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Field of the Invention 5 The present inventions
relates to nethods for the delivery of therapeutic

a\gga /1597 arget cells. Background to the In\i’?ﬂ‘?(%l%ﬂ%/ﬂﬂ“ﬂ

stic |br03|s causes the body to produce t
secretions that affect the lungs and digestive tract.

1 in every 10 babies born with cystic fibrosis

under goes an operation wiﬁENE.Dﬁé_mV st few days of
life due to a bowel obstruction. Children and adults
suffer from repeated chest infections and problens

wi Figldefitbe bwentiomcti on. The latter conplication makes
it difficult for cystic fibrosis sufferers to digest
food. This can lead to malnutrition, 15 poor grow h,

S phyRe praseniéwrpions relaigs dematpeds mmqeyvew Af thprgaputic agents to target
pagdygnts insulin production can becone deficient due
to increasing pancreatic disease thus resulting in

di abetes. Cystic fibrosis can al so cause bl ockages of

[ gg&kgqibl,ﬁdsto thBiSveRgioHr S i n approxi mately 8% of
sufferers however the health risk is so severe that

liver transplants are necessary. \While the disease

10 hagysieribRisss &fUs8S e B@d)ﬁ {E)eprQHEoe PRRCCARSond {h‘é@%ﬁé’&%e lungs and
reproductive tract 20 t effect 1t has on the lungs

ar doegive igst 1sibvaves) 1@2@9@9@ oameyigh éxstl@fﬂerWSe'mefﬂ@eﬁ @ggoperation

t OWItf%’fHe' PS8R aby draieiRlei 193 HARA %ﬁﬁ&i@mt@mhr@l dnH"é@ﬁlts suffer from
which ultimately | eads to respiratory ai | ure and

de%ﬂpﬁatewg%ﬁténfwt@na@né pr@l%ﬂ@wwéper&r%ﬁssf@a@@ncah&@Herbgpmphcaﬂon

a mkay it @ifficuit tdichsti bl RuffdRASto difdbRioodDTHIEXSA leBd to malnutrition,
Fi brosi s Trans- nenbr ane Conduc nce Regul at or

.. Th L
15 bypqqr@équthgor%ggglwgnesagpﬁ &eI@ pl{tﬁg}/ 4 )Qldﬁf p@t@nts insﬁ'n production
pos& béddnieoddficRat ?w@: H‘nlfiﬂatéélhglpi%cr@aﬁtﬁﬁséﬁsegh% ﬁasama@m diabetes.
ons nt r odu as,
R GWHCL b ob B o e lopiases op NsE ut s ocetis in gppiogmately 8%
GeﬁIESlIfﬁéEErrﬁm)wa@ th@‘ﬁ@alﬂ?ﬂékei@ NsdveERBInSt M&r I‘l’r@nsﬁlén@ @/ necessary.
s trans i on, vectors.
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20 | nﬂe@ﬁebbit haglow ttedi lnggsoave the modt seveien Repedibs cydieat efgmfattion lead to

! n%(?ntlwl:lloeus lnf?amrggt%%oam% @arﬁgag%l %he ﬁ)mgs which ultimately leads to respiratory
failure and death.

Cystic fibrosis is a genetic disease caused by a mutation within a single gene, CFTR
25  (Cystic Fibrosis Trans-membrane Conductance Regulator). Thus by treating patients
using gene therapy it is possible to treat the underlying cause of the disease and not the
symptoms. Introduction of CFTR has been shown 1o correct the cystic fibrosis defect in
vitro. Gene therapy has been tested on humans using viruses and liposomes as
transfection vectors. Recombinant viruses used for gene transfer need to be able to
30 infect both dividing and non-dividing cells, integrate into the host geneome and give long
term gene expression. Of all of the viral vectors tested so far (adenovirus, retrovirus,
adeno-associated virus and sendai virus) non have all of these features. Viral vectors
used .as_géné“delivery éystems also have poténtial safety issues and are 'ineﬁé.dtive.lang
term due to a triggering of the immune response. Similar transfection problems apply to
35  awide variety of genetic diseases.
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term gene expression. O all of the viral vectors
tested so far (adenovirus, retrovirus,
adeno- associ ated virus and sendai virus) non have all
ovobbRafIheat ures. Viral vectors used as genNgcr/gr2006/001477
delivery systens also have potential safety issues anc?
are ineffective long termduegto a triggering of the

