COMPOSITIONS AND METHODS FOR TARGETED IN VITRO AND IN
VIVO DRUG DELIVERY TO MAMMALIAN CELLS VIA BACTERIALLY
DERIVED INTACT MINICELLS BACKGROUND OF THE INVENTION
The present invention relates to ongoing efforts to achieve controlled drug
release and drug targeting to specific tissues, particularly in the area of
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Minicells containing chemical or biochemical drugs constitute novel
delivery BACIASERbABIE ¥ BIiig EdictNd é[é MINECEdertethod
of targeting these vehicles employs bispecific molecules that specifically
bind to both a minicell surface structure and a target cell surface

structure, such as a receptor. The bispecific ligands mediate an interaction
between the minicells and target cells, such that the target cells engulf
the minicells, which release their drug payload into the cytoplasm of the
target cells. Once cyjgpiasnuestivresRIgds theisnaracts on intracellular
targets,. such as intracellular organelles, the nucleus, the cytoskeleton,
enzymes, and co-factors, to achieve a thera e%?o c effe In ano[rlgﬁ d drug
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the minicells and target cells, such that the target cells engulf the minicells, which

release their drug payload into the cytoplasm of the target cells. Once cytoplasmicaily
released, the drug acts on intracellular targets, such as intracellular organelles, the
nucleus, the cytoskeleton, enzymes, and co-factors, to achieve a therapeutic effect. In
another method of drug delivery, phagocytosis- or endocytosis-competent target cells

engulf drug-loaded minicells without the use of bispecific ligands.

Currently, most drugs used for treating cancer are administered systemically.
Although systemic delivery of cytotoxic anticancer drugs plays 2 crucial role in
cancer therapeutics, it also engenders serious problems. For instance, systemic
exposure of normal tissues/organs to the administered drug can cause severe toxicity
(Sarosy and Reed, 1993). This is exacerbated by the fact that systemically delivered
cancer chemotherapy drugs often must be delivered at very high dosages to overcome
poor bioavailability of the drugs and the large volume of distribution within a patient.

Also, systemic drug administration can be invasive, as it often requires the use of a
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requires the use of veins, either peripheral or central, it can cause local
complications such as phlebitis. Extravasation of a drug also can lead to
vesicant/tissue damage at the local site of administration, such as is
commonly seen upon administration of vinca alkaloids and
anthracyclines. Because existing systems for targeted drug delivery are
seriously deficient, current cancer deug treatm i tion often
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also exist, each designed_ to provide regional delivery, i.e., selective
videtivdrglends sncharhEaigRBSGmples of such alternatives include

polymeric implants, intra-peritoneal nlfusion, intra-pleural infusign, -
intra-gytesialdaliveny, ssiseme-Emiroteteibirug /e %ﬁ%%ﬁgﬁ?’sg@ﬁﬁn ’
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systemic delivery of cytotoxic anticancer drugs include the use of
baneftative drug formulations and delivery systems, including

controlled-release biodegradable polymers, polymeric milsroggh
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i, ﬁﬁﬁalpefmac@rﬁ@weaﬁﬁi‘lﬁ%r‘P%‘PlW&?%‘S?W d%hacromolecular

g)?crerxi'les{\’ze lyjfcilg)ragv%riieﬁ? SIS IAS MR piktistiiaonsors (Kirmani ef al., 1994;
Alberts ef al., 1996). Unfortunately, each of these delivery methods, including intra-

peritoneal administration, has achieved only marginal success at selectively delivering

drugs o a tumor site and reducing side effects.

Other attempts to address the problems with systemic delivery of cytotoxic
anticancer drugs include the use of alternative drug formulations and delivery
systems, including controlled-release biodegradable polymers, polymeric microsplTere
carriers and liposomes, as well as the co-administration of cﬁopro’tecﬁve agents with
antineoplastics, Chonn and Cullis, 1995; Kemp et al., 1996; Kumanohoso et al.,
1997; Schiller et al., 1996; Sharma et al., 1996; Sipos &t al., 1 997.

The use of liposomes as drug carriers for chemotherapeutic agents originaily
was proposed as a means for manipulating drug distribution to improve anti-tumor
efficacy and to reduce toxicity (reviewed by Allen, 1997). Through encapsulation of

drugs in a macromolecular carrier, such as a liposome, the volume of distribution 1s
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-2 significantly reduced and the concentration of drug in a tumor is
increased. This causes a decrease in the amounts and types of
nonspecific toxicities, and an increase in the amount of drug that can be
effectively delivered to a tumor (Papahadjopoulos and Gabizon, 1995;
Gabizon and Martin, 1997; Martin, 1998). Liposomes protect drugs from
metabolism and inactivation in plasma. Further, due to size Ilmltatlg‘ns,fﬁa1S
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encapsulated in hposomes for cancer treatment (Heath et al., 1983; Papahadjopoulos
et al., 1991; Allen ef al., 1992; Vaage ef al., 1993b; Burke and Gao, 1994; Sharma ef
al., 1995; Jones et al., 1997, Working, 1998).

Liposomal drug carriers, unfortunately, have several drawbacks. For example,
in vivo, drugs often leak out of liposomes at a sufficient rate to become bioavailable,
causing toxicity to normal tissues. Similarly, liposomes are unstable in vivo, where
their breakdown releases diug and causes toxicity to normal tissues. Also, liposomal
formulations of highly hydrophilic drugs can have prohibitively low bioavailability at
a tumor site, because hydrophilic drugs have extremely low membrane permeability.
This limits drug release once liposomal carriers reach a tumor. Highly hydrophobic
drugs also tend to associate mainly with the bilayer compartment of liposomes,
causing low entrapment stability due to rapid redistiibution of a drug to plasma
components. Additionally, some drugs, such as l-B—D-arabinofuranosylcytosine (ara-

C) and methotrexate, only enter tumor cells directly, via membrane transporters
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causing low entrapment stability due to rapid redistribution of a drug to
plasma so components. Additionally, some drugs, such as
1-0-D-arabinofuranosylcytosine (ara- C) and methotrexate, only enter
tumor cells directly, via membrane transporters -3 (Plageman et al., 1978;
Wiley et al., 1982; Westerhof et al., 1991, 1995; Antony, 1992). In such

cases, a liposomal,carrier would icient digonean@ny,
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[Data presented in PCTABO2/04632 slesionstrategicosi20leamplerstti efficacy
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inicefl-producing parent bacterial strains with heterologous nucleic acids
paront bBGAE B e A A 28 oo
I8 miRisslie: Theitens iing cestimbihanpenintonigsirreidaiglgeules. Such
minicells are effective vectors for delivering oligonucleotides and polynucleotides to
host cells in vitro and in vivo. Data presented in PCT/IB02/04632 demonstrated, for
example, that recombinant minicells carrying mammalian gene expression plasmids
can be delivered to phagocytic cells and to non-phagocytic cells. The application also
described the genetic transformation of minicell-producing parent bacterial strains
with heterologous nucleic acids carried on episomally-replicating plasmid DNAs.
Upon separation of pafent bacteria and minicells, some of the episomal DNA
segregated into the minicells. The resulting recombinant minicells were readily
engulfed by mammalian phagocytic cells and became degraded within intracellular
phagolysosomes. Surprisingly, some of the recombinant DNA escaped the
phagolysosomal membrane and was transported to the mammalian cell nucleus,

where the recombinant genes were expressed. Thus, the application showed a

usefulness for minicells in human and animal gene therapy.
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engulfed by mammalian phagocytic cells and became degraded within
intracellular phagolysosomes. Surprisingly, some of the recombinant DNA
escaped the phagolysosomal membrane and was transported to the
mammalian cell nucleus, where the recombinant genes were expressed.
Thus, the application showed a so usefulness for minicells in human and
animal gene therapy. -4 The present invention builds on these recent
discoyeries relating to minicells, and addresses the continuing needs for
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provided the use of bacterially derived intact minicells arid bispéecific
injibgresiextipgcspeertidignioihgisrimmalian cell surface receptor capable

of activating receptor-mediated endocyt05|s in the preparation of a

medicament, said mlnlcells contamn asmall molecule and said

blspecmc ligands beit A
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non ocytlc%%mahan ceIIs for use in a method of treating a
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intact minicells that contain a drug, such as a cancer chemotherapy drag.
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carrier therefor, where the minicells contain a drug. Also dIS Isa
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rug and (i) mammalian ce non-p
of seitmFdiednsme tifie lighndshave epacificity for both a surface component
on the minicells and a surface component on the mammalian cells. As a
resuldishpligdils @augesi'n'ﬂ)mmﬁs'&iimg)dsmmmheaﬁiamm@Hﬁﬁo@ﬁﬂ&hﬁie
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pr ov1des a composition comprising (i) bacterially derived intact minicells and (ii) a

pharmaceutically acceptable carrier therefor, where the minicells contain a drug.

Also disclosed is a targeted drug delivery method that comprises bringing
bispecific ligands into contact with (i) bacterially derived minicells that contain a
desired drug and (ii) mammalian cells, preferably non-phagocytic mammalian cells.
The bispecific ligands have specificity for both a surface component on the minicells
and a surface component on the mammalian cells. As a result, the ligands cause the
minicells to bind to the mammalian cells, the minicells are engulfed by the
mammalian cells, and the drug is released into the cytoplasm of the mammalian

cells,

Also disclosed are bispecific ligands useful for targeting minicell vehicles to
mammalian host cells. The bispecific ligand may be polypeptide, carbohydrate or
glycopeptide; and may comprise an antibody or antibody fragment, In preferred

embodiments, the bispecific ligand has a first arm
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Also disclosed are bispecific ligands useful for targeting minicell vehicles
to mammalian host cells. The bispecific ligand may be polypeptide,
carbohydrate or glycopeptide; and may comprise an antibody or antibody
fragment. In preferred embodiments, the bispecific ligand has a first arm
-5 that carries specificity for a bacterial minicell surface structure and a
second arm that carries specificity for a mammalian cell surface structure.
thét ga%ls’@lgf% ?Iko%tgﬁ%c%e% 5;1’%%6?0 # nd ts);lt@dlc"t] 'S al second arm that
saccharide component 0 Ipopo ysacc ari eswa
camasmpahﬁmmtfmfmmstmlﬁureﬁlfsuﬂfgwsltﬂnwmg mmmmmicen
Su%'efe bly &ho e ¢ !% % .of activatin rece tor- ated endo%/to IS.
isc1686d 8 &0 E’ ISR R STER ap Sr‘fﬁmpé’gﬁ E8' dinicell
11pﬁtﬁil?@fdahﬁﬁiaedmmm|&1@iﬁdl(ﬂﬁl @dllsﬂiﬁfclﬁé Fganair&aftididand binding
able of bln% % surface com onent of the minicell and to a surface
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that entails.bringing bacterially, derived minicells that contain a drug into
contae wﬁﬁsfi?gg HANRTARSN RS MR 5B HAG il derived minicell

th@ndeeyiesiseompeieal]d hednammadss FRs eaaulf the drug loaded
minicells, which then release their drug payload intracellularly. Also
disclosed is a methodology for loading minicells with a drug. One such
method involves creating a concentration gradient of the drug between an
extracellular medium containing the minicells and the minicell cytoplasm.
The drug naturally moves down this concentration gradient, into the
minicell cytoplasm. Another method of loading minicells with a drug
involves culturing a recombinant parent bacterial cell under conditions
wherein the parent bacterial cell transcribes and translates a therapeutic
nucleic acid encoding the drug, such that the drug is released into the
cytoplasm of the parent bacterial cell. When the parent bacterial cell
divides and forms progeny minicells, the minicells also contain the drug in
their cytoplasm.
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Yet another method of loading minicells with a drug involves culturing a
recombinant minicell that contains a therapeutic nucleic acid encoding the
drug under conditions such that the therapeutic nucleic acid is transcribed
and translated within the minicell. Also disclosed is the use of bacterially
derived intact minicells and bispecific ligands in preparing a medicament
for use in a method of treating disease or modifying a trait by
administration of the medicament to a cell, tissue or organ. In the

tinaeticapubing, onisiicéilis: confain-Adrvgmoeawe fnd bispesifiatigandstihtice
are c]?i%;lbl of binding to thﬁ minicells and to target mammalian cells.
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(iii) eliminating the need for continuous infusion of drug, because a
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advantage, because many drugs conventionally are extracted from rare
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Additionally, some 15 chemothergpeutic drugs, includin thotrexate,
R GRG0 TR ST SS YD P A B S SR 08 P
bikasspPEtNEEhaNSMd forms progeny minicells, the minicells also contain the

drug in their cytoplasm.

Yet another method of loading minicells with a drug involves culturing a
recombinant minicell that contains a therapeutic nucleic acid encoding the drug
under conditions such that the therapeutic nucleic acid is transcribed and translated

within the minicell.

Also disclosed is the use of bacterially derived intact minicells and bispecific
ligands in preparing a medicament for use in a method of treating disease or
modifying a trait by administration of the medicament to a cell, tissue or organ. In
the medicament, minicells contain a drug molecule and bispecific ligands that are
capable of binding to the minicells and to target mammalian cells. Such medicaments
are use ful to treat various conditions and diseases, including acquired diseases such
as AIDS, pneumonia and tuberculosis, but are particularly useful in the context of

cancer chemotherapy.
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BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 is a chart showing
high performance liquid chromatography (HPLC) and liquid
chromatograph-mass spectrometry (LC-MS) quantitation of Doxorubicin
20 packaged in minicells (minicellsDOX). 5 x 108 minicells were packaged
with various concentrations of Doxorubicin in the external medium (shown
on the x-axis). The minicellsDOx were purified and the Doxorubicin was

extracted ey i8I pHGEds sienifigras cnisoMpnEsdsMier Spaventional drug

Dgyosubi aﬁ%\m 0. | C r DG HRLC .

(circlqg a%d LC-MS trlg%%%%%%ﬁgﬁ%@)ﬁ%}% é{gég%}grcel@ |§Sa

cHBPE m@%&aﬁx@wﬁdaﬁm reithimasess eelindfiibrigytating drug-associated
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packaaricuitbbonipiceibnend goldiemtnitensasbnitrgerstimeted cells and tissues
minigelisle GXAdFes axerubig ﬁ%ﬁ%@q}@ng&il%ﬂgmﬂx@o%m&%ﬁ of drug,

treatment, cells treated with either free Doxorubicin or -

EesERise i ihenapsobicadenepé desemied sodidogsrackingd winieslis s oehs
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viability. Figure 3 is a chart showing a highly Significant therapeutic effect
OFREGFR IFARGERALLS PoReYatiRIJaeRABEMARIEEIRINEICE RemASDORY the
Ok ARpaRse st ae@g%aéa@sgmg&eam%@m%gﬁam@w&%%eu drug

y-axis, and d'ai/s post-xenograft establishment are’shown on the x-axis.

Sialivsnaghists onthamerenbagkaizathmbseiaf miniceifouhatudrug
rRIPeRRWEH AJBUNSRRYPRE 'ﬂéﬁmﬁﬁrgﬁigﬁgﬂq&ﬁ?@gﬁsmﬂ@?@p@ﬁicular

change in the treatment of control groups G5 and G6, where
PR cBRSDIGRINAEE HaH TR ratoRaibn arsfextracted from rare plant or marine

Wﬂ%@ﬂf@m&ﬁuﬁﬁﬁeﬁ&@@xﬁ%@e 104d8RHTISS NEVRGIBHE, some

treatments administered to each of 8 groups of mice (n =11 per” group). _
rheReRaperivdnghing Mdingphpimsain: grirprnyinsrarammalian cells via
EGREnaartaskoHaciiavakpacknged MikcalisEGFRminicellspae) on

human breast cancer xenografts.

BRIEF DESCRIPTION OF THE DRAWINGS

~ Figure 1 is a chart showing high performance liquid chromatography (HPLC) and

liquid chromatograph-mass spectrometry (LC-MS) guantitation of Doxorubicin
packaged in minicells (minicellspoy). 5x 10® minicells were packaged with various
concentrations of Doxorubicin in the exiernal medium (shown on the ﬁc-axis). The
minicellspoyx were purified and the Doxorubidin was extracted using novel procedures

(described in Example 3). Doxorubicin conceniration in the extracts was measured

using HPLC (circles) and LC-MS (triangles) and plotted on ﬂ:e y-axis.

Figure 2 is a chart showing drug delivery via minicellspoy to human breast
adenocarcinoma cells (MDA-MB-468) in-vitro. A cell cyto't:oxicity assay was

performed on cells treated with EGFR-targeted minicellspox (EGFRminicellsDOX),

(non-targeted

non-targeted minicellspox minicellspoy), free Doxorubicin and untreated

| cells. Within 6 days after treatment, cells treated with either free Doxorubicin or

-7-
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15 Tumor volume is shown on the y-axis, and days post-xenograft
establishment are shown on the x-axis. Solid triangles below the x-axis
indicate the days on which various treatments were administered. The
legend identifies the various treatments administered to each of 8 groups
of mice (n =11 per group). Figure 5 is a chart showing a highly significant

herapeutic effect of HER2/neu- 20 targeted, Doxorubicin-packaged
’r%n%ll%eiréc(eﬂm miihieiind DO SR AAUnvaRkidey Eatsaisaridbiand ofhe

minicells, wekg-@gtived from S. Typhimuyium (S,t,) Qr. (E.c.)

HSi ‘ﬁ‘ﬁ%)areﬁt%strm.c %ﬁ@?‘v%ﬁ‘rﬁé{ &% og\}v%)egry %1%% Xis, and days

post- xenograft establishment are shown on the x-axis. Solid triangles
pelawdBasaaist istdicdie thii dalyssipnidict temepetie affieied WelR -targeted,
administered. The legend, 25 ideupfifies. theﬁarimﬁs treatme Seast cancer
SRS BPRS BEnitilsbs of PEETHRQD) S& 8%%11& igure 6 1s a

At shawingAdaseasRossswifeatne fumRl siabiizeioniregiopaion by
EGFR-targeted, Doxorubicin-packaged minicells ( EGFRmnuceIIsn(%kcate the

pHDskliviBners gnushe RaibiaNsereS e B HRAPEIES RBRH AR

ad AR 05 AR b EafdretRd dniiavanessly. Vithed 08 ad g ésaselOF the x-axis
EGFRminicellsDOx containing two different concentra(él%rés o[b
yE PYst-

bufiostsbicthamasnid EoRsHERNERERRTBRLBEPYRDSE R

xemaqralt establishmentare An0wnian e o s S trinpalen belvh thgend
x-axi& ihdrcate’the days on which various treatments were administered.
Thenlshientisgeniifiesatimecusrialisimsatme toscadmidiS enaensé aulsofr= 11 per
groups of mice. DETAILED DESCRIPTION OF THE PREFERRED
EMBBDIMENTS The present inventors have determined that bacterially
derived intact minicells are effective vehicles for packaging and delivering

rugs to,target mammalian gells jn vitr 119V]] | W8oeted,
S A R T B p et
dipgieddoapateatisnivaich Tt natize e, Jimidelhencberst esaciersyeiperafts.
that the drug payload. is released into the cytoplasm of the targ tth_II. et are

g

SoEivIyIES Shay B aRES I S Kb RV RS LE BRRB A GRY T RESE
I QRG: examplefdhess diseonasiescibe inveniais plisenetidiiaydmgwhich

various treatments were administered. The legend identifies the various treatments

administered to each of 8 groups of mice (n =11 per group).

Figure 5 is a chart showing a highly significant therapeutic effect of HER2/neu-
targeted, Doxorubicin-packaged minicells (HERzminiceHsDox) on human ovarian
cancer xenografts. The minicells were derived from 5. Typhimurium {(S.t.) or E. coli
(E.c.) minCDE- parent strains. Tumor volume is shown on the y-axis, and days post-
xenograft establishment are shown on the x-axis. Solid triangles below the x-axis
indicate the days on which various treatments were administered. The legend

identifies the various treatments administered to each of 7 groups of mice (n = 11 per

group).

Figure 6 is a chart showing a dose-response effect on tumor stabilization/regression
. EGFR__. .
by EGFR-targeted, Doxorubicin-packaged minicells minicellspox). MDA-MB-

468 tumor xenografts were established in Balb/c nu/nu mice, and groups (n=11) were

-8-



10

18

20

25

packaged minicells can be targeted to cancer cells, internalized into the
cancer cells in 15 vitro, and degraded within late endosomes or
phagolysosomes, thereby releasing therapeutically effective amounts of
bioactive drug into the cancer cell cytoplasm. See the examples, below.

