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DESCRIPTION

[0001] The present invention provides stable perfluorcarbon nanoemulsions that are suitable
for gene-transfer, its production and use.

Introduction

[0002] Conventional oligonucleotides and more recently short interfering RNAs are promising
and widely used materials for gene transfer. Until now, the possibilities to apply this genetic
material to a living animal are very limited.

[0003] For the delivery of genetic material, perfluorcarbon (PFC) emulsions are a promising
tool, as these emulsions are successfully used as oxygen transporters (Daugherty, W. P, et al,,
Neurosurgery 54:1223-1230 (2004); Riess, J. G., Artif. Cells Blood Substit. Immobil.
Biotechnol. 33:47-63 (2005)). Following intratracheal application, conventional perfluorcarbon
emulsions can transport drugs into the lung (Dickson, E. W. et al., Acad. Emerg. Med. 10:1019-
1023 (2003)). Moreover, PFC emulsions have the advantage of a safe elimination by
exhalation (Putyatina, T. K. et al., Artif. Cells Blood Substit. Immobil. Biotechnol. 22:1281-1285
(1994)).

[0004] Therefore, perfluorcarbons could function as an effective and safe tool for the delivery
of genetic material into a living animal. Due to their function as oxygen transporters
conventional PFC-emulsions 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.

[0005] Several less effective transport systems e. g. transport bound to cholesterol or
mediated by apoliprotein A into the liver (Kim, S. I. et al., A-l. Mol. Ther. 15:1145-1152 (2007))
have been presented in the last years.

[0006] EP-B-0788347 discloses the production of water-in-oil fluorocarbon emulsion
containing aqueous droplets of an average diameter of up to 10 nm. A fluorinated tenside or a
mixture of tensides containing at least one fluorinated tenside is utilized as emulsifying agent.

[0007] EP-A-1844772 discloses a composition for transfection of cells with oligonucleotides
wherein the emulsifying agent is an imidazolium derivative having C1o-Csg hydrocarbon or

fluorocarbon chains.

[0008] EP-B-00831770 discloses a continuous microdispersion of fluorinated compounds
containing a discontinuous phase carrying the pharmaceutically active compound.

[0009] US 2004/0115159 discloses an oil-in-water nanoemulsion consisting of a ternary
system of surface active substances that is suitable as a transport agent for cosmetics and
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pharmaceutical agents. This ternary system comprises an anionic, cationic and an amphiphilic
surfactant.

[0010] US 7,211,248 discloses methods for transfection of liver cells with DNA in which an
ultrasonic contrast agent is supplemented with a protein stabilizing microparticle carrying
plasma DNA. Transfection is effected by ultrasonication of liver cells.

[0011] US 2007/0184076 discloses a mixture of nanodrops consisting of biologically
acceptable oil mixture of fluorcarbons and a therapeutically active substance, e.g. an anti-
cancer agent.

[0012] US 2006/0013820 discloses a composition comprising various fluorcarbons, an antigen
that is suitable as therapeutic agents, and optionally additional pharmaceutical carriers. The
composition is said to be suitable as a vaccine especially for treating of HIV.

[0013] WO 96/40057, WO 96/40053 and EP-A-1306083 disclose stable perfluorarbon
(nano)emulsion as carriers for therapeutically active substances.

[0014] US 6,071,890 discloses ampliphilic cationic substances supporting the transport of
DNA and RNA and further biologically active compounds within the body. These substances
are coupled to steroids.

[0015] WO 01/722812 discloses a microparticles comprising a polymeric material, a
biologically active therapeutic factor and lipid proteins as transfection agents.

[0016] A reliable transport vehicle for gene transfer in an organism is still required.

Summary of the Invention

[0017] It was now found that a perfluorcarbon nanoemulsion, notably a perflourcarbon
nanoemulsion that has phospholipids as emulsifying agents, which has an endocytosis
enhancing surface is suitable for the application of genetic material in vivo.