I t ti bl I
to egcgesr;e nggr? \%5 Ig{%s%gth@g%gf {og%d]log-g/ggégge_ne\?%sﬁsfg&%nyagent which
Zggﬁééﬁﬁémﬁwér@g&%é&%éﬂ With %c{éh@lrﬂhﬁﬁ@ntledftdw ENdri-dral agents
addr esses t he nee or a non-vira transfectio
2 R FO oo B R eselor REMAPASIEy St s bHED6 R e targer DNA
vmmésnf@:amblca@rbte produtkd \cB64l 8n aNargevidall. Gr@elyhs of agent is DNA
non-Legf ect ig |eI atively non-imunogenic, have |ow
t SPPIEAMPONEUGPRIGES, | arger DNA plasmi ds and can be
produced cheaply on a |arge scale. One type of agent

i s-DNA, 5 coate parlces
botent raeGe R Soe D Sebiae Al e, Y FRpRE B fanformatin.
t renesdresemttnivertors REle dpvedspata magrmﬁib(peﬂlclea‘)ased delrkenpsydtem which
netlc rticle b d del r
= PR Ese Hssh B T s ot Sitoeii NG 6 m@ Breater than
efthe cureant gysténs bamed ogritel ér vifrtvsindied0 t he current
systens based on initial in vitro studies. BRI EF
SUMVARY OF THE DI SCLOSURE According to a first aspect
of BRIEE SUMMARY @ Thie DESCLOPURE I ded a net hod of
delivery of a 15 therapeutic agent to a target cell

the nmethod conprising targeting particles conprising
t hiccpigindalioerufiist asppshof the investiarethereuisipneyidedgh merthpdrﬁaﬁhvery of a

t oth PéMlcaa\ggﬂgﬁeé 'téf'gétq,leﬁ e Pefhds co 2 Hgﬁélh%a‘?gc'?__tﬁg rﬁ%ﬁﬁ:‘e‘% comprising

€ pa ticles towar
matgﬁ derapeyiia agent inthepell upiag sragpetiq rn@anﬁdmang!ytarfeag netic force to the

”WéscsdTé’saﬁstend?% rh@veathe GHRIeS Q&Né?’é@@lcéw%f frcfrﬁ‘ %he magnetic means

i nvention the gnetic nmeans are used

et the smteee F@V'ﬂ%@eﬁH@QHQB$ B%a’H as to tend to nove
the particles in a first direction towards or away
fromthe magnetic means and at the sane tinme noving

t He aRigisEed @spachakthe fnvepliqn ibe Mmagnefic peansi e Hsed 19 a@ply a magnetic

sepRBo dhd BtiEIES s tas 38 teHiotmbve thE Pafticlestin @i flr&Cdifefbn towards or
25 The novenent of the magnetic neans_in a second

di 3yt fryR the ng%me@n%tang #dhe samg time moving the magnetic means

relative to the particles in a second direction at an angle to the first direction.

The movement of the magnetic means in a second direction is generally at a non-zero
angle to the first direction, for example at an angle between 0 and 180° such as at an
angle of between 0 and 90°, to the first direction.

Preferably the movement of the magnetic means in a second direction is an oscillating
movement. The oscillation frequency at which the magnet(s) is driven will usuailly be

varied and will generally be in the range of 0 up to 100Hz aithough values outside this
range may be used.

In a preferred aspect of the invention the movement of the magnetic means in a second

direction is substantially perpendicular to the first direction in which the particles tend to
move.:



N

10

15

20

25

30

angle to the first direction, for exanple at an angle
between 0 and 180, such as at an angle of between 0
and 90, to the first direction. Preferably the

Ry SHERY quthe magnetic neans in a second di 'i)‘é‘f}dn%bsmouﬂ

is an oscillating 30 novenent. The oscillation
frequency at which the magnet(g) is driven wll
usually be varied and will generally be in the range
of O up to 100Hz al though val ues outside this range

MebheliRadhR@E forédlaghiBl & Bl RfticRERB &S t@f’noK/@ %he' ;B’Ia\f@d]@é @Wards or away
the nmovenent of the magnetic neans

di s H1EGRAGRE G RANS RAY-R SeSGURgseaRoR Kansiations! | foive. i Theggansiatonal

di 6R6tiE QFodube my%hmh BRI Wilres gfRittht ! PrefERBE- th¥@irection of the
2006/ 11 770 PCT/ GB2006/ 001477 3 The magnetic ‘force

apfarsietionabforerds fyyardgihednaghetas to nove the particles
towards or away fromthe nagnetic neans nay be
descri bed as a translational force. The transl ational

f ofc& Predermidogenest obheainvenjiRB the madestis Wiephs & §razeneher aray of
Praégieth ITie tizgnéli rhgchd aeledtrontagnetd transl ational force

is towards the magnet. In a preferred aspect of the
i nvention the magnetic neans is a magnet or array of

MEgReiHticleEhayrbg Attactsdo e r@mauedi fr6ih| theapadietic i@and)@referably the
patl | es Pg &]eracteg or repelled from the

