COMPOSITIONS AND METHODS FOR TARGETED IN VITRO AND IN VIVO DRUG DELIVERY TO
MAMMALIAN CELLS WA 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 cancer chemotherapy. More
particularly, the invention relates to targeted drug delivery by means of intact bacterial minicells, which
are able to deliGHD RIS BIBAENING 1, MBh M EEHEG RS FORISTARCBRER Aol WIHEIls

containing chemical or biochemical dru?!s constitute novdier v

/ vehicles, ca of, heing targeted
to specific cells: ) gmo@#&é#gﬁeciﬁcally

es e hﬁ'ﬁ Vi

G4t
bind to both a minicell syr K I 1 pg:a receptor. The
bispecific ligands med%%é{g m@%ﬁ%}ﬁm %rﬁﬁ&mﬁgggﬁgﬁ%@h that the target

cells engulf the minicells, which release their drug payload into the cytoplasm of the target cells. Once
cytoplasmically 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 bispecifle ligands. Currentl
administered systemically. AlthoudhAf&terioldE : RN
in cancer therapeutics, it also engenders serious problems. For instance, systemic exposure of normal
tissues/organs to theadpjinisteaddiicnRRAUS O SR derdRlyd Saics): andiRgled dkRE3). This is
exacerbated tg?ghe fact that systemically delivered cancer chemotherapy drugﬁ often must be

delivered at Veliartgdcsagdarasinaicomer ol st RAEBaAEY dethr g #h&Farge volume of
distribution V‘Qﬁ@ﬂxé‘ﬂ?&ﬁ?&?- fee pystRMIGIH YRadMNRIFAOR SR e deuabitagakihveitebyequires the
use of a secured catheter in a Major blood vessel. Because systemic drug administration often

requires the BX@Y Ointadihmsisirlgnisveets.cahirhiae akle o el ivsE A e inTEass ¢h as

phlebitis. Ext{gvesationel 30580 280 saRsaddonesicanttissgisanageial tielaral site of
administration, such as is commonly seen upon administration of vinca alkaloids andganthracyclines.

Because exidifghsjueahdnenssRistitanmy deltirsninelislsngonidieehbeme B Eah d8r drug
treatment straiegigs ANy AL asmEAahlien: hatalend RyLppis b RdifinisisaianeOne

approach for addressing these problems involves simgly modifying administratiop schedules or

infusion regirfitsspamfisathaling BhethisominisslbmrenEReYRiAN aL2HETECE &t however,
provides very/imited benefils Semg AitemalivgpRpreasharioRIRe ARSIt I batsmexist, each

designed to provide regional delivery, i.e., selective delivery to a tumor region. Examples of such
alternatives iﬁtﬁu‘dmﬁ@%}ﬁféﬁ% irrprirmellintrelp tridhe driael Sels ﬁﬂgé‘lﬁé‘ﬁr‘a’mﬁﬁgﬁar%%ﬁ%-arterial

delivery, chemap-amiglizatian andonhalalion el apiasalsrimpaticiaslintionsy torgaadisiistration
of chemotherapy has been studied extensively for ovarian carcinoma and other ate)é;ig%ni al tumors

(Kirmani et afeleagd; Ripshrsetes onoobpoehmbrimesy. suabrditHase il argan Cincluding
intraperitoneg| adminigiraliopanasashisye i AN MasoRabsu et relasivahedalivedog diugs to a

tumor site and reducing side effects. Other attempts to address the problems with systemic delivery of
cytotoxic  another method of drug delivery, phagocytosis- or endocytosis-competent farget 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 a ci'uci-al_:rglﬂain
cancer therapeutics, it also engenders serious problems. For instance, systemic
exposure of normal tissues/organs to the administered drug can cause severe toxicity
(Sarcsy and Reed, 1993). This is exacerbated by the fact that systemically delivered
cancer chemotherapy drugs ofien mﬁst be delivered at very high dosages to overcome
poor bioavailability of the drugs and thé 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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anticancer drugs include the use of alternative drug formulations and delivery systems, including
controlled-release biodegradable polymers, polymeric microsphere  carriers and liposomes, as well
as the co-administration of cytoprotective agents with 5antineoplastics. Chonn and Cullis, 1995; Kemp
et al., 1996; Kumanohoso et al., 1997; Schiller et at, 1996; Sharma et al., 1996; Sipos eta?., 1997.
The use of liposomes as drug carriers for chemotherapeutic agents originally was proposed as a

means for mani&%&%g&aev%dﬁm 013 4@ irBpIE etinerspstefficaby sadrdnistiatienaicty

: S - . :
(reviewed by A n, 1997). Through encapsulation of 30drugs in a mac %ngpyé% aLLiesnsuch as a
liposome, theeepiupadhefugisthbigin qg@@ﬂ?ﬁ%ﬁi%&@g%f ﬁ%lec%%%‘]gcentration I(sjlf drug in a tumor is

increased. This, ﬁgg%g%@ggwéﬁaﬂﬂ@@é@%%%%ﬁ) ypekad tmmwiﬁﬁi_m@ﬁ@?gﬁétan increase
that can be, effectively delivered to a jumor @%%ﬁﬂiﬁ?&kgﬁ%ﬂ%ﬁ Gabizon,
SIr

in the amount of dru oe, effe 0;
1995: Gabizdhedndal/mitin aboinisraiaT. £968)21 1HELBMEE S8t U rigs from metabolism and

inactivation i plas @ldgtgﬁg,agﬁgfggﬁggéynitations in the transport of large molecules or carriers .
across healthy endothelia, drugs accumulate to a reduced extent in healthy tissues (Mayer etal., 1989;

Working et al., 1994). To prolgng their circulation time, lipos Qaled \withieabietitylene oglycol
(PEG), a synthetic rg}ﬁ?@%iﬁ@BWﬁé?tﬁWS afetaﬁglf%é?&"%%%%g&gPEG hegzﬂgrc')up serves as a

barrier, stericallyiphiRiting diverephehistanthrigets gatafy adtesstbnsmileay BrREHSood

components and plasma opsonins at the liposome suyface g g'ﬁq ehystelRrbidiasagniioesof
liposomes bwm@mﬁ&n%mm%%eﬁ?ﬁf@&%%ﬁe%f Iiar(j?g;éosmeé are %eefﬁned "sterically stabilized"

(SSL) or STEALTH 1olinasemesiasioans ddnetinl oo T nsgimersg) gash &% B &'tmercial

pharmaceutical formulation of pegylated lipos t Doxorubicin, kna A58k the#th®. and Caelyx
in Europe. A hﬂb@aﬁ%‘&fﬁe?‘o‘iﬁ@%%ggshm%%r%ar%élgg&’fated’mﬁ Iiposome?for cancer treatment

(Heath et al., FPapahadjopoulos et al., 1991; Allen et al., 1992; Vaage et al., 1993b; Burke and
Gao, 1994; Sharma et S

‘ Some alternative approaches to intravenous injection also exist, each designed
to provide regional delivery, L.e., selective delivery to a tumor region. Examples of
such alternatives include polymeric implants, intra-peritoneal infusion, intra-pleural
infusion, intra-arterial delivery, chemo-embolization, and inhalation of aerosols. In
particular, intra-peritoneal administration of chemotherapy has been studied
extensively for ovarian carcinoma and other abdominal tumors (Kirmani ef al., 1594;
Alberts f al., 1996). Unfortunately, each of these delivery methods, including intra-
peritoneal administration, has achieved only marginal success at selectively delivering

drugs to a tumor site and reducing side effects.

Other attempts to address the problems with systemic delivery of cytotoxic
anticancer drugs include the use of aliernative drug formulations and delivery
systems, including controlled-release biodegradable polymers, polymeric microsphere
carriers and liposomes, as well as the co-administration of cﬁoprotective agents with

5  antineoplastics. Chonn and Cullis, 1995; Kemp et al., 1996 Kumanochoso ef al.,

1997, Schiller et al., 1996; Sharma ef al., 1956; Sipos et al., 1 997.

The use of liposomes as drug carriers for chemoﬂlerapeutic agents originally
was proposed as a means 10T manipulating drug distribution fo improve anti-tumor
efficacy and to reduce toxicity (reviewed by Allen, 1997). Through encapsulation of

30 drugs in a macromolecular carrier, such as a liposome, the volume of distribution is

-



20al., 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 drug and causes toxicity to normal tissues. Also, liposomal
25formulations of highly hydrophilic drugs can have prohibitively low bioavailability at a tumor site,

because hydrophilic dnigs have: SxHEmE oW MAMRANERE e aRdY ishisdmds dtgsrelease once

liposomal cafriers reach a tumor. Highly hydrophobic drugs also tend to _a_sso%tailte mainlg/ with the

bilayer compestrsent detirsoindhe emmint R SrprshEARSRSHHIS RIS P apitt ABURHB o of a

drug to plasma sacomeanciis.Adeiianaihe SaOE S BUcRER kiAo @ipafuppanyibeyt0sine
(ara- C) and me o?rexg&e, only enter tumor cells dire% via membrane_transporters Plggeman et

al., 1978; WileydeGahizbag29%cSatrinenemnd Megta, 1985 Martny! $892)LRCSEIFERERS A liposomal
carrier WOU'diﬁ]ﬁed o rel iclent doug neat.a: tumar site g achiens sotbprbeititieffent (Heath et
B LRI TR

al., 19835; Ma al. netal., 1992) Lastly, the use of conventjon&lﬂliposome formulations
increases a Bpattentpadioblage ity dpperorisees arsesohealtinraIq8655: GBS to localization of

drugs in reticuIoerr}glqta?%g%la%ﬁmrg%mgg%gﬁ@lgggegtm@%mgrmﬂw;g@’(b@kiﬁ@/e%ﬂen et al.,

1984, Daerndh et aP., , 1997). This problem bécomes accentuated in immune deficient patients,
such as AIDS $#ikents being treated for Kaposi's sarcoma. 10Because problems continue to hamper
significantly the success of cancer therapeutics, an urgent need exists for targeted drug delivery

strategies that will ei’@‘@f)roiong their circulation time, liposomes are coated with polyethylene.

o glycol (PEG), a synthetic hydrophilic polymer (Woodle and Lasic, 1992). The PEG
headgroup serves as a barrier, sterically inhibiting hydrophobic and electrostatic
iﬁteractions'with a variety of blood components and plasma opsonins at the liposome
surface, and thereby retards recognition of liposomes by the reticuloendothelial
system. PEG-coated liposomes are termed “sterically stabilized™ (S SL) or STEALTH

15 liposomes (Lasic and Martin, 1995). This technology gaveriseto a commercial
pharmaceutical formulation of pegylated liposomal Doxorubicin, known as Doxil in
the U.S. and Caelyx in Europe. A wide amray of other drugs also have been
eﬁcaﬁsulated in liposomes for cancer treatment (Heath ef al., 1983; Papahadjopoulos

| et al.j 1991; Allen et al., 1992; Vaage et al., 1993b; Burke and Gao, 1994; Sharma ef
20 al., 1995; Jones ef al., 1997; Working, 1998). '

Liposomal drug carriers, unfortunately, have sevefal 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 drug and causes toxicity to normal tissues. Also, liposomal
25  formulations of hi’ghly hydrophilic drugs can have prohjbitivély 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 hydrbphobic
drugs also tend {o associate mainly with the bilayer compartment of liposomes,
causing Jow entrapment stability due fo rapid redistribution of a drug to plasma
sp  components. Additionally, some drugs, such as 1-ﬁ-D—arabiﬁoﬁlranosyIcytoshle (ara-

C) and methotrexate, only enter tumor cells directly, via membrane transporters
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selectively deliver drugs to tumor cells and target organs, or protect normal tissues from administered
antineoplastic agents. Such strategies should improve the efficacy of drug treatment by increasing the
therapeutic indexes of anticancer agents, while 15minimizing the risks of drug-related toxicity. An
international patent application, PCT/IB02/04632, has described recombinant, intact minicells that
contain therapeutic nucleic acid molecules. Such minicells are effective vectors for delivering

oligonucleotiggs And.adlyRLciestidesitevhosiicalssin Wistaritbfretiio 1B2ta }H 25 h R

PCT/IB02/04632 demonsttated, for 20 example, that recombinant mini elisrRaEryinspasnalian gene
expression p’l&%d%&%i}éﬁféﬁv@f&beBDﬁi’zg%Tthchelﬁg anc t?)gr%%%ﬁagocytic cellsgl The application

also describgg the.gengliciiansioneatientf affeindiipatdaciiy Riervisdsestien Sraln Hith

heterologous nucleic acids carried Qn episomally-replicatin mj 1HReR seRakation of parent
bacteria andAlarelgl sdR2bf 1S BpilsHat 5%& éggor%gglﬁgésﬁﬁi%t e minicells. The resulting

recombigamé%{mﬁ?‘s’ﬁé’l@é?d&ﬁﬁ%@ﬁﬁpﬂfﬁd&ﬁmmﬁm PHbgodART beei@gdbecame degraded
within intracellular phagolysosomes. Surprisi ,.same of the recombij Aigseaned the
phagolysosolpealirefes ah 7288 %é%“ﬁ‘é%ﬁ&?&e% ﬁ\e'S%Igmnr}ﬁgﬁ% r%%%%sa where the
recombinant genes were expressatichysl (N 8ppliaivmshaketda a RBruRRSPISOISRicells in
human and animal gene theraEJy._ . The rglsenttinv(ﬁnt;tons%ﬁ%% epigig%@@'ggg{gcoveries
relating to mipReEIRSHARF UL TREEBR 'Wﬁ‘hé)ea S osr’improve drug delivery strategies,

especially in fhe caniexkabsanessebsmotherapy. SUMMARY OF THE INVENTION 5To address
these and other needs, the present invention provides, in one aspect, a composition consisting

essentially of intact minicells that contain.a drug,.such as cafchemathempy dabgetn a related
aspect, the inventio#ﬁ?@yﬁ’fég‘gbiw&é’a %Hecorrz\}g%iﬁ ng ( bacteriglly derived intact nﬁgic lls and (ii)

a pharmawt&%@ﬂp{@@ﬁﬁp&m@@mrmmmrfwmmdmgiééliywrﬁ%ﬁﬁegiamb?‘it)’ﬂ g to
another aspescéie}c?tii;eﬁ\)lfegé tver cricr)t\{!ggch tgég%teeifé %L@tﬂ%lé\(%@éans, or protect normal tissues
' from administered antineoplastic agents. Such strategies should improve the efficacy

1 te - : " il
of drug treatment by increasing the therapeutic indexes of anticancer-agents, while

16  minimizing the risks of drug-related toxicity.

An international patent application, PCT/IB02/04632, has'described
recombinant, intact minicells that contain therapeutic nucleic acid'molecules. Such
minicells are effective vectors for delivering oligonucleotides and polynucleotides to
host cells in vitro and in vivo. Data presented inPCT/IEOZ/O%S-Z demonstrated, for

20  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 parentbacterial strains
" with heterologous nucleic acids carried on episomally-replicatingcplasmid DNAs,
Upon separation of pafent bacteria and minicelis, some of the episomal DNA
25 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 I?NA escaped the
phagolysosomal membrane and was transported to the mammalian cell nucleus,

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

50 usefulness for minicells in human and animal gene therapy.
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method that comprises bringing bispecific ligands into contact with-(i) bacterially derived minicells that
contain a desired drug and (i) 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. 15As 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 mapalian.£els,.; H i Miesy an.alseduavsles iseeciiligapdsissatifor

targeting minicell vehicleS to mammalian host cells. The bispecific ligand may be polypeptide, 20
carbohydrateandgiyduisepsitle; apriimayaereiils dnHEATBEdler diiseny FAGREn TR Bl6red
embodimentsmtﬁlee %'31%% |8él(%{&g%%ﬁg&%tr§5@ that carries sp_ecificity for a bacterial minicell s_urface
structure and a second arm that carries specificity for a mammalian cell surface structure. A desirable
minicell surface structure for ligand binding is an 0-polysaccharide component of a lipopolysaccharide.
Desirable 25 mammalian cell surface res forli Talel! eceptors, preferably those
capable of activating receptor-mediam&%gﬁm%)ecn the invention provides a
composition comprising (i) a bacterially derived minicell that contains a drug molecule and (ii) a
bispecifigligand thafis ahkhabidlafsbindingher amsddade pormpurieneofienomiikesl BriNfo a surface
component of a mammalian cell. ~ The invent] vides another drugidelivay;metiiad that entails
bringing bact%??éelfy’(fe?f\)}géa %ﬁ%‘ﬁ:% S ?ﬁlg\&né%ﬁ%lé% %%‘%gginto contac% with target mammallgan 5 cells that
are phagocytosia-asracataeytosismshpete dghemamintsthaspets hiegoiapieosDRYédfed minicells,
which then release their drug pa Ioag.' tracel L%?I’ -'Ugg inverton furtheraraydes methodology for
loading minic%?@%ﬁ%t’é)ﬁr%%gl %Ir:\’llleng gt%?ngéétﬂ%) involves creating a cpncentgy?ign gradient of the drug
between an plextaceliticalipedicontsivinteiriey trrrefunicdiera s tnénishlle Spi@sAaENE The drug
ionaturally moves down this concentration gradient, into the minicell cytoplasm.  Another method of
loading pinicells with .ty olysiudiea e chraitnpRAVRES RaetgsaLalhadsivennditions
wherein the parent bacterial cell transcribes and translates a therapeutic nucleic acid erffodlng the
drug, such thetethed that comprises bringing bispecific ligands into contact with-(1) 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.
5 As aresult, the ligands cause the minicells to bind to the mammalian cells, the
minicells are enguifed by the mammalian cells, and the drug is released into the

cyté%lasm of the mammalian cells.

The invention also provides bispecific ligands useful for targeting minicell

vehicles to mammalian host cells. The bispecific ligand may be polypeptide,

20  carbohydrate or giYcopeptide_; and may comprise an antibody orantibody fragment.
In preferred exﬁbodiments, the bispecific ligand has-a first arm that carries specificity
for a bacterial minicell surface structure and a second arm that carries specificity for a
mammalian cell surface stracture. A desirable minicell surface structure for ligand
binding is an O-polysaccharide component of a lipopolysaccharide. Desirable

25  mammalian cell surface structures for ligand binding are receptors, preferably those

capable of activating receptor-mediated endocytosis.

In another aspect, the invention provides a composition Comprising (G)a

bacterially derived minicell that contains a drug molecule and (ii) a bispecific ligand
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drug is released into the cytoplasm of the parent bacterial cell. When the parent 15 bacterial cell
divides and forms progeny minicells, the minicells also contain the drug in their cytoplasm.  Yet
another method of loading rninicells 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 20the minicell. The invention also provides for the use of bacterially
derived intact thinicelipabid bidpadifg igandsfiogrepanngrd ofebicamaxifondsedrraidrahod of
treating disease or mod'féitn a trait adniniinistration of the medicament to a cell, tissue or organ. In
the medicame‘f‘ﬁ{r}ﬂﬂﬂ%%ﬁl c%ﬁ%%a ?ﬁgc?nblecule and bispecific ligands 25that are capable of binding
to the minicells and to target mammalian cells. Such medicaments are useful to treat various

conditions and diseadds, inctution moyides dutidesrstiy s del vesymthogiBahsabshTP&IBE culosis, but
are particularly efip e atgH O FARGEL ANRMOIRIBAKIo coniebliy RREBNAliamRignificant

improvements over conventional drug therapy techniquesby (i) reducing drug-related toxicity, because
the drug is-speeHictil} desipbrgddpteaise hularsoriteinistarapeisns, (hamammaga e s868ted side
effects at the gite of A4MUNISIATRALIN 2 DHTRM0F ARl dhec e SagidkiaRaaskaged within
minicells and ﬁ%"% i“cf)reul ??%ﬁ%‘té%%%%ﬂ r’lon-targetec?%:lells and tissugérsS a?tlthe site of administration, (iii)
eliminating the need for continuous infusion of drug, because a therapeutic dos%ff t%?et&guand
drug-packaged minicéhg iaveBaoadititiet OISy iRy BIARRAPIRRYION (001 FaRInum e BHE&iTE Bose of a

drug, becausespegifis laERNG R ARRieMat RN M samalmaes aliinafing thegbeskmpurify the
10drug, because the drug can be synthgsizedpbiolpgically by either, the Tinice | drugfgli\éfn%vehicle or
the parent bacmiacetian seedrmsrriinise sberaree oA s SeURE S RRLE Belit 8K 10 Besired

mammaljgn cells coRsilifesARRIBHAERUARIARE hearumciMaMednigatrytilanally are extracted

from rare plant or marine sources, or are very difficult to synthesize chemically. Additionally, some
15chemotherapeutic drugs, including methgtrexate, gain eptry into mammalian, ce 2 iaa
membrane-associatef! é‘ﬁgﬁ‘?ﬁ%’ }ﬂ%%wgrff?ﬂ?f.cg‘%ﬁ’rzﬂb@e&%‘ﬂ‘éﬁ OFPAE BRAWINGS

.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

15 bacterial cell divides and forms progeny minicells, the minicei}s 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

20  the minicell.