In a further example, these observations were corroborated by in-vivo

studies using human tumor xenografts in nude mice. Intravenous delivery

ot Audcpaskaged2iminiielis demoefSitAfenihigHlyigrifivtainingrioro different
xenograft reduction in all mice (11 mice per group). See.the exama%lgs

IS TROSSEROFERBIE hat SRICE0RKEE (B Thava PR s difrardniays post-

drygs can e Rackeseddrieinach minicalls. (Adhatingielevotie wayis
fromthe extracellular environment into the cytoplasm, of in %ﬁéixgicella,
e e b

i epitsr thre A OHCHINF RigHIRE SH R BRI M SRS £en
tiapstareddrinihe adenlasd Rliniaatriniealish (Y)thatiptadtmiricell

membranes are impervious to drug leakage from minicell cytoplasm, (v)

that attachment of bispecific ligands to surface structures of drug-

packaged mipicsis oesaetdaniabiiize ihe minispliuand iaiomngelers

can thg?gig {;]%Jij(ﬂ,iucaliy Dﬁgfljg target mammalian cells both in-vitro and
in-vivo, (vi) that -9 phagocytosis- or endocytosis-competent ma m%lian nicell
cells erduifresepbapRatss havaidelsmanatibat s tpRabh gy ed mtact minicelis
mammalian calis ranidly fraplhsuraceIReRIpRsY RS g ackagtdn cells in

minicells, (viii) that after englﬁfed minicells are degraded within vacuales, .
igrifiodinaeLAtST BIBHEITE Br Lty SREHHETBAYE BT A UGS s Ceryine
(viihthatshe secanrdidiee ¢ afieatdnintasel vinedanet wihitihell and

mammialian cell, (ix) that chemotherapeutic drug-gacka%ﬁd minjcells can.

penemibseeikiparahe drag P YGRS EHERHG TRMBIhHaR §EY Wo?{iigf‘tﬁ%ﬁge celk

g'{ﬂg%ﬂ%'ﬂfg%ﬁ@h%fﬁﬁ@% ifesiscins hitingulumpamiag degiodand
IS

ase stabilization, can be achieved using chemotherapeutic
drug-packaged minicells, and (xi) that.drug packaged minicell ~
significé‘h@}’?&&ﬁﬁ@@r%ﬁfﬁﬁ?‘% SﬁﬂWéhﬁ%ﬁ%&%@% ?ﬁ&%ﬁ?iﬁ%gﬁ&%ls
{n.pagaoR HivassissLbpaiRgdarseuarak redbonsethidizsdrprisitly wrarcer cells in

that intact minicell membranes are permeable to,a range of sir :
vitro, and degraded within iate endosdmes or p agolysosogles, tﬁ&%%&%@ibﬁsmg

therapeutically effective amounts of bioactive drug into the cancer cell cytoplasm.

See the examples, below.

In a further example, these observations were corroborated by in-vive studies
using human tumor xenografts in nude mice. Intravenous delivery of drug-packaged
minicells demonsirated highly significant tumor xenograft reduction in all mice (11

mice per group). See the examples, below.

Thus, the inventors have discovered (i) that a range of different drugs can be
packaged into intact minicells, (ii) that drugs move one-way from the extracellular
environment into the cytoplasm of intact minicells, (iif) that therapeutically significant
concentrations of drugs can be transferred into the cytoplasni of intact minicells,

(iv) that intact minicell membranes are impervious to drug leakage from minicell
cytoplasm, (v) that attachment of bispecific ligands to surface structures of drug-
packaged minicells does not destabilize the minicells and that minicells can thereby
specifically bind to target mammalian cells both in-vitro and in-vivo, (vi) that
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dissimilar hydrophilic, hydrophobic and amphipatic drugs. By contrast, live
bacterial cells exhibit selective membrane permeability to solutes, so it
appears that minicells 15 have lost this selectivity. It also is surprising that
minicells are unable to expel drugs from their cytoplasm, because live
bacterial cells extrude noxious chemicals that enter into the bacterial

cytoplasm. Even against a reverse osmotic gradient, in which drug-
@ayﬁqmﬁsarseaﬂg@%gﬁéﬁagmeaﬁHﬁaﬁ%zmﬁs &%@rﬁfgl&tﬁﬁggﬁhﬁged
RS, (0iNepisH@iainagdtegid Risusraslglitioraltyrspidlisngfacrise receptor-

drugs appear simply tg 20 diffuse into minicells through intact minjcell
bruRbraReRasErEed BSOS EREAARK ol ﬁ%ﬁiﬁ#ﬁﬁf@ﬁ%@ qgraded
diffuse.aut okninigatisadnetbentnsiioates aapect afafbehpresanilar membrane,

invention is that therapeutically significant drug concentratjons,can be .
Atk dRFifsrRAhEEAS Bl bagnal ¢ aﬁ%ﬁq"(ﬁtﬁ& g fgmmalian
feiniesl wyteniasmheptains Signifisant cencenisaliobsnyidineampakile

solutes. Thus, it was 25 believed that there might he ipsufficiept spare .
Yfreas P LA adB QBB MEHER h i'aﬁoeé%ﬁqéﬁqamﬁf% gjeniiicait therapeutic
éxgﬁbg,q?@maai%ﬁﬂéggﬁgm%m withgitdesstabminicel, dategginehidved using
ability of minicells to deliver drugs alsg is surprising far several regsons.
@%@Qﬁé@i’é’&?‘fbﬁi@ﬁaﬁ’ﬁb‘%g?ﬂa‘%‘ﬂﬁfﬁ?b‘;aéﬂlég&j LS S
ingitnarsE exlacediintpacauhisiscpetsistent problem with liposomal
drug delivery vectors, and minicells, like liposomes, are non-living

vesicles, Nevertheless, although intact 10 minicell me .
selecti tgﬁ%o{f Zlf,lrlnflé(gl 5 r!ltjoqt aecg%&%g% S, 1i<;n§1éléor€?§/u|{§%5§ i%?gﬁ%%easons. It is
pusMesihletkageofiriranstide solutbantisarsporisitgednd taigeof structurally

Ipsse0e i Sehe s eI S SN MIRCH
#&F&igﬁ&}&ibﬁmdm&mpaﬂnnm tesultitesd sitlepkages. thartharcells
B A B Esl AR ep R o
firkinthhectyvoplitsvabevicistylvelleacdridretisorstihde tardenp shanaealdbat enter
BTSRRI DAE (SRS, ol sl e
loaded minicells are suspended in phosphate-buffered saline containing no drug,
minicells retain drug. This is additionally surprising because drugs appear simply to
diffuse into minicells through intact minicell membranes, yet the diffusion channels
are not available for drugs to diffuse out of minicells. Another unexpected aspect of
the present invention is that therapeutically significant drug concentrations can be
packaged within minicells, because bacterial cytoplasm (and, hence, minicell
cytoplasm) contains significant concentrations of biocompatible solutes. Thus, it was
believed that there might be insufficient spare intracellular space to accommodate

high concentrations of non-biocompatible drug solutes, without loss of minicell

integrity.

The ability of minicells to deliver drugs also is surprising for several reasons.
It is unexpected, for example, that drug-packaged minicells do not leak drug into the
extracellular space. This is a persistent problem with liposomal drug delivery vectors,

and minicells, like liposomes, are non-living vesicles. Nevertheless, although intact
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10 proteins by a live pathogen. Minicells are non-living vesicles lacking the
ability to actively invade non-phagocytic mammalian cells. Yet another
surprise was that drug- packaged minicells carrying a bispecific ligand are
able to extravasate tumor neovasculature in vivo. While there is
considerable debate regarding the leakiness of tumor mincroenviromnent
neovasculature, the current view, is that pores in the 15 neovasculature
ARite0:4etbrarss diai edRi (GRpohef @h;ﬁ@ﬁl&)nl\/thticeﬂmbamyihge grity is

surface ligand, however, are.400n 600 meter I
%rs‘r%%%g&ratf‘é’%eﬁtﬁ%%%? REBURSE qﬁjreorﬁl \?R/o fe gﬁ (%Jrlbaglgnlﬂ(e
Rpskaeendrminiiels, ieavnithdegiadatof hisads mtbcusm@mrcﬁeimer

reasons, Engulf inicells are ted 1o lysosoma .
%@F@o@ﬁmﬁ‘?ﬁ%g%ﬂ%ﬁ@ﬁ&%ﬁ ogrg RTiTe %llglv% SRR AR nbrane

ganmunitae Hﬁaﬂeﬁl@lltentHm@aésmsmfﬁh@etemmnpwm fhiapdrug-packaged
Inventors observed that ara of drugs are r Leased fr I
BrBNSSICS e SEAISHSHR efﬁﬁllagfné' S %ﬁa Pﬁ/ Unal ere %gsg?‘é@ by
AR sEBRIpe-WRS Iheddistdve thithaba ﬁgvnﬁoame&phcbmﬁaimeiﬁﬂmgh

is able to esc g eg its active fori'n mtqt e m mmaggq ;kL

BEHE Rt E %‘? 2SR SO SR & rug 5'concentrations |th|n
mmmimmtm%uﬁweprmmlmammmmww&mwd
and in Véy Z&erlm%ntsenY %@8;[ s(,e Etseurrl 5"1— 1 %%(QY%}Q §ctla'ﬁtg the abﬂlty to

BroIpa nimize "aaverse side effécts. For example, at
theiwile giva&emenqﬂmgmemmmammanmi velils. &‘mm@mme@w that drag-

FACHGEHS S0HGE LA S5 COEH Lo Lo S AR o

verse ect. -I1 In accord with

theseddisconeriesvile mmmﬁmprmwdes:@awﬁqo@@mmmm@mﬁﬁge leakiness of
R Sac el (el sONIAIA Ssler duioueh psa camse!

EHERISHH invention also’provides a composition comprising
ﬁkobammuyectaﬁmmmlmmrdmem(@;@mw@éﬁ%&uﬂmmlls carrying

acc tab e car o?r’: 5 therefor, )%rfe e {%} ?H%&QH&%P JAI4M SMALARSo

&% %%? Brapy trug.  Minicells mventron are anucleate
forms afdle ﬁﬁh@nmhmsbakattermineeus, é’igeeaiuérwﬁglragﬁmééwmeﬂs

ttl‘(])ea%g%’ (cjilggrtzlx%ghgﬂ ra't?s% l?sms%r rt'ssusllé)?o JeQr%Ual reasons. Engulfed minicells are
subjected to lysosomal and late-endosomal environments known to be harsh, and
which break down minicells. Despite the harshness of theserenvironments, the
inventors observed that a range of drugs are released from minicells in a biologically
active form and remain significantly unaltered. Perhaps even more surprising was the
discovery that a significant concentration of drug is able to escape, in its active form,
i1ito the mammalian cell cytoplasm. Pursuant to the present invention, that is, drug
concentrations within mammalian cells are sufficient to work a therapeutic effect in

both in vitro and in vivo experiments.

Yet another surprising discovery is that dmg—packaged minicells minimize
adverse side effects. For example, at the sfte of intravenous 111_]80’(101‘1 in the tail vein
of nude mice, free drug injections cause severe skin reactions, whereas drug-packaged

minicells do not cause such an adverse side effect.
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division with DNA segregation. Prokaryotic chromosomal replication is
linked to normal binary fission, which involves mid-cell septum formation.
In E. coli, for 10 example, mutation of rnin genes, such as minCD, can
remove the inhibition of septum formation at the cell poles during cell
division, resulting in production of a normal daughter cell and an
anucleate minicell. See de Boer et al., 1992; Raskin &.qde Boer %n Hu

& Lutkemrgasd rotothass Ascnsiieritiedy Syeom SR %FnCSEF%BPS
ASsislentbakarpioeneraled anddeiRasad-spoan d@usb,d idrogytaich as a cancer

situations and, in 15 contrast to mlnlcellsg%ie not due t eC| ic ene

cearethgaReAESr EHisHNFAtGERSLRFPELESA. @ﬁpporsacf} mﬁgnﬁ?e rese

JRVERIAY. dtivEesiabladensainiaaisin B@h@rﬂﬁwmﬂwﬂwﬁb‘tﬂmwﬂm
minicells"). In addition to nrin operon mutatiQns, anucleat m|n| ells alsaoru
theeefanarheet e MORIAE S FARGLG OMer %&fc A lrEhgEme: r%‘s §18pY e
mutations that affect septum 20 formation, for example in the diviVB 1 in
B. sublilis:iSar BeevdanaGaraettiRIGte fvimevdls. rotrvihfsdirriagal

can be formed follo erturbation in the vels

IRRE TG ORGSR oy St B ET R b Lel
dves %ﬁp@ﬁﬁﬁmﬂﬂfsﬁg@dﬁaﬁb Pocialzodividiornard prd deplieriion asiided o
Slmllarly, chr osom ss min icells.ma 181 S

RGP &éﬁ?ﬁ% 2508y §Hdﬂ\f’ r &xamp eé% #nlg %@%&%‘i{mlgéﬁélcgéz for
SUBlifire (Rrittationt i 4D@8)es Spad helelIN, inaB. reviotiistirdubibéien. of septum

1994), nrukB mutation in E..coli (Hiraga.et aI
fprmation Féf@ﬁ/ﬁ?ﬁa‘??g ’%9‘9% @%ne ‘éﬁ?}tggrﬁlg} %e SE%ISP?Q%]M
&E@fg&é@lbam mmemmumalh@mm@mmn Aa%nRaskip & de Boer,
exa le, CafA may en era c [

et T e R G R
i@smmam@ﬂaeé gbmmadd ézﬁiee]l&mﬁkgnuﬂm&hﬂ iicedigaina BpAtiang and, in
1989; Okada et al., 1993 |n icells.c ed fr
mt@ﬁ@%mlwsgﬁ&gig Minicel specitic G RIRRAGA S Y HagiariRhal gene

FAM- ne fve o gin. Mlnlcells of the invention

@w@mﬂem ke clingghe Trestemirdmiipniritisdesienbyediy sigriafp have
G R o Sy ™
In addition to min operon mutations, anucleate minicells also are generated
following a range of other genetic rearrangements or mutations that affect septum
formation, for example in the divIVB1 in B. subtilis. See Reeve and Cornett, 1975;
Levin ef al., 1992, Minicells also can be formed following a perturbation in the levels
of gene expression of 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),
spoOl deletion in B. subtilis (Ireton ef al., 1994), mukB mutation in £. coli (Hiraga et
al,, 1989), and parC mutation in E. coli (Stewart and D’ Ari, 1992). Gene products
may be supplied in frans. 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 ef al., 1994), resulting in formation of chained
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inorganic or organic compounds, without limitation, including peptides,
proteins, nucleic acids, and small molecules, any of which may be
characterized or uncharacterized. They may be in various forms, such as
unchanged molecules, molecular complexes, pharmacologically

acceptable salts, such as hydrochloride, 10 hydrobromide, sulfate, laurate,
palmitate, phosphate, nitrite, nitrate, borate, acetate, maleate, tartrate,
alpatadalicyleie: arinlichids|RBadtoracidid WHpSksaliseoirmd21S). Afinies!isrean
organic cations, for example, guaternary a iumscan be,
VAL B B At A B Ao Bee i

A drug thatis water insoluble can be used in a form thatis a water
solubleMeriscliiveflitherviosicascanisbene erranvEBRrddr (REN U8

ﬁxi(té]\te)ggé%ifg?'%E%éﬁlgﬁgYﬁMa%%E@Wtﬁ%mﬁﬁn@y%@ﬂﬁﬁéhbys a

y other metabolic processes to the original

lbmb&pe&ﬂﬂaﬂycatffvetf@rmimlfgE%QMQIWW%WQQ%J@&& Drugs may be
%@gr%allﬁ Qo 9%)%%&%'&'1%%& Seivh RIS HRNERIGRIRULEaRGRIdes, proteins,

therapy agents are preferred drugs. Useful cancer 20

cheriotsdapyrdrags InorigenntcayPhubishas aite shaagsrized or

1

&E@Mﬁg@f@f?@d am_%%m%@%%%m, Rty eenBeEMasslecules,

pyrimidine analogs, purine analogs, antimetabolites, folate analogs,

awlcabyclinog eeansbrvinealeaeBioacctaste stfasushrimRBrEoshipride.
E‘fé% nalage @ﬁfﬁéﬁ%@@! ﬁiﬁf?ﬂﬁ@%ﬁ’é@ SiafRe AGtiRQmsiatd) acetate,

eran, Ara-C, Anastrozole, Asparaginase, BiCNU, Bicalutamide, 25

BlontycimtBUsullarccaberibied aibpiatir edfiopeRRls of metals,
C%ﬁ@g %@%‘%ﬁ%@%ﬁti&@ PrambgheCisRiaHRS | aaikiRgu b Be used.

ophosphamide, Cytarabine, Cytosine arabinoside, Cytoxan,

Dasetirzine! DaesnoiyembouuSiuBi apedraabary! Pobiidxd, dre thatis
%8%% G161 LA e RIS iGIR, HERAGHTI R (e @pRfittedebieaividingeof, or as a
udara

ine, Fluorouracil, Flutamide, Fotemustine, Gemcitabine, so

 brsrodptinatieadhereery MHOYARS TR AL BB IS ogRmIg g0 verted by

%rhi%&{ggg%yh - M@B@&){ﬁqga}i 89 deiphalaboliertaniomsringe original

trexdate, Mitomycin, -13 Mitotane, Mitoxantrone, Oxaliplatin,
Peciipexdis Rhnaclisp 2880Pentostatin, Plicamycin, Procarbazine,
Rituximab, Steroids, Streptozocin, STI-571, Streptozocin, _
Drugs having any physiological or pharmacolo gical activity are useful in this

invention, but cancer chemotherapy agents are preferred drugs. Useful cancer
chemotherapy drugs include nitrogen mustards, nitrosorueas, ethyleneimine, alkane
sulfonates, tetrazine, platinum compounds, pyrimidine analogs, purine analogs,
antimetabolites, folate analogs, anthracyclines, taxanes, vinca alkaloids,
topoisomerase inhibitors and hormonal agents. Exemplary chemotherapy drugs are
Actinomycin-D, Alkeran, Ara-C, Anastrozole, Asparaginase, BICNU, Bicalutamide,
Bleomycin, Busulfan, Capecitabine, Carboplatin, Carboplaﬁ'pum, Carmustine, CCNU,
Chlorambucil, Cisplatin, Cladribine, CPT-11, Cyclophosphamide, Cytarabine,
Cytosine arabinoside, Cytoxan, Dacarbazine, Dactinomyecin, Daunorubicin,
Dexrazoxane, Docetaxel, Doxorubicin, DTIC, Epirubicin, Et_hyleneimine, Etoposide,
Floxuridine, Fludarabine, Fluorouracil, Flutamide, Fotemustine, Gemcitabine,
Herceptin, Hexamethylamine, Hydroxyurea, Idarubicin, Ifosfamide, Irinotecan,

Lomustine, Mechlorethamine, Melphalan, Mercaptopurine, Methotrexate, Mitomycin,

-
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Tamoxifen, Temozolomide, Teniposide, Tetrazine, Thioguanine, Thiotepa,
Tomudex, Topotecan, Treosulphan, Trimetrexate, Vinblastine, Vincristine,
Vindesine, 5 Vinorelbine, VP- 16, and Xeloda. Minicell-containing
compositions of this invention preferably contain fewer than about |
contaminating parent bacterial cell per 107 minicells, more preferably

contain fewer than about 1 contaminating parent bacterial cell per,108
MitateeasMEtRore. SsrRiBiies ﬁ?&iﬁ’f@i\/‘é?ﬁﬁ%"%&a? f’@8§‘?&fﬂ1 nating
mREhacteiaheallper RRG:4M Mikeadsistitirapiezpeatie RS Lo Baiptozocin,
fewer’than about 1 contaminating parent bacterial cell per 1,’[) 0 mini(‘IeIIs 4
T &3t prana apIgesisal S HROS AT 50T LB AR A S gOL R  Cmudex,
Rariedal celkpespRid, MinicelsdMetpesofimeilingistincalindsaraown
in‘the art and described in PCT/1B02/04632. One such method combines
%ﬁ@@@hﬁ%fﬁ?&ﬁénaﬁééﬁw-is 15 parallel to a membrane surface;

Forbes, 1987) and dead-end filtration (feed flow is perpendicular to the
membrangcsurias)i@niioomipsinefitsation torabiietipriarbhecontain fewer

receded by a differential centrifugation, af,low centrifugalforce, tqQ
o Sanes o s RS ooy
SHpaRiast foaminiseliscénathen pugifieatiurbavsthiotcethptaykdernisipglls, even

gradient cenfrifugation in a 20 biglogjcally compatible ' 9
RBFRITLEABN, SR B CBTuct oo AR Surche oGl et per 10
BRien] i enttiaipelisrabtydiadteiteftiteabountis oftaenskipg ragiaht

centrifugatjon to maximize purity. The method, may fur. i Aout 1
SHOARANLE) B30 O JRIF ARG RS gt o A dbov
Jineaireonipaiegt Sarmplel Wheerdd fonmedeaidow centrifugal force,
differential centrifugation will 25 remove some portion of parent bacterial

o NimRecarshing e sHReme aus RS Pa adai el e

purification met acterial filamentation to increase minicell
ROTABTHOS6S Mikieslspahificetion prathuscarpnscilane Meadiepélfesd Gyw is
Subipeing 2 sample.CopRRIINEINCEYE #0-a §oRddlend RatRlCasRaIBN is
E?Lrﬁdgagéf’engf e fat%ee? o}p?t%’ ilamentous %rm, followed by (b) filtering the
sappidi¢olar to the membrane surface). Optionally, the filtration combination can be

preceded by a differential centrifugation, at low centrifugal force, to remaove some

portion of the bacterial cells and thereby enrich the supernatant for minicells.

