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suitable for delivery of a bionolecule into ut .
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Technical field of the invention The present
invention relates to a partitle suitable- for the
delivery of a substance into or out of a nenbrane
A nancpaseiictel budtabbel Lorgdediveryhodughbherelprydeednto
or butebfasemeibsahd subibaedeosfld oecedd ofgeardle
particle in different applications as well as a
nmet hod of delivering a substance into or out of a
menbrane encl osed cell or <cell organelle through
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grsi nableetg promese dsddsondihe dlemelecule to reach the

surfaces of the target cells. The biomolecule shpuld be
delivered to the cell independent of media components in

the cell culture and reach both adherent cell lines and
cells in suspension. Once delivered at the cell surface
+he biomolecule has to either transverse the cell
membrane/cell wall or enter the cell through an
endocytosis pathway. Once within the endosome pH is low
and both the cytosol and the endosome contain various
degrading enzymes. Efficient delivery methods should
preferably minimize cellular deg;ading of the biomoclecule
in guestion, whether it constitutes a DNA, RNA, protein
or other molecule. To achieve a successful delivery
process where the biomolecule enter the cell through

endocytosis it is desirable to promote endosomal release
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somal conpartnment. Once in the cytosol the
bi onol ecul e shoul d preferably be targeted to a
special intracellular conpagtnent such as for
instance the cell 5 nucleus. The basic technol ogies
o laiﬂéel Refoeiclale Dizsnuleeculiel ol adisp A g ible from
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Sr up Ive agent are assocl atﬁi‘g l’tg,‘!r th
ﬁmptrbee dsperert e FIETFb\A e THE s & sybthetic

g&%%lr% gl-selesedmabap fdich l‘l&ldhifr}tt:fﬁ;asteh&tlmrmﬁmlency
e and/or netabolismof the h clell In a yet

ﬂ@r_ttﬁeﬁvaéﬁééﬁﬁ RS SIFUA Thenaussé of a
RkdiiaGhe o seleosedrabaven for 35 rel easing said
Substance Trom endosonal | ysosomal organelles. 3
In a yei ogREREL 15Eh ’é&mw%ﬁjeq’e i s provided an in

\pdﬂmcln suitable for the delive ry of a substance into or

out of a membrane enclosed cell or cell organelle
through heat induced releass of sald substance
comprisingf a superparamagnetic core capable of
generating heat in a magnetic alternating field
encapsulated in a heat sensitive coating whereto said
substance and a membrane disruptiﬁe agent are assoclated.

In a further aspect, there is provided the usc of a particle disclosed above for

modifying the genetic code and/or metabolism of the host cell.

In a yet further aspect, there is provided the use of a particle disclosed above for

releasing said substance from endosomal or lysosomal organelles.
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nmet hod of delivering a substance into or out of a
menbrane enclosed cell or cell organelle through
heat induced release of said substance in
conbi nation with heat induced 5 rel ease of a nenbrane
di sruptive agent, the nethod conprising: - providing
a sanpl e conprising nenbrane enclosed cells or cel
organelles and a plurality of3 partlcles as di scl osed
above I netlc Lternating field to
sara” e udmer Sihed B E hiob B SEoR "ot the
m&ﬁﬁddﬂdf(a@mav©&u$@§a tshie sheatces énsiot bre octabifng oembrane
sald l.e to deconpa [ S

SR dos o 0T ERaRE oo hesbeinge oot ipRaced
mselaoﬁaedafceslallcbrsm:esltlan@egameldoalbandtnehea*séhsaﬁdt induced

ubst ef.. des awi ngs Fig.
ﬁa&?@ Wéangglséwtwea oA tHé @Pg%mkg%éﬁu core of the
descr redmaiogast |S@Fﬂé’leF|C@mP2flﬁéaﬂ BepbERES( ARCTRES
Jalat ign hahwe ah@@l%%e%bﬁ!%,@Q&Q&Q&tgnoﬁabartZQles
(SAR-val ue) of e nanoparticles and the applied
mﬁ@ﬁbﬁ@tﬂxW%eld strength in an alternating field with
t he fﬂEQ@@ﬂgingOE %@gﬁ@tlc(Bﬂt@hhﬁtghgpﬁleﬁﬂusbrahéd
%%%%#Eg;r %%P&DF#' grab%k%%MgEhtﬂe?gégglcles%ng causes
talet evenat isag simgvet Iccoaftllellgdotﬁ slaodzsaMEIzclz gonfecThpose,
es have ee d t a e &
e e Y o eea s e i e hatt byt 51 Bgorane
e rper @nurle sesaserddnem seidr @ 1genedireandi tr1g2ase aid
éﬁﬂéfé f¥obe (IPITEK) Fig. 3: Schematic illustration
experlnental set - up. 30 F|g 4: Result fromthe
kzed RO taGEeiii&Y5%eparati on of cells

t f?% ed1Wl TEM patigel €f asn d@fq‘@zﬁpD@Cblf Nir @xadplde Score of
Fig. 5. Ilnvesti g ation of DNA bi ndi ng capacity of

thfe gL i‘de€ - surface-modified with:
anrng. 35 Beoupstfecnear PEl and Branched PE

0 AFT 20 GIPAOL 5Ol AIA  ehgsspler & o e

uc m utes Im
('BERb-urfaﬂ@re ) At @head@nop@mt@fcleﬁ @@Grééﬁ pPpdiedcaagastic
MRS JTRASUWRERUSING 2 AT e PRI 4ield with the frequency
of 10 MHz. (B) This graph illustrates the increase in
temperature within a 100 ul sample of 7 mg Fe /ml in 0.15
M NaCl subjected to an alternating magnetic field of 10
MHz, 2.9 mT. The values have been corrected for the '
temperature increase in a reference sample without
particles. Temperature measurements were performed with a
fiber optic probe (IPITEK)

Fig. 3: Schematic illustration of expérimental set-up.

Fig. 4: Result from the test on high gradient magnetic
separation of cells treated with particle as described in
example 5.

Fig. 5: Investigation of DNA binding capacity of
themagnetic nanoparticles, surface-medified with amino
groups, Linear PEI and Branched PEI. Different amocunts of
particles where incubated with plasmid DNA {thLSVéOHluc,‘
3.7 kb) forl0d minutes in TE buffer. After addition of

PicoGreen fluorescence was measured using a microplate
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fl uorescence reader equipped with a FITC filter.
Reduced Fl uorescence i ndi cates condensed DNA. Fig. 6:
Results fromtransfection of K562 cells as 5

descri bed in exanple 11. The sanple marked as "cells’
is a control of background generated in cells not
transfected. Detailed descrigpti on of the invention
Wth the foregoing in mnd, the present invention
provides a particle suitable for bionolecule

del 1 ¥§Ltre LMYl GRL-600DL g@@g@@smh el 3ee £
a diversity of possi b cells with delivery of
R@dvgedaﬁ9u@ﬁesmamﬂﬁ é@@h@?ﬁﬁﬁI¢QQd%ﬂ§ﬁdeﬁWﬁolency

The preseat P@%%ﬁ%%oﬁrWhlErﬁﬁ@f@%tﬁ%%cbﬁbﬁ@BQDE@lls as
fully “hereinafter mnt ferenc

d&@&éﬁ‘ﬁ&ﬁyllﬁgeéra&kﬂlﬁgé TEe SR @%ir Agq ‘cells’ is a
cerhedilnedt $aefkgAeindveniciren car G_rlshs@\Mls Fhits transfected.
Dinve %io By, houwever,  .be e%%%%p%%npn many different

1 limted to the
il u@tiat e&ieecma@igwém;s igemifiol t RhigepeiesenRatibgention

gg%gesergg%%r@r%% %q\él %@ %gotnmtecturl'es delivery,

I'sclosu orough and w || |y convey

whiehs copbise @ﬁ)@iqwﬁ{ iI6d e8¢ PHESE Dsld IA@ LS tehe t
p%rstsﬂ)% havegeearddiars deser idead vidr WRO0Y 18188t8 of

met hod for Tintroduction or .extraction of
PRPERAFCHESs Yittitlo ao?‘ - Hio1e8giYeal
nEnbEaQEpe@%éthaﬁv&hmd©mum&ilbymmpmbyﬁﬁﬁcaﬁb%ﬁ more fully

al.ternatin net i fleld t anpl :
&G, élnﬁlgttg g‘j"nel%c Iepfiajlerrtei]v'1 %65 tg)t %ac regg:C%m%aﬁléflng raﬁqemgs’
1@n@h@s@dpﬁaﬂenxed(amymdama@thWﬁéﬁyaamwawﬁ%ES@nawshown

TH_]L% E%%fe%'lo%”%[ HARSAES-, heat 'erﬂ@)onletchqu\}h maﬁly different

super par amagneti ¢ ‘core of the particle,

foars eads e9odh BodT oo remsigaiach athe 189 t&l (to the

1T R cOF RGRTIGd R JTREY &l&ﬁ"thTfB%rid’i\tﬁntHaQIher, these
d scr.i bed here is a e%ﬁ§lc| d S for

|
PEROTEERe S0 AT AT i 1o st aard L pe
theecaight Bed hdarlialfansr gomrveleased faogm tdfe the invention

U rpara t.i.C on exposure to an
By t%g]r nat i %&%@rlﬁe g c%%o%ztt)tgw 021236 PCTI SE2006/ 000960

5 fi #edheyer elgdse metascaidadi dmupla Ve /islléduleesiedhienl for
138 roduRitd$n holsstel i Y detargants framithe heatrrom

sensitive coating of said particle in order t _
bilgdeee CeleFicgdirane—enveloped structures by applying an

alternating magnetic field to a sample of superparamagneic
particles attached to the membrane enclesed cell or
organelle, whereby an increase in the thermal energy
causes heating of the superparamagnetic core of the
particle, which in turn causes temporary openings in the
cell membrane or organelle membrane.

