10

15

20

25

30

35

LETLIMVEDIVE LIV LIV IV T T *166166% 1

for the transport of a chosen nolecule to ﬂ“ﬂﬁwmwmmmwm

presented invention relates to a vehicle f

transport of a chosen nolecule to a cell, conpnéseng a
SAI NT- nol ecul e, which by neans of an electrostatic
interaction, nore particular a non-coval ent binding,
for 5 instance by hydrogen bonding, is bound to the
chosen ol ecule. Further the invention relates to the
application of the SAINT-nolecule for a targeted
transport of a chosen nolecule to acell. It is known

| Rydie181 882 e £REn&Idret O BAMNBLER BFo1b016N0S 8N cen 1.
nol ecul es to a body, in such a way that the chosen

nol ecul e has to performits action in or near the
pr ef er r edP€ePFepinticHe BB LoonE Ifdssi bPI # tXphisl8efIWer
sutle mphespdres of0aactoeleh mslddwdeadoi aistlliat campwdfsing a
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nolodeaike rifrtthegerer dinzenniesicedbt es dic ghef dprdtisaf fon
otdrekhpasANTemollBeul1 dady. a 2hrbecel oranspoeeesses chaven

bgﬁﬁeggﬁghgp%dcggldel|ver chosen nol ecul es, for

i nst ance S, ecific ion in the, bod
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body.

Therefore processes have been developed to deliver
chosen molecules, for instance drugs, to a specific
location in the body at a specific cell. A first method
applied comprises the coupling of the chosen ‘compound to
antibodies. Such a coupling is covalent. As an effect, the
activity of the chosen compound is substantially reduced
in comparison with the activity of the free molecule.
Another, currently applied method, is the packaging of the
chosen molecules in iiposomes. To the outside of the
liposome, in which the molecule is packaged, an antibody
can be coupled. This coupling of the antibody to the
liposome occurs mostly after the inclusion of the chosen
molecule in the liposome. In case the coupling of the
antibody occurs before the chosen molecule has been
included, it is possible that the antibody is located at
the inner membrane of the liposome which might result in a
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anti body occurs before the chosen nol ecul e has been

included, it is possible that the antibody is |ocated

at 35 the inner nenbrane of the |iposone which night

result inalll L L L LT T 1 11 *@0002* 2

decreased efficacy of the |iposone. A general known

di sadvant age of inclusion of chosen nol ecul es, for

i nstance pharmaceutical coppounds, in |iposones, is

that pharmaceuticals will slowy leak fromthe

| i posome. A 5 second di sadvantage is that the

f afevatbonad of f filvecpack &gk nyirqsone - | & ppyere L cortal ni ng
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| anrget] 3s¢i oy ared cBbedN eohpowhidig st oot hinalludsénin the

o ;8CUbRes T driighedliy, east o8 catytHie wafiar gomid geed

gova-lrsy 20 the present invention provides a vehicle as

meft o84 in  the preanble, characterised by the.
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_rmide(éut:e_lgt a cell. Although bel ow hydr ogen
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mentioned In ener%l), t he |Cr11tetr'§ tion \s ggt Ael @h%ggn
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elegiscydeatic interaction is referred to. In this text

t he word Tecekhkéhi= usest ic_megenﬁe*_c}aé .afo\t\iémélntti_mnepl goals,

howRy @fres st tihﬁeﬁ@i&?@g;%'ﬂ&é@_@ |v@h§.B?e a4 méhtione?in

flofﬁ\\ge{ %e%‘gfé?tc%ﬁgac&n%@ﬁ%f; Itci'\ec ﬁlegsufess %ngé)ﬂpgd to
claim 1. In this way, a very stable process is provided to
deliver a chosen molecule at a cell.

Although below hydrogen interaction and hydrogen
bonding will be mentioned in general, the interaction is
not limited to this single form. In all cases, any kind of
electrostatic interaction is referred to.

In this text the word “cell” is used in general.
With this, however, as the person skilled in the art will
clearly understand, a “specific cell” is mentioned towards
which the chosen compound has to be transported to.

Preferred embodiments are described in claims 2, 3
and 4. :

According to another aspect, the invention relates
to the application of a Saint-molecule to transport a
chosen molecule, in a targeted way, to a cell. Saint-
molecule are commonly known, also described as transport

vehicle, and are extensively described in the European
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whi ch the chosen conpound has to.be transported to.
Preferred enbodi nents are described in clainms 2, 3
and 4. According to another aspect, the invention
relates 35 to the application of a Saint-nolecule to
transport a chosen nolecule, in a targeted way, to a
cell. Saint- nolecule are commonly known, al so

descri bed as transport vehicle, and are extensively
described in the European 3 patent, publication

