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COMPARATIVE STUDIES OF TRICYCLO-DNA- AND LNA-CONTAINING
OLIGONUCLEOTIDES AS INHIBITORS OF HIV-1 GENE EXPRESSION

Gabriela lvanova, Andrey Arzumanov, and Michael J. Gait o Medical Research
Council, Laboratory of Molecular Biology, Cambridge, UK

Sandrine Reigadas and Jean-Jacques Toulmé o INSERM U386, Université
Victor Segalen Bordeaux 2, Bordeaux, France

Marie-Line Andreola © REGER UMR5097 CNRS, Université Victor Segalen
Bordeaux 2, Bordeaux, France

Damian Ittig and Christian Leumann o Department of Chemistry and
Biochemistry, University of Berne, Berne, Switzerland

o Trans-activation of HIV-1 transcription is triggered by the interaction of the protein Tat and
host cellular factors with a 59-residue stem-loop RNA known as the trans-activation responsive
element (TAR). Here we compare the trans-activation steric block inhibitory activity of 16-mer
oligonucleotides targeted to TAR containing tricyclo-DNAs, and their mixmers with LNA or OMe
residues, with LNA/OMe oligonucleotide. Despite generally weaker TAR RNA binding affinity, all
tricyclo-DNA oligonucleotides showed similarly good activity levels to OMe/LNA oligonucleotide
in a Hela Tat-dependent trans-activation cell reporter assay with cationic lipid delivery, but
mixmers of tricyclo-DNA were inactive. Tricyclo-DNA 16-mer showed sequence-specific inhibition
of B-galactosidase expression in an anti-HIV Hela cell reporter assay.

Keywords HIV-1; trans-activation; steric block; tricyclo-DNA; LNA

INTRODUCTION

HIV-1 genome transcription is activated by the interaction of the viral
protein Tat with the #ransactivation responsive element (TAR) RNA at
the 5'-leader sequence of the HIV-1 mRNA.!! Synthetic oligonucleotides
and their analogs complementary to the TAR RNA that are able to enter
the cell nucleus and bind to the TAR RNA can prevent docking of Tat
and thus inhibit Tat-mediated transactivation.l>=* We found previously
that a 16-mer OMe/LNA mixmer oligonucleotide complementary to
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FIGURE 1 HIV-1 39-mer model TAR RNA (a) and the binding sites for oligonucleotides containing
tricyclo-DNA (b), 2-OMe (c) and LNA (d) monomers.

TAR when delivered by cationic lipids effectively inhibited Tat-dependent
trans-activation in a HelLa cell reporter assay [>% and syncitia formation
induced by HIV-1 infection in HeLa T4 LTR cells.” Here we compare
the transactivation inhibitory activity of the 16-mer OMe/LNA mixmer
with oligonucleotide analogs containing another type of conformationally
restricted monomers-tricyclo-DNA.8~11]

RESULTS AND DISCUSSION

We synthesized a 16-mer with all tricyclo-DNA units 1 (Figure 1, Table 1),
its mismatched sequence 2, a 16-mer mixmer with six tricyclo-DNA and ten
2'-OMe units 3, and a 15-mer with five tricyclo-DNA and ten LNA monomers
4, complementary to the apical region of a 39-mer model TAR RNA (Figure
la). We measured the ability of these oligonucleotides to bind to the model
TAR RNA at 30°C in either of two buffers (Table 1). The results show that
all of the exactly matched tricyclo-DNA containing oligonucleotides 1, 3, 4
have sufficiently strong binding (K; 4.5 to 28.2 nM) to be considered for
steric block agents though their binding is weaker than that of the 16-mer
OMe/LNA mixmer 5. 16-mer Tricyclo-DNA 1 showed stronger affinity to the
target than corresponding mixmers 3—4 and its binding is sequence-specific,
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TABLE 1 Oligonucleotide sequences and their binding to 39-mer TAR RNA

Oligonucleotide analog Binding Kd (nM) Binding Kd (nM)

No. (Sequence 5'-3") TK-80° Transcription buffer®

1 16 TAR Tricyclo-DNA FAM 65.8 75 55+ 0.6
(ctcccaggctcagatc-FAM) ¢

2 16 TAR Tricyclo-DNA-mism FAM n.b.4 n.b.4
(ctcecaccctcacatc-FAM)

3 16 TAR 10xOMe/6xTricyclo-DNA FAM 98.1 £4.9 45+0.1
(cUcCcAGGcUcAGALC-FAM)

4 15 TAR 9xLNA/6xTricyclo-DNA 140.2 £ 17.5 282+ 45
(ccCcAGGCcTcAGAT c-FAM)

5 16 TAR 10xOMe/6xLNA FAM 9.3 +£0.4° 3.3+0.8°

(CUCCCAGGCUCAGAUC-FAM)

“Tricyclo-DNA residues are shown in lower case. Capitals show 2’-O-Me nucleotides. Underlined
monomers are LNA nucleotides. *TK-80: 50 mM Tris.HCI, pH 7.4; 80 mM KCI; “Transcription buffer: 20
mM HEPES, pH 7.9; 10 uM ZnSOy4; 2 mM DTT; 80 mM KCl; 3 mM MgCls; 10 mM creatine phosphate;
no binding up to 10 um concentration; “data published before [ and shown here for comparison.

since mismatched all tricyclo-DNA 16-mer 2 does not bind to the TAR RNA
in concentrations up to 10 um.