The invention described here is a particle designed
for bicomolecule delivery in vitro or ex vivo which make
use of the thermal energy released from the superpara-

magnetic core upon exposure to an alternating magnetic
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pronote disruption. of cell or organelle nenbranes
| i ke endosone nenbrane are el eased during the
heating of the superparanagnéetic core of said

d‘%&aréfﬁ%ggaﬁéﬁgfﬁﬁe0&1§B§p§i€§eﬁblé@ules such as

app I cati'on the terns "substance"
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&E}a@{ Oof re&es;ulb@ﬁl.@épe dehi yened to ﬁhauzﬁr gﬁémd:lelalls
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ofiave 1 ¥ @atqnomanelhﬁsme@br@nesrm%éet ReARisgmedpggbrane are

dYELY  ahFRYL NEnYndRE i ARDRE Qh@e%&perparamagnetlc core
per par anagneii c 20 Eartlcles entraggﬁd ether
%ﬁt%ab@oﬂﬂﬁﬁéciﬁ3|aﬁ PEpGeBTEE Y OF Pﬁglﬁ@ery

ﬁﬁﬁpﬂéﬁﬁlbﬁV€h§e§6rﬁ§SCEubedanb@”U856032h1@©5mOWb@Mée”
eat i ng  of net particle e th

??%o@%%%s ﬂ%?FC 93?%E¥he& Fo&P%gtﬁ%tg%dF& Tar ot
m@béh&lepaarecﬁelmheredsbpet$eﬁénmmwﬂﬁ|Q§h&ﬁw§hnmu§h25hﬁ

d I
HIEPRENLL o5 018 BOOkF SOOI UGSl S o

pargocmeéecale LAt anbeanPRGtAduct i ve heating of the

SUperﬂe%aﬁicgegaﬁgl 6f0ﬁ& nbe;u@r PR Kidd iirg b@.forremeﬁme
cells n contrast to t e earli.er describe

eadehéebeshﬁeéagéfuaérep&Pa Yo ST i
magﬁetnennéﬁ&pemhe&lessamewpamadnﬁynﬁpuruﬁmaatmanﬂtun

i e o e

non-vira
debonwkegyl émdglingeby MuRI AEmaTg crthee s Vigipgyparamagnetic

gggulﬁe t Q¢8R0 HRe G963 rga&@m& tquglrwe

Surface where the particl e/ carg u
dbrpIEeRess oIk 6iF U %}%W% émrr%crﬁ%% ﬁ%%%%/t%%ﬁ'%r ibed
t he upanbizcha 0isS e AIhC) ﬂmmltﬁelm&em particles
2000 021220l SRS I0900 & 0T A £, o arus.
frie¢| einothe rs grefracie: 1ef wnﬁanﬂupeiear@mm@m@ezeo@ores are
incapsulted in organic compounds and vesicle forming
lipids are described in US5441746, where the particles
are intented for inductive heating of the superpara-
magnetic cere to promote'killing of cancer cells.

In contrast to these earlier described lipid
encapsulated superparamagnetic cores the present
invention describes a superparamagnetic particle that in
addition to genexatlng heat in an alternating magnetic
field is designated for non-viral biomolecule delivery in
vitro or ex vivo. In addition to carrying the cargo
molecule to the cell surface wherse the particle/cargo
molecule complex is taken up by the cell through
endocytosis, the particle is enhancing endosomal release
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honngenous but instead carries a conbination of heat

WO 2 2kae structures that will be rel eased E&Tfsgﬁﬂ,%oﬁ%g
5 con

Iguration upon pul ses of heating. Each particle
of plurality described by the invention carries
multiple coupling and or atgachnent sites for the
cargo nol ecule, one or nore nenbrane disrupting

o&gehtscakgoogniitcoie wbkeculxpossd do @an aldeoygwitiag

m?x ge?' ndft.Lgl he.ﬂ])gr gﬁgf:l\g C%lfl %k%ngaa% Qﬂl 3 rﬂg Qféﬂcees not
SUER"Ss l'uor escen ers for
homagengust gné debteady cpradess 2 qapbdfadiisdti He fte 2ot
stea%%lt?‘(r%nfslt%uctt%%e%l z6 z0f M\Ilh.@_f weﬁrdwaaatmgw lcﬂla(‘rﬁ_:fee
i's between and era, en
CREASABFEd on BPOR QUH@F@h&fr Z\?&J&ﬁ%nbﬂe V*Vle 8@0[1
ﬁlﬁ%@ﬂht@ﬂd&abdﬁkSMﬁeﬁpaﬂﬁﬂagﬂmﬁnﬁldnﬂdaﬂxHEBsmuitﬁple
etite e e t
R e P B s R o s i g e,
ometmr m@hecued&ﬁmmm1ﬁu§rqyﬁmnﬂcﬁﬁﬁﬂtﬁdrﬁﬁ@ﬁgm}ﬁlqm
moIY% CO %@llcq:\ia ca?ﬂ re%'ognq%e Zhdhidd e shLriaBilet

an i nati ons ereof. In a further enbodi nent of
aed s mtamathf@q@aul%n%ﬁ%fvea%&ﬁ%bd%hﬁ? es a

ﬂﬂd&%é%ﬁ?ﬂﬂ“&éﬁﬂéﬁ?lﬂéi|ﬂhagﬂfgﬁﬁffﬁﬁéf&élﬂwéh%S@mﬁbess
core ereln | | Ke StS ucC re | s ul
up by-fafH W%%&%Eﬁ%l?%%? iﬂ?ee S a?‘ ‘the
sJ Wasipannapleadid eccontis rbeigedent hl aand hyed ophobi c

ti ti
P P P iy s dsiegeny, Ve coning
di sr upt iavevafder winpdingle oF Fe tiprentien $aHe
%ﬁ?g%?ﬁréﬁg lde- hands éﬁn@f@t@OBESmQQné@ﬂbénahh@ﬁémlte,

er

. I'n an enbodi nent _of the invention s
Frpropifieh e ansg etie 51 RE PR EBRt %?%%%& yRErea

MRt 03 WHawe! ige 1®| £apd esleptohetas selected from the
conbi nati ons there

f ay furth epbod nt...of
THER RREH D2 © é%%tq%hé ﬁ%bognftﬁ an ﬁgfeggfegfé Cu,
2 sPlasshli aied Bh ahé c@Bbheatiseastheyecéeati ng,
wher & N Sai g {ECOUSLOIMIBL CGH! Ehel $nebASEHNT ol hbg:

group consi sting odi es, ments of
2en$ boki @ sCarel PR cPPRRILTES| A Ialf!ail el LERDSHTRERETST 10

Dt OVES: B T Jaﬁtﬂegamn@oaw r wpkird@nagent inscehosedike
ééggééggegrougungSIStﬁ ag least one hydrophobic
molecule and at least one molecule containing both an
hydrophobic and a hydrophilic moiety. The heat sensitive
coating is attached to said substance and membrane
disruptive agent with single or multiple disulfide bonds,
peroxide bonds or azo bonds or combinations thereof.

In an embodiment of the invention said hydrophilic
moiety structure contains polymers, lipids, synthetic
molecules, proteins or combinations thereof.