[0018] The addition of molecules that provide an endocytosis enhancing surface to the
nanoemulsion significantly augments the uptake of the perfluorcarbon nanoemulsion into cells.
The invention thus provides

1. (1) a stable perfluorcarbon nanoemulsion having an endocytosis enhancing surface and
comprising
1.(a) a perfluorcarbon component comprising at least one perfluorcarbon
compound;
2. (b) an emulsifying component; and
3. (c) an endocytosis enhancing component comprising transferrin or a fragment or
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derivative thereof that induces cellular uptake of the nanoemulsion via
endocytosis.;
2. (2) a gene-transfer agent or a pharmaceutical composition comprising the nanoemulsion
as defined in (1) above,
3. (3) a method for preparing the nanoemulsion of (1) above, or the gene-transfer agent or
pharmaceutical composition of (2) above, which comprises the following steps
1. (a) preparing a buffered aqueous solution containing the emulsifying component,
2. (b) adjoining the perfluorcarbon component, and
3. (¢) mixing and homogenizing by a high pressure homogenizer of the reaction
product of step (b);
4. (4) the use of a nanoemulsion as defined in (1) above for preparing a medicament for
transferring genetic material to a patient; and
5. (5) a method for transferring hydrophilic compounds to cells in vitro, which comprises
contacting the cells with a nanoemulsion as defined in (1) above or with the gene-
transfer agent as defined in (2) above.

Short Description of the Figures

[0019]

Fig. 1 shows the temperature profile of the heating unit and the mean body temperature with
standard deviation of five anaesthetized mice.

Fig. 2 shows the mean arterial blood pressure with standard deviation of five anaesthetized
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 mean arterial blood pressure (+ SD) 24 hours after application of the
nanocarrier with angiotensinogen siRNA (n = 5, 300 pl nanocarrier, 60 ug Agt siRNA, surface:
transferrin protected by Fortecortin), grey dots = control values, black dots = actual values.

Fig. 5 shows the mean arterial blood pressure (£ SD) 24 hours after application of
angiotensinogen siRNA (n = 5, 60 g Agt siRNA) without nanocarrier injected within 2 seconds
"Hydrodynamic transfection”, grey dots = control values, black dots = actual values.

Fig. 6 shows the mean arterial blood pressure (+ SD) 24 hours after application of the
angiotensinogen siRNA using an incomplete nanocarrier, the surface of the nanocarrier is
without the endocytosis enhancing protein transferrin (n = 5, 300 pl nanocarrier, 60 pg Agt
siRNA, surface: no transferrin, addition of Fortecortin), grey dots = control values, black dots =
actual values.
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Fig. 7 shows the mean arterial blood pressure (x SD) 24 hours after application of the a non-
coding siRNA using the nanocarrier (n = 5, 300 pl nanocarrier, 60 ug Agt siRNA, surface:
transferrin protected by Fortecortin), grey dots = control values, the black dots = actual values).

Fig. 8 shows the mean arterial blood pressure (+ SD) 24 hours after application of the
nanocarrier only (n =5, 300 ul nanocarrier, 60 ug Agt siRNA, surface: transferrin protected by
Fortecortin), grey dots = control values, black dots = actual values).

Fig.9: Electron microscopic image showing a particle of the nanocarrier. The particle has a size
of about 50 nanometres.

Fig. 10: The image shows a 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 surrounding 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.

Fig. 12: Enlarged detail of the electron microscopic section displayed in Fig. 10. At 175.000-
fold magnification a particle of siRNA-loaded nanocarrier liberated into the cytoplasm of the
hepatocyte is shown. The dark structures within the particle also visible in Figs. 10 and 11
correspond to the incorporated siRNA.

Fig. 13: Electron microscopic image of a hepatocyte at 50.000-fold magnification. Four hours
following intravenous injection, the animal was sacrified and the liver was extracted. At this time
point the nanocarrier does not longer contain the dark Eig. 12: Enlarged detail of the electron
microscopic section displayed in Fig. 10. At 175.000-fold magnification a particle of siRNA-
loaded nanocarrier liberated into the cytoplasm of the hepatocyte is shown. The dark
structures within the particle also visible in Figs. 10 and 11 correspond to the incorporated
siRNA.

