MAGNETI C DELI VERY DEVI CE Field of the Invention 5The present
invention relates to the field of biotechnology and, in particular,
net hods and apparatus for delivering a reagent into a cell. The
present invention enconpasses an appanatus for use in the
transfection of living cells with nucleic acid using magnetically
susceptible particles to deliver the nucleic acid. The invention al so
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i ntroduction of exogenous reagents into living cells has many
potential utilities in both biotechnol ogical and clinical settings.
Many t echnEiiteef theinweetioweri ng such 15 agents have been devel oped,
each with different advantages and di sadvantages. Mich work to date
has been done in the field of delivering exogenous nucleic acids into
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The introduction of exogenous nucleic acids into living cells by the process of

20 transfection is a key, and now routine, process in many areas of the biosciences and
biotechnology. For small-scale laboratory' procedures, this was originally achieved by
means of techniques such as calcium phosphate precipitation of naked DNA vectors,
but rapidly a variety of improved techniques was developed, including
electroporation, complexation with asbestos, polybrene, DEAE, dextran, liposomes,

25 lipopolyamines, polyornithine, polycationic peptides, particle bombardment and direct
microinjection (reviewed by Kucherlapati and Skoultchi (1984) Crit. Rev.
Biochem.16:349-79; Keown et al. (1990) Methods Enzymol. 185: 527). The most
widely-used non-viral laboratory transfection techniques are probably electroporation
and the use of cationic lipid-based formulations, with many commercial products

30 being available.

Where the purpose of transfection is to introduce genetic material that is then

transcribed and translated, so-called expression vectors, adapted for gene

expression in the appropriate cell type are used. For many purposes, eukaryotic, and
35 often mammalian cells are used, with appropriately designed eukaryotic expression



2 vectors. Typically these are provided with transcription control
sequences (pronoter and enhancer sequences), which nedi ate
expression. Adaptations also include the provision of selectable
mar kers and aut ononous replication seguences which both facilitate
t he mai ntenance of said vector in the host cell. Vectors that are
mai nt ai ned 5 autononously are referred to as episonmal vectors and
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(clinical )Ofalpp'basxm impogtance is the transfection of other nucleic acids, in particular
double-stranded iRNA 10 molecules for targeted interference with transcription, DNA
or RNA aptamers, and ribozymes (An, Cl et al. (2008) RNA 12(5):710-716;
Barrandon, C et al., (2008) Biol Cell. 100(2):83-85; Nguyen, T et al. (2008) Curr Opin
30 Mol Ther. 10(2):158-167; Pan W and GA Clawson (2008) Expert Opin Biol Ther.
8(8):1071-1085). In addition, further macromolecules such as polypeptides may be

introduced by similar methods, either in combination with nucleic acids, or alone.

However, known non-viral techniques suffer from significant drawbacks such as: (i)
35 low levels of transfection in primary cells and some cell lines (ii) their inability to

effectively transfect tissue explants (iii) detrimental effects on cell viability (primarily

with electroporation) and (iv) difficulty in translating to in vivo (clinical) applications.



3 There is, therefore, a need for non-viral transfection techniques
whi ch can overcone these obstacles. One of the nore recent physical
approaches that has been devel oped for inproving 5the efficiency of
transfection both in vitro and in vivg is the use of magnetic
nanoparticles (Mah et al. (2000) Ml ecul ar Therapy 1(5): 5239; Mah et
al (2002) Mol ecul ar Therapy 6: 106-112; Scherer eta!, 2002, Gene
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The use of pulsed magnetic fields for transfection is disclosed in International patent
25 application US patent 5,753,477 and the use of oscillating fields generated by moving
magnets is taught by International patent application WO 2006/111770.

International patent application WO 2007/018562 discloses the use of a specifically
structured, elongated magnetic nanostructure for delivering biomolecules such as

30 DNAinto cells by means of an applied magnetic force.

Halbach arrays are arrangements of adjacent individual magnets in a specific
sequence of orientations of their poles as shown in Figure 1, such that there is an
additive effect on the magnetic field on one side of the array while the field on the
35 other side is effectively cancelled. The net effect is effectively an array with a one-
sided flux (Mallinson, 1973, |IEEE Transactions on Magnetics 9: 678; K. Halbach,
1981, Nucl. Inst. and Methods 187. pp.109-117). The field produced is not only



35 other side is effectively cancelled. The net effect is effectively
an array with a one-sided flux (Mallinson, 1973, |EEE Transactions on
Magnetics 9: 678; K. Hal bach, 1981, Nucl. Inst. and Methods 187.

pp. 109-117). The field produced is noty only 4 approximtely tw ce
the strength of that obtained by a conventional array, but is also
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cell. 5 aHalbach array is not uniform (see Figure 4a). The magnetic field above the

Halbach array has zones where the magnetic flux density and/or gradient is

25  significantly higher than the immediately surrounding field. By providing methods to
map this field and manufacture apparatus for positioning a cell in these zones, the
present invention permits the skilled person to deliver magnetically susceptible

particles into cells with high efficiency.

30 In one aspect the present invention provides a method of delivering a reagent into a
cell, the method comprising positioning at least one cell, and at least one
magnetically susceptible particle attached to the reagent, in the magnetic field of a
Halbach array such that the magnetically susceptible particle is attracted to and
contacts the cell.

35



In sonme enbodi ments the nethod preferably further conprises the step
of oscillating the magnetic field. The direction of oscillation may
be substantially perpendicular to the direction of attraction of the
magneti cal ly susceptible particles tosthe Hal bach array. In sone
enbodi nents oscillation of the magnetic field is achieved by applying
5an oscillating novenent to the Hal bach array. Cell(s) and
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Step (ii) may optionally involve determining the zones of highest magnetic flux
density and/or gradient within the array’s force field; and step (iii) may optionally
25 involve positioning the cell in one of the zones of highest magnetic flux density and/or

gradient.

The reagent maybe chosen from the group consisting of: an oligonucleotide, DNA,
RNA, RNAI, siRNA, an aptamer, DNA encoding a gene of interest, a nucleic acid

30 expression construct, an amino acid, a peptide, a peptide mimetic, a protein, an
antibody, an antibody fragment, an scFv, a pharmaceutical, a carbohydrate, a fatty
acid or small molecule. The reagent may be a therapeutic agent. In some
embodiments the reagent is a nucleic acid and the method results in the genetic
transformation (transfection) of the target cell.

35
In some embodiments the method is performed in vitro. In some other embodiments

the cell is a cell in situ in the body of an animal.



6 I n another aspect of the present invention apparatus for the
delivery of a reagent into a cell is provided, the apparatus
conprising: i)a Hal bach array of magnets; and 5fi)a support for
positioning cells in the nagnetic field of the Hal bach array. In sone
preferred enbodi nents the apparatus further conprises neans to
oscillate the magnetic field of the Hal bach array. 10ln use, the
apparatus may further conprise at |east one cell positioned on the
surface of the support and at |east one magnetically susceptible
particle attaneHeqagreckoftharjessnt iypntiop@rparatugdordimeriivery ofi FPagRintPt i s
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pl at e. 1jtsn a further aspect of the present invention a nethod of

manuf acturi ng an apparatus 30 for the magnetic delivery of a reagent
into a cel Pneor ppiyAlitead disciste agsieasas may havraviged opdicouPRoafasay and a

support f oyefABid foPihk Mekticsd Ab%vé)nthtelsﬁpﬁﬂ?‘gé}ﬁt F!é?bgch%lrr‘ay Qéln%lahﬁxtdéw bach
array, the nethod conpri sing: (a) provid bach array,
configured in the apparatus to align at least ohe of said d:screte addresses with a
zone of highest magnetic flux density and/or gradient of the Halbach array in order to
20  maximize the force on said particle. Optionally at least two of said discrete addresses
are aligned within one or more zones of highest magnetic flux density and/or gradient
of the Halbach array. Alignment may lead to the discrete addresses being
respectively aligned with several zones. Each address will normally only be aligned
with one zone but each zone may be aligned with one address or with two or more
25 (e.g. several) addresses. Cells and particles are preferably positioned at each
discrete address. In some preferred embodiments the support is a multi-well plate

and the discrete addresses are formed by selected individual wells of the plate.