In a yvet further embodiment of the invention at
least one recognition molecule is also associated to the
heat sensitive coating, wherein said recognition molecule
is chosen from the group consisting of antibodies,
fragments of antibodies and lectins.
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detergents, chol esterol, hydrophobic proteins and 5
surfactants and m xtures thereof. In a further

enbodi ment of the invention said substances or cargo
nol ecul es are selected fromthe group consisting of
DNA nol ecul es, RNA nol ecul es, proteins, peptides,

| i pids, chem cal preparations, organic 10 conpounds,
detergents, synthetic polymers and conbi nations
thereof. In an enbodi nent of the nethod of the

anegtlgnfu?tgern%%gghlﬁegkeb% Q%% %%v%h%%%%a%?%gm mbrane
i el dlrec Feguency in ¢ range f
dn@rﬁpWHZeTheeMgn@t |c<1:10f8|e@l d?rp;m iy Wawela qur1§|1c$tlng of

d%%%%ﬁ%h@s gBQes%%Q%lOfh%d&%p%%%l@wproﬁ%ﬁiéﬂﬂhd

furt iment of thelinvention said magnetic
ﬂ¢§@§tﬁ§t§xﬁ@@e@lﬁ§ﬂ§§§eﬁpﬁr§§ a series of pul ses

over 1hi Aerea¢éRepULES cddmahi-on fpreke ﬁalmeyltbehw@aadl
and. 600 s, and even

f bl t
S 5At9 2207 e PRONELRE TP &y VS S Tron 248 Group
cehisarnatnigne £f DElcd matiiect lies , @mmrmod@g@deauspmmtdyﬂﬁ

p%?&t‘}' S8 ”%E#oﬁ 93%@] fng ahl @8 padlhgetison xfgfégllbei .

rectiono rnating nagnetlc
cgoporated bytewyeosis s svardeddicd p@éﬁmeé”sl &ndg r@éhlé’ditlcns
+between the coils. The coils may be supplied with 25

el ther the positive or ative part of the suppl.ied
al t el HaBPng§reaALBRRE *Pﬁetgﬁe@@ﬁéwldn@émtb&n invention said

n%ggftuEUFaéla &@@F@ma@am@gm@&u©g'&a@ademaaﬁ&uhame@ﬁ £

ing layer or layers nner_ la i
f&Fﬁ@@P%goﬁ AW Eh S T Egngﬁ?g g@’n&gnegﬁyrﬁg%c fleld
mage haxanpl éitlandtZentie supetparamygnetd d teorld (ofnT .

the par %eg,'e% %H'rfw% %%;b%%lgm Lr apl ey featues: Jit sal%l

traceab ourl ng suc part icles
negnebd csdredd u§| @@m@qﬂeme@e@éﬁaﬂm ig6n & EERHsIogifePulses

o%%% t8%aNPke A 0d R andMsh igRedaMy iHetRPe and
made to 35 generate heat. An aI ernatin et

600eld PRGUEISINERIS WarEHiST st oard G asgends.
TRl aghetdee fh@ﬂmomya hal’v@t aini mt@frﬂahﬁq@rﬂuedjce vandch is
A L T e
diesiglitt oinn h@atdumaa&;omNmﬁﬂ$am@aaﬁtaﬁﬂﬂhwhhmmgnetlc
field being generated by two coils, and said sample is
inserted between the ccils.The coils may be supplied with
either the positive or negative part of the supplied
alternating current.

The present invention constitutes a superparamagnetic
core encapsulated in coating layer or layers, where the
inner layer is in direct contact with the superpara-
magnetic core, see example 1 and 2. The superparamagnetic
core of the particle fulfils three desirable features; it
is traceable using MRI, cells harbouring such particles
can be sorted using magnetic separation technologies, see
example 2 and 5 and most important; it can be made to
generate heat. An alternating magnetic field induces heat
within the magnetic core of each particle due to both a
rotation of the particle and to a rotation of the magnetic

momentum
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doni nates in a given nonent depends on the particle
size, 5 field frequency and particle coating. The
preferred size of the core of the particle is
between 8 and 15 nanoneter, since cores in this size
interval nakes it possible to use frequencies in the
| ower nmega hertz range of the alternating nagnetic
field and hence avoid eddy heating of 10 target
cell's and surrounding growth nedia. The coating of
arti.c d t-hi Hle to
J%ﬁ?‘giﬁg'spg%tﬁgg%kesggiFﬁﬁ%gﬁgé:$ &%ﬁﬁé pre erab
Benerpss®maseretteds: 'Sedl |1qsaas CIV‘@S‘L%W et mihga ‘hat

Sifaces and aa@i%@@%tklde@é&% fRf iGN it el%ize,

various cell surface, see exanple 10. If the particle
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varl ous rs and ce ture nedia is cruci al
g etthe e Ll $e Riich 3 zavd B fe AL Qrede $€9G@ -t he

TN CRAN G %fbgttﬂé |ﬁérﬂl@;|rlr@% Qﬁqoﬁﬂlrcf aﬁaetkrggﬁj falsca_i}iiqp,as
usi ng .vari ouys biochem ca upl i echnol ogi.es,

B L e R e TR OF A T o e 1 kg gL
pE@rfdt@prJyl m@l@ﬂﬁmOSh’fa)ncm‘fe’ddiﬁs Ccangd 1 noreculleand/carote
cell re n|t|on no les to the urfa
klé?& e am *nGHeEG ggﬁla‘eo% ucz e%gﬂFgﬁleto
V@frltdm@ il @Iue:sfae?ﬁablaemg ezmrmhengliby JNI—IS(I'N Ferticle is

%ggo%ﬁg@ Gcc 'tra l)Bpr SRATS 11 rORPRNS UG Idaedydo

|onate) glutarlc alde yd

kbggﬁ@.cells in

S'ﬁﬁlﬁlléll%nt @n@‘ﬁ aéﬂa%ﬂe\fﬂ:r Qséltlo celdss, in vit:ro or ex

Vvivo_|s att C ed to e ng COV ent

] oGS CRPTARD ot eI UE igaf g R Jrportance to
kicatee rraet ipans.idlrd e ldaseafratwl darggo amirecler in a

é%%'%% %ogw%l%_lR@%f@@ %ﬁylﬁﬂﬁi%ﬁﬂﬁ%b bgﬁE‘J rﬁﬁﬂf or

eractirons etmeen € negatil
A ol eodl esldnduliosia mﬁei%a cllfalfg:eﬂlm dal 829 i ke

TR Hete ahat G AMANI N 200710212368, 0particle both in
PCT/ SE2006/ 000960 9 the outer | ayer of the coatin

Qﬁrnﬁbépq|qﬂg§@qghgyﬁ%kflcatlon, using varicus biochemical

coupling technclogies, as well as in terms of the effect
on living cells. For coupling chemistry of the cargo
molecule and/or cell recognition molecules to the surface
of the particle amino~PEG can be introduced on the surface
of the particles enabling coupling by NHS (N-
hudroxysulfosuccinimide ester), SPDP(N-succinimidyl 3-(2
pyridyldithio)propionate), glutaric aldehyde and other
bioconjugate techniques. The cargo molecule to be
delivered to cells in vitro or ex viveo is attached to the
coating covalently, electrostatically or through van der
Waals interactions. In the case of the cargo molecule
being a DNA or RNA molecule electrostatic interactions
between the negative backbone cf DNA or RNA molecules and

positively charged molecules like DOTARBR integrated within
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outer surface 5 layer of the heat sensitive coating
is readily utilized. Additl&ﬂ nol ecul es |i ke
florescent markers or target” cell recognition

g S5ULes Ue;Abiraghed con by samposIsarly asasjadic

&r §o ol ecule. Vihen the parti cl onpl_ex_bound
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R%]Oeg%&ﬂéwdar NGE g@f sdegsadbageenzynmes is |ntroduced

I'mturn is favourablet revent en t
degr &twer dieofPaiel CHf gb° ﬂ?ff‘%gﬁ{g oup | | g glgt Fgﬁgt 0

ﬁ@ﬁé&hﬂ@'QQM%@SDN@eoﬂaﬂmmamblebaleanfocageye transfer
si gnal - nol ecul es t d.f c _
PRFRRTRS  THE ek h? ?n% ?SH Ldesk anda EQQBQ% Rk non

ion~c¢an, I'n addition to
@@giyl&@tfﬁéferehﬁdramgnahévec@h@spaﬁﬁéGéésaSﬁ@&@

rele A8 0 c bile snamopniigdaeiati
LR SR Bilanat et
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§hE Spbdat ol BEERAR SRl Ce o e o

pgl@p@ﬂ@sclqﬁg nggpg BRT 9%9”%%5 uptﬁ%c hindrance
@9@ ha ra&flﬂﬁg 3azivhaer 1Isa3iﬂtn@@imesi swh;fcra in turn is

dro i ¢, ol ecul e I, dAtion ac dtﬂé k&argo
§P¥PE Pia “8r PACHER xfturegl 3?@1% rop%xa%l ¢ ol ecul es. ?
theegatend | ayer consists of a mxture of nol ecul es

each of gggg\zgg nChar acheld ZRd Jnione ciy diaphedricicle can

part and a

rophilic part The hob| c 5
m@rmw|Bdgnglqu§qg§yﬂq3 Q#%kﬂ § ff@5£escent
S el e rr dehan isrrsied myes m; el h@dchy‘dlglphtm c

e i S IRL LUES2LT (U 19 Bl arcicace
ufdeens fakth the surface of the nanoparticle. The idea
behind heat induced delivery is to increase the rate of
molecular diffusion in close vicinity to the particle and
to promote the release of molecules attached to the
surface of the particles.