Fig. 13: Electron microscopic image of a hepatocyte at 50.000-fold magnification. Four hours
following intravenous injection, the animal was sacrified and the liver was extracted. At this time
point the nanocarrier does not longer contain the dark structures visible in Figs. 10 to 12. Very
probably the siRNA delivered by the nanocarrier was set free into the cytoplasm.

Detailed Description of the Invention
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[0020] In the stable perfluorcarbon nanoemulsion of aspect (1) of the invention (hereinafter
shortly referred to as "nanoemulsion of the invention") it is preferred that the buffered aqueous
phase corresponds to 25 to 60 wt.% of the nanoemulsion. Suitable buffers for the aqueous
phase include phosphate buffers such as sodium dihydrogenphosphate.

[0021] The nanoemulsion of the invention is a nanoemulsion, which means that it has a
particle size of below 100 nm. It is preferred that the nanoemulsion of the invention consists of
particles having an average size of about 50 nm.

[0022] The nanoemulsion of the invention is comprised of a perfluorcarbon component (a)
comprising at least one least one perfluorcarbon compound, an emulsifying component (b) that
preferably comprises phospholipids as the essential emulsifying compound and that may
further comprise helper lipids, and an endocytosis enhancing component (c) that comprises at
least one compound inducing cellular uptake of the nanoemulsion.

[0023] The at least one perfluorcarbon compound of component (a) is preferably selected
from compounds having the structure

CmFom+1X, XCmF2mX, XCrF2nOCoF 20X, N(CoF 20X)3 and N(CoF 20+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 .

[0024] The component (a) may contain a mixture of said perflourcarbon compounds.
Particularly  preferred perfluorcarbon compounds are perfluoroocytibromide and
perfluorotributylamine and mixtures thereof.

O0—R1
o7
O—P—0—x

o}

|
wherein

R! und R? are independently selected from H and Cigp4 acyl residues, which may be

saturated or unsaturated and may carry 1 to 3 residues R3 and wherein one or more of the C-

atoms may be substituted by O or NR#, and

X is selected from H, -(CHp)p-N(R¥)3", -(CH2)g-CH(N(R#)3")-COO", ~(CHg),-CH(OH)-CH,OH
and -CHy(CHOH),-CH,0H (wherein p is an integer from 1 to 5;

R3is independently selected from H, lower alkyl, F, Cl, CN und OH; and

R*is independently selected from H, CH3 und CHoCH3
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or a pharmacologically acceptable salt thereof.

[0025] In the above structure it is preferred that R' und R? are independently selected from H
and unsubstituted Cqg.04 acyl residues, which may be saturated or unsaturated, and X is

selected from a choline, serine, ethanolamine and inositol residue.

[0026] Most preferred the phospholipid component is selected from phosphatidylcholine,
lysophoshatidylcholine, phosphatidylethanolamine and mixtures thereof.

[0027] The emulsifying component (b) may further contain one or more helper lipids selected
from fatty acids, steroids, vitamins and mixtures thereof.

[0028] The endocytosis enhancing component (c) that induces cellular uptake is the iron
transporting protein transferrin and fragments and derivatives thereof, notably human
holotransferrin and fragments and derivatives thereof, which binds as the iron-loaded
siderotransferrin to a specific receptor, which in turn induces endocytosis.

[0029] These transporting proteins are presented at the surface of perfluorcarbon nanocarrier
with variable substances attached to the surface to therewith enhance cellular endocytosis in
vivo and in vitro.

[0030] A particularly preferred nanoemulsion of the invention comprises perfluoroocytlbromide
as perfluorcarbon component (a), an emulsifying component (b) comprising
phosphatidylcholine, sphingomyelin, cholesterol, lysophoshatidylcholine, DL-a-tocopherol and
phosphatidylethanolamine as phospholipid, and transferrin as the endocytosis enhancing
component (c).