G?Scar?r@ ﬁge B hedpagiele Wﬁ%n ‘particles are
attractedtothe magneti c neans In a further
pre rred nvern partic
e O pETETE abectal B PiATIA PR ooREIE Bt e
fr Ia'efeaahmtb\aeﬁartmmbh enadatferr aahagﬂ'éineabfag%rlas abheemagnetisable particle
par nh ot netic or . ne
ek 5 BaerpBol e ish B0 B bid wiRH Rl Aty o
magnetic material nay be used, however, by the term

f I
par amag&ét%% ﬂqgf@g}l% %ﬁ’aﬁ% b u?ed:?{gﬁnf‘gbﬁje { th& r{eljn'?‘ fnargnetlc we
anmedre ferexamgnlet & matmeawtnbies p@fanvagnemc $um©rp§memag rgtm feregmagnetic,

ir%o EF@E?(Q&H% . tiﬁ;&?ﬁﬁgﬁg oic%mclht |n@ué‘eteéleméﬁtala|ron chromium

compoun n conpound
s alinangainesth cabslt, b?@kslebre@c@umund itherénd. g'Frwpmmrrmund may be an iron

| nGliudARnTRBDChL t SadFEB AN the group which includes magnetite (FesO.),
maghemite (yFe.Os) and greigite (FesS,), or any combination thereof. The chromium
compound may be chromium dioxide. '

The particles may be provided within the pores of a polymer. Alternatively, the particles
may comprise a magnetic core with a biocompatible coating. The biocompatible coating
may comprise a polymer, e.g dextran, polyvinyl alcohol (PVA), polyethylenimine (PEI) or
silica.

In a further preferred aspect of the invention the particles have a mean size of between

10pm and 5nm, for example between 1um and 10nm.

Preferably the particles are nanoparticles.
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maghem te (yFe203) and greigite (Fe3$4), or any

conbi nation thereof. The chrom um conpound may be

chrom um di oxi de. 25 The particles may be provi ded

‘%6 Qd()@/llhi?ﬁ) pores of a polymer. Alternatively, ptfRB2006/001477
may conprise a nmagnetic core with a

b| oconpati bl e coating. The bi oqorrpatl bI e coatl ng rmy

ri se a dextran, |
#\rﬁrﬁser 5@995% | Roriad Rertpipe (30 1 BCbaneite) 58 prpegence a torque i
f uhé B@&llldﬂh%f‘@ﬂ b@%eﬁ%ﬂﬂ@ct@fzhéﬂg@s it Mg Witirdspéct to the magnetisation
partj cl ave a nean etween 10um and 5nm

fo\f‘ec q F@aﬁ‘é?ﬁé%??rq‘%%ﬁ%ei A0 Preferably the
particles are nanoparticles. WD 2006/111770
PCT/ GB2006/ 001477 4 Larger, magnetically bl ocked
particl%éf’(Bﬁ m for nmagnetite) wll experience a
torqgue in the oscillating field as the field vector
changes its angle with respect to the nagnetisation
vewhase risf thefieraparit is dheemaanadio meimant.t Bistthe magnetic fiyer.degsity and 6 is
a=ARS,
m)rrent@g b\é@\?é'eﬁ tﬁe %@[l%@ﬁ?lg Qﬁcﬁl‘h% pggur(]:lsel% %5@1 g@élf?aﬁtvb&oi] This twisting,
an\g¢c@"1sae@wel@ﬂhngm1hamﬁs| tael nfavementaai dhe n@l@i@lﬁﬁaraﬂe@ﬂ@ agent complex
m@@@ﬁﬁgslﬁtthé}lﬂwp\‘&}%ﬁ%btakg hi e t¥isSti Ng,  wedging and

't ng enhances the novenent of the
partl cl e/therapeutic agent conplex 10 resulting in

thg thEPeBRIbIUR ﬁK’Sl’IﬂOﬂ thd18elF@by e al B’écﬁéﬂlﬁl cant paft &l dr@imal cell.

|nvent|on t he cell be a bacterial cell | ant cel
r TRERnRel C@&may bemaa ﬁ\ah%ﬂ Ce@éq’rlexﬁ'ﬁg?e@ehuéi“ lian
ceII for exanple a hunan ceII 15 In the nethod of t he

nventi on the cell, ma n ell, kid
15 ofvd

u eX(
ecrggq od qfretg%ﬂyﬁg) eq:qll m K ll.&__g| gell, |dney cell nerve cell,
(Cméﬁmhwﬁﬂydeﬂ) mubdly el Qc‘airdilomy@tdyrhmlcéle rodl @pdvtite! Blood cell (eg

e erth octe, I ocyte, crophage -
( %N@% %ﬁq%cgeégﬁqrog%g glchgtp p@ggrpaf%ce% cell; epithelial
I Udlitfm , (e§ ASigl gﬁétnc)eeﬁidzitmw &dll, B&d ceubgnecsalelgbstr@&steétmal cell, bladder
ce astroi ntestinal
r e?ﬁ”o@gaq“@@’e&?ﬁ sp(ag'B el ﬁgq)?elléé;sl?sd%?ha uteeJél ;prgstsfe @ridocrine gland
ut @rg) pituifings eAibeyodic &BMOES)N&2IIg! @nbrydill (@ (EG) cells, tumour cell,
p| t i tar )' enbryonic stem (ES) cells; enbryonal germ

nogledells .t unour cel I,
The method of the invention may be an ex vivo or in vivo method. Preferably the method
is carried out in vivo.

