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The preesent invention relates to ongoing efforts to

achi eve controlled drug rel ease and drug targeting to

specific tissues, particulaéﬁf in the area of cancer
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bi ochem cal drugs constitute novel delivery vehicles,
capabl e of being targeted to specific cells. One

nmet hod of targeti-ng these vehicles enploys bispecific
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Le., selective delivery to a tunor region. Exanples
of such alternatives includelpolyneric i mpl ant s,
i ntra-peritoneal infusion, intra-pleural infusion,
intra-arterial delivery, cheno-enbolization, and
i nhal ati on of aerosols. hi particular,
intra-peritoneal adm nistration of chenotherapy has
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5 antineoplastics. Chonn and Cullis, 1995; Kenp et

al ., 1996; Kumanohoso et al., 1997; Schiller etal.,

1996; Sharma etal ., 1996; Sipos et at, 1997. The

use of |iposones as drug carriers for

chenot herapeuti c agents originally was proposed as a

means for mani pul ating drug distribution to_inprove &
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The use of liposomes as drug carriers for chemoﬁierajoeutic agents originally
was proposed as a means for manipulating drug distributionto 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 is
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drugs also tend to associate mainly with the bil ayer
conpartnent of Liposones, causing |ow entrapnent
stability due to rapid redistribution of a drug to
pl asma 30conponents. Additionally, some drugs, such
as 1-13-D- ar abi nof uranosyl cyt o5i ne (ara- C) and

nmet hotrexate, only enter tunor cells directly, via

i i aAhmor k9d&eadtdl dihis
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Daenen et al., 1995, 1997). This probl em becones

1988xent uated in i nmune deficient patients, such as
Al DS patients being treated for Kaposi's sarcona.
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ng”reconbinant mnicells were readily en |de ol
tHer BrBslMnaBleptsaatiny nhd cawdel $oxdeity toawamal @syehgatyo, posom

fg&t%s E)tﬁ @ﬁ&%ﬁﬁ@ﬁpws 2 ongz)i_q Srglﬁ%l%f%%iéfavai}abﬂity at
5 tumor site, because hydrophilic drugs have extremely low imembrane permeability.
This limits drug release once liposomial carriers reach a tmnq__r. Highly hydrophobic
dfugs also tend to associate mainly with the bilayer compartment of liposomes,
caﬁsing low entrapment stability due to rapid redistribution:of a drug to plasma
components. Additionally, some drugs, such as l-ﬂ—D-arabihofuIanosylcytosine (ara-

C) and methoirexate, only enter tumor cells directly, via membrane transporters
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phagol ysosomal nenbrane and was transported to the

mamral i an cell nucl eus, where the reconbi nant genes

wer e expressed. Thus, the application showed a so

useful ness for mnicells in human and ani mal gene

t her apy. The present invention builds on

these recent discoveries relatingxfo mnicells, and
(PIRSHRAPSRA., 1 OFS; GRNty aruilnd 9RREWsstEGIOf Pl 39U 1§9PpgAntony,

elivery strategies, especially in,th oY)
192ndo udneases, ARy SRR W PO RIERT drug e

Di s¢ . bl St §1.1 1983cNEiehay e dly 1889;
tumorst ((’338 %ghl"éwee? ﬁ]gfa?agﬁl@ébffé&rﬂ-léﬁih ral.) ehfathay

Ct nrnrce hat contain a drug, su%h agaa . esa

AlRARE 81, TINOLastyathy we of comyensionsldmogagiqranyations Increas

conposi tion conprising.(L). hacter| Y 1d64 } ff act
sk oSSR LT o 0 2t

carri 4 SR tHelal §skont Blabphaes and an aderdpn
locﬂgg%?og{%%d}?%ﬁg%?%er gﬁbodi n?r?t, therg isgggr 9Vj,f|‘q$fdf lem
mdcasdRpe thieito(Adlenier at.y 1984 Regmen#f dedifri &) o PRAMY

bi specific |li,gands into.cont act ' QGhAekiabe
begrpesasgenipied F‘%m’c‘ﬂ%%‘e%%}ﬁ{&af?‘iﬁ‘%%&ﬂdge@ %!é)c?ﬂg r 3’3 and (%1)3
tre%m. bi&lshieom@! ef erably non-phagocytic nmammal i an

cells. e bispecific |igands have specificity for

both a surface conponent on the, municells an

sur fRerausoprpblemstcopingeto hampriSt C@EﬁY gh.e sﬁg&as Sof cancer

result, the |igands - D& flRis(RliV Srylstaipitd thet will either
therAReYHCH-AN ‘frgFPtg‘gF‘?g}flg@@Ftr#%?gel I S%Q%rle&gngul ed by, .
Se%eﬁﬁvé’[? R draugetoltemonoelld drel tdraghoigens; OF BEdey DPRRY tssues

: e cytoplasmof the mammalian, cells. . 4. £
frath adiysigtrad P aRRICIEER Y R SRR Pl inp oS8 b effioacy

I nicell vehj i hagdxes 6f drticarides agents, while
Ofﬁr%%gtg?tme&l?ﬂglgg%s%ﬂggﬁ%%#)%gpti dg, car bohydrate or
mBieARE Md kiks ofidrhprmiatedtgritifie an ant i body or

anti body fragnent. In preferred enbodi nents, the

bi specific ligand has a.first 16 SRMLGLEQSseribed

SpecRnineryte SR PRI gt

st ruct . i fietapeatic hwdeis peiditfipletylgs. Suc
refgh B Sn@ihiRiRAE A0 cBh apl

lan ce

I surface structure. A desirable ..
skt cfbctinoecers (riddieoros ol st n podicfeotides t

0- pol ysacchari de co ne SipenRe Aehbsitrated, f
haoe shuin Graniil T DB bRupied b EEPABOHVAGST Aahedtamated, or

e E’Idthg{ %Q&ﬁﬁnﬁﬁﬁnﬁﬁ@eﬂ&t @irSingineferaiah genderpression plasmids
)%ag%g S ord trhoreayinells BoR & Pas BRI eejﬂso%eoa%bficaﬁon also
cdrbaddivesd erbagoaytintcells pad &0 pen-PRREACHRYCH!S -

iti i e . oy jaal: i Madlerial strai

deorped e gesto RpmGRgicp gf Ao} Bloucibl peeh fkrial seains

it ‘?&degﬁué 561 acida@hrrisd emppitirraliy-raplioatinggplagmid DNAs.
sur 0

ace conponent of the mnicell and to.a surf
Uponpepantiondf paramhmtqr@rﬂ@émmcelfsz some %"eﬁ‘isg%'?ggquA
i's anot her drug.delivery mabl indR bRhicsllHweTegicadily
segregapd AP G V@ﬁ ngg‘f' sfg?'_fwcg?ﬂ%%nt ain a drug Tl
ehg.ﬁﬁ?e(fgf hﬁﬁfmmﬂbhtagég&ic ceRmnt bacamed¢gsadedawithipgntraceliular
pnagocyt osi s- or “endocyt osi s- conpet ent %n&ggghm@
phepdlgsasomesS Sutpeisthaly-somereidhaieropdynant U (4P n
rel ease their drug pa ol &) tiel Ashdhalian cell nucleus,
Phé%@V%?sﬁﬁlﬂ?BwBﬂ’émges%g%\k’gg%ﬁgﬁ%&?g provided a
Wil B OO bfie dehRSlinede Bcprissetl 't tthe appiicaton ehfgved 2
such nmet hod involves creating concentration
wgefnthesn foraninidedls dn hymspaRdamERA &0F MEEN ul ar nedi um
containing the mnicells and the mnicell cytoplasm
The drug naturally noves down this concentration
gradient, into the mnicell cytoplasm
Anot her nethod of |oading minikells with a drug
i nvol ves culturing a reconbi nant parent bacteri al
cell under conditions wherein the parent bacteri al
cell transcribes and translates a therapeutic nucleic
ac!d enqoqing ;he drgg,lsuch Ehay t he drgglis_

Pk




Yet another nmethod of |loading mnicells wth a drug

i nvolves culturing a reconbinant nminicell that

contains a therapeutic nucleic acid encoding the drug
under conditions such that the therapeutic nucleic

acid is transcribed and translated wthin the

m Nni AR present invention ALk dhi thedeosesht diseovehs retngfo minicells, and
bacterially derived |ntact m nicells and bispecific

adpiegegsdihe jcanisuing eery fof impaved fRsddivary glalegios. eshedialydn the
r nmodifying a trait by
COR%?#%‘?%%F%%%@?@W medi canent to a cell, tissue or
organ. In the nedicanment, mnicells contain a drug

nol ecul e and bi specific | | and that are capabl e of

bi nding to the nEHﬂ@ﬁfﬂ%_ﬁﬁﬂﬁﬂgﬂﬂ$H8§t mamal i an

cells. Such nedi canents are useful to treat various
Con(bédic%@é a8 cHnBERARAonsi F%Qﬁal@f%%t&&% ifESI8 38R Tontain a
such as AIDS, pneunonia and fTuberculosis, but are

drugasuchcasl sacangenshematherapyt drag. cdsn ¢isdlosefl isca permposition comprising (i)

bacﬁ faﬂo L ge gﬁfaagt gtilrbcﬁle e) 03 ﬁjﬁorgn\eggu%ﬁ?ﬁlg( accééﬁt&ﬁg %amer therefor,

whéRNSRiniceMedonthin g diuger apy techni ques by (i) reducing
drug-related toxicity, because the drug IS

specifically delivered intracellularly wt

hj et

cel Agcording {0 Yaiolhey prabPHYedy thgreds BoUded L iprasteshonug Py method
g2 by DEFEE Gl L7t BT R0 Bl i
thaf ummm 8 desited rdagg an/si (tuhnammatm cplls, quieferably soanptiagdcyigregmmalian

he site of mnstr .in i) .elimnati t.he ..

colf TP PSP BRI CToRP LT Yot Py 5B poRe ] on 1 mincels
and Eeélﬂﬁé‘élbbzﬁp&%ﬁ? ofRfthd %ﬁéﬂﬁhﬂ%n%ﬂs dag16-ea@k ageligands cause the

mnicells can be adm ni stered by routine injection,

minjdelry tq@’ditf@lth@mﬁﬁ@aéﬁﬁ eallsi the midesls are enoufeddhy the mgyesiian cells,
| [ met i mes
andstﬁgg r%’a%: reﬁe% %ﬁfg ‘ﬂ@%&ﬁf’ @%Qh\%‘f mﬁ&ﬂ]c?glga é‘ ecause t he
drug can be synt hesi zed blologlcally by ei ther the
m niAgel Hiscloseg ded ibispegifiov digartiseusaful t foe targetingt minicell vehicles to
bacteria. The use of mnicells for both dr

mapMeiyhiiessicsandne drgpecta keandvBrRy % Ageppillg. carbohydrate or

glyc%g B5Rs! adhdC %e{f oRpALd taH ea?tttﬁo@arot' ShibBdy %\Qﬁ%@gﬁt preferred
Cause many drugs conventionally are extracted rom

embadireeris,atht hispeniic ligends cas ae"sst am ek carses sphdfititc fdrta bacterial

to nt hesi ze chemni cal | i tionall . .
mm@ﬁtﬁétfqer%@tuﬁ el geond AET (i RS EHUEPLIEA Aemagaafen ool
B IXrubidke? mpgﬁészenniﬁetah SuMhée 3rBER" AP 9yasS O % an O-
actlve transport nmechani sm BRI EF DESCRI PTI ON OF
po!y:éaécwem deimpanant 1ofi & lipopdigeacchshided Pgsitablgh mamntatialman@& esurface

RNITEIETE e PR I TER N T ——

me@htddBrRbHREGEN packaged in minicells (mnicellsoox).
5x108 mnicells were packaged wi th various

concentrations of Doxorubicin in the external medium
( shipvamother embodiment &ipre iFpEovider 4 eostogiRikcaneriging (1) a bacterially

denﬁ%ci/gtllmcfeﬂ g%gg?ﬁtgﬁs Dgru§ gf)’cﬁ%(ﬁj I and @xael%( npqe%‘?éﬁg%nHSI ng

Doxor ubi ci n concentration in the extracts was
measured using PLC (circles) and LC-Ms (triangl es)
and plotted on they-axis. Figure 2 is a chart show ng
drug delivery via mnicellspox to human breast
adenocarci noma cells (NMDA-MB-468) in-vitro. A cel
cytotoxicity assay was E performed on cells
treated with EGFR-targeted m ni cel | spoxm ni cel | soox)
non- targeted m nicellsDox con-targeted m nicell spox)
free Doxorubicin and untreated cells. Wthin 6 days
after treatnent, cells treated with either free
Doxorubicin or EG - FRM Medi SDox exhi bited only
about 30% viability. Untreated cells and cells non



treated with -targetedm nicell spox 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 nicells (EG-Rm nicellsrox) on
human breast cancer 5 xenografts. Tunor volune is
trahvéapabletdiéihding ©,a anthcdaympoasii-of emo girddd]! and to a surface
establi shnment are shown on the x-axis. Solid
cerppefifgt 852 pEamtpiieR&el- axi s i ndicate the days on which
various treatnments were adm ni stered. Open triangles
b t t I
BB, B R et iod Sy, KA SR bactorialy
derivegvamnisicalhrihasit sioetwd aj drogentd ofntact with target mammahan cells that are
dm.ni.cells

The | d d
phagofiesy 2! GIGCHESIt ARRPR Ll et BB oL ol g8 “drugroaded

minicel, WHish BEn RRIE&(their dil pra@roaarmtt&)auulﬁngure 4is a
chart showing a highly significant ther apeutic effect

of EGFR-targeted, Paclitaxel-packaged mnicells
Qe iR i eB¢ PSRREL)theE iR BWHWGH@eVQ@F‘OG%JH%FOVJ&@HH@r’B‘P@”S with a

drug. one shH et Uglvé§cgeg a%nEQﬁYati%ﬁ'g?adlérﬂ%fQHé/%rug between an
ost xenogra esta mant are shown on the x-axis.
extracelﬁddm rdediumenogtaising teomirideds enethe minicillctaplashe Theydsugnaturally
varlo trea ts ni,stered. The
moves ‘?@H}sﬁﬂf FUERTY: ?“i%@@‘ﬂ%”q HVYEEQ'F'P%HL?W?@ -adni ni st er ed
to each of 8 groups of mice (ti = 11 per group).
RheHEE niethéd 8f fRaing miMRMIOSvith Ridld Ynveivesiduitedyt a recombinant
therapeutic effect of HER2I neu- 20 targeted,
parent Dagteiialbtedli wndsactangdiens whesein| the( %Rthﬁfpt@réall egiofgnsshbes and

translat%segqﬂeégb/%# %:?HnLg e‘rflcrllgc%a Ie)rf?u?é) ﬁﬁn%{esasug chmh ﬁ'\%l A(rég\{? dfeased into
the cytopla3fDbF thBafaRéNt bsabfewan@en VeHBN theQarét bagtesiBlosdl divides and forms
t hey-axis, and days postxenograft establishnment are
progenyshimiaeli rthe miniseligalso, conisin they rH@ iihes cYePEsM: he x- axi s
i ndicate the days on which various treatnents were
PRk fh o Eﬂsaa,ﬁgﬂgﬂkc@lé w.ﬂeatdmd?ﬁéow&ecof@hh@Hs,ecombmant
treatnents amnlste to each groups -of mce
minicell #tat coritdinp @rtherapeytjc. nUelainiacd @ncadiag theairug shansicagditions such that
dose-response effect t ynor - -
the theraRextit PHOSEPGK) F EgRsbPO AN JaRaidmiiiuipg gninicel.
Doxor ubi ci n- packaged minicells (EGFRM | teel | SDOX) .

ABAINMBASE] btéhE ué@@ﬂlé@éﬁéily%ﬁﬁe@ﬁlaﬁ&) hiirsidste anB bRpkbifi€ igands

flu/flu mce, and groups =11) were treated
in preparing raam@d@amept {trtuselioe do@ tlfe)%mald@@ﬁﬁu%émthfmm a trait by
administf%}@b? ng}_J di rStf %{)ﬁ? &tﬁécp sr]sﬁgﬂ%’\rl\mtg%ﬁn) nl?‘lhtgle medlcasment H]inicells

contain 8aWfy rﬁ@@cule and bispecific ligand that are capable of binding fo the minicells and
fo target mammalian cells. Such medicaments are useful to treat various conditions and
diseases, including acquired diseases such as AIDS, pneumonia and tuberculosis, but are

particularly useful in the context of cancer chemotherapy.



xenograft establishnent are shown on the x-axis.

Solid triangles below the x-axis indicate the days on

whi ch various treatnents were adm ni stered. The

| egend 5 identifies the various treatnents

adm ni stered to each of 7 groups of mce. DETAILED
DESCRIHET ef@NofimehitE diRidseBREEY eVBADIAYENIGSificant imprdveements over
resent inventors have determ ned that bacteri al

p ; . : | |
caryanyiereliaiGReraVIPERIques Yl PREERY JRiovERIRd t8§'_°'f3{vn pecause the
. r . I . . _
R KRN0 SRS HIRAARY LRI SHOR TR v oo
assncitd sleedfectsfaidimel sitehaft administralinel ih aclauman agarii®ak because the

dru ayl oa n be.djirected, to target cells i ch

ofie B RO WAAR MRicElY B4 i Irie S TS ReC o Rop oSy gots and
198 Naed sdof Sdrhmlseas@t (intimihBendCiheoRkason @ntihllis infusion of
target cell. Surprisingly, the drug survives this

dpich esausd ahbaapseio APFR) of defeaisddand drugriracksggehminigglls can be
3 i g . =NV t r -

GAFIGeRLAPIES Triectdh. [0BLERT P BREAEC B8 lor 4. because
spaiifey tabetingdisi adhieveleasdncesometirhss elimibating theonpeahtb purify the
degraded within | ate endosones or. phagol ysosones, . .
dftrger‘@&?U%F’I@aQMgCEFhQPa%’@UﬁSEEP|R}O'EQ‘F Bt X/@'t'&%@?ﬁt@'”'ce" drug
d@fiveh) 086LIL V8 1Kl HErehPbActEME THRNER! of GRihicefyioP BblSdRg BRRynthesis
t he ‘exanpl es, bel ow. In a further exanple,

antl dargetsidsdalivartyi tondesited enaromelidyo eellseepristjtutes- & padicular advantage,

studi es using human.tunor xenografts in nude mce.
o teoe ot Dk PHOBRIOAA ard SRR dm 6 AT oElfige sources, or
afL B Hhiffi e svntHkize themidallg.anddiiohany, ssaizogHeaidtherapeutic drugs,
reduction in all mce (11 mce per group). See the ]
insjugifisl estliojaxajey gain entry imeugiamnpriian Rpls (visr 8 MgIpRrane-associated
A ' hat a range of different drugs can be
agfé\%kga\émgé&?rr{fég)\?rh?@bt mnicells, (ii) that drugs nove
one-way fromthe extracellular environnent into the
cytoplasmof intact mnicells, (iii) that
BRI BRSGRIPAION OfF HAE QRAMNINGS concentrati ons of
drugs can be transferred into the cytoplasm of intact
| ] 1 AU G L
FURLT8) kol bl BRSSP LB TLBL0) anc i
cr¥atdgadphadbes Bpedttonedtryd{ SPIIS) fquantitafien ds DoRosibicirapackaged in
structures of drug- pﬁ)ac_kaged m ni cel | s does not _
méndestiaffiniricedisdchk 518 geinicslinwara harkagedh witb|vagousagpncentrations of

Dgg}e}ﬁt%?i \%Pﬁ%gfe%%%!all ﬁn%l%égg\}v? r:ﬁﬁ errgl(ﬂrrr)r(llasl).i ‘?Re Crﬁiln;cgllsoox 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 (triangles) and plotted on they-axis.

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

FSFR minicellspox) non-

performed on cells treated with EGFR-targeted minicellspox (
targeted minicellspox ("9 minicellspox) free Doxorubicin and untreated cells.

Within 6 days after treatment, cells treated with either free Doxorubicin or
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-9- phagocytosi s- or endocytosis-conpetent mammal i an
cells engulf drug-packaged mnicells, (vii) that

non- phagocytic mammalian cells rapidly engulf surface
recept or - bound drug-packaged minicells, (viii) that
after engulfed mnicells are degraded within
vacuol es, significant anpunts of bioactive drug

g Pt
Iﬁﬂ?cghgqe%‘@%gtﬁ{eg[?ﬁ% FH5AR8Y% viab iy Unikdiddd ¢d18 and cells

escape ect its intracéllular target
%;eglﬁtﬂmew%ib% ¢6 showel kbrhdl @1l ohudilitiyher apeut i ¢

rug- packaged m ni celq S can perneate | eaky

vascul ature surroundi ng tunor nmasses in vivo, %)8
Hipate s glehyrt Shawmingiadsphlytshen At thesapspie elifect of EGFR-targeted,
i ncludi ng tunor regressiggR and di sease st abj |

A, {) i zation,
Desortieciagaskagedninicalls € o miHenispent FEIARL, tisadEansr

m ni cel | and.(xi) that dryg-pag } 0.6

Bl Py P U SLHE RS B0 ol g bddiran
ck@¥lisHnleht are shown bagh@Riaxist YSodid thkmgleschdlow e pagisdgdicate the
drugs is surprising for several, reasans.