[0031] The nanoemulsion of the invention is suitable for transfer of hydrophilic compounds,
including pharmaceutics and genetic material, to target cells in vivo and in vitro, preferably the
nanoemulsion is suitable for transfer of genetic material selected from RNA and DNA
sequences and combinations and derivatives thereof, preferably is selected from all kinds of
oligonucleotides, miRNA, siRNA, dsRNA and the like.

[0032] The nanoemulsion of the invention is particularly preferred for transfer of short
interfering RNAs (siRNAs) identify a complementary sequence in mRNA and prevent it from
being translated into protein or cause a cleavage of the mRNA by the protein complex. The
corresponding genes are silenced by the use of these duplexes of 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 importance to gain effective intracellular concentrations of
siRNA in intact living mammal cells and organs.

[0033] The method of aspect (3) of the invention for preparing the nanoemulsion of the
invention includes the following steps
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1. (a) preparing a buffered aqueous solution containing the emulsifying component,

2. (b) adjoining the perfluorcarbon component, and

3. (c¢) subsequent mixing, then homogenizing (e.g. by ultrasonication) and finally high
pressure homogenization of the reaction product of step (b).

[0034] For loading of the nanoemulsion with endocytosis enhancing component or with the
hydrophilic compound the method further comprises one or more of the steps

(d) adding an aqueous solution of the endocytosis enhancing component and/or the
hydrophilic compound (notably the genetic material) for transfer to the reaction product of step
and homogenizing (e.g. by ultrasonication) the resulting mixture.

[0035] The endocytosis enhancing component and the hydrophilic compound may be added
in one single step (d) or in separate steps (d), they may also be included in the buffered
aqueous solution of step (a).

[0036] The gene transfer agent or pharmaceutical composition of aspect (2) and the
medicament of aspect (4) of the invention may encompass further pharmaceutically acceptable
additives and carriers.

[0037] To explain the mode of action and to demonstrate the effectiveness of the nanocarrier
the use with transferrin as endocytosis enhancing substance is shown in the following
"Examples".

[0038] The exemplary gene transfer is the application of an angiotensinogen siRNA which
cause a distinct drop of the mean arterial blood pressure.

[0039] The invention is described in more detail in the following "Examples”, which utilize
transferrin as the endocytosis enhancing substance and short interfering RNA as genetic
material.

Examples

Example 1: Preparation of a perfluorcarbon/transferrin nanocarrier:

[0040] For preparation of the perfluorcarbon nanocarrier, perfluoroocytlbromide (Perflubron)
is emulsified with a mixture of phospholipids. One gram of the mixture containes
phosphatidylcholine (980 mg), sphingomyelin (10 mg), cholesterol (5 mgQ),
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lysophoshatidylcholine (5 mg), in distilled water and 75 mM sodium dihydrogen phosphate
(NaHoPO4) buffer. To gain 1000 pl of the perfluorcarbon nanocarrier, 475

perfluorooctylbromide, 36 mg phospholipids, 200 pl 75mM NaH-PO4 at pH 7.4 and 325

distilled water are used.

[0041] 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 interruption homogenized
twice by an ultrasonic device at a frequency of 1100 kHz for 120 s with intervals of 30 s. The
sonication unit is kept at a temperature of 4°C. For the final emulsion of the otherwise insoluble
PFC, the mixture is given into a high pressure homogenizer. Within six passages of
homogenization at 2500 bar the milky composite turns into a transparent, bluish emulsion. This
change to transparency is a macroscopic marker for the turn of the perfluorcarbon particles
size below the visible wavelengths. The lowest visible wavelength (blue/violet) of A = 400 nm
defines the particles size as A/2 when the mixture becomes transparent. Four additional cycles
of homogenization are added at this point. The particles size was measured in electron
microscopy as 50 nm (mean) with all particles below 100 nm.

