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ABSTRACT

Oligonucleotide models bearing 6, 12 or 18 histamine residues were synthesized
on solid support and labeled with fluorescein. Only the oligo with 6 histamine
residues showed a high uptake in HeLa cells with a nuclear localization. Ex-
periment a 4°C or with bafilomicyn A; suggest that uptake proceeded by an
endocytosis mechanism followed by a destabilization of the membrane. Once
in the cytoplasm the oligo reached rapidly the nucleus.

Oligonucleotide (ODN)-based therapy promises to be a highly specific tool for
the treatment of numerous human diseases. However the effectiveness of ODNs has
been mainly limited by poor nuclease resistance and poor cellular uptake. Nuclease
resistance was greatly increased by the use of phosphorothioate ODNs but they
still displayed limited cellular uptake. Furthermore by endocytosis the ODNs are
entrapped in endosomes and are not available to interact with their targets. Recent
publications pointed up the high uptake of histidyl-rich peptide (1) and the use of
histidylated oligolysines to increase the uptake of ODN (2). Histidyl residues are
described to destabilize membrane after protonation of the imidazole group and
allow the escape of the ODN from the endosomes.
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Figure 1. Synthesis the polyimidazoyl Ty, models by amidative oxidation of H-phosphonate
linkages.

We present the synthesis of dodecathymidine models covalently link to sev-
eral histamine residues and their uptake in HeLa cells. Three T, models bearing
an increase number of imidazole groups (6, 12 and 18) were synthesized on solid
support. Imidazole residues were introduced into a fluorescein labeled T}, models
by amidative oxidation of H-phosphonate linkages with histamine carbon tetra-
chloride (Fig.1). As control the fluorescein labeled T, was also synthesized (Fig.1,
n=0).

The resulting oligos were characterized by MALDI-TOF Mass spectrometry.
Mass spectra showed that amidative oxidation was incomplete with the presence of
H-phosphonate links oxidized into phosphodiester links. For the FluoHis¢T},, mass
spectra displayed peaks corresponding to n = 6 (in majority) n =5 (less abundant)
and n =4 (small amount). For the two other oligos, mass spectra displayed a gaus-
sian distribution centered at n= 10 and n = 15 for FluoHis, T, and FluoHisgT,
respectively. To study the behavior of the imidazole group linked to an oligo it was
not necessary to use pure oligos, thus the oligos were used without purification.

The crude oligos, dissolved in OptiMEM serum free medium, were incubated
at a 10 uM concentration with HeLa cells for 2 h at 37°C. A post incubation
treatment with monensin (50 uM) at 4°C for 30 min was necessary to detect the
fluorescence into the cells. Indeed monensin induces the neutralization of all acidic
compartments and reveals the fluorescein from quenching (3). A high uptake was
found for the FluoHise T, while the FluoHis;; T, was less taken up. Finally when
exposition time was increased 10-fold a slight fluorescence was visualized for the
FluoHis 3T, and the control FluoT;,. Hence the FluoHis g T, displayed only a low
uptake but still higher than the control FluoT;, (Fig. 2). Fluorescence was strongly
localized in nucleus and slightly in the cytoplasm. No punctuation was visual-
ized in the cytoplasm suggesting that oligos were not entrapped into endosomes.
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Figure 2. Fluorescence microscopy of fluorescein labeled polyimidazole T}, models and visualiza-
tion of the HeLa cell nucleus by Hoechst 33258 dye.

Furthermore, nuclear localization implies that oligos were found free in the cyto-
plasm. The decreasing uptake for oligos bearing an higher contents of histamine
residues could be tentatively explained by a too high molecular weight of the re-
sulting oligos.

Incubations were repeat at 4°C and a dramatic decrease of uptake was found
(Fig. 3) suggesting that uptake proceeded through an active transport likely by
endocytosis. Finally the oligos were incubated at 37°C for 2 h with HeLa cells
in presence of bafilomicyn A;. Bafilomicyn A; is known to inhibit the proton
pump ATPase (4) involved in the endosome acidification. Under these conditions,
the fluorescence was not visible into HeLa cells for any of the oligos. This result
indicates that protonation of the imidazole residues is involved in the transmembrane
passage of the ODN.

The hybridization of the polyimidazole T, models with poly rA was studied
by melting curve in 10 mM sodium cacodylate, 1 M sodium chloride pH 7 as
buffer. All the duplexes displayed the same Tm around 41°C indicating that the
5’-polyimidazole tail has not effect on the duplex formed.

An oligo model dodecathymidine with only 6-histamine residues was ef-
ficiently taken up by HelLa cells. The uptake of this oligo proceeded likely by

37°C

Fluorescence microscopy
of FluoHis,T,,

Expo. Time x 10

Figure 3. Fluorescence microscopy of FluoHiseT), incubated with HeLa cells at 37°C and 4°C.
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endocytosis then the imidazole group after protonation allowed the oligo to es-
cape, once in the cytoplasm it reached rapidly the nucleus. This efficient method to
increase the uptake could be easily extend to any oligonucleotide.
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