates

ub) i shed applications, W 095/ 21191 (.di scl gses,.a
R UIeT S Tk eREE Gl B stk PGB0 IS 5mas i Dt T Cou
a&fdﬂfaﬂgﬁd@notmﬂsﬁw&&ﬁl @ﬁ&%@@ﬁ@h&r rﬁaﬁ‘@fa_ﬂﬁ@! from am no
acids 65 through 67) and WO 095/ 21191 (di scl oses a

nodi fication of the cDNA for the apopeptide of A
vi ct or Mathopandeqsupasitivgs af hepryeation sy bryused te deliver a range of

B N
4edntben tied @nsengarthy etbdnse orientatidrat Themualej dcidishelecule present in

Anot her, type of reporter el enment js associated wth
ahmenipilk SRTSHRNLIP ﬁwmswwverﬁmd%a_ fbe feyRbA PlaTId
MxHr&Sioh ve&St, Bt Bftfer béhefic Lot B is h@ﬁéeﬁ‘l@ﬁﬁ% Dﬁ%goﬁﬁﬁating

gene protects a host against toxic levels o
afrombhobacterial ¢d] thahgdve riae trethe nencoldi Ryitabilthfod ued wl the present

reduct ase conf er S ce to t hot r exat and th

RV SIoRR et foired PhVA ot kRS Falthed Holmiry R io, BEkafagHe or
r §mittitid 86 @ cé Whichl dy ee¥danlder Gt RahsI8RIMEBarldfand&EptRMal

a reporter elenent include those that can transform a

hesstrohpia eukaryotis eRpexrsessindromelier. on whichaaay beexrressed in the
' Y . | ' HI V
BptBRlEn £ Shine ¥pfeAiadFANE AOBLESh IO UAL 7y

i mmunoassays. Target cells of the invention include
any ceMethods of thhiimdenton exg e perfernmdch eivo carek aiveo e eu ke vivo

is to, be introduced. ("]ntroduced, " en used in
r%‘P&?délﬁ%éort%aH’ﬁYee%%ﬁﬁﬂ%mﬁh f ROV ifphd et SuchasiRy

U Bidhsyt Nen wlélgsaqe RS B BCA Rt akdesh W&lw@_ of a cell surface

mnicell is Ivered to the target cell.) Desirabl

t eesor that ik sxpressed hpthectarget cadld. ‘Blye gonpisp tsbeodelivbred te diel target

surface .receptor that.. upon bindin a.ligand .

e S P Bl ocappBiarie Biorel P BE o Rngle g lasmid, and

N@asRiRAastdtpafent BRAGHAD el @ém bHEcC@E ita@mithitaNd ir¢ t61Be derived.

not ingest bacterial particles, and are mamal i an.
Processes for obtaining minicells are well known in the art, as described in
PCT/IB02/04632. Minicells carrying the recombinant DNA are then purified by
procedures known in the art and described in PCT/IB02/04632. The bispecific ligand
is then bound to the recombinant 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 minicells 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 described in Example 1, 2 and 3), or in vivo (as

described in example 4).
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Met hods and conpositions of the invention can be used

to deliver a range of nucleic acid nol ecul es, which
weaoshes7aDNA as wel | as genom ¢ DNA or RNA, anBCT/@EBRODL004406

in the sense or the anti-sense orientation. The

nucl eic acid nol ecule present in a mnicell, pursuant

to the present invention, can take the formof a

pl asmi ﬁhuseﬁﬁrlﬁv?e?lheﬁ‘ intRide®h me%ogﬁlfkpg&f&ﬁﬂlg %Jﬁ\ézv? gene th%rgpy

const r uct I'S not genom c rigin om t
bimtdt dasirad nmephagohmc 1gammaha1$ eeltsghdatiage marmiatlglréfractory to minicell-

grgllg 1%@'8%5{1\%&8{%%6 ! esetlg%mr%le\{ gglﬁ(saq.(@&b?repei%lc nucleic acid,

Pihe pads¥@tihventiBh c&Y B ﬁ@ﬂ'l& trégtefiCofMakichs EanditRms Rh@@R6ases, to
under the translational and transcriptional control of

alnexgRser §xprassiogeha d@@t@d@é@ﬁl@ntognblhﬁteépresmn Mhiuaetioresf agene

FEBEASER oot AT Py B AT SR AR HlePBeutic
naycldieagie itﬂdwdﬂiminayiba/uwﬁﬂdn trexting daacerlon an ac@xreuidv@ase such as

procedure, for exanple, target ceIIs may be re%
t ATIR PISHBpRIAL CTRIYEFM BT Y CRTeSHAY bR SRS ShHe gfism, such as

LéJQ?E‘ BB, PRns&l %B %fj AR RHnYT alﬁg& é%?i% %uaglcaacﬁﬁhhy also

ace receptor 't I's expresse t ar get
cdlfdcs conflacemne s(esﬂizatmm ectisling/engdcdptive htenhwt@atof derhl aimals.

rbflegasrioial SRS Rt h SR TR ARl i tso can be
b&ﬁﬁq&ﬁécﬁib sRhinSstdrin@ W iWMChteddABinyBAIRS a Metdpealié Audit atid

be deri ved Pr ocesses for obtaining mnicells are well
kmolgnule that hipoarex pressioniinsicpatisald affect PUMMPBOZAPAEEE) associated

e carr nh
ot i Al il bR ek "B o afialid e geig
| oRCile laBO M BAIE an Ehgreficpgodidt corlthga ﬁ’tdiyl & d deevhstream @roduct
to the reconbi nant,_purified mnicells, for exarrpl e by

i of msﬁrénsiqi@%larf%ﬁcatwnsqi thegRpEesHERPIRAUCh that ssdugssdhe
TWE% hed raRY 1 kM plahbui #}h gpngt Ré"}gseficﬁ"taﬁé ﬁ%u% Zrowth
e conp S It S

on conprising puritied intact mnice
andl epenehitopeci fic |igand, attached to the mnicells
via one armt hat has specificity for a m ni cel

tar got [ROVEERAe i Jf TedieRHEFoCalic: SO B sefiehed con
CiybbdinSik @SS EldSEdnkfAchre ﬂs@ﬂaﬁph Qarlety 3f ﬁ\go&%, sueh ab fb create a

vivo (as described in exanple Thus, e invention
I ¢ed] theteogn producs lage @ranpibes @@mei@gteéprvpmowg@héa@ Hendsy
tr9egei | red non-phagocytic mammalian cells that are
y refractory to mnicell nedi at ed