[0042] To gain the functional nanocarrier, 4 mg holotransferrin is solved in 60 pl sterile 0.9%
NaCl. Directly afterwards, the transferrin is homogenized for 2 s by the cooled ultrasonic
device. The solved transferrin is added to 1000 pyl perfluorcarbon emulsion to obtain an end
concentration of 4 mg/ml. Again, the compound is directly put on a shaker for 30 s.

Example 2: Gene Transfer.

[0043] Exemplary gene transfer: Renin is a hormone synthesized by the kidney in response to
a blood pressure reduction. It transforms angiotensinogen to angiotensin 1, which is finally
activated by angiotensin converting enzyme (ACE) to angiotensin 2. Angiotensin 2 is of major

importance for middle term blood pressure regulation.

[0044] Suppression of the angiotensinogen translation through siRNA delivered by the
nanocarrier should cause similar blood pressure depression as a conventional ACE-blocker.
For comparison of the effects, a group of animals were treated with the angiotensin converting
enzyme blocker captopril. This small water-soluble substance was applied as intraperitoneal
injection. Six hours after the injection, the effect on blood pressure was measured using a
defined temperature regulated profile (see below)

[0045] Addition of siRNA: The transfer of siRNA into male CD1 mice is demonstrated. For
usage in 35 g mice, 60 ug 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.
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[0046] 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% N2O,

35% 02 and 2% CO» in a semiclosed system.

[0047] The compound consisting of siRNA and nanocarrier was injected into the tail vein
under general inhalation anesthesia. To ensure stable cardiorespiratory conditions, the mice
lay in a temperature regulated bed and were warmed by an infrared lamp.

[0048] During and following the injection the respiratory frequency was monitored. Directly
after the intravenous injection, the anesthesia was stopped and the animal recovered within
the next two minutes.

[0049] Different sequences of angiotensinogen siRNA were commercially synthesized, and
each was tested in a group of five animals. Controls received the complete nanocarrier either
without siRNA or with non coding siRNA, a high flow injection of siRNA, or the siRNA in the PFC
nanocarrier without transferrin.

[0050] Target of Gene transfer; Reduction of blood pressure following application of
angiotensinogen siRNA: To evaluate whether the translation of angiotensinogen mRNA is
successfully prevented, we measured the effect on the blood pressure regulation during a
defined temperature profile (see below). Using a temperature regulated bed, it was possible to
reduce the body temperature of the mice, so that the renin angiotensinogen system gets
activated to keep the blood pressure stable. Inactivation of the functional renin angiotensin
system causes a significant reduction of the blood pressure clearly visible during the

temperature profile.

[0051] The animals underwent general inhalation anesthesia 24 hours after they had received
the different described compounds by intravenous injection. The temperature-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, 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
temperature 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 intervals 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.

Table 1: The temperature profile.
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Elapsed time after start of the profile [min] Temperature of the bed
15 42°C
30 30.5°C
35 30°C
40 30°C
43 41.5°C
47 42°C
52 42°C
57 42°C
62 42°C

[0052] Results of exemplary gene transfer: To evaluate whether angiotensinogen siRNA is
successfully delivered into the cells of a living animal, we induced a decrease of the blood
pressure by a reduction of the animals body temperature using a temperature regulated bed.
The temperature profile caused a significant decrease in the mean body temperature of the
anaesthetized mice from 38°C to 35°C and a recovery after reheating the bed. Fig. 1 shows
the mean body temperature following the described temperature profile in the warming unit.

[0053] For comparison with the effect of angiotensionogen siRNA 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 nanocarrier 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.

[0054] Blood pressure profile in untreated animals: Fig. 2 shows the mean arterial blood
pressure of untreated mice.

[0055] 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).

