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  Purpose: In the present study, ribbon antisense to the hTR  
RNA, a component of the telomerase complex, was employed
to inhibit telomerase activity and cancer cell growth. 
  Materials and Methods: Ribbon antisense molecules to the 
human hTR gene (hTR-RiAS) were constructed and 
complexed with a short modified peptide and cationic li-
posomes to improve the cellular uptake of the antisense 
molecules. The DPL complexes containing hTR-RiAS were 
transfected into target cancer cells. Various assays were  
performed to confirm the effects of the hTR-RiAS on the gene
expression and cell proliferation.
  Results: W hen cancer cells were treated with hTR-RiAS,
the cellular level of hTR mRNA was reduced by more than 
95%, as shown by RT-PCR. Further, the telomerase acti

vity was also affected by the antisense treatment. In contrast,
both mismatched and scrambled oligonucleotides failed to 
reduce the levels of hTR mRNA and telomerase activity. When
checked for cancer cell viability, hTR- RiAS inhibited cell 
growth by more than 70%, in a very rapid manner. The reduced
cell viability was found to be due to apoptosis of cancer cells.
  Conclusion: These results show that hTR-RiAS is a powerful
anticancer reagent, with the potential for broad efficacy to 
diverse malignant tumors. (Cancer Research  and  Treatment
2004;36:308-314)
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INTRODUCTION

  Telomeres are specialized DNA structures composed of 6 
bases repeat sequence (TTAGGG) at the end of each eukaryotic 
chromosome. This structure protects chromosomes from end to 
end fusion, degradation and rearrangements, thus contributing 
to chromosomal stabilization, which maintains the integrity of 
chromosomes (1). Telomeres become progressively shortened 
with each cell division, by 50~200 bp, due to the inability of 
DNA polymerase to replicate the end of the chromosomes in 
somatic cells. When the end of a shortened chromosome 

reaches a critical point, the shortening is believed to induce 
senescence of cells. Cellular senescence is caused by the 
induction of DNA damage responses, including activation of 
p53 or p21 (2,3). 
  Telomerase is a ribonucleoprotein DNA polymerase that 
elongates telomeric repeats of telomere in eukaryotic cells, and 
plays an important role in multiple cellular processes, including 
cell differentiation, proliferation, inhibition of apoptosis and 
tumorigenesis, and possibly DNA repair and drug resistance 
(4~7). Immortalized cells show activation of telomerase, thus 
maintaining the telomere structure of a chromosome (8). 
Telomerase activity is detected in the majority of malignant 
tumors, but is not detectable in normal human somatic cells. 
The selective expression of telomerase in tumor cells makes 
telomerase an attractive therapeutic target. 
  Human telomerase is composed of three major subunits: hTR 
(human telomerase RNA template) (9), hTERT (human telo-
merase reverse transcriptase) (10,11) and TP1 (telomerase 
associated protein 1) (12,13). The RNA template, hTR, con-
tains the sequence AAUCCCAAU, through which telomerase 
can extend telomeric repeats. Among the 3 major components 
of human telomerase, antisense-based strategies have been 
attempted against hTR and hTERT, in both in vitro and in vivo 
studies, to inhibit telomerase activity (14~17). Antisense to hTR 
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eliminates the RNA template for telomere synthesis. Tumor 
cells transfected with antisense hTR lose telomeric repeats, 
resulting in cellular senescence (18~19). 
  A series of antisense molecules have been developed with 
enhanced stability and low toxicity (20,21). Among these, rib-
bon antisense is the latest, which has been shown to exhibit 
good antisense activity, with exceptional stability, natural nu-
cleotide composition and easy construction. Successful an-
tisense activity is dependent on the efficient cellular uptake of 
antisense molecules as well as improved antisense properties. 
The DNA transfection mediated by cationic liposomes can be 
further enhanced upon forming tripartite DPL complexes that 
contain a short peptide of the protein transduction domain (ma-
nuscript in preparation). 
  In the present study, the antisense activity of hTR-RiAS was 
tested in several cancer cell lines that show telomerase ac-
tivation. The cellular uptake of hTR-RiAS was significantly 
enhanced for optimal antisense activity by forming the DPL 
complex in vitro.