In a related aspect, the invention provides a composition of matter useful for
introducing exogenous nucleic acid molecules into target non-phagocytic mammalian
cells with high efficiency. The composition comprises (i) a bacterially derived
minicell and (ii) a bispecific ligand. The minicell and ligand may be any of those
described herein. Thus, the minicell contains a therapeutic 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.
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gene therapy. Depending upon the target cells and

t herapeutic nucleic acid, the present invention can be
was@d/056749 r eat ment of various conditions and dPEEHEERS64/004406

to i ncrease expression of a desired protein, to

i nhi bit expression or function of a gene product, and

so forth. For instance, transcription or translation

of a gAvc%ﬂlthE‘iﬁEn?P&&shﬁ%@slégﬂtﬁllgo%h&nﬁﬁ!&rﬁ%ﬁhﬁel‘@ﬁd%@s&eﬂﬁc

usef ul reating canter or an acquire | sease
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rors o t abo m .such as c¢ stlc f.i br,

ThERE P ooh COPbEE Lo Bt wprter Rl BAGhEDN A feivering

ag h&tﬁ@ﬁ&h@b&ﬁ’;{)&ftfoﬁ}?&m%%ﬁﬁﬂﬁ% ian%nSérﬁxbhél'ni’énhéxo {sing one or

i ncludi ng contraceptive sterilization of feral

mormpféfswmgm@}lg ecwenf@bllp aamigrsa gx¢ipierist Fomulations for injection may

te tor dIS ers al so &
e s PR BLRS bRk BPES & ShANE S0t am s copipiners

awither aftaoiitiag addud pi‘ésférv&ﬁizﬁd THH f@ﬁmﬂﬁldn%h be Wp6lation, a suspension,
expressigon in_a patient, affects i nmune response(s)

aQsBsmagen i qily qrﬁaue&w xehicdes. andiman poriain Surgiulageny pgents, such as
r e l;

ng%ﬂﬁrglg/ﬂg’ gtlﬁylg)z( ﬁg égkgl&gcﬁgﬂé%% elgéﬁds Ozrﬁcsuﬁgﬁlg s&[ﬁdlé:rgﬁ i&tHiS Rith the
dblend bf ﬂmn‘ecppledtw:rﬁ ipfllustyated by aalzleaRingaed sorhmmhnt amhdlaxmse

of .the e reSS| oduct redyces .t

LS AR R S o mhy P i I SR o ey for

t Rabndtgltios Witk duithsi fetidls ,UE, S8, Pro%&(iﬁé@%ﬁ%laﬁﬂy&’aloglcal
The invention also relates to the ansfer of nucleic

asalms The @prrmsyé@nmlscwhy be fopeylated ag adepot pRipetation. Such long-

re u for.a arJet se
AP R ioRs HREbY s R e B o B sipilhpeousty
Obr iatrafthalfd) atgtistrdnuselacinj e@ﬁdih then be harvested. In
a rel ated aspect, the |nvent|on prOV|des a composition
of matter useful for introducing g genous nucleic
aci d nfy@apesition qf Bletpa?sge&mﬁ%wﬁwa@ & gem i sierRdla) varous routes

CFLI & vl ey S bo0 e RS HERBRL i
belﬁme dnchllp ot s)gwmicalryh dahvaryaehy baadtomipysired, fomgxdeplantyy oral
of . those crlb d .her s, the mnicell t ai ns
CemBRTAU0R S SPRiaOE OB forih aian © e A b SakaraHoE o
| 1ng@1rﬂau@ﬁ %@9 ?Qfe)ﬁte'rail ﬁﬁ@ﬁhég@mfmhw%ﬁg ihtPapdrtal) H@ﬁ@panc
onponent of "the mnicell and to a surface conponent

operaom@l gebcutaneney, uramnmnal Ar ndrrgeorsial pdminigragiost Thegnode and
SRt ald%lillxigtrﬁ{onrig Sepenhtpnq ah tlll'rl 1'3 CtleolnI of tﬁent%rg%k 2dfs© IFfolr gxample,

cystic-fibrotic 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
understanding of the invention without limiting the invention to the examples

provided.
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i gands of the present invention (that is, a

conposition that includes such mnicells and |Iigands
wowas/osd7her constituents that do not interfer ePOnokgogs/004406

with the DNA-delivering quality of the conposition)

can be formulated in conventional manner, using one or

nmore physiol ogically acceptable carriers or
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added Eﬁgs rvative. The fornmul ation can be a sol ution,
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p en f ror physi ol ogi cal saline. The
%ﬁ‘b‘g‘éﬁ‘m ﬁgelgﬂ‘ér%cﬁay be formul ated as a depot
preparation. Such longacting formulations nay be

adm ni $tppmpluRNmimRCBIEL atuta skdifgeferate® peeviously (patent
subcutaneousuﬁgor i ntramuscul arly) or by intramuscul ar

i anjpieatiosn PCA/IBORIG83Divns tiansiorae w@béwmhawﬁpla@ﬁldc@@RFS-
2529 SR, VRO, CRUSR 2 KL et
efdne ek pre}sicieséctadhateixpiesses tiedds Vitkash b}esﬂuemn <ga1hd gmder the

