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- conpl (jllcl:l,‘?élilt r,]?nost drugs used for treating cancer are administered systemically.
Althoug’h systemic delivery of cytotoxic anticancer drugs plays a crucial role in
cancer therapeutics, it also engenders serious problems. For instance, systemic
exposure of normal {issues/organs to the administered drug can cause severe toxicity

_(Sarosy and Reed, 1993). This is exacerbated by the fact that systerﬁically delivered
cancer chemotherapy drugs often mﬁst be delivered at very high dosages to overcome
poor bioavailability of the dru‘gs.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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such as phlebitis. Extravasation of a drug al so can

|l ead to vesicant/tissue damage at the local site of
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A ypes of nonspecific toxicities, and gn h
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antineoplastics. Chonn and Cullis, 1995; Kemp ef al., 1996; Kumanohoso et al.,

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

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

drugs in a macromolecular carrier, such as a liposome, the volume of distribution 1s
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in the amount of drug that can be effectively
delivered to a tunor (Papahadjopoul os and Gabi zon,
1995; Gabi zon and Martin, 1997; Martin, 1998).
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their breakdown releases drug and causes toxicity to normal tissues.. Also, liposomal
formulations of highly hydrophilic drugs can have prohibiﬁv'ely low bioavailability at
a tumor site, becéusé hydrophilic drugs have extremely low ﬁlembrane permeability.
This limits drug release once liposomal carriers reach a tumor. Highly hydrbphobic
dfugs also tend to associate mainly with the bilayer compartxhent of liposomes,
causing 10W entrapment stability due to rapid redistribution: of a drug to plasma
components. Additionally, some drugs, such as I-ﬁ-D—arabihoﬁJranosylcytosine (ara-

C) and methotrexate, only enter tumor cells directly, via membrane transporters
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(Plageman et al., 1978; Wley et al., 1982; Westerhof
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mimmizing shecrsksof dgparelated FARCiene expression pl asni ds
can be delivered to phagocytic cells and to
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 iiee e CHETIBNG OB B e YRR Ba LI fotides to
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segregated into the minicells. The resulting recombinant minicells were readily

engulfed by mammalian phagocytic cells and became degraded within intracellular
phagolysosomes. Surprisingly, some of the recombinant DNA escaped the
phagolysosomal membrane and was transported to the ma;nmalian cell nucleus,
where the recombinant genes were expressed. Thus, the application showed a

usefulness for minicells in human and animal gene therapy.
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-4 The present invention builds on these recent

di scoveries relating to mnicells, and addresses the

conti nui ng needs for inproved drug delivery

strategies, especially in the context of cancer

chenot herapy. SUMVARY OF THE | NVENTION 5 To address

these and ot her needs, the present invention provides,

i N on@he psgrent inventivorpiids on these owsntstisovyckesseltingid minicells,

of . intact mnicells that cantain drug,. Su as_a :

St St oo ity fS o veef Gl ovosE s eiRs, Bspecially
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bacterially derived intact mnicells and (ii) a

pharmaceutically acceptable carrier therefor, where

the mnicells contain a drug. to According to another

aspect, the i nvenSUMMAKSY, (HioEhk INVIBNA Ho

delivery nethod that conprises bringing bispecific

i gan [P1eY i ' is i :
lag&r 5 ?ﬁag% %?cf otl%llﬂégélé )ﬂlé)gfeg@l{t lﬂéngo? glﬁgwﬂld’&,dm one

m ni cel’l aln a desired drug an

 apetph camposition comwisingreateintially ofiirpdra guinicellc thaboontdin anrug,

ce|ls. The bispegific ]i ds have specificity. for .
Peh@s 3 cagﬁ?ff%glomgldé?ﬁq a]gha lqupgecﬁp ect, p}esmxé?%log provides a

. fdéﬁs‘{fﬁ&ﬁ”fﬁ%m’?‘ffﬁg% ggﬂacttéiﬁllﬁp%ﬁﬁ%él HlaGShinfelld BndGi)a

cause the mnicells to bind'to the
phanmatarivalle ateeptableecarmérrtherefdrswhere thaginicelts doptaima drug.
manmal i an cells, and the drug is released into the

P 3SRt e P e Sk B bRty B vy
HkMba %-d#t_ coYif#ised Biingif PRpEOHi¢ HPatiRShtotsntdet with€i) bacterially

bi speci fic I'igand may be pol ypeptide, ao car bohydra%e
dsrivgtl yainjrelis ithis conlain adepired Apie and (i) masumplian colfs, preferably

AP AR on T GRSt oo

- SuPR6E thfipbdentidi thanimedRrdndla stirfice ebinpsikift @ndhe mammalian cells.

structure and a second armthat carries specifi Cib%/éhe

A resultytherligandn ceuse thegninieells te binstio fhe mampian .cg

D=

momigell su C ye f [ i adj ' h
i e BHGIRGEv B BBl s, o anll BBl ot The
Fesplaan lof tRPmaBiiadah aells;el | surface structures for

I'i gand binding are receptors, preferably those

.capabl e of activating_ receptor-nedi ated endocytasis.. .
I'n anbheirventipaalso mw@qsmaﬁ&ﬁfwg%wég%r targeting rinicell

L G Si e (e B i ehiokARptide,
VERIEREE o) R AR Ho SRt The Bop it Rehl iy 85l tpide
dailsdidte or lgh@apeptidepand may comprise an antibody orantibody fragment.
In preferred embodiments, the bispecific ligand has a first arm that carries specificity

for a bacterial minicell surface structure and a second arm.that carries specificity for a

" mammalian cell surface stricture. A desirable minicell surface structure for ligand
Binding is an O-polysaccharide component of a lipopolysaccharide. Desirable
“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 (i) a

bacterially derived minicell that contains a drug molecule and (ii) a bispecific ligand
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"The i nvention al so

that is capable of binding to a surface conponent of
the mnicell and to a surface conponent of a
manmal i an cell. The invention provides anot her drug
delivery nethod that entails bringing bacterially
derived m nicells that contain a drug into contact

th.ta nmal i an . cells that, _are, phgagogyt osi
Ghats G BOUBE o SHice FRBPRRTTAN i PrEe 4o pptace
t Q@ S & FOAH SE i XNih ‘fﬂ I's, which then release their
drug payl oad i ntracellul arI y. The invention further
provi des net hodol ogy for loading mnicells with a
dr u g - Tignisventis previdesarniotives ldvessdadivesst m:@OQ that entails bringing

d f th b
SRR ERDY Rl A s B o RS FoREEH A g papamatin
mellb aek breGptapheyaseR- oTQﬁddEWﬁlstébxﬁfyHtéﬂta'Thb’ n{m\kﬁﬁlaﬂm&ﬂs engulf

th| s concentration gradient, into the mnicel
galopded minieallsr whish fes Teleaserthein depgwayiead m@awﬂvhﬂa
drug i nvol ves cul turing a . reconbi nant parent _
bact er—n@ mgaqon%& o Est ﬁ]gﬁlgdiﬁragkgn#lg?%cgﬁ%ﬂ‘ﬁﬁ%s with a drug.

bact eri Cri bés an

tOrer smok widthodineblees creaitnga esimenliratipr gredieniug, ths daig Hebaten an

L
S0t S RSIRER B ALt U e,

met hod of loading mnicells with a drug invol ves
cul t urAmgher mcthmdmf)]oadmg rmnrueliewhthta‘tkug nmuﬂmsrcsﬂtarmg a
under

SRR Bt oot S8 SR ED0DR0 B el pagegiat o

tfaRE el Qﬁ&jﬁ%‘ﬁaﬁi ﬁﬂﬁ}.@feﬁﬁc Whéibic %cxcﬂglcb Fﬁh@ﬂﬁ@ ﬁuch that the

des for the use of bacteriall

y
deug me@lleaseﬁanto the cwtop]a‘am of. ahﬂjpagﬂmﬁ@stenﬂbcﬂll gWhes therparent

G300 0 B ol S AR A o

mﬂ-jegeuwjp]astnp a cell, tissue or organ. In the
nmedi-cament, mnicells contain a:drug nol ecul e and
bi specific |igands 25 that are capabl e of binding

t he niYeteapther matdhod @f ﬂcaxdg@mma@nihlmﬂha dayg ivolsge ﬁulturmg a

R s R

PORIIIBMY such fisht {WPBERRPERS Sucldlb heidiS tigmdctibed bAd tninslated within

.useful 7in the context of cancer chenotherapy. -6 The

hi¢edn af f ords si gni ficant inprovenents over
convent i onal drug

The invention also provides for the use of bacterially derived intact minicells

N . and bispecific ligands in prepanng a medicament for use in a method of treating

25

disease or modifying a trait by admuustratlon of the medicament to a cell, tissue or
organ. In the medicament, minicells contain a drug molecule and bispecific ligands
that are capable of binding to the minicells and to target mammalian cells. Such

medicaments are useful to treat various conditions and diseases, mcludmg acqulrcd

dmeases such as AIDS, pneumonia and tuberculosis, but are particularly useful in the

_context of cancer chemotherapy.
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non—targeted minicellspoy (

t herapy techni ques by (i) reducing drub rel ated
toxicity, because the drug is specifically delivered
intracellularly within target cells, (ii) alleviating
drug-associated side effects at the site of

adm nistration in a human or ani mal, because the drug
is 5 packaged within mnicells and not free to

i nter aCThWnbbnﬁtﬁf‘affc&ﬂQﬁ%ﬁﬂicﬁﬁ'xﬁ r@@ﬁlehﬁsﬁﬁﬂéﬁéom@htl&ﬁ?dmg
SI e of admnistration, (iii) imnating the need for
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efdiﬁ:&ﬁ'acs aldbesite ofadeiigirathRria WSRimamRR Ghirh4l, bevadsd thedrug is
g_j}eand (y) sonetinmes_elimnating the need to

i pigslls spdongideee o Biterpeigvidapobtargeted cells and tissues
S Yt ttﬁbeﬁﬂe%? gdﬁu?k@ﬁio ahh)( el@ﬂmﬁtxﬁ%ﬁ{e teD§ 7 cﬂ}h{tiﬁ\%us%ﬁxgmn of drug,

delivery vehicle or aren acteri a. e use

mbecase Iasﬂlefr@pew)mtdosdoﬂtargelﬁemmmﬁﬁdcagéwnﬁﬁbdﬁ & be
ian cells constitutes

g%{dlﬂ\{ 3 a%geﬂ%yg%\f}ﬁm g@f‘é:tlogeb% wduping thegeiiggtive dose ofa drug, because
C t |

Capuens el e S 60 LAl ity

c ST:15:8 bacrauye thedlting cambe synthesimee bicBogibedlydtyheittep ehit indnicell drug

ey Pt 2k PRnbaRRr dne e bimicdly Gt botparog
t bﬁiﬁ?ﬁlﬁésﬁs aRThsgieddclRehHED M%Ma%eﬂ'%m&(ﬁmcular

3ure is a art showi ng high performance liquid

HAZSGROLPRSE mmdz)uga nqnvelnuqmlld' art ecinactastyfrayirarceplsnt or marine

SESGLAIP hlShh AT L K EBAS e
ﬂb]ﬁulmhéﬁ}k))mfcﬁirﬁ %\’Eﬁeﬂm\ﬁ@kat@ USain ERIG Bith &@éﬂ]ﬁﬁﬁan cells via
of Doxorubicin in the ex nal medi um (shown on

x@ JembrancTassocipiefliagtive Smwportaneshpuisii i ed and t he
Doxor ubi cin was extracted using novel procedures
(described in Exanple 3) Doxor ubi cin. concentration

H e ches) and
LC- M5 (triangle md | X 25 Figure
2 is a chart show ng drug dellvery via mni ceI | sDOx to

D

_ hlsngum bismehart slw@nng highi peoformadel liguid/ EobBiteiphy (HPLC) and

Jaeid bt %%e%xbﬁ?kﬁé@émhmmw%ﬁgxéﬂbwm

?"ﬁ%ké g e B e S T e e S PR it varions
Wt @téatidns 6EDbRoruW{ciRidhe eﬁéir/lﬁé fHelifiim T(§h%@$ﬂr&ﬁ‘{he F8hL)S The

treated with either free Doxo ICcin
minicellspox were purified and the Doxorubicin was extracted using novel procedures

* (described in Example 3). Doxorubicin concentration in the exiracts was measured

using HPLC (circles) and LC-MS (friangles) and plotted on 't.he y-axis.

Figure 2 is a chart showing drug delivery via minicellspox to human breast
adenocarcmoma cells (MDA-MB-468) in-vitro. A cell cytotoxwlty assay was

performed on cells treated with EGFR-targeted minicellspox ( n‘umcellsDox)

“tarpoted .
non-targoted minicellspoy), free Doxorubicin and untreated

cells. Within 6 days after treatment, cells treated with ejther free Doxorubicin or
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-7 EGFRR1i ni cel | sDOx exhi bited only about 30%
viability. Untreated cells and cells treated wth
non-targeted mnicells Dox showed normal cell
viability. Figure 3 is a chart show ng a highly
significant therapeutic effect of EGFR-targeted,
Doxor ubi ci n- packaged m ni cell s (EGFRm ni cel | sDOx) on
hﬁff’fﬁ‘aﬁﬁmﬁﬁ,{)}( GRIBRE] Sy UbRE! T SiabliyD UntiehteiBelissand cells
shown on the y-axis, and days post-xenograft
egbabl with ¥4 minsdumap o shdvial norisl cell ability. t ri angl es
bel ow the x-axis indicate the days on which various
treatnments were adm ni stered. Open triangles bel ow the
xFiguire 3 i mcharbshowang a highly significantttherapensiseliset of disiRitargeted,
oups, Gb and G5, where &R nl cel | S non-target ed Dox
“DoxiPiciuRickass sl ad THRICR 1m0z OP G2 DIt cancer

l e i Gl i £ L OUS_ L. reat ~
SSAEArece TueF QoSS shilgn SRy S TP st xppograt
O¢statshmEitGig shodvr on thechayis. Séitduiriagglas belgh the x-axis indicate the
significant therapeutic effect .of E -t ar get ed .
Fiadsiopauach yariqus featmants were @II{JE@FF%C ?@%‘%ﬁ@%ﬁdw the x-axis
|\ i's .
Spiate ! ke SARE REaRATEE Aol proks oThla 00 iR
FEFBhlinisdIppk v CadihileRd soheu oA BT bl el he degend
bel ow the x-axis indicate the days on which various
tidentifirsthe vaoue treaimentsedministerdh to ¢ashof § gransiafmpiee (n =11 per
the various treatnents adm nistered to each of 8
FOs of mice (n = 11 per group). Figure 5 is a chart
showi ng a highly significant therapeutic effect of
HER2/ neu- 20 targeted, Doxorubicin-packaged mnjcells

||
(TBEReer i © charsshowinga highiysigoiisanttherapanicegifect of EGFR-targeted,
xenografts. The m,ni.cekgk wer e derived fram S.
W&QWI“PW%@Q li!l!f)wf’df'* E @a}mccﬂm)an)ehqwﬁ:ﬁg@gt cnger gpnoerafts.

- ohafb ot e R T 0 SRR A AR e PRAARAR e

Showah dir the Raixes Setidaviahigles belowithe xianil indicetetthe dajmyon which
whi ch various treatnments were adm njistered.. The. |l egen

2eriogeertments Were agdmimisiged: rhielpesnddderiiesitat varigysrpatments
.Gaah%lnﬁﬁ%rq&;q%k!ﬂﬁfgfgréﬂ&fé%fmbé%—lﬁ 105r ghhYP) - Figure 6

IS acC OW ng~a dose-res on tunor

- stabilizationlregression by EG-R-targeted,

DoigareSisd chaposhivadrgla bighly sphificafiGheapeitivat ffech ok FIER 2/ney-
VDA- VB- .
targeted, Doxorubicin-packaged minicells (HERZminicellsDox) on human ovarian

cancer xenografts. The minicells were derived from S. Typhimurium (S t.) or E. coli

_ (E.c.) minCDE- parent strains. Tumor volume is shown on the y-axis, and days post-

xenograft establishment are shown on the x-axis. Solid triangles below the x-axis
indicate the days on which various treatments were administered. The legend

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

group).

Figure 6 is a chart showing a dose-response effect on tumor stabilizaﬁon/regression

by EGFR-targeted, Doxorubicin-packaged minicells (°' “minicellspox). MDA-MB-

- 468 tumor xenografts were Qstablished in Balb/c nu/nu mice, and groups (n=11) were
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468 tunor xenografts were established in Bal b/c nul nu
m ce, and groups (n=11) were -8 treated intravenously
with 106, 107 or 108 EOFRm ni cel | sDOX cont ai ni ng two
di fferent concentrations of Doxorubicin. Tunor vol une
i.s shown on the y-axis, and days post- xenograft

est abl i shnment are shown on the x-axis. Solid triangles

%\g i h%e‘é%%%j% ug@r}]%dl (tgib eaAays. O mvtéhxgcc B@é&#L %vg gifferent
i ORI RS

Ebﬁﬁ@hﬂz’lébfﬁﬂlélﬁmmm areshotvni onvtha icaixss. Bolid tdatpdesrhiehed thevahxis

terlal derined intact mnicells _ gre effecgtive
Jadieas e #%ﬁ OB ARGy YaRpus AtFabRenty Bererampitseed: 21‘11

RS Ak GRlouS tbftmelistddhifatrid to/datR f’t’/g{cﬁxps Ofmlce
parti cuI arly, the i1nventors have foung at“a mnicell
carrying 10 a drug payl oad can be directed to target
cells, whi ch |nternaI|ze the m ni ceII and pr ocess It
such DEZAHED DESCRIRTION 2 ARER ¥ RDIMENTS
cytopl asm of the target ceI l. Surprl singly, the dr ug

survi W&H‘Qeﬁt i%'tr%:ﬁ&% %g% 40 m*%g ‘tﬂzwbg&quﬁg} (?(g'ﬁl@d ihtdet minicells

one eXa ese dil scover he 1 nv

. aleseffectide VEgtled fm@acmmk@gﬁﬁdmmmg ldingzs tatarpet nhammpeliagcells in

to cancer cells, internalized into the cancer cell.s i .
Wity o Andrig vivgs Maksgrasdrairthy.dhe mvenioss kavgde at a minicell Carrying

9??&2@%@2@%@% S B R R R S hlcKll and
pﬂicbssay sl thainthe dSgepayhonddx setpdsed mtb elhmyioplasna of thettimget cell.
observajjons were_cor or, at
ShvRusy e’ sut}@mgt{!ﬁmw Srithou tﬁﬁﬁa J e
m ce. Intravenous delivery of drug- packaged 20

m ni cgh t;ﬁe ébfﬁte@dﬁbatmes%s MehfoAbbseBaIthat dru -
xenograft re (

etion: inall mce (11 mce pe
Pekaptbminiaehld ean bearigoted (o Iqasqertchﬁs |mtemnhmdgntmx%@ cancer cells in

Yikx apelerats! VA e PP e or Hepe S hamehy e baiEbine

: &@Fag\é’ﬁﬁcil Ydchife Snbhmts @f'biﬂa@five SR ihQRA® Bancentll Eyieplasm.

plasm’of intact mnicells, (iii) that .
$¢ﬂe1lha|wamplml beglowi gni fi cant 25 concentratl ons of drugs
can be transferred into the cytoplasm of intact

mnic | | i v) that jnt 1] . .
i n’pler I V%Iﬂﬁl tati'g!fk p agll‘?tg#n%%l cCe : %HEE'Y aﬁ’gwo studies
Wsing hﬁlﬁhn &tdlapiumgtaﬁ@fin BudPattd. | Rattal@rag aeimrgz ufﬁmgepackaged

structures of drug- packaged minicells does not
mindeells damanstmisd Mighly significentitumrenxenperaBapduetionin all mice (11

ltn?ce per %roup) See the examples, below.