[0056] Blood pressure profile in mince after angiotensinogen siRNA delivery via the
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nanocarrier: The animals received the angiotensinogen siRNA sequence CCG GTT CTT GCC
ACT GAG AAA (SEQ ID NO:1) delivered by the nanocarrier. By intravenous injection 60 ug
siRNA were applied in 300 yl of the nanocarrier. An incubation period of 24 h allowed the
siRNA to hinder the translation of angiotensiogen and thereby to affect the renin angiotensin
system. Compared to controls the animals had impaired basal blood pressures and a distinct
decrease of the blood pressure following the reduction of the body temperature. Moreover, the
blood pressure remained at low values by the 57 min. Thus the measured blood pressure
values were similar between animals treated with the angiotensin converting enzyme inhibitor
and animals which received angiotensin siRNA delivered via the nanocarrier. Fig. 4 shows the
reduction of arterial blood pressure following the siRNA induced inhibition of angiotensinogen.

[0057] Blood pressure profile in additional control animals: Four groups of controls received

the composite displayed in Table 2. In these groups of animals as a response to a reduced
body temperature the blood pressure was impaired at 35 and 40 minutes. The return to normal
values of 37°C to 42°C leaded to a fast increase of blood pressure again so that the animals
had normal basal values from 47 min until the profile ended. The observed blood pressure
reduction related to a decreased body temperature was slight and recovery to normal basal
values occurred directly 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
injection within 2 s"Hydrodynamic transfection" {comparable to untreated animals

(Fig. 5)

Incomplete Nanocarrier Nanocarrier and siRNA {Blood pressure profile
without endocytosis enhancing transferrin at the jcomparable to untreated animals

surface (Fig 6)

Non-coding siRNA Nanocarrier with a non- Blood pressure profile

coding siRNA sequence comparable to untreated animals
(Fig. 7)

Nanocarrier only Nanocarrier without siRNA Blood pressure profile
comparable to untreated animals

(Fig 8)

[0058] Perfluorcarbon-nanoemulsion. not doted with endocytosis enhancing molecules: The
experimental data on a perfluocarbon nanoemulsion not doted with an endocytosis enhancing
surface are shown in Figure 6 for the exemplary use of siRNA directed against the blood
pressure regulating renin angiotensinogen system.

[0059] The blood pressure profiles of animals treated with perfluorcarbon nanoemulsion not
doted with an endocytosis enhancing surface were compared to the blood pressure profiles of
control animals. This experimental data demonstrate that perfluorocarbon nanoemulsions not
doted with endocytosis enhancing surfaces are not functional for the delivery of genetic
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material into the cells of living animals as the blood pressure profiles of the animals receiving
this substance were significantly not different to the blood pressure profiles of the controls.

[0060] Electron microscopic visualization of the angiotensionogen siRNA delivery into
hepatocytes of mice: Mice weighing 35 g received tail vein injections o the nanocarrier loaded

with the angiotensiogen siRNA. After intervals of 30 minutes, and 2 respectively 4 hours, the
animals were sacrificed and the liver was explanted.

[0061] The liver tissue was epoxy resion embedded, and thin sections were obtained by
means of a microtome. Electron microscopy of these sections revealed convincingly a special
appearance of the nanoparticles incorporated into cells. The efficiency of the nanocarrier for
delivery of siRNA into intact organs of living animals was demonstrated in electron microscopic
images: Within the first 30 minutes the nanocarrier was incorporated into intracellular
endosomes via recepto-mediated uptake. During the first two hours after injection, the
nanocarrier was leaving the endosome and was liberated into the cytoplasm. Following the
next two hours, electron dense structures of the nanocarrier were no longer visible, implying
very probably the unload of transported siRNA and its liberation into the cytosol.

[0062] The electron microscopic images depicted in Figures 9 to 13 show the nanocarrier's
structure and document its receptor-mediated uptake, liberation from the intracellular
endosomes and unloading of delivered siRNA after intravenous injection in living mice.

[0063] Figures 10 to 13 display electron microscopic images of cross sections from liver tissue
of mice.