It is .
deys o whichgaripag treatamentsrivere rdpiniterd) QRERBHZCS belw the x-axis

.perneable to r.an, t ' '

RGeeBAres i P anfch o GhibL A S hatigiRe,
Eﬁ%ﬁ@éﬂs Agi VrehEkifist@ba tdad of X B mizli@tlshye The legend
nmenbr ane % rmeabi ity to solutes, so it appears that
iddnifieetHesvalibhiatrentineats ddnisisteetdtotdach 0f/8 graupgiof snipe (n= 11 per
surprising that mnicells are unable to expel drugs

W t hei r cytopl asm because live bacterial cells

ext rude noxious chem cals that enter into the

bacterial cytoplasm Even against a reverse osnotic

Rig b £i3ta, chiart showirtg alhighly $igmfieanttherppatic stlgeiol EGFR-targeted,
suspended i n _phosphat uf fered saline containing no
Pacligxelririckaged migigells &ﬁﬁapwf:ﬁwg§ﬂib§“§83¥?ﬂ%ﬁﬁf“g§/"e“°&r‘”‘fw'

Ceina b . . .

T L
shBen ShfihdinbeR. SBEA !’Bﬁbﬁ%lad gelontthav-akisdhdieatt dhe daysgm which
di ffuse out of mnicel

| 1's. Anot her unexpected aspect

vafiouhizeatments rere AdmmibEred: %Ha&eﬂﬁﬁé?lﬁlg?@a fl?ec‘éﬂl}‘ﬁls freatments
igni ficant dr i gns .Anckaged

Wpinlor a2 BERES DU LRbe BS 1T BB BRr S0
hence, mnicell cytoplasm contains significant ,
Pﬁgﬂﬁ@misraaiﬂaﬁrshowingaé hiphiypsighificentshémapesic effags of BERZAeeu-
25 believed that there m ght bggdnsufficient Spare s
tarpeted cRbkarhbicins packe ged munis o0 d a tainiedjspox) on human ovarian

concentratjo of .non-bi ocoppat i,hl e dr SO . .
GAPETGEORARS THe TMCELY VOrG Heged ?59.“1 S HbriRbHAYS.A) or E. col

| @3&} At Q‘Hréﬂt GEhinS. MndGVorshe frsugdmanS@e ysuxis, and days post-

rrsing ‘tor several reasons. It is unexpect ed, for
xenepRftestablisimeirt age saokage thaw-axiseBpkd a@ngfm - heloyk the x-axis
igcrli%gte Itl?é gayts Q)% 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 stabilization/regression
by EGFR-targeted, Doxorubicin-packaged minicells (**' minicelispox). MDA-MB-
468 tumor xenografts were established in Balb/c nu/nu mice, and groups (n=11) were

8-
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30extracel lul ar space. This is a persistent problem
with |iposonal drug delivery vectors, and mnicells,
like |iposones, are non-living vesicles.
Nevert hel ess, although intact mnicell nenbranes

| ack selectivity to drug perneation, the menbrane
integrity is sufficient to prevent | eakage of

intracellular solutgs. Al sq, s&pprising, and unlike .
tréatpbEtmtnaislygvitel P40y oy &8t or s miscelsohweAptagMng two different

ligands to _the surfacg of drug-packaged m ni I _
cRRS RS RS SRRSO D T PEE PR S i g e - Bite i, dpys post

oﬁsﬁ{@ ﬁg&h’g RELL YhBRh bR 1Bk, S8Rddankles Gelegv the x-axis
X%ﬁ’ ageg.t urteer Eiglé i S unexpect ed thata:n rag- ackaged
aé‘%@

indicatecthk ldayaoewhitlioryibus Gdatmeplsiivere Bgmiraseis yegend

R FeS R B gl o BORE

heretofore that |large particles, |ike bacteria, can
only penetrate and invade non-phagocytic mammali an
cel | DEVIAILED BESCREPTION €38 THR/PREFERREDEMBQIDIMENTS

i nvasi on-associated 10 proteins by a |live pathogen.

e ot 0 Lk, i

- and SRR 4?8{1%1?%*%2 @F?l?dgﬂﬁsaﬁd@éﬁv@fiﬁg dRPS kaeekt Mahealiascells in

carrying a gand are abl é to extravasate )
vitrenmi inemoaMolegtartienlarty, the/mveittord leave fieymd that a minicell carrying
consi der abl e _depate .regardi ng t eaki . §
o AR A ORI E A 0 BEEh Sty Bhich R RhE ryptiiffand
pﬂoﬁes%hﬁguoﬂ%ﬁsthé ArdeHRyicadns aiased limb e ytiptash Of ti2arpet cell.
i'n dianeter (GabiZon"a al., 2003). Mni ge%éﬁs%%?rryl ng
Swarpsisivighy, ¢hd dmygrsdrviveswbisamrocess svithoghbagomen gdn
di aneter, yet still are able to extravasate tunor
neovascul ature i Rp=VvivQg. The. ahyli JRASKEH
o bl s oL ipe Sired dick s ikpll: iR aBRiBaET
pdRacSeuBhiRtllY GatRNargetsdguichactr Tell, Giebinslizadantuihesenesd cells in
to Fysosorml and | at e-endosomal _envj ronmenttg k& tQ
vitre, had degradetiwitbindpicsmdpsangs AtREARFITPRES: 1AeTER 2@??%“3
t he har shness, .o ' ntoltNE chi e BEIPEtoplasm.
ﬂ’&ff’?g}l@‘é”é{g’t ‘ﬁiﬁmgg #élﬁgé&o \3‘?3{5’82%9{ rel tgggéeﬂdb from Poplasm

S&e tHeGRhinpldsNbeélowi ol ogi cal |y active form and remain
signifi cantTy unal t ered. Perhaps even nore surprising

was the discovery that a significant concent I on - ;
i g St a¥gmlse igse SpePrHiions Sery eSir e RY P yiEb studies
TR | S Mde BMES UBMavbifous B81iPere e diug-packaged
uflﬁ%g“hagﬁ?ﬁgtg?&%@(}rﬁug 55 concer?fr ations Vf/l?t hin . .
BN danosstiated Wgldy sigrfificin temooxenoprefizredpaionya i wice (11
effect in both jn vitro 3{]? in vivo experinments. Yet
IHRERPHEOuRN erdRGerIES\PEIQP s t hat dr ug- packaged.
mnicells mnimze adverse side effects. For exanple,

at t ig, 81 the ifentd?t hANERRLS ekdl @FihaParange bidifferént dragscan be
of nude M ce, Pree drug injections cause severe skin

padkagtd its intattenimielldy (1) thetclagren ovoone-WRY Soms theextrgeeitular

egw?ilrjcfn?ngrijtggtoa e & \65 St OF ig%c’? &Ei%%élls, (1ii) that therapeutically significant

concentrations of drugs can be transferred into the cytoplasxﬂ of intact minicells,
(iv) that intact minicell membranes are impervious to drug leakage from minicell

cytoplasm, (v) that attachment of bispecific ligands to surface structures of drug-

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

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

0.
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In accord with these discoveries, the invention

provi des a conposition consisting essentially of

intact mnicells that contain a desired drug, such as

a cancer chenot herapy drug. The invention al so

provi des a conposition conprising (i) bacterially

derived intact mnicells and (ii) a pharnaceutically

| H65is- Celld\Golirdinetbhckaged

pIREEERL R 6 ALY Ble RohBERT Mhmp NG Sl gl A packoce
midioélize (¥ib) thdt nohehagoogtit nemmmnBarneelisrazidly ehgnifsurficeEeceptor-

coil or other bacterial,..cells, engepdered a
bemé P e aREk e TH RIS GYiE) RSt Aler eﬂ@ﬂ&?ﬁﬁ@ﬂ%ﬁ%"*ﬁe degraded

w&hﬁi&é&ﬁoleﬁ’,‘csi%ﬁﬁ&aﬁ !’:\Mb&l:itg B Bidalti i dNMYug %géa?_g g&d Widuolar membrane,

rokaryotic thronmosomal replication’is linked to ]
(viidy theat thienaapyd figsianaffevhitcintiacalbilardargat witkiaithe Bepmatian
formation, In . E. caoli, for .10 exanpl nut at i Qn .
Qib ) e stom SheardiedrueBhcinsd BB AP RhERE s
V%Euﬁﬁﬂé SRS RIRRE fulfor flastdiGn oRld, (DR Rigily kiggiftahl therapeutic

ivision, resulting in production of a normal ) ]
effkaty fnauding imenrdgressiomand discescsiabilizatipn, oap de gehipyd using

et ., 1992: Raskin & de er : ' . .
Hetpathsrhndit crebgeckaged pifisHDs b 7ty (e ackaped minicells
sibhigiehly Ridusd 8 dlinviaate endentddabxieitg. gener ated and

rel eased spontaneously in certain situations and, in
15 contrast to mnicells, are not, due .to i:%ecifi

genelhe abiity pEmiiertls e Pagkagpidsugrds sgeRsng Jpfseeebpasons. Itis
FOL_.pr act Lici ' i S, -
T
diaaiﬁiixlae h{f,r&fb})hﬂibnh)ﬁidpﬁdl‘bmaﬁdaamﬂﬁpw@redmgs ?B}V lapnm, live bacterial
anucl eate mnicells al so arge.generate (8] ow n . -
afbibat sclaokias MsaERICPETBER PG R AOMIES: 5P TARPSYTP BiE minicells

celly § s _
i Lin® Mhat 9hiceHa AR Bable tb BLpel dru,

B SRR TR0 f AR o BRI USER B 1 Gpe s

frbevheir elytoplasm] 98Gusdling badteralacHpextmdemoxias whemicals that enter

i el o] BHOBFIDC BNeS PRVBRVE Pt pept eSBRE in which drug-

1098 BiRRHE Y NEeSiaPhegptatQBufiERE s Gntaining no drug,

overexpression of mnE’leads to polar division and |,
miniodliseiaim dofg. s seldfiionslristuprising beprusedatasappeysimply to

mnicells may result. from.defects .i hy.
cifigs aesisiel s e otiple6t PSRl utidpfohet e Qe channols
a3 13} hpdifubfePHck U 16 tifhise obO9BniniofIR JaslahetineRpioteEhspect of
subtilis (lretom et al., 1994), nmukB nutation in E.
the qirésefHinvagoreis that thergaiically dignificant g copsenirglipns can be

coli (Stewart .a Ari . 1992). QR :
e BT HTgHG: R bl oy BlSulapE fehSe, Hibic
cﬁbﬁl‘ﬂsﬁ? BYntai RRmifad6dbrid cnfr@io® b cdmfaabid sobytes. Thus, it was

enhance the rate of cell division and/or inhibit
beltevedisasriers mightrhd insufficient spare intraspilniansnagh tq tgeqepanodate

hiegil c%glhen]trga%%zlé of fion- foic&%piaﬁbf; chrunggélﬁ{és,%tﬁ&ﬁjl&%%f 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

-10-
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cells and anucl eate mnicells (Wachi a at, 1989;
Ckada et at, 1993) Mnicells can be prepared from any
bacterial cell of Gampositive or Gramnegative
origin. Mnicells of the invention contain one
or nore drugs. The term "drug" includes any :
physi ol ogi cally or pharmacol ogically active substance
that produces a 5 local or systemc. effect in

namiceth bremipanes leck seldofivitabmaug RemaicHinra the  meyppgEe fRiserity is
i anlc [ .0
sl PR Bl Har BE a5 ey, bl Storising, and unlike
9@édﬂ§al (ﬂﬁ@ d&ﬁ@r& vERbeCattaeBmeBIyf lig‘andhto(:lhe Bmfadaeof drug-
characterized or uncharacterjzed. The

pebinir e b iase NG T Do gprame

|
pEETRy i B DR R R R, Y ROREM BExp i Pihabdlil prckaged
niddicHitd ﬁ%%.ndlbhﬁswﬁl&h@dlﬁb}t ﬂioﬂ-phagucymanmmﬂnd}aatcells, simply by
acetate, maleate, tartr at e ate. a
Viie RSPt Bep R ten Tt it ey ffore thar
lagé n]?x{)rg@ e]éf@%iéz%}ﬁl c&%nl? @H@;ﬁﬁe AR BRBAO A gﬁdﬂmylﬂidlm

rivatives f drugs, such as bases

. naatmsliaredlsarii siesctiegomsninyelvisg skoretiagrafgnyasian-gsgociated

DRRFa b A Dr RO MiBioBly sregiorivint YeiglR lebfing Bty to
&F\fe'lﬁ’ ﬁ:f\}la)‘,l@ nbh§hegloytivhlmtnhitarfédiRe Y ek BEGtBaCRrprie v that drug-

very, “is converted by enzynmes, hydrolyzed by
phdkegedrhinieells carriiye obispecifie tigond ate ahlooedeyasoly TRET

or al therape .active f
AR S TR ST et 6otk Bty rogeidifif e Ieainess o
n#h&r MRSV nhiEnsnésieRtdtaRr, theuureandew is datpoies nlaﬂl]:
agents are preferred drugs. Useful canc

I, i - .
ncdnamﬂh’enapye 0420 pman deaeien (BEERH, o7 @3) Minicells carrying
lslg.%fr %ng?&!gry L&NFdd &y 6&5151@3{3(11 efeRnal §ﬁll are able to
I htim conpounds, pyri m di ne anal ogs,

ei?ﬁ'ﬂa@&tc&ﬁﬁﬂo@ aSovaanilanes ababe.t The alﬁlht)amhimgapmged in minicells
ant hracycl i nes, taxanes, vinca alﬁgwl oi ds

ta oy deprdatien PSR iHIEBRENGFT FYF ngonggg,ggglfed minicells are
ﬁ)f(ﬁ(gg%ﬁr YX&% tr%arlé’t@%,nﬂ{) @H@iﬁhbﬂ@ HEWR ‘t&e harsh, and

astroz par agi nase;
i GPbiehR Aot mficelse @Wp‘.ltmthe Biassbinessrof tmqg@owgmnmis the

11&2;183& :@gtﬁﬁltfi?fﬁ % g gil}olgltolﬁ ﬂylgsga? i’B cﬁ%_pldr%ﬁn n}_l{llceﬂs in a biologically
%\?l f%%o %mﬁ:@ffcﬁﬁ hitterdd/ tP’e?h Ve id1e Siugeising was the

oxXan, tlnonyC|n unorub|C|n

.‘ diRuVe G:h%agﬁiﬁhtamnbcnhﬁmn ofiidingg 13 ablBTo@scape, in its actlve form,

Epi r ubi ci n, | enei.m ne_ Etoposide, Floxuri

lmab%.m@mm@hmqy!b%@la?ﬂ Pugspatifitepre Siiseflb rhat is, drug

% aﬁ% A Rhicans HRXRIBLBY B8R a therapeutlc effect in
xyurea ‘dar ubi ci n, I?os fam de, Irinotecan,

bbﬂm;lﬁﬁzhﬁamdl\ib@h}aoaprhmnmﬂe Mel phal an, .
Mer capt opuri ne, Met hotrexat e M t onycin, -“Mtotane,

M t oxant r one, Lplatin, xel
. Pent o%¢tAHD erpmgr#cc? f,f:ovgfyol@ ga‘:]% u%lﬁnggﬁsemlmmlze

&50% R of fsS @tcﬁ%ﬁ&hﬁle, asthhe §ﬁé of ﬂhfae@iﬁ(ﬁﬁﬁﬁjleﬁuon in the tail vein

anoxil enpbzol om de, Teni posi de, Tetrazine,
of miede uﬁne rfeee dro atjeptzgns Tigmmy(ere'rsd;pme@@mps whereas drug-packaged

o eoilglqﬁgfaoq cal-xl-srehsl?lct %g)é verée mdggjftasttl ne, Mincristine,
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5 Vinorel bine, VP-16, and Xeloda. MIIliell-containing
conpositions of this invention preferably contain
fewer than about 1 contam nating parent bacteri al
cell per 107 mnicells, nore preferably contain fewer
~than about 1 contam nating parent bacterial cell per
10s mnicells, even nore preferably contain fewer
t ha b ut, lL.conta -8 rs'y
100 o guf PRGNS, BPLRBhiGARL PRLS coBpbitet
conbigfin@bebiitiallycanatac maticaly maroemmm&ezsapd drugs sfih gsey cancer

1010 m nicells and nost prefer. cont Jn f ewer. tf@
chetrotherapycdig akhe VeREOD 158 MY %St GRS ‘&“ICOB‘@PSW

el
oA e Sy (Y gl el v
theRFdoeherethe nésicelisassdih awlrag,Isuckaas oeanceieehgniatesapysdrug

15 parallel to a nenbrane surface Forbes 1987) and
dead-end filtration,(feed fI 1
t he MamslRf S hmarisn SemE AT A 2 otler bloeria

o8 ?ﬂér@@bfﬁ&s@&b%&qﬁ‘iﬁ@ c@dfdﬁlaﬂubﬂ fdﬁﬁﬁg biraky fission, of cell
cent ugation, at low centrifugal force, to reno h::‘i:]\cdto

disisio \mh ﬂN)‘h segregationh é’co]earwguc ehapmesomal 1¢ 89 is
enr| ch th supern t.ant for n er
{ binacy Qﬂp né!ﬂlarl yg il% étl.u'f‘n fo&gﬁhﬂn In E. coli, for

eénsity gradi

)&ﬁgﬂé ihataddd @E'}uiﬂ‘%e%eg Qubh @b #GCB] ¢y remopathietitiaibition of septum
um After centrifugation, a mnicell

formhtiec etglie telbpolehdunnserb divisiem gesugmg 1g ﬂpgq)tfu)r;goytl fEa normal
degt
daéllggﬁa? gﬁ]h a%cg%ﬂe ﬁ\?czéag? | %%c%l? LY §dBber! &2 N @Q R‘aﬁﬂﬁ g e Boer,

on to maxim ze purl

19924 ilﬁxd&rmm{e‘nnaﬁmm rmduu;ﬂ,ez(mpmmmm ane;dlsttwpfrgm other small
pefforming differenti aI centrifugatian on th

vesiai¢scibpi are @meaatﬁdﬁg sepped SPORY B eptain gftugtigps and, in
C(?grnt {el Fugalont oa'i‘& ﬁo dlid t%%#)@&ﬁi'c ?en@tﬁ;r}%ﬁﬁzfﬂg@ﬁiehﬁrbrwlﬁdomal gene

Some |on 0 t bacterial cell
expPedsRiY TR h‘a&hbh@ thé preswennamm itfspdesirbleder manicells to have
articul ar effectl ~purification methods exploit
IMP@MSf IREFLTRIHGR Soﬁ to increase minicell purity.

Thus a mnicell purification nethod can include the

step R EnRatfRPAfickaRtriniiellg alsorire génesated
to af%gé]d&(?a I on ?%{g%l nduces parent bacteri al ai%l I's

follwiag prarefof lothee |gt3m13:: fearrmgenetitpoeguigiiopgthat affect septum
osmatian oy grampls ob e diiV BT i B ubrB! 5L RE/E RlaCorhets, 1975;
Levin ef al., 1992. Minicells also can be formed following a perturbation in the levels
of gene expression of proteins involved in cell division/chromosome segregation. For
example, overexpression of minE leads to polar division and production of minicells.
Similarly, chromosome-less minicells may result from defects in chromosome
segregation for example the smc mutation in Bacillus subtilis (Britton et al., 1998),
spoQJ deletion in B. subtilis (Ireton et al., 1994), mukB mutation in £. coli (Hiraga et
al., 1989j, 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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Known minicell purification nethods also can be

combi ned. One highly effective conbination of nethods
is as follows: 5Step A:Differential centrifugation of
a rninicell producing bacterial cell culture. This
step, which may be perfornmed at 2000g for about 20

m nutes, renoves nost parent bacterial cells, while

cé?%d&%wckggﬁngw@gﬁé Iléﬁer A %ﬂ(@fi% cglp &Eg?)e rﬁ%}}i(\feﬂs can
b gﬂg)r e ﬁoxﬂeaﬂ? 'bﬁffteﬂﬁla&'ﬂ%w(}rﬁﬁdﬁdﬁﬁveﬂ?'Graﬁf-ﬁé%atwe origin.

es nmn from nmany contam nants
[ ncI udi ng parent bacterial cells, with mniml | oss
of niMintells ©f tHerief et opntatrhom wtaprei dugse pBae tegm “

f
inauydts 3p5 gy inoahany OF sbamiopR i o et Bg%ces \
1&%1&% SRAGE @ffedt i @@irhal@ & b
el 6 Systeaiuc efoet in o ammﬁ%n%ﬂﬁn%ﬁﬁg hlg];?nesntDrugs may be

insagarde Dabrgamol comppRngHh |V§th¢a§/hmtaﬁ% dngindiss pgpides, protetns,

| ngapié;em :afn LI GSlde &b (ﬂ%bﬁﬁ: &%e%ra%tcr&@& ot al

V|ronhe con

ch}AEﬁdt&mrdl CThbe gidy R vatiold fdrmpasuehtas hﬁdiaagechhlolecules
cells. Step F:Cross- flowflltratlon to renove, s
medesuaricemplexes.sthapmacolpprlvaarscpipigsal tﬁéﬁ%}& TEdbloride,

h%%rﬁgl%eﬁgltd (sUIARL Bl fIGRGhS, pHUBhAL Criftftb Airat¥RBérdto? Roctate,

n concentrate the

nf¥ldake; @Arrate, Ole@iR, patidyidté, and rieeylike Femlcmyedmge, sidip of metals,

mnicells from srml | contam nants, and a O.
Ynﬁ)g}:used

amines&r oRganibeations 10y srmple PIIERTY AWML §

Derivatives of drugs, such as bases, esters and amides also can be used. A drug that is

water insoluble can be used in a form that is a water soluble derivative thereof, or as a

base derivative thereof, which in either instance, or by its delivery, is converted by

enzymes, hydrolyzed by the body pH, or by other metabolic processes to the original

therapeutically active form.