MATERIALS AND METHODS  

    1) Construction of ribbon antisense (RiAS) oligonucleo-
tide 

  The ribbon antisense to hTR was constructed using the 
method described earlier (21). Oligonucleotides containing 
target sequences were synthesized using an Expedite 8909 
DNA synthesizer (Applied Biosystem, Foster city, CA). The 
antisense and control (scrambled and mismatched) oligodeo-
xynucleotides (ODN) were phosphorylated at the 5’ end. Both 
antisense to hTR and control ODN were used to form stem- 
loop structures. The intra-molecular stem was formed with 
complementary sequences at both the 5’ and 3’ ends of each 
ODN. Two identical ODN molecules were joined by single- 
stranded sequences that were complementary to each other at 
the 5’ ends. ODN molecules were mixed and heated for 2 min 
at 95oC, followed by gradual cooling to room temperature. One 
unit of T4 DNA ligase was added and incubated for 24 h at 
16oC to generate a ribbon type molecule ligated covalently with 
diad-symmetry. The ribbon type ODN consists of two loops 
connected by one stem. The ODNs were purified with a Poros 
HQ anion exchange column (PerSeptive Biosystems, Framing-
ham, MA). Anion exchange was performed by gradient elution 
with 1M NaCl solutions. Purified ODNs were dried in an 
evaporator and desalted by reverse phase chromatography. Fi-
nally, the desalted ODNs were precipitated by ethanol and 
resuspended in ddH2O.

    2) Transfection of hTR-RiAS by the DPL transfection 
system

  The cellular uptake of hTR-RiAS into cancer cells was en-
hanced by employing a tripartite DPL (DNA: peptide: lipo-
somes) transfection system, which had previously been found 
to be effective in our laboratory. Antisense oligos were 
complexed with a short modified peptide of the protein trans-
duction domain (PTD) derived from the Tat protein, and the 
complex was then added to cationic liposomes, Lipofectamine 
(Invitrogen, Carlsbad, CA), to form the DPL complex. Each 

component of the tripartite complex, DNA/peptide/liposomes, 
was mixed in the ratio of 1：3：5 (w：w：w) and added to 
the target cells to improve their cellular uptake of the antisense 
molecules.

    3) Detection of Telomerase activity by Telomerase PCR 
ELISA

  The telomerase activity was determined using a Telo TAGGG 
Telomerase PCR ELISAPLUS Kit (Roche Diagnostics, Ger-
many), as recommended by the manufacturer. HeLa cells were 
seeded at 1×106 cells/well in 6-well plates. The cells were 
transfected with hTR-RiAS and incubated for 48 h. To compare 
the effects of the antisense molecules on the telomerase 
activity, equal amounts of mismatched control or liposome 
alone were also added to the cells, and simultaneously assayed. 
The cells were then trypsinized and lysed in 500μl of ice-cold 
lysis buffer for 30 min. The lysates were centrifuged at 13,000 
rpm and 4

oC for 30 min, the supernatants rapidly frozen and 
stored at -70o

C. One μl of each extract, corresponding to 1×10
3
 

cells, were assayed in a total reaction mixture in 50μl to detect 
the telomerase activity. Telomeric repeats were added to a 
biotin-labeled primer during the first telomerase-mediated 
extension reaction. The elongation products were amplified by 
PTC-100 thermal cycler (MJ Research). In this step, a TS8(+ve) 
template set and heat-treated HeLa cells were used as positive 
and negative controls for detection of telomerase expression, 
respectively, and simultaneously amplified. An aliquot of the 
PCR product was denatured, hybridized to a DIG-labeled, 
telomeric repeat-specific probe and bound to a 
streptavidin-coated 96-well plate. Finally, the immobilized PCR 
product was detected with an anti-DIG-POD antibody, 
visualized by a color reaction, using the substrate TMB, and 
quantified photometrically at 450 nm.

