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bi ochem cal drugs constitute novel delivery vehicles,
capabl e of being targeted to specific cells. One
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Currently, most drugs used for treating cancer are administered systemically.

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

Also, systemic drug administration can be invasive, as it often requires the use of a
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syst'ems, including controlled-release biodegradable polymers, polymeric microsplfere
‘carriers and liposomes, as well as the co-administration of cﬁoprotective agents with
antineoplastics. Chonn and Cullis, 1995; Kemp et al., 1996; Kumanohoso et al.,
1997; Schiller ef al., 1996; Sharma et al., 1996; Sipos et al., __1 997.

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

drugs in a macromolecular carrier, such as a liposome, the volume of distribuiion 1s
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causes a decrease in the anmounts and types of
nonspecific toxicities, and an increase in the anount
of drug that can be effectively delivered to a tunor
(Papahadj opoul os and Gabi zon, 1995; Gabi zon and
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formulations of hlghly hydrophilic drugs can have prohibitively low bioavailability at
a tumor sife, because hydrophilic drugs have extremely low fnembrane permeability.
ThlS limits drug release once liposomal carriers reach a tumor. Highly hydrophobic
drugs also tend to associate mainly with the bilayer compartment of liposomes,
causing low entrapment stability due to rapid redistribution of a drug to plasma
components. Additionally, some drugs, such as 1-B-D—arabiﬁoﬁjranosylcytosine (ara-

C) and methotrexate, only enter tumor cells directly, via membrane transporters
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-3 (Plageman et al., 1978; Wley et al., 1982;
Westerhof et al., 1991, 1995; Antony, 1992). In such
cases, a liposomal carrier would need to rel ease
sufficient drug near a tunor site to achieve a
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Upon separation of parcnt bacteria and minicells, some of the episomal DNA
segregated into the minicells. Theé resulting recombinant minicells were readily
engulfed by mammalian phagocytic cells and became degraded within intracellular
phagolysosomes. Surprisingly, some of the recombinant DNA escaped the
phagolysosomal membrane and was transported to the mammahan cell nucleus,
where the recombinant genes were expressed. Thus, the application showed a

usefulness for minicells in human and animal gene therapy.
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so usefulness for mnicells in human and ani mal gene
therapy. -4 The present invention builds on these

recent discoveries relating to mnicells, and

addresses the continuing needs for inproved drug

delivery strategies, especially in the context of

cancer chenot herapy. SUMVARY OF THE | NVENTI ON s
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for a bacterial minicell surface structure and a second arm that carries specificity for a

: mammahan cell surface structure. A desirable minicell surface structure for ligand

binding is an O-polysaccharide component of a lipopolysaccharide. Desirable

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

capable of activating receptor-mediated endocytosis.

In another aspect, the invention provides a composition comprising (1) a

bacterially derived minicell that contains a drug molecule and (ii) a bispecific ligand
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of the mnicell and to a surface conponent of a
manmal i an cell. The invention provides anot her drug
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useful iin the context of cancer chenotherapy. -6

the minicell.

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

" and bispécific ligands in preparing a medicament for use in a method of treating

2%

disease or modifying a trait by adfninistration of the medicament to a cell, tissue or
organ. In the medicament, minicells contain a drug molecule and bispecific ligands
that are capable of binding to the minicells and to target mammalian cells. 'Suph
medicaments are useful to treat various conditions and diseases, including écquired

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

context of cancer chemotherapy.
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nbn-targeted minicellspoy (

The invention affords significant inprovenents over
conventional drug therapy techniques by (i) reducing
drug-related toxicity, because the drug is

specifically delivered intracellularly within target

cells, (ii) alleviating drug-associated side effects
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purified and the Doxorubicin was extracted using novel
procedures  (deReEFISESCRIFNUTR OF BIE BRAWINGS N-
concentration in the extracts was neasured usSing HPLC
(circles) and LG-M5 (triangles) and plotted on the

Sl%hap eshidquid ghwmagograpliy GIBLC) and
vi.a.qinicells to human bre enocarcin cells.
i oo S giefs OeROmefy TG MR ey S ofiubitin
ok BT T B CRREARPR 1) O] oL Ak kaged with various
nidhcetrdtidng vt Dogonibiig & e citefhd @hddBRhowd &€the x-axis). The
Doxorubicin and untreated cells. Wthin 6 days after
tmencalspoy weat parifiedatdlie Badorudii¢inovasfextrectBd using movelprocedures

o . .. ..
' {described in Example 3). Doxorubicin concentration in the extracts was measured

using HPLC (circles) and L.C-MS (triangles) and plotted on the y-axis.

Figure 2 is a chart showing drug delivery via minicellspox to human breast
adenocarcinoma cells (MDA-MB-468) in-vitro. A cell cyto;t:ﬁxicity assay was
performed on cells treated with EGFR-targeted minicellspox (EGFRminicellsDox),
| "°"'ta’g°tedminicellspox), free Doxorubicin and untreated

cells. Within 6 days after treatment, cells treated with either free Doxorubicin or
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-7 EGFRm ni cel | sDOx exhi bited only about 30%
viability. Untreated cells and cells treated wth
non-targeted mnicells Dox showed normal cell
viability. Figure 3 is a chart show ng a highly
significant therapeutic effect of EGFR-targeted,

Doxor ubi ci n- packaged m nicells (EG-Rm ni cel | sDOx) on
FSTBapiteiossy eafikies dnlyepagnats siabiliyrOnivakadells and cells
shown on the y-axis, and days post-xenograft
andatddl wigh PR Shrinie bl yashotved niraadicsll vBbIlitd tri angl es
bel ow the x-axis indicate the days on which various

treatments were admnistered. Open tri anglﬁs bgéﬁﬁ_{the_ d
Higwres3 isiartied shewme arhishly signifiernt thegapepnefiest of Bl Rsfargeted,
oups .Gb a wher e ge@kRmi.ni.cel 1.sn

T Rt a ks mll e o mmiry Soeshr el Geest canger
| 1P SeRhh ' id, AdH t-xenograft
5%%18%?2%@?‘53 to”é&algﬁsssg ég{l?giﬁgs of m cg% n = 11.g|cr9er_
gsebldhmdrt grershovdmion the ghaaist Soiidwiiangles belayh the x-axis indicate the
sjgnificant therapeutic effecgt.af EGFR-targeted, ot
Slad B B YRS G P POTBRERT (REL TG bl the x-axis
HBRRe BehRRl: if MARGNEAH bS] grods GIERM GepbER | S
shown on the y-axis, and days post - xeno raft
EST ¥ hlnichispnt weteeadatinisteraidstead of BX1 o Buhicdllsyoxanfhelsgend
bel ow the x-axis indicate the days on which v ri,ou(s ]
tidendifies fresvanenstreatmenisadarnigtererie qrelyeh8igrogen ol prigs(n = 11 per
the various treatnents admnistered to each of 8

5 of mce (n =11 per group). Figure 5 is a chart
showi ng a highly significant therapeutic effect of

e Stk e FSAAEE T B

A S ol i Ay B ietoB ) bl heh B canccs xenografs.
! o S oh __ a

;Igl.gn?t&r%iuﬂéjmgm\)(rﬂ OHar{E? _})-éiﬁrcs NI} JobExetortiffestablighlbare

xenograft est ment are’shown on the x-axis.
Shbivd ohthengkies Sbhd oiarghes belawithe x-axigindicate theadayaps vgich

which vari . dui ni, d, T
g e A
%ﬁﬁﬁni?t%reﬁ td %Eéggméfngg)éra € f ffice = PEper gfe:@pbp) . Figure 6

IS a chart s ose-response ef ct on tunor

- stabilization/regression by EGFR-targeted,

[Rigwrefbisci chapsabwaipech highlycugnificue drrapeviie sMpstabHER2/neu-
VDA- MB-_ 468 tupor xenogr af.t e estaplished,in .
tangsied. IAerombigingack ]giraﬁég;\l@ﬁ - fy}nc\%ﬁg@x on human ovaran
cancer xenografts, The minicells were derived from . Typhimurium (S.1.) or E. coli

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

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

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

group).

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

by EGFR-targeted, Doxorubicin-packaged minicells (EGFRmmicellsDox). MDA-MB-

- 468 tumor xenografts were established in Balb/c nulnu miqc, and groups (n=11) were
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-8 treated intravenously with 106, 107 or 10% EGF

m ni cel | sDOX containing two different concentrations
of Doxorubicin. Tunor volume is shown on the y-axis,
and days post- xenograft establishnment are shown on
the x-axis. Solid triangles belowthe x-axis indicate
the days on which various treatnents were

drj ni.stered The. | | SBOHR £ a5 £ he yar _
Bl AR R Eu W 8Pal o8 105ch G eegs SSRaRHS o diffrent
5] bRk IR R O uhidE vEREERRE W VB 8 Mk Smdfiays post-

present Inventors have determ ned that bacteri al I%{j@ )
clendgrafl estabhisment aiecshows ondhex-ekise Solid triangifis belogv thepx-axis

ackagi,ng, and -del.i.veri ng, drugs, to tar.qget. [
P i o op PFR TR R Wers AT TRy yfte drend
RIS B R8s treathintsRanifsiEhdd 1o@kth 687 fivupgoflflice.
drug payload can be directed to target cells, which
internalize the mnicell and process it such that the
drug payload is released into the
tar ge DEEAILED b L.'.; ag! F -_lsr_': 'e!.".... £y TSI NTS
process w t hout beconi ng degraded. In one exanpl e of

t hese ’I‘ﬂ&%ﬁ@s’éﬁf inl‘??ntofs have QYERhRES (R BRsMesly diafved intgot minicells

packaged ‘mnicells can be targeted to cancer cells,

. hrtteffactilve relicles for pablaotamaret ddiveting drugs 1Gtaygat mammplipn cells in

degraded withjn | at hagal . .
P QIS Y DA R B0 LY DRe R e S P ay Fo el ganrying
?Eg@%é@@adjéﬁﬂ)é $heRtel Fﬁ tggacz,%ns,cﬂhihh Etéramlaste miseel! and

npl es, bel ow. further exanple, these
phessia sudnthatihe dragpayliadrintaenspy inte the aytoplasmy phthe target cell.

e inifbe dRERpATRIs oot R iE Pl A g

hi ghly significant tunor xenograft reduction in all
i ce (3 bne Bk&BpRYF tiEsO8R}oveDRS, th invexrpblssrve ehaidrug-

‘Thus, the inventors have discovered (i) fhat

. @ range ]
péackdiged arinisellsieands targateddo cpreek selés intemaliz 1gg)ttrhc Cincer cells in

g‘qﬁa %glg :dfsagliaglftc!l %th@ﬂ%xtg%&}éﬁ%}nﬁ%rog p?ﬁ%él&%%ég%ﬂ%%s'ﬁ%&gﬁy releasing

- ek ARtiBAIN eftdtive afiounts of idactiedagdntoi thabancer cell cytoplasm.
“significant 25 concentrations of drugs can be

Seathsraxamales, helow: he cytoplasm of intact m.nicells,
(iv) that intact mnicell menbranes are inpervious to

drug Eﬁg@_ﬁ&ﬁ%@@kg&ﬁegg%seﬁfgﬂplvs.%?é‘%orfdﬁoratt&ﬁby in-vivo studies

attachne I gands to surfacg structures
gfing hugranptasikagehgrifisiin ablils mice sintreveres delivary o€ drugepackaged

D B el b G S O e
Idled pi%rol). )SdetRE examples, below. ,

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

(iv) that intact minicell membranes are impervious to dfug leakage from minicell

. cytoplasm, (v) that attachment of bispecific ligands to surface structures of drug-
- packaged minicells does not destabilize the minicells and that minicells can thereby

“specifically bind to target mammalian cells both in-vitro and in-vivo, (vi) that
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-9 phagocytosi s- or endocytosis-conpetent manmal i an
cells engulf drug-packaged mnicells, (vii) that

non- phagocytic mammalian cells rapidly engulf surface
receptor- bound drug-packaged mnicells, (viii) that
after engulfed mnicells are degraded w thin
vacuol es, significant anounts of bioactive drug escape

bhegocgtisiy- ar embiehtosisepmpelent mannidiah ctliveergsifaivegpatkaged
%ﬁ}%‘}gﬁﬁfs 2}%1%) Tl?té'is’m;nrj}%l}ra%gce}ilfhjﬁg{aar t rgfefél‘s\gﬁéiatqnedltgﬂﬁ’ surface receptor-
D R e e I, 3 M ARSI Rfclls sy degrpded
iniithink yaiotes] Sipuifinent thennpedbiactied dmgtescapertd vabuplgr membrane,

unor, regressi and disease. stahj lization,. C be .
LR thgb e P Ao e R e 1 g9 R B he Memmalian
gaIni( !thébch@ﬁi@ﬂ&i‘dpbuﬁ%ﬂ{a%é@é oAReDs f@é(fjtbe@ﬁ%& 1Ry

Si gniﬁ?l cantly reduce or el'imnate unwanted toxi.ci t%. .
Vireubitireisugrowiding hinwgInasseson prawk & dhathigldy significant therapeutic

B M P T R s e i

&@iﬂ&h&fagéﬁﬁmhg!paéﬁagedﬁﬁﬁiaam, bad (Y thap@higlpaekaged minicells
hydr ophobi ¢ and anphipatic drugs. By contrast, live
pignifisany redvet prelinivatsivnvaatieddpxigdy.nenbr ane

perneability to solutes, so it appears that mnicells

. h l | - 1. j . . o - i I .
otk bR e R . 15
autbeiping shat thea datastaniniosl nbanbranésdre petrhaabledorardage of structurally

noxi qus _chemcals that ente into.the bagterial .
iwtaleg rcpbie, BP PGNP SR T oY Cap ishive tpcteril

i C . i nj L sy i ..
L5 S RS T il B SUMRE S st il
have losll this sekictivity. ditulyo isThirprising o iiniveds &g usablpité exped drugs
ecause drugs appear sinply t diffuse into .
P eiricytankBh GRoast Lkt DaRerAl é%ﬁ?s TSI 10100 Shemicps that enter
LJ,“? %@a‘&%ﬁﬁ‘ gﬂﬂﬁgaﬁnlnb ng% .EQJ'nﬁ\é%{ré}Qé §sthic Sh#iat, iPwhich drug-

not her unexpected aspect of-

o

- ldadednuisienlls aneeespended inphbbpitate-befiferpd salinsadontaining no drug,

si,gni ficant dr concentyatjions can be ackaged .
TR TR GBI ST 5 240 Lo0BLE PPAARE BgBBF ALies CRRg Simply to
SRRSE intBRinfRllS thrSYEHARIREMiniCAN R hibariels Oyt ileCdiffusion channels

concentrations of bioconpatible solutes.” Thus, it was
26 rive bvalebie fonadrugstie diffuse ght ofminieslst fAnsitkarunexpacted aspect of

B ReSeR e BRAR i moBOARE R Blifoatl it sopspiions canbe
- PAAABY! @B Bfiodsb&Rhde bokiRkRIE tbasthTEnE Hehéd, el

ell's to deliver drugs-also’s surprising for )
syuplasih) cemtsins significani congentxations ofl biocompeatiblaphitest Haws, it was

gélyegfeg %ﬁa@ﬁeerg mrPglr&l b%elllslu gi%n s%tareI ﬁ%ﬁce‘ﬁuﬁ% slpg(t:eototalggommodate
high concentrations of non-biocompatible drug solutes, without toss of minicell

integrity.

The ability of minicells to deliver drugs also is surprising for several reasons.

| It is unexpected, for example, that drug-packaged minicells do not leak drug into the

extraceilular space. This is a persistent problem with liposomal drug delivery vectors,

“and minicells, like liposomes, are non-living vesicles. Nevertheless, although intact
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30 extracellular space. This is a persistent problem
with |iposonal drug delivery vectors, and mnicells,

i ke |liposones, are non-living vesicles. Neverthel ess,
al though intact -10 m nicell nenbranes |ack
selectivity to drug perneation, the nenbrane integrity
is sufficient to prevent |eakage of intracellular

sol utes. SO_SULPI i Si.n and unlike. ] r
Foi 0 P uERe P R 5 B iom, U AR ek iy s
affbidd to prekmdesdkapt of flabahdaasned. Aledserprising, and unlike
destabi lization of mnicel] integrity or_ne ra% 5
Sipopamalais AelveRBYeateB, Aitachment g gl SRR e

LS unexpe t < s TR

SR BRBIcE 0% P b BRGRAE R or bRl apRlty o mgnbrane
PerBIatibis that febule irpdrug 1éuka ge Cirtler) it Famaxpéotdd that dmgpackaged
two. It was w dely believed heyetofore thatl

1 e L e.
sinicels ass, errlpReosAcRRItiADY RAINPEACY HumarPiAlian RIS Simply by
i ayad gl ki ha | Bel@Ve@RérbioEore that
RO AR IROREH P AR R Ot RIRIcH BeIRDed Rirbtofore
nargt phrmisldaylike bacieriap asthamy penditaté aml inyadg romplhagocyiihg

C LITNE T e RO

eind i’:?.aqwé%aﬁﬂ%%h.a Afidi iR flonTiveRd Veuidles Rcking the ability to
I'specific li'gand are able to extravasate tunor
netivilg invlade noe-phagadytio maalian dedls.e Yiekarasheri syiss s that drug-

debat e .regardi ng t.he | eaki.ness o t (A

FPAAEG MU AT e & PReEHPS Dgrad exe e, xirmyasgtedumer
BhasPRLRSe iMvivb e Wil 1o as eolsilciite astatelfogartiiy theniéakiness of
Ianmeter (Gabizon et al., 2003).. Mnicells carrg;eggnth%

sumbemindrogingpnicotwescypsculatere e caent \douinthahp

di aneter;: yet ' ar . .
RedvRcaarat areo ki 8 50 HRRanRoeplbhpY 85 3icRs), Mikiells carrying
IaNbuifabd BANGS howevery fied4@Degn fsU0naninadiancics, yetstill arsiablp to
for several reasons. Engul fed nmnicell sﬁﬁ_{‘e Sﬁbéﬁ%ct ed . 1ls
fetibyasatsdaior aperasenl suEsiod bl eI Al AERESPACKBEGT 1P guinice

e har nd 2 ' ] i nicel b -
R
QBRENE fo RBkoraallaad ste@hdolongd eavieomedrdnkeawi tobe harsh, and
mnicells in a biologically cthé%érq?rmand.renain

S¥jh bicgk oy il Dispitscthp 4as! S8 SRUFEFP L™
ggf%&ﬁ- oggellrg&fﬁ‘l%{ erlg%gfof Aridls G frbIERARE i piRicER indbiefogically

0 esc ts active form into the
RAveldraNartialenaby sipniffiesmntly Walterean Pettmps ke mose surprising was the

dinvention, that s, drug 25 co?aent.raﬁ]i ns Wit hi
i ARled

isomupTy thatces gRITR coppetiahign o O BRRAPS i agtive form,

B2t

* ShGhS plahm ROAT LIt OPsluthe Yo R FRERAK ixiRRion, tits, drug

Surprising scovery I's that “drug-packaged _ .
BoRt@miakisnsrividhin memmalian cells are sufficient to work a therapeutic effect in

“both in vitre and in vivo experiments.

