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Per fl uorcar bon Nanoenul si ons wi th Endocytosis
Enhanci ng Surface for CGene-Transfer The present
WO nooentizen provi des stabl e perfl uorcarbon nanoeOT/EB200%/655779
that are suit able for gene-transfer, its production
and use. Introduction Conventional oligonucleotides
and nore recently short interfering RNAs are prom sing
and widely used naterials for gene transfer. Until
now, the possibilities to apply this genetic materi al
t oaliving animal are very limted. For the delivery
P&l 36F&iiboriNAidéhulsions Watls EndotytB5ls EARBEI NG Surface for
are a prom sing tool, as these enul sions are
successful ly used as ox?@é’!ﬁ‘fﬁ"ﬁ%ﬁ%“rters ( Daugherty,
u g it-
The gregént %&eﬁhon&?‘%\% 03 §1{33?Tey§é d&régg)cﬂfﬁgnégﬁ@ﬁl?hs that are suit
ableBpogeohrtvdnsfes: msrpazdt(czmsar)d ukel | owi ng i ntratracheal
application conventional perfluorcarbon enul sions can
Intr rga R ort drugs into the lung (D ckson, E. W et al.,
MeteR . g Med. 100 1019-1023 (2003)). Moreover, PFC

cOn@éﬁticmaﬂ)mﬁgbaudebhaegéwanhag@ r@éerﬁlysgfﬁ&tqhtéﬁélﬂi% RlNAl@yare promis-
exhalatlon Put¥at|na T. K et al., Artif

ing Gyl edypesed MaremalsitPr 9BnettEier-. Uny nCl‘QB‘lhe.LEQSS'b'“t'eS to apply
this (‘;éﬁgﬂ%}na{é'ﬂl%f% erﬁﬁln@%hfr{wﬁpér@\ﬁé}@nl%%w d function as

an effective and safe tool for the deliv ery of N
For tendeliveryemf gengkicimaterial] peifhuprearibeal (PFO)ennolsidnsi are a promising

tooI,Lg%?ﬁé§$sﬁﬁlgéﬁ9%}e ch%@sc'sfpﬁgtues%ﬁ gsog%/ﬁaéﬁ ?pzmspoEters (Daugherty,

I ONS have sel Z&3 revent’feavin
W. Rasatudlar Nbedoamdetﬁér%ﬂbﬂa—lﬂm(emms,l arasyvoul@i atifb€ells Blood

subty ol SA0EEnal 48 4 Paceach)S Edling iofatiarbed! appication,

con\ﬂantlohbﬁnﬁé}(ﬁlhbr&ﬁ%f!ﬁ é@u%@ﬁé&@&@ns@brﬁ@r@sﬁ‘ﬁﬁg th¥ lung (Dickson,
a0|E/bote|nA|ntotheI|v al

E. Wa- ¢t appAcagth&mergs-Mad.450: 11011§2(1@g@o®q03f)5\,g|q5@@y,er PFC emulsions
havfﬁgesg Qg&alg% 5H1ae1sél%s<%llr¥ﬁ1aart%n lePFFhQIZa%%%A(gPu‘?y%t‘?nt ,:F.g}ﬁ. et al., Artif.

oduction o er-in-oi uorocar
CeIIscBhnchaSuh)stg aouechis Biotgdhetos. 22: 1281al28adeo84 pnet er  of

TherdBorky msandanea o oo Ul HEEDT aae pbrive pa Sk Shalfor the deliv-
ery ngéhe’dlt 7egtc3| eieol §llfv)/rthgnﬁﬂentDueEFt’oAhéﬁr%ﬁzaon as ox%gen trans-
di scl oses a cogcp05| tion for transfection of cel

portgrs gImRNtERE! FE&-RREHEPRS thiyCepeiFes thahravitt Ie,agnkghthe vascular
bed 'adeﬁ?é?'laF&@ e léﬁ\tdlé’SnQ%\‘/d)Lﬂa ot Be (giﬁ? Ry an§FER AR Eances into

I uor ocar bon chai ns. EP-B- 00831770 di scl oses a
cellsam‘na livinguergaingsrodi sper si on of fl uori nated conpounds

Several less effective transport systems e. g. transport bound to cholesterol or me-
diated by apoliprotein A into the liver (Kim, S. I. 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-
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 C;o-C3¢ hydro-

carbon or fluorocarbon chains.
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contai ning a di sconti nuous phase carrying the
phar maceutically active conpound. US 2004/0115159
walc@ehorss an oil -i n-water nanoemrul si on consi SPCTYEPDNY/E55779
ternary system of surface actpve substances that is
suitable as a transport agent for cosnetics and
phar maceuti cal agents. This ternary system conprises
EP-Ba0088il 3D cdisclasesra coatiduans anjuno gikspéersiors woff ficodramatedUSompounds
7,211,248 discl oses nethods. fqr transfection of |.iver
contair)ing &, FeEOTRIIqY S&wcaJﬁV'UB&P&s%?ﬁr@%C&r‘F'FQEY a éé‘ﬁtcompound-
US 2604M11alsamentipdioses arf diikidt watershaRbémaildien consisting of a ternary
m croparticle carrying plasma DNA.. Transfection is
Systefy @f:tséﬁfaﬁ9 qftiveashnteRed AN is) PWiERLIBE39 3. tragsport agent for cos-
meti%Q%?{doéﬁémg?&gﬁ%ll% %ﬁtsﬁ? TRIZ ARG @é‘rﬂd{d}ﬁnﬁrises an gnionic, cati-
consisting o Iologically ac ceptable oi xture o
onicfangoare anthiphdinsuafachanrtapeut i cal |y active substance,

tj-can ent . 6 382 [ sclo .
(of ositl rrsi ri C ons, a
us Fa8 24 BlbclosBe gt O traireie] BP IBA 0L SAHOBRA & which an
ultrasogen comiabist agent tistEupphsmehierdapétit iacpegent stalEiiging microparticle
optignal |y additional pharnmaceutical carriers. Tﬂe
Carr\é‘%ﬁp‘ﬁ@?@“?oﬁ%’“ﬁs@%ﬁ eePHE SlietadIRy YErasopyationeof liver cells.

US 260E91840v6f Blscloskgad nhix8u@f ofinénodeyS$/BRGRiNgVE? biologically ac-
96/ 40053 and EP- A- 1306083 di scl ose stable

ceptpblef ol snixkwenof Auppehensiebd asherapelteally getive substance, e.g. an

1 ically active substances. US 6,071, 890
ant cﬁggé%gggéhtgnpl i philic cationic substances supporting

US 2006/00a38p0rdisdbs&NA amdp&ditioanmbnpirisihgrvari alsofjucradallyons, an an-

._active ca unds_wi thin.the body. These substances are .

tiger i3 B LPISE erool U SPRi b £OPD58 130 UPBEPBEL Sgaitional Bharmaceuti-

cal dir@eepartd ebrapoSititRr isHaid té tROSVifETIe GsnRbakLiAk, espekially for treat-
| ogically active therapeutic factor and |ipid proteins

ing ¢fsHM-ansfecti on agents. A reliable transport vehicle

WO ‘;%/4@%§96f\9\@ﬂ5§§/40i0'33?%n9{ GROASTE( 6D idiéclé%kﬁtgﬁ% perfluorarbon

ummar e I'nvention It was now found t
(nanegemulgiot ashamrirehterhhilesdpayticady sstiyess ybstdnansr car bon

us ER2TAB0 Bl aamBTPulioeh R 8L kRe RyrBard dne gransport of
DNAsghtiaRNa dod fubghenpipibl agadalign aofive etvetpeumadd evitih the body. These
vivo. The addition of nolecules that provide an