The method described herein has application in the treatment of a wide range of
disorders including. Thus the method has application as a method for the treatment or
prevention of clinical disorders and diseases.

In the method of the invention the therapeutic agent may be a pharmaceutical,
nutraceutical or agrochemical agent. The pharmaceutical agent may include DNA, RNA,
interfering RNA (RNAI), a peptide, polypeptide, an antibody (e.g antibody fragment such
as a single chain antibody fragment), an aptamer, a small molecule. Small molecules
may include, but are not limited to, peptides, peptidomimetics (e.g., peptoids), amino
acids, amino acid analogs, polynucleotides, polynucleotide analogs, nucleotides,
nucleotide analogs, organic or inorganic compounds (i.e.,. including heteroorganic and
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cancer cell. The nmethod of the invention may be an ex
vivo or in vivo nethod. Preferably the nethod is
carried out in vivo. 25 The method descri bed herein

tion in the treatment of a wide ran
3?23?%2&2%?n0|udlng Thus the met hod has appllggﬂﬁ%ﬂMMM4W
as a nmethod for the treatment @r prevention of
clinical disorders and diseases. 30 In the nethod of
t Heganpmsialicoporepraindsichayieud inolegylen weigh lase than about 10,000 grams
P& TREE Wrb&dt or iIndHdnRC&dobAds ﬁ’éwrggé Qrﬁhr-ﬁ:ma? QJelgfﬁg%@fs than about
The phar’maceutical ag ent may i ncl
i -89G giemsgrernRlg; RNJﬁ”)C oran@fewp Q@np%’@ﬁ?bé\ﬁ'ﬂg aénol%ﬁtflar weight less

a”thhrb‘égéfut(ﬁ)cﬂ g'#thb Bedofe; @%ﬁﬁtorw&nl@&n@poﬁh@é} h&ing a molecular
chain anti body fragnent), an aptarner a smal

noveight| desssihdn) a?evfe&ﬂoegramﬁypqrnmweanqbuﬁalfar eestye, and other

| priakRscduBicallp @Bddptidte foRRPHT eRtombdup8s.(€- 9., pept ods),
am no 35 acids, am no acid anal ogs, pol ynucl eoti des,

pol ynucl eoti de anal ogs, nucleotides, nucleotide

iama: 8 UefeRbd Ao bf ltﬁ@ﬁr@@iéﬁd\?@ ﬁg%g&gﬁ% %géht is DNA. In a further
nc er.oor.gani c

P@Péﬁéggﬁ%ﬁﬁ‘? ineengpry A ieteRPYICA0EB P s eRSRATEfNe

a Optie Fibrédis TahgMenbese ddhlctakiReglitd?00 granms per

nol e, organi c or inorganic conpounds having a

mol ecul ar wei ght | ess than about 5,000 grams per
OA €urtte¥ @8fect thhel nmerngam pﬁ)vrdémdmésofhﬁWealeanagnetic means in the

nmol ecul gr I ght bothOO a er .

o a e GYtPR oG AP TGRSO igg  qnerapeutic agent to a
notaegetilcalt. Prafeiaplytthé essgreti@ameahoute HOMotiprameefe@blynadill én constant
and salts, esters, and other pharmaceutically

act@™bl e forms of such conpounds. In a preferred
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I'C agen
Fi inegrstis fafca esthepatiicken go@eﬂ@@ﬂwwv&ﬁ@maaﬁdns towards or away from
fulrhgl?rﬁgnéﬁcprﬂgé QJndtal?ﬁwe'é%r} é)ﬂoﬁﬁggw %qg%p@ Pﬁﬁs of
i eans 'y The ona re o
system for targeti ng particles conprising a

Uher ARG BrefsHRIAt udeCaording to the invention the magnetic means are used to

apply a magnetic force to the particles so as to tend to move the particles in a first

{ Elg?aag}eéﬁegrg%rusepg fe.érﬁ[ggetﬁ tﬁ@&t}%ﬂgﬁ tiae H‘l%ah%}\}fcl;elﬂ%%{\%@retdggd to apply a'

direction towards or away from the magnetic means and at the same time moving the
magnetic means relative to the particles in a second direction at an angle to the first
direction.

Where the use is in vivo, the magnetic means may be moved external to the body. The
movement of the magnetic means may be controlled by a motor or a magnet. The
movement of the magnetic means may be remotely controlled.

Throughout the description and claims of this specification, the words “comprise” and
‘contain” and variations of the words, for example “comprising” and “comprises”, means
“including but not limited to”, and is not intended to (and does not) exclude other

moieties, additives, components, integers or steps.