Yet another surprising discovery is that drug-packaged minicells minimize
adverse side effects. For example, at the site of intravenous injection in the tail vein
of nude mice, free driig injections cause severe skin reactions, whereas drug-packaged

minicells do not cause such an adverse side effect.
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- mnice

adverse side effects. For exanple, at the site of
intravenous injection in the tail vein of nude m ce,

free drug injections cause severe skin reactions,

wher eas drug- packaged 30, mnicellsdo not cause such

an adverse side effect. -11 In accord with these

di scoveries, the invention provides a conposition

consi §{ LAy Mds@bis¥oRfiics haGtverlioh sbvides baposition
contain a desired drug, such as a cancer _chenot her apy
donsipting leesetialnef iotacainsnicglisahatdestadn & deaisd idryg such as a cancer

, ; bact eri al derived i g .
SRR el THE QNP B FIS) DL S D Bllop oM RIE®
Bgtﬁér‘?zflg’r deriVBE§ [itadt RENITEIN 4&1 6D aGMRARARuAcAlyUIGeeSalild casier
a canceér chenot herapy drug. "Mnicells of the

{hevefot, ivdrerethe ninisellsenmainardrog.chickeas & sanceprhegiothgrapy drug.
bacterial <cells, engendered by a disturbance in the
coordinatign uting..bi nary fissi [ | ¢S Ei8RAal
it DRABE ARSI sl s G E Bl otiort

EER) E@hiieRd b§ al disti®enéoin the comidirationrdpriti diriaoy fissibu,oif cell

i nvol ves md-cell septumformation. In E coli. for .1
Givizion withRNASPBRESionm FokEEg ogmesamal Fepksation i finked o
remove. t hei phi Riit L HRRict ® c68) #
g L e e el
axdopleBhutaden ghingT ganek, suahds arn@Dycinaameverthsi inkibitiongdseptum

d t at 1992; Raskin, &.de B , . 1999: .H
frmebanatihe cobpoles Aing colb iy sionribiy i Dpdicbl pfa prmal

| ?él?ﬁ'e i and %hﬁucl&’a@fﬁﬁﬁi@éﬂﬁ 8ad 4@B8e0R ae! Pd9RdRakEN & de Boer,

ase Spo aneously I n certaln §|tuat| ons and, I n
1609 G BASitkénhans, 1989] Harry 2081 n ddininels tus dginst fiom other small

Destcles thet e emaered opfl e gired SRURRRTHRY i portih IR and, in
EQerdtt ﬁ ﬁﬁgiée'fls,t dle 5@%’ &ue o Fic @héticRhirmgemenisantepisomal gene
s").

I'n addition to mn operon nutations,,
axpresstat. eForipmactielrigsthe psaseal o verdios; ﬁtné@e51rﬁb]|e|fgx,g,n,m@c%us to have

range Qf other genetigc fearrangenents or nutations
e Cﬁﬁfv@ﬁf?‘é’éﬁﬂ‘?‘i}mm?&sf rmation, for exanple in the
divivB 1l in B. subtilis. See Reeve and Cornett, 1975;

Levi n1ghddition &98% opdrth GRltdtions) &ficlkate himidetls alsd are generated
followng a perturbation in the levels qf

gene
folluveng komgsfof pther gepstic Te¢BRRZNGNES Qgppiaiions t%at affect septum

I vi si on/chrongsong s I an,, 1k tt, 1975;
BrGE TP I e ALl Psueif, SERHReBnd Come
PEGRUS . OT090f Miriéedielals®. canBerfoiraed folloshimpapaturbatiasin the levels
mnicells may result from defects_ in chronosone 2

sEgeregaprashion of proteinp ol Yrd ipysll diyipgp/C mwoglscﬁeg’f%éﬁ"n- For
B, B AR 83 A S it
S8hilartyichAGRosdne-less minicells may result from defects in chromosome
segregation for example the smc mutation in Bacillus subtilis (Britton et al., 1998),
spoOJ deletion in B. subtilis (Ireton ef al., 1994), mukB mutation in E. coli (Hiraga et
al., 1989)._~ and parC mutation in E. coli (Stewart and D’ Ari, 1992). Gene products
may be supplied in trans. When over-expressed from a high-copy number plasmid,
for example, CafA may enhance the rate of cell division and/or inhibit chromosome

partitioning after replication (Okada et al., 1994), resulting in formation of chained
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at, 1989), andparC nutation in E. coil (Stewart and

D Ari, 1992). Gene products may be supplied in trans.
When over - expressed from a hi gh-copy nunber plasnid
for exanple, Caf A may enhance the rate of cel

di vi sion and/or inhibit chronmosone 30 partitioning
after replication (Ckada et at 1994) resulting in

r%e q%rb :‘ugu ?f $ %?m(get ngacl%gzgg ]%?Q%{ (?lat]tgg?% Minicells can

e préiRkdd froaNanytRcReRRIed Grmnp@ityvdo@@ﬁm-mgaueé brigif.
G am positive or Gramnegative origin. Mnicells of

the i nvention contain, one or nore drug Thlehte
ugs €

dr ug Minieellsefdbe BNGRLSRFONBIDERTE IPGT ferm “drug”
RAGLIR Ol I SRAANcARF bt i id5IoBERy LYo AAMHLapraduces o

em<T e I'n an particularly

Neguiret sywtdlcmffmm anmlalgsaammld:rbr manmmajam&:hmnamr dmiscmay be

¢ompounds, W thout |i i.ncl udi

PROSERNA ST OTHHG STEPoHR Han b S é’&l?ﬁfgeﬁyp%tems’

.\ﬁmﬂ% 458ds, Bfd Shal ﬁfcﬁ&'ﬁle% Sthyr wiBk Befyase Bkt feized BEY

€ I n-various forns, such as unchanged nol ecul es
anbleradterizad rfﬁteerxw begharriaeofongiscaichys yaehapgedmelecules,

S S SRR SEL 6 ok R L B o,

Bgalroﬁc?mldéo Edffe, lﬁﬁﬁ% G}Saﬁmtatgﬂjblﬁ%bﬁatet Aitrite adigatepbaraepacetate,
licylate, and the li'ke. For acidic drugs, salts

of
mesil it tartiad, mdsate; salinybdm iand dae il sForfa@tdné dmgpl S@lts of metals,

uaternar anmoni u can he use t iV

A e SR ad o ERR0lF B Rnary ¥ ey 620 0 yocd.
Wﬁaﬁ*@esdéﬂ&uk@ aticH & bav&| edtersandlautilies dancanceused Anirag that is
formthat is a water sol ubl e derlvatlvea r eof.,

aval® insadublgsan banpedinaern ghat isn watersalub vative %ereo? orasa

. Z)nSt@eégva’t (rt’l}eb ¥ fzgvgl g% F%ﬁr%s&ér&ecepﬂf{t% ﬁgl\kkﬁy is converted by

Eﬁiﬁﬁéﬁ h@(dfﬁl%bﬂﬂﬁﬂhe b@dyc P&, c;:rrbygmthai metabehapmuesscsaiol the original
active form Drugs having any physi ol ogi cal or

theaepeadicndy petive 1880 vity are useful in this
i nvention, but cancer chenotherapy agents are

pref er e%% gt?g%gﬁnﬁﬁ{mo ERAGR! a0 oBERaIaPYy Sfeu@sful in this

i nclu ard r osor ueas,

giveyitien chuti carcerahmotberapy Iagmtaagsqrefe@tedalzilgt?e UYnedulicanger

compounds, pyrim di.ne,anal o urine anal o

Shehatbesy e P SRR HStaels A ERrRRgE: Sdgneimine, elkane
4 ' £178ine afalopd) iphtihe bsalogs,

Eﬁg&ﬂagésﬁéér% iahﬁhlﬁ c@ﬁxﬁgugﬁ?%gﬁe not her %\pgbgr ugs ar (()eg

Aatimetibpiites; faglaté\lakadog;l anthrmyﬂ;nean'@gan@z pinga alkaloids,

Aspar agi nase, ..Bi CNU,, Bi cal yt an de, 25. .Bl e
A RRlr B HormeaslapnG: ExerisliteRrtpi Ry drogs are
g?c@i?lﬂﬁh‘cﬂ? D, Man, Ara-C, Anastrozole, Asparaginase, BICNU, Bicalutamide,
Bleomycin; Busulfan, Capecitabine, Carboplatin, Carb0plaﬁt1um, Carmustine, CCNU,
Chlorambucil, Cisplatin, Cladribine, CPT-11, CyclophOSphamide, Cytarabine,

- Cytosine arabjnoside, 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, Mitomyecin,
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Chl oranbucil, Cisplatin, Cadribine, CPT-1 1,

Cycl ophospham de, Cytarabi ne, Cytosine arabinoside,
Cyt oxan, Dacarbazi ne, Dacti nonycin; Daunor ubi cin,

Dexr azoxane, Docetaxel, Doxorubicin, DTIC, Epirubicin,
Et hyl enei m ne, Etoposide, Floxuridine, Fludarabine,

Fl uorouraci |, Flutam de., Fot emusti ne, Gentit abi ne, so
W{o@@@ Ngtoxlaﬁef&!ieemxﬁ iR PactIE O PN Rnatd, PRhtRIafh N,
osfam de, Irindtecan, Lomnustine, Mechl oretham ne,

Rb¢ainatin Prodrbazan, Hptuxinmeh, SMroidst Htepiezecin)SThAYkiStreptozocin,
-13 M.t ot,ane, t.Qxant rone, aliplatin, Racli.taxel
Bt demorelin B rnimoice o i A odspniag 1iGHR, Tomndex,

Topdt¥éABPrecpheh, dFimetx Rt VaMidtine STincidiine, Vindesine,
Streptozocin, Tanoxifen, Tenozol om de, Teni posi de,

Votarelbinee VPTHI, @gd elade, Thi ot epa, Tonudex, Topot ecan,
Treosul phan, Trinetrexate, Vinblastine, Vincristine,

Vi ndegj.ne, 115..Vi.naor el bi ne.... VP- . :

wi i B RN ERE - HuRGiots o s Sl Bty ogpein fower

PR hBswhl sortaninating pawsbactefiahcabedit] 01 ntisiotlsyived prefprably

parent bacterial cell per 107 mnicells, re. s ..

gonstia fawenthan émlailwon@mnattw%&aﬁfeﬁ%ﬁ?%ﬂ%dPH‘F&ll& even
re | r Ll cel 9

RESI-99Y Al ROELURR PR ChRGFRoAy LA el yr 10

nariedls, kit trrire plefaably comtainl@®er thamabbukl tantamsinatihg pareet

referably congai.n fewer, than gboyi- 1 contani nati
sicainl celb et q? ginigells %@0%9&%6%5&@@1 I Feypgy thptbout 1

fin3ih | m fi1sl  contani nating
%%l\]?;en hact g&ﬁgﬁdcgeé{aﬂ%gér?gllﬁﬁﬁﬁlgel | s. Met hods of

purifying mnicells are known in the art and described
in  Pueth&BHfPatising Gimiceliscdre kpowndn therest anskdescribed in

EERIPRRISE, Lo e S ubl i B st B

éa{rhl?él% I Qs biRBE sthfbR¥: FE&bEE 1D i Mcat-dnd filfierioTRtiudaiey is
urface). Optionally, the filtration conbi nation _can,

papergliedetiedhe membririe sarfaer)i Lptivsatly, the filiration cogbmagign can be

i.f ugal. 0. ' i f
Besdep gt pn P RARY ab T se Pibleelu o Bjovp gome
Forfibs 8k ke badRR1al 6dllsiRithdreliy &rfithdE Rapbreamhtdysmitdeedist y

gradient centrifugation in a 20 biologically
conpati ble medium After centrifugation, a mnjce

. ),
band Asothsr pudfiestionimethed ereploya dersity, eradignt spiripgationyjn a
the minicells. i . o
@8&;}%&@5&?&@%&ﬁ[§gé&g #Jfgf?eq ob TR E%Hféﬁlrl)gé?c%l}?.collected

ugat’ron maxi m ze

- fibs tHe hdemPand, Upﬂid}ﬁllrj ihe miflieels afer sabjesiedao Yurthee pouids of

erformng differentia nt|
nsity gradieneeairipgagion to maximize purity.

preliminary step of performing differential centrifugation on the minicell-containing

sample. When performed at low centrifugal force, differential centrifugation will

centrifugatign on_.the .
2 '?he methola may further include a

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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HERsiyTR

sanpl e. Wen perforned at |ow centrifugal force,
differential centrifugation will 25 renove sone
portion of parent bacterial cells, thereby enriching
the supernatant for mnicells. Particularly effective
purification nmethods exploit bacterial filanmentation
to increase mnicell purity. Thus a m nicel

purification nethod can include the steps.of. (t%%
Bk aetly fadoptp Pieregrows fgloloEd By (B fferipe the sample to
gg%%%Lgﬁiﬁﬁ{g@ﬁﬁnﬂcgﬂg&ﬁiﬁgﬁ_ent -14 bacterial cells to

anent ou orm followed by (b) filtering
the sanple to obtain a purified mnicell preparation.
Known Knaviremiinicgllipurification methnss latsgan bs gonkinede One highly

Lned. .One. hi ghl f.f ' nbi nat i f t hod
oy BB FoReg o "o o o ot s
of = mnsel pragieing becter b cBlL e LEEC IS o
e C Shid &%\e‘ﬁ:ﬁgh fﬁ%?tbe @@ﬁfﬁe&’ﬁ%@bﬁ for 4b8hi 20 mMlitdsSremoves

I'eavi ng ‘mn the supernatant” Step B: Density
aicatpaeht eetdrial tellpavhie leasinggninicells ot theisvpernatant.
non-toxi c density gradient medium This step

- separ @sBHi Ni ceDémsity fgk-atieresytrifigrtianusiagtzs isdtanic and non-toxic

i ncl udi n% parent bacterial cells,, 6 w tl]:; m ni mal | oss.of "
enfnediama phhjs step pepagaiesyninicells fnm magy fopRFRagts.

idihe 8L j - idelllb t PRIERBy, this step is

Rt BhieBdEiCen® Lot L sybRIRRE O BICCIIY PRGNy, this sep

begrhdivithia @l gurifeati@ninetibdon. Step D Stress-induced

filamentation of residual parent bacterial cells. 15

Thi's gy, be accopplkss-SBdlR%tSM Hresih 1045 fien filter wefutther reduce

suspension to any of several stress-inducing

earent bavienidl &kl contdininabien. Step E: Anti biotic treatnent

to kill parent bacterial cells. Step F: Cross-flow

filtratépD:to reSmass-isdumed fitomnationanfiresideal pareas bacterial cells.

nts, .bacteri.al . debr

mb bl ebs, ., f '
i e e ar B bel B DEEUBORERYedh A B op (g g vera

k é&eﬁ%ﬁiﬂ&g&%@ﬁﬁr&fx‘ﬁedﬁl%ﬁ&'ﬁbﬁ& A 0.2 pmfilter may be

nploye separate mnicells fromsnall

Concontbt m ni aafigic uhiient GTRACbpRHRIGKEE 10

eI. m Igatlet-,peF:f 3 ane&to(s)g-%logveﬁlgragag errein%vc small eontaminants, such as
membrane blebs, membrane fragments, bacterial debris, nucleic acids, media
components and so forth, and to concentrate the minicells. A 0.2 pm filter may be
employed to separate minicells from small contaminants, and a 0.1 pm filter may be

employed to concentrate minicells.

Step Gt Dead-end filtration to eliminate filamentous dead bacterial

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

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

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

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

| ‘comprises bringing bispecific ligands into contact with (i) bacterially derived
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‘target non-phagocytic cells. These cells._i n&{bude

“intra

cells. A0.45 urn filter nmay be enployed for this
step. 25 Step H Renoval of endotoxin fromthe
mnicell preparation. Anti- Lipid A coated magnetic
beads may be enployed for this step. In another
aspect, the invention provides a targeted drug
delivery nethod that conprises bringing bispecific

B

- eanR| hamng gidcicity er hiik peaictil and iagadisn chb gpmgonents, cause

specificity for both mnjcell and mgal i an cel |

sapwieais 30 bing ie dhe pamoaiaR £els) sichdha thmprjegifere engulfed by
B g 1R of Ruhifhali

B HRATaf G anHE At R rol REATH (R GpIRLR o I thinm palian

tHlés.cytopl asm of the mammalian 5 cells. The inventors

found that this approach is broadly applicable to a

range_of . mamal.i a ells, incl,udiin ell s. :

nor rralTl%ﬁ inyeatqrs found; tﬂ“ﬁ PRIGACH 15 bro %%pﬁhc%ﬁg&%arange of

ﬁ{héﬁﬁgéﬂiﬁ%ieﬁs,%cmﬁg Gelld that iStally ARDIeractdip Regetific adhesion and

ant i body

I gands wth anti-0- polysacchar.ide

epdswiytaisisi afyminicelneFor axazye, RispreifiERutibedydigagds with anti-O-

i - EGE. 10 antj : :
B S S BEReOh ohbd AP e BAEP i B reeptos o
Hhilafidloksn fReptofspe M Unithe ohee api effiviculydbindungmicals to the

respegtiveveeepters op pannge aiitaaetnonphsgpextie cale dippse qelf tghude

ells. Moreove L Cl : ndi félent
Byt B e Ay cdlefhap. gt aeenelr
BR# et kapid emddcgtosisof Ty iticailsldyssack of He non-phagocytic
i nvention include any cell into which a drug is to be
cells oduced. "Introduced," when used in reference to a
drug, neans that the drug carried within a mnicell
i s del i | 3Midh a drug is to be

L P O P Bl iiFinciRl any PEITL: 320k o g

oftasdacédr Hagddived Sxviiensskd in wferencedbla drugfreansithadin dug

T AT ——
ﬁ%@?&ﬁé{ Hr%%tl c’égﬁ El.ierlﬁa}agﬁhz&!‘a E}gﬂsrleﬁcﬁ{ 6f 06411 surface receptor that,

prof essi o agocytes, su macrophages,
dpousibinting afel ligandnficilates etidogytosier Peafeiyred targed cells are non-

Preferred tar |ls,,al L i
pheRoGH e g BeCEe SB SR gL B RoR DR s ARER,
!(r:zgh\rérpﬁdggglg 0, HO i el189Yd RERRAI Kiat QUE ekdlst Prafesred taget cells also

t"on a target cell and to a surface
are mammalian.

