WO 2009/ 141257PCT/ EP2009/ 055779 1 Perfl uorcarbon Nanoenul sions wth
Endocyt osi s Enhancing Surface for Gene-Transfer 5 The present

i nventi on wHAY¥deAeEsst abl e perfl uorcarbon nanoenul si ons gdchatp@0 855779
suitable for gene-transfer, its productjon and use. Introduction

Conventional ol igonucl eoti des and nore fecent| y short interfering
RNAs are prom sl10ing and widely used materials for gene transfer.
Until now, the possibilities to apply this genetic material to a
living animal are very limted. For the delivery of genetic material,
perfl uorcarbon (PFC) enul sions are a prom sing tool, as these
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emul sions can transport drugs into the lung (Dickson, E. W et al.
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t he advantage of a safe elimnation by exhalation (Putyatina, T. K

et al., PMbddducefdd s Bl ood Substit. Immobil. Biotechnol. 22:1281-1285
(1994)) 20 Therefore, perfluorcarbons could function as an effective
and saf eCpamntmﬂaltoh@omqlewq; ITd gneteeentivt eharainterfeong ANAS akg promis-
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20 Therefore, perfluorcarbons could function as an effective and safe tool for the deliv-
ery of genetic material into a living animal. Due to their function as oxygen trans-
porters conventional PFC-emulsicns have seizes that prevent leaving the vascular
bed and therefore such emulsions would not be able to transport substances into
cells of a living organism.

25 Several less effective transport systems e. g. transport bound to cholesterol or me-
diated by apoliprotein A into the liver (Kim, S. 1. et al., A-I. Mol. Ther, 15:1145-
1152 (2007)) have been presented in the last years.

EP-B-0788347 discloses the production of water-in-oil fluorocarbon emulsion con-
taining aqueous droplets of an average diameter of up to 10 nm. A fluorinated ten-

30 side or a mixture of tensides containing at least one fluorinated tenside is utilized
as emulsifying agent.

EP-A-1844772 discloses a composition for transfection of cells with oligonucleotides
wherein the emulsifying agent is an imidazolium derivative having Cip-Css hydro-

carbon or fluorocarbon chains.



2 EP-B-00831770 di scloses a continuous m crodi spersion of fluorinated
conmpounds contai ning a discontinuous phase carrying the

phar maceutygabdoyi4d@t i ve conmpound. US 2004/ 0115159 di sclyas@sr2809/055779

oi | -in-wat er nanoenul sion consisting of,a ternary system of surface
active substances that is suitable as a transport agent for cos-
5netics and pharnmaceutical agents. This ternary system conprises an
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(nano)emul sion as carriers for therapeutically active substances.
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20 DNA and RNA and further blolog[cally active compounds within the body. These
substances are coupled to steroids.
WO 01/722812 discloses a microparticles comprising a polymeric material, a bio-
logically active therapeutic factor and lipid proteins as transfection agents.
A reliable transport vehicle for gene transfer in an organism is still required.

25
Summary of the Invention

It was now found that a perfluorcarbon nanoemulsion, notably a perflourcarbon

nanoemulsion that has phospholipids as emulsifying agents, which has an endocy-

tosis enhancing surface is suitable for the application of genetic material in vivo.
30 The addition of molecules that provide an endocytosis enhancing surface to the

nanoemulsion significantly augments the uptake of the perfluorcarbon nanoemul-

sion into cells. The invention thus provides

(1) a stable perfluorcarbon nancemulsion having an endocytosis enhancing surface;



WO 2009/ 141257PCT/ EP2009/ 055779 3 (2) a preferred enbodi ment of (1)
above, wherein said nanoenul sion has a continuous perfluorcarbon

phase and wobyof@iR¢ di scontinuous aqueous phase and COEESER/055779
(a) a perfluorcarbon conponent conpri si Ry at | east one | east one

perfl uorcarbon 5 conpound; (b) an énul sifyi ng conponent; and

(c) an endocytosi s enhanci ng conponent conprising at |east one
cogpou?d(izp@uciaﬁg_r?gldmb@dimmtt&ke(19fatich@, rmmrt @iﬁﬂlbaﬁqiﬂande@'u.él_sionlhas a con-
endocyt 0Si s; ene-transfer agent ol a pharnmaceutica
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above, (4pmprizeshod for preparing the nanoemul sion of (1) or (2)

above, or the gene-transfer agent or pharmaceutical conposition of

(3) abové?) FnPeHUeETASPPR COMRABIENE| JOFWIHNG: BB Jeast one (gpsh usaPeiiiyoscarbon
buf f esed cgfipeaAHE; sol ution containing the enul sifying conponent,
15(b) adj oi ni ng t he perfl uorcarbon conmponent, and (c) nixing and
honogeni £Phgn BNWSIfYIne CEMP9E8PE #thogeni zer of the reaction product

of step (& an %ﬁp&%gl‘éi@d@nc%gn@&ﬁﬁgﬁ@rﬁgﬁﬁ?&%ﬂ&gkri'@éjstidhe(éamﬁéurgcf}q[dgc—

above for ‘preparing I cament for tr; erring genetic materi
a pati ening o9Ugr ePRke b dhe opnoeAKEI®T ViarRNdgerasis material to a

atient, IC ) L&ES 1 - L i | - | .
ot ned’ () puer RECAgER O o! Sldriidb et fferol 28RN Bk Fano
phar Acegmusion gsmsdsiediinf 1 heor §2F apee.i n (3) above; and (7) a

met hod f r Ie] il tQsC [ it

Wi oh cons) Porethed FbEBrR RS PoBRIRAAR b QUTeh (51, 8Bale (67 the gene-
in (1) okrahgferadgerd or phdwnateutivel gempositmnsdfe (3 pagbove,awhilisf coragrises the

(3) abov scription of the Figures Fig. 1 shows the
t enper at ﬁ?“é’%'?%ﬁ% of the heating unit and the nean body tenperature

wi t h st afalgrdpaldvg athusfered shueeussaetthebntzdungitbe enddEifygng 2ostpowsnt,

t he an ter. | ood. pressure wth standard deviation of five an-
aest het i Q@f%’bggd%rq @egﬁ'ﬁH’éC%El%o%i F%pgg%ﬂtér?g (control). Fig. 3 shows

t he nmean{@mhixingabndlhoothgenessgibe § hED) pesgulwobomogétieer aptitd esdction pbd-
t he ACE- bl 0{)31* r ggg,topril (n =5, 10 ng/ kg Captopril),grey dots =
control Y& S PBPack dots = actual val ues). WO

2009/ 141257 el LEP2POHOBGAMAIstbn as defined in (1) or (2) above for preparing a me-

dicament for transferring genetic material to a patient;

20  (6) a method for transferring genetic material to a patient, which comprises admin-
istering a patient a nanoemulsion as defined in (1) or (2) above or a gene-transfer
agent or a pharmaceutical composition as defined in (3) above; and
(7) a method for transferring hydrophilic compounds to cells in vitro, which com-
prises contacting the cells with a nancemulsion as defined in (1) or {2) above or

25  with the gene-transfer agent as defined in (3) above.

Short Description of the Figures
Fig. 1 shows the temperature profile of the heating unit and the mean body tem-
perature with standard deviation of five anaesthetized mice.

30 Fig. 2 shows the mean arterial blood pressure with standard deviation of five an-
aesthetized mice during the cooling sequence (control).
Fig. 3 shows the mean arterial blood pressure (£ SD) 6-7 hours after application of
the ACE-blocker Captopril (n = 5, 10 mg/kg Captopril),grey dots = control values,
black dots = actual values).



