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GENE DELI VERY Field of the Invention The present
inventions relates to nethods for the delivery of

WO b@eapsod i c agents to target cells. Backgr ounePlCT/GBRG06/001477

Invention Cystic fibrosis causes the body to produce
thick secretions that affect tlhe |ungs and digestive
tract. 1 in every 10 bab!ﬁNEiﬁtngéﬁchS“ c fibrosis
under goes an operation w st few days of
life due to a bowel obstruction. Children and adults

fer,fromtr.epeated chest infections and.problens
P s IRERE R

unction. The latter conplication nmakes
it difficult for cystic fibrosis sufferers to digest

08 e 2 PO oy R B0 s o v

qadls.i ents insulin production can becone deficient due

to increasing pancreatic disease thus resulting in

di abetes. Cystic fibrosis can al so cause bl ockages of
Backgrowhut tstheThventisrcur s i n approxi nately 8% of
sufferers however the health risk is so severe that
liver transplants are necessary. Wile the disease has

Cwitic Glbsostf tames the Hdag t6YroduRNBIcRasecrdtion thandifect the lungs and
({ie%r.odgli%t ve.tract the eff

. ct it has. on the lungs are .
e ok iy elervddSaier Bye wlh g7Stcrfisex's GROFTEGSF g operation
Wiiﬂ”m’_ﬁ 'tffélfﬁists‘e\ivrdbz@ﬁﬂﬁé Ho8 td 6oﬂéllm%ﬂ&piéﬂbnt bﬁildéeméﬁd adiresuffer from
ul ti mat Jeads to respirator ailure an a .
B9SHPE PSP oneens GERETR) BuRteAR GG Jfe jter complcation
@;ke’ﬁ it Qifficwit Fd dygc gt’bragb %uﬂ@g&s tolcéﬁd'd%t g@ds trhie dah sa@stosmalnutrition,
rans- rane uct an e tor). us N T
BB GG e Pe AR g e sty ool atidts ippuin yoduction
édrepéconftedemititit Idyieng ieGrEagn@hahbreatt gieesee wod redlitiighi@ diabetes.
CTB SBS i MAJSR P Ho<denes BPBEQuply TS Sootrs I approximately 8%
of sufferers however the health risk is so severe that liver transplants ar.elnécessary.
While the disease has serious effects on the gut, pancreas, liver and reproductive tract
the effect it has on the lungs are the most severe. Repeated cycles of infection lead to
continuous inflammation and damage to the lungs which ultimately leads to respiratory
failure and death.

Cystic fibrosis is a genetic disease caused by a mutation within a single gene, CFTR
(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 to 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 gené transfer need to be able to
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 potential safety issues and are ineffé‘dtivé.l‘dng
term due to a triggering of the immune response. Similar transfection problems apply to
a wide variety of genetic diseases.
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vitro. Cene therapy has been tested on humans using
viruses and |iposones as transfection vectors.
wewotbi7mant vi ruses used for gene transfer neRdI/GB20®6/001477

able to infect both dividing and non-dividing cells,
integrate into the host geneoRe and give long term

T?\g ;b??see)ﬁ[) [Raft P hddlssBl hPheddBr ¥ r{oﬁl-vir\éfegér%r t?a(ﬁs?e%‘ti@rq agént which
ar (adenovirus, retrovirus, adeno-assotiated Virus

naitightese theadisadvantayes essosiaie with resombinest vifa yecipess Non-viral agents

. t .
o SR i AR ! ot P Lo o
pthsenidso and tcah dupepiiodycesf chéaplyi pmmlargee sgales@ne $ype plaagent is DNA

Céé%@ﬁ%%%@@a%@?' ens apply to a wide variety of

asés. The present invention addresses the
need for a non-viral gene transfection agent which

oy . o oci at . _
SlelebfBihel Srfd ANFLPESBRROR] &dou eltiepcy of ransfommation.
Therpresdng drvieatoss hael davielopley anmagneticupaotipisbasedrdelivery system which
toxicit carr r ' . .