Sequence Listing, Free Text

[0064]

SEQ ID NO: 1
angiotensinogen siRNA sequence

SEQUENCE LISTING

[0065]
<110> Ruhr-Universitaet Bochum
<120> Perfluorcarbon Nanoemulsions with Endocytosis Enhancing Surface for Gene-Transfer

<130> 090953wo
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<150> EP 09749747.3
<151>2009-05-13

<150> EP 08156434.6
<151>2008-05-19

<160> 1
<170> PatentIn version 3.3

<210>1
<211>21
<212> DNA
<213> Artificial

<220>
<223> angiotensinogen siRNA

<400> 1
ccggttcttg ccactgagaa a 21
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Patentkrav

1. Stabil nanoemulsion af perfluorcarbon med en endocytoseforsteerkende over-
flade, hvilken nanoemulsion omfatter:

(@) en perfluorcarbonkomponent, der omfatter mindst en perfluorcarbonforbin-
delse;

(b) en emulgerende komponent; og

(c) en endocytoseforsteerkende komponent, der omfatter transferrin eller et frag-
ment eller derivat deraf, som inducerer cellulzer optagelse af nanoemulsionen via

endocytose.

2. Nanoemulsionen ifglge krav 1, som kan opnas ved en fremgangsmade, der
omfatter de fglgende trin:

(a) at fremstille en vandig oplesning med buffer, der indeholder den emulgerende
komponent;

(b) at tilfgje perfluorcarbonkomponenten;

(c) efterfalgende at blande og homogenisere reaktionsproduktet fra trin (b) under
hoijt tryk og

(d) at tilsaette den endocytoseforsteerkende komponent til reaktionsproduktet fra
trin (c) og at homogenisere den resulterende blanding.

3. Nanoemulsion ifalge krav 1 eller 2, hvilken nanoemulsionen har en partikel-
starrelse pa under 100 nm, og hvilken nanoemulsion fortrinsvis bestar af partikler

med en gennemsnitlig sterrelse pa ca. 50 nm.

4. Nanoemulsion ifglge et hvilket som helst af kravene 1 til 3, hvor den vandige

fase med buffer repreesenterer 25 til 60 vaegt-% af nanoemulsionen.

5. Nanoemulsion ifglge et hvilket som helst af kravene 1 til 4, hvor den mindst
ene perfluorcarbonforbindelse er valgt blandt CmFams1X, XCmF2mX, XCnF2nOCo-
F20X, N(CoF20X)3 0g N(CoF20+1)3, hvor m er et helt tal fra 3 til 10, n og o er heltal
fra 1 til 5, og X er uafhaengigt af yderligere forekomst valgt fra Cl, Br og I, og hvor
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perfluorcarbonen fortrinsvis er valgt blandt perfluorooctylbromid og perfluorotri-

butylamin og blandinger deraf.

6. Nanoemulsion ifglge et hvilket som helst af kravene 1 til 5, hvor den emulge-
rende komponent omfatter mindst et phospholipid som den essentielle emulge-
rende komponent og et eller flere hjaelperlipider, og hvor

(i) det naevnte mindst ene phospholipid fortrinsvis er valgt blandt forbindelser, der

er repraesenteret ved formlen |

| O0—R1
R2—O{ ﬁ
o—rla_—o—x
o}
I
hvor R' og R? er uafhaengigt valgt blandt H og C1es-24-acylrester, som kan vaere
meettede eller umaettede og kan bzere 1 til 3 rester R® og hvor et eller flere af C-
atomerne kan vaere substitueret med O eller NR4, og X er valgt blandt H,
-(CH2)p-N(R*)3*, -(CH2)p-CH(N(R*)3*)-COO-, -(CH2)p-CH(OH)-CH20H og
-CH2(CHOH)pCH20H, hvor p er et helt tal fra 1 il 5; R® er uafhzengigt valgt blandt
H, lavere alkyl, F, Cl, CN og OH; og R* er uafhaengigt valgt blandt H, CHs og
CHzCHs, eller et farmakologisk acceptabelt salt deraf, og mere fortrinsvis er R’
og R? uafhaengigt valgt blandt H og usubstitueret C1s-24-acylrester, som kan veere
meettede eller umaettede, og X er valgt blandt en cholin, serin, ethanolamin og
inositolrest, endnu mere foretrukket er phospholipidkomponenten valgt blandt
phosphatidylcholin, lysophosphatidylcholin, phophatidylethanolamin og blandin-
ger deraf; og/eller
(i) det naevnte hjeelperlipid er valgt blandt fedtsyrer, steroider, vitaminer og blan-