‘nunber EP-0755924 Bl ‘and in the Anmerican patents wth

pyhltieads i @ib1AdEbESS nbEr &33,0694920 (1 W 61/ 26,2894,
V“llm%rlllh% regic ?E@H@l@ht gugbleca%%ﬁemmb&epbscgrﬁs3 1303 and
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AGHAEEbPEH i@ BaphehRrnbedi &adi AR nieRCedditively in
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e For e extended
GABERT RSN B8 THECePEEPe Shecht A arsF it s The
r dfBkendwliesuhad aiight US® 2°PR6, B94the Eﬁaﬁb‘r%eéﬂl?ﬁ et
| thkeposinliecnl RS, &2 Rdr HnsRanemd tHHE , fatirgwingo

135%0&&%'Eﬂat4R$aEHd1@9UtédtheQi§a9 -8 @¥khtical or
mék?%@é/r{t mﬁQ{: n %{5%@' 9% &S @L@;sﬁﬁ‘l@g +£ aLd ¢
succli nim IO ace ate
PSSO BGL Y HEh RS R APl o
(Saﬁml@AM-thﬁklelm)cerlrnoletqupése bor tfogasestatm;e the
aget ybtirigaacet atretapl-4-heanSAdBugy DURis-9-oleyl) ~
methylpyrimidiniumchloride (SAINT-amino-linker), and 1~N’-
methyl-4-(N-succinimidyl-S-acetylthio-acetate, cis-9-
oleyl)-methylpyridiniumchloride (Saint-SATA-linker). In
these both cases the acetylthioacetate and the SATA group
function as the linker (moiety). However equivalent
compounds also might be applied as linker- moiety,
including every chemical compound which can be covalently
bound to Saint-molecules. Although in general only one
linker molecule will be bound to the Saint-molecule, it
might be possible that a combination of positions is
occupied by a linker molecule, for example R1, R2, R3, R4,
R5 or R5’ alone or a combination of these, with a maximum
off all five linker positions.
According to a further preferred embodiment, the
cell spec%fic ligand is chosen from: an antibody or a
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i ncl udi ng every chem cal conpound which can be

covalently bound to Saint-nolecules. Although in

general only one |inker nolecule will be bound to the
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25 has a positive charge. Consequently, the Saint-molecules
will bind the macromolecules by means of an electrostatic
interaction, for instance by forming hydrogen—-bonds, SO
preventing leakage of the chosen molecules from the saint-
molecules.

30 Furthermore the possibility exists that
electrostatic interaction from, for instance, the carbon-
atoms or the ortho-electrons of the pyridinium—ring, is
for binding.

The present invention creates the p0551b111ty to

35 deliver chosen molecules, for example a drug, at a
specific piace in the body at a specific cell. Hereby the
advantage is generated that the amount of drugs, which has
to been administered to the body, can be geared exactly
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25 has a positive charge. Consequently, the
Saint-nolecules wll bind the nmacronol ecul es by neans
of an electrostatic interaction, for instance by
form ng hydrogen-bonds, so preventing |eakage of the
chosen nol ecul es fromthe saint- nolecules. 30
Furthernore the possibility exists that electrostatic
interaction from for instance, the carbon- atons or
the ortho-el ectrons of theSpyridiniumring, is for

bi ndi ng. The-present invention creates the possibility
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way it I's prevented _that .the chosen
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deveg ﬁﬁrtsh tg‘. Se“twﬁ %r?t‘ﬂ“ will fall 15
wi thin the scope of t he present i nvention. EXAMPLE
HixaMPERDr yoni ¢ Kidney cells are difficult to be 20
transfected. Wen using these cells, nain conpeting
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Vwﬂrpg;fectlon methods (of other manufacturers), require
several micrograms of plasmid DNA for successful
transfection. Combined with SAINT-18, 1 Og (per 12 wells)
normally results in a transfection rate above 90%. To be
able to visualise the enhancing effect of the targeting
moiety SAINT-18-RGD, in this protocol we used a low amount
of plasmid DNA (500 ng per 12 wells). The structural
formula of Saint-linker-RGD is depicted in figure 1 below.
In addition, an RGD-peptide is coupled to the SATA-group
of the SAINT-Linker, as described in the present
invention. The RGD group is a targeting moiety for the
integrin receptor family and is though to increase the
transfection efficacy. Human Embryonic Kidney cells,
strain 2933, are cultured in 12 well plates and are
transfected with 4 combinations of Saint-molecules (i.e.
Saint~18, Saint-18 coupled to RGD, a mixture of Saint-18
and Saint-18 coupled to RGD, and only a linker molecule as
a reference). 500 ng of CMV-GFP plasmid is complex with
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normally results in a transfection rate above 90% To
be 25 able to visualise the enhancing effect of the
targeting noiety SAINT-18-RGD, in this protocol we
used a | ow amobunt of plasm d DNA (500 ng per 12
wells). The structural formula of Saint-linker-RCGD is
depicted in figure 1 below. In addition, an
RGD-peptide is coupled to the SATA-group 30 of the
SAI NT- Li nker, as described in the present invention.
The RGD group is a targeting noiety for the integrin
r 8CephorsSATAMm holeande$ sot Homyhrt tpdmereddse t¢héours