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

concentrations of drugs can be transferred into the cytoplasxﬂ of intact minicells,

' (iv) that intact minicell membranes are impervious to drug lehkage from minicell
_ cytoplasm, (v) that attachment of bispecific ligands to surface structures of drug-

_packaged minicells does not destabilize the minicells and that minicells can thereby

specifically bind to target mammalian cells both in-vitro and in-vivo, (vi) that
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specifically bind to target mammalian cells both

in-vitro and in-vivo, (vi) that -9 phagocytosis- or
endocyt osi s-conpetent manmmal i an cells engul f

drug- packaged mnicells, (vii) that non-phagocytic
mammal i an cells rapidly engulf surface receptor- bound
drug- packaged mnicells, (viii) that after engul fed
rbagawnidsss- ar endlegtoatadmpatdnh nmiadisalcels esguifidrig-packaged
amount.s of.. bi oactive drug escape t vacuol ar

R <P Bl At i sebian 60 iarad st ispdege receptor-
iotind Hfdgaﬁa%kbgéd%irﬁéﬂgﬁﬁiig%ﬁ'a!&ef ulfRA T Rhicals arf l%laéraded

(ix) that chenot herapeuti ¢ drug-packaged m nicells can
pathie seaiolesasignifivat anlcantsrof tsonctive doligregeapertbe varmeke snembrane,

[y WRVIRY, x) t hi ghl Lgnifi t therapeutjc .
TSP el Samed e b oot S e BecapelPEBLhS mammalian
gEANLY)i tBatchemottepdpetite AOBLRVRELMThiRTLIS BRI RGBSR C
drug- packaged mnicells, "and (Xi) that drug-packaged .
YRivulatpie surrourding fumaramassss e §)chatdlighly significant therapeutic
t: Lcity. The abihity of mnicells to age .
RO D b e ol Bl BBl o BRRIEHiing
shemstherapentic@bg phltagediisicels, ahd eti) thae diigapaekagedeninicells
perneable to a range of structurally dissimlar
Fgaiicanily reduceorielapinatsivaventeddesisithat i ¢ drugs. By

contrast, live bacterial cells exhibit selective

ot 98 SRR Sy PG IS . 1

- swrppsing ithrey thab attactininive]l nserabianenab pernteabliedpal radgaiglstructurally
- fram.t heir cytop m. because |ive_bacterjal cells, o,
Fetitee B P b, b oR A AP ERR S rogy By pagtast, live bacterial

t i . . i .« .
e
basgesidbi selectivigs ph alse ibmiirpesing thea mineedoatanabledo axpel drugs
NI Ay
infS theHapiefig] {:ﬁo%]%ﬂ.u Pgeﬂ‘ géeﬁﬁét a%?érgé{)éé% K &R in Whlch drug-

the diffusi ol channe e not avail or drugs to-

- Iondédminicelts avé suspridediih phosphaterbutferad salinetoottainipg oo dofg,

o b LR o PR BE3E g agpea simply o
el ﬁnmﬂﬂﬁe@l:lél SroudRGASEM BRI ERbAbramks, ARl ﬁﬂﬂiﬂ?ﬁ@n channels

hence, m nice cytoplasm contains sidgnifican

aro nobavailabledns dogs bo diffosp ati ¢l eirsesllis: dmothien usexpectedespect of
5 believed that .there m ght. be i,asuffjcient spate

(R PR PYRjondp el Becprau AHougR DRt dgpi oncenfiations can be

pb@ﬁ&g%ﬂt\ﬁﬁﬁih%ﬁi&ils,%ﬁatﬁlbﬁﬁeﬁﬁﬁié Jia;?gﬁﬁ@cﬁ BbAteS fninicell

wi thout loss. of mnicell .intedr he ability of .
qytoplassn) eontainsigignifieantdongentetions pEbmoempiisblngelutes. Thus, it was

belicved” {ha{ ﬁ'n%lseor%?g'ht 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

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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It is unexpected, for exanple, that drug-packaged
mnicells do not |leak drug into the 30 extracellular
space. This is a persistent problemwth |iposonal

drug delivery vectors, and mnicells, like |iposones,

are non-living vesicles. Neverthel ess, although intact
-10 mnicell nenbranes |ack selectivity to drug

PRMTRM thembrdree 14ER TSty 101088 béhdafion, ThE flefib@dHe ifktOgrity is
prevent | eakage of intracellular solutes. Also .
stieientita preventlcakigelof intrdcelwansoluiesgAtel suymising, and unlike

o e R e b b il R el "

etk minidedl ldoty ndlcaliRRERDRIZAt HEHL MiRedl] Rfsgrity @t membrane
result in drug | eakage. Further, it is unexpected . that

dreniyrhssiona gisd resitin el lsakage Bndbery it dsenpxpegedthyt dipe-packaged
IR ARCUG PRI A0S Bl Spa Bl TR gl 45 o

bértuevabispecifioligned lifldhg tHeanoe Ipwas wideds belidvied heretofore that
acteria cgn only penetrate and i nyade non- pﬂagoc tic
ﬁarfsﬁaﬁmﬂﬁse ke bacspria, gan gelyingactits apd ivede By Phggocytic
L - c . t e ] g
PR Al HE RS 30 Aoy NCr AL et Ao
Ipzotking dytaleveaprthogen. Minicelis arewminyliving aesicles lacking the ability to

non- phagocyti c mral j an cel|,.s. Yet _another surprise _
\i‘tﬁg"‘ﬁﬁ g}gvaﬁlp @@P‘ng%a’&@anqwfﬁ?llé@ tpf‘llsc a&} qugerasmpgse was that drug-

gﬂggsa;ea ihidel1g @Rdlyid 8 g?sg\gﬁﬁt:@ig%ﬁa bRV TSR ate tumor

sculature in v e there I s considerabl .
sebetseulebyainvivg. Wikld thelkeiineswsiderable delmte regarding the leakiness of

e B P o] SOTaTV IRy HEiperes Boya8 B ot 8

HesvREAANEGAR FS0460 ndlin diadfid)(GablBh e ht, S2008)." Mifgellecarrying
surface |igand, however, are 400nmto 600nmihn

disarfacceligande howevén argr 400a to ¢Wnmejn diamgtsai yet stithare able to

|.at i n-vi.vo. .Th YA} .
SR et oo Bt bbb Lo R0 o
®hvci8 YBERAdatiSRa18H $5 suFbihd R sBVdthiaehdons AEAguiseDin@tit el are
to | ysosomal and | at e-'endosonal environnents known to

sebjreted by lysnsoma apd lath-endesarad enyironmenie knewn tebphargh, and

A AR il B e BARPASs o e VPR, e

HvhfRs bbsdriedthii £tagt 6althiss afs kilvael Fom atificelnii abiologically
significantly unaltered. Perhaps even nore surprising
agitverfionm aaidgematy signifisantly wialjeret; Psrhaps GHelMOrSYIBHSIBE Was the

e bR BBEb i AR Y b B s o

25

30

firfty e mafum Al cellTytopldssh. FrurGie e PréRns invehtion) that is, drug
manmal i an cells are sufficient to work a therapeutic ]
eonasptrations within mamyialipe cellscere sufficiant txperk atherapeutic effect in

both in vitro and in vivo experiments,

Yet another surprising discovery is that drug-packaged minicelis 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

minicells do not cause such an adverse side effect.
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Yet anot her surprising discovery is that drug-packaged
mnicells mnimze adverse side effects. For exanple,
at the site of intravenous' injection in the tail vein
of nude mce, free drug injections cause severe skin

reacti ons, whereas drug-packaged 30 mnicells do not

cause such an adverse side effect. -11 In accord with
t hese lukswod withdhgse diseoveriesnthieanvenition priwades a composition

o e <Pl Bl fuCERCRL Briptng ocdly sych as a cancer
SRR SIheraph AARY. MEfeaRYerfiiodGlsolpevidey & Bérh?cﬁtit&hﬁ@niﬁrﬁ%igﬂ@)s
a conposition conprising (i) bacteria

|y derived .
brctamallynderived intactaiaicells ych (ikeaphesmessufieally apceptable carrier
t ahl J f 110
AT e BRAnfR cdBR Boe, MIREE S Ll Ul fheroy drug.

Mnicells of the invention are anucleate forns of E. '
col t ouinidelle of ihediremtiah arcalicieateciogan dBE.aliyr odher bacterial

Colls Frgndotd b disturognes R con Ao BR B BRI fission, of cell
} ! bfidbhdhdsSmbl is Linked
R e e e e Tl
fiomra thiremy fiksiors widd invofves niid-cel aeptium, formatam. dn Kicoli, for
nrin genes,, sugch,as nai nCD, cgn renove the.inhibhitio
SRR TP iy Gpea o has GURPDRBEmgYs MRgnppor oF septum
riflafibf At the sl gE)lgE‘ Bufifle E’élFQHr@stibﬁl ReRitirk A PrdRiction of a normal
aughter cell and an ahucleate mnicell. "See de Boer
daughter ctl 98d aRamidleat@mimicebeBee dd Boe: ef i, BRuRrednay de Boer,

; r 001. icell re distinct.fro
B e B B0 a0 R, R 2 G S e
VERAESMAOME [g¥ndrBte @R #1825t P thRdusIFNIA certdin ftuations and, in
contrast to mnicells, are not due to specific genetic

 caurastitegeinieells, e nefplusdampeejfin genatiqgeasaipsmentsgyr episomal gene

ractici the .present invention. it bs. il 2

PP grﬁygg.glg%ﬁ%?%{:g?nt&gﬁmmr 1tgs ‘l(lc%}r%@g g{ﬁ% ificdif¥ to have
A eeN hwiall} (“ihtac@affhidelle. t o Hai n operon nutati ons,
anucl-eate mnicells also are generated followi ng a
range_of other genetic rearrangenments or nutations

that ki additionstsguismpenm myfations Guckeaste mipigels alspre generated

CV1VB 1 i s . _
{op e  rie St o gl re BFFRRRRES A EROR bt oi e Septun
foRinlafivh,Tor exapfilé i BhaldhdV B Nirt Beubglis| See Rdevgand Cornett, 1975;
expression of proteins involved in cell

Leviner ah/ 9920 Misisells slsg cap be fomedpllowingmperirbation in the levels

overexpressi on j I t . .
O G eRPERSR O Fior b o RAE i oP AR Bon bRl Bl 3Plrcgation. For
Samhple] dverdkpyestion o ikl dendd &b pelas divisiohaehpodueti@bof minicells.
segregation for exanple the sync nmutation in Bacillus

Simwarly, shropraspmgriessiminicellsgu) result from defects in chromosome
segregation for example the smc mutation in Bacillus subtilis (Britton et al., 1998),

spoOJ deletion in B. subtilis (Ireton e? al., 1994), mukB mutation in E. coli (Hiraga et
al., 1989), and parC mutation in E. coli (Stewart and D’Ari, 1992). Gene products
may be supplied in frans. When over-expressed from a high-copy number plasmid,

for example, CafA may enhance the rate of cell division and/or inhibit chromosome

partitioning after replication (Okada ef al., 1994), resulting in formation of chained
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spoQ) deletion in B. subtilis (lreton et al., 1994);

i nukB mutation in E. coli (Hraga et al., 1989), and
parC nutation in E. colt (Stewart and D Ari, 1992).

Gene products may be supplied in trans. Wen

over - expressed from a hi gh-copy nunber plasmd, for
exanpl e, Caf A may enhance the rate of cell division

ageils @hd lafitid] ©dté nICEINEEPEBRT 304103080 L DRa 28 oBf 19813). Minicells can
replication (Okada et at, 1994), resulting in

15 praPaTSH from amyabastarial C@lbﬂfc@ralllspaﬂuvamﬁra@am@ahve origin.
mnicells (Wachi et al., 1989; Ckada et aI 1993)

M nic lee

& am e PRCor BERERRAL E5hlih S B MORPEREE, Th e,
tihelutes/ant plmmo(t@gﬁeﬂlymrq:h&xnﬁﬁootﬂgi@llgirauﬁee subseintetha produces a

"dryg” Lu hysi ol ||
dﬁéﬁﬂ%’ﬁé Ig‘éf%%?q%?%lge . earhieilay mafmals andhymans. Pmgs may be
llﬁﬁ%jgnﬂ SAREESm Jnﬁﬁtm'ﬂ{bu@ﬂgﬁﬁlhﬁn ﬂahhinglﬂe?ﬁhé’s rofeins,

I's an

wunans Dr Ugs may I nor gani org ni c
cawisatiadds, and sstwali mdleulésainyont which imedi begchpeqtérired or

B 6 0 e B e

Bledflad CorYAIEkAUShdrRhbBlo gﬁmha&%ptaﬁ&%ﬁg%@cﬁ@é Rpdtb@soride,

mol ecul ar conpl exes, pharmacol ogl cal Iy acceptabl e
dairobromidsh selfattahraiehpdmitdts, phasphytes wibnitoymitiete, borate, acetate,

Aot derc e, sfofhet ot S O°H i i S gfwents

- aﬁim@yér&hgama 8skidrB Sfok X @nplE OGuadérhéty GunsHh oiSm, %aﬁ b6 usdd.

netal s, am nes or organi c cations, for exanp

Reaiverives of dmasn anainas bases, beteisad amidesralsaeanosusstl. A drug that is

el s 4 o 5 R e L Rl S5 A0 Hrof oros

 baseddhative thezeofpivichia kifldrndgidey o by Bs Héleveepfis caiveasd by
"a 15 base derivative. thereof, mhlch in either

enzraes dydelyasd bythe bedy plror by ethergne@beligipinpesses to the original
by the body pH, or by other
ﬁﬂ%% ﬁbgf%rg%tg}g)sfélgg to the original therapeutically
active form Drugs having any physiol ogi cal or
phar mihelge hiaviag any physitlygiasleorydafmacdogitiliastivity are useful in this
chenot her apy

inventi on but c ts ar
-H}V@PHPP tm@sc TRODEIDE AHS P PreRTR CR cdipl sgacer

. Hﬁﬁ h{lt Wﬂéhﬁfo%élix st 8 BB rucas, ethyle?elmme alkane

ane nat ed, tetrazine ati num
mdﬁpmmd satrarzme; ﬂntinm campbogds, pmmnumﬁe anrlbgeg purine analogs,

antl rre ahol i | ate anal Qgs, anthracycli
ol :Wffeﬁﬂt%wi% acv@ytﬁsstameas@n% ﬁﬁ\af%% s

: W}%&%}gﬁw Lazlgi %Piladré)fntin B¥eh g%?%ﬁeﬂﬁﬂl%?ap?rc@ugs are

A&naoagthB@AIRrﬁ\llAra-B{l‘ Calastreadleled sparaginase, BICNU, Bicalutamide,
Bieomycin, Busulfan, Capecitabine, Carboplatin, Carboplat{pum, Carmustine, CCNU,
Chlorambucil, Cisplatin, Cladribine, CPT-11, Cyclophosphamide, Cytarabine,

. Cytosine arabinoside, Cytoxan, Dacarbazine, Dactinomycin; Daunorubicin,

Dexrazoxane, Docetaxel, Doxorubicin, DTIC, Epirubicin, Ethyleneimine, Etoposide,
Floxuridine, Fludarabine, Fluorouracil, Flutamide, Fotemustine, Gemcitabine,

Herceptin, Hexamethylamine, Hydroxyurea, Idarubicin, Ifdsfamide, Irinotecan,

. Lomustine, Mechlorethamine, Melphalan, Mercaptopurine, Methotrexate, Mitomycin,
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25. Bl eonycin, Busul fan, Capecitabine, Carboplatin,

Car bopl ati num Carnustine, CCNU, Chloranbucil,

Cisplatin, dadribine, CPT-1 1, Cycl ophosphani de,

Cyt arabi ne, Cytosine arabinoside, Cytoxan,

Dacar bazi ne, Dacti nonyci n Daunorubi cin, Dexrazoxane,

Docet axel , Doxorubicin, DTIC, Epirubicin,

Mlitvydnenilitoxastror, Oalipldtn, Patliaxel; Pamitzondtd, Paatosiatine,
cil, Flutam de, Fotenustine, Gentit

Biéuorour bine, so .
Pt rogashazing, Fyj N Fhe Stergids.ciBAReAcn; B4 ]?- gtrﬁptozocm
k‘/b‘ful‘ﬂﬁ B, q@mo'zﬁloﬂﬂ&@%posfd@{i&tdz ; éxi\{fogh £ lbetmﬂﬁeTomudex

al an, Mer capt dpurin
lea)tManoneulpMm Trandtrexnte, V(ﬂb&dgmb,a‘tfmnnstﬁmpmndam,,

R ARRSY P o R T LoDy By oot e,

Strept ozoci n, Tanoxifen, Tenozol om de, Teni poside,

Tet r agjinigell- -Ehhﬁﬁﬁﬁ‘%‘b&ﬁposﬁﬁrﬁto?ﬂﬁs 1M&€E$}efer§1519 ebmamewer
Treosul phan, Trinmetrexate, Vinblastin ncristine

Wpn a@td@ongnumﬁ@mgpmmdnacwﬁah@ll pend0 wiinigells, more preferably

ol 1S BB B S AT g o
éfehmjr ebmhtain fetet ﬂﬁﬁhbém d@ntmmhhﬁg pdfBiitbacterial cell per 10°
pre er ab contain fewer than about 1 contani nating

1phNeels, sidmerd prefesehly cortpiniowenthan @bpyts] cc@\v@wna‘m&@wm

] L IO Bhdleqt 450 PRl oS Ml Bt 1
@behensiig/paent rickribbudl pérlal mibdesdlisl cont am natl ng
parent bacterial cell per 10'0 minicells and nost

prefera han, about 1 cont

t f
par e rMeﬁ‘Qé‘? 8 BHSILYEI& Elmugé?ﬁsm kpgwh aptheart apd EH?’ Sﬁ’

e T S R 5 fﬁ%ﬂmﬁoﬂ e DoRds

pataimt td 4 menibrhne srfaon; Forbes) 193'2)\/&1’1583621(1—@11{) ﬁlﬁ‘iﬁwl (faed flow is

ReTPRRHROI5,10 (hBabREts s DAl dbe Dine cABhiLAR can be
{

p@éﬁeﬁgt? g% éﬁﬁﬁ%ﬁﬁ@ﬂ éé%ﬂﬂl?ﬁxcfn, L 163 dAifRAoRR! t0en?® some

ential centrifdgation, at |ow

poetidr of the blactfanab&lls tand themthyeensiohehe papernasant §ér minicells.
bacterial cells and thereby enrich the supernatant for

or adr AR R aRERed SRRl et e Ry RSERh i o
b@@ﬂ%ﬁ@&ﬂ;bh&nplﬁgw Redflh €A fRR Bérfthﬁt%&e : P,Oﬁ‘mlﬂcéﬂ Baresk tollected

diI's co ted fromthe and

ﬂ:qm ﬂwrghﬂlyzm 2hd, optionely, the mumcdlmqre csulmcﬁed t furtheerounds of
d { t at |
R 8o SRRk P P} BB ok BB
rehmmary step of performing differential centrifugation on theaminicell-containing
sample. When performed at low centrifugal force, differential centrifugation will

remove some portion of parent bacterial cells, thereby enriching the supernatant for

minicells.

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

(a) subjecting a sample containing minicells to a condition that induces parent
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prelimnary step of performng differenti al
centrifugation on the~mnicell-containing sanple.
When perforned at |ow centrifugal force, differential
centrifugation will 2s renove sone portion of parent
bacterial cells, thereby enriching the supernatant for
m' nicells. Parti cuI arly effective purification nethods

teri |Ia nttlo nc e.mnicel |
iR ool fa Sabun ot v bR B AR Be Smpie o
ldbﬁduhlﬂ?mhﬂ@d slifRsll ?fepa&ﬁbnsubJ ecting a sanple
containing mnicells'to a condition that induces

parent -14 bacterial cells to adopt a fil anentous

for m _K@%Wé@cgl}:pvqrﬁ)t}caﬁpnmm@ qlmwo@_b@‘%? & Eneighty
ReBLEL b AN e RERRRLA TNy Known i ni col |

(At On e so can ‘conbi ned. One highly

ef O AR ol DURTORL G BiReben & RSN PROPeRErgpe ocl

Eﬁﬁﬁl@r ITlis $6p, |wh161‘ﬂhia&”b€ erfbiRedAED00RHbCdbolBY0 Renutes, removes
perforned at 200 1gsefor about 20 m nutes, renoves nost

prast parepidmctariad cellse while leghingaminseplls iy thei syper@piast. i n t he
supernatant. .Step B: Density gradient centrifugation
usi ng Séep Bsot oni Bemsity grastiert orntrifugition usinggnasiitemt and non-toxic

ettt EradreCmid i, JRTHA pm e Fmedledi PR ey Cpataminants,

WMchluing phert balc@é‘rfal 811 vith GRinlmal 1655 f8h Mt es. P{Bfﬁrab‘ltyeﬂus step is
is - repeated within a purification nethod. Step C

Gpesated fwithin aipurifisetioymethodugh a 0.45 gmfilter to

further reduce parent bacterial cell contam nation.