Drugs having any physiological or pharmacological activity are useful in this

_invention, but cancer chemotherapy agents are preferred drugs. Useful cancer

chemotherapy drugs include nitrogen mustards, nitrosorueas, ethyleneimine, alkane
sulfonates, tetrazine, platinum compounds, pyrimidine analogs, purine analogs,
antimetabolites, folate anﬁlbgs, anthracyclines, taxanes, vinca alkaleids,
topoisomerase inhibitors and hormonal agents. Exemplary chemotherapy drugs are
Actinomycin-D, Alkeran, Ara-C, Anastrozole, Asparaginase, BiCNU, Bicalutamide,
Bleomycin; Busulfan, Capecitabine, Carboplatin, Carboplatipum, Carmustine, CCNU,
Chlorambucil, Cisplatin, Cladnbine, CPT-11, Cyclophosphémide, Cytarabine,

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

Dexrazoxane, Docetaxel, Doxorubicin, DTIC, Epirubicin, Ethyleneimine, Etoposide,
Floxuridine, Fludarabine, Fluorouracil, Flutamide, Fotemustine, Gemcitabine,
Herceptin, Hexamethylamine, Hydroxyurea, Idarubicin, Ifosfamide, Irinotecan,

Lomustine, Mechlorethamine, Melphalan, Mercaptopurine, Methotrexate, Mitomycin,
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Step G Dead-end filtration to elimnate fil anmentous
dead bacterial cells. A 0.45 umfilter may be

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

I n anot her aspect, the invention provides a targeted

d Li had .t hat i ses: Or ] .
Miplfle e Sisbp Qe R R sF AR, TR Mgty |
PISGRy¥RIPrdtaftiaeiie] RithRiaiabs Srkeitls Sregtozgeinpt Bis$l Jo Straptozocin,

(ii) manmmalian cells. The bispecific |igandg,.havi [},g d
Taprrafen; Temgzqlomidss lenipopide.cl qiraging, FaiomedT2em Tbiglppa, 10mudex,

conpon se. . il . I g{,ﬁﬁ-:
T%ﬂ%ﬁ??ﬁéé%%’ %g%ﬁﬁ- Fha bcll:\%}]%?rﬁ% Gy, ¥ didesine
Vangibihe vy 6f iiel Xelodal | an cel ls, and the drug is .

rel eased into the cytoplasmof the mammal i an 5cells.

The inventors found that . this approach is_.br.qadly. .
app! VRER Coa R TE SBPO iaRs T I B Br RIeFRRY Gotaig fower
tagﬂﬁ- RPCA0peY 100memedis! ifore preferabl
th%g %@tgﬁggn e%%{céc%atrg%tﬁ?&%ém nicells. For Sexa{rp{_)e, Y
cotap feie idtansatioub d dyntaimgaatihg paredt baetetial@ell per 10° minicells, even

pol ysacchari de speci fi ci n_one arm and_anti.: 9
m?@d%?f?{ﬂ%?y CoRptun Clrglegﬁ.[:v%lftqo onjginipating %agg@o%&gtﬁﬁgfgeu per 10

m@?&gg} Sl Iﬁ&%%rfafe?éﬂl% cOfafphewef iRk adbHb leédntanimatihy parent
ind mnicells to the respective receptors on a raggf

baoferinbeeajlaper 10N phderdtsyanidaness preferatlyecoatain faverithan ahg
| ung, i an, brai 11, _prosiat d ski
coptrRe e o aal el PEY wpRliglsD © G hg' "

precedes rapid endocytosis of the mnicells by each

of tiRiREAN VPP d irfinicelld e kitbWaliydte aredridsdeséribadan

i nvention include any cell into whi Ct{] a_drug Ifegfl be.‘S
PCHIBO046R. Onasvcdumsted combaes geesg-Haw filiraioa( Wt

dr rean 8. | S5 Mabhing fAcRcH @8dd flow is
popaleiq FHRPRyLE e, £0d, G987 &0 Mapthl fusiaH @ed
pér%gﬂdmrltg Iﬂ&éﬂn%mbﬁ-hﬁ' suafabe). t(@t’g&iallg,leﬂlb ﬁ'l’taa‘t@f n combination can be

characterized by expression of a cell s ac
preedebisa diFren AL UBIRINOT 2bjoRoE G ke [0 1PATSSome
po%ﬁgﬁ) 4 {htg%a&erigf &R adndBbPElriGeihk SupdrBati@tor Afinicells.

agocytic, neaning that the cells are not

prof essi onal phagocytes, such as nacrophages, .

dendAhbiber petficatmndneéthod emiplagis|density srglicabsenirifugation in a
biglrogc%{l; %gmtpg{igl%tmg nllins throcenn*ifugation, a minicell:band is collected

from the gradient, and, optionally, the minicells are subjected to further rounds of

density gradient centrifugation to maximize purity. The method may further include a
preliminary step of performing differential centrifugation on theaninicell-containing
sample. When perfofmed 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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are manmmal i an. Li gands useful in the targeted
drug delivery nethods of this invention include any
agent that binds to a surface conponent on a target
cell and to a surface 25 conponent on a minicell
Preferably, the surface conponent on a target cell is
a receptor, especially a receptor capable of
nmedi ati ng endocytosis. The |ligands nay conprise a
basdrigdeplls Weadaptid Hlancmtdys Hyrn Aol owedpy feilteriagtthd srapls to
are preterred.ligands.  For exanple, a bispecific
obiA %B‘ﬁ‘}&i‘{f&tm RIPRALALOTY | specificities for a
surface conponent on bacterially derived intact
M Ni @@l BRI Puracatit:] Aethdsae ARAREA be 08mBdell 203 highty
manmal 1 an cells,” can be used efficiently to target
eff¢ndiveicninbinaion®f nteghadarigjes followeimal i an cells il
vitro and in vivo. Useful |igands also include .
recefteprAs; enzydiffsrenhiinatintrifugeton ofesmiied] prafetingbedterial cell

clﬁéqg%:ﬂg' Ssg?erﬁ? iv\élgcﬁ’{]tlnflgg%gc (l)lgﬁéd[ %&%Bég? h&%@;&)@fﬁogéi; %ggs, renoves

bl 2B UaleFiaPlad] Aild Rl «BinigBls & e sBp@Batant, t he
surface of intact mnicells and (ii) 5 specific

bi ndipg 4.0 - - e L
In S%%Cﬁé'lol gne{ﬂe&lgﬁ? P.lledgfag%g%ﬁﬁﬁ%nbﬂ Qsisib lah 3RoRE ahd'Bon-toxic

targe s prefterably have a first -

dashty thatietanedima. Jhiscitép sepayatésominacebladioms mahy gontaminants,

R Y e R
_ ;W . . .
: fhgzg ach of the first and second
reggﬁéd?}“ay Qe%unﬁp%%{va%gﬁth?ém eferably, each armis
nonospecifi c, en kf i val i . bindi
OTESRRGse lh THELEb8he OSie Oor rte

p&BA: Wctrd céiBorthipidon 0 be specific for the
0- pol ysacchari de conponent of a |i popol ysacchari de

f oung it he pangRL.iRREsEHilRhertAldn of@di@ual paicht badidrial cells.
surface structures that can be exploited for 1igand
Thisnnlayibe actomdishatby subjedtingdhe rpniseldi syoryHenta aRyLigayeral
car hohydrat es on og?ﬁer t;Hﬁrrbranes, such as piffi,

SURSHRGICH R CRYIRI o & % f ace 15 exposed peptide

segnents. _ - . . .
J Step E: Antibiotic treatment to kill parent bacterial celis.
Step F: Cross-flow filiration to remove small contaminants, such as

membrane blebs, membrane fragments, bacterial debris, nucleic acids, media

components and so forth, and to concentrate the minicells. A 0.2 pm filter may be
em;bloyed to separate minicells from small contaminants, and a0.1 pm filter may be
employed to concentrate minicells.
. Step G: | Dead-end filtration to eliminate filamentous dead bacterial
(_:eﬂS. A 0.45 um filter may be employed for this step. '

Step H: Removal of endotoxin from the minic¢ll preparation. Anti--
Lipid A coated magnetic beads may be employed for this step.

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

comprises bringing bispecific ligands into contact with (1) bacterially derived

-15-



10

15

20

25

30

For binding to target cells, one armof the ligand is
specific for a surface conponent of a mammalian cell
Such conponents include cell surface proteins,

pepti des and car bohydrates, whether characterized or
uncharacterized. Cell surface receptors, especially

t hose capable of activating receptor nedlated

PGt  datrnp Eelp or &) prengyen Sty ORRAER

| ﬁﬁﬂirhddﬁﬁ&)eﬂ ts cause
hég}ﬁecl?zl[\g% }fef%iﬂm lfBlf GAR mifiedl 8hd componen

or targeting the cells to be treated,
theheinédeyls rt@timdl tn gletmanmahsm béllsi Suyshftbat the miyigpls arg engulfed by

eghemean i ] e dng isatisted ifl i BB em Mt Mimmalian

C(ggl | s, such as endothelial cells and snpboth nuscl e
cells, lung cells, kidney cells, blood 25 ceIIs bone
marrowcells braln cells, I|ver cel |.s,

or pibeimentas fungihat dis approact s hroadly g@av e,{g agange 'of
| d that | d
s U RSB B DR it it airion
e@éﬁ%@@ﬁ JTeRRells. SFonedatpie, bmpecnﬁmeznbbqwbrﬂﬂgandm wilenti-O-
whi ch j s _overexpress t col on lg@% UM ior or
p@wmhanqlwc i5H1 OROAg ala%n ERE et pin, it Fbep
s to th
T el g
reRpeRiRg ﬂé@&gﬁ oh®@ rhngftﬁttarget\mn -pimgocplioeells) (Jigse cells include
rostate and cervijcal  can
nglg, QnariaR b {ﬁub&;pﬁxs; REqsite (tegég&a Hto a%gglo Jtie efficient
b{ﬁﬁ%g eﬁﬁ‘g?&%& Sﬁ%@ gnddﬁyﬁ)sfsaﬁgﬁe RfinicAlld Bl é4¢HRI $hd el plﬁlgngytlc

reast,; head and neck, non-small cell
cdlishg and prostate (Sal onon etal ., 1995)
asi al ogl ycoprotein recept or (Stockert, 1995)

transferri to ‘0% b
corp@%EH& nlé’p?%‘ﬁg’ é pué)?]ar%g%élel %}Sgtgo tes
irftéddadyd. @Iﬁ&oducka%zhenfusbd ﬁbi'ea‘éﬂen@f oL &ugamems that the drug

receptor (FGFR), which is overexpressed onblgancr

camed a¥ithin emoinineliindetiverad todhg fargeiraell gprgferabl dppaceliul
%jﬁ ?}{r end ﬁ% glgelné B BY jlte%lo{; E? qieLIP Emﬁ’e\é%%d%})tor that,

I'S gene et apy ecker et

?&Q@ Bﬁ% (Hoasﬂ peihd, Ricilidtes &Y tosiso|Ratferied ¢€a‘gttcnells e TEin-
sel ec |ver over expr essed |n 90% of nonmJC| nogﬁ

phagwatlc,anem&ﬂwbﬂ@@ A IOt PRPTGHRONAL Bhagagyes- SUE

sur f -(N‘kﬁ ﬁ@fé?@a)tﬁy’géi &MNs also
HF%E%%?% %c%ﬁ@ éQﬁSSEEB&' :%g§§ 3ép% l'ymeric
ateWbsRaedtalul i n receptor, mhlch is useful for gene

delivery to respiratory eplthellal cells and

at/tstr &gtgﬁqgr%gﬁg Ex{ q%gtéqr}gg‘qted grug#élgv di se Tods 0?%%9 in%?ﬂtion include

_ %%@n& %l}% tS &sﬁffsaée YdhfdnenfBh atiiget &9] #d 9RAturface

can be 15 |ncorporated into
cbipaséntBod mﬁhbéll ali’t@lfdraiﬂg,a:he durfade wnyormﬁt ome tatgeigell is a
can be achj eved to specific.infe te ells S’fﬁgh&ﬁldsmay

reqentacnespeeialy gapgsatoreanable of il Geytosis.,
Pref.e 4
cffpighr Eo DI PAGe G EbI GRAL 8 ?Eﬁfnﬂta%{‘?"dﬁ@“mﬂm

1@RedyITRG X Raniple, iarbigpecificaintibody that eawice duadtsaaﬁﬁamgy foryp surface
c\élgfgrggﬂgt;)nl l;]qf%elqagly %;llg A onya.olinc%ﬁs and 101 QUG Mate component on

target mammalian cells, can be used efficiently to target the minicells to the target
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20 i ncl udes pol yclonal, nonospecific and nonocl ona
anti bodies, as well as antibody derivatives, such as
si ngl e-chain anti body fragnents (scFv). Anti bodies
and anti body derivatives useful in the present

i nvention also may be obtai ned by reconbi nant DNA
techniques. WIld type anti bodi es have four

pol ypepti de chains, two identical heavy chains 25 and

mewratianm celisin witrglapd EhvrasUsalsl lgands alsodpclpdys ppepiems fazymes,

chai n nst -eql of ' vary or

GARGE DR, RGRT) GtyeE leRES: Rl S d8he’ 2y Y

and variabl e regions. Variable regions are unique to

a parThesdlatioantfianadjcudar digambisnhale antvanprigery diterdi: g

domami n that recogni zes, a specific i tope, The. ..

ﬁp_@%%@hsn RS 1hene i PgReflom) iq{g}ﬁaa ko ehafactmgiggllspod ()

PLHEE biihEVOLNEG: hBroAIRADA B BEHRG i et cells. Thus,
conplementarity-determning regions" (CDRs). )

ipaeds preferablyttidve dyfirstarmchereuins apsaficide fonabaclaripllp derived

.antj bodi es, h i body f h i
iRt VST a5 SHBERR A YU A BoLAETIGL RO Tor a
AL nRASY cL1f QTR Srubfied. UtRh b2 hd firg R &ohd afhSaT b

that contains the antigen-binding domain and
mratipalesie Prafdrab)yt cachain iamanespeeilis evenhi mpltivdientn
bridged by a 5 disulfide bond), Fab' (an anti body

frag ﬁ-?og‘itbﬁlg 1§tg%§5(§%noﬁlgﬁde§gg(f {n%'i:é 43 Ridag. ﬂ)?%gé Brm of the

conp ronal’portion o

112884 Yo B& gpdtifibfrubhOttysdatdigeide eginponertt(cfia’ Jidpplysacharide
ab' nol ecul es joined by interch fn i sul fi de bonds

fovnd e the pagentrhagiesiakeede "Qther mag %ﬁg%Cﬁ§5‘?°‘HwS that can: be

ifi6G. Fah.: ;
e S
cditichgdeinds @poitepmembeands,tsaciass pillk\firibhe and flagpllagell surface
anti gen-hindiing determ native region of a single
eKp peRbdR EsRMCRBai n of an anti body |inked together
by a chain of am no acids.) When anti bodi es,

i ncl %r%{ﬁﬁg g:cp %%etfc'éﬁﬂ RO of GRSlidAndtie spatific ffr adlitface

of. the I'1ga ey preferably are of human origin

~ companentrofdi hieahalnisell.s Sichadsinepdnsnisiselvdp cpll gukace proteins,

peRdch apbEHVERAS VB B & Shisa A Gl ce

,rgfe _E&H}h@?é&ﬁﬂy Mose eaIblCof AV gt etoRRtbdRted endetytosis, are

atment to Teduce their antigenicity in a human.
disirdhieisel surfimensomiponants fonttatgeting s Sugleresepiors. beyer-expressed on

_ tﬁ%%iget icgll szh&ac' X %togfé} zs'idé}ﬁbna? s&%&i&?ffm '%!&)rgct?ng'a ﬁ{é Litro be treated,

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

By way of example, one may target tumor cells, metastatic cells, vasculature
cells, such as endothelial cells and smooth muscle cells, lung,r cells, kidney celis, blood
cells, bone marrow cells, brain cells, liver cells, and so forth, or precursors of any

selected cell by selecting a ligand that specifically binds a cell surface receptor motif

“on the desired cells. Examples of cell surface receptors mclude carcinoembryonic

antigen (CEA), which is .overexpreséed in most colon, rectum, breast, lung, pancreas
and gastroiniestinal tract carcinomas {(Marshall, 2003); heregulin receptors (HER-2,

neu or c-erbB-2), which is frequently overexpressed in breast, ovarian, colon, lung,
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No. 5,530,101. In the sinplest case, humani zed

anti bodi es are forned by grafting the antigen-binding
| oops, known as conpl enentarity-determ ning regions
(CDRs), from20 a nouse mAb into a human 1gG See
Jones et at, 1986; R echmann et al., 1988; and
Vbrhoeyen et al., 1988. The generatlon of

%&‘%{ fcl}??Yllt &Qﬁgegé” ggg %n s?@(ﬂ) D?Plg mﬁfgqupgactor receptor

hid ﬁﬁacfrrsmkth fth
regl dns ?ll thgg';)"cﬂlgtéﬁ re%géﬁo%uggﬁlgg%gﬁf& mAb. Sev oS0 OTIE

beast] Brklsmdmec aonesmall eelt uog m@mﬁ@tﬁ@?l@ﬁ@beﬂ@v &995);

st oL Elenor BRI Bl s MR 000 soin
e%é%%nﬁﬁ& F6ESkok, WhIRR i RRREddh hepamysy s\ Eiddy@hal., 1997)

nity for t'heir respective antigens and are
fibmblashgloyvtlp &CMIHGdeﬁtbbﬂﬁGﬂﬂ)yWh@h deovesprypeed pajpAncreatic ductal

bl e f %
ST N e—
(\lﬁ@ﬁR %ﬁﬁitﬁa@ogénesmlg&% thcﬁe@;yP(BaﬂCbr et ahb) 2002]@@9{051&1@ etal.,

pi k et al 2000. Usef ul ands al g
2@0%%@% res:esﬁongwbwbh&sqlc%ﬁkywa@gres gy 9/BE Jpinous
are r ecorrbl onsi
oymca%%% | on coval 28y 0t it ngco@alyﬁ(Bﬁ:EH &ad.,

attached t'"hr oug

IQQQWbd]ﬁﬂd%i@i@ebmrﬂﬂmmpmw11934); ani @bl)emtmamunoglobulm
chain portjion. See U. S  Patents 455 0381 ttractwe
regapfor, wineh Ipmeﬁléfglbgaefqequﬁltq ffﬁfﬁr@? e@g}]c s a

%ﬁ{% B CySHaPBl i ﬂi&@&e@ @} al., 199
f EF%%IOHJ Eglgtdggéag%ﬂ%gagp &3t ed bylsc emcally |i n?<)| ng
i ntact anti bodies or antibody fragnments of different

specii  Birtliep sxarSple, Kaiiyoak kyti-gtic ial 208 anti-merpsifisdrugs can be

.such heteroco ate di fficult ! Oc IR

incepoBHitL P B Reic s and st felniep PR ued e b achieved
biaflicRa heBies IGER-# 1rq hocytes.

t‘@!ﬁ)tel ogﬁ%gﬁ'gl%g%j& ?gﬁhgg%:[Yeat ed b)?fﬂdl sul fi deYIlng OCYt

exchange, whi-ch invol ves enz natlc cleavag

r eas Braferaed bgrarxdfs opnanraman@ iR A5 used
et al 1987%.
S B e o e

vﬁltd' 3Gh Wv%sgengﬁﬁbﬁfdﬂaﬂ nnﬂilﬁlf)gérﬁefésbbmn Ghentade “amtibody”
hese congnnents are engi neered into gl NEr i

mcnludw polyclonak. sxonospesific é@%mga%legaltaatl ﬂ@F&a’@é’V@u as antibody

Ilonal |sa d d aniibod
dsgrvetapepesidgls el ity MBueRTER, ffibotEnd antibody
ATOARReY SdeRuh ahe pre2@@tinvéiioh atsomhaygbe ebmhreddiymmbmynt DNA

be created by chem cal and/or genetic cross-I|inks.
techniques.