SUbSERRERS PIES T L RIRA AR SERPSr f ace to the nanoenul sion

WO 9197258 ALY 050 BEMiGobBRI4BS bt Hsihd e ?olymeric material, a bio-
per fl uorcarbon nanoenul sion into cellS. The invention

logicaliyagsivevingepguEiC fRckeradn@ lipisk praiginsaasoansfastemagsnss:
AV ' LAg -surf “(2) A ,
A e e b e R a7 e A APt 4G reauire

nanoenul si on has a con
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.
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 nanoemulsion having an endocytosis enhancing surface;
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ti nuous perfluorcarbon phase and a buffered
di sconti nuous aqueous phase and conprises (a) a
w@edobliysTar bon conponent conprising at | east POPEP®ag055779
one perfluorcarbon conpound; {b) an emnul sifying
conmponent; and (c) an endocytosi s enhanci ng conponent
conprising at |east one conpound induc ing cellular
(2) aptrekared drheodiamerenefl §1 pabove, efwoeyt ssidsnarf@malsion has a con-

tinu e LN he RS rG: BnOUGCtar (m i obs BUgays phase and

comphgé@ (4) a method for prepari ng the nanoemnul si on of
1) (2) above, or the genetransfer agent or
(a) @@rﬁﬂ@gﬁrpgmc%mq F@’ﬁ]pﬁlﬁlr‘(gg)':]t ag@RieOnNQHeast one perfluorcarbon
Comﬁggpal ses the followi ng steps (a) preparing a buffered
aqueous sol ution containing the emnul sifying conponent,
(b) gmpadjlgfyinagontmonsatf kodr car bon conmponent, and (c)

(© 4 S8R PR e e 68 4 SERE SR e incuc
ing dmlumbtakemfaagdm‘noreaw?mn(\mh @Tdfo(cizﬁomove for
eparin me dicanent for transferrin ene
(3) Aegelts-HIENSTes a0RRk Pbra ph@éwaae%@cﬂo@magslgpan%qrepwﬁwg the nano-
emu%éﬁbbcdém*e@ﬁhé(ll)torqzia dhhieent,, which conprises adm n
istering a patient a nanoenul sion as defined in (1) or

(4) p2yesies dopPrapgene-theananesmalsion ir(1d phdeiraians <l the gene-
tran?f%'lmz?iéansé’ %rﬁjn% ﬁgal' &?r{’@)sﬁgﬂ\@f é???abg)aééﬁ/l/ﬁ;@b E&qnprlses the

rlng roph
following etepshi ch com prl ses contacting the cells with a
i ned |

L si
() PR -t e 2 taslrsalid boRbait Pl PyergnBintifomponent
(b)a@?&ﬁmgOﬁHeOﬁe@fuoﬁ't@'thgwrﬁQOEér& ahdshows the

enperature profile of the heat i ng unit and the nean

() nb'éfd}ﬂ ?@ﬁwf]%’ﬂ%%ﬁ'é”\ﬂl b ashighdriregseies hamasienizeriqfitde reaction prod-
tdpeti zed mce. Fig. 2 shows the nean arterial

uct @1‘5’{%3 (Ig?’essure wi th standard deviation of five an

(5) wesubetdfzzdanpemudsion ras daénedon i(Ag cs'e@)eala@/e for preparing a me-

. ig. 3 bl ood
dicaliEIR 5GP ropsfing LAl e B L T on o 1 he
(6) ANorethoddioetrdemptopg fefeticniatedi@l twakgptlenn opicH togpeses admin-
dots = control valu?
|ster|ng a patient a nanoemulsibn 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 nanoemulsion as defined in (1) or (2) above or

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.

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).
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bl ack dots = actual values).Fig. 4 shows the nean
arterial blood pressure ( SD) 24 hours after
wa@p@biteasi on of the nanocarrier wth angi ot enSPEDERIV09/055779
SiRNA (n =5, 300 m nanocarrger, 60 ng Agt si RNA,
surface: transferrin protected by Fortecortin), grey
dots = control values, black dots = actual val ues.
Fig. Bi shoves sthewsearhartesih bdwdcép'reftsubéc(ddsm)ea%noeri aBpey application of

the g8NaGr st Rt EPIGEnPagl TRBAGUER ertiny opeacarier, 60 ug Agt

S|RNW tdirface: seaesrasrin Hrdeadynapy CFoHe%Bﬁtf@};tgm do® &Y control values,
dots = control val ues, bl ack dots = actual val ues.

b|aC|F|d@t56- 3¢bMs Velesean arterial bl ood pressure ( SD) 24
tgoﬂ{cﬁst"fcIﬁ@rm@Q‘Plaﬁff‘e?Fa'l Ho IpFéB‘asu"f‘@Q':I:OEB') 4‘9395:? %{‘tﬁﬁ"%ppllcation of

USI ng an |ncorrp ete nanocarrier tthe sudrface
angintarsozogaresiRiNA (i =hou b0t AghddtVAowitboehhanotargier injected within
nocar

2 sehRbE T P8 hlecProhSret Bnee are o qar Bkt o1 688, Blackc dots =
actubbvéleesrtin), grey dots = control values, black dots =
J_,%?%?gglll\{ﬁ Vaéle l#&%jn ater @i,bio%géshs;ﬁgﬁ%§f}r)gﬁ bglufshéptgg application of

the BABIEALIABgEA @i’ﬁN‘AS'uBngt he Naesaktd &arldtarrien, 30 sbtface of the
nanocarri er, & VSI RNA, surface: transférrin

nancmadiﬂ@m?eWIWUFdhﬁ hgsns @ﬂéﬁnqn@gsprﬂt@@nitraasfemn des= 5, 300 pl

nanéc!?a?‘rlg!' aﬁé( %8,& t &R‘?\E& uﬁjrfa( %;% é‘fnﬁl’egrln ?ﬁlpﬁ%‘h BP%OF@@Qrtin), grey

arteri pressure ours’a
dotsappontal vahuesf blatt& detsocactuadrvabudsy, (n = 5, 300 m

ro JRFSEE B 20 ey PR S0 AR RR L Sk apicoton o

the 8lPKcs@hg sT-Rlﬂﬂthsﬁ‘h%Yhé”na%@&érrlé?'@} =95 3@@%¢h%ﬂ6carrler 60 pug Agt
m croscopi ¢ i mage oW n particle of

SiIRNAaristEage: etrransrfﬁérnpa?rtot¢ct@ﬁeb\ha@r%e@rtzré),ogr%dgts 50 control values,
the QI%EQ3%%§ ?dﬂzjagvaljug %Th_e i mage shows a hepatocyte at

magni ation. The |iver was explanted 30
Fig. @ shaves tia theean arm\adamdmsd pn¢ssetre dek 6D ) nizdhboars efer application of

the SauaeBEr Robt B &Seanodiaiolahtth Mnnacs SRMR! sitfogs: transer-
rin procedtad asarbietottaRdefe ddts st Rishtrol nealgesThislaBR dutd = actual val-

free space around the particle beside the ‘cel | surface
ues)docunent s t hat upt ake occurs by receptornedi at ed

o, S8 0 i i ELRELAAT o SEROPAS, hSPBE orhe par-
cle heefst @ sizemfrahaidas nadeinetrsst at i on of nanocarrier and

Fig. iioB"Fhet nﬁaﬁé REwWYR? hepatocyte at 46.000-fold magnification. The liver was
explanted 30 minutes after intravenous injection of nanocarrier containing siRNA.
The arrow marks an endosome after receptor-mediated endocytosis containing a
particle of the nanocarrier loaded with siRNA. The membrane and free space around
the particle beside the cell surface documents that uptake occurs by receptor-
mediated endocytosis.

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
were liberated into the cytosol.
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expl anted. Round vesicles of the nanocarrier
containing dark structures w thout sur rounding
woreetbnanss are visible. Unlike the nanocarri erPOPEPDINEESS779
in the image of Fig. 10, the particles are not covered
by a nenbrane. Qoviously, all visible nanocarrier were
liberated into the cytosol.Fig. 12: Enlarged detail of
Fig. flBe Bol@®gedatetail of dbe @araeoticmscdpiseatied displByed ilGig. 10. At

175 B0gr R skt Ceforl B ArEER i SRR B3k S el aer iherared into the
cytopfashh@f Hﬁ@ﬁépétﬁc@té £ SHONA. TFT@QIaGIa%K*u%tLﬁﬁé@tvwltl@lﬁ tiet he rhicle also
article also visible in Figs. 10 and 11

V'S'bé%m E@ﬁoﬁ& Qn%lﬂlf@rfW@Pﬂ&oat@@dn@Watqq gRNfg:
. Bl .?%I%?ﬂgoﬂ‘ rﬁf&?lgggitlg n‘n@@ €oPh e Lﬁbgeﬂq%céﬁ 80200 Pold magnification.