Step BiepCr ess- i Ousadwifiltratigntiabughia 0#5 nes fittewdo further reduce
parent bacterial cells. 15 This nay be acconplished

byresibjctarial ogll cprtamingliens | suspension to any of

several stress-inducing environnental conditions.
St ep Stepddt | bi ot $tress-iskuced filamentationl ofiyesidvel parest badterial cells.

Thtseiiy R Aozt B otiiie e PapERL S SpbRpL R ALt severa

- firA9iRiicing HidGididetal d8RTitisas, nucl ei ¢ acids, media 20

conponents and so forth, and to concentrate the

m ni cg H from Smﬁqqlbﬁéﬁéauﬁ% %l f,mfygpu&geﬁﬂ cegparate

m ni ce cont am nant s, 1 mfilter

ey bgtel:vel*n:pI oy edCrogs-ﬁg\Q?ﬁﬂ'ﬁtloq{ fo @m%k/g ?Jnlaﬁ ‘contaminants, such as

membrane blebs, membrane fragments, bacterial debris, nucleic acids, media
components and so forth, and to concentrate the minicells. A 0.2 pm filter may be
employed to separate minicells from small contaminants, and a 0.1 pm filter may be

employed to concentrate minicells,

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

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

StepH: ~  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

cdmprises bringing bispecific ligands into contact with (i) bacterially derived
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Step G Dead-end filtration to elimnate fil anentous
dead bacterial <cells. A 0.45 umfilter nmay be

enpl oyed for this step. 25 Step H Renoval of
endotoxin fromthe mnicell preparation. Anti- Lipid A
coated magneti c beads may be enployed for this step.

I n anot her aspect, the invention provides a targeted

i Mot a5 0 e SRS LR G0 e bipecitic

' d@ana@ clhavi;h@ spedificigt fos bbihahingltaald fnAnslalih delll camqioﬁemobause

manmal i an_cells. The bispecific¢c |igands, havi gﬂfedby

§b%€4“ﬂ1i‘3%1|15t tp tind toghe mamopaliaa celly sucthibatithe mipicells are en

. t ;
BERARRRR BRYSR U R te R Sk oPhipiain tithe mppyplian
glis.t he mammalian cells, and the drug is released into
the cytoplasm of the manmalian 5 cells. ~The inventors

found that this a is broadly a a to . a
range of° mm‘iilfi)‘ﬁﬁir‘g ‘E‘;s appR2Fiy i %@a‘ﬁg IaP Ctahgtto arange of
'?ﬂérﬂﬁlahé(n &K, fn%flfdﬁﬁ;t&m’ tﬁa@n@f&%ﬁl}'f dré réﬁﬂ&ﬁfry Wsﬁb’&ﬁic adhesion and

endocytosis of mnicells. For exanple, bi speci f
andmd:ywys of Igan@ﬁlsmf Dhe)aimnle,(b;sggoiﬁpmbo@ lighmds w:th anti-O-

SRRl 895 o' M 5 BB QP recepor o
%ﬁﬁ%hﬁfo%bﬁ Ye® totr Bﬁecﬁimorﬂhgb&fef bfh @fﬁdlemﬁvl bifd mmlcells to the
mnicells to respective receptors on a_rang

r @pgétverr@wmtbra@g@yﬁmgp Qféanggt nopphagoerti¢ elisn a'hggpece]ls mclude
i gIgg AL, ban cr:atst1 gr%s? e %ﬁl e%lil rc%?ée?%gll 'Mo?e%’v@r ﬁ'ﬁrb‘fﬁf: ent

precedes rap
ilf&‘}%fl presédes Qﬁplﬂ Bﬁddﬂywsi%&iﬂtﬁe bfimeéll‘d‘byoéach € the non~phagocytlc
non p agocytic «cells. 15 Target cells of the

gléent i on |nclude any ceII into which a drug is to be
|ntroduced "I ntroduced,” when used in reference to a
drug, 7 \fhich Figigkd b
is del \/@H %81&{1811*%1%? gt;l einc ah?@eﬁ?ﬁt@'g@:y ¢ ©

ittodaced. | lhaolyced, ”Bel&lnn&btﬂ & feficrgnte o dnag,aneans that the drug
char acter,i zed, by expreSS|on of a cel e recept.or

earaied within A einicall Aydedivered tp damiaradt & JRplspably intraceliulaly.
PrRAOHIE ?ﬂ%ect -cellS EITB%E.I?E%}]Q%{E b C@ﬁjegs?oﬁﬁfa B surbhce receptor that,

phagocytl meani n I's are not

'gp@g bindinpra a‘l l{igmdp&ylﬂi%es mldoﬁwlalm Peefenephtagest cells are non-
endritic ce an ral Ki

Phagogyiig @?@P@Z@a £ Bgtlsgffré got W@%ﬁ@mmﬂcﬁﬁ?’ Sufyes

Hlsdglf hﬂ‘la én% I&%ﬁrﬁ% Ol Sk REN196EY Q0X) BRIsN PdSterled tatbet cells also

I nve
are mammalian,

Ligands useful in the targeted drug delivery methods of this invention include

_ any agent that binds to a surface component on a target cell and to a surface

component on a minicell. Preferably, the surface component 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

target mammalian cells, can be used efficiently to farget the minicells to the target
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‘endocytosis, are 20

any agent that binds to a surface conponent on a
target cell and to a surface 25 conponent on a
mnicell. Preferably, the surface conponent on a
target cell is a receptor, especially a receptor
capabl e of nedi ati ng endocytosis. The |igands may
conprise a pol ypeptide and/ or carbohydrate conponent.

Ant i bodi es are preferred. |i . For _exanpl.e, a

oresBeR el fr Blpiaeven SRt hinnds epapnprc focprigr. cnzymes,
f ;emdm%spapﬁae@ fuHVBRIRRAL pRiteiRgedRihal hbideidsyed i ntact

m nicells and for a surface conponent on ao target

mammal i an cells, can be used efficiently to target the

ni ni ceilhs selgctioneof; sppagieular ligandrismeds emtwebtimarneritesia:r @)

a [ [ Y: | i S@ i.n de..r t Or s
Bl 5 LUl R R AR5 S BB ana
agyseciivebihdinp lte otié 66motd donsaheai the RuFhcefofiBe tdrget clls. Thus,
lj,gand i s nade on two pripmary criteria; %i) specific.

oligincs graferaglichaye afyptarauihel GaEricsspesiBiciy forakacgmially derived

AL O SEIce RO ld 4 RoORE) e DAL Bbbck 16
Tinammaliag aeld sunfaef stuatvry, Bachef the firss indsavohd atmeaay bes
spegificity for a bacterially derived intact mnicell
SOPHEYalent  Brotareibls oAeh o dergResDSFF e peem 1E i gadent
specificity for a manmalian cell surface structure.

Each ofortthedihi &éh ba@BshIBAESNED ﬁﬁx'i'fféellggyt 1 ﬁesifﬁ_b!clé for 3h&Bim of the

Preferably, each armis nonospecificC, even i .
rtiganilya be specifiofardhe Orpudysagehaude eomponet lof adipopokyshccharide

i b G e
Ldé{?lﬁﬁiéﬂﬁlaﬁgdiﬂrﬁiﬂ&nF Rt RN shifeceP@RRkd ?ﬁl;y?éﬁﬂidﬂs and

Q her mnicell surface structdures can be
Rphoby deatesiar ovteryaaabiringsiisneh aspilli disnlyes knd flagella cell surface

SUL e- ed | ypeptides and carbohydrates on
5%Pé$% eﬁﬁ@%ﬁ%%ngﬁch as pilli, finbrae and flagella
cell surface 15 exposed peptide segnents. For binding
to tarfebindihg %o 1285 célls)ond afnh6f thie Sipafld iSspepfid fok & siufice
a surface conponent of a mamualian cell. Such

. componatof aimenmatia e¢ll. Suphrogmpopenfs anglude celbpirfage proteins,

%ﬁgtri](‘fe% ra?n? QX%&&&&@“P«%&S{ AP RELS o Dihdthcterized. (Fell surface

aracteri zed. Pl surface teceptors, especially

rdepors, %Bpﬂﬂiﬂl)oﬂlowéaéiﬂbleidf gctﬁﬁti@?&@éepﬂ@dmaﬂ'ﬁtbd endocytosis, are
esirabl e cell surface conmponents

flgsirable epdt susfpce sppmonenie for dargeting: Parkrreaspipss Hayeppxpressed on

i 90 e, AR ST ) OB AN

t}&;ihlalgl reguéihg thopsdsibilitytiyr dedivetielo nodrarded colif- t ar get
cells. :

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
cells, bone marrow célls, 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 overexpreséed in most colon, rectum, breast, lung, pancreas
and gastrointestinal tract carcinomas (Marshall, 2003); heregulin receptors (HER-2,

neu or c-erbB-2), which is frequently overexpresséd in breast, ovarian, 'col_on, Tung,
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By way of exanple, one may target tunor cells,
nmetastatic cells, vasculature cells, such as

endot helial cells and snooth nuscle cells, lung cells,
ki dney cells, blood z5 cells, bone marrow cells,
brain cells, liver cells, and so forth, or precursors
of any selected cell by selecting a ligand that

CBSHE AL PR (i 2, R0 FEEPH TPl hgplhsemc
| (BUTR)ewhithds Nighlyosxeedsed intd Yaheor s(dﬁE&)momhnahdmg those of the

overexpressed in nost colon, rectum breast, |ung,
plrgestdigad a%ﬂ“&a@‘tfr émﬁtl eeH fung|and prestate Gralomenasal., 1995);

ooy SR ERE AR R cFfiad 19 i

beregmt slompbbclretreptc?‘pw{ﬁbh ik b‘xmessed bl hbjba‘l&t}uljsqm etal., 1997)
C cal c rs (Hung 2000) ; epider
fi‘?ff)@@ w&%wor taseriay %FW}; Fvbch lﬁ.ogﬁqeyp@wgﬁg@acreﬁﬁc ductal

gz}dgg(gi?&uﬁér%%%aliﬁm%@ﬁéﬁal ! Qﬁbiéhfzf%g E.F?ﬁtf%ﬂﬁghal EtS)wth factor receptor

t(ﬁfﬁllﬁt)efo(l@atlfmgwgenem gene M@y (Beakérad o)) gﬂﬂﬂmﬂt}é@ahida etal.,
2@% Itﬁqr %Sto ker 199 é ansferrin rau 0 .

P olateggesplorcwhisinis selkstinghomvermarested Bl 6F noppycipovs
'cﬁaﬁﬂi%&&ﬁ@ﬁa@((}&%% RV LES 2082)26e1 ﬁIrfa"éls glyc%@ﬁﬁi (Batra et al.,

fibroblast growth factor réceptor (FGF

d984 ) xpbekpdrate seceptors {Earnberdnat ol 994hdaad @@brmemmnunoglobuhn

20 | dqt
GFisiion WG 4t epbit 3 oce qelients FspyRtort Antiele] sfls aud atgractive
Q@f‘@eabﬁ&hmuﬂgaﬁ%ﬁés Sichak CysRORbaskds (Hoshiellar &1, 1857).
2002); fol ate receptor, mhlch is selectively
overexpressed in 90% of nonnucinous 10 ovarian
car ci AbAderiecssamples antiyimbenti-pooppial ead Ankparasitie drugs can be

s ERER i ik Paicsthapa 19834 BRI B can be achiovea

ieoepeoiy iafedtddreells aveh o HIVvilfeciedihelpes €4+ TAymphosytes.
delivery to respiratory epithelial cells and
attractive for treatnent of |ung disease

Cyst i Erdeppdigandsieampsise apgbogies antl@wyubfp @er%‘@twtﬁe rAs used

] t
FRRIE U b0 enhfl b Al R by
aleh érain gdioggkneation f yn @hnidnegaiﬁmgsp@m Aheadedm téamﬂbody’b

' speC|f|c i nfected cell

ch a HI V- i t ed h
arsiudes pplysiomak wg@spwéff and manog @zﬂtagug%ﬁetﬁfp 28 é’ve ‘antibody
‘ b
ﬁglﬁtémgé %Ec@{x’s‘tﬁﬁé]p %'Plttain ﬁlgl%pﬁljgﬁr% rr%%t\é 3§0sz5 AY$iBHdies and antibody
idenivatiogd odefilliin t]m)j)mseﬂténvﬂntlam aled niny heobtuined by secanmbinant DNA
VI VO, generat| on of an i munogenic response. The term
KIBeHy" 20 i ncl udes pol ycl onal, monospecific and
m)nocl onal antibodies; as well as anti body
der| v . ' = i ' :
CFy ?‘Fflé(Aﬁ@e gfﬁ@g@i R%tegt%k;f%cglggép%d%%hiﬁg%cf iRAIEM hSavy chains
and two identical light chains. Both types of polypeptide chains have constant

‘regions, which do not vary or vary minimally among antibodies of the same class, and

variable regions. Variable regions are unique to a particular antibody and comprise an

“antigen binding domain that recognizes a specific epitope. The regions of the antigen

~ binding domain that are most directly involved in antibody binding are

"6omplementarity-detennining regions” (CDRs).
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derivatives useful in the present invention also may
be obtained by reconbi nant DNA techniques. WIld type
anti bodi es have four pol ypeptide chains, two identica
heavy chains 2s and two identical Iight chains. Both
types of pol ypeptide chains have constant regions,
which do not vary or vary mininally anpng antibodies

of the same class, and variable regions. Variable
regi onBhesiern {anidhedy? alsa epa@mpeaa¢Sa¢erafﬁt1vqw§9mabmhes, such as

%%B#lf 121'& pF t@%att 99?%11%@%1[‘ %osgg@ﬁ gﬂ%m& f L6E SSiibh

speci i ope. regi ons o I gen ndlng
cptibbdy frigherts éncimietFalli fr@ghdnts (afrapinvead thanccammbﬂmwnugen-

|n |g Orzilre o) corrg%qeggg%arl ty- deter éﬁ@@%}bg}ygggnagedbya
ﬁéﬂlﬁ&é b4, Bl ?ﬂLéx%ﬁ;%?%ragﬁ{éﬁPc c%@?tﬁ" PR aldRATR iR

reta I'ty” to“speci
aimtnag;m oempissing a Fabtindenl yddntmgaﬂqmirlson oftthe Heaviyaibain through the

TS R B eSO A L g bt

; %zﬁw%oﬁbéf ﬂlekl{ehﬁg&%@ #bidp &hﬁé‘ﬁiﬁ Eiﬁ*’éb%é’l)eculgﬁbvmédﬂo

ant1 bo fragnment “cont ai ni ng a single antigen-binding
cantrgembmdmgrdomang eadbaif wirigh mayatm:diuemdad) a differegirepiippe), and

SRR U R B B 0 8y S o
Eﬁﬂﬁ%flaﬁ ahtiSody e w@%&r@ Déhaihet éiﬁﬁ\méciabi}l ns), a

~bispecific Fab (a Fab | ecul e having two antigen

bi ndi n donalns each of which may be directed to a

di f f erhen epitodiss) inching@tibrdy &F@n@ﬂﬁemﬁﬁ'i*'ﬁ“m%'t or all of the

SRR IR B LA ] S B B b e

baiafs.0f o-2all D TRgi dhdzel] Aikibodiastt arb @tﬂllelamWnnnlthmmg See eg.,
antibody fragnents, constitut efﬁoart or all of

Qshawaet af-nd03 r’BTeé(rlwsp peen mogdified hyegengtic BRI, tlgp@ndlor in
Uﬁ% {re&glegﬁo%d\g& (}ﬁéég hﬁnéé]ﬁcl Iﬁuneﬂlu 'ﬁ@ﬁuﬁd?‘ﬁ)r%b{a%?zmg

umani zed antl nomn In e art See

~ entibodidSar©dbanibedat g.aln U. SZ@:@&nts‘[[ﬁ@)ﬁ,MSbbbn smsa;useemd

Rou3a0eli 5 e sapelestonss. Homanizaanibodes s epes by srafing the

A R S’E‘Q“‘e?“‘%’mm%*e%‘dﬂs%cDR@ from

. fnnﬁﬁekﬂfﬂb irtto athiomanilgGl ek Joassst ahuh®86; Récthaenntee df.23988; and

‘E’ﬁ%‘i’vé@”ﬁ@ﬁéﬁgﬁeﬁ' Bt é‘ff#g%aﬁram SaifhizeCBRp dies,

ﬁ{:&%efgg éi%rglﬁ)é’r?ﬁunan tht b Rlafsflr |lﬂ(§‘e ad@fionA@8idaks from the

t at,
so-called framework regions (FRS) of the mouse parent mAb. Several variants of the

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

Human antibodies, rather than “humanized antibedie"s,”va'iso may be employed
in the invention. They have high affinity for their respective antigens and are

routinely obtained from very large, single-chain variable fragments (scFvs) or Fab

- phage display libraries. See Griffiths ef al., 1994; Vaﬁghan: et al., 1996; Sheets et

al., 1998; de Haard ef al., 1999; and Knappik et al., 2000.
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Ver hoeyen et al., 1988. The generation of

hi gh-affinity humani zed anti bodi es, however,
generally requires the transfer of one or nore
addi tional residues fromthe so-called framework
regions (FRs) of the nouse parent mAb. Severa
variants of the humanization technol ogy al so have

been devel oped See Vaughan et al 1998.
ant i &8y ligandsrlso inplade bispprific 5@61%%&5%@653‘3?‘%‘6%“3@

s n&{xﬁﬁ'ﬂﬁh@ﬁo?ﬂaephﬁest Jb?lsi'sﬁﬂ%ﬁf 4 9%abl; thréﬁéiﬁ Fﬁh‘iﬁh covalently

I respective anti gens and
atadhed elh:xbuglh)a dibkerdndlecute wes yoﬂrespgﬁdmg vagatde béwviyrehain portion.