Wild tjfpe antibodies have four polypeptide chains, two identical heavy chains
and two identical light chains. Both types of polypeptide chains have constant
regions, which do not vary or vary minimally among antibodies of the same class, and
variable regions. Variable regions are unique toa 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

“éomplementaritydetermining regions” (CDRs).
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Bi specific ligands of the invention preferably are
nmonospeci fic at each end, i.e., specific for a single
conmponent on mnicells at one end and specific for a
singl e 20 conponent on target cells at the other end.
The Iigands may be nmultivalent at one or both ends,
for exanple, in the formof so-called diabodies,
triabodies and tetrabodi es. See Hudson and Souri au,
2003 ThA tdimetmtipodys’ dsdeneingpassagiderivativies phemiilipgicg, such as

naon-coval en ssoci.ati on.of two ScFvs,.whi ch..V]

R O Ce s ety & docicay Lo Akt Soch
t | ' nlehbht @intdifs e antigen-

o o e b iy e anfigen

and a, . .
bindingadrouin ped somprisesenlightchpinrandmeg of aheavy ehainfrdgsd by a
e M our sckv iel di f i neli Ng: Si.t i
OBl TRoAl ek YRR Xt A e R Qb
déRhin@i BRI WY ATBR0Leditibed poftidnudthdimesy chain through the
specificity tor receptors on namual i an %ejl 'gﬁée <0 th
hinge negiph (R (1oio Fabamoleslesiomsdby ingeeham Fisilide ppags in the

s BBt L RRA Uy cnafEF, LHSHETBER (QTAE Allocpid Bitiog Mo

a%&jh(ﬁﬁg doblaBRecichiof whighnoyheslieped id a diffgremigpitope), and
H : HerceptinTivi; Trastuzumgb.. . ti body:.
any aqliva(Shevarinbico AT ERTSBINEIE JreTRyeresion § 83@%?%‘9@& and heavy

W eelivaBhevariagic, A g ine) eresien B B
 <Bin 8 R SO TR ol W B

- pronotes dinerization. See Hu etal., 1996. Fusion to

humaiWhen ditivgdieFcnclegingantihedy fgments ceomstituie prst pioplk of the

Al'spo, .fusiag het er ol ogous.pr ot ein ' :
ligonds; they Peefgﬁ%fyeﬁrﬁ ﬁh‘ﬂ}?@f’é&gnﬂﬂﬁ ¥t r“r%"rd?@éﬁ.‘%"ﬁ? St“?g?"" for use in
hEXEAR! So-cAitS WinhiRdshebbdes Fate welisiown iarhhinathe,e.g.,

el'1ces has-been used to produce m niant I'bodlu:lsgsti Se .
ORhowrnaa df. P03k t They hayve been modifieddyt FeBRGIGREL op@gsﬁ!or in

vispespent et o A e bl Mgt Mk for {8 HuAne

| aRihdid 8 HERNBEY, . HONDUL STRsatchiat NO6, 63586 5) Nec 255856089, and

engi neered to fqrm'ﬁetero hners by engj neerin .
Nex, p530fi0ds In ﬂzﬁsm@lesmaﬁﬁshwwz%ﬂé@@&&ﬁﬁﬁgfﬁ@e@& jgrafting the

1996).. Fi nal | | ' L1 ]'Iﬁ"ﬁé]r@o (CDRs), from
ag%geé%}glggmlgﬁg? S’p}(%% %E 8@@%‘%@%?@?&? Fone s we Iﬂ as )
adRe GhAb aiiela Huaiellieoh, S& Jnesenadpl H86;Riechnbem el 988; and

etal., 1995. 151 n anot her, aspect the ipventio o s
Verivener o Jo880 TEESROBHoRAE piEh-AE0BHY PpApized antbodies,
however, generally requires the transfer of one or more additional residues from the
so-calied 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 antibodif;g,”-ﬂ;ﬁlso may be employed
in the invention. They have high affinity for their respectivé., antigens and are
routinely obtained from very large, single-chain variable fragments (scFvs) or Fab
phage display libraries. See Grifﬁths et al., 1994; Vaﬁghan: et al., 1996; Sheets ef
al., 1998; de Haard ef al., 1999; and Knappik ef al., 2000.
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i ntroduci ng drug nol ecules into target mamal i an
cells wth high efficiency. The conposition conprises
(i) a bacterially derived mnicell and (ii) a

bi specific ligand. The mnicell and |ligand may be any
of those described herein. Thus, the m nicel

contains a drug and the bispecific ligand preferably
is capable of binding.to a surface zo. conponent .of

the Wrelibbgandaatsourriadebirperslic BB GHRNTBPOUST Fhgd Pically

I i b driaBi 1690 Shaih pBetion covalently
M@%ﬁ%@ SbJIPB tléﬁsg 8?%%@8 eci ?%Hg i ggnds of .
attdoBedtheswsii a lifkee nidlesuld tohatortespomlingwiable beay chain portion.

et PrisEi S I nD oS i R ety g s elso o
b fglrel%cﬁ ﬁg!t{){(e}%? eRbRYUEb E¥anRile RS QTROR I CoRM)ate BarDBe creaied

I'n conventional ‘manner, using one or nore
byehephiaaliplisking dethdtyntibedips etintibody fiagmenisof different
exgcj pi ents. . The La, " phan ac i :
sreb iR 8 Kamavsky Ael-d ok, FIBIEVEE Sl filrlonygates are
di@ﬁéumfa&eﬂectiﬁ A¥eploaatibR mader whé Yireaft 1¢dvetveiceolni o asmormal
eing adm nistered, is chem cally inert and ¢s no‘tﬁd
mbooglonal antihedies. gaispenific antileidies alio qam bedrsatedprisptiide
For mul at.i. gns be prese ' ' laibod
cxsbpee, M aes SRR RS He} odibleoRager tRiaRbody

ﬁ%iﬁ&ﬁg.ngéé(ﬂe&ﬁé‘u%@,, 987 t hout an added preservati ve.
e fornulation can be a solution, a suspension, or
an

o Braa Braad S et et S AR Y tow aftinity
foigz%g%t: slgﬁllcﬂgesa Qheofd, %P(ftﬁﬁ%cﬁg g%?% R de o Wids@ BbMponents are

I's”I'sotonic od of the recipient
erdfifkedrad intd UBhdriy, aimbrjc salcimmeriRiconjugates toonorepgmiungtiepal

g Db R R R T

2604 -H%d%ﬁﬁ!%ﬂ' al$2001. Shl édrBugaly 8gRies fmag boareited by
or ’physi ol ogi cal sél1ne. The conpositions al so may be

 clienioall aaidést geaetic depolinkr. epar ati on. Such | ong- acti ng

formul ati ons may be admi nistered by inplantation (for

exanpl. e, cut gnepusl.y or. int T h end

nt 1 SARSERICarE Ay GLine .YBHROE&%%@W%JEQ%@QSR%%?é‘s%aﬁt o
1. b.n%&:@iﬁcoﬁr GthIE cHHPbIUnS bR nfiflice]lfatvdici andsnd speaific f6r a single

ahd to various sites in a manmal i an body

K , . to achieve _
cothpornent vapagei wllebt thetother cnds Thedigands way b graiiyajenyat one or

system cally. Delive be | 4 :
SRR kB R R GRS ket ang csbodics
SEO Bl M S bRt 2068. bAdYatAYiié ¥ bivaent diaérdbimed by a non-

Insuffration, or byg}garenteral i ntramuscul ar

covdlentasstoirtion ofttwasor v Whichyseldsdpatfivebngiagisiteh decewise, a

sybcutaneouys, i,ntratumoral. | fBleescFvs, vieldi

SRR ERT ST R RSOt T Pl SR oo sclvs, yielding three

b&ﬁﬁ%@?&i&%{ Ad PRtlabodieRETRERbmORe fhendtionafiadetrafalent etramer of
target cells. For exanple, cystic-fibrotic cells may

{he seF¥s, yicddingyfounbingdmg$iBs i nhal ed del ivery of the
targeted reconmbinant mnicells. Simlarly, tunor

| D | &l : bl | fragmen:
A R i ——

. {RErS6GBA Have RpédTBEYy foraticplors anasammaliaib ecltsrhwart ddew approved for

I ntraperitoneal delivery of targeted rgc [ hant .
hisimai dbrBeU OISR cATG B8 Bt IS EFUwIRg BRI SRR Hng Spuriau,
for drug delivery by neans of bringing
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bacterially derived mnicells, which contain a drug,
into contact wwth manmalian cells that are
phagocyt osi s- or endocytosi s-conpetent. Such
mammal i an cells, which are capabl e of engulfing
~parent bacterial cells in the manner of intracellular
bacteri al pathogens, |ikew se engulf the mnicells,
whi ch rel ease their drug payl oad

2803-opr&xample-afifuchanapiitody thaliced. be Bt tog'e% ope P 8y
R R e L

involved in the engulfing of minthells by a given

t ype gfibe8) hariahlé rédisnsHl&S@mtbel favltbiabtoadrang@é of protein
dependent_on any particul ar rrechanl smin th| S ngc.;% ﬁil
dpowinsx Fupios to bivaig epmaspglobulimdompips oth adds
ocess so.in..whi.ch.nac 0 _
o et Dolnut i g o R PR 306 SRS 2@9%@ Kfbinge o
t%i&ﬁtﬁb Agd SRS ﬁ@ﬁ;'tlénﬂ VAlsof figiopas hetei'cﬂogmrsffﬁcminﬁmilains from
t

e particle is totally, envel ope? Al th &E desi;ri berg P
myHtimepe PESRIBS PTOEROtEH erezation. Forexample-Jusian ot g phort sckv to
SRR b e PSR DA i s ocknd
PhikR88h, 19PhUBomaine ffoms prc@émpﬂm{;fwgﬁlu@ersdmal suely as fos/jun, can

oL ILer act é@@ﬁw%ﬁg@ﬁ  gand %‘b‘?’aﬂggz)o?ndr alfernately,

hBI?l%Hﬁjlﬁ Ju@n ﬁéﬁ@dﬂs%ﬁﬂ b@éhéﬁlb&ed 1Pfkh hetekBéBners by engineering

step, nediated by the specific receptors,

sirategibo m@htast“knbbs mhﬁdé’n@l@gwfba@mé-s 1996)s Jinallye fusion protein

Pglglgq%g Igglsl?f‘o%/&ft-é:ﬁh? eCtvb(}é:ﬁ? &l? %ﬁt\éﬂgé ul h ag el E[s a@l 'additional

cﬁgnr@% erd.lﬂ ‘sbepabsieee, w9ssurface 10 Ilgands
ocy e receptors. See Pi kaar et at (1995), for

instance. Thus, the present invention engonpasses %ulf
is ndo amthelt aspreetotheBVISion ProVHIeR & eMROSIRR Olgnptigusetul for

e e A R

: c&ﬁgyélﬁ@ﬁc&ﬁpﬁé&qm@seﬂaﬂl@ derivedagaicyll asd éi)czdm;pﬁcﬁq lgand.

Tinenpeshand e SR i S SRR B g e el
ét%\)i g%sa S§ afcf]ﬂl%cﬁé &%ﬁiﬁ%dﬁﬁéﬁﬁb ﬁ*lé Bk‘ Bi'ndmg to a surface

gens® exenpl 1 cles nDne I a,

_compbedt eh thk, micdbindto aHmirfacobamparent @Eet@gﬂunasmah@n cell.

Lactobacilli gain entry to mammalian epithelial cells _
and replicate therge, basi c .nech in
e gartIEaREOOR R HRG FPRIETY Of BEUSt PR Apig Heands of the

grﬁ%‘kﬁﬁbxi éﬂé{% ish c@%@ﬁ?ﬁ%&g s mBAEEWHA Hesnds 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 & carrier or excipient does
not abrogate biological activity of the composition being administered, is chemically
iniert 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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20 i ndependent endocytosis (Sandvig & Deurs, 1994).
Ei ther or both nmay be invol ved when an

engul fi ng-conpetent cell that acts by endocytosis
(i.e., an "endocytosi sconpetent” host cell) engulfs
mnicells in accordance with the invention.
Represent ati ve endocytosi s-conpetent cells are breast

s bR 5t Bt e SRR B ol PR P B s
sugge%x{dﬁlg, aqettivink \g\hﬁamr gé.i)éréiﬁg bl DkagBrrsoapiontieisodnic with the
C S. en e

ivering a drug to an
bleod)of fhiemepipientratddn illustrated) liysaline| Ringgris selwtionand dextrgse

ing. ] d h f th i i
scBirie rphivebs Frmper e e e NowbiiEat B o s
re%g:téﬁﬁﬁoﬁ I%tht A\RitAbleiveEitleSe. 8 TleANE Pyrofer-fréxcaatpt 6x physiological

monel | a, Escherichia and Shigella species _carég _
salivh cEhmepnupnsitions else awydifermenlapd enadenpt Bepatatian Such long-

nedi.at i ng. receptors on i . :
o AR BB B G oy sobcuncously
oﬂﬁﬁﬂﬁcuﬁrlﬁ{b@ﬁﬂh&hmh&ﬁﬁ@e&ﬁme for colon cancer |
cells. Simlarly, mnicells derived from Hel i cobacter
lori, carrying adhesins specific for stomach. .
G { AGPREOSEORIOY (i BiareRt BBk 63 PO HBIYEY Yiayepigys routes
t i i jeRpefii¢ k() desin
aufty VpHOREER IS Barf B AP SRR (RE WRRIELY ) desired,

ciftef locally br sysianiskydDeliviay nspyde msomplished, fuexgmple, by oral

 acpenigmeam e o bn g el TSl b fbion o

indHEHof it AARRSAN FMRGChIaE ihefviiohd ittagoral inikdiipatic,
adder’ eprthelial "cells, could be well-suited for
péritbicalirsabéntateons) intretuynosdl, or trademunl administeatipn; The pode and

.or a bl adder cancer., The i.nkenti on, i N

s GGt dpaidcy B PIRIBER YOS Bl 8 For e

cRlisRrbid Gells B BS e fiRidptIoRavptRd byathdedelivetpof thedargeted
a nmethod of treating disease or mpdifying a t |‘Ed:5f))>/ d

reacinbiniast manicdls. Fimilady fegios ardestasivmay bemore efficignlygreate

organ. In e nedica m 4 . t @l , :
viueRisPevs ST ERETR ver ThRIFERLIRCAR, By Shtian cancer
iy BeiRgtelVid Berapbiionedlideliaag dfeargeted eécomtsmat nsinicells.
cells Such nedi canents are useful to treat vari ous

condi tions and di seases, inc|uding _acgéil red, di sease

SUCThe PRESES, InprrioRd A BBV KIgh BHEIINE drliverp by mgaps of bringing

rthcuj arly 15. usef ul. J alian cells

oAl leplypd ol BE wtigh Bork 8B £ Sl Rk MR mamalian cells
thﬁ?il’ﬁ@igégwand)@@dir&gdﬂdmm}bbmgﬂﬁenh Saloﬁnmgnmbhl . 'h y ?mgeltSheﬁ@h are

met hods, drug packagi ng can be acco [ or th. .
capgHlecyftanpning RereR) bReiSHBkRELls B e ot egpr bacterial

|.oadi NG | L UG A | f]cad into the
A B S S
cRPhaaSIfihe AamiksinvellonThisnirng-delieery Gppioacis e be efferted

the mnicell cytoplasm Wen the extracellular nedium
withauttha e1sea krgdae gangsconcent rati on than the _

m nicell cytoplasm ‘the drug naturally noves down

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

given type 0f cell, and the present invention is not dependent on any particular
mechanism in this regard. For example, phagocytosis is a well-documented process

in which macrophages and other phagocyte cells, such as neutrophils, ingest particles
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this concentration gradient, into the mnicel
cytoplasm When the concentration gradient is
reversed, however, the drug does not nove out of the

~rninicells. That therapeutically significant anounts

of drugs can be packaged thusly in 25 non-1living
mnicells without | eakage is surprising for several
reasons. It is known that the outer envel ope of Ilive
bb agteqding psb@topoBaaiveh 8@qfatticde anfhcSrumtit the giatticleis tbatlps

an _effective bather to solutes in the surro;hdj nglé( ¢
emecdonesh Althquehilessrtpedes mpemrPreCilyy \RRERCY o, gfgnt o

%&%ﬁ?@&f@%@ﬁg@%&% bW Fen d&{sﬁ"ﬁfea Qke Wékﬁ & J ong (1986);

I OClI es and anti biotics.

Sptapedaio@®88hat the bacterial envel ope confers
Intrinsic 30 resi stance to the passive diffusion and

intr eIIuI of hydr.o ObIC ch
AR e W B 3 ch%somWwﬁBBﬁ’eﬁe&ﬂ siffhee ligands
ﬁgﬁ?-&cqlﬁtefsfls&t@d a{fﬁg‘ﬁ{m&q%@ﬁs@ddm@(mw and Griffin,

M nicells contaln the sane outer
mmq ﬂanpseawa@hmem stepanetitted by the $ml:1f@e¢¢e§t0mha ghought tode

ASur % cﬂ”ﬂ% %ﬁhﬁi %Hi?}_getl C% a@édr °s§2%ﬁ el e &,glgg ntfbh&Qna such

aﬂﬁdﬂ&ﬂeﬁ%&ﬂ'@éﬂlé e doRYpHRasdyitdsixabo Fllﬂacblﬁ‘ mem{albsy&nce of surface

transferred into the mnicell cytoE asm by creat Iﬂﬂgﬁgh
~ ligands|fer Dlmoeﬁmr@ﬁqpmmgﬁeml’léfmr asial.i( %%)ri?@ IpEAngEe

Pl SR Groo AR ekl dp B iied s b PORRACs R her

poRedseirilaclangfich atlliesties; in/l&iepitgsmﬂs tlr@u'latme oif fHedr ganent bacterial

fromthe envel o er meabi | i ty.,of livi ng bact er,i,a

cellsTae HiesogVid bY REREASy 158 (b SHBRRCYSREUFRIBFIYT BRStA7S), of

i B %@e‘%“f‘%?%ﬁ%. I e PR Ry Pl 1 ©

ef fl ux processes to renove toxic chem cal entities

t hat Anepire enpdfiegtpeoceshisi mdog/)ttam,dsfmvlélpbvmmﬂu]bypathogms

B -\l sl 20
xsrap e B GOy obarir el ERaROr TS HARReaRE
Pgéz%@%ﬁa.g ROy PalbbRE éﬁf £lif en@ A RPRkMnR]liaR epitBEld] fd@lls]ﬁld replicate

s agal nst a w de Variety of environpmental toxins

- tHoye. dEwb \besiexuachsiismsih thisxdgetdsare $ptbrindispendeai eecgplor-mediated

| t fi k f da
Bt T35 o Vi RO FFL e FE OAREIOES, o
i Egelfde}lt SRIRYiokRAShhdAE @ DeMsS1994)) Elther or both may be involved
re

i st ancenodul ation-céll division ( RND) ii |) smal |
wien e dngl@ﬁngszommm cell thay agisiby |e§¢QRj’t@#‘u(l{eo>@Flc endocytosis-

8} on,.. and ATP
cqrgﬁ%%?&e j0s %Fiﬁ ﬁ]gilﬁi ﬁ"-‘&‘ﬂﬁ"éys)iﬁ tY argélﬂ‘%r er {3}1%211rtci%lh{%n
b &fthiiNe CRICEYRER-doAi{ieebnd Cellird %r@@ﬂbpﬁﬂﬁhml atlsyenterocytes in
|str|buted in" bacterial species
the gastrointestinal tract, stomach epithelial cells, lung eplthehal 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 minicells employed. For example Salmonella,

. Escherichia and Shigella species carry adhesins that are recégnized by endocytosis-

mediating receptors on enterocytes in the gastrointestinal tract, and may be suitable to
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Mul tidrug transporters should be conserved in

m ni cel |l nmenbranes, yet they surprisingly appear to

be non-functional, possibly because mnicells are

non-living and | ack the ATP necessary to drive

mul tidrug transporters. 25To load mnicells with
~drugs that nornmally are not water soluble, the drugs

initially can-be dissolved in an.appto r'iat e sohvg&;ﬁ%d
defiver rErgHas 15 SHERAUIVE 090l GPATSE GHSe SO, Arigicr iy detv
frdth ?{l?'zcé?ziacfe;r%paglf,l %&ﬁg@)&ﬁ@ﬁﬁ@gﬁcﬁe sopabiatikepitieliabetlis,

castor ol y a dilutionin PBS to achieu\f ;
coaldsisd siied forafeliPany ditred at stomath cancgaeallsy Inhalatioacpriipsutilation

mSRED AR R BT £l s

! L yent ! . 1is. Mimidells derived
thgntgg#g'r%ﬁﬁ%sgl d‘?t‘é@hhﬁl SRR cBRolstubag estiticlial dulls. Nimidells deriv

oddi'ng. Thus, the_inventors bladde
frath Sactobuelli bivitriz vénchhgatroasthebing sprcififsios HHnay g and bladder

epithelial el Pty Sl iR B e el BAR 666t 2ol atffhary
trabRbSa bBAMIDARES! StheiRe@IDA alderovidecih thenesetnd bacterially

conposed of a hydrophobi c _phosphol i pi.d bil.ayer, i ch.
derivd thikwd miwisels a1l bisppmEe Haends TPrPAEPE Mcgfcament for usc'in a

hydr ophohi ¢ nol ecul es i t ARG 3Yion of the medic tt
mﬁﬁ%‘% Hg{}eq&&gﬁg%asff of %3’8@%’%% %ﬁtc@%s Wit h aar uge me 1ca@en ?
a ééﬂ}’fi&éﬁ@gar Bl gnrme ﬂleﬂi\%hamﬁbﬂ;ﬂﬂ!ﬁth:elhﬂﬁmﬂ bglau@nw;éﬁcllﬂe and

cel I "under conditions_ wherein the parent. bacteri .
bigpecifictligande atetsepabls @f binding Wrthe minippLy %‘83‘1‘*—@@{1‘6@1’1&%‘3“

Ci ncogi n Hlis thsdiflbsPandSdiseases, including

ccﬁ@'l S‘e@’e cﬁ%ﬁ e%ﬁgr‘g{}%{%%ll tgslﬁ%? to* the parler]t bact er iSZII
acGirbd diedseeuaMnseA IS, gerembniachd sutercudosis duh gro praticularly

cellular biosynthetic for a desired drug can

] pat hwa
usbﬁﬂ@lﬁwwnmof?%¥%bﬁ*%ﬂ?rﬁ¥% a parent bacterial

strain that is capable of producing mnicells.