    4) MTT assay to determine inhibition of cell growth

  The MTT assay was performed to study the effect of 
hTR-RiAS molecules on the proliferation of cancer cells. HeLa 
cells were plated at 5×103 cells/well in a 96-well plate one day 
prior to transfection and incubated in an atmosphere of 5% CO2 
at 37

o
C. The next day, the cells were washed twice with 

TOM-Transfection Optimized Medium (JBI, Deagu, Korea) and 
transfected with hTR-RiAS in a 50μl volume for 6 h. The cells 
were then added with 100μl complete medium, containing 20% 
FBS, and incubated for a further 4 days. The media were 
replaced with 50μl of fresh medium, with the addition of 20μl 
MTT reagent (5 mg/ml) prepared in phosphate buffered saline, 
followed by incubation in a CO2 incubator at 37oC for 4 h. 150
μl of dimethyl sulfoxide was added to the cells and incubated 
for 1 h at room temperature with gentle mixing. The absorbance 
was measured at 570 nm with a SpectraMAX 190 (Molecular 
Devices, Sunnyvale, CA, USA) to quantify the surviving cells. 
The percentage of cell growth inhibition in each well treated 
with the antisense was calculated by comparing the optical 
density with that of a sham-treated control, using the following 
formula: 1 - (absorbance of an experimental well/absorbance of 
a control well)×100.

    5) Apoptotic DNA fragmentation analysis

  HeLa cells were seeded at 1×106 cells in a 6 cm-dish one 
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Table 1. List of oligonucleotides selected for target sites


Name Sequences


hTR13701 (AS†) 5'-gatccagggacattttttgtttgctctagaatgaacggtggaaggccctg-3' 

hTR13702 (AS†) 5'-gatccaggaaaatggccaccacccctcccaggcccaccctccgcaacccctg-3' 

hTR13703 (AS
†) 5'-ggcccaggaaagtcagcgagaaaaacagcgcgcggggagcaaaagcaccctg-3' 

hTR13704 (AS†) 5'-ggcccaggaaaacagagcccaactcttcgcggtggcaaacctg-3' 

hTR13705 (AS†) 5'-gatccaggaaacgggcgagtcggcttataaagggagaaacctg-3' 

hTR13706 (Mismatched) 5'-gatccagggatatttcttgtctgctcttgattgaaccgttgaatgccctg-3' 

hTR13707 (Scrambled) 5'-gatccagggtcagtctagttagttaggtctatgatgactgagtagtccctg-3' 

*Underlined residues represent mismatched bases, †antisense
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Fig. 1. Schematic diagram for the construction of ribbon antisense 

to the hTR gene. hTR13701 was phosphorylated at the 5' 

end, and harbors complementary sequences at both 5' and 

3' ends, with a single stranded sequence of GATC at the 

5' extreme end. Ribbon antisense was constructed by cova-

lently ligating two identical hTR13701 molecules. The 

RiAS oligos, therefore, contains two loops and a stem.

day prior to hTR-RiAS treatment. To compare the effects of 
the antisense molecules on apoptosis, control ODNs (scrambled 
or mismatched) or an equal amount of liposomes alone were 
also added to the cells and simultaneously assayed. Cells were 
lysed with cell lysis buffer (1% NP-40, 25 mM EDTA, 50 mM 
Tris-HCl, pH 6.6) 24 h post-transfection. The cell lysates were 
treated with RNase A (final conc. 20μg/ml) and incubated for 
3 h at 58

oC. Proteinase K was then added, to a final concen-
tration of 20μg/ml, and incubated for 3 h at 37oC. The cell 
lysates were mixed with 2.5 vol. of ice-cold ethanol and 0.1 
vol. of 3M ammonium acetate and stored overnight at -20

oC. 
The precipitated DNA was resuspended in 25μlof TE buffer 
(pH 8.0) and run on a 1.8% agarose gel.