The invention also provides for the use of bacterially derived intact minicells
" and bispecific ligands in preparing a medicament for use in a method of treating
”diséa'sve or m-oér;xfying a trait by administration of the medicament to a cell, tissue or
organ. In the medicament, minicells contain a drug molecule and bispecific ligands
25 that are capable of binding to the minicells and to target mammalian cells. Such
medicaments are useful to treat various conditions and diseases, indiuding acquired
diseases such as AHJS; imeumonia and tuberculosis, but are particularly useful in the

context of cancer chemotherapy.



Figure 1 is a chart showing high performance liquid chromatography (HPLC) and liquid
chromatograph-mass spectrometry (LC-MS) quantitation of Doxorubicin 20packaged in minicells
(minicellspox). 5 x 108 minicells were packaged with various concentrations of Doxorubicin in the
external medium (shown on the x-axis). The minicellspox were purified and the Doxorubicin was
~extracted using novel procedures (described in Example 3). Doxorubicin concentration in the extracts

was measured using HELC (circles) and | C-MS (triangles) and plotted on the y-axis. 25 Figure 2 is a
chart showing drug del heer)lln f)ﬁ%“%?ﬁ%%ﬁ%é&i’ m&%%é‘é?r&‘a%ﬁggﬁfcﬁ%ﬁﬁy{é@ﬁgf#ﬂg-MBAGS)
in-vitro. A cell cytetapictbchasspy sias(pedduriad dngelktcdatedonitbesahiR-thegdtagiminicellsnox
(EGFRini nicellspox).. nan-targeted.minicellsgox (nm:largetedminicellspox), free Doxorubicin
untreated cellsﬁ%ﬁ%)iﬁncg%é@es SHsd t}%g?ﬁﬁimaég I?{?@&%ﬂgﬁftﬁeﬁﬁh&ﬁ f?ifgmd%ﬁhaﬁoﬁa%%d
GFR10111100ki&peffeektubifieel shial p dabui3O%t ioabilityhiunire afet ioells bacwellgtrdatgdswith
non-targetedminicellsoax shawed normal cell vjability. Figure 3 i a chart showing.a highly significant
therapeutic%ffe%?%éé%%ﬁ%‘é?@g%ggjﬁéﬁﬁ a%k‘&&%&%‘(ﬂ%eﬂ% i %ﬁ%l@@g%%er%human
breast cancer Sxeihegiaftst ddmiaiswaltione (iKiybiwmatnththywedd, fandadidiys: pesinfariograftdrug,
establishment'abre shown on the x.-aéis. S(}Jid trian Ie:z.I elow thg X- ndicizte the days on which

various treatments wera agmi ?s%é?e&%%e%%fﬁ B el %g%\aé(iglfﬂlcﬁ% A %nge in the
treatment of coatholgiseps BbF sndifé injdeien:GHRMnIGenHp effueiecattzsroste trdgnbteaskof
non-targetedThs%(la% 5 gargeﬁng is achieved, and (v) sometimes eliminating the need {o purify the
10 drug, because the drug can be synthesized biologically by either the minicell drug
delivery vehicle or the parent bacteria. The use of minicells. for both &ug
biosynthesis and targeted delivery to desifed mammalian cells constitutes a particular
advantage, because many drugs conventionally are exiracted from rare plant or marine
sources, or are very difficult to synthesize chemically. Additionally, some
15  chemotherapeutic drugs, including methotrexate, gain entry into mammalian cells via

a membrane-associated active transport mechanism.

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 (minicellspox). 5x 10® minicells were packaged with various
concentrations of Doxorubicin in the external medium (shown on the i—axis). The
minicellspoy were purified and the Doxorubicin was extracted using novel procedures
{described in Example 3). Doxorubicin concentration in the extracts was measured

using HPLC (circles) and LC-MS (triangles) and plotted on "i.ihe y-axis.

25  Figure 2 is a chart showing drug delivery via minicellspoy to human breast
adenocarcinoma cells (MDA-MB-468) in-vitro. A cell cytoijoxici‘ty assay was
performed on cells treated with EGFR-targeted minicellspox (EGFRminiceIISDox),

ndn-targeted minicellspox ("°"'mg°ledminicells}gox), free Doxorubicin and untreated

cells. Within 6 days after treatment, cells treated with either free Doxombicin or
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10identifies the various treatments administered to each of 8 groups of mice (n = 11 per group). Figure
4 is a chart showing a highly significant therapeutic effect of EGFR-targeted, Paclitaxel-packaged
minicells (EGFRMiniCellSpac) on human breast cancer xenografts. 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

mowing 5 nigh) MERp R oA SRLLA B o Ha s PG SR sl
minicells (HER2 g}%(;ﬁlﬁ?ﬁwﬂ)agﬁdﬁ}ﬂme&lgéégi%&%&%ﬁ%@pg&ﬁf{ﬁaﬁh@yrninicells were derived from
3 :

i
S. Typhimurlume% or E. colt (E.c.) minC parent strains. Tumor volume is shown on the y-axis,

and days postxenograft establishment are shown on the x-axis. Solid trjian Ieés bg?%vn th% X Xis
indicate the dajizorewtischaharotho winarmsnsineisuieaniSerare it e ol BEHEAHEE S various
treatments administered. to each of 7 grou anice (0. 5111 Dar groumaFiguss: @dachart showing a
dose-responsgigﬁg&%éﬁi?fﬁﬁglga ) ﬁ%ﬁ&ﬁgres&é&m}l -targeted, Doxorubicin-packaged
minicells (EGRRmipiealsIwoA68!tuneds xhoagrefishwerexdstabiistryd froBaibrograliio mice, and

groups (n=11) were, treated intravenously with 1061 r 108 E innicel g two
different conc&atARHS thﬂ&ﬁgﬁ’ﬁ"ﬂ&iﬂl.l ?ﬁé?’?}tgluﬁ?ﬁ %s%%%?ﬁso%iﬁe y-a%s%%ﬁglg%?post-

xenograft estaligheenhiiewhinis weathextaxsrSaliditisegids Delowttaaslenbsmyitite®Etays on

which various treatments were administered. The legend
indicate a cshange in tﬁf]: freatmetit of CoRHoY groups G5 and G6, where

EGFR  inicellspoy were administered instead of

non-targeted, - icellspoy. The legend

40 identifies the various treatments administered to each of 8 groups of mice (n=11per

group).

Figure 4 is a chart showing a highly significant therapeutic effect of EGFR-targeted,
Paclitaxel-packaged minicells (EGFRminicells;»ac) on human breast cancer xenografis.

15  Tumor volume is shown on the y-axis, and days post-xenografi 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 therapeutic effect of HER2/neu-

20 targeted, Doxorubicin-packaged minicells (PmmminicellsDox) on human ovarian
cancer xenografts. The minicells were derived from S. Typhimurium (S.%.) 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 {riangles below the x-axis
indicate the days on which various treatments were administered. The legend

o5 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 fumor stabilization/regression
by EGFR-targeted, Doxorubicin-packaged minicells (*°' minicellspox). MDA-MB-

468 tumor xenografts were established in Balb/c au/nu mice, and groups (n=11) were
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Sidentifies the various treatments administered to each of 7 groups of mice. DETAILED
DESCRIPTION OF THE PREFERRED EMBODIMENTS The present inventors have determined
that bacterially derived intact minicells are effective vehicles for packaging and delivering drugs to
target mammalian cells in vitro and in vivo. More patrticularly, the inventors have found that a minicell
carrying 10a drug payload can be directed to target cells, which internalize the minicell and process it
such that the drug payload is released intﬁo the cyto%l%%anRof the target cell. Surprisingly, the drug
survives this pregeskintithenbbsigomihd degr&'{jedldh one exaimglemftitestrigisubireidsiitnenfhventors

observed that drug- packaged minicells can he targeted to cancer cells, internalized | cancer
cells in 15vitrd’,°§r‘?8”(§’§’§’r%e??ﬁ% &%8h (}ggﬁ{z\g’g}“ﬁ%5398]%‘8’58%%&2?’fﬁé‘}%b@n?e‘%%%%t“
therapeutically gffestive-ams s afthieagiiverdoughiate dhes catir skl gytoptdsmitBeedhis examples,
below. In a further example, the,sg observations were corroggig‘ted % infgieyr séugies using human
tumor xenograRSIFA A The FAKS ITETBGHS W RS BR PSR g s RORGEF SGminiteliEdamonstrated

highly significamiitmer ikenegiait teduelior indllimiteré¢d iawashpdrigroupy Gaeitiee 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, (iii) that thespeufigafly sigifieaniseaneeipioRa pE RIS carerypvsiared into the
cytoplasm of intact minicells, (IV) that ntact minicell membranes are impervious to drug leakage from
minicell cytoplasm, (v) that attachment of bispecific ligands to surfage, str ctur%s Otf d{‘#}ﬁa%aged
minicells does not deﬁt@ﬁ?ﬂ%@?ﬁé’%ﬁﬁfﬁ?@l@ﬁﬁﬁ%ﬁﬁﬁ@c@@ bagisHa b‘t}gﬁg AR Bind to Target

mammalian cglis &athiipa\WiEpiid Br\iuekA¥ih@id delivering drugs to target mammalian cells in

vitro and in vivo. More particularly, the inventors have found that a minicell carrying

10 a drug payload can be directed to target cells, which internalize the minicell and
process it such that the drug payload is released into the cytoplasm of the target cell.

Surprisingly, the drug survives this process without becoming degraded.

In one example of these discoveries, the inventors observed that drug-
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 exampleg, below,

In a further example, these observations were corroborated by in-vivo studies
using human tumor xenografts in nude mice, Intravenous delivery of drug-packaged
20 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, (if) that drugs move one-way from the extraceilular
environment into the cytoplasm of intact minicells, (iii) that t_herapeu‘ticaﬂy significant

25 concentrations of drugs can be transferred into the cytoplasm of intact minicells,
(iv) that intact minicell membranes are impervious to drug léakage 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-vifro and in-vivo, (vi) that
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phagocytosis- or endocytosis-competent mammalian cells engulf drug-packaged minicells, (vii) that
non-phagocytic mammalian cells rapidly engulf surface receptor- bound drug-packaged minicells, (viii)
that after engulfed minicells are degraded within vacuoles, significant amounts of bioactive drug
escape the vacuolar membrane, 5(viii) that the escaped drug can affect its intracellular target within
the mammalian cell, (ix) that chemotherapeutic drug-packaged minicells can permeate leaky
vasculature s g}?{gﬁ ] 1NV | JoTelhi ellti ts, including
tumor regress%ggr%%n |s%j£g£§%%l |z§%€ﬁ¥%ﬁ%ﬁ%§{2§é§@e %ﬁs%ﬂc%%érkﬁgﬁg?ég%?d%g-packaged
minicells, andrpiiesds devig) Pasiemenhagadisnasimalicnntysicl srenth mafect ARG toxicity.
The ability of %Eﬂi?&ﬁ%&eg- Qrﬁi?f%?:% eSS ﬁ{ﬁm I9fFeysiatdeasansil SHERHRIRE that that intact
minicell membranes are permeable to a range of structurally dissimilar hydrophilic; hydrophobic and
amphipatic drugthiBy aortestsiivifivactenziwsioEivbitssl detigesprn bhave polaicapinir%solutes,

SO it appears inicglls IS jyi ' ISNG: ini ke unable to
expel dru%gs fr@%ﬁm@%ﬁgﬁﬁec égfé ﬁ%ggggtgﬁg%c% ségxt?xj g%%&%%ﬁ%ﬁﬁfm enter into

the bacterial cgﬁﬁp{éérﬂl&véﬂmMPauﬁé&/émg-psmﬂe@mﬁgnﬂsiﬁmmﬁ!@m@@dgq minicells are
suspended in.phosphate RWliers 09%5%%’%#191 NA.r Kg)nﬂ?é@ g%?gfgf?fﬂfﬂféﬂ iiggs.pdditionally

surprising because drugs appear simply to zoditfuse into minicell h intact minicell membranes,
yet the diffusioffetarineludirg honayditorsifor aird gisenstifstaldlizationntirices sCfvRH SRS xpected
aspect of the i lon §s.th To igL0ifi YghGo { e packaged
within minice|%8&%$g§%§£%g£%§%%§§§§%§g Eg?n%gi, m?gﬁ cyto;?lgg[r{ng c%qrﬁg}giégpgniﬁcant
concentrationsigfificudiipadbte soklisanTlosviantes 2606ii@ved that there might be insufficient spare
intracellular space to accommodate high concentrations of non-biocompatible drug solutes, without
loss of minicell intearte il rabifselt WSSO Aaves dikasilpais savndblaasisexasal

reasons. It is unexpected, for example, that drug-packaged minicells do not leak dirug into the
surprising that that intact minicell membranes are permeable to a range of sfructurally

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. Italso 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-

-loaded minicells are suspended in phosphate-buffered saline containing no drug,
minicells retain drug. This is additionally surprising because drugs appear simply to

20  diffuse into minicells through intact minicell membranes, yet the diffusion channels
are not available for drugs to diffuse out of minicells. Anocther 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-selutes. Thus, it was

‘25 believed that there might be insufficient spare intracellular space to accommodate
high concentrations of non-biocompatible drug solutes, without less 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
30 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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30extracellular space. This is a persistent problem with liposomal drug delivery vectors, and minicells,
like liposomes, are non-living vesicles. Nevertheless, although intact minicell membranes lack
selectivity to drug permeation, the membrane integrity is sufficient to prevent leakage of intracellular
solutes. Also surprising, and unlike liposornal drug delivery vectors, attachment of ligands to the
surface of drug-packaged minicells does not cause destabilization of minicell integrity or membrane

Sperturbations that result in drug leakage. Further, it is unexpected that drug-packaged minicells are
endocytosed r%ﬁ%%mm&%%éeﬁ’?ﬁﬁi‘ﬂ%ﬁﬁmIg?ﬁﬁﬁwmﬁfﬁgné%gﬁé&% 191i§and linking

the two. It wasswiigelymbeligreddnereintoredhaidacemparticlatdika lbaciefiasiay andypkketrate and

invade non-phagocytic mammalian cells via an active process inVOIVlf?jo se retioFdof

invasion-assodlBRSA B BTG HE I LY NS Rt B QL S ARESHS N G0 8% I EE Y8 cking the ability

to actively invageiagadohasieeylicinRmitaliarcRllt b R ansihemsupgidnvgsithat-diagrpackaged
minicells carrying aT:)ispecific ligand are able to extrayvasate tymor neovase(fﬁtagr in vivq\. While there

is considefabl@TBBRAIPEGARFHGIE 1B SKHESa A% IO TRt DS RARFRTHRR vasediatire, the

current view is{th3tposesdrtae aneavasealiby e arephbSod PlcnninmitineteilGahipbntatal., 2003).
Minicells carrying a surface ligand, however, are. 400nm (o 600nm i ?é me%ar Xetg%illmagﬁa?ble to
9 ST e

extravasate tulRPHEbIRIsRRsiiIRliRARd Ankine bRty or s pA R Rinicels to avoid

degradation alggils sarriisi)gikersrvaial seasens pEngritecindinioatis ava-gilajgstetcto lysosomal and
late-endosomal environments known to be harsh. and 2Q which break glown minicells, Qedspite the

harshness of THEEEENARHHE 12 AR ETHYE MO BRI ET ATy R SPUraE are refea

of drtigs are released from
minicells,i a bilegitally ackieatbeand xemrklisigritivantlying aiteicds Reliapstevdnlimiole surprising
was the discovery that a significant concentration of drug |s abﬁLe to estﬁage in itse ‘avgtsivtg fp&m, into the
mammalian c@FEYESHIRYRIPRERIRERSF e B?@%’éﬁl?ﬁ\%‘?‘?% n, HRAETO R 5%§3ncentra lons within

mammalian celige-auiipiriocvaska hergneuic kiael irdxtil itv dinvaanshie uivmwexperiments.
Yet another surprising discovery is that dru%igac,kaged‘ |n|clelllj%[§nn|m|ze gdveﬁslelselaci(e1 eefsfseg%s. For
example, at thReQifaseFIATRRG AR TR0 REHERTHRE FAPSIR R AR CEBHER & 1Niechions cause

severe skin reagHenminkiemasdrigcraskagadulature, the current view is that pores in the

15 neovasculature are 150-400 nm in diameter (Gabizon et al., 2003). Minicells carrying
a surface ligand, however, are 400nm to 600nm in diameter, yet still are able to
extravasate tamor neovasculature in-vivo. The ability of drugs packaged in minicells
to avoid degradation also is surprising for several reasons. Engulfed minicells are
subjected to lysosomal and late-endosomal environments known to be harsh, and

20 which break down minicells. Despite the harshness of these environments, 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,
into the mammalian cell cytoplasm. Pursuant to the present invention, that is, drug

25 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 drug-packaged minicells minimize
adverse side effects. For example, at the site of intravenous injection in the tail vein
of nude mice, free drug injections cause severe skin reactions, whereas drug-packaged

s¢  minicells do not cause such an adverse side effect,
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30minicells do not cause such an adverse side effect. In accord with these discoveries, the
invention provides a composition consisting essentially of intact minicells that contain a desired drug,
such as a cancer chemotherapy drug. The invention also provides a compaosition comprising (i)
bacterially derived intact minicells and (ii) a pharmaceutically acceptable carrier 5therefor, where the
rninicells contain a drug, such as a cancer chemotherapy drug. Minicells of the invention are

anucleate forms of E,,coll or pineh BRGIHRLGEUS ARG A diakIBRBRR g Coordination,

during binary fission, of cell division with DNA segregation. Prokaryotic chromosomal replication is
linked to nornzaiisisgng fisstotialishidhitans wdsipvbdscainesnain fopBEES N RS-EUEBiRYEroE0Ekample,

mutation of i, JRBESSHE1A A5 MHAC By ISR TN G RRIDUARRERRAMUHBRERNARAL the cel poles

during cell division, resulting in“production of a normal daughter cell and an anucleate minicell. See de
Boer etal., 1992 ®Raskin&rile@usect @9gicpils and fitenbbarsn agybes iy ArcopiablaifiEels are distinct

from othey smallxeeiCIRR IRk SRISIIRG and alepsedoanRInRRy iR Galiap lkatons and, i

15 contrast to minicefls, are not due to specific genetic rearrangements or episomal gene expression.
For practicing the present invention, it is desirable for minicells to have intact cell Is ("intact

] wal
minicells"). In additioMigsalssrdhsriviertin e smucksate ot alLared LA RAET Bilowing a

range of other,genelic, [aaangs e AlMIEAHARS distatirctseniin Mernasdanafexdimple in the
diviVB1 in B. subtilis. See Reeve and Cornett, 1975; Levin et at, 1992. Mjnic,ells_alﬁgk%%ntge formed

following a pediviigianoniih I feseascarione Bakazabn SrprRIEHRAONETPIS
division/chromasame Segqregation. FRICBXAMINRs RIS essien MmintvicalisA0dudiafadivision and

production of minicells. Similarly, chromosome-less minicells may result frq %&wg omOsome

D5segretfatio fompkanmpiation ofwii aesh THBRSIUE IR RS et etion in

B. subtilis (Ir dgtRtipn R Gl iraaRbah JRARtRACgTarGomnsdtion in E.
coli (Stewartgﬁgr%t'tgj% %%%A%c@glﬁ prodlr}lc{:ét';b ma 1be supplied i%itgtrar%gs. Wh%r%;%\*/grr&ga r}%ssed from a
H

high-copy nuideghirasipibane eaanvpiretioniniasdl SmasBarefde dPee PiFhibit
chromosome 1999; Hu & Lutkenhaus, 1999; Harry, 2001. Minicells are distinct from other smail

vesicles that are generated and released spontaneously in certain situations and, in
15 conlrast to minicells, are not due to specific genetic rearrangements or episomal gene
expression. For practicing the present invention, it is desirable for minicells to have

intact cell walls (“intact minicells™).