Conop Einly @i hiritct Bovidd rhétBRE dHllomtingnitkellgeiih a drug

cluster results I n Diosynthesis of t.he%g{ugj_gth(in Tic and
Utig i apitasts) diugtpackpging nan baeaceniplishedsior both hydroghylic an
the bacterial cytop]a i th the. - \hen t <
h)@a@@ﬂ%l%‘gfeg%r P&% PP gf i%‘é‘% %‘ﬁ‘é’%}’é 9’&%‘%‘?&52&@@@ rfreatmg a
cog?ﬁ&&u%%iohsgm?iémt&ﬁhgﬁmg:@ﬂvée@m@;mammﬂm comgaining the
él'r cytoplasm The pre-packaged mnicells gcan be, .
miticdlFsiaad they/miniyeld tytopasmi. nWhen fhesariregliulgr gpium contains a

.processes known in t ar.t. o[ L B g Girally moves down.
highe; 4% P%ceaﬂa"t‘%ﬁ”ﬁgﬁﬁ %mggﬁ ?ggﬁl;%%l’ ﬁlﬁnl C ??(s Wt h a
Y Uhcbiitiongsadibhi, it MEe Misiegpeshbplanh. Whecthklcopteatration
contal ns an ‘expression plasmd encodi n%@% e dt ug
gradidat is2eversal hoivewer, £ 148es ROtanQpeHAT gb‘bﬁ“i‘i'b‘ e
drug is transcribed and translated within the
mnicell, . uEQk %i AR SSy | la8¥el packhdedithusly in
par e -atﬁggﬁg?‘?téqallgéllglgﬁgagﬁm i C%ﬂ s, The parﬁgﬁt . ; Y
nRRY R Ani ek b it Makbgels|sarprivigfon sevenalakaions aliiig known that
nol ecul e that, upon transcription and/or, transl gi;ii;o%rmsan
thiewmteriepmelope afilive baqpaa,d}o%ﬁﬁ@meg%m%%m ¥
efficiive barrer to solutes in the surrounding medium, while being permeable to
water. This protects the bacteria from deleterious effects of toxic molecules, such as
biocides and antibiotics. It is also known that the bacterial envelope confers intrinsic

resistance to the passive diffusion and intracellular entry of hydrophobic chemicals
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- the drugiesecenrberrtiismipiogll and ygggmi
' | e-cel | 143 i : b dBivatives is qui
%%F% %i'lv%?ogﬁ an%g_ﬁg%bg%tlyﬁd}ﬁlr?‘ﬂ't-lgvgfxgﬂﬁctﬁia Bddh&iR dBrivatives is quite

25 nodify a trait in a cell, tissue or organ. For
pur poses of the present description, such nucleic
acid nol ecul es are categorized as "therapeutic
‘nucleic acid nolecules.” Odinarily, the therapeutic
nucleic acid is found on a plasmd within the parent
bacteria or mnicells. The therapeutic nucleic acid
nol ecul e encodes a drug product, such as 30

thiinahhatrater Rddugtewaigr fillad hydepbidic chansielpfyrmee by membrane-

pepti de, pol ptide or protein, the production of
amm%ﬁ@dEﬁ%%@%%@&éPPHP&exanple, the genetic material
of interest can .encode a hornone, receptor, enzyne,

or ( RgMdeIReBhiafEme saib bR b élepe/al their parehtieacaqrinl celés. Thus,
nucleirc acid nol ecul e nay be the norqgg)l(y]_{gountg% art

itis sarpgising thitotlehydropkidie daugs; exemplif PGS and

bnor mal | r.that, .i rese j o { | eMEbSrelail
Biapleefi, mde Brqropfvic Sofi Sl By TRt BUEbErcallls
eshebed fnth iRSnnitd PORopRAA AN Atinpdisih pleencaytition gradient of
in cystic fibrosis (Keremet at, n]igﬁfqpva orda

8'9611]88 h.eﬁ-tlﬁs suggests

ssem a. The therapeutic

- diffslei Bo@hélervel greipeemeabiliaofiiang bastérense RNA
“transcript or small interfering RNA, as nentioned

above, 10In the treatment of T
ool ditis desayertabal i et SORE oy o SREGRGR G minicalls
W% @‘Eﬁt@lﬁ LAY aptd QA eaHbrsHeA vigit Hive batiafcieavietive efflux

corresponds to or is derived froma gene thath_is
REEGMsad eemovd txiashemieal sptitesthaihappert 19 Gcrthelr gytoplasm

R BEehe SR BB} TS R
bl'y;nélglt%@gtgé ﬁ%ﬁﬂ&‘téﬂs%ge andldwerst groupsdfgudidinseapable of protecting

y this 15 approach, pursyant .to the. £ noxi
deHy egingin. wide yrdsrafenyirenmgnak y@stige prgusiop of noxious
i ncl ud | on_car.gin . - on M BREE similarity, of
coRRaRes | (g° Bk tdresr Oy KARAR Ehficf IS on MRty Sy

BEflg trihépbters AMBEY inddadcthe @) neociacilitatoc(ME S h i presistance-

ead and neck cancer, and |ynpphqma. Il l.ustrat.ive ..
nodplatiopreed da‘rlgog(gﬁmu @ii) mallﬁggaﬁqug%ﬁl . vﬁmultldrug and

R G PR e e i

tﬁﬁﬂsﬁm&p g RSiabmearbrasnd bound oteamsdndard widely digiihwed in
A therapeutic nucleic acid nolecule for the present
bantesial spsaiedl so can conprise a DNA segnent coding for
~an enzyme that converts an inactive prodrug into one

or - . d bE SorierveA3h minie M mdinbdiaiies, yet they
i nt %&@%ghgﬁ@ﬁgﬁp%ug, ?he target cell in .
Sipeshgly appaimebe edn-fpactiapd, pustiblyvecyisd orinieglle arg non-living
as well, to . ] . :
and lack the ATP necessary to drive multidrug transporters.

To load minicells with drugs that hormally 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 driig remains in solution. Minicells can be incubated in this final medium for drug
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25 conmmt suicide. Preclinical and clinical

applications of such a "suicide gene," which can be

of non-human origin or human origin, are reviewed by
Spencer (2000), Shangara et al. (2000) and Yazawa et

at (2002). Illustrative of suicide genes of nonhunman
origin are those that code for HSV-thym dine kinase
1 a ) .+ . . .
Ok YR TSRS 80 B0 ol otic drgs candiffse
thé optoplasinasfyminice Beefaehiese addgl &l therapeuticalle dignii et

NTR), .purine £0si de phophryl ase (PNP,. . DeoD), .
Cé@qpé@% ﬁ@l&gﬂsfguﬂé?mmsxpeefsﬁ Eswa%ﬁlﬁnaalgsﬂ 6?”(‘%3?@%}5,
&% oSe 8t DRy REHbbIOMABRGL KA, AR hld/BL ¥xpected to prevent
HUman- o i g?%&_g%i ciléc}ﬂc;ﬁ ggnegglare e(;{’en'p ??&ed&% }é%er?ees O preveR

difinsior o€ byiboplenbbomylpeples datoghdtytodRan, deoxycyti di ne
ki nase (dCK), cytochrone P450 (CYP2B1, 6),

LNG-R[ FKBP/ F FKBPLCaspases, .apnd ER/ p53 .
Fespapia hatod pERAE BESGTs i dee B ttygs sulturing o
réétﬁﬁlﬁﬁ&ﬂgiaﬁqnﬁ Badtétial calt udéndtindaidnY wWherea Ok Paitafl bacterial cell
a plasmd within the parent bacterial cell or

tranpgrihes pnd aeslaess Hicorngnte nuplgicoasit encadiag thaidiug, sick that the

) dgl]ﬁjé{snglﬁ%asae?bg ostﬁggﬁg laggaqtfgirxgﬂéltebg?rﬁ%teﬁig% %IHF %g:%leﬁ%l%ﬂ/e, a gene

as a prono

chntreacsdias ihe cellgapbiospgtienc pathoayg faraalesired dfugrahlbe cloned
l'inked to_the ther ageut L ¢ nucleic acid seigmant . A L.
apdl fransfarod tte A parephbasterial straky thal is canapled Trpeicing migicells.

: ) o« . _ _
OBt BB A Tt o FRE Wb BRI 3 bR R s of the
dneadithin ttie tpophbinaf the patyplacterial beltsafitlimpithé bacterial cytoplasm
typically encodi ng_a pal dde, n ot herw se . . .

Wit diee o) hen Bersiett brerial el Geidss sutionns Prey minicells

. : gical ; ) Lt Lysis...

OSRGER1 e Dbl 82083 ety PR kel
carepo ptigfied by mmnof the mivimetunification proaessesnuiveeld the art and

accor gi to the present invention, 15 could code for
dﬁscﬂ%saé‘ggv?‘hat produces, in the engul fing host cell,

a colorinmetric or fluoronmetric change that is

det eGimblkRynotter fleflbPebY&ing nfinfbellH@itha involves culturing
quantitative or sem-quantitafive function o

areconslinipmiioiesll thet containsem expressionplasmid engoding the drug under

rpl.ei ns_ar. st erases, ..ph at ases 0} eases oy
ofiflisnd s e o2 250 uRE TR BinsgBhe SRLERn N within
tahRiGtaAp! e chronophore or fluorophore. 20Preferred

exanpl es are E. coli p-gal actosi dase, which effects a

col or_ change, vi a cl eavage of an i ndi gogenic . _
subs Foapeduring siryas Girastly avislin psrons bacierdp! sells en manigelds, the
i . i

o}t ol oo dop Bt S0t EmEHONRi BORLRe B, upon
trivhsegiption iafd/or thAdlatidhe fEWTRAMD hatkliorad eafRer®fisd fredtta disease or

Al'so useful in this context_is a reporter elenment _ |
modifly actiibinesscall Hsgiess ergan of euBpesep phihe preseti-gscgption, such
nﬁ&&c 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

-26-
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25 jellyfish, Aequorea victoria, as described by

Prasher et at (1995). The field of GFPrel ated

technology is illustrated by two published PCT

appl i cations, WD 095/21191 (discloses a ,

pol ynucl eoti de sequence encodi ng a 238 am no-acid GFP
apoprotein, containing a chronophore forned from

am no acids 65 through 67) and WO 095/21191
predetibn 9€ vhachnie dediteda tHo? Rxethplehthe poAid iitetiblieof interest can
7 ag&i)epti de of A 30 victoria GFP, providing a_peptid
eRavderyhamase cgcentonh easapnor (PRl pbpentids pf theppentjc xalue.

thE8RE o Tl AR okdpul e be Rlp fonflbl BimerpdiFof  pene that
erprekfedtal ooteanthhi fundfons abnormalliher that ik priserg inxbmphasdlevels in a

..l lustrate provide a nore conplete und {)standi nlg o{)

digease it 15 Hreias: dpeeyamnle Witk IRpEysif 15 TORS Aragpipembrane

+ | aﬁﬁﬁ ’ .

cgﬁéﬂmt E g?%ép eut Ila%i %@Bg?bﬁ%% 0 ue?ﬁﬂg ?Eb%nrc?s\gﬁ nbl aa%nt i é" i1%89’
Ruashers etldly 1989)] with Si-glbhiatin sicklesedll memia, and with any of a-globin,

exanpl e denonstrates that hydrophilic drugs .gan be
Bpéehrag'@é ?r&!PBmtlﬂéhaéwérmaasﬂ%ﬂiel@a%‘et@r%hl% acid mojekyile oan have

ah BhA&nsIRNA 'EJaﬁ&nRPQf(Qﬁ%iP hﬁéﬂ*eﬂn%b@\lgt, h9R€Entioned above.
antimtogeni c anthracycline antibiotic 1solated from
10 Streptonyces peucetius, and is comonly enpl oyed
~for indatreagmbnieEsancar z hemprulivendeicsoid molegule suggde for use
o Rg 5 e Sm e S 38t o K0 B TR BB o ors
deNaid 88inld gehe Thatif XRABERANHIP WHSSr SHBHYeRIE) (sheh as the p33 gene,
Doxorubicin renmains a mai nstay of treatment for ) )
thseretinoblestoinaigenetaadthe gencdinsedisg uppheesrefikfctrdéd wide varety

ORI PhARS 5Tl o Sl ot by

inical practice for npore than thirty years and _ .
colomspreingTan prostate ganes s breast gancer\ Al PAISET, K15 GRRPH; Hyer cancer,

b?ﬁéelr:ﬂelgép ol c%&xh&ng%rgﬁ WBLog wag{ Aoy h@adezgﬁ?neeck cancer, and

R
Y suppressi n otic spindle mérotu

' apg)mbétgiiﬁsaﬁnﬁadhéfm@ﬁﬁmi Reprefavaiveaancedl tisadgird include
Cc
le

- Iydyplestha sHlustrative papillomas are squamous cell papilloma, choroid plexus

papilloma and laryngeal papilloma. Examples of wart conditions are genital warts,

plantar warts, epidermodysplasia verruciformis, and malignant warts.

A therapeutic nucleic acid molecule for the present invention also can
comprise a DNA. segment coding for an énzyme that converts an inactive prodrug into-
one or more cytotoxic metabolites so that, upon in vive introduction of the prodrug,
the target cell in effect is compelled, perhaps with nei'ghboﬁ;ig cells as well, to
cmmﬁif suicide. Preclinical and clinical applications of such_.;a “suicide gene,” which
can be of non-human origin or human origin, are reviewed By Spencer (2000),
Shangara er al. (2000) and Yazawa ez al. (2002). Tilustrative'of suicide genes of non-
human origin are those that code for HSV-thymidine kinase (tk), cytosine deaminase
.(CDA) + uracil phophoribosytransferase, xanthine-guanine phophoribosyl-transferase
(GPT), njh‘breductase (NTR), purine nucleoside phophrylase (PNP, DeoD),
cytochrome P450 (CYP4B1), carboxypeptidase G2 (CPG2), and D-amino acid
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Mnicells were obtained froman S. typhinmurium

m nCDE- nutant strain 20 generated previously, as
described in international application No.

PCT/ 1202/ 04632, and were purified via a gradi ent
centrifugation / filamentation / filtration /

endot oxi n renoval procedure descri bed above.

Drug was packaged into the mnicells by creating_a

oxidase (D AAQ)presprctiselyn Hiphar-prgidsugidsaenessse epgmplified by genes

extracellular and. in lLhul ar ¢ rqf: tSe

57 oot AL AE B A Aty BRI ACKY dfochrome
PASh e @RI &) GBER /EIBPIFAS AKX BR) Cispats, aod BR/ASE; respectively.
The ‘purified mnicells were packaged with

chenot her apeuti c drug Doxorubicin (Si.gma Chem cal . .
ConpelhgtorBhg 4 beiimyenop, ER)ErensoHe NIAS 2o SYDIEaRY is contained
m ni,cell.s in BSG s ti. {if '
B B SR R Y 18 plashilt oo may

OB &esdHitend atclbie aiDsegneBSGatfmicinsiws agegulatory clement,
Doxor ubi cin solution (1ng/ml; dissalved in ster

sughsad ¢ proEnalen 8 tgripion g8 SERAICERoRRYSHA SHBETEY and that i
o%\él)%g)wu | ledb ﬂ?gtgler}?fpglﬂu{ Richié Qﬁdtsegrﬁl;ﬂtpw t he

cinto use into the ninicell cytoplasm
Excess Doxorubi cin non-specifically attached to the

out erA plashoid evithin 4 haresit rctirinbt¢lbonminieeherf thainyegtignalyo may
b ti d [l ultrafiltragi as:f ol | [ .
coNay BEFPQTIET AFMEDt: o FERPFEE FlemRBLER RS £ TR o host a
Eldily&detdctabldPhendBDe ottfiarasR BRI, SpbiedyMydénvgding d pudypeptide,

manuaf acturer' s instructions with an ultrafiltratio

noeotheswmise giaincédby thettinst, thaticam be detsried. PR SXETSgHEn. bY

t-of f of. 300 kDa:. M |1 . !
B
répdrtdtfeldnfint RS 1B B sntidtinfinid1) BssGordie tocthk presest invention,
then filled with 9 'm of fresh BSGandthe]ﬁng N
couldtaderfont pidtsin thisiprodnops in Hisemartimeciost elhacolggimagiic or

The cell s _kept. . i - .
e 5B B 0l B, Bl i S o
Wit R BntRbdivBSkctibh bf @dnsctipidad actiesionoiiflistative ofithicke proteins

the 'vol une again dropped to 5 . This t i.ng-offl. ..
ape esterapes; phaspbatasnsopiotiases AdOthe gy mEs ‘@‘?g‘f‘ﬂg@ ‘E*{)Whlch

oot estem . EHEY
sEPEOHS GHIRY Bl RRb A Hadk bl ' B P the

last ultrafiltration, the volume was reduced to 1 m

and thefrdRixempis aid Anssleprathctaidass tverich effégpeeglor ichange

centrifuge tube, followed by centrifugation_ at 13, 20 '
i . I@z}t} rase,

vipoleteagekd aniindigegeniosyshnts; indebyllogalanteside.

m.nj cell.s. xor phi ci h; packaged. m nicel 1S :
vhichosuisss gpagsbap LSRR PRERE R R iyl
ARt GeREMEEeRhy, ViRt AR ohb Sl RantTolele dIWghB Alghiseful in this
m cr 0scope, 100x rmgnification; Leica M crosyst errf

dBatext ing rapeviaslempaitbatinsdes the igmenifhresseptprotein (GFT) of the

JE%?%@&% ;gc?cgﬁgsaléltfegcr%ﬁ%ycﬁr%}% gpaﬂﬁ@g).t i 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,
contéining 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

'.-28'
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Lei ca 1M i nmage managenent software. The appropriate
filter was used to permt visualization of
Doxor ubi ci n' s aut of | uorescence (excitation 488 nm
em ssion 550 25 rim red fluorescence). The
results revealed that all the mnicells fluoresced
bright red suggesting that the Doxorubicin had been
transferred into the mnicell cytoplasm and, despite

reprt efdleins pid. (I99A) okp Butws G, elpradierized byridric-gitpld
]%IPM %L{eln ]ra& ?m‘i“ﬁﬁ/%ﬁﬂ“ ghe Doxor ubi cin was unable to

use eI | cytoplasm This was

surpr|3|rq because, 30 during the washing steps, the

conc aﬂhrfanbwmlﬂm illeétrdtopmovidel ainbrehadniiete mnderstanding of
reversed, . ...t he Doxorubi cin concentration in the
ﬂﬁﬁvﬁﬂqnﬂﬁ%ﬁm%%lﬁgher than that of
~extracellular environment (I13SG solution). Control

il EilRh 5 of ﬂ&%rﬁ hﬂ‘lctctﬁnEaeclﬁhﬁﬁhgt‘ eutic

‘n'crt—[gﬁ'cw any %‘apggrogg %oaut of’l uo?escence @
ddegmbskomtncmrmd Vinlgagsaekinanteriallyrdexived) intact Qllnm%lls

I | mted to doxorubicin, simlar experinents were

e BRGSO E] P b e
%boggsmaa&haﬁ yidefivetPinft Sinibems

PY- FL- conj ugat ed Vi nbl-asti ne ( Mol ecul ar Probes,

Eugene, OR,_-USA), a fluogrescent analo sed
(exc iDaxorehicisgs, arst_;ﬁng anfimdegsaioamhraeye 1q£@a1ubloUG 1solated from