8 Subirlonh BT St SRR PR S R prester than
the cidiht cpstemd baserhen indiapar wirastadies.Cur r ent nmagneti c

based transfection systens have a | ow efficiency of
transformati on. The present inventors have devel oped a
BRIGRSUMMARY OE TelEHISEL.QRURery syst em whi ch has
surprisingly been shown to have a transformation

efficiency 10 tines greater than the current systens
Amsethogto adirstiasbedtrofne investandiness isBRbEBedBIVMERYd OF delivery of a

THE DI j t [ ; o
e oRRCGRTRar & % Pl et fothobipyBER lpfita. pAfigis comerising
thé dhreapaiitic aganketotthe oelhusing getgnetid meahe tnanphod magnetic force to the
conprising.tar i [ I Si :
ERETG 8067 10 TpRTD el baficRS (GRARE R ey g g ragetio means
At theasarag figkei ncovirg the nbagretie m@ans. cl es so as to tend

to nove the particles towards or away fromthe

magneti ¢ neans and at the sane tine noving the
Inegprefaredraspest of 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 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.

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 magneti(s) is driven will usually be

varied and will generally be in the range of 0 up to 100Hz although 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.:
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In a preferred aspect of the invention the magnetic
nmeans are used to apply a magnetic force to the
w@2006i1c17e¢6 So as to tend to nove the particl esSPCTIGB2006/001477

first direction towards or away fromthe nmagnetic

means and at the sanme tinme noving the nmagnetic nmeans

relative to the particles in a second direction at an

angle to the first direction. The novenent of the

Thegnagnetic feren sippliedatostbe padicies se@si tormaove the pertiglelsjowardg or away
e I [ ol [ . ;

RS R0RIR, Benty i tel deSried 274 thpial el RAIP rhe Hansiationa

forsevie enodiicad by magnetih felfli witht a giradienti ofrefepaldy dhealdirgction of the

: i means in a second
t%ﬁ?@@ﬁ%%ﬁﬁﬁémgéwéggﬁﬁ?ggﬁh%;anenent. The oscillation
frequency at which the nmagnet(s) is driven wl|l
S e [ I [Q

kb g, ARty 960 Shale W L8 idAE o aray of

magneltse The anagneh may pecinegleddngpett of the invention

t he novenent of the nmagnetic neans in a second

direction is substantially perpendicular to the first

Ther parti¢lesmiay betattracteth do, parepetiee otre it magneticendénes. Preferably the
{] [ articles so as to nove

ﬁ@ﬂ%aérr?iact%ecg% %&/ﬁ!? hf;a%g%@cav\tr/\\g% romthe magneti c neans

may be described as a translational force. The

. ¢ . . .
Rh# SRR 8558 of ST INGR iR b el
Rretenatlatheqreaticlé &r mede §om\mags§ttsablena@taéal, Tlh_n reagnetisable particle
REFEE S0 RERhoR ot B LEKAEILRA L1 ISRBIEITRAN

el ectromagnet. The particles may be attracted to, or

GERFb? e ind RPN, 23054, RORLRE0) P, magnetc we
mean, lier examele rar regtedislpetch isfpatdmsagnetie supeyparaimagpelic, fertanagnetic,
A/t ﬁgﬁ%h%gﬂgﬁé,' %l(gmples of which include elemental iron, chromium

manganese, cobalt, nickel, or a compound thereof. The iron compound may be an iron

salt which may be selected from the group which includes magnetite (FesO.),
maghemite (yFe,O3) and greigite (Fe;S,), 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
10um and 5nm, for example between 1um and 10nm.