Ligands useful in the targeted drug delivery methods of this invention include
any agent that binds to a surface component on a target cell and to a surface
componént on a minicell. Preferably, the surface component on a target cellisa
receptor, especially a receptor capable of mediating endocytosis. The ligands may
comprise a polypeptide and/or carbohydrate component. Antibodies are preferred
ligands. For example, a bispecific antibody that carries dual specificities for a surface
component on bacterially derived intact minicells and for a surface component on

target mammalian cells, can be used efficiently to farget the minicells to the target
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25 conmponent on a mnicell. Preferably, the surface
conponent on a target cell is a receptor, especially
a receptor capable of nedi ating endocytosis. The
| igands may conprise a pol ypeptide and/ or
car bohydrate conponent. Anti bodies are preferred
Iigands For exanple a bispecific antibody that
] 0
sl @115 BP0l 18 LD, (RLOTUPHIA ARG ipGRRERRGRbr hzymes,

cbmdt:rgepdpndas fusubxﬂclge:tenn@mtﬁh‘s and gehll sioleatesbe used
efficiently to target the m ni ceIIs to the target -16

nammlt@n %EHSI tlﬁan ivo., Useful Ilgrnd(s
al so i NOF Selectiky ulay, is magls onHOPRRAD Guga: )
S@gﬁl{ ﬁﬁﬂ%ﬁ?% ©ené [)pﬁ‘l%i‘ﬁn@bn%lqs &?ﬁ{e suff%@&ﬂhﬁa%t nﬂ}ﬁé‘ells and (ii)

a particular ligand is nade on
pspenafiq/bmdmgeto oBe o( inpre dypeaing mmtlblsutﬁactgoftbe wgetmellsm'fhus

f d
R Bl et PSR s Bty S 4 M alty degved
O{matd@ EihRED SlrfERl Stitictufd ARl a $dcBANEhin R EATRDkpechmis for a

first-armthat carries specifici té for a bacteri al IY)
deempeadianicall sotface siuetue. Baphfefdke Hrst and sacend sgmsmay be

sec nd ar t.carries specificity for . I|an
cgH 238%‘3%?1913{ :h é‘g’&"ﬁmg?p “t W‘\é Y & W@V second
ar ms rray be multivalent. Preferably, each ann is

NONOS PB6t bihéingay ®actefialluddrivea ndnicells, Gt sdesibiblefor@nt arm of the
bacterially derived minicells, it is desirahle for

igandrto by épemﬁg feidhe © M&Y@ﬁ@l}ﬁrﬂp copipengof a lpopolysaccﬂande

e L

 saupleics for ligaidibiading hmludnenllkmrfaee@pkmsbé golypeptidegand

“ 15

20

bi ndi_ng i nclude cell  surface-expQs oly i des and

oGt 185 €8 0BT BEELFAE A ALRL siﬂeﬁ gﬁﬁ Qfasgl,?a cell Surface

' élﬁl@ ghtka cell surface 15 exposed peptide
E%ﬁ% or%ngngtotarget cells, one armof the

I|gand is specific for a surface conponent of a

manmal Fambinding fo Sugét ceBsypon erm of ihedigead is spdcifiafor gsurface

L e

r;fe? GRE LA ca&ﬁ&?ﬂrﬁéé YHel1RE BhGARERE A furBiiaVRtike Cell surface
ept or - nedi ated endocytosis, are 20 desirable cell

sucdpias, epapioly thase tapablenfgetivating @gmtorwéwtqﬂ endogytosis, are
i the target cell osurf f
ORI T OWER T e —

- tth@ irB& celltRpRmED kohRe Baditihd BEARSS foi tarkdirgome cells to be treated,

25

30

delivery to non- target cells. By way of exanple, one
ithgreby rebicing the posubility, forrdt:la\@n'ﬁto no-targef cellascul at ur e

By way of example, one may target tumor cells, metastatic cells, vasculature
cells, such as endothelial cells and smooth muscle cells, lung cells, kidney cells, blood

cells, bone marrow cells, brain cells, liver cells, and so forth, or precursors of any

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

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

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

neu or c-erbB-2), which is frequently overexpressed in breast, ovarian, colon, lung,

-17-



10

15

20

25

30

cells, such as endothelial cells and snooth nuscle

cells, lung cells, kidney cells, blood 25 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
nmotif on the desired cells. Exanples of cell surface

I r Cepi alle or receptor
T o o B YO0 cpiaeal pRovtk Elor reoen
|(B6FR),palnich édlsghlyredpreasadrinianemgstdfisalid tumaers inpduding thege of the

Ma ||, 2003): h lj t R2 3 _
et Btk nech poonsinal pall gk o brogtrls Sobidiardt, 1995)

if : h, 1999); serpi
AR It Syl g ttio, 30 i

feagyoe coreplepreneptof. SR is euprested en hengtaoytes K ieds ¢&¢f-»i 1997);

f idt ' di 1 h .
SR GE o s HACREP B0 9 PPk paereeti ot
RSttt IR PRIRES dlal., 20395 asculasérmiotglivlcgpwei fictor receptor
repegtor (Stockert, 1995); transferrin receptor

(YEGER), o ogtj-angioggnasiskenn thempydBepkane’ ¢ omnd Hoshidg e al..

' d h . ' : . : .
RIS Bl, NSRRI e A pagd)m ot Blompcincus
Qvan AR ERsRas (GosPelicaRFlLde; 2000 edll swafhea ghrocilyroBatra ef al.,
cells (Kleeff et al., 2002); vascuylar e _doghel i al lobuli
J PO parbeladspte resepnra (T -U(r_n))EGERy{os P8 ant PORRfT SRR ogiobuin
g%ggso;},%?g%’seﬂsr@gg E‘(gr{ %e‘ri‘lte dﬂﬁ%ﬁ %cIQ g%gg?gg%{g{egﬁ &&lls 8hd attractive
etFRKpea s dthg disc886 suich ae Mysiid Fibussid(K izt efard., 1997).

carci nomas (CGosselin and Lee, 2002); cell surface

| ycocal yx (Batra et al., . 1994).: carbo rate ..
?e%:/ e p&-@) p?fiur(ﬂ%q{ @ﬁﬂ@pl%e flntglv;r?l, i@gﬂgl?mgh{ﬁ aﬁ:@ﬁgﬁagmc drugs can be

; 68 b iact TGRS Bnd w%&éu BHSEbEthe [dRligsaRaA®e achieved

el'i'very to respiratory epithelial cells and

a6 speaifid infectedaells,rsech e HI Vanfected hetier €xEsTdymphegytes.

Cystic Fibrosis (Kaetzel et al., 1997). In a further
exanple,. anti.-viyal , anti-m ckobi h=RALaS tA
i ge FeeEb i g adeied o AR Ao AL, 'Aused
ReKid, MRHR Hasitlddye elcdthpdsbe Alfitgamptottinansleeule dbtained by in
specific infected cells, such as H V-infected phel pe

r 3
 @ipoririwwergenesation of pn ehEnegenic psReRSCe dgtege antibody’

anti bodi es, and/ or ant i.bo ' ' , "
Frsni? PO Bt E RoRR gAY D8RI Ko, 4 il os antibody
dBIARAS Qs hsiABleatheitartidbay Ragmetsi(ScFv)) Amtibodies and antibody
Vi vo generation of an inmmunogeni c response. 1izhe term

demvativeslysefolinithe prosey ipvsmjien slsammarbmelapingd by cecompinant DNA

fves, such as si ngl e-chai n anti body fragnents
(scFv). Antibodies and antibody derivatives useful in _
t he prgaeMpe mybodieohawd foar polypéttideahainsgtivdidentical heavy chains

reconbi nant DNA . . .
and two identical light chains. Both types of polypeptide chains have constant

: rmﬂocl onal antibodies; as well as, antibody

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

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

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

 binding domain that are most directly involved in antibody binding are

“éomplementarity-dete'rm_ining regions” (CDRs).
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techni ques. WId type anti bodi es have four pol ypeptide
chains, two identical heavy chains 25 and two
identical light chains. Both types of pol ypeptide

chai ns have constant regions, which do not vary or
vary mnimally anmong antibodi es of the same class, and
variabl e regions. Variable regions are unique to a

ti I t |l
Gormi e T RRdgAY; 860 sepRer e B a ot SR A e
Qhtibb®y BRh RS thabteislh e AANHIB shétiicaAybID & antipeeC tduch
|nvolved in antibody binding are 30

| a@bh?dseﬁm@ms incluflcthab fragmegty (@ fragment thepraptains theantrgen-

ntibody" al so en t
e fPath i soPuptRe SR BETRASHAP R o HeHSY olip bridged by o
tdi'sﬁllﬁ&li boridy, Fdd’ $aeHitiboaR Hagmléhwbntzﬁmiig Talsgghes ant&d:n#bmdmo
ant i body fragrrents i nclude Fab fragnents. (

tdesain epmpiising afed and a@éﬁdltlana:l@pﬁgmoqu hea ipa TefSugh the

SFARSB0, a0 OB st e b n e

Thimgregions ofthei Hehvigclmins) bisparific Bein(alifabdinolgeuld hmngi two

TEHEEA B domsiig R WHER BV De g Ongugt"egex'e‘tte@go;)e) and
aﬂ%c}?ﬂﬁh@‘&}%ﬁﬁe, a‘ﬁ’tlﬂgrfbﬂ:ﬁl %ﬁ&&ﬁﬁﬁ%ﬂ%% Hh bk de; 'aﬁd heavy

Fnge’ regrons eavy chains), a bispeci
ichhin (of afrabtibodielinked thgatherd:yta@alramﬁ dngien ‘abidsgi n g

“domai ns, each of whi ch may be directed to a different

epito , v r| abl e,

ant i oonhin RelthegscReRpmeATOadY BabBinG;copsipepat o ffof the

iHI%gn r&ﬂ&?&lﬂl‘y e FhudiahiopRéYor 4r kdlifi@Utteasuitihle dor use in
n’of ~am no aci ds.) \When antl bodi es, incl uding

émmmdﬁofcaﬂghﬂmmmzﬁdrwnbo@m qgamelldmoa\m inghe srtoSee, e.g.
Snds a? h%@sﬁﬁe%@% o 08{ m&l%%gfaﬂg%atﬁp%gglor in -

WBBERAL Ry YelbatheR an@gauwgd 1h aklﬂm\m: iMethods forthunrBeizing

, ., 15 Gsbourn et al They_ have been ified
taytglg@eq 4re desmribsd) &g EhUzﬁw @F@ﬂtslNP (T LO0LES ?@’aﬁgg 89 gind

, R\fmﬁ%)%?r ]R)j' rIg ?t;é %%%Tésg ££§¥b e%%%mb%gboﬁﬁg E&%ﬂfl@({ lg grafting the

RatigdH-binbihg 16063 &nbah as bbmpﬁnﬁﬁﬁuﬁﬁ»ﬁeteﬁnmuhg)regwns (CDRs), from
5, 530, 101. In t he si | est case, &2 n@&iﬁd anti bod ef’988 d
armaoyss Rl i) adiuman 18- 1¥6s Jonexdr génl an

oiﬁey% e 81”(];5! L?%'ge mrg{eﬁ raﬁ&‘i Efl: %ﬂ'am&h‘?%hg&?g%%dws,
&bwevéx? g&erﬂlﬁﬁelqﬁﬁemﬂlettraaﬁ&r aDER; oranolre\édditumybmsmhes from the

al ., 8. The gener on o h-af finit
gmqa]é@fhfr@@ework reglons%lgll{s) of t{ne motuse parexllt r:aA}() ré%verai vanants of the

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

25

Human antibodies, rather than “humanized antibodié?,”-also may be employed
in the invention. They have high affinity for their respectivé.antigens and are
routinely obtained from very large, single-chain variable fragments (scFvs) or Fab
phage display libraries. See Gr_ifﬁths et al., 1994; Vaﬁghan: et al., 1996; Sheets et
al., 1998; de Haard et al., 1999; and Knappik ef al., 2000.
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- vhemicakanl/emgenegle £10§

however, generally requires the transfer of one or

nore additional residues fromthe so-called franmework
regions (FRs) of the nouse parent mAb. Severa

vari ants of the humani zation technol ogy al so have

been devel oped. See Vaughan et al., 1998. 25 Hunan

anti bodi es, rather than "humani zed anti bodi es, "al so

may b%{s@ﬂ? %s albdinbRge | 'b &ﬁ*ﬁé Sﬂgle-@ﬂgiﬁ ﬁﬁ\é@d@k Ghich typically
affin err respec I'gens and are
hfaﬂabo&ﬁbiymmhicdymddésr mmmfmg/of avgmblesllgtglchammmﬂn covalently

Fiitabes (BouEIRa Inksn moEHS Lot CarrespondiBa T Aualle A O shaigporton.
%%g $is. %‘f’&ﬁ§? 955,88{)), 5 2@&%% iy SRR 7. elﬁlsﬁémﬁc ARRRdiesdlo can

pik et ef 4I” Ti gands” al so i ncl ude
bk smﬂe iblyi otheximethedsc i exanple huginisa) haleredonjugptes gam Ye created

are_recofbi nant poI tldes C iy S bl e
prahemicall bifparienor iped ceatioon FABHSR o

| 2o Rdter uyat
s ‘%%%’ﬁ%hﬁﬁp‘é‘é%@ e %??e%ﬁeﬁégb%sé °E@‘§6%a ?oaée

difficdl; 69BaKT B a Blps(ptbmbh manneriapd el ledss vigp As 1asgaps normal

made by ot her .ret hods...For .ex

Rerer Bbe s Bireeioe bR oo beRk by lsuifide
b!aélﬁﬁge atibR afliobfes RnzAnitideivabe aghieaisochition lof iheraanbody
specificities. See Karpovsky et al., 1984. However,

$naghehtst Seoddennigatds 1388 difficult to make in a
reproduci bl e manner and are at | east twice as |arge as

L RSO0 B e BRI e v i

- ifonar ﬁ&r@%@lﬁéﬁaﬂ"h@rcﬁire,@r@ﬁe@ﬁgande asxlecirah itoese @bmph@ents are

ant i bod fragnments. See d ennie et, al 1987. EW LIS
Fagineered inipdimere FEIMEEC 8F ETRBNEY SPRIMERteR 1R INGreas I RETon

6%2’1}16{ ge% ’#’éﬁnlnfx h ah&dlg&;hg g(gﬁé \aPRr, 200R¢ Fh@ch and Souriau,

|gan se componénts are
e00i ;nedrRetlordvska di aigr200]. Smirmm_mgatﬂ strustnrgsrmyay de created by
conj ugat es to |ncrea%$nf(unct| onal 15 affinity. See

MX$000; Carter, 2001; Hudson and

Souriau, 2001; and Todorovska et al., 2001. Such
conj u gﬁ%&cﬁ‘ié Hidrds 68 tHEEIMvé?ﬁoﬁ pedtRBlPNre hiepeditic at each end,
and/ or netic cross-links. Bispecific |igands of %
vy epﬂmﬁqurraas‘imglabbmpamemt nonysiseldy ati anesndaagd spesific Tor a single

N fic f

aﬁ@pexaéﬁgﬁlc}aé%&e% iy Sofi e DEgr Del bRt vetoriat one or

%ﬁp?&fd ; leRafplel REMEFHBI 08 ealith @idbodaRdGiabadich end tetrabodies.
Tval en

t at one or

| See Hudson and Souriau, 2003. A diabody is a bivalent dimer formed by a non-

‘covalent association of two scFvs, which yields two Fv binding sites. Likewise, a

triabody results from the formation of a trivalent trimer of three scFvs, yielding three
binding sites, and a tetrabody results from the formation of a tetravalent tetramer of

four scFvs, yielding four binding sites.