In addition to min operon mutations, anucleate minicells also are generated
following a range of other genetic rearrangements or mutations that affect sepium
20 formation, for example in the divIVB1 in B. subtilis. See Reeve and Cornett, 1975;
Levin et al., .1 992. 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
25  segregation for example the smc mutation in Bacillus subtilis (Britton ef al., 1998),
spoQJ deletion in B. subtilis (Ireton et 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 trans. When over«exprésscd from a high-copy number plasmid,
for example, CafA may enhance the rate of cell division and/or inhibit chromosome

30  partitioning after replication (Okada ef al., 1994), resulting in formation of chained
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30partitioning after replication (Okada et at, 1994), resulting in formation of chained cells and
anucleate minicells (Wachi et at, 1989; Okada et at, 1993). Minicells can be prepared from any
bacterial cell of Gram-positive or Gram-negative origin.  Minicells of the invention contain one or
more drugs. The term "drug" includes any physiologically or pharmacologically active substance that
produces a 5 local or systemic effect in animals, particularly mammals and humans. Drugs may be

inorganic or organic compounds, withoyt limitation, includi ides, proteins, pucleic.acids, and
ol moleculGL A SRUMRITH il HE LA RERH S or HRSRRB D T T Ao
forms, such adepctpngddimalecylbs;iantleotllarfGraplexedtipbartacolagigallyamigiptable salts, such
as hydrochloride, hydrobromide, sulfate, laurate, palmitate, phosphate, nitrite, nitrate, borate, acetate,

maleate, tartrate, ole3f sy 5 AR e e e A5 g s of el aypes or organic

cations, for example, quaternary ammonium, can be use of drugs, suchas bases, esters
and amides alwhaiedhenysply sotirgigatinophateeidopibidicantbe aubedancg fbatrmdreSaavater
soluble derivative thereof, or. a lvatiy, ichyin, either instanes, Qrhyits.delivery,
is converted bilogﬁlz?/lrnS giﬁlﬁg%@%%?ﬁb%lﬁqeggbﬁﬁﬁﬁ2{%&%%%2% oﬁlc p.roéesseg;g.tlo tﬁe original
therapeuticallyrastasirmor ganiragmpravids, aithpht/binicaficsl, dngdhding sepbgrsaPEdaiisy are useful in

this invention, byl GcqlhEIRQANARYAARALS Ae INRLRS LGS oHiaelhl gapgs 20 chemotherapy

drugs include nitrogen mustards, nitrosorueas, etlyleneimine, dlkane sulfonates, tetrazine, platinum
compounds, pynithidrrdcaizaidgThopnrey Asdoysriansifostanslitels afokrdaretd gaokameacy clines,
taxanes, vincg, glialgy {spnesse ki Apd ormenal agentzsFxamalarehrmotherapy
drugs are Act?k’]%&n%%r%%m%g%’ ra-C, Ana%qt_roz%’le, Ag%rag%n_ag’e, BjCNU{?Bicalutamide, 25
Bleomycin, BusulfehrGapksisatiite, i@adiontalinitaarpbormhatennitatennstiie, LNk, 2eifdeambucil,
Cisplatin, Cladribine, CPT-11, ! mide, Gytarabipe, Cytasine arabiposide, faftoxan,
Dacarbazine, 'Bgﬂc?ﬁ%%’%@% , é:ll%r%)gr’u |(1:| , e’xraz@ane,b%%gtai&gﬁ, .DOEOIEUbIlCin, DTIC, Epirubicin,
EthyleneimineaEtogoside ez watims, fludsratple qEhiorourasiBuBmideatrbtaisdstine,
Gemcitabine, 30 HerceptinHexam i0g, Hydroxy-prea il hicin, fostamide dhnoteaas.
Lomustine, Méc%fgraet%ﬁgﬁn?rﬁg%%psﬁgpfggr%%ger%fptoﬁu%e, Methotrexate, Mitomycin, Mitotane,
Mitoxantrone, v@stetipiatiyiachitake hRdiid Smatshriontosvater, sehebin ey Five Sreraeh o Ritaximab,
Steroids, Streptozogin, ST1-5 ' h?rp ifelel Moz AoRHe. L eiRasise e zine,
Thiogua_1;51in'e,B cléf%rgg? %?néd é%(’t,ff%}gg%%gﬁ, re%?s%%]ﬁ%n,Eré)fmetrexat%&\’?inblastine, Vincristine,
Vindesine, 5Vimagetinch kel eairiey Xegdutwly pH, or by other metabolic processes to the original

therapeutically active form.

Drugs having any physiological or pharmacological activity are useful in this
_invention, but cancer chemotherapy agents are preferred drugs. Useful cancer
20 chemotherapy drugs include nitrogen mustards, nitrosorueas, ethyleneimine, alkane
sulfonates, tetrazine, platinum compounds, pyrimidine analogs, purine analogs,
antimetabolites, folate analbgs, anthracyclines, taxanes, vinca alkaloids,
topoisomerase inhibitors and hérmona_l agents. Exemplary chemotherapy drugs are
Actinomycin-D, Alkeran, Ara-C, Anastrozole, Asparaginase, BiCNU, Bicalutamide,
25 Bleomycin, Busulfan, Capecitabine, Carboplatin, CarboPIaﬁ:num, Carmustine, CCNU,
Chlorambucil, Cisplatin, Cladribine, CPT-11, Cyclophosphamide, Cytarabine,
~ Cytosine arabinoside, Cytoxan, Dacarbazine, Dactinomycin, Daunorubicin,
Dexrazoxane, Docetaxel, Doxorubicin, DTIC, Epirubicin, thyleneimine, Etoposide,
Floxuridine, Fludarabine, Fluorouracil, Flutamide, Fotemustine, Gemcitabine,
30  Herceptin, Hexamethylamine, Hydroxyurea, Jdarubicin, Ifosfamide, Irinotecan,

Lomustine, Mechlorethamine, Melphalan, Mercaptopurine, Methotrexate, Mitomycin,
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Minicell-containing compositions of this invention preferably contain fewer than about 1 contaminating
parent bacterial cell per 107 minicells, more preferably contain fewer than about 1 contaminating
parent bacterial cell per 108 minicells, even more preferably contain fewer than about 1 contaminating
parent bacterial cell per 109 minicells, still more preferably contain fewer than about | contaminating
parent bacterial cell per 101 minicells and most preferably contain fewer than about 1 contaminating

parent bacterjgl cell pe 11 minicells. Methods,of puri irig mini X I{i@&%in the art and
described in ﬁ?%Z%lﬁ%éi{%onng ’sél?(}:‘ﬁmrﬁ}eatiﬁ%?%%%ﬁgies cro{s%gégwﬁation (feed flow is 15parallel
to a membrariisarface;, Porbahatd8y Ranckdedd Sachiitvabtaptersg oWk pErpeiteractd: the
membrane sugface). Optignally, the filtration combinatjo ecodedhygtifferentinlex,
centrifugatiorle?F %I%lfjo%vbi%grt:%ﬂﬁ%a?sf%%é&,e t%P ?éurﬁgflqg%g%qer%ﬁ%gf%? éle pac’te_rial cgll’s and thereby enrich
the supernatafitgforenainiSetesAipbtie Tpuriticatidn, Méthlﬁ&@ﬁﬁplﬁ@@ﬁ@t?f@d%ﬁé“m centrifugation in a
20b|ologlscally\pon}%tilgle qlélm. @%rggntnfugatlon, a minicell band is collected from the gradient,

and, optionallyfli‘ﬁe mlnleéé%sgaré U jecte %o further rounds of density gradient centrifugation to

maximize purity. The method may further include a preliminary step of performing differential

centrifugation on thd\iimiteBicemtaimnsg sappraions R MsriBMeEPR PR R AR hifferential
centrifugationyyill 25remaye some. PR ign-Glnaeas hadaakormilriaby pRHcpieg-thBIsuperatant

for minicells. Particularly effective purification methods exploit bacterial filamentation to increase

minicell purityontaie & wantben shantdrsmimingireamirpilrceriabestost 18) asisttiig™X @hmple
containing mg@%'?gé%%@mﬂmiwmg%ﬁ?é%{ﬁnt_ceﬁ@&ﬁ{iﬁhﬁﬁgﬁna@eﬁde@@taﬁaaeaﬁrg@ﬂsasrm,
leer

followed by ( ing the 'sample to obtain a purified minicell preparation.,
10 minicells, still more preferably contain fewer than about 1 contaminating parent
bacterial cell per 10'® minicells and most preferably contain fewer than about 1

contaminating parent bacterial cell per 10" minicells.

Methods of purifying minicells are known in the art and described in
PCT/IB02/04632. One such method combines cross-flow filtration (feed flow is
15 parallel to 2 membrane surface; Forbes, 1987) and dead-end filtration (feed flow is
perpendicular to the membrane surface). Optionally, the filtration combination can be
preceded by a differential centrifugation, at low centrifugal force, {o remove some

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

Another purification method employs density gradient centrifugation in a
20 biologically compatible medium. After 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
25 remove some portion of parent bacierial 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

(a) subjecting a sample containing minicells to a condition that induces parent
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Known minicell purification methods also can be combined. One highly effective combination of
methods is as follows: 5Step 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 an
isotonic and non-toxic density gradient medium. This step separates minicells from many

contaminants, 10including parent bacterial cells, with minimal loss of minicells. Preferably, this step is
repeated withireetgrialficalicn asksthioal fiBwprerdeani dolitwad dry foltradths ssmmRePto further

reduce parent [ Laqntaminaion..Step,D:Stress-induced filamentation of residual parent
o%%qgfé@ lurﬁgiy be accﬁ%%%% ET) s

bacterial cells. d by subjecting the minicell suspension to any of several
stress-inducing environmental conditions. Step E:Antibiotic treatment to killgarggﬁt: acterial cells. Step
S

F:Cross-flow filtratiork@PrsmB Bl SFhpUEEHEiAm B 08 Al AL ATEPRISARE BIEDS: he fragments,

bacterial debrigruRIeicA0IFS B0 RREEMNeReRETIaRg: so forth, and to concentrate the minicells. A
0.2 !En filter may be employed to separate minicells from small contaminants, and a 0.1 pm filter may

be employed to concgisate minicefisfisienia Readrendililrafiamimriibnathtlagienteui dedl
bacterial ' .
| culture, This step, which may be performed at 2000g for about 20 minutes, removes

most parent bacterial cells, while leaving minicells in the supernatant.
StepB: Density gradient centrifugation using an isotonic and non-toxic
-density gradient medium. This step éepa.rates minicells from many cqm;a_minants,
10 including parent bacterial cells, with minimal loss of minicells. Preferably, this step 18

repeated within a purification method.

Step C: Cross-flow filiration through a 0.45 pm filter to further reduce
parent bacterial cell contamination. '

Step D Stress-induced filamentation of residual parent bacterial cells.

1l5 This may be accomplished by subjecting the minicell suspension to any of several

stress-inducing environmental conditions.
Step E: Antibiofic 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
20  components and so forth, and to concentrate the minicells. A 0.2 pm filter may be
employed to separate minicells from small contaminants, and & 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.

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

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

In 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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cells. A 0.45 urn filter may be employed for this step. 25Step H:Removal of endotoxin from the minicell

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

In another

aspect, the invention provides a targeted drug delivery method that comprises bringing bispecific
ligands into contact with (i) bacterially derived minicells that contain a drug molecule and (ii)
mammalian cells. The bispecific ligands, having specificity for both minicell and mammalian cell
components, cause the minicells to bind to the mammalian cells, such thatﬁg minicells are engulfed

by the mammatiavceBRdhairepriaiA Y76 FrRRiases Wb (hoesruprlih siltfe
inventors four@gg]ﬁsgmm

datihe ARG

PARSFER s cells. The
WRcnisHRAdyBRRIsakletR MaRsR i eaeaalistesls cinaluding cells

that normally are refractorygo specific adhesion and endo%tosis of mini_celgf. For ex , bispecific
ERS AT

antibody ligantie withieghs@o potidadhn priersplemieshs ot

?’anti-EGF

receptor or iogptandragen Eerepiny sResificiy Ahethier mreRisinliyhindminiealito the

respective receptors on a range of target non-phagocytic cells. These cells include lung, ovarian,
brain, bresist, pelistate and skin cancer tells. Moreover, the efficient binding precedes rapid
endocytosis of the minicells by each of the non-phagocytic cells. 15Target cells of the invention include

any cell into which a g is-saibes infradusedhibnippdonadis wibedlysedlinaldtetencengeaofirug, means

that the drug carried within a minicell is delivg‘iled to the target cell, ref?rablé( i raa%%lég%ﬁy
n

target cells ar@@RaPARMisESHiPEMHBESENS IR BoITaR oA AR ARSI YA Rigon bi

anl;?eswable

Ing of a ligand,

facilitates endggytesiesRreferiat ROk sedsaipl a\0ispdphaganiytdytiganisgitiactiie @ells are not
professional phagocytes, such as macrophages, degdriti_cﬁﬁkkszand Natural Kﬂ&@({lﬂ@pctgp%ﬁreferred

anti- receptor, antl

target cells alf§RReHBFRARARsFificity on oncarm an

10  anti-androgen receptor specificity on the other arm efficiently bind minicells to the

respective receptors on a range of target non-phagocytic cells. These cells include

lung, ovarian, brain, breast, prostate and skin cancer tells. Moreover, the efficient

binding precedes 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 isto be

iptroduced. “Introduced,” when used in reference to a drug, means that the drug

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

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-

- 20  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

25  component on a minicell. Preferably, the surface component on a target cellisa

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

s0  target mammalian cells, can be used efficiently to target the minicells to the target
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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 25component on a minicell. Preferably, the
surface component on a target cell is a 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 30target mammalian
cells, can be usesheffidientbeiis fangetthedwinidells tdhe targeis rlsmmdlidn cektptoryitzandsn vivo.
Useful ligands alsq.include. keceptors,,enz s, binding peptides, fusiop/chimeric proteins and small
molecules. %ﬁgnslélge %%eg’f%%gr i%’fl‘yéréﬁggﬁaé%nrsh%dae%%a gvlg%&h?ﬁlg?g criteria: (i) specific binding
to one or more domains on the surface of intact minicells and (ii) 5specific binding to one or more
domains on the surfacBsfseiectirgafeatiartitnin ligpadds mede eibkvaaverafiyseHamhEs carries

specificiy for agcigtalladegvsdiptachinieiash sfanamLae andReerantaimiiparries

specificity for a mammalian cell surface structure. Each of the first and second arms may
multivalent Preéfeeibly bixbinsimoreronuspakinsieyven theifosrent thorueptsally 1 Bacterially

derived minicelields dessialle o e ab R ddandde Respeg Tedauha i warseride
component of a Tipopolysaccharide found on the parent bacterial céll. Other minicell surface structures

that can be exmmiq@éﬁmn@wma@@%ewmmgm@vmﬁ@% dPBEcarbohydrates
on outer memranas. LR A8 filka e 20d BagelpaelsY iRt d oot ile segments. For

binding to target cells, one arm of the ligand is specific for a surface component of a mammalian cell.
Such component8tivelaat &stlmbizecpedtamsipepnameaiiscarpohfaratb¥aliflether characterized or
uncharacterized. Cell surface receptors, especially those capable of activating receptor-mediated

“endocytogjs, are 20 desigBleselbHaseN9mPeRaNSieEdRERIRWcSIEhl sebeRir sirif of the
over-expressed on the target cell surface, confer additional selectivity for t,argetjng the c%ls to be

treated, theredj&aiRs tRepoedien Kot Belrsarsherids pompaneatist a lipopolysaccharide

found on the parent bacterial cell. Other minicell surface structures that can be
exploited for ligand binding include cell surface-exposed polypeptides and
carbohydrates on outer membranes, such as pilli, fimbrae and flagella cell surface

“15  exposed peptide segments.

For binding to target cells, one arm of the ligand is specific for a surface
- coﬁponent 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
20 desirable celt 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, metastatic cells, vasculature
cells, such as endothelial cells and smooth muscle cells, Iung cells, kidney cells, blood
25 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 ceil 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,

30 meu or c-erbB-2), which is frequently overexpressed in breast, ovarian, colon, lung,
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By way of example, one may target tumor cells, metastatic cells, vasculature cells, such as endothelial
cells and smooth muscle cells, lung cells, kidney cells, blood 25cells, bone marrow cells, brain cells,
liver cells, and so forth, or precursors 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, 30neu or
c-erbB-2), whighdsfreeguénthy wabrerpees$Eang broastWrieridesion dimh freistarecah®icervical
cancers (Hung gtaly 2000, ¢pj f Q05 K5 AR RS Dible Bxpressed in a
range of soIidgﬁmorgirgﬁgﬁkﬁﬁh%%ﬁ{&wﬁgggﬁ%% cz%]d neck, non-small céll lung and prostate
(Salomon et abrt8g5hradiaidgiydoproteimvait eptoh(Btankerystaes P alemseainret&Ptor (Singh, 1999);
serpin 5enzyme complex r r ichd e on i&g%ﬁgy&g ' : hod§ ,@ iyoblast
growth factor r%%%%l%&?&%ﬁ%%%%ﬁ?ﬁ%g@\fg?ggpféége ”orﬁiL pancreaticé(ﬁ% enocarcﬁnorlga cells
(Kleeff et at, 2682)measonideendeitetianiriois faprossetoplomarEcrriZisd natidndidyBhesis gene
therapy (Becker et o ' R2)ui0iale SEERIRLWRIGNis Sleciveuctal
overexpresseﬁ%r%%%gg‘%l%gﬁgr;%g%%%ég gl%%éﬁﬁg'rg C ’rcinlomas (G]?sg,%ip and L(Ia?(i:"ﬁ,J 2002); cell surface
glycocalyx (Batdrmicalcine@a)s dirihseffate rbc2iid)svanutaherdsithlialogayy hiagsetysrentor
inununoglobul?,lheé of; Which, s ul I efell régt&[\%§@rgﬁpry@ﬁi%iﬁ&ﬁﬂgmmtraaive
for treatment o Iungﬁg'béefgggrsl%s3%%@%%3%0%%%05%%Eaetzel etal, 19_97). In a_further example,
anti-viral, anti-2fi¢2dpialatmct certiqpavesicls tregjscttnlbevskanssrdtittitte aitacemicieons and
targeted delivery of the drugs ) ' 10.SpEEHIC Infecied celfy Siciyashbng nfgeted helper
CD4+ T-Iﬁy?mph%caﬁ%gc “muﬁgriggegr?g?eﬁ%g%{c%\ﬁ?;lrhS’rise%}?w’tibodies andgc?%y antillg%%y derivatives. As used

herein, the teripSdptibotylairetrmpagtossdi nmbmagiobul Moo kxl rRobinsrie HP Y BEM vivo
generation of o [FRGENIC ESRATSE LThe JERer PGS A0ID St bienl messnecifc and

monoclonal aﬁﬁ%%}) Ies, as well as an
for treatment of lung diseases such as Cystic Fibrosis (Kaeizel ef al., 1997).