Another purification method employs density gradient centrifugation ina
biologically compatible medium. Afier centrifugation, a minicell band is collected
from the gradient, and, optionally, the minicells are subjected to further rounds of
density gradient centrifugation to maximize purity. The method may further include a
preliminary step of performing differential centrifugation on the minicell-containing
sample. When performed at low centrifugal force, differential centrifugation will
remove some portion of parent bacterial cells, thereby enriching the supernatant for

minicells.

Particularly effective purification methods exploit bacterial filamentation to
increase minicell purity. Thus a minicell purification method can include the steps of

(2) subjecting a sample containing minicells to a condition that induces parent
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obtain a purified minicell preparation. Known minicell purification methods
also can be combined. One highly effective combination of methods is as
follows: 5 Step A: Differential centrifugation of a minicell producing
bacterial cell culture. This step, which may be performed at 2000g for
about 20 minutes, removes most parent bacterial cells, while leaving
minicells in the supernatant. Step B: Density gradient centrifugation using
BRASLPRIGIaRS Rt fTaflensity Grad]dvllovesiung . (Bhisl sidppsiparabede to
minicells from many contaminants, 10 including parent bacterial cells, with
PhtAThANEEESSE MIcEN PTERaRgBly, this step is repeated within a
purification method. Step C: Cross-flow filtration through a 0.45 pm filter to
furtherkedusenpaient padfertboeticbntamination bsepbiSteddnnbigkdy
filamentation of residual parent bacterial cells. 15 This may be

%gf%%mﬁl? (3(33!1 %Eip(s)ab?ec ﬁ%otﬁse%ai%%g g\:l?épension to any of several

stress-{ dgog;gpg envirﬁﬁmeéggagfg%%ggs%%ﬁ%%iIﬁsﬂ"i@ﬁ%&l&ﬁ@%@tﬂﬁé&rial eell

kill paren? acterial cells. Step F: low filtration to remove sma

adnieniBaitsiguorhich meyitrandiiebd AR{IABERE MginehBiBHeteramoves
debr E%lt%uf F%gtgﬁhq%emi%i@ig RENSAREHSA QNI PeNAhR,

CoRcBhtrate the minice 0.2 m filter may be employed to separate

miniceli frqm small gantanyinants,Reeh fukam dlasmaxbRogRaehsa-toxic

concentrate minicells. Step G: Dead-end filtration to eliminate filamentous

dowithgordivalt werkun. 0 WEs I HREPATHS BRIBIFRIIS FERFISRIR% QR Bants.

1%&?8&31 2 QvakefendotoxinfenmtBs.minselbprenacation PATtrdbigidiAs step is

coate netic beads may be employed for this step. In another aspect,
teeeiiodidhipropiiicatiergaeditdrug delivery method that comprises
bringing bispecific ligands into contact with (i) bacterially derived -15
minicelfeh& :containG@eruig mofdEaiéca braneh ahfatm %‘g‘ffé .“?ﬁéﬂhm reduce

gzii%ggf:gcii%terial cell contamination.
Step D: Stress-induced filamentation of residual parent bacterial cells.

This may be accomplished by subjecting the minicell suspension to any of several

stress-inducing environmental conditions.
Step E: Antibiotic treatment to kill parent bacterial cells.

Step F: Cross-flow filtration to remove small contaminants, such as
membrane blebs, membrane fragments, bacterial debris, nucleic acids, media
components and so forth, and to concentrate the minicells. A 0.2 pm filter may be
employed to separate minicells from small contaminants, and a 0.1 pm filter may be

employed to concentrate minicells.

Step G: Dead-end filtration to eliminate filamentous dead bacterial

cells. A 0.45 um filter may be employed for this step.

Step H: Removal of endotoxin from the minicell preparation. Anti-

Lipid A coated magnetic beads may be employed for this step.

Tn another aspect, the invention provides a targeted drug delivery method that

comprises bringing bispecific ligands into contact with (i) bacterially derived
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ligands, having specificity for both minicell and mammalian cell
components, cause the minicells to bind to the mammalian cells, such
that the minicells are engulfed by the mammalian cells, and the drug is
released into the cytoplasm of the mammalian 5 cells. The inventors
found that this approach is broadly applicable to a range of mammalian

cells, including cells that normally are refractory to specific adhesion and
eicocitobist shmmivelisEarobsereiad Kidpaamsahiansallsigdha dirmgriic

| LR ; fiGDRRR: Iy s, cause
R G@QMEEE@Q@%&?{E‘SPﬁ%&%i&%ﬁ@&?aﬂ%%%ﬁh&ﬂ%&ﬁmt,

recéptor or 10 anti-androgen receptor specificity on the other
Grennafficidistly bind inibicalsmoeienredestivh fhEbom BT dlF g Ensrifed by
IR1961 NENPRAAGRY i §olle aFIeRE SRS GG endtdo AUERAEE Bk mmalian
%reast, prostate and skin cancer cells. Moreover, the efficient binding
pricedes rapid endocytosis of the minicells by each of the non-phagocytic
cells. 15 Target cells of the invention include any cell into which a drug is

to be ifieekicadordestiacd {hhepleacH invaiedenappiocatdeug ameaagesof

that the drug carried within a minicell is delivered _to the tar

Il, .
remenabR OGBS Ll Bl R LAIE Sl adars g hesion and

EXRSESRION 6f A.68N-RuITace sesaplel Hiaecioaiibeiyyighadigaithl anti-O-
facilitates endocytosis. Preferred target cells are non 20 pha o_%/&g,rece tor oF
n@»ﬁ?@“ﬂﬁ&etﬁéeeﬁ@%@“ﬁﬂ%eﬁ%%%ﬂgf“E’%ggcﬂ?@ﬁté)ﬁ&ﬁ%s P
macsanhagssdepdripeetisiansNmiwakKillen @¥fiviesils. irrdfenddetir gethe
cells also "are mammalian. Ligands useful in the targeted d@g d%'é‘l’l%%clude
RS PRV ERAGHTREIN L EFh PR R RTBIRES 1 2

urtace
ﬁ%gp%ﬁﬂa%ﬁﬁ%r&%ﬁ%mﬁf@@é@ﬁmﬂmwmmmmarmmmﬂiciem
Preterably, the surface component on a targeg.cell is a, receptor, .

eI AR CAHABI T RO ERIO GHEAR Tk ganhagggyic

comprise a polypeptide and/or carbohydrate component. Antibodies are
preferred ligands. For example, a bispecific antibody that carries dual

specificities for a surface _componen bacterjall i ' .
minicell535#d Pc??lé ¢ &fﬁég"’gg Fn%%lnné: r}I %(;énagg '?a‘lgrig }aetﬁr(?\gyrf%{ r%%égr?%éehss}focg%
hersdadafficionthitoddryehtreustihicetistetive targdrug, means that the drug

carried within a minicell is delivered to the target cell, preferably intracellularly. .

Desirable target cells are characterized by expression of a cell surface receptor that,
upon binding of a ligand, facilitates endocytosis. Preferred target cells are non-
phagocytic, meaning that the cells are not professional phagocytes, such as

macrophages, dendritic cells and Natural Killer (NK) cells. Preferred target cells also

are mammalian.

Ligands useful in the targeted drug delivery methods of this invention include
any agent that binds to a surface component on a target cell and to a surface
component on a minicell. Preferably, the surface component ona targetcell isa
receptor, especially a receptor capable of 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 efficiently to target the minicells to the target
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-16 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

criteria: (i) specific binding to one or more domains on the surface of

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

surface of the target cells. Thus, ligands preferably have a first arm that

camesdpecfidlyiforiadacieriallyaddse gavdmaliodiidudacecspigeupazymes,
nd a second,arm-that carries. ificity. jan.cell surface

P B L e R SR o

Preferably, each arm is monospecific, even if multivalent. 10 For bindin

to bactehatiyedestiemiahipesisuiendigrdrisoranss OnEVAHRTENIE RS (o)
he SRRETHGIAN NS GhPAYsRteRIEEURRROSHEGEA JPRRAlY BRI (i)

found on the parent bacterial cell. Other minicell surface structures that
e dipiong doronfgamerBiaRg RAE e sdarreblaxagstcelis. Thus,

H%XH&PBQ&%I@QH' ravbahydraies ﬁ&%ﬁ%@?@@%ﬁf&%ha@%ﬁ%ly derived
fi ed pe

braeand flagélla cell surface 95 exposed p gtide segments. For

e gnioienlseiens, sumetateren teshah 4 dpRicrRETET aPsaHisdly for a
GRMRARERL LR Bammpalianeall. Bughsaampengrisdincksde sallsudace

proteins, peptides and carbohydrates, whether characterized or

unehiralertri el & asb TR EoBRRe SRS ANFthE 8 hpalsm of
activating receptor-mediated endocytosis, are 20 desirable cell surface
componestsieditar setiacicBulch degepdatsniteNerieipdesiseblofortbacargesf the

cell surface, confer additional selectivity for targeting the.cells to be .
SRl O o BB RS e BUSERE o SETPER I o R SBLCrePje
Wl QX e piecanBamiaidpcal! Uther waliscihetasiatisicatisruntenleturee

lls, such.as endathelial cells and smoot le cell lis, ki
RO IEREH BORE 1A BRI ST A G CETR IRy

fosthoRy Drasy o kuRi annsatenied e dypidifitivor selyahiageta cell surface
specifically binds a cell surface receptor motif on the desired cells.

EXBRTSREFIR €88 receptors include carcinoembryonic antigen

(CEA), which is overexpressed in most colon, rectum, breast, lung,
pancredor binding to target cells, one arm of the ligand is specific for a surface

component of a mammalian cell. Such components include cell surface proteins,
peptides and carbohydrates, whether characterized or uncharacterized. Cell surface
receptors, especially those capable of activating receptor-mediated endocytosis, are
desirable cell surface components for targeting. Such receptors, if over-expressed on
the target cell surface, confer additional selectivity for targeting the cells to be treated,

thereby reducing the possibility for delivery to non-target cells.

By way of example, one may target tumor cells, metgistatic cells, vasculature
cells, such as endothelial cells and smooth muscle cells, lung cells, kidney cells, blood
cells, bone marrow cells, brain cells, liver cells, and so forth, or precﬁrsors of any
selected cell by selecting a ligand that specifically binds a cell surface receptor motif
on the desired cells. Examples of cell surface receptors include carcinoembryonic
antigen (CEA), which is overexpressed in most colon, rectum, breast, lung, pancreas
and gastrointestinal tract carcinomas (Marshall, 2003); heregulin receptors (HER-2,

neu or c-erbB-2), which is frequently overexpressed in breast, ovarian, colon, lung,
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and gastrointestinal tract carcinomas (Marshall, 2003); heregulin receptors
(HER-2, 30 neu or c-erbB-2), which is frequently overexpressed in breast,
ovarian, colon, lung, -17 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);

BEialg [yed SRl et et 1K) RIATETR &&\@B}S?g(@mgﬁ?pmr

é@@%?%ﬂ&ﬁﬁﬁﬁm%w%@&%g&m&m@m% those of the
epatocytes (Ziady ef al., 1997); fibroblast growth factor receptar (FGER),
baath wadenskprdsseenuingdrieib BRSaRC Rr SHR COARIHINTA el S7)5

géi'ﬁsgzﬁ&ﬂim?e%ﬂm@ég%?wmea@etw@j-gf%wﬁﬁt&e@e@q@fngm@m serpin
or anti-angiogenesis gene therapy (Becl’<er et al., 2002 and Hoshida et %Li ]
o0 fenmplRSCEBEROWNTRICT: s SRssv g avé?é&ﬁﬂ%%%@f@b%f&i 1957);

ABRIBLGINAHS A0rRMBF AR SHAITPMER ) GBS HD AndlekBfasdf2) palbreatic ductal
surface glycocalyx (Batra et al., 1994); carbohydrate reqeﬁtor%{iggumher

adeiocasgnynes Po st anhupRifo @I BRI HIRLRTRR ARG FpFeceptor
& HRYVRRY AR eSp as&tgﬁl]@ inlessils @nstrétractve2fontieatmentiof et dl.,
CFlI

ng diseases such as Cystic Fibrosis (Kaetzel et al., 1997, In a further

aRdRkplel iR RPN GOSN Bl R S EFRERTESd U S A P OB uCIDOUS
neQrRcratediiad ;c@&ts@liﬂi Galis apchigrRtes elivary @bt digBean hed.,
|

achieved to specific infected cells, such as HlV-infected helper CD4+

TOstiobyhadmreRarBP TR RSB e ANHASHRS BRYBPHRTSRPogiobulin
ARriAY st A15 14 SRR IISAR e B R SaNE Y AR OGS ABRF PINREEESAR and attractive

Immunoglobulin molecule obtained by in vitro or in vivo enezati 9f an
ﬁvmsx@n@g@m@ﬁ@gpﬂaﬁ@éasn%étfehﬁs-‘&afﬁ%ﬁg/bf%%%@g‘pw fo
monospecific and monoclonal antibodies, as well as antibody derivatives,

such agsingirichaimapibodiifrdghentstscFadisatib adiepanditntibeghcan be

derivatives useful in the present invention . ma obtained .
%@E%‘ﬁ?f?}ﬁ*f‘ﬁﬂtlﬁﬂl}&“?@%ﬁﬂmﬁ@ Wﬁ&%eeg?#?g%’ é{s bfeg\j/% ouf po yé’S&?1 lewed
ehajis;fiwidentical heayhchaliis/ 2afencitivel pde GlidétH iy irdirstBoth

types of polypeptide chains have constant regions, which do not vary or

vary m'ﬂi_g%%l%c? Eg%%%g%%h%ﬂE%Saﬁﬁﬁ'&%i%@%%?%ﬁﬁ%ﬁy derivatives. As used
herein, the term “antibody” encompasses an immunoglobulin molecule obtained by in
vitro or in vivo generation of an immunogenic response. The term “antibody”’
includes polyclonal, monospecific and monoclonal antibodies, as well as antibody
derivatives, such as single-chain antibody fragments (scFv). Antibodies and antibody

derivatives useful in the present invention also may be obtained by recombinant DNA

technigues.

Wild type antibodies have four polypeptide chains, two identical heavy chains
and two identical light chains. Both types of polypeptide chains have constant
regions, which do not vary or vary minimally among antibodies of the same class, and
variable regions. Variable regions are unique to a particular antibody and comprise an
antigen binding domain that recognizes a specific epitope. The regions of the antigen
binding domain that are most directly involved in antibody binding are

“éomplementarity-detcrminjng regions” (CDRs).
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variable regions. Variable regions are unique to a particular antibody and
comprise an antigen binding domain that recognizes a specific epitope.
The regions of the antigen binding domain that are most directly involved
in antibody binding are 30 "complementarity-determining regions” (CDRS).
-is The term "antibody" also encompasses derivatives of antibodies, such
as antibody fragments that retain the ability to specifically bind to
antigershSteeh ‘anfiltody fragmenisnineisde daby fthgmefitsidddigmennth as

hat cqntains thea n- bindin |n an se d

E)%H%’B% %@%W‘H}% %Drﬁbadlé?igﬁyaggqs iU dgc %P{E 1“?lan a%ég dg i

Eﬁ%ﬁ@&%ﬁm@dﬁe@e&aﬁﬂmﬁw@ lﬁgagumnaihamm}snmmgla zﬁatgen—
dditional ortlon of th vy chain throu

E‘(&% PELH %qg}ﬁﬂég eiﬁ@ ?)?/{ln nand, |suIF§Jy smt dbya

Biﬁﬂ@iﬂegi@ﬂ@)pf"ﬂbé @ﬁ&wibh@xﬁﬁ@btﬁmftﬁrﬁa@ daifgle amdipendbinding

aving two antige dln dom fwhl

(BRI SREBEE A PR QLA G aie i b Naes AR BERA e

ﬁﬁi@@%gﬁtﬁg&?(e@mmﬁaBabgma@humsqmaai/bycmaambamrdmﬁrﬁd@lbonds in the

nked t th h d

GBI O ot TE B oy BT e oo
aﬂi&gﬁihbﬂmﬁmg)ﬂgma&isaﬁeah@dlhéﬂdomeyémtdh@fcﬁ trse diffbusmizapstope), and
SRt AP AR R KRYE LI e SRBI B K heavy

y have Deen moditie enetic manipulatio
alﬂﬂéobﬂawﬂiiuﬁmmmmdm@ﬂhmeuﬁeidmugémmmqm‘adw}nan Methods
for humanizing antibodies are described, e.g., in U.S. patents No.

6,630,055, 79\ 585,08 AN 8 e STBIGRL 645 ll of e

humanize ies are formed by grafting the antigen-binding loops,

hgamdva@z:ompfembhtarwﬁbmﬁmﬁgiw@ﬁ% egired) larbrsupighle for use in
§€ J;g[g] L8 GUDANAE 2R8I SRL R ISRATIs ehenaingRkab.g.,

oeyen et al., 1988. The generation of high-affinity
mm@udntmeghmm@ebe@en Al reactiferanBp LR ARYTT 77

82‘?&%‘?}}{&’5@4 ‘?éd%t!@%hféﬂ%khgezﬁergaﬂﬁg fameVakHRaio RS (RS BEing

the mouse parent mAb. Several variants of the humanization technol 8933
atsibhdies brsedegevbidped. Sedh\Pnghaisdial 6.038¢)55, No. 5,585,089, and

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

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

Human antibodies, rather than “humanized antibodié'$,” also may be employed
in the invention. They have high affinity for their respectivé antigens and are
routinely obtained from very large, single-chain variable fragments (scFvs) or Fab
phage display libraries. See Griffiths ef al., 1994; Vaughan et al., 1996; Sheets er
al., 1998; de Haard et al., 1999; and Knappik et al., 2000.
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25 Human antibodies, rather than "humanized antibodies," also may be
employed in the invention. They have high affinity for their respective
antigens and are routinely obtained from very large, single-chain variable
fragments (scFvs) or Fab phage display libraries. See Griffiths et al.,

1994; Vaughan et al., 1996; Sheets et al., 1998; de Haard et al., 1999;

and Knappik et al., 2000. -19 Useful ligands also include bispecific single,
chain Arifokhigands ﬁlhqymb&iwbﬁm%bm}?a?%&ﬁﬁ%?@@% 88?}%}%%#?503”3’

4t ?e\é%%o?l%ﬂ%&ﬁ%%ﬁiﬁ@é tioRGaualentlyyatagbaskiroush gotiketovalently

molecule to a corrésponding variablé heavy chain portion.. See U.S

Pachb Ba8sl0adinaucheara 4 46 PPadBIE CEIC S EH SR rtion
%@@éé’%m@?@ ?ﬁ?%@ﬁ%f%@¥ﬂ@@ﬂ&hgﬁ§@iﬁc antibodies also can

eteroconjugates can be created by chemically linking intact antibodies or

mtitnde\biraghmemstbe diffdiexapeiiichrsaicabBAansOnEIgAER A2 (agrcaied
%Pé%@kﬁ%aﬁ;q@mﬁ&gr&@mim%ai@g%r%ﬁmmm@mm@f@pﬁ@mble

anner and are at least twice as large as normal monoclonal antibodies.

Bispibeiisantibofiemaiskahtbe CeAddDYFHRuMIE PEERINRRTE %It

@ﬁ?&ﬁﬁ%@ﬁ@i@%ﬂ%? g0 dhraassasiplienpidhe anmiead)afpagmanimal
ee Glennie et al., 1987. Because Fab and scFv fragments abrph

momslereheuitpdiesn Bisvedtin anirgiforisR GEPRREIHES it
%%a‘i%r ligandsmadestamiherec MBIl s iR cengiseertidataibody

meric, ir_imerlc or tetrameric conjugates to increase functional 15 affinity.
BegnPoilirfssnGlaaeofigés, 800; Carter, 2001; Hudson and Souriau,
2001; and Todorovska et al., 2001. Such conjugate structures may be

createchyaeheraisahandfor Bepatistcrassonks:dkispefoligaridsoltheatinity
invention preferably are monospecific at each end iifd specific for a
ific

9 GECEb RIS ol HRSHERsREE SIS EHERRAR TRSS M A hgta g ents re
ERMRRRENTAB Brsaicatmriiberathensnit dhigaedoinaysese functional

multivalent at one or both ends, for e in the f f.so-call .
SiABOc St LOBUB Ao AT UL Heqh il GauHad SO0 A"

! _ | [ Udesn am ouriau,
dipRodudsTadiva\arh ¢ine! fommedmhangogaeaientassovigtisnotated by
scFvs, which yields two Fv b{'rgf{ing sites. Likewise, a
chemical and/or genetic cross-hnks.