Two layers of molecules build up the coating. The
inner layer consists of a hydrophobic molecule, for
instance a fatty acid like oleic acid, or a mixture of
hfdrophobic molecules. The second layer consists of a
mixture of molecules each of them is characterized by one
hydrophobic part and a hydrophilic part. The hydrophobic
part is building up a double layer, a micelle like
structure, with the first layer while the hydrophilic

part is directed outward into the surrounding media
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grom h media. This hydrophilic part is further
utilized to attach the cargo nol ecul e and any
recogni tion nolecule or 5 signal nolecule
additionally attached to the surface of the particle
coati ng. Wien exposing the coating to tenperatures
corresponding to the coatingqhipids transition
tenperatures the coating descrlbed above is
respondlng 10 with interior nolecular rearrangenents

gof %;?e“ Q) ldc‘i% stt%l ﬁ‘%%&& %a%éf%%%%% Uyt s ang
co parti y ich1n urn releases
qﬂwtiumadameghatst m@e@n@lsiai daxdodtd Mgirthee pidselzed to
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ack to the d rdere talline phase,
P her STEe SEyn s0agon SRttt b YARIOAY G bnt od
cand ddpuindli nEherce +har e:csaetme‘rgallnf};am:ts)r“s:anﬂmtmmrdl rectly
f
e MR R A A LS Gl

‘“GMMGT@@@@O@?S moglaméamefmm%mém ligorwtgfons due

8 RRAHLHS AN e Jmds t&@%@r@ h&ain \Mﬁéﬂlﬂa@acle,
alternating field, tHe heat&vg%proce ure can be nade

WP predis® inf WFdSHTe T ZBReriP G ose M the 15+
dolae ipay.t iTelee phERe: tt&ragﬁwleiﬂ t&&np&arafdiﬁleﬁ‘ i ldethenee as

not be heated. B i.n |ous ecules i t
ik PTG Lheay QoA RS B Ee a8 e MEia
Hlaﬂaee|§ﬂmmIUhequddﬁuﬁmgdmﬂgnasanﬂwhaﬁaxthe

| esteral,
hyéﬁe%lce%%%o?lphglsp jat :%g%E I‘iﬁar?/ol arr%ennec)1 Of |and c"losely packed,
ltS@d?deé@%zi{ltCBJ’We ryerst Sof L irtve Eé”{ﬂ'sf%c é«ffmnee rthe

ca rPerelgan s aﬂgeaﬂdaﬂry X% aNch 6 ArsPH UMY . There

odecyl sulfate) and sim.lar, nolecul es can al so be
258 SEMRERe i OO Ishe YOI TFRT NG ARGt e taisse

td:%ltn%ﬁg&m)tns t@h@errattegfeatlefbmuﬁﬂmﬁ B3 pardredre tdmeytpr e
cto Eﬁe tar elh%ﬁ%but mhen. rel eased

W%%ﬁ%ufﬁelﬁg?tl %ggFHey ar 11y dSTipture  of
endosomak wewbsa@@@peramagﬁqnmmennmmceyamﬁi@axtiQMe can

RAAHOR ?;%él chagsi ng Lenpy rﬁtrWa% ]allte?c‘?{ésdltd@/emeld the
covalent b es between nol ecules 1 n the outer
heating procedure can be made very precise in volume in

very close vicinity to the particle. The target cell as a
whole will hence not be heated.

By including various molecules in the outer lipid
layer a multipurpcse heat release nanoparticle is builit
up. Known helper molecules like cholesterol, DOPE
(dioleoyli-phosphatidylethanclamine} lipids is transported
as parts/members of the surface outer layer. Detergents
like Triton X and SDS (sodium dodecyl sulfate) and similar
molecules can also be parts/members of the outer coating
layer. When these detergents are integrated in the
particle thev are less toxic to the target cells, but when
released from the particle they are promoting disrupture
of endosomal membrane(s), see further in example 11. In

addition, by choosing temperature
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coating layer and the cargo nolecules it is possible
to even nore strongly pronote the rel ease of the
cargo 5 nol ecul e fromthe nanoparticle for subsequent
escape from the endosomal conpartnent, see exanple 4
and 6. In one enbodi nent of the invention described
is a nmethod where the partig¢ie according to the
described invention is used for substance delivery
into cell 10 cultures in vitro or ex vivo. The

<2831;464 S %%@%%ec ?Jlrré]d?ék%s > DR r $1ANE &0 ith@ he outer
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theaking Jiem the o%&krttallcﬁl ecacr%ﬂsn%ﬂ'r@kﬁec WhaS 2R of the

hence a rel ease of both cargo nol ecul e associ.ated
tergntan@ 36 menbiraite Adinsitupasid s shates ey aemote

t0ieS Pt ve c3GeRl®  dogAldx tﬂ&ﬁ'ﬂiﬁié&@:’d Ry itdre tejwmr@aat
gﬁq?rane nd henc caus ure t.he .endosa
et e e Y i P i st e aterEy
ﬂymmpamLaUEmatwn@nﬁﬁmyﬂos:ﬁ?uﬂhe\ﬂangﬁnﬂqaﬁldxauﬁIhd&a
- t u e ﬁgﬁﬁ Le t
ea%lgg%§d§%%§E% o |t|§%mﬁ% %3% eate up onhee 15 and
siupcEisaEngA m@@f%@é! oy m mhﬁ%l@t%éﬁi@e endOSOmeS

a%p%%téh%pto%tte%ﬁ tIRGRAIC driceleh NAVies Mud P aGdt i1 d-he
del i very procedure and i,s WO 2007/021236 .
OPGRISEIG0 6CTPGFEF e S within the cells. The magnetic

field is then applied in pulses of a few seccnds to
minutes with pauses of equal time durations. Two to
hundreds of pulses can be applied and the repeated heating
cause leaking from the particle coating molecules and
hence a release of both cargo mclecule associated them and
membrane disruptive molecules. Membrane disruptive agents
insert themselves in the endosomal membrane and hence
causing rupture of the endosomes. If the cargo molecule is
covalently coupled to the particle ceating a heat
sensitive covalent bond like for instance a disulfide
bridge, can promcte the release effect additionally when
heated upon. The incubation time of cells and particle
befcre exposure to the magnetic field have an impact on

the delivery procedure and is
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i ndividually optim zed for each specific cell line.

ozbﬂmzi‘ﬂ@“ tion the magnetic field can be appl ipegsFBd0R/000960
an one occasion to inprove the delivery process

over time with an incubation time of a |less than an
hour to several 5 hours in B& ween each treatnent.

Tr.eat ed Ils e.automatically | abel
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nSSRar ati gR+wEBhhedS rat A riddE, and Cel |'s can be

noved under. a mcroscope vvhen ex os venent s
of aTperkiAeRE! ﬁa&ﬁ@t BUFOIEREAGS | @?lr?g) nd

td:%%@%@.?l #ORRAT ainkdon.re arduidyil dd &]ﬁﬂiﬁed%:}zmtprmhrjo&ﬁs)man
se_part.icles 1 nmt e

bSr S‘ggjﬁﬁr w%il ?El lfét? r?go%?”fq of (Eﬁ‘i‘g %Q%ke was

pg:l’s@_liﬂ])d.é_dﬂyo tendldidrowarts ghrescathiradded thleresedni20

m%lc?o e d and, %j:hrre 99fopl- a@g ecents Jdie ol 4108y i $ng

trans ree neck bottle flask,
smré:@@u uasnn@ e g rggfa@rﬁ@ mﬁ%ﬁ%w‘éﬁ@ STPPHER T HORY

W izl @ARAY A ecd EBE Nesn ate [ RAsdd 3208eand 1-
Qct adecen starts boi '%ﬁﬁm'%ge one_hour reactl,gn
T GRO SPPREe MSETa SRR S i POFEIY Shol Rermanen
mdgfear.ably not drop down bel ow the above nentioned