ERiEy :P%Jﬂtg B5Rb 305 fonath a4, 38t Wspistdandibogies also can
kg Hrde By n%ﬂ%%:% b’ For 2:?8‘ ’(fj&T E‘Fl@a[l ‘i’lef%?oc%hjugiﬁg Qan Bé Greated

napplk et at I'gands also | ncl ude
bys:he:mdally lmkmglmtactmmboétns phadtitedy fmgm@htsw difgeenty

Tt $0a PRGN Eoi i JIOREh RO HOSURREAE: e

' l:‘liﬁ:!lSﬁE tdRhLeEH] aereg d%cmr RS SReNGH Ak a\'télédsab;lnee heRyae as pormal

chain portion. U S. Patents 5, 455, 030; 5260g1250
awuhodlpna@,nﬁbadlesl B;sp@cuﬁp @ntabﬂdl‘tﬁjdma@nd?meaé%% de

e t hods. For exanp
ﬁ’é&@f‘%% (yﬂ}.\glb vLves SRZYmatic ¢ %atv'élg d reg Z)ﬁagg'{: lo{‘/ ﬂ}& anl’glbo%y
ﬁgﬁtsa@gé@mem ang7.body fragmants of different
ficities. See Kar povsky et al., 1984. However,

such het er oconj ugat es are difficult_to _mak

repr oiﬁﬁé&l!ﬂeé?ahﬂﬁ svFwfiagmapns ate epeRlenfihey nﬁ’é?’ﬁ lowy, affinity
i VS T 155 s

endineered irtd EiAerid, mmbﬁauﬁ'@&aﬂnﬁc rcemlgmes #t increagd funhtional

ti body f t See d t 9
et ﬁegam&i"hnﬁggaéﬁtﬂﬁﬁg@, A e O R AT G,

g@fﬁf s an e ¥ovsf(ao bt 4 aggg? §ﬁ(§ﬂjﬁflgﬁe§a e sthlt@liBé f1a§ be created by

|gands ma Tomt conponents are

. ehghiekarior geneticlerars-links. tri meric or tetrameric

conjugates to increase functional is affinity. See

Tonlinson and.Hol.l'i ger, 2000, t 2001: Hud
‘Saur i %Specﬁidlganﬁﬁajg%@dBYWQR é)%{erag 3} are JRTipsp aﬁﬁgt &l end,

£ nl}tﬂh%ﬁ“l@fo?tarsﬁfgtly&&ﬁpw gﬁ rrﬁﬁf%@ﬂ@ﬂ Jiﬁé endh@Aispddific for a single

and/’or ‘genetic Cross Bi speci f | i gands of the
CdsmptMem bn pargéieveils by tharotherends ﬂfhe ilrgandsanazeh@ mudtiyplent at one or

Bﬁ@ e@ﬁg,pfgg Ig)fﬁ;gzgglg:) 1;1|t€e ? gqf Sor ng%g ﬁeag)t@dgegﬁgllgﬂgﬁps %&d flrabodies.

_ m@ﬁ ﬁ% ‘?}F anlP S ian100%. N&'difRdy i Bival i@ BHSerToMmESDY a non-

on& or
covalent association of two scFvs, which yields two Fv binding'sites. Likewise, a

triabody results from the formation of a trivalent frimer of three:seFvs, yielding three
binding sites, and a tetrabody results from the formation of a tetravalent tetramer of

four scFvs, yielding four binding sites.

Several humanized, human, and mouse monoclonal antibodies and fragmentg

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

human therapeutic use, and the list is growing rapidly. See Hudson and Souriau,
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both ends, for exanple, in the formof so-called

di abodi es, triaboelies and tetrabodies. See Hudson
and Souriau, 2003. A diabody is a bivalent diner
formed by a non- coval ent association of two scFvs,
which yields two Fv binding sites. Likew se, a
triabody results fromthe formation of a trival ent

t S0P IARExAWIE ST %E\égymﬁiggéﬁgg?aﬁlme%e@% RRYR%rm of a

sites, and tetra romthe formation of a
tleibperifid inindthas spetiicinffor HBRD: Sedveptiny T eTeistguinabyr
bi ndi ng sites. Several humani zed, human, and nouse
nonocl onal anti bodi es and fragnments thereof that have

speci ffliikgdyrsriablegegivns also pambminged torp brend sangawé prdein

-t h i : i i
BB sl fo R oA R G olBins 30k SOy Blga b ades
eniasaing pedmotes Hindetiatibh.DoeyHu Ak ABI6 D Fusiss do hembhwIgthinge-Fe
one, aimof_a bispecific |ligand has _specificity for .
Hegions e addpffectayfunctions ddspwitisiondaelsselpeous matsindomains from
regh-ans: . . br ol
TR ook Mhoutict MRSkl 230 AAE Mhiolofh ikt soFv 1o
ahoit g@phipidthib belicea dds becn urad $o produpr minamibodies. See Pack and

imerj zatjion. See, Hu et al.., 1996. Fusion.to hungn .
| S_iulﬁ%@!% 5?@% Bruwaing %@rf&?lfléghas?orm}?%?rp jnaers,gugh as t6¥jun, can

fuesisemtot;ﬁob@éeeaigi&eemoﬁ&%@haos@aﬁ%ﬁél.,flwﬁ) and, alternately,

mul 'timeric proteins pronotes multimerization: For o
dwemodinm¢rifation domainsaas e ehginedied toformHwicrodmpins puehgipeerng

ARl BER soeTvas SROP o hol8s CFRBRRIRE Fe SO JredG R protein
fpaFthRrE @b O SU1BRES tha® PRFVidSH R Sriullfimleri£f#on b vadl 4s@ichddfional

produce bispecific nol ecul es iKost el ny et at, 1992)
dwaption) ¢.gratweeptavydin. Beerbubeletiazal9%%n donmi ns can be

engi neered to form heterodi ners by engi neering

strat gqQi ch_as."knobs. into.hol es" (R

To06) aRPtpedt e ATTishkidg  opul ) St e oot for
sgtRieRg dri@indlécalésdtoaidet MdhimdlRahicels with Hgh vfficiensg. The
an additional _ function, e.qg. streptavidin, See Dubel.,
spmppsition oggprises () mtﬁnaﬂv%asp%m@ﬁbamdqoemhlmﬁmﬁc ligand.

THE AR R HRRET ey 32l o Rich bt e herel, T, the inicl
wbiithing ia@iugehdd tHedigecifitipand prafaably is eap«bip of biadingitp azurface
bacterially derived mnicell and (ii) a bispecific _.

PemyBeRent ofithe minigellcand tg adurfpersrmpangnbel ayed mampyalan cell.

descri bed herein. Thus, the mnicell contains a drug

and t he.bi |G el VAT : ds of the.
b1 nct Ao PRt gkt Al elsand BRRLLR: Regndy of e
present Snvehitioe (tharinerwaiposition that irghidesmpdmhinieells ehd ligands with
other constituents that do not interfere unduly with the drug-delivering quality of the
composition) can be formulated in conventional manner, using one or more

pharmaceutically acceptable carriers or excipients.

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

or without an added preservative. The formulation can be a solution, a suspension, or an
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A conposition consisting essentially of mnicells and

bi specific ligands of the present invention (that is,

a conposition that includes such mnicells and |igands

with other constituents that do not interfere unduly

with the drug-delivering quality of the conposition)

can be fornulated in conventional manner, using one or
ifPin rgﬁ@{% i ol &by d3knts, such as

gg{:u?%l enltg?)gl?o ;d E% ﬁwah%%sérgﬁn(g@%?%:@fll y acce%t a_blft e*'suc‘ ]

saspeadinfatabiizimgy anidéor dispesingiagemint Adoiable spdutierbis dgpgordc with the

Lological activity .of the conpositjon,bei

T b resient dng brifipstzated Y 90mp Ringer's IV, prgl fearipge

(sBRi0h I ANE SR ibdly, Woltsitibnd Ryl inNySifiRE polae skl fopns

may be presen?jé\yalhﬁgﬁnit d%sage -orm e.Pg. , In .

acqousibstior with abwitabber vehitlenalgt, istedibe; pyrogen-fien wiater opphyisiolegical

Seing. I8 som B houaai ik o8 2 GskelpRBlugh " sfidone-
Qbfing PFmAGRURMI U drhiBRierei e ifantAioh{or ckanple] baryneously

agents, . such as "~ suspendi ng, "stabilizing and/or
or ngamsisaderby enby intmygeulaigniecti@l ut i on is i sotonic

with the blood of the recipient and is illustrated by
saling, R 'S [ ,. Y - . "
S o Ao RRflont o BB 6O Rt Blvarous routs

padEbevarfons Bitesliffa rhamaaiins bbdy té achisvetthe thesapientib kffect(s) desired,
vehicl e sterile, pyrogen-free water

pities ilwaﬂgﬁ% aystemigallyie Delikary sepvpbrsiccrmplishads ggwymw, by oral

- AR ES, B o R ot PRI o Ay APy, Bl tion ox

ensaffhition, aiycpiraitenlshiyamasculant intravenous,dntrgportad, ibtyahepatic,

PAEREA G be Amesls P ST BEEe dergie pgiinip iR, The Blode and
?iﬁégoﬁ JunYii{st8ton & 4:3%@11&&?% )an _ tgﬁrbf{iﬁéiiérgét%eﬁéé lhll?&\é%ample,

erapeuti c effect esired, elther.loca y or
sysiceibroti¢ bells ey by efficiently tixgetd dyriphdled deljvery of the targeted
exanmple, by oral _.adm.nistration, by applicati . of
mega%maﬁh}lwr?@ﬁ% t ab‘éﬁd’g}m@émtﬁtasbimpﬁ e i sHicigntly treated
LRSHESAbLORelively BY tab¥ie eBbibinaht YhiREHMBC Prithary ovarian cancer
I ntravenous, 1ntraportal, intrahepatic, peritoneal

miap betieaduda intrpedtonsadrdeliyenyrof targeted ecovaibinant minicells.

adm nistration. The npde and is site of adm nistration

i s depend I i on .f Lhe. target cells, o
o anpil Bt Prespu Pt Bifes 1By ifes ftSirEagiery By fsept 8f bringing
Bﬁ:"t%%%e?%e& Bﬂﬂic@ﬂ?,%i:ﬁ(%ﬁtaiﬁfa . ih@y @Rited with mammalian cells.

rec 1 Ni s. Simlarly, Tunor netastasis nay

"'nant m ni cel T 5
that aephagédyitasie mirlepdocydesiscompstanti Suchvesnomeliae pellsepich are

of rgeted yeconbinant .mni.cel |.s. Prinmagy . ovaki .
Capablir ot gy 58 Tore Ao LIS i R apish Bh R B b
bﬁﬁ@ﬁéﬂ%ﬁliﬁﬁﬁ@é‘?ﬁﬁﬂf‘ﬂ:@ FhiniceRS, Which release their drug payload into the
cytoplasm of the mammalian cells. This drug-delivery approach can be effected
without the use a targeting ligands.

A variety of mechanisms may be involved in the engulfing of minicells by a

given type of cell, and the present inverition is not dependent on any particular

" mechanism in this regard. For example, phagocytosis Is a well-documented process

in which macrophages and other phagocyte cells, such as neutrophils, ingest particles
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occur in the absence of surface 10

20 The present invention further provides for drug
delivery by nmeans of bringing bacterially derived
mnicells, which contain a drug, into contact with
manmal i-an cells. that are phagocytosis- or
endocyt osi s-conpetent. Such mammalian cells, which are
capabl e of engul fing parent bacterial cells in the
manner of intracellular bacterial pathogens, |ikew se

dnexténdingepsendppdid @Yer\ﬂitn waticle Ism:f@@ unkiéthe nartmje wyraliad

th C f ihe ma an ¢
PYBlobEE, §RpG RS e OB aP o RL PO S oy Fiyement of
Upecific keefRirs HOtht pERBSIShas DeMpidBbnstiafedMBeb i IR D@L (1986);
be involved in the engulfing of mnicells by a given
tSpsert f ak 61988).and t he present invention is not
dependent on any particular mechanismin this regard.

. For ex%{:ﬁne ﬁpﬂ%‘f@%% 'y?os is m?%ﬁ@@ ﬁ%eg&%%ﬁ%@{\%éln 'hﬁﬁ@esﬁgands

30 in macr ophages—an ocyte ce
snd higasd-peeplogplotated at the @sdmipatndsi afltmpseuaé?pdnlya (Shaw and Griffin,

tlﬁéf)pgrm? eftestiment Semimielioied b Mobmeci i e epligh ELERrHode
%elﬂgﬂf SPEL A suﬁ’ﬁt% ¥§1ﬁ’§' ' Wnthtrgﬁﬁ)ebﬂﬁ Qb4 SiRnt Gfictena such

cific receptors iIn process been
aenommeanexﬁgexﬁe &. Wh,gﬂiag&sdomsgalsdﬁﬁ@)occurﬁpém absencexdf surface

et P e B 28y e IR A A L S)for oantE ™ Thus, the

bfé%é&%ﬁﬁﬁi%ﬁteﬁﬁénb&‘é@é B 1§‘ﬁottlﬁﬁlté'ﬂal%ﬂh@ﬁﬁsoﬂﬁnﬁéh¢ls that either
pseudopodi a (Shaw and Giffin, ., This

aossem:dmk srface adhehing ankd@pmghmﬂsﬁ@maﬁrre of tmrmamré bacterial

SR e ORI R o .o
dHoRELRIdPRI1S hitkind SidbRades aﬁé)dhb nﬁmjlg@q))éﬁ AsinamihAls My

i'gands for

phagocyte receptors See_ Pi kaar et al. (1995),
i nst adgwtherigugy ﬁpa@roq&swmﬁowrﬁ%%tbﬂd’rh@hHérﬁﬁﬁlé%léfsp%b?gcns

L e

Padudomonts b L crobacint gdi@éﬁt?j toahamasliks epﬂllirdlaa eells and rephcate

engul f ed by pha%ocytes I,. e " phagocyt osi.s- conpet e

thska. Bwp bajic mchanipme xeEaRdATe a&h@ﬂwﬁ*&ﬁ?@ﬁﬁb@é@tar@edlated
AT ko R RS Syl RN Clti

Bﬁtﬁ@ﬂl&ﬁﬁencb&ﬂﬂfﬂls i(Saetvid g Boas, K94nf EMrrmrt@Ith may be involved
Escherichi a, "Shigella, Helicobacter, Pseudononas, and

vhen angpgylfinggampetent ¢l that aﬁ&?mﬁm%mmﬁr&(h@r AR epdcyosis-
édhg%& binGat 1) Jig‘x[lf‘s Gnmﬂx‘{‘&cl]l%?h Q@% egﬁbﬁ )
ar e ependen YEC or - ne

Representative endocytoszs—competent cells are breast eplthehal cells, enterocytes in

the gash‘ointestinal tract, stomach epithelial cells, lung epithclial cells, and urinary
tract and bladder epithelial cells.

When delivering a drug to an engulfing-competent mammalian cell without
the use of a targeting ligand, the nature of the application contemplated will influence

the choice of bacterial source for the ml_mcells employed. For example, Saimonella,

- Escherichia and Shigella species cary adhesins that are reccgnized by endocytosis-

mediating receptors on enterocytes in the gastrointestinal tract, and may be suitable to
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endocytosis, also known as "coated pit endocytosis”
(Riezman, 1993), and C athrin 20 i ndependent
endocytosis (Sandvig & Deurs, 1994). Either or both
may be involved when an engul fing-conpetent cell that
acts by endocytosis (i.e., an "endocytosis- conpetent”
host cell) engulfs mnicells in accordance with the

AEOHRED e T PEERRLBE Lot BALORYARS Shn AR iRk Bl

I al erocytes I'n
Gomt Helicob&sén pyddri} dading sdhesine Epee;ﬁctﬂlettomlach: epifthslial enbls,

epi.thelial cells, and urinary A 25 tra adder
eqpild hepyited f@é{ﬂqlg/cwd@é stopiach FEcst 9 %{}@Igﬁ) or insufflation

ﬁ‘]ﬁ? Bk fdeBBrof 9 gﬁ gﬁgﬁ'&%lﬁlﬁi’&eﬁ@i&w\éﬂ tﬁ*ﬁ)ﬁi‘ﬁ Pstimiafs epecies

arge ng ature of t eanlcatlon
mmammdaem; mbgmmﬁ by eneptorst didungopitheliak cablsc Miniaglls derived

, sourceg{bgélllg %%@%gﬁ | o eg?chﬁjs%exa”gryetgactandbladdel‘

ﬁg@%ﬁél%éué Bl ESWEIRSRR R ShiRirPdPEalives 6f $arug to a urinary

atlng rece tors on enterocytes in the
fgas br abhiddet qanaér {Fhednyertion almyprovdesfor dis usetof bactedally

er, a drug.that.is ef.fective for
detved intagtmpip iy andbisped ¢ BEtndtS bRbaSOL ARARARGS for use ina
R¥HBA bf ﬁEﬁfrfgydiﬁélsé‘Qf‘ﬁ@H@n‘g&aﬁdlf bycadnsinistration ofi the medicament to

epi thel i al I'l's, could be suited for dellvermﬁﬁf q
acell tismeon otmmc dn themedicamshiaminicells contaiha gryg ©an

aectiaandn oe andilR R piiditd @dnd PAAGHISHR 16 BirpSt mammalian

&%Besh&?me&emem% hyefalas eRLDVRi0N cdmdi@omrtdhhbeaaes mcludmg
Is. Mnicells derived from Lactobwg?l I #)Pbacterl a

anlquubd disgasgs sutheasi DS, pegpmpeiappd tyher
i.al d be vvell-swtedfor
ﬁﬂ fh&cﬁ' *5?‘{18% |\98’$§1‘ég§°ﬂ1& ig to a urinary tract
or a bl adder cancer. The invention also provides for
the UFke et Ririhet pyovidiemethatlsiafcatingvniticells withadirug.

e e sk S e o
%gﬂ%ﬂ:' cﬁ‘[]%sat? ufbgh('i&&f lg'iﬁjih n| & eﬂ xfﬁnth% i hnvdliéé?ssdﬂéatmg a

canent, S contaln a
dﬁﬂb@ﬁﬂit@n @wrl]cﬂilcﬁpm dll‘ugdselwvmmiﬁemeeihﬂgam@um contammg the
bi ndi ig to t to,t
rpiieals dodhe THRIFILIAPLEoa QYR F e P gl P sgpteins
lygfge% d&lég ernﬁgﬂgat%f‘&%ﬁﬁe mi Eéll‘ lﬁqﬂb‘ dr@EnatusfBsa6ves down.

pneunoni a an ercu OSIS but are
thiy donesitariby giddiesteintd thmimmlb@m;dm oWheartbe concentration

chenot her apy.. The |nv§] 4{8” further gfﬁ’& 1m9e9ﬂs

gradientig Mgrwﬂnh@m@s
nmet hods, drug packagi ng can be acconpllshed for both

hydr O?H&tlﬁ&aﬁéiﬂicaﬂy significant amounts of drugs can be packaged thusly in
non-living minicells without leakage is surptising for several reasons. Iti 1s known that
the outer envelope of live bacteria, both Gram-negative and Gram-posmve, forms an
effechve barrier to solutes in the sutroundmg medium, while being permeable to
water. This protects the bacteria from deleterious effects of toxic molecules, such as
biocides and antibiotics. It is also known that the bacterial envelope confers intrinsic

resistance to the passive diffusion and intracellular entry of hydrophobic chemicals




10

5

C. 20

25

30

hydr ophobi ¢ drugs. One nethod of [ oading mnicells
With a drug involves creating a concentration
gradi ent of the drug between an extracel |l ul ar medi um

-~containing the 20 mnicells and the mnicell

cytoplasm Wen the extracel lular nediumcontains a

hi gher drug concentration than the mnicell cytoplasm
the drug naturally noves down this_concentrat,ion
gthatiasnet entesthyongle waten fidler hygsppbibic shmnel, &rmed by membrane-
concentration dient is reversed, however, the drug
o??é%mﬁgé p?%?/lr_les% eagf)%?%fe m nicells. That

t herapeutically significant amounts of drugs can be

pac k agefinitéllsdoytaimthe 2omeantdrienvel gpenasrtheie parentibadterial cells. Thus,

| eakage,i,s surprisin Qr several r n It is.kn

ik sorariseneoeidhotl Ryaioppicsigs, GEenpltied by Dorgsphitin A
. i v gl

%ﬂﬂﬁﬁﬂ%tghési g?r%{dgh&ﬁ@ %’S bl dnyflifiell ¥y PackaxelSE4ehe roadily

barrie s I'n the” surroundi ng nedium while )
heimfredinteahd minicell wrbplasm Hyi segtingnsbnplecaacyitation gadient of

e Briedhsturin ik et pripicel Snd - S g B ERpe RS (T sugeests
tttﬂ&etttﬁé Eﬂel@%‘éﬁkﬁ%iﬁ%ﬁhﬁ-ﬁﬂhﬁ battria ad theis detivatives ioquite

passi v IfTfusion and intracellular entry of

 hifferephistindhe trevel el permeghiilityhofilivimgbrsteri@nt er ~ t hr ough
~water filled hydrophilic channels, forned by nenbrane-

? ﬁ:ogia ) e%ﬁ%&?ﬁ?h@%}r@% lgllg\genfeglg%ngh%ﬁsacgﬂéﬁ%&%&C%%%Qh%miceﬂs

' GRAd BerediBbiGurpridel It & well psthblished tHaalivbbacterinlthvemietive efflux

drugs, exenplified by Doxorubicin and 5 Vinblastine
awocassas o prrapyectonio spemieal entifies thathagperiio AnisT Qe cYop]psm
readj | r ' Vil Arddediated
SR oo B Sl YRkl OO et gl Bt Pheclate
bt aRIAridRard)sbiters A Rirgehid diverse gtaup-afiproteies capable of protecting

Qe e N W S T T
. - X - - - - 1 =g ] | . .1 . ’ f
%@Hﬁégé{iﬁv ieflgn/ér% ?J%ludlt :l/tl,fars]% ﬁgé gtﬁé\rﬁxﬁ gaﬁ%lgﬂ‘ﬁﬁ% SDyeRfueRce similarity, o

The di'scovery that

dhulgidrpveaspérteas.c They tlydd the G majiirreclitator (MF'S), (ii) resistance-

Sorlsfpa el dision PRI LT B npfrok pfoy ity i) guolidrog and

| _ y . . vhve € 54
ﬁé}%% gzﬁﬁf}ﬁuﬁ&’ ?@Eﬁ% iafr'ﬂ Q)tc%g]bﬁdﬂmﬁ caRbttd fagfiliéd) Ahese multidrug

0 ente asm (reviewed b .. .
Remgecteréhretacteriahmeitbirans yond podidins an@wevmyebcé@mted m
are mediated by nmultidrug transporters, a |arge and
diagteriakspgeistp of protei ns capabl e of protecting 15
cells against a wide vari-ety of environnental toxins

by aCtM\ﬁﬁ'cﬁ%ﬁ%ﬁ ‘Bﬁeg sHoRld B/SonsGER Bids cell hhtbrands, yet they
at |east Tl Hown tam | i es, based on sequence ..
surprishigly yppeat to be non-functional, possibly because minicells are non-living
and lack the ATP ;izecessary to drive multidrug transporters.”

