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Abstract

AIM: To investigate synergism of inhibition of telomerase
activity and proliferation of human colon cancer cells by
combination of telomerase antisense oligonucleotides
(ASODNSs) simultaneously targeting human telomerase
RNA (hTR) and human telomerase reverse transcriptase
(hTERT) /n vitro.

METHODS: ASODN of hTR and ASODN of hTERT were
transfected into human colon cancer SW480 cells by
liposomal transfection reagents. Telomerase activity of
SW480 cells was examined using telomeric repeat
amplification protocol (TRAP)-enzyme-linked immunosorbent
assay (PCR-ELISA). Proliferation activity of SW480 cells
was tested by methyl thiazolyl tetrazolium assay. Apoptosis
and cell cycle were analyzed by flow cytometry.

RESULTS: The telomerase activity and cell survival rate
in SW480 cells transfected with 0.2 pmol/L of ASODN of
hTR or ASODN of hTERT for 24-72 h were significantly
decreased in a time-dependent manner compared with
those after treatment with sense oligonucleotides and
untreated (telomerase activity: 24 h, 73%, 74% vs99%,
98%; 48 h, 61%, 55% vs98%, 99%,; 72 h, 41%, 37% vs
99%, 97%; P<0.01; cell survival rate: 24 h, 88%, 86%
Vs 94%, 98%; 48 h, 49%, 47% vs94%, 97%,; 72 h, 44%,
42% vs92%, 96%; P<0.01). Moreover, the telomerase
activity and the cell survival rate in SW480 cells treated by
the combination of telomerase anti-hTR and anti-hTERT
were more significantly suppressed than single anti-hTR
or anti-hTERT (telomerase activity: 24 h, 59% vs 73%,
74%; 48 h, 43% vs61%, 55%; 72 h, 18% vs41%, 37%;
P<0.01; cell survival rate: 24 h, 64% vs 88%, 86%; 48 h,
37% vs49%, 47%; 72 h, 25% vs 44%, 42%; P<0.01).
Meanwhile, the apoptosis rates in the combination group

were markedly increased compared with those in the
single group (24 h, 18.0% vs7.2%, 7.4%; 48 h, 23.0%
Vs 13.0%, 14.0%; 72 h, 28.6% vs13.2%, 13.75; P<0.01).
Cells in combination group were arrested at Go/G; phase.

CONCLUSION: Telomerase anti-hRT and anti-hTERT
suppress telomerase activity, and inhibit growth of human
colon cancer cells probably via induction of apoptosis and
retardation of cell cycle. Additionally, combined use of
telomerase ASODNSs targeting both hTR and hTERT vyields
synergistic action selective for human colon cancer.
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INTRODUCTION

Telomerase is a cellular RNA-dependent DNA polymerase
that serves to maintain the tandem arrays of telomeric
TTAGGG tepeats at eukaryotic chromosome ends!.
Telomeres are highly conserved in organisms ranging from
unicellular eukaryocytes to mammals, indicating a strong
role of their protective mechanisms in preventing
chromosomal ends from undergoing degradation and ligation
with other chromosomes. Without telomeric caps human
chromosomes would undergo end-to-end fusions, with the
formation of dicentric and multicentric chromosomes!!.
These abnormal chromosomes would break during mitosis,
resulting in severe damage to the genome and the activation
of DNA damage checkpoints, leading to cell senescence or
initiation of the apoptotic cell death pathway®?. Indeed, it
has been proposed that telomere length specifies the number
of cell divisions a cell can undergo before senescencel®.
Telomerase activity is up-regulated in the vast majority of
human tumors, as compared with normal somatic tissues.
Expression of the catalytic subunit of telomerase, human
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telomerase reverse transcriptase (WTERT), in cultured human
primary cells reconstitutes telomerase activity and allows
immortal growth®”. The rate of telomere DNA shottening
is regulated by telomerase exptression and activity®.
Therefore, telomerase inhibitors might be useful as anticancer
agents, but there will be an expected log phase between the
time when the telomerase is inhibited and the time when
the telomere of cancer cells is shortened sufficiently to
produce detrimental effects on cell proliferation®.