Preferably the particles are nanoparticles.
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Preferably the particle is nmade from a nmagneti sabl e
material. The magneti sable particle nay be inherently
wOora@es117¢0 or may be one which reacts in a nmagnetT/GB2006/001477
field. CGenerally, any magnetic material may be used,
however, by the term magnetic4we nean, for exanple, a

"Q??&I h%' né‘ﬁﬁaﬁ\?b %kébaéﬁ'ﬂagé‘fﬁddﬁn?fépﬂ{agrﬂéﬁg?@ﬂeetxr)ggenc]e a torque in

rona netr c, and/or antiferronagne exanp
e |O§¢rllatrmg|ﬁ§@ba3ethe i¥eldtvector cloangeslis @nglewvlﬂmamt;ethe magnetisation

eRalob th % aé?:Brd’ithB'mé’FHQa\Ajghereof The iron

conpoun e an 1 ron sa I'ch may be sel ected
fronrthe group whi ch includes magnetite (Fe3O),

naghe eZCB) and greigite (Fe3$4), or any
conbinatron hereof. The chrom um conpound nmay be
chrom um di oxi de. The particles may be provrded W thin

the pgores of a ner. Alternativel articles

\WRgre dd g %ﬁhf%w& PRINSIE Qe § i % ip g density and 6 is

tﬁ@%hgﬁgaet\ﬁétﬂr the@@pre@ﬂtér@b@d maza;tarmre ﬂﬁtégﬁ@t@hbﬁ@ecﬂor This twisting,
%qs mer ﬁﬁ dextran, vi nyl al cohol [?/ '2.31P

\E &}{@ W QH e ﬁgherpgﬁ )t Oé/ernpetaof the particlg/thgi@peutic agent complex

res@ifiey e ARHECEd Qbtakdim theveRt i on the particles have a
mean size of between 10 m and 5nm for exanple between

1mm and 10nm Preferably the particles are
rnatn@maéthd)d:bﬁmehﬂraﬁbn trr@eénentnlay dkl 3/ bidtaee @l Miriti cell &% animal cell.

SR MTel TR s kel oG Dbl Buaghedl (5

angle wth respect to the rragnet | satr on vect or of the
quat i on: -

articl s acc n
IB {hg g o?fqh lnﬁgqtgnt g gﬁléylt@ ﬁdH@%tcell,Bkrpgex ﬁ@ll nerve cell,
rlﬁiégé‘rﬁzhymaf LI PN el @éﬁdr&n?@cyté)eh@?gdeﬂ Rt BERitd hﬁbod cell (eg

lied field and the particle"s magnetisation vecto
ef"'M hgoqyig: é‘tmwcytﬁeﬂﬁﬂﬁ@’t%rma‘ﬁepmgﬁg'eé'h%\/rt@ega't%%at'c B ceII epithelial

CENVREBIMg, Yast$ dbiHeRAISl NEERPEIT Skin3BE NdasheMdSiNal cell, bladder

cell, reproductive cell (sperm or egg cell), cells of the uterus, prostate or endocrine gland
(e.g pituitary); embryonic stem (ES) cells; embryonal germ (EG) cells, tumour cell,
cancer cell.

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 (RNA:i), a peptide, polypeptide, an antibody (e.g antibody fragment such
as a single chain antibody fragment), an aptaimer, 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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resulting in the inproved uptake in the cells. In the

nmet hod of the invention the cell nmay be a bacteri al
we@edob/11prant cell or animal cell. The ani mal cRCT/GBaON6/001477

be a manmalian cell for exanple a human cell. In the

met hod of the invention the céll may be a |ung cell

kid [ . | , I

FhERReAl copBFIn) PBha 4 TORERY TBinlioss oiaémﬁlte?ﬁbfo orams
ale,yorigaoi i) ip ltompbend gy & enolesdarowdi ss than abou