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

in aqueous media and carries minimal amounts of the organic solvent to ensure that

' the drig remains in solution. Minicells can be incubated in this final medium for drug
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mul tidrug transporters. They include the (i) major
facilitator (WS), (ii) resistance- nodul ati on-cell

di vision (RND), (iii) small multidrug resistance, (ivV)
mul tidrug and toxic conpound extrusion, and (V)
ATP-Dbi ndi ng cassette famlies. These nultidrug 20
transporters are bacterial nenbrane bound proteins and

Vit e B bR ha PR g frmgiffse o
nHreyssdasm yemifidedly to adhierd Shighland @RpgRGtidally Rbnificant
non-functional, possibly because mnicells,, are .
nBAoplagmifrug load) This is waeyproteddesansa the mimioghlingembrane is

ARSI SORARIE onh TR0, DGR Ptk o preven
i dhiiffusiinl of hydrophebic nedaulesdniotharywphempr i at e sol vent.
For exanple, Paclitaxel can be dissolved in a 1:1

bl end qf ethangl .a r enophor.e EL (ol yet hoxyl at ed
cast org&" rinchgg |°_g ingm lmlﬁmhbﬁﬁma mgﬁvw@@ﬁpg@e |
re66Yinaflpént BaGEHAI A unldBAL o dRti R WitleYeilite : é:bh&erial'cell

aqueous nmedi a and carries ﬁ1n|na anounts o
drayseiibesswmid\esnelates a Sresapentic maclegoacidencading theduignsudhrthat the

R R B et ahe SARALEarl ool Fkignaple,  gene

dilsseareiceding el ceBMRP bﬁ%&pﬁ@?&ﬁwdy $&S dedRedBizUE be cloned
into the cytoplasmof mnicells to achieve a high and

e tepeteried antp ¢ pereghbadterialtstrany thatis aapabls afiwgduciagiminicells.
| ik Sra se the niniceld i .
Bl S RER LA cRRTASE A s GS ARU BS s of e

Wpug didhén theReRPREmiCT the paent bactétial belsd, BNingfthe bacterial cytoplasm
hydr ophobi c_nol ecul.es into the cytoplasm Another .
et dsvg.| Bawn thy parentdariesialwelhdixidgs eed fomms pyegeny minicells,
AL i . t cterial cell.,u .
S i g G AR RIIL 17 B R R et inicetls
tanbs putified b ady of the sdiaiceH purifitetiGppiobésses kiviva th the iagk and
nco%ileag the drug, such that the drug is rel eased
REEIDEH@DBYR. opl asm of the parent bacterial cell. For
exanpl e, a gene ao cluster encoding the cellular

and- | FAngpi, Agiet Beiod ofoR i nifhc PNt P A nfiohS tatturing

cteria
a atgminh]ﬂ'nmlﬁ minivel] ctl]itm gcr)]ntiain'scmi é}iq)ressiGﬁrsthﬁtl:l tiicuiiny ihptdrog under
and..t.ransl atj on of the gene cluster results in s
B?f&ﬂé%%%@ﬁ@%&qwe ep ﬂ%‘?#lﬁgtlhl@m@ﬂl@ﬁﬂ anshirapslatpd within
BRficdipcterial cells, filling the bacterial
cytoplasm wth the drug. Wien the parent bacteri al
cell divides and forns progeny mnicells, is the
m ni c ok prasiusing dongsalirectli evithin gaient biwtdrial cllsoml mbricells, the

~ The re-tna Iégl?ed m ni ﬁells

parént bac s or minicells contain a nucleic acid molecule that, upon
transcription and/or translation, function to ameliorate or otherwise treat a disease or

modify a trait in a cell, tissue or organ. For purposes of the present description, such

- nucleic acid molecules are categorized as “therapeutic nucleic acid molecules.”

Ordinarily, the therapeutic nucleic acid is found on a plasmid within the parent

bacteria or minicells.

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

functional RNA (e.g., antisense or siRNA) or a peptide, polypeptide or protein, the
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can be purified by any of the mnicell purification
processes known.in the art and described above.
Simlarly, another nethod of loading mnicells with a
drug involves culturing a reconbinant mnicell that
contai ns an expression plasm d encodi ng the drug under
20 conditions such that the gene encoding the drug is
transcribed and translated within the mnicell. For.
pproducioagforhigs istesiéd. | E’or"éxﬁﬁ?[b, B Skt Ometcsinl off inffdst San
or n1n|%§lls, the parent bacterial cells or mnicells
cAPLs A harmons, sicepebicazyme.cupely) neptidens dherapeutic value. A

t ol / lation, f '
hERpaIHIcAto 300 RIcL0e PR B B pr EhioBtebR o gy
texprdssesn proteth that furktogs sbnorhgidyor Maf isPessesasbadmidhtevels in a
pr.esent, descyiption, such nucleic acid _polecules are
éﬁf*‘é@%ﬁfﬁ%as tgdho ease,fap examplentih dreccyatic oisisdepppembrane

: 0 [ C L B n .
SCRLBREA ohegUIar ISAE B iy UL 4 oFT 1980 Riciiler dn196s;
tRmnm'pny_l;ﬂ a., ﬂ989)emmassgldbnﬁh%mMI@cahaﬁMs, aaddvitlgany of a-globin,
BB 5 b dBaats i o il it pedecisean have
‘ . ) . . . . y Lo
SaaRsORAOL ofichlpt b AT ifer N BBl rodcdbove.

receptor, - enzyne, or (poly) peptide of therapeutic
val ue.Inghe tredmaptefidanceryz therapeatic ducleicecid molvaylelseitatie for use

BR300k e SRR SRR Rt BO Bris

AR Rbm! £Y¥QleShats %S@Dﬁi@ﬁ%ﬁfﬂﬁﬁ(ﬁtsﬁpp&%i&nﬁ shélfaE $53 gene,
for exanple, with the cystic fibrosis transnmenbrane

tnrmgtiveblastemaagigne,camdithe gereyenicoding itmosiergsiefagtore A wide variety
alk...-4989: Riordan et..al ., 1989: Rommens et  al. .
B9 s 6 AP e, R vets T SHNE e By s
approath, gugdualt @ the Brveh@oH. "RémesantfAiveafcdrdlin this regard include
thal assém a. The therapeutic nucleic acid no] ecule can

Ralpa carpingint.i pregiale cRpCRY; hraant catger, lung eanskt, skintcaneass Hyey cancer,
' i oned above. 10 In the treat f
B0 ot SRy NG BibcFons caneet, bhth capFa BFlf aninegl papcer, and
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a sequence that corresponds derjved from.a
panilomp and laryagesd prpillemawEaamplasnd warpeamditions qre senitgl warts,

Bl Srb il 0pr b olh PP R 3R Ao Pl 7,

of solid tunors -- cancer, papillonms, and warts -

’shoul & iherdpeaiad abdléic AyidmbRkcule for the present invention also can

comprise a DNA segment coding for an enzyme that converts an inactive prodrug into-
one or mdre cytotoxic metabolites so that, upon in vive introduction of the prodrug,
the target cell in effect is compelled, perhaps with neighbori;ig cells as well, to
commif suicide. Preclinical and clinical applications of sucﬁ:a “suicide gene,” which

can be of non-human origin or human origin, are reviewed by Spencer (2000),

~ Shangara et al. (2000) and Yazawa et al. (2002). Tlustrativeof svicide genes of non-

human origin are those that code for HSV-thymidine kinase (fk), cytosine deaminase
(CDA) -+ uracil phophoribosytransferase, xanthine-guanine phophoribosyl-transferase
(GPT), l?itféredUCtase (NTR), purine nucleoside phophrylase (PNP, DeoD),
cytochrome P450 (CYP4B1), carboxypeptidase G2 (CPG2), and D-amino acid
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I's approach, pursuant to the invention. Representative
cancers in this regard include colon carcinona,
prostate cancer, breast cancer, |lung cancer, skin

cancer, liver cancer, bone cancer, ovary cancer,
pancreas cancer, brain cancer, head and neck cancer,
and |ynphoma. Illustrative papilloms are squanous

cell papillom, choroid plexus papillom and

| @eisiang €BIA AQ) irdspertivelyExddumire srigih sumide geoasiareicspmphified by genes
njtal ,warfs, 20_plant rts, epigdernod I a

TR repAt b Styrhidash M IGE R S S HBRETACRD, Stochrome

WOGQCWI%!BI%I@WﬁfﬁKBWFdsPﬁ(BPF@.ﬁPések,%ﬂrER/pSB,&b%@cﬁvely.

can -conpriseé a DNA segnment coding Tor an enzyne that

converts an inactive prodrug into one or npre, ) .
cyt ot oAbeordimg e die ineention, tha sherapeptin nieleigiagid typically is contained

i ntroduction, of . the pr.od he 1 e [:]

P EBEUEl FORELnt BereRl Bl oqt el T Pl s may
V@Inkain bR additioRiutlefoltictd &emelt @6t fuftia@ls s3ndegilatory elément,
applications of such.a "suicide gene," which can.be,.
ofuch 6512 RIATEPLCD i tefiinger. [an sakADGET fi arsignal @empweﬁ that is

. . ak ) and- Yazawa et
ﬁ%%%%%%ﬁ%@%?%‘@P%‘%?%‘Féé‘;’ggﬁ'es of non- human
origin are those that code for HSV-thym dine kinase
(tk), Aplasiideviténapaescbacfetibiyelioruniieil of the invention also may
phophori bo%transf erase, Xxa yani ne

t hi ne- .
ISBIHR FAPOEFT ClemARG r4 FeHoEioE SlemepsonieTs o s ptlgant bost a
( ' ' )a, polypeptide,
S R OB A el
amd ofheawisa praticed by fie hmst, dizes ear( BAdDpsted, amponcrpression, by
Hy -orjgin suicide gengs are exenpli.fied,b
(iplograb o Tipnalysisptich 28 BY K ViPeBRseing Seepayes- f o oxample, a

ke (it deBVerOF By S ThtadehaRicelE d36 ik to the present invention,
LI\@%’/QEKBP/ Fag, EKB /Casp%ses, ' and E%/hg%, P

reeshbaide fet § protein dhad prayiuces, iththeiengelfingdost ¢alle 2 colorimetric or

AErBr et et e peblR Bl A Ppa 3 B s alfifative or
R G@hhtitattRermbAGTb Lirdtsefpiitinl adtivatioh.NIIRitrativé bf thosd proteins
nucl eic acid segnent that functions as a regu]atory

erecwemses, hasphateses, proteasasend other eprymes, dre aciyity of which

‘ h ' I d that i bl
(BeRRELES e letoriztie damoRBols o JOPBIEOI ' segment. A

plasmd wthin a parent. bacterial cell or -mnicell of

the i pgRblcaRxa@npRs MRYE, bl Felketosidase, AeeH Effectd £0810f change
A reporter elenment confers oh its reconbi nant host a

Maclebyagd of antindiegenivesubbiyste, indolyhfiraatactaside; and a Juciferase,

typical ]y by _encoding a pol ypept.ide,.. not otherw se,.
el exidizey aders-phpin ,aldleh&fe éaﬁeaﬂqa Qa3 §r aigistocyclic

ec)éﬁ;o%ﬁé Q&hd (ﬁ%iferin), with the concomitant release of light. Also useful in this
context is a reporter element that encodes the green fluorescent protein {(GFP) of the

jellyfish, Aequorea victoria, as described by Prasher 7 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 095/21 191 (discloses a modification of the cDNA for the apopeptide of 4.
victoria GFP, providing a peptide having altered fluorescent properties), and by a
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hi stol ogical or in situ analysis, such as by in vivo
i magi ng techni ques. For exanple, a reporter el enent

delivered. by an intact mnicell, according to the
present invention, 15 could code for a protein that
produces,in the engulfing host cell, a colorinetric or

fluoronetric change that is detectable by in situ

analysis and that is a quantitative or
seenort gt Seimea ol (¥ ata poweant GFP, ahagaeteptdaddnysg 4-to-6-fold

tL Ll of these proteins are
ai%{peér{\gese%nqmﬁxmgaﬁg?g?gﬁ% ‘rot eases and ot her enzynes,

the activity of which generates a detectable

c hr onoPhofddlowing bxaislgilustrate froids embesdcexplorwdestarding of
E, coli (3-gal actosidase, which effects a col or change
ving inveption gad age 1 WWPQB’Q’eni c substrate,

i.ndol yl - (3-D-gal actosi de, and a luciferase, which

BrthpRY, %t@gﬁt?&%‘gg?gg e?‘f‘yéfcleagﬁ{l fif daficer lleigéni&ﬁ@.%ﬁ,kuuc

tdrags Broxomabizin andaWa'!dﬂesthfe 1h|lghterla41ysdnmaadfmtact mibiceks

" context is a reporter elenent that encodes the green

*nequor DA e Embalraed ot ek e Eph B paglaged oto the

C3RPRsm dfadtérillly dRbivédntact Blidibemk. t echnol ogy is
i[.lustrated by two published PCT applications, WO

095/ 21191 (di scl oses a po] ynucl eoti de sequence

encodilPraaubiss ia gisHonga anigmitagenigupheeisline anbibiotigiivlated from

BablRTRBEPG T B8 i { R BNY Mg top Rl ay Sijngma

(Henddrsorngrafis 10RUCwbanter o 019916 Chiah @¢ £5-11,999; Baridtiengerail., 2000;

[ [ I fl
S LA Bl ke oS B B e o,

285 ?%l g:{é%%lpﬁg?ﬁtlﬁ%lﬁstggﬁfﬁ% l’l]gnt f&gﬁeﬁ% th@astatic disease.

illustrate provide a nore conpl ete understanding of
t he i rWiacd alkaloddebomstituid 4 chenriedlickass ofiingjorSnExeshpl @nger

SR R A SR e ST

d
SRSt Bk A BByt

dayt. oVirtdastinedphibitscelt pﬂmhﬁﬂrmomlby garpéng méctotububecends, thereby

m ni cells..Daxor.ubjcin i tron antlmtogenlc
ShPRFSsingitALe Spindlsticrannde AR om

Streptonyces peucetius, and is commnl y errpl oyed for

t reat iVighid¥I R ARdre BE{aﬁieHQi:Hin at B‘eﬂﬁﬁﬁrﬁ%urﬁfrmﬁCDE- laﬂﬁ&t strain
Cowan et al., 1991; -Chan et al”, 1999; Pari daens

génerated @&;vmusly, as described in international apphcatlon No. PCT/IB02/04632

and were purified via a gradient centrifugation / filamentation / filtration / endotoxin

removal procedure described above.

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

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

The purified minicells were packaged with chemotherapeutic drug

. Doxorubicin (Sigma Chemical Company, St. Louis, MO, USA) as follows. 7 x 10°

minicells in BSG solution were centrifuged, the supeiﬁé.taht was discarded and the
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. psi, stirre

Norris et al., 2000). Even with the availability of

t axanes and ot her new agents, Doxorubicin remains a
mai nstay of treatment for patients with netastatic

di sease. Vinca al kal oi ds constitute a chem cal class
of major interest in cancer is chenotherapy. The |ead
conpounds, Vinblastine and Vincristine, have been
errpl,oggd in clinical  practice for _nore than thj rtﬁl_

y ganieclisyiere sesarpended &t YA IRPE and bR 4l offagrorghinig selttioRe
| PPl &8 e dRh Q{eﬁﬁ@mﬁmm&&gp FROLABoAliGH Qs BiehBated
ends,; thereby suppressing mtotic sprndle mcrotubule
dyvemighbisat 37 @ vdd dosativarte abdw dha@oxdrmbicinate diffuse into the minicell

o BOmATG BRbs Haabrtiein donsorc ety A REH o MG e pFgfe of the
NeyiniBGL WBAREDAashed avitlyhy ¥einRd R hittaBltration 8 Sl SAnicon

centrifugation / fil arrentyatl on / filtration /
estittadostivafilinatiow vell MardeL 80HO- @ illioes, iBiBericab Mk, UDA)wanassembled

BT o Pb PepPlaRih S Bririeuts Hifglafimton membrane diso
e¢polyattRtdubiont; MoK chIaf we%@t butl oFF ofC3000AD4; Mk Sore Jr T cell was
nmoved down 25 this gradient and into the mnicell

¢

cyeshpd Hies times satsterdle distillad water follasyed hsemBnthee threeryashes with

Lt C Po ) . ther .
750 B ot B Phen G e BR RIS, PR Y 1] A o
NBhxdofitinasackaddannicellsXwakQdded) Thecellll wad leepBiier a pressure of 10
sol ution were centrifuged, the superpnat ggch S,

dss stirrad gniilihe vphime wes rrdnpeddo| Sonbgndstop gﬁaéw&lbé plBSG.
it BoBlintea it R PR o SROifen 90 s, TS cping
vafs/ nlhafibaitied provedird wh paforiéCouinds to@nable arthoough washing of
t he Doxorubjcin to diffuse . nto the nni

de spraemuriacesekthplioyenlicnmainged agacpﬁ@ prg}ng the last

S 00, UL 1 0T L it o

fstdrileBppertivrCantrifipe tutegfallowed iyl cenatfugationsdt|1 3 200epm for 10
8010 (M Il ipore, Billerica, USA),. was assenbl ed

ey itfhgeliea W?QOM%PE%’B@ miﬂﬁg%%cn ons with an
ultrafiltration nenbrane disc (p ol yethersul fone;

ol ecyh@loriit: cﬁﬂéé@ﬁﬁrﬁ@élls Qe KldRnteld ddl &1R8Y dikies ditBwere
cell was washed three times with sterile distilled
wasuelizédolsinge flubxeseerfca mibscapier(beicamstiiel DV I3 light micmscope,

cel |, then filled with 9 m af, fresh BSG and .
A0 agnitBhons Koo MieSRuttme GorpadlbtsaieapRroup i is
VRFin o . . AL Gc®DCCamera and
S UGG TSyl Rerd O Rired G B LA DO Sumern and.
leppad¥ hdgembimgemunt BfBvare. The appropriate filter was used to permit
visualization of Doxorubicin’s autoflucrescence (excitation 488 nm, emission 550

nm; red fluorescence).