Deliverg n%% be acconplished, for exaqF or.al
aepmtnel of tha Efolp / ﬂ%aby&bm%a&owroﬂ he k> lékm -%Wéﬁgw fppm

g i el ARV Ol LB B s,
| that @hepatdrcprofrig guaﬂmhe, amhigtgatmab&ﬁﬁ(]\h)ﬁo gm?umoak-

r ntr mn r t n e no Sl.te
g@ﬁﬁw@?q@mn&ﬁ’g\da)e:o d%m'rq%wefl ﬁ@n\reafegé g‘ﬁ d&h%ﬂ@te and
b@{pggphsﬁ' fbﬁ? ﬂanrd%gamglk Rinabdss tG@VfthBEd%bhé%e eRkd ﬁlerﬁabH on the

I Cl ent by 1 nhal ed delivery of th
tdaoggnbmteraewﬂbus mlwnbormmt\mhltba 2’3indi 3’ gatbpns wbn:brare necessary

be nore efficlently tr te Vi a
i PR Rbie CTobertiaar Ao ot e Lerribhtspfil flsarafon causes
Nhremaird DNALEhAIR Y mMafibh and kad®ra pHFﬁbSlbeEk RGNSV 1tk
intraperitoneal delivery of tar%eted reconbi nant

niharefa sensitipee trawsifected mamanelinprells tagandiclownaediisiape of the most
{gvlctéﬁﬁ &s%% \§/le dsupéiév)ﬁ t%ge s:@{ %gébg tth%r d(§ n%é%ﬂ?ld ri%ahser

exanspl As a control, a plasmid was constructed where HSVtk :Sh ble gene fusion was
deleted by cleaving plasmid pORF5-HSV1tk::Sh ble with restriction enzymes Ncol
and Nhel, blunt-ending the sites with T4 DNA polymerase and religating the plasmid.
The Ncol and Nhel sites are unique in plasmid pORF5-HSV 1tk::Sh ble and flank the
HSV1tk::Sh ble gene fusion. The resulting plasmid designated pORF5-HSV 1tk- was

also transformed in S. typhimurium minCDE- mutant strain.
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provi ded. Exanple 1. Highly efficient binding and
receptor-nedi ated internalization of bispecific
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R Ukl i RoBEREH 9P SR bty
aad 108l ulgﬁthmldﬂm wzdsa&m;fdrrecf figo Nw;b eadstf dbatififpettetse. The tube
are unltgltem plasm d pORF5-HSVItk::Sh bl e and fl ank

t Was plasadip thedpypgl M%%ﬁe(M%F%Palﬁrﬁlé Gopsenteatargtype 8318 d
dgshonfLEfe BERE IR §u$em‘§@ﬁt was discarded. The beads were

resuspended in 0.5 ml of washing solution containing 0.1M Na-phosphate buffer (pH
5.0). The bead immobilization and washing steps were repeated three times. The
solution containing protein A/G-bispecific antibody complex was added to the beads
and incubated with gentle mixing at room temperature for 40 min. The tube was
placed on the MPC-S stand to immobilize 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.
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al so transformed in S. typhinmurium m nCDE- nut ant

strai n. Reconbi nant mnicells carrying the plasmds
woweeos/opared f i ed usi ng the gradi ent centrifugat i BOT/IB2004/004406

filamentation / filtration / endotoxin renoval

procedure described in international patent

application PCT/I1B02/04632. The bispecific anti body

Was Coned PO . , ._ / '
1 Bopol e kel il Elcbtuled whiX BRGG ispecific
agrtiboay €radaat FRHE Hinfferdie 36 cHR MRCin icd]]s avith e dhtsody via its
(;lrtgsGE Abeam Canbridge, UK) to purified reconbi nant
ptB-bPH Fab Ggiem t he Fc fragments of each nonocl onal
anti body and in brief the procedure was as foll ows.

Puri fi canbi f oL . as
oot cRRESRIR Ll ENERP (BGC HBHifr D, Usa) yer srown
f forfall confhemny iraT176flasks ibPM1640 medibmrsupplomestetiwith 3o FCS

buffer. (Pier Bi.ot echnol oqy). .5 t
BBl s R AEOP OO AT Basks B 4 fonffuency. Afier
P&RIhiISRCht&OhHENt Ofhe SQIIrE nttdifn 3ds PfdShedeAdo Ghe AREK wad added
ty|Q7h| nmurium LPS (Research Di agnostics Inc., Flanders,

NIQ" retsAnbiand naéiniceH heansyingapiasnoid pOREScHF VA tk: SAlkdamon-targeted
Canbri dge, UK) nonocl onal antibodi es. The excess
arecobitpetgninists)rhdito apstherdiask AVaGadgadel 0t fof thersampneidicals but

FEar R pomE e
C?l.;x]’egltaﬁ% of QliﬁiEQISStH @g&?ﬁe &drcihBfaBENEEd LOORRT Tl.lé:irﬁ%fecteél cells

i otech, Oslo, Norway) was m xed gently and 100
Mve@findubated Gh b ineobatasuriden st @05 adl 3MCdoans, 24 and 36 hrs
eppendorfcentrifuge tube. The tube was placed in_ the

awedbr i@ (Fasheredmd prraveshy Méthcfmsbéﬁtl?tﬁbquQ’SW@yvith
oIR8 D BB SR BURSHUUR by poersis i