E&@g&gﬁature After one hour incubation the sol ution
c}Wed to cool to room tenperature. Particles

. Tivescoply |damhpfumzeo¢ce®% 1%@%@0%&1% heagt

repe Ly PELEPES 3D+ @ th
conb%i]%jl on erzﬁg1 and f| naI Ig res‘lj[_l)sk!l ended in ©

. TR lsruimsy mrac%éﬂaﬁme Porg B ron' (111) oxide
&ﬁ cﬁﬁﬁgédm@i)sxﬁam@rspﬁaml@@a&mga&ﬁeaf ty,5 g of

T T

miotad i o txnﬁ&ﬁgmr@ﬁb9®m&ehhﬁée6@9@hnbophbspﬁéashkds
i 4 DSRS0 eI ppRapeeats
heated until temperature reaches at least
Octadecen starts boiling. During a one hour reaction time
temperature is monitored and should preferably not drop
down below the above mentioned temperature. After one
hour incubation the solution was allowed to cool to room
temperature. Particles are purified from excess reagents
by washing repeatedly with ethanol, methanol, chloroform
or a combination thereof and finally resuspended in
chloroform or hexane.
EXAMPLE 2 '
Poly (ethyleneglycol}~lipid surface coating

| Briefly, particles were suspended in chloroform, and
subsequentially dried under vacuum. A chloroform solution
containing between 30-60% mol phospholipids (e.g 1,2-
Dipalmitoyl~sn~Glycero-3-Phosphocholine or others similar
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13 in chem cal structure) and 40% nol or nore
"PEG lipid (e.g 1

WO 28ei2p286i t oyl - sn- A ycer o- 3- Phosphoet hanol anmPEd/8§2006/000966

[ Met hoxy( Pol yet hyl ene gl ycol ) -2000],
1, 2- D st ear oyl - sn- G]ycero-%{ hosphoet hanol ai ni ne- N-
[ Am no (Pol yethylene 5 d yco 20001 or simlar
1PE%Hénmd§51t s@&u@b:ghe:rea sa'rrdltms ol cdsnerﬁmaé BE;CE-h[CipII&) {e.g
are a o the ar urns
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dHEBé{ &élefstx%%ftux@)e%ﬁ e s Ledehe ol épi 1§i§z~aﬂales

1 pids by high gradi ent nmag aration_an
At d B SRRSO LPET Cahabo BeLRt o eqvaposated
dﬂ&”@dﬁﬁﬂﬁﬂéﬁlﬂﬂéiﬁhﬁﬁﬁeﬂﬁﬁk$emnfhbul fohodeeabl Rarticles
change | operties. Par l e n i da
AT QP eS |1 RmOn Shur TFE of  ponof
mmm@l@@im ksaﬁﬂemm@nnlédﬁynsonpaﬁteél‘é@ reefavA 2
@é&’% @ézh%é’%'ae%%aﬂ@@éﬁé@' pErdQ% 2 100

seru or nor

an 3 days al t hough upper tine
mo fikies. r%m“e*—l{ﬁite%e%ﬁetE§Fé§le€1h§§‘3ﬁaglE%§§ RRG PEG-
SO itd 0By ﬁi&h‘@@ﬁh%éﬁ@eﬁa h@El@eébpﬁﬁatIBﬁ patit sebged at
sjspension was eas) uri om .co
%ﬁ%n1%%?%v%ﬁmﬂﬁﬁr§%ﬁ¥é b@aylg?rﬁ%PEﬁdtﬁE Eaﬁ%atempexature
fegnede Es ool tiout megnetéabhieghhgnadi ént pseparatiesn)

5 size excl r r y net.i '
Shnblelfe SR Pl STl STRbIY, 2BYY wolRareh Ecltidh
apptees w:ﬁkxghyammﬁog@naé|ﬁaﬁg gopagnErREipaeri Rarticles

b% M%%ht9nacamﬁmexp%&m@ﬁnheﬁ@an@wn%afme.ln@ 10%
0 T. e particles are_30 retain g
ﬂ%%néﬁ@éuﬁhtﬁ?& BRT? ohB28s 3t R YFafrc PQ 8?B§§eﬁﬁmr
BiMiOb RRgaeidE }ﬁé@ﬂ: dieWben,t hteyagagt istali ehd solation
aned tg gart cles was Iuted wth water or
E.?ganb PPETT sottiti BRT TP 5as al so possible to

concenhe apert held esuspensioon welse easgast purédiedn dnpm

LN %GhyYs$iadn through
gﬁugw{’gg?k&@’ﬂf%é 53897 %%2%?8“ S H AR, through a
magnetic column (magnetic high gradient separation) or by

size exclusion chromatography.
Magnetic high gradient separation column

The particle suspension is applied to a column
containing a magnetic matrix, which was exposed to a high
permanent magnetic field of 1.2T. The particles are
retained in the magnetic matrix as long as the matrix is
exposed to a high magnetic field. When the magnetic field
was removed the particles was eluted with water or
desired buffer solution. It was also possible to
concentrate the ferrofluid on the magnetic column by
eluting a smaller volume.

Size exclusion chromatography
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The ferrofluid is separated from coupling chem cals
and/or salts by size exclusion. The ferrofluid is
eluted with 5 water or desitéd buffer solution. Size
and sfabilit¥.Tge aver age, di anet er gﬁ the iron ﬁxide
cores'0f PAECIGAPt PEFRSIRAS edti ARPE o tP1 2 PO
pisdlogd TEM Lt Baphacel2tt Seb 0t otiogc ke olsekof i gel e The
h j e; of th I rti.cl e varies
HerEfh A b ohecarpaLr Eran op REURIEHE, Bldars,pad/or
$apresbrndicharxciosioni cShef fereoidarid érs ldlqfiagl with
W fRgpebe i panospakLi-ckesyaneeasily sterile
filtered and col | oidal stable in comon
$kzRi srdgrtabiddft¥ers and hence it was possible to 15

E_t ilizee Sh%@_r@kgfé! ulaiémetéhr BIFRLOG ARt cdd'hiaieys‘d@e@n@ff the
| . netic | e segparatl,o urlng. t.ne ess 0
B O P AR LI PAEEEnDH Flod ofbiain HE | hradis
dhectaohnoigrospgspen,t heesdifbace df. tie phramedess of the
iLngq.F I i r
WEEEs BREISEE, UasTEsT LMERRUho o) Bl AN of she
varfedebébxesncd fenidAunbife ¢haFrac-Sevrds (Hoddends
&+ RO 9 O4BS iBEr TRAr kb ghe+iW tholsffiecdidy) dhe casily
stabl£|t¥_of t he partlciis” Furt hérnmore, the am no
YrotpicardliecessPprecrdlodddilemta Pt fP 0 hg
sloysbolagtcarl bugseabl babethet@upliiingra2b wdwenista e d or

addition _of other, functional roups .or l-ecul es. .
e s reor A udBh, RIS, SIS Hing, piom

mhgnevl es fokivheepartidbes dard reugdrep greomepetdt and

ﬁ o&ﬁ@giéﬂcgn@.E%&Eh%&embﬁf%ﬁmé%¥éﬂjJf)ﬁﬁb particles. The
alternating nmagnetic fierd heat 1s lost to the
AMFRBUAEPHESNER (He STRéEaFEefleridif RPEnderRe WITq he

SPeLyEba absenpt irRraake wihRa Frdd@pardislQoMasmd the
d eval uated. SAR _val ues of.qgre t han 500

R et ke T
hoedidedt npngih sefvre2a8 bthpuasndd lamsiratedups fpagurmrticle
%itﬁé@ypﬁ%fécting‘the stability of the particles.
Furthermore, the amino groups are accessible to covalent
coupling using common and well-established coupling
chemistry for addition of other functional groups or
molecules.
EXAMPLE 3
Heat losses in alternating magnetic fields

The cores of the particles are superparamagnetic and
when such a particle is subjected to an alternating
magnetic field heat is lost to the surrounding medium.
The fregquency dependence of the specific absorption rate
(SAR} of the particles was tested and evaluated. SAR
values of more than 500 watt/g was achieved at a
frequency of 10 MHz and field strength of 2.8 mT, as
illustrated in figure 2.
EXAMPLE 4
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15 The effect of heat on release of nolecules from
the surface of the particles Sanples containing
particles carrying phospholipids 5 and am no- PEG
lipids with the am no groups fluorescently [ abeled
with Fluranm(r) were treated for 5 mnin 10 MHz, 2,9
mlr f ol | owed by nmagnetic sepafgtion to get a first

i ndi cation on the heat on the surface of the
particles and possible heat release in the nagnetic