In a further example, anti-viral, anti-microbial and anti-parasitic drugs can be
15  incorporated into intact minicells and targeted delivery of the drugs can be achieved

to specific infected cells, such as HIV-infected helper CD4+ T-lymphocytes.

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

techniques.

Wild type antibodies hﬁva four polypeptide chains, two identical heavy chains
25  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
aﬁtigen binding domain that recognizes a specific epitope. The regions of the antigen
binding domain that are most directly involved in antibody binding are

30 “éomplementarity»detennining regions” (CDRs).
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derivatives, such as single-chain antibody fragments (scFv). Antibodies and antibody derivatives
useful in the present invention also may be obtained by recombinant DNA techniques. Wild type
antibodies have four polypeptide chains, two identical heavy chains 25and 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 argdwgsh asstydpvalve R Gniaady ARRing8s®Bhtibodies, such as
"complementarity-determining regions” (CDRS). The term "antjbody" also encompasses

derivatives of ARtibSarcRagmemiadinh apiain the gt eraerebs BhR ab i T0 &% bind to

antigens. Suchamhadifasmnentsinald fagments{afagmantshediaonmainstipen-
antigen-binding domain and comprises a light_ chain and part of a hea\%]ch in béid ed 3?/ a disulfide
i

bond), Fab' (aRBAEARRIAR HehEeBRTRH bR ARG SR I T HonTRH: & Fab and

an additiopal ppstindelbsderuy: ehaimiheng k- thebingesesions kbR dwipEmbindaigcules joined
by interchain disulfide bonds in the hinge regions of the heavy chainjl), a bii%ecifg% Fagg}g%Fab
molecule haviAgTHEE SORERFS BB ARG UBRIAR S AUEATH RITUATRADSSHECFAR L W AR &RT epitope),

and 10an scFy#ibe yaighle(@igsirbipdingcateimissive degonat Raginglalgh antdddaryechain of
an antibody linked together by a chain of amino acids.) When antibqdies, including antibody
fragments, coRSHEGHEEBROPRIRG DERYYI GAES) AR BRASCBRP AP gpﬁﬁ?ﬁ%‘?ﬁ&%ﬁ%ﬁ #éomodified to

be suitable for,yfedn bimapsicRanalledchumanizramptinogiestcd o wellfaamepithesprinee, e.g.,
15 Osbourn etal., 2003. They have been modified by genetic manipulatjé_on anqeéo]éjﬁ%tvitr% {reatment to
!

reduce their aABgERIERRY AT AT RESINS IR R ERIDAY S AER0Ti Q5 4FLE e g u.s.
patents No. 6 §33,08PaNhihady P EfFether by a chain of amino acids.)

When antibodies, including antibody fragments, constitute part or all of the
ligands, they preferably are of human origin or are modified o be suitable for use in
humans. So-called “humanized antibodies” are well known in the art. See, e.g.,

15 Osbourn et al., 2603. They have beén modified by genetic manipulation and/or in

| vitro treatment to reduce their antigenicity in a human. Methods for humanizing

antibodies are described, e.g., in U.S. patents No. 6,639,055, No. 5,585,089, and
No. 5,530,101. In the simplest case, humanized antibodies are formed by grafting the
antigen-binding loops, known as complementarity-determining regions (CDRs), from

20  amouse mAb into a human IgG. See Jonesetal, 1986; Riechmann ef al., 1988; and
Verhoeyen et al., 1988. The generation of high-affinity humanized antibodies,
however, generally requires the transfer of one or more additional residues from the
so-called fMework regions (FRs) of the mouse parent mAb. Several variants of the

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

25. | Human antibodies, rather than “humanized antibodié?,”-aiso may be employed
in the invention. They have high affinity for their respective.w antigens and are
routinely obtained from very large, single-chain variable fragments (scivs) or Fab
phage display libraries. See Griffiths ef al., 1994; Vaﬁghan'_ et al., 1996; Sheets ef
al., 1998; de Haard et al., 1999; and Knappik ef al., 2000.
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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 20 a mouse inAb into a human
IgG. See Jones et al., 1986; Riebhmann etal., 1988; and Verhoeyen et al., 1988. The generation of
high-affinity humanized antibodies, however, generally requires the fransfer 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 etal., 1998. 25Human antibodies,
rather than "humanizedednltitipaties Alatsnoheiz bespenifioysugle theimeshitiofieTelipaiErigHaffinity for
their respective antigens anqI are routinely obtained from | ;ggl@m}?'%%\@rﬁmﬁﬁ gments
(says) or Fab %ﬁéﬁ% Hrilsff?aaf/1 i](j)cr;f & % @%Seyc b ftl%ge{) a?.,v%gi%l;g ughan e?al., 1996; She.e'?sa et al.,
1998; de Haardhethtd 1098 ghndithepmitkietals 2006ortdspulligarda s b BIspeEiftsingle
chain antibodigs, which, typically cQmbi Ralypept] Isting of Axyiadiefight:ehain
portion covale%ﬁ/gt%a?ﬁg%r%ﬁg%?%@h ér%hgg%%%a;%’?gﬁﬁgg%%ging variable heavy chain portion.
See U.S. Pataisna 565030 51260,283 Bnrok406177chBispd difitceosinouisisanss afiditthde by
other methods. Fqr example, chemical heteroconjugates,c &{Edopg-@fkggﬁipally linking intact
antibodies or%ﬁﬂ%‘ﬁaﬁﬁ?@% g%fnéaﬁ?g%g%gp%%ﬁ%iﬁgg?g&%a povsky etlal_., 1984. However, such
heteroconjugales:HieitifficGit¢ Kmakeskyart eprddbdibElomarvear bl breCREsEaifedSs large as
normal monoclonal antibodies. Bispecific antibodies, also,can b atedy. disulfide Jdaxchange,
which involveélé%%}ﬁ]g{igc%eal\}la%gé rneés Iﬁigfagsfgonclzla |g§ aéﬁ%%ganabo y fragments". See Glennie et al.,
1987. BecausgifiairandlsaRibirdigmebispecifimenibadien dhwycshdn kesaterbRyHsids: target

structures. Therefore, preLer ed ligands made from.the R IS{BIE SNGIDaRIBHIto dimeric,
trimeric AP tetdiRIREELNUGA zeﬂsv?o\fﬁsc%g 2R |8%%T3185£§£}1ity. gee Tomlinson and g%lliger, 2000;

Carter, 2001; fiyggentans oGl 2O04,, %8 Todorovska et al., 2001. Such conjugate structures may
be created by chemical and/or genetic cross-links. Bispecific ligands of the invention preferably

are monospecffic at gach. %%%éﬁm%o&?ioq?%ﬁeﬁig%qg%%%%m%ligaag%w effthétnd specific
sa

for a single 20 component on'target cel e other end. The Ii%ands may be multivalent at one or

both ends, forfexsmgsiestmtieréori bfrsboralrafarapbtiradriasl o Bnl et spRRAT 'S ¢

engineered into dimeric, trimeric or tetrameric conjugates to increase functional
15 affinity. See Tomlinson and Holliger, 2000; Carter, 2001; Hudson and Souriau,
2001; and Todorovska et al., 2001, Such conjugate structures may be created by

chemical and/or genetic cross-links.

Bispecific ligands of the invention preferably are monospecific at each end,
i.e., specific fora single component on minicells at one end and speciﬁc for a single
20 component on target cells at the other end. The ligands may be multivalent at one or
both endé, for example, in the form of so-called diabodies, triabodies and tetrabodies.
Seé H.udscm 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 frimer of three'scFvs, yiel_ding three
25 binding sites, and a tetrabody results from the formation of 2 tetravalent tetramer of

four scFvs, yielding four binding sites.

Several humanized, human, and mouse monoclonal antibodies and fragmf:nts
. thereof that have specificity for receptors on mammalian cells have been approved for

human therapeutic use, and the Hist is growing rapidly. See Hudson and Souriau,
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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 says, 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 bee proved for human therapeutic use, and the list is growing rapidly. See Hudson and
Souriau, 20032 @‘egﬁﬁmgﬁgf%wgﬁt%éﬁﬁﬁ‘%ﬁage ts& t%gffgoﬁﬁlgﬁig g?ﬁﬁ%qsaa hl bispecific
ligand has spesifisibifienBERPhHefRpR TRSIZRIN A rcepfitibotvaraklgyegions also can be

fused to a broad range of protein domains. Fusion to human immunoglobulin domains such as IgG1
CH3 both adds 5 mass and promagtes dimerization. See Hu et al., 1996, Fusion {o human Ig hinge-Fe

regions can add effectIPHIACYSRE RIS 5o 8857185 17ater6ITYS L PRI #BIFMultimeric
proteins promeigs matiPesizatie hunei e s fusinm domsharbsal ysthoghp B phiRathie helices

has been used to produce miniantibodies. See Pack and Pluckthun, 1992. Domains from proteins that

form hetefodinTéts RLRRTISATNCRFA IR §66d7HH Broute BishBERR dRRaRERBGEhS et al.,

1992) and, altespaighcipiadimeiisafiandomainsean:biee roineasiddodopibhaialoaisnes srbn
engineering strategies such as "knobs into holes" (Ridgway et al., 19?6) Finally fu%%%gr tein
partners can H& SRS RFICRID U IIRGEIF2808n B 3HaR En RIaRiGh &I RRTASHY &%,

streptavidin. SgeRubgliepahid B9cckTlnsaneihneseaspasiodied wkhdienbpaivideea Backpasition of
matter useful for introducing d‘rg{t}; molecyles into target m mmgc:ian cglls with r&%h er%c'encg. The
composition cOMERERD ) % Ballemar tEntTL B ARSI PR LIRS RIS GRRG 25T S W E3T and

ligand may betanyksed thasedlrscriape-iter il ddhls (Rosmibigal 6DN13913) aiyglencktbls bispecific
ligand preferably is capable of binding to a surface, 20 c?{np(%nen of the m'inic%II and,to a surface
component of@ﬁwﬁﬂﬂ%ig%@ms can be engineered to form heterodimers by engineering

strategies such as “knobs into holes” (Ridgway ef al., 1996). Finally, fusion protein
partners can be selected that provide both multimerization as well as an additional

function, e.g. streptavidin, See Dubel ef al,, 1995.

15 In another aspect, the invention provides a composition of matter useful for
introducing drug molecules into target mammalian cells with high efficiency. The
éonlpositi011 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

- 20  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

25  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

30 or without an added preservative. The formulation can be a solution, a suspension, or an
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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 25pharmaceutically acceptable carriers or excipients. The term
"pharmaceutically acceptable” means that a carrier or excipient does not abrogate biological activity of
the composition being administered, is chemically jnert and is not toxic to the organism in which it is
administF()ered.qﬁb‘fﬁﬂ?ﬁﬂbﬁ‘f@%ﬂ’é@%&%‘é@ﬂ%ﬁiﬁ%ﬁﬁ@o%%&@%ﬁﬁ?éé?%aé%np 18 %ra\slials, orin
multi-dose cogiiRaEnWithBlanpHDY: armedeg praserativéiaFledbriumatiocalc bath shéution, a
suspension, or.an_emulsion.in oily or, acujleous vehicles, an&gma conta Oforrqglgt% agents, such as

[0
suspending, stARfANGRsTarEP IR FeLiid B5LAIED RYstAtiISTe %%%énsfé?é{){&n% With the hlood of the
recipient and igjliustiatattdhy-salne, RingeEEelutiorand ggHihss! sotewtienfoste foatively,
compositions may be in lyophilized, der fqorm, for 5Sreconstitution.with a suitahle vehicle .e.qg.,
sterile, pﬁogéﬁ%@%@%ﬁﬁﬂ%ﬁé’ ﬁn%&ﬁ@%%n%ﬁ%ﬁ eaelswaogt May %’ olrcﬁO i ac a
depot preparaifine STEH teRGrastioasian uaticrssnaybe @ddmitsietgddpyratiptariatibhofigr example,
subcutaneously or intramuscularly) or by inframuscular injection. A composition of the present
invention can FERHIATHLYAROES AR, EBng&'Hﬂlfé%fbcﬂﬁ NS Eﬁias%%r%% |a% ué%’y, to

achieve the thgrapediicaifeti{sidesiathmeinetdobgbyionsystemically. Delivery may be accomplished,
for example, by oral administration, by application of the formulation to a body cavity, by inhalation or

insufflation, or by pargnteral, intramuysegular, intravenous, intrapo @#M@Qg@g{@vﬁ%ﬁg%a{eﬁ
subcutaneous, intratun%%’l",bg[#fﬁ ré’ﬁ%%%ﬁ%ﬁ‘-‘é rrﬁol}mg agen%o e and 15site of administration is
dependent oratiibitocations afttetar pedraetidisfor@latopichispstithéibhorapeetis phteptts eariedtly
targeted by inhaled.deliyer ofrthe targeted.recombinant minicellS-Si 'Iafr , amgg,ag;gpis may be
more efficientﬁﬁ}%ra}%c&lif/}’a Teraveh CL%? eﬁ?}%wﬁgy {ar e%g ?ggglrﬁg%gﬁf rr%(n?ce‘ i P’ri_mary ovarian
cancer may badirgatetkvieniisapesionta: dfie fpmitiatetet rbodybiauity iiyiedidaPOTRE present
invention further provides for drug deliver ‘I% means of.bringing bacterially.detived minicells, which
contain a drud‘,’ﬁ%?%tb?ﬂagf éﬁtﬁag%‘% dlén ceﬁ’ssct%%{’alpe{rgﬁea%%o%s;%gf@or en ocytgléis-cbmpetent.
Such mammafiaitaedd, witichtateous, intratumoral, or intradermal administration. The mode and
15 site of administration is dependent on the location of the target celis. For example,

cystic-fibrotic cells may be efﬁcieﬁtly targeted by inhaled delivery of the targeted

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

via intravenous delivery of targeted recombinant minicells. P_rimary ovarian cancer

may be treated via intraperitorieal delivery of targeted recombinant minicells.

20 | 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

25  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

30  in which macrophages and other phagocyte cells, such as neutrophils, ingest particles
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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 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 30in which macrophages and other phagocyte cells, such as neutrophils,
ingest particlepylx exdingdipg-psepeiinasiar evepirecnasticiecsurfat ettt artieiélis totally
enveloped. Although desc .%?Q[d "non-specifi¢” phagocyfogis, the involvement of specific receptors in
the process ha%%eg ggeré(&) ?ﬁ%@%@%ﬁ/ﬁbﬁ?‘w@ﬁ& $§g3?g§ﬁé®’?lé’t%€@f§§ .lg?ﬁh%f,eone form
of phagocytosipéeifituesdpteradiidn: hetuesrhay Hese diganasand igredwectp@rivlaca16d@t the
membranes of the seugo g (Shaw and Griffin, 1980., This attaclunent step, mediated by the
specific recep C‘i% ﬁ%un\(ﬁg be dependent on bacterial surface adhesins. With respect to less
virulent bacteria, such as non-enterotoxigenic E coli, phagocytosis also may occur in the absence of

surface ligands for pHdgscyie rfeceptdish8eeRisainebblc{ 1985 cfami hstarea, sihfase theaprdssent
invention encqom ut is, not.limited to the use,of minicells that githeg. sl rface
chesing i KD R R e e
(i.e., "phagocytB8is-coipeténtithest gels ypefiatit bnthetspehiScardapiacsojsithgeghiite te primary
types in mam ther.engulfi [QCEeSS. IS eraocytosi ich.i I ens
exemplified bg@%&ﬁ?ﬁ@&%ﬁﬁ%‘%&?@gﬁéﬁg s @eﬁ%&%ﬁ%%@éﬁ@%ﬁ%ﬁ%ﬁﬁﬁ%
Lactobacilli gais mntrgnteniarngraliad cpithaibl geljg aimaleplicayeotvenmsinTho dbasiserdchufisens in this
regard are Cl 5'!51&9 endent r r-medi tosis, moxg 'C it endocytosis”
(Riezma}ﬁ 191}% an(?(%léll?ﬁ 'cr)lc-:}g %ﬁé%ggﬁde%%%i%;%%ggg gﬁ%ﬁ’/ig & D%%r%?'w% .’%%her or both
may be involvesehtiment oy eiicergmssee tewt iseib thnidedstb yhentoayfiosivices that either
“endocytosiscompsientingstesilenmilsminicels AR dRNGEIN e RsRiR, Renpsentative
endocytosis-competent cells are breas epl?helﬁaF W§ enterocytes In the gastrointestinal tract,

stomach epitruelits, eatisyie nogebitddinipimgncans (!ng‘fylwmagu&iﬂi@m&ré’bhheﬂiwwﬂf When
delivering a dggg: 19 20 GG compe el PATD 3D Seh Y IIBM in mammals.