magni 1 oNn. our | owi ng
Four houm/éoimm'ngripetaveonusuhwcannnﬁhev@mrr@oww isedritigd and the liver

was egg c'g%’? g@ﬁlsetxrlhr 6\?8 ﬁgﬁ %rnatggé'ﬁ?ralﬁ%rn?ﬂg?b% Q&Q&r contain the dark

strugtiures iVigitsle imiBgdl £0 ito 12. g&arylpﬁl‘obablyl&we S®NA gebbaiedyby the nano-
t he si R delivered b the nano carrier was set free

Cameﬁt"Y?St?Fet EGE PO CYSRP'ESI™ed Description of the

I nvention The stabl e perfluorcarbon nanoenul si on of
Det@ﬁ@&%eéc’lr)i?%n(@a tiRé Ihbenitioention (here inafter

short erred t o as "nanoenul sion of the _ _
The sta}céﬁtneoﬂugvrqaatsora neopemMw®os gfesbiedof thobdd) phike irvantion (here-

inal‘t%rb ofrﬁgg%f% gaoﬁ@t 'aguﬁ#é%o%mg%ﬁ BPQF@ ml/Enfl(?n” hasqa continuous

preterr red agueous phase corr

perfluoecaboh phddE: whd% oiuffiched mr:wmluos:scmque&ust plbése It is preferred
or the aqu

that e B Eercll Ao &0 PRt BT RRaP DRerBria BRAAS WrffeOf the nanoemul-

sionN&0RERIE BLFBrLforidhe dq&dld Qﬁaééwﬁcl@@@@ﬁﬂﬁbﬁét‘é%uﬁﬁ@#s%hch as so-
neans that it has a particle size of below 100 nm

dium difprdspgenriirsphates he nanoenul si on of the invention
The @%ﬂ%bﬁ’?uﬁ% FofHd ﬁi\%%t%ﬂv'lg ﬁgné‘(‘—!ﬂu@@ns% c@%@é?%ugwat it has a

€ nanoenul sion of I'nvent1on I's conpri
partigfe aIZﬁEIffHGthdEﬂ‘(me dbmspprm‘atre(dauwad:cuhpmaﬂnloeg'udmohea‘suhe invention

erflL.uorcarbon. co und, - an_enul si fyi ng
consigle o5 TR P et ey ava i Tottl Rphosphol | pi ds
The a@nbam@ﬁaﬁrﬁﬂ tale mWhﬁbﬁ ys rcgrrmmeﬂ%ma mﬂubmw@mcomponent (a)
further coggrlse an endocytosi s

ComBHARRcEthiga ﬁﬁ@ﬂ%@ﬁt ?Q’ﬁ p?ﬁ'ﬁ!orééﬁiﬂﬂ s@BPaHnfegBtergHisifying compo-
nent_Cr dpr‘eFQ*éBlWEorﬁ%lrl{sEE %‘fho‘éghél‘f&dgfast g?ﬁ%@@”éﬁ@grwlng com-

e at l'east one perfluorcarbon co onent
pour(da)anidstrmteﬁes/a‘brtghegeqmmae ﬂwlemﬁrclmiﬁ@uadé amehdgcytl@éls enhancing

comgéégl% gbﬁ@%@?@ égig%agp%’nex%pg% ngh(cmgNE&Iular uptake of

the nanoemulsion.

The at least one perfluorcarbon compound of component (a) is preferably selected
from compounds having the structure

CinFam+1X, XCrFamX, XCrF2n0CoF20X, N(CoF20X)3 and N(CoF20+1)3,

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 I.

The component (a) may contain a mixture of said perflourcarbon compounds. Par-
ticularly preferred perfluorcarbon compounds are perfluoroocytlbromide and per-

fluorotributylamine and mixtures thereof.
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wherein mis an integer from3 t o 10, n and o are
integers from1lt o5 and X is independently from
wo pwovhensoccurrence selected fromdd, Br and |PCT/EP®09/055779
conponent (a) may contain a ngxture of said
perfl ourcarbon conmpounds. Par ticularly preferred
per fl uorcarbon conpounds are perfl uoroocyt!| brom de and
The pendlbifigingt cdrbpbyérahﬂh)snw;dcamm’iseea; grhet eefiefhef emulsifying com-

pourti RS R IrE B Ro T, B s iooR it R Jeflrefbed ted ' the intro-

ductidmat préregkas@duisifyiie cbﬁfpﬁfmgeérecbhagphdhpildi@ &¥én Mlore — as set
duction. Preferred emul sifying conmpounds. are

forthpﬁ@@b%ﬁl'r bi Barticianty pegferredaiad ihgsphplipigs e thej gssegtial emulsi-
fylnd)%BHtl arft‘fby tﬁée%rﬁ[lfsﬁﬁl g“n%gn%‘ﬁ%ﬁﬁc(ﬁzp*rﬂﬁ ak eterh?ulsﬁylng compo-

esse ying c
nentc gmpprefataliy)conTrisss atheasmans Wowcdk@nﬁa@onmqur‘(cbyepresented by

r ef bly conprises at | east one phospholi pid
the @’5%6‘@%% represented by the fornmula I | wherein Rl und

trrmRlependent|ly selected fromH and G 6-24 acyl

R2 reS| dues, which may be saturated or unsaturated and
r%y carryj1 t o 3 residues R3 and wherein one or nore
of Crteysxmy be substituted by O or NR4, and X

is selectled fromH, -(CH2)P-N(R4)3 +,

(CH2)p-(9—|(N(R4)3 +)-000 , -(CH2) P-CH(OH)- CHROH and
CHO—ll)P CH2CH (wherein p is an integer from1l to

i s independently selected fromH, |ower alkyl,

WheFEIHCI CN und OH, and R4 is |ndependently sel ect ed

uﬁ&q{m%'ll' bﬁgéggﬁg ﬁ{;%ﬁ%q ﬂ'oﬂm@rg@ %t %ﬁlltrlé&duets which may be

acce er eo the ure
satupateﬁeor echsbhatatéd andd nRYy @peryi depéndendthgs $El and ewlhereln one or

unsubstitu 4reS|dues whi ch
mort i Tg CatSTaeY be TS RGO SHNRY 29 ol eet od
X is fdepsptad rheini Ae, (@HE)‘pIN*(R4¢;+haloel-|§m@|e(|am)gﬂ)0@®ool -(CH3),-CH(OH)-
residue. Most preferred the phospholipid conponent is

CHzQ'é@é& e@*:f(%wb}no‘é'ﬁt%'ﬁu(meéﬁ'& R .*fean integer from 1 to 5;
3id .}ﬁae Bﬁ’&éﬁ% y Q¥ gEIéH Leﬁq th&ﬁ PQF aﬂiy# eéhmhamgw ahd

res ereo emul si yln conponent
R“ lsflndehelndmiw aelectatefrom hipiGHhehp€H.CHpi ds se | ect ed

or o AP GRO M e BB SRt o XL e

In tis@igbodie bteasturenie isopfedertddithdticR'nand R? are independently selected
from H and unsubstituted Cis.24 acyl residues, which may be saturated or unsatu-
rated, and X is selected from a choline, serine, ethanolamine and inositol residue.
Most preferred the phospholipid component is selected from phosphatidylcholine,
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.