Human telomerase mainly consists of three subunits-
human telomerase RNA (hTR), human telomerase-
associated protein 1 (TP1) and hTERT. Numerous studies
have documented that antisense gene therapy directing
against telomerase RNA or hTERT component could
effectively inhibit telomerase activity and induce apoptosis
in gastric cancer, malignant gliomas, colon cancer, and
ovarian cancet""?. We hypothesized that simultaneous use
of antisense to the RNA portion of hTR, which blocks the
template for telomete synthesis® and antisense to hTERT,
which blocks the promoter of human telomerase catalytic
subunit, may provide synergistic antitumor activity against
tumor cells that depend on telomerase for telomere
maintenance. In this study, we tested the hypothesis that
telomerase antisense oligonucleotides (ASODNS)
simultaneously targeting h'TR and hTERT may provide
synergistic antitumor activity against tumor cells that depend
on telomerase. ASODNs combination targeting the hTR
gene (anti-hTR) and the hTERT gene (anti-hTERT),
modified by phosphorothiolation, was transfected into
SW480 cells with Oligofectamine™, which has been
demonstrated to be telomerase-positive cells. The synergistic
action of the combination of anti-hTR and anti-hTERT
on telomerase activity, cell survival rates and apoptosis rate
in SW480 cells were investigated respectively.

MATERIALS AND METHODS

Reagents

TRAPEZE® ELISA telomerase detection kit. Oligofectamine™
reagent was purchased from Invitrogen. RPMI-1640 was
obtained from Gibco. Methyl thiazolyl tetrazolium (MTT)
and dimethyl sulfoxide (DMSO) were provided by Sigma.

Oligodeoxynucleotides synthesis

Antisense oligodeoxynucleotides against hTR (anti-h'TR)
with sequence 5-CTCAGTTAGGGTTAGAC-3’, which
blocks the template for telomere synthesis, and sense
oligodeoxynucleotides (SODN) (s-hTR) with sequence
5-CATTTCTTGCTCTCCACG-3’, antisense oligodeoxy-
nucleotides against h"TERT (anti-hTERT) with sequence
5-GGAGCGCGCGGCATCGCGGG-3’, which blocks
the promotor for telomere synthesis, and sense oligodeoxy-
nucleotides (s-hTERT) with sequence 5-CCCGCGATG
CCGCGCGCTCC-3’, were synthesized by Sangon
Biotechnology Engineering Company of Shanghai. The
synthesized oligodeoxynucleotides (ODNs) were modified
by phosphorothiolation, putified by HPLC, stoted at -20 C.

Cell culture
SW480 cells, a human colon cancer cell line, generously
supplied by Department of Biology, Wuhan University,

Wuhan, China, wete maintained in RPMI-1640 supplemented
with 10% heat-inactivated fetal bovine serum in a humidified
50 mL/L CO, atmosphere at 37 C.

Transfection of oligodeoxynucleotides

Cultured SW480 cells were divided into seven groups:
ASODN:Ss (anti-hTR, anti-hTERT, anti-h TR+anti-h TERT),
SODNs (s-hTR, s-hTERT), Oligofectamine™ and blank
control. The concentration of ASODNSs was 0.05 umol/L,
0.1 umol/L, 0.2 pmol/L, respectively; the concentration of
SODNs was 0.2 umol/L; Oligofectamine™ concentration was
varied depending on ODNss dose according to manufacturet’s
protocol.

The ODNSs transfection was performed with
Oligofectamine™ according to the manufacturer’s protocol.
Briefly, cells were plated into 96-well plates and incubated
until the cells reached 30-50% confluency. Before the
transfection, ODNs were diluted with serum-free medium.
Then, the desired amount of ODNs was incubated for
15-20 min with diluted Oligofectamine™. The ODNs/
Oligofectamine™ mixture (20 pl.) was added drop-wise in
80 uL. serum-free RPMI-1640. After incubation for 4 h at
37 C, 50 ul. RPMI-1640 containing 30% fetal bovine
serum was added into each well. Cells were analyzed after
24, 48 and 72 h, respectively.