15 Another engulfing process is endocytosis, by which intracellular pathogens

| exemplified by species of Salmonella, Escherichia, Shigella, Helicobacter,
Pseudomonas and Lactobacilli gain entry to mammalian epithelial cells and replicate

-there. Two basic mechanisms in this regard are Clathrin-dependent receptor-mediated

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, stomach epithelial cells, lung epiﬂu_ilial cells, and urinary

26  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 minicells employed. For exainple, Salmonella,
Escherichia and Shigella species carry adhesins that are recégxﬁzed by endocytosis-

3o mediating receptors on enterocytes in the gastrointestinal tract, and may be suitable to
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the use of a targeting ligand, the nature of the application contemplated will influence the choice of
bacterial source for the minicells employed. For example, Salmonella, Escherichia and Shigella
species carry adhesins that are recognized by endocytosis30 mediating receptors on enterocytes in
the gastrointestinal tract, and may be suitable to deliver a drug that is effective for colon cancer cells.
Similarly, minicells derived from Helicobacter pylori, carrying adhesins specific for stomach epithelial

cells, could be suited for delivery aimed at stomach cancer cells,. Inhalation or insufflation may be ideal
for administefgVFtadRa RIS %I%%WFSW%?%&%‘&HP&%S% Qél:aerﬁr othat ggqr%y%ﬁggsains

recognized byypseminEs Riviung ARithelialtellsdisiolis cifiivied ftomakhcetoibeiiti saliteria, which

carry adhesins specific for urinary tract and hladder epjthelial cells, could, be well-suited for
rorethral SONERP P LI A1 S BB ot T R g oy

e invention also provides for
the use of bagteyially: sienivedsimtaet smificeisandtispetifteliyaddsoin prEpardgreeticantert for use in

a temethod of treating disease or modifying a trait by administration.of the, megi : Il, tissue
or organ5in therhfeTE ARSI HTRRe8HYE Xiﬁe‘ée’afﬁ% %Q%%%@aﬁﬁg a'|{s(|€)et-:-csi'fic: iuganaﬁs%%ﬁ%?mm of
binding to thegpinic AllsmRdIBdarant MaRmalian selisBucparibdifanmentsrareassehd bdageett various
conditions and diseases, including acqujred diseases such as AIRS, pn ni qgﬂgggpulosis, but
are particularﬁP@?}é@fﬁ?liﬁ’tﬁ@J& te eﬁfﬁ%@?ﬁ@%@?ﬁ%yﬁ&wﬁ@%@%&%ﬁ r%urt er provides
o ot Ty s thots of Iostioe m e eIS fe s Qi prones
or both hydrophilic an rophgbic drugs. method. of loading minigells volves
A A AR R e e S

creating a coREBNEAHYA ar medium containing the 20
minicellsand thenminicelt ayteniaamsddhenodieyagdraceil bgr samdiistratbmaifishe ghiseurer to

concentration than the minicell cytgplasm, the drug naturally. moves.down thi ion gradient,
into the miniceRAtBETEERF K& ﬂ%%%ﬂ&%%fﬁ%gﬁtg?g&gﬁg?sc%%ae%g ,rﬁgé}agv%%f&?ﬁgé%éug does not

move out of thapeiEeligands are capable of binding to the minicells and to target mammalian
cells. Such medicaments are useful to treat various conditions and diseases, including
acquired diseases such as ATDS, pneumonia and tuberculosis, but are particularly

15  useful in the context of cancer chemotherapy.

| * The invention further provides methods of loading minicells with a drug.
Using these methods, drug packaging can be accomplished for both hydrophilic and
hydrophobic drugs. One method of loading minicells with a drug_ invqlve‘s creating a
concentration gradient of the drug between an extracellular medium containing the
20  minicells and the minicell cytoplésm. When the extracellular medium contains a
higher drug concentration than the minicell cytoplasm, the dnig naturally moves down
this concentration gradient, into the minicell cytoplasm. When the concentration

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

That therapeutically significant amounts of drugs can be packaged thusly in
.25 non-living minicells without leakage is surprising for several reasons. Itis mown that
the outer envelope of live bacteria, both Gram-negative and Gram-positive, forms an
effective barrier to sohutes in the surrdu-nding 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

30  resistance to the passive diffusion and intracellular entry of hydrophobic chemicals
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That therapeutically significant amounts of drugs can be packaged thusly in 25 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-positive, forms an effective barrier to solutes in the surrounding
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 30 resistance to the passive diffusion and intracellular entry of hydrophobic chemicals that
cannot enter thmugMenﬁHehkdnygimwﬂéicfdimhhg&pmﬁﬁmdlbmﬂérﬁmhgﬁém@a“ﬁroteins
called pox-ins. Minicells contai tge same outer envelope as their parent bacterial cells. Thus, it is
surprising that BSHT %?rgb%ﬁllgs riajges, gQg”rlrlﬁilified by Doxorubicin and Vinblastine, and hydrophobic
drugs, exemplified by Paclitaxel, can be readily transferred into the minicell cytoplasm E‘% eating a
simple concentration fidistis sbitienithy srenmaaretrmeslonermsihedn pranhbaciriacen! vc{ﬁb“}‘?ments.
This suggests that th I ity =iV ; JheHBRityatides is quite
different from tl?efz% esr%'f/% o%}égp&e%?n%m@%ﬁ%ﬂg%gc ér%ﬁq%?ﬁggery that dru%élnla(?vement occurs
acteria

only in one diraGibleatinirindhydraphobie dres sperelificd wel adianrnetPRach
have-active efflyx o 1t9§{%}9ﬁ§ﬂ;|ig Icmqmt%ﬁgméﬁtﬁﬁ@ﬁ theiieytoplasm

aliSi€

;
(reviewed by égrges%%%aﬁrﬁgé%ea&r{g’? _\%/V%Irr!sl_ey, 2001). These processes are mediated by multidrug
transporters, alterdmghdtivendbegrsip-oripiettinsdipaopibicplotatog s el Ezf@éf' FRvide

variety of enviggn | W& 5 USian Ry aneidgcThatasasafiast five
AL Ao RiAcE b alanBpRERAmY A

known families, based on sequence similarity, of multidrug transporters. They include the (i) major
facilitator (MF Sjfisieradistartbersovelario paaneahibiop KDY, WeF<EHAall multidrug resistance, (iv)
multidnag and toxic compound extrusion, and (v) ATP-binding cassette families. These multidrug 20

transportgys are bacteral femkianefierag Rloieine e witlely distritdediin haoterielspecies.
Multidrug transporters should be conserved in minicell membranes, elé ey sur risiq%i ppear to be
(o L

non-functionalVee SsaRptsesatRstseniida rEeA 8 STERbR M dYE Veaghiee

necessary 1o rive

multidrug transpoiers s 25 Taess winicalisyith duiarhaiviempeliyastepthvateytoilishs, the drugs
initially can be’dissolved in an appropriate solvent. For exam&ﬁ Paclitaxel can be dis%%@q i([ga 1:1
blend of ethanGEaitMerEhdRarse EY At aknstysd }} %ﬂ%ﬁﬁ ST E RN m PBS to
achieve a soluos,of el haks ARl e diveasigaus ofssincislaapilis oo irgounts o
the organic solvent to ensure that . ] . ) £ noxi
15  cells against a wide variety of environmental toxins by active extrusion oI BOXI0US
compounds. There are at least five known families, based on sequence similarity, of
- multidrug transporters. They include the (i) major facilitator (MFS), (ii) resistance-
nodulation-cell division (RND), (iii) smail multidrug resistance, (iv) multidrug and
toxic compound extrusion, and (v) ATP-binding cassette families. These multidrug
20 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.”

25 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 ethano! and cremophore EL (polyethoxylated castor oil),
followed by a dilution in PBS to achieve a solution of Paclitaxe! that is partly diluted
in aqueous media and carries minimal amounts of the organic solvent to ensure that

30 the drug remains in solution. Minicells can be incubated in this final medium for drug
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30 the drug remains in solution. Minicells can be incubated in this final medium for drug loading.
Thus, the inventors discovered that even hydrophobic drugs can diffuse into the cytoplasm of minicells
to achieve a high and therapeutically significant cytoplasmic drug load. This is unexpected because
the minicell membrane is composed of a hydrophobic phospholipid bilayer, which would be expected
to prevent 5diffusion of hydrophobic molecules into the cytoplasm Another method of loading
minicells with drg inv,izr!?\i/es&%%turin a recombinant parent bacterial cell under conditions wherein

Il trés

the parent bac Byoioraissaysted harapat Brdereii s Arenea g HiE B9y, such

that the drug isthelegsgdaatodheigsdeinasmelidhe parshtbaciergl-aalaffpLp@mpla: a gene cluster
encoding the ceIIuIaf bios %‘f%%ic Ea way for a desired drug can be cloned and transferred into a
parent bacteridi SFRIASRA 15’3 e IOHH O HBENRS PHTAIRENRU Y Apfetnici MBI AR translation of

the gene clustentapulisdnhiasyitpesisobHee shogpiitbindhe eipplasmieiheprmel bagiesahcells,
filling the bacteéj C topl?jtm witt% ge drélg. hen the parent bacterial cell divides and forms progeny
minicells, 15th& ORI IE CBRRIA T SRR G BRIEHY The pre-packaged minicells can be

purified by any of the minicell purification processes known in the art and described above.
Similarly,*another methodtbétoasing ofihveding viiinicelis g itk al deseduituling auldedngbinant minicell that

contains an exlprgssig%gllgsmid ncodin t.idrg under. 20conditians, such th %tap%ege?%eﬁpcoding

. CCO .
the drug is tradSénbed andljt?é%lgla?’g Within the Thinice _rtxog %reﬁ%%ugr?gar(f%gs we%:aty within parent

bacterial cells temsimitelsinth&paicns bdbteapdcid sioclanicel smodiainthendiclgicacidthad ibeule that,
upon transcriplign andier ansialian. dunction.to Ameliorate pr athieruise reat.a disgase or,gomodiy a
trait in a cell; tissue of organ. For purp%sgs e pregenet escrlp]tlon, Such hicieid acid Molecules are

categorized asltstnageutdnpidie i hela iolsmibestit Qatinan Yothalthaeapduig candieiclaciettis found on

i product, AN BT P ERIA i e, SR 9 ARG REe e o1
protein, the Genetic transcription and translation of the gene cluster results in biosynthesis of the
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 culiuring
a recombinant minicell that contains an expression plasmid encoding the drug under
20  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

25 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

30  functional RNA (e.g., antisense or siRNA)ora pepti'de, polypeptide or protein, the
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production of which is desired. For example, the genetic material of interest can encode a hormone,
receptor, enzyme, or (poly) peptide of therapeutic value. A therapeutic nucleic acid molecule may be
the normal counterpart of a gene that expresses a protein that functions abnormally or that is present
in abnormal levels in a disease state, as is the case, for example, with the cystic fibrosis
transmernbrane conductance regulator in cystic fibrosis (Kerem etal., 1989; Riordan etal., 1989;
Rommens etal., 1989), with .-globin in sickle-cell anemia, and with any of a-globin, B-globin and

y-globin in thalassemifThehRRResIsQyCels Qz‘é&?g@l‘é‘%&%‘%&éﬂ&ﬁ‘é@eﬁﬁ} YrtizkAse RANA transcript

or small interfering RNA, as mentioned above. ioln treatment of cancer, a therapeutic nucleic acid

molecule suitaBREYEE GROHBOBEITR B thec prasenton(eolid pediidd phlsrararigerducthdt corresponds
to oris derivec{iam,a.genm AL IS AP ARAAIAM WD BIMQY SURRESSSIONe A W23 Mg PR gene, the

refinoblastoma gene, and the gene encoding tumor necrosis factor. A wide variety of solid tumors --
cancer, papilloPFRECHAE hRRieishal insd ersaahpramglibiorSapisosaniiir sbaerts e s Ehdon.

Representative:cancersia tigsegarddnqiida colon carainAmay RIOSIRIR SARGRmBRegskeancer, lung

cancer, skin cancer, liver cancer, bone cancer, ovary cancer, pancreas cancer, brain cancer, head and

neck cancer, drnipeigRepEESHlatoran ey Pinpfiloiesie Grersguantdud L& Bapiamd @hdidfdplexus
papilloma and yaiyngeal pARIIGBgeE¥am B'%?o%ﬁﬂ"ﬂf LEIlonS, G SR A Ry Blankiyarts,

epidermodysplasia verruciformis, ahd malighant warts. A therapeutic nucleic acid molecule for the

present inventibglalso ead WBM@NS@@Wéﬁtﬁcﬁt&m@ﬁan@@ym@idﬁaﬂmwﬁﬁaaive
prodrug into opg &ﬁ?&@eﬁf@%ﬁﬁxﬁb@?@ﬂ'Bﬁ?aﬁ%xﬁ%%eﬁﬂ%’kfﬁﬂy& ipEeduslionwhihe prodrug, the
, perhaps

target cell in effect is compelle with neighboringcells as well, to 25commit suicide.
Preclinical and clinical applications of such .a "suicide gene," which can be of non-human origin or

“human offgin, are revBWRHtRASHER K cppoen)e Bieamnsaricatualernns smelopalesvitahia s 369).
lustrative of siiiaifgne el pShMARATAI AL 1R9e 13 G0N Wit SMdpiniing dpinase (1)

cytosine deaminase (CDA) + uracil phophoribosytransferase, xanthine-guanine
phophoribosy/desMsfbim s@earthat ipsreciated 6 INITUAR SUPRERSHSRC BHb Bh RS BRPS; DeoD),
cytochrome Pﬁ@r&@i{égﬁ@t&nﬁ?&%m@&ﬂg%ﬁ@&%% A Deardinoraaick. oxidage (RARD),

respectively. Human-origin suicide genes are exemplified by genes that encode carboxypeptidase Al

(CPA), deoxy&fifnilié s (dosisesy pepiilomasrasbwerie2shopld bri&seatatir i b

gﬁiiﬁfﬂi o rﬁ%ﬁ(@éﬁfﬁ%@%@%&ﬁ?%@%&%ﬁ&%ﬂ@%ﬁhﬁﬂb%g&@mﬂ&bic acid
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
Iymphoma. Ilustrative papillomas are squamous cell papilloma, choroid plexus
papilloma and Iarﬁgeal papilloma. Examples of wart conditions are genital warts,

20  plantar warts, epidermodysplasia verruciformis, and malignant warts.

A therapeutic nucleic acid molecule for the present invention also can
comprise a DINA segment coding for an enzyme that converts an inactive prodrug info
one or more cytotoxic metabolites so that, upon in vive introduction of the prodrug,
the target cell in effect is compelled, perhaps with neighboril_ig cells as well, to

25  commit suicide. Preclinical and clinical applications of sucﬁ;a “suicide gene,” which
can be of non-human origin or human origin, are reviewed bff Spencer (2000},
~Shangara et ol. (2000) and Yazawa ef al. (2002). Tlustrative'of suicide genes of non-
human origin are those that code for HSV-thymidine kinase (¢k), cytosine deaminase
. (CDA) + uracil phophoribosytransferase, xanthine-guanine phophoribosyl-transferase
3o’ (GPT), nitroreductase (NTR), purine nucleoside phophrylase (PNP, DeoD),
cytochrome P450 (CYP4B1), carboxypeptidase G2 (CPG2), and D-amino acid
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5 on a plasmid within the parent bacterial cell or minicell. The plasmid also may contain an additional
nucleic acid segment that functions as a regulatory element, such as a promoter, a terminator, an
enhancer or a signal sequence, and that is operably linked to the therapeutic nucleic acid segment. A
plasmid within a parent bacterial cell or minicell of the invention also may io 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,@XRHRSIINNA LY hisiplegical oumiy-anplysisiddchashyréevmpliaging teokmiques.
For example, a reporter. element deli\zeredé‘)ggﬁ inSa t rninicell .acggrdig{g&&@e rgggpg&vention, 15
could code for BaSRERTeHRIE PrEuRILaRe; i 'rr%‘?fb‘é‘f%éqﬁig RBBmate b Hasrometric change
that is detectablgsoy@my3ENe)yBis GRE A RBE/Bag UBRI Bgaspasemind FR(1a8y e spactivel pf
transcriptional activation. lllustrative of these proteins are esterases, phosphatases, proteases and

-other enzymes, the T)%gég% é%f%l é\_/higﬁ]l eger‘]%ﬁ{gs g%%%aglll iﬁ%@&@@@&@ i@gﬁ%mg{gﬁreferred

examples are E. coli se; WhICh effects a cofor change via cleavage of an indigogenic
substrate,gndajyila peBinid adtside: pndm hacifaiabes IvtichioiicllzcEhe [plagraidalsaaelyde (bacterial

luciferase) or a heterocyclic, carbaxylic acid (luciferin), with the concomi elsaseeflight. Also useful
in this context F&AF8h %@?é?ﬁ%cinfy‘fﬁ%a 1%%%%%55%%)1%%%%1&?%%%88%%%% prgtein (?gFP)_o%e 25
jellyfish, Aegueteh wiciasienastaesdeiendiyPiashbrntatdl 99Enal sedisieref @RMatdted technology is

illustrated by two %‘Lﬁgﬁgg}g@g@&ﬂga@ti&%d Xyl%ie%?gg&]s.g%o‘mg'? closes a polynucleotide sequence

encoding a 23854 dpoprotein, containing a c phore formed from amino acids 65
through 67) and WO 095/21191 (discloses a modification of the cDNA for the apopeptide of A. 30
victoria GFP, providing plpepitieithiviagataidntisor setnerrpiasit of BN IB AP Fteim et at
(1994) of g Myl GFFSRAAURIEGH OX d:bdR:0 I IRPONRINGH I xciaiomeamivale.  The
following examp eslﬁalus){r te provide a more complete understanding of the invention and are
illustrative onlyeEilyrisitedtabifiplanotepkayirhysrtbasipdtopisaidychn sarediomaPrsaittedrugs
poxorubicin and MARIASAS R RRledd ndaEMerian idieRlid, wilissxamaladeonsirates that
hydrophilic drugs can be patkaged into the cytdplasm of bacterially derived intact minicells,
" histological or in situ analysis, such as by in vivo imaging techniques. For example, a

reporter element delivered by an intact minicell, according to the present invention,

15 could code for a protein that produces, in the engulfing host cell, a colorimetric or
fluorometric change that is detectable by in situ analysis and that is a quantitative or
semi-quantitative function of franscriptional activation. Illustrative of these proteins
are esterases, phosphatases, proteases and other enzymes, the activity of which

_ generateé a detectable chromophore or fluorophore.

20 Preferred examples are E. coli B-galactosidase, which effects a color change
“via cleavage of an i_ndigogenic substrate, indolyl-B-D-galactoside, and a luciferase,

which oxidizes a long-chain aldehyde (bacterial luciferase) or a heterocyclic
carboxylic acid (fuciferin), with the concomitant release of light. Also useful in this
context is a reporter element that encodes the green fluorescent protein (GFP) of the

25  jellyfish, Aequoreq victoria, as desciibed by Prasher ef al. (1995). 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 ¢DNA for the apopeptide of 4.

s0  victoria GFP, providing a peptide having altered fluorescent properties), and by a
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Doxorubicin is a strong antimitogenic anthracycline antibiotic isolated from Streptomyces peucetius,
and is commonly employed for treating breast carcinoma (Henderson et al., 1989; Cowan et al., 1991,
Chan et al., 1999; Paridaens etal., 2000; Norris et al., 2000). Even with the availability of taxanes and
other new agents, Doxorubicin remains a mainstay of treatment for patients with metastatic disease.
Vinca alkaloids constitute a chemical class of major interest in cancer 15 chemotherapy. The lead
compounds, Vinblastine and Vincristine, have been employed in clinical practice for more than thirty
years and remedpontid€ Bleisedrtalti{iko8ay o¥anhlasting TR itits aek gredifeyatibids¢-Edpgping microtubule
ends, thereby sy res}%ié] Erﬁitgtkgtggindé%nlg%%gubule dynamics. Minicells were obtained from an S.
typhimurium min utant atrain 20 generated previously, as described in international application
No. PCT/IB02/04632, and were purified via a gradient centrifugation / filarnentation / filtration /
endotoxin removal prébedattonaseripeanlssvusirate Mewitm adipaekagerisinererriRbaiL by creating
a concentratio&ggﬁg%géga gféﬁl'&?&’é(ﬁ@é‘ (mﬁ,extracellular and intracellular compartments. Drug

moved down 25 this gradient and into the minicell cytoplasm, through the intact minicell membrane.
The purified minicells Were@%ackaged with chemotherapeutic drug Doxorubicin (Sigma Chemical

Companys St. Esampigd. ddfisiseransiesirg abbaimienshiis sepceithimnbreragettiiged, the
supernatant was, (s e derhdciend VidPIRIGRISiW B LR f8SUBRENIefel [B4Akt EiBieeRRd 60 ul of

Doxorubicin solution (1mg/m1; dissolved in sterile distilled water). The suspension was incubated
overnight at 37C With(o.tatiorn to allow the Doxoyubigin to %ﬁus into the minicell cytoplasm. Excess
Doxorubicin non-spe 'ﬁ%:%ﬁ?%ﬂ%‘&fi%ﬂ%‘ﬁff&l@ﬁtéﬂ%ﬁﬁggg ]tﬁgrbuﬁﬁr%%ﬁg s é%] l\%%&%d away by
stirred cell ultrafiiéisttion as takewinlKndisdredtimact uiirdtitation cell Model 8010 (Millipore, Billerica,
MA, USA) was assembled according to the manufacturer's instructions with an ultrafiltration membrane

~disc (polyethersulfone; molegular weight cut-o_;f of O%JéD - Mill] J&ﬂ)ﬁﬁﬂ:‘%@? vwashed three
times with sterile disti 85%%?%6}?0%%%0 8§ afur ﬁtgfo’et re(‘:%&li v&iglls%%gg %/%h 2 _
16 Streptomyces peucetius, and is commonly employed for treating breast carcinoma
(Henderson et al., 1989; Cowan et al., 1991; Chan ef al., 1999; Paridaens ef al., 2000;
Norris et al., 2000). Even with the availability of taxanes and other new agents,

Doxorubicin remains a mainstay of treatment for patients with metastatic disease.

Vinca alkaloids constitute a chemical class of major interest in cancer
is 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.