in a further aspect of the present invention a method of manufacturing an apparatus
30 for the magnetic delivery of a reagent into a cell is provided, the apparatus having a
Halbach array and a support for positioning celis in the magnetic field of the Halbach
array, the method comprising:
(a) providing a Halbach array;
(b) mapping the magnetic flux density and/or gradient of the magnetic field of the
35 Halbach array;



(b) mapping the nmagnetic flux density and/or gradient of the magnetic
field of the 35Hal bach array; 7 (c) providing a cell support having
one or a plurality of discrete addresses spatially configured to
align with zones of highest flux denskty and/or gradi ent of the

Hal bach array when the support is assenbled in the apparatus;

(d) assenbling the Hal bach array and support to provide an apparatus
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susceptible particle in the magnetic field of a Hal bach array such
that the magnetically susceptible particle is attracted to and
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a reagent in the manufacture of a medicanent for the treatment of a
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particle is {ract In yet
a further aspect of the present invention a net hod of treatnment of a

human ?\‘}u@@r asPedd6EHe BlestitGVeRRIH the %s@&@’hgﬁ'@tlcéllp %u&%bmg

conpr|3|ng Ivering a reagent Into a cell an ani ma human
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ells of an animal or human subject by a method comprising administering the
magnetically susceptible particle to a tissue in the subject where treatment is
20 required, positioning the tissue and magnetically susceptible particle in the magnetic
field of a Halbach array such that the magnetically susceptible particle is attracted to

and contacts cells of said tissue. \

In yet a further aspect of the present invention a method of freatment of a human or
25 animal in need of treatment is provided, the method comprising delivering a reagent
into a cell of an animal or human subject and having the steps of:
U] administering a magnetically susceptible particle attached to the reagent
to a tissue in the subject where treatment is required; and
(i) positioning the tissue and magnetically susceptible particle in the
30 magnetic field of a Halbach array such that the magnetically susceptible
particle is attracted to and contacts cells of said tissue.

In some embodiments of the therapeutic uses and methods of treatment the

treatment further comprises the step of oscillating the magnetic field. The therapeutic
35 uses and methods of treatment may further comprise the step of aligning the tissue

with at least one zone of highest magnetic flux density and/or gradient of the Halbach

array in order to maximize the force applied to the particle(s). For example, the



(ii)positioning the tissue and nmagnetically susceptible particle in

t he 30magnetic field of a Hal bach array such that the magnetically
susceptible particle is attracted to and contacts cells of said
tissue. In sonme enbodi ments of the thgrapeutic uses and net hods of
treatment the treatnent further conprises the step of oscillating the
magnetic field. The therapeutic 35uses and nethods of treatnent may

further cogpsthRet hiEcsthpiRe He RédsHRimotildhglthe Sibfectrdiftivalio 1h8aRibagRe
zone of highest maghetic flux density and/or gradient of the Hal bach
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exanpl e, t BRyneli WRRGIRAS ORB YT HE BPfidsSH highest siapsticHuxidensyidntier gadiehe
subject relative.to the Hal bach array and aligning the subject such
that at |ef eéaﬁa?l??r&wof the tissue of interest is aligned with at
| east oBe of the zones of highest magnetic flux density and/or

gradient o e I h.ar These Lt he 8
i nvention gP%s@ é\?%&r?%gasp?eﬁ{sﬁ&f&hgﬁr&vgg g?’] arﬁgrg%‘{”ne%g\ réevrgst%ﬁagth?he\%ﬁ'%n IS
described with reference to the followi ng figures and exanples. 10
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arrangenment of magnets in a array ustration of the
"one sided flux' generated by the array C. Exanpl es of nmagnetic

flux pagt epascrigtom ot thebkadihgsr ray. The unusual flux 15trapping
results in a hrgh gradient on the top surface. Figure 2 Transfection
ef ficiencyFigwesed on luciferase fluorescence) of the Hal bach system
1 RLUS) e RO AHOnA PoRTHRTTRD] & FoaBH ™ fASRE S BEl | 5wt DNA.
O'I:l| y addgd?(AﬂMétpa;ionei the 'dne gitsd 8ot geharatediby theafregt ani ne2000Tm
000 ET RO G GBOHL ) 0005 1 Sl oo oo
magnet 35 (" Bapaingcrepultsim g hiabigyarient eh thelteg swiseusi ng t he Hal bach array
(" Hal bach").
Figure 2
Transfection efficiency (based on luciferase fluorescence) of the Halbach system
compared to other agents. Expression levels of luciferase (expressed in RLUs) are
20 shown for contrals ("Con" no DNA); cells with DNA only added ("DNA"); cells
transfected with Lipofectamine2000™ ("LF2000"); Polymag® plus DNA but with no
magnetic field applied ("PM"); Polymag® plus DNA with a standard, static array of
NdFeB magnets ("Static"); and Polymag® plus DNA using the Halbach array
("Halbach").
25
Figure 3
Luciferase activity in NCI-H292 human lung epithelial cells transfected with pCIKLux
luciferase reporter construct using OzBiosciences Polymag® particles with “standard”
and Halbach arrays as well as naked DNA controls. Transfections were performed in

30 96 well tissue culture plates using 0.1 pg DNA/well with 2 hours transfection time.

Figure 4

(a) Flux variation in the x-y plane of the Halbach transfection array at 3mm above

the array surface (level of cell transfection). (b) Average variation in transfection
35 efficiency along the x-axis (N = 4 wells in the y-axis per point) as assayed by

luciferase fluorescence.



25 Figure 3 Luciferase activity in NC -H292 human |ung epithelial
cells transfected with pCl KLux | uciferase reporter construct using
OzBi osci ences Pol ymag(r) particles with "standard" and Hal bach arrays
as well as naked DNA controls. Transfections were perforned in 3096
wel |l tissue culture plates using 0.1 jig DNA/well with 2 hours
transfection tine. Figure 4 (a) Flux variation in the x-y plane of

t he Hal bach transfection array at 3nm above the array surface (Ilevel
of cell trgnsfection). (b) Average variation in transfection
35efficienc'§”%?|%ng the x-axis (N =4 wells in the y-axis per point)
as assayedFibyresdsncd ertasity i3 posidercimntbe x-y Slahe galatiee $o theFlalitacb st der

intensity Ilstr n%P c{ ! Iv(v)er?l wnthlnnﬁ?l X\ﬁﬂl eo?%% %\g{)ﬁtw Vi§ C«Itrﬁ’mt %vbﬂ'[ebi%gaﬁr ray

for all trandd 5'ate. positionis 3
mm above takr@yHaI bach 5array. Figure 6 A histogram conparing

luci ferase activity in HEK293 T cells transfected with either a
static or oscillating magnetic array. 150nm nmagnetic nanoparticles
coated wi tF98®ICI KLux | uci ferase reporter were used in both cases.

A histogram comparing luciferase activity in HEK293 T cells transfected with either a
static or oscillating magnetic array. 150nm magnetic nanoparticles coated with
10  pCIKLux luciferase reporter were used in both cases.