In the endocytosis enhancing component (¢) 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-
gous effect/activity; glycosylphosphatidylinositol(GIP)-anchored proteins, fragments

and derivatives thereof and compounds having an analogous effect/activity;
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cellular uptake is selected from conpounds t hat
enhances cel lul ar uptake via endo cytosis. These
w@oomoaunds i ncl ude, but are not limted to, PCT/EP2009/055779
transferrin, fragnents and deyivatives thereof and
conmpounds havi ng an anal ogous effect/activity;
apol i poprotein A, fragnents and derivatives thereof
megahd—hjndipguprcdﬁeilmay fnag nmntarmcbg@til\ssatésfefseme’raoft awd tcpmpounds having

| vcosyl phosphati.dylinositol (A P hore rot ei ns A
SRS BRERAGV A Lo Sbfnaredh AREORs vk R gne gerivatives
theré@df @rﬁ@'c@@”ﬁib‘im@l%fr%imﬁ@%hl a’rhatldg@@9éFféBt/bt’mitWgPdmtlQUEirWSpreferred is
fragnents and derivatives thereof and corrpounds havi n

the ﬁ'ﬁnaﬁépéa%ﬁg‘gefpr%‘@“? %@nﬁﬁfrﬁﬁ Wl fradenentse dind der'Vat'V%S thereof,
notaBPhEi| Shéfo‘i‘ﬂﬂ%'ﬁér‘?lrﬁglq durH@ﬁl%svea%cF H@ﬁ%’ﬂiv@sngwereof which binds

conpoun avi ng an ana ogous effect/activit
as tirironclobdet \sigereftranstairinsta aspecifin receptopomthiciyin turn induces en-
docﬁrg%ei n transferrin and fragnents and derivatives
R&Peof, not ably human hol otransferrin and fragments

Thewﬂ'ademr\mtgi peseinegregdresahtethabthelsurscd be perfluorcarbon nanocar-
derotransferrin CIfIC rec

n- |Q ded si
rier Wi KaR ADIE Lfbﬁtﬁa%seett@ﬁ%w%%ﬁssu i@ Hraeentl enhgnee cellular

enddyR6 Q5 NS vV EaRl §5¢r6d at the surface Of
per fl uorcarbon nanocarrier wth variabl e substances

A patticdpdy Poefiereeds upangaemulsiaeefeviineh isveaihe® eempgisgs perfluoro-
ocytﬁﬂ'gﬁg%fé% 'ﬁer’ﬂ[]oyé ¥Boﬁ%8#5§%é&r@), %@ﬁulsﬁ‘ ngiréé'engponent (b) com-

nanoenu on i'nvention co
pnsmgrpfhasphet:dytchbhnm simlagopmeﬁhuohclastﬂml dpsqumestiatidg)choline, DL-

o- tog%%ﬁ&l%hg ?/Pegﬁﬂpélabﬂﬁg{gsg h(g#{%ﬁ)é@{%r?ﬂd transferrin as the
endddw@ﬂﬁ@&lh@htmgl @hﬁ‘)blﬁ@ﬁt @y: a-tocopher ol and
phosphat i dyl et hanol am ne_as Fhos phol i p and

The papASEYFiPR o4dhe frventist is 94 @l%ﬁﬁﬁﬁénﬁ@ré&rﬁy&ﬁgﬂh”'c compounds,
mclu{o‘?ﬂ gayér L @E?g%r’gyﬁliopeﬁétlé tﬁ‘?aﬂe‘??‘?,nfd Qé‘rd c°éi'|' LAPLROf 8Rd in vitro,

I'c conpounds, 1nclu
prefetanyrdbeundrnserantbigengtduitaie dor dhangfer twrgmetuelnh&erual selected

fromy GRS s Sehlishuser FE R Rintad ihaane S aLPRs tgreof, preferably
is selécat! Ridhn anidkibié of eligenaigotitds CoMBINAALIRNS dERNA and the like.
derivatives thereof, _r eferably is sel ect eg froma

The @laﬁagr’%y&gplcg IN¥SPFARSS ARAM arlgI errg Fﬁmtwf@rh@f short in-
terférlﬂ@eRNKQQsWnﬂbﬁtlﬂna@on‘iﬁ@nﬂéﬁ‘f@ﬁ S@d’hér&e in. MRNA and prevent it

particularly preferred for transfer of short in
from beingr iragsiRkeS iMtei RAiel pueausd ¢ ceavign efrthe angNA by the protein

compRALONEE o REDRYANGBASY L ALrtE R Iha%E B ahe bupreres of
RNpr\dtleln roataipl 2 to MBenodepddpondihey gengssiRNA fiurlgmtaeshlencmg the
topiq3) rodfenEr el BEETSHAL AN TR GoLSRRA O eQRECE T &k, Agior impor-

tanckh® éeﬂﬁléfﬁéctfv@%@%cfa@uIaﬁ@@h@éﬁﬁréﬂbh@@f%ﬂ@NAhﬁ intact living mammal
sel ection of the vehicle are of major inpor tance to

cells@ichoeddsct i ve i ntracel l ul ar concentrations of si RNA
The hiethBH St adpe¥t [¥) BRHA®Invention for preparing the nanoemulsion of the

invention includes the following steps
(a) preparing a buffered aqueous solution containing the emulsifying compo-
nent,
(b) adjoining the perfluorcarbon component, and
(c) subsequent mixing, then homogenizing (e.g. by ultrasonication) and fi-

nally high pressure homogenization of the reaction product of step (b).
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cells and organs. The nethod of aspect (4) of the
i nvention for preparing the nanoenul sion of the
w0 nooentizen i ncl udes the foll ow ng steps (a) preQEBEPIIGY/EsS779
buf f ered aqueous sol ution congai ning the enul sifying
conpo nent, (b) adjoining the perfluorcarbon
conponent, and (c) subsequent m xi ng, then
For loadogeof 4iengari@ergulsign wlithr esdedytasis @mhaanchgf corapbgent or with the

hi gh. pressur e honogeni ion of the reaction product

nyorgpRYicErs T U 0P LG o e SORMIGRA TS B gTerpT the steps
(awdowwﬁg Sn &ftflRBCE 38| R engd eﬁdﬂod‘#tbbis@iﬁan.cing component
hydr ophi I't ¢ conpound_ the nethod further conprises one

or mene/ et tH%EYQEO@&”C( %maeanﬂdnaw%GE%@@”@HFJPP‘%W%} for trans-
the ‘?é\dﬁfﬁ'ﬁéjﬁéa?ctﬁ)'ﬁh@%?'u'ag oE?i&%{)E@r‘én@H%‘ngeﬁﬁhﬁn? é(lia)g. by ultra-

hydr ophi 11 ¢ conpoun not a genetic “mat er
f or wspaitetien) tie trésultivadnixdurer oduct of step (c¢) and

iz e. Ltr i,cat,i he r '
The BROBARASE. dthiriifh. obhel bR AR PR M hehE Tt ey be
addéwddT opdisirigie coemp Odindr n‘ayemni“aae:ldaﬁbsi (rd)olnletla;Shmg} glsstepincluded in
or, in separate steps they may al so be
the é‘#%‘?r@tﬁle%qti‘erf"fﬁ@?\éﬂ?? é’?é&eéggﬁjeous sol ution of step (a).
The ?j@ﬁe&?él%fér" agehesr Bgﬂha@éuﬂiﬂhﬂircﬂﬁ%éﬁﬂi&ﬁbf 69;5@&5('3?'% the me-
~of aspect (3) and the me di canent of aspect (5) of the
dicamens 9 iaspestald edlcihiepaysntion trhay eprampase fuitear pyparmaceutically
t . b i.:ers and the like. To
acce@ﬁ%@%i%‘ﬁ\é&dﬁ?g@%%s%% ?Iﬁnéhl“g%'d to denonstrate the
To espfait the eneds obbctibe anantwcdemioastrobe this effectiteness of the nanocar-

. ransferrin_as endocytosi s enhanci substance is. .
rier L sl AN sa O f SRSV enIRE NG HEERGS asgown in the
folloWidSEgEmbsest’he appl i cation of an angi ot ensi nogen

si RNA whi ch cause a distinct drop of the nean arteri al )
The @V@B’tP'@'FYeQ%? grangigr is\tesepshication 8§ @ peagiotensipegen siRNA which

Caus%eé faiiéftirjcf‘_dwﬁ ofohé?H‘é a'r'“tFe’F%!er}e%ﬂ;prélgELF@ utilize

ransterrin as the endocytosis ancil ng subst ance and
The éma@ntiamisedésaribeg RNMare dgtaitin chediodowing “Ehemeles”, which utilize

tranGRBTR, G258 con BB eoPhclih S60SBRRLIARE PBH Iftelyela R os
gengifd friateriskrmhesttaamsples repavaeaehenot tobe modpaiuati anlimiting the

. of the perfluorcarbon nanocarrier,
INVERHPRY yor oocyt | br oni de (Per f1 ubr on)

Examples

Example 1: Preparation of a perfluorcarbon/transferrin nanocarrier:

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,
475 pl perfluorooctylbromide, 36 mg phospholipids, 200 pl 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-
ruption homogenized twice by an ultrasonic device at a frequency of 1100 kHz for
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is emulsified with a m xture of phospholipids. One
gram of the m xture contai nes phosphati dyl choline (980
wo)og/1spki ngonmyel in (10 ng), chol esterol (5 ngPCT/EP2009/055779
| ysophoshati dyl choline (5 ng)g in distilled water and
75 mM sodi um di hydr ogen phosphate (NaH2PO4) buffer. To
gain 1000 m of the perfluorcarbon nanocarrier, 475 ni
120 pewith uteroals ydf [Boai Tee s86icatjophosiplsokend aﬂ:sa t@@u@enature of 4°C. For

the ﬂgglderrﬁql Qp of%&sgk%rwﬁed@soﬁgﬁg mel%ldstﬁhﬂﬁ vvatlse glven into a high
presBhes pibvah 6gditéer wathin ddigt badsedevad o éﬁl%&ﬁbrafﬂﬂ 2500 bar the

subsequently the perfluorcarbon (PFC) solution is
milky gosnpraite WHRiIRtuA tsashRdent, tHeisBE#pelsiane Hig chgnge to transpar-

encﬂs@%%oé‘coﬁﬁﬁﬁérk@??oﬁﬂwétWoﬁ"fHéﬁé’Fﬂ%‘?‘&rbon pad—élcles size below

I nterrupti onbgeni zed tw ce trasoni c
the wisitde fwanglemgypsofl he1lowe|st~|z/|3|lalnemavelewgtm (bhedviokdty offA = 400 nm

defires e pdtfreT PkEs i WPh R ¥ REUEnePal BTREIBE Four acai-

t|on&?F@/cléb&)fﬂhdm\;ﬂvg@rr:izfat@ﬂnvereIaddédaahlfub‘nhﬁs [PodRS UTIee particles size was

eni zer thin six passages o 0 ni zat t

meaéstﬁﬂgﬁ‘a‘?'eﬁ@”rﬁﬂ%S)s%’cPﬁ‘p%g?Pé‘ dm@,aq)nwgﬁ%?w%rﬁlglﬁgntﬁpw 100 nm.

To JHiMithB ﬁmérléhgpnaﬁ!ité’r@?aqgt%gt hBIdkFRESERE REC ¥olved@in 60 pl sterile
macr oscopi ¢ narker for the turn of the perfluorcarbon

9°ff9d‘#a¢|cl@lﬁe@M@fmﬂV\@Kﬁjshéhel@’BbS@WAﬂV@I éﬁmmmmﬂe for 2 s by the
coolég}ﬂtﬁﬁ’égeflﬁl e&%/gcr Iféegglg/%ge&gé&?ﬁfé% %td)de? to 100@8.9 F;HFFIuorcarbon
emulmcn:m)rtesobtaansa;maeadtcorﬁeutramddl oft |4ongymd:yegam dhe compound is di-
geni zation_are added at this point. The particles
rectlglpgg %ﬁﬁf@dgpﬁ el ectron mcroscopy as 50 nm
ggﬁan) W|th all _particles below 100 nm To gain the
Exa ' " rrier, 4 ng holotransferrin is sol ved
ExerhBIR) genstteshdrer: ORIWNALS HarFrRe Yy RfHearaar g§ thteh‘i’(ldney in re-
transterrin s honogeni zed for 2 s by the cool
sponget oag dreed @é@SSG'ée rgHeckeN vlédram%fﬁéméranqnone@sm@@ o @ngiotensin

1, wiﬁgcﬁglgmlr}{i ﬂ!&?%tgg %5@%‘7@ I[(?Q:OBV rt @h?ﬂ‘?\g @{tdEC? to angiotensin

2. Angiotéysipu |sonf magbalmpof‘tramcé(fos mldﬂieansmne bPood Geessure regulation.

supRisanige os FrahBiote fhRats M3hg5toRetLBubE R TRiFered by the

nandﬂa@ﬁéﬂ"sﬁoﬂl%ldc@ds!eoﬁmlldr B1baa Pressmeadehrebsinni a8 eddriveRtional ACE-
angiotensin 1, which is finally activated by

b'OC'é?fgl 'B?treﬁ%mﬁaeé%érftm?ge@fﬁﬁ";ﬁw@ oreen of %ﬁ'Hh?éfF RksiRaged with the

| Cc r d -
enoigr % ARG, e kel TP NC s hudi bt suo
stanaeuga'vas appiiad gz intrapeiimnieah injectagh S6x kaursleaftmetrmj imjection, the

effedtof BRLRORFGrsSle MBRVLRAPOHE vielin Benled WglberetlteTeguisted pro-

file (Gemlﬁl(bwpn of the effects, a group of aninmals were

treated with_the
Addition of siRNA: The transfer of siRNA into male CD1 mice is demonstrated. For

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 pl of the nanocarrier and
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 spontaneously breathed a mixture of Isoflurane in
63% N,0, 35% O, and 2% CO, in a semiclosed system.
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angi otensin converting enzyne bl ocker captopril. This
smal | wat er-sol ubl e sub stance was applied as
w0 ndwapesi t oneal injection. Six hours after theCT/EP2009/055779
injection, the effect on blogg pressure was neasured
using a defined tenperature regulated pro file (see
bel ow) Addition of siRNA: The transfer of siRNA into
The rmahgdibld norgstisg dEnBHRBAr abe chaneaarnisageasi inj&hed intacéhe tail vein

60 si R ar.e solv m _iso i C Cl di.rectl .
unddi gdedh ByiahSn iastiesif o 18 disuird atBered Blargsp bty onditions,
the mﬂéiﬂiaytlnoa SQer@?at@fre&EQul@@é@(béﬁfarﬁf wané Mmmfﬁyé@ﬂmﬁiﬁared lamp.

the ultrasonic device for 2 s . Injection of

Durlﬁar?cs@awlpé'ﬂn%'ae JoketiPR thatresriEato fiaseiengy Iwasemenitgred. Directly
aftefMHGE: thQ\r/ergcﬁjkeLrﬁEcﬂlﬂﬂaﬂr@ HRGstARER! ?/%? ?||5 &d %’h‘d”ﬁ*esgmmal recov-

spont aneous eathéd a mxture o urane in 6
eredNRthirggm GBX’faimb PINTEB.i n a senicl osed system The

o3RRG AR08 RO gipesied, and

eacmwesttbsmdam d greuns of évetanhinels:ﬂdﬁtmle%te!i&édntye complete nanocar-
diti t.he mcelaéﬂnnate erature ul at ed

rier (éggelémt eS'B\Hf\rr%rd%Sh iGoding & N'%fnﬁ % injegtion of siRNA,

or tHO5IRAM ROtHBFE Mafebh@irt kit S Bahafe?FiN. frequency Was
nmonitored. Directly after the intravenous injection,

Tarqeh@fﬁerte Haapterndkedsickipnaf biaed ressyie fallowseapplieaion of angio-
I

tensYMo sﬁ{ﬂlﬁ WEV&IW%%&@&&EI% Er{a@sﬁ?f Sgﬁﬁﬁ‘gg(?’r}%@c’)gen mMRNA is

succaraszl‘uddacﬂ)re«xmat&dasWedmelasaregpb tlogp affeckiore thaib‘rabd pressure regulation

duri SR Nl AR iy PO Erge BRI iS  EFMPRigjre reulated

bed, itjvwsd bessible & RMceOthd bed pitBhWddraturbeofRie mice, so that the renin
nanocarrier wthout transferrin. Target of Gene

ang'?FWC&en f¥IBET o8k @‘Ft'\fﬁtggcroﬂf%m%bf%dl Bisagre stable. Inactiva-
tion \;\%ﬁfgbh?%tﬁ%&freﬁﬂﬁ Fgﬁ@ﬁ%lﬂ Per &N@esTaos%\ﬁﬁ'idé% §eduction of the

er the tran gi ot ensi nogen “mMRNA
bloodmeeessfemlequpwarteiatc&mng@em;;emute]er@‘ﬂfaect on the

e BrRYSURRENG) EULLURRRHOh DR 05 PRSI By o re-

ceivéedhel differentpdesiriberl tomrpe)dmde hyhentradendesmpeeetion.eThé tempera-

t he ce, that the renin gi ot ensi noge stem
turegsOulates el atP% gUIERT (R Blion8NBr ST SpdkItemPerature of the
micd MRG! k¥ 5@BIOUUHRG fHEHitianab manioR tABGHh@ESHEMent and the basal