Several humanized, human, and mouse monoclonal antibodies and fragments

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

human therapeutic use, and the list is growing rapidly. See Hudson and Souriau,
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both ends, for exanple, in the formof so-called
di abodi es, triabodies and tetrabodies. See Hudson and
Souriau, 2003. A diabody is a bivalent dinmer formed by
a non- coval ent association of two scFvs, which yields
two Fv binding sites. Likewise, a triabody results
fromthe formation of a trivalent trinmer of three

S AnVex8inid] hNHANGn B LESRE toFBFn ne arm of a
?gpgh@%éﬁggﬁ%%?%#ﬁ@pg?%i on Qf a tetraval ent
tidspeaifierligaid hisospecicity Sor BERD diHeecebtn ;blmstumgnab.t es.
Several humani zed, human, and nouse nonocl onal
anti bodi es and fragnents _ thereof that have

speci fAmtitogdy ariable segions alscoernherfiendita 3 tread rnge oEPISEIR

e .1 . |
Bl Tl i BUEHRH shiAlsBRR UG ogaine A0 455G (13 bith adds
en@eRhe pimatecdinifizanén. bSayHb badl., d 996 bBusieeth hwondrolgrhinge-Fe
one arm of _a bispecific |jgand, has, specificit fOJ .
FeRons Garadd slieptorfunptians. uAlsReBISIORA? PB%H%jO&PA%SiPé {8 domains from

gngﬂjtiﬁf%ﬁc ﬁ*:_;ﬁ&ng ﬁfbtng&ﬁ; Ho@findiafioR! PACExARHE fRliol bPA Shdh scFv to

nmarns. “Fusi o unan 1 munogl obul i n“donai ns_such
abott g@phiphthibheliveatidsbeen used © Eodugerminiantibodies. See Pack and

e 1008 DS i R grtaiibe L PP e, AR fofjon, can

skl Ro Rl eBIRURoREAEEKosEMIPENA., 11097 and, alternately,

mul timeric proté€ins pronotes nulti‘nerization. For o
dwmodingrization domeinsaas be engipedred tooforg hetarodimsins by epgipeering

hel | ces has heen used, t.0 produce m ni Lbodl 8s. :
BBk EES BB R s BN ) B0 B, R protin
TpRFHarD 85EBOSHISERE Bihab PoRi RSP Rultiferizbn &9 well d¢saddlitional
produce bi specific nol ecul es LKost elny et al., 1992)

a

dwttionl ¢ grotigpavidin. fenbubele? 12219990 dommi ns can be

engi neered to form heterodi ners by engi neering

strat egi uch_ass" ' kol es"” '

1006) 1N piGihe dsPe e g e%?é"*‘ g?%@%ﬁ%@@@%%ﬁa%eﬁﬂ for
stRkicRE dridinoldcaldsdatoliaidet nnimalien icelds with hagh efficienep. The

* Gommpstiamounprisssi(h sehrgienialy dapseed minieAll 4nc@h tappecitc igand,
%? \fﬂigﬁ&l and gg&?fﬁﬁ:’ty B4 alﬁg of Rlos€HeddRbéd'hertR. Thus, the minicell
i'nt roauci ng drug nof ecu

s Into target mammal 1 an cells
wbiithinbiagifugéiid thedsispecifitHizand prafesblyiis namabiepef kidingity agurface

bacterially derived niceltj and (iiznb(ifbis cific . 1
EomRAREnt ofithe TG tQ AFUHRCRSAPARGATRF & tafe e Mmanpalian cell.
descri bed herein. Thus, the mnicell - contains a drug

- and tbaecdﬁhfd%ﬁfdnféoﬁsi ARGl Sfﬁhii?eu'tls ng BRpblific iﬁ@-ﬁig of the

binding to a surface conmpohent. o e mnicell )
presentsavehtioe (thatipermntposition that inghdensusirahinigells and ligands with

other constituents that do not interfere unduly with the drug-delivering quality of the
composition) can be formulated in conventional manner, using one or more

pharmaceutically acceptable carriers or excipients.

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

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

bi specific ligands of the present invention (that is,

a conposition that includes such mnicells and |igands

with other constituents that do not interfere unduly

with the drug-delivering quality of the conposition)

can be fornulated in conventional nmanner, using one or
RRfuBsicdSin PR PRRRYES \%%kéléfs acFRRY sbisin fafulRsy a@énts, such as
excipients. The term phar maceutical |y acceptabl e
rsmsdmgxatabdlzmmm@r dispersingiagengnt Aguitable sedutiongs @WI@G with the

B b i d abotalf 57 PGP Ryl R, g deciose

%Bl%u@ﬁ gARERERVely, WBpBsitibnd Iﬁa)aﬁd%fl cﬁﬂ]ﬂ:zedipoﬁdwfqhﬁ; fopns

may be presented in unit dosage form e.g., in
aenoustisatioprwith asuitablervehivlogier.isterilss pytegen-HipmwatsT opphysiclegical

St SR e AT T A S8
atting fOrmaaLse my%f&dﬁhﬁi&ﬁer@w ifpYaneioh donetanpin) shboutyneously

agents, such as suspending, stabilizing and/or

ar BW@P%‘FW@@@%@@HW‘%‘WE%% ution is isotonic

with the blood of the recipient and is illustrated by
saling . V&f&ﬁfonsbf%ﬂé gfe's&ﬁ’m@e’ﬁﬁoﬂ ext B@éﬁnmfs@érﬂ& 'vﬁnvanous routes
Al t er hafi conpoSitions may be in Iyophilized

Bﬂd\dﬂarfoas mtesfm) a Iﬁammahms bodyy to achievietthe therapeutiv efect(s) desired,

Bty Tegely ok gysteri%?fl Dty Sl kraecPuREEtErs B agrmple by ora
SiniHs tﬁatti%ﬂ hggtﬁ)fﬁ{o 8 RSt iiA R to 8oy Laviey, lﬁ‘-’ihhélﬁtlon or

or mu |on nistered by inp antatlon( or
msafﬂ:itmn, mlt)quwﬂaah smyammculammuarmom, antrapprtgl, iplyahepatic,

il ORI ATl 5 o

of QnYidistratish B Péndeﬁt én mmadtiomfmget @eldy; W or\example,
e therapeutic eftfect(s) desired, either locally or

sysﬂc@bro’ad: bglls IRy b&/eﬁ'gmqmly tangeigd @gmqlgmgjlveﬂbpf the targeted

?%Z.Hﬁ) ﬁl Sdmglag rog%t;'lq? ’tasg&n%ﬁﬁé *n%?é Eﬂﬂslé}fﬂy treated

‘v&%ﬁﬁﬁ%ﬁbh@ﬂblw@fy @ﬁ’taﬁg%ﬁéﬂ’lfeeélﬁbmahtrﬁﬁrﬁwlls Cl?haiary ovarian cancer
i ntravenous, intraportal, intrahepatic, peritoneal

sy betteeatedvia intiaperitoneal delivery of targetadiescpmbinant minicells.
admi ni stration. The m)de and is site of adm nistration

| SCRGRIRAL G itp AL B0y ALs RISRANIRE 6 hitanfof bringing

b@dt&@dlﬁﬂﬂd@h’ied fifificels, @ﬁ:htl’y/ edntaiafa drhg, ihterogataet with mammahan cells.

;.

.r-econbi nant mnlcells Simlarly, tunpr netastasi
Lty oot A5 2SR Bt ave

Hhat pisrhageayitesic oF ppdquwommtantr Sochporgpal ST

|
Siprb By St gl TR PRl SIS 8 it BY eI bactcril
pahegém ke guiithe nmlerﬂgIWIﬁch release their drug payload into the

cytoplasm of the mammalian cells. This drug-delivery approach can be effected

-|

without the use a targeting ligands.

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

in which macrophages and other phagocyte cells, such as neutrophils, ingest particles
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20 The present invention further provides for drug
delivery by nmeans of bringing bacterially derived
mnicells, which contain a drug, into contact with
mammal i an cells. that are phagocytosis- or
endocyt osi s-conpetent. Such mammalian cells, which are
capabl e of engul fing parent bacterial cells in the
manner of intracellul ar bacterial pathogens, |ikew se

é’ﬁ(g%qt‘?ﬂdﬁﬂ’epsﬁpﬁ‘i’m)é}q aver s Reticle parface wiibhe narticde dptedid
1'vélvag ﬁﬁh&.)'gth%gmdq “hgﬁ'eﬂgd??% C]%l%go&%)sjtl the; Qllvﬁlvement of

‘i'very approach can
lspemﬁc raegers mght poeasdhas AesradémonstrafedmSed mlghn& danyg (1986);

e invol the engulfing of mnicells by a given
%FB%"“'S ‘y&dqss?and ‘the present invention is not
dependent on any particular nmechanismin this regard.

- For exafm) éhe ﬁaﬁﬁafguag&yﬁ;siﬁneow@ It R DRA A R ESBgands

30 in which macrophages”and ot her phagocyte cells
904 higard- m:aptnochncatsd ai thg esmbrandsi aflthespseudopadja (Shaw and Griffin,

n udo dlao artJ Ies rfac
THREcHP PR HERPIEh i bR SR FrrBiih 6 iRl fope
dépendet GiPBfetdrial surfRGERYiNs | WithirBeebtty Qbse SifTEnt Bﬁctena such
specific receptors in the process has been

aenosntcrtexigege &. wh,gwh@g@ﬁmgalgqmpwursp&&abSQ@C%ﬂf surface

A oy e B SR P RIS fr B s, i

pfss'aﬁdnvaﬁ@ateﬂé@npmed ad mhottlhﬂlwem‘ah@mfoﬁuﬁms that either
pseudopqdia (Shaw and Giffin, 1981). Thi attach nt

gwsss Qféﬂ‘%%"é’fi’%?dli‘%@ssb’elﬁeﬂl% W&ﬁﬁtnange o acterial
O S S R it o

whichardutiophitxagianacrophages bie the prigney typss i mbmmalny
occur in the absence of surface 10 |igands for

h t S Pi t ,al 19 f
et o FOGHTRR Brocsris SORHYH by o h BB AL EEpaghpeens
Eferiflifidd BY §;ﬁ:gle§ 8f S‘Eﬁzdt‘z@ﬂ OE'SCHbr%fﬁg | S‘Iﬁgélﬁ&??feﬁb&ﬁlﬁ'ft e

possess or surface a eS|ns
Reaudomontss atlrchmctcpiwodhtgabamtey toemammalmls epitheliabealls and replicate

gt TP pajie RyPHhE R thit sy R ARR AL e B wodinted
SRR cPIOSTERENO kNPRS ab ncdﬁ@émiﬁt &d&g:oeﬁemﬁﬁm@ﬂ wgaa Nghd Clathrin-

rocess is endocytosis, |ntracellu

' w%dcmﬁenfsendemms ($arghr1g)§c Repws. 994pt Eitharon rlp@th may be involved

cheri chi Shi ud onon
Vict b asp fne SamHetsnf s Bat S REPiaoos Uty PR RioBpisis-
@hfipdteit hoaticRll) RIS milie11e & hecof®mbe WithThe invehibs. -
regard are C at hrin-dependent receptor-nedi ated .
Representative endocytosis-competent cells are breast epithelial cells, enterocytes in
the gastrointestinal tract, stomach epithelial cells, lung epithelial cells, and urinary

tract and bladder epifhelial cells.

When delivering a drug to an engulfing-competent mammahan 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 catry adhesins that are recbglﬁzed by endocytosis-

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

i [ N | S el 3
SR 0l nalRESRAN] A PSSO LS, Sl bl
fiaat Helicvbester palort cacting sdlesins ispegific foelsicambach epitbelial oeilp,
epithelial cells, and uyinar 25 trac bl. adder .
Eorlf freiswid CEFPEYery e IS_F‘V%arﬁhr?ém‘aer&f’lﬁrb q?g#laﬁon or insufflation
Hefia g f&%ﬁflﬁgﬁinm thiticefis lbrivéd g ta Psei@orsifis@becies
a targeting ligand, The nature of the application, .
ot temp hditesiohs wedoignizad by eeveptors oeluwigeipbeled cells tinieglis derived

for .the nm.nicel I d. F I :
Bf e e Mgty Wiich SEna i spratic fa ARt trpgt gnd bladder
BRSNS RIuldbE weRGORE FRUntan@RER QRS 8f 3Arug to a urinary

diating receptors on enterocytes in the L
trasttar @ibladslet anser. t Fhecinyentinh atsg/prowidss fardhe wseraf bactegally

Byl ShigPmithly  lope e Sy Spuito FRE AR for e in

=

. pehidi of tRafingy tikeas8 GP afddify et by al@inigtaionolf the medicament to

epithelial cells, could be suited for deliyery fili d
acelbitissucor argas oln the medicament ainicsHs epntain g Malesyle and

bl bRy o bRl b et BRELEL ©gbe masmmalien

aslive Hueh micdigntetde hyefuboapiaovaions condigoppinddiseasts, including
cells. Mnicells derived from Lactobacgilli, bacterj.a

onuitied disenses susioas ADSRenmpgiargd tabareulpsjs.thubare Raricularly
Bée qgrth ﬁ&{t%ﬁgkkg{cepgﬁéngom&gygd be well -suited for
[ ral” del'ivery of a

ntraure g toaurinary tract
or -a bl adder cancer. The invention also provides for

t he u¥he ddvention urthek pyovidsmetbods oftlaadingininicells withadirug.

bi specific ]Jigands in, prepari nmedi 0J. is

b8 oo Ao B S0 B B A or s o and
ﬂ_?’drﬁ;?l‘[ﬂﬂ?é 8hiz8! 09 n?ééh&ch@f 196 8ing FNRIHEIIS Withh &l invdlvédieating a
or organ. | the medi canent, mnicells contarn a drug
covcentrtiregradient afithe dfigbetemmalsexiraselbulprappdiugs containing the

BTN O NEXEEN e —

BI%HEII drh@%ﬁn&'i‘ﬂaﬂbﬁ A28 98e MR EBHlasiAC i dragnatuiAiysasves down.
such as d

I'DS,” pneunoni a and tuberculosis, but are .
fhds ¢incemtration gradiosteinio thermirheelbeytopiasm ofWheantbe goncentration

chenot herapy., The inventjon.further proyi : heds
SRaleabi R POBEVE: iR iR Rg? Siqutihlof Al ARK:
met hods, drug packagi ng can be acconplished for both
hydr oikd therapBlically significant amounts of drugs can be packaged thusly in

non-living miniceils without leakage is surprising for several reasons. It is known that
the outer envelope of live bacteria, both Gram-negative and Gram-positive, forms an
effective barrier to solutes in the sm‘rdunding 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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hydr ophobi ¢ drugs. One nethod of [ oading mnicells
With a drug involves creating a concentration
gradi ent of the drug between an extracel |l ul ar medi um

- containing the 20 mnicells and the mnicell

cytoplasm Wen the extracel lular nediumcontains a
hi gher drug concentration than the mnicell cytoplasm

t he drug, nat ur al | v iS.C i g
ot St el v TRle B Gpru ARG b Y membrane
C QR ERtHrbes calladiRs. | S reversed, however, the drug
does not nmove out of the mnicells. That

ek Blinionls qatiih dameinton chvHgba s (et PR, BHesaal cells. Thus,
i3 A8 T BotHyBfbohfle BEYE cRembEREPA DoLbrub ik AN
Gaibiaigs| andchydrsphobiarirogs bkémﬁiﬁf{jmcﬁmxeb pabe ey

arrier to solutes jn the surroundi ng.medi u il e .
beapReHat lﬁlghiglp anipicell gxioplasmby %reeﬁ:mgt ag%{ngijet ng]cgﬁégattlgpi gradient of
f ﬁg%é%gﬁ gir%tsﬁ})ﬁﬁgfn%ﬁc%ﬂ%ﬁltiﬁd-ﬁliﬁ@éww&ﬁmeﬁw@ T1a$ suggests

bi o nt1biotics. I's al so known that the |
bthat theieabelopy ptrapebitigné Enan-living bastexa 3wl thebidsixpéves ipquite

t he. passive diffuysion and. intracellul ar.entry of
h‘yﬁﬁegerm Bont theysunslppg permeatlity of ving Regterid: ey ough

-water filled hydrophilic channels, fornmed by nenbrane-

10

15

associ ehedisPbRirPiAe dfiR the¢tnist bbsurs bhlyiis ohé directivinainminicells
the sane outer.-‘envel ope as their parent bacjerial,

© cwhs s greAtarsyrprise. Jtds wel etablishgd thet dive bastens Brvsantive gffiux

iRpes Db e e Bl ol FeR e BB Tl

b@evieweld by BorgRrWhBhdl@fandWalikley, 6000 y.eThese pragesses mrdmediated

creating a sinple concentratjon gradient of the dr .
Dl vosiiiirug ransportarsa ArEe Rd SiYarSe BEOUR P RPIENIs capable of Protecting

e

" dedrhpetindy e Ther® agelittleast Give kaoentfarhilies) tdsed emsajuopes similarity, of

perneability of living bacteria. 10 The dis .1 hat
ulidrag transportewse Jhey sralyds the g gager fée]?iitagﬂr W §7, i) résistance-

iy
R SRR L i i ) i
Piog
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pasmesound exfuzive, andy T ATRebindiag cesseite fasailien dthese multidrug
happen to enter their cytoplasm (reviewed b . s .
oRIgBEioR F PAsjeriSh TopulF A BRI SelEyS anf AL Bl disributed n

35&4}5% &4 by multidrug transporters, a large and
iverse )g%oub of proteins capable of protecting 15

cells against a wide variety of environnental toxins
by act Midtidvogtrasimomtens shomkd beisonsered i mdnicell meambranes, yet they

zgqﬁaﬁggélyypggqrﬁg %\é\%ofl- ét%o%gl, pgsas?lﬁg because minitefis are non-living
and lack the ATP necessary to drive multidrag transporters.”

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

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

di vision (RND), (iii) small multidrug resistance, (ivV)
mul tidrug and toxic conpound extrusion, and (V)

ATP-Dbi ndi ng cassette famlies. These nultidrug 20
transporters are bacterial nenbrane bound proteins and
akaadingd dibys,dhe invettotsadiséoversdabitentmhy dogobasdrugs can diffuse into

i R S0 b Bt
n@ﬁo{;lﬂ.ﬁﬁic' d?ﬁ@loadP%fs' HY hﬁeﬁ% AH DAL EHE 15ﬁ>gﬁrn?embrane is

non |V|ng and | ack the necessary
nefmpased gf & hmpb)hiephosljhﬂﬁpfdid)ﬂhmdwmch iveosild be wicpdated to prevent

 tigh 8 b et gruo e aBipibor 2t e <ol ven.