Bispecific ligands of the invention preferably are monospecific at each end,
i.e., specific for a single component on minicells at one end and specific for a single
component on target cells at the other end. The ligands may be multivalent at one or
both ends, for example, in the form of so-called diabodies, triabodies and tetrabodies.
See Hudson and Souriau, 2003. A diabody is a bivalent dimer formed by a non-
covalent association of two scFvs, which yields two Fv binding sites. Likewise, a
triabody results from the formation of a trivalent trimer of three scFvs, yielding three

binding sites, and a tetrabody results from the formation of a tetravalent tetramer of

four scFvs, yielding four binding sites.

Several humanized, human, and mouse monoclonal antibodies and fragments

~ thereof that have specificity for receptors on mammalian cells have been approved for

human therapeutic use, and the list is growing rapidly. See Hudson and Souriau,
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triabody results from the formation of a trivalent trimer of three scFvs,
yielding three 25 binding sites, and a tetrabody results from the formation
of a tetravalent tetramer of four scFvs, yielding four binding sites. Several
humanized, human, and mouse monoclonal antibodies and fragments
thereof that have specificity for receptors on mammalian cells have been
approved for human therapeutic use, and the list is growing rapidly. See
BB oAmmch Bplriat sub 2008 desmngio bt siseh tariemsodyrthaetan

e used ta form.one arm of. a bi ific igand hasmpecificity for HER2:
e AT AP vATEEEE Hogton s Ak BB usec

to a broad range of protein domains. Fusion to human immunoglobulin
domaina:giteilas/igiabl Cid S daothl sl dsnSenbiss ddadromad tes ghmE pration.

ee Hu et_al., 1996, Fusion to human Ig | e-Fc region
SR RS S B R A Rt SRR 85 both adds
musretipromtets sipneotssnn Skinidrization] 5. ekestpiapfisinandgdinge-Fe

shart scFv t rt amphipathic helices has been to produc .
IR ES Ba B ki b0, B S s o8 domaios fom
thaitforerihpteteidimeomsteshiadtinstizatioan Horlssasplt tfusiodofe short scFv to
bh%pr? & Iflch@%Ieg:éJ ke igés(;) gg%lggeetl%léti]tg 9%23(%%%’ I%EI%% g%ies. See Pack and
ROFodiReRzation dontains can € engineered to form heterodimers by
EhgikibearndoSaleginsissitlomsptkimivsthatbfbote bt gRidgmwens stvah, asdogjun, can
inally, fusion, protein tners can t prews t

X ternately,
L R B e e LR YR RS ety
BehelihafizAt885d 45 4maatHsr aspectat éofoentiwieppdviters by engineering
c osition.of matter useful for in | r ules, iRfo RLGEL vrotei
rsr%g‘qrr%3 lg?iglﬁcgeaifs%‘vﬂﬂ%bﬁoel‘!ﬁolc%ng% eggé}mypgés%%?bomprli és () a 1.31:0 o
parteriaiyrdesiveldatvidideil prodidd bobispubifieditzation Thavelimcen agdjtional
ligand may be, any of thos e reidsThus, the minicell contains
ﬁ&%&%ﬁdﬁﬁg g%\gé]flllé I%egr?g%refﬁrgﬁy ?ggépable of binding to a
surface 20 component of the minicell and to a surface component of a

target HbanathREASOERL FIe S PO SOASIRg BRssIRmIpIgPATiRTdsrEul for
andhiees Ao lgARis Afths P ISRRN LIAVERHRM sk st (APNOSIHRAHA The
includes such minicells and ligands with, . e
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 drug 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.

A composition consisting essentially of minicells and bispecific ligands of the
present invention (that is, a composition that includes such minicells and ligands with
other constituents that do not interfere unduly with the drug-delivering quality of the
composition) can be formulated in conventional manner, using one or more

pharmaceutically acceptable carriers or excipients.

The term "pharmaceutically acceptable” means that 4 carrier or excipient does
not abrogate biological activity of the composition being administered, is chemically
inert and is not toxic to the organism in which it is administered. Formulations may be
presented in unit dosage form, e.g., in ampules or vials, or in multi-dose containers, with

or without an added preservative. The formulation can be a solution, a suspension, or an
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other constituents that do not interfere unduly with the drug-delivering

quality of the composition) can be formulated in conventional manner,

using one or more 25 pharmaceutically acceptable carriers or excipients.

The teen "pharmaceutically acceptable™ means that a carrier or excipient
does not abrogate biological activity of the composition being

administered, is chemically inert and is not toxic to the organism in which
dtrislsidminisigretaqronvsieiiriesniag meysraiaindarmulHrTIGeagE oAb as
el 8 AV IRl %Mﬂgda%% 6 SO ARSI WIREO I OHIcaRith the
S&%ﬁen(? 1|c1§ilr%]s&e%irk/at|ve§./ é?#]%o?pr lation can be a sqolutiio'n, a suspension, or
tnod2sf dmutsipiein aig trillysited Venwiae, Birgsiay doHein 38R AEHIBH
agents, s - Qﬂgiglgg,@ b t&@ﬂég&%‘ SRS HOFRYEBER, Aor

Ssoél%% e é%%}ﬂ%?lné '§gcton c with the blood o -tril)e reci ?é?\?and is ilius'grated
HeyosatingiRimitbrisssihile nehist dogu oisel S alREFIATRS ATy, physiological
S OB 5 %@/f&%psb TRGRANARINN JG5cR PRGBSI R b ae-
&itable Vehic , €.9., sterile, pyrogen-free water or physiological saline.
FhegimpusiiorsEsderdpie st basuriaietien S5 bl suksitapeously
long- acting ' eI jistgred by implantation (for

PR

example, su ne intramuscularly) or by intramuscular
injection. A composition of the present invention can he.admi{rj;istered.via

VariourBURERSTGORRT (% BITSER NSTHOR FABRRATIER A8 2 RHHS routes

1hg therarputineffeci (@) Aaskad wiheriooalives systemipatiicReféee(s) desired,
may be accomplished, for example, by oral administration, by application 1
GthprelesaurrBiEHYYy E%?\]AKE%%%HFaﬁ%?PBPiﬁgﬁ%efﬂbﬁ’fg‘EB » OF 02

RRsNGRhJRlAMEsSeRtoiNRIRRusuintiapestal bitdyalwigiby inhalation or
peritoneal, subcutaneous, intratumoral, or intradermal adminis rati%n Th

TOHBaIRE. 105 Bt BIeAt b BB HSRM S PRSPPI BUBRSHSH BHTRRCPAUC,

11658 Sub QRSP at Gy Skl o enteliemay hindfisienthnialhetadde and
)y inhaled delivery of the targeted recombinant minicells, Si iIaE} pumor,
e LN IR0 S GHEPERISENAY tPe JRSEU ORI R BB CaR i Spample

BroetedaromRminaaL BinalsRnan pidsiamtakdatelivayye tieatageted
via intraperitoneal delivery, of targeted recombinant minicells. Zf?'lfheﬂ treated
m@s@hmwtféﬁ%th%%%e%ﬁ' W ARG TR Rs B 5HRgMg

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

may be treated via intraperitoneal delivery of targeted recombinant minicells.

The present invention further provides for drug delivery by means of bringing
bacterially derived minicells, which contain a drug, into contact with mammalian cells
that are phagocytosis- or endocytosis-competent. Such mammalian cells, which are
capable of engulfing parent bacterial cells in the manner of intracellular bacterial
pathogens, likewise engulf the minicells, which release their drug payload into the
cytoplasm of the mammalian cells. This drug-delivery approach can be effected

without the use a targeting ligands.

A variety of mechanisms may be involved in the engulfing of minicells by a
given type of cell, and the present invention is not dependent on any particular
mechanism in this regard. For example, phagocytosis is a well-documented process

in which macrophages and other phagocyte cells, such as neutrophils, ingest particles
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bacterially derived minicells, which contain a drug, into contact with
mammalian cells that are phagocytosis- or endocytosis-competent. Such
mammalian cells, which are capable of engulfing parent bacterial cells in

“the manner of intracellular bacterial pathogens, likewise engulf the

minicells, which release their drug payload into the 25 cytoplasm of the
mammalian cells. This drug-delivery approach can be effected without the
b{?%ﬁe&?&ﬂ%‘ﬁ&,ﬂa aAVEIRY RAHRECHAN DS IELO BARYAY actitthe
engulfing of minicells by a given type of cell, and the present invention is

sotceprshab Hheneh P frrhediar “RRSCRBFALH IPIRRORIGRYS: Berayaiypent of
HRaacyieshidaanvelSecUraentesk BRORSSSSe Hewh Bdt MAEAP BagasaNds6);
other pha?ocyte cells, such as neutrophils, ingest particles -7?_ by
%R‘Eéﬁ(ﬂﬁ@ p@e%@@rpodia over the particle surface until the particle is totally
enveloped. Although described as "non-specific" phagocytosis, the

_involvemen! efieSpaeitE phagptats i theqivesenthatddeberdeenansirateigands

See Wright & Jong (1986); Speert et at. (1988). 5 Thus, one farm of .
BB SO AL P EUBBE S e ARG P and Griffin,
1igam;rﬁﬁ@m@dsﬂm@ah ta@epr% fﬁaiﬁﬁw@bsaﬂe&pécéﬁ?pzmﬁomﬁaﬂ&r@mam
Griffin, 1981)., This attachment step, iate specific receptors,
AERRBHIGH 9B B HE HAATE SRR o SR AR e TR el
desmuiadenbbastenr, Suetiiashagiegridtathxigenico&uedh, thhadoeytesis surface
also ogcur in the absence of surface 10 Ji far phagocyte .
o RO R AP OSES AT AALa Do T SR s, e
ventionentompassepdsstd bavislmitéthitethio tisewst miniteliscltatheithdher
possess or lack surface, adhesins, in keeping with the nature of thei .
BT BALEER AP LTS STRT A B ORRELY o o BEeR gtk bacteril
¢phagedytesiengalfyeienihiastyted§) eof phaiptrpestsephiipaent™ host cells), of
acrophages are the primary types in,mammals. 15 Ano Ifing
B BHRDE JSCE RETs P AL R e T It 10

species of Salmonella, Escherichia, Shigella, Helicobacter, Pseudomonas
and Ladtotteillugifisginrecassainendratesitheyi arizehsni eéiwienpethogens

ér%(%:{es -tigg}rﬁggéﬁseegl8&99@%}54@&9} Fegarae Siabin-dependsier,

Pseudomonas and Lactobacilli gain entry to maminalian epithelial cells and replicate
there. Two basic mechanisms in this regard are Clathrin-dependent receptor-mediated
endocytosis, also known as “coated pit endocytosis” (Riezman, 1993), and Clathrin-
independent endocytosis (Sandvig & Deurs, 1994). Either or both may be involved
when an engulﬁng-conlpetent cell that acts by endocytosis (i.e., an “endocytosis-
competent” host cell) engulfs minicells in accordance with the invention.
Representative endocytosis-competent cells are breast epithelial cells, enterocytes in

the gastrointestinal tract, stomach epithelial cells, lung epithelial cells, and urinary

tract and bladder epithelial cells.

‘ When delivering a drug to an engulfing-competent mammalian cell without
the use of a targeting ligand, the nature of the application coﬁtemplated will influence
the choice of bacterial source for the minicélls employed. For example, Salmonella,
Escherichia and Shigella species carry adhesins that are recognized by endocytosis-

mediating receptors on enterocytes in the gastrointestinal tract, and may be suitable to
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endocytosis, also known as "coated pit endocytosis” (Riezman, 1993),

and Clathrin 20 independent endocytosis (Sandvig & Deurs, 1994). Either

or both may be involved when an engulfing-competent cell that acts by

endocytosis (i.e., an "endocytosis- competent” host cell) engulfs minicells

‘in accordance with the invention. Representative endocytosis-competent

cells are breast epithelial cells, enterocytes in the gastrointestinal tract,

&ibveachiepithetis cBltstinmipe pitfvalieansssellsd Sndaylys sinieehnderived
ladder; epithelial cells. Mer t IBG etant

B L o e

appRdationtebfiedebtacer aiddmetwceachsaassices b b AtaAl bt daspiflation

! | ok iehi nas specie
%ﬁg@%@&e@ﬂ%&@@ﬁ?ﬁgeﬁﬁg Samnlencalnenslad Fashepshiiand pecies

la’ species carry adhesins that are recognized by endocytosis so )
e ctaing decpiorsagnizetb booyestarenduagsrHashiabe ekt M ek derived
%em%:ﬂ[z'acpol%c}gdﬁz‘%%gﬁ\é? W%%?E&@ﬁﬁ&ﬁ}é@cﬁ@fc%p&%@fﬁ Usd bladder
imilarly, minicells derived from Helicobacterpylori, carrying adhesins
apitiuifislforlitomald-bepitibiiatitesl Br ssmarpbslidsdivertelischpgitcdspary
tz%%g] 1ach cancer cells, Inhalaion abinsKiiaiiRnd8ayeddRaldPbacterially

ministering intact minicells derived from a Pseudonsonas specieg 5 that
dminedittiesinsiniadlyrind dispeeifpigandnp RERRR I ELADMiHREHE 0 2
x%%g%%j?tt Q?{Qtfn%c&?é%c?cfg ILp ﬁféﬁf@iﬁ’ém%ﬁ HyYaadhesinsRpesiiBdahedicament to
urinary tract and bladder epithelial cells, could be well-suited for
antediy tisthwabtletigry bf thelrgdisansnhannicals sPaibhaderE melsrind
inventi rovi t :0f Bagieriaiycsesived iniagtaninieaisalian
%ﬁﬁeﬁllsﬁppe%ﬁc#ggaﬁégg ?r%%?e%g?ﬁgg lr%we%?cament lgor useina 1f0émethod of

crdbatirRy cismadisonentaitingeltdn ByaAdri ARy ARRHLTH A diREatRipoluding
éggﬁ‘ifﬁ'aﬂé%&%%&{ gan e medicamant taypiealiROBAIRS fatbularly
m

eceu e and bispecific ligands are capable of binding to the minicells
aveduibiteitpetanierimBnanc RSB IARYicaments are useful to treat
various conditions and diseases, including acquired diseases such as

AIDS, angymenimatdiubersuidsis utiv® pdlkadiagifivekfubiththdrug.

SR et o Graebe i Son b SO BHEHEE B2 KORTHY B and

hydrophobic drugs. One method of loading minicells with a drug involves creating a
concentration gradient of the drug between an extracellular medium containing the
minicells and the minicell cytopiésm. When the extracellular medium contains a
higher drug concentration than the minicell cytoplasm, the drug naturally moves down.
this concentration gradient, into the minicell cytoplasm. When the concentration

gradient is reversed, however, the drog does not move out of the minicells.

That therapeutically significant amounts of drugs can be packaged thusly in
non-living minicells without leakage is surprising for several reasons. It is known that
the outer envelope of live bacteria, both Gram-negative and Gram~positiv_e, forms an
effective barrier to solutes in the surréunding medium, while being permeable to
water, This protects the bacteria from deleterious effects of toxic molecules, such as
biocides and antibiotics. It is also known that the bacterial envelope confers intrinsic

resistance to the passive diffusion and intracellular entry of hydrophobic chemicals
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Using these methods, drug packaging can be accomplished for both
hydrophilic and hydrophobic drugs. One method of loading minicells with
a drug involves creating a concentration gradient of the drug between an
extracellular medium containing the 20 minicells and the minicell
cytoplasm. When the extracellular medium contains a higher drug
concentration than the minicell cytoplasm, the drug naturally moves down

thist canaeniatiothgradientidn il b hydip:iliy wpleasts, {Whsadihy membrane-

concentrﬁtion gra(gﬁ%i is reversed, however, the drug does not move out
SFEREALSH BEHE 5 H de?&ﬁlé]ﬁ’tically significant amounts of drugs can be
packaged thusly in 25 non-living minicells without leakage is surprising f%r
several Miasmils, doiakmthersanst omercunl epf afopelbPATR LRl Bals- Thus,

ram-negati [t i i i i

Pﬁﬁﬁ gD A ifactvs rvsHerdmiseluies in

:?]cezss%r usr%é\é%% rggaﬁéﬁﬁhw le lt\gltéeing %ermeagle to \{v?ater. This protect
tRéuibéectinig mmmx_a@mhnbi@sd@ﬁgsstmk%ﬁnBbéga?é’é%ff}cﬁa&sbméfﬁ 5
gnd antibiotics. 4t Is als Qelfﬁ(%)‘@ﬁgﬁhtw HasiRlip) enyploReeRtesson gradient of
intrinsic 30 resistance to the passive diffusion and intracellular entry of
ydnipigdisitrohn i akdragnittiee b and deenmRintigl gAY SRR S s suggests
ysrophilis ehannels. oumes SydnembanesAsap et ardanaalel quit
porins. Minicells Eontain the same outer envelope as their parent bacterial
adilferFmuGonit hesurprlspryrra it ek S HIRCRAFEE exemplified by
Doxorubicin and 5 Vinblastine, and hydrophobic drugs, exemplified by

Paclitaxg}, £aRdedgadily dransievaddatodbesminlgdt optogiesidmin minicells
creating a simple concentration gradient of, the. dr etween the,.
EXBRABTERIET %ﬁﬂriﬁﬁralhlﬁﬁi@éhW}aﬂﬁﬁgﬁ‘i‘rﬁs‘.iﬁ‘fﬁ;‘l’%%Srg‘%zi%"?haé’tt’ﬂﬁ%efﬂ“x
35%\5%&%@@? Q@E@}ﬁa@@i@mt PRV e hacteikeahapiaitderivatibes isytpilesm
ifferent from the envelope permeability of livi cteria. 10 Th sated
oy P ORBGHGOUTA BELARE R o DAL QLA e it
ARG SHIRR ! isivel esthbilishedstoaiplvErbaties admldeantipetecting
efflux processes to remove toxic chemical entities that.hap 0 ,-
RElcy o BRI g BRSBTS ey ST oious
TRRSERERES SERE- AR RE AV Bk nowidkugilien $pertbos, wdargwapidnilarity, of
O o N R Ol & DS Shaor facilitator (MFS), (i) resistance-
nodulation-cell division (RND), (iii) small multidrug resistance, (iv) multidrug and
toxic compound extrusion, and (v) ATP-binding cassette families. These multidrug

transporters are bacterial membrane bound proteins and are widely distributed in

bacterial species.

Multidrug transporters should be conserved in minicell membranes, yet they
surprisingly appear to be non-functional, possibly because minicells are non-living

and lack the ATP necessary to drive multidrug transporters.’

To load minicells with drugs that normally are not water soluble, the drugs
initially can be dissolved in an appropriate solvent. For example, Paclitaxel can be
dissolved in a 1:1 blend of ethanol and cremophore EL (polyethoxylated castor oil),
followed by a dilution in PBS to achieve a solution of Paclitaxel that is partly diluted
in aqueous media and carries minimal amounts of the organic solvent to ensure that

the drug remains in sofution. Minicells can be incubated in this final medium for drug
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15 cells against a wide variety of environmental toxins by active extrusion
of noxious compounds. There are at least five known families, based on
sequence similarity, of multidrug transporters. They include the (i) major
facilitator (IVIFS), (ii) resistance- nodulation-cell division (RND), (iii) small
multidrug resistance, (iv) multidrug and toxic compound extrusion, and (v)
ATP:binding cassette families. These multidrug 2Q transporters are .. )
SRR AT I SRR A MO ErIB e sBacliffage nto
shecwspldsitidfugitienp arterhishoultipe aohtesweeuticaigiskthificant
membranes, yet the rprisingly appear to be non-functignal, possibl
P SR S T R
reodticsserdtcd adpaitephoBi Phdgscbiipiidd]s withvilitlgsdhad bowrpytedac prevent
ater soluble, the .drugs _injtially can be dissolved in an appropriate
R Pt TP e a 1.1 i o
ethanol and cremophore EL (polyethoxylated castor oil), followed by a
dilution AnPBe weibbdevid cadoigtivinsePavtithxe Hihgtiy plaxtiycolinéog im

; . e ; i~ colvant o
A AT G Gl AR Ryt cet
tansirshenedilimaisiath g thompeati hgudlbigsicltbeirmpsingrihdidoageneth that the

20 @%@I%%@%lﬁﬁ%@% a%gwd@tgam% %\3&9@@%&? Wi%%lgna;q%h%gm

eve a utically significant cytoplasmic drug

islutiepecndh p deacdiinehivsiodichienathany ©rcotapostdrogaan be cloned

%%g%ﬂﬁé@f}%%%%?%{%&%@%ﬁamﬁ S BgRsReE el R BIEY AltRects.

ic molecules into the cytoplasm. Another m

[Ostittiy maniseiiehwithr dransleionebtbelgsnaglasieasmibinmbisapatiesis of the
' if] [ r r .