system causes a significant reduction of the bl ood

b|00§r@r§§§|'4dr@ vleeargogriaired| Aftaudidngin e dipstedt ineetemperature of the

bed @5°§ Tﬁé}ggemh@{eﬁ‘n r%%ﬁ@f/ tﬁgg‘?éra%d ngalc%%f?ﬂously decreases,

ane esl a hours™ a ecei ved
so thlat rftereacmesjéécfr"lela‘drtwammlafués thg blodd gvessure profile had started. At

this ip?;ini%%lt?rgﬁdgb ne)t r I&&@rp?rg%g %ﬁég%g%fergmm%ssu?g&.uﬁtt%% 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
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
profile was initiated. The temperature profile of the heating bed is shown in Table 1.
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m ce was kept stable during the initial 15 mn of the
nmeasur enent and the basal bl ood pressure was
wasmentasned. After 15 min we adjusted the tenper/ar2ng0s5779
of the bed t o 300C. Thereby jtthe tenperature of the
heat ed bed conti nuously decreases, so that it reaches
30.5 0C thirty mn after the bl ood pressure profile
Tabledd BiaatéraderaAtire prafilpoi nt of tinme (30 min) the bl ood
ElapébaHiccaftas sedeon theassfileqd. | f therdrapdetard bf ethedbed
the bed hagny@nrived at 300¢, it was than kept at this
reduced tempgrature for 10 |mMn. DUring thigdine
peri UU tne 8I 000 pressure jwdas IMmedsur ed 536]55(}1200

10U
: £ 4L [T I AR | faVa¥al
LI al l Tl l3| l CII}JCI al Ul © Ui C11e Ucu 11au 1 ICU oUUC
(2 M n AnAd mn ft+rAr + A nrnfil A r 10
\\J\J LILILELAL] ATTUA '-ru LILILELAL] AT U C1T CTTC Hl T 1T 1TC Vvu\) Qa@(c Cu} LU
mn after t t amerat u af—the bed attai 300C it
AA—ater—te—tenperattd e—oea

Was ng.’-\i n a¥usted to 42C. |The next bl nnr‘l4ilar53£‘:||rp
4 j ed the tenperatur®?¥ the bed
attains 41.5C so at 47 min fromthe start42% point of
the profil es57Accordi ngly, tlhree nore bl oodddt@ssure
val ues weresassessed in intler vals of five4Qutes,
nanely at 52 mn, 57 mn and 62 mn after the bl ood
ResWlf<L86 Bk Emipl &ty é@ﬁé"@ﬁar’!s\%ﬁ i) 8dalubbe WRTREF 8hYldRensinogen siRNA is
profiTe of the heating bed is shown in Table 1. Table
successfuly dediveeedhintart@eresllis| af. a Reingl arinel, wxzewﬁuges} agéere"ease of the
r n [
bloo AE:5te P2 Gef T o e oA linBIELRg SrasRyR U8 3 tempera
tureawdgmﬂﬁt;edv\bed ndfbeetdanapeiatmmseofdé thesell sosigpifieastirdechgase in the

meaf it AR O LERa Bea e BaY BT P oG RB L and @ recov-

ery §RseshaatiPthd beantigdeCEiR@ne tha rhbgn Ay teeslyerature following the
tenperature of the anaesthetized mce from38C to 35C

descaibgdtemperatigieyprafife in thahwariigd URE-bed. Fig. 1 shows

For E@r% RiRBn BRRM tth%”FFFé@ct HF%ng%t’eHg\f‘oﬂggEHe&ﬁﬁﬁ%h bSdod pressure, we
erature profile n the™warmng Unit

stud(ﬁmﬁw ot qﬁ the tdmpelfa‘teoe pocﬁfllanguaammaﬁ meg@qmuhmm angiotensin

conv%gtn,gé eg%&/ﬁie O(L)é%(gr ‘vg\éf)%osérH rg)r%&%g a{ e%géﬂ(hﬁc :oﬁgon to suppress the

renlrarwigmtehﬁims%temerrﬁ ingnang.ysebsdqaely, ctﬁeteﬂﬁasdtl of the temperature
conmmon t he utic o nto s ress the reni
profil fiest teaked, Th g Birasts: e Terelvea Adoteaanent HENG ineife nanocar-
rier Bfth&EPBohEiMBGaH SeliuettdreoWasart@sh@didmarditF FertH 6P solely the
recei ved angi ot ensi nogen si RNA in the nanocarrier
nan@@mhb"tomoTri”t%F'ﬁ‘iawg’et’%éomﬁﬁépc@@%rﬁ)rﬁ%&wﬁémlL$¢Soﬂf gevetrol animals
citndy! @B3LE,1ith e AGhELIFrihenIANARE 2P inThED WHJERRIA or siRNA
ressure values of control
annen ﬂ'herfuncma&dwamotbrmmeammmarRNAewerehﬁethercaa:ed|bs_yrthe animals.

aloof 320 38 5! Ll LENA Rl o The LUnCl 100l -rterial biooc

pres8iFdTef gntralaagﬁrrpc@ssure pr of| le in untreated ani nal s:
Fig. 2 shows the nean arterial bl ood
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
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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pressure of untreated mce. Blood pressure profile in
animal s treated with angi otensin converting enzyne
whbamokens7 M ce treated with the angi ot ensi n cOPOEEP100g055779
enzyme bl ocker captopril havgpan inpaired renin
angi otensin system W tested the effect of a reduced
body tenperature on bl ood pressure during a defined
Blootgmmpesateuprefibe of miee aﬂﬂeeraahinteasﬂpqamﬂiklﬁel dﬂiveaas'sa idgfe nanocar-
. the od pressure ted five and t j
rier: e, An{FHEIs, s, o B CFHES et SR 9p BRGuek CpETT CTT Gee
ACT lagna hese (sphme NO: Q?@I\éﬁf/é’refdoli)l\f@lﬁém'anba§r&|erb|89q{dtravenous injection
pressure val ues occurred slo so that the animls

60 LGaRiRMA VEre aRPIEG HY 3PPy Rfriee %@n@@rﬁf-h ‘(\WEH@CU@FOBI Reydod of 24 h

aIIov@écF%ﬁé”sﬁ%l‘@A bl rLﬁdét“trF@ t&rdidtfin ﬁf‘%ﬁfo@é‘ﬁéﬁ S8R N3 by to affect
d lvery via € nanocarri er: I mal s ecei ved the

the remgh engriensigesysteMNAepRIICH CITr@s theTniees hat ieraired basal

bloofitessiaits, 2hd | ditinth e R te RlePl SRehisETyipng the reduc:

tion of thé boldg ttemmtmneenvlonénvencuhmblbod presswd imaidhel at low values
Il owed. the é%F%IAto hi nd transl ati on of
Rd

by tgﬁg%tré‘Hbu b8 MeseH bﬂ%o PreeUren%aliign; Were similar between

aninf1gkRIRBG WItIS YIS BRYiFEERRATRAVERIFPRhEPE ihABIRM AR 8nimals which
had i npai red basal “bl ood pressures and a distinct

recepugsh angietartsin BRNA deliveriedsyartbefnanasarmey . thia 4 éBaws the reduction

of arItérquStSIr g :bg'ﬁgﬁﬂ'éfoﬂ?wﬁ{ﬁE%ﬁ&é\g@Lﬁcﬁﬁ |g§ﬁ)‘?tl<9‘h 8ﬁ’_%ng|otensmogen

BIoothreBsasem:Edﬂtd mchmtmsmjreon/cablueslrmallse um gequps of controls re-

ceiveg W& EBrTm=lB byt o mable 2T PSR SRy &henimals gaq response
to a&@@U@écﬁb@dv t8i tiﬁ‘blt‘h@ﬂﬁ@odlmekmmﬁa@fmbbir@ﬁ atF3%.and 40 min-