Fig. 4, shows the nean arterial blood pressure ( SD) 24 hours after
application of the nanocarrier w th angi otensi nogen siRNA (n =5, 300
pi  nanocarypShee1@st1 9 Agt si RNA, surface: transferrin ggodmedoRss by
Fortecortin), grey dots = control valueg, black dots = actual values.
5Fig. 5 shows the nean arterial blood pressure ( SD) 24 hours after
application of angiotensinogen siRNA (n =5, 60 jig Agt siRNA)
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transfectjon” re S = control va = actu

Vel ves. e MaoCiribr At analinSifoes SiRGS (D 5 OB crarcanytiess 6o Aot
after applringtsfacl thEndrbirapedtetalts by oarte@HRA %@V%t@rl:ldw'@ﬂ‘ﬂph%hﬁas
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all visible nanocarrier 35were Iiberated into the cyt osol. WO

2009/ 141983PCT/ EP2009/ 055779 5 Fig. 12: Enlarged detail of the
el ectrongigl © (E@&Rirpnﬁ@r‘éfstéﬁ]c%ﬁ%&%}ﬁ%%waﬁiﬁhclé%f tﬁte rﬂa%cg%rf Fhé parti-
| oade

magni fication a particle of siR nanocarrier |iberated into
the cyt ofRddn dFizeRE aRephPBAPeMErefhown. The dark structur es within

the part Ft@ g ol Ma?Febﬁlﬁ)v!@a 'ﬂ@%tocjy@e Aedeldorsig ‘?‘ﬁ@@'ﬂﬂcét@bﬁ hﬁ'le liver was

i ncor porated si RNA 13: Electron m croscopic Inmage of
hepa? cy?éplaﬂteslo3@00%¢$j aﬁtﬁgnnva&%qmlmecrtmmro Banec ol @@Mﬁgﬂmg SiRNA.

i ntraven
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mediated endocytosis.

30 Fig. 11: Electron microscopic image of a hepatocyte at 50.000-fold magnification.
Two hours after intravenous administration of nanocarrier and siRNA the liver was
explanted. Round vesicles of the nanocarrier containing dark structures without sur-
rounding membranes are visible. Unlike the nanocarrier vesicles in the image of Fig.
10, the particles are not covered by a membrane. Obviously, all visible nanocarrier

35 were liberated into the cytosol.



10 Detail ed Description of the Invention The stable perfluorcarbon
nanoenul si on of aspect (1) or (2) of the invention (here- i nafter

shortly rejy@%@misil7as "nanoenul sion of the invention")pdi&Sad9/055779
continuous perfluorcarbon phase and a byffered discontinuous aqueous

phase. It is preferred 15 that the buffered aqueous phase corresponds
to 25 to 60 wt.% of the nanoenul sion. Suitable buffers for the
aqueous FhasE :i Brdanged cllahaﬁ;Dhﬂ’i@elbutfrbﬁrrﬁlcsaﬂtbpmsest)dm desplayed in Fig. 10. At

di hydr og e nanoe e ,invention

nanbemit 7S O GATE sl PR S Aph-tdedRd B SR HbReted defo the
nm It i syfpedshoethé hapatoegtaiarspoml, srh@rua@f( stitetiray oitHiveh& peansé alsd
of particles having an average si ze of about 50 nm The nanoemnul si on

of the i NRENEIBAGSs 10AR5 1 L EATEFPY hEG e iBiceRasaedBRYBnent (a)

conpr ksi Ipgy. at3:l E@étroﬁﬂﬂldr@ﬁ%b:coﬁﬁa of |a“ﬁé;§a”c6@;§t@ &OW@GOdfolda'ﬂﬁagmﬂcat[on
enul si fying co onent 6 t hat erab npri ses phospholipids as

the essehPHRINOERLIIFY[GW) %g”'&'@ﬁ?ﬂﬂ}ﬁd'”é%'qnhéﬁen%wn’ﬁbrVYEerFafé'thﬁrF%‘é the liver

hel per | iRisdSxtraded ant endemis @ik %h%%&&.@&%@ﬁaﬁ%géﬁ)coh% the dark
conprises at |east one conpound inducing cellular Bt akée of

nanoenul StYRtUreRisihle|ipdias. dfetopbs f Yeor eabebly dengB ﬁdd%wewwﬁbrﬁbﬁtnano-

(a) is pegffdrablyssedecirg tﬁé?}glofp@é%’ﬁ“nds having the structure
C, F2mr1X, XCnF2nX, XCnF200CQ0F2 QOF20X) 3 and N(COF20+03, 30

wherd0n mis an integer from3 to 10, n and o are integers from1 to
5, and xneia!lﬁdd%@mremtlop dfrthe Fnventéenoccur rence sel ect ed fromd,

Br and I: hg@?alﬁig ar(b'%)llg ﬁ@yoe%?qulﬁhrbfaasﬁg”g@ pe{Zf)I uorge{%entlon (here-

per fl ourcarbon c articul arl
conpound§aftes ﬁ’e:rrEIVu@feroeq/ttbbaSJﬁndeoqndlsw@r bf tloe dovéridinny) dvisne comdinuous

m Xt ures Pbﬁﬁ{o?c(?érbon\éﬁégoa%dlé%ﬁa red! 5?&1%?9’@8%? %SBF; D& aEQUL Sl i &P@'red

conponen Fea yirng~ conpounds
knowh5 i nthdtether buffer@tiaanqeomlsanhwesmroewonda tozb tefedr eh@/esafdhteemhnoremul—

LD o S SRR TB G G UGB DA RS0 L BP PR bR <o
phosphol dpjmlslil'a,rcbogérmm;;batta al emulsi- 5 fying conpound of t he
o o e HATBRLEba s Vs oS R SRR Pkt Sl s =
by t he fpartidasikze@fBelId2100 nm. It is preferred that the nanoemulsion of the invention
20  consists of particles having an average size of about 50 nm.
The nanoemulsion of the invention is comprised of a perfluorcarbon component (a)
comprising at least one least one perfluorcarbon compound, an emulsifying compo-
nent (b) that preferably comprises phospholipids as the essential emulsifying com-
pound and that may further comprise helper lipids, and an endocytosis enhancing
25 component (c) that comprises at least one compound inducing cellular uptake of
the nanocemulsion.
The at least one perfluorcarbon compound of component (a) is preferably selected
from compounds having the structure
CrmFam+1X, XCmFamX, XCrF2n0CF20X, N(CoF20X)s and N(CoFz041)3,
30 wherein m is an integer from 3 to 10, n and o are integers from 1 to 5, and X is
independently from further occurrence selected from Cl, Br and 1.
The component (@) may contain a mixture of said perflourcarbon compounds. Par-
ticularly preferred perfluorcarbon compounds are perfluoroocytlbromide and per-
fluorotributylamine and mixtures thereof.