RESULTS

    1) Construction of ribbon antisense (RiAS) to hTR 

  It is considered critical that antisense oligonucleotides (AS- 
oligos) exhibit stability toward nucleases, while maintaining 
sequence specific antisense activity. Ribbon antisense (RiAS) 
molecules, with excellent stability and antisense activity, with-
out side effects, which have been reported with chemically 
modified counterparts (21). 
  The selection of target sites may be performed by the 
exhaustive simulation of secondary structures of target RNA. 
The entire sequence of hTR RNA was examined in order to 
find target sites readily accessible to antisense molecules. Five 
target sites were chosen; named hTR13701 (50 bp), hTR13702 
(52 bp), hTR13703 (52 bp), hTR13704 (43 bp) and hTR13705 
(43 bp). Mismatched and scrambled control oligos were also 
designed and designated hTR13706 and hTR13707, respec-
tively (50 bp). The hTR13706 oligo had 8 mismatched bases 
in the sequence of hTR13701 (Table 1). Antisense molecules 
to the five potential target sites were ligated to form RiAS 
molecules, having a stem and two identical antisense loops at 
both ends of the stem (Fig. 1). 
  When examined for hTR expression, all six different cancer 
cell lines tested were found to be positive for hTR expression 
(Fig. 2A). These were two lung cancer cell lines (A549 and 
NCIH1299), a liver cancer cell line (Hep3B), a colon cancer 
cell line (SW480), a cervical cancer cell line (HeLa) and a skin 
cancer cell line (A375SM). The five different RiAS molecules 

were examined for antisense activity in HeLa cells. Twenty- 
four hours post-transfection, the total RNA was purified and 
subjected to RT-PCR. Among the 5 molecules, AS13701 was 
able to eliminate hTR mRNA to completion (Fig. 2B). The 
ribbon antisense was termed hTR-RiAS, and adopted for further 
studies. 

    2) Specific reduction of hTR RNA by hTR-RiAS in 
various cancer cells

  To achieve successful antisense activity, it is critical to have 
efficient uptake of antisense oligos. The tripartite DPL (DNA/ 
peptide/liposomes) complex found effective for the cellular 
uptake of both plasmid DNA and AS oligos (manuscript in 
preparation), was employed. The DPL complex was formed 
with hTR-RiAS, for enhanced transfection, and tested in 
various cancer cell lines in an effort to reduce the cellular level 
of hTR RNA. When hTR-RiAS was used for antisense activity 
in HeLa cells, the antisense was found to be especially potent, 
almost completely ablating cellular hTR RNA (Fig. 3A). 
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Fig. 2. hTR expression and specific antisense activity of ribbon antisense to hTR RNA. (A) Expression of hTR in various cancer cell 

lines. Expression of hTR was examined in 6 cancer cell lines by RT-PCR. Lane M, DNA size marker of 100 bp ladder; lane 

1, A549; lane 2, NCI H1299; lane 3, Hep3B; lane 4, SW480; lane 5, HeLa and lane 6, A375SM. (B) Specific reduction of hTR 

RNA in HeLa cells by ribbon antisense to hTR RNA. Cells were transfected with a tripartite DPL complex (hTR-RiAS/Tat- 

peptide/Lipofectamine). Five different RiAS oligos were used, and RT-PCR assays performed. Lane M, 100 bp ladder; lane 1, 

sham; lane 2, liposomes alone; lane 3, hTR13701; lane 4, hTR13702; lane 5, hTR13703; lane 6, hTR13704 and lane 7, hTR13705.

hTR-RiAS was able to reduce hTR RNA by about 60% at a 
concentration of 0.1μg and by 80% at 0.5μg. Almost complete 
ablation of hTR RNA was observed with 1.0μg of hTR-RiAS. 
The RT-PCR product obtained was then examined for sequence 
authenticity by Southern blotting. The DNA band was probed 
with a 27 mer internal primer (5’-CTCGCTGACTTTCAGC 
GGGC GGAAAAG-3’) labeled with FITC. The data confirmed 
that the amplified DNA band was derived from hTR RNA (data 
not shown). A similar level of antisense activity was also ob-
served in another two cancer cell lines (SW840 and NCIH1299) 
tested, indicating a broad utility of hTR-RiAS to various cancer 
cells (Fig. 3B and 3C). In contrast, both scrambled and misma-
tched oligos exhibited only mild reductions of hTR RNA. 
Treatment of liposomes alone also showed no reduction in the 
level of hTR RNA. Transfection of hTR-RiAS did not affect 
the β-actin expression. The effect on the telomerase activity 
in HeLa cells treated with the hTR-RiAS was also examined. 
The cells treated with hTR-RiAS showed more than a 60% 
reduction in their telomerase activity compared with the cells 
treated with liposomes alone, mismatched oligos, or with the 
sham treated cells (Fig. 4).
  These results confirm that the hTR-RiAS has specific and 
potent antisense activity to hTR RNA when efficiently deliver-
ed as a DPL complex.