Figure 7
A histogram showing luciferase activity in NCI-H292 human lung epithelial cells
transfected with OzBiosciences Polymag® particles coated with pCIKLux luciferase
15  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.
20

Detailed Description of the Invention

The present invention concerns the use of a magnetic field to place a magnetically '
susceptible particle comprising a reagent in contact with a cell in order to deliver the
particle into the cell. This may be achieved by placing the cell between a

25 magnetically susceptible particle and a magnetic field source. This arrangement
results in the particle being drawn toward the magnetic field source and, thereby, into
contact with the cell. Thus the present invention provides methods for delivering a
reagent into a cell comprising the steps of: i) providing a cell and a magnetically
susceptible particle comprising the reagent; and ii) applying a magnetic field such

30 that said particle is drawn towards and contacts said cell.

Some, but not all, aspects of the present invention also concern the use of oscillating
magnetic fields to deliver the magnetically susceptible particle(s) into the cell(s). It
has been observed that the use of an oscillating magnetic field increases the

35 efficiency with which the magnetically susceptible particles are delivered into the cell.
Without the present invention being bound or limited by theory, it is believed that the



Figure 7 A histogram showi ng luciferase activity in NCl -H292 human
lung epithelial cells transfected with OzBi osci ences Pol ymag(r)
particles coated with pCl KLux |uciferase 15reporter construct in
response to static and oscillating nagnetic fields. Al transfections
were perfornmed in 96 well tissue culture plates using 0.1pg DNA/ wel | .
Genej ui ce (&) and Lipofectam ne 2000 (LF2000) transfections were

carried OUhcRg§ihdkid@nEPisidlle td B BEaifting fdld foling @aTRAGHREcamy ot ocol .
Data shown as nean SEM (n=6 for all groups). Mgnet di aneter = 6nmm
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with the céBawn topraids ansecoptastseaaid defhvasdtfirther perorrisingshersten ofi) essillating

del i veri ngi,g fLAgRYeid. Nt 0 a cell conprising the steps of: i)
providing a cel'l and a magnetically susceptible particle conprising

the reagent; and ii) applying a nagnetic field such 30that said

parti tCioe }mtdéé@%&,Qﬁ?ﬁﬁgma;ﬁg@Qﬁayaséteﬁh@edtaiic,c@étcmaﬁ@mem?qué nﬂ ?! ¥
aspects o e present invention also concern the nse o Ci i ng
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novi ng the nagneti ca suscepti bl e particle repeatedly across the
surface of@he cell, a process thought to stinulate the uptake of the
particles by endocytic cellular processes. Thus the present invention

e N el 09t Rl i 0ol L b e,
suscept i bl effigieidyiwdthavhich the particles are delivered into the cell. At high frequencies of
20 oscillation, such as greater than 3kHz, or greater than 5kHz, for example greater than
10kHz, the particles will experience a substantial heating effect due to hysteresis and
eddy current effects. Such heating of the particle may be toxic ta any cell with which
it is in contact. Consequently, the frequency of oscillation should be kept within a
suitable range such as up to (i.e. no more than) 3kHz, or up to 1kHz or up to 100 Hz,
25 for example up to 10Hz or up to 2Hz. In one aspect the field oscillates with a
frequency of from 0 to 100Hz such as from 1mHz to 10Hz or from 500mHz to SHz,

for example 1 to 3Hz or 2Hz.

The amplitude of the magnetic field oscillation affects the extent to which gradients in

30 the magnetic field are moved past the magnetically susceptible particle, and
therefore affects the forces acting on the particle. In one embodiment the amplitude
of the oscillation is from 0 to 5000um, such as 10 to 2000um or 20 to 1000um, for
example 50 to 500um or 100 to 300um. The amplitude of oscillation may be 200um.
In other embodiments the amplitude of oscillation is up to (i.e. no more than)

35  5000um, such as up to 2000um or up to 1000um, for example up to 500um or up to
200um.



conprising the reagent; and ii) applying a magnetic field such that
said particle is drawn towards and contacts said cell; and further
conprising the step of i1ii) oscillating the magnetic field. 10In one
aspect, the magnetic field may be eitfer static, oscillating, or may
be alternated between static and oscillating nodes. A magnetically
susceptible particle will be drawn towards the source of either a
static or magnetic field. Therefore a static or oscillating magnetic
field may be used to place the artlcle in contact with the cell.
Subsequent The inyentass hé“eéﬁrﬁt?élt cienehwithigise thecmagnetieplivaysceplitier

15cont i nuepafdiessdrad tbliveREGhtbltiad & ésﬂgndréthE d8 fhel flix %Nﬁy bh@oP@hdibiof the
across the surface of the cell. The uenc nplitude with

whi ch t he WagHRIEigdinceages A mn?ﬂ%ﬁe@d'w 3 @g%\/%r W%@eféqw&?%ﬂ@f“%% h
whi ch the gatibhtcdxess a@ﬁeadae InagaeRdoicBlon athagreatdily sddceptibgpdricts| @ao @i es

f 20 il]at t t t t . SkHz,
For “exanpl & Tl R afroud g o1 e Padiel dopanci i ey Pt
subst ant i aihelpaditiergo éfef @it Mageeticdiellysoures that genetate fielys with lmgimﬂux

ff . S ith
o b o1 ARSI A o BN S PRk RS bR IR, 1
shoul d be Reghtfi eNStNFﬁYrb%)rsQNCEQDV ene atrrgereﬁtfehglnmaglpﬁtttz@d perm@nenio nor e

t han) %Hzma&(etéj@ d Qn &y r%%r*é%]\)td? oh8Qr H%re &écttfoﬁ{agﬁ’é@mu‘?g HRrdd 10HZ

or up to I'n one aspect t oscillates wth a frequency of
fromO to '1‘0@?%°§%%‘H”’ﬁ§aﬂ‘i'/6rn‘iaim athéﬁhlwnbr from 500nHz to 5Hz, for
exanple 1 to 3Hz or 2Hz. The anplitude of the magnetic field ‘

oscillatiop affects.the extent to nts. in 30th netic
TTold ar e Pedichah ey bimernaarneit e SLES PR prlpies € g
t her ef or e edristitoérets hiethbid ize s The stramgthosf ahletecpambgret &.linlitad bythe

e 10 15 obin R ook e Pl alasgitaips (R gsRe 00, 07"
300gm Theprahipinistcaribe efmeligated bnuslosmvema}beeeS@wgemondnctwmatenal but

enbodi ment g, Rl L LHge gsS LA d/atbohrd & to (i.e. no nore than)
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t he cel creases as the ensi t radi ent of
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‘greater fofce on ticle ances endy I'vVering
the particle into the cell. Magnetic field sources that generate
fields w Hf'h&.lnghmun XGSE@Mah%r a%d/eefprea&@u%g%@.v@ﬁﬁeﬁn%%ﬁmmet
desired for use In present 1hvention I el ds may be produced

by one2%r 1Be earshe 'aﬁrgﬁ'@eqmgaﬁ@m'ﬂwdplmmew@r magnets ino arrays known as
Halbach arrays. These Halbach arrays produce a magnetic field that is diminished

on one side of the array and augmented on the opposite side of the array. In this
manner the flux density and/or gradient on the augmented side of the array can be
much higher than a conventional non-Halbach array (for example, the field produced

30 by the augmented side may be approximately twice the strength of that obtained by a
conventional array). Individual bipolar electromagnets may also be arranged into a
Halbach array to produce an augmented ‘one-sided’ magnetic field. Accordingly, the
present invention concerns the use of Halbach arrays, of any type, to deliver a
reagent into a cell. Thus the present invention provides methods for delivering a

35 reagent into a cell comprising the steps of: i) providing a cell and a magnetically
susceptible particle comprising the reagent; and ii) applying a magnetic field such

that said particle is drawn towards and contacts said cell; wherein the magnetic field



10 magnets (e.g. an array or magnets), or one or nore el ectronmagnets
having a | arge nunber of coil turns and/or carrying a high current.
The strength of permanent nagnets is limted by the physical
properties of their constituents and jheir size. The strength of an
el ectromagnet is limted by the 15heating effects of high turn nunber
coils, or those carrying large currents. These problens can be
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20 el enment magnets such as NdFeB magnets whi ch have very high
magneti c qux densities and gradients relative to their mass, For a
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magnetic field rod array. In a‘further
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Hal bacl'?roarray varies in both the x and y axes (see Figure 4a). The
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25 to 24hrs, such as up to 2hrs, or up to Thr or up to 30 minutes, for example, up to 20

minutes. The movement of the Halbach array may then be repeated as desired so
that the zones of highest magnetic flux density and/or gradient are tracked across the
majority of a desired area (for example more than 50% of a desired area, such as
more than 680%, or more than 70%, or more than 80% of a desired area.). The

30 desired area may be the support for positioning the cells (e.g. the area of a multi well
plate). In aspects where the magnetic field is oscillated, the centre of oscillation of
each zone of highest magnetic flux density and/or gradient may be shifted as
described above sdch that the centres of oscillation are tracked across the majority of
a desired area.