0 0-P-0-X 1 0 wherein 10re und R2 are independently sel ected
fromH and C16-24 acyl residues, which may be saturated or

unsat ur at egoapsh/gpgycarry 1 to 3 residues R3 and wher eige1aR8009JosITRy ©
of the C-atons may be substituted by O g NR4, and X is selected from
0_

H -(CH2)p-N(R4)3, -(CH2)p-CH(N(R4)3)-0 -(CH2) p- CH(OH) - CH2OH and
- CH2( CHOH) p- CH20H (wherein p is an integer from1 to 5; 15R3 is
I ndepend@htl gmagifeitigecbrfhipomartd, (H)aney @iprse &.grédt véiewynsk €ulsipihgRdom-

bhar e POUNES KGR BAE ABE i ably FRE ABGfosEHT e Taiaveses e e ptro-
i s pref eduedor. haﬁefér&edlrﬁinﬁiglfﬂhg (tdiﬁ;@cﬁlﬁﬂﬂ;eﬂﬁd phes bR, fdvem fHopdd as set
unsubstitfut ed Cl16-24 ac res turat ed or unpsat u-

20r at ed, TR\ 3ROVE §E|‘~°e€%/'$'&" rﬁré?‘?fﬁ‘\%w Fhet, Fﬂ%PFH@' ORARYT §RFSISIA RENUISI-
i nosi ol fyifg i cbaspouMas bf & eaiuiIsielih e opipsmeiel (bp) ‘Flh@@nﬂi’\‘én@rﬂhldlﬁ}'mg compo-
sel ected from phosphati dyl chol i ne, |ysophoshati dyl chol i ne,

phosphat N§YF éPﬁBFﬁfP'éﬁH'Ynéoﬁ}ﬁ’ﬂ'sﬁ?@d%‘%t QT PRBFPNOTIRK MngFﬁwﬁ@reseﬂted by
conponenkhd Brmi@y 1f urther contain one or nore hel per |ipids selected
fromfatty acids, steroids, vitamns and m xtures thereof. 25 In the
endocytosi s en an@T‘rﬁf conponent (c) said at |east one conpound

I nduci ng peelduH{ar upj ake is sel ected from conpounds that enhances

cel lul ar uptake vialbndocytosis. These conpounds include, but are not
limited to, transPerrif, *ragments and derivatives thereof and
conmpounds havi ng an ganal ogous effect/activity; apolipoprotein Al,
fragnments and derivatives thereof and conpounds having an anal o-

30gous effect/activilty; glycosyl phosphatidylinositol (G P)-anchored

pr ot ei nsSywherggnment s and derivatives thereof and conpounds having an

anal ogous effect/activity WO 2009/ 141257PCT/ EP2009/ 055779
und R® are mdependently selected from H and Cye-24 acyl residues, which may be

saturated or unsaturated and may carry 1 to 3 residues R® and wherein one or
more of the C-atoms may be substituted by O or NR?, and

X is selected from H, -(CH2)p-N(R*)3", -(CH3)p-CH(N{R*)3*)-COQ", -(CH;),-CH(OH)-
CHz0H and -CH,(CHOH),-CH,OH (wherein p is an integer from 1 to 5;

15 R%is independently selected from H, lower alkyl, F, Cl, CN und OH; and
R* is independently selected from H, CH3 und CH,CH3
or a pharmacologically acceptable salt thereof.

In the above structure it is preferred that R! und R? are independently selected
from H and unsubstituted C;e.24 acyl residues, which may be saturated or unsatu-

20 rated, and X is selected from a choline, serine, ethanolamine and inositol residue.
Most preferred the phospholipid component is selected from phosphatidylcholing,
lysophoshatidylcholine, phosphatidylethanolamine and mixtures thereof.

The emulsifying component (b) may further contain one or more helper lipids se-
lected from fatty acids, steroids, vitamins and mixtures thereof.

25 In the endocytosis enhancing component (c) said at least one compound inducing
cellular uptake is selected from compounds that enhances cellular uptake via endo-
cytosis. These compounds include, but are not limited to, transferrin, fragments
and derivatives thereof and compounds having an analogous effect/activity; apoli-
poprotein Al, fragments and derivatives thereof and compounds having an analo-

30 gous effect/activity; glycosylphosphatidylinositol(GIP)-anchored proteins, fragments
and derivatives thereof and compounds having an analogous effect/activity;



7 nmegal i n-binding proteins, fragnents and derivatives thereof and
conpounds havi ng an anal ogous effect/activity; and atennapedi a

pr ot ei ns, Woa;gmniﬁq-and derivatives thereof and corrpour;dﬁ/mwgm$7¢g1
anal ogous effect/activity. Particularlyspreferred is the iron
transporting protein transferrin and fragnents and derivatives

t hereof, 5 notably human hol otransferrin and fragnents and

deri vat i veegdlinebieding mioteihs biradmeats sk dirivatiasatthede of| adet oampowfdesr having

fj T
e A SAE R R0, L A PR PR KT qop L Gves
nanocar r ickeeresf thd \mmpaimlnds mbmgameaalagbas kéfdct/ activiey. Parfiadarly preferred is
et o BT BB Pl et BT SREHEn o Rt B BByl tereor
per f | gor ;mma/dw lbrlumﬂrﬂﬁp[@ﬁramﬁfe‘rhu@{rﬁgﬂrib@ﬂeﬁmﬂin\(a)v,esa:hefﬁﬁﬂJ whicpi HSigds

onen ri, st n 0S | chnol | I Ngo
hol st ePSItHE (e BRI SRS RIETHL Lo Byspec BESBRERST. WHAh n turn induces en-

phosphat iddyytekizanol am ne as phospholipid, and transferrin as the 15
endocyt os s _enhancin onent The nanoemrul si on of the

c).
i nventi oﬁ Fee ?@PF%‘ET‘%QRTP §IP2A5S gs@f’t?ﬂ@? HphpyTececoinpyfiHagcarbon nanocar-

i ncl udi ngiephateaREbleCRIRREh @S NREdBelBbaheadurfd@ toafHEpbwER drhahbe eN@ar
and in vitro, preferably the nanoenul sion is suitable for transfer of

genetPc RASRLNEFIS dBIVAG @ {1 GHORNA and DNA sequences and combi nati ons

and deri )Aatﬂa\feeulbh?r eéferreaefn%ha@hwlsi’&r SofﬁE’c'h%“r|€'Ni’erftfo<anc'islrrl]prhv}ei?,d\'?peié\cf luoro-
ol i gonucl eot i des, i RNA, dsRNA and the |ike. The nanoemnul si on

of the i RGEHITOBHI® @Sg&rﬂw@ﬁa&qrycqmemente(@)r@m emigpisiing compoRept (b) com-
interfer bﬂg.nﬁl\b‘}%sbﬁbé?%éb.onr@%bhfnsgo?nyfeﬂﬂpkﬁgegée%ry I%%H%Weecrd ICHSAE DL-

and prevent I't el ng tra | atted i nto pro eln or cause a eava e
of the nﬂmcgghernbapﬁm@eah@mfsﬁeiéwnorﬁmene@&em@hwg @edésamsrferrm as the
si | enced s of 25 RNA, which contain 21 to
23 nEgl egﬁ%{%ée@&“s\%gngﬁgbﬁ% p%h%h? o gene silencing the topical

rout es f dhe agrpamsisien pﬁthearwenhen s%isletaahl@rﬁorowamfer vEhydtophdicecopfipounds,

maj or | ”Hfbiu{o‘?ﬂ@ﬁh%?m%@é&h&f Szﬁ&tcde}‘uﬁtlt %é 2081 | ?érg%?'&%ﬁ’%ﬁ %looﬁﬁd 9% vitro,

SiRNA in In Ivin S and ordans
aspect ( pyefefabthéhe rrmﬁernmﬂsrbor |Spstepedu1e rfgr ttrrmsfmmérgehetlormatferiaheselected

B ocn! ESPL RGNS R ALAE PERS e B1EREEL 008 BUELR: Bl
t he pe@rf I&&Hi@taedbtﬁrmm@ﬁﬂmmw olmuttebt[dahsraqll‘emsmNm dgRNA laad the like.
horogert $h8Raf B M e TR G A Hor P labicorEfALd g S 87 HEE i
2009/ 141%7&(5@ ER20Q9R0BS] Téeritiff-ar cdnogldmegtafy ddueenaddremRNA and pirévent it
Sy OB, SN RT P Ra RRG bee ptihfisd RSP HmERIPBY e Hier
complex The corresponding genes are silenced by the use of these duplexes of
25 RNA, which contain 21 to 23 nucleotides. When using siRNA for gene silencing the
topical routes for administration and the selection of the vehicle are of major impor-
tance to gain effective intracellular concentrations of siRNA in intact living mammal
cells and organs.
The method of aspect (4) of the invention for preparing the nanoemulsion of the
30 invention includes the following steps
(a) preparing a buffered aqueous solution containing the emulsifying compo-
nent,
(b) adjoining the perfluorcarbon component, and
(¢) subsequent mixing, then homogenizing (e.g. by ultrasonication) and fi-
35 nally high pressure homogenization of the reaction product of step (b).