10

15

20

25

30

target cell. Preferably the magnetic neans are in

notion, preferably still in constant 15 notion. In a
preferred use according to the invention the magnetic
q;g?&mghgnpsed to apply a magnetic force to E?%Gnaywmnw7
particles so as to tend to nove the particles towards

or away from the magnetic neaps and at the sane tine
novi ng the nmagnetic neans. 20 I'n a further preferred

us Ehraugherditecdaserintiva andwaims oh thishepariligaiioni thensiagisarangompasses

;Jitﬁtg gﬁ%l ufiBl bﬁeaco ﬁérﬁns% W ftfrel Ot dé?tlo'ﬁ%f’ a*l‘%lrée&esfr%eﬂﬁte article

to nove artlc es 1n a rection

t oiettsad, the mlcﬂﬁ%‘mstfhequqﬂ%ﬂp@d @eamtemmﬂag Rlyrelity as well as
sagﬁgmaraegeuﬁeyé e Joh@étrgag@%mém@ns rel ative to the

particles 1n a secon ection at an angletothe
first 25 direction. Where the use is in vivo, the

MRERRLLS HRALS, FRNad& sy @EmBimRisn a{berﬁlélaltfﬁﬁetgg‘&‘ gro-Ubg described

nmovenent’ of ~t he magneti c means may be control
nolf genigRctian wéth iverarticples aspesy, embadiment @wawaﬁr%thednvﬁé\a%are to be

By daestddaiRl 54 %pﬁl%‘)l%otblé?ﬁ otRG ddpeeughPelinehtor example described

description and clains of this specification, the

MDWHQ”UGGW%WP@@Pmﬁﬁﬂmemé@hta|n" and variations of the

mords for exanple "conpr|3|ng and "conpri ses" neans
includlng but not limted to", and is not |ntende

(ahf Myrdion vl be depqrined by My of eyaiaple @8l Wilyrefareres to the following

coffppient s, integers or steps. 35 WO 2006/111770

PCT/ GB2006/ 001477 6 Throughout the description and

clains of this specification, the singular enconpasses

t NBRIEFFADESCRIPTESR GFTEHE DRAPKNGSE herwi se requires. In
particular, where the indefinite article is used, the

specification is to be understood as contenpl ati ng
pl Figarei 1 }6 aschehtica@presertgtidnadfi thy magnketasay téveCsystepxind sample

' eI%fder gr i Qn?rorc\é\ﬁ gl‘ﬁture5 and Air/Liquid Interface (tissue) studies;

Figure 2 shows GFP expression in HEK293T cells transfected with 150 nm magnetic
nanoparticles coated with pEGFPC1 DNA in response to magnetic field;

Figure 3 is a histogram showing luciferase activity in HEK293 T cells transfected with

150nm magnetic nanoparticles coated with pCIKLux luciferase reporter;

Figure 4 is a histogram showing luciferase activity in NCI-H292 human lung epithelial
cells transfected with OzBiosciences Polymag® particles coated with pCIKLux luciferase
reporter construct in response to static and oscillating magnetic fields. All transfections
were performed in 96 well tissue culture plates using 0.1ug DNA/well. Genejuice (GJ)
and Lipofectamine 2000 (LF2000) transfections were carried out according to the
manufacturer's recommended protocol. Data shown as mean *SEM (n=6 for all
groups). Magnet diameter = 6mm.
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Features, integers, characteristics, conpounds,
chem cal noieties or groups described in conjunction
with a particul ar aspect, enbodinent or exanple of the

i\%%b%hﬁ%@re to be understood to be appli cak} ?{5,‘39006/001477
any ot

aspect, enbodi nent or exanple descrr
herein unl ess inconpatible therewith. 10 The invention
will be described by way of exanple only with
r EXAMBEE to the following figures: BRI EF DESCRI PTI ON
OF THE DRAWNGS 15 Figure 1 is a schematic

representation of the magnet array drive system and
saﬁlﬁﬁ eepotter] gimes.f Gfeen rlugdrescontdbieinc(@RPY ead dusiferase, were attached to
di r
e, O 08  SH G TS o G s o o

S nnnaAgiiietdoge (mapnﬁawopaﬁee%a&orcltsa@wtw trFodyECRRahermiga— gFe:Os)

;ngﬁgiﬁg %F.gggngi %Igeﬁr%%vﬂ) rcg %d'rﬁvrﬁ’ed“rh%tz@%ﬁannm to
tra

gnatiigi s 13 nailgerwq@ugmaﬂrpe onidp @pa s founddn gAY eans in the
W ﬁﬁrnéhcﬂ)cﬂyul’h dddtioh %é@%@trt@%@?[ﬁﬁ\ Ppro?éj fot WI %oﬁ‘trés? eﬁhancement and

hi st ogram’show ng | uciferase activity In -
hulih s syfieplR fr cliféeal iials. cel |'s transfected wi t h

10 OzBi osci ences Pol ymag(r) particles coated with pCl KLux
luci ferase reporter construct in response to static

anMagretic| nancrhagliGasy seated Withe18Q0 baanched felyeliansigdne (PEI) were

V\Efnéutlé@édc \M[H"@ﬂA'rrnor%ér wrﬂd the ?e%@ﬁercgénbélfoqhé’ baiers UFHe"&ne/partrcle
Genej (I pof ect am_ne

