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ACETAL OLIGONUCLEOTIDE CONJUGATES IN
ANTISENSE STRATEGY

S. Matysiak*”, R. Frank®, W. Pfleiderer®

Abstract: To enhance the cellular uptake for antisense oligonucleotides or analogues a lipo-
philic steroid moiety was linked to the 5'-O- or 2°-O-position of appropriate protected thymidine
or uridine simply by acid catalysed reaction with cholesterylvinylether. The corresponding
cholesteryl-acetals were derivatized to the 3'-O- or 5'-O-phosphoramidites and then introduced
as 5’-end terminating agents or incorporated within the sequence of oligodeoxyribonucleotides
up to a chain length of 18 bases. 3'-end linkage was achieved by using the corresponding 2°-O-
cholesteryluridine building unit, tethered via a 3'-0-/5"-O-succinate-bridge to polystyrene as
solid support.

The application of antisense-oligonucleotides (AON's) as therapeutic agents represents a new
paradigm for drug discovery and development [1-4]. Oligonucleotides designed to interact with
nucleic acid receptors represent a potentially revolutionary advance in pharmacotherapy . The
compositon of the ligand is exactly defined by the complementary nucleic acid sequence of the
target, the so called sense strand. The nature of the chemical interactions, Watson-Crick base
pairing via hydrogen bonding, results in a ligand-receptor complex with a high selectivity and
great affinity. In comparison to classical drugs, small molecules which inhibit certain enzymes
with a more or less high potential of side effects, antisense-oligonucleotide-analogues (AONAs)
might show much more efficiency by binding to (sense) pre-RNA via duplex or triplex helices.
So the expression of proteins is inhibited at the level of translation. Beside survival in the
enzyme-cocktail of the cell the polyanionic antisense-oligonucleotides or analogues first must
penetrate the lipophilic cell membrane and then still be able to interact with the target RNA-
sequence with the desired specificity. The correlation of chemical or enzymatic stability, cell-
uptake and the specificity and affinity of binding is very complex. Therefore it has carefully to be

determined, if a manipulation of the structure to improve one parameter (e.g. enhanced enzyme
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Figure 2: Synthesized monomeric units;
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L. 5"-Endcapping:

3"-HO —-’ Oligodeoxyribonucleotide |—-5'—p-3'—T(5'-Chol.)

3"-HO —f Oligodeoxyribonucleotide ,-——5'-p-5'-T(3'-Chol.)

1. Mixed Sequence:

3"-HO 5°-p-3"-U(2'-Chol )-5"-p-3' { oligo] - 5"-OH
3"HO 5’-p-5'-U(2'-Chol.)-3’-p-3' 5-OH

II1. 3"-Capping:

3'-HO-U(2'—ChoI.)-5'-p-3’ —‘ Oligodeoxyribonucleotide I-—S'_OH

5"-HO-U(2"-Chol )-3'-p-3' —{ Oligodeoxyribonucleotide }—5 ".OH

1V. Combinations I./IL/IIL.:

Figure 3: Cholesteryl-conjugates.

stability) is still acceptabel for the desired purpose as a therapeutic agent and does not implicate
another parameter in a negative way (e.g. less selectivity and affinity of interaction).

In this communication we describe our attempts to introduce a new handle for cellular uptake of
antisense-sequences. Penetration through the membrane in mammalian cells is believed to take
place via endocytosis [5] and once in the cell the oligonucleotides display a punctate distribution.
To improve the permeability, uptake and bioavailability we have synthesized 5'-O- and 2°-O-
acetal linked cholesteryl-conjugates. As e.g. membranes of HIV and HIV infected cells are rich
in cholesterol, enhanced uptake is expected. Instead of a phosphate-, ester- or amido-bond [6]
we use an acid labile acetal-bridge for tethering the lipohilic steroid moiety. Cholesteryl-
vinylether, easily pepared via a modified vinyl-interchange-reaction [7] (figure 1) is quantitatively
linked to 3’- or 5°-O-tert.butyldimethylsilyl protected thymidine or 3°,5'-0-(1,1,3,3-tetra-
isopropyldisiloxan-1,3-diyl) protected uridine. After deprotection and further routine steps 5'-O-
[(1-cholesteryloxy)-ethyl]-thymidine-3"-O-(2-cyanoethyl-N,N-diisopropyl)-phosphoramidite (2a)
or the regioisomer 2b and 2°-O-[(1-cholesteryloxy)-ethyl]-5'-O-dimethoxytrityl-uridine-3"-O-(2-
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HPLC:

Eluent A: 0,05 N NaOAc/ 20% ACN.

Eluent B: 0,05 N NaOAc/ IN LiCl/ 20% ACN.

Gradient 1: 0-3° (100% A), 3-23 (100% B), 23-28 (100% B), 28-32'(100%A), 32-35°(100% A).
Gradient 2: 0-3" (100% A), 3-23 (50% B), 23-28 (50% B), 28-32"(100%A), 32-35'(100% A).
Column: Nucleogen DEAE 60-7 ET 125/4 (Anion exchange).