S gl gytoplasm

svidh tiadthe  BYlignshereaseidbantstind eslobides endhenpar enogenstenalicells,

I o) I j c i ICzens
T Py O el
paeferinhsiish thanisddpapiendtl cunidiagonicetesses Eneua in the art and
alsasigign,apd translation of the gene cluster results in biosynthesis of
the

Similarly, another method of loading miniceils with a drug involves culturing
a recombinant minicell that contains an expression plasmid encoding the drug under
conditions such that the gene encoding the drug is transcribed and translated within

the minicell.

For producing drugs directly within parent bacterial cells or minicells, the
parent bacterial cells or minicells contain a nucleic acid molecule that, upon
transcription and/or translation, function to ameliorate or otherwise treat a disease or
modify a trait in a cell, tissue or organ. For purposes of the present description, such
nucleic acid molecules are categorized as “therapeutic nucleic acid molecules.”
Ordinarily, the therapeutic nucleic acid is found on a plasmid within the parent

bacteria or minicells.

The therapeutic nucleic acid molecule encodes a drug product, such as

functional RNA (e.g., antisense or siRINA) or a peptide, polypeptide or protein, the
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drug within the cytoplasm of the parent bacterial cells, filling the bacterial
cytoplasm with the drug. When the parent bacterial cell divides and forms
progeny minicells, 15 the minicells also contain the drug in their
cytoplasm. The pre-packaged minicells can be purified by any of the
minicell purification processes known.in the art and described above.
Similarly, another method of loading minicells with a drug involves

GHitasRIeaameRinansminicell,thak coMane aeneXprRaRioRIRIRSMGst can
encoding_the drug under 20 conditions such that thetgene encoding the

GRS 6 A ARSRME T SR FaIATSRPwHiRCRERS e R e pettie i Wruds
dHaaRywhindateti dastesial calis s ikielmdheonatepiibaciepaicallg

or minicells contain a nucleic acid molecule that, upon transcription

srarsrseaAdErish Hstdientiensbneraal iy s ihehitsa trent it ahnoggpblevels ina

25800 iine IR 6alk, HSPURAN SR M RYNRSEBIOHNG RESSERbrane
description, such nucleic acid molecules are categorized as "therapeutic

SOBMEIEARGE FRBMEiRR R XSG BRI tHERag ! AB QI LR i€ Humid 895
Wb RANEWithiRgheRa eI HaGieli & QnsiRic el i RelREIAREINE of a-globin,

nucleic acid molecule encodes a drug product, such as so functional RNA
& gotinmssrsalopiiRnbylersapinptdbs Jaeptifcnyeisiomif melegds can have
BIPAIFIARPRWAIGR R AGHGAHAN FSMRi8e RNCASHMARER bve.

interest can encode a hormone, receptor, enzyme, or (poly) peptide of

therapeutic value. A therapeutic nucleic acid mqlecule may be the notma
coumor RGBT DAt AHGHE SR ST (o s

acébatiisonteseiisaknavaldevrialinatedisegaenstaiaasisdivedse) or is
for exa ple, with thg}géstic fibrosis tra&smembrane canductgnj%ce1 53 gene
ASgETERIHC) SR0% DHAGIE A5earasird el 19BET RBRASY 'GP af U bdye 07 gene,

Brmeiansieiond 988, withiis @iebintodicklaewlt asaouis faothbwith aide variety

of a-globin, 13-globin and y-globin in Egalasse ia. (51 therapeutjc leic
QLRPHIOIEAES calfAmEFE RER LR 3D W%r‘é%?ﬁl B E}?ﬁ&ﬁ‘%eh‘%ﬁgﬁﬁg
Bibteas pantione habe vevaliba MRdseaimenhel emsesr iattierepadinclude
nucleic acid molecule suitable for use : .

colon carcinoma, prostate cancer, breast cancer, lung cancer, skin cancer, liver cancer,
bone canéer, ovary cancer, pancreas cancer, brain cancer, head and neck cancer, and
lymphoma. [lustrative papillomas are squamous cell papilloma, choroid plexus
papilloma and laryngeal papilloma. Examples of wart conditions are genital warts,

plantar warts, epidermodysplasia verruciformis, and malignant warts.

A therapeutic nucleic acid 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 vive introduction of the prodrug,
the target cell in effect is compelled, perhaps with neighbori;ig 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 e al. (2002). Hlustrative of suicide genes of non-

human origin are those that code for HSV-thymidine kinase (tk), cytosine deaminase
{CDA) + uracil phophoribosytransferase, xanthine-guanine phophoribosyl-transierase
(GPT), nitroreductase (NTR), purine nucleoside phophrylase (PNP, DeoD),
cytochrome P450 (CYP4B1), carboxypeptidase G2 (CPG2), and D-amino acid
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according to the present invention could have a sequence that

corresponds to or is derived from a gene that is associated with tumor
suppression, such as the p53 gene, the retinoblastoma gene, and the

gene encoding tumor necrosis factor. A wide variety of solid tumors --

cancer, papillomas, and warts - should be treatable by this 15 approach,
pursuant to the invention. Representative cancers in this regard include
oRidaseADINAD, pspstatesarkam heasticandeidd gegesarcarghiplificd by genes

B TR A o ST e G tiome

W'I@U?EBU ﬁﬁmmmmmmm@smd IEWéarespectweiy

papilloma. Examples of wart conditions are genital warts, 20 plantar warts,

epidermodyspIRsia, VLSRN ADAANAOLIALS b4 S1AENIS: contained

nucleic aci or the présent invention also can comprlse a DNA

m@m@w@ﬁnmmmmmm@ﬁummwact%m& £6 BAY
con Dy oy, éﬁ?é&rﬁ%ﬂ%ﬁgggﬁﬁ%égﬂmﬁgﬂﬁ IR NIV IRIQAYGHAML RSP Blement,

odrug, the target cell in effect is'compelled, perhaps with heighboring
sel:th asa/\;aﬂ)motﬁﬁ comminaoicitec B e caPaenal SRaRcaspI Eai it of

such f.Ransbyman origin or human origin,
ee}‘raé%ll ‘gg‘ggﬁ%gﬁ %%%8%%g%§n%arase? at (2000) and Yazawa et at

(2002). IIIustratlve of suicide genes of non- human ori |n e those that
code forHBid withinamssa RRSteEiAbErhkol SRS %ﬁj ‘563%?3& fso may

phaphrtbesyiransiarRse, mﬁm&weﬂﬂ&ﬁ pbeRhosR asyhtr@mmmelaa a

(GPT), nitroreductase (NTR), purine nucleoside pho hr las

s, ejapiable B PO VBRSBTS 5@%& Epghgppide:

ReAmiRo-R5id r%ﬁxﬁé@'ﬁ?Q@%@%éﬁ%ﬂ&%ﬁ@%&éﬂm@mm&vﬁmﬂéjy
genes are exempllfled by genes _that encode c;arquype tidase AligOr ex)a.mple .

dugirjRgisalRy ki 195, SHILRT S &7 PASGTCY BRI B} aues
E}F%ﬁéi/ Eféﬁ%’ﬁ%a&%&%‘}aﬁaﬁmaﬁmﬁcaRm&amgaeqn@yes@mmdmgm

he invention, the therapeutic nucleic acid ty%%gallyﬁls containe

ma%@ﬁﬂtﬁ?ﬁ BRI ZERSIEE LAl S shRfini© 61%%“11" or
qeiainehiaddiignalauRRicasibREgRN AN ahlngtions datbigegulattitative or

element, such as a promoter, a termjnator, an enha ferora Slg?%
ﬁqwtgﬁ@vmg}fqghon of transcriptional activation. lllustrative e proteins

are esterases, phosphatases, proteases and other enzymes, the activity of which

generateé a detectable chromophore or fluorophore.

Preferred examples are E. coli B-galactosidase, which effects a color change
via cleavage of an indigogenic substrate, indolyl-B-D-galactoside, and a luciferase,
which oxidizes a long-chain aldehyde (bacterial luciferase) or a heterocyclic
carboxylic acid (huciferin), with the concomitant release of light. Also useful in this
context is a reporter element that encodes the green fluorescent protein (GFP) of the
jellyfish, Aequorea victoria, as described by Prasher et al. (1 995). The field of GFP-
related technology is illustrated by two published PCT applications, WO 095/21191
(discloses a polynucleotide sequence encoding a 238 amino-acid GFP apoprotein,
containing a chromophore formed from amino acids 65 through 67) and
WO 095/21191 (discloses a modification of the cDNA for the apopeptide of 4.

vietoria GFP, providing a peptide having altered fluorescent properties), and by a
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operably linked to the therapeutic nucleic acid segment. A plasmid within
a parent bacterial cell or minicell of the invention also may 10 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
irepgingltEehnigues . (Fefrafmphatant i6p Brtehalariveived dijve rktbby- fuld
i{I]It‘la(I:‘E) \rpinigetllinac)?&{gtiﬂ)% o} 1thﬁ;a%esent invention, 15 could code for a
pré%em%ﬁlatnpro uces, In't epengu?ﬁng host cell, a colorimetric or
fluorometric change that is detectable by in situ analysis and thatisa
quantitativefotlassing qeemites nrirmee orovidean Sepistaap ksivaderstanding of

Husirative of thaselipisintirggyterases, phosphatases, proteases and

other enzymes, the activity of which generates a detectable chromophore
or fluorophore. 20 Preferred examples are E. coli (3-galactgsidase, which

e 3ak g A st nmb e A ctibshsotherapeutic
"&‘ﬂﬂ%ld |PoRodalnciasitd vt i initciastciofisogidized aminkgwhaeells
alde

yde (bacterial luciferase) or a heterocyclic carboxylic acid (luciferin),

with the_ concomitant release of light, Also useful in this contextisa ;. . .
reporter 8 R SRRSO RO e o Dy o the
25tigllylisho NeguereHyitidried asaescnbediby Prasher et al. (1995). The
field of GFP- related technology is illustrated by two published PCT

applicafio %8915’@}&%?& (0565 R RAMRYCIRINS S6018RGE0lated from

encoding a amino-acid GFP apoprotein, containing a chromophore

e drfperes aremcer asicné Ssterougbndy paimiowrd Bydyeating higag sgeingma

g@fe‘%{ SN LIA SRNE SRR ING APOPSPILICIONY b 0. VIUON G FRens ¢ ol 2000;
roviding a peptide” having altered fluorescent properties), and by a -28

Mpuis efdieidd¥al Eyeoonith themvadpbibtyoidasrasscrpbethsr gew agents,
ﬁ;&?s&aﬁ%k@idma{%mﬂsjﬂs@gﬁgﬁﬂgmaﬁ' fyps I iR ApMRG AXABRIRS ase.

ustrate provide a more complete understanding of the invention and are

illustrative only. 5 Example 1. Efficient packaging of the hydrophilic cancer
chemotWéFﬁﬁ@Hfﬁ:lo}ds constitute a chemical class of major ihterest in cancer

chemotherapy. The lead compounds, Vinblastine and Vincristine, have been
employed in clinical practice for more than thirty years and remain widely used to this
day. Vinblastine inhibits cell proliferation by capping microtubule ends, thereby

suppressing mitotic spindle microtubule dynamics.

Minicells were obtained from an S. fyphimurium minCDE- mutant strain
generated previously, as described in internationa) application No. PCT/IB02/04632,
and were purified via a gradient centrifugation / filamentation / filtration / endotoxin

removal procedure described above.

Drug was packaged into the minicells by creating a concentration gradient of
the drug between the extracellular and intracellular compartments. Drug moved down

this gradient and into the minicell cytoplasm, through the intact minicell membrane.

The purified minicells were packaged with chemotherapeutic drug
Doxorubicin (Sigma Chemical Company, St. Louis, MO, USA) as follows. 7 x 10°
minicells in BSG solution were centrifuged, the supernatant was discarded and the
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drugs Doxorubicin and Vinblastine in bacterially derived intact minicells
This example demonstrates that hydrophilic drugs can be packaged into
the cytoplasm of bacterially derived intact minicells. Doxorubicin is a
strong antimitogenic anthracycline antibiotic isolated from 10
Streptornyces peucetius, and is commonly employed for treating breast
carcinoma (Henderson et al., 1989; Cowan et al., 1991; Chan et al.,

Togeqls rrierswspendodm M6 widStarrsioed 1 pidonmmibdasnbisiity
Qf [RYARE ARES ARG BRMIBIEH QMO DIGIR FRERINSA RNt

treatment for patients with metastatic disease. Vinca alkaloids constitute a
m@mv@at@ﬂa%g & ithoelatirete mlewribePesanbinBite difsT Hiqdhgminicell
prRCSEYIRRIESHREABL Y INGHSHREHaNS RESthRNPIBY ML, GIiREA! of the

practice for more than thirty years and remain widely used to this day.

ibikadtnwan stisashedt aarahiopise ¢ spRiRY it ieEmURS Slten e‘ykéfﬁyon
WRRIESRINGMIANG seindisdRicmiyevigidviantsaciniagis were dpiainethnbicd

from an S. typhiniurium rinCDE- mutant strain 20 generated previously,

asgadirbledthe mamkebEar sppTiestiinNyitb @t igeditatisp mgmbipapelisc
%Qﬂ%%kéi@zﬂfeféﬁji%@té&%ﬂ'&fiW&%HP&MH%PEtﬁiimé;f&tfﬁﬁﬁ&é}?”P'Hé%iﬂ‘ was

removal procedure described above. Drug was packaged into the _
iieed é%mﬁﬂyléi@é%@rﬁraﬂ&d graieil b iradwdirdbrreiaashes with
pé@CceiaandDHRESHHIA CRDIIBL HEHIIRG R Atk doMNsabiSof

radient and into the minicell cytoplasm, through the intact minicell
erBrbien-pRekpesHist nnrleaNassdrebatRs st With krRiBHsE Aprestiwre of 10
4O PRXQ AT MESIIMACHANSRIEPIIBARY a5l {eppisd- MOWMSALABSG.

ollows. 7 x 109 minicells in BSG solution were centrifuged, the ) .
doaitmtienvaascientimid dablthe volgmeeain vt usgehdthisiopping-
U /B2 S BrabodiRexpiybisio st in{dme/skisliss ahepeistsiaidiang of

distilled water). The suspension was incubated ove,rni?éht at 37C with

(ORERISHOHG R 3 ARE MBI R RASK 28RS HGRSe P ey g ast
EXeoSRRMRHRIGIRIINR-SRAGHIaRIM Atachrshe the sapifleswipeamfdhedio a

minicells was then washed away by stirred cell ultrafiltration as follows.
Atstidekippendorf centrifuge tube, followed by centrifugation at 13,200 rpm for 10

minutes to pellet the Doxorubicin-packaged minicells.

Doxorubicin-packaged minicells were mounted on glass slides and were
visualized using a fluorescence microscope (Leica model DM LB light microscope,
100x magnification; Leica Microsystems, Germany) because Doxorubicin is
intrinsically fluorescent. The results were captured using the Leica DC camera and
Leica IM image management software, The appropriate filter was used to permit
visualization of Doxorubicin’s autofluorescence {excitation 488 nm, emission 550

nm; red fluorescence).

The results revealed that all the minicells fluoresced bright red suggesting that
the Doxorubicin had been transferred into the minicell cytoplasm and, despite the
extensive washing steps using the stirred cell ultrafiliration system, the Doxorubicin
was unable to diffuse out of the minicell cytoplasm. This was surprising because,
during the washing steps, the concentration gradient of Doxorubicin had been

reversed, 7.e., the Doxorubicin concentration in the minicell cytoplasm was higher
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stirred ultrafiltration cell Model 8010 (Millipore, Billerica, MA, USA) was
assembled according to the manufacturer's instructions with an
ultrafiltration membrane disc (polyethersulfone; molecular weight cut-off

of 300 kDa; Millipore). The cell was washed three times with sterile

distilled water followed by a further three washes with io BSG. The cell

was then filled with 9 ml of fresh BSG and the 1 ml solution of ‘
Roxomiisinpeskatts: miniealis wasEtidad kmrel vvekeptisetetlzat were

. £ 10 .psi, stiyred until the, vol d
bR T AIs PR A e R eRHa S e,

again dropped to 5 ml. This topping- off / ultrafiltration procedure was .
perforniBal & timesdredcethabilyeg thavbegiharashinis st ae bsmieibto doxorubicin,
surfaces of the D icl miniselsabiing dheBstapeutic drug,
Hiiicey ﬁfrgﬁ%enrf the: v%%lrllnpe&g é\?ggl%é%%%g to I ml anaa the sample Waps g

théinb_iest'a@,tﬁa@ e Mpb@iﬁmﬁgmfuégﬁg HevgairshagiRptofluoresce; hence

%?8%%?3008 i %?tgg {/ﬁﬂﬂ){%ﬁc&g (N?I'&%ﬁagof’ffgﬂgg,tﬂﬁgene_, OR, USA), a
oxorubicin-packaged minicells. Doxorubicin-packaged minicells were

fiooreedmraglies Wetcsseheutitetipo GRUamemisiog 4 Hisrastghtrorescence).

r’i*'%ég) 9p& (heica magel.DMLLE lghtimisesaere ril A magadoatinstine as

Leica Microsystems, Germany) Because Doxorubicin is intrinsica

Il
foboscefits Thisreeslisiialhe Gaplred namiliol GREDBIEMRRL Mae/mD
LeicaiM image manaas Rt sofivaseJdesBRrIORtate dillanwas,usetiitnicells

permit visualization of DoxorubiCin's autofluorescence (excitation 488 nm,
emBSnaBioR enm crat fugrdssamayianievassliterdod ard tiamapiorls were

@49&%@@3&%%%@6%_@'9@ 166 SH99SHSNRY the-Rexasukiaiv hdtkBeeNsolution

transferred into the minicell cytoplasm and, despite the extensive washing

. dfopg/udintpksciien)cdbisteamrradinispnesniop gk SABKAT Qg | miof

%H&H&%ﬁ%‘%y&?s%?tﬂﬁé%gﬁeﬁ%ﬂ QPRlasHAH s AR BLEPHSIIYwith rotation to
because, 30 during the washing steps, the concentration gradlen.t of

ROgwrdtcinede Setrseravedednincelheyirmlaribid AT SHesHtERio Ay Gfiwes of
'gyéﬁﬁl%%@%ége mg BiohRE: 30N IH a6 dhexsasHUlRRPRYIEGRMEDh of

(BSG solution). Control minicells that were not incubated with the drug
diigenaskegedminisels oG s sisteligation by fluorescence microscopy

were the same as described above for Doxorubicin.

The drug-packaged minicells were mounted on glass slides and were
#isualized using a fluorescence microscope as above and the results were captured
using the Leica DC camera and Leica IM image management software. The
appropriéte filter was used to permit visualization of red fluorescence of BODIPY-

FL-conjugated Vinblastine.

The results revealed that all the minicells fluoresced bright red, indicating that
the drug had been transferred into the minicell cytoplasm and, similarly to the
observations for Doxorubicin, that the extensive washing steps, using the stirred cell
ultrafiltration system, did not result in an efflux of the drug from the minicells into the
extracellular fluid. This was surprising, too, because it is conventional wisdom
thought that only highly hydrophilic solutes can enter into a bacterial cell via

diffusion, possibly through porin channels found in bacterial membranes. The present
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To demonstrate that drug-packaging in minicells is not limited to
doxorubicin, similar experiments were performed with another cancer
chemotherapeutic drug, 5 Vinblastine, that has low solubility in water. This
drug does not autofluoresce; hence BODIPY-FL-conjugated Vinblastine
(Molecular Probes, Eugene, OR, USA), a fluorescent analog, was used
(excitation 505 nun, emission 513 mn; red fluorescence).. The purified

FRTTLE FEQvereopsRadbY R sOBM e BR Yl Virkinaiifoag diffuse

fallonss: dhesenmmwas drifiaby disspivedinmeaibanrRieiack, salignonificell.
mg/mﬁ) 10 and diluted 1:10 in sterile PBS to give a stock solution of 1

riepie! miiool it anersina des wirion s cingifihaa! iR AT apekeround
wasfliseaicedand the minicells were resuspended in 940 ul BSG and 60
ul of BODIPY-FL-conjugated Vinblastine solution (Img/ml stock solution).