4 shows the reduction of arterial blood pressure

utest Jheowqygntqgengrrpmvamga 3G B9 t4857¢ Jﬁaded to a fast increase of

bloo@'}%% H%‘& tHak R a‘?ﬁr%%%%?d PloPrd %abé‘l d4des 'ﬁ3ﬂﬁ|47 min until
contro an mal s: Four groups of controls re ceived the

the pocmjesenchacun%rm ao)bedr\reﬂ ‘Ddﬂﬂcb ppessure nedestogrielgtedoto a decreased

oo RFBefasite MR Poller L4 a0 o uBI R tifaurea irecty

afterTbiee memwenatwenmmbamwmrmfal Jaludnadaic, Ithadethebo @rofiles were
. fast Fncregse of bl ood Svélsure agai n 7‘? t hat t he
similanitRdNese 2f URGTSREEd FRER YAUAHRE i | t he
profile ended. The observed bl ood pressure reduction
Tablegd: frogedures prrfomaedin Grolps aheentel ARiMals. | ght and
PF0¢%TB’(Wery to normal basal val ues odt&sutted di rectly
et RT had hred

Ang TSI B SRR OO Nt CaEr ™| 16D T e B ot dfpparable
injeatiomalishi( sz athydriodghaminotandfdd-er gotyntrdatedearimals (Fig. 5)

. _Procedures erforned in rou s of cpntrol
tONani mal s. Per f | uor car bon- nanoenul si on, not doted with
IncGRBREY N ctaffi&a@nci ng nol ecul es: B]@o@’b@@ééd?‘érﬁréhledédrﬁparable

on a perfluocarbon nanoenul sion not doted wth
Nanegaoist @3d §iIRNA without endocytosis  |to untreated anlmals (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)
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enhanci ng surface are shown in Figure 6 for the
exenpl ary use of si RNA directed against the bl ood
w@e@sAauns7 r egul ati ng renin angi ot ensi nogen sysPENEPINE055779
bl ood pressure profiles of anidgmals treated with
per fl uorcarbon nanoenul si on not doted with an
endocyt osi s enhanci ng surface were conpared to the
Perflinlootat bpnesarsaraulsiont, idot dotiéd coth potoaytorisl enhahtirsy molecules: The

exper | al data denonstrate that, perfl yorocarhgn .
expiriREntAl caa e’ ActeriPen don Perd DL not Efdunly an endocytosis
enh&ih @eesfareearoshdWRGNtFigoR! 6f fr thieeedemipyatyusd of siRNA directed

enetic material into the cells of living aninmals as

g : : : |
agaippleths) BOQdpPressicergauiAtine sein AHAORRISINIOEN VEEEVI ng

tpd c I gnhi n dj 0 i
The oY SSIARCBANES oF FIE Ak Bh el B pgnoemusior
not dotedowitbpare endeaiosisagnEncotg shaee gierecresnparegete the blood pres-

sure 38/ bR YR, At T Rt ficalepfa chb ol hiPpertiuoro-

carbbaatitbemtilBidnsen engotedewrh agetvcytdINAenAbh eingi sureacesl e not func-

. of 30 mnytes, and 2 respectjvely 4 hours, the aninals
tionqlefpp taa i Y Pikel RRFHEAtFUBH NRANE liait MindrHaaly s the blood
pres5LRS BPof1as ofRAYYadiRI9RebaTOR0as saBbtdrteNwERE sighcantly not dif-

wer e obtai ned by neans of a mcrotonme. Electron
ferem§ & By blppdatreshesepdites ohthe eorfaPled convincingly a
EIecﬁ’Bﬁ%?&rO%‘?&&%ﬂ%ﬁzé’cﬁoﬁ B?tﬁ@gﬂaﬁ)rtéhﬁbﬁéqér?gﬁil‘@@ﬁ@h\?g—v into hepa-
I'TIto Ccelrls. e el T crernncy OF Uhe TiallO Carrrer 1T Ol
tocyted pvenige pMise RMAghingo35 g aedeived)aais vefn Iir:nje'ctilqnsmi tred manocarrier

s denpnstrated in electro i Croscopic es:
loac i hR i g E1siog i NS A RESTIaR: Ff P Tgiiites, and 2 respec-
tivelg O plouat eehd RIAMbRL Wae€ldadtifite@ nEhaS ENE@ $iver dvas explanted. The liver
receptor-nedi ated uptake. During the first two hours

tissugr wap qRPYcIasEm em’@@dﬁﬁﬁo@aﬁrhhé? sgeidonewere @btaiaed by means of a

micrg %P@eéﬂﬂn "P‘ﬁ%rééc%\‘%gaﬁieghéég Q?E%§Yé\9’éﬁlé§monvincingly a special
Fol | owi ng t he next t ours, electron dense st ruc

appearasse of thaenanopactcies éncampoeated inbmgells.vThe leffégiency of the nano-

carr by (% YL 1 QYR A, Dt BB R RS Bhonstrae
in eletgoasoigposcipi@faagdepinitied tha fiisgBoesituties thd sdrwwarrier was in-
t he ganocarrl er' structure and docunent i

| S .
corppERLgH: itQ HRtRae Ml SNEREOMESHR HECERATT BIRGIZTE]; Wetake. During the

first t@@Cholitd aftePMEiREOHRS tit haHBESRE NN eslghy tREesh fdBMEe and was
after intravenous injection in liv ing mce. Figures

liberated onteaths sytepjagmedioliowing chestagi va eyes elfectiopsdense struc-
turegfogéﬂhggx?rﬁc{bc%gi{arb‘éﬁégtq&z&ngqe‘%fvig?bfé- in?&%l%g ry-bP8B8dMly the unload

ot ensi Hogen
of trapspamed GIRNA®Nd 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.

Figures 10 to 13 display electron microscopic images of cross sections from liver

tissue of mice.

Sequence Listing, Free Text

SEQ ID NO: 1 angiotensinogen siRNA sequence
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1. A stable perfluorcarbon nanoenul si on having an
endocyt osi s enhanci ng surface, said nanoenul si on
whacovngi2a7 cont i nuous perfl uorcarbon phase and BCT/EP2009/055779
buffered d i s conti nuous ag#ieous phase and conpri si ng
(a) a perfluorcarbon conponent conprising at |east one
| east one perfluorcarbon conpound; (b) an enul sifying
Claiowmponent; and (c) an endocytosi s enhanci ng conponent
conprising at | east one conpound induc ing cellular
1. Atstealeepelfﬂudneanh)@no&mxb@hoisloh aaem@oamtelt&ios:ytcisls efh'hancmg surface,
nanoenul sion of claim1, whi % artiﬁle si ze of

Sa'dHéEI”ERﬁr%'G'OrﬂTFaW‘&f ae?oo{ﬁlr}}-'oc%epﬁ NoRNegh&ngk 8 Ryyffered dis-

contl?ﬁfddscécﬁfe&@%%eaéhcﬁ&&ﬁ'@g%lrfg ze Of about 50 nm 3 .
The nanoemul sion of claim1 or 2, wherein said

(a) @m&rﬂﬂéﬁadagﬁcﬁ%nm ﬁ@@Pé‘Smﬁ‘é leastt ore deastt oneyRrsrfluorcarbon
com@PSn&‘anoeW| sion. 4 . The nanoenul sion of any one of

s 1t o3, wherein said at | east one com pound
(b) amdumlslg/lngldommnemt akd vi a endocytosis is selected

f
(© 41 SBReERIR eI TRalRisht &by ian ardaesh grgicqgpound induc-
ing dERgRr UitaRdigTghBrRirdensulsphenBaprbicRtddit ei ns,
fragnments and derivatives of said conpounds and

2. TReMxHoREsuBRY B8 cRimanalhWegel haefd patticlansie PF et @100 nm, pref-
said compound is transferrin or a fragnent or

erabfjerthganpheeihsienf consists Tefe PRaHEEALINAYIBA B8R AYfragResige of about
songhdine 1 t o 4, wherein said at |east one perf |uor
carbon conpound is selected from CnF2m+ i X, XCrrFerK

3. Tmﬁﬁ%ﬁggﬁ %%2?)96371'8%%% dfa%&’ bdffe)rg fsrpl%se repre-

I'S anlnteger areln
sent§ 25 60 veno f thee nadepmindson.l y from furt her occur ence
selected fromd, Br and 1), preferably the
4. Tperrfdnwmasimnof ang edrex bédidimz per 8) mfemeimys;hibranﬂedaet one com-
erfl uorotr| but | am ne and ni xtur
pouhin

thereof. 6_. . )
ﬁﬁl‘éPBHPBEf‘ SN %fr‘ﬁ%o%to%'ﬁéﬁﬁ 515'05“ tinsfeirip, apolipo-

protér’h‘ dAﬁm&I‘?écfs){llMsﬁﬂﬁﬂ@yﬂ%&t&@w}laﬁﬁ%o%d | pAstkiRNemegalinbinding
spholi pid as the essential enul sifying conponent

protalrm@, @ﬁ@nr@pqﬁoa Pratgiper fragprends and ﬂﬁé‘vﬁﬁh%mﬁl%\'@rﬁiommunds and

er el I
comBohd HaviChr dnaRdldus &t BSeISRE 18, Bl cdmpound is transfer
rin omteefragmert armtberRAtivectheneependent |y sel ected from H
and G 6-24 acyl residues, which
5. The nanoemulsion of any one of claims 1 to 4, wherein said at least one perfluor-

carbon compound is selected from CnFom+1X, XCnFamX, XChF2nOCoF20X, N(CoF20X)3
and N(CoF2+1)3 (Wherein m is an integer from 3 to 10, n and o are integers from 1
to 5, and X is independently from further occurence selected from Cl, Br and I),
preferably the perfluorcarbon is selected from perfluoroocytlbromide and perfluoro-

tributylamine and mixtures thereof.