Wb e ih @laso(etth hine @oint & tripligate), didhNaH phmbpidh eutbudiffRiency.
(pH 5.0). The bead i mmobilization and washi ng steps

were repeated three.tines.. The.sol utiop containi :

pr ot ei H% SHP_§B‘é"6FLFRScW%ﬁﬁ?‘B€W§}Eé‘ hﬁ?{éﬁ}% ehylfdgr 3 Qmins and
thigciRRasish SAthorMGIURAE &&ui o BrnfBi 1R WHPYy \SaiRing WAR ANLI-S,
tenperature for 40 mn. The tube was placed on the
MpexigustuandP'$ 6L : 20thBodesige, $4ve, Maings Uad mdnecionaltastinody. The

Al Gibi.speci fic antibody..conpl ex was ved w {h.
TR L BE e e Rl R VB R pE e P BB el Wik Alexa Fhuor
p9Q 1D08)] red MubROEHNEE; dxtidationBDORMI datliefissadis ITha), Mislecwdar
solution that carried )
Probes, Eugene, OR, USA) and viewed by fluorescence confocal microscopy
(Fluoview, Olympus America, Melville, NY, USA). Fluorescence and Differential

Image Contrast (DIC) images were collected and overlaid as shown in Figure 1.

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

adhere to the LNCaP cells presumably via binding of the targeting bispecific antibody
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the bispecific antibody linked to protein A/G via
their Fc fragnments. 10 reconbinant mnicells were

wo na3bpad7ed with the protein A/ G bispecific ant PODUB20042004406
1 hr at roomtenperature to coat the mnicells with
the antibody via its anti-LPS Fab region. Prostate
carcinoma cells, LNCaP (ATCC, Rockville, NMD, USA) were

S AL sSROELED o TRl 1R 0y TR acion
cemk pointy; enqebENEgR dellsshdwed irftéras ked Auorb@encowithinemcgytoplasm

After erni ght . att ment, .the culture di,um was . .
re e eflsaFindC; of and TP Bdicevie Pathe snge e R qigrmalized via
NeBé6-hediari eniagtddisasm d pORFS- HSVItk: : Sh bl e
(non-targeted reconbi nant mnicells) and to anot her

flask was added 10 of the same mnicells but carrying

cel | sThip sesaltanggested dhas theyuinigells carmying swfacetatiaehedauspecific

r ' i nicel . i f. .ol t

PR BRY B ML eiRben BRI R RinBlR G B (il staoe recepror
Cfiuh8 owameammelidnadetl androgem receptidrai chie dbode exdmiplGhdahat the

370C for /16, 24 and 36 hrs followed b our washes

(stheregb pigiaells) Wege apidly atpmplized Itfoe e@ﬁy-gﬁwamﬁwmnmlm cell

g@%éteﬁe shaitbRd-ceid tHe@bbve MBHPId) YPsSi ni zed and then

sssaged on 13mm coverslips in"24 well plate (each
time point in triplicate), with cell nunbers in

sExamplef2. Highly effitientddndmgomdoseenter-mpdiated inttinadigation of
it h 4% par.af pr mal dehyde. for. 30nm ns,and bl gcked wi t

hisPesie REABE-ERu e bOmienRimeo Po puaRdeval Bt Pyt

Waddhoitdindma tlghi muri um LPS (1: 200; Bi odesi gn, Saco,

Mai ne, USA) nonocl onal anti body. The anti body bi nding

was reveal ed wth goat anti-nouse |gG ¢onj ugated w th,

Al exa Wwieégi&m@fst&aé@btiawewsm%fgr@e’glgeﬁwﬂﬁéﬁeﬁtl’ét%ﬂweﬂ
5 j &S . '
L e g e
nstomgdimtiyg (oFtheiendregen r€beptiqrios admerplgpc el nnahingliar\béll, the

G Y NN N -

Fi)iﬁbl{rrlg_tﬁgge-félﬁreﬁﬁﬁéﬂ- sdiare@wBabdyfRts JTAR: fedbEBingAk minicells at a
reconbi nant mnicells did not specifically adhere to

ohigheffidiencgr dhisi examplerlenoastraiesibaithe sbameeohserved phgngmenon is

IC %Jrllegarl]%'é% %P %lg{a%}f) I Zvlgigt!égrf%r%odiggo%raaﬂg la%;r;]lfcggllg '%J) 9 'rarlg% of rclf:%‘ferent

e Sane as C

néfiot ytasisicempednicretdptors Alnl differehtisoraptaloyrid manmaliadcells.
m nor background red

More specifically, this experiment shows that human breast adenocarcinoma
cells MDA-MB-468, ATCC,; human mammary epithelial cells; non-phagocytic) can
be targeted via a bispecific antibody carrying Fab fragments with anti-S. syphimurium
LPS (minicell surface binding specificity) and anti-epidermal growth factor receptor
(EGFR) binding specificity. The cell line MDA-MB-468 cells were grown in tissue
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 antibody

(Oncogene Research Products, Cambridge, MA, USA). Targeted and non-targeted
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fluorescence. In contrast, the targeted reconbi nant
mnicells were found to strongly adhere to the LNCaP
waedls®sguesunabl y via bindi ng of the targeti ngPCT/IB2004/004406
bi specific antibodyto the cell surface androgen
receptor. Additionally, at the 16hr and 24hr
i ncubation tinme points, nost LNCaP cells showed
' ﬁ&ﬁﬂ&ﬁﬁﬁ%ﬁ&ﬂ@%&fi&%ﬁ@w dnliiyBed daqra%xfeepdh@mgfmshfﬁs cells
E ahd IF) indicating that the
nandi thetdlls werd stained fomS. exphéthiried L\PSe(rm@cdbb et timre mtalv% of 16
ndoc Si S the m nicel
RS P RUE: e S des PRI RRRTY foc PR SaPRima sl
highly efficient binding of the mnicells to the cel

sur f acthd Re€RtrevealcdUth. QNthat sontishtdIRrand eklls freatet wigk Ron-
receptor in the above exanple) and that t he adherent

niargeted) miniiagds exhibigidan)y miesbagkgrownd 8¢ flugesscence at all the time
t