This gave a final concentration of 60 ug of dryg in | ml of m nicell .
Eaaiegn Kintnantinmt ths Buteauie e s sranste
b pleledRel g ectitilyaiintyéacmiricrlisidgaplasm. The subsequent
procedures of washing the excess drug by ultrafiltration up to the stage of

firlal r?ﬁ‘fﬁg gDSioqeoéhgwsgﬂPa% 8 h%?écﬁufvw0§§ &J&Q&E ed into the
visualization %)Wuorescence microscopy. werg the same as described
apopiatm Dbartabidiy. dEniyethigtpdokigedimidicshvss dhe mpifrd guwiace

lass. slides and Vi i i Q8RS [ §,qu§ .
a %I\% Shd ?r?é) %\,{SKE ﬁg év%aré)%@&%%gg& %%%\%%nue Leica%g@ef%gera an dd?lﬁmbm
timiga akamdbis hanegemednssfowarpcTied. appropriate filter was used to

permit visualization of red fluorescence of BODIPY- FL-conjugated

Vinblasfine. [P IRSKIS FeysalRd Balalldheoriniaebs ieie SRuY Obinpany) is

red, indicating that 25 the drug had been transferred into the minicell

aytopiakisdiameannrepal THsolaik irmdhs Rerpeke RasR YruiRe and more
exiensiveMraling SRR MBI R slived sed mitafiBratigeray steelitdii! is one

not result in an efflux of the drug from the minicells into the extracellular

AGidhe TRRSH IR RiRBH e A THRHS RSP cHAVEIR RO AN SR B ARt VI
H&gk&@iyy@gmshx%ﬁaml&&ﬁg%@ﬂ&ﬁ&&@%&@ﬁﬂwﬁq@&ﬂ@ﬁﬁ, 2002).
diffusion, possibly through porin channels found in bacterial membranes.
Phditpselnangntimitotic agent that binds to tubulin in a 1:1 stoichiometry with
tubulin heterodimers stabilizing microtubules and driving a high percentage of cells to
arrest in the Go/M phase, progress slowly in the cell cycle without cytokinesis, form
multinucleated polyploid cells, and undergo apoptosis. Paclitaxel has an extremely
low aqueous solubility of 0.00025 mg/m] and has to be solubilized in certain

cosolvents such as 50% Cremophore EL and 50% Ethanol.

To demonstrate that a hydrophobic drug like Paclitaxel could be transported
into the minicell cytoplasm, a fluorescent derivative of Paclitaxel, Oregon Green®
488 conjugated Paclitaxel (Molecular Probes, Eugene, OR, USA; absorbance 496 nm,
emission 524 nm) was used. Two different methods were adopted to solubilize the
drug: (i) in ethanol (to give a 7.58 mM stock solution), and (ii) in ethanol:cremophore
EL (1:1 vol/vol; 3.79 mM stock solution). Each stock solution was diluted 1:10
(vol/vol) in PBS to give 758 uM and 379 uM stock solutions, respectively. The latter
stock solutions were added to the minicell suspension (10° minicells) at a 1:20

dilution to give a final concentration of Oregon Green® 488 conjugated Paclitaxel
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results show, however, that even drugs that are not highly hydrophilic can
diffuse through the membrane of a non-living bacterial cell derivative,
such as a minicell. Control minicells that were not incubated with the drug
did not show any background autofluorescence. 5 Example 2. Efficient
packaging of the hydrophobic cancer chemotherapeutic drug Paclitaxel in
bacterially derived intact minicells This example shows that hydrophobic
dongsiéeatibe pabkagaddelicitecelltopiaamiviizacue ) odfived 2add,

inicel e ini i .
B e 16 ok SLag i
betaiemaod|dubotdeereiip avtslkdTabladilzaénr egidresubioddd dinampls | for

ol . amw) is .2 tricvelic di . ¥
R I A R A i
theovesstens yeinraweMaales BscltksitbeR aolitaxatideohe of the most
important chemotherapeutic agents, having promising antitumor activity,

15 espqgialix RURINSIQAYA! Mt RIEA RIY e 6aRaess M ekbail sibesting that
Markman, 2002). Paclitaxel is an antimitotic agent that binds to tubulin in

hathmedadiormelledibs i sbterdinrRlemihe RIS BN the
drivingiphighopaicaniparaheelsdaarestinthaRiM Phaseapesesmg

slowly in the cell cycle without cytokinesis, form multinucleated pog‘rﬁ)lojd

befalisid wAB BRI S aRssREShat thechigkbl hudraphohie g weridditisedpls te
saikiRliv ol R O0AR TR FRHIR ber $RllEREbI0 GREAB Be s vRNtS

such as 50% Cremophore EL and 50% Ethanol, Tqo demonstrate that a

ryiaisphodidditing ity papilenteIthe alor sy HigTsoH 88 SRETIME HAfc N ample 1,

- eyigelase afftuereaaet ‘%@éﬁé@ﬂi’&ﬁf@%@@%&!ﬁ@f@mﬁﬁ@%@s d8&ot cause

conjugated Paclitaxel (Molecular Probes, Eugene, OR, USA; absorbance
sBwat th drvgaBhasshemisrlsigalsfvo different methods were

adopted to solubilize the drug: (i) in ethanol (to give a 7.58 mM stock
solutiornjhanekGi)sitneErangliesremaphdeendistihit thall\thé Sriplerthtistopkes

olutign), Each stock solutjon was diluted 1: (vol/vol) in,PBS ive .
SIS TP DR PCkr vy SoEeihue A ¥ Spnobic
gelighant weidcetidd daidhiseniniebitksspension (109 minicells) at a 1:20

Example 3. Methods for determining the drug concentration in bacterially

derived intact minicells,

This example demonstrates a method for determining the concentration of a
drug in bacterially derived intact minicells. More particularly, the example describes
a method for determining the concentration of Doxorubicin present in minicellspoy,
and demonstrates the effect of Doxorubicin concentration in‘a loading solution. The
application of drug-packaged minicells for therapeutic purposes requires the ability to
characterize a packaged drug entity, including determining the quantity of packaged
drug. Previously, however, there were no methods for effectively disrupting
bacterially derived intact minicells or bacterial cells and extracting packaged drug

molecules.

Abbreviations used below include (i) HCI; Hydrochloric acid (BDH AR
MERCK, Aﬁstralia), (i) MeCN; Acetonitrile, Pesticide Residue grade (Burdick &
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so dilution to give a final concentration of Oregon Green(r) 488 conjugated
Paclitaxel -32 concentration in the. minicell extracellular environment of
40 uM and 20 uM, respectively. The minicells were incubated with the
drug at 37 C overnight with rotation and subsequently washed with
ultrafiltration as described in Example 1 for Doxorubicin and Vinblastine.
The minicells were resuspended and visualised by s fluorescence

Trikrosc i), Aib)aliciblsanrepvbatasbol o RadrenaitelrdetifadeRafide
%ﬁ@gﬁﬁﬁ&@%@%&@g ThAreaNSHYgeRiRGtRES hakk (Rethesk enablegiy

e transfer of Paclitaxel from the extracellular milieu via the minicell

RithBprefis tarfbarstationasy wisesnedraee Ry PRCHHE Sfshepmyioeraphy

g@m@mmﬁa@%t@mm ighyubydreph ehierdpugdvewithe silanol
Iffuse mto the 10 minicell cytosol via the phospholipid bilayer .
¢hgroppot ﬁgmﬁemibranémﬂir@amtﬁtahm@ﬁt&m%@m&; High
ob: ex%a%oé‘?iﬂgﬁ%ﬁ%l%ﬁﬂ%%?%ﬁf Enmiﬁ%éss thedevrias) At aaemetic

t e was

radient during the extensi ( g steps did not cause "efflux of the

hi
Quiljsout Bidhesdiirigaibolrtplashe. SEstRskpAS 1 PRAMpreducaadefined

e strate. th i i i g e e@ii) EST:
B i oarig ARV ESI
Blegrdspumsrgoamhiclesisaenithe Bnveriidseenstighinibemmedpagrmatic spray

cot@l%%rétrgt&mQ Pacigfially derived intact minicells. This example
emonstrates a method for determining the concentration of a 20 drug in

bacterially derived intact minicells. More particularly, the exam ..
describ@glétﬁ%fﬁ%%ﬂsdﬁ?éﬁﬁ?ﬁﬁatﬂké 1@8}1%}?3&%/}&158%89(&%%%1“ bicin at

RFREBhIRMINRALSRG X (20Y, CRMANSInaEs UK efiecrar, Dgptabicis0, 200 and
concentration in a loading solution. The aé)?]ication of dl‘lél#
h

-packaged
AShipeinkor Thermpsumesptispomsavaisdiats the QMg @ ﬁ?&t}f&aﬁ%‘é alhe
a Ibfe NEHAIRGi ARIRRRIND 93, titgafipackagrdpeided |
&h%%@?%%%%%ever, tfﬁ:&feﬂ%ﬁﬂ%{]ﬁggﬁg?ﬁfﬁr effectively . peRTe

ionlp B Eher milyi el HisesPaEioR MR BLIECE B AR ATIcoR S iz on chamber
f&g%ﬁgn&%a%%?ggmghéﬁoﬂgcfﬂ{%% with 10m} of BSG per wash. The minicells

were collected and divided into duplicates of 5 x 10° minicells for Doxorubicin

extraction.

The minicells were centrifuged at 13,200 rpm, and supernatant was discarded.
To each pellet, S00pL of 97 mM HCI-IPA was added, followed by 5 cycles of 1
minute vortexing and 1 minute sonication, MQ (500uL) was added and the 5 cycles
of 1 minute vortexing and 1 minute sonication were repeated. The extract was
centrifuged for 5 mins at 13,200rpm to pellet debris, and the supernatant was
transferred to a HPLC 150 pL glass insert and vial. Because Doxorubicin
autofluoresces, an HPLC fluorescence-based analysis of the extracted drug was
developed and performed as follows. . The HPLC method characteristics included (i)
Mobile Phase: 100mM ammonium formate + 0.05% triethylamine (pH=3.5): MQ:
MeCN was 28:42:30 @ ImL/min, (i) Stationary Phase: Merck Lichrosphere RP18,

Sum, 4.0mm x 250mm, (iii} Column Temperature: 40°C, (iv) Injection volume: 15pL,
(iv) Detection; Fluorescence - Excite 480nm, Emission 550nm, (v) HPLC system: A

Shimadzu 10AVP system was used, comprising an autosampler, solvent degasser,
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Abbreviations used below include (i) HCI; Hydrochloric acid (BDH AR
MERCK, Australia), (i) McCN; Acetonitrile, Pesticide Residue grade
(Burdick & -33 Jackson, MI, USA), (iii) IPA; Isopropyl alcohol or
2-propanol, Pesticide Residue grade (Burdick & Jackson), MQ; MilliQ
polished RO water (R>_ 1018 Cl), C18 & RP 18; refer to the stationary
phase packing chemistry present in the chromatography column (in this

gAsRILS ARBLNARINNGBY Ai0eeThan Al LeRdediedls, $1lanfle Yersion
dlameter silica particles), (iv) HPLC & LC;

end roup of the 5 micron (gm)
%@?@rﬁnéﬁﬁ@’ﬁﬁ‘u|@%Wé%ﬁt@@?ﬁﬂmlq%mtm%ectrometry, (vi)

MS/MS Collision induced fragmentation of a selected parent ion to :

producmamﬁhﬁﬁdaa@mﬁimimwmwggi B@tmpmmﬁﬁats@qu to

m%ﬁ%?%‘ aé/no%%)m(é%gl {Eﬁé&%ﬁ rceﬂ%i(l)é atlon %R%%a%ms

inlatddD@)Nadiineipiess meveasmafatﬁiymmaeﬂﬂmspmdm@ 76:24 @
Doxorubicin at final concentrations of 5, 10, 20, 30, 40, 50, 60, 8% 100,

9Zenly/aping 45) SigionsnrkhassgRImEnPhE Rdcl 84 Wett A RiEd a5 Omin,

R £RtREOTEh COlSINRIRIRN R RICAPY.C and MS syst
ggﬁ%ﬁ"ﬁ%pm S?XPr?gqnd resuspende\dﬁ% §2terlaénBSG Sk

Bnﬂlrﬂm@@%%%%Fﬁwwméwwaﬁmmgﬁ%ﬁ%ﬁ%ﬂs&m%& Ugh). The
B RRERIZehprd sdashad At dimas Wit Hemh R 3aRe AP addBump. The

mlnlcells were collected and divided into duplicates of 5 x 108 minicells

r@ﬂtm@iumuwaéﬂmﬂdﬁr%@wﬁwlgew%r@éwug@%ﬂ%wmﬁ
*RGSIRERAIRAY dﬁ&%@ﬁ% ?%E@&%Btﬁ?ﬂi%ﬁeﬁ(a@g lpRESLi M he MS

HCI-IPA was added ollowed by 5 cycles of 1 _minute vortexing and 1

Asiisater SYARCORRIALIN & pIoihpiRR Hade anIHMS egemodrs fithgment ion

vaReXing Al dsannsite; sericatign.piaee fepaaies: T3 < rasd Washter ion was

centrifuged for 5 mins at 13,200rpm to pellet debris, and the supernatant
%5@%@1&?-@1{@&@50 gL glass insert and vial. Because

Doxorublcm 25 autofluoresces, an HPLC fluorescence-based analysis of

the extrpgéeti@aiuvescaevélepadrnidpestatmied\as folloswEhediPeq together

m?gtﬂlped C)h%r%: ?éélstg%ﬁéll}céggﬁfgl&t [DOX] determinations (within the error bars of

the measurements). The results showed a clear correlation between the Doxorubicin
concentration extracted from minicellspgy and the external loading concentration of
Doxorubicin.  These experiments were repeated 3 .times with similar results.
Additionally, the techniques were adapted to determine the concentration of other
chemotherapeutic drugs like paclitaxel, Irinotecan, 5-Fluorouracil and Cisplatin

packaged in intact minicells.

Example 4. Drugs and the attachment of surface ligands do not cause minicell

instability or loss of membrane-embedded structures.

This example demonstrates that the packaging of drugs in minicells and
attachment of ligands to the surface of drug-packaged minicells does not cause
minicell instability, drig leakage or a loss of minicell membrane-embedded
structures. The result is surprising because one would expect that drugs, particularly
highly noxious chemotherapeutic drugs,' in the cytoplasm would destabilize the
minicell bilayer membrane.
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Mobile Phase: 100mM ammonium formate + 0.05% triethylamine
(pH=3.5): MQ: MeCN was 28:42:30 @ ImL/min, (ii) Stationary Phase:
Merck Lichrosphere RPI8, 5m, 4.0mm x 250mm, (iii) Column
Temperature: 40C, (iv) Injection volume: 15L, 30 (iv) Detection:

‘Fluorescence - Excite 480nm, Emission 550nm, (v) HPLC system: A

Shimadzu | OAVP system was used, comprising an autosampler, solvent
degasskrstudy wastesigmydienipiecminnif Heaperi4oio) afdMgsiasadpicells

delgeior, g Narsion £ 2.5P1 154 soltyals, Shimalcy Corpoian,
?ﬁyo 0 apang. SXorubicih Measufements were done using both HPI;C
eovil fdGeMS fd_RONGfmithiaclinevdatd vesse detighiekageand/on®pr o enintecl

d key characteristic, in d.(i ila:P : '
e e R e L U e R e
Rheremagex Lo a8 {2k »2(rithes Dotowmidiii) o€ liegon Green® 488-
R A e
gﬁ% LGYSIEm EARIsathaaLosamplemEtN dptegraleriealpua R diREribed

pump. The ao column eluent was directly transferred to the i
aldttomsplag,ienizttionsdudwokthé TeRooirindigdmeCaibaselisrrpesyvely-

mass spectrometer, (vi) Detection: The MS detector was operated in

positive,ign MOASAAAMS M FSEAR R 4R alieRMENLIANE GER Spkaifl¥iltes was
=543.9, yielding a daughter’ion at m/z =396.8. The daucgéhter ion was

pemsitattfol audetimilioh pREILES 208491 e Rusfbs Bmaeisaiatdhs
e M desylts wareyRiakee taosies. (yprradimhinsisaigdigibnoclonal

Qggivalent [DOX] determinations (within the error bars of the

h
rnsibedsethbnl) (tekd rBipdesigmied a ok imrtidisr petrdugsheell-surtace
R ARG A AIQITII CRLRAY) Aithitig exiRiMRiman
1

ading concentration of Doxorubicin. These experiments were {_e eated
e

Bl eteenmna eSS esontaiisning AHEPRUAR G Hse kAl their

fe. determing;the conreniiationighathestGhematriane Bicecugsiike). Briefly,
paclitaxel, Irinotecan, 5-Fluorouracil and Cisplatin packa e(ii in intact ,
P @A RIS O P e A RS S e Al o B 1

g@fﬁ%ﬁ)ﬁ”&@%ﬂﬂing 20 pg/ml each of anti-S. Typhimurinm O-antigen and anti-human
EGFR MAbs, and incubated overnight at 4°C. Excess antibodies were removed by

incubaton with protein G-conjugated magnetic beads and gentle mixing at room
temperature for 40 min. After magnetic separation of the beads, the protein A/G-
BsAb complex was incubated with 5 x 108 drug-packaged minicells for 1 hr at room
temperature to coat them with antibody via binding of the O-antigen specific Fab arm
1o surface LPS. Alexa-Flour 488® (Molecular Probes; green fluorescence) or Alexa

Fluor® 594 (Molecular Probes; red fluorescence) was used to conjugate to the BsAb.
The minicellspox were mixed with Alexa-Flour 488®-conjugated BsAb and
minicellsp, were mixed with Alexa Fluor® 594-conjugated BsAb. The various

minicell preparations were visualized using a Leica Fluorescence microscope using

100x objective and the appropriate filters for red and green fluorescence.

The results showed that BsAb attachment to the minicellpoy and minicellp,e

surface was intense, appearing as a complete ring around the minicell cytoplasm. The
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instability or loss of membrane-embedded structures. 25 This example
demonstrates that the packaging of drugs in minicells and attachment of
ligands to the surface of drug-packaged minicells does not cause minicell
instability, drug leakage or a loss of minicell membrane-embedded
structures. The result is surprising because one would expect that drugs,
particularly highly noxious chemotherapeutic drugs, in the cytoplasm

wandidasiabiizedbs-seiainicabhinise Memkiansy st iy SEUAUNIRShe minicell

designed to determine if the packaging of drugs in_minicells and/qr the

axtapivientiSrsiEpetitE ARt ! dtnmdieaniinsiis e dysesibrfigpye and the

gRIpReRE RS REniBicalwOUIthekee ElHE:lnrkate aRHOMOSa in
minicell bilayer-embedded structures with the bispecific ligand {g.g., LPS

sheiddihg)x 3Mimdeits B coBpareferitickagatiwinlbithe AEbxor BB eHpac
re Greene 488- conj d Pacli ( obes, Eugene,

O DA et S P MO, e

MinicelisDOX and minicellspac was determined as described in Example

3, and Selesursiinovrse oftsing DORGAY I BN sl e RRKpnt-
ﬁa%éﬁﬁexxitkrﬁfa%@gg&féem%&{@ DeAigaR A AR OH R SPRUIGHiSSment of
was_ 10 constructed as described in PCT/US2004/041010. Briefly, .
biyfedifie alelivieny VeRtRbberasseche HIRAAITKATHIGRABafb- gtachment did not

%Big\ig? R0 0HIR0 FRORPEIonAl; AR Y RL dal Rigdesion) and

irected against a target cell-surface receptor that is mouse
anti-human EGFR (It%GZa; Oncogene) gr. mouse anti-human HER2/neu

Ecaunple fg rrssiobap VBN Wb AR 0 POX v b 48 MARSBAABARALF fyrman
FraiRdignsey SelisRATiach FCerpBinan h RERIR AhiRisiec Bigiat hnaiogh.
Briefly, protein A/G (100 .sg/ml final concentration) was added to 0.5 ml

of a premixed_solution containing, 20 g/ml h of anti-S; Typhi .
i B e O e

Frtegsdhtibodiemirdrelienovdddy cribubftoe- it ispiecic tigugarsa (2)

magnetic beads and gentle mixing at reom 20 t e 4 i
L
wehineuliatdd vitled xd B3 airdi(bpdekagetdtenimedidrisell Hady rodhin the

mammalian cell following endocytosis and breakdown of Doxorubicin-packaged

minicells.