6. The nanoemulsion of any one of claims 1 to 5, wherein said emulsifying compo-
nent comprises at least one phospholipid as the essential emulsifying component

and one or more helper lipids

7. The nanoemulsion of claim 6, wherein said least one phospholipid is selected

from compounds represented by the formula I
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may be saturated or unsaturated and may carry 1 to 3

resi dues R3 and wherein one or nore of the C atons nay
wheoosabresit uted by O or NR4, and X i s sel ect ededT/@P20bH/055779
-(CH2)P-N(R4)3 +, -(CH2)P-@H(N(R4)3 +)-COO
-(CH2) P-CH(OH) - CH 20H and - CH2( CHOH) P- CH20OH (wherein p
is an integer froml to 5; R3 is independently se
| ecredOfrdm H, lower alkyl, F, d, CNund OH and R4
(i |ndep dently sel ected fron1H CH3 und CH2CH3) or a
p a naco”pglcally acceptable salt thereof, preferably

RP-a0e—Kndependent |l y sel ected froan and

unsubst|t| ed C 6-24 acyl residues, which nmay be
saturate unsaturated, and X is sel ected from a
chol i ne, ]serlne et hanol am ne and i nositol residue,
nost prefe%ably t he phosphol i pi d conponent is select

ed
wherqigR 2r¢ tdenedendly SQeBBHSEHRLT ANCcRohi A6yl residues, which
may%’é’@gﬁfr E&H &t Uﬁ?é’t{ﬁgﬂé@aﬁcﬁ‘%g‘} \AﬁH‘yef td @eF(é%ﬁfLiessR3 d@Svherein one

nanoerru sion o alm 6 eln the per | pi
or masesa] et @datb menmiayt by sabsumteétbe/r Oi @sNRVj aadnidhis seldcted from H,

(NGRS o o e R RIS IREORE: 1 o Ss R IR o and

—CHﬂeHmf)prrmmr(mremnpOQ%ni inteyer Aonenutesi5h YRNig independently se-
Iecteéﬂp onent %\&p%a n&r:,leét I&.I% u%gﬁéﬂh%tnldd¥‘l Fshl%dependently selected from

H, dl—)éSQﬁ@@-H’J@%')dd’rl s dri®acASgiPAIRE RREpRbIE s8Rthereof, preferably R
transferrl n as the endocytosis enhanci ng conponent

und () areLndependealyeselpeiegnfrom dhypndnensbssitatas Cls-140agy! residues,

whianleaS/ b% ssalﬂbﬁaetpl:l rfeﬁs#'u?{a‘t%fder f théd%éwajeld' from a choline, serine,
conpounds, I nc et cd an enet i

ethamataminal and oncsatdlsrelsrdue moamﬁrefera/mlt/rttble pheipﬂ“rcﬁubicy component is

selegltgg g:a{)]oe lq?sﬁ‘t%g&lyq%u”abl sgﬂh 5&%“@4@1 of g%g}%bh%tldylethanol—

am.@@g‘ﬁumﬁtxrt@,r@@;m@de@ferlvatlves t hereof, nost preferably
for transfer of m RNA, siRNA or dsRNA 11. A

8. TEEMRMbeAéieh FIQ8Im @ o 7PRadrBfEtHd halpef AP Eél@@ted from fatty
conprising a nanoenul sion of any one of clainms 1t

acidg,ostengids Twisamétreand anixteiesdgentofor phar maceuti cal
conposition of claim 11, which fur ther conprises
9. Thaararwesutlsos ahdnyger dt clamsr 1 4b 8,owbéch camprises gxerfluoroocytl-

brong@ﬁg% bgrfil r%é?’b%rﬁpgrgilp%gé. rg'azz’egﬁ %fn%ljlgml%gtgoqﬂponent (b) compris-

anster agen tica
ing mﬂqupxbmmlymmonpr Bslkeinggenetling chatestéral aaelllgsmmbsfpmmylcholme, as

PhoSRip b b pRSteE ﬁcha%fndﬁ%%ﬁ%'hgﬁﬁm CuBP AP C)-
Ssj RNA or dsRNA. 13. A nethod for epar|
Ellgh%tspgﬁgl@eﬁor transfer of

R2—

10. ‘haR SangrsI R 0gr ofcpaY R9e1of gaies 1a

hydrophilic compounds, including pharmaceutics and genetic material, to cells in
vivo and in vitro, preferably the nanoemulsion is suitable for transfer of genetic ma-
terial selected from RNA, and DNA sequences and combinations and derivatives
thereof, most preferably for transfer of miRNA, siRNA or dsRNA.

11. A gene-transfer agent or a pharmaceutical composition comprising a nanoemul-

sion of any one of claims 1 to 10.

12. The gene-transfer agent or pharmaceutical composition of claim 11, which fur-
ther comprises pharmaceutics and genetic material to be transferred to cells in vivo

and in vitro, preferably the gene-transfer agent or pharmaceutical composition
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agent or pharmaceutical conposition of claim111l or 12,
whi ch nethod conprises the follow ng steps (a)
w@e@pasi2ay a buffered aqueous sol uti on cont ai NPEODEP1169/055779
ermul si fying conpo nent, (b)eéadjoining the
per fl uorcarbon conmponent, and (c) subsequent m xi ng,
hi gh pressure honogeni zi ng of the reaction product of
comptiegs @enetitdnatidreal nee éared droml &N, 1:81d WINA Isefuendss and combina-

tion B SrE R PG B S ohe oy R PERRT PR TR oa RUR. SIRNA or dSRNA
13. RoHBRBA o8 PTERaMRECI4 PAECRMISIPE. of SETRS ph(tAados gnd the gene-

tran§fre@n§é@’ftr bR HBrEHAelLICAC cERTFRRIHS dfocls@h! 51 idr DI NPhich method
whi ch” com @Wllses contacting the cells with a

compepeeg §lEWing SRS ns 1 to 10 or with a genetransfer
(Q?en?gé’ ar‘?ﬁgafgb el%rd A6ued B sbﬁ@logfc&tgﬁp §'¥Hlasérﬂﬂlsﬂ‘§/lng compo-

preparing a nedi cament Tor t
f errinegtphar maceutl cs and genetic material to a
r transferrl ng ,pharmaceuti cs

(BRy' BBiipihg sis B ey Pon e AR T des

(efm BuBtEqudd mixih§ehigdt prertuie REMAGEH P BF Biie eé&dtioh product of
1 to 10 or a gene-transfer agent or pharnmaceuti cal
comp&&R (Bh of claim 11 or 12 .

14. The method of claim 13, which further comprises
(d) adding the endocytosis enhancing component and/or the hydrophilic com-
pound for transfer to the reaction product of step (¢) and homogenizing

the resulting mixture.

15. A method for transferring hydrophilic compounds to cells in vitro, which com-
prises contacting the cells with a nanoemulsion of claims 1 to 10 or with a gene-

transfer agent of claim 11 or 12.

16. Use of a nanoemulsion of claims 1 to 10 for preparing a medicament for trans-

ferring pharmaceutics and genetic material to a patient.

17. A method for transferring pharmaceutics and genetic material to a patient,
which comprises administering to the patient a nanoemulsion of claims 1 to 10 or a

gene-transfer agent or pharmaceutical composition of claim 11 or 12 .