( Lrsg%@@s Wes Tiesi BECTGRA e reon@iaer SR °fa|6'%5?%?rTnE{d'f‘%¥ Gels within
t hme&&uaratauf@mmrcfghes vrlfeféi chsrﬂbnél@)dn elr\:/gét@ﬁcdugt HeMd et aBEVRVe magnet
as _nean or a gr oups gnet dianeter =
15 nﬂﬁfaW\EP%Ggld%’ft[‘f?%‘cp@f?feszooe/ 001477 7 EXAMPLE The
reporter genes, Geen Fl uorescent Protein (G-P) and
luci ferase, were attache rcially avajlable
o (o L AT AT SOMBiAN S (SAPL b OBl iBY Siacicnt rare earth
co(MdPebe ethaghetawhich are focused over the target site. These magnets produce a
translational force on the particles due to the high field strength/gradient product
20  according to the equation:

1
Frag= (x2- x))V—B(VB
£ = ( ) T (VB)

where X; is the volume magnetic susceptibility of the magnetic particle, x4 is the volume

25  magnetic susceptibility of the surrounding medium, u , is the magnetic permeability of
free space, B is the magnetic flux density in Telsa(T) (Pankhurst el al. 2003). This
translational force ‘pulls’ the particles towards the magnet.

The particles are delivered using a high precision oscillating horizontal drive system is

30 controlled by a computer and custom designed control software, designed by Jon
Dobson. The amplitude of the array's drive system can vary between a few nanometers
to millimetres and the frequency can vary from static up to 100’s of Hz depending upon
the parameters for the target.



5 magnetic core (magnetite - Fe304 and/or its

oxi dati on product maghemte - gFe2Q3) with a pol yner
coating, such as dextran, PVA or silica, and ranged in
SWéSodef1PHpl Omto -1 pm Magnetite is a natghald¥icoo1477
occurring iron oxide and is found in many organs in

t he hunan body. In addition nqgnetlte IS FDA-approved

for contrast enhancenent and hus is,suitable

 HRRERT Balsiiare SeaRmand: welhalalss it kil olipbarhe cels were

Wi frdnsiszt \bmaeg I @p|15@¢rhﬁbﬁra¢nyrﬁagh@nt(ePc%bﬁpow Ranoparticles -coated
i ncubat_ed der to bind the r%gorter

t ol B doatet i poilcix NS i e4pacTGRABTE0 Gk D U partices).
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' [ i ncubator. Cul ture dishes
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gp/gﬂ%tlcle coHpIex is targeted to cells via a high
GPeNE N7 ROSHOR:  (NdFeb) nagnet which are focused
over the target site. These nagnets produce a
I tlon for t he art to the hi
(| B BobERErairgr 2andesaaade ¢- SHT el s ueag 05oPhe
equatlon 1 Finag= (x2- xi)V-B(VB) i where x2 is the
vol ume magnetic susceptibility of the magnetic
particle, x1 is the volunme 25 nagnetic susceptibility
of the surrounding nmedium p o is the nmagnetic
perneability of free space, B is the magnetic fl ux
density in Telsa(T) (Pankhurst of al. 2003). This
translational force '"pulls' the particles towards the
magnet. The particles are delivered using a high
preci sion oscillating horizontal drive systemis 30
controlled by a conputer and custom desi gned contro
software, designed by Jon Dobson. The anplitude of
the array's drive systemcan vary between a few
nanoneters to mllinmetres and the frequency can vary
fromstatic up to 100's of Hz dependi ng upon the

paranmeters for the target. WD 2006/ 111770
PCT/ GB2006/ 001477



6 HEK293T cells were seeded in 96 well plates at 5 x

103 cells/well. The cells were transfected with
5uglwel | of 150nm dextran/ magnetite conposite
nanoparticles coated wth PEl, |oaded with pd Kl ux