PSSt ted it st

3 Gt Sratlter BB bR o meenic piRb s BUr B ipplofar weight less

t?? rbgo%???oae)gnghrslsmé(rnau?ﬁ]mg?nighdra:t:hétlgTr;ic ebﬂglpclaundgfhavingeg a molecular

v ,

W' tuie,ssprﬂa%r{ ae%°”6r§§§d8@"?sne‘9%| gﬁocﬁe’( ea_né Ef‘ﬁsm teg{re%’; and - other

phatmyceuticallytaene(téisy farelsl of suemborypmaidsger m (EG cel I's,

tunmour cell, cancer cell. The nethod of the invention

may be an ex vivo or in vivo nethod. Preferably the
Ine4 hoeferred aaethbeé tbf othie  invention othe Therapetitim dgdetsisr DNAd In a further

herein h lcation in the treatnent ' .
ete0e0 vt B PR b hBo b EEEAERES Bt e hftBeing e
@tk iIFtabsioMrans-neermietahe Cohducthiee Regddtorent  or
prevention of clinical disorders and diseases. In the

met hod of the invention the therapeutic agent may be a
Aliathereepédtadithe mybnitoneprovided ther usegofombesabi:a magoetitt means in the

The armaceut i cal .agent may include DNA R .
TR R SRR G Frosg e SFap)tipa ferengyto agent to a
target lwelly Rrefegatinthdb adignéticagrens aseidh mation, srefeghldy slilhim constant
aﬁﬁli body fragnent), an aptanmer, a snall nol ecul e.

'BRET nol ecul es may include, but are not linmited to,

pepti des, peptidom netics (e.g., peptoids), amno

Ben e PEb ISRl 3 S mufligh HE S™nslF Biseng o used to apply a
maghatigForcertg i particles so g tntehddo move ks péiticles towards or away from

R e mRe o BN R CT AT S BBRRe E3Y. gr A

In a further preferred use according 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
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.
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per nol e, organic or inorganic conpounds having a

nmol ecul ar wei ght | ess than about 5,000 grans per nol e,
wW@e@aniw7®r i norgani ¢ conpounds havi ng a nol ecEXCEHGB2006/001477

wei ght | ess than about 1,000 granms per nole, organic

or inorgani c conpounds having6a nol ecul ar wei ght | ess

't)f{?ﬁuggrh%gﬁ e é@s%n? (@’g?ncf) 3laln@ l) tt‘bfggt?c?@ah tﬁgtﬁ‘g{?ﬁtar %ﬂgompasses

arnaceu acce
the plucal erass ftime eorpeﬂbmemlde m;turreel ot parhcwlamwbmei tba indtnite article

i%re W{%ﬁégﬁq%f %§%c€i‘f%%ﬂan i t(PIBA pds r%’\RIxﬁ’ ratsh&gntéﬂlglgﬁﬁr%{ f)lﬁjsral'&t% eas well as

i'nvention, er apeu

gregutaridy) cobbisa dghe mt@quwegptheomss Trans- rrerrbr ane

Conduct ance Regul ator. A further aspect of the

I nvention provides the use of noveabl e magnetic neans
Eeratmrlae, intgefsacharaeteittics, syrmpeundso cheraicglenbietiespar giotpe slescribed

g? gb%lﬂns/v ! B%g ﬁs@%ﬁ%%ﬁ@%g&lﬁen?ﬂ; %{ﬁ%ﬁ)ﬂ% &Btjhg invention are to be
Lprdefmmbth bet agglicabie ¢omay ashernagpeoty .eniodimentedresxaetle described
use._aceor di na‘pS‘?R!tﬁgﬁeél n entl on the nmagnetic neans are

*E%%'B“P Sgﬂﬂcﬁo ?\{v ‘force to the particles so as

to tend to nove the particles towards or away fromthe

TROREeME BT Stk by Bl PP EhinlB, Y W riBfige e folowing

ﬁg:mréshe i nvention the magnetic neans are used to apply

a magnetic force to the particles so as to tend to

nove the particles in a first direction towards or

BREEF DESORIMEOMNBQRAHECDRAAHNNGSNd at t he sane tine

novi ng the nagnetic neans relative to the particles in

a second direction at an angle to the first direction.