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

reversed, i.e., the Doxorubicin concentration in the minicell cytoplasm was higher
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Utrafiltration was continued until the volune again
dropped to 5 ml. This topping- off / ultrafiltration
procedure was perforned 6 tinmes to enable a thorough
washi ng of .15 the exterior surfaces of the

Doxor ubi ci n- packaged mnicells. During the | ast
ultra filtration, the volune was reduced to 1 m and

o o s or SRt e s RfistlysorBAl Shnedls hevere
I R ih&baldd with fhelapsg &1 RRLh&Y ah BadR@cRind BleilRoRasdRECd

m ni cell s. Doxorubicin-packaged m nicells were nounted
on glass slides and were 20 visualized usin

| usi ng, a .
71 uor eZesmensirate thetdm reckiging iomishcelivia wilingad to doxorabicin,
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- em SsSskon

L:Cle e 0, Lfication: ,lej
R SRR menh 0¥, FRABl 4 Ayh ABotf ifer e AfTEe drug,
f Virtbie5iae that hhb&ow estubility Etvetef. aPhis dag dogs not deflheresa; hence
DC.canera and Leica 1M ma&%/ie mana%ﬁmant sof tware,. The

BOLUBY - Bl-soningated Virkasime (Malequar frabes Fuggap: OBy USA: 2
oﬁu@%%ﬁ%gﬂg? 'g/és ﬁé’rg]do(teglaﬁ?%tﬁﬁ%@% (cﬁf%‘s-ﬁ&%l'ﬂﬁnﬁ%lﬁtﬂsdb%scence).

uorescence e resu )
r Ewepurificdtrhimicells werdipackiaped with 8 ODIY-EE ewedjugateghinblagtine as

HE5RY R S S EOR AL B PSR, A 5 [

1T ne e ‘ frar P
ﬁfﬂtdfdg%’t%fflr .g\?%&gﬁg@%ﬁ) @gg E%%o‘cﬁ‘?m%hbﬁ 60 nfhl. 7 x 10° minicells

xorubicin was unable to
dinfBS(3 eolation vkret deatrifiged, supernytanplvasdiscailudsanddbe minicells were

cwBeradedd 070 Bf B & sk hOBANLFT Seithepledf Vot latfne solution

- T@WRRESock sdtutior) ThiL0eR/e ¥t Bok@RG AT X 00Ny bf\dfuen 1 mi of

m nicell cytoplasmwas™higher -30 than that of .
eninicedlotusprangione e suspeasion(vBsinedlatediayanighteh 8Y §F with rotation to

R o o St A it o

- ARAERRMK the beedsh dfugiyud B ARkaibn g tb thabtifiecst il rufdnsion of

limted to doxorubicin, simlar experinents were
sang-packageduinicellroin RS G qaior o visnalivatioreby frokeseenge fyjcrascopy

Vi nbl.ast i ne hat, has | o lubiJ.ity in water. This
8 e s e ey ey 1"
‘BODI PY- FL- conj ugat ed Vi nbl asti ne (Ml ecul ar Probes,

EugeneTherug aged mihicdlls eReemMbumsd bo glasyelidassmd were
(excitation 505 nm emission 513 nm red

- -

piswgHeebusingg fluorpseense imicTaseons agiabays and fbe sesylis wege gaptured

W P - ' tre j ' : e

St i Ebicd rir ifiche 4R Tt BB nigBhont fAHR: T
SPpttpriate filter MhsiBédrio pértnitvidualizatioeof ied Mhorescetrar 6 RODIPY-
PBS to give a stock solution of 1 ng/m. 7 x 109

RLrregngaied Vinblastine.

_ The results revealed that all the minicells fluoresced bright red, indicating that
the drug had been transferred into the minicell cytoplasm and, similarly to the

observations for Doxorubicin, that the extensive washing steps, using the stirred cell

-+ ultrafiltration system, did not result in an efflux of the drug f_rom the minicells into the

extracellular fluid. This was surprising, too, because it is conventional wisdom
thought that only highly hydrophilic solutes can enter into a bacterial cell via

diffusion, possibly through porin channeis found in bacterial membranes. The present
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in BSG sol ution were centrifuged, supernatant was
di scarded and the mnicells were resuspended in 940
ul BSG and 60 ul of BODI PY-FL-conjugated Vinbl astine
solution (Inmg/m stock solution). This gave a final
concentration of 60 ug of drug in 1 m of mnicell
suspensi on. The suspensi on was i ncubated overni ght at

, " . 5 al A | s
Fhasshity IRk Gycea s ik R BB BB RS B s
wbrogzh thetthembrave ofa domdjiving hactarial ¢4lt dextviative, gpch a5 a manicell.

Hictio iator i el Fep BB Cori e BB AR 5 Show any background
fahitInRREesEe. M croscopy were the sanme as descri bed

above for Doxorubicin. The drug-packaged mnicells
were nounted on gl ass slides and were 20 visualized

@Laaly)_lalf |Erﬁ-p@stpm@gm&¢mdpﬁlrmhdﬁgv@@n ehfmethergpeutic
. i Leica DC
R PO IR HR ActN b Rl ™o opr at

filter was used to permt visualization of red
f 1 uor dddencepdd sHGBItRY-hydroinbicdragecan\beirickagedrinto thhe

results revealed that all the m_nicells f]uoresced
sﬁogi%ﬁm@ﬁzacﬁeﬁ . derived 1ptagt minigells, Begausg da%@%éﬁmface

1 irs%gmipeéea m§@k§&%§4ia il eQ,DJjﬁﬁﬁbeeﬂmﬁgiﬂ,r@wobic

to the observation Xxorubl cin, that t

dnrigsnsiose thimbaiiegwebldpmt baekpeptedie stirred cel |
ultrafiltration system did not result in an efflux of

1 T RGNS, et S acrlisR o i) S Bghith Company) s
- R HORAE !dﬁ_@&len%ﬁ?igﬁlly {SBRHEN bR bR Of A Pdeifid/yew tree, and more

hydrophi li ¢ solutes can enter into a bacterial cell

' vacentip frainf the seastics qfishe ekiern fiewdngh Towus brevfelio dhaglitaxel is one

fpund in.bacterial nmenbranes. The, present . - : vt
of Bt moed iRt e B RRENES peri BEVIER B gttt vy,
BytreRAR abhigistCVarieh, et ankihsy BihceRAMEkER and Mrkian, 2002).
non-1iving bacterial cell derrvative, such as a )
Radlitexl is an asimitadic agent thet binds rmbwkin in #bil steiekigmety with

it h the drug did.pot sh back :
Heklip ot gnekiiihe ISR A hishpercentaggof colls o
st iy e CBJIODIHRSE, PREREsCNOWDY FiEha BEl by cle wilhuw cytokinesis, form

Paclitaxel in'bacterially derived intact mnicells

. muitinusleatad polymeideclin andipdergorapoptostss Figslitaxg] hgs an extremely

RRFSEESH: peibBihoSt o SbPnRlL &g 1RG0 B Qlyblizb i téithin
ovebreatasuch as S0%Cethophort Bhasasotd Bibkdndli | ayer,
di ffusi on of highly hydrophobic

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

dilution to give a final concentration of Oregon Green® 488 conjugated Paclitaxel
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- absor bance 496 nm

1o drugs across this barrier would not be expected.
Taxol (Paclitaxel; registered trademark of
Bristol -Mers Squi bb Conpany) is a tricyclic
diterpene originally isolated fromthe bark of a
Pacific yew tree, and nore recently fromthe needles
of the western yew tree Taxus brevifolia, Paclitaxe
S _one t chenot he t0,C n
h%%(:ﬁgtra&foamﬂﬁ%glﬂaﬁ%ll it M ey mert e G W
dtive 3V Atieafiniddl1e & te induthtd AVEth RO &RE it § VK b%rhlgﬁﬂdnth
Nh man, 2002). Paclitaxel is an antimtotic aqfnt

t Tetation; andssubssquemtly Washied withltrafilivagion as deastibgd ig Exqmple 1 for

gﬁﬁ%fuﬂxc'ﬂ?%ﬁd QoERRe. S’fﬁe%‘;*léélgsl‘lfvg?e‘}és% SHNAES ?.nc?‘p]gltla}%lsed by

h™perceftage o rres

Cﬂﬁdx‘eiﬂ&aetemmbﬂ@lp%&lscsdsm@hmbdd ihfExaamld 1.cycl e wi t hout
cytokinesis, form nmultinucleated polyploid cells, and

- under opj osi s clitaxel has an extre ow.
aqueogg’h‘%gq Bﬁ? W"Fﬁﬂeg ahalhpapigels npresss Sﬂﬁlggee%erbé“ggesung that
. Sy bidihdBSnhbled g[ett?dngfer 6PP&N l?r B Afracifflar milieu via the
- Crenmophore EL an

50% Et hano enonstrate that a
rpbhieabihobnbrahe ayd lintk ¢herytoplasa of tlmauixﬂcdble 'flnawepsmpesing

e L B St PPl B BAS b bR hERE e e B hnto the
Ramlideiirey@bsof Vil tae Hh@bgh&'i;ﬁb %ﬂayégﬁ?&%ph@?c) 1H&fbrane of the

em ssi on was- used. Two
diinfesile rAdditionadlys smrelraetcatbo pbssivationsdn m‘lma ¢xpeements in Example 1,

| g%ff %vlelgsa.] of Qxﬁ?fts%% ﬁ% &@7 é&gﬁﬁ%ﬂr\igsﬁa_g steps J;_hd not cause

\ePlidy 61 thedird oﬁMf&h@ﬁKm&éll SYfcbplasm. Fach stock sol ution
was diluted 1:10 (vol/vol) in PBS to give 758 uM and

379 uM stock soI utions, respectively. The latter

st ock Bes weswlgnia Kxemplesdaand 4 dempmstrate thabthe siuplsdeebpigyes
RRIEELL 1R ] A BaCldct P Ao o ot
wsxnmmcelsmmnmmhiem in the. m n| cel I

extracel lul ar environment of 40 uM and 20 uM

respecti Vel\é BThe m nicells were incubated with

thods for getermining th@tdaﬂmnamré%@q%ﬁww
ﬁ@ﬁl@ iltration as described in Exanple 1
g@)o%%ﬁ?‘%%‘%ﬂ%nd Vi nbl astine. The minicells were
resuspended and visualised by s f1 uorescence
m cr o%nwxampls demsnﬂ&esra meﬂlodrfoEdemphmm'g th&'hencentrauon ofa

iz beciirug oA e Vot B ol goiog Rhon i describes
3 irnge[lﬁﬁcg ?or?éert]{)rﬁﬁ]qn% i n%orng n‘g{%‘tﬁg 0 &o?ﬁ cin%x’@ﬁﬁng]éd rr‘i"g‘?"e“smx:

bR dBkBhsRitks thERER DSt R dbﬁbceniraﬂo_n in a loading solution. The
application of drug-packaged minicells for therapeutic p.urpc._;scs requires the ability to
characterize a packaged drug entity, including determining the quantity of packaged
drug. Previously, however, there were no methods for effectively disrupting

bacterially derived intact minicells or bacterial cells and extractmg packaged drug

" molecules.

Abbreviatibns used below include (i) HCI; Hydrochloric acid (BDH AR

' MERCK, Australia), (ii) MeCN; Acetonitrile, Pesticide Residue grade (Burdick &
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because it was not expected that the highly

hydr ophobi ¢ drug woul d diffuse into the to m nicel
cytosol via the phospholipid bilayer (hydrophobic).
menbrane of the mnicell. Additionally, simlar to

t he observations in the experinents in Exanple 1, the
reversal of the osnotic gradient during the extensive.

. . | )
O RERPAME TSRy ] PR :EBURE il B2 o, B i tesiue
2ratRBasditihBeldckain) 1 MO); Milti) poliset RQwater 08 >de8 )18 &
above can be used to readily package both h ﬂ{e\%]ilitc anh
2 3pyrdprdpBp lationsry, ghase REeKIpg RRGIRTY aﬁﬁgﬁd’i Qpatography
\ézgﬁgr%{nﬁﬁ thiE SR & an 18'@1‘%?{1«311& gﬁdrg@irgéﬂﬂh'iﬁ‘goﬂd%ﬂ_ t6lfHéGilanol

ratiron in bacteria erived intact )
Endigeip of thd B insicena(i) diaestarnilicagasticles)n@r)dRL €k LC; High
determ ning the concentration of a 20 drug i ? MS/MS:
irgtfornanse liguitbehromatagrphizs (oA MpgssPegiEmetry, (vi) MSIMS;

gglfiéigﬁj hﬁlﬁlcé(c% ﬁé@@gﬁé@ﬁéﬁ Hd838dd fént idn Eﬂiaﬁrﬁ&'i’cefaodeﬁned

er m ni ng ation of xorubi‘cin present
idaugtiter iog|(hsbdin reraoving emtive ¢ ffadteand inercasing signalfnoise), (vii) ESL;
Doxor ubi cin concentratjion in a | oading,spluytion. T .
Kisstioserey oRUISH RERCALR A Bt Feee e hirgspsifyegc soroy
RY %&&ofﬂﬁ%S%ﬁlephe ability to characterize a

packaged drug entity, including determning the
quanti% of packaged 25. drug. Previously, however, ..
t her e Wéingact miniseRoweref separatelinchhased i adlutinn efgPoxorubicin at

26! Snshupricks o 5 o, 20, 26 4gut b 1B 4267148 160, 180,200 and
g?pglg{ﬁ%%w%%%ﬁ;éb ReleQhtibaRaud874C | véiﬁ:ght fdirromkibnr The

RCK, Australia), (ii) CN;-. .
Aniaiostls weid karvEat by catrifigstichat 1§;20rpplantingadgesuspgnded in
S Sbe iasia Sabbes RS st chber
@gk@?&é}‘el%%) rag}:l lv!rdsf%d’%hﬁl@%tﬁq AL FBIGRPerlWash. Qhe minicells

er to e stationary, phase packing .
shentslldciedurisdinided tntd deplidatesnaftsag | Qbimnicals fanPogpmbicin
this case it is an 18 carbon | ong hydrocarbon chain
KEEREW: 0 the silanol 5 end group of the 5 micron (m
di aneter silica particles), (iv) HPLC-& LC High

per f o%r}@ﬁﬁ’_\}é&@ﬁ% e’\g’tﬁ/ﬁ@g& 9t ERHYO rfoH) arMB.éupgﬁﬁthnt was discarded.

spect rone 5, Col 'l si on 1 nduce

Moaaek pelét] S00UI 0f9E aM SiGIdPAawesiaddedp fallowsddy foeydes of 1

defi ned daughter ion (useful in _renoving matyj

et roraning e maigsamention/ MQLa00L) a3 aqded and the § cycles
of 1 minute vortexing and 1 minute sonication were repeated. The extract was
-centrifuge_cl for 5 mins at 13,200rpm to pellet debris, and the supernatant was
transferred to a HPLC 150 pl. glass insert-and vial. Because Doxorubicin
autofluoresces, an HPLC fluorescence-based analysis of the extracted drug was
developed and performed as follows. . The HPLC method characteristics included (i)
Mobile Phase: 100mM ammonium formate + 0.05% triethylamine (pH=3.5): MQ:
MeCN was 28:42:30 @ 1mL/min, (ii) Stationary Phase: Merck Lichrosphere RP18,
5um, 4.0mm x 250mm, (iif) Column Temperature: 4_O°C, (iv) Injection volume: 15plL,
(iv) Detection: Fluorescenbe - Excite 480nm, Emission 550nm, (v) HPLC system: A

Shimadzu 10AVP system was used, comprising an autosampler, solvent degasser,
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El ectrospray source ionisation (the ion current is
generated in thenno-pneumatic spray 1 o at the head

of the MSinlet). . 109 intact mnicells 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 g/nL. The

m xtures were incubated at 37C overnight with

rpREIHaTy pufﬁlpecolmnm heater G1ONE) andfinorestrd defector, running version

767 Sl Loty il frranaT e T ol aced i n

an Amicon filtration chanber (0.2 un pore size) and

vas he DddribibRSmedsuferdddd wat dBRSugss bv@IIPLChad LC-MS to
mnicells were collected and divided into duplicates,

opnfimy they ghadaia veers whislle. Db boMiSarracedage anddtaysaragtegistics

%apié‘?f’?;@m card glgﬂl % ?mﬁlgdgec ﬁg&e% oL on4 @

V2ot (i) RiatiGHirA Pk HEBAL F) Hamot.0hm x 150mm,
m nut e vo(;dt)em ng an &rﬁiegltﬂg@som?ft(?%n@{\@ (500L T
i3 Codirind T thare5 3¢ (iwp Injegtion volume: @1lo )&mﬁﬂ

E
b Pl BaT M it %ﬁﬁ@%ﬁﬁ%ﬁ%ﬁ% B8 MBS UsA). The

Ckykteg S4A IM aﬁfﬁut&k@ﬁlglér Kt Rigtael édtumntiRhter 4dphmp. The

ecause Doxorubicin_ 25
golunil eluerd s’@ésilre&ﬂy HReusered torthe ebn@mwzaham gayree of the

e i ChiR P 38 Kiad B uP P DD ABAIEE The s

Wetbetbewiab @ﬁ&atémﬂlﬁﬁbﬁm Iﬁﬁﬂé @idMSﬁVIS s@ax@ﬁ%ﬂc The parent ion

triethylamne CN was 28:42:

Mm;s«rhaﬁ m/g r-l5)43§s aﬁldsn&a Qalmiﬁ@éon Aen{aci96chr 'E%%ﬂ%%gé‘tef 1on was

8 (iii) Colum Tenperature:
Eﬁée“(ﬁ°¥/§h?nnj ergﬂém%éo ume: 15L, 30 (iv) Detection:
Fl uorescence - Excite 480nm Em ssi-on 550nm (v) HPLC

syst eMheAhreSfhumreicent detdhationt and deMSsesyltscoenerlsitedtogether

an at tosanpler, solvent de er -34 quat er.na
- Pliswe Ddpunsicpisher cquives ta!ﬁﬁfil dejerminations {hé'&@i/ﬁermr bars of

rlﬂéa@ éﬂﬁén?.*l)K;'HPJ re%ul%p 3301\3, SN RionhecWREH the Doxorubicin

rpora 1 on XOTU I Cl n measurenents

Y&HcBn@aith betrdtded Goh ﬁﬁh&élﬁﬂﬁ laGd Ve ERterr2@ Mddding thdentration of
the data were reliable. The é M5 procedure and key

Dozorabicini stThese expierinientiesvetd Jrepisitéd & Rimese wislrimilar results.

ni 76: 24 O 2nl/
ARonely. Bk ooy BrnBe wer iR is, df eiine e Sceiliglion of other
alem&aﬁaﬁmndmgs like paclltaxel Innotccan, 5-Fluorouracil and Clsplatm

packaged in intact mmlcells

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

instability or loss of membrane-embedded structures.