35
The magnetic field surrounding a magnetic field source may be mapped using a
magnetometer. Following the mapping of the magnetic field, a support may be



magnetic flux density and/or gradient and positioning cells within
those zones. Accordingly, the present invention provides nethods for
delivering a reagent into a cell conprising providing at |east one
cell and at | east one magnetically sugceptible particle conprising

t he reagent and applying a magnetic field such that said particle
15is drawn towards and contacts said cell, wherein the cell and
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wth the z'8r?érsa°%gt 'Q‘ﬂ%dg‘% ﬁ?a&h%gfsc?dftf X densi ty and/ or gradi.ent.
The net hods of the present invention can be enployed in vitro or in

vivo. The Helmddli ilentiohbdo pidiidsaFRIS AL HRACAIRASRENRRIJRI o W LN

cells in culture erea In Vvivo t o enconpass
exper i nent &taghedtojayeagant fenHse in@anethpdef tepagjaent sthe treatment comprising

delivering the reagent into a cell or cells of an animal or human subject by a method

25 comprising administering the magnetically susceptible particle to a tissue in the
subject where treatment is required, positioning the tissue and magnetically
susceptible particle in the magnetic field of a Halbach array such that the
magnetically susceptible particle is attracted to and contacts cells of said tissue. The
treatment may also comprise aligning the cells of said tissue with one or several

30  zones of highest magnetic flux density and/or gradient of the Halbach array in order

’ to maximize the force applied to the particles. For example, the treatment may
comprise the steps of immobilizing the subject relative to the Halbach array and
aligning the subject such that at least a portion of the tissue of interest is aligned with
at least one of the zones of highest magnetic flux density and/or gradient of the

35 Halbach array.



Regarding in vivo enbodi nents, the present invention provides for the
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25 The present invention also provides apparatus for the delivery of a reagent into a cell,
the apparatus comprising: i) a Halbach array of magnets; and ii) a support for
positioning cells in the magnetic field of the Halbach array. In one aspect the
apparatus further comprises means to oscillate the Halbach array.

30 In another aspect, the apparatus further comprises at least one cell positioned on the
surface of the support and at least one magnetically susceptible particle applied to
the support such that it is capable of contacting said cell, wherein the magnetic field
of the Halbach array is configured to attract said magnetically susceptible particle(s)
towards said surface.

35
In a further aspect the support has a plurality of discrete addresses, wherein the
addresses coincide with the zones of highest magnetic flux density within the array’s



The present invention may find use in the treatnment of a w de range
of diseases and conditions. Treatnent may be effected by delivery of
a therapeutic agent into the 15target cell(s). A w de range of
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The spatial configuration of addresses on the support may include consideration of

the three-dimensional (x, y and z axis positions) of the surface of the support, such
surface optionally providing a location for cell attachment (e.g. a cell culture
substrate). The method may therefore also comprise a step of modelling the three-
35 dimensional magnetic flux density and/or magnetic field gradient of the Halbach array
and designing a support that, when positioned at a predetermined spacing from said



25 The information obtained fromthe mapping step (b) is preferably-
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the particles by up to 25-fold as compared to commercially available conventional
devices and the increased force significantly improves both transfection time and

efficiency.

25 The invention also provides a device for use in magnetic transfection of cells, said
device comprising magnets, and characterised in that said magnets are arranged in a

Halbach array.

Said magnets may be housed in a base capable of supporting a cell-containing
30 receptacle, and may comprise an essentially flat supporting surface with a recess

capable of receiving a cell-containing receptacle.

In one embodiment, the base comprises a non-magnetic block comprising said
magnets. The block may be, for example, a block of a polymer or plastics material or

35 anon-magnetic metal (such as aluminium).
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cells, as neasured at the cell surface_In a further aspect, the
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magnetic fi
polypepttde molecules and positioning said cells within the magnetic field generated

20 by a Halbach array. The field strength to which the cells are exposed may be 10mT
or greater, such as 100mT or greater, for example greater than 130mT, or 300mT or
greater, for example 400mT or greater.

In a further aspect, the invention provides a kit comprising the above-described

25 device or apparatus, together with magnetisable particles capable of being coupled
to a molecule or moiety, preferably a nucleic acid or polypeptide molecule, for
transfection. Optionally such a kit may include coupling reagents, buffers, and control

reagents.

30 Reagent
As used herein, a ‘reagent’ refers to an agent performing a desired function within a
cell. The reagent may function as a marker of a particular cellular process or
structure, or may modulate a cellular process or function. In one aspect the reagent
may specifically bind to a cellular target molecule. For example, the reagent may be
35 an inhibitor or an activator of a cellular process such as protein or DNA synthesis,
protein transport, respiration or a particular metabolic pathway.
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sequences, e.g. enhancers and/or polyA sequences, to provide an expression
construct useful in gene therapy applications. For example, the gene may be the
wild type CFTR-1 membrane protein operably linked to a mammalian (e.g. human)
promoter. Such a construct may be useful in the treatment of cystic fibrosis by gene
30 therapy. As shown by the examples below, human lung epithelial cells may be

transfected using the methods and apparatus of the present invention.

Cell

As used herein, ‘cell’ is a term used to refer to a cell that it is desired to deliver the
35 reagent into. It may be referred to as a target cell. The cell may be any cell, for

example a bacterial, protozoan, fungal, plant or animal cell. In one aspect the cell

may be a mammalian cell, such as a lung cell, kidney cell, nerve cell, mesenchymal
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Magnetically susceptible particle

Magnetically susceptible particles can include magnetically susceptible particles,
25 magnetisable particles or particles that can be manipulated (e.g. moved) and/or

positioned by a magnetic field. The magnetically susceptible particles can be non-

magnetic but susceptible to manipulation or positioning by a magnetic field, or be

magnetic (e.g. a source of a magnetic field lines).

30 Typically the particles are of a size suitable to deliver the reagent into the cell without
causing damage to the cell. In one aspect, the particles have a mean size of
between 10um and 5nm, such as between 1um and 10nm, for example between
200nm and 100nm. In another aspect the magnetically susceptible particles may be
spherical beads and may have a diameter of at least about 0.05 microns, at least

35 about 1 micron, at least about 2.5 microns, and typically less than about 20pm.