(d)addi ng an aqueous sol ution of the endocytosis enhanci ng conponent
and/ or the hydrophilic conpound (notably the genetic material) for
trans- 5f ewobx@ddieest eacti on product of step (c) and horgpa@ii#defask 79
(e.g. by ultra- sonication) the resultigg mxture. The endocytosis
enhanci ng conponent and the hydrophilic conmpound nmay be added in one
single step (d) or in separate steps (d), they may al so be included

in the bubféaithqabitreisassdriblsion oith Sehdpcy(tails ehﬂafﬁhegg:enq:dﬂeaﬂsf&rth the

agent or ar maceut i cal ositi ect (3) and the |carrent
of A pectWREPTHIC tarbSFuRE R Bithad Rulies SRSS s dnir mioks oBESR,EeeB51 |
accept abl e @gdi tacmasg af agukeelis s@toh e thé kAdocytodie eﬁh@h@h@ cohfporede

of action and to d stra he effectiveness of the nanocarr r t he
use with transfr;arnld 'é‘ﬁf{fBEb'ﬂ‘S@E“pé’h’ﬁgrf@P@?’éG'B"sﬂﬁﬂ%téc MetemRuer thans-

the 15fol | owi ng reExArAd RSctiol faﬁomrmls@ép/(@emj h6RR8EREINgS(e §Eby ultra-
application of an an i ot ensi nogen si. RNA whi cause a distinct drop

of the mean art &PPER BFBH?? FRSSENG @ixtyRe |nvent| on is described in
nor e det ghk dnttob\@sfs@rrAWCMg cdripeiRSnd HRIHarephilit %§mtp'b§H§fn%\f b8 as

the endocytosis enhancing substance and short interferi

n
20genet | @AAGE &t PAF sinpiR skereldn Ryl i Seppi@te BERRS/ED, then Mey ag@ E@mmﬁébm
as | im t g plLerd dYARIRBoIfRI Y &8 I%éyrrpl e 1. Preparation of a

perfl uorcarbon/transferrin nanocarrl er: 25For preparation of the

per f Mor dAEBECACHERTSERT 9T, orﬁérarmfa@@@q}tcpmtw ¢fmaperub3) ashihg ge-
enul si figgkg ﬁﬁérﬂ ot a@béf d?fthef}gﬁegﬁ%' rﬂhg%ﬂl ng er‘i‘pﬁp‘% ! Oﬁéﬁgnfé‘céaﬁéaqu

con-tanmes phosphati dy I| ne
chol est e|a©¢eF(E5b|mj=)ddIﬁWOShUmatahdﬁheHulel ne (5 mJ), in distilled water

and 75 Wb;e‘?\? a‘fﬁntﬁié pﬁ/tgf LIRS 8 ﬁeé'gﬁg%% Fhebgffé&fven-ggs gaiik A900:ar-

of the uor car bon nanocarri er
perfl uor oiec tthie senwvits, tradsieyyinp ke sgrivsicy pisis enBaicipg sEbatdndaHE PObvat impkhe

d d water are used. First, phospholipids, sodium
d| hygr ogﬁ%p '11 pﬁﬁrhbﬂogffer and distilled water are m xed and

subsequefﬁhe;emrrmlwc_[;dzmmtr(aalstmns tPE@ppHodtidn of ah saragiptensiedgeWsiR A wiich
e o Sl SOMRELLR Bl rRR Uit B BRRATE, O, 00,5 o
devi ce affha |rhve9que1nnsyd&tsfcrlﬁzéﬁ)®n lohizref destail in the following “Examples”, which utilize
transferrin as the endocytosis enhancing substance and short interfering RNA as
20 genetic material. These examples are, however, not to be construed as limiting the
invention.

Examples
Example 1: Preparation of a perfluorcarbon/transferrin nanocarrier:

25  For preparation of the perfluorcarbon nanocarrier, perfluoroocytlbromide (Perflub-
ron) is emulsified with a mixture of phospholipids. One gram of the mixture con-
taines phosphatidylcholine (980 mg), sphingomyelin (10 mg), cholesterol (5 mg),
lysophoshatidylcholine (5 mg), in distilled water and 75 mM sodium dihydrogen
phosphate (NaH;PO.) buffer. To gain 1000 pl of the perfluorcarbon nanocarrier,

30 475 pl perfluorooctylbromide, 36 mg phospholipids, 200 ul 75mM NaH,PO, at pH
7.4 and 325 pl distilled water are used.

First, phospholipids, sodium dihydrogen phosphate buffer and distilled water are
mixed and subsequently the perfluorcarbon (PFC) solution is adjoined. Within 40
seconds, the composite has to be mixed by a shaker for 60 s and without any inter-

35 ruption homogenized twice by an ultrasonic device at a frequency of 1100 kHz for



WO 2009/ 141257PCT1EP20091055779 9 120 s with intervals of 30 s. The
sonication unit is kept at a tenperature of 4C. For the final

enmul si on ofyot2@19t8er wi se i nsol uble PFC, the m xture i Sctmoloid® a

hi gh pressure honogeni zer. Wthin six pgssages of honogenization at
2500 bar the mlky conposite turns into a transparent, bl uish

enul sion. This change to transpar- 5 ency is a macroscopi c marker

for the tl@20rs withtihierpas fof BOr< arhteoso nicatitoinclréts isskepd dbed tnmmé‘retwiesdfM%E For

wavel engths.. The | owest si bl e wavel engt.h /viglet). of. X = 400

o et 1 nohe Fid!"BaBER ot thE h oY SAEIENE AL e Peislisoqén Tit’d nigh
t Lans par @héss_IL_th@UTonawbrnzmaNlthyﬁ lsbs pef;sd@@g@?ahba’}ﬁgemzaaubﬁ_ agddsdoabar the
t his point e icles.s red in el ectron m croscopy as
50 nm. ( ey SHpRoSite SUsGS (76 LY SBaP IR ROUUM S i o0 Tal (iAo trandbar-
f unct 5on@hc\yl@@mdrbﬁap:érrrmkémfo@tthamefrebr tHe p@»ﬂ%@l—ceesom Pafli®d size below
sterile Q.9% D Dir echly af erwards, the tran