PGSR SALE PBTIELAe U o BRI BF P T an

birardfeagtha mon+phagqtytic mmdmﬂtaec&ellmlarmatrasaahe ocllsafeated with

bIS eCIfJ nti hody-tar m ni cel.l

iy xR B et Tt o o Ol after 24hs
ﬁh@ﬁ%‘tl%n hnd Rk EsRERE 1ﬁJﬂ@Jseditobdo$/91e&bf-d F A& dthﬁlﬂMn Wbt B6hrs
anti-LPS (mnicell specificity) a ant i - andr ogen

r@@gﬁpl(bE) bThidisnggestsd ¢hat ithsi hispecidie a@flb@d}i emabled tbmsimne binding of

ron ndi t he. andr, ec
b5 O PEERE rhebpI A e PRI NP 88 cels gt ht e
Cﬁhhmgmg%e&émaédm ,médigted eﬁddcyﬁ)s@emf&s;hrrmeﬂd t hat t he
receptor binding triggered receptor-nediated

endocyt05|s of the reconpbinant mnicells at a
eExamplet. {1

.%ﬁ@%ﬂap@na@ﬁ'ﬂﬁmﬁ%gwei%d m{sma%zatwn of
?ﬁ@é@uﬁ@ﬁﬁt‘iﬁ(ﬁﬂ d@?g&@&ﬁﬁﬂﬁeﬂssm - ra (tﬁ‘.gtl@'iﬁ’nﬁd?%v ?ﬂﬁ

i nvention an over are ap a range o
dedrtimoeri cellsdocyt osi s- conpet ent receptors, on
di fferent non- phagocytic mammal i an cells. More

2 enocky itk b ? A PR R A R e ARG b

e@hﬁﬁb@ll ispdcifi@ty) Gnd Bigtitr RRRGAGY érCoec RS lkiﬁdlhgl &ﬂ@‘iﬁkﬁty\br&n’a-
bi speci fic antibody carrylng Fab fragnments with

EGER wwﬁplmeqnmfﬁgmlx ¢nahlestiong bindingcte thy angregen receptor or

RRE R on Aol RRCoRt o GRL SRLERInE bl BREY Rivc  BEHREME
cebpertivelye Aglﬂmuﬁail)n the sule denidnslra&e@ﬂladms cedeptad bfrding

rostate carcinoma cells in e . The .bi speci fi
ptnggered receptor-mediated endocytosis o%( t%e recom inant mmlcelPs ata hlg%

efficiency. This example further demonstrates the general applicability of the

invention and discovery.

Accordingly, this experiment demonstrates that human ovarian carcinoma
cells (SKOV-3, ATCC, epithelial cells; 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 receptor (Serotec Inc.,
Raleigh, NC, USA) binding specificity. SKOV-3 cells are known to overexpress the

Her2 receptor (Salomon et al., 1995). The experiment was performed as described in
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anti body was constructed as described in Exanple 1,

except that the anti-androgen receptor nonocl onal
wa@ndaosiosdyy was repl aced with anti- EGFR nonocl onBET/1B2004/004406

anti body (Oncogene Research Products, Canbridge, MA

USA). Targeted and non-targetedreconbi nant mnicells

were generated and used to transfect the NMDA-VB-468

Ll%gn?plésnfjaﬁcr? @@[g%ést B 98 LR R anf LAY BBH AUHcUBnce) as

m ni ce intervals of 16 hours,
hefors, and 36 hours as descri bed above for prost ate
carcinoma cells. The results revealed (Fig. 2) that

ot oL G MR BT SR8 a2 e

fdon@OESKONCS célls aldl tha,sdeareratemﬂmdmtﬁrgeadgﬁmi’a%llgrmo&& only
suggesting that the mnicells were unable to adhere to

aminor pagkeraund redBuprgsrepefagocyti ¢ manmal i an cell's. In
contrast, the cel I s treated with targeted mnicells

c " _
SRl GES ARG JLONRRE ok o RS g vi
t ispevific anﬂh@yuﬁedlh&ddytgqﬁngmeﬁdnwinmmlceﬂlsgs

2C-E). This suggested that the bispecific antibody

Fecept b S R AL Ehs 1‘%@;\5 Ezéh%%f@sp{ Fafigilipginicels
t tdehohiphdargrtit rxﬁe@gﬁﬂeﬁh del§, @t af hélth] enttee Yd1BS IThisadxample
the mnicells. ample 3. H hlye i ci ent_binding and

r damegnsptenihat mreahagﬁﬂérmamwilwﬁﬁ lsthape apefficientintracellular

i
t diamerr)biTheeXahiple alsd sl’faﬂd}thwpﬂd’snﬂmDNA_ Bﬁi:k@ged‘lmaﬂinllcells can

specificity) d either anti-androgen rec bi n
speanerthe it cqffulapegta Ry SrPTOpRSSSH SRR §the 5 Bt e ra;&l S,

enad the St ﬂaan i tRdcdiClc®s 3REbQIETR x‘é&ﬁﬁlﬁlhﬁ{tlﬁxpl%%:éa

on a non- agocytl C prostate carcl nonmm cel | s and
bindeat, nnmnclilmmfﬁ@entb' dedizpregene sy wl non-phagodyitioralls, yndieatiag that

L RgioeR oF Bt ot St e EHAB AR er ool

reconbi nant mnicells at a high efficiency. Th| S

exanpl Huindf blast cdace elly @IDA-NBe468) vesi@incabntd withicbatiol non-
of the invention and di scovery. Accordingly, this

etepastadnaon-spesHisally fagded EKbexpRimaE Lo P Reiprceted aninisls
Clbyind PR ATAE RS fEh HRbaiR) b SurBRirRRERARAE)

Aldevron, USA) Non- spemﬁcally targeted BsAb was constructed using anti-
cytomegalovirus (CMV) monoclonal antibody and 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 MAb (Aldevron, diluted in 1:100)
followed by Alexa Fluor 594-conjugated goat anti-mouse 1gG (Molecular probes,
diluted in 1:1000). The HbSAg protein expressing cells were analyzed 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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bi specific antibody carrying Fab fragnments with

anti-5. typhinmuriumLPS (mnicell surface binding
wap@siofi7ad t y) and nouse anti-human Her 2/ neu r eRE€PIRR004/004406

(Serotec Inc., Raleigh, NC USA) binding specificity.