Magnetically susceptible particle Magnetically susceptible particles
can include magnetically susceptible particles, 25magneti sabl e
particles or particles that can be mani pul ated (e.g. noved) and/or
positioned by a nmagnetic field. The n#gnetically susceptible
particles can be nonmagnetic but susceptible to mani pul ation or
positioning by a magnetic field, or be magnetic (e.g. a_source of a
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survival post 15particle delivery. A magnetically susceptible
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descri bed Ahﬂghétﬁally%ts@éﬁtiblé}pphﬁcteanhma Budlaimpie, B ovagNeticallp 8GBertibE63 or
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20 reference in its entirety, or commercially available beads, for example, those
produced by Dynal AS (Invitrogen Corporation, Carlsbad, California USA) under the
trade name DYNABEADS™ and/or MYONE™. In particular, antibodies linked to
magnetically susceptible particles are described in, for example, United States Patent
Application Nos. 20050149169, 20050148096, 20050142549, 20050074748,

25 20050148096, 20050106652, and 20050100930, and U.S. Patent No. 5,348,876,

each of which is incorporated by reference in its entirety.

In one aspect the particle comprises a paramagnetic, superparamagnetic,
ferromagnetic and/or anitferromagnetic material, such as elemental iron, chromium,

30 manganese, cobait, nickel, or a compound and/or a combination thereof (e.g.
manganese and cobalt ferrites). For example, suitable compounds include iron salts
such as magnetite (Fe;04), maghemite (yFe,0;), greigite (FesS4) and chromium
dioxide (CrOy).

35 The particles may comprise the magnetic material embedded in a polymer, for
example within the pores of a polymer matrix. Alternatively, the particles may
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117]. The dipole magnets may be permanent magnets or electromagnets. In one
aspect the magnets are NdFeB permanent magnets.

An example of a simple Halbach array showing the orientations of the constituent

30 dipole magnets is shown in Figure 1A. The way in which the flux lines of the
constituent dipole magnets add to give a ‘one-sided’ flux is illustrated in Figure 1B.
The Halbach array may be of any size sufficient to generate a field of the required
shape and size. In one aspect the Halbach array comprises an array of no more
than 9 by 12 dipole magnets, such as no more than 6 by 8 dipole magnets, for

35 example 3 by 4 dipole magnets. In another aspect the Halbach array comprises a
linear array of 3 to 5 dipole magnets.




25publ i shed by Kl aus Hal bach [K. Hal bach, 1981, Nucl. Inst. and
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zones may correspond to zones where the magnetic field gradient measured at 3mm
above the array surface is greater than 30mT/mm, such as greater than 40mT/mm,
30 for example greater than 50mT/mm, 60mT/mm, 70mT/mm or 80mT/mm. In another
aspect, the zones of highest magnetic flux density and/or gradient are zones having
magnetic flux density and/or gradient within 30% of the maximum magnetic flux
density and/or gradient provided by the Halbach array. For example, the zones may
have magnetic flux density and/or gradient within 25% of the maximum magnetic flux
35 density and/or gradient, or within 20% of the maximum magnetic flux density and/or
gradient provided by the Halbach array. For example, in the case of within 20% of

the maximum magnetic flux density and/or gradient, if the maximum value is 100, the




magnetic flux density and/or gradient within 30% of the nmaxi mum
magnetic flux density and/ or gradient provided by the Hal bach array.
For exanple, the zones may have magnetic flux density and/or gradient
within 25% of the nmaxi mum magnetic fl#x 35 density and/or gradient,
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the particle to experience a torque. In sone arrangenents, the

magnetic force nay cause the particle to nove away 30from the source
of the magMegneticforeé d. This can occur if the particle is magnetically

bl ocked anﬂs Hék%qle?ei}t,omggrge%E force’ means the force that is exerted on a magnetically
susceptible particle when it is in a magnetic field having a gradient. The magnetic
25 force may cause the magnetically susceptible particle to move toward the source of
the magnetic field. In this case the force is a translational magnetic force. The

magnetic force may also cause the particle to experience a torque.

In some arrangements, the magnetic force may cause the particle to move away
30 from the source of the magnetic field. This can occur if the particle is magnetically

blocked and unable to rotate.

Force field
As used herein, the ‘force field’ of a magnet, or of a magnetic array, describes the
35 volume of space surrounding the magnet or magnetic array in which a magnetically

susceptible particle will experience a magnetic force.




Force field As used herein, the "force field of a magnet, or of a
magnetic array, describes the 35 volunme of space surrounding the
magnet or magnetic array in which a nagnetically susceptible particle
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and/ or gradi‘ent I ndi cated. cufture substrate As use
herein, 'céplreyforagrfieldsubstrate’ is used to nean a substrate upon
whi ch cells ‘

In one aspect the support may have addresses corresponding to the zones of highest
magnetic flux density and/or gradient. In some embodiments there may be a plurality
25 of discrete addresses formed on the support for positioning a cell and magnetically
susceptible particle, wherein the addresses coincide with the zones of highest
magnetic flux density and/or gradient. For example, the support may have marking
that allow the cell-containing receptacle to be positioned such that the cell is located
in a zone of highest magnetic flux density and/or gradient. Alternatively, the support
30 may have a plurality of recesses each having a unique address, with the addresses
corresponding to zones of highest magnetic flux density and/or gradient indicated.

Cell culture substrate
As used herein, ‘cell culture substrate’ is used to mean a substrate upon which cells

35 can live and/or grow such as the base of a cell culture flask, or a multi-well plate.




35can |ive and/or grow such as the base of a cell culture flask, or a
multi-well plate. 25 Multi-well plate As used herein, 'multiwell
plate' refers to a plate having two or nore separate wells. The plate
may have nore than 2 wells, such as 425 6, 12, 24, 36, 48, 96,192 or
384 wells. The wells may be used to contain and/or culture cells. The
wel I s may have 5uni que addresses for identification of the individual
wel I's. Thempltiaveipiatay be di sposable. Surface of the array As used
herein, 'syrface of. the.a ed to ace
of the 10°EoREdonaRouREl e e B phE AL e ik Spae i P
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field is ygssiab@ refer to the novement of the magnetic field. In one
aspect the nmagnetic field causes the particles to nove in a first
direction toward the Hal bach array (the direction of attraction) and
t he magnet 'sg,fédequg},ecy&@yl | ates in a second direction at an angle to
the first direction. ,Th
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direction. In one aspect, the magnetic field is oscillated along a
single axis. Alternatively, the field nmay be subjected to planar
osci || ﬂsl oosé,@t,agmégnét@ﬂeme direction of attraction of the
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fi eld oscnlates in a second direction at an angle to the first direction. The angle

20 between the first and second directions may be greater than 0° and less than 180°.
Preferably it is greater than 0° and less than 90° such as greater than 60° and less
than 120° or greater than 70° and less than 110°, for example the angle between the
first and second directions may be greater than 80° and less than 100° or greater
than 85° and less than 95°. Preferably, the first direction is substantially

25  perpendicular to the second direction.

In one aspect, the magnetic field is oscillated along a single axis. Alternatively, the
field may be subjected to planar oscillation relative to the direction of attraction of the
magnetically susceptible particle to the Halbach array, e.g. oscillation thatis in a

30 plane substantially perpendicular to the direction of attraction. In a further aspect the
magnetic field may in addition move into and out of said plane. In a yet further
aspect the field may move with a rotational movement.