ThiefleFrdldt CHRRAHS Uh 1AL S JE 1A SA LS tihed

mn treatment of sanples in tenperatures rangi ng
sprsaceo oo te Pantifi@®@mventional water bath. The

r el egsepak sFloehamin)iriaheled AMNC0OURS \@ﬁtﬁvsphollplds
measur.ed i from ma%oretl c par ation

th fI ow t hrqu
“0F R TEAHECE dPLEE e T ddlf (20 idiih refantly
lholdlews with FBetrween areared H-htofd tie animion girougs MHz,

A SRRl 3, B R A i & i
inddg attierampurih cofhaad] eas & e edsat @it m}tﬁw@a@cles and

p‘o%%ﬁ%rl%t We%% ralcHe s tnfa%gﬂéiﬁ@ fﬁﬂeﬂid n ﬁrhecomparlson
netic field rel eased between 2 and % of

tﬁrﬁ §0 W§FGu S-S T RO EmWHd-PEGT R Ifé%ﬁﬁéénec% Opfar%ﬁﬂ&ﬂé%atm
treaip@k trla\tﬁﬂr)éd Mngfle@gfgzaizmr@ I‘C:ICT%S’GS inThi &lofleéhﬂzllienal
es. t partic S w I el ease

G bt L ST S Gn T o T ST TG SRS
wsaJsowearsahneeipeazt g@cher eﬂlease:hm:rglrbefm frrgredt Wi tdepgration
I I, nt in an alternating magnetic field.

o find out if both the ani no-PEG nn and
AP BV 30
Tihige rephiddphelanpiags sammad| g &b dtotlieissane rate and

1t enperatine osampl s widdh fprr tdnﬁlrﬁﬁ(?fr@ﬁ@é! RG-FlrEGeased from
| abel ed phgspholipids were treate mn in

tenﬁeﬁapauréslculgngapﬁ@l M0 to 95 "Cin a
2convnet laﬂﬂahtV\laEeEcebébhed?:@rﬂﬂ@ pesldets beawek® 50-60°C and

r|z as fo 25 % of the FITC
anEREH pHBSBRBL bl 48 Pec el QSedd P rom tnb FAEi ol
upohempatahgrabove 80 "C for 5 mnutes.
3. The sample treated 5 min in the magnetic field released

between 2 and 3 % of the amino groups.
The amino-PEG-nn leaves the particle at relatively low
temperature increases. This feature makes the particle
suitable for slow release. If a molecule is coupled
covalently to the amino group a slow and repeated release
can be performed with a repeated treatment in an
alternating magnetic field.
EXAMPLE 5

To find out if both the amino-PEG-nn and the

phospholipids are released at the same rate and
temperature samples with particles carrying FITC labeled
phosphelipids were treated 5 min in temperatures ranging
from 40 to 95 "C in a conventional water bath.
The results.can be summarized as follows:
1. Up to 25 % of the FITC labeled phospholipids are

released from the particle upon heating above 80 “C for

5 minutes.
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16 2. Sanples treated at tenperatures above 80 C
floccul ated after treatnent indicating colloida
instability. This exanple illustrates that the
phospholipids in 5 conparison to the PEGlipid is
nore reluctant to |l eave the iron oxide core and that
heati ng above 80 'C has a seygre inpact on the
colloidal stability of the particle suspension.
EXAMPLE 6 10 Sanples with particles carrying FITC

J abeled 1|V 1AL RERM dengRual-efdy GRURI 8B e ENBcculated

am no groups on the surface of the particle were

tr eé‘tfé@ra§r§é’§6}€i 'Hed TeiGiAd INITIHS Edsifdl & iidetddt Wip

Tha of |e'3§di|1r@iltel |1fl]_td‘53:rra3ie%aﬁﬁlaa:g fifrﬁet magplfgﬂhlipl@seased

coval ent e nd that is e
SRR 6 vl HEB et i Gt SUtF S Mgy to eave the
imaire @diele 'Eime:epemd dhataseedupletbdard B par bibel e severe

S tor L. rj dge

l\gA&a\%éteﬁnt heae par %anla%?%q{wlai% ogfegdtkféggg%%%% I de
shsicdges car-e known to be relatively heat sensitive.

RO Mg r6esults can be summari zed as follows: 1.
Between 3 and 13 % of the TAT-peptide was rel ease

f r omSafiRe SFaiitdl AT UFSatGHFY DI Fie & irdsded hirv rar-
p%f;{tﬂ%iehld'dﬁﬁa&@?ﬁdl | wddhglt@ngafcatﬂme .anlimo cg::rmh yisfe Sﬁﬂ the
W e u S ente | |1 S
SR oL B RO R LA S Sy 'Dove.
Tihriebu@emrmﬂ@amgae saft tupe tdi sﬁJﬂrfd d:eztbrmgcé& r=lckme effect
| t

ot A L A N e

healt] sgammtﬁvm@e&dmreﬁ:tha:@mlnq G- AN Y

miYEMu 110 %hngé HQed WASIH AR UMY A /NI ddiidle me:h
%gpen& on_cel Ilne K562 was_grown | n ]\lﬁg JEF&N h

i éﬁdr@%aé@z EAHIE -3 \erd PHssdte een the

et iwaek .anky alhd azat-ipptlide C(Dﬁ%mdjd(&ﬁﬁdgﬁd S MErNown

ha&yeSt%at%Q%&gg%%%%Isen31t1ve

The results can be summarized as follows:

1. Between 3 and 13 % of the TAT-peptide was released from
the particle upon heating.

2. The releass effect increased with Tfemperature. In
comparison with the results presented in example 2 this
is an increased release effect probably due to heat

induced breakage of the disulfide bridges.

3. The samples treated with the magnetic field
released between 3 and 5 % of the TAT-

peptides.
EXAMPLE 7

Cell growth
The adherent cell line C0S-7 was grown in DMEM, 10

e

FCS and 5 % Streptomycin/penicillin. The suspension cell
line K562 was grown in RPMI, 10 % F¥CS and 5 % CO,. Cells
were passaged twoe times per week.

Proliferation
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96-wel| plate with 105 cells per well in 100 pl
conplete DVMEMor RPM, respectively. Cells for a
proliferation 5 standard were seeded with 109 to 105
cells/well in triplicates. Particles with am no
groups, linear PElI or branched PEI were diluted in
an appropriate buffer to different Fe
concentrations. Each dilution of the different
particles was added in quadruples to the cells 10 to

g1 ve Bl hnal, Feoneentialjcon hetueen 20,300 2300

9|@r-®ile|lflerpéta|t@n WiFdn @xpgg&ﬁé pﬁrpaﬁﬂﬂcne/ ¢epl uéoﬁpmﬁiete
D‘i\m@%r @épﬁ\ﬁf Natdne smgnati ¢ ddield £ M"%»roa_l%e@ét%rﬁ

performed Using a experlrreqtal setup il'lustrated in

Srt@@airaédswe,&ewe\ﬁaﬂteéﬂr Width Mastaséd teeebd¥ehe toil
t?ﬁ@l&%%{téshe P&{&Eﬁrﬂce__esatwﬁﬂﬁlafnﬁdld TRRIAL, UNdnelie PET or

e r I W I n S i S conti,nyou
L S ed iks Mg Sl oY (5 & PR O SO
dlldflal%emngrﬁ“et ice rfdeeltca tilve spr (Eladherchmmca:ss:efy s

ref A I
RSOLR AL 24 W Sack AP0 I 0L BR 110
toegri@as s fiifatlhd'sc glons eniata tdany |b@§wereéll a0 weldy hi gh

260NERNtLALONS.qf; | p%@dlc‘th%aqu%/ expased otno Co@l’/‘ cell
alternating magnetic field. Furthernnre di fication

PSP Lp4PEREIES WER PEPOEYSISy &Rttt ) icstidercomEng to an

a@@@n&ilh@xh@gﬁ&tfi@ |fi,elaildd<5'ﬁ£z are arTe weens iddnfe rmed
to_the parti.cle arat |

Y& d Ands l‘?ﬁﬁﬁ’&r&f“e@%a;l s &é%?ﬁtg%sé@d o
waglelr mlachi tiatserzspidatte <30 Iwitie Todl edrediegmiper sample

4l ri ARV i @i j
<40y 2060 LR SN PR AR A RG] IS dohoe
o lcoawag ctierce MOrditiosest usSamsl el oPtpicedgrtamre
thekg@hdet elrn G dhated ttoW@{Eh%rgﬁletsiwl%ad 2 pl cogram