For exanple, Paclitaxel can be dissolved in a 1:1

bl end Ahothth@metbd aRtbadl RIS with @8k Yxﬁldil@e%u%ﬁﬁ
castor oil), followed by a dilution in PBSto ac %ve

ar CﬁQﬂlb'ﬂl%trPﬂéqfnt pagierial g2 IundmondQIOpaMBlgmrdihle wiasscht bacterial cell
h
or 9 an i C gg \Itllg ﬁ@gtg%g g%’é%ﬁe%hf’ ﬁ'g%lmgdm{ g‘ﬁlﬂﬁ %?ee : n¥ch fhat the

. sirigiisi release intocthe tpopRBmMNSE the patbmitRctetial delll ForieRatple, a gene

g;]fdl um for, drug .-25 | oading. Thus, the inventors
Wi rereting Fh&tceﬂvléhbwmtbmwbww foge d@&fﬁdﬂdmgm be cloned

Qranh%ﬁ'e(‘l"gr]ftf?glpal%m %ctépisﬁ 'sﬁ"g' 'nl at 1? ?ﬁﬁg%ﬁaodqc ?nr}gells

erapeutl cally*signiticant
'ﬂ’ﬂnstlc transeeipfion hmﬂﬁhﬁtﬁi(ﬁ@ﬂﬂi@géﬁemhﬁméﬂrem% Bit%yhﬁaems of the

véslﬁrﬁp tﬁ@@fﬁ Seloptbermicl toy vl basiasit sds, Mo e bacterial cytoplasm
BfePabent 'bﬁ{:ﬁ@nﬁﬂ% lﬁﬂ\tuﬁ d& & Aol ?{%ﬁy minicells,

method of | oadi ng "'m ni ce SWI a I'NVOo
¢hed minigeily adso coatadmriiientrng irptheiytdplaste rTlmI preqiabkaWQninicells

con itio erein the ent, bacteri al I .

Ao fe iR B PRy ot thh e Panﬁﬁf‘é%aﬁsaesj%mla the:pig and
agmb@gb(g‘yb@ drug, such that the drug is released
into the cytoplasmof the parent bacterial cell. For

~exanpl e, a gene 10 cluster encoding the cellular

bi osySithdaily apethevwpthiodrofdoatting madcaliswgﬂtadntgnwbhme dultxmng

a er.r e arent bacter trai,n t
B Reboh ARG SEbEE bk SR ol e Sio plafimic ncithg P8 drugmnder
endliticranatiRtiadthe ené BRcERReHe! dtSd RltrdnS&itleiSandranslated within
bi osynt hesis of t drug within the cytoplasmof the

meigiceBact eri al ceI I's, filling the bacteri al
cytoplasm wth the drug When the parent bacteri al

cel | ' r ce .S the .

i i ¢Sy O3HciBE el LRl AR ALY it B siicigells, the
Parentiaetepial i3 @Al niihiteleLdiRain a nucleic acid molecule that, upon
transcription and/or translation, functiog to ameliorate or otherwise treat a disease or

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

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

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

bacteria or minicells.

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

_ ,ﬁ_mctional RNA (e.g., antisense or siRNA) or a peptide, polypeptide or protein, the
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can be purified by any of the mnicell purification
processes known in the art and described above.
Simlarly, another nethod of loading mnicells with a
drug involves culturing a reconbinant mnicell that
contai ns an expression plasm d encodi ng the drug under
20 conditions such that the gene encoding the ding is
trggsctib%gvand_translated wthin the mnicell. For
pPYHE LI RIGR isHesied. | Forgsample, the genetipmatesie] of ingezest gan
0] E7a] b h al. | m-ni cel.l
conPP W8l ne, ke ook e ATbEh) Byt e InRhpdihiBNAft: 3
t thermpevtipiiaeic acid/mvled¢ulanglydicithenorinsd ebumerph of a gene that
aneliorate or, %th rw.se treat a di sease or 25 nodif

I

P fhat fyncliges ghnogmghinor that {sp’at?sﬁ@slesaba@me% gelsina
PSERE talL 8615 RE bR, foP UEimpRUGHE ife BEHE FBRIRAHEhcRbfane

categori zéd as "therapeutl cl el c acl

Gatiduetan¢eregulator imeystipditrosis (Kierkmieat abel 989; Ridrdamet ain 1989;
asm d w t.hi he , ent. bagteriag or minicells. Th )

t! %‘ﬂl&ﬁ&ﬁ% %’w&@@?)ei“e@lj{sgﬁ%w escdhmsaua apdgyighany of o-globin,

oy i cEi O i

SR s LSRRG O B, s 3R e

rroahtisense RMA twensaript b5 suieB intedferifgoiR Ndy asmiestionddeabove.
"genetic material of interest can encode a hornone,

receptor,, enzyne r ol y) - pept.i de .of therapeutic.

Vel ue 1o FREERL of fanbfe s Marreatis aogle Aot BSfreiersbitpyig for use.
nREoMingCOUhd preRétt invhitidn 460 Hab@h sefeREEHaLSorfespbRisab Br is
that functions abnormally or that is present in

Seryeddom egenesthatis asspcinfedovitle tumaortsupprgssion, suplagthe@S3 gene,

f | h ic fib ' . .
R S 5 B 5 RN e vy
3f solid Q8Rors R ended) p&fillaas, ah88irts -RNOURI: eéatdtlle by this

1989), with 13-globin in sickle-cell anem a, and wth

 approseh.pugruest 19, the imegiioni RepregenjatiyesBnoers in this regard include
| -tcBPdnac%?&H&ﬁﬁ lgsgé%g%tl Cheh st cgﬁlc%l{,qgqug gﬁn%% @Fin ek, Iﬁﬁ%} cancer,

have ~an an ‘transcrip

RiNAe cascenRivaiofRden paveeaskAntet, briaih daneat head amafneck cancer, and
erapeuti c nucleic acid nplecul e sujtab]e

- gancer, a i?g | 1
. ﬁlfmp a. Histplyseppillomasarg sguasmusicsl @apitlomas sapraidplgeus
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25 -

30

i's"aSso
phantdrevarss epidemnodysplasin atirncifibrass, and nydipaantawnarts. he
gene encodi ng tunor necrosis factor. A wide variety

BoRIRRNER ko PR AORAN B I of o ARG o QR wars,

SL 03 |o ldi ﬂ@tnijgrfagh? gml@%%{c}fqe ﬁi’oge%ﬁl%'ﬂm'r g%?‘ésegtni%vggtfénsaléo can

cdmprise a DNA segment coding for an enzyme that converts an inactive prodrug into-

~ one or more cytotoxic metabolites so that, upon in vive introduction of the prodrug,

the target cell in effect is compelled, perhaps with neighbori;ig cells as well, to
commif suicide. Preclinical and clinical applications of such a “suicidé gene,” which

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

~ Shangara et al. (2000) and Yazawa ef al. (2002). Tlustrative’of suicide genes of non-

human origin are those that code for HSV-thymidine kinase (), cytosine deaminase
{CDA) + uracil phophoribosyiransferase, xantliine-guanine phophoribosyl-transferase
(GPT), nitroreductase (NTR), purine nucleoside phophrylase (®PNP, DeoD),
cytochrome P450 (CYP4B1), carboxyjieptidase G2 (CPG2), and D-amino acid
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15 approach, pursuant to the invention. Representative
cancers in this regard include colon carcinona,
prostate cancer, breast cancer, |lung cancer, skin

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

L s A

oeat é@odw%ﬂbswp%gtuﬂﬂsama(rcm Héoxyeplidias kineyes(dCKY| eytochrome

verruci forms, nant_warts. A therapeutic

nEdI Y BB HﬁhbMiﬁB/E &hWé@@ﬁﬁseﬁm’érﬁi’JHﬁlﬁgﬁcﬂvw
can conprise a DNA segnment coding for an enzyne that
conver d r

eyt of ofreSedg Bl i Gerlol g ndshehuc M1 acllPyfpcally is contained
| o & pthsetid osichi the parept inattasia] cell bﬁmhﬂc@thlrmqﬂﬁsmm also may
effect is _conpelled, perhaps w_th _nei.ghbori ngpcel | s, as

vEantain ep additioRshplels Atad skament that FHCHERS 55 ffeRY AfprY Bjement,
gﬁﬁh'agg rSR5teR a téﬂﬁ‘ﬁgatof‘ anthGh e 05 B8nal siieie, a%ﬁ"ihﬁ%

nGR-HUMRN Grigin or human ori gin, "are fevi ewed
Sppeinaldy ligRE&D0)the ﬂﬁi’@ngm andeicabid s@gmem) and Yazawa et

al . (2002). Illustrative' of suicide genes of non-

E |u gg 2 eRZ]{l%u? X Pbéttég %gr%&tgq.ﬁttq{gi 8311 E}%ﬂ}lce I ?ﬁlﬁg}rﬁ/egﬁon also may

RRRBIAR GirBRsHEL Eﬁﬁﬁsﬁﬁ I 8$Eported BlcM e oaiifaiiondts recombinant host a
phophor i bosyl -transferg%oe so (GPT),, nitroreductase

(eadi]y desestable phenotynesir¢hayshtspistic tpieal yrhyrencodisg)a polypeptide,

L

HUSRIbge¢dl 81 M S A HSisJaRB s By Tn 30 TRhbihi ed:hhiqr@e.nEsr example, a
t hat encode car bogge pti dase Al (CPA),_deoxycytidine

kieperter qleneot deliyared hy anintagt4gimig nggrdlngso ¢ present Invention,

#%’Sg‘gé&f&t) % 5 %fc’dA%lg(g Bag {p%cﬁﬁ@? qﬁ ghe?ér?]l%uﬁﬁggin%gt c{ehl a colorimetric or

tﬂlﬁiraﬁx%tﬁd éhaﬁﬁé?ﬂﬁt 18 deteicthble/ipy fadikuyanalysis@ant dhat éxla qbarditative or
plasmd within theﬁgarent bact eri al

rﬁemlmamrtamﬁppﬁ@w anssEptienal agliyatignn - gt of Gy protens

| gﬁliltg et nfhsgs‘,: ? ﬁi)ﬁgtg?etgt lIO}tl‘.%Eff'sf Méth%meél tﬁee&’.ﬁlvﬁs'%rﬂ(?vhlch

as” a’ rorm ator
ai&ra dutectalile girainophonecordiuorephobre. hat is oper abl y
't nked to the therapeutic nucl ei c acid segnent A
plasmd wthin a parent bact_&qi cell qr i cel |

t he i nRghurediexamles g2 aqdi alagtosidase, sl ehtecl %ﬁ%‘ﬁf °hange

B e e

tWiRicR %Edcﬁzéé)é 18R eRAiNAIRKPG FReRtaMRciferase) or a heterocychc
carboxylic acid (luciferin), with the concomitant release of light. Also useful in this
context is a reporter element that encodes the green fluorescent protein (GFP) of the
jellyfish, Aequorea victoria, as described by Prasher et al. (1995). The ficld of GFP-
related technology is illustrated by two published PCT applications, WO 095/21191
(discloses a polynucleotide sequence encoding a 238 amino-acid GFP apoprotein,
containing a chromophore formed from amino acids 65 through 67) and

WO 095/21191 (discloses a modification of the cDNA for the apopeptide of 4.
victoria GFP, providing a peptide having altered fluorescent properties), and by a
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not ot herw se produced by the host, that can be
detected, upon expression, by histological or in situ
anal ysis, such as by in vivo imgi ng techni ques. For
exanple, a reporter elenent delivered by an intact
m nicell, according to the present invention, 15 could
code for a protein that produces,'in the engulfing

i L oxd . i ¢
Pl oF Heimies B\ PICUTEE & bfoufl, oo SREQERIRA 0L AR06-01P
gingproidmentie ercitation ainplitiaiet i t at i ve function of
transcriptional activation. Illustrative of these

pr ot ei e .est erases, . phosphatases, proteases .and ..
ot her iﬁ% Ving ﬁ)gmé@f:q MUfs?atggr% & ?@p]glpggmgerstandmg of

%E@&&eiﬁbﬁaﬁaﬁgrmggﬁh%gmytl uor ophore. 20 Preferred

exanples are E. coll 0-galactosi dase, which effects a

color change via cleavage of an indigogenic

Kikample b Efficientyiackeging of thehydiophiliceakcer theadtherpentic

e R d SRR BT JRRP ol mivicons

(luciferin), with the concomtant rel ease of |ight.

Al so uBkif ekampletdsin®nstested @t hydsophilie dargs ean bt packaged into the

that _encodes the green fluorescent protein (G-P) of

teyvtoptasm ef bagterigly degiyedidact winicgHs.a, as descri bed by

Prasher et at (1995). The field of GFP- rel ated

t echnohggWubiid i/ Eﬁg’m al@FddpJ. nB6ibtic isolated fr

appl i ?gtl ong,ﬁ;l“ aLOégjg;l%l 1%%%1:1%0 Osgg&gﬁdanﬁ%umso ated from

Steprampoes peatetiss gud icenemonkyi engplay &BRr awating: lrcast c@Eoma
otein alning a.c mphore forJqwed,ftom )

3RRRISER et Rt s 7~ Lo baBse bl T R gl 2000

N lef HEZ000N Bled WRh td\NGval19bility6f BRARS R Gﬂlepge_ﬁag&ﬁs,

victoria 'GP, "providing a peptide having altere

 Daxerelicknemainspanaingsy of reatment for patignts spdirmetastatiedigease.

et al: (1994) of a nutant GFP, characterized by a

4-t 0- 655 0l diy _§ IIPr ove t 0 excitatign a tude. Th
ol | ovy 15 BlkaldiR BOSRIK e Pk el el ettt i cabfle
REA6EeIH. Mhebad ddhgpdunds, Winblasandlal Vinckiktisd, hatd bezn

only. 5 Exanple 1. Efficient packaging of the |, ]
H‘S@X@mﬁ injcingsghprapticefonione thap dhirtycyearang Semainovidsl ycysed to this

P g e . Y _
AR G e tBle ol ot Rlon by Bt it RBlle cnds, hereby
gipigesstanmiietip spikakaictdthbule dgnaniicepl asm of

bacterially derived intact mnicells. Doxorubicinis a
strong antim togeni cant hracycline antibiotic isolated,

fr om Mumiestisayrre ph@tnsg i ep Ssiphfgpign JERGDEr putant strain

SERLAA brdAbudi, S8 e AFi0RE 57 RlterhiBi Gidl YPPlication No. PCT/TB02/04632,

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

removal procedure described above,

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

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

The purified minicells were packaged with chemotherapeutic drug

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

- minicells in BSG solution were centrifuged, the supeniéttant was discarded and the
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(Henderson et al., 1989; Cowan et al., 1991; Chan et
al ., 1999; Paridaens et al., 2000; Norris et al.,
2000). Even with the availability of taxanes and ot her
new agents, Doxorubicin remains a mainstay of
treatnment for patients wth netastatic di sease. Vinca
al kal oi ds constitute a chem cal class of mgjor
| BEAEARIwerB réaRfdided P9 TERIG 8hABY ul Jmo*&@ﬁcm solution
conpounds Vi nbl asti ne and Vincristine, have been
ghpbdlisseleadiinistezile distilladi wases) oM hersvspention wah mcubated

ﬁ%@ﬁﬁ”ﬂéf%ﬂw@@ﬁ? P 0 g T e Afican

eébd@plashﬂeEﬁbéss DdXeRilesa hﬂﬂ-s?é(ﬁﬁ’édll&} 2%aLHAl 16 (Y Gite subfbEof the
dynam cs. Mnicells were obtained froman S.

t e wasthen wesied away dustised aelhuligfiestionzs dellows. Amicon

e afin B KR IGIMRFC ARG, RS AT baghsembed

Ccavgbidirig@athe atnbfdchlrar®mbidbdiions vithi dntulaifilpation membrane drsc
p&dot é‘@bﬁ“ll renoval procedure described abogve.

fope mﬂlécmahwwht qutioft of 30 KTy Mﬂhpore) it ool was
CRivhes {e}fr?é Iﬁﬁs % L dgil}lfté bvﬁteg Té’lﬂ)wgeﬁ %z??n’ﬁllggﬂlree washes with

extrac u Ao and ThETacerTular co
ds@d THe well v@ﬁ tlhd:n Sy with @ nil of Iﬁés]ix B&G iﬂdethmlmlbmlhhtnon of

TR Skt el s dtesk ol &) WARIGE R e of 10
dffsy Sl PG VBl P16 3! mPODYed- G wiliPS it BSG.

USA) as foll ows. m ni ce
ddlrafiliztionevas matituéd wdid the tdbhems again dadppet twésnl Th;s toppmo-

S ARl prui e hedlogPeh B 5 Jole Ry IE A Tthvg) Hpshing of
GheSRtNGSurfacsd S the @ostbﬁnﬁdlﬁgﬂcm&&mxmczﬂhe DERLMS 129

was i ncubated overnight at rotation to allow
tizafidgridon she mlum \msfrf:d@@d ito§ anltamd the sAraple (was transferred to a

f
SR SRR B Gb BY SRRk 00 g o 1
tdﬁﬁﬁtewbaﬂatmoﬁ&usk dp&qtagéa hiditdlisaf i [ tration as
follows.” Amicon stirred ultrafiltration cell WModel

8010 (MIlipore, Billerica, MA USA) was assenbl ed
accor daxgrabicinpackagadiminicelle wese meynied oni giaﬁss shiflesrpndipvere

baae i BoRRR(o iy o B8 KRR PR pigroscope

aeoxk ﬁdaﬂﬁiil;elgblbdﬂlvﬁﬁoi}*st@is @ehhaﬁi)ﬂfdch&ed])@tdrhﬁlaﬂ is
wat er followed by a further three washes with 10 BSG

mn@eally fhaereseeah The resuitsyvens coptwrechysing therlaigad)gpgmera and

8B e Ry R L BT TPl

visualization of Doxorubicin’s autofluorescence (excitation 488 nm, emission 550

nm; red fluorescence).