SRR T B R v e

(Hémieﬁimmgetw$ 1989;tCovbdnyerdil.s 5291y €than e akt ¥R Patidaeoe# al., 2000;

Nogs eislg 20RO BGeR dieirbibty o Gipuie nd ofhes b abits,
U&Bf&?&lhi‘eﬂn&n@%‘:’g?@%ﬁ% ggge%lﬁ%ﬁt foR ﬁ‘)ﬁﬁéﬁt&‘ gﬁﬁl metastatic disease.

super nat ant was the"mnicells were
resuspended in 940 ul BSG and 60 ul of
BODI Winéd alkelojdsoznetituts sthemicalrndass of majeminterey imgancer

R RY g 9 oo AplecfiR R ERTSR e Bon
eRipRRRAHh @ﬁni&@!épﬂa@ﬁé%& ﬁﬂ)r@ﬂﬁh'ﬂlﬂﬁg’e@fs antGeiairhwidely used to this

rotation to allow the drug to ffuse into the

day. nVuﬂildtstmytmlpbﬁs nell mlf@amhn e#ping Biegtbale gds, thereby
eexce u filtration up to the
S‘préﬁsé’r%fmf %F’p’fl éﬁgg%lﬁ %X%argr fg- packaged

mnicells in BSG prlor to visualization by

f 1 uonNEmERMG Gvdit GbRERANYOMANS. bpdismriien asnCBEs mke strain
above for Doxorubicin. The drug-packaged, m_ni ¢
m@eﬂmﬁww Ipresgleseribedin interng Henlep %1091@%31 204632,

%M%H) %gsa iz meﬁrﬁ% Pﬁlaﬁ{éﬁ@oﬁ'?qilﬁﬁfon/ endotoxin

ure u3|ng Lel ca camera and

reln@cbm plddedtimoiseHbaysove! softvvare The appropriate
fllter was used to permit visualization of red

fluorescence of BQDI PY- FL- co& ﬁ%at ed Vinblastin di ¢
The K88 nagkessddat g minioply bE Crrafing ajeoucentration gradient o

iile! 4QE BEEALnAS Siradeitiar 2HE R ACLRGaE BRhpartments. 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 Chermnical Company, St. Louis, MO, USA) as follows. 7x 10°
minicells in BSG solutlﬂn were cenmﬁlged the supematant was discarded and the
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25 the drug had been transferred into the mnicel
cytoplasmand, simlarly to the observations for
Doxorubi cin, that the extensive washing steps, using
the stirred cell ultrafiltration system did not
result in an efflux of the drug fromthe mnicells
into the extracellular fluid. This was surprising,

-, it i jgnal - wi hought
SRR IR R orrdS ol i A SRR lon
QAGHAT; afko kel in MRl HsElidi WO ThO AEpeiion WhS Did@bated

porin channels found in bacterial nenbranes. The
qepsghitat 37 %S withgottionto hldowe ther Doxarabicimte diffiesggatorthe minicell

are.not ‘highly hydrophilic c: iffuse U

R DR ni S et R G Yl e of e
HRHEdR118 Hvad thEn Bl awad by salre@tell tledalifirdiidatas W6ll@vd) CAmicon

i ncubated with the drug did not show any background

stitred tlteedi atianesdl Modeb$(HE| (Millipory, Billeriaa; Mebh k3 Was sisembled

t he ,hydr ophobi c. cancer. -che . j .
et B RO L b SRy SRR bty atth meporone die
(PHliysthexaliphe nsdievvlat Waighhind oEDORBN0dIok; ddidlipara). TEhe cell was

packaged into the cytaoplasm of cterjall erived .
washegkthres Wimeewith stezdle disiilicd waterifollaviad bysy furthep three washes with

HERFY DBCGel 3pS CBIREE i 3 o TSRAEHISE] S THALsolution of
Thaonitééinvpidk shedatinielievasatidetl. The cell Wasdadpt under a pressure of 10
Pacl i l i st dt Bristgl -. :
oLl el et Lo o o L e o,
UIEhRLAn :ﬂ@&bﬁﬁﬁu i19he FolERE abhin dYSYWelt8 8. mBNThis topping-

nmore recent romthe needles of the western yew .
off fadtTAlnatioh peadetiotd was Rafirined vdiméssiosnablofa thereugh siashing of

ARG AR PREHk aaREesa AP B8R

SRR Lo A5k LoIRM CRECRAScAINE Khai dndahe sivh 2RR¥red to a

Paclitaxel iIs an antimtotic agent that binds to
stemiie/Eppendorfrettrifuge diteh fallomedybydentrifugatisn 4t 13,200 rpm for 10

AR DR By SRb S SAS AR, o1 L) ving 2

progress slowy in the cell cycle w thout

Cyt ol5deehisin-parkaped ninitein wat atbuntddyp glask digles and were

and undergo apoptosis. Paclitaxel hasqﬁ?h\i@té]ﬁgﬁl%, 20

visvalizeg ushugsa Supreseenceynisroseonsidesa e | Igicgescope,
| ubi lized | i v, Oh 1o

B g8 5 AP ER Gahiin5 6305 BB s

ihtFatically fd6ephbi The relts Weee Raptired axiek tholbida B camera and

transported into the nnicell cytopl_aseg a .

Ifeuq;dfggn@gﬁmmgwmﬁeﬂwmpél&ciapamlﬁt g gMasysed R pgrmit

488t i ., s a u - : )
R SRR b syl Ao niBigon 55
g eed flhvRsebnictRr ent net hods were adopted to

solubilize the drug: (i) in ethanol (to give a 7.58

s t’[(‘ifekregtgl{surteifgarit)ad thaatc] gll %el r)niliitr:]ellest u%?gslc:eg Lﬁgngtp 1%8 rsﬁggesting that
the Doxorubicin had been transferred into the minicell cytoplasm and, despite the
extensive washing steps using the stirred cell ultrafiltration system, the Doxorubicin
was unable to diffuse out of the minicell cytoplasm. This was surprising because,
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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~appli

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 sol utions, respectively. The

| atter stock solutions were added to the mnicell
suspension (109 mnicells) at a 1:20 30 dilution to

give a final concentration of Oregon Geen(r) 488

conj ugated Paclitaxel concentration in the mnicell

that thatef dxtdaestiubamenvivomment BSGiplutiangn Gopgol pynicells that were

s e b et o ey BonrrbORE R ERUEehe,

vvashed with uItraflltratlon as described in Exanple 1

for DaxedhibhsehR AUy % di@. mifilvells it tialited taororubicin,
resuspended and vi suali sed by 5 fluoresgenc

Slﬂlﬂﬂmplylen’ralvme perferaad with anetherSarRsIC e%oglempe“tw drug,

VI e T B bkt

Bd)mewé(ﬁfuga&eﬁﬁiulasane (Molezndar Beobes,tBugent, QR aUSA), a
mlieu via the m ni cel | merrbrgne and I nta.the

fhypresperignplen. WaLUSeH exediationpf, R ed fluorescence).

1ﬁ§§) ?ﬁg'xﬁz %ngééof?nﬁ @@Dmmlcahngated Vinblastine as

bIC use into the 10 m nicel |

fsud?;.? Oihe\dlr?g wgsxmﬂmw?ilolmgglgbnﬂhm (ﬁ(tfbgkcﬁobpimlb?fcl)o m,,/ml)
t
o iy GO P s bl ARG e LRlfplof 0 pnccts

sidikdagdddrmdas mimwm
‘ﬁ%\sﬁﬁ%{‘s@"‘mﬁ: §ﬁg é&casgggqgfﬁﬁﬁx ofd%tﬁ%]e drug@out of o

biasgﬁg solution

nst r%)é %'Sd P%?hgeag? nﬁ?ﬁ?ﬁgﬁ g ﬁ?ﬁ%ﬁ?*}ﬁq m] of

eﬁ]ys% RAl ThesHsFenkitnovas iRt watdd dilrleugglﬁdt BYYE yv1th rotation to
vehi cl es. Exarrpl e 3.” Methods for det erm ni ngqt he d US res of

atlomcthn tdrug footiffose mm:th@rmmmey/l qmn ey The ent proce

: W?‘H%g'h’? 8¥c°5%f1’§"lgrhynﬁﬂﬁgﬁpﬁe co nt Tatton oéﬂg&g nrshoél of

drlig 236l flihitelieinl BSG privras trisﬁa]matleh bg flubiEseence microscopy
par icularly, the exanple descrjpes a nethod for

wiat dhensamierry demeribedrrbone dert PBROHPICEBbx oni bi ci n present

in mnicellsnox, and denonstrates the effect of

Doxor- 4l Gl ORERARAIRE vl o RGIERIHied oo

ug- packaged m nkel or therapeutic
Rétialiosd sifi@ 8 flubascéiive mivrdscoye aaaaholwaaa@tl@rmi\dtsaﬂere captured
éigﬁlg ESelcnga 3gq%§%aéqgm ienigall ﬁ&l lmgagg %ta%BgrEnE‘énr% geﬁwgre The

appropriate filter was used to permit visualization of red fluorescence of BODIPY-

FL-conjugated Vinblastine.

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

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

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

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

diffusion, possibly through porin channels found in bacterial membranes. The present
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25 drug. Previously, however, there were no nethods
for effectively disrupting bacterially derived intact
mnicells or bacterial cells and extracting packaged
drug nol ecul es. Abbrevi ati ons used bel ow
include (i) HCLl;, Hydrochloric acid (BDH AR MERCK,
Australia), (ii) MeCN. Acetonitrile, Pesticide
Resi due grade (Burdick & Jackson U -0ho | PA:
resuifs Py Mosjereh et eyesinigs, fo aophiiyora il G Bffuse
8lPih i < , i devReld, sidtasRGninicell.
ﬂggter %%gn%r%gelﬁgéﬁgg%)g%%@%&é}iefepto the
Cetiaol mirdeaflsthe seerpaatdneugpaterbwith thedme disbrat shewiapg background
'chﬁomatoraphy colum (in this case it is an 18 '
AWOHBERGS§S8SY hydr ocar bon chai n bonded to the sil anol
end group of the 5 mcron (pn) dianeter silica
E&%ﬁﬂﬁ%‘ﬁ EificichtPadiBhingofiie bydebplubié eamoen chethotherdpeutic
chromat ogr aphy, (V) I\/[':’;.I\/as_s spectronmetry, (vi)
A Reclitasel in daoterialiy desivedringpet minicelh of a sel ected
parent ion to produce a defined daughter ion (useful

in Vi . f ! | kaged into the
o1 gnat GRS el oppbi; et Bt hckaged intc
cytoplas@tofoacictifiey deivedintaentinisellye Becansedhd prinicell surface

t her mo- pneumati c spray tq, at.t.he h .of £, _ .
‘miepbaRe IS composed 0@ RHRFRRA ;f'ﬁa h}lﬁﬁéqﬂib‘_gﬁs@f’% "ifglﬁ * Yfrgphobic
: | ) ubi ci n at I Na
-dﬁc%ggg‘%%gg’%%%r@%ﬁ@?%}’ez’éﬁ,Ebsfo! ’ 40, 50, 60, 80, 100,

120, 140, 160, 180, 200 and 250 p%/ m.. The m xtures )
wer e Tarol(Patlitexel] regis@red radérgark ofibiristoldvizen SAuibbfeompany) is

T e € RS PSR P ot 20 more

rdBefilF Boln SE3RENSE HNhYAEsRIAGed tidd Tubievilia, Paclitaxel is one
filtration chanber (0.2 um pore size) and washed 10 . .
of thegsostiimportothenoBeEpeBtic Az, HFWBE ProfisHg antifgpar activity,

|1 ect ed. and di vided.int - . | |
cpepe R B et o ufl Bah P Rcit and MctEpman, 2002),
e i e re g e iy s A

i s _ ’ - ' m_m
b etseerintost LGBy STy bYIES T} GEiviRg A D RASPELBRpf oells to
b ilian
280 8. G P RBL SRLCAD oYY (PARULN S AR AORikS, form

vor ng an mn

- i polppleid efiepdriiundEingo apdptesiy. Ruakitacehbasi dnugdgmely

T 5 m t 13,200 t ] d ' ind ,t.h .
SRR R OO TN
o435t AR s CRGRARS, Pl

of the extracted drug was devel oped and perfornmed as
f ol | chwsdenTdistriteltBatrastiyivoiplodtae dntgdilieRectitaxehesuidibel trpngported
Mobi | e _Phase. 100nM gmmoni um f ar mat e . DE% .
inip loq AL Sol AEOPIAFE, S LBGIeSTAR deRER Al ARSIy Qregon Green®
] iph ek A : Qi AssHeRfince 496 nm,
e e R
edSion 524 nhpjvas usah Trwo differenGiRtthods weregdoptedde sphbilize the

Fl uorescence - Excit 80n i §Sj.on 55 . 2|
drsjes t @hin eAhasel (o £dyi P ‘féﬁw\’g %E‘g HRAED, B %@w%&mm
ER 3L OFATP3.99 mMhIRNoliEdDS $kh stock solution was diluted 1:10
(voltvol) 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 Pacl_it_axel
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-34- quaternary punp, columm heater (40C) and
fluorescence detector, running version 7.2 SPI rev B
sof tware. Shimadzu Corporation (Kyoto Japan).

Doxor ubi ci n neasurenents were done using both HPLC
and LCGM5 to confirmthat the data were reliable. The
"LGC-Ms procedure and key characteristics 5 included
(i) Mobile Phase; 5mM amoni um formate (pH=3.5); MCN
cenGegirptio@otheminigel extrageflulsr seyEeRRgatod égé‘.M and 20 uM,

Ph una:, . . " i .
BB Wy 97 o
rétddion Shd Bebsbueilstvesshed Bith hlitdfitrbEbmadddyEribedsindixample 1 for

were from Ther np- Fi nni_gan, (Bgston, MA, USA). The L.C
Diordiv ocne EBlwar. I auaiasne e Fuinede sdualised by

- | uent was
@gﬁg%&ﬁ@ﬁ%@gﬂ@gggﬁ ee%?%g?é% prlgy i oni zation

source of the Therno-Finnigan LCQ Deca ion trap nass,
spectTemrests reyedldd tbet alminaeells Thioremsed bright gyeenyauggesting that

 oSREh s BT S PR AR A i i

AN LembaRe 8hd itk tRe3YRphsmTBEME aniaielll THwiRsirprising
tracked for- quantitation purposes. 15The three .
be¢awee Bsvasmot gupested that the ghlnhydiephage daig wewldiffuse into the

oBhGH Sk RTIE PAEP R BnlR BRI b o e

. p8fcsH OfA ddneorRBIg S HAGRER t8) obsHRextic2s ih s ciperimdnt i Eranple 1,

correl ati on between the Doxorubicin _conceHIrati 0

ihe spe@ggiq,]léot cause
ne ratlon .o B G ese experinments were
oA Gl Dok PRI GhpradIZEP, P

Additionally, the techniques were adapted to )

det erThenesultyen Exaampidsrladndndahomttaty thahthesirthple dgsboigues

drugs _|i ke paclitaxel, frinotecan, .5-Fluor.auracil.a .

des Fﬁﬁpﬂv%%‘éfg%%?ﬁitﬁ reagily PRckAgh ot P%@Oﬁ&‘ﬁﬁﬁ?‘ihﬁ‘?f"ggf’bl“
: t surface |igands do not

d@aﬁgglzt O%Hﬁlll%égﬁﬁ?r@%a g%{?ﬁw}a?j‘;feg.r | oss of -

menbr ane- enbedded structures. 25This exanple .
Itemyle 8r aMashodefortdeterprivinghegirog congepiratiomimbacdenially

dglr']iged intact minicells.

This example demonstrates a method for determining the concentration of a _
drog in bacfer-ially derived intact minicells. More particularly, the example degpribes
a method for determining the concentration of Doxorubicin present in minicellspox,
and demonstrates the effect of Doxorubicin concentration in‘a loading solution. The
application of drug-packaged minicells for therapeutic purposes requires the ability to
characterize a packaged drug entity, including determining the quantity of packaged
drug. Previously, however, there were no methods for effecﬁvcly disrupting
bacterially derived intact minice]ls or bacterial cells and extracting packaged drug

molecules.

Abbreviati@ns used below include (i) HCI; Hydrochloric acid (BDH AR
MERCK, Aﬁstralia), (ii) MeCN; Acetonitrile, Pesticide Residue grade (Burdick &
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attachnment of |igands to the surface of drug-packaged
m nicells does not cause mnicell instability, drug

| eakage or a | oss of mnicell menbrane-enbedded
structures. The result is surprising because one
woul d expect that drugs, particularly highly noxious
chenot herapeutic drugs, in the cytoplasm woul d

Tk, ) 005 Badscrsopn el hie s PRHBO paggide Resigre
i ey At + . £ 1018
el Al P‘?%%hé@ MO B3ishbd REWREE (0E 102 0), C18 &

surface structures (e.qg.
RPigntieg enthectgtiomenyt ploke haBjngthemisine plepent o theheumpeeraphy
drug | eakage and/or_loss of minicell Dbj -
o A5G 35850 Rk b g s 35 B4 e
Malz) | iafmetef sifid partivd CHPRE & WCE High
e@lﬁﬁ% B%ofﬁlk}ﬁrg# Eﬁlgb &5{&% éég r? il]%§ee n(r §§’4(£2- conj ugat ed
p&asniahex HiuidMbt@aaograpRy, (EMS; Blase spectORICySH)) ﬁ?_MS)

it B TP A g

AP el s Arbmbicasiag olpaal/mashgvii) ESL;
%%‘%@?Eﬁ%%ﬁéﬁg 1elzlla,ﬁrﬁérj‘zes,pet_:t ively. A@gﬁb with
ERotrbsptay ourbe fonisation @the in eysrena ozeatdleddngthermo-pneumatic spray

specifjciti 1Ss..to constructed as described in
a@&ﬁ?ﬁ?&fh?ﬁ%@%ﬁt)‘, Briefly, bispecific antibody -

(BsAb) was constructed by linking an anti-S. L

Ty phij b tderiniosnd GeR sepiaarlyinatbaed inboshiutidwbDoxorubicin at

fnalitonésntiotions L5 }L30. D 76 oo e 020,10 fo 00 and

| ; cogepe) or no by ] Htati
25 Bl TH geriris PR DapRt o7, SeenB e btion. The
bl WhRdvested lS}F‘@énEriﬂaEatﬁfh 4t913,200sputsA Srginpand iEsuspended in
reconbl nant protei'n M5 (Pi erce Biatechno| o

stBriledB S, ip‘leanieiicrcuu\@sm@wwaj/plﬁceriﬁalane%m?e%@fa%‘i%ﬁhamm

was added.to 0.5 n L L on. i
@By ez and goohrt |0 EmBhR MRG0 B, AR, Alliectls
v@{: .i,oﬂ%&!{émnb %ﬁd@@@iﬁo dapleaofizak e0° escellsgbt DakoriGicin

ess anti Ies were renoved by incubaton with
epirationn G conj ugated nmagneti c beads and gentle m xing
at room 20 tenperature for 40 mn. After magnetic

tion, t he bead ' .
oD Sl g U 3000, ARROR B st

- at ; FRCIUIPRA vas Bdddd, folkwedi liyhs cycles of 1
T%%tﬁ?%g%};etﬁ%m%?%?ﬁgﬁl\gf t he O- a?ni gen specific Fab

nifie tvoreuidzand 1 Afhutébenicationo Q4S80 Mypeddedand the 5 cycles
Probes; green fluprescence). or Al exa Fl uor (-
of Mphigwis vhricpnsRad +auP SORICUIRT WER RRe L el §thot was

-cg&%yg%%ti%r 5l Gt %ﬁ@@rpm 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 ammoniura formate + 0.05% trieﬂlylamine (pH=3.5): MQ:
MeCN was 28:42:30 @ 1mL/min, (i) Stationary Phase: Merck Lichrosphbere RP18,
5pm, 4.0mm x 250mm, (iii) Column Temperature: 4_0°C, (iv) Injection yolume: 15pL,
(iv) Detection: Fluoresceﬁce - Excite 480nm, Emission 550nm, (v) HPLC system: A
Shimadéu 10AVP system lwas used, comprising an autosampler, solvent degasser,
-34-
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25 The m nicel |l spox were m xed wth Al exa-Fl our

4880- conj ugated BsAb and m ni cel |l spac were m xed wth
Al exa Fluor(r) 594-conjugated BsAb. The vari ous

m ni cell preparations were visualized using a Leica
Fl uorescence m croscope using 100x objective and the
appropriate filters for red and green fl uorescence.
The results showed that BsAb attachment to the

qEEGh&S! Hue c@ﬂﬂnﬁ'héﬁt&%hb@tana Qrudrdst@fes derStor YuBHImE version
appeari'ng ‘as onpl ete ring around the m nicell

72308 mmBmoﬂWaee SMWG&IP%H@S(KD@ fotapBki n and

Paclitaxel also were visualized within the m nicell

. The d
o i PerpEbict B A AP R ORI Ed LO S 0
ccﬁﬂ?ﬂﬁ&ﬂh{ At datswre relidbid. €Tle DEMS ﬁh@edmm@nd key characteristics

- conc(ggﬂt)rat |llons vvere t he sarre i %Epﬁqgﬁeﬂ/ﬂ BR¢= %%4@

0 B P St E@é?;&lﬁla% ﬁgucﬂﬂed%?%gtdﬁ @) 30,2 0m0x 150mm,

(1m&uﬁm BeBBeratiivk- 0L Whﬁ%ﬁbﬁ volug@h 2AL, (v) LC and MS system:
ant - QGant i gen, an |HER2 Thi's suggested that the

Bothttho BE adeMSorystenispvere fonh ThermaiBinaizsp (Bastoni M4, 434, Th

Leemaonine g soRer SafTplephe AupRHA% O Al Th‘*,

 col@gh ‘éluéi’ﬁ Wik derebBpltagEerfddanthd eletidspety ivhizatien sourddof the

Exanpl e 5. Targeted delivery in-vitro of Doxorubigin
T‘mm@oﬁmmmd&a@eqmmﬁaibm%smﬁe@ﬁte pOsedont Thems
d-t
@Tn‘g% %&t‘%%ﬂ@ﬁ%y ﬁflﬂ?%ecét{&' ﬁ’b’l@gs@%e ??gg}éﬁtq?l%: Parent ion

WQH 4¢g at %ﬁﬁmB;‘yﬁldﬂw daghteriion atnhact396 i T daighter ion was
carrylng a cell surface-bound bispecific ligand, can

trgckpd SoreqyapfitdionPUsPRESt o a target non- phagocytic

mammal i an cell surface, the EGF receptor 15 on hunman

br ai fy,¢ lﬁﬂ'ﬁ? Ssés\tlzméx%t RMEmidiofehhy fife MBaeslitiGvere plotted together

i ntrace hin the manmalian cell follow ng
(Fepdedy ttosndicatadhdir eqiivdent [FIOXbsweuinationsadiban gy crror bars of

ni cel |
th?meacsgren:?ents) The results showed a clear correlation between the Doxorubicin

concentration extracted from minicellspox and the external loading concentration of
Doxorubicin. These experiments were repeated 3 .times with similar results.