DNA (bi nding capacity approx 0.2 ug DNA/ug particles).
The cells were exposed to negnetic fields as shown for
24hr post transfection, using a 5 stack of 3 x NdFeB
4mm magnets per well. The cells exposed to noving
ClAlgisd were exposed for 2 hrs at 2Hz using a 200pm
di spl acenent and then the magnets |eft in pl ace for
22hrs in static position, Data shown in ures 2 and
1.3 adnfer gyacthpd OE@WWD_‘LQ” f‘%?”té‘é%ﬁtadﬂ%‘&ﬁ) SgneBPA VB
colpri®Ag e dépswfimet hod of delivery of an agent into a
target cell the nmethod conprising the steps of: (a)
tar%etlng magnetic particles conprising the agent to
tre leptnaBrNliEREHEES EOMPRESTEStNE G910 %eacew@'ﬁ@ma@neﬂc
for Geedn9 15 apsly Hﬂ%ﬁét‘l&fo%ﬁ& k&b ﬁw%gﬁ@tlc%rt‘ic@est&ﬁé% th @erlH¥ Sove
sai d magneti c particles towards Said magnetic neans,
and SEK)MegnefinBadalAR IMARS FELTPYRRIC MFa8&i A nagnet i ¢
NBANS theZanf® T HRMIaB%y &i@h3Bekticndd@i m 1 wherein the
direction of oscillation of the magnetic neans is
substantially perpendicular to the direction of
2. at t ravethod astlarrhed ingIMtWhergathe difeetont G watitietioaiofithe
[
méﬁ%ﬁ?nﬁwfgUﬁg%ﬂﬁstarﬁﬁlllﬁgg@%m&l Meadlﬂé@?on' (Igfr?ftt\r Pgﬁr I&fntgé
MEALic parpelps fomard Wmémtlcd@earﬁn anti body, a single
chai n anti body fragnent, an aptamer, a snall
nmol ecul I i.d nu 0
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n any one
wherein t he agent is a therapeutic agent
4. A method as claimed in claim 1 or 2 wherein the agent is a polynucieotide, DNA

or RNA and the method is a method of genetic transformation of the target cell.

5. A method as claimed in any one of claims 1 to 4 wherein the agentis a

therapeutic agent.

6. A method as claimed in any one of claims 1 to 5 wherein the magnetic means

oscillates with a frequency in the range of 0 to 100Hz.

7. A method as claimed in any one of the preceding claims wherein the magnetic

means is @ magnetic field.

8. A method as claimed in any one of claims 1 to 6 wherein the magnetic means is

an electromagnet or a permanent magnet.

9. A method as claimed in claim 8 wherein the magnetic means is a single magnet

or an array of magnets.



6. A nethod as clainmed in any one of clains 1 to 5
wherein the magnetic neans oscillates with a
frequency in the range of 0 to 100Hz. /. A method as
claimed in any one of the preceding clains wherein the
magnetic neans is a magnetic field. 8 A nethod as
claimed in any one of clainmsggl to 6 wherein the
magneti c neans is an el ectronagnet or a pernanent
magnet. 9. A nethod as clained in claim8 wherein the
IOrragmemiamoaean@irhesj ia a8l ngé ef daigretto Sovheasin arer ayplodde of
0] t as Y. .00e of
oA e Boa R aPals IR TP BLRE sl S0P Pon of
the magnetic neans is in the nanoneter to mllineter
111 angemethdd aé\créeﬁétoid ang oft af the@rdvivuaripirmnehekintthe cell is a

{ev OFStC ai ereln the cell is a oacterial.
o3GIeqAt PIgPt Y rﬁmﬁﬁ 12. A nethod as clained in any
one of clains 1 to 10 wherein the cell is mammli an

1201 hufhod 13 clafnd®hlag 0as ofd ahdedoi10 vibRYeiPHRcRdis@ammalian
claimwherein the magnetic particle is nade froma

O'PHBHEt i sabl e material. 14. A method as clainmed in
claim13 wherein the magneti sable material is selected

13 T O B8 o LQURIMEY Glinl REdHERS cBle WRBIM h%neﬁéwé?mw@

nan anese. cobalt, nickel, of a conpound thereof
Madnagectiakieveaeria any one of the previous cl ai rrs
mhereln the magnetic particles have a nean size of

4bet V)@r%@th%ge%qc%ﬂgicgiﬂ&}qair%QS vﬁeﬂ@rﬁ ﬁ‘]%qn e%é%'lé.rr%gtengl i88¥ected
one clal s to ereint nmagnet i c
franathe %OtrmamcfsinzledbﬁeelwentamrmianmItcm mm;arrﬂse Qg@éltaﬁckél ora
rticle in the manufacture of a nedi canent
aﬂﬁ%ﬂﬁié@ﬁ%@a nmet hod of treatnent of disease, wherein
the magnetic particle conprises a therapeutic agent
15and A methoetah athimeviolang ondet the @rauico ctdes vhereapeatiagnetic

paat%? es hantaoméa%rsgz ofcoelwee’h 1\3h aenldno’nm,

16. A method as claimed in any one claims 1 to 15 wherein the magnetic particles

have a mean size between 1um and 10nm.

17. Use of a magnetic particle in the manufacture of a medicament for use in a
method of treatment of disease. wherein the magnetic particle comprises a therapeutic
agent and the method involves delivery of the therapeutic agent into target cells, wherein
the method comprises:
(a) targeting magnetic particles comprising the therapeutic agent to cells in vivo by
using magnetic means to apply a magnetic force to said particles so as to tend to
move said particles towards said magnetic means, and

(b) at the same time oscillating said magnetic means.