The results revealed that all the minicells fluoresced bright red suggesting that
the Doxorubicin had been transferred into the minicell cytoplasm and, despite the
extensive washing steps using the stirred cell 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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psi, stirred until the volunme was reduced to 5 m and
topped-off with 5 mMl BSG Utrafiltration was
continued until the volume again dropped to 5 m. This
topping off / ultrafiltration procedure was perforned
6 times to enable a thorough washing of .15 the
exterior surfaces of the Doxorubicin- packaged

\%] ?h;ﬁltlw,igmra@aﬂ él{]vgrofgffftpt @#ﬁ F‘ﬁ&h rgh%tog%l mut}gells that were

t hA@ad@atc@GyiPthe dred &ididot sieRP eneipidkefant airdoflgerdscdnes.
foll owed by centrifugation at 13,200 rpmfor 10

mnutes to pellet the Doxorubicin-packaged ni cel |
Doxor uEp dpmop%t@t@@%dmma@eag% WePBUGEHS A ’é‘?}q]’éﬁtf'éll tgdgorubicin,

sl
nt r os tdpe rléﬁ?‘el ca %E’%ﬁﬁw a#%ﬁ%a?ﬁc%ﬂrdglg{ggg{eé%ﬁm drug,
ngvlzfshﬁattharhas Ly calubllicy ﬁﬁ\yﬁﬁﬁ IBhis Gargrduey hobmtailseesce; hence

Do bi I Th I
v@égﬁxﬁ%ge%%am tlestig (Mploselse Braes Hiephos QR oSy 2

ﬁf$ Was 2dd 19&‘(105'3@5 ?ﬁp etsi $17 ! R4 MRSescence).
U se t‘ 0o perm

()

vi sual il zation of Doxorubicin's’
a’Dlh&)}ﬂllnfmdeﬁnmeﬂe e patdkage(bmﬂcl BODINY-Ehtconjugategodinblastine as

red orescen Th al.ed .t:hat
ﬁllomsmﬂ vl o e iy ERums Bered (FRRETHER o0 mymd
1Y G Eteﬂf%q’]igfﬁﬁ%% a8RtRE61atoR BE © nigh@l.nT i 108 kdinicells
cytop asm and, despite ext ensi ve washi ng steps

UsiBRG sblatisn weree@enmmgedusupmatantrms discazdesh ang) the municells were

Eg%%ﬁ;?%@] _?ﬁp\g‘f%gg;a ?ﬁlﬂsc&#gdlgéﬁgg t-co%il%gtagau rﬂrr]l'ﬂiatgﬁﬁé solution

- vashimgstetieRStutidt)e THNERR ! il 6on@haaianst 60 ug of drug in 1 ml of

Doxorubi cin had been reversed, i.e., the-Doxqru
coiniestk suspénsion. rifhewelspﬁnmoee)vas légnb@]éﬂdﬁﬁﬂl&@ ﬂﬁﬁa rﬁ%}m Totation to

. ajﬁ)ﬁ‘f ﬁg%ﬁg%odlﬁ%ﬁe ﬁl&é %% i[nﬁﬁ Ye\lﬁlfen? re}fﬁ]h% tb@{?ﬁgnwroc%dures of

- Wyhdhing e @xeks dings hi;oﬁln&fiﬁmtﬁnyxphadk@tagemf final resuspension of

aut of l uorescence. Tao denonstrate :that g ?11% pacl%ﬁg g
i drugripackaged mm@e%tn B3 Gipriea tq visualization b¥: tiioreseqney pyproscopy

t her cancer
e‘ﬁ&%ﬁrapeu u%%yg?%ﬂ% P%e that- has | ow
solubility in vvater Thi s drug does not aut of | uor esce;
hence mu@lpa&agedmmg:&ﬂe sveXd mbluaied on @la(swblléesmndrwcre
Pro Eugen OR, USA),, a fluoresce anal QL w8, tured

1@@3@%9 fﬂée@cﬁ iCRpaRE 5 A DY AFH{DE TERyIS el Capture

or %@B@Q’i—? cathBfs ;HMVL%J;@M ﬁﬂ%&ﬁ%@geﬁﬁ{n@ seawiRegalhe

fl
Ve conj ugat e tineas follows: the
cppeppriase filert wad wsed do pemiiteisudlization bfred| flyczessence of BODIPY-

| ut f [m
SPQL-léoﬁJggatgd \/Jilcl)blgﬁme. )

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

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

o
e &

- 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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10 and diluted 1:10 in sterile PBS to give a stock
solution of 1 ng/m. 7 x 109 mnicells in BSG
solution were centrifuged, supernatant was di scarded
and the mnicells were resuspended in 940 ul BSG and
60 ul of BODI PY-FL-conjugated Vinbl astine sol ution
(Imy/nl stock solution). This gave a final

t
JRARALGE DA (08 clith BiacS T8 ek L PhdsBIRIE Bl s
3lEough tie membtane of & ﬁoﬂ,-ﬂilvaig bwtdrm cell digiviative] Isﬁtﬁhlm indtioell.

ni,cel | yto | asm e sub equent rocedur es
v@%{% ipxellsbovdre aph@ca o PR SPEAGRO Oy heckeromd
ShfRiopdscédcaal resuspension of  drug- packaged
mnicells 1n BSG prior to visualization by

fluorescence mcroscopy were the sane as descri bed
M@t El'ﬁxmntjbad{algmomfetmh;g}rppim&ng eairoer chombtherapeutic

AT e

results wer e captured us| ng the Leica DC canera and

Lei ca TH bxmgfe SRARaBMEidrssidbiedfgs dditbe pu@na@ﬂrmwme

filter was used to permt vi sual i zati on of red

pvtwiaé@c@frh@éteaﬁllemwnﬂam mnp@lbaﬂ?@@auﬁeﬁhﬁ minicelbsurface

A B b8 S gt pEegEtopno

angnsicask dds bﬂh@rﬁbﬁldfﬁdﬂibéekbedk}d oplasm and, simlarly

'to the observations for Doxorubicin, that the .
‘extensi ve, washi n st eFﬁf QjUSI ng the st| rred c
©

- ul tr afliarel Q)@F]&ﬁx
' %%c}gﬂﬂ%{egﬂﬁé bA nmy jsoflttd abh @e bk ofPdc] ﬁﬁ?ﬂ'évyhéé and more

| .
raderasrk,of BristolMyers, gawﬂﬂibd;@%l?any) is

rising, too, because I

' ceniently fioonthe mcdiekmﬁ the hvestpinh yeWwatee diakys Bmegﬂ%l;a Paclitaxel is one

oAb B o ks,
Eﬁbé@ﬁallk%g%@fcﬁfahﬁﬁ ER A098ng ARl (BARRA an@Md&ﬁ%uhtmoz)

owever, that even drugs that ‘are not high
Byudlitexdliis aardamitaticfagasicthat binds) ghtubhlm erbd asb;uclubmtry with

s geIcrodigs ba‘”s‘? i frigrar oo it e ne s atagg of oels to
Wbt 1ﬁ aR GyNDp ﬁ@%ﬁﬁﬂw R@EUDERIWithout cytokinesis, form

aut of | uorescence 2. Effici'ent packaging of

- nwéum;cénammmoxdmﬂarandhmdmgmpap@m &’aclctﬂ:s@ has an extremely

R e b BuRESES DA RN Gl b BB Bl
wmucﬁw 50 CremopROIcAN A S0RXBANA! | y derived

intact mnicells. Because the mnicell surface

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

dilution to give a final concentration of Orﬂgbn Green® 488 conjugated Paclitaxel
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menbrane i s conposed of a phospholipid bilayer,

di ffusion of highly hydrophobic io drugs across this
barri er woul d not be expected. Taxol (Paclitaxel;

regi stered trademark of Bristol-Mers Squi bb Conpany)

i.s a tricyclic diterpene originally isolated fromthe
bark of a Pacific yewtree, and nore recently from

t r e Tax bhrevi '

e EofSn Ble R lSe RS R S 20 UnT ha 96 W,
clespaetihely a Jhd tmiaicsle wes: inbébatdtiowith did drug gt 3NtA busrdipght with
activity, 15 especially_against_ovarian, breast,_ and

| 19tR5iop #Ad spseanentiyayashisd s ithur eniiliration avgescribadin Bxagle 1 for
: Aot b6 S i h

D SRRl Pl e BAE Ut el e rbiéilid fod flstatied by
nilworedcahed micrestdpylralso asgleacribedlin Eaamelt ige of cells to
arrest in the G/ M phase, progress slowy in the cell -

: I ith /'t Qkj i.s, .f. I ti I ted ]
ool y o Phereaudts SVealsa it mpicdimiterced biafieten, svearsting that
. RS A G RGP B kP o the Ok ARR il via the

~mg/mM.and has to be solubilized in certain cosolvents

sninicelsneobsaae end ptio the eytoplasn sHtemuinioell Thitowas surprising
trate that d ic.d li.ke Paclitaxel .
SRR atrd Bt el el B SNE Pt Gpyg i ifusg ino the

- fhin@deH T I3b] warkhy/ plidspRolglid Bﬁ@}ért(ﬂy«ﬁb%hc@@qaém@aﬁ@ of the
- 488 _conj ugat ed_ Pacl taxel (Ml ecul ar

r obes, Eugene,

omnicgBAA neimilao® thepbsegvaiving in the esparimenty inBsample 1,

HogBABe S pBLOPAS RAGBY Sl B A e

oflwi 6O drghelt(dfithe miniedlhaneplaghenophore  EL (151
vol /vol; 3.79 mM stock solution). Each stock sol ution

was diJuted_ 1:1 (vol/vol) in PBS to, give 758 uM and
379 unhssEnisdp emigies Pdsdemensiply th eP‘é‘%REi%Fe'\&‘_“q“es
Hrftbel bty e e SGy peeiaE pOUIERSINAL BRPRTOhobic
dougsdntorratnicsl] drig Gebgoy veéhieles(r) 488 conj ugat ed
Paclitaxel -32 concentration in the. mnicell

|l ' f 40 d 2 . .
ESanie 3, Mptnodiilor daleemin @b drit Sonesiea i i agteriaby

deriVedinidét mipiald)i ght with rotation and subsequently

washed with ultrafiltration as described in Exanple 1

for Doxorubicin and Vinblastine. The mnicells were,
r esus Jdigednnie demeugtateseomethod 61 desereriningdbe concentration of a

H-]B%:‘?‘ts‘%gf%%g Fgﬁvﬁigfa% }%Gllﬂ?ffelﬂﬁ : i(}g[p}%xspaqrnﬁ%}g?rli% d T% S)E)arnil%lﬁ fiegpribes
tg?]%%gk?d ﬁi‘%&?ﬁﬁﬂﬁ?? %ng&ﬂfa‘ﬁoﬂ??%rﬁfl? S;?&eh{'ﬁ minicellspox.

_ er of Pac rom-t extrace ar mlieu
whddéienstrates the effect of Doxorubicin concendration in a loading solution. The

application of drug-packaged minicells for therapeutic purposes requires the ability to
characterize a packaged drug entity, including determining the quantity of packaged
‘drug. Previously, however, there were no methods for effectively disrupting
bacterially derived intact minicells or bacterial cells and extr"écting packaged drug

molecules.

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

' MERCK, Australia), (ii) MeCN; Acetonitrile, Pesticide Residue grade (Burdick &
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m nicell nmenbrane and into the cytoplasmof the
mnicell. This was surprising because it was not
expected that the highly hydrophobic drug woul d

diffuse into the to mnicell cytosol via the
phosphol i pi d bilayer (hydrophobic) nenbrane of the
mnicell. Additionally, simlar to the observations in
ks 69 T, ITNEAYY, $iid)) mpﬁmapﬂogyllalcoﬁdn 8r LPYéanal, PedidideResidue
osnDtlc(gradlent during the extensive washing

e Burd Salackion) MOSMiLliR paksigd G VBT (R G 0dBA8 &

BB it Fty o Be B Rty Bt 1 BR @by
\¢BRehrf (n B chsk Yt ipaa K3Garbea tnd Iy ftirogitbdil ¢chahnbonded to the silanol
hydrophobic drugs into mnicell drug deliver .
GehETiips] 905 mivien Jumpidvwster slina rasidlesh GYHEPEGE ECyBigh
RPAD RS HoR o Afpb B N 8P Ry (e

¢RlIicH Midnged B ONSRIH ¢faf deRidted padent 26h @rprgdide a defined
bacterially derived intact mnicells. Mre '

danghterdpm (spful im eeracdng matrireeffectyangd ingrepsing signplfpoise), (vii) ESI;

i i i . ' e .
RO AL R SRR T L L B G5 ey
Bothe heddl of the do®i@def)y ation in a | oading solution. The

appl i cation of drug-packaged mnicells for therapeutic

ur poses, requires_the ability to, characterj ze ..
gacﬁaégﬁdn&cgﬁ‘l@ﬁ?lﬂ%wfeisﬁlaqfﬁ*&% CRRe e iAo S Doxorubicin at
tﬁﬂﬁ%h&éﬁn%mﬂ?&f‘é‘gﬁﬁ 20280, 48! 3 gof’ﬁ@d'o@}lfiof 1400V €80, 200 and

ere were no nmethods for et tively disrupting
5@ gmilal The dexfuvadvirs imubated at EI0 sventightwitk rotation. The
cells and extracting packaged dru nol ecul es.

rinicells weteduEvestedbutrenbifngaiion i d 3(9409 Tpiy/-Supip ng gpvspended in

S 29, HE e oo iioh Bt Dlacclt o Hibo Sagion opgmber

12 kiDpore Mze) kiaPyvasiedi 10)tith&¥with 4 0l opBEGaper otesh. The minicells

- propanol , Pesticide Residue radeg (Burdick & ..
warskendlerted omd divided inty denlicates of Ra 1k mainicehs fordpaxarghicin
g%tfaﬁ P 18; refer to the stationary phase packing

ity Ty present in the chromatography colum (in

this case it is an 18 carbon | ong hydrocarbon chain
bonde®ht enihitellsernantrifagahat 1§;200npaf, ahd sufernatentoras(dijcarded.

%iﬁgg‘g%@gdﬂﬁgm&%gdﬁ%ﬁﬁﬁi v e.s @A%@EE&&)fgﬁgqugggydes of 1
PR LRt o ol WEicati SR MBS0yl ) SHE g the 5 cyoles

8€1 histle vortexing and 1 minute sonication were repeated. The extract was

‘centriﬁlgeld for 5 mins at 13,200rpm to pellet debris, and the supernatant was

transferred to a HPLC 150 pL glass insert and vial. -Because Doxorubicin
autofluoresces, an HPLC fluorescence-based analysis of the extracted drug was
developed and performed as follows. The HPLC method characteristics included (i)
Mobile Phase: 100mM ammonium formate + 0.05% tricthylamine (pH=3.5): MQ:
MeCN was 28:42:30 @ 1mL/min, (ii) Stationary Phase: Merck Lichrosphere RP18,
S5pm, 4.0mm x 250mm, (iii) Column Temperature: 4_0°C, (iv) Injection volume: 15pL,
(iv) Detection: Fluoresceﬁce - Excite 480nm, Emission 550nm, (v) HPLC system: A

Shimadzu 10AVP system was used, comprising an autosampler, solvent degasser,
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daughter ion (useful in renmoving matri x effects and

i ncreasing signal/noise), (vii) ESI; El ectrospray

source ionisation (the ion current is generated in

t henno- pneumatic spray 10 at the head of the M5

inlet). 109 intact mnicells were separately incubated

in a solution of Doxorubicin at final concentrations

of 5, 10, 20, 30, 40; 50, 60, 80, 100, 120, 140, 160,
1B6ierRyy PRRP, colsmngicater (40°6) mdfluersscenes doteqien, Biing varsion

TSP RN BAmitd " ALEN Altpoklify (A0S voTe

resuspended in 15 sterile BSG The mnicell suspension
was pllacectubitimmeduranmts wetkerdoht asing batidPLC(@ad 2.GAMS to

Riefe )t A TP Tho oM oS mae i Ko tipetpristics

R T M I ecrTs v e e e
AT TR Pt S FRBICARh Rolc (LS D 50524 @

0L /amisk, €ijEntiataanPhasesPithemaneebiuna Q08 ), Hanh2.0mm x 150mm,

pellet, 5Q0L of 97 m\y HCl -1PA was. added, followed by 5
&y @M@WW&(&W@%@M&M
VB S Y0 TN SEpiB BleBRBy 5. e

& syatein wasmiprisalhin aiorgghldr evittbintghdteditoliindRatep and pump. The
pel | et debris, and the supernatant was fransferred tfoth :
e

- §olupinceluey wasgligetly fransderredsiodhs pleptrogpaasnigaization source o

(P Bt Dar PCRUDRLY R 085 Gty sifublrleer, (vi) Detection: The MS
deieetonpad opechtgrkinfpositiee ismbdd dmideiS/MSTeen hielde Tht pawnt ion

characterj sti i ncl.uded (i) .Mobjile P 10 .

R e e 15 D T e B iy P Mo B fon was
NaGlawes ﬁﬁit&zﬁéppu%és%/m n, (ii) Stationary Phase:

Merck Li gh_rosphere PI8 5m 4.0nm x 250mm (iii)

Col unm_Tenperature: 40C, (iv) Injection volume: 15L,
ao (i Thepbreedlucsescerdetermsmdinneand thedviSareadBrmgre plotted together

08 A SR, e b rr s o

RaASHAFementsy Thfepiladhowed Wele&Otdifdlat iR epiedr’ie)Doxorubicin
and fluorescence detector, running version 7.2 SPI

canceiratidn exirartedShomend micellsp g rad ithe extkynat. oadiqgaedncentration of
Doxor ubi_ci n _nmeasurenents were done using both HPLC and
Doxquubicin. cobhess nixprEments e Weea dcprated Beilimgs avithrigimilar results.

Bt RBRIP Bk Bt FiecURbRR. 6 bakii fe BESiGlly of ot

Dl

. chefftRéra@utic drugs like paclitaxel, Irinotecan, 5-Fluorouracil and Cisplatin

packagéd‘in intacf minicells,

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

instability or less of membrane-embedded structures.

This example demonstrates that the packaging of drugs in minicells and

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

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

structures. The result is surprising because one would expect that drugs, patticularly
highly noxious chemotherapeutic drugs,'in the cytoplasm would destabilize the
minicell bilayer membrane.
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0.2nL/mn, (ii) Stationary Phase: Phenonenex Luna C18
(2), 5m 2.0mm x 150mm (iii) Columm Tenperat ure:
30C, (iv) Injection volunme: 21AL, (v) LC and M5
system Both the LC and M5 systens were from

Ther no- Fi nni gan (Boston, MA, USA). The LC system

conprised an autosanpler with integrated colum heater

and puyp. .The .col | uent. s direct R

Cr anara gy ey SeEN e ety MR baelid o ey ingmiggoctts
tahd/or ﬁfé&ittﬁ@hlﬁbﬁlrdfgﬁ&de% 1Reds tosurfat @ puritk&®s (e.g. O-antigen
spectroneter, (Vi) tection: The M5 detector was

spempanent of 3PS fe)f minieclisovould geusa danavieplimsesadior insg of minicel!