P orpeni SIS Hiay s athe The I GHES s o pY RGOl asISE) ks = 400 nm

transf er geAnéstidgedicdlad 4i208s /2 peidd tHy AP befdthes erarispafit aFbuRaddi-
end concentration of 4 ng/m_. Again, the conpound is directly put on

a shaker tipgel gpclgs OIS@JEH%@ZQUOTG@H@ agdads ek rthisepaing dhg gaticles size was
transf er imdzaitd irSeldctrton MR seYPY RES0ZeA (BYedn)Svith Qﬂ%ﬁrﬂ@eé S§[BW‘§@D heh.
a bl ood pressure reduction. It transfornms angi otensi nogen t

angi é@engpr\galn thRi fbRctienal; 'ﬁ\%ﬂqGﬁlrf&@b|4/Bft9ebol§'§ra@ﬁ@ir6f‘e'ﬁs$q4w%€bm/é0t phsterile
enzyme (§o), Nétlarlﬂk@étﬁ‘y”%ﬁ%r@ard%r‘gﬂh%t ?r%ﬁ!st‘ér@n |§ ﬁémsgbrsr&ea frﬁ%“% the

for mddle term bl ood pressure regualon ssion o
angi ot en§PeIEdentreseine ldgyicen ThRrsoing @‘amﬁarmlls aéd@@l teyi 00en! perfluorcarbon

nanocarr iy |§B‘%Ehdolft§fhs5n 4 k@ﬁcé?lt%%np&teiﬁﬂg @%ﬁs'u?é‘ cBrhpd ung is di-
conventi on or conpari son of t ef f a group

ani mal s WGty putean adhakenfortd® angi ot ensin converting enzyne bl ocker
captopril. This small water-sol ubl e substance was applied as

mtré@erﬁmmm_l_ﬁ,e_éﬁﬁmmﬁﬂ%ﬂx hours after the injection, the 25
Fequl at b RroHy DIGREWRSE BRI R0 NPT ARNEAZ L REE Al in re-

si RNA i nsjenmel to Thlood pressgredeadnntion altcddandformsisag®temsiBege) ‘m ergioBMsin
PY Si RNA a \/ |

Vivo i nveéw"‘é@[ %sofﬁ’%ll %]C?Q/a d %h%{gggné\ﬁ% n?érrtg@ éﬁ%yﬂq% ?/&%E)Oté Qﬁgio&‘.nsm
nanocarr Qeﬁngmddermrn(ﬁmgnfnmam iatpof@nog thm[dtiterM[mbI@odqmeswrémegllwon

i 0020 For BRrSran B b LarliRRREbRE TEHUA el i EhBRToy e

br eat hednanmasmarr shaiild | soke wiraiar blood Ptedflle BpYesiPorand 286r@ntionalbACE-
sem cl os st WO 2009/ 4125 EP2009/ 0 5779 0O The.co un

consi st RSB JEGRmimR i 6L S7€ REE e SPSUR LA TPl WhE tREET Ui tne
under geaeg|atensnhadoat/enmgareaswmesbmckéﬁo c@lﬂﬁlﬁr& ghablsenall water-soluble sub-

cardi orespiratory condition the m in ure re ate
bod and SEGSBFSEEPIS 28 THEPSN L dpechRn S BRRFT Bltebung Taauon, th
injegsi Oéfféd.‘teor’f bmhrm*egwefwggmmmaasmgm Hefiest tdehpeaitling ré@uaa‘té@rpro-
the intr %ctl on, the anesthesia was stopped and the ani nal
recovere next two mnutes. Different sequences of

angi ot enauamgﬂrbfsmm WRleeL S OSTEE o€ IstRNA iR HhBRS CHEUmicdnNd @aRbniesed. For

tested in a rouE of five animals. Controls received the conpl ete
nanocar - Usage'in 35 g mice, 60 pg siRNA are solved in 30 pl isotonic NaCl directly prior to

the in vivo investigations. The solution is added to 300 ul of the nanocarrier and

ﬂJ

30 homogenized at 4°C by the ultrasonic device for 2 s.
Injection of nanocarrier and genetic material in the tail veins of mice: For general

inhalation anesthesia the animals spontanecusly breathed a mixture of Isoflurane in
63% N0, 35% O, and 2% CO; in a semiclosed system.



her either without siRNA or with non coding siRNA, a high flow
injection of siRNA, 10or the siRNA in the PFC nanocarrier w thout

transferriwo @9k of Gene transfer; Reduction of bl og@are&SMER 79
fol l owi ng application of angiotensinogep si RNA: To eval uate whet her

the translation of angi otensi nogen nRNA Is successfully prevented, we
measured the effect on the bl ood pressure regulation during a defined

t enper at The cmrmﬁddrel Corestbe] ofisiRNSiang rartozapézraivas énjeetad attedhe 1tail vein
bed, it wa reduce e._bady tenperature aof the ce, S0O.
Chat ¢ ne (Panf BeSe Sridlelidbgbrs tiSea ot MRSt Butlbrs e d rontions,
bl ood pr eiss utiee &dyaipl aetempemtw\mteg?rmteﬂ btehe%rfmweté m?meﬁew & mfrared lamp.
angi ot ensj n. sys causes a significant reducti on of t

o Ssour o DY BT e e R s ROy MES oIS RARITgctly
under genkftge RBE aﬁtraﬁéﬁdu@tlhﬁlétt@ﬁ?%@%ﬁb@th%é]ah@!dﬁ stegeRl atdnele Rahnberecov-
20 ceived %£ g ferent described conpounds by intravenous injection.
The t enp&Fed WHOIT ERUN SRt dWIBINUESS: adj usted to 42C, and thus the body

t enper at wifgereht EBGUEARE dFas hsmbgéh &i A vt ddenmeididIp) syirﬁhaslae@fand
t he neasurenent and the basal bl ood pressure was ascertai ned

15 ni n weagHv@steskedH atws'@r%&fm%aramaﬂ%ec%wl% Becsied tfm%g'%aanocar-
tenper at ppp e?cfleF hgtreRlsaehb o \&@wtdonwﬁg' A C2%Rsh flo%ﬁn?%]étt’fohaéf $iRNA,

reaches 30. hirty mn after the bl ood E‘_ressure profil
st ar 1@d. ONhQ ﬁ]IRé\mb@Itﬁ'@ RC 'E‘frlfl’*\%ca('?,@' WitAput Wangfesdd pressure was again

measur edrg llgiettd'r‘ GdRMMEASFEH Redl r:tfol'r‘leofbﬁgo&1 ﬁe@uié ‘ﬂﬂﬂ)vﬂb% %%%,mét?od@anglo-

t han kept—a 'S reduce enperatuare I me

peri od, iensiNgaeadsiRNALJ gr@aﬁwajermla@bewwestr@hﬁlaﬁnd o_f.oan@nnrteaﬂﬂegem WeRNA is

tenperat y @ceggfu§lgeprg99n§éad W ARG - AP thé Iprelt Rr2a HROE r&%&r‘%{) %q.llatlon
mnoat he be

t he prof e was ter the tenperature o
at t ai neddgoagia dﬂ&seﬁgamweaai}m@tpeqﬁIEO(sﬁzcbeltr\Né Heixg blteowepatess egulated

| t 5
so at> 47oRE RS Boqkifle M3RaLOE ERBAL AL ERrls BF LRE Rl & Bigthefenin
three noaeglbtermqgeemt@nmt&@stlmed taslsrepsdet hinod mressuad staztﬂeflnaetwa-

L utes, (BRTRlHo BhoBfl Pap R h AU B2ed1h LALLET SAARBL RO ALESIHE tre

35profile was IRt nperat urée pr € of
i's shombiond'ﬁ&b‘smr&.c[ea\m V608 d4drizd MRCIerEpP2@iedmsTikd 11 Table 1: The

ST e AL Sy b Al o SRS b oo re
20 ceived the different described compounds by intravenous injection. The tempera-
ture-regulated bed was adjusted to 42°C, and thus the body temperature of the
mice was kept stable during the initial 15 min of the measurement and the basal
blood pressure was ascertained. After 15 min we adjusted the temperature of the

bed to 30°C. Thereby the temperature of the heated bed continuously decreases,

25 so that it reaches 30.5°C thirty min after the blood pressure profile had started. At
this point of time (30 min) the blood pressure was again measured. If the tempera-

ture of the bed had arrived at 30°C, it was than kept at this reduced temperature

for 10 min. During this time period, the blood pressure was measured 5 min and 10

min after the temperature of the bed had reached 30°C (35 min and 40 min after

30 the profile was started). 10 min after the temperature of the bed attained 30°C it
was again adjusted to 42°C. The next blood pressure values were determined when

the temperature of the bed attains 41.5°C, so at 47 min from the starting point of

the profile. Accordingly, three more blood pressure values were assessed in inter-

vals of five minutes, namely at 52 min, 57 min and 62 min after the blood pressure

35 profile was initiated. The temperature profile of the heating bed is shown in Table 1.