t napst et?ﬁa'n@@e@tflfdnCQEB’ eﬂ&kl&@lEJ‘InyOrréa@.uKbcdnﬂy Faebl s,
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t fanst ecte i nat1ons of Saint-nol-ecul es
(inethe sHaph-BYLO%s,j nt - 18 coupl ed to RGD, a nixture of
Sai nt-18 and Saint-18 coupled to RG, and only a

i nker nolecule as a reference). 500 ng of CW-GFP
Pesdarf mies = Cahpl'@xwith 6 3. 75 Al NT ol ecul es or
THREEIT pef "HEFPTY . 48 hours /after tansfection GFP
expression i s neasur edw anal ysi The
percent 3ge of GFP pogétive cells in depict [
graph below 5 l\/bI ecul ar Formul a = CwHo, Cl NeQ
For mul a |ght 1103 88734 H3C CC. H/
NH NH ~ H3C HnxAH NH O S Q\CN St ruct ur al
fornﬂ?a\\of// %NDKEI‘JLRGD The resif t's depicted in
Fig. 1 8ar| show t hat tH1 818 Ir (ref erence)

functions poorly as a do - p+6n reagent (col umm
4) 2. S18/RGD is able to tran cells.

Structural formula of Saint-linker-RGD.

The results depicted in Fig. 1 clearly show that
1. S18-l1linker (reference) functions poorly as a
transfection reagent {(column 4).
2. S18/RGD is able to transfect cells.
3. S18:S18RGD ratio 500:1 increases the transfection
rate by approximately 33%.

S18-linker alone has no major transfection ability. We
envision that 100% S18-RGD has a decreased transfection
efficacy resulting from the sterical hindrance generated
by the RGD group. However when S18RGD is mixed with 518 in
a ratio of 500:1, transfection efficacy is greatly
increased. A more optimised ratio will be determined.
Similar results are obtained with targeting moieties other
than RGD (such as a cell-specific ligand). However, in all
cases, an optimisation will be needed to gain an optimal
effect. This experiment greatly indicates the transfection

enhancing characteristic of Saint molecules.
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rate by approximately 33% 15 S18-1inker al one has no
maj or transfection ability. W envision that 100%
S18- RGD has a decreased transfection efficacy
resulting fromthe sterical hindrance generated by
the RGD group. However when S18RGD is mixed with S18
in aratio of 500:1, transfeffion effi cacy is greatly
MRCr eased. A nore optimsed ratio will be
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i um chl’or itte (SAINT- amino-1i nker) *The synthesis of
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5- Pyri df n- 4- yI penta- 2, 4- di enoi ¢ aci d=®t hyl ester (3).
To 250 tetrahydrofuran at -70 'C was added 32 nL
it

nIBht vl i umm € AR P B . (80
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) .Bcd-m\’\/>\/>_GN 2 IPAHCI K-CO;

cr
\/\/\/\/c\/\/\/\/\ —
10 HN AN A ,N'—-C H;

Scheme 1: synthesis of SAINT-amino-linker

5-Pyridin-4-yl-penta-2,4-dienoic acid ethyl ester (3). To 250 mL tetrahydrofuran at —70 "C was
added 32 mL »-butyl lithium (2.5 M in hexanes) and 11.25 mL (80 mmol) diisopropylamine. After 15
min of stirring 17.8 mL (80 mmol) of phosphonocrotonate was added. Another 30 min of stirring were
applied and next 7.6 mL (80 mmol) of 4-pyridinecarboxaldehyde was added dropwise. The mixture
was allowed to heat up to r.t. The clear brown solution turned first into a yellow suspension, then in a
brown suspension and was stirred overnight. The reaction was quenched with acetic acid and the
solvents were evaporated. The resulting brown oil was neutralized with NaHCO; (saturated solution in
water) and extracted twice with ethyl acetate. The combined organic layers were washed with brine,
dried (N2,SO,) and evaporated. The remaining brown oil was dissolved in ethyl acetate, filtered over
silica and evaporated. The remaining orange oil, 16.7 g (82.3 mmol, >100%) contained some
impurities but was used without further purification.

'H NMR (200 MHz, CDCl3) & 9.00 (2H, d), 7.90-7.60 (1H, m), 7.70 (2H, d), 7.50-7.30
(1H, m), 7.19 (1H, d), 6.45 (1H, d), 4.60 (2H, @), 1.65 (3H, t) ppm.

5-Pyridin-4-yl-pentanoic acid ethyl ester (4). 5-Pyridin-4-yl-penta-2,4-dienoic acid ethyl ester
(16.7 g, 82.3 mmol) was dissolved in 500 mL ethanol. After the addition of 3.0 g palladium on
carbon the mixture was exposed to hydrogen pressure (1 bar) for 24 hours. The mixture was
filtered over Celite and the yellowish filtrate was evaporated. The isolated product was a
yellow oil 14.5 g (70.0 mmol, 85%).

'"H NMR (300 MHz, CDCI3) 6§ 8.45 (2H, d), 7.10 (2H, d), 4.05 (2H, q), 2.60 (2H, t),
2.25 (2H, t), 1.65-1.55 (4H, m), 1.20 (3H, t) ppm.
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