Minicelis were obtained from an S. typhimurium minCDE- mutant strain
20 generated previously, as described in international 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

25  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. Lonis, MO, USA) as follows. 7 x 10°
minicells in BSG solution were centrifuged, the supernatant was discarded and the
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10 BSG. The cell was then filled with 9 ml of fresh BSG and the 1 ml solution of Doxorubicin-packaged
minicells was added. The cell was kept under a pressure of 10 psi, stirred until the volume was
reduced to 5 ml and topped-off with 5 ml BSG. Ultrafiltration was continued until the volume again
dropped to 5 ml. This topping-off/ ultrafiltration procedure was performed 6 times to enable a thorough
washing of isthe exterior surfaces of the Doxorubicin-packaged minicells. During the last ultrafiltration,
the volume was reduced to 1 ml and the sample was transferred to a sterile Eppendorf centrifuge tube,
followed by cemificgiliorcat 13:200nded for9H0 nlibde s POl ah&DoxhiviciFnivdckaged minicells.
Doxorubicin-p @gggﬂ Tl I u q‘ i \ishial using a
fluorescence rzqicroscobrg{%%ge%gdvnyg%%ﬁ%\ﬂ% %J;]‘tg%n?ﬁ:?bssﬂcﬁc?p%e, %%%(%é%%ficatioﬁeica
Microsystems, GernigithtFCEseIDuRatiobitireltointhesienigriibisiadeehfiassdesiranieiee’aptured
using the Leic er | | 1 A=J opviate filler was
used to permitac v%%é%%zgﬁo%%%ﬁéﬁ%%@%%ﬁggﬁgs%%ﬁ%%t%&t?olﬁﬁ%Eg}ﬁfng, emis%igﬁ%éSO 25rim;

red fluorescenceipiceli¥ easdbattsvashed eavedtyadtimedrephicdire flivniéon ed olightsred Bugffesting that
e Doxoruicy, b e AanSIETEd UGS iGEl ORISR Rt JESDR Y\ R R opashn

steps using the stirred ce llitration system, the | or_ublcm was unable to diffuse out of the
minicell cytoplasaerdinig wakesugridimg e adesrussionsinifan wheiligatien mepbessctiftration
E e 1 S B A PR i 18 AR o
cytoplasm was*higher than that of extrace qu r environment (BSG solution).”Control minicells that

were not incubatstedithrtieetigres) withresleolistingdoaetey odiaradibnadintesibecervagkasoridh ate that
drug-packpaing fniNiEleGASIMIER 8 RGN G relR S O Tme N B IRdRertarmed with

another cancer chemotherapeutic drug, Vinblastine, that has low solubility in water. This drug does not
autofluoresce; BencalBCibyrvkagedoningees win biidath sl steld ovas BepbusdeppseseRoiUdA), a
fluorescent analgq A cHSSiom e Wpptad traresesneBisEhe purified
minicells Were%zcﬁggg%ﬁv%ﬁ ﬁé%%%%@%%%%%ted Vinblagtin%%%léfollows: the drug was initially
dissolved in méthefidirgsionkneslativtirofetounit)/fhe) volume again donpehtetdi. PESStHBRIBEZ stock

solution of 1 mgdml inicells i 13 ' if SUPRKR isgarded
and the minicells Wiggié%gggp?g}ggé%iﬁ@%dé u Sﬁ%%%%%aggaﬁ%gf%og%%g\?&-co%%%%ﬁ \}/%laﬁsbﬁizstine

solution (famg/the sttssiosciutiars PfilbgRieseribisicpackegraivindtdb P BrEEI§IAastmI of minicell
suspension. T%&%ﬁ?&ﬁ&éﬁ’%‘ﬁ%ﬂﬂ d- QYNGR Y ahP d"iﬁh%}sfz&{ﬁ}i%%& Taalpuiadiug to

diffuse into the minicell cytoplasm. The subsequent procedures of
sterile Eppendorf 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
20 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

25  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 ultrafiltration system, the Doxorubicin
was unable to diffuse out of the minicell cytoplasm. This was surprising because,

30  during the washing steps, the concentration gradient of Doxorubicin had been

reversed, i.e., the Doxorubicin concentration in the minicell cytopiasm was higher
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washing the excess drug by ultrafiltration up to the stage of final resuspension of drug-packaged
minicells in BSG prior to visualization by fluorescence microscopy were the same as described above
for Doxorubicin. The drug-packaged minicells were mounted on glass slides and were 20visualized
using a fluorescence microscope as above and the results were captured using the Leica DC camera
and Leica IM image management software. The appropriate filter was used to permit visualization of
red fluorescence of BODTPYFL-conjugated Vinblastine. The results revealed that all the minicells

fluoresced brigitarethainsfieatingelhdn2Stivir ooy ia@BBEcsplrdivaie rfeenifeb THBI RS CY®IBlasm and,

similarly to the ohservations far Qo ic 1 Ve Washinesienssising. the stirred cell
ultrafiltration s%?%%?‘%ﬁagﬁ%(;‘ﬁ%ggﬁ%g%# g’fﬁ&%%%g@or% the minicells into the extracellular fluid.
This was surprising, too, because it is conventional wisdom thought that %%I‘y highly. h%/dr hilic solutes
can enter into a bactefialdsatonsituiiristons ek mip wiR Feh tRZhHBIL IS IR G T RS

membranes. The prESan RS ShRVhPRMELAWHRLAYEI aasvakareinat pighly hydsophilic can

diffuse through the membrane of a non-living bacterial cell derivative, such as %][minicell. Control

minicells that Wbkt thaitbesa sREBliey drIMEesn S SRS 4RSI QIR FEs EREE. 5

Example 2. Effigisnipeckaging ofdha sdimpiaRiqurnean shermsihsapensicoRygBAglitaxel in
bacterially derived intact minicells This example shows that °hyplrogﬁ:%blc dr%g can be I%aikaged

into the cytopldbintestsatwrdng Fernewdiexeiaifchld BELSTUSSIAR mimitBi St Rt MERIST4

rane is

composed of ayghasphelipidpilaarifusierofdaishly Reimphobic tedfugaeciosblhisihauser would
not be expected. Taxol (Paclitaxel, .re%i’st_ered trademark of r%l\%ers S?ét%'se Corpx{#any) is a
tricyclic ditetrefiellomginng dsetavas irskatlyedbemal rhipmg ok solptian g EEBR Yom the

needles qf the swasiameaeiV 65 feniePHe Qv RatitpwlinieneoOf the/mbsyimpotmihicells
chemotherapeutic agents, having promising antitumor activity, _. .
in BSG solution were centrifuged, supernatant was discarded and the minicells were
resuspended in 940 ul BSG and 60 ul of BODIPY-FL-conjugated Vinblastine solution
(Lmg/m! stock solution). This gave a final concentration of 60 ug of drug in 1 ml of
minicell suspension. The suspension was incubated ovamight at 37°C with rotation to
45 allow the drug to diffuse into the minicell cytoplasm. The subsequent procedures of
| washing the excess drug by ultrafiltration up to the stage of final resuspension of
drug-packaged minicells in BSG prior to visualization by fluorescence microscopy

were the same as described above for Doxorubicin.

The drug-packaged minicells were mounted on glass slides and were

- 20 visualized using a fluorescence microscope as above and the results were captured
using the Leica DC camera and Leica IM image management software. The

appropriate 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
25 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 ftom 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

so  diffusion, possibly through porin channels found in bacterial membranes. The present
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15especially against ovarian, breast, and lung cancers (Mekhail and Markman, 2002). Paclitaxel is an
antimitotic 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 G2/M phase, progress slowly in the
cell cycle without cytokinesis, form multinucleated polyploid cells, and undergo apoptosis. Paclitaxel
has an extremely 20low aqueous solubility of 0.00025 mg/m1 and has to be solubilized in certain

cosolvents such as 50% Cremophore EL and 50% Ethanol. To.demon hygiophobic drug
like Paclitaxel"&OUd B 'O'E?(ar{f%\gr\{%rd {%\?‘g%%n mm%ﬁﬁégtadfﬁﬁ‘%‘m%g@%g géé%@%{ge%r%\%ag%gﬁogPaclitaxel,
Oregon Greentitcifh donjugatadne adlitaxel-[MolgtdereRabbeld dEtigaine, ORh gsamapssibance 496

nm, 25 emissiqn 524 nm).w Stél'f?d' Two ngr%%eﬁ%%qﬁ%lv re %%)ﬁ @ghw%ﬁ}bgg&g}g\g{&lg: @) in

ethanol (to gi OREE N StdCK SOIUtidh ,an anol:crernophore EL ( ol/val; 3.79 mM
stock solutionyukgblvstestnsalution was diluted 1:10 (vol/vol) in PBS to give 758 ulvl and 379 uM stock
solutions, respectively. The latter stock solutions were added to the minicell suspension (109 minicells)

at a 1:20 30 dilution to give.afinal.co aji coRiMeRied Raslitaxel
concentrgtion#n%g%pﬁﬁ%bglﬁ&%%%%ﬁ%%%ﬁgi%n%gn? c%o ﬁ%%&%%%ﬁ% uMm, respecti\%%. The minicells
were incubatediwi P toliteud i Bre@rostynigmivedhindestieninisélbubsequently washed with

ultrafiltration as described in Example 1 for Doxorubiein and Vinblastine. The minicells were

resuspended and visggis éfmm%m%w&ﬁgwﬁmgﬁm@@mple l. The
results revealed that all minicells fluoresced bright green, su estingrﬁ%at bath methods enabled the

transfer of PagitarksHoR] Hestesithcdntiesdhimaatminte iinldeserse s IrB sl SIS e cytoplasm of
the minicell. ThiswassugisinaRecaussibyamnptExnasediinaisibs Highinlyaydphsinbidrug would
dftuse ”;;O _thgrugs across this barrier would not be expected.
Taxol (Paclitaxel; registered trademark of B;ristdl-Myers Squibb Company) is
a tricyélic diterpene originally isolated from the bark of a Pacific yew tree, and more
recently from the needles of the western yew tree Taxus brevifolia, Paclitaxel is one
of the most important chemotherapeutic agents, having promising antitumor activity,
T especially against ovarian, breast, and lung cancers (Mekhail and Markman, 2002).
Paclitaxel is an antimitotic agent that binds to tubulin in a 1:1 stoichiometry with
tubulin heterodimers stabilizing microtubules and driving a high percentage of cells to
a:frest in the G,/M phase, progress slowly in the cell cycle without cytokinesis, form
multinucleated polyploid cells, and undergo apoptosis. Paclitaxel has an extremely
20 low agueous solubility of 0.00025 mg/ml 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 mini‘ceﬁ cytoplasm, a fluorescent derivative of Paclitaxel, Oregon Green®
488 conjugated Paclitaxel (Molecular Probes, Eugene, OR, USA; absorbance 496 nm,

25  emission 524 nm) was used, Two different methods were adopted to solubilize the
drug: (i) in ethanol (i 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
(volfvol) 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

30 dilution to give a final conceniration of Oregon Green® 488 conjugated Paclitaxel
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10 minicell cytosol via the phospholipid bilayer (hydrophobic) membrane of the minicell. Additionally,
similar to the observations in the experiments in Example 1, the reversal of the osmotic gradient during
the extensive washing steps did not cause efflux of the drug out of the minicell cytoplasm. The results
in Examples 1 and 2 demonstrate that the simple techniques 15 described above can be used to
readily package both hydrophilic and hydrophobic drugs into minicell drug delivery vehicles. Example

3. Methods for determining the drug concentration in bacterially derived intact minicells. This
example demotRFSIERHIRAIEYE fBitdet fiimag tercanderrmenhosrs odbrag 70 Bidierially derived

intact minicells;Mergiparicutady fienampladeseibesamathad Joi deterivpgdhessemcentration

of Doxorubicin present in minieellspox, and demonstrates the effect of Doxorubicin concentration in a
loading solutioF? ¥ #enapislisuis AR g pRcayel MirmddistonrerspaiRed JaftaBE b dies the
ability to charagigsiz@isAackrDesheLgi s L iNaMtanJeeERRINgdheduartFkeiipRekBged 25 drug.

Previously, however, there were no methods for effectiye% disrupting bacterially derived intact

“minicells dr baBRGTEPCRIRCARIFORGARYISBASIRSEHRAE #Rksl-  Abbreviations used below
include (i) HCI; Hydrochloric acid (BDH AR MERCK, Australia), (ii) MeCN; Acetonitrile, Pesticide

Residue grade (Burdith&rstatisseneibd gerall GiinRAlsshncopykdibalht gre2mrapapsiipabtitide
Residue grade (Burdick & Jac MO; Ml lished RU water (R>101811), CIS & .RP 18; refer to
the stationary %%@ﬁé&ﬁﬁ@g%&mfgn%ﬁ?ﬁﬁtﬁ%%g% W%%?Mh”)ﬁ%%[ fis %gsgl?t is an 18
carbon long hysiseatbaitsitaimbend addalibeysiahehd et grolipcefithEhsniesasarfpisingiameter silica
particles), (iv) HPLC & LC; High perfor ce liquid.chr tography, (V) MS; spectrometry, (vi)
MS/MS: CollisRsaHtutey 4 5%8%%3%‘?&%8@&’@8%@???&%8 %r%%&'coél léivl g?eﬁsed%%é’ug ter ion
(useful imgemeningetlatsitoedleris thnghiosphaliing dignalindiselofuitbicpintiestnspiahsource ionisation
(the fon clrten I e S T B R A & B SIS MR Bl 1,

the reversal of the osmotic gradient during the extensive washing steps did not cause

efflux of the drug out of the minicell cytoplasm.

The results in Examples 1 and 2 demonsirate that the simple techniques
15 described above can be used to readily package both hydrophilic and hydrophobic
drugs into minicell drug delivery vehicles.

Example 3. Methods for determining the drug concentration in bacterially

derived intact minicelis.

This example demonstrates a method for determining the concentration of a
20 drug in bacterially derived intact minicells. More particularly, the example degcribes
a method for determining the concentration of Doxorubicin present in minicellspox,
and demonstrates the effect of Doxorubicin concentration in_a foading 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
25  drug. Previously, however, there were no methods for effectively disrupting
bacterially derived intact minicells or bacterial cells and exti‘écting 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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109 intact minicells were separately incubated in a solution of Doxorubicin at final concentrations of 5,
10, 20, 30, 40, 50, 60, 80, 100, 120, 140, 160, 180, 200 and 250 pg/mL. The mixtures were incubated
at 37C overnight with rotation. The minicells were harvested by centrifugation at 13,200 rpm / 5min
and resuspended in 15 sterile BSG. The minicell suspension was placed in an Amicon filtration
chamber (0.2 pm pore size) and washed 10 times with 10m1 of BSG per wash. The minicells were

collected and divided into duplicates of 5 x 108 minicells fi)r Doxorubi%;p xtraciggg{.lT éninicells were
centrifuged atesie0n:AvHh, '@RA s ipbHataleenaeraistlsriol 056 PEPRAR , PGt 97 riim

HCI-IPA was %?%@gﬂw%%é@aﬁb?mmmtwmﬁeaiwm& (@inuie SanjeatignaMQ (500p1)

was added and the %cles of 1 minute vortexing and 1 minute sonicatipn We(%gre eﬁated. ﬂ' he extract
was centrifugdtPtbE 55RO SIBORERN RYE RACH USSR TePLeRs R RS PAAERREd o a
HPLC 150 id, glassnaariandavialc BegauseRoxikicindbastoliugtdscesdd HRECsilanol
fluorescence-based analysis of the extracted drug was developed a Mﬁll ws. The
HPLC meshodeafaesaeditbs iheries (})ﬂ%’l@ﬂ@%ﬁa@é?&@éﬁfﬂ%?n?h rrSofirate +:05%

triethylamine %Qﬁ%g%yﬁaﬁgéma@é% iy (W Stalenady-BhaseuYaral Msimesphere RP18,
u

51.tm, 4.0mm™x 250mm, (i) Column Temp re: 40C, (iv) Injection volyme: 15p,L, 30 (iv) Detection:

Fluorescence Cellisiensadneed Eragenationefa seaqtod aigaidin 1R BIAARSS P system was
used, comprisid A IASAIRAIEY P VRN ARRRRI ofRdrs dHABIMBRKAEIEnaTASRO) nRATPERIDC) and
etec

fluorescence or, running version 7.2 SP1 rev B software. Shimadzu Corporation (Kyoto Japan).

Doxorubicin nidasuesprentsowseigpisatinn o ith Repnt 8 senseiv S AR IR FdBtANvere

reliable. é@we L3aq: 3, piacadyrenaaddiey characteristics 5 included (i) Mobile Phase: 5mM ammonium
formate (pH=3.5): MeCN = 76:24 @ 0.2mL/nain, (ii) Stationary Phase: Phenomenex Luna C18 (2),

- 5um, 2.0mm x 150mm, (iii) Column Temperature: 300C, (iy) Injection volume. 2ul . (V)L MS
system: Both the Lclghériagt SsHLs ETS FROATAFRRI TGS ?ﬁﬁ{ifgg’na(ﬁlo%%c?r% Rﬁ%éﬁ%‘%&gfc
system comprise ahLastesAmmeswith dnprg BT edocabingo, Beatstandqump, Tk 18GA0Manduent was

directly transferred to the electrospray ionization source of fhe Ther, o-‘lgmié%a LCQx gca ion trap
mass spectrofEiatg(H}-Ddibe Farkies Wd@?é‘b@?@vaatégpgr%’f@ﬁ“?%lﬁo_ 18 fode dnd MS/MS

scan mode. The RAIARLRYRSEkA IO o viplding a0dayahesian aidnteagenddine
CKe

daughter ion was tra for quantitation purposes. 15The three quoresce%tldetermg]ati%ns and the
MS results wes‘@qﬂl@ﬁagﬁﬁogam@pinicell suspension was placed in an Amicon filtration chamber

(0.2 pm pore size) and washed 10 times 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.
20 To each pellet, SOOUL of 97 mM HCI-IPA was added, followed by 5 cycles of 1
" minute vortexing and 1 minute sonication. MQ (500pL) 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
25  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, (ii) Stationary Phase: Merck Lichrosphere RP18,
S5pm, 4.0mm x 250mm, (iii} Column Temperature: 40°C, (iv) Injection volume: 15pL,
30 (iv) Detection; Fluorescence ~ Excite 480nm, Emission 550nm, (v) HPLC system: A
Shimadzu 10A VP system was used, comprising an autosampler, solvent degasser,
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(Figure 1) to indicate their equivalent [DOX] determinations (within the error bars of the
measurements). The results showed a clear correlation between the Doxorubicin concentration
extracted from minicellsnox and the external loading concentration of Doxorubicin. These experiments
were repeated 3 times with similar results. 20 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 minicelldﬁ@zahaﬁy phigssceluneMmRrC-AMbRdiethpfuaues 2 tis examile dsianstrates

that the packa %of dru%? in_minicells and attachment of ligands to the surface of drug-packaged
minicells doesMOCEAGEY iNERIRRSst b Efé"’tﬂ%’ e Minicell membrane-embedded

structures. The result is surprising because one would expect that drugs, particularly highly noxious
chemotherapeutic drﬂ?g@;mﬂﬁeinymﬁasmldrﬂesiahdmaﬂgé}% Wmé@m{ﬁ‘embrane. A
study was de5|§ Q d(%t&r @Q% (Pziu%lé %Otﬂf%m mlnécell Eé tﬁ& tﬁ nt of
bispecific Ilgan n%m rface s ruc urés antlgen componen minicells wou d cause
drug leakage andﬂ%b@ MobilideHdsiayeiv mbeddachsforotate §phit3 1‘51)3 Msﬁééfﬁé’ﬁ%@(e g., LPS

shedding). M 5.x 10) were packaged elther orub on Greene
conjugated P mnﬁ&gﬁﬁ%@%\,\g 8“‘5!511 dgleg gzrpb bgv&e eldér%g
Concentrationcm)h%met@a%ﬁa&anmlIﬁppm&aﬁxsﬁt%mmemge@cncemm&zms and the
results showed 425ng DOX and 245ng Paclitaxel, res ectlv A BsAb with %M)

04

0-antigen andBath-be ER %é&ﬁ@lﬁé’%‘%ﬁ@%@ﬁ% Hé%‘@ﬁﬁég(i’ﬁ

Briefly, bispeqific any %@a%wﬂ%ﬁwﬁﬁﬁwﬁ%bx mls@gta@ @tinTh Ewhmagmqaanugen
monoclonal antlbody (MAD) (IgGl; Biodesign g and a MAD directed against a tar cellfé%face receptor

that is m8use 1) bF S6EERSRIAY HOMEAT RIERIIRE 188 ptor (1gG;

Serotec). Themxﬁetdﬁﬁgi@%wpsﬁalmm@hylﬁlﬂaeIgpkétF@n{@giomp isg@iuifictheskignbinant
protein A/G (Pierce Biotechnology), Brlef&yproteln A/G (100 u ml final conc ratlon%ﬁzas added to

0.5 ml of a préBREr SORRPPFETIRILIAIRGSIH bR ade ATtk MR/] ﬁg}ﬁmfef?ﬁ; CRitGeH Fhd

anti-human  wag cet at m/z =543.9, vielding a daughter ion at m/z =396.8. The daughter ion was

tracked for guantitation purposes.