Mpercel ih1a schematic irepresantationhaf thragnadriet amegrtsivesystem and sample

ext ern I VA ve e
TRer o VDR Ry M ey ) Bluclsi
magnet. The
Figure 2 shows GFP expression in HEK293T cells transfected with 1560 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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novenent of the magnetic neans nmay be renotely
control |l ed. Throughout the description and clai ns of

wa bios/1sppeci fi cati on, the words "conprise" and PCDGB2006/001477

and variations of the words, for exanple "conprising"
and "conprises", means "including but not limted to",

@@RMF pghot i ntended to (and does not) excl ude other

s, additives, conponents, integers or
st eps. Throughout the description and clains of this

ﬁ'%elcei Bé‘t%lﬁéé.n%@’ Gﬁ”@% E{uﬁ%@cg{t ﬁgémm?aﬂdtlnafe%% meger attached to

unl €ss cohtex erw se req n-par
atmemerciahye avaithbfa mageetis namdpartickesudad ,partiodes generally consisted of a

ci.fi [ iS.to n t.00d .as. co I \
BRGfLE 92 (Bahdiid 5 PECITAITLE 1 SedRioB 0b0TR hifdte - oFe:00
withya polgmentdeding) sieh dsadextrae VA ot slipar snd ranged in size from ~10nm to
i st i cal ieties. .
VRS0 Gl e AT e SRR s By roane n e
fasypachbodye rbaditieminagnetibe &nfD A-approvéc far MdRintantmsteerdancement and

@ﬁ%%&?‘ﬁéﬁ%?%?C"éﬁgﬁﬁ?lgpp' icable to any ot her aspect,

€ descri bed herein unl ess
i nconpatible therewith. The invention wll be.

crib b of ex e AR r 10 t
eaer R aptis st Eie B HrtsPerSovar Reiniies e vere
iRcuhater] With BNA is ohdeTdd bindrileprepseeart ganes o tife pdanéclemdhetgene/particle
r i system S e hold f VAR & [] -
B Hes BeRBbARAT s B FayRE offres BE s EkelaT Kure§ cets witnin
the dnoubar.dhdinee BEReewpregssitioned on HEK2BBITbWK hbider above the magnet
ct i . magneti ¢ nanoparticl es coated

%%ﬁﬁé%gg%fh% '%?%’%ragoglponse to magnetic field; Figure
3 is a histogram showi ng | uciferase activity in HEK293

cells transfected with 150nm netj c.nan rticle
Tt et RASRE oy & TEPPRIE ol v SRRLbIRIEE are cartn
(NaFebp nzgnsh eshidhgateufichisech seerattiei tardey sita. Noksdi2@ynets produce a
t%’nns'?aQiohgln%rgg 'otnh%%e' %larticles due to the high field strength/gradient product
according to the equation:

1
Fmag = (XZ - )ﬂ)V';;B(VB)

where X, is the volume magnetic susceptibility of the magnetic particle, x4 is the volume
magnetic susceptibility of the surrounding medium, y , 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
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.



cells transfected with OzBi osci ences Pol ymag(r)

particles coated with pCl KLux |uciferase reporter
W@eWstiIIet i n response to static and oscill atiPQIr/GB2006/001477

magnetic fields. Al transfections were perfornmed in

96 well tissue culture plates8using 0.1 ng DNA/ wel | .

KRS 8?[5(\%% andidhy ﬂoééa‘g\feﬂ[?lé‘t@s 2009 ( JI-(FZQQI(S.))\/V(%II The cells were

transfections were carrie accordi ng
trmsfﬁcm withe nb'ue/weéimfrﬁﬁ@ndede@rraotmietltemr@pqsﬁ@mnasartlcles -coated