This example demonstrates that the packaging of drugs in minicels and

" attachment of ligands to the surface of drug-packaged minicells does not cause

. minicell instability, drug leakage or a loss of minicell membrane-embedded

structures. The result is surprising because one would expect that drugs, particularly
highly noxious chemotherapeutic drugs,- in the cytoplasm would destabilize the
niinicell bilayer membrané. | |
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(iii) Colum Tenperature: 30C, (iv) Injection vol une:
2L, (v) LC and M5 system Both the LC and M5 systens
wer e from Therno- Fi nni gan (Boston, MA, USA). The LC
system conpri sed an autosanpler with integrated col um
heater and punp. The io colum eluent was directly
transferred to the el ectrospray ionization source of
the Therno-Fi nnigan LCQ Deca iqgn trap

spect ey M&S(dﬂ;lgnmo&ngqr@lﬁle itk g@g{aggpg @‘i@rggs {pinicells

IRIE R laEniiERe dr Wipacil, HRER, B'Grtle: MAAEROCE L0 mdgh
ldampaheﬂﬁof LP3I 6f Biinidélls would bivese dnonlenkasge atndb)a: ks of orinicell

R

i8 -
PEEENSL: 21 PiE phbiea ofifl ﬁ@%ﬁDé?%%l o 8RB Groen® 458
'E%ﬁ%géﬁmbﬁaaxel e du®s PrbBesShayee, GRCUSAN at dedopibad bbove. The
between t he Doxorubi cin concentration extracted from

iy eickstrstiorsindhd Miniexllspioxaind nniniteligy. s wac deteninedas dsscribed
Doxor ubi cin. These experinents were repeat

Wi Examplei 3, and thssigsults showeddaing BRI g ‘lﬁﬁs‘i’@éﬁﬁﬁF‘qEFéE"c“"dY

were adapted to determ ne the concentration of other

chenothigra givﬁlttﬁ gnntgg ?@%Fﬁuﬁ%l ﬁ%}ﬁq&m dnfii-BOFR GPBeificities was

5- Fl uérour pac I'n 1ntact
Foistertddsas desaiteddn PCWS@mmmaeBmﬂgpbmmmﬁ@anUbody

iﬁ;&“ﬁ%@@@&i&ﬁ@@%@@%&“ﬂwﬁ@ A HAatggpfpfiiona

ﬁmﬂt @E LEZQE ?q‘)ﬁﬂ réij:"téégégaiﬂkt Hidtpelelisurface
ac s to e surface of
dewm dledtdg arbuss mmh"‘mm BGFR (ﬂ@GZa;@mgem)mr muse anti-human

g}%{e@}éﬁr@g bg&l gak 7 u%g?wclar%itﬁpg &S wyerc gross—lmked via their
Sﬁ‘ér Q 1bﬁ ar g%ﬁﬂﬂé@fe‘éﬂﬁbﬂﬁﬂ{ ProfiR 96 (Pltkée Biot@hnology). Briefly,

part noxi ous chenot her apeuti ¢ drugs,

| 'Imblhe‘&@(mﬂ el final cbrenttation) wasadded to®.Hinhof apremixed

qeBDRErtaang B gliikeath R S-St SR SRHAA G- dfigpn and anti-human
FAeMARE afi S&%B@EH ‘ov@ﬁne@ﬁ £ M oekd Qﬁ%ﬂlés%&u réB6Rd by

nponent of LP
%d%b&t%h'v&tﬂ‘@#ﬂtéin @H&ﬁuéﬁt@@ ﬂa@ﬂmadﬁl ahd geﬂtlwmxmﬁg at room

- mnicel bi | ayer - enbedded structures wt

20

25

30

kbem]matlute forl4|0gamd Afsergnagnetissepasationfythe bcaﬂtSnﬁ@évP@m(éf G-

' @ig%gmﬂ:ggm? %(ca gtgde\*cl h5 gllthmg-pac age ﬁin%ecﬁs 16} £4PR 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.

The minicellspox Were mixed with Alexa-Flour 488®-conjugated BsAb and
minicellsp,; were mixed with Alexa Fluor® 594-conjugated BsAb. The various

minicell preparations were visualized using a Leica Fluorescence microscope using

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

The results showed that BsAb attachment to the minicellpox and minicellpye

surface was intense, appearing as a complete ring around the minicell cytoplasm. The
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Erefesug delivesyyvecios, beeavse thadrag pyckaging #9d:

conj ugat ed Paclitaxel (Ml ecular Probes, Eugene, OR,

USA) as descri bed above. The drug concentration in

the Mnicell sDOx and minicell spa was determ ned as
described in Exanple 3, and the results showed 425ng

DOX and 245ng Paclitaxel, respectively. A BsAb with
anti-S. Typhi murium O antigen and anti- EGFR

specificities was io0 constructed as described in
RGN OD a0 AbicBr axef Paclitdich dew vkieoviaudizbddythin the minicell

(BsAb) was constructed by |Iinking an agnti-S. .

wﬁ% i . %Wpﬁﬁ%%ea%me%n% BeRiJeserpg) above and the
i LoncEReRRE Wl ARERnbELTAL Rf!BHAEiBR wercBE Sffhe in
cel1-surface receptor that Is mouse anti-human FGFR
ligicey,o OmdgRiiegllp!l compsaedaritt -%m&ﬁcellﬁ%%?dn% minicellpac
receptor (1g3@; Serotec). The two antibodi es were

€k os429 ngRexorpbizin fred 245 vg Pacliteglsespediively)- puri fi ed
reconbi nant protein A/ G (Pierce Biotechnol ogy).

et e S bl Bl BT

RERDYA4Y. THis bugles@d that She hyfHodsiei compatibletvige theateselopment of

anti.-thuman. EGFR MAbs, and i ncubated, over.ni %at 4C. ..
E}ﬁ% taghment did not

G55, SO PR gl A g v

separation of the beads, the protein A/G BsAb conpl ex

* EasmipheSbTnegeted delitery ik08rd ofiPopenitigedoman plegosy fiohuman

1 hr at roo tenperature to cpat themw th antjbod
brainsanesrpllsmia Heand-tarectpd et Bayqrbioipagkaged girtells

.surface LPS. Al exa-Flour 488(r) (Ml ecul ar Probes;

gr'een ThihASHEAGRInsHatdd (R%3 chelnéfetapeuti dnidyDxenibicin,

Probes; -red fluorescence) was used to conjugate to

pankapudin intazsnifmicelis carcdng & Delk swace-bornd bispeeific ligand, can (a)

Al exa- Fl 488(r)-conj.Wwgat ed BsAb and i cal
sy i o gt SRSy "ain B b 2RE EOF soccptor
I Buah bRHE cakbed cOlf, and (BRLIRE! BB AnpEintrabd] Ril@ly wédiin the

using a Lei ca Fl uorescence m Croscope usin

100x
wapweliapscl fallowingapdeeyipsianad brepkdgwn pﬁpog{ewbmpackaged .
%luuiale%'fl uorescence. The results showed that BsAb
§¥fent to the minicell Dox and mini cel l-pa 30
surface was i ntense, appearing as a conplete ring )
ar oung, fPpRinfirpinG #lihCDE:dgihed minithls wefbpurifidandickaged with

~drugs: Doxonbi ci n-and_Paclitaxel also were visualized

Rpxoruhicim@s gesrihen/in Expmplt hsm  The drugs were
extracted fromthe mnicells as descri bed above and

t-he %L[#igqc%%'&ﬁﬂiﬂoﬁ&{\ﬁ%sco\?@ﬁ&ctgcﬂse&ﬁkﬁﬁﬁ %x% g%fdl‘iﬂ U.S. Patent

conce Ions were sane In mnice

: Ajapl‘i@ﬁohm ,10¢609082 leghd biidflyEdesoribedialexBopladhd EGF
" m ntel | pac

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

EGF receptor on the cell surface.

The bispecific antibody was tagged with a fluoreseent dye to enable

' Visualization and tracking, by fluorescence confocal microscopy, of the targeted

minicells. The procedure was as follows. Alexa Fluor 488 protein labeling kit
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s (i.e., 425 ng Doxorubicin and 245 ng Paclitaxel,
respectively). Simlar results were obtained using

ot her BsAbs, such a anti-Qantigen/anti- HER2lI neu. This
suggested that the nethods are conpatible with the
devel opnent of a safe drug delivery vector, because
the drug packagi ng and BsAb attachnment did not result
ininstability of the vector or drug |eakage fromthe
|(Mcdc:¢u1um®hﬁeJ lEugelno, GRaNISIAY vEas uwd igdalead thpchippesifc antibody.

ﬁugé%?sg)o X@f) bCI 0 4%) non (ﬂ:dﬂg mﬁ, Qr%@*ﬁuo@gc%h@e) was

f&%ﬁf Rl Gl the Bek aaRfk %ﬂoﬁiﬁ sf ﬂ1§ b@b&ﬁsmﬂm&@ according to the
denDnstrat es that a chenotherapeutic drug, -

Doarofadbirer’ sinstrpefidtdged in intact ninicells carrying a
cell surface-bound bispecific ligand, can (a)

f i .
cor PRl Al bR AR Kb TR TR LA ssue
eaneeplaed (CellsanGidier BibiOter GinbH, BrickpnhaisenGeimangy).| Cells
wthin the manmalian cell foIIovvl ngmﬂﬁdoc t@-fcio nE an, UT,
BYesageRiHndtE b ket Uimedivm patsios sesm yedone, Log
pac“l&}ag ec? m Hfu[}aggﬁo i N@BatZh 3t §PC SilBYECOyr dell@drefﬂ”@‘own to

ru icln, as described I n Exanple
20% cdnfluprsi dndcqmdtupﬂmdrﬁus\mrmmdrascfbﬁdwas (= mtrr:atmbdells as

%Eé’!t%pigﬂwsdﬁz T0° st iartetek aRppoamcaproy 10 et Gty

%ﬂﬁ:% 1? E&J U"th QS’% dte%oﬁﬁhﬁﬁﬁ)eﬁcﬁ SeaYSRides, tﬁﬂf(@}?IOs targeted

wer e hunan brain cancer cell
m&;ﬁeomnmmagm okuicelle, ThOinculgtion reastion wmnm@mmed after 8 hrs

s e e

-ghq:.r@ ﬁﬁgf:ﬁtfaueﬁt fhi %@us Wate Wwalee %Wtir'ﬂes&m&h Pﬂseaﬂeﬂned with

ye to e vi sual i zati on and tracki ng,
4% ﬁcmafﬁh:bhy@ fm)ﬂﬂbmal Thedbutivopips wWashe qeatrlg@wuhPBS and the

kot G S0 18 o e

E@d ¥Ge. used to label the bispecific

ant | body. AI exa FI uor 488 dye (absorbance 494 nm

em ssion 519 nm green fl uorescence) conj ’?&cd

vi a tﬁ&lefShéQS ‘&WW@B\QﬂbbbﬂugteS?ﬂﬂée W@S@@lﬁi"&osﬁﬂ? Boview,
cordl e I

@ glﬁzéﬁmm aﬁgﬂ ft‘lu?gé\ﬁeléﬁcre E']ﬁ%%ren@al mage

%Ynﬁﬁﬁ'(m@) mshglaawwé bonemcl the results revealed that within 8 hzs of
incubation, targeted (carrying the Alexa Fluor 488-conjugated bisPeciﬁp 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
cells. '.I‘hisrsuggestcd that the bispeciﬂc antibbdy'speciﬁcally enabled the
Doxorubicin-packaged minicellé to strongly adhere to the surface of the astrocytoma
cells, presurnabiy via the EGF recepidr. 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 is red), showed
that most astrocytoma cells carried intense red fluorescent dots on the cell surface and

many cells showed diffuse red fluorescence within the cell cytoplasm, as determined
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culture plates (Cellstar; G einer Bio-One GrbH,

Fri ckenhausen, Germany). Cells were grown in RPM

1640 nmediumwith 5% cosmc calf serum (Hycl one, Logan,

UT, USA) and 2 mM glutam ne and i ncubated at 37C with

50 C2. Cells were growmn to 40% confl uency and

guadruple wells were treated as follows: (a) untreated
cells as io negative controls, (b) 108 non-targeted
qﬁpmwmgﬂée%ﬁbﬁssﬂn&@h HOSIL B H68r8eLeREPETodH ﬁii:ﬁﬁédo?y. This

(d) 108 non-targeted Doxorubi ci n-packaged m nicells,

aashlt egntras@d witl het fod astDeytomubidisingbeted fo2 4 el pap-targeted

e incubation reactian s term pate fter ' .
Disenrbeckit ool RS 8L R R e dbfsmob et
SRR 68 ofRiiBickity) BoildtRbbaérved on d4ehicslls. ATHiesuggests that many of

i ncubation, the cells were washed four tines w

R . W : 1 . M th PBS
dhel Doxeatbigintnackaged winisehahattbspndntemalizel, mast likglg via EGF
fj Y - . ' b 1.
S U BB o o e MOl B Bk B o relcased
\whé Dogbittbadin twithli theeoiraryddmp sell wptoplasiaa The revulth wedé further
agarose, The slides _were viewed %/uyfl uor escence

cORfigaed whes thsarae paresasyt aid red dupreseent pagqsere merged to
HELA ot B Bl R ER0 N0 85 g el
detsu| Tle diffusateddhidnastenietdbservd hardieptvithintbe bsttdcytoma cell

targeted (carrying the Al exa Fluor 488-conjugat.ed
 sviop st T sadpeseynedin the BoserBriL o A NGorescence) was

" ) | . _ b L | . t e l' d
B AR A (rBlaogofey Bl il
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~ was-changed and cells were treated with 10

‘by “seve ile the

. hispeciicgatibddy), fiukiengngghstig thet sasnremindcellsghasihed been endocytosed

Pod Brkensfotinreiotbehs osar i S8 HeaiRoonams el eq
% 1dsie bi specific antibody specifically enabled the
ru

bi ci n- packaged minicells to strongly adhere to
the surface of the astrocytoma cells, presumably via

t he E@xampleff. cEffickmeyof minjtiel-mediated dung dplivery to non-
agtro&ﬁ oma_cel.ls -@Ed Doxor ubi ci n- packaged m nicells
PRARS KA RSN t9Pyet ed), the results, when
visualized for red fluorescence (Doxorubicin

aut of ITias esasple deindnstemds, the bfftetehcyGituhinicelinnediated drug delivery
astrocl\;t oma cells carried intense red fluorescent dots

trnemphagqaytis mampmalianfellsirgolermelicryinleRicdy A 4 FARFES:
LGRS AR Ghmi il MEPRARE BopBpgiiiahcat

ugh
hdarRcaifiiag calweae aleatetl czviﬂs’é‘%bminﬂénsgox pesatttols comprising free

contrasted vvin%hm%e@egt‘;f‘or astrocytoma cells incubated 5
Poxopibitinandi"t h - fonminiee]lsbex - Md4dVIBA68; aellp avererspeded at 5 X 10

?ﬂﬂ%ﬁ%ﬁﬂﬁ@% il(l)crx]ﬁ)gtég ‘fg)reﬁ ftr%%ofo o <1 ST I3 Rask. The media

 nom-targeted, inicellspox or

EGFRMinicellspox. Free Doxorubicin (50 ng/ml) was also included as a positive
control. The cells were incubated for 24 hrs, washe_,d thoroughly with 3 changes of

PBS and trypsinized. Viable cells were counted in a haemocytometer using the trypan

_ blue exclusion method. 1 X10* cells /ml per well were aliqouted into 24-well plates

(6 wells per treatment) and incubated for 3, 4,5, and 6 days with media changes

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

. manufacturers instructions. Briefly, 100 uL of MTS reagent was added o each well
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adhesion of mnicells) could be observed on a few

cells. This suggests that many of 5 the

Doxor ubi ci n- packaged m nicells had been internalized,

nost |ikely via EGF receptor-nediated endocytosis and

that sonme mnicells had broken down and rel eased the
Doxorubicin within the astrocytoma cell cytoplasm The
results were further confirmed when the green

fand @RS dentlopinent etk thonitred oan 2, SHragesthryel @piefrgacatiowell was
reveal that nost of the green dots co-localized wth

tirpasteargd do e 0-welkpleteiang thealyperhapee was rrad &t 49hamy; 1 f use

red fluorescence observed earlier within the

hat ¢S Bt G Tl AT Pl B8 o) ANl wes

I ‘ b s c EGFR
SRR oA TS PR Bl e T AR IR g e
PEoReicmUE R BeliRdfoRab SOV ATbéllCAld thatthetfitasich e drug
endocyt osed had broken.down and rel eased the

Beliverybias ovenb5%i 1ot AE Atimioclisposslid et show any toxicisia the
Exanpl e 6. Efficiency of m_nicell-npediated dru
ganqey sels, suggrsting Bﬁéé’ﬁ AFBFANGMAFRANI ST Wag iopgortay for safety of the

i £ . Ny i ali 11s do not appe
EABTRU oS ET B AR b Mashoh DhARISY R mammalian cells do not appear
e nomspevificaly endodytoselthe mimicellc cyt ot oxicity assay
(Promega; 20 Cell Titer 96 Aqueous One TM was used.

R

_ 3% Eeﬁg@ %?%‘i'%g‘gﬁéﬂ iRt RuaHH Hhcast dankexxeddgfaltBin

dat 5 X 106 cells in T75 flasks
andeinmicebat ed for 48 hrs. to obtain -1 X |0~
cells/flask. The nedia was changed and cells were

T

- ipREl4d8 thiast BindeHlk by effedt féiréddion Jifuned hrsastesscer cell tumor

I'ncubated for 24 hrs, washed thoroughly with 3 changes

 wfnogeafs establishy@in dwgeld old\femislecathpmnicnydemiceount ed i n

a haenodytoneter using the trypan blue exclusion

24- worts fiskiibed e bk Spert Bhindtl o ah 3o Wil

. hARCBE- Mutant sdath fhddeers potifibd sidpa gbdiegentrifugation /

everyday. MIS assay was perforned at each ti oi Nt
filareerdnten { bltration / frdaiexnrempeyd m@@pﬁet%ﬁﬂ% i rapnicells were

e e

100L from each well was .
A bispecific antibody was constructed as described in Example 3. An anti-

EGFR monoclonal antibody was selected because the xenografted cells were human
breast cancer cells MDA-MB-468 that are known to overexpress the EGF receptor on

the 'cell surface,

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

anti-LPS Fab region.