dinger deraf.

7. Nanoemulsion ifalge et hvilket som helst af kravene 1 til 6, som omfatter per-
fluorooctylbromid som perfluorcarbonkomponenten (a), en emulgerende kompo-
nent (b), som omfatter phosphatidylcholin, sphingomyelin, cholesterol og lysop-
hosphatidylcholin, som phospholipid, og transferrin som den endocytoseforsteer-

kende komponent (c).



10

15

20

25

30

DK/EP 2510921 T3

8. Nanoemulsion ifglge et hvilket som helst af kravene 1 til 7, hvilken nanoemul-
sion er egnet til overfarsel af hydrofile forbindelser, der indbefatter farmaceutisk
0g genetisk materiale, til celler in vivo og in vitro, og hvilken nanoemulsion for-
trinsvis er egnet til overfarsel af genetisk materiale, der er valgt blandt RNA og
DNA-sekvenser og kombinationer og derivater deraf, og mest fortrinsvis til over-
farsel af miRNA, siRNA eller dsRNA.

9. Genoverfgringsmiddel eller et farmaceutisk praeparat, der omfatter en nano-
emulsion ifalge et hvilket som helst af kravene 1 til 8.

10. Genoverfaringsmiddel eller farmaceutisk sammenseaetning ifalge krav 9, som
yderligere omfatter farmaceutisk og genetisk materiale, som skal overfares til cel-
ler in vivo og/eller in vitro, hvilket genoverfaringsmiddel eller farmaceutisk pree-
parat fortrinsvis omfatter genetisk materiale, der er valgt blandt RNA og DNA-
sekvenser og kombinationer og derivater deraf, og mest foretrukket omfatter
mMiRNA, siRNA eller dsRNA.

11. Fremgangsmade til at fremstille en nanoemulsion ifglge krav 1 til 7 og
genoverfgringsmiddel eller farmaceutisk sammensaetning ifelge krav 9 eller 10,
hvilken fremgangsmade omfatter de folgende trin:

(a) at fremstille en vandig oplgsning med buffer, der indeholder den emulgerende
komponent,

(b) at tilfgje perfluorcarbonkomponenten, og

(c) efterfalgende at blande og homogenisere reaktionsproduktet fra trin (b) under
hgijt tryk.

12. Fremgangsmaden ifglge krav 11, som yderligere omfatter:
(d) at tilseette den endocytoseforsteerkende komponent og/eller den hydrofile for-
bindelse til overfarsel til reaktionsproduktet fra trin (¢) og at homogenisere den

resulterende blanding.
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13. Fremgangsmade til overfarsel af hydrofile forbindelser til celler in vitro, som
omfatter at bringe cellerne i kontakt med en nanoemulsion ifalge krav 1 til 7 eller

med et genoverfgringsmiddel ifolge krav 9 eller 10.

14. Anvendelse af en nanoemulsion ifglge krav 1 til 7 til at fremstille et medika-

ment til overfgrsel af farmaceutisk og genetisk materiale til en patient.

15. Nanoemulsion ifalge et hvilket som helst af kravene 1 til 7 og genoverfarings-
middel eller farmaceutisk sammensaetning ifalge et hvilket som helst af kravene
9 eller 10 til anvendelse i en fremgangsmade til overfarsel af farmaceutisk og
genetisk materiale til en patient.
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