    3) Growth inhibition of cancer cells by hTR-RiAS

  The potency of the antisense activity of hTR-RiAS was then 
tested for inhibition of HeLa cell growth. The cells treated with 
increasing amounts (0.05μg, 0.1μg and 0.2μg) of hTR-RiAS 
showed growth inhibition of about 35, 50 and 70%, respec-
tively, in proportion to the increasing amounts of the antisense 
transfection (Fig. 5). In contrast, control treatments showed no 
significant growth inhibition. 

    4) Effects of hTR-RiAS on apoptotic induction

  It has been reported that treatment of antisense to telomerase 
complexes, including hTR RNA, can cause apoptosis (5). The 

cell death caused by hTR-RiAS treatment was investigated to 
see if it reflected the induction of apoptosis. For this, HeLa 
cells treated with the antisense molecules were subjected to a 
DNA fragmentation assay. The hTR-RiAS was found to cause 
characteristic DNA ladder formation 24 h after transfection, 
indicating apoptotic progression (Fig. 6). No DNA ladder 
formation was detected in the control treated cells when using 
scrambled oligos, mismatched oligos or liposomes alone. 

DISCUSSION

  In the present study, the potent antisense activity of ribbon 
antisense to hTR has been demonstrated when the cellular 
uptake of the antisense was improved by the tripartite DPL 
system. Since hTR is an essential component of the human telo-
merase complex, targeting hTR for the inhibition of telomerase 
activity has been attempted with different gene silencing: an-
tisense, ribozymes, and more recently siRNA approaches 
(22~24). Recent investigations have indicated that the inhibition 
of telomerase activity might change the growth mechanism of 
cancer cells and suppress tumor growth (25). 
  Telomerase activity is detected in 85~90% of human tumors, 
but not in most somatic cells, indicating a broad involvement 
of hTR expression in human malignancies. The hTR- RiAS in 
six human cancer cell lines were tested for telomerase 
expression. The enhanced uptake of hTR-RiAS resulted in 
almost complete ablation of hTR RNA, effective inhibition of 
telomerase activity and blockade of cancer cell proliferation. 
Thus, an effective approach for eliminating a component of the 
telomerase complex may prove efficacious for a broad spectrum 
of human cancers. 
  The enhanced properties of ribbon antisense ODN have been 
reported. RiAS ODN has a covalently closed structure, with 
much enhanced stability as well as natural nucleotide com-
position. Conventional AS oligos with enhanced stability have 
adopted chemical modifications that have been blamed for 
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Fig. 3. Specific reduction of hTR RNA by hTR-RiAS in various 

cancer cell lines. After transfecting a tripartite DPL com-

plex (hTR-RiAS/Tat-peptide/Lipofectamine) into each tar-

get cell, RT-PCR was performed. (A) Dose dependent spe-

cific reduction of hTR RNA by hTR-RiAS in HeLa cells. 

Lane M, 100 bp DNA ladder; lane 1, sham; lane 2, 

liposome alone; lane 3, hTR-RiAS (0.1μg); lane 4, hTR- 

RiAS (0.5μg) and lane 5, hTR-RiAS (1.0μg). (B) Specific 

reduction of hTR RNA by hTR-RiAS in SW480 cells: 

Lane M, 100 bp DNA ladder; lane 1, sham; lane 2, lipo-

some alone; lane 3, scrambled control (1.0μg); lane 4, 

mismatched control (1.0μg) and lane 5, hTR-RiAS (1.0μ

g). (C) Specific reduction of hTR RNA by hTR-RiAS in 

NCIH1299 cells. Lane M, 100 bp DNA ladder; lane 1, 

sham; lane 2, liposome alone; lane 3, scrambled control 

(1.0μg); lane 4, mismatched control (1.0μg) and lane 5, 

hTR-RiAS (1.0μg).