The magnetic field may oscillate with a frequency up to 3kHz, such up to 1kHz or up
35 to 100 Hz, for example up to 10Hz or up to 2Hz. In one aspect the field oscillates
with a frequency of 0 to 100Hz such as 1mHz to 10Hz or 500mHz to 5Hz, for




The magnetic field nmay oscillate with a frequency up to 3kHz, such up
to | kHz or up 35to0 100 Hz, for exanple up to 10Hz or up to 2Hz. In
one aspect the field oscillates with a frequency of 0 to 100Hz such
as 1nHz to 10Hz or 500nmHz to 5Hz, for26 26 exanple 1 to 3Hz or 2Hz. In
ot her enbodi nents, the magnetic field may oscillate with a frequency
of 0.1 to 3Hz. In one aspect the magnetic field is oscillated by
physi cal | yexapienotot3me Mt—haadﬂoaérraybcﬁﬂmm%s aime magndtit a¢ld gy ostiilate. | n
one aspect %he a I|t ofatHI he oscillation is between 0 to 5000pm
such as 10" fﬁ 6 1000gm for exanple 50 to 500pm or 100
to 300pm The anpli tude of oscillation may be 200p. m In anot her
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1mHz tg, 10Hz or 500mHz to 5Hz, for exanple 1 to 3Hz or 2Hz. In ot her
enbodi ments, the current may oscillate with a frequency of l1to
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aspect the densrty over ane a ove the su face of
the array. OspméfeMbﬁé‘ffqpﬁmY@fﬁﬁyoﬁézat any sel ected di stance above the
surface of the array, such as up to |Omor up to 5mm for exanple up
to 3mmor up to 1nm By mapping at different heights above the array,
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a zone of material. The transformation may be temporary or permanent and may or may not
be heritable by the progeny of the cell.
25
Mapping the magnetic flux density
As used herein, mapping the magnetic flux density refers to the process of
determining the shape and strength of the magnetic field around the array. The flux
density may be ‘mapped using a magnetometer such as a Redcliffe Magnetics
30 Magscan 500. In one aspect the flux density is mapped over a plane above the
surface of the array. The mapped plane may be at any selected distance above the
surface of the array, such as up to 10mm or up to 5mm, for example up to 3mm or up
to 1mm. By mapping at different heights above the array, it is possible to determine
both the magnetic flux density and the magnetic field gradient at various points in
35 three-dimensional space above the array surface. The mapping of the flux density
around the array may be used to provide a support that positions the cell in a zone of




27 high flux density and/or gradient. The support may position the
cell in a zone of high flux density and/or gradient in a plane at the
sane distance fromthe surface of the array as a nmapped plane. 5
Recept acI e for containing cells / cel¥ containing receptacle As used
herein 'receptacle for containing cells / cell containing receptacle'
is used to refer to any receptacle or vessel suitable for containing
cells, sumigrafijaieosjlylandm gradient. | Eelsupportinghpositioh the eadllin a gpnrg of highet r |
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matter descri the present invention
will ndw be |IIustrated by way of 25 exanple, with reference to the

acconpanyi g, sts@:’EatingqlééhQBaé?ﬁ%ts and enbodi nents w Il be

apparent to those he art. Al docunments nentioned in this
text are iAfcusepderinednerssdineseiljating the dalbach aray pleEio 50 SBMAMHIEt I n a
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The invention includes the combination of the aspects and preferred features

described except where such a combination is clearly impermissible or expressly

avoided.

20
The section headings used herein are for organizational purposes only and are not to

be construed as limiting the subject matter described. :

Aspects and embodiments of the present invention will now be illustrated, by way of
25 example, with reference to the accompanying figures. Further aspects and
embodiments will be apparent to those skilled in the art. All documents mentioned in

this text are incorporated herein by reference.

Examples

30 Example 1
In a pilot study, a Halbach array comprising five NdFeB magnets (10x10x25mm)
arranged as in Figure 1, was placed beneath 2x6 wells of a standard 24-well culture
plate containing NCI-H292 (human lung epithelial) cells. The cells were maintained in
RPMI 1640 culture media supplemented with 10% foetal calf serum, 100 U/mL

35 penicillin, 0.1 mg/mL streptomycin, 0.25 ug/mL amphortericin-B and 2 mM L-

glutamine. Cells were seeded at 5 x 10° cellsiwell in 96 well tissue culture plates and




35penicillin, 0.1 nmg/nL streptomycin, 0.25 isg/nL anphortericin-B and
2 MM L- glutamne. Cells were seeded at 5 x 103 cells/well in 96 well
tissue culture plates and 28 incubated overnight at 37C 5% CQ2 to
allow the cells to attach. Transfecti®hs were perforned in SF RPM
medi um usi ng Pol ymag(r) (OzBi osci ences) nanoparticles with 0.1-0.5pg
DNA per well follow ng the manufacturers reconmended protocol.
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i ncubat or Example 2

Luciferase activity in NCI-H292 was measured in human lung epithelial cells
25 transfected with pCIKLux luciferase reporter construct using OzBiosciences
Polymag® particles with “standard” and Halbach arrays as well as naked DNA

controls.

NCI-H292 (human lung epithelial) cells were maintained in RPMI 1640 culture media
30  supplemented with 10% foetal calf serum, 100 U/mL penicillin, 0.1 mg/mL
streptomycin, 0.25 pg/mL amphortericin B and 2 mM L-glutamine. Cells were seeded
at 5 x 10° cells/well in 96 well tissue culture plates and incubated overnight at 37°C
5% CO, to allow the cells to attach. Polymag® transfections (particle diameter = 100-
200 nm) were performed in serum-free (SF) RPMI medium using 0.1ug DNA per well
35 following the manufacturers recommended protocol based upon 1uL Polymag per g
DNA. Following the addition of reagents, the plates were transferred to an incubator




29 at 37C 5% CQ2and pl aced above 5-magnet, oscillating (f= 2 Hz,
Anpl i tude = 200pm NdFeB Hal bach array for 2 hr. At 2 hr post
transfection, the nedia was replaced with an equal vol une of RPM
1640 culture nedia supplenmented with 190% foetal calf serum 100 U niL
penicillin, 0.1 ng/nL streptonycin, 0.25 pg/nL 5 anphortericin B and
2 mM L-glutam ne. At 48 hr post transfection, the rredi a was renoved
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VmAx
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o

(B-V)B.

(Pankhurst et al., 2003). By using this relationship along with the field scanning data,
the optimum force can be calculated for each well. In addition, this same information
25 can be used to construct larger magnet arrays and position muitiwell plates and
culture flasks on the arrays so as to maximize the number of wells (or area of the
flask) under optimum force conditions for a Halbach array of specific dimensions. In
this case, fluorescence intensity was plotted against position on the array (see
figures 4b and figure 5).
30
NCI-H292 (human lung epithelial) cells were maintained in RPMI 1640 culture media
supplemented with 10% foetal calf serum, 100 U/mL penicillin, 0.1 mg/mL
streptomycin, 0.25 pg/mL amphortericin B and 2 mM L-glutamine. Cells were seeded
at 5 x 10° cells/well in 96 well tissue culture plates and incubated overnight at 37°C
35 5% CO;to allow the cells to attach. Polymag® transfections (particle diameter = 100-




30 200 nm were perfornmed in serumfree (SF) RPM nedi umusing 0. 1pg
DNA per well follow ng the manufacturers recommended protocol based
upon 1pL Polymag per pg DNA. Follow ng the addition of reagents, the
plates were transferred to an incubater at 37C 5% CO2 and pl aced
above 5-magnet, oscillating (ft. 2 Hz, Anplitude = 5 200pm) NdFeB
Hal bach array for 2 hr. At 2 hr post transfection, the nedia was
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cells exposed to moving field were exposed for 2 hrs at 2Hz using a

200pm apsppa@é'ﬁﬂﬁf‘e%WﬁetH?é‘Hoﬁqﬁ'émr?aﬁﬁmb‘l"l%f"?'d?’r?bﬁl"%@@ ALY | n
stati c poshbiges witBi thadsthcdddtorf ol | owi ng al phabetically | abel ed

par agr aphs contain statements of broad conbi nations of the inventive
techni cal features herein disclosed:- 5A Device for use in nagnetic
t ransf ect i Ghe pérticed wWere delivatlediasingca higl precisiinrogciltetg dbazontah drive system

charact eri ggdrohlh by'@bomtitst SMRUELH REGnAd LRI rWAR EELRATY BT 2Y-
25 Dobson. The amplitude of the array's drive system can vary between a few
nanometers to millimeters and the frequency can vary from static up to 100's of Hz.