Fif e kach SPuctB8 wiBmbisildnic Ridhate 2P R0
?Mﬁ?&ﬁg G an Og}é?&te ik &Aoo Rl BBSEDoxdrabithtorl Ofegdn Green® 483-

| uor escent erm nations ,and the Ms results were
Rbajupaed Pagkitke ((Moldeutmm Peotics, EvgenaddB aUS A) hsidescribed above. The
equi val ent [DOX] determ nations (Wthin the error bars .
sirug eanseptsatinuyia tesManicelispox ead minicelsraies determipgd as described

SR Ergmbla o oirale P R 2 aie Dpcong PP R ek espootivly.

concentration of Doxorubicin. These experinents were

r epeat/eBs Apiviiteatidh. Ty phifhdiah 0-aftddnSand2@t-EGFR specificities was
Additionally, the technigijes wer e adapted to determ Q;?

chestmetedastdesaribsd inPCIWS200440dR0 nBrigBr isrecHiq aibe

|4 k it [ [ . . h- P _
S0P B B8 30 - PRS0 B0t monocona
@hﬂ&ﬁiy@@&bﬁﬁﬁ@ﬂ { Biodeai) @ asMabatitectddgmpitst dtargeicell-surface
cause m ni cel i nstabi|i t§ or | oss

X of .
Heoebios Heat dieterantishyman BEER (lgd2ar Qngogsng)of mouse anti-human

: ; s ) A _
SATED3 B0 g LA, st s i
e wegipachdge gurified eedthbindoesrotet Aﬂ@l([BiBrce_rfBigotacbhcblogy)-. Briefly,
RSy RGN AT T

PSP 08 Ot it o

BGHRBLADY, aRd arabyed bieraRet abi 0. Zexcebeartibodiesiveeé femoved by
bil ayer nmenmbrane. -35 A study was designed to |
itenbaton veth profdie Goemijagritetymognetic hgads and ganitle anixing at room

d/or th t achngnt of bj. i fdC L 5. t
et A0 g ST eiagortic Eapbind ot B Dkl pri G
B SEhTe L FeaE  ASgBEApfo r1 ratom
Rinshesiufd © doabMBs Wih BntibddySis brditignethe O-antigen specific Fab arm
to surface LPS. Alexa-Flour 488® (Molecular Probes; green fluorescence) or Alexa

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

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

minicell preparations were visualized using a Leica Fluorescence microscope using

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

The resuits showed that BsAb attachment to the minicellpox and minicellp,e

surface was intense, appeaﬁng as a complete ring around the minicell cytoplasm. The
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5 Mnicells (5 x 108) were packaged with either
Doxorubicin or Oregon Geen(r) 485- conjugated
Pacl i taxel (Mol ecul ar Probes, Eugene, OR USA) as
descri bed above. The drug concentration in the

M ni cell sDOx and m nicel |l spac was determ ned as
described in Exanple 3, and the results showed 425ng

SR DB IR Ay B o
syytapildsie i Thedruga sverd exteaenst froe tiedmaticetle as defreibetl Above and the

PCTI US2004/ 041010. Briefly, bispecific antibody _
(BEABICRRLALQI Y516 deteampipd) (Thg Mg GoRERIHBLARS Hisrs the same in

T A R e AR oo Miehdogt ™ et

- qebl 423§ BeRorubRGRRhAN4S Ba Patiftaf@l U Ge ﬁéﬁg“m” EG-R

(1 gQRa; cogene) or nouse anti-humén / neu
receptor (1gd; Serotec). The two antibodies were

cr oss-SimiRetesuitawerreobiaingd Reing etieoReAbs sweh pantifQastigen/anti-

SRR This B QIR By, B o RASHBR T b geyppopument of

\waafeadtig deliverd vectol, tebawe phediuy packa 8&1&%&9 AftthileRodid not

20 ga/m each of anti-S. Typhi murium O -anti gen and
et inseabilir ot thoveersor envbrug rakngsdeam Sesintachmunigellac,

Excess antibodi es were removed by incubaton wth

TSP PR, O, R D

bepinrancancals vid igheddargetdicapl Dveorubivits-padkaped aripicells
was i ncubated with 5 x 108 drug-packaged minicells for
re.to coat .themw th a

1h . t t ib ]
via il gt SABopstiaes e BBlterponts v Daxgiblen,

phelfage®iniBtact NifcaHtRHingd 881 Mﬂ@%@gﬁ% g{AfspE’éiNg@ qgmla% can (a)

n,
. green fluorescence) or ‘Alexa Fluor(r ( ecu

Fpasifically binditor 4 taoged sosrmbeooytic musmualian cebirjunfpee.che EGF receptor

* BB Sy B S LR BRB R A e piin the

wREEndli2ae@ 11 bl Gwigeeslobtdsik Ghd bRAdsaNbEDBkeebRMMPackaged

The various mnicell preparations were visualize
aumﬁglha Lei ca Fl uorescence m croscope using 100x
obj ective and the appropriate filters forred and

8o ARG B RR B e 8 et i

Barbmbizinyas desdribeddn Bxapgs 1.ng as a conplete ring

around the mnicell cytoplasm The -36 individual

dr ugs Dl?xoru icin. %nd Pacl itaxel a) so _were visualized
At 9

Wit hi FRECHIGAREEIOAY s copptrached aﬁd@sq;ﬁgegghgyp and in U.S. Patent

. gﬁgﬁ@agfroﬁq«& 108022 18Y Gl %A I Bk BRI AROvE and

ug concentrations eterm e drug

concentrations were the sane in ‘ :
The anti-EGFR monoclonal antibody was selected because the target cells to

be tested were human brain cancer cells U87-MG (ATCC, Rockville, MD, USA;
human malignant astrocytoma epithelial cell line) that are known to overexpress the

EGF receptor on the cell surface.

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

minicells. The procedure was as follows. Alexa Fluor 488 protein labeling kit |
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adthre cAftarincéptiohahe aells were washed fous simesweitl R

S 6 0 30  ERDL S SR AR ot e

m ni cel | Dox and m ni cel | pac, conpared wi th EoFR

m nicel | DOx and ECF mnicellpa. 5 (i.e., 425 ng
Doxorubi cin and 245 ng Paclitaxel, respectively).
Simlar results were obtained using other BsAbs, such
a anti-Qantigen/anti- HER2/ neu. This suggested that.
the nmet hods are conpatible with the devel opnent of a

Thleinies Pastsciiate: GRaCisa s asl e 1 iR ghaB-
tAiexy BlobPAS PyedabibrbAREa®a it @Midsih J19tae ! grobmflGSlescence) was
10 Exanple 5.” Targeted delivery in-vitro of

pormgatod yiathe fememinhgrgupyof the hispenific patthody agperding to the

cells via,liqgand-targeted and Doxorubi ci n- packaged
ﬁ?ﬂ?&%%?gr%ﬂgguéﬁgﬁple denonstrates that a

chenot herapeuti c drug, Doxorubicin, packaged in

i Nt actUgy-ME ednfosyaid yelR0vee giivin Gl S ameedeusiips in 12-well tissue
bi specific |ligand, can_(a) specifically bind,to a
Pl (GoHBgB Cerier R e GIRbH oPRcks i ER, CeppagrCells

I . i N ,
JEfEF i RN ARl B ROOF E8snfiE P seaBRERlone, Logan, UT,
8 A) 4ndlJ @M plytannide apd dixubated dt 37 Eakitho ¥ GO,. Cells were grown to
Doxor ubi ci n-packaged, mpicells. S typhimuyiu :
AOcesmtivepaand averrupls wellsabFes tiatedas Sofloln (0 BRrgpter cells as
Hlokglive OBHAGI ThF AP nGiELERE! bl el TE) RO gt bty
anidicels, ()9 0° Bah aapetedipdicrabicinrpabkaged diieB2llg 2nd4e)l 07 targeted

briefly .d i bed i ampl e 4. Th i - EGER .
Hvuiarsamesbouyiealis Tt BeluithSedlbh RS mipys ater s
cebl i .

E}gg _»fe/zg% ?}: %%% s%%@i@ﬂ;d"ﬁfé%%%@%scg{pﬁbﬁe GANFIRE weet tedminated after

ckville, human mal ignant

Srand ixed with

A% GerkifhsSAAR ivertéll DHRY 1A nRRoROEE $1ides Withgslydyrol. The coverslips
fluorescence confocal m croscopy, of the targeted

wemé ssalddswitif h¥% ggavesedure was as fol l ows. Al exa Fl uor
488 protein |abeling kit -37 (Ml ecul ar Probes,

Eugen : i i f.i .
antib gl‘&g %?dﬁqg% vﬁ%ﬁﬁ g§61%§'/ & ﬁ?(g%os or %{31 ;ﬂg&%g&z)ﬁ)}nﬁ?uovww,
STy HpuLAnfedita, VIelvilieg N f UBA).cBleresesnceand Diffafentjal Iathge

via the free am ne grqups of the bispecif |‘g- ant I'Egﬂjghrs £
Sootrasti(RICY isnagse wermerHestad And theresills teyiealp G gt wi ©
incubation, targeted (carrying the Alexa Fluor 488-conjugated bispecific antibody;
green fluorescence) Doxorubicin-packaged minicells showed most cells covered by
several green fluorescent dots, while the non-targeted (lacking the fluorescence-
labeled bispecific antibody) showed only some green fluorescent dots on very few
cells. This suggested that the bispecific antibody specifically enabled the
Doxorubicin-packaged minicells to strongly adhere to the surface of the astrocytoma

cells, presumably via the EGF recepidr. After 24 hrs co-incubation of astrocytoma

~ cells and Doxorubicin-packaged minicells (targeted and non-targeted), the results,

when visualized for red fluorescence (Doxorubicin autofluorescence is red), showed

that most astrocytoma cells carried intense red fluorescent dots on the cell surface and

many cells showed diffuse red fluorescence within the cell cytoplasm, as determined
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s UB7-Ms astrocytonma cells were grown on 15 mm
coverslips in 12-well tissue culture plates

(Cellstar; Geiner Bio-One GrbH, Frickenhausen,
Germany). Cells were grown in RPM 1640 nediumw th

5% cosm c calf serum (Hycl one, Logan, UT, USA) and 2
nmM gl ut am ne and i ncubated at 37C with 5% CQ2. Cells
were grown to 40% confluency and quadruple wells were
t byevicmdng sectiohd bwenghthy calhby Baoredcenet tenfacal micmseppyi Vidhis

TERNE o Sencted vl g P RR ARt Res ol R e Py ot mon-trgcted
Doxesrubjcin-PadlagkpaadcdlsMvasle! dily 2Bty ¢ fluddédscertaloBel@d-specific

Doxor ubi ci n- packaged m nicells.” The incubation
reshesionofmisicely)wonldibspbaeved o8 afew celln Thipsrgassisfhat many of

S DAL AN SR AP ARLI N8 ARY AR LEGF

term I 1" ncubatt én,

weteptvealeahiddodndotyiossand that &3 ansicélisted broleh dbovividnd released
forpal dehyde for 10 mn. The fjxative was washed thre

- ttherbloxgrybicippithin theagigocytema csllicytoplasme Thevesults gvess figrther

Ao EEmBl %}%ﬁ&mﬂfﬁe% )olgtﬁ'ésé%[ %#tegqg{o?%sceﬂqﬁag&vﬁéé lhd¥8ed to

were seal e agar ose. es were viewed by
friewen] elsat enmst of the fgpealdots er-hiealipyd With deued dots, I€kyltipg én yellow

A L B £ 5 SRS Mpeoma e

. %?H;?%stxcug gerﬁ‘ﬁﬂe& R4, £L%§%§é%1§ tﬁ@t‘&ﬁ@-ﬁ)@oﬁ%ﬁhh (el B fBofESence) was

of atron, tar (carrying the Al'exa Fl uor .
4®dongey paghsged wiilsp dei thindcedlst(idyealpd gragndynninicell surface localized

S el LRl G0 G Tt 6 b8 B BB pacoovose
Wall liRokieddien ad Bret@bathé TRdokiE cin eitih Uy RE66A6@a cell

| abel ed bi speciflc antibody) showed only sone green
foytaplaswent dots on very few 25 cells. This suggested

“that the bispecific antibody specifically enabled the

Doxor ubi Ci Ns ed mnicells to.str |y

the s JLkERBIEE ARG o il PP B adEF & b

iPhaght¥tié fadRhakian Miser 24 hrs co-incubation of

astrocytona cells and Doxorubi ci n-packaged mnicells

(targeted and non-targeted), the results,  whgn .

vi sual Thig gxample rc'@aw%%'ge @ﬁ%@ewdafdwmel!ﬂﬂeﬁated drug delivery
-| &P i R . . .

3O B b b, S OUBHmific ARNIREhy assay romee:

GellTiter 06| Aqueons @ne™ndas wedy MEA-MBHGEdumdnftresst red

fluorescence within the cell geytoplasm as determ ned .
adenqpargiperip ﬁgl%werﬁ SRt d Wit 1 g hiigelisepx Opgonirols comprising free

: uor escence ewagadal .m,er 0SCQ Th 6
TR SRER T e nal oo heRr SN 458 GBS Weks gosded e s X 10
kefis TS fla¥iisidrd RAbERE ¥6£ £8 hrs to obtain ~1 X 107 cells/flask. The media

was changed and cells were treated with 109'"'°"'wg°t°dmh1ic§llsmx 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 wére counted in a haemocytometer using the trypan
blue exclusion method. 1 X10* cells /ml per well were aliqohted into 24-well plates
(6 wells per treatment) and incubated for 3, 4, 5, and 6 days with media chémges

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

. manufacturers instructions. Briefly, 100 pL of MTS reagent was added {o each Well
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Doxor ubi ci n- packaged mnicells, where only a few red
fluorescent dots (non-specific adhesion of mnicells)
coul d be observed on a few cells. This suggests that
many of 5. the Doxorubicin-packaged m nicells had been
internalized, nost likely via EGF receptor-nediated
endocytosis and that sone mnicells had broken down
and rel eased the Doxorubicin within the astrocyto

@afl|coloydspelapmentins menitoredsoviE Leotryito they. 1W0phifromeach well was
%%gfeh%ﬁ tgg%g'lnél @8&%&@%@&8%@&%&% g&gﬁg@r}ﬁ%fﬁges

co- Iocallzed with the red dots, resulting in yellow 10

dots. eregilfsfored gdg&ﬂeLz? 108 ERNGRoBRERY W EaTi®@Ilspox Was

wi thin the astrocytoma ce cytopl asm remai ned red,

siglasbithe offiet Didxerubivis, rsugﬁtﬁsltlﬂg i FORidelisn s delivesyd
was no | onger packaged within the mnicells (reveal ed

Praxemiyginiinis eetive form ﬂcaﬂ@ M&h"amlmd ﬂwtﬁlpﬁe#ﬁme@cy of drug
body), o h

R O v b%ait&sﬁw%hé”w%f S e

ERASLING gl 06 FRLSAEHLOMBLAEL Ay Hipsth By ot

gieihiceBrbasédding mherﬂi)@bma)abé ﬁomfpl‘mmicyﬁm maaiﬂl&han“éblls do not appear
exanpl e denpnstrates the effl [ ency of
Fﬁﬁ?%éP?CJMWaPPQWY&?SG rorRigel to non- phagocytic

manmal i an cells. A col orlmatrlc cytotoxicity assay

SRAMJEES, gl P o MU g Dot i

. tmgetatand dimgEphékiged bdhicDe to bnnaarkneastrapoerprenognafts in

free Doxorubicin and non-targetedmnm ncellsDox. hNVA- MB
BPgdeuce s were seeded at 5 X 106 cells in T75 flasks

and i ncubated for 48 hrs. to obtain -1 X 107

cel | sMfHipskempld BeriBikirates iR eﬂﬁqxﬁaﬂd.t@gétba a#@ Ddxorubicin-

treated with 10 non-t argetedmn ni cel | sDox or 25

- paimged mwtlmmllrc@eefmkm@ﬁsmnmf@maﬁdﬁmss cangsr eqlkymor

I?‘F?g‘{ﬁ%gﬁ%%ﬁ%@rm%g é %\%@ﬁg ef%]i’;@rﬁg"iﬂq@l Ingg‘;f/]ves changes

of PBS and trypsini zed Viable cells were counted in

a haemcddsenBddaibovs inigiidel1€ wekd ptainet [froen ax S igr_ﬁhmmrmm
method. 1 Xl 04 cells /m per wel |l - ;ff allﬁgo ted, i
pd2GRER nprtantstrainand were ﬁwpﬁﬁd Bing A gEHbgnte 9% ed

n il
Einfagon At sl R 488 siiged it v
ged agtht cheinbeherapantid éﬂiglm@xcﬁ'ubmﬂi asudeseritred. in Bixasipley 1.
100 pL of MIS reagent was added to each well -39

A bispecific antibody was constructed as described in Example 3. An anti-

'EGFR monoclonat antibody was selected because the xenografted cells were human

breast cancer cells MDA-MB-468 that are known to overexpress the EGF receptor on
the cell surface.