18. A magnetic particle for use in a method of treatment of disease, wherein the
magnetic particle comprises a therapeutic agent and the method involves delivery of the

therapeutic agent into target cells, wherein the method comprises:



the nethod conprises: (a) targeting nmagnetic particles
conprising the therapeutic agent to cells in vivo by
usi ng magnetic neans to apply a magnetic force to said
particles so as to tend to nove said particles

towards said magnetic neans, and (b) at the sane tine
oscillating said magnetic nmgans. 18. A nagnetic

particle for use in a nethod of treatnent of disease,
wherein the magnetic particle conprises a therapeutic
agenirgatndy rhhghetephades naropnsagy tdetHevareytiobgdriténto cells in vivo by

t herapeuti c ent into target cells,. wherein the
ot haRodGefegEans B Rk Fiinetf e AR oS s p e o
conprdveisag daneldshewape sbidenaygetd mearisoacel s I n vivo by

usi.ng. magnet.i c means to.apply .a magnetic force to said
ot Y e e ik Yo ep T B Rotiia elr g parti ol o

towards said magnetic neans, and (b) at the sane tine
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as cl ai m?d in claim217 or 18 wherein the magnetic
monedRIEME 1§ 899Xt ernal to the body. 20. A use or

particle as clained in any one of clains 17 to 19

conhereide drivardie 2CdidiRBd o anyaseldf bRihoTy @f 1tk dRansditettion of
nmeans i s substantially perpendicular to the direction
osgiflatiogiof thechadetieMagnRe ispapstretally Peefadier P dhadmeten ¢f

atiRADS of e pArtidRs tMar@akitiintdgBe@SmEsl Med in any one of
clainms 17 to 20 wherein the agent is DNA RNA

interfering RNA. a peptide, polypeptide, an antibody,
21a sifmgpecor PiRgicls eiaipedyn afyrangraéaleimsaly ieptlamiarein dhesageant is
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use or particle as c I'n any one of clal
frapment ap@pidnar ed simalh@olggdata paynuclepidsrnsydgeipelele DRIRG.
or RNA and the nethod or use results in the genetic

ransfor ' of . : | , ar. ,
22 O ST e B s R L Bk S By SRRl agent s
poineciedtiviet R AMBIEGINY e thepatisodas cise Festubis invihe persetic transformation
in the range of 0 to 100Hz. 24. A use or
oférgefttg}@%%éﬂas claimed in any one of clainms 17 to 23
wherei n the magnetic
23. A use or particle as claimed in any one of claims 17 to 22 wherein the magnetic

means oscillates with a frequency in the range of 0 to 100Hz.

24. A use or particle as claimed in any one of claims 17 to 23 wherein the magnetic

means I1s a rnagnetic field.

25 A use or particle as claimed in any one of claims 17 to 23 wherein the magnetic

means is an electromagnet or a permanent magnet.

26. A use or particle as claimed in claim 25 wherein the magnetic means is a single

magnet or an array of magnets.

27. A use or particle as claimed in any one of claims 17 to 26 wherein the amplitude

of oscillation of the magnetic means is in the nanometer to millimeter range.

28. A use or particle as claimed in any one of claims 17 to 27 wherein the cell is a

bacterial, plant or animal cell.



means is a magnetic field. 25 A use or particle as
clainmed in any one of clains 17 to 23 wherein the
magnetic means is an el ectronmagnet or a pernanent
magnet. 26. A use or particle as clainmed in claim 25
wherein the magnetic neans is a single nmagnet or an
array of magnets. 27 A use dr particle as clained in
any one of clainms 17 to 26 wherein the anplitude of
oscillation of the magnetic nmeans is in the nanoneter
290 mMilubé mepatcle asgleimedi8n Anyigree afrcigyas tv ¢d 27 aberelrgheeed! is
claims 17 to 27 wherein the cell is a
ma%n?ﬂ%Tgpﬁﬂﬁgant or animal cell. 12 29 A use or
particle as clained in any one of clains 17 to 27
3®Vhereiul§e bh@rﬁ@é bs bl&mefdi&ffﬁﬁif benofayaimemam 28@herdintse rosgnetic
gﬁ as ¢ n an¥ one of clains 17 to 29
PHAdr éﬁ rﬂaqenéorprﬁdﬂaeg(niegsa ISFEelile is made from a
magneti sable material. 31. A use or particle as

cl ai Mgde bNpgHiaé By 3@invdaR laltn BO @ hBRGNAE nfRRb@sBRLBEteRd| is
sel ected fromthe groug whi ch includes el enent al

SPSFE TR STGHR RIS ATLEES CRBISAIA Ion fEQRANT egnggnese. cobalt

nieRIIPR BN nider@dkrecd2. A use or partlcle as clained in
any one of clainms 17 to 31 wherein the nmagnetic

articles have a nean size of between 10pm and 5nm ,
333. Ausse RAtipans Fieinedds agy argefclaims dnye hwherincthaimagnetic

pdrficiEOnatk MEESE e Bh@etxﬁ@&ﬂﬁfdn?ancpﬁ{rﬁ' cles have a nmean

si ze between 1pm and

33. A use or particle as claimed in any one of claims 17 to 31 wherein the magnetic

particles have a mean size between 1um and 10nm.