HEK293T cells were seeded in 96 well plates at 5x10° cells/well. The cells were
transfected with 5ug/well of 150nm dextran/magnetite composite nanoparticles

30 coated with PEI, loaded with pCiKilux DNA (binding capacity approx 0.2pg DNA/ug
particles). The cells were exposed to magnetic fields as shown for 24hr post
transfection, using a 5 stack of 3 x NdFeB 4mm magnets per well. The cells exposed
to moving field were exposed for 2 hrs at 2Hz using a 200pm displacement and then
the magnets left in place for 22hrs in static position.

35
Data shown in Figures 6 and 7 as average +/- SEM (n=12 for each group).




B. Device according to paragraph A wherein said nagnets are housed in
a base capabl e of supporting a cell-containing receptacle. 10 C

Devi ce according to either paragraph A or paragraph B, wherein the
base conprises an essentially flat supporting surface capabl e of
supporting a cell-containing receptacle. 15 D. Device according to
paragraph C, wherein the base conprises a recess capabl e of receiving
a cell containing receptacle. E.Device according to any preceding

par agr aph, wherein said base conprises a non-nmagnetic bl ock

conpri si ngTisafotowisgaiphabetiGlly IdbeleDpaiageaphe contaln stptaneentimefdgradph E,

wher ei n t hg, NONL BRI Mvalts Ifech@céﬁfea@ur@?hé(r%rdlé?:fos% astics material .

G Device according to any precedi ng paragraph, wherein said magnets
are 25 NdFeB pernmanent nagnets. H. Device according to any precedi ng

par agr aph mher a:oév.aeh@r Jsberh Q1a§ﬁétfé%hé’feétﬁﬁbf ENB) daltPddcRdotisisg!r f ace of
t he Hal bach array onT or %reate ﬁ@aratusa&fqﬁ{
devi ce accBPHTR af“?)"'éﬁf?‘stffr‘sééérh ﬁbsa[fija'ina%ﬂeéﬁﬁfe §ReFIP affd éarra
receptacl e suitable for containing cells. J Appar atus according to
par agr aph wherein t he apparatus a e, of d livering .a_field
B r ength of 300RHS,AegrERREs Pagsiaeh RyrhAT 1 feahtis st Houbth A aloage
capable of supporting a cell-containing receptacle.
10 »
C. Device according to either paragraph A or paragraph B, wherein the base
comprises an essentially flat supporting surface capable of supporting a cell-

containing receptacle.

15 D. Device according to paragraph C, wherein the base comprises a recess

capable of receiving a cell containing receptacle.

E. Device according to any preceding paragraph, wherein said base comprises a
non-magnetic block comprising said magnets.

20
F. Device according to paragraph E, wherein the non-magnetic block is of a

' polymer or plastics material. '

G. Device according to any preceding paragraph, wherein said magnets are
25 NdFeB permanent magnets.

H. Device according to any preceding paragraph wherein the field strength 1cm
from the proximal surface of the Halbach array is 100mT or greater.

30 L Apparatus comprising a device according to any preceding paragraph

together with a receptacle suitable for containing cells.

J. Apparatus according to paragraph | wherein the apparatus is capable of
delivering a field strength of 300mT or greater to cells during use.

35
K. Apparatus according to paragraph J wherein the apparatus is capable of
delivering a field strength of 400mT or greater to cells during use.



32 L. Device according to any of paragraphs Ato H, or apparatus
according to any of paragraphs Ito K, wherein said receptacle is
selected fromthe list consisting of: a nultiwell plate, a cel
culture flask, and a petri dish. 5 Ma2Mthod of transfecting cells
conprising exposing said cells to nagnetisable particles coupled to
one or nore nucleic acid or pol ypeptide nol ecul es and positioning
said cells within the magnetic field generated by a Hal bach array.
10N. Met hod according to paragraph Mwherein the field strength to

whi ch t he kel | sDevice asgpdwatp any Goeragraphs drte bt ef appaRtus\accoidimode @t di ng
to paragr gf;ém-.wn( yiferdih S4ifl kb BBE I di et el GRLhgRf e

exposed is reater. conprising the device of any
of par agra@‘H%‘WE" P'éteHaC%i'rCU!tW6ﬂaﬁf3éF‘é?lﬁ’§t”cﬁ's'hny of paragraphs Ito K,
togethey with magneti sable particles capable of being coupled to a

nol ecul e or, noiety foyr tr nsfec ion ai. s n
et hod of Mol T Vit Sl AN el fabarsig T e ¢51s 1 Tmbsheliasls”
conpri Si ngpdridéd ¢coupleti¢p arie dredsé nodl€ic acil btipaghapéidd molenaesidnd east one

maonet o PEREHER SHeBSAR by Fegndle B el ol U7 RRA N, "

susceptible particle is attracted to and contacts the cultured cel |.
2. Theygret jod i : j ng
said nagneﬁlc 9?e 5@5&%&“#ﬁ6$Q£%ﬁ%ﬁmpﬁhgkgﬁﬂéggdéﬁ fﬁ&?ﬂﬁﬁgb%g%?lon
of oscil | agre@nresedduNMIrigsgatss- per pendi cul ar to the direction of
attraction of the magnetically susceptible partlcles to the Fblbach
array. 4. The nethod of any one of ¢

cel I (s) an@ madfieihedasepidi %}%éﬁﬁf%ﬁé“ ws?r?mheeﬁ%ﬁ S%*?-'pﬂbtagvhtﬁhd%%?"at
one or a phrelexpodey D400 TSSHgederaddr esses forned on a support, the
nethodfgonprising aligning at | east one of said discrete addresses
with a'Zone of hi ghest magnetic flux density and/or gradient of the
Hal bach arPay. Kibconfphising#tehdedice fof amyof@amgodphe [1de hg orlthe ep@aratus efrariyn
the cell (s Nt i I ned
at a plur a%f p%% i g‘%:* (ca;(taéeéﬂ){&r gﬁgtnb aglm%%ﬁyﬁgacgéggle git%] q%h&rér%)t hod
conpri si ngtos mglﬁcmgoworpwmtranef@cw said discrete addressesvvl thin one
or nore zones of highest nmagnetic flux density and/or gradient of the
Hal bach array.




6. The nethod according to any one of clains 1 to 5 wherein the

target cell is positioned no further than 5nm above the surface of
the array. 7. The nethod according té3claim®6 wherein the target
cell is positioned no further than 3nm above the surface of the

array. 8. The nethod of any one of clains 1 to 7 wherein the reagent
is chosen fromthe group consisting of: an oligonucl eotide, DNA, RNA
RNAI , si RBRim&in aptanmer, DNA encoding a gene of interest, a nucleic
aci d expression construct, an am no acid, a peptide, a peptide
mnetic, a protein, an antlbody an anti body fragnent, an scFv, a
phar maceut i cal AN & VERBRIMRAN Selering raggept inieiaduigredsspl the methed ednerising
The met hogbsticciog dileegt afe oamyed)m eﬁ)fdelth@st@h@@ﬁ@tdﬂ@all?b@béﬁxbw@)@ﬁ@bn t he

reagent | StteRhdHE ftr%![rgaeg%ﬁ%?. t %r{%ﬁ W%Q%q@ b%ah ar:x:;rgtngh t%gtet\hegma he |CaH

transformation of the od of an of
t he pr eceﬁ%sﬁ@t‘é'leaﬁﬁ'ﬁleﬂﬁr?étf@teﬁ tq prsl qaatepladie caliurededls an array of NdFeB
per manent nmagnets. 11. The nethod of any one of the preceding clains

wherein the celhe hsindy HRIEIET faher IR l !
cell. 12. The rretehod of any one %rf cgaél%qﬁ%teé)wbgal\b\ﬂgér)geﬁ%? ée“cel({m

manmal i an, 13. Apparatus for the delivery of a reagent into a cell
cultured Pn vi Weometf“l’fbo‘céﬁﬁ‘a?é@ﬁ@”é%ﬁﬁ@ﬂf;@sc'”at'oﬁ)'s whslantiphich array of

magnet's;  perpendiculiai i tige draaalol atfr@tioPerhd in@dHeti@illE &lstptibid bbtdti@shoitie Vi tro
in the maggggchc field of the Hal bach array. 14.The apparatus of claim