Telomeraseassay

Polymerase chain reaction enzyme-linked immunosorbent
assay (PCR-ELISA) was performed according to the
manufacturer’s protocol with a minor modification. Cultured
SW480 cells wete harvested at a density of 1X10° pet well
and washed with PBS and then homogenized in 200 pL
CHAPs lysis bufter and left on ice for 30 min. One hundred
and sixty microliters of supernatant was collected after
centrifugation (12 000 g 20 min, 4 ‘C). PCR was petformed
in 50 pL supernatant containing 10 puL transfer reaction
mixture, 2 ul. cell extracts added to 48 ul. nuclease-free
water. The PCR condition is as follows: the telomerase
reaction was cartied out at 30 ‘C for 30 min, followed by a
two-step PCR amplification (94 ‘C, 30 s and 55 'C, 30 s
for 33 cycles). Five microliters of amplified product and
20 pL denatured reagent were incubated at room
temperature, 25 ul. hybridization buffer was then added
and mixed, and 100 pL of them was distributed in the wells
of a microtitering plate. After one hour of incubation (37 C),
100 pL of anti-DIG-POD working solution was added and
incubated for another 30 min followed by the addition of
100 uL. TMB substrate solution, and 100 pL of stop reagent
was added at last. The absorbance in each well was read at
the wavelength of 450 and 690 nm by a microtiter plate
reader. The results of A5y min ~4,>0.80 unit using TSR
8 were judged as a positive control. The negative control
was considered as 5o min 40<0.20 unit using lysis buffer.
Telomerase activity was considered positive when the value
of Ayso min Ag of a sample was at least 0.15. Each sample
was examined for more than twice.

At the same time, telomeric repeat amplification protocol
(TRAP) products were analyzed on a 19% non-denaturing
polyacrylamide gel. The gel was stained with silver and
analyzed. The internal telomerase assay standard (ITAS)
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was present in the lane, as described in the kit protocol.

Cytotoxicity assay

The SW480 cells were seeded onto 96-well plates at the
density of 0.5%10cells per well, and incubated in a
humidified atmosphere of 50 mL/L CO,+95% ait, until
the cells reached 30-50% confluency, then they were
transfected with ODNs/Oligofectamine™ mixture for 24,
48 and 72 h. After the treatment, 20 ul. MTT (5 g/L in
PBS) was added. The plates were incubated for 4 h and the
blue dye formed was dissolved in 100 pL DMSO. The
absorbance at 570 nm was recorded using an ELISA
Multiskan reader. Survival rate was calculated as follows:
survival rate (%) = (T-B)/(U-B)x100%, where T is the
absorbance determined when tumor cells were exposed to
drugs; U is the absorbance of untreated cells; B is the
absorbance when neither the drug nor MTT was added.

Apoptosis assay

To analyze apoptosis and cell cycle distribution, SW480 cells
were trypsinized, harvested with a density of 1X10°/L,
washed once in ice-cold PBS, fixed and stained with
propidium iodide, and then analyzed by flow cytometry.

Statistical analysis

The data were expressed as meantSD. Results were analyzed
with the software package SPSS 10.0, and one-way ANOVA.
Pvalue <0.05 was considered statistically significant.

RESULTS

Synergistic effect of combination of anti-hTR and anti-hTERT
on inhibition of telomerase activity in SW480 cell line

The SW480 cells were transfected with ASODN, SODN
and Oligofectamine™ and the untreated served as control;
telomerase activity of the SW480 cells after transfection
of anti-hTR and anti-hTERT was significantly decreased
(P<0.01). In addition, after transfection with ASODN of
combination of anti-hTR and anti-hTERT, the telomerase
activity was significantly lower than that with anti-hTR or
anti-hTERT alone (P<0.01). These findings suggested that
the combination of anti-hTR and anti-h TERT had synergetic

effect on the inhibition of the telomerase activity in human
colon cancer cell line (Figure 1A).

Meanwhile, inhibition of anti-hTR or anti-hTERT or
both on telomerase activity was in a concentration-dependent
manner. The telomerase activity (% control) of SW480
cells transfected with the combination of anti-hTR and anti-
hTERT at various concentrations of 0.05, 0.1, 0.2 umol/L
for 72 h decreased from 40.51 to 32.76%, finally to 19.55%
(Figure 1B). Lanes shown in PAGE figures support the
results (Figure 1C).

Synergistic inhibitory effect of combination of anti-hTR and
anti-hTERT on proliferation of SW480 cell line in vitro

The inhibition on proliferation of SW480 cells was
determined after transfection with ASODN, SODN and
Oligofectamine™ for 24, 48, 72 h, respectively. At 24 h,
the survival rates in anti-hTR or anti-hTERT or both groups
were significantly decreased compared to those in SODN
and Oligofectamine™ group (P<0.01). Similarly, combination
of anti-hTR and anti-h'TERT has synergistic inhibitory effect
on cell growth (P<0.01); cell proliferation activity was
inhibited in a concentration- and time-dependent manner.
The rates of inhibition on proliferation increased from 33.58%
at 24 h to 69.34% at 72 h (Figure 2A). Meanwhile, rates of
inhibition increased depending on auto-concentration
(Figure 2B).