Additionally, the techniques were adapted to determine the concentration of other

- chemotherapeutic drugs like pachtaxel Irinotecan, S-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 minicells and

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

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

structures. The result is surprising because one would expect that drugs, patticularly
highly noxious chemotherapeutic drugs,-in the cytoplasm would destabilize the
minicell bilayer membrane.
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S. typhimurium m nCDE-derived mnicells were purified
and packaged with Doxorubicin, as described in
Exanpl e 1. 20A bispecific antibody was constructed as
descri bed above and in U S. Patent Application No
10/ 602, 021 and briefly described in exanple 4.

" The anti-EG-R nonocl onal anti body was sel ected
because the target cells to he tested. were hunan

br ai v gudicwes designed 1o drtermmmeAfrthe pagkaging of EusH A8 migikls
; " ) . . D,
g g PRARARbf S0 I8 SR SfonRE Lo 8, O @higen
c&t)lh?oxi‘éixlt bf BPSY efRinicelie vl emist dougantliage dydinn boss afgavice!!
W

L A SR 5 S
MRS B d Db praperd ROSIRA IRy Qlcgpfroen® 458

' ' Ploastusae OR, USAFhs déseribed above. The
cgéjg%ggﬂi?%ﬁ%%%uﬁi ec>)<a Fllﬁ%? 488 dye§ absor bance

dARAconBEntratidh 36 tHer M Sel b x and exinict Uphow: ‘mipegdsas described
conjugated via the free anine ]8roups of ,tE)e X ivel
ithEsample 3, endiheiremdfy showed d2omg POX and 2iangh aekitgxel, respectively.

instructions. 6U87-M5 astrocytoma cells were grown on
15 OYEershi ps: d well thsst LGSR GFRIDECificities W
(Cemﬁi\)?(g v@e@ﬁe’#"%%%%ﬁ ;:‘icjzhgea%'rﬁlausge_n,s9 (_:1 crties Was
cSRiBRYas deaiibed WEPETADSRO04/0v IR0 Bieflp, bispticifie swtitedy
5% cosm c calf serum (Hycl one ogan, . UT . USA) and
(RsA g ursanmirectarh iy A APcmss. TSPEEca Byl gy felonal
- 461 3ot t Wedrpst cstirsarface
R INEAD G0 f a8 RN R gkl oiress ok
réepmRk the icabtigeainsi-himhin EGFRJgG2aQreogent 9 fyouse anti-human
mnicells, (c 8_target ty..m,ni cel q; . .
i ot URR SP . bae AbRA R U Eros g dyin e
108 bRl Qe OlebinbininD pkas adGPRreeBlcteckiiblbgy). Briefly,
Fhctbat 1on Feaction was termnated after 8 br§ in 2
prébinsA A (188qig/mbfipaleoanehirdiion) sraprddeddo upml ohpgremixed
sanpl es were rm nat fter. . er . .
s BB aonBimnG KLk g cect,of 8t uigriut] OSiigen apd gpdcuman
LAGS b i ! dexde@s aditbddids wdie@emoved by
E?‘?ﬁ%m%\i\aégm\%éﬁgg 6%%%@??%2% vlet h.PBS and vgvr]e
GBI VRS pMRdi R G-BF i Aed anigacty ads and postopixisg rowom
with glycerol. The coversljps were seal d-&/\n h 10/% in A/G
tengeraises for 40 min. PHRerINFERESCEPEAHITAIRS Byads, e protein A/G-
fl uorescence confocal . crase El uovq . -
e R
te%;ggrgﬁx?en Id c%lat }HIROKith 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; ed fluorescence) was used to conjugate to the BsAb.

Thc minicellspox were mixed with Alexa-Flour 48 8®-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 minicellp,e

surface was intense, appearing as a complete ring around the minicell cytoplasm. The

~-36-



10

15

20

25

20 Contrast (DIC) imges were collected and the
results revealed that within 8 his of incubation,
targeted (carrying the Al exa Fluor 488-conjugated
bi specific anti body; green fluorescence)
Doxor ubi ci n- packaged m nicells showed nost cells
covered by several green fluorescent dots, while the
non-targeted (lacking the fluorescence-| abel ed
DB @es dhigs Bakoriney)andFashtxendls waswigankes within the minicell
fluorescent dots on very few 25 gells. This. s est ed
cxtpplesrah dhp dsigs overe extipgted Gap Bpaupics J}S@iﬁ v gid the

Rl 0e RGBT nithdl, OPhd G gﬁgﬁmﬁ R Esnf in

O
e suffa strocytonma presumably via

m‘ixtl@elﬁ)g;{t a[tﬁciﬁﬁﬁ&ﬂlﬁcﬁédlﬂ%agg& wiihS CEminealipatizad "1 minicellpsc
y

astrocytoma cells and xor ubi ci n- packaged mnicells

 (ilet, a0 elgddoxamobicinrendR4FetgsRclitich respetivedy). when

visualized for red fluorescence (Doxorubicin

aut of ] ugrescence i s, red),.. sho t h . . .
astr %’d’i’/’ﬁ% FESUCEYEe gg{aflfggd"si“}% Agﬁ%e]%?\ebg ’ ?’f‘:&d@ %}suc(e)ra]lt] tigen/anti
Rg?nes'}fn ﬁhkses@gbéteé tHak Aremamedame tomphlible stidvihd development of
dirffuse red ffuorescence within the cell-cytopl asm

a sufe doigdativantvectyr, beamsnthesirag pankseing 2pd BisAbraitachppent did not

by, f1uo en con l, m [.S
resih o HRERGPL frorialc Fh i FRERE R mElhRel FRMCL,
- for 24 hrs with non-targeted Doxorubici n-packaged
EfARpkes.| Farpdial aelivdry in-igwof Boxbiubicie 3o evon-ploagoeytic human
T_nEHbTETJeci fic adhesjon of mnjcells). could be _ ..
bistin enpesr osHs xix lgpnd-fargetedand Doxprubjcinpackaged minieells
t he Doxor ubi ci n- packaged m nicells had been
I'nt epfal 2 fillle ARRIndtiatd! tHatd GhefethetARaHE QfuglBibxaheticin,
endocytosi s and that sone m nicells had -broken_down

pakdgedindametiminieciBooanryimg & cell surfasebound bispesibie Jizang can (2)

s L 3 S SER LSS50, SR R et
o% ARYSS LYEH BadiRE 88k, had (SVdRives the UriDistracdiilidy githanthe

ots co-localized with the red dots, resulting.in

myeiniadianel dolowingendieytosis ané braakdeve sE Desarvbipmpeipged
earl.ier within the astrocytoma cell cytoplasm
mﬂ‘é‘ﬁ%ﬂ%ed red, suggesting that the Doxorubicin (red
aut of | uorescence) . was no | onger packaged within the

M ni gehbiintiraNe HirCDE-éaivedyminioells elete purifiatand packaged with

- local i zed bi speci fic_ antibody), further suggesting

Donenubioineas desirthed i Bxemplndd” been endocyt osed had
br oken down and rel eased the Doxorubicin within the

astr %0%,%@%/5?% ¢ %ﬁbohgfe %{é &ngig&a&b% as describPARIVR #d in U.S. Patent

Ef fi m ni rated drug delivery to

- ARPHISRRGAG. 10¢60B00BAndhriekty Hescribéd B examplé 6.

denonstrates the efficiency of minicell- rr_edi' ated drug -

delivery tq_non-phagocytic, lian -cells. A

col o fﬂ‘ﬁ@!‘ﬁﬁﬁ@t%‘?%??@{aa @gwwgﬁqgg&gcause tﬁc target c§lls to
be tested were human brain cancer cells U87-MG (ATCC, Rockville, MD, USA;
human malignant astrocytoma epithelial cell line) that are kn:own to overexpress the

EGF receptor on the cell surface.

The bispecific antibody was tagged witha fluorescent dye to enable
visnalization and tracking, by fluorescence confocal micrescopy, of the targeted

mihicells. The procedure was as follows. Alexa Fluor 488 protein labeling kit
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20 Cel I Titer 96 Aqueous One TM was used. MNDA- MB-468

human breast adenocarci nona cells were treated with

EGFRmi ni cel | sDox or controls conprising free

Doxor ubi cin and nmtarget edm ni cel | spox. MDA- VB 468

cells were seeded at 5 X 106 cells in T75 fl asks and

i ncubated for 48 hrs to obtain -4 X 107 cel |l s/fl ask.

The nedi a was changed and cells were treated with 109

(Whvisvatag Brabes; higent,| GROMS A) vais ukar Rl gl bispssific amtidedy.

Doxor.ubi cin. (50 ng/ n) s al so Lnc ed.

Al Dbt gbsorianot 4347 Rl i i S Ao fuggscence) was

cgﬁr@ at)é@?ﬁecge EBOL AU Y KuMd b5hs bispadiBe entiodyBScaiihg to the

i Bsn nized. Viable Tells were counted in a
oyeonmstevctiopsng t he trypan bl ue excl usion

met hod. 1 X104 cells /m per well were aliqouted into

24- tes (6 wells : ] eUhad ;

or "D PEITRRHRER R gl o BOrR UR DAL tssue

cBN G RYs (OiStaR CreiheBio0aiel OmbH(Fatkeahalsen] Gernpoiyht Cells
according to the manufacturers instructions Brl,i ef JL% UT
WEDO gfovsLindt PN 54 Lmgdinm wath 530 gee sl sepmyiyclonggLogan, U1,
calor el . ' . : 5
R0 50 BB ATER RSP 59 CRu et e growm o
48 aRiflueityedrd quadniphewalls oeteinetedvrsoliowst ) uapeatadeclls as

RN TN DT O
DOX Qb i - . ELERR i \ o8
nBSTR G 1Y Y9GS St bRl RS cel8Xand () 10" targeted

Icininits active formto the MDA
Diflobsbieingpatitmtd itinicell§.i Theimmybationdeagyionavasitemyingled after 8 hrs

95% - dM ni cel | i d .
ilg \égz}rieé]spf 'e%(gloqgﬁ‘é?% g&{:&g r@g}:afngl’lg él%gléggltslawgﬂ)etts ﬁ}gﬁl}g ﬁrgﬂgated after

: 2&%9.%%5@@?@ | HECLAS wefP@h{RA Fokraim ek Rh PBSS ardHfixed with

mnice rug therapy, because non-phagocyt.ic
Aty foratal dehyaefor 4 0duinn Gheafpatire wag weshedsihers ety PBS and the
endogyt ose .t he

o BNt dRY TSR PO B B PHaP FRA Gy EyBA6Y. Tho coverstips
Y R SR 1 B Blen © cemograt ts | mude mce This.
grafts in nude nice This

e ooty whviewed by fluoréscence confocal Histoscopy duSHew,
Olympus America, Melville, NY, USA). Fluorescence and Differential Image
Contrast -(DIC) images were collected and the results revealed that within 8 hs of
incubation, targeted (carrying the Alexa Fluor 488-conjugated bispgciﬁc 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. This suggested that the bispecific antibody specifically enabled the
Doxorubicin-packaged minicells to strongly adhere to the surface of the astrocytoma
cells, presumabiy via the EGF recepfdr. 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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packaged intact mnicells can effect regression of

human breast cancer cell tunor 15 xenografts

established in 6 week old femal e at hym ¢ nude mi ce.

As descri bed above, mnicells were obtained from an

S. typhinmurium m nCDE- nutant strain and were

purified using a gradient centrifugation /

fi I arrentati on / filtration / endotoxin renoval
S%Ctl(;;ﬂ%l%lﬁ h eS8 g’ﬁlﬁﬁ'&&n«‘!@&%ﬂ@ﬂﬁ%ﬁﬁﬁoﬁyt his
erapeuti c rug DoxOr ubi cin as described in

r&anmln&aated At thatsfpemlzfacytom ¢dils dlycuha‘@dcf@w%& farg gtidcnapstargeted

Dor Ut o TR Rend BBl e OBl 1.6 g SR Wl (pego-specific
aﬂﬁés‘?oﬁ%ﬂu%ﬂ%?%ulﬂ 38 @nﬁéerﬁéﬂ b a WP 408s hfg’géstﬁﬂﬁt many of

Known to overexpress the EG- receptor on the cell
tlspbrambicin-packageReiwintlishad beenintemafised, mysblikelgvia EGF

ncuy bat e th.th r ot
B b LS A HRAR e B s
1B DBxbRBiEA Wilhthhe Whttodytema béll ciiBPlabab Thegesuits were further
The m ce used in this exanple vver e purchased from

coufinrecd mbew theomeercyareseeniznid 1ed Hnarospend imagasFrerg Ht?fged to

S 8L e GO S RB R Bt in st

dbrb o diffiseredidosesaattewibsdrvad ieatiier Bithimcthe atmwtm cell
approval . The experinents t{I Hoerf E QP NSW
cyigplasm rapaingdred cpegesting that the Doxgrubicin {red lag}’to orescence) was

| HET&?\%? gal@f%d hithih BqRRNce Iyﬁgveﬁ'éé ééh"tﬁ)mmmll%{hface localized

carcl nona ce 468, ATCC; hunan

'bﬁpﬁﬁﬁﬁmnﬁbe@y)t ﬁﬂtheakuggektlir@ thabmm@hmg@dlﬁtﬁl@i)hadéﬁ@n endocytosed

0 tissue u of cont.i nen 1-7
heg gk doveseand o5 ATl Eﬂﬁ SRl B feteta °§_“
Ft%éla@&.cal f Serum (GI BCO BRL Li fe Technol ogi es,

trogen Corporation, Carlsbad, CA USA) and
glutamne (Invitrogen) in a humdified atnosphere of
95% aﬁ:xamnte 6 IEfictensy of peipicellimedintedirug deliveny g non-
ierumtree ié %%ether with 50 uL growth factor m
PRREROHY MARGET" EBD Bi osci ences, Franklin Lakes, NJ,
USA) were injected subcutaneously between the
shouligk chirmpledeaionstedtts e lﬁ'ﬁcmmm mﬁ&llgmn@eted drug delivery
needl e. The tunors_were nmeasured tw ce a week

tcanolgﬂ)bggcp@mcgn@p@,a}l@ cellsy ,Ppg«p opmeltlacf WBtox%%'éxﬁsay @gomega

C@’Qﬁ ggg%éuusﬁ%ég%}WOrnu Mﬂﬁé\dﬁ (W| dth 2

ad &obhldindma cBllsEwel ttuwed(with 7 RﬁﬁnMSbox or controls comprising free
post -i npl ant at the 15 tunors reached vol unes 5
Hoabvaisior B s A socemoxa RDA VB di5 eolsqy areded at 5 X 10

-cél(l)s 1Sne’¥%] ﬂglslzsf a%h%géub%te%%r 4£§us o (ﬁa%amg % 907 cells/flask. The media

was-changed and cells were treated with 10° non-targeied m;inic_'_t_alismx or
EGFRMfinicellspox. Free Doxorubicin (50 ng/ml) was also included as a positive
control. The cells were incubated for 24 hrs, washed thoroughly with 3 changes of
PBS and trypsinized. Vi_able 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 chénges
everyday. MTS assay:was performed at each time point according to the
manufacturers instructions. Briefly, 100 puL of MTS reagent was added o each well
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The experinent was designed as follows. Goup 1
(control) received no treatnent. Goup 2 (control)
recei ved free Doxorubicin (5 Erg/gin of nouse body
wei ght) intratunorally. This control was included to
determ ne the effect of free 20 Doxorubicin on tunor
cells and to assess toxic side-effects. Goup 3
(control) was the sane as group 2, except that the

aRPEA bR Fhr@S v T di BT G@r R Shisseihes)s100plGranpach well was
(control) received the anti-0 antigen/anti-EG-R BsAb

tramsderiedote DRK-ovelliplate and therabyerhanes yas 5ad AbHY4 MR- of f ect
of BsAb in the absence of mnicells. Goups 5 and 6

ir (nef ?Iﬁ‘g %ﬁé‘]’;@% ar d 5 gi ﬁ{a\, e§°)§”‘f|{t§>tﬂ:§§¥ g’? Wﬁsnox was

dr.ug- packaged n tar
T e
Dobtobidh g5t ﬁ tﬁ@%ﬁ%% %'W&lls%ﬂ&ﬂeﬁﬂw&ﬁymﬂjﬂ of drug
|ntraturmra res ively, to determne if
délecepinak ovar me & fpicdrgeg did mitsbbwsany dopicity to the
effect tunor stabilization. Gqup. 8 was,includ

dt
cam:ewHSn suggestingthatibg éars@nnazaﬁ@wm RS FRRRIEEE doT r safety of the
I
mr“él& cga% ﬁe ' nyo ;)Q%d\l/l‘éégj[l(!m %ﬂﬁéég)c ﬁﬂ&' LfhniRatil def¥ab B8t appear

I eve tunor

tShdPsd dcﬁdaul?@naa@&m theghgisdison: Le., perneate the
| eaky vascul ature at the tunor site (shoulder bl ade

regi on di ffuse through th enyironnent y. ..
Expaiole T HipYatheienbaehern o shoBp ettt el Asmegap g bicin via

_ taF'gFFeﬁda 9%’&91?% ﬂaclﬁ&%ﬁ SnSQYN té RihAgehredbOédntePRéhografts in

ease ayload In its bioactive forminto
ntfendaecer cell cytoplasmto result in cell death and
hence either tunor stabilization and/or regression.

M ni cel | d )
4L S8 A 0 i
pRAS ke SRAG RiniceRs tADfSH PESEssN of TRASAH BRI Cancoe cell tumor

per onned by an investigator who was bl inded to the
xtcapifieestsblbied i 6 week dld femala athymig nudednifsi s was -
performad by anal ysis of variance (ANOVA) and P <0.05

2 Sl AP b

- nitn@DE0 %ﬁaﬁtlmm & Rert usifiet mbmgatgradn/enE@nMgm

i St A S SO il v
PhAAEET B AR R A Bcorph E?a&“ﬁ%“ FBxdiie 1.
A bispecific antibody was constructed as described in Example 3. An anti-
EGFR monoclonal antibody was selected because the xenografied cells were human
breast cancer cells MDA-MB-468 that are known to overexpress the EGF receptor on

the cell surface.

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

anti-LPS Fab region.