40 30C 43 41.5C 47 42C 52 42C 57 42C 62 42C Results of exenplary
gene transfer: To eval uate whether angi otensinogen siRNA is
successf ul yyp 29@lisesed into the cells of a living ani Mglorpddefsiised
a decrease of the 5 blood pressure by g reduction of the animals
body tenperature using a tenperature regul ated bed. The tenperature
profile caused a significant decrease in the nean body tenperature of
t he anaeJtbkt 1 zeide terapefatoms BBEId.0 35C and a recovery after reheating

the bed. [Eiapsed tsMOuet BRNBRIhDSAYiId ETPET al Ulefnf SatFd dFIhE HRd
descri bed tenperaturegpgpefile in the warmng unit. 10For conparison

with the[effect of angj$tensionogen sf RNA on bl ood pregsSure, we
studi ed fhe effect of jjie tenmperature[ profrie 11T argirges treated wth
t he angi mmnvaﬁ—ng—enzmmdmwcwmmn

therapeu C UptiUlI tUZ [IPPTESS the—renin allgi otenst 393 Stemin
humans. BSubseguentty; 1€ effect—of—thetenperature pagt!—"e—W&Si

d H R aﬁl H:al S M*\i o r aooianrod Aanoa t ANncl NnAanANn. ol lf\'l N thno
teste I m o IIAYAYAYIER'AYA"] (AIIUI CCITOoT IIUHL:II (™} IL' o LILIL LA 2

_ 15 vriaor aitthbr cantainina thao narfliarear Ifz\llz’r:\cn:\nnnmﬂ cian
nanocar = "rw LI YA ol U0 . COTTITO AT 1171 IlU L LA rJ\./I T 1T AU T OO O T T TO T O oTrT
. £}

andtranm—nm e = oh.—The da o d

bl ood prﬁgg_u_r_e_v_a_l_ugq o control aninals either Trpﬁfng \I\Ilfh ThF\
nanocarr the nanac®&rier and non lcoding si RNA od28CRNA al ane  The
functional nanocarrier and the si RNA were wel | tolerated by the

ani mal s. RBBY & ensfar i evalvate whierharsangetgnsmoghowsRNA is

the ”E‘a”sctegéﬁuﬂ}/ &%hl@@l%d%ﬁtd’fl?%ééﬂseopé I|Ufﬁtgr§rﬁﬁ’%ge\ﬂ% %uc@boé)geafe§§§ YE Ehe

profile n animals treate angi ot ensi’n conVv ing €
bl ockr : bMOéepltasthebvm tdduckien axfgihet amgiats @odVé:emmaga@memgoadtemera-

CHELOD bl Rl SRPRADE 0005300 4 Ty 8 v

def i ned trmpeb@ctyut@nmﬂr@turlee@f thkersiegthatized rplcerfmmcdem:BMendfa telvev-

tenper ot Crotser PRRBRG HEDEE fidcfsPRsoRE M hETe PbBhettl® cougying the
to norrratleszram_tl tehgedatire psofile wahele\sarmtrmgmniipl slowy, so that the
ant n‘% S p&ﬂcg%'plal'is&?\%im (BI%j e D raensgu:‘?tensmncr)?;en (E.Fil\gA on) blood pressure, we

studied the effect of the temperature profile in animals treated with the angiotensin

converting enzyme blocker captopril, a common therapeutic option to suppress the
renin angiotensin system in humans. Subsequently, the effect of the temperature
profile was tested in animals which received angiotensinogen siRNA in the nanocar-
15  rier either containing the perfluorcarbon nanoemulsion and transferrin or solely the
nanoemulsion. The data were compared to blood pressure values of control animals
either treated with the nanocarrier, the nanocarrier and non coding siRNA or siRNA
alone. The functional nanocarrier and the siRNA were well tolerated by the animals.
Blood pressure profile in untreated animals: Fig. 2 shows the mean arterial blood
20  pressure of untreated mice.
Blood pressure profile in animals treated with angiotensin converting enzyme

blocker: Mice treated with the angiotensin converting enzyme blocker captopril
have an impaired renin angiotensin system. We tested the effect of a reduced body
temperature on blood pressure during a defined temperature profile. Thereby, a

25 pronounced decrease of the blood pressure was documented five and ten minutes
after the temperature of the bed had arrived at 30°C. In these animals recovery to
normal basal blood pressure values occurred slowly, so that the animals had still
low blood pressures at 52 min (Fig. 3).
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af ter anoi ot ensi nogen si RNA delivery via the nanocarrier. The animals
recei ved twe 2amguotensi nogen si RNA sequence CCG GIT CTRCHED206705538G
AAA (SEQ ID NO 1) delivered by the nanogarrier. By intravenous

i njection 60 pg si RNA were applied in 300 pl of the nanocarrier. An
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w t hout nanocarri er

ressure profi onparable to untreated

ani mal s PFasg. The) retwjdei @@fmﬁltwhesz of' 3:1&?@ Baﬁ%ﬁﬁh \eadediof @ fast insfease of
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20 after the temperature had reached normal values again, thus these profiles were

similar to those of untreated animals (statistically not different).

Table 2: Procedures performed in groups of control animals.
Procedure Result

Angiotensinogen siRNA without nanocarrier |Blood pressure profile comparable

injection within 2 s*Hydrodynamic transfec- |to untreated animals (Fig. 5)
tion”

Incomplete Nanocarrier Blood pressure profile comparable

Nanocarrier and siRNA without endocytosis |to untreated animals (Fig 6)
enhancing transferrin at the surface

Non-coding siRNA Blood pressure profile comparable
Nanocarrier with a non-coding siRNA se- to untreated animals (Fig. 7)
quence

Nanocarrier only Blood pressure profile comparable

Nanocarrier without siRNA to untreated animals (Fig 8)




Nanocarrier only Blood pressure profile conparable to untreated
animals (Fig 8) Nanocarrier without siRNA WO
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doted with endocytosis enhancing nol ecujges: The experinmental data on

a perfluocarbon nanoenul sion not doted with an endocytosi s enhanci ng
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conpar ed enhahtieg Huokade paresshovwen pr 6fgures 6fr tenéxahprify Bksof SIRNA directed
experi nment al gg,% % nstrate thlagI B rfl uorocar bon nanoemnul si ons not
doted w EHAERHE PO SOFSﬁMﬁJFﬂﬁa 0P rERBA NG AERSOPERSYFSHAI for the

del i very Tok igeoetpressteepiofiles bf @ntrhgls cebatedolithi yérigordirbEd SHaadeklilsion
ni mal s rece| ving this ubstan

bl ood 10pressu ofiles of the

ey oo oRPE SR NS e totit BRATRGNE RUHBreMerD Lobthared B Sh Plapdopres-
the cont kgtsprdel@cdf mhtmlcarmﬁggprrﬁ@/ewlméﬁtal @BtzPlefbBstrate that perfluoro—
angloten3|onogen Si RNA dellver¥ into hepa- tocytes of mce: Mc

wei ghi ng 35 RAGMAIONZNot \AoTrer MiineRRqas koS ﬁﬂ@am&%éaﬁa%%aweoa%@nc-

wi th t hetanal @-ene Id@geéry%f%%eué\frﬁ%nbmr@é YRE 2efd oﬁl@mﬁg %Htrﬁﬁls a%&%e%lood
respec- 15 tively 4 hours, the aninals were sacrificed and the [iver