The mice used in this example were purchased from Animal Resouroes
Centre, Perth, WA, Australia, and all animal experiments were performed in
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transferred to a 96-well plate and the absorbance was
read at 490 rim The results showed (Figure 2) that
the cytotoxicity of 1' GFRM nicellsnox was simlar to
that of free Doxorubicin, suggesting that EoM ni
cel I sDOx delivered 5 Doxorubicin in its active formto
the MDA cells and that the efficiency of drug
delivery was over 95% non-targetedM nicellsnox did

NEdmBIae ith the Xuide bf chR i Sise Spias@lat&f bhitnalSMEDREH AREmal

that” the targeting nmechanismwas inportant for safety
oEthi¢scCommiftesedpprayat eBhelexqyritientsapyre podomueskin the NSW

REBRER A P A Pty Aok et B 49 Sy SV
7Autit0fa) y Hafdah b3t adépbtateindma foc BO@VIDARIRAERL ATCAY hgman

Doxorubicin via targeted and drug-packaged mnicells
t WammaEy epithedisl cellshaen-phegrsytiairwese prowmindissre ewlturp tosfull

AT R R0 AEI S s) i ca

rSgorySIBCBBRILVDbHY Ebdélﬁﬁ:&dgééﬁ}hﬁﬁﬂto%l (]f:orpbulfmbn, Qaxlsbad, CA,

‘ rafts estabp]i ea | week . O e e C o
15885 e gﬁ“@s&ma_ ftfqgea)-ﬁwp%wldrﬁqﬁt @PF %9@5%% Fda% CO2
T 8PEN] R 10° ¥R FHLK0! Lgdn%ermn%e% B{%&?}gzﬁ tv\;iﬁi ) {1 GrvRh Sactor

purified using a gradient centri

 fredunvdmattipelr(BD BidstieatssoFrankbm Hakesx N, USAD weke injected

CHBRD RGeS ibn SN s o cord HBUBRHIRR 1 Emes noodlc

iR MBrslwertInéasitARBadd & Fre@lMidiROAl oleBForfie Biditall BAIRRr B¥litutoyo,
described in Exanple 3. An anti-  EGFR nonoclonal
dapat paycisiors i@ Do t) 2nd themdumer volemeenaraddulatdd using she formula,

_ b t | 1's NDA; MB-463 t hat. .
A A 2 e 555G B T 455 i gffaion, e
SbAGRacHRAGIMRhSPRYwWERIDS G Binh*anfl B0 Himem@ rhive what esdomized to
wi-th the protein AAG bispecific 25 antibody for 1

ivoven differant graupseéd dper groupo coat the minicells with
the antibody via its anti-LPS Fab region. The m ce

used i/ this.exappl e, were purchased-~fr ' :
Recour e oBi AL R aR FEARRE G ARMERpD received no
HehitRdnte Xﬁ%hg@&bﬁtﬂﬁ%cﬁ%d BEQBHxdrbicidH® oAl bfMeese body
with the guide of care and use of |aboratory aninals

avedght) ttraturnomlly. Fhis eontiobwas inchsled ppdetemhinethe effect of free

: .B(de{%){'lllbqgi%tosn tior i Jn%rtgea%séssn tc}x?cesiél\els-%ccts. ‘Group 3 (control) was
the same as group 2, except that the Doxorubicin was administered intravenously.
Group 4 (control) received the anti-O antigen/anti-EGFR BsAb and free

Doxorubicin intravenously to show the effect of BsAb in the absence of minicells.

non-targeted

Groups 5 and 6 received minicellspox intravenously and intratumorally,

respectively, to determine if drug-packaged but non-targeted minicells could effect
tumor stabilization. Groups 7 and 8 received EGFR-targetéd ** Minicellspox
intravenously and intratumorally, respectively, to determine 1f receptor-targeted, drug-
packaged minicells could effect tumor stabilization. Group 8 was included to
determine if the targeted, Doxorﬁbicin-packaged minicells given in the tail vein could
follow the required sequence of events to achieve tumor stabilization and/or

regression: i.e., permeate the leaky vasculature at the timor site (shoulder blade
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Agriculture accredited small animal facility at
EnGenel C Pty Ltd (Sydney, NSW Australia). Human
breast adenocarci noma cells (NMDA- MB-468, ATCC, human 5
mammary epithelial cells; non-phagocytic) were grown
in tissue culture to full confluency in T-75 flasks
in RPM 1640 nedi um suppl enmented with 5% Bovi ne Cal f
Ser um CO-BRL Life Technol ogies, |nvi
é.ufﬁuéfh aanoremcm%s%yneﬁ @W{fr&ﬁﬂ% Bind to the human

fg{g/%%%h&g%@gs, o e?dw%sguf biBfeRiSTE RIAEANDA1PEI Bldasetd drug

tells In uL serumfree
prgload Innigebibsmtiveifoim fifo the gmoatdellicytplasm © resliinegll death and

t | (BD Fr ankl
%lpqrgl q%?ipéi((}tpg)a s@ﬂ%ﬁ&é%@%{e%paagbaﬁ gﬁn{cﬁlgs WS § %g@}lstercd ata
Bbafss 0P tiné aff e AR g; Welevéh cﬁﬁdeﬁﬁ yge2fegding 56 pbeexenograft

tunors were neasured tw ce a week USI ng, an el ectronic
dastgblﬁsbinenal Aleueagitetmentsywere porfpramed by atinypeigatas viioowas blinded

iAo LA HSTER) SRR ARl Rl by alysis of
%ﬂ.nce IRNGRY B) RREP < 0105 /ab 8bhsidbred hiebel Statistionllys sigrificttd

nes between 50 nmmB and 80 nmB, and m ce were
The. exBer resuite showedidBiammod dbatt biehBnseniacanty( = 0.0004) tumor
‘C°“tz%f2%%wé%%%é§$%s&%lzp SRR m or e lsBR s ment, whether
BEieR RPN OF PEEr BN, NS hsR e S SEferkea with ™
fafkh*ds i duékgg{?éﬁgéeéuﬁ fhef (R %%A%H%@&E&d (@ RRg dvas essential. At

(con except™ that_the

B8 S A St i
RdbholdnP o AN BY e lardelHAVE VORI (800 st heoekfmbteould be

absence of mnicells. Goups 5 and 6
f@g&@ssweha £He- taidetsd theripyl CEhd sevolt wae ammuynqrmgressmn by

intratunorally, E{%? g espectively, to determ ne if
u

day 9 paith o dwo nmnucelngekéwamlmt%éM furaer yQues bad regressed
tunor stabili Zﬁtl on. qups 7 and 8 received 43 times
chtween $09 sun BedR 0 i e isSORPIeta ERRIUHERISYEF REFiprme =

mtraturmr spec veI : .
art sy vie i o eats. ot 8ol Tl Bp Salyagueted minill
g&% Elﬁ% I%Hr' d éﬁéﬂn@!ﬁera&ﬁ’ﬁ@dﬁl #P8 Hupeinunhesbrtxenograft in-
ne | e targeted, Doxorubi ci n-packaged

iﬁvmcells glven in the ta|I vein could so follow the

;? gg : |r T : g;:? u.e 3 ﬁ‘ﬁftocie Tons gtpég% p{)ﬁ?gh%tgaégmtu ug?#&?eéi\r{aﬂ(eto non-
| bﬁ?@éyﬁéwﬁﬁlﬁrﬁceﬂ% mhdiBatbd 8P bacteiihBy dedivud iderct Biugesackaged

minicells.

Interestingly, the free Doxorubicin given in the tail vein of mice {Groups 3 and
4) showed severe reaction at the site of the injection, a well known side-effect of free
Doxorubicin intravenous injections in humans. This reaction, known as Phlebitis, is
thought to be caused by drug extravasation at the site of 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

the site on the injection, suggestihg that the minicell-packaged Doxorubicin prevented
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" regression; b day .79, with |

region), diffuse through the tunor m croenvironnent,
specifically bind to the human breast cancer cells,

be endocyt osed, broken down intracellularly and

rel ease the drug payload in its bioactive forminto

the cancer cell cytoplasmto result in cell death and
hence either tunor stabilization and/or regression.
Mnicells were adnministered at a 5 dose of 108 and all
HeaHEEMibic eﬁctﬂr'lty%@ i AYshe bf the%ﬁe of Tnjédtidn S A dditionally,
post - xenograft Ishment. Al nmeasurfenents were

neilike lippsbrial delivérpwestbisge o DOKIL (mspinahdisgrubign), he drug did

trefn EE S admﬁ]is; stered. Statistical analysis was
f 158, r@?ﬂ“ ysis of variance (ANOVA) and P <

-0 05 was considered to be statistically significant.

The 1 eppsh Sestlt® Witheétth OO wihg{ (ARinikiteRlaye sbigto package a

(p = 0.0004) tunor 10 stabilization/regressio

@otspntioy dnghiy towie drupdkeoxosdlicapmhe RSP Tygfb gL he drug

A5 elientiod BTREPT K Riniort GBI Hlonke, AP pdc B Stin
AU RYItH At hadite bthe Bsilveinbaleati @(Granpes amrg'i)mhst was seen with

-essential. At day 63, the treatmani fo

fresiRenargbicn (Grevips 3and Dndn fRexorabi @ge @plpgcﬁ&are safe to at

sl Shos B s b i ol

(Gt@giseTiot )esupgystingbat ties frbe endxﬂ:omnc(hpmmﬂysacqhande) removal

Wm@m YRRt Bt b (0.7 Pt
REhHEAT RG0S AMBODRAGTI s SR EATD bRIVIAKRRkIofRibicells

t1mes each tine yielding simlar
sefidiémly b of afdotvaih ®itetsaftfor Bstryenauyenindainngral spbeutaneous-

S iR andr Gigslsg Tpiosh aPpft 50 B BEHR RSt Gp Bétifiedt the leaky

st n 9@5&&3&&?& tPhable D@i&ﬁbﬁ% Pﬂcléégé’&nﬁhtd@lsde lelhiee into the

t 0o non agocytic mamali an cel s nedi at ed
Mbﬁmlaiobmwmmmc(d) targeted Bpugnqug@@geWIe@lﬂﬂ appear to

i‘;gqt:cgﬁ XTS'%’Q to @eﬂf@é {"%%B'i%&) tios! u PLS 'sg%%)m%e d&e&&g&&@e& 8h the surface

Q eAdiR d&iseﬂid Mihicells bedak domarend release
EDAPMER 468 RElldrdpoR eyt en

Doxor ubi ci n i ntravenqus

qu@a:ubxoms resultmgratumor belk deash end dhe oherpiRg tymor regression (Group

hl ebi t th t. to b -
xFreve 3P leteg ey g f ATt ekl ind Doxorabicis
?h&ﬁd g Iﬂi‘m 5 ?@a!ch @8 fufnor E’nibft%n‘vﬂ@ﬁhbﬂtﬁﬂ sfgﬁiﬁdant cdmnentrauon to

ont e m ce gven targeted or. non-target ed
Bolkevel humomqgmmag.e cedrdingdy.|mginicellsdomos Apppan have been

liminated ?f%?}cluﬁtmg professional phagocytic cells in significant quantltlcs to

obviate the observed therapeutic effect.

Example 8. Highly efficient delivery of hydropi_;obic chemotherapeutic
drug Paclitaxel via targeted and drug-packaged minice}ls to human 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

. via targeted and drug-packaged minicells. The experiment shown in example 7 was
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30 the site on the injection, suggesting that the

m ni cel | - packaged Doxorubicin prevented -42 free
Doxorubicin reactivity with skin tissue at the site of
injection. Additionally, wunlike Iiposomal delivery
vectors, e.g., DOXIL (liposomal doxorubicin), the drug
did not leak frommnicells. These results suggest

the following: (a) mnicells are able to package a 5

P AR L%hdﬁweﬁ Xj.C 35k biiefinkNd heRinfnf) THe teéd@ments
m-ni cel | c¢ytopl asm ant the drug does not appear to
heakdd (1) O tafhofbly CEl) G2 1e filee Raclitakel(¢6) pg)wivimiokatmiorally,
skin reactivity to at the site of the tail vein

e et b et o S i
AR Brbeangdre Regliarel (H00ut) EiveR feeni el R The

Rt e elyob S e G Coat e PSR 954

el rBawy (03K 2o by rre e Fusk it SRR A Q8¢
P 8L 95 AR, TEAIBEF LS55 o e 15
5y 3¢ Gloalyl 5 Ty 1? E?%{ﬂ%ﬁg gf?féé ﬁ%éﬁnté%cﬁ afificfiPireatment.

I'ntFavénous ~or at unor ubcut aneous
adm nistration, (c) targeted mnicells appear to be

smal | Rirqeatsishoned (Raire 4) hipbly siguificant {rro6.0004) tumor
neovascul ature, to enabl e Doxorgdaici n-packaged .

 stabilizelibs/regressivnan micx weat¢bwithynor minieslendnd.aiRe Arore, it did

(d) targeted xor ubi ci n- packaged mni cel | s, appearnto
SpLERHFCRh PR FeRBIoR UL op SEEEOP U S TSRO« Bte
be owerexpresse n_dohergsted of s
OB B " e ARE R TOAY A AE b ftax®l had &
h WRh&d . Lfthuit thd expefinteat, midedidmot show
T et on . Gup 20° 1 0T &
aiy oyent siomk lofwixicityl such as/fevou dethaeye kass At eppetite or death. The
targeted and Doxo i Ci ns:,, package jnicells reach the
FiﬁP&fmﬁ‘%c‘?’@erﬁB?%?ﬂ T vith Sé’i“éﬁ’lg‘?‘ﬁg%@t concentration
to achieve tunor regression. Accordingly, mnicells .
do notTiapRAaR if farliéialpagnificeht, becuise dthey dnigr delivertyi vegtors, like

.prof essional phagocytic cells in signifjcant .
lipasumaes, agnoparticle Pl BayaRotwEeass thi(wgdh?repwﬂcﬂly

RSt SRR DR B bl BB it ot cases,

 hitéaptOHerdifhdd td Shitibe o bnilcal stichere b tHeuwetor br grsdrug to

cancer xenografts in nude mce. This exanp

xanpl .
. enahle Srugpaskapinghofenaesuliing in logeof bioagingty. AOur result is the first

] c‘)jvrvl%qggf Hot only can such drugs be readily packaged in intact minicells, but they
can be safely delivered specifically to target diseased cells in-vivo to achieve a

therapeutic effect.

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

delivery to mammalian cells.

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

phagocytic cells, (ii) the targeting mechanism is versatile enough to enable the use of
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chenot her apeutic drug, Paclitaxel, to human breast
cancer xenografts in nude mce 30 via targeted and
drug- packaged nminicells. The experiment shown in
exanple 7 was -43 repeated using ¢

EGFRM ni cel | sPaclitaxel as the experinental treatnent.
The treatnments i ncluded, (i) & - tunor only, (ii) @&

S e 90,01 8 e Lttt g (e o
g&tﬁo?ax el(g )jg%hﬁsﬁgeﬂ vec‘t'&tltscl%%:%rgﬁﬁg {16 @Bable the use of

gl ven i ntravenously, (v) G - non 5

wfifigell ederiviedifooah diffiaent Masmteriali gehemvenously, (vi) G5 -
non- target edm' ni ceI I spae given intratunorally, (vii)

EGFRn‘fEJh F‘ég& $ hﬁg@%ﬂﬁ%ﬁéﬁ? r{ytj)s #\%mear\{/ét{drig)l c%er cells

SSI@@"V@E WPC(‘ZVQU SAQVv‘éFerthH‘ iFleyab1ikh the @inor &Gnog'}gﬁ,a(ﬁlyl th33argeting
mnicells were used in each nm nicel

Bsébmmonsmmed %smg anfi- Qmmgm Mol apd antj- }ﬁlg,{mgp MADb (The latter
P8 Ryt SRl 1k sl Ak oRISRITY 8 )

| '.mlmsclﬁ%emmb hieR@her®eiederivea ot fromes. ﬂtyphhnmtnn mzt coli

given intravenously or intratunorally. The conjyol
inzDRestrains. nthemhimigelsovert padegedwith Rexarsbisin. BsAb

_%rngedfree acltaxel had a negligible effect on t
9

owrHinic Redb (ente HERZ At rntigan)anddies Iderord u‘ﬂﬁ% were

éert snglgs of toxicity such as fever, |ethargy,
te or death. The t5 experi ment was

-repeated 3 times with simlar results. This result is

parti qyk ks %h&@éci (TG 20k 5) Bigaaieant hle stabiligtior in mmeyrcated

vectors [1ke Tiposones, nanopartlcles etc.

With eithecs. SB}fplilﬂn)mnmkm(ij-tdn &t aph otinCBB- ylerlsdﬂb ni Mlétﬁ‘tuSDOX
anmounts of hi hydr ophobi ¢ drugs |i ke, Pa&l1 @ﬁDeAMBAtSS
(=) c Abe §] O Bmmgﬁa@ﬁwmﬂ%ﬂw -

c hem Luct ur h tar _ £t

FHBb T i Ot Sl 5 MR fra e PBdh piRxenoges
@sltélﬂfs‘shiﬂéh’é Becahd the@9iird] dnmile ad r¢athed ﬂieqmmtg)ﬁdeath ofot
only can such drugs be readily packaged in intact

eythangsia. s, but they can be safely deliver.ed
speci fi caIIy to target di seased cells in-vivo to

achi eyg g oLg teﬁf({)?t?ét t@'ﬁﬁﬁﬁé’elﬁ «can be used to deliver

Denpbnsfration o versat|I 7t arget ed
dfugs Hevivolia aadngl @@ﬁﬁ&nﬁﬂn—plmgpcym mammodliaarcedlsy (i} that intact

g]llt}gels gg&{fg‘@gemgoﬁ;%é{eﬁttg est dwr(]a?sefr%itlgé) t\% cell su(rfz)ce receg%}se%und 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

dose and therapeufic 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 xenografis

in nude mice.
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vectors are versatile enough to achieve a therapeutic
effect in a range of different non- phagocytic cells,
(ii) the targeting mechanismis versatile enoughto
enable the use of -44 different cell-surface receptor
targets on diseased cells and is not restricted to the
EG- receptor, and (iii) the mnicell vector itself is

Hor VDA SRS APP Guimati bes paosfCpona) 504 WO chfplighgd o
nigls, Mﬁ@%@ﬂ ﬁ&fs%t)ﬁldemﬁaés%?@talb/é hdri4iRE. SVEygbafurium

cancer ce SA) were used to
asiEDIB- sihntrdsrbmnmndts wan pgtrlcag@d w(th |Do>q0ndmlaw@@g|twg different

L NE L R IR e
o (5]
T TR P AR s s

. %S’tﬁpﬂé %Thﬁcrr;ﬁ’ﬁg tﬁlmﬂc gﬂ oFDo%%tdblclﬁEﬁﬁgﬂEed Sithai 105

e mnicellTs were xor ubi ci n. non Dox,

BaitieellanThe ers’élmlﬁmddﬁm s180a) Dagorubiche cadmentraitung A 60
were 10ge am ni 098I |'s included as controls. The

el arsd 200omglen]( FY guinicelly paskegrds§ cagand 6pag of Doxorubicin,
stablllzatlon in mce treated with either SO Ty ph
irespeelivelY. u m mi nCDE- or E . colt ninCDE- derived H E
(p = 0.004). The SKOV3 xenografts grew rmuch nore

rapi-dly thamp ' "
ex Bler i ﬂ'flln&cegilD Nﬁiercﬁée&fﬁroﬁ?%@mtg c}ﬁ% gﬁF{?g‘%ﬂt gs?;igrexpressed on
RAPA- 88 3EMls arfiSdi Biﬁe?éﬂfﬁ{&ls@ﬁﬁ@%ﬁ)ﬁshbsmwequepared @ G1

ani mal s had reached the point of death or euthanasiga.
Thel & ‘?Reﬁmideﬂsg@awsmnga extal(Gf 5 60hg Dok tubitinfin (et 16
33'%? be used to deliver drugs in-vivo to a rangg of
mimcmllsﬁgj@ cpirpiggaytoiat of dimgddaxemubiein, §il) G318 hat
d:‘%hgn 20 minicell vectors can be target ed to a
icallapgg calryingla totel of 6feg Daxsankisis (vd Gdr Yh t he

SO pitodispox hny b ptsh 46578 B*ORORU S Sl e

R bollspc sgyingia ol t ¢ 9 Rbgervidp: o (e 10°

Wmiﬁggg B (Al 360 8@@&%&%@# aEbfteogpRec:
sEnbhRen o8 rwﬁ%@%@wﬁb@ foep DT RE G O RS doses were

A PER AR R E i) Tat J{“‘E‘*‘ﬁ%‘”ﬁ"iﬁc’ﬁ%ﬁ?"d s previonely

described.

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

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

7 EGFR
EGFlemceIlsDox were more effective than 10

6 EGFR

1mcellsDox, which in turn were

more effective than 10 inicellspox. Interesungly, there was no major

difference in the Doxorubicin concentration between minicells administered to groups

'3 and 4 (6.6ng and 8.5ng respectively) and groups 5 and 6 (66ng and 85ng).

_ However, the treatment in ‘G4 was more effective than G3 and, similarly, treatment in

G6 was more effective than G5. This suggested that within the range of minicell and
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mnicells required to achi eve maxi mal therapeutic

ef fect on human tunor xenografts in nude mce. -45
MDA- MB- 468 (human br east adenocarci nona) cells were
established as xenografts between the shoul der bl ades
of Balb/c nu/nu mce. S. Typhinurium nmh7CDE- derived
m nicells were packaged wi th Doxorubicin using two
different external Doxorubicin concentrations, 60

%—';‘% C&{&?nt@n\%%lyg% iﬁﬁﬁlg 55{? Ziment ﬁe %@gﬂ%{ﬁc 3ffe Jtt@)rrelated to

usinie mapescrattoy tltdBLtéZthemoﬁheéxﬁramnon eaf theg ccann@demthmtth@ minicells.
of Doxorubicin packaged within 108 mnicells. The

results showed that a icin
concentrations of 60 E&%ﬂ‘@%ﬁ 108 mnicells

packaged 85 ng and 660 ng of Doxorubi cin,
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& was nore effective than G5. This suggested that
within the range of mnicell and -46 drug
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Claims :

1. A method of loading minicells with a drug, comprising the step of creating a
concentration gradient of said drug between an extracellular medium containing said minicells
and the minicell cytoplasm, such that said drug moves down said concentration gradient, into the

minicell cytoplasm.
.. 2. Themethod of claim 1, wherein the drug is a chemotherapentic drug.
3. The method of claim 1, wherein the drug is a hydrophilic drug.
4. The method of claim 3, wherein the drug is doxorubicin or vinblastine.
5. The method of claim 1, wherein the drug is a hydrophobic drug.

6. The method of claim 5, wherein the drug is paclitaxel.
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