15 The three fluorescent determinations-and the MS results were plotted together
(Figure 1) to indicate their equivalent [DOX] determinations (within the error bars of
the ineasurements)., The results showed a clear correlation between the Doxorubicin
concentration extracted from minicellspox and the external loading concentration of
Doxorubicin. These experiments were repeated 3 .times with similar results.

20  Additionally, the techniques were adapted to determine the concentration of other
chemotherapeutié drugs like paclitaxel, Irinotecan, 5.Fluorouracil and Cisplatin

packaged in intact minicells.

Example 4. Drugs and the attachment of surface ligands do net cause minicell

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 Ioss 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
30  minicell bilayer membrane.
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EGFR MADbs, and incubated overnight at 4C. Excess antibodies were removed by  incubaton with
protein G-conjugated magnetic beads and gentle mixing at room 20 temperature for 40 mm. 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
0-antigen specific Fab arm to surface LPS. Alexa-Flour 488 (Molecular Probes; green fluorescence) or
Alexa Fluor(r) 594 (Molecular Probes; red fluorescence) was used to conjugate to the BsAb. 25 The
minicellsnox were mixeghwdthwiledesipott doBaeeminfieghthd Bribgimglofiiimgelisproindie mixed with

Alexa Fluor(r) 594-conjugated BsAb,. The varioys minicell prepargtions were visyali sing a Leica
Fluorescence fgégé&%‘%%?ﬂﬂb&%ﬁ?&%ﬁ%qé%l Semasb%r%%?iﬁ? #l?é% {g r'e%élj %%ﬁd%grr%en
fluorescence. compoidie cEIUMS)sifaniattiatBsAb attacingr itk 4he andiweinextmdriuelhkell'ac 30
surface was intense, appearjng as a complete ring. aroupd the tninicell e individual
drugs Doxoru@%ﬁgﬁﬁggﬁg‘gﬁgﬁgg e‘g’é%igb(gﬁﬁsggc\}vﬁt%lﬁ ne8 r%r%égly %?/%%%@% The drugs were
extracted fromyigicpinieslis a5 passsipackabayeAndither drug eabpgnbatiiregonetzae®ritied. The

[ARY o

drug concentrations were the same in rninicellDox and minicellgiac compared with. EGFRminicellrox

and EGFRmjnécailigated Badisxsl(MoteruisicRroaes BrsereraBithiih) RS RERaRRR) 200 Vsimitr results

were obtained using other BSADs, < -Oantj q4gg§' 2/neld, dEisshgdestadsthatdhe
methods are C%Jm §‘ﬁ%‘"r8“v{v‘| é?ﬁ‘e%é%?é%%%%%@é %gz%e ru%égg'ﬁ?gféé vector, because tsh(? drug
packaging angAsAlnatashmenhditbnaty esonvd #istahINDES hé AtigrRactitarrle stepgetiiehi the

intact minicell. 10 Example 5. Targeted delivery in-vitro of Doxorubicin to non-pbagocytic human brain

cancer cells via "ga”gigﬁﬁgﬁﬁn%t%gggﬁéﬁﬁﬂ%@%@é@ SRliSn-BhisepBRisiHemonstrates

that a chemotherape , boxoru ; aged In intact minicells carrying a cell surface-bound
_bispecifiadigandnsancta) spekfioitiydbin® @I 41280 i P gBoigdly nhisnrsaliaadhodYiface, the EGF

receplor LSonBRANE cancer Aol uans L alver o e agunibivdgmammalan
cell following endocytosis and brea n of Doxorubicin-packaged
antibody (MAB) (IgG1; Biodesign) and a MADb directed against a target cell-surface
receptor that is mouse anti-human EGFR (IgG2a; Oncogene) or mouse anti-human
HER2/neu receptor (IgG1; Serotec). The two antibodies were cross-linked via their
15  Fc regions using purified recombinant protein A/G (Pierce Biotechnology). Briefly,
protein A/G (100 pg/ml final concentration) was added to 0.5 ml of a premixed

solution containing 20 pg/ml each of anti-S. Typhimurium 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

20 ‘- 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
to surface LPS. Alexa-Flour 488® (Molecular Probes; green fluorescence) or Alexa

Fluor® 594 (Molecular Probes; red fluorescence) was used to conjugate to the BsAb.

25  The minicellspoy were mixed with Alexa-Flour 488®-conjugated BsAb and

minicellsp,e 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 minicellpae

30 surface was intense, appearing as a complete ring around the miniceli cytoplasm. The
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minicells. S. typhimurium minCDE-derived minicells were purified and packaged with Doxorubicin,
as described in Example 1. 20A 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. The bispecific antibody was tagged with a

fluorescent dygR@RaPieIsIRIZaMICANd-imErkineY flveresaetiseAurodtiaiascipiself the
targeted minicells. The procedure was as follows. Alexa Fluor, 488 rotein@%ligg kitgéglglgcular
Probes, EugeRdoprsnty SR HALeS SKer ¢ IR eI B FU RS 85?/.‘53?8 Joras8 dye

(absorbance 49donigh @NiSSIOASVE: B Mk iBFagRIUTRE CRRg e biNAB EaNjgalesk iz therfede amine
groups of the bispecific antibody according to the manufagfurer's instructionﬁsﬁU8_7_:M(ﬁ astrocytoma
cells were growinioplibxrandoveietBeincomperdigdte cultméinsieorc@itiar; GRS Biv-One

GmbH, Frickenhausen rmany). Cells.were ar {Q)BPM' %iQ, dium with 5% cosmic calf
9@3% ﬁgoﬂ%)%ﬁcm w“m&%ie r%%\ﬁ’&l cl, 'ﬂ%%bag@

serum (I—I@clo#‘e‘;’:'i_ogan, an giutamine and | at 37C with 5% CO2. Cells
were grown to 40% continency and quadruple wells were treated as follows: ( untr%zled.cells as

ionegative controls, fiyie renltarere apiped Nemeatacr §sfou(argB R AR, (d) 108

non-targeted Raxorubicirrpackagedmninics!ineanisad 08 aslambRaxaniciacpadsagad ofinicells,
The incubation reaction was terminated after 8 hrs in 2 wells of each sample an% the r%n‘fgini

1 € g
duplicate samiplefwiate delivmzieertirePoorhse i sapkimns Mlddnahatia B?Eimes with
PBS and fixe?e}ﬂi@i&%@%bﬁ%@%ﬂ%@?&@{ d0ammchefoativememwashagiteipe times with PBS

and the coverslips were inverfed onto glass microscope slides with glycerol. The coverslips were
_sealed with 1% agarose. .. _ - .
10  Example 5. Targeted delivery in-vitro of Doxorubicin {o non-phagocytic human

brain cancer cells via ligand-targeted and Doxorubicin-packaged minicells

This example demonstrates that a chemotherapeutic drug, Doxorubicin,
packaged in intact minicells carrying a cell surface-bound Bispeciﬁc ligand, can (a)
specifically bind to a target non-phagocytic mammalian cell surface, the EGF receptor
45 on human brain cancer cells, and (b) deliver the drug intracellularly within the

mammalian cell following endocytosis and breakdown of Doxorubicin-packaged

minicells.

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

IDox.orubicin, as described in Example 1.

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.

The bispecifi¢c antibody was tagged with a fluorescent dye to enable
visualization and tracking, by fluorescence confocal micrescopy, of the targeted

mihicells. The procedure was as follows. Alexa Fluor 488 protein labeling kit
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The slides were viewed by fluorescence confocal microscopy (Fluoview, Olympus America, Melville,
NY, USA). Fluorescence and Differential Image 20Contrast (DIC) images were collected and the
results revealed that within 8 Ins of incubation, targeted (carrying the Alexa Fluor 488-conjugated
bispecific 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 very few 25cells. This suggested that the

bispecific antippeyspesifealyscraplac IERDUAYbisinpatkapddininibiitifistronglyddhere to the
surface of the astrocytoma cells, presumably via the EGT receptar. After 24 rs co-in ion of
astrocytoma cA&@1dH96%8 Eizqgﬁ%{gﬁﬂéﬁ ﬁ%?&@ﬁgxtﬁsé%?e%g%r%l hg’ﬁ??glrgigtoe%ﬁf!?ég i%esuﬁs, when
visualized for reghfluareseange (Rexarhicinaiobbdrestgretfis redhoshowerd daghatthrost
astrocytoma cells carried intense red fluorescent dots on the cell surface and many cells showed

diffuse red fluREBREFEE SRSt B ytoplasm, as determined by viewing sections through the cell
by fluorescence confocal microscopy. This result contrasted with that for astrocytoma cells incubated
for 24 hisgwith non-tatigied ®exovapicmpechagedergivivalm Wharm saxeskas i 2w SE8HE dots

(non-specific adhesion of minicells) could begbserved ana ]%%EHE; s adggests thatimany of Sthe

Doxorubicin-pﬁ%ﬁﬁﬁ%@%ﬁﬁc@ |ssLa§t)’d %é%ef;:?;g?ng%ee ,moéﬁ}igeyviau-é%?: receg%?-mediated

endocytosis angibgtcoma RIENEEN 6 4(hch biokervdtwiVesus mile 86 genarDdkan o h 08aTinYie

astrocytoma toplasm, The results were further ' greensiueresesniad red
CRE R M e e S R SRR g &, 0reenWerens

fluorescent im revea most of the green dots co-localized with the red dots,

resulting in yeHows t0afitsntiherdfiusdnepl ¢ valisvenc toted axd Bavrsr (RtHR oA tEsE S ma cell

cytoplasm remained red, su ingdhat the Doxorubicin (r N gIsses, WA longer
ﬁackage@witmﬁ%%vﬁ?ﬁf&%ﬂ%?(nglelaaél rg%rﬁﬁ?g‘?ngm%%lélﬁﬁgl c?alized bgiéaggcificg) ?r?tibod ), further
suggesting thahsacesrididaintiatdractbtBrorodiiyinpediagddmaivireioehdinl Hicksgdithe
Doxorubicin wjthin the.astrocytoma cell 15cytoplasm. el Qk@t@vﬁg‘@ﬁﬂﬁiﬁ@ﬁ@% ice]lynediated
drug deIivery%WB%%ﬁ%i@?é%aﬁ%gm%gf%rﬁ %’el S Heubati ' .
in 2 wells of each sample and the remaining duplicate samples were terminated after
24 hrs. After incubation, the cells were washed four times with PBS and fixed with
15 4% formaldehyde for 10 min. The fixative was washed three times with PBS and the
coverslips were inverted onto glass microscope slides with glycerol. The coverslips

were sealed with 1% agarose.

The slides were viewed by fluorescence confocal microscopy (Fluoview,

Olympus America, Melville, NY, USA). Fluorescence and Differential Image

20 Contrast (DIC) images were collected and the results revealed that within 8§ hrs of
incubaﬁoﬁ, targeted (carrying the Alexa Fluor 488-conjugated bispecific antibody;
green fluorescence) Doxorubicin-packaged minicells showed most cells covered by
several green fluorescent dots, while the non-targeted (lacking the flucrescence-
labeled bispecific antibody) showed only some green fluorescent dots on very few

25  cells. This suggested that the bispecific antibody specifically enabled the
Doxorubicin-packaged minicelis to strongly adhere to the surface of the astrocytoma
cells, presumably via the EGF receptdr. After 24 hrs co-incubation of astrocytoma
cells and Doxorubicin-packaged minicells (targeted and non-targeted), the results,
when visualized for 'red fluorescence (Doxorubicin autofluorescence s red), showed

30  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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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 ) was
used. MDA-MB-468 human breast adenocareinoma cells were treated with EGFRminicellsoox or
controls comprising free e Doxorubicin and non-tar Medminicellsoox. MDA-MB 468 cells were seeded
at 5 X 106 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 109 rian-targcletimuu-cellspox or 25 EGFRMini ¢ el Ispox. Free

Doxorubicin (8l Ao slilacae A RSy NEAURL ToEGelFers pbatedlor 24 is

washed thorou with=3 changes of PBS and trypsinized. Viable cells were counted in a

haemocytometesulsimpttastey peithishes Sxcssisrionemedisincrbated for At hse iR IRRRTEERsLted into
24-well pIateSé%%%%ﬁ%ﬁ%%%%%@éﬁ&%&?g J,Bifa 4o 700G SodavsWitBEGda shanaes 30

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

Briefly, 100 IlLagh#ai® rzmirieeiiss canidde ebssivivdven adiw csibr dEbEISRRRETE W4S MBRItsfed over
2.5hrs to éhrsﬁi'eoﬁ%#érs %10%%%&%@&’&%%@%@5@5&@ &_@éi‘}ﬁmét%eﬁﬂa&gbﬁpﬁ@me was read

at 490 urn. The resu owed (Figtre 2) that the cytotoxicity of EGFRMinicelsDOX was similar to that
of free Doxorulsisintetyssisieg eadoecrsiamiddbitrrmeElnselsH BbakmdAW iR AR M to the

MDA cells andiha$ ihe,efficionomahdris. deiMannas Kt nden NRedeleiviniee aparesid not show

any toxicity to the cancer cells, suggesting that the targeting'mechanism was important for safety of

the minicell-baosdixmed tbeahcimeen daorsreproautiart fuarsrranhimagrs Jesdramsshito
non-speciiical.cadopyianssin miniel diamnlcoAbiahe fieisal delhyeesaiishempierapeutic

drug Doxorubicin via targeted and drug-packaged minicells to human breast cancer xenografts in nude

mice Thibexadopte dbmdiffasseediRacHspusnosunat &rstss PiBInRAIIBRIIPM2 §5Hkaged intact
minicells can 8%%1%@%[‘%%&12&9& RHNan: PLERSE SRNCEE Sehbimecira@nagtiiinruasisd)adn 6 week

old female athymict nude mice. B . .
no longer packaged within the minicells {revealed green by minicell surface localized

bispecific antibody), further suggesting that some minicells that had been endocytosed

had broken down and released the Doxorubicin within the astrocytoma cell

15 cytoplasm.

Example 6. Efficiency of minicell-mediated drug delivery to non-

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 ™) was used. MDA-MB-468 human breast
adenocarcinoma cells were treated with Z“Fminicellspox or controls comprising free
Doxorubicin and ™™ #&*ninicellspox. 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

0? momtarested  inicellspox or

was changed and cells were treated with 1
25 E"RMinicellspox. Free Doxorubicin (50 ng/ml) was also included as a positive
control. The cells were incubated for 24 hrs, washed thoroughly with 3 changes of
PBS and trypsinized. Viable cells were counted in a haemoéytometer using the frypan
blue exclusion method. 1X10°% cells /ml per well were aligouted into 24-well plates
(6 wells per treatment) and incubated for 3, 4, 5, and 6 days with media changes
30 everyday. MTS assay was performed at each time point according to the

manufacturers instructions. Briefly, 100 pL of MTS reagent was added to each well
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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.
20A 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

(1010) were ingybaiset WG AEAISIAGHISREEIIR.25 SAURGUIS Tobgly abipmISrAESaLIe, t

coat the minicells with the antibody via its anti-LPS Fab region. The mice used in this example
were purchasédfissenathioal Rezolimets aethths, Fheprbavea vRgsaedial 4X M animal experiments
were performed in -40- compliance with the guide of care and use of laboratory animals and with

Animal Ethics Commiftﬁgr%%@\éﬁb,‘@m _ gt : Qm@r@p&ﬁggy%ﬁfﬂ%@iﬁ&ﬁ%@%@

accredited small animal facility at EnG td (Sydney, NSW, Australia) Human breast

adenocarcinogafleH s M o MB-408:x Arh6icin) u@g@eﬁagahmﬁ%iﬂieﬂﬁygﬁs}ﬁam@agocric) were
grown in tissue culture to full confluency in T-75 flagks in RP/vll 1640 megium su 6l%ﬁr.Peznted with 5%

Bovine CAlf SEloweehismdnsiReative fasantotbgMDh RN EBSFRT T €A, USA) and
glutamine (InviRger) Jp:2 BpskGedamasiicns 0G0 A AR o b ivablidly 1ocdO6 cellsin S0
|

uL serum-free me ogether with 50 uL growth factor 10 reduced matrigel (BD Biosciences, Franklin
Lakes, NJ, USAhoeereijentegdestingitan touskebang serrhasishovkicminatiesidos sefetn st using a

23-gauge needle.. The.tumaqrs were measured twice a l?ﬂlgﬁ Igetronig digital Cal
(Mitutoyo, Jaﬁgh?lﬁ?%%%ﬁg%gtgr&%@ffdgﬁig r%gaa}]ngéglﬂgé%a?gg%%was caxﬁculated using the formula, length
(mm) x width fo(rim-3pecticalbhendofyinsd)titondaiesost-implantation, the 15 tumors reached
volumes between 50 mm3 and 80 mm3, and mice were randomized to seven different groups of 11

[ ' I i § t.
DT OO, E%%?n@@%{%wr%%w&i%@ |9 SRR fCARE - E80BVAr-EmibigairEn

Group 2 icin (5 p.g/gm of mouse body weight) intratumorally. This

control was intiugett doaaatatmig® sebagédombnicelisdo busasnhispesh caRe ¥emesXAltdmssess toxic
side-effects. %ré)gg E%i control) was the same as group 2, except that the Doxorubicin was administered
intravenously. Group ?control) received the anti-0 antigen/anti-EGFR BsAb and free

This example demonstrates that bispecific ligand-targeted and Doxorubicin-
packéged intact minicells can effect regression of human breast cancer cell tumor

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

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 chemoﬂlérapeuﬁc drug Doxorubicin as described in Example 1.