SKOV-3 cells are known to overexpress the Her2

receptor (Sal onon et al., 1995) The experinment was
o R N (I

aBlubef B ecalded ACS amﬂms( iFimgpre S@nsmmeeo BEroingareddo M@@d*‘ luor
ai ned in exanples 1 and 2. The control SKOV-3 cells
"'those treated with non-targeted mnicells, showed

only minor background red fluorescence. Exanple 4.

H ghl YT feb@ltsaBVeaiiinBatdnilly the BGRRC tad@ledinditl Oglitdade a gene

manmal i an cells via bispecific antibody nedi ated

t @sﬂrgety gffcigpcy @cgs%wﬁhm 9% (FigetA) Tﬁbe Ffisembinant protein
f t
rﬁ!s'rs]irggg ﬁ?lsqﬁﬁp ngﬁr}g %h ggtoljgl)i/ fﬁgyﬂﬁf IuF:)I \g-’% ogg%ljv@& lfgﬁgﬁrs post-
hlmamfecepm (Higl 4 i) a‘mhatesubsaqhém tiniBtpicinte sapgdsting 51gn1f1cant levels of

denonstrat es t hat cyt ma | i el | s haye
BT PR eI e 481 POIART SIS BYY PR
eﬂg&g%gg&e(g)tp?;r ‘|4g1$_s that are as large as mnicells
(400 nm di anet er) his exanpl e al so shows that
plasm d DNA packaged in minicells can escape the
| ntr athqsg r%sultwgremnw becanse dbwas nas kpayye thay son-phagocytic
A
(iil] wot Cci ét(":ﬁoc:f}eg{t ‘ﬁ{etr(.:'% ngllé:r I‘lti?(i%lagﬁlm fof &‘@g%dlhé‘ gndocytosed

I puiﬂaes that 4k @§Ia|r§e &afingdells ¢400ai d&axdeder)\aad tm ofisy b @1gld
non- phagocytic cells, indicating that ap

I catl
t ielogisabmembrangy Addiiomally.iap uppxnestedlygh Eeaﬁli (efrﬁfio 66‘11%/ <greater
R 05 2A BE BTN 18 R o EiORa ARl FUIR MIHEYEE These
aresulexipéicatetint applie@Hehs afitheineentivinrire eéefisl /o aitro/irmgfextion tools.

pl.asm d t hat cod he vi r.al atitis B Surface ..

NP EBar BB eHEElS Kofashie Suithy hiERGRErepRE P i geps delivery to
t%@ﬁﬁa%ecﬁwaﬁe@%n&pé@tsr ucted using _
ant i cyt onegal ovirus (CW) nonocl onal anti body and
anti-5. typhimriumLPS Mab. At time intervals of 4
hEymsES_ ﬂhmeslﬁcmtmaysnechaﬁeﬁ danssting of sanicelly to hyman breast

cells ye sh % par af or mal dehyde
afid 6 8 'L%d‘y'\ﬁs g‘%o nor &rﬁgﬁﬁg‘% H‘ééér um/ 2% BSA. The
menbrane perneability was increased with 1% Triton

X-1 OO This example demonstrates that targeted recombinant minicells carrying a

plasmid encoding HSVtk gene can effect regression of human breast cancer cell

tumor xenografts 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 receptor monoclonal antibody, the anti-epidermal
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
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in PBS and cells were treated with anti-HosAg MAb

(Al devron, diluted in 1:100) foll owed by Al exa Fl uor
woAbsoTpugat ed goat anti-nouse | gG (Ml ecul arPQT/TB2E64/004406

diluted in 1:1000). The HbSAg protein expressing cells

wer e anal yzed by Confocal M croscopy. To determ ne the

efficiency of gene delivery, the cells were anal yzed

bige ftked Wefa tWKeﬁﬁd’ all Eﬂfnai:%nﬁ%{y\ﬁér@ eltf&%le‘a(?h lc6m 5&6 with
treatéd with anti- HBsAg [ owed Phycoer yt

(*EpRuEsfeariad ugoat laberaiormainels agl@ Withséaémn Gthigd Gemmitice
Fl uar 9 ACS anal sengitive

PR B SR Rcalea o AOpoEs in Hira Ty RCARTET S, iridfred sman
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#iE Ei%hﬁgesr ol aﬂep&@g}r&%%sﬁgel(%@ho ; oner%é*geée measured

fﬁﬁb‘é 5 Sve¥LEnS &%bt%dd"'&di%ﬁﬁladéﬁﬁeﬂ (Mﬂiﬁéyd" %pahn&*eﬁsffoh% 0.001)
non- phagocytic cells woul'd carry such an efficient

| md-tmowr Volusre waschakenlatad dsing the @mmlaa dengthd@am) veadth > (mm) X
rt icles