was &dpl Bressyre Pﬁ@‘"ﬁﬁi PEthe jaginals\ieseiv e his S8 bseianesyearacigniliganthhnat dif-

secti ons fURRE O AbRBE d%sgtﬁérﬁomtes%f%@rzema@ El ectron microscopy
of these sections reveal ed conV|nC|neg speci al appearance of the

nanopar t ECEON Migesaepin wnua;@a_mﬂme_ama&tﬁmﬁmg@ﬁrgwﬂ defiery into hepa-

nano- Ca“E d&ked OF nqgé ée)/w%é; @é‘ RLQi &Y 8t vangﬁxi@ctﬂnsld i’lﬁ}\g anocarrier
ani nal s Was denonstrate tl‘OI’l m Cr oscopl

t he firstogigdmvithitee ann@tm@@%n BiRAIA. isdteri inteyvploreft 20 mlnutﬁs and 2 respec-
intragel | PE,OHRS alfinfall SR QICHAELY ARGl Ew DY

e
first tvvovhlgurs a ter i Rj eCTT on. “the Nanocarri er Was eavp%t‘%‘#} The liver
endosonetiasite was elploberraﬁed emb%ﬂd&de angt aemorﬁowemmtnt@irtddebmmﬂansvmf a

Vi si bl o, MR FORF FHEERESHY B b BERRER: FvBa il Ea I NG sasgle

its |ibepppéaancéod thdr@aoypaticles iMheperatetrio oels: d‘:t\eoqaﬁiciehosagéme nano-

0o ot kPR B AR IS BRRE 48 Mind cFLAHBI Y58 Mbnstoce
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el cot 1 oncaporBERapte izl ehBsEies Mol HeSRr anebRety vb1d@, Blgino the

m ce. first two hours after injection, the nanocarrier was leaving the endosome and was

liberated into the cytoplasm. Following the next two hours, electron dense struc-
tures of the nanocarrier were no longer visible, implying very probably the unload
25 of transpoited siRNA and its liberation into the cytosol.
The electron microscopic images depicted in Figures 9 to 13 show the nanocarrier’s
structure and document its receptor-mediated uptake, liberation from the intracel-
lular endosomes and unloading of delivered siRNA after intravenous injection in liv-
ing mice.
30 Figures 10 to 13 display electron microscopic images of cross sections from liver

tissue of mice.

Sequence Listing, Free Text
SEQID NO: 1 angiotensinogen siRNA sequence



Sequence Listing, Free Text SEQ ID NGO 1langi ot ensi nogen si RNA
sequence 14 Clains 1. A stable perfluorcarbon nanoemnul si on having an
endocyt osi s enhanci ng surface conpri sing (i) a periluorcarbon
conponent conprising at |east one | east one perfluorcarbon conpound;
(ii) an enul sifying conponent; and (Hi)transferrin or a fragnent or
derivative thereof as an endocytosis enhanci ng conponent that induces
cel l ul ar uptake of the nanoeul sion via endocytosis, wherein said
nanoenul sion is prepared by a nethod coWprising the follow ng steps
(a) preparing a buffered agueous solution containing the emulsifying

conponent, Claims (b) adjoining the perfluocarbon conponent,
(c) subsequent m xing, high pressure honpbgeni zing the reaction
product of step (b), and (d) addi ng the endocytosis

enhanci ng conponent At ostite peBGidatidnpmacbeaiuish ey (6) aRdboytosis
honogeni zing th i m xture. 2. The nanoenul sion of claiml,
whi ch has a par ?n caﬁgHé%dzrég%?ontF%%v 100 nm 3. The nanoemnul si on of
claim 1, which has &)parapaiuwrcsitrs cofperisoutonfbisingnat least one least one

perfluorcarbon compound;
(i) an emuisifying component; and
(i)  transferrin or a fragment or derivative thereof as an endocytosis
enhancing component that induces cellular uptake of the nanceulsion via
endocytosis, wherein said nanoemulsion is prepared by a method comprising
the following steps
(a) prepating a buffered aqueous solution containing the
emulsifying component,
{b) adjoining the perfluocarbon component,
(c) subsequent mixing, high pressure homogenizing the
reaction product of step (b), and
(d) adding the endocytosis enhancing component to the
reaction product of step {¢) and homogenizing the resulting mixture.

2. The nanoemulsion of claim 1, which has a particle size of below 100
nm.

3. The nanoemuision of claim 1, which has a particle size of about 50 nm.
4, The nanoemulsion of any one of claims 1 to 3, wherein said buffered

aqueous phase represents 25 to 60 wt. % of the nanocemulsion.

5. The nanoemulsion of any one of claims 1 to 4, wherein the endocytosis

enhancing component is transferrin,

8. The nanoemulsion of any one of claims 1 to 5, wherein said at least
one perfluorcarbon compound is selected from CpFamiX, XCmFamX,
XCnFanOCoF 20X, N{CoF2oX)z and N(CoFag+1)s, Wherein m is an integer from 3



4. The nanoenul sion of any one of clainms 1 to 3, wherein said buffered
aqueous phase represents 25 to 60 w. % of the nanoemul sion. 5. The
nanoemnul si on of any one of clains 1 to 4, wherein the endocytosis
enhanci ng conponent is transferrin. 6.The nanoenul sion of any one of .
claims 1 to 5 wherein said at | east one perfluorcarbon conpound is
selected from C, F2, 0X, XC, F2, 0COF20X, N(C,, F2DX) 3 and N(COF20+1) 3,
wherein mis an integer from3 15 to 10, n and o are integers from1l
to 5 and X is independently fromfurth® occurrence selected from
C, Br and I. 7. The nanoenul sion of any one of clains 1 to 5,

wherein the per fd tphea kot snedps radfiriom Qrﬁfkliymagﬁﬁarérhap?remfﬁﬁépd
8. The nahoemul si on of

perfluorotributyl am ne an 1 Xt s t hereof.

any one of clai é%cu?fech S%?gﬁﬂnh?@ﬁ%([ﬁ%éq'enul si fyi ng conponent conpri ses
at | east one phospholipid as the essential enulsifying conponent and
one or nore hel per kipi : S] o] | & . rein
sai d | east one E‘hosgh%'fgéf%[ﬁ%%”igﬁe%g%ﬁ rgmhltg:llg‘refpgu%ds‘ ;uéh%Feér\é\gﬁ? ed by
the fornula | -BRTHMPTGRRAY- OSwhebdeatpdRl Hera. Ropesiusrdondibisatidtent Byd

sel ected from HoabrédibmiReiild hiRied WRseor Wi ch may be saturated or
unsaturated and may carry 1 to 3 residues R3 and wherein one or nore
of the C-atons may be substituted by O or NR4, and X is selected from

H - (CH2) p- N( RA3.31- The (aDieRinplsiBhIONETRANE bj clM8 1, to 7,(\Etd2ip thetdarDd)fyikgH2 OH

and - CH2( CHOH) ps Rk, ' S ' f . , S

i ndependent |y s%olq:@%t eé CWE%S%BH% g%}\t/eorngg)ﬁ{z{h%@%gasdﬁ ?gf%ngﬁﬁgw;‘%?%d R4
i s i ndependent | §PPYENE EBFoRe FRIGE helpg ligifd CH2CH3 or a

phar macol ogi cal |y acceptable salt thereof. 10. The nanoenul si on of

claim9 wherein,in e formula | .apd R2 are independentl|ly sel ected
fromH and unsubst i tr{']ef B%Foefgl-sfﬂ Oé%lm 'e‘gri‘edﬂ%?‘d\}\?ﬁstﬁn‘?r&lf’s réa{'%‘gt'ﬁjr at ed
or unsat ur at ed, sefastedftomscopwb@eis eepréseoted &y thddrivoie,l seri ne,
et hanol am ne and i nositol residue.