IO t
R PECRVSER il 8O3yl PRIy CRABE BB 2Elq Divag partces)
Tbmmls nwer&eRposeddol roadriedie Aslds agshewatfora4hs osbiransfection, using a
| T
é(?klgﬁé%%\rﬁgw %@e@gﬁém ‘?ﬁ@%ﬁ%g%&ls%a to rﬂ@vmg field were
e(xmagerdaﬁor Rdrs aF%J&rMSIw d/26Ppmtdispiaceaent @m:l tdjeo@ma:magnets left in place
) with a polyner coating, such as
'@E Qh%&gv% ?ﬁg?lica and ranged in size from ~10nm
to ~ 1nm Magnetite is a naturally occurrlng iron

ool 0uisd 2ihd SoF Badé 2T plor RBRRRYY
enhancenment and t hus |s SU|tabIe for cI|n|caI trials.
Magneti c nano-particles coated with 1800 branched

pol yet hyl enei mne (PEI) were incubated with DNA in
order to bind the reporter genes to the particles. The
gene/ particle conplex was then introduced into
nmono- | ayer cul tures of HEK293T kidney cells within the
i ncubator. Culture dishes were positioned on a

custom built hol der above the magnet array, housed
within the incubator. The reporter gene/particle
conplex is targeted to cells via a high gradient rare
earth (NdFeb) magnet which are focused over the target
site. These nmagnets produce a translational force on
the particles due to the high field strength/gradi ent
product according to the equation:
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where X2 is the volune nmagnetic susceptibility of the
magnetic particle, Xi is the volunme nmagnetic

waeweapt7rdi | ity of the surroundi ng nedi um m OPCEGBR@®6/001477

magneti c perneability of free space, B is the nmagnetic
flux density in Tel sa(T) (Pankhurst e/ a/. 2003). This
ErRAngd ational force "pulls' the particles towards the
magnet. The particles are delivered using a high
precision oscillating horizontal drive systemis
controlled by a conputer and custom desi gned contr ol

1SOf t V@rﬁgth‘éﬁsbg?@ﬁ/ ﬁy ot %4 tpgltéigﬂ? Eggnt‘a[ﬁfla{ ttéjlggt &% ttﬂg method

rrve can var none
singi rergeting mdlcteheCQmplnﬁjmdye ctharapeutjc fagent 4o a’aheccell using

f i A ter .
e Y e
rartigex tmd@ ékldsinaghétic Mhans ahdl it ke sameatirsé goo\dny waidhmagnetic
Rgiael | of 150nm dextran/ magnetite conposite

nanoparticles coated with PEl, |oaded wth pCl Kl ux DNA
(bi ndi ng capacity approx 0.2 ug DNA/ ug particles). The

Il
Saby DT I 0BR L ) R S8 et UL B i ool
@rﬂ‘@g@t?"sc foege toedaid pattides ab las teiqndstednm\@ gaicl partjcles én d first direction
2 . .
A 80 TRael, Tl oflt 4152 5000 it PR g panctc means
2fHiive to said patticles jros sedand. dera’m(m aftovanglentorsiagliiretsdi@ctiond
3 as average +/- SEM (n=12 for each group).CLAIMS 1. A

nmet hod of delivery of a therapeutic agent to a target

el | Aheecthed hodlainoehin daing2 manegit thegmpeernént! af said magnetic means
t I '

@%‘%&oﬁ% G&%cté’{ﬁg % Qr'? g%égﬁyhg%r@gﬁféh %toei,n Q@é& §|{gaa’éegi‘cﬂjaé?rgo and less than

P tto sdiddirgd dirastiono tend to nove said particles towards

sai d magnetic neans and at the same tinme noving said

magneti c neans. 2. A nethod as clained in claiml

dher eAmethodi asalgineed i claion3 meealmtf@dostcdlahrpg)hyovement is at an angle

greater than 0 and less than 90° to said first direction.

5. A method as claimed in claim 2 wherein the movement of said magnetic means
in a second direction is substantially perpendicular to the first direction in which the
particles tend to move.

0. A method as claimed in claim 1 or 2 wherein the magnetic force applied to said
particles so as to tend to move said particles towards said magnetic means is a

translational force.