The nuclear inhibition activity of the oligonucleotides was tested in a
double-luciferase Hel.a cell reporter system described previously (Figure
2).15:6] Dose-dependent knockdown of firefly luciferase expression was ob-
served only for the 16 TAR all tricyclo-DNA 1 and the levels of inhibition
were similar to those for the OMe/LNA control 5 (Figure 2a). At the same
time the Renilla luciferase levels were not affected, which confirms the pro-
tein specificity of the cellular activity.

Furthermore, we tested the most promising steric block oligonucleotide
candidate 16 TAR tricyclo-DNA 1 and the corresponding OMe/LNA
mixmer 5 for inhibition of HIV-1 infectivity in a Hela P4 cell line
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FIGURE 2 Transactivation inhibitory activity of oligonucleotides 1-5 measured after oligonucleotide
incubation with HeLa cells in the presence of Lipofectamine 2000 for 3 h, followed by cell growth for
18 h in media alone. (a) Firefly luciferase luminescence (normalized to cell viability count), shown
as percentage of firefly luciferase luminescence of untreated cells (the last bar in each series). Bars
left to right represent activity levels for oligonucleotide concentrations 500, 250, 125, 62.5, and 0 nM,
respectively. (b) Renilla luciferase luminiscence.
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expressing receptors CD4 and CXCR4 and carrying the stably integrated
lacZ gene under the control of HIV-1 LTR.['?] The transfections were car-
ried out with Lipofectamine 2000 assistance for 3 h; 18 h later HIV-1; 47 was
added and the cells incubated for a further 24 h. Dose-dependent knock-
down of HIV-1 induced B-galactosidase expression was observed for 16-mer
tricyclo-DNA 1 (data not shown) for concentrations up to 10 um (25% in-
hibition) whereas no inhibition was seen for the mismatched control 2. A
little higher inhibitory activity was measured for 16-mer OMe/LNA mixmer
5 (40% at 1 uM), which is very similar to that obtained in an analogous anti-
HIV-1 syncitia reduction assay for the same oligonucleotide from another
recent study.!”!

In conclusion, we have shown that a 16-mer all tricyclo-DNA oligonu-
cleotide, targeted to the HIV-1 TAR region, similarly to 16 TAR OMe/LNA
mixmer, blocks sequence-specific Tat-dependent #ransactivation in Hela
cells as well as HIV infectivity when delivered with cationic lipid. Thus, our
study confirms that tricyclo-DNA oligonucleotides are promising antisense
agents with potential for therapeutic applications.

REFERENCES

1. Brady, J.; Kashanchi, F. Tat gets the “green” light on transcription initiation, Retrovirology 2005, 2:69.

2. Richter, S.N.; Palu, G. Inhibitors of HIV-1 tat-mediated transactivation, Curr. Med. Chem. 2006, 13,
1305-1315.

3. Turner, ].J.; Fabani, M.; Arzumanov, A.A,; Ivanova, G.D.; Gait, M J. Targeting the HIV-1 RNA leader
sequence with synthetic oligonucleotides and siRNA: Chemistry and cell delivery, Biochim. Biophys.
Acta 2006, 1758, 290-300.

4. Fabani, M.M.; Turner, J.J.; Gait, M.J. Oligonucleotide analogs as antiviral agents. Current Opinion in
Molecular Therapeutics 2006, 8(2), 108-114.

5. Arzumanov, A.; Walsh, A.P.; Rajwanshi, V.K.; Kumar, R.; Wengel, J.; Gait, M.J. Inhibition of HIV-1
tat-dependent trans-activation by steric block chimeric 2'-O-methyl/LNA oligoribonucleotides, Bio-
chemistry 2001, 40, 14645-14654.

6. Arzumanov, A.; Stetsenko, D.A.; Malakhov, A.D.; Reichelt, S.; Sgrensen, M.D.; Ravindra Babu, B.;
Wengel, J.; Gait, M.J. A structure-activity study of the inhibition of HIV-1 Tat-dependent trans-
activation by mixmer 2’-O-methyl oligoribonucleotides containing locked nucleic acid (LNA), a-
L-LNA, or 2-thio-LNA residues, Oligonucleotides 2003, 13, 435-453.

7. Brown, D.; Arzumanov, A.; Syed, S.; Gait, M.J.; Lever A.M. Inhibition of HIV-1 replication by oligonu-
cleotide analogues directed to the packaging signal and frans-activating response region, Antiviral
Chemistry & Chemotherapy 2006, 17, 1-9.

8. Steffens, R.; Leumann, C.J. Synthesis and thermodynamic and biophysical properties of tricyclo-
DNA, J. Am. Chem. Soc. 1999, 121, 3249-3255.

9. Renneberg, D.; Leumann, C.J. Watson-Crick base-paring properties of tricyclo-DNA, J. Am. Chem.
Soc. 2002, 124, 21, 5993-6002.

10. Renneberg, D.; Bouliong, E.; Reber, U.; Schiimperli, D.; Leumann, C. J. Antisense properties of
tricyclo-DNA, Nucleic Acids Res. 2002, 30, 13, 2751-2757.

11. Ittig, D.; Liu, S.; Renneberg, D.; Schumperli, D.; Leumann, C.J. Nuclear antisense effects in cy-
clophilin A pre-mRNA splicing by oligonucleotides: A comparison of tricyclo-DNA with LNA, Nucleic
Acids Res. 2004, 32, 346-353.

12. Ventura, M.; Tarrago-Litvak, L.; Dolle, V.; Nguyen, C.H.; Legraverend, M.; Fleury, H.J.A.; Litvak, S.
Effect of nucleoside analogs and non-nucleoside inhibitors of HIV-1 reverse transcriptase on cell-
free virions, Arch. Virol. 1999, 144, 513-523.