Recombinant minicells (10'%) were incubated with the protein A/G-bispecific
antibody for 1 hour at room 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 experiménts were performed in
40-
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and col or devel opnment was nonitored over 2.Shrs to
4hrs. 100L fromeach well was transferred to a
96-wel | plate and the absorbance was read at 490 nm
The results showed (Figure 2) that the cytotoxicity of
EGFRM nicel | sDOx was simlar to that of free

Doxor ubi ci n, suggesting that EG-RM ni cel | sDox

delivered 5 Doxorubicin in its active formto the MDA,
ceamplignge withothe ehidesf tarsisnd uge of laberatpry @vinialeand wigh Animal
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m ni ceI I - based dru? t her apy, because no hag tic
Bamandrens® msnogppibema ogls AARANERHEF AT CE: human

S‘ﬂ?'?%?%itﬁ dhetl Bk B plencb T T efifn e Yture o ful

- DendineiseyCin T-76 dlaskwindRat el 1 6400medivgr s:@:pleagaﬂemwfth 684 Bevine Calf

e B AR ERRTChmblommi. Burosed GRyamiorcogbbed A,
A0YADBP b glmﬁﬁagfﬂl A Rl dd dlebicte 6ROsA sl 5% CO,

regreSS| east cancer ce
xat BEYE.al txs108 sekkbin ShddsdromSravanédio kagetemayith 50 th grawth factor

I L R

’%ﬂbblftbl%ugﬁfl H&w@elﬂﬂlegh&ﬂaer%?dﬁeﬁ bf R h8se/ using a 23-gauge needle

| amentati'on/ filtration / endotoxin renova
ﬂfhwdgnh@rsaweﬂérmemedfmm anvmlcualm@amdneetr@ug digitaélcalipen(Mitutoyo,

th t bi c d b
SAaHp PEcisi05 1 00T MR Foa WECAOHRE qope e formale
desah (BaD » wides g 380.5A4WakhE (mﬁﬁf lea b&ﬁﬁ%hFlantatxon, the
ant1 body was sel ect éd becaus t he xemgr ed ce

\maersrmndwd wolwnes betwaeed( mat |agd SO ich afergrandomized to
h receptor on the cell
?@a%g@reﬁéggﬁgjgﬁgﬁip%{%og 1ls (101) were incubated
vvlth the protein A/ G bispecific 25 antibody for 1

hour &fhe ifp eaatesigedtap fsllats. tGeoup Di(caitrel) mcéived no
the antibody via i-ts anti-LPS Fabreglon The mc
irsatangnt. Gfos:pe’é@wtr@l)wéquﬂﬁ%eﬂa@wu icin{ nne/ga of mouse body

S SEpurBRUC oL R Rl ) boyel Bt b or e

- Doxbriticindi grovfceltPdr] toRskessx sillbifeets.0Goapi3n@bmrol) was

and wi th Ani nal
the same as group 2, except that the Doxorubicin was administered intravenously.

" Group 4 (control) received the anti-O antigen/anti-EGFR BsAb and free

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

non-targeted

Groups 5 and 6 received minicellspox intravenously and intratumorally,

respectively, to determine if drug-packaged but non-targeted minicells could effect
tumor stabilization. Groups 7 and 8 received EGFR-targetéd EGFR) sinicellspox
intravenously and intratumorélly, respectively, to determine 1f receptor-targeted, drug-
packaged minicells could effect tumor stabitization. Group 8 was included to
determine if the targeted, Doxorubicin-packaged minicells given in the tail vein could |

follow the required sequence of events to achieve tumor stabilization and/or

Tegression: i.e., permeate the leaky vasculature at the tiumor site (shoulder blade
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absence of m n|

Et hics Committee approval. The experinents were
perfornmed in the NSW Agriculture accredited small
animal facility at EnGenel C Pty Ltd (Sydney, NSW
Australia). Human breast adenocarci noma cells

( MDA- MB- 468, ATCC, human 5 mammary epithelial cells;
non- phagocytic) were grown in tissue culture to full

fl Y T-75 fl ask MM 1640 di
SEBPV AR R (b S BRR P o PRl SRS BT the human
ket FREOnRIe GRS ol ALl AR N7 ﬁ[tf’dchmﬁlaﬂ?aﬁd flhatk the drug

glutamne {(Invitrogen) in a humdified
@ayﬂnsd)hertsebmﬁct%%ml inta it Goc@ceil catopkra toresultipgell death and

N, 50 uL dia_t
Frs it B il bt pEe e uP | BB Ll thitered at o
'ﬁh?@&f* 108 aha lﬁﬁ%eaﬁﬂentyﬁéﬁe Apdreon diyRATER4, MR SRS EKatogratt

bet ween t he shoul der ades of each nouse usi ng
zstalglaalngmnneém measurmntwwsﬁexi@wd@a@mmesmt%w was blinded

Y5 S S8 et VBB s o
Qrah&weqhmvm aed Pheo 09 cansiddredist e Statisticakly wigoiificadt.
= volunme (mm). 16 days post-inplantation,

LES, 121%1% %ﬁm ey gﬁ%:ggzhggﬁlggﬁ\?a%ﬁﬂf PRt o 00004) tumor
11 T
ggﬁﬁ%g‘go %48105»? (Hﬁy P 55}[%)(\@} o nozﬂﬁ?@ll ES it ?ﬁ’fkn‘?swhether

AL A 3 IR
Langert efl? tsﬁ%é%sﬁﬁ%ﬁﬁ? Q%—Iﬁédlfafeﬁeta?é}ung was essential. At

Doxor ubi ¢I P to assess toxiC

?h‘ﬁi e{l{eeﬁézﬁmte ﬁ)‘l‘%@n{lﬁﬁeﬂgn%{)gr&ﬁﬁ wéshﬂlaﬁg\é‘&?toa%GF&NﬁﬂRellsDox

extept t Doxor ubi cI'n was adm ni sfered
b RNE RO USte¥mine & 1éNarke t6A0F v6lkinek €860 en’ td1E260Mim (pcould be
anti gen/anti-EG-R BsAb and free Doxorubicin
wgrem@mﬂieytargetahmaﬁye Blief mestit ofasBs Apamatia fwenor regression; by
F G oups 5 and 6, recei veq d d
dexy 79r withdusti taoc el m@@&ellSnoxér\%W yhe fmor volumes had regresse
intratunoral |l ys 25 respgctlvel to determne if

mbwareaag@unbm Khgy JdeSamiplsie cXperimen,faF Repippped 3 times,

{lfn?fi 7 cbﬂgzat I %ﬁ] ﬁ%@ﬁu é-Bg( | n%r aveno%s )ﬁbénﬂgGWd minicells

cBhIdE ﬁé&ﬂfcajly Welit@sP @Eémb‘mbmﬁeﬁtib deigeton hemiah tumor xenograft in-
receptor-targeted, drug- packaged mnicells coul d

gfoect tunor st abl lization. Goup 8 was included to

(D

ﬂ?ﬁ?i@ o AR B S A KRy o non-

ﬁl%ﬁc?rﬁg nﬁ@ﬁhﬂ@ﬁﬁﬁcdﬂ% nadedted by Bacﬁediullaxléeﬂwﬂumact drug-packaged
ta zation and/or regression: i.e., perneate the

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

the site on the injection, suggesting that the minicell-packaged Doxorubicin prevented
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-41 region), diffuse through the tunor

m croenvironnent, specifically bind to the human

breast cancer cells, be endocytosed, broken down
intracellularly and release the drug payload in its

bi oactive forminto the cancer cell cytoplasmto

result in cell death and hence either tunor
stabilization and/or regression. Mnicells were

e Mbsdrabieth wactivily vidsskintissiadt drditalof ifjectiah méwidgionally,

were given on days 17, 24, 27 and 56 post:xenogr.af .
auiikplipersldelingy veaatsr nt RSl GimosTBRkdpRBETp: Sjp drug did
[ P ok ."Wgﬂ was blinded to the treatnents
gg)\rfr?%lkstergg. tatistical anal ysis was perforned by

anal ysi s ‘of variance (ANOVA) and P < 0.05 was

consi dBxese resulth suggestiths falloating: (8) mini¢dllsare ablatrepackage a

by BT it e ol gl i e e
QRRE hyleéi‘)tp\éﬁltta 15V P iRahinSdePimémBaheEdnce e 1ok of skin

given intravenously or intratunorally. No tunor .
reaptivityitoat thasite bEdeailivein dmeetin (Groups 5 and 7) that was seen with

S S St it oo

¢ ReHERHde mfite When Mothiifdells AfXinfictddnit@snotisin geihttatumoraly
EGFR M nicell sDOx: treatnent to determne if the |ar

 (Grosilo esiegesing v theiee owsivtormn)lipeRelisatsbare) emoval
d, Vi -
PRI Gy B0, ARR3o oy il 19, o

BEFlidhtivnGRiien DX TVIBO0M6AL s stffvidm toprovidelmdsse lofithinicells
regressed to between 100 and 150 nmmB.. The _
BNy fsqsek eI A< BF FBV SRy B dntratiRorl pyltancous

&
_ élg%tl)[%ltsﬁghoa’ g{;;l trﬁnfgﬁfege cells %—{’H’%I &ovasall Bfugh I'1’(9}3@:1111&:&1‘&3 the leaky

-targ S ¢ specifically deliver_ a
ehaoPhéemandatuies tolenabletDoxorhbickmpaciaged mimiesdls 46 enteninto the

20 VIVQ. The result is a fjrst denmonstratipn.of :
tamgrmBtrorRYiRPnl (dhaeested ReyorBs R gRed Biryeqlls appear to
RBAREAR NG gcl: fhe TSI ?eitclgﬂtopﬂm@ O vinol BE dlefdxpdséddrbttie surface

ug- package mnicells. Interestingly, the free

 BEMIDAEMB-A6Y beltsmridposhendoaitosisethe niniceile breplodowpand release
Hiporivioh, réstie ingimoanoal Hevh pRLuR oppdtfed hfor Feedelifon (Group

@ng&f@ BY; i(@ folbhAMERaHPerioRl RédtMThE tarfutodasd DERombicin-
réaction, 'Known as Phlebitis, is thought to be caused .
ipackirged neixiceHy ameh thertumor nlieroghviconyaenit i gignifisant gongentration to
associ ated kill.ing,of normal .cells,i i.,Z :
AP o rekreriat AScortoigl it oo Bol lpsny e Sen

Th#E - s idGells G kilghifidast quaintities to
SA 4648 o MR ki lgaogsuoh s g
obviate the observed therapeutic effect.

Example 8. Highly efficient delivery of hydropi;obic 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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m ni cel | - packaged Doxorubicin prevented -42 free
Doxorubicin reactivity with skin tissue at the site of
injection. Additionally, wunlike Iiposomal delivery
vectors, e.g., DOXIL (liposomal doxorubicin), the drug
did not | eak frommnicells. These results suggest

the follow n (a) mnicells are able to package a 5
REpARd wide/” M@ﬂ@%&,&hpﬁ’suﬂe bipesinRaKd eBingind The tréstments
mnicell cytoplasm and t rug does not appear to
lineikdeal, (i) 61 -tthmombnlyc€i)IGave fidoe Radltam mﬂﬂ ug}gvhamkl‘abmm“aﬂy,
skin reactivity to at the site of t
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prOV| S

suf f1cient e of mnicel

941 56, Sloenlalag. fir eeoohifadetrr asadaneacmmcapfreamm

i ntravenous or I ntratunoral subcutaneous

adm nistration, (c) targeted mnicells appear to be
smal | T@ecrasgﬂvtstshowed (Rigtire 4) highly sigyificnti{pro.0004) tumor

neovascul ature, to enabl e Doxorgdbkcin ckag |
ﬁiahﬂt?etlp@/ﬁt%escsmnen mife Beﬁttﬁ@w“gu iRl e ﬁidm% pore; it did

L ARG AR e bhleph B PR SR ARty B bd B BRBREAY OTne

ohreereted
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the mnicell’'S break down and
% RABR effeK6M irher growiie STHibuglpuk thetaxperiment, inidedidmot show
t

he ob d.tu (G 20 7
3’1}/ 06’@; steap Sé{q?wgty 9ok 84 ENBLAHERIFE qnpgufeaqrgig?@d “The
?#g?r%é]&we&lr n% ted SAHRIG 'Enﬂhﬁggatg each the tunor

oenviron InTsignitican oncentration to
achi eve tunor regression. Accordingly, mnicells do

not apfiaresilo zshpar&c\ﬂammgniﬁcamm beatisdyther dimgl delivery vectors, like
r of essi onal ‘g c cells i n n| fica ticall
iPAFARES, egnqpam - 83V HBOGHEES tm%#%ﬁaa%?fépe“ catly

O

_ hﬁémptsenlera mhddrtu ghmumgdnbmmaiu stmbtuse obthieveater or thegirug to

canger, xenografts
. GRRRIR SrYERas agfpgméengpq gqlfém o%?ﬁg?&vg&p Gur result is the first
RYGSRRBR ot only can such drugs be readily packaged in intact minjcells, but they

can be safely delivered specifically to target diseased cells in-vivo to achieve a

therapeutic effect.

Example 9. Demonsiration 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, (if) the targeting mechanism is versatile enough ¢o enable the use of
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chenot her apeutic drug, Paclitaxel, to human breast
cancer xenografts in nude mce so . via targeted and
drug- packaged nminicells. The experiment shown in
exanple 7 was -43 repeated o using

EGFRM ni cel | sPactitaxet as the experinental treatnent.
The treatnents included, (i) @A - tunmor only, (ii) &

_El]'i%elrr it @Eﬁ—%luﬂ %e)e(l%l 1‘3‘]{05%53% cﬂ{%g{‘?si c;]tt:%llﬁf/aglﬁ 9 {1&] rleéltricted to the EGF
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i ntravenously, (vi) G6 - non-targetedm nicelisPac
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- I I - .
PR e e 00500 )
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wir(dAE: strainy eResuminicels ware PatkaEsb WA é@x‘)ﬂ%mnc ont r ol
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&%ﬁ‘ﬁ'eﬁ‘asggﬁt%ighom the experinment, mce did not show
any overt signs of toxicity such as fever, |ethargy,

1 oss of appetite or death. The 15 experinment was

r epealhd rults sleswed @igue 5) significesttinor sthilizatiens inl mice dreated
particularly significant, because other drug qmghver_z/
withteither S. Typbimiiiwo swneDE- 08 fogeli t7eGBE- dgived 1 aipdnicellspox

G 025 o B P Reefrory rjuofe et efl RS 48
;éhodPatts, GAP BR expRlimBARiould\BiIf bETso Wl gheyRliedaysgost-xenograft

chem cal structtre of the vector or the drug to 20 .

estalilisbmentip couseithg confrol@hinaals had rdacheshthe poind 4 death or

'b'hﬁactivity. Qur result is the first show ng that not
BHPgPAEEn

such drugs be readily packaged in intact
mnicells, but they can be safely delivered

speci fThesl reyulisaichvngRited (i3 drs brlac ehibivellsn can bousad to deliver
achieve a therapeutic effect. Exapple 9. . " .
dugs irsvivate snange af¢lifferent nangphseosyicyeamgalian cells, (if) that intact

BALGEVL B35S bd tifeted Yo & lVelst Minde o TRITHR a8 recEtb found on
the diseased cells, and (jii) that minicells can be derived from different bacterial
genera or species, yet function in a similar way, particularly with respect to drug

delivery to target cells in-vivo. -

Example 10. The relationship between targeted, d}ug—packaged minicell

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

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

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

minicells required to achieve maximal therapeutic effect on human tumor xenografts

in nude mice.

45-



10

15

20

25

~.anti - HER2/ neu MAb

Thi s exanpl e denonstrates the followi ng: (i) targeted,
drug- packaged mnicell vectors are versatile enough
to achieve a therapeutic effect in a range of

di fferent non- phagocytic cells, (ii) the targeting
mechanismis versatile enough to enable the use of

-44 different cell-surface receptor targets on
03B AR R ol W0kt LRSLEAERBIHaY Bolls\orbERablished as
receptor, and (i1t1) the mnicell vector itself is
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AV ABIBlY sdinistesdgr tietraice. Fumer wohumes Fiere measurpél s previously
denonstrates the dose-effect relationship for
desgibsdckaged

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

EGFRm 7 EGFRm

inicellspox were more effective than 10

more effective than 106 EGFRminic'ell_s.Dox. Interestingly, there Was 1o majox

inicellspox, which in turn were

difference in the Doxorubicin concentration between minicells administered to groups
3 and 4 (6.6ng and 8.5ng respectiveiy) and groups 5 and 6 (66ng and 85ng).

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

' G6 was miore effective than G5. This suggested that within the range of minicell and
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mnicelis. Mre specifically, the exanple shows the

dose of targeted, drug-packaged mnicells required to
achi eve maxi mal, therapeutic effect on human tunor
xenografts in nude mce. -45 NDA-MB-468 (human breast
adenocarci noma) cells were established as xenografts

bet ween t he shoul der bl ades of Balb/c nulnu mce. S

Typhi murium , ninCDE- derived mnicells were packaged
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mnicells adm nistered to groups 3 and 4 (6.6ng and
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The use of claiml, wherein said mnicell conprises an

intact cell wall. 13. The use of claim1, wherein said
Ccrifed] nol ecule drug is a chenotherapeutic agent. 14.

The use of claim1l, wherein said mamualian cells are

invitro. 15. The use of claim1, wherein said
1.manmmigsée Gfrbacel'ihlty datiged intact Midicelld 8nd Bilisecifie@ig@idsTh BePrdparation

of\'\é1 e%lc% %’F‘g’] rﬁlngcghs g’tgﬁ%%iﬁiglgra} \érlntglﬁ giqle%:zj{?i J/BS a%é?sa?c{ hispecific
ligands bemg capable of binding to said minicells and to target mammalian cells, for use
in a method of treating a disease or modifying a trait by administration of said

medicament to a cell, tissue, or organ.

2. The use of claim 1, wherein said target mammalian cells are non-phagocytic
cells.
3. The use of claim 1, wherein said bispecific ligand comprises polypeptide or

carbohydrate or glycopeptide.

4. The use of claim 1, wherein said bispecific ligand comprises a first arm that
carries specificity for a bacterially derived minicell surface structure and a second arm

that carries specificity for a non-phagocytic mammalian cell surface receptor.

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

polysaccharide component of a lipopolysaccharide on said minicell surface.

8. The use of claim 4, wherein said minicell surface structure is a member of the
group consisting of outer membrane proteins, pilli, fimbrae, flagella, and cell-surface

exposed carbohydrates.

9. The use of claim 4, wherein said mammalian cell surface receptor is capable of

activating receptor-mediated endocytosis of said minicell.

10. The use of claim 1, wherein said bispecific ligand comprises an antibody or

antibody fragment.
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1. The use of claim 1, wherein said bispecific ligand comprises a humanizeq

antibody.
12. The use of claim 1, wherein said minicell comprises an intact cell wall.

13. The use of claim 1, wherein said small molecule drug is a chemotherapeutic

agent.

14. The use of claim 1, wherein said mammalian cells are in vitro.
15, The use of claim 1, wherein said mammalian cells are in vivo.
16. The use of claim 1, wherein said minicells are in vitro.

17. The use of claim 1, wherein said minicells are in vivo.
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