Fe/cell, incubated two hours 35 Samp pi cogra
Fe/ c&PE, PERLIBEEEE 100 AFGEHs a0 Prﬁé@’ﬁ&‘@%ﬁ&tﬁrugéd hours
inadupepdoat.i g ceQWTe 3@31&11@14:@@12 thiagodrameegiscalilke the

PR RCIDAr e 45 ROUFE 28T SambiE O 1 OOy an /e |
riefetibared o hzgho@p@centratlons of particles are exposed to
an alternating magnetic field. Furthermore, modification
of particles with PEI (pclyethylenimin)renders them more
toxic to cells, and K562 are more sensitive to the
particles than CCS-7.
EXAMPLE 8
Separation and washing of cells

K562 cells were seeded in a 24 well micrititer plate
with 1 ml of medium per well. Particle carrying
DOTAB/DOPE/ phospholipids in mixed coating were added to
the cells in the following concentrations:
Samplel: 1 picogram Fe/cell, incubated two hours
SampleZ: 2 picogram Fe/cell, incubated two hours
Sample3: 2 picogram Fe/cell, incubated two hours, no
magnet where used in separation coloumn.
Sampled: 2 picogram Fe/cell, incubated 24 hours
Sampleb5: 2 picogram Fe/cell, incubated 48 hours
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Sanpl

e7: 0 picogram Fe/cell, incubated two hours

Cells were renoved fromthe culture di shes and washed

5 usi
Li ve

ng short centrifugation in buffer (PBS+BSA).
cells were marked with Cal cein AM f ol owmed by

subsequent washing and then applied to a high

gr adi
sanpl

ent magnetic separationjgcoloum (Mlteyi). Each
e was treated in a coloum, sanple nr 3 was

separated w t hout applying the external 10 static

netsl.c 2f' %'c% EP(F 126 des 1 dndlen Wil Llyee

cofoum vol

S 1

butfer el uat ed by releasing

edal Mlﬂ%ﬁ%@@d@aﬁnemnmt@d SOEOMHIWHEF t o

suppliegns w@euaﬂengaﬂe%elﬂ}dtd Qﬂtteem&smteroasdetseetneﬁ washed

int

YR TP

he various fractiaons. ctions: Flom1t r.oug

\RESH tn gD T iF ugg tagp W Buger HRHS &S R) I,;lrv&ncells

uieh:@ @S el Wl&ﬁsﬁﬂaﬂd:ehﬁt MU cviddd ity oigardguer?0 washing

n that addi t on ng FE/ceII 1S enou
atn thPe 3FPearEy celal hel ugq{gan(ggnettl ERG T al° Ftal%gﬁlon
cafilogmtro (Mide ehviigh Ghaﬂleﬂﬂmh@&ﬁﬁﬁﬁ(iﬁ@&ﬂ&ﬁflﬂ a ccloumn,

f
MR SBRRRSPLAET IR 10 e da
Sﬂllaé’rtlﬂ mgn@rtl@f farld -clTds maﬂ&%m@%t@%%ﬁﬁy three
XS UANC Rl 18mRe Wrated o shda houraand R4 howW=ss Wd Rhe

superparana netlc nanoparticles were utilized to

COHIFGWIHERE poet R e Tt FGE ST SMEPoiting o fgiPRe s

maﬂda

Hﬂaﬂt

1.k leednd fiesesrdrimtvdhe qetrddtedesimrsha3Grarious
8% and relatively quickly taken up by the cel

$t'r i but ed evenly through the cell. In another
iG08-:7 cells were incubated for 12 hours with:

Eqa&ne%t%u%aggga;tlcles (100 pg iron/cell) |abelled

wth Texa

nd covalently nodified wwth a 35 FITC

Waghdnged 1 ¥-1 STAT pept4.dé'3)This peptide can in a
matdive Stat e target and enter the ceII nucleus Bot h

t he
FI TC

Texa Red Ia on the hosp and t

Fme thfefFed ﬁl PP SFRT g‘ it 7€ | Garly

sihe cellt acytioplasmt 2 plcograms FE/cell is enocugh to

give

use h
washi
EXAMP
Cellu

hour
were
throu
readi

distr

hours
label
FITC

nativ

Texas

treated cell enough magnetic material to be able to
igh gradient magnetic field for separation and

ng and the effect is lasting for up to 72 hours.

LE S

lar uptake and distribution of particles
Fluorescence microscopy of COS-7 cells incubated for 1
and 24 hours with superparamagnetic nanoparticles
utilized to follow the particles on there transport
gh the cell. Tt could be seen that the particles are
ly and relatively quickliy taken up by the cell and
ibuted evenly through the cell.

In another test COS~-7 cells were incubated for 12
with magnetic nanoparticles (100 pg iron/cell)

led with Texas-Red and covalently modified with a
labelled HIV-1 TAT-peptide. This peptide can in a

e state target and enter the cell nucleus. Beth the
-Red label (on the phospholipids} and the FITC



10

15

20

25

30

35

EXAMPLE 10 5 Plasm d DNA bi nding capacity
Nanoparticles with or w thout coval ently coupl ed

i near PElI (polyethyleneimn) or branched PElI to the
amno PEG on the particle surface was diluted in
buffer to the sanme particle concentration. Particles
were mxed with the 10 sanme agount of DNA (100 ng) in
different particle to DNA ratios (0.1-500). A DNA
standard was prepared (10-500 ng/m). The sol utions

1‘5{%%1'@'&10% %Uid Tk@—?(ﬂ;&ﬁ'&ef QDT JRMRESALW & Hher 1

Pl coG een was a and fl uorescence was neasured
C@E)@PALS@F‘Em 520) The results are presented in 15
ERineipr € 5 pand |t can be concluded that all of the

arti.cl capabl e Qf bi ndi ng DNA and t hat
Pg' ig g’? ' 1&?? t¥% exposed branched PEI
bounNaBNéaﬁmitleefMd¢hl%&1%&tE&ANPbEVhléﬁ&ly coupled
nsf i gn i cl carryi
S e RO Ot T e Baar oo S B b roghe amine
PE&r opi ﬁ@ePE@rtNmeomu)rfaw [weg ( m)ta}vbrl@ |h’qkiflﬁ§at é¢¢ the

shak % Q%HkietQQ%a@ﬂifMﬂﬁ%n PR Gle% Wifdte mlxed with the
/a SDS coatin carry| ng texas red 25

sgrﬂﬁsﬁrﬂ@u@éduoﬁg% (129 e ade ﬂ&ﬁﬁ@rwztopaéﬁ&%@ &0 DNA
r@@flgrsncw qu5I0$) Ve mne DNAC Whaireld ridn walie pesp ey (Wiot-i500

Ammi 0- PEG (N t
T R ﬁ@l%ﬁ% e e 19, G55 L geem
tlen@lehratucre th&Eﬂ [PS. cwsires ein®e ataesd aiduleAVRNcal ftieonatsicegice was
t edly 0 | :
g6 g PPt R Gt sty R RAR SRR i
Fefgp@@uﬁea@eil Ilé; were bseged livgiesl idwtc@tlucE tdissiwegticles

wald peghibher atd Qﬂn@ﬁﬂgu HNAESCRNS HARS %a&%@l%fst &1 t48
hours post treatnent. seen | n fi gure t he

SpELECel é8a35 %ﬁ’ﬂ%ﬁ%@f@&c@@&e =g @&A M9sitds
cfBIEABLBORE/ SDS) shows an subst ant| al l'y higher
E%&F@%Silin rate. WD 2007/021236 PCT/ SE2006/ 000960 20
. A particle suitable for the delivery of a
Tsabsfertdonnwd tiv pautticfles mamnvimg enolicdagrecelfl SPS,

DOPE and DOTAB in comparison with particles carrying PEG-
NHZ2 only. H

Cells (K562} were incubated for 3 hours together with
particles with DOTAB/DOPE/SDS coating carrying texas red
and plasmid coding for luciferase {(phRL-5V40) and as a
refernce ceils were incubated in the same way with
particels with Amnic-PEG (NHZ) coating carrying plasmid
coding for luciferase (phRL-5V40). After incubation,
cells were treated in AMF (alternating magnetic field}
repeatedly with 30 second pulses and 30 second rest in
between pulses.