P et LA, AL Epe f aaREich BeafagRatit MR betveen

Aswhﬁﬂhﬂalsbynmh, And ABEDRErkE e@lidénhz@holsmﬁrfe@m ﬁ:bﬁpmem:per
(greater than 95% of gene delivery to non-phagocytic

neiPHRl i an cell s was observed. These results indicate
that applications of the invention are useful in vitro

transf | Vo< 2y .S
achi ev‘gﬁésé)gﬁnmﬂ ‘%ﬁs (2& gg 5% lg %&@{"?8 gﬁg&gg Ir?c\? levre§/1 1o
t tneanmanqo Hagop Qt(ccmtlrmia)n'ﬂ@dwealmome:htﬁted[ixmmimarﬁ minicells that carried

O ADSTER SR LI S A e

n?n‘fc% aTJH RcEVRIBEY c%edﬁ%‘% 7 83, 53h 99 ah@805%€4wo doses of GCV on
reconbi nant mnicells carryi ng a plasnid encodi ng

HEWt ¢ssiye days abhie gfoap twas dgsigrasl todetstming nﬁmrbtamd minicells

F B e 5 byl Rl AR R il B E B FFRR gl Howine

CQUS! fretinest. Trodes CednboD w3 dexigh®d © deter@kEPtreatment with
targeted recombinant minicells carrying plasmid pORF5-HSV1tk::Sh ble in the
absence of GCV had any effect on tumor regression. Therefore, Group 3 mice
received targeted recombinant minicells carrying plasmid pORF5-HSV 1tk::Sh ble
(designated TM-HSVtk) on the same days as for group 2 but 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 recombinant
targeted or non-targeted minicells were given, i.e., days 21, 28 and 35. The antibody
treatment was followed by GCV treatment on the same days as for group 2. Group 5
(experimental) was designed to determine if the targeted recombinant minicells

carrying plasmid pORF5-HSV1tk::Sh ble could effectively deliver the plasmid to the
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that instead of the anti-androgen receptor nonocl onal
anti body, the anti-epidernmal growth factor receptor

w@ 25/05&@R) nonocl onal anti body (Oncogene ReSREF/TBR004/004406
Products, Canbridge, 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
r ; ' d
R B P RSB O UG e VB B AR
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Lakes, Mk, retdSiihg tier respeniiecmatcedls vene mijetedsingratoatoratrwith 10°
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The experinment was designed as follows. Gou
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recei ved targeted reconbi nant mnicells carrying _
pinsesestiaglyosrRp vice jlso showedeno evidence of tumor regression, suggesting

the non-targeted recombinant minicells could not transfect the human breast cancer

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
demonstration of targeted in vivo gene delivery to non-phagocytic mammalian cells
mediated by bacterially derived intact recombinant minicells. It also demonstrates a
role for receptor-mediated endocytosis of the minicells in achieving highly significant
gene delivery to these non-phagocytic mammalian cells (compare group 2 with

groups 5 and 6).
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f 8 AaysoHersI(Figr Blipdroues ouh$ 2nd4 ¥(0.p) on the days

shown.

The results revealed a significant stabilization/ regression of the established
tumors only in mice treated with EGFR-targeted minicellsysvik. Both minicell doses
108 or 10° per dose were equally effective, indicating that the targeting methodology
is highly efficient and enhances the therapeutic index, 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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Interestingly, group 2 mce also showed no evi dence of
tunor regression, suggesting the non-targeted
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significant outcone. Statistical analysis of the data
usi ng One-way ANOVA showed that experinmental groups (5
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(conpare group 2 with groups 5 and 6).The results of
this experinment show the significance of the inventive
conpositions and nethods for targeting mnicells to
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, trate the tential for clinical .applicatjon of
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carrying mnicells targeted to over-expressed EG-
receptor on human breast cancer xenog{afts,
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acconpl i shed by constructing a_bispecific antibody
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WelDeA -84 -4 68 bedastcbancer cells. Experimental and control groups (Fig. 7) were the

same as in Example 6, except that one more experimental group was included (G8)
where the HER2/neu-targeted minicellysy i was injected intratumoraly. The results

(Fig. 7) showed that, although the HER2/neu receptor is poorly expressed, the

experimental treatments were just as effective in achieving tumor
stabilisation/regression as in the case of Example 6, where the minicellygy ¢ vector
was targeted to the over-expressed EGF receptor. The same number of doses (3x) of
targetedminicellygy 1« were required to achieve the result. In this experiment, once
the residual tumors began to grow between days 53 and 81, a fourth dose of

HER2/neu-targeted minicellysy 1 was administered, resulting in a rapid drop in
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produce an expression product of said therapeutic
nucl ei c acid sequence. 2. A nethod according to claim
1, wherein said bispecific |ligand conprises

pol ypepti de or carbohydrate. 3. A nmethod according to
claim1, wherein said bispecific ligand conprises a
first armthat carries specificity for a bacterially
derived mnicell surface structure and a second arm
that carries specificity for a non-phagocytic
manmal i an cell surface receptor. 4. A nmethod according
to claim3, wherein said first armand said second arm
are nonospecific. 5. A nethod according to claim 3,
wherein said first armand said second arm are
multivalent. 6. A nethod according to claim3, wherein
said mnicell surface structure is an O pol ysacchari de
conmponent of a |ipopol ysaccharide on said mnicel
surface. 7. A method according to claim3, wherein
said mnicell surface structure is a nenber of the
group consisting of outer nmenbrane proteins, pilli,
finbrae,
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receptor-nedi ated endocytosis of said mnicell.9. A

met hod according to claim 1, wherein said bispecific

| i gand conprises an anti body or antibody fragnent. 10.