Synergistic effect of combination of anti-hTR and anti-hTERT

on induction of apoptosis in SW480 cell line

To explore the mechanism contributing to the inhibition of
cell growth and the altered cellular morphology, we analyzed
the apoptotic rate of SW480 cells treated with anti-hTR or
anti-hTERT or both. Compared to cells treated with SODN,
Oligofectamine™ and untreated control, there was a
significant increase in the apoptotic rates of cells treated
with anti-hTR and anti-hTERT at 0.2 pmol/L for 72 h
(P<0.01). Apoptotic rate of SW480 cells in combination
group (28.61%) was markedly higher than that in anti-hTR
(13.2%) or anti-h TERT (13.72%) alone (P<0.01) (Figure 3A).
Furthermore, as shown in Figure 3B, apoptotic rates
gradually increased with treatment time elongation, showing
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Figure 1 Inhibition of telomerase activity by telomerase ASODN. A: The relative telomerase activity (% control) of SW480 cells transfected
with 0.2 umol/L ASOND for 24, 48, 72 h respectively. Extracts of SW480 cell were quantified with a TRAPEZE® ELISA telomerase detection kit.
Sensitivity of telomerase PCR-ELISA (meantSD of three experiments). B: Telomerase activity (% control) of SW480 cells transfected by ASODN
with various concentrations for 72 h. The concentration of ASODN was 0.05, 0.1, 0.2 ymol/L, respectively (meanxSD of three experiments). C:
PAGE figure of TRAP-PCR: Lane 1, Oligofectamine; lane 2, S-hTR; lane 3, anti-hTR; lane 4, anti-hTERT; lane 5: S-hTERT; lane 6, control; lane 7,
anti-hTR+anti-hTERT; lane 8, negative; ITAS was the 36-bp internal control. Negative was lysis buffer.
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Figure 2 The inhibition on proliferation of SW480 cells transfected with 0.2 umol/L ASODN. A: Cells were exposed to various agents for 24,
48, 72 h, respectively; B: Cells were exposed to various concentrations of ASODN for 72 h (meantSD of three experiments).
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Figure 3 Apoptosis induced by treatment with ASODN in SW480 cells. A: Cells were transfected with various agents (1: blank control, 2: s-hTR,
3: s-hTERT, 4: Oligofectamine™, 5: anti-hTR, 6: anti-hTERT, 7: anti-hTR+anti-hTERT) for 72 h; B: Cells were transfected with ASODN for 24, 48,

72 h, respectively (meantSD of three experiments).

a time-dependent manner.

Synergistic effect of combination with anti-hTR and anti-
hTERT on cell cycle distribution in SW480 cell line

In SW480 cells treated with combination of anti-hTR and
anti-hTERT for 72 h, the cells in G,/G; increased and in
G,/M phases decreased. SW480 cells after treatment with
anti-hTR or anti-hTER'T alone were accumulated in G,/ G,
and G,/M phases, respectively (Table 1).

DISCUSSION

Telomerase activity has been detected in 85-90% of vatious
human tumor tissues but is stringently repressed in normal
human somatic tissues making telomerase an attractive
therapeutic target™. Telomerase-associated h'TR functions
as a template for telomerase elongation by telomerasel'”.
hTERT contains reverse transcriptase motifs and functions
as the catalytic subunit of telomerase!®. h'TR and h'TERT
are both attractive targets.

Bachand ¢# o' have identified that two independent
hTERT binding sites exist within hTR. h'TR and hTERT
react with each other. Our experiments showed that
combination of anti-hTR and anti-hTERT possessed
synergistic action on the inhibition of telomerase in the
SW480 cell line. This is likely a result of the blocking of
both h'TR and hTERT components responsible for telomere
elongation, thus enhancing the inhibition of telomerase

Table 1 Cell cycle distribution of SW480 cells transfected with
telomerase ASODNs, SODNs and Oligofectamine™ (meanSD, n = 3)

Cell cycle distribution (%)

Go/Gy S G,/M
Control 50.7+2.3 36.641.8 15.542.2
Oligofectamine™ 53.842.7 34.143.6 12.342.6
S-hTR 53.1+2.8 34.4413.2 12.541.3
S-hTERT 50.743.5