After AMF exposure cells were seeded into new culture
dishes and proliferation an luminescens were read after 48
hours post treatment. As seen in figure 6 the particles
carrying detergent and helper lipids (DOTAB/DOPE/SDS)

shows an substantially higher expression rate.
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capable of generating heat in a magnetic alternating
field encapsulated in a hegg sensitive coating
whereto said substance and menbr ane di sruptive
agent are associated. 10 @ypfmparticle according to
claim1, wherein the size of the superparamagnetic
core is between 1 and 100 nm preferably between 8
and 1§mn§n)9£@ﬁ§é§e d§ulﬂaaatet irelre thec dedingriyo ofl ai m 1
or 2, erein said_superpa netic r t
sgPshapaet -‘HIEO 25 RHGhEM t & e e eeﬁ‘(&g"gstegp%ﬁ oz
cberr bi:ganéilé hEhgenghaheaﬁ:oamﬂita:eMs(Deﬁ@aa? whersaive

segﬁgFEFFnSu r”EE% Sebﬁ%&%%rﬂdfﬁ%&éﬁiﬂﬁﬂnﬁbre capable

oFngeReradingCheaB lan@ SN GRS QIS dTg f&elﬁé

eB% %sﬁhgtgﬁcg dizng ke A one @i éﬂéﬁﬂﬂgfhdéreéﬁ)sald
éin sald eat sensitive coating conprises

HesERSe B A MEIBEARE [t TV S e 45 hasggiated.
corep 5p fapaitiel ecendidined acidiai A4, wlrwhmm nthe size
sald mcelle |like structure is y.

G &R PHPEIRGEETABISTUT £ Aha & hx?Jeas érignié au:i‘tlt1 ecu
mﬁa’ﬁammyg 2% wWaatrh Eana*tt;/cﬁri)pﬁn@mrcﬂ’%mnsa hydr ophi | i c
Vn\lﬁleséy A ggﬁ‘&e%lt Acearding Loaghal A B Wherein

eat senS|t|v coating is attached to
mcti Wammm%ﬁecﬁtl%%%?l Qe HYSRECWEh

1%! Bﬂdlcﬁdcpifdek%éﬂétﬁédefagaﬂﬁes p@foxhéegbﬁ§681
or azo onds or 30 co |nat|ons

Frrw e dePERARNgRSTE I MPnE, 2 mfaé fﬁn‘gatﬂatal selected

@&ﬁg@t@l ﬁbt{%ﬂ@&ﬂsﬁﬁtl‘_ﬂﬁ@tlbé cont Hi.psMpoel Beer ¥g, Ca, Ba,
i pi ds et ecyl es, .pr

St e T nebbor or ot aacFaiBiiieeye, §EBoSRy
one of. il gpamstilc¥e a@somﬁenel toaangconAi PEoRLlABIECHd-

@ﬁeg%fg $§f$0ﬁ3£€d %ﬁs&@?vvh%%%t§% Sbbh%%l%@@i%ﬂ%ac%lle

e accor |ngtoca|rrB , ereln sai d

ieb@gﬁtt“ﬁ@’ﬁuml eBufleTPELcROBER Y B thé3droGrre-

consi st Impaﬁtlamél Q@db@&a_nfgf agmenksmof , anbhichediresaid

and lectin A particle: accor of
@Fﬁﬁ%elléke %Epgl“ﬁ@aﬁ %’ s upta“l \aflgg&agjeh%
hgdebprepitrmpliebaele and at least one molecule containing

-*3

both an hydrophobic and a hydrophilic meiety.

6. A particle according to claim 4 or 5, wherein
said heat sensitive coating is attached to said substance
and membrane disruptive agent with single or multiple
disulfide bonds, peroxide bonds or azo bonds or
combinations thereof. |

7. A particle according to claim 5, wherein said
hydrophilic moiety structure contains polymers, lipids,
synthetic molecules, proteins or combinations therecf.

8. A particle according to any one of claims 1-7,
wherein a recognition molecule i1s also associated to the
heat sensitive coating.
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group consisting of detergents, chol esterol,

hydr ophobi ¢ proteins and surfactants and m xtures
thereof. 11. A particle according to any one of
clainms 1-10, 10 wherein said substances are sel ected
fromthe group consisting of DNA nol ecul es, RNA

mol ecul es, proteins, peptidgsg, |ipids, chemca
preparations, organic conpounds, detergents,
synthetic polyners and conbinations thereof. 15 12.

Use qf [ rdi.ng to a ne | ai s
1- 119 3 Bg % %hg g%%%g%&g,egcbc%%&g.agd/g erein said
rﬁgpab@¢n9n1mblephéeho§tobgaen E30mU§®eohn@qmndunﬂustlng

@cggrt%galteg a% gﬁ%n%f A Al Zdé%s a%rcz ﬁ%'c%ﬁsng

sai d_substante m endosona
or gar8l-| BsParBichg ﬁﬁc@ﬂﬁﬁ@gwéph@@Yopnéepﬁvéﬂﬁﬁﬁsa1 9,

w&é?%hﬂn@Q1UPF@mb?én@UBﬁ%Eu@Fﬂ&@g%@%%te&%|@H@iﬁﬁﬂﬂrdﬂ'the
ce or gane e rou ea n rel ease.o sai d
S8 G RIS Log e R e oGl e ety Farsappobic

pebtaimenandneu?2fadicantpt ianel agerttiretshe heetldd i
CoaniSIRg a EE?&'Q %r%l%§”@Bea%%”Bégsb Iuggﬁm%s O%O,

encl 05éd s or ce nel’l es“an
WBarﬁnelégldaécbsuangeﬁoaaﬁyS@d@caﬁdcﬁapmstbelgxoup

caﬁehgtaagaoﬁagﬁﬁtmslabba@@at@m%'Hoqg@uﬁgssa?@o%glns,
[ e, whereby thermal energy article core

anpl e
PERG4EES t haPhEA! §éﬁ@#@@deF@@ﬁ@#ﬁ@l@nSSapaggaﬁp.c|e

cbRpeeaarposeteryBhel, C@?&thﬂgch%&§ﬁbk%eaﬁ@e&bmb@natlons
tglsru t the menbrane t he enc ed cell or cel

FG&Réll e and rel ease said substance. 35 15. A
nmet hod. adser df ng partha&e1h¢powuengimosahg onagbeét ctaims

1;;gzﬂggésm881 k&ﬁ?g%h'ngp % %b@%%h%gpﬁﬁfn%tabqlism of
tQ@OﬁPG2123$1PCT/SE2006/000960 22 16. A net hod

accotdin o~el ai 1 Nt oS net-i
EerihatekopF R B S o2y REIE Gpeins

1l r1$°rA¥ﬁé?ﬁaanacé6#a|ﬁ&b@6a@P§|§¢9@ e%ﬁ@ﬁ@ﬂﬁlsQFd
1bsoBgneli 6rfbpkdikes.exposed repeatedly as a series of

14. An in vitro method of delivering a substance into
or out~of a membrane enclosed cell or cell organeile
through heat induced release of said substance in
combination with heat induced release of a membrane
disruptive agent, the method comprising:

- providing a sample comprising membrane enclosed
cells or cell organelles and a plurality of particles
according to any one of claims 1-11;

- applying a magnetic alternating field to said
sample, whereby thermal energy of the particle core causes
the heat sensitive ccating of said particle to decompose,
which cause the disruptive agent to disrupt the membrane
of the enclosed cell or cell organelle and release said
substance.

15. A method according to claim 14, wherein said
magnetic field has an alternating field direction of a

frequency in the range of 0.1 to 5 MHz.
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between 1 and 45 seconds. 18 A net hod according to
any one of clainms 14-17, mherein sai d magnetic
field has an alternatlng f| 2d  which is

non- ﬁ@mﬂeﬂgeﬂédag cggﬁlﬁ% ald ernaty rlgl g:rxaq'Sen%hereln

field diTtectrion, Irection of said al ternatlng
sahgneegeetiel él@éﬂnaageﬁerfa&%d BSEEsRY Woidts thgndrang e of

1sgaphgolﬁmlnserted bet ween t he COI|S 15 19. A net hod
accordin 18, wherein I, re .
suppﬁjedg Eﬁaat REFOEA&RSHSTE RS}]ga ﬁ"f‘%iree”'rbaisréfld

mabnéhecsﬁﬂpﬂdedsabk@ummdrmppmmteﬁ&y éﬁ)a/SemﬁéExbf

, r.di t y 0 | &l 4- §%§5

pui%% ance§ g%ggse%%%Fe%mﬁ?onﬂ?%%a%%%bp consi QB%tween
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1%. A method according to claim 18, wherein said
coils are supplied with either the positive or negative
part of the supplied altermnating current.

20..A method according to any one of claims 14-189,
wherein said substances are selected from the group
consisting of DNA molecules, RNA molecules, proteins,
peptides, lipids, chemical preparations, organic
compounds, detergents, synthetic pelymers and
combinations thereof.

21. A method accoxding to any of claims 14-20,
wherein said membrane disruptive agent is chosen from the
group consisting of detergents, cholestercl, hydrophobic
proteins and surfactants and mixtures thereof.