Fig. 4. Reduction of telomerase activity in hTR RiAS-treated HeLa 

cells. After transfecting a tripartite DPL complex (hTR- 

RiAS/Tat-peptide/Lipofectamine) into HeLa cells, the telo-

merase activity was detected using the TRAP-ELISA me-

thod. Cells that were sham-treated, treated with liposomes 

alone, with mismatched control. A TS8 template set and 

heat-treated HeLa cells were used as positive and negative 

controls for the detection of telomerase expression, res-

pectively. Each bar value represents the mean ±S.D. of 

triplicate experiments. *Abbreviation: Lipo., liposomes 

alone

Fig. 5. Effect of hTR-RiAS on the proliferation of HeLa cells. The 

cells were treated with tripartite DPL complexes containing 

0.05, 0.1 and 0.2μg of hTR-RiAS, as indicated. The 

transfectants were examined for growth inhibition by an 

MTT assay 72 h post-transfection. Cells were sham-treated 

and treated with liposomes alone and simultaneously 

assayed. Each bar value represents the mean±S.D. of 

triplicate experiments. *Abbreviation: Lipo., liposomes 

alone

various side effects. It has been reported that conventional 
antisense oligos require larger amounts of antisense oligos, 
ranging from 20 to 200μg/ml, to cause biological effects that 
may not entirely be sequence specific. Various control and real 
time PCR data shown in this report demonstrate that hTR RiAS 
was effective, specifically in a lesser amount. The improved 
antisense activity shown in this report can be explained, not 
only by the improved properties of AS-oligos, but also in the 
enhanced cellular uptake.
  In general, antisense oligos show poor cellular uptake due 
to anionic charges on their polymeric backbone. To improve 
the cellular uptake of antisense oligos, the DPL transfection 

system has been adopted, and has shown 70~90% cell po-
sitivity for AS-oligos uptake, resulting in significant impro-
vement of transfection efficiency in vitro. However, the trans-
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M 1 2 3 4 5M 1 2 3 4 5

Fig. 6. Induction of apoptotic DNA ladder formation by hTR RiAS 

in HeLa cells. Genomic DNA was extracted in 48 h treat-

ment of tripartite DPL complexes and run on a 1.8% aga-

rose gel. Lane M, 100 bp DNA ladder; lane 1, sham; lane 

2, liposomes alone; lane 3, scrambled control; lane 4, mis-

matched control and lane 5, hTR-RiAS.

fection system needs further improvement to be effective for 
systemic applications. 
  Targeting telomerase in an effective manner would have po-
tential utility in the treatment of various human cancers, as telo-
merase is ubiquitously expressed in human tumors. hTR- RiAS 
was shown to be effective in ablating telomerase activity and 
in the suppression of tumor growth. It would be interesting to 
search for a way to totally blockade tumor growth by further 
improvement of the cellular uptake of the AS-oligos or in some 
combination with conventional therapeutic modalities.

CONCLUSIONS

  

  Ribbon antisense molecules to the human hTR gene were 
complexed with a short modified peptide and cationic lipo-
somes, which was employed to inhibit telomerase activity and 
cancer cell growth. When cancer cells were treated with 
hTR-RiAS, the cellular levels of hTR RNA and telomerase 
activity were affected by the antisense treatment. When the 
cancer cell viability was checked, hTR-RiAS was found to 
inhibit cell growth by more than 70% in a very rapid manner. 
The reduced cell viability was found to be due to apoptosis of 
cancer cells. These results show that hTR-RiAS is a powerful 
anticancer reagent, with the potential for broad efficacy to 
diverse malignant tumors.
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