7. A method as claimed in claim 1 wherein the magnetic means is a magnet or
array of magnets.

8. A method as claimed in claim 7 wherein said magnet is an electromagnet.

9. A method as claimed in claim 1 wherein the particles are attracted to said
magnetic means.



10

15

20

25

30

35

a magnetic force to said particles so as to tend to
nmove said particles in a first direction towards said

wOore@es117¢0 neans and at the sanme tinme novi ng saPdr/GB2006/001477

magneti c neans relative to said particles in a second
direction at an angle to sai d1®irst direction. 3. A

168t NOAl nAkindd & dBifheliin Elafth 71

sai d rragnect;dl c rrear?s r|]n sg@oﬁ%ﬁﬁr%gwgﬁ@%ggﬁ&k&%de
oscillating novenent at an angle greater than 0 and

Jl?SS Ahﬁ‘l%th%goaé oclélﬁie‘a i rc‘f’élmd'1beﬁ/hél%f}1 tle Aarfi8s higdm%ﬁe from a
cl ai ned laim 3 wherein the oscillating novenent
@?giéﬁflsablglnéﬂt@ﬂ%ater than 0 and | ess than 90 to said

first direction. 5. A nethod as clainmed in claim2

wherei n the novenent of said magnetic neans in a
tcondl napthed as claimed sudsimaid ivdierain e paguétisablermaterialie selected

ifrbﬁstltﬁ?rglld'ugg\mlcq’\nin Udé@%}&%eﬁgﬁr&?r S?Focnlnﬁél rhﬁliqjangge rqij%glt nickel, or a

as c almed in c
erigpranddhdrepfce applied to said particles so as to tend
to nove said particles towards said nagnetic neans is
a translational force. 7. A nmethod as clained in claim
13.wheh @igihadrs claigiedtin claive 48 svheseim thesmpmetompound issgn iodn salt.
magnets. 8. A nethod as clainmed in claim?7 wherein
said magnet is an el ectromagnet. 9. A nethod as
t4-ai nhdnathodceatiainmedihelainn 3 Weerpiarthe ibe saliiseseledtedatoradhe group

\’Vﬁicﬁe}héh g&gphéltﬁ?99$4 0 @%ﬁ@?&%ﬁgf g? glltéql(Fe%S‘t), or any

aim1 ere
gqombipatigstthergofas cl ai msd i n claim 10 wherein the
particle is made froma nagneti sable nmaterial. 12. A
method as clained in claiml 1 wherein the
hagnefirselbpe asacleimed in slaiel ewthetein the particles have a mean size of

between 10um and 5nm.

16. A method as claimed in claim 15 wherein the particles have a mean size between
1um and 10nm.

17. A method as claimed in claim 1 wherein the particle is a nanopérticle.

18. A method as claimed in claim 1 wherein the cell is a bacterial cell. 9

19. A method as claimed in claim 1 wherein the cell is a plant cell.

20. A method as claimed in claim 1 wherein the cell is an animal cell.

21. A method as claimed in claim 20 wherein the cell is a mammalian cell.

22. A method as claimed in claim 21 wherein the cell is a human cell.

23. A method as claimed in claim 1 wherein the cell is a lung cell, kidney cell, nerve

cell, mesenchymal cell, muscle cell (cardiomyocyte), liver cell, red or white blood cell (eg

erythrocyte, lymphocyte, monocyte, macrophage, leukocyte), pancreatic 8 cell; epithelial
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fromthe group which includes elenental iron, chrom um
manganese, cobalt, nickel, or a conpound thereof. 13.

wa0mstiiiod as clained in claim12 wherein the i PONGB2006/001477

conmpound is an iron salt. 14. A nethod as clainmed in
claim 13 wherein the iron salfllis selected fromthe

&!ug%g)lm‘iq] S{rrfg i}#@gﬁx{e@%ﬂg b5rger&gle§9ﬁ) n{)“@a%%fﬁ‘tés%nél cell, bladder

ectle Fapprductive cell (sReroer egy eslihioetsiof the ofesiisnposiate oeendocrine gland