The mice used in this example were purchased from Animal Resources
Centre, Perth, WA, Australia, and all animal experiments were performed in
A40-
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day 63, the treatnment for the mnicell spox group was
changed to EGFRM ni cell srox treatnent to determne if
the large tunor volunmes (800 mMm®B to 1,200 ranB) could
be 15 regressed via the targeted therapy. The result
was a dramatic tunor regression; by day 79, with just
two EGFRm ni cel |l spox treatnents, the tunor vol unes
had regressed to between 100 nmB and 150 mmB. The

cERIPRLACSWR BRY MTBOLE YRS alkeifeifitbraoty dfifalahwith ABimal

“yielding simlar results. This showed that the

Hikioh Commyjgtee dpprionile STHesxpotments pers peréymeg indhg NEW o

chemt her apeut i.c_drug. t . ‘ '
AR EREbh Syt Y R MR SO Sl
MstchBO ah@an Brebisdeftdageifieh vellsMIDARUIRAES 0L YCCrhuman

manmali an _cel | s nedi ated by bacterially derived
n}lmw epithglipeellsgpon-phagoeiio) sverq poRmeBtsaEg gulturp o full

ree Dox i .aj | ' i 0 .

DEAGRPSTIR Sl O o R led Vg v
Sf‘éfdr@ (%Ig?.(tJOG%RDJ Ieifé Technologies| Invicropen Grirperatibf.eCarlsbad, CA,
U ndemre CRimReLTA I BHHod AmGieEt ghds Pgvigad 5% CO
af$9€Y D )IOdééf% ifi%50 rl.ﬂ‘.."&?lﬁg'-%éltﬁédiﬁ Rfgetiel S 50 ul. growth factor

“I'nj.ection, and assocl ate Ing Of. normal cells in
rédveed aadigel ¢BDr BigisciencdsnFroklin hakes, NAJUBAY avege vepted

tar get ed - o
SHACERREP Sy TG FGobI o oy B 6 PRRE DI Esy 238 gecdle
T tEmOR WHE thdisBfddithice SHEGESihd4h d1Batkorlib @igital caliper (Mitutoyo,

m ni cel | - packaged Doxor ubi cin prevented

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

length (mm) x width ? (mm) X 0.5 = volume (mm’). 16 days post-implantation, the
tumors reached volumes between 50 mm? and 80 mm?, and mice were randomized to

séven different groups of 11 per group.

The experiment was designed as follows. Group 1 (control) received no
treatment. Group 2 (contrel) received free Doxorubicin (5 _ug/ gm of mouse body
weight) intratumorally. This control was included to determine the effect of frec

Doxorubicin on tumor cells and to assess toxic side-effects. ‘Group 3 (control) was

the same as group 2, except that the Doxorubicin was administered 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.
Groups 5 and 6 received non'tar"‘z‘mdminicellsDox intravenously and intratumorally,
respectively, to determine if drug-packaged but non-targeted minicells could effect
tumor stabilization. Groups 7 and 8 received EGFR-targeted *F*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, Doxonibicin-packaged minicells given in the tail vein could
follow the required sequence of events to achieve tumor stabilization and/or

regression: i.e., permeate the leaky vasculature at the tumor site (shoulder blade
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free Doxorubicin reactivity with skin tissue at the

site of injection. Additionally, unlike |Iiposonal

delivery vectors, e.g., DOXIL (Iiposonal

doxorubicin), the drug did not | eak from m nicells.

These results suggest the following: (a) mnicells

are able to package a 5 potentially highly toxic drug

i ke Doxorubicin in the mnic,ell cytopl.as t he
regiony diffiess throngl Precimar GriCRSRVIERIGH: figally @ﬁ‘ﬂl“’ 1% humen

menbr ane, C&1dck Sl intre@tiuladiyt ahdiseledse the drug
br??f’éCQCPECG&F%%%(%%%S\E/%%O}%] ection (G our?s 5 ‘and_7) °
pdy Al iM@s bicaetiverior intethe Daner ubll cytnplegn dapesull ingell dgath and

b) - Doxor ubi ci_n- packaged m ni cel | r.e saf e t . _

henensiher RempR DI O ORI oR A eoily e afnligtgred at o

|0t ' i 3n¥al®17,8400P 2nd S6@oftyxenograft
aaslgh BERM HeaBeh LSRRG o map st SOpoRbuemopmt
estdblifianenty S akasretapnts sveny pérformeddutandnyerbigaion whgvas blin

ebheinately toveated by e PALSGR LNBIALS oo
Va?%%é @AIQB‘VA))%H@'WOCUS FaslesRidiedforiegeitistically significant.
SUTT |

I'ent | ree of endotoxin to be safe for-
i ntravenous or intratunoral subcutaneouy

ad s twatlisoshovas) (Kigreedb thaki HEHI TEMBEHEAP FolHR0d) tumor

smal | . enough to perneate the |eak .t r .
stehibralion(EEESRA Wag Oétfpggﬁsgr‘ﬁgx Bipi i %%C'YEQ% arca@ent, whether

1 Ni 1 [ h i i . 3. hOD-
iven IHEAVERYL PhIIFTRoT, ap iR RARARTH Wal MEiHed with
ifically bind.t oL 1t .

TGSl e BRI e s o
d g - Qs ot N /A scells

e e

cln, ing in tunpr cell

dea | tHBF v1a8Ie $800 M QooLR0@ mnT) could be
uﬁ‘ﬁ’é%?tet%?rg#t&&g?@ﬁ@%@m%ﬁg [ n{ r avenoﬁs i njection the .
re{g?ésgﬁi o1 @B darpercar ibiapiyn PElek gl wrisrd deinhatio BuRgy regeession; by
unmor m croenv%&&gm_er]t in significant concentrati B‘? sed
daypTackite et tuobr regriedbpoR reAlRIHY ithy Pupmon valpmEs ppd regres
do not appear, to have heen elimnated by circulatin .
tmhmﬂml@hmmsmmdgb%mpg - clte|complete Fﬁﬂ‘?’?‘%%‘i’ap’ petfortiéd 3 times,

quantities_ to ohyiate the. gbserv 1er (1§ taroeted minicell
e B S-S GRS, R P BA gt il
o' ' mthehaRehbiapettid grigar) i haxedn tongor xenograft in-
c@?f %lg@%lﬁ/dﬁ ?\;uggi packagedh% nicells to human breast
vivancer xenografts in nude m ce. Thi s exanpl e

d trates highly effici. i , amte
s ob e R bR RO g ey o

-pﬁéag&gﬁ@ AIGANGEHE pXGTASA 8l bictetlally derividdiat-80dmigepackaged
targeted and

drug- packaged mnicells. The experi nent

niihizells.i n exanpl e 7 was

Interestingly, the free Doxorubicin given in the 1ail vein of mice {Groups 3 and
4) showed severe reaction at the site of the injection, a well lqlown side-effect of free
Doxorubicin intravenous injections in humans. This reaction, known as Phlebitis, is
thought 1o 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 inj ection, suggesting that the minicell-packaged Doxorubicin prevented

42~



10

15

.20

25

30

repeat ed usi ng EGFRM ni cel i Spaclitaxel as the
experinmental treatnent The treatnents included, (i)
GL - tunor only, (ii) 02- free Paclitaxel (400 jigQ)
given intratunorally, (iii) 03 - Free Paclitaxel (400
jig) given intravenously, (iv) 04- anti-0 antigen /
anti- EGFR BsAb and free Paclitaxel (400 jig) given
intravenously, (v) Gb -non- targe.non-tareeted
ﬁlegﬁf%‘?(t Li¥§Sacti Uﬁ{r%ﬁlrb?ﬁhé’sue (a’t’th)e sfe of Midties! Asiditionally,
rven i ntratunor GERm ni censpac .. ven
ughkmnp@szmub delivery (edtoss) e. QSDOXH@mwMomQW@a {hsrfrug did
i ntratunorall The various treatnents were given on
nghlpak m@lmcé@ 29 and 33. 1 x 108 minicells were
used in each mnic,ell treatnent. The results showed

(EFI 9Uftfeséhestiltkite es&ltl%]foﬂllo ﬁ‘% (pmmni€t]9 @vigble tonpackage a

GFRininice 1o Stabilization/regression

potestisBylhighishtoxispig like Dosesebisiea heipingiel cyip i 4 the drug
whet th

A A el
rMTBY S (S e sitedt the el véin Atjeetivh (Greepyhaid T)dhat wmea with

negl+d gi bl e effect -on tunor owth Thr ughout . t
ﬁ@g pamiometicin (Prewpsdh andib (@] E%H

Qihﬁl tu%ﬁ St ngﬁé?n R \Ghicd® ed )ﬁﬁﬁ/éﬁﬁuﬁ? Be iﬂﬁaﬁnﬁbraly

experinment was repeated 3 tines with
(SkdligsF tor P ssulghesting that the free endotoxin (lipopolysaccharide) removal

s are safe to at

. procedure adopted and previously invented by the current inventors (U.S. patent

application number PCT/I302/04632) is sufficient to provide a dose of minicells

sufficiently free of endotoxin to be safe for intravenous or intratumoral subcutaneous-

_administration, (c) targeted minicells appear to be small endugh to permeate the leaky

tumor neovasculature, to enable Doxorubicin-packaged mini_cells to enter into the

tumor microenvironment, (d) targeted Doxorubicin-packaged minicells appear to

Aspeciﬁcally bind 1o the EGF receptor that is known to be overexpressed on the surface.

of MDA-MB-468 cells and post-endocytosis, the minicells break down and release
Doxorubicin, resulting in tumor cell death and the observed ‘tumor regression (Group
7: Figure 3), (¢) following intravenous injection the targeted and Doxorubicin-

packaged minicells reach the tumor microenvironment in significant concentration tp

achieve tumor regression.- Accordingly, minicells do not appear to bave been
eliminated by circulating professional phagecytic.cells in significant quantities to

obviate the observed therapeutic effect.

Example 8. Highly efficient delivery of hyd-rop-l;wbic chemotherapeutic
drug Paclitaxel via targeted and drug-packaged minicells 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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This result is particularly significant, because

ot her drug delivery vectors, |ike |iposones,

nanoparticles, etc., have not successfully packaged

therapeutically significant anmounts of highly

hydr ophobi ¢ drugs |ike Paclitaxel. In nost cases,

attenpts were made to change the chem cal structure

of the vector or the drug to zo enabl e drug

ackaqi.ng EGHH sul ti ' ' i Vitie\treatments
“%ﬁ?f$g§ﬂ t is gﬁﬁp?@?agﬁg&?ﬁgﬁﬁﬁgfﬁﬁg?@%ﬁ%b can o
i ; - ) packgeedaditated (408 payigivendhiratumorally,

ﬂ%ﬁgﬂgyggaﬁﬁggﬁﬁﬁ%g%'deIivered spegifiﬁg}ly to .
(ilipGget Fidt Packitagel(¢00 pe) giver intravenaushi, i Gff — anti-O antigen /

therapeutic effect. Exanpl e 9. non-
weR6R Pabbend Giec Pevlitar (404 18 Ve fggpously, (v) G5~
L.ni cel | -based drug 25 del j very tsamaeeml.ian,cel .
“‘%ﬁ%lewa}mce%mwwgéﬂ CAKGPoT owi ng Tpiefistee difen

ingeraavels GHOLI (o donpalet T ERk R R gsr,

géegnge, of different nonphage I | : s 15,
e ice epsnRA ARG A2y 1BV pfio G ttdmels Werd ien on day
I.5ferents cel | r:e : : _
25 R anf 0d) 1 RS Wer CERATETEN Hinibl Bihest
receptor, and (iii) the mnicell vector itself is
ver sgil Ir%uﬁg QHOMed @igRa ) Bighhesigaificaft {pi-n0 H804)dumor
derived fromdifferent bacteriglegenera. In a single. ..
stabilieaion/Egrossiongn afite toaved withnt,  migicellsraAnd.ce gpre, it did

oGmaiShelherdhe GRBMORLTBLPAER IO OTLOF EEguRRy. The
O HEROPHE IS The | alt LI oHEE oo (i pRlle| had 2
oIS Gl Fpaot g i o
ahpbert signs 5f tokjeity swok asifeven detkargyl losaph mﬂtes‘?frd&?ﬁ]s The
eThe_ r%rgga?a?slrleSee&gJ fﬁglaeglé,g&es%nwa}_ stmg(_or ubi .Ci n. non.

This result is particularly significant, because other drug delivery vectors, like

liposomes, nanoparticles, etc., have not successfuﬂy packaged therapeutically

significant amounts of highly hydrophobic drugs like Paclita:_cel'. In most cases,

_ attempts were made to change the chemical structure of the vector or the drug to
_enable drug packaging, often resulting in loss of bioactivity. Ourresult is the first

showing that not only can such drugs be readily packaged in intact minicells, but they
can be safely delivered specifically to target dis_eased 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 1o enable the use of
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10m ni cel | spox, BsAb (anti-HER2/anti-0 antigen) and
free Doxorubicin were included as controls. The
results showed (Figure 5) significant tunor
stabilization in mce treated HE with either S.
Typhi murium m nCDE- or E. colt m nCDE- derived

"R2m ni cel I snox (p= 0.004). The SKOV3 xenografts grew

much nore rapidly than MDA- VB- 46 xenogr.af t.s d
diffigeeng ﬁﬁbﬁpmremrga@ﬁﬁswnﬁgsqag?cfs %eé;g &ng & EY rgs_in%tg@ Eo the EGF

r'egeﬁ')ﬁaf %58 E%ié ld mg‘aéeégpﬁgﬁ? BROY i PRG/HIS AdRhEO BhAWMK the use of

nal's rea e pol nt of death or euthanasia.
miiedR degivell fionddiffansit badterdh] (gehetahat i ntact nminicells
can be used to deliver drugs in-vivo to a range of

di f ferent _ph i || olils (iile
oA RIERRE L PR S Pt b o
(Sﬁw SR TCRNASS Of weRldsedt dstbish et sehiaraf), (hthehargeting

di seased cells,” and (iii) that mnicel] b
Bt iwas ¢onstoreiadl ysing ani-Osatigen Mhb %@%WB@@M@%’, (The latter

t. functi ' im | ' i
5oL b BB s O i o i

| AT ®ed for thD Erchtahent ersdbriveti dotefromt$ yphimigrium and E. coli

.drug- packaged m nicell 25 dose and therapeuti g.gffect
minCINBnEtraitg nBlhe méricdlsafdre packaged avithi Rexorubicin. Thij g
exgnpl e denonstrates the dose-effect relationship for
g isclkgan B hi(ew- HER 2XsricOcioigss) and g Deqrublicin were
] ex_an“gl e sho the dose of targeted, drug-packaged
ingluged 8 centF§ui red to achi eve maxi mal t herapeutic

- effect on human tunor xenografts in nude m ce.

VDA- ¥ 468116 BheRed (gas 5) sgalfaar pinterabiliatibs ivmice treated
establ i shed as xenografts between the shoul defyd3l ades
with eBakbS CTphishiitivmmrinEDES or B phili minCO-darebe- mmicellspox

derived mnicells were packaged w th Doxgr ubi cj
(Ars D194 hel SKIQY 3 Henagreiey ST TDBSILPOR; fapifly than MDA-MB-468
concent r at i,on I §dgﬁs§d{.ﬁ@ﬂ) aft
X‘ﬂ%@%ﬁﬁ?‘iﬂ? éﬁ?ﬁg&r%h %%(%%22% fg\;g?vg@%ﬁlﬂt? %ed ( exgrrpl e e
establidhshentbEdaase e cenaoixnymal had reached the point of death or

euthanasia.

These tesults demonstrated (i) that intact minicells can be used to deliver
drags in-vivo to a range of different non-phagocytic mammalian cells, (ii) that intact
minicell vectors can be targeted to a diverse range of cell surface receptors found on
the diseased cells, and (iif) that minicells can be derived from different bacterial
génera-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 pude mice.

This example demonstrates the dose-effect relationship for drug-packaged

_minicells. More specifically, the example shows the dose of targeted, drug-packaged

minicells required to achieve maximal therapeutic effect on human tumor xenografts

in nude mice.
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8 by HPLC to determ ne the concentration of
Doxor ubi ci n packaged within 10 mnicells. The results
showed that at external Doxorubicin concentrations 01
60 itg/m and 200 jig/m, 108 mnicells packaged 85
ng and 660 ng of Doxorubicin, respectively. 10The

m ni cell snox were then targeted to the EGFR that is

ST bAC R e eshuaorrEpapacals y el G RREd as

TR i

ndntOEalcdfedShinicelle warapickaged ¢ith Doxggibicingying two dﬁerent
EGFRni ni cel | spox carrying_a total

0w} DokoTabiciy Psal}cef@:amnfo@o s gndoninELes deggioed i
8. 5 )
%%1' 2, ‘g)liéia?il o Fen@n% ?g%:@&h}glkri% é&' );angﬁes wefeGmalyzed

bg Ry il %‘@'ﬂ%@%ﬁl@ﬂ AR s o1

G‘P@&f s sho@2l aWAtiabEMTERARI mbkdsmbumconmhumm of 60
nﬁg"t%%%%n Sl Stc()) 80m’r8a the vari ous doses were

AT ATy S0, am%mmns patkoged $fengied 660ne8F Doypyhicdn,

were nmeasured as previously 20descri bed. The
rgspeativiely.showed (Figure 6) a clear relationship
between minicell dose and the therapeutic effect. In

t of 1 t bi |
er @nlfcg X/\g’relﬁ t??%’?%“%e??de %0{ tiﬁ{g) mﬁ{% 63;&%rcxpressed on

h@%ﬁ(ﬁpﬂg £ LURRRNG o Bt Pndusé MiseRoRRicseehtratrepazed, () G1

m ni ce-hbnox. Interestingly, there wgs

-no® FEFasinak 16k d:f ensing aiotalidfé6Dog Baxoraicin, (i) G2 - 10
concentration between mnicelis admnistered tg

EGPunscedlsgag cdrfifig Grgtahofis BigIdoxorubists (i) &3 1%1 nd
Egroups 5 and 6 (66ng and 85ng). However, the
Fatmesiisphr cotyings totl ef exarabIcR AR F4ntD’

Iarly, treatment in 06 was nore effect shan
%E mithedlspug geryiag atatal of$-ppg PoxpBEIGE %lﬁgé"i&#gn}én cel |

E%F}‘E’ minicellspox carrying a total of 6.6ng Doxorubicin, and (vi) G6 - 10

EGFR minicellspox carrying a total of 0.85ng Doxorubicin. Post-xenograft
establishment with tumor volumes between 50 mm’ to 80mm’ , the various doses were
intravenously administered to the mice. Tumor volumes were measured as previously

described.

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

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

: 7 EGFR_ . . L.
EGFRminicellsDox were more effective than 10 mlmcellsDDx, which in turn were

more effective than 106 EGFR mlmcellsDox Interestingly, there was no major
difference in the Doxorubicin concentration between minicells administered to groups
3 and 4 (6.6ng and 8.5ng respectwely) 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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1. A nmethod of loading mnicells with a drug,

conprising the step of creating a concentration

gradi ent of said drug between an extracellul ar nedi um
containing said mnicells and the mnicell cytoplasm

such that said drug noves down said concentration

gradient, into the nmcell cytoplasm 2. The

nmet hod of claiml, wherein the drug is a

WhERP ef(ﬁ‘l@e WhErfetoiGhama depressds bfﬁﬁng%ﬂ" Hgalﬁf b§! éiﬂmand c3bi
1, whereinthe drug is a hydrophlllc ru

rebeptonst od coltured] ahmn&;l mioopeytes,t Ae  efifen ifyersed by ﬁbronectlm

.gﬂforubl?lrt ;00 ¢y Z? 5. The net hod of
AR |ﬁ %%513 a hydr ophobi ¢ dr ug.
6. The method of claim5, wherein the drug is
Yaghwiat @ud] “Currdt proglesdva i dilONene e dyfy T R EOR World J. Surg.,
TARGETED I N VI TRO AND I N VI VO DRUG DELI VERY TO
AVRAZXRDCELLS VI A BACTERI ALLY DERI VED | NTACT
M NI CELLS Abstract A conposition conprising intact
| %5

T BT, Bl e SRPHR Doy Sl BRGNS e Srbfi Bt Bomplex
- resdpind Aeny] B&ﬁ‘zdﬂ LFBQPti1): G5¢BL19¥DNnprising a first
armthat carries specificity for a bacterially
derived mnicell surface structure and a second arm
that carries specificity for a mammalian cell surface
receptor, to target drug-loaded mnicells to specific
manmal i an cells and to cause endocytosis of the
mnicells by the mammal i an cells. Another drug
delivery nethod exploits the natural ability of
phagocytic manmalian cells to engulf minicells
wi t hout the use of bispecific ligands. Fig. 5
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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. The method of claim 1, wherein the drug is a chemotherapeutic 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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COMPOSITIONS AND METHODS FOR TARGETED IN VITRO AND IN VIVO
DRUG DELIVERY TO MAMMALIAN CELLS VIA BACTERIALLY DERIVED
INTACT MINICELLS

Abstract

A composition comprising intact minicells that contain a drug molecule is useful for
targeted drug delivery. One targeted drug delivery method employs bispecific ligands,
comprising a first arm that carries specificity for a bacterially derived minicell surface
structure and a second arm that carmries specificity for a mammalian cell surface
receptor, to target drug-loaded minicells to specific mammalian cells and to cause
endocytosis of the minicells by the mammalian cells. Another drug delivery method
exploits the natural ability of phagocytic mammalian cells to engulf minicells without the

use of bispecific ligands.

Fig. 5
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