S. typhimurium minCDE-derived minicells were purified and packaged with

Doxorubicin, as described in Exa}nple 1.

A bispecific antibody was constructed as described above and in U.S. Patent

Application No. 10/602,021 and briefly described in example 4.

The anti-EGFR monoclonal antibody was selected because the target cells to
be tested were human brain cancer ceils US7-MG (ATCC, Rockville, MD, USA;
human malignant astrocytoma epithelial cell line) that are known to overexpress the

EGF receptor on the cell surface.

The bispecific antibody was tagged with a fluorescent dye to enable
visualization and tracking, by fluorescence confocal microscopy, of the targeted

minicells. The procedure was as follows. Alexa Fluor 488 protein labeling kit |
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temperature to coat them with antibody via binding of the O-antigen
specific Fab arm to surface LPS. Alexa-Flour 488(r) (Molecular Probes;
green fluorescence) or Alexa Fluor(r) 594 (Molecular Probes; Ted
fluorescence) was used to conjugate to the BsAb. 25 The minicellsDOx
were mixed with Alexa-Flour 488(r)-conjugated BsAb and minicellspac
were mixed with Alexa Fluor(r) 594-conjugated BsAb. The various
(Niikelilprdpobatidhepaer cORS UdBzedwusinged todideeHbe kispesiéis antibody.

A TIOBe R0t AIEE S ARG 05 ARIORIBIE{IISIR [PRIBH AN ce) was

uoresce e results’s attacfiment to the
sonjseilROvathe frinisslipagr30rsurfabe hiss difermsihashantardingdo the
com i}ﬁete ring ar unqlithe minicell cytoplasm. The -36 individual drugs
’B&‘g 7 an OE%[% itAXel also were visualized within the minicell
cytoplasm. The drugs were extracted from the minicells as described i
above BISd-HE astrgastprsrmeakioneraveieaicteriiimae, cavetdHng in 12-well tissue

. L in,_eRigi X EARNGEHR G RIMIAadel]
T e S S e e nggoxc?fﬁcm S

myewmipg&mé&éﬁ%@pﬁﬁmW@%@smgﬂﬁ@i};@% wedopeshpgan, UT,
ﬁgé'ﬁ“ %i@@wgﬁaﬁmg%my&eg HFR2/neY. SEhis ey 9TRsie iR krown to
the methods are compatible with the development of a safe drug deliver

4etmorfbeassaidaurdiupit Kein g aisdreniad andalionen el enieated ghlls as
g@%ﬁg&ﬁ@@zg @mﬁcﬂ{-%t%%%fﬁﬁ%wﬁsif@q ohiigRiledempty

eos. Tarsg delivery in-vitro of Doxorubicin to non-phagocyti

il (il BanesrterssdDmiabisiapeskaard Dunistlbicingd Sk géafgeted
?@831@&@53%@@%8'&ﬂﬁ%ﬂ@?ﬁ%@ﬁa@i@%ﬁ&h%hﬁ@ﬂﬂ&ﬁﬂﬁu@d after 8 hrs

oxorubicin,” packaged in intact minicells carrying a cell surface-bound

bispecsifie dfeash, searple prsh s reRIR Bt CRPH ARG SARBleH WA igHEnated after
Elfllﬁm&éﬁ( Gl FHHRRe 1B e HS FERCERIAEd B IR K IIB S an@efixed with
cells, a

, and (b) deliver the drug intracellularly within the mammalian_cell
#tolimplsntipds fosi i rddedBia T 1 RMRdHIESE RIBEY M cehgnd the
§oﬁé@i@éﬁ3%@iﬂ@@?§@§ﬁ@&§%§ iR WeiaRUIfiiEgBRe:BRCHAgGverslips
with Doxorubicin, as described in Example 1.

were sealed with 1% agarose.

The slides were viewed by fluorescence confocal microscopy (Fluoview,
Clympus America, Melville, NY, USA). Fluorescence and Differential Image
Contrast (DIC) images were collected and the results revealed that within 8 hes of
incubation, targeted (carrying the Alexa Fluor 488-conjugated bispe_ciﬁc antibody;
green fluorescence) Doxorubicin-packaged minicells showed most cells covered by
several green fluorescent dots, while the non-targeted (lacking the fluorescence-
labeled bispecific antibody) showed only some green flucrescent dots on very few
cells, This suggested that the bispecific antibody specifically enabled the
Doxorubicin-packaged ininicells to strongly adhere to the surface of the astrocytoma
cells, presumably via the EGF reccptdr. After 24 hrs co-incubation of astrocytoma
cells and Doxorubicin-packaged minicells (targeted and non-targeted), the resuits,
when visualized for ‘red fluorescence (Doxorubicin autofluorescence is red), showed
that most astrocytoma cells carried intense red fluorescent dots on the cell surface and

many cells showed diffuse red fluorescence within the cell cytoplasm, as determined
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20 A bispecific antibody was constructed as described above and in U.S.
Patent Application No. 10/602,021 and briefly described in example 4.
The anti-EGFR monoclonal antibody was selected because the target
cells to be tested were human brain cancer cells U87-MG (ATCC,
Rockville, MD, USA; human malignant astrocytoma epithelial cell line)
that are known to overexpress the 25 EGF receptor on the cell surface.

égs}ﬁrgggﬁgié&ﬁ&ﬁ@ﬂﬁ%d%ﬁ%@SQﬁ%Mﬁ&e@H@ﬁ%é%ﬂk&éﬁ@ ﬁa&ea%&fs%.e This

n and tracking, by fluoreScence confocal microscopy,

mRybteantrsied NSt e ioastiow wanasis isndaed Pt Srssath rapripreeted
'BB%%'f&ﬁza&k\(‘a%'@& g Erpbesnél %gxfgéa QR HeAlLyrsusedde BBBlspecific

the bispecific antibody. Alexa Fluor 488 dye (absorbance 494 nm,

edhission oiwinirelifbeonii brahssnis) e feyfelatdditgpeeredhanimmy of
%QW&SM%%M%%%%EB&QH@%@%W%Q {ReRRa IDRRURCIURRESy via BGF

instructions. 5 U astrocytoma cells were grown on 15 nim

sovasiipeadinedendesstrsicind e seay eisells tdirekencles and released

GO GHAEANAHARN S GERRMbERIS w@{g{wnmﬁemawe further
medium with 5% cosmic calf serum %&Ione, ogan, UT, USA) and 2

afiachiveeartheissppbibiorsort WIS EOEORIERETS Yo tsed to

400%0.cAluEREY ALl RIG Wellscweratipateasctpliowsidaliting in yellow
untreated cells as 10 negative controls, (b) 108 non-t_argeted empt

dnticalles ifinos e dBe s OhPREeRSiF DB RBH R AR oma cel

%ﬁé@qﬁgﬁ?i&ﬂﬁﬁ@%@,%ﬁ‘&'ﬁﬁl@ﬂﬁﬂﬁi@%%ﬁﬁ@ﬁa (red autofluorescence) was
Doxorubicin-packaged minicells. The incubation reaction was ﬁrmi atefg )
‘E’Eﬁﬁ gahzed

aRdpBesFPIRkagreINiTHB Abh ream s {rer aale foameiiRy Bipsels

YRR (R inaIssigi et At Ns g Mt navhation Hineells wer@washecialacytosed
times with PBS and fixed with 15 4% formaldehyde for 10 min. The

heeltho bpasimearind aslersertibe WRKASEACHRIHE" LBYaraRsY Wareoe!

[ gd,gnto glass microscope slides with glycerol. The coverslips were
sealed with 1% agarose. The slides were viewed by fluorescence confocal

anliJ:Cr)cr);cggpy (Flguog_igé#gfg%gﬁﬁg%fg%% 2 it M defiVery to non-

phagoeytic mammalian celis.

This example demonstrates the efficiency of minicell-mediated drug delivery
to non-phagocytic mammalian cells. A colorimetric cytotoxicity assay (Promega;
CellTiter 96 Aqueous One ™) was used. MDA-MB-468 human breast
adenocarcinoma cells were treated with EGFRminicéHsDox or controls comprising free
Doxorubicin and "™ & “minicellspox. MDA-MB 468 cells were seeded at 5 X 10°
cells in T75 flasks and incubated for 48 hrs to obtain ~1 X 107 cells/flask. The media
was changed and cells were treated with 10° m""targetcdminicgzllsgox or
EGFR) finicellspox. Free Doxorubicin (50 ng/ml) was also included as a positive
control. The cells were incubated for 24 hrs, washe_d thoroughly with 3 changes of
PBS and trypsinized. Viable cells were counted in a haemocytometer using the trypan
blue exclusion method. 1 X10" cells /mi per well were aligouted into 24-well plates
(6 wells per treatment) and incubated for 3,4, 5, and 6 days with media changes

everyday. MTS assay was performed at each time point according to the

manufacturers instructions, Briefly, 100 puL of MTS reagent was added 1o each well
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20 Contrast (DIC) images were collected and the results revealed that

within 8 hrs of incubation, targeted (carrying the Alexa Fluor

488-conjugated bispeciflc antibody; green fluorescence)
Doxorubicin-packaged minicells showed most cells covered by several

green fluorescent dots, while the non-targeted (lacking the fluorescence-
labeled bispecific antibody) showed only some green fluorescent dots on

v/ dewr ésveRlisndhisvayaansishihaidne Hispesiiik-antibogy sRegibisallyvell was
enabled the Doxorubicin-packaged minicells to strongly adhere to the
st e roehotis a@é@z%@%ﬂ%ﬂ%ﬁ?@% 3 88btor. After

24 his co-incubation of astrocytoma cells and Doxorubicin-packaged
minicellataaiad RodaamaIaes doteereswisxivinesrFiStalrac fas fed was
fluorescence (Doxonibicin autofluorescence is r%g showed 30 that most
astriaytortimiceflfcalsdinbécise negtéstore shent dotvionatitscelt delifeaed

and many. cells showed.diffuse re rescence within the.cell cytoplasm,
TP e h | S AL PG, Bt e
aenirgahwaisissasy, THS FEdUl sankasted withdbaltonasiyasyiemasels
incubated for 24 his with non-targeted Doxorubicin-packaged minicells,

s enlly.coraRcrsiag|thwdbedntassie rsslapem oV drEsMIS AT sTéeNs ! the
caddhemnhsayed eRAisbeeliseliin-Pragesistabmany & seliido not appear

Doxorubicin-packaged minicells had been internalized, most likely via
EGPIrapegifraiic endeayiane ey Bikcals that some minicells had broken
down and released the Doxorubicin within the astrocytoma cell

Mgﬁiﬁcﬁm. ThHegtRgWiswareduihary coriienrRinvRapdiecaIees Derteatatin via

uorescent images were merged to reveal that most of the %%g%gn

* inrgeted o AT RAORRE R RIS s AR B 535 6FRGEL Xone

taehtugsescence observed earlier within the astrocytoma cell cytoplasm
remained red, suggesting that the Doxorubicin (red autofluorescence) was

no longer packaged within the mipicells (revealed green ini i
Curince B HP SRNHE AU PP o GULL R o G oxorubiin
picieeits thedhadiheclsend effitosegrémibbrokbnmawrreast caleasedlthanor

D jcin within the astrocyt 1,15 cytopl E le 6.
RO G IMERTE TSR AL g R e e e

As described above, minicells were obtained from an S. typhimurium
minCDE- mutant strain and were purified using a gradient centrifugation /
filamentation / filtration / endotoxin removal procedure. The purified minicells were

packaged with chemotherapeutic drug Doxorubicin as described in Example 1.

A bispecific antibody was constructed as described in Example 3. An anti-
EGFR monoclonal antibody was selected because the xenografted cells were human
breast cancer cells MDA-MB-468 that are known to overexpress the EGF receptor on

the cell surface,

Recombinant minicells (10'%) were incubated with the protein A/G-bispecific
antibody for 1 hour at room temperature, to coat the minicells with the antibody via its

anti-LPS Fab region.

The mice used in this example were purchased from Animal Resources

Centre, Perth, WA, Australia, and all animal experiments were performed in
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phagocytic mammalian cells. This example demonstrates the efficiency of
minicell-mediated drug delivery to non-phagocytic mammalian cells. A
colorimetric cytotoxicity assay (Promega; 20 CellTiter 96 Aqueous One
TM) was used. MDA-MB-468 human breast adenocarcinoma cells were
treated with EGFRminicellsDOx or controls comprising free Doxorubicin
and non-targetedrninicellsnox MDA-MB 468 cells were seeded at 5 X 106

colepnahéd Haska@pgiRcshairkiorn 43 Btsztecﬁ’@tai@ Ay £RIIS/MBH@Imal

The media was changed and cells were treated with 109

RS G RTRErSRiERPICHD X 'OF SEREERBNRMELARIG O TERSE ks IS¥N
c&grnﬂimiaevmasratmmmpmﬁe pRgtiver m@etm@aﬂﬁi\(eyaney, NSW,

mcubat for 24 lus, washed thoroughly wi s of PB
LA Hhian biopstadrocssrai o %ﬁ?ﬁﬁ ef‘éﬁuéﬁ&aﬁ@maﬂ
ttvaﬁﬁlabjuq)ﬁzs@lw@@1@&1@@%&@&&%@%@&@%%&%&:@%&1}

into 24-well pIates 6 s er treatment) and incupate d fo nd 6

qayEysRAMR iR LR MG B SERY é’éﬁ‘:‘PF Calf
maemdtewrgmg mmremewg@w mﬁmmn@ﬂﬁ)r&ﬁ@tb/cwﬁahdptm

rea ent Was a ed to each we color veIo entwas . .
WA S 00, B A RIS A A AR % CO2
Sﬁam%ﬂi platﬁlaﬁddih\ezﬁﬁeqmagaﬁ@weereiﬁdiiattég&nm \ﬂiﬁﬁﬂ@&ﬂ]tgrowth factor

igure, t.the,cytoto as .Similar
RO R o A W R RSB HUTURLc 5
Eiﬂ:)@ttubwﬁdﬁ tewetivefiersndoal dae tHISs e€lits cnchthat theeffickingyugé needle.
%9(? g, delivery was over 95% non-tar etedMlnlg_gllsDOx %ﬁ" tsho K/@% ;
G e TaTER A G Gty HHRE A1 THTEMS figkh fHIOY O,
W@ﬂééiﬁi@ﬂi@ta obthenthinicel Iabaeedcdmgethmw«;bmamemg the formula,

g‘ﬂ’c%%&a he @i%“i%{égmﬁ? ‘?1;1% Db diH Sefﬁxl;?‘l tation, the

mtf@mew@dmg Roveasioimyid atar§otethdnandrugepackagaddomized to
mlnlcer(sﬁ 0 human bre%it[lfcancer xenografts in nude mice This example

Ferb Stggtﬁfétuﬁﬁs iR argeted and Doxorubicin-

The experiment was designed as follows. Group 1 (control) received no
reatment. Group 2 (control) received free Doxorubicin (5 ‘pg/gm of mouse body
weight) intratumorally. This control was included to determine the effect of free
Doxorubicin on tumer cells and to assess toxic side-effects. Group 3 (control) was
the same as group 2, except that the Doxorubicin was administered intravenously.
Group 4 (control) received the anti-O antigen/anti-EGFR BsAb and free
Doxorubicin intravenously to show the effect of BsAb in the absence of minicells.

non-targeted

Groups S and 6 received minicellspox intravenously and intratumorally,

respectively, to determine if drug-packaged but non-targeted minicells could effect
tumor stabilization. Groups 7 and 8 received EGFRutargetéd EGFRMinicellspox
intravenously and intratumorally, respectively, to determine if recepior-targeted, drug-
packaged minicells could effect tumor stabilization. Group 8 was included to
determine if the targeted, Doxorubicin-packaged minicells given in the tail vein could
follow the required sequence of events to achieve tumor stabilization and/or

regression: i.e., permeate the leaky vasculature at the tumor site (shoulder blade
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packaged intact minicells can effect regression of human breast cancer

cell tumor 15 xenografts established in 6 week old female athymic nude
mice. As described above, minicells were obtained from an S.

typhiniurium minCDE- mutant strain and were purified using a gradient
centrifugation / filamentation / filtration / endotoxin removal procedure.

The purified minicells were packaged with chemotherapeutic drug

gk titinsasidesghiteetimPxamplectyi2onmbigp sptkifisatiy diydsashe human
constructed a cribed in Ex 3 nij- o
Ry ho S e e TR AT RO the arug
sayloed tells MBAHIMBEISS thiat threcknesundd ovioraprets gsalEpeel] death and

receptor. on, the cell.surface. Re i - ini i ‘
s e
dempstabirmdaittatteminicet givith thalaysibddydiditend Afi-prs reageraft

regiqn., The mice used in this ex i :
SRS CAR TR T SR e ER BT TR o plinded
petfotreatiientficompkarte Withstivelguidly B seensrpuBeddryaversss !
animals ith Animgl_Eth ommi f il

e A R s e S e
EnGenelC Pty Ltd (Sydney, NSW, Australia). Human breast
adenocEhsinsmviicashewad AFhaprach, krchichlimsigntiraph fag 0.0004) tumor

enocisimmite ko e AL o o
SR R AR T S A N o oo gy, vhether

QUINEtr e R GBI bife Ne ainripgigsedsivitraganobserved with nan-

orporation, Carlsbad, CA, USA) and glutamine (Invitrogen) in a i
Wigriitiett elfsnsprems oftionoshal tedBwhlenedistal racinnaras rssantial. At
50 uL serum-free media together with 50 uL growth factor 10 re .

AR R3e kB BORERAEE AOF B BB RSP ) WARE T ea Tmicelsnox
%lé?&%%? COURL r%%}#%el? %@Efépw%r W@ﬁ%?e@%@@@%ﬂﬁ%ﬁ%%ﬁn% could be

gauge needle. The tumors'were measured twice a week using an _
plgeenic\digital catiperd Mitutpyo, Uspresuiravisiandmib Ui juaner rrgpssion; by

tumor volume was ¢ ted using the formula,
day 79, with just twoﬂgﬂiam?nice isggx {freatments, the tumor volumes had regressed

to between 100 mm” and 150 mm’. The complete experiment was performed 3 times,

each time yielding similar results. This showed that the BsAb-targeted minicelis

could specifically deliver a chemotherapeutic drug to a human tumor xenograft in-

vivo.

The result is a first demonstration of targeted in-vivo drug delivery to non-
phagocytic mammalian cells mediated by bacterially derived intact drug-packaged

minicells.

Interestingly, the free Doxorubicin given in the tail vein of mice {Groups 3 and
4) showed severe reaction at the site of the injection, a well known side-effect of free
Doxorubicin intravenous injections in humans. This reaction, known as Phlebitis, is
thought to be caused by drug extravasation at the site of inj ection, and associated
killing of normal cells in the localized region. In contrast, the mice given targeted or
non-targeted Doxorubicin-packaged minicells did not show any adverse reaction at

the site on the injection, suggesting that the minicell-packaged Doxorubicin prevented
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length (mm) x width 2 (mm) X 0.5 = volume (mm). 16 days
post-implantation, the 15 tumors reached volumes between 50 mm3 and
80 mm3, and mice were randomized to seven different groups of 11 per
group. The experiment was designed as follows. Group 1 (control)
received no treatment. Group 2 (control) received free Doxorubicin (5
g/gm of mouse body weight) intratumorally. This control was included to

?5%%9%92} D&éﬁ%ﬂ%&%ﬁﬁ%@&? &BTB%H'&CQ% 12 Lmgr sellsind lomsssssily,

Xxic side-effects. Group’3 (control) was the same as group 2, except that

theibokipasoisial delévanmivitsatidn iRVEAbubiyosarel g gadighl), the drug did

received.the an -Q aptigen/anti-EGFR BsAb and free Doxorubicin
in %g\e/%qréljé%uosﬁﬁtrg{&%w'the effect of BsAb in the absence of minicells.

Groups 5 and 6 received non-car?ﬁ(?teaminicellsnox intravenously and
intratundrest/reyiiespertnély, oot he iR Ak BaRcage 2

Beﬂfﬁ@{aﬁéqﬁgmpiﬁﬁﬂé SRi RS Tk St tabiliz atinie Broppsldsanand the drug
received EGFR-targeted EOERMinicellsDOXx intravenouslé&a1

d .
Peestricar i akrdp T thedeisirsh axrmiiapto et iy, %?5go.f skin

pragkpgepminigRlisesichefiart e ssabilizationCrenn B was wislydatwith
to determine if the targeted, Doxoruhicin-packaged miniglills. iven in the

e Bioresuiicdn (EHBWP PGt £0) LENRINEL BT BRSO ABRRSS i ©© o

sabilizatiqmandiQregrassianibaispesmsatethrpdeakioasg daitremiibely
tumor site (shoulder blade -41 region), djffuse through the %%o

ReRoRA b A PREBBELIRCHNY B SRR e R g sy !