(I PR r)SHE STorl ) S, SRR Ay T8) RBfK, umour e
gricel edlles have a mean size between | nmand 10nm 17.
A nmethod as clainmed in claim1l wherein the particle is
a nanoparticle. 18. A nmethod as claimed in claiml

ere 1 .Sy i hod as
%al rr%gn I'n c?a%:lrgnnlfle%l éfc‘gftr? ezé'&‘gﬁ% IL'.'Ftsh%aa\ 'Spéégl?&cel l.
20. A nethod as clainmed in claim1l wherein the cell is

an i Ny im20
gﬂ'er e)ls‘ ﬁtﬂg%%?lﬁﬁ& m%lfaa%}ﬁm%rgﬁ tﬁ% fﬁe {@g.'é & ‘};rr‘%aof‘hod as
clalrred inclaim2 1 wherein the cell is a human cell.
C d.in [ r
a I un ‘JI?'%?j Ealcsdnééghggl IIH %géb?emc\é?%/ygﬁ %& %E%ﬁ%ﬁé égsent s a
p,laarmacmi@al, BU’QE@GelutIQai@rdng@mcabe)gentl ver ceII red or
white blood cell (eg erythrocyte, |ynphocyte,
nonocyt e, macrophage, |eukocyte), pancreatic b cell;
2pi t halmethedkas claimped inmtgim@@sthedrein theeplibsmbeditishl agent is DNA, RNA,
cel )C I .gAas t

@g?'fé,nﬁgsﬁ% gﬂéfel? g Begl‘uﬁ@ thieﬁlgcf éergght'b%l%&) eg %&r]%fed%?m antibody
ﬁﬁ@ﬂmtbmﬁ,ptm@samllmole@dﬁ)crl ne gland (e.g
pituitary); enbryonic stem (ES) cells; enbryonal germ
(EG cells, tunour cell, cancer cell.
28. A method as claimed in claim 27 wherein the therapeutic agent is DNA.

29. The use of moveable magnetic means in the manufacture of a system for
targeting particles comprising a therapeutic agent to a target cell.

30.  The use as claimed in claim 29 wherein the magnetic means are in motion.
31.  The use as claimed in claim 29 which comprises using said magnetic means to
apply a magnetic force to said particles so as to tend to move said particles towards said

magnetic means and at the same time moving said magnetic means.

32.  The use as claimed in claim 30 wherein the magnetic means are moved external
to the body.

33. The use as claimed in 30 wherein the movement of the magnetic means is
remotely controlled.

34.  The use as claimed in claim 29 wherein the particles are magnetic particles.



24. A nethod as clained in claim1l wherein the nethod
is ex vivo. 25. A nethod as clainmed in claim11 wherein
W b@oeiret’mod i s in vivo. 26. A nethod as cl ai neRCT/6B2006/001477
claim1 wherein the therapeutic agent is a
phar maceuti cal , nutraceutical 18r agrocheni cal agent
t,had,as c r e
e AL P 2F SR g SR et iny U7 BfickSEgg made from
@Rmﬁﬂﬁab@fﬁﬁpmﬁde pol ypeptide, an antibody (eg single
chain anti body fragnent), an aptanmer, a snmall
nol ecule. 28. A nethod as clainmed in claim27 wherein
the therapeutic agent is DNA. 29. The use of noveable
magnetic neans in the manufacture of a systemfor
targeting particles conprising a therapeutic agent to
a target cell. 30. The use as clained in claim 29
wherein the nmagnetic nmeans are in notion. 31. The use
as claimed in claim29 which conprises using said
magneti c neans to apply a nmagnetic force to said
particles so as to tend to nove said particles towards
said magnetic neans and at the same tinme noving said
magneti ¢ neans. 32. The use as clained in claim30
wherein the magnetic neans are noved external to the
body. 33. The use as clained in 30 wherein the
novenent of the magnetic neans is renotely controll ed.
34. The use as clainmed in claim?29 wherein the
particles are magnetic particles.35. The use as
clainmed in claim 34 wherein the particles are nade
froma magneti sable material.