20 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
25  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 Resouroes
Centre, Perth, WA, Australia, and all animal experiments weze performed in
-40-



Doxorubicin intravenously to show the effect of BsAb in the absence of minicells. Groups 5 and 6
received non-targettdminicellspox intravenously and intratumorallY, 25 respectively, to determine if
drug-packaged but non-targeted minicells could effect tumor stabilization. Groups 7 and 8 received
EGFR-targeted EGFRMinicellsoox intravenously and intratumorally, respectively, to determine if
receptor-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 30 follow the
required sequ i lizati \ AN d-Expgrmeate the leaky
vasculature at?%%ﬁﬁ%}é%@;}hﬁéﬂ e}%gbﬁgg&éqgrégfg{%%aéﬁ%gg}%%g h t %§%ﬁir}lh%§qmﬂ£roenv§i%onment,
specifically binBtiah&eummeichrrsorahceheefpetimenid svgio sedopmieindboi Miracellularly and
release the drgadaah ReliBiRRc i UHRIGING ARG GEl AV SRIAPM (8Kl Ieg) death and

hence either tu zation and/or regression. Mirficells were administered at a 5dose of 108 and

all treatments viesérglizan BudaydrerspadampeardisepostJefdirAfMNBrsE Hddrt: AlRsasurements
were perfarmegd | ' i r el ini istical analysis
Y ﬁb%%@égﬁﬂgﬁﬁ oo ffg\% é%]/%g&g%%t@@rg%%%ﬁ%stﬁggy isteredo Pt

was performe IS of variance <0.05 was considered to be sta_tisticallty
significant. ThevaSursshbvied {Higeke B)RFAHIGHY sighivcemiplent:omgaytinge Bovine Cal
stabilization/ reﬁé?&ﬂ%g}Y@éﬁ?ﬂiﬁﬂ%ﬁ%&m&%@éﬁ%{ﬂ%@éﬁ%&m Rehcyeheicgiven

intravenously or intratumorally. No tumor regression’'was observed with targetedminicellspox,

suggesting th ) Bad ighrediine dInvigageg)ias é!#@édiﬁﬁdwmmﬁ Ré%trﬁié aefh? thE 02
minicellspox grpypdpas;ch @69881%%5 %)Er%“@%?ﬂﬂl%e heaimekinasipimine.L, hedaros dupor

volumes (800 mm3 to 1,200 mm3) could be 15regressed via the targeted therapy. The result was a

dramatic wmorediipess sietrigs) (B #iovpierieas BvankrRalisiddls SgersdRiectate tumor volumes

had regressedsubcutaneousiy between the shoulder blades of each mouse using a 23-gauge needle.

The tumors were measured twice a week using an electronic digital caliper (Mitutoyo,

Japan, precision to 0.001) and mean tumor volume was calculated using the formula,

length (mm) x width ? (mm) X 0.5 = volume (mm®). 16 days post-implantation, the
15  tumors reached volumes between 50 mm® and 80 mm’®, 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 (cmitm!) received free Doxorubicin (5 pg/gm of mouse body
weight) intratumorally. This control was included to determine the effect of free

20 - Doxorubicin on tumor cells and to assess toxic side-effects. ‘Group 3 (control) was
" the same as group 2, except that the Doxorubicin was administered intravencusly.
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 5 and 6 received minicellspox intravenously and intratumorally,

25  respectively, to determine if drug-packaged but non-targeted minicells could effect
tumor stabilization. Groups 7 and § received EGFR~targetéd EGFR)\finicellspox
intraveniously and intratumorally, respectively, to determine if receplor-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

30 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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to between 100 mm3 and 150 mm3. The complete experiment was performed 3 times, each time
yielding similar results. This showed that the BsAb-targeted minicells could specifically deliver a
chemotherapeutic drug to a human tumor xenograft in- 20VIVO. The result is a first demonstration
of targeted in-vivo drug delivery to nonphagocytic mammalian cells mediated by bacterially derived
intact drug-packaged minicells. Interestingly, the free Doxorubicin given in the tail vein of mice (Groups
3 and 25 4) showed severe reaction at the site of the injection, a well known side-effect of free
Doxorubicin ingauanaiffisietiicnghinieumansniibisaredotiomckhones s BhidbristashadigMto be

caused by dr%g extravasatio& albéheen (i;tg z%sinjiag}o%gﬁgv%ﬁg&ﬁ@glm@gjﬁ nosmakeells-#g the

localized regi Feast CONtFASE the mice given tatgeted or non-targeted Doxorubicin-packaged minicells
did not show payleslvaise tastibre dbB30 the slite amehedeiberon) 2y bR it it &eath and

minicell-packaged Doxorubicin prevented free Doxombiein regetivity: with. skin issueatithessite of
injection. Ado%%&‘fglfg}f%ﬁlwglﬁﬁgé%%ﬁazﬁ %gﬁvaénry (\)/Iéﬁz?%%ggg%ieg%ﬂ)%elﬁn(liposomal doxorubicin), the drug
did not leak framed pinicdimdiibseatassits seggestehetclming: 24) 27iarbhs arstamaestplickage a 5

potentially highly toxic drug like Doxorubicin in the minicell SH.ahd. 405 drhg Hassmedsdopear to
leak out of th@ﬁ%ﬁ’é méﬁi%?aﬁ’érﬁ%ng,nt ANES r%#};ﬁ(%?%; tivity to at%he site of the tail vein
injection (Growpg5 aestddibeddudsiseeaiwifhaist Boxmlyisisinespotfosmed iy apafyyis of
Doxorubicin-packaged minigells are safe.tg.at least th iceyReR e quniseisare injected
intravenouslyvc?rq?ﬁ%&m(}%z ?Ggroﬁuﬁz)‘g ff?) X g%%sé%%%gg% ct{f:%t the freﬁggg}xin

(lipopolysaccbaride) removal procedure adopted and previously invented by the inventors
(U.S. patent The results showed (Figure 3) that highly mgmﬁcant {p = 8%6%25 fumor

... BGFRy 1o . 1
40  stabilization/regression was only observed with BGIRy finicellspox treatment, whether

. ) .,1. ROD-
given intravenously or intratumorally. No tumor regression was observed with

t‘”"rgmdminicellsDGX‘ suggesting that the BsAb-mediated targeting was essential. At
day 63, the treatment for the minicellspox group was changed to EGFRy finicellspox
treatment to determine if the large tumor volumes (300 mm° to 1,200 mm3) could be
15  regressed via the targeted therapy. The result was a dramatic tumor regression; by

day 79, with just two EGFRminicelIsDQX treatments, the tumor volumes had regressed

1o between 100 mm’ and 150 mm’. The complete experiment was performed 3 times,
each time yielding similar results. This showed that the BsAb-targeted minicells
could specifically deliver a chemotherapeutic drug o & human tumor xenograft in-
20  vivo.
S The result is a first demonstration of targeted in-vivo drug delivery to non-
' phagocytic mammaliamj cells mediated by bacterially derived intact drug-packaged

minicells.

Interestingly, the free Doxorubicin given in the tail vein of mice (Groups 3 and
25  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 Phiebitis, is
thought to be caused by drug extravasation at the site of injection, 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

a0 the site on the injection, suggesting that the minicell-packaged Doxorubicin prevented
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application number PCT/1302104632) is sufficient to provide a dose of minicells sufficiently free of
endotoxin to be safe for intravenous or intratu.moral subcutaneous administration, (c) targeted
minicells appear to be small enough to permeate the leaky 15 tumor neovasculature, to enable
Doxorubicin-packaged minicells to enter into the tumor microenvironment, (d) targeted
Doxorubicin-packaged minicells appear to specifically bind to the EGF receptor that is known to be
overexpressed on the surface of MDA-MB-468 cells and post-endocytosis, the minicells break down

and release Doxorybicin, resulting in.tumoy, cell dgath and.the. o) i (Group 20 7;
Figure 3), (e) %ﬁ%ﬁwgﬁﬁoﬁ%ﬁ%ﬁgﬁ%snﬁ%cﬁén %lentgﬁgsg%e%%}ﬁed%t%%%%%é%g%{gﬁf}%eIIs reach the
tumor microenyifiirnignsonsipddivent vorioenteatioh(8dh i@iwsgm@rd@@ié’é’éfé@gpﬁh%éﬂiﬁ&lﬁ
minicells do not ar to have b(ﬁen eliminated by circulating professional phagocytic cells in
significant qué}ﬂ t%%%?r%lv%f@i ffie ‘observed therapeutic effect. 25Example 8. Highly efficient delivery

of hydrophobic chemotherapeutic drug Paclitaxel via targeted and dru%é%ackage minicells to human
breast cancer xeuogrhitesmrasilts sigesst the folpranan{plepidireisa R higsShricht delivery of a

nydrophopic ] AT g Bl 43 HLRAN ArBRShAABORE yORRGHATim inthudinpice 30

via targeted a ug- minicells. The experiment shown in example 7 was EGFR . .
MintCeliSp regeasetbtisinas thécakputinfdheaniasah anerbianseBrmen e it H@ded, () Gl -

tumor only, (ii) G- itxal (4ORLANGNENINEaIM b 831 7T the: RaslisseA00 jig) given
intravenously,} ?%%’oﬁiﬁ?@%%%%n / anti-EGFR]gsAb and free Paclitaxel (40 ji%givein
intravenously ey DBxewbicin (Groups 3 and 4), (b) Doxorubicin-packaged minicells safe to at

least the nude mice when the minicells are injected intravenously or intratumoraly
10 {Groups 5 to 8), suggesﬁng that the free endotoxin (lipopolysaccharide) removal
- procedure adopted and previously invented by the current inventors (U.S. patent
application number PCT/IB02/04632) is sufficient to provide a dose of minicells
sufficiently free of endotoxin to be safe for intravenous or intratumoral subcutaneous-
administration, (c) targeted minicells appear to be small enough to permeate the leaky
15  tumor neovasculature, to enable Doxorubicin-packaged minicells to enter into the
tumor microenvironment, (d) targeted Doxorubicin—p'ackaged minicells appear to
‘speciﬁcally bind to the EGF receptor that is kﬁown to be overexpressed on the surface
of MDA-MRB-468 cells and post-endocytosis, the minicells break down and release
Doxorubicin, resulting in tumor cell death and the observed tumor regression (Group
20 7; Figure 3), (e) following intravenous injection the targeted and Doxorubicin-
packaged minicells reach the tumor microenvironment in significant concentration tp
achieve tumor regression. Accordingly, minicells do not appear o have been '
eliminated by circulating professignal phagocytic cells in significant quantities to

obviate the observed therapeutic effect.

25 Example 8. Highly efficient delivery of hydrop%&obic chemotherapeutic
drug Paclitaxel via targeted and drug-packaged minicel]s to buman breast

cancer xenografts in nude mice.

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

s0 . via targeted and drug-packaged minicells. The experiment shown in example 7 was
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non-taroeted 5targetedminicellspa, given intravenously, (vi) 06 - minicellspac given intratumorally, (vii)
07 - EGERminicellspac given intravenously, (viii) GS - EGFRminice..s it pac 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
10stabilization/regression in mice treated with EGFRminicellspac and, once more, it did
n-taxgetedminieellspac, not matter whether the treatment was given intravenously or intratumorally.

F%IQ%%@%@A‘E eHRcLofL MM growth.

The no control treatments ingtisgingBs %and free paclitaxei:h
Throughout tiféa%%géiﬁﬁséﬁ% mice di cnétl) Bqtse %%/Qg%ggé%%%% toxicity such as fever, lethargy, loss

of appetite or geatednG) X eXRARBEMIY IS encatkeePialea i sinigy gbauliatratumbisibgsult is
particularly significant, because other drug delivery vectors, like liposomes, nan%%artiples, /etc., have

not successfulljip&tkadigaReadiaxlddly sghmvemiEmEaREEF higHR FyaUPHobTRRRTY like
Paclitaxel. In m S—éecéﬁﬁsB%}g%%ﬁs%gr AR 102 Fhemicalitctireed theevector or the
U

drug to. 20enabie g packaging, often resulting'in osgf) bioactivity. Our resuﬁ is the first showing

that not oly demesdeh duigs be Jradilnaekesad,ipvitan mIICERs el sayebesafely delivered
specifically to target diseased cells in-vié}/lgnto achieve a
intratumorally, (vii) G7 - B hinicelispac given intravenously, (viii) G8 —

EGFRminiceHsPac given intratumorally. The various treatments were given on days 15,

21,26,2%9and 33. 1x 16% minicells were used in each minicell treatment.

The results showed (Figure 4) highly significant {p = 0.0004) tamor

EGFR

40  stabilization/regression in mice treated with minicellsp,c and, onve more, it did

not matter whether the treatment was given intravenously or intratumorally. The
control treatments including nan-argeted o icelispgo, BSAD and free paclitaxel bad a
negligible effect on tumor growth. Throughout the experiment, mice did not show
any overt signs of toxicity such as fever, lethargy, loss of appe_tite or death. The

15 experiment was repeated 3 times with similar results.

This result is particularly significant, because other drug delivery vectors, like
liposomes, nanoparticles, etc., have not successtully packaged therapeutically
significant amounts of highly hydrophobic drugs like Paclitaxel. In most cases,

, a'i:-tempts were made to change the chemical structure of the vector or the drug o
20 . enable drug packaging, often resulting in loss of biocactivity. Qurresult 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

25 delivery to mammalian cells.

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

phagocytic cells, (ii) the targeting mechanism is versatile enough o enable the use of
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therapeutic effect. Example 9. Demonstration of versatility of targeted minicell-based drug
25delivery 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 nonphagocytic cells, (ii) the targeting mechanism is versatile enough to enable the use of
different cell-surface receptor targets on diseased cells and is not restricted to the EGF receptor, and
(ii) the minicell vector itself is versatile enough to-enable the use of minicells derived from different

bacterial genetiffdrent siciiferfade rompse tegoyraft Exprtth éﬁES(F)flﬁi_t_iﬁw%ﬁ’i &ﬁéﬁﬁﬁ%@n‘@éﬁ’%@ﬁ% 5
(SKOVS: ATCG R g ﬁ@ﬁ%ﬁﬁ%ﬂé&@g@%@@ rxeinget Gikihe iarasting Bshbpvas

constructed using anti- neu MADb (The latter receptor is known to be
overexpresserhoriciits sisrfaied Go8KINS aetsyicaiad gihardnicells used for the treatment were derived

both from S. Typhimuriurn and E co/i minCDE- strains. The minicells were packaged with Doxorubicin.

nn- targeted 10BSAbHAN; R0 RS R) AR e PesaryDitianverevachidad s celisrols.
The results showed (Figure 5) significant tumor stabilization in mice treated with either S. Typhimurium
minCDE-Sor K%ﬁ%ﬁ@@@%&gﬁéﬂWﬁ@ﬁ%@é%ﬁ@%ﬁa@eﬁ.‘%ﬂfﬁﬂq@%b@ ﬁ‘&%’éﬁg rew much

more rapidly 3aRMPA-MBsA68:dP xehoaralls Al thavexparin emnticHE Dby heAbl(Tedatpto 31
days post-xenograft establishment because the control animals hégé{ﬁ%g?ﬁ%ge gcggﬁ death or
euthanasia. TecPRSdTKEaRGdEhD AEAEETIT A QBB ETRAES AR r drugs in-vivo

to a range of giffaIRMNARPRATREYIG MRMMRIEAERIS GBHhBbItSCTyphimurium and E. coli

. . L. ey . .. mOn-
minCDE- strains. The minicells were packaged with Doxorubicin.

o EEd nicellspox, BsAb (anti-HERZ/anti-O antigen) and free Doxorubicin were

inclided as controls.

The results showed (Figure 5) signiﬁéant tumor stabilization in mice treated
with either S, Typhimurium minCDE- or E. coli minCDE- derived HERzminicellsDoX
(p = 0.004). The SKOV3 xenografts grew much more rapidly than MDA-MB-468
15 xenografts, and the experiment could only be followed up to 31 days post-xenograft
establishment because the control animals had reached the point of death or

euthanasia.

These results demonstrated (i) that intact minicells can be used to deliver

drugs in-vivo to a range of different non-phagocytic mamimalian cells, (ii) that intact

50 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, d}'ug—packaged minicell

25  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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20 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, drug-packaged minicell 25 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 MEHis b merabreatic:d tleaeapi MR e BE L FBEHEthaTude mice.

B R A R SO SRINRT Ry e IspHaiE/eSARlishasas enparalishatween the

shoulder bladés of 77U mice. S. Typhimurium minCDE- derived minicells were packaged
with Doxorubicirin@iiy tieo diffansricelfeveas Deskoassi ot e SR Bk SsER R AEHEY00 pg/m1 as
described in example 3. The minicell fed (exampls hand semplepaugee analyzed by
HPLC to deter?ﬁ‘%lgl??ﬁe% 8%%%%&%%%%3 %%E%ﬁé%gﬁg Packaged within 10s minicells. The results

showed that abexigsnad Doxembicisibppsensationspiaeyghnle AhdRDEtgles W08 anhijsets
packaged 85-ng and 660 ng of Doxorubicin, respectively. 10The minicellspox were then targeted to the

EGFR that is ducHBpfctsdefaminphamnssatation ohdencutaranpasbagedistiteidus doses were
prepared, (i) G1.- 108 EGFRminicellspox I | af igl -

EGFRminicell &8 aSr'rﬁr% £ c‘ﬁla %ﬁ%gﬁg%%x%%%ﬁﬁ R?%%%ﬁﬁ#%ﬁ% c(fr%) EGFR
15minicellspox, safnARg 200 ag 06 8. FofDoxellshistiage)l 85 ng @6EEPRmiriEsIpBRietkying a total of
6.6ng Doxorubicin, and (vi) G6 - 106 EGFRminicellspox carrying a total of 0.85ng Doxorubicin.
Post-xenografff‘éﬁfféﬁﬁ'ﬁlﬁhent with tumor volumes between 50 mm3 to 80mma3, the various doses were
intravenously administered to the mice. Tumor volumes were measured as previously 20described.

30 The minicellspox were then targeted to the EGFR that is overexpressed on
MDA-MB-468 cells and six different mouse intravenous doses were prepared, (i) G1

. o pes g
-10% EGFRminicelisDox carrying a total of 660ng Doxorubicin, (i) G2 - 10

o e 7
EGFijnicellsDox carrying a total of 85ng Doxorubicin, (i) G3 - 10

N 7
EGFRminicellsDox' carrying a total of 66ng Doxorubicin, (iv) G4 - 10

15 EGFRminiceﬂsDOX carrying a total of 8.5ng Doxorubicin, (v) G5 - 10°
BGFR, 1+ cellspox cartying a total of 6.6ng Doxorubicin, and (vi) G6 - 10°
EGFRminiceHsDoX carrying a total of 0.85ng Doxorubicin. Post-xenograft
establishment with tumor volumes between 50 mm° to 80mm3, the various doses were

intravenously administered to the mice. Tumor volumes were measured as previously

20 | described.

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

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

. 7 EGFR__. . o
EGFRminiceiisDox were more effective than 10 minicellsppx, which in turn were

more effective than 10° EGFRminicell_sDox. Interestingly, there was no major

o5 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 GS. This suggested that within the range of minicell and
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The results showed (Figure 6) a clear relationship between minicell dose and the therapeutic effect. In
terms of tumor stabilization / regression, 108 EGERminicellspox were more effective than 107
EGFRminicellspox, which in turn were more effective 6 EGFR minicelLsoox than 10. Interestingly,
there was no major 25 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 03 and, similarly, treatment in 06 was more effective than 05.

This suggesteéi that W(I)té‘]rl rtple range of minicell and. dn géaﬂ&%@péyg@(qq;aé{gg gxperiment,
n tot

the therapeutic refccrcorretated to ficell numgé{%: rathe e concentration of drug carried
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Claims

1. A composition comprising (i} bacterially derived intact minicells loaded with a
therapeutically effective amount of a small molecule drug and (ii) a pharmaceutically

acceptable carrier therefor,
2. The composition of claim 1, further comprising a bispecific ligand that is capable of
binding to a surface component of said minicells and to a surface component of a non-

phagocytic mammalian cell,

3. The composition of claim 2, wherein said surface component of a non-phagocytic

mammalian cell is a receptor capable of activating receptor-mediated endocytosis.

4. The composition of any of claims 1 to 3. wherein said composition contains fewer than

about 1 contaminating parent bacterial cell per 10'® minicells.

5. The composition of claim 4, wherein said composition contains fewer than about 1

contaminating parent bacterial cell per 10" minicells.

6. The composition of any one of claims I to 5, wherein said small molecule drug is a

chemotherapeutic drug.

7. A composition of any one of claims 1 {o 6 for use in a treatment of a disease or

modifying a trait, wherein said composition is to be administered to a cell, tissue, or organ.

8. The composition of claim 7, wherein said disecase is cancer.
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