SREQRHIAS s B Rk GRvoR celeieely ntheclaaeat e ditegs Td\Soaatémt
its bioactive form into_the cancer cell cytoplasm to resulé in cell defath and
&1k axﬁeer 8 minicells

RERHEASITeRYIHET Rt AR AA{0A 07 A5 THYEERISA RIS fs

@Qm@@&aéeﬁ@é ar26RI6xeh IDBeantalbipaiventsermgiemontayifineous-
24, 27 and 56 post-xenograft eséablishment All BT?EIZSUE@?NS were

BErIRREAAPal HOERHERBIY YD HRF e HelEh ppsmmcate the leaky
administeredcHiatistical @pslyImwaspetfopndd idanalieifsab vatiahoe the
ANOVA) and P, < 0.05 w iconsid dto he statisti%;lll%gi ific?lnt. Tr%%r to
O SRY FERRS o h ARG, AR (B 0BG R T 76

siabkilizationbpares e EERS @Rt absane dGtmECERMintoglsE@d on the surface
téze?%?{]:[ﬂ/{vglgté%egells and post-endocytosis, the minicells break down and release
Doxorubicin, resulting in tumor cell death and the observed tumor regression (Group
7: Figure 3), (¢) following intravenous injection the targeted and Doxorubicin-
packaged minicells reach the tumor microenvironment in significant concentration to
achieve tumor regression. Accordingly, minicells do not appear to have been '
eliminated by circulating professional phagocytic cells in significant quantities to

obviate the observed therapeutic effect.

Example 8. Highly efficient delivery of hy'dropiyobic chemotherapeutic
drug Paclitaxel via targeted and drug-packaged mipicells to human breast

cancer xenografts in nude mice.

This example demonstrates highly efficient delivery of a hydrophobic
chemotherapeutic drug, Paclitaxel, to human breast cancer xenografis in nude mice

via targeted and drug-packaged minicells. The experiment shown in example 7 was

43



10

15

20

25

given intravenously or intratumorally. No tumor regression was observed

with non targetedminicellSDOX, suggesting that the BsAb-mediated

targeting was essential. At day 63, the treatment for the minicellsDOR

group was changed to EGFRMinicellsnOX treatment to determine if the

large tumor volumes (800 mm3 to 1,200 mm3) could be 15 regressed via

the targeted therapy. The result was a dramatic tumor regression; by day

79, With j VEG. nicellsD u
e e e 0 B BT T timents
ek petfgimet 3uimesonba¢hitible-yiatdiBgcsitailal (@&¥iig) Eivsrshowwadnorally,

hat the BsAb- d minicells_could specifically dell o
B TS OTAS AU B L HERFAFPTLBPVHgh i L 90 B LR

éﬁlﬁ‘.ﬂﬁ?ﬁeﬁmm%@mﬁfﬂﬁeﬁ(mifig)dgﬂ%ﬂﬂﬁs{zxﬁeﬂagr;-( acitic

mammalian cells mediated by bacterially derlvedtinta}ct drug-packaged
el dolerestingty ihefeee Bhxrapam-gVen T thetaitebin,ogmive
(Groups 3 and 25 4) shawed severe reaction at the site of the injection, a
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pewpans, This reaction, known as, Phlgbitis, is _thought to . be caused b

i AN NP ectisn, A e Lt o e 15
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non-targeted Doxorubicin-packaged minicells did not show any adverse
reaction at 30 the site on the injection, suggesting that the

minicellThaeragtshoxed Bignpre irkky sigpihen oL BRIAD Bty
ith-skin tissue. ite.of iniection ; ike Ji o it did
e
fealaficrr minideishtheserasultssgiyge sttty toboslingr (airatimiosidard he

able to package a 5 potentiglly.fighly taxic.drug like Doxorubicin in the, ,
%ﬁ@lﬁ@?@ﬁ&&ﬁ%ﬁ@fﬁ% drug do 8?ﬁ§5’ﬁ‘é§sl%‘i%§ gﬁe&?at%%a}‘& had a
RuRicEl i emane iR GRothe. lack-ok skint Iaahiiindi e cieiobdtahow
tail'vein injection (Groups 5 and 7) that was seen with ]

any overt signs of toxicity such as fever, lethargy, loss of appetite or death. The

experiment was repeated 3 times with similar results.

This result is particularly significant, because other drug delivery vectors, like
liposomes, nanoparticles, etc., have not successfully packaged therapeutically

significant amounts of highty hydrophobic drugs like Paclitaxel. In most cases,

~ attempts were made to change the chemical structure of the vector or the drug to

enable drug packaging, often resulting in Joss of bioactivity. Our result is the first

showing that not only can such drugs be readily packaged in intact minicells, but they
can be safely delivered specifically to target diseased cells in-vivo to achieve a

therapeutic effect.

Example 9. Demonstration of versatility of targeted minicell-based drug

delivery to mammalian cells.

This example demonstrates the following: (i) targeted, drug-packaged minicell
vectors are versatile enough to achieve a therapeutic effect in a range of different non-

phagocytic cells, (i) the targeting mechanism is versatile enough to enable the use of
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free Doxorubicin (Groups 3 and 4), (b) Doxorubicin-packaged minicelis
are safe to at least the nude mice when the minicells are injected
intravenously or intratumoraly 10 (Groups 5 to 8), suggesting that the free
endotoxin (lipopolysaccharide) removal procedure adopted and
previously invented by the current inventors (U.S. patent application
nurnber PCT/IB02/04632) is sufficient to provide a dose of minicells

dififtiesehes Fraafete rrispiginaepie eafdseaselacbnand smpkistirssdfo the BGF

%%%%B?%ﬁ%ﬁlmiﬂ%ﬁ%ﬁ%&@ targeted nininellsahpeds dgesmdlse of

yugh to permeate the leaky 15 tumor neovasculature, to enable
Digkerlipidsnyrakkage diffirioe bews e t8pnatd - the tumor microenvironment,
(d) targeted Doxorubicin-packaged minicells appear to specifically bind to

the EGHp regaptonihal issmewminhe evpeexsasseyinmiiesuifiageanter cells
MDA-MB-468 cells and post-endocytosis, the minicells break d

S wn.and .
(RQYe s Bdlotullitin) ety i GRRR bR T AR ThRES bl eFine
BRANS SR dEtasReAudinkighiie B inteiolawingnatiauddBR injgchiDabt(Ehe latter
targeted and Doxorubicin- packaged minicell reacg#g&%;éner 4G
eRERS R IR HBHO RS RYSHRRREEER CarliatBH 48° fdrfgrs)» and (i)
HEYIESSaR-AEPIHIGbunRIRIGRHE ernaiEiprhafdmhBIVEyphEnusliminsded coli
by circulating professional phagocytic cells in significant quantitigs to
shfiaE IR Epse /b RHBIg BUlere fraekags g&&@@ﬁh@fﬂw efficient
glelivery of hydrophgbig che eutic drug Racli | via targes .
TR M BTG R e A, IR prore

iMiGaisbhis exapame demonstrates highly efficient delivery of a
hydrophobic chemotherapeutic drug, Paclitaxel, to human breast cancer

xenografts in {#t%%ﬁ mice; ﬁll-r%e; Q}Etm 184 %H%?&%ﬁg&%ﬁgﬂ'ﬂﬁﬁu?é treated

The expefime wn'in as -43 repeated d usin

ﬁﬁF&M&?Emaﬁﬁﬂtﬁmaaﬁwmemmm@mmﬁmﬁﬂgﬁfmmmmmx
included, (i) Gi - tumor only, (ii) G2 - free Paclitaxel (400 g).giv

(AR MBIalheFK EY 3 FroeamHLl ERE DI PSPPI EO MR ARVB-468
Ffc R hRAYEE @é}éﬁk&%ﬁl@%ﬁ@ BFITRARB A ax el I(4a0sgogivamograft

intravenously, (v) G5 - non 5 targetedminicellspac g&\l/en intra\ﬁgg&sg, (vi)

@@blmmmﬂgﬁgelmls had reachedthe point o

euthanasia.

These results demonstrated (i) that intact minicells can be used to deliver
drugs in-vivo to a range of different non-phagocytic mammalian cells, (if) that intact
minicell vectors can be targeted to a diverse range of cell surface receptors found on
the diseased cells, and (iii) that minicells can be derived from different bacterial
genera or species, yet function in a similar way, particularly with respect to drug

delivery to target cells in-vivo.

Example 10. The relationship between targeted, di'ug-packaged minicell

dose and therapeutic effect on human tumor xenografts in nude mice.

This example demonstrates the dose-effect relationship for drug-packaged
minicells. More specifically, the example shows the dose of targeted, drug-packaged
minicells required to achieve maximal therapeutic effect on human tumor xenografts

in nude mice.
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intratumorally, (vii) G7 - EGFRmiuicellspac given intravenously, (viii) GB -
EGFRminicellspac given intratumorally. The various treatments were
given on days 15, 21, 26, 29 and 33. 1 x 108 minicells were used in each
minicell treatment. The results showed (Figure 4) highly significant (p =
0.0004) tumor pac and, once more, it did 10 stabilization/regression in

mice treated with EGFRminicells not matter whether the treatment was
given indaveMbB<t) bfinmatheralRdcrreatcineiBrireeimyRts fiiablimgd as

ponslargeteaminicalseaG RsARaRd fesaeliaxe) hada segligininaiiact

on tumor growth. Throughout the experiment, mice did not show any
ovefiRrictredaeinjosliciescrereiagsthuily Dosebifip siss i diferent
Ihe AR BRRImahaRdaRERicH SHMent iR a0l avis dhinses is
particularly significant, because other ‘dfug delivery vectors, like

ingsemecs, Thaapaitidles ogtorctaveifiet {oxaegstully grelciagplds were analyzed
therapeutically significant amounts of highly hydrophobic drugs like _ g
brifithfeloidatsomina thascoagenyption e ?&Hhﬁ?@@%ﬁ@g A
RiHEie AHBSARRORDE AR NG it hRCkARLRT of 60
resulting in loss ot bioactivity. Our result is the first showing that not only
pamsuetl d0msdim tertfimpankigedinded% mirodIEbog wichosarmbisin,
safely delivered specifically to target diseased cells in-vivo to achieve a
ﬂ?éﬁ’ﬁﬁé‘{ﬁ%eﬁect. Example 9 Demonstration of versatility of targeted
minicell-based drug 25 delivery to mammalian cells. This example
demongtgtesihelfglowingie(thiar geteddin grpaikEBatianinicetrexpotessd on
are versatile enough to achieve a therapeutic effect in.a rarlﬁe of differe(gt(i) Gl

MR ApNERrdEPeeHa R P RHSFRIRG R TRYIERTHS JRTSaTEeABERY
engbles 44 difterentcell-per e8I eaRterIBIaRl P Ciseased
cgﬁs an?%%ﬁ(?te?gsﬁ%ted toﬁt‘1 eaCE%Cq;agBrEfe%Geptgr, and (iii) thes(r%q%héll vector
FSET s vessajileanetghde anabit Sieg Bexifrubicics (i €8/ edGrom
ifferent bacterial genera. In a single nude mouse xenograft exgﬁriment,
%ﬁfﬁmmammm aantal of 66ng Doxorubicin, (v) G4 - 1

EGFR .+ icellspox carrying a total of 8.5ng Doxorubicin, (v) G5 - 10°

EGFRminiceHsDOX carrying a total of 6.6ng Doxorubicin, and (vi) G6 - 10°

EGFRminiceHsDox carrying a total of 0.85ng Doxorubicin, Post-xenograft

. 3 3 .
establishment with tumor volumes between 50 mm” to 80mm’, the various doses were
intravenously administered to the mice. Tumor volumes were measured as previously

described.

The results showed (Figure 6) a clear relationship between minicell dose and

e . 8
the therapeutic effect. In terms of tumor stabilization / regression, 10

7 EGFR

ECPR i minicellspox, which in turn were

inicellspox were more effective than 10

more effective than 10° EGFRminic‘eH_sDOX. Interestingly, there was no major

difference in the Doxorubicin concentration between minicells administered to groups
3 and 4 (6.6ng and 8.5ng respectively) and groups 5 and 6 (66ng and 85ng).
However, the treatment in G4 was more effective than G3 and, similarly, treatment in

G6 was more effective than G5. This suggested that within the range of minicell and
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5 (SKOV3; ATCC. USA) were used to establish the tumor xenogratft, (ii)
the targeting BsAb was constructed using anti-O antigen MAb and
anti-HER2/neu MAD (The latter receptor is known to be overexpressed on
the surface of SKOV3 cells.), and (iii) minicells used for the treatment
were derived both from S. Typhimurium and E. coil minCDE- strains. The
minieells were packaged with Doxorubicin. non 10 targeted minicellS

R B R ands BE5Q:BRLGEHANG TR DRapdisi e B correlated to

included as controls. The results showed (Figure 5) significant tumor

siibtrlhnovhermieth eichirtioshn ecentatinp R ATBIRICT i fhe minicells.
coil minCDE- derived flminicellsDOx (p = 0.004). The SKOV3 xenografts

grew much more rapidly thagiMEA MBAGBAST e rafts, and the
experiment could only be followed up to 31 days post-xenograft

establishment hecause the control.animals had reached t int of death,. .
o eut LA FROSE P RSHERENA e ek prags oS bt ions
used to deliver drugs in-vivo to a range of different non-phagocytic
entsadian/celstrapetianistacisphtinimbe| initswweean piclapjerpagigle versus
di e Il st g i .
L B e oy tam cancer
pdtigh Jdtddndin 1930siARar(MBB)particularly with respect to drug

delivery to target cells in-vivo. Example 10. The relationship between

iargatedadregraskagss sinicaih 3 eosenandinesapetie effeeéttuloendothelial
human tumor xenografts in nude mice. This example demonstrates th
éﬁéﬁ (1984).

funsionand R ANTIPISIOBuG-pAeKEged- Fidcdfie’ More’spé

the example shows the dose of targeted, drug-packaged minicells

FEQRiremVo BRISYE e8RIPPeL thsitpeiticiaffe detivirymBnugmois4 Suppl 4: 8-14
xenografts in nude mice. -45 MDA-MB-468 (human breast

gwgrﬁcarcinoma) cells were established as xenografts between the

shoulder blades of Balb/c nu/nu mice. S. Typhimurium
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nl inCDE- derived minicells were packaged with Doxorubicin using two
different external Doxorubicin concentrations, 60 g/ml and 200 pg/ml as
described in 5 example 3. The minicellsDOx were purified (example 1)
and samples were analyzed by HPLC to determine the concentration of

‘Doxorubicin packaged within 108 minicells. The results showed that at

external Doxorubicin concentrations of 60 pg/ml. and 200 pg/ml, 108
Gurtige IsmpaockagdbesShimandieadng piexsdoraticitherspestiVelyRe0

E‘ng ﬁrﬁngx@@{lléa%g%gb%fﬁen targeted to the EGFR that is overexpressed

on s and six different mouse intravenous doses were
prepared, (i) G1 -10 8 EGFRminicellsDOx carrying a total of 660ng . .
O rilsitirP giyrestive gendosiRinrlcns hogtasshisiresthiex ofubliig in patients

gﬁﬁ%‘ém&&iéii&}é&& % EFERMDILSISRSS serr¥ingiagosal of 66ng
oxorubicin, (iv) G4 - 107 15 EGFR minicellsDOXx carrying a total of B.Sng

Doxorubicin, (v) GS - 106 EGFRminicellsDOx carrying a total of 6. R
Blaswrubicilimdaas §9vioe BB HRIHIAILBS: %Q‘?W’nﬁyét?&éﬂl %nfg'- opinion

Q,&ﬁgg@,%gggp,ic@qgj?gsgxeuggrgﬁs)establishment with tumor volumes
between 50 mm3 to 80mm3, the various doses were intravenously

dministered tqQ.the mice. Tumor volumes were measured as pkevi [ Ny
OB Fol, TS B ent Elotonb A Sl che, Hi Ml thirone in
niviaeldosaandntee thevapedtieeifdnts. ) rg3erhdd Bi&di{iGO$tabilization /

regression, 108 EGFRminicellsDOx were more effective than 107

-Rminicejl X, Whicly { 2 \Wer re. ol os. ipi
RIS b e D SRR of g i
Prptistesbioih wetrldntaiivn besssatanivliesvssiglesnBlerbindBiealps e 1331
gg?_@(f@ggﬁnd 8.5ng respectively) and groups 5 and 6 (66ng and

ng). However, the treatment in G4 was more effective than G3 and,

similarly, treatment in G6 was more effective than G5. TTs,su%s,te

d .
Deamtihi ehe FaPRROBRAT RSB AE W o EhSRLTOR R Bt fyment of
ihispatmnandherthespaidic e swrclatamier, 61: 716-721 (1995).

Daemen et al., Toxicity of Doxorubicin entrapped within long-circulating liposomes,

J. Controlled Release, 44:1-9 (1997).

de Haard ef al., A large non-immunized human Fab fragment phage library that
permits rapid isolation and kinetic analysis of high affinity antibodies, J. Biol. Chem.,

274: 18218-18230 (1999).

DeMario MD and Ratain MI. Oral chemotherapy: rationale and future directions, J.
Clin. Oncol., 16(7): 2557-2567 (1998).

Dubel e al., Bifunctional and multimeric complexes of streptavidin fused to single

chain antibodies (scFv), J. Immunol. Methods, 178: 201-209 (1995).

Gabizon et al., Pharmacokinetics of pegylated liposomal Doxorubicin: ‘review of
animal and human studies, Clin. Pharmacokinet., 42: 419-36 (2003).

-48-



10

15

20

25

minicell numbers rather than .to the concentration of drug carried within
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1): G545-52 (1997). -55 Claims: 1. Use of bacterially derived intact

minicell¥andfhispedifie kigeanets havingispeltifieiy fope Mammaliaimeal specificity
for « SHERGRICCAPLAGRPRNG,RL AGNRAING IeeeRigl MEGRIeA ERAOPUORI s in (e

the preparation of a medicament, said minicelfs corﬁ)talnlng asma
prepargiigjlerfi SR AL DidiaBIniC bR BBIR g eaphime et tlifgald Bishscific ligands
being JEHRBEEDS RAGHOEAPE iIARDBAGORY e R HRBCBY ARMSRARSYS, for use in a
e R TR A e PSR T . o
or orgapispecific ligand comprises polypeptide or carbohydrate or glycopeptide.

3. The use of claim I, wherein said bispecific ligand comprises a first arm

that carries specificity for a bacterially derived minicell surface structure

a?ﬂd a sé@Snﬁsgrﬁ{ tRAF R atricd SPaRiffity FSPE 5N IsAN) SRR FRR rRANIRRH e or
carbohypdittswrfalgeoepsptor. 4. The use of claim 3, wherein said first arm and

said second arm are monospecific. 5. The use of claim 3, wherein said

first arm and said second arm are multivalent. 6. The use of claim 3, .

wherein S5idsmlicBIrsdrisberstiieit s OipB saurisrte Te8mpp Hisheares
specifidgfyefdipopalysatchiaridel anmadt soiicethsuriacenda IRendseiiciadands specificity
fora n(yt\{h ?}%eig]c St%d mlil%gﬁgnsc%rfaé%%ascté lggc;[g rt%ri s a member of the group
co sétinyg of outer membrane proteins, pilli, fimbrae, flagella, and
cell-surface exposed carbohydrates.

4, The use of claim 3, wherein said first arm and said second arm are monospecific.
5. The use of claim 3, wherein said first arm and said second arm are multivalent.
6. The use of claim 3, wherein said minicell surface structure is an O-polysaccharide

component of a lipopolysaccharide on said minicell surface.

7. The use of 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. The use of claim 1, wherein said bispecific ligand comprises an antibody or antibody
fragment.
9. The use of claim 1, wherein said bxspecaﬁc 1§g§?}q.:compri.ses a humanized antibody.
19. The use of claim 1, wherein said minicell comprises an intact cel] wall.
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8. The use of claim 1, wherein said bispecific ligand comprises an
antibody or antibody fragment. 9. The use of claim 1, wherein said
bispecific ligand comprises a humanized antibody. 10. The use of claim 1,
wherein said minicell comprises an intact cell wall. 56 11. The use of claim
1, wherein said small molecule drug is a chemotherapeutic agent. 12.

The use of claim_1, wherein said mammalian cells are in vitro. 13. The use

of tlaim TepRePERRELL R anissRaliaglecieipes isychemotherapeutic agent.

12. The use of claim 1, wherein said mammalian celis are in vitro.

13. The use of claim 1, wherein said mammalian cells are in vivo.