Mixed Sequence:

JT-20meres-D - Vial 16 In) 1 VIS3-5-NH3 - Fixed 260 mnm

9,15 —
3 5-TTGCGCAT-3’
0,10 ~§
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S e
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e JT-20weres-D - Vial 1S Inj 1 V3I54-3-NH3/D - Fixed 260 nm
]
2 E
< 0,08 — . .
3 5'-TU(3a)GCGCAT-3
0,06 /
V]
0,00 5 /\ ;
3 | | v
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E / k
4 k / i
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Figure 4: HPLC of the crude products, gradient 2.

cyanoethyl-N,N-diisopropyl)-phosphoramidite (3a) or the corresponding isomer (4a) could be
isolated in good yields (figure 2).

The phosphoramidites 3a and 4a then were incorporated to a model sequence either at the end
of the oligonucleotide as a 5'-O-terminating unit or within the sequence. Introduction of the

steroid moiety to the 3'-O-position was achieved by preparation of the corresponding 3'- or 5’-
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3’-Capping:

JT-20meres~T - Vial 1S Inj 1 GA-178-NH3 - Fixed 260 nm

. AN

Y
JT-20meres-T - Vial 13 Inj 1 GA176-NH3 - Fixed 260 nm

5'-AGCT-3" n
0,0

E !
o1 3 5'-AGCTU(3b)-3’ J 1
» I
00 Y r.\,d,‘)i \
E Y
JT-20mere=s-T - Vial S In) 1 GA1B3-NHI - Fixed 260 nm
0,2
; 5'-AGCTU(4b)-3°
0,1

—

—
ry

JT-20meres-T - Vial 8 Inj 1 GA174-NH) - Fixed 260 nm

Q.s 3 5._AGCTT_3.

It M At A LA LAt ALY LAY AL At A
o ¢+ 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
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Figure §: HPLC of the crude products, gradient 1.

O-succinate-derivative (3b and 4b) and coupling with amino-polystyrene-solid support [8].
After capping with Ac,O/Pyridin/DMAP this support was used to build up the desired sequences
using slightly modified phosphoramidite chemistry (2%DCA/DCE for deprotection.of the DMTr-
group, extended coupling times). The possible modifications of oligodeoxynucleotides are shown

in figure 3 as a diagramm.

Experimental:

Oligonucleotide synthesis was carried out on an Pharmacia Gene Assembler using the standard
0.2 pmol programme . For detritylation 2% DCA in DCE was used instead of 1%TCA/DCE.
The 2'-O-cholesteryl-uridine phosphoramidites 3a and 4a were reacted for 30 minutes at 25°C

with dried polystyrene-tethered oligonucleotides in ACN/DCE (1:2) and tetrazole catalysis. After
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JT-20mere=s-T - Vial 3 In) 1 GA168-NH3 - Fixed 260 nm

0,4
. 5'-CACCGACGGCGCC-3’
0,0
JT-20meres-T - Vial 4 Inj 1 GA164-NH3 - Fixed 260 nm
3 ‘
9,5 - . 0
A 5'-CACCGACGGCGCCU(3b)-3 ] 4
3 [
0,0 3 — \
JT-20meres-T - Vial 3 Injy 1 GA1B1-NH3 - Fixed ZSOE
g.2 f\
5'-CACCGACGGCGCCU(4b)-3° Ia
» /
//-\l \
0,0 J— . - ~
A A
JT-20meres-T - Vial 1 Inj 1 GA166-NH3 - Fixed 260 nm
1,0
o5 3 5'-CACCGACGGCGCCT-3’
e,0 i
T I [ T ] L ! T ' T I T I T T 109 9 I T i T I T i T ] H I T I T i T I

Retention Time (min)

Figure 6: HPLC of the crude products, gradient 2.

oxidation with iodine/THF/H,O the polystyrene matrix was filtered off via the original reaction
vessel, washed with ACN and DCE and the vial sealed with a polypropylene filter. Detritylation
and further reactions then took place automatically as mentioned before. The purity of the
compounds la-4b was checked by TLC, NMR (300 MHz), HPLC (RP 18) and Mass
Spectroscopy (ESI, EI). Oligonucleotides were analysed by HPLC and Agarose Gel.

Summary:

We have successfully synthesized acetal linked building blocks for the synthesis of modified
oligodeoxynucleotides. Introduction of a steroid system was possible either at the 5'-end or
within the sequence using thymidine or uridine phosphoramidites. 2°-O-tethering was achieved
via the corresponding 3°-O-succinate- 5'-O-DMTr-derivatives. Advantages of this method are

the easy approach of the monomeric units, the use of standard phosphoramidite chemistry and
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the variabel placement of introduction. Due to the mild chemistry this method is suitable for any
kind of steroid (e.g testosterone, oestrone, 5a-dihydroteststerone etc.) or similar lipophilic
moiety (e.g. vitamine A, B,, D,/D;, E) bearing a primary or secondary hydroxyl function.

By determining the melting temperature of these modified oligonucleotide sequences their
binding affinity to complementary DNA or RNA-strands and hence their capability as antisense
therapeutics will be elucidated. The next step will involve radioactive labeling of model
sequences and investigation of their efficiency to penetrate the membrane and their distribution
within the cell. Due to the acidic environment in e.g. lysosomes and endosomes we would expect
a rapid cleavage of the acetal bond [9] to give the native oligonucleotide. In a further step the
acetal linkage could be exploited to modify enzymatically more stable analogues e.g.
phosphorothioates, which then could inhibit protein expression by annealing with the RNA-
template [10].
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