O0—R1
.
~0—F-0—X

0

wherein R' and R? are independently selected from H and Ciezs acyl
residues, which may be saturated or unsaturated and may carry 1 to 3
residues R® and wherein one or more of the C-atoms may be substituted by O
or NR*, and X is selected from H, ~(CH2)p-N(R%s", -(CHg)p—CH(N(R“}a‘}COO':
-(CHz)p-CH{OH)-CH>0H and -CH{CHOH),-CH,0H, wherein p is an integer
from 1 to 5; R¥ is independently selected from H, lower alkyl, F, Cl, CN and
OH; and R' is independently selected from H, CHsz and CH,CHs; or a
pharmacologically acceptable salt thereof.

10.  The nanoemulsion of claim 8 wherein in the formula | R' and R? are
independently selected from H and unsubstituted Cqg.z4 acyl residues, which
may be saturated or unsalurated, and X Is selected from a choline, serine,

ethanolamine and inositol residue.



16 11. The nanoemrul sion of claim9 or 10, wherein the phospholipid
conmponent is selected from phosphatidyl choli ne,

| ysophoshati dyl chol i ne, phophati dyl et hanol am ne and m xtures thereof.
12. The nanoenul sion of any one of clains B to 11, wherein the hel per
lipid is selected fromfatty acids, steroids, vitam ns and m xtures

t hereof. 13. The nanoenul sl on of any one of clains 1 to 12, which
conpri ses perfluoroocytl brom de as perfluorcarbon conponent (a), an
enul si fyi ng conponent (b) conprising ph&%phatidylcholine,

sphi ngonyel i n, chol esterol and |ysophosphati dyl choline, as
phosphol i pid, and transferrin as the endocytosis enhanci ng conponent

(c). 14. The napoemyl sion any one. of cl aj to 13, which is
suitable for t rgﬁ'sf Eﬁeoparﬁﬁﬁpggﬂi Ft?(?a%n%orni]d;s‘f"%er@@l &'E P'?PS{?ri‘%B'dand
invitro. 15 'Fhrepmnbét%_rnﬁbbbt@d\ fofm chhaphatidyiohbiipe eilysophvehdtigglciayihe, | i c
conmpound is a PRAsIMBESHIHFEEMAE aﬂ@ﬁ@&dr@s fBbgrial . 16. The

nanoemnul si on of claim'15 wherein t nanoenul sion is suitable for
transfer of genetic material selected from RNA and DNA sequences and

combi nat i ons and2dertheatiosasisioner 88)f one of daimE B8 MARNGEEH (Bé Ae&ipig! @i m
. A

16 wherein the gepetic.material, is m RNA .Si .or dsRNA_ 18
gene-transf er a%esr? ecfgg frgm6%&@3@3@%??'8%{Iv’t%%%@lﬁ‘i”ftwﬁsﬁ’@ﬁeﬁf'i sing a
nanoemnul sion of any one of clains Ito 17 and a suitable carrier. 19.

The gene-transt s aggglnaRberiASITBEGH) bidke EQRROP S 19NWAEN Shabled®:
whi ch further conprises pharmaceuticals or genetic fateria 0 be
transferred to B%BF%O‘?CM“ 1eTViEe offd PeAiugicerben component (a), an emulsifying

component (b) comprising phosphatidylcholine, sphingomyelin, cholesteroi
and lysophosphatidylcholine, as phospholipid, and transferrin as the
endacytosis enhancing component (c).

14.  The n_anoemulsion of any one of claims 1 to 13, which is suitable for
transfer of hydrophilic compounds to cells in vivo and in vitro.

15, The nanoemulsion of claim 14 wherein the hydrophilic compound is a
pharmaceutical or genetic material.

16.  The nanoemuision of claim 15 wherein the nanoemulsion is suitable for
transfer of genetic material selected from RNA and DNA sequences and
combinations and derivatives thereof.

17.  The nancemulsion of claim 16 wherein the genetic material is MiRNA,
siRNA or dsRNA.

18. A gene-transfer agent or a pharmaceutical composition comprising a
nanoemulsion of any one of claims 1 to 17 and a suitable carrler.

19.  The gene-transfer agent or pharmaceutical composition of claim 18,
which further comprises pharmaceuticals or genetic material to be transferred

to cells in vivo and in vitro.



20. The gene-transfer agent or pharnmaceutical conposition according to
claim 19 wherein the gene-transfer agent or pharnaceuti cal
conposjtion conprises genetic material selected from RNA and DNA
sequences and ‘conbi nati ons and derivatives thereof. 21.The
gene-transfer agent or pharnaceutical conposition according to claim
20 wherein the gene-transfer agent or pharnmaceutical conposition
conprises genetic material sel ected fron}niRNA, Si RNA or dsRNA. 22. A
nmet hod for preparing the nanoemul si on off clains Ito 21, and the
gene-transfer agent or pharmaceutical composition of any one of
claims 18 to 21, which nethod conprises the follow ng steps

(a) preparing asguff ) I |n|n he emJIS|fy|ng
conponent, 2B ?Ee%nggﬁr?sﬁé# %’9[ ég‘e‘dr]_'% Fna(?rg%ar bon' pgs(’)&ono?%ﬁ'fdmgaﬁd

(c) subsequent ﬁiawp g, W'Pﬁfgﬂ the é@@&]if@sf%rﬁﬂg@tnb!zbwgmmewm crpesitioon
product of step célhbnseg?geﬂ-&l@ iﬂ'@t%m%e@f:te@fﬁﬂrrm%’ s DRR {44UERBE and
conprises (d)addi nﬁ t fcg?ﬁg LE n]\hanm ng conponent and/or t he
hydr ophi l'ic com58l BaPB?arf q‘“&‘?s Yt'he reaction product of step (c)
and honogeni zing the resulting mxture. 24.A method for transferring

hydrophi | i ¢ COMpeuNGe! Qe fhdcfer el & oMb Gl CRIRLLRSS, GOM-3Gb N9

the cells wth a nanoe
gene-transfer a§éim 28fwhamin drre gme*f@r@fermagm @i‘oplﬁﬂlma@Qt!Clat@OmPOSdmn

nanoemul si on of c@fptiseNgerefic GhBldrSeldotdPidkt mirdA, RIFRRSS dBanAR Medi canent
for transferring pharnmaceutics and genetic material to a patient.

26.Use of a nanoemnul sion of any one of clainms 1 to 11 for
transferring phat.nadeutihoes foamckpgdnete qansdnendial oftariras pad 2endnd the

gene-transfer agent or pharmaceutical composition of any one of claims 18 to
21, which method comprises the following steps

{a) preparing a buffered aqueous solution contalning the
emulsifying component,

(b)  adjoining the perfluorcarbon component, and

(c)  subsequent mixing, high pressure homogenizing of the reaction
product of step (b).

23.  The method of claim 22, which further comprises

(d) adding the endocytosis enhancing component andfor the
hydrophilic compound for transfer to the reaction product of step (c) and
homogenizing the resulting mixture,

24, A method for transferring hydrophilic compounds to cells in vitro, which
comprises contacting the cells with a nanoemulsion of claims 1 to 21 or with a
gene-transfer agent of any one of claims 18 to 21,

25. Use of a nanoemulsion of any one of claims 1 to 11 for preparing a
medicament for transferring pharmaceutics and genetic material to a patient.

26.  Use of a nanocemulsion of any one of claims 1 to 11 for transferring

pharmaceutics and genetic material to a patient.