13 further conﬁfﬁagl ng means to oscillate the magnetic field of the

Hal bach array. 15. The apparatus of one of clainms 13 or 14, wherein
t he appar#tus fiameibed denpeicsdsiaats 1 te@swheoenetreublt (s)reed meghdticgigsi t i oned

on the sugfagRibRipalingsSaRRNifonddE AL of £A8tII Bﬁd.&?%@&&dré‘s@éé ¥rmed on a

suscepti bl e artlcle attached to a reagent a to the support
such t hat S{POitdh ec'H‘ffH‘Eﬂ @HFiSIRDHIOEe piigps %?ed)féﬂ‘ij fligFrelq ag@pgses \Wﬁ'é? &% & he
magneti c h|gle}isdme@netldﬂﬂijxl'dah@taehd/a’rgrayerltSfth‘é)lﬁilbag:l:ll’a&dy to attract said
magnetically susceptible particle(s) towards said surface.

5. The method of any one of claims 1 to 3, wherein the celi(s) and magnetically
susceptible particle(s) are positioned at a plurality of discrete addresses formed on a support,
the method comprising aligning at least two of said discrete addresses  within one or more

zones of highest magnetic flux density and/or gradient of the Halbach array.

6. The method according to any one of claims 1 to 5 wherein the target cell is positioned

no further than 5mm above the surface of the array.

7. The method according to claim 6 wherein the target cell is positioned no further than

3mm above the surface of the array.

8. The method of any one of claims 1 to 7 wherein the reagent is chosen from the
group consisting of: an oligonucleotide, DNA, RNA, RNAI, siRNA, an aptamer, DNA encoding
a gene of interest, a nucleic acid expression construct, an amino acid, a peptide, a peptide
mimetic, a protein, an antibody, an antibody fragment, an scFv, a pharmaceutical, a

carbohydrate, a fatty acid or small molecule.

9. The method according of any one of the preceding claims wherein the reagent is a

nucleic acid and the method results in the genetic transformation of the target cell.




16. The apparatus of one of clainms 13 or 14 wherein the apparatus
further conprises at |east one cultured cell positioned on the
surface of the support and at | east oA® nagnetically susceptible

particle tac eagent ied to the support such that it is
capabl e 01(316c0n5l E%tnl ﬁ@g‘%’lﬁ”tﬂg%‘ﬁ ‘QECQSQP F'a'm\ﬂ%}eéﬁ'%g? Helb?RhqvaY iseneiray d
of the HabbidteBaemapnentsnagosibi gured to attract said magnetically
susceptible particle(s) towards said surface and the neans is
configured,to i g |c fi a direct

subst ant i g? Ty g@%&%ﬁ%ﬁﬁ% %S g% & ercgc (S’fa'msf WA E'P g%et ¥ ‘%‘n‘soﬁ‘ bphial
magnet i capthémﬁem'imféommé'e@'es to the Hal bach array. 17.The
apparatus of any one of clains 13 to 16 wherein one or a plurality of
di screte agldresggsaaicg opéaﬂ/vdng%fjclé?rgs @té%%émth%*&&t |§HBP\9{aFtanand Hal bach
array being nutually confi'gured in e apparatus to align at |east
one of said discrete addresses W|th a zone of highest magnetic fl ux
densi ty adél/ or Agpraadiieft thsf deliMery I9h b aedIenhinicay celll 8UltTise impjyar Hewrpprattuany
one of cl abAmisthg: to 16 wherein one or a plurality of discrete

addr esses qge pray, aea(glmorrrlat e sup é t he support and Hal bach array
bei ng mutual Iy cénfdgur 8™ ¢ ntaﬁ@ ratus to align at |east two of
sai d discrete adde e\s)spergfqnmslmonmgn@Isgpltumlevrzgngse oégrietigirisof tmeidaiestch c
flux densityy. and/ or gradient of the Hal bach array. 35 19. The
apparatus of claim 17 or 18 wherein cells and particles are

posi ti oned at each discrete address. 20. The apparatus of one of
claims 17'f0 19N/R8PERIHS PARIE (13 BEiPer qog'PESITEL N €3S WPl pie dteemagitia it of
di screte addtatmsiesrare fornmed by sel ected individual wells of the
plate. 21. A rret hod of manuf act uri ng an apparat us for the nmagnetic

del i ver ent Q a.C Ln vitro, ar at us
havi ng g &gﬂ bac plgaa%/us éﬂ'&e%cﬂﬂrbs g;ro{ #o&ebe&ﬁh? PRI fﬁﬁtefg RS s
in the magagtane Ctﬁ*iueddcﬁebf)OSttheed-tat thaghfage ofdle suphet angtahiedst coapresticayy

(a) provi dugagptalel:a ttaecatta@q@a &Ys reb té@)ﬂ&i teghetéaE% agﬁwb@t|gkéﬁébg%fls'ty
and/ or gradl ent o | of the | bach arra

)
provi di ng "y Saé‘h%tﬁrlega% Wﬁ?ta'”gﬁen?ﬂ”etéz fislof deiapagh areRyd ‘Foé‘g'%”ed to
addr esses atvpettshidInagnetoalfyisgsrepitbld mari@dd(g owsrdshsaianéseof hi ghest 1l ux
density and/or gradient of the Hal bach array when the support is

assenbl ed !3 nt hﬁg%BRe@ét@e oS bn% g)claﬁﬁsswlﬁme}em%h% Qra?urs]. fua?]{hera¥ 6{Jrlses at

support tO provi ae an para netic
reagent i KEg oqe evlivrasrast p@sépped on the surface of the support and at Ieast one magnetically

susceptible particle attached to a reagent applied to the support such that it is capable of
contacting said cultured cell, wherein the magnetic field of the Halbach array is configured to
attract said magnetically susceptible particle(s) towards said surface and the means is
configured to oscillate the magnetic field in a direction substantially perpendicular to the

direction of attraction of the magnetically susceptible particles to the Halbach array.

17. The apparatus of any one of claims 13 to 16 wherein one or a plurality of discrete
addresses are provided on a support, the support and Halbach array being mutually
configured in the apparatus to align at least one of said discrete addresses with a zone of

highest magnetic flux density and/or gradient of the Halbach array.

18. The apparatus of any one of claims 13 to 16 wherein one or a plurality of discrete
addresses are provided on the support, the support and Halbach array being mutually
configured in the apparatus to align at least two of said discrete addresses within one or more

zones of highest magnetic flux density and/or gradient of the Halbach array.
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19. The apparatus of claim 17 or 18 wherein cells and particles are positioned at each

discrete address.

20. The apparatus of one of claims 17 to 19 wherein the support is a multi-well plate and

the discrete addresses are formed by selected individual wells of the plate.

21. A method of manufacturing an apparatus for the magnetic delivery of a reagent into a
cell cultured in vitro, the apparatus having a Halbach array; and a support for positioning
cultured cells in the magnetic field of the Halbach array, the method comprising:

(a) providing a Halbach array;
(b) mapping the magnetic flux density and/or gradient of the magnetic field of the

Halbach array;

(c) providing a cell support having one or a plurality of discrete addresses
spatially configured to align with zones of highest flux density and/or gradient
of the Halbach array when the support is assembled in the apparatus;

(d) assembling the Halbach array and support to provide an apparatus for the

magnetic delivery of a reagent into a cultured cell.