Agig i to claim1l1, wherein said bispecific

|iga§2qg8%%§?§§2ﬁ% humani zed anti body. 11. A nethod

according to claim1, wherein said mnicell conprises

an intact cell wall. 12. A method according to claim
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according to claim1, wherein said therapeutic nucleic
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nucl el & ao & e feadify B ol £ Rt g By e e
CL&hpRist® poMP&stRIedr s&behRiragM d conprises a regul atory
el ement.  18. A nethod according to claim 16, wherein

said plasm d conprises a reporter elenment 19. A .
conposdt i onAdusihed ajearrling to daipabtveierein said bispe¢ig ligand

. i L _ . 7 s o
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oftriditwrdiand) a kecoad at tlat earciesryeoditity dér smordphgotytil hammalian
to a surface conponent of a non-phagocytic mammal i an
cesll swigce meePtebnposi ti on of clai m 19, wherein said
bi specific |igand conprises

4. A method according to claim 3, wherein said first arm and said second

arm are monospecific.

5. A method according to claim 3, wherein said 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 of a lipopolysaccharide 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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pol ypepti de or carbohydrate. 2 1. The conposition of
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wo 2ostoseamm t hat carries specificity for a bact peT/asd094/004406
derived mnicell surface structure and a second arm
that carries specificity for a non-phagocytic
manmal i an cel | surface receptor. 22. The conposition
of claym 21, Mﬁ&f&c@oﬁigr?dto 'ﬁﬁﬁtl WH AN shid Bls?ec‘iﬁ@ﬁé%d
arnlare nonospecific e conposition of claim 21,
whuaerises srmadibody st amttbodpfidgmantd second arm are
mul tivalent. 24. The corrposi ti on of claim 21, wherein

componith * ot R ARG E s he g8 P RAE ke

SeThRE8s a RBmardined aRiboag! of claim 21 wherei n said
m nicell surface structure is a merrber of the group

consi sting of outer nepbrane proteins, pilli ‘il nbr a
fl agel Ik, aﬁdn‘ifmfi acggrdingcte cdaimoly é@e&i‘? B%WHP%F Eom%ses an
Tﬁ,ﬁ jtion of claim 21, vvhereln said mammal i an

sur ace receptor is capable of activating
recept or - nedi at ed endocytosis of said mnicell. 27.
Th e cotposi Aimethad accbaling o3 ]aimhle vdierein sdid tfmr%mém fingleic acid

and coq? I ses. %p antibody or antibody fragnent. 28.
BEYLF BAYGFCET'm 19, wherein said bispecific

I|gand conprises a humani zed anti body. 29. The

conMposi3.i oNAGhethbBadtoiding tohud4ifi 1 viiRkein said itl(eedtﬂeutlc nucleic acid
conprises an intact cell wal]. 30. The conpositjon, of
cengodesimnorgebenternat of 3 graedh GKPressF8.@ PERIEINARRt functions

i?\%x}é%ﬂ%@ 81\?\%91 g%%ént%ﬁ éﬁﬂ%ﬁlegagﬁl Sdd mhREnAQARER tion of

rern sail erapeutic nucleic acid
encodes a normal counterpart of a gene that expresses
a prot é4.n t Aahethodatcoulisg mhrigmbiwheran siid munesalian dells are in
abnormal levels in said mammalian cell. 32. The
c&ﬂﬁosition of claim 19, wherein said therapeutic
nucleic acid is
15. A method according to claim 1, wherein said mammalian cells are in

vivo.

16. A method according to claim 1, wherein said therapeutic nucleic acid

is contained on a plasmid comprised of multiple nucleic acid sequences.

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

regulatory element.

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

reporter element

19. 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.
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contained on a plasmd conprised of nultiple nucleic

aci d sequences. 33. The conposition of claim 32,
wob@sesdr4sai d pl asm d conprises a regul atory ePEIEB204/004406

34. The conposition of claim 32, wherein said plasmd

conprises a reporter elenment. 35. Use of bacterially

derived intact mnicells and bispecific ligands in the

prepar g i onrRf @y ﬁioﬂmgﬁm 1@?@6@6@&?&5&&:&%@%& lcBiprises

a therapeutic nuclelic acid nolecule and sai

bpa peaptifle or tarbeindsatbei ng capabl e of binding to said
mnicells and to target non-phagocytic mammal i an
cells,

or e in a.nethod.of ;treatind. a.di e or .
modi 1y o B rtr R S5 bR R e R el anporises
t ©fisst @@h that barfiSsigheciPicit® f@abacterially derived minicell surface structure
and a second arm that carries specificity for a non-phagocytic mammalian cell surface

receptor.

22.  The composition of claim 21, wherein said first arm and said second

arm are monospecific.

23.  The composition of claim 21, wherein said first arm and said second

arm are multivalent.

24,  The composition of claim 21, wherein said minicell surface structure is

an O-polysaccharide component of a lipopolysaccharide on said minicell surface.

25. The method of claim 21, wherein said minicell surface structure is a
member of the group consisting of outer membrane proteins, pilli, fimbrae, flagella,

and cell-surface exposed carbohydrates.

26.  The composition of claim 21, wherein said mammalian cell surface

receptor is capable of activating receptor-mediated endocytosis of said minicell.

27.  The composition of claim 19, wherein said bispecific ligand comprises

an antibody or antibody fragment.

28.  The composition of claim 19, wherein said bispecific ligand comprises

a humanized antibody.

29.  The composition of claim 19, wherein said minicell comprises an

intact cell wall.

30.  The composition of claim 19, wherein said therapeutic nucleic acid

sequence encodes a suicide gene.
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31.  The composition of claim 19, wherein said therapeutic nucleic acid
encodes a normal counterpart of a gene that expresses a protein that functions

abnormally or is present in abnormal levels in said mammalian cell.

32.  The composition of claim 19, wherein said therapeutic nucleic acid is

contained on a plasmid comprised of multiple nucleic acid sequences.

33.  The composition of claim 32, wherein said plasmid comprises a

regulatory element.

34.  The composition of claim 32, wherein said plasmid comprises a

reporter element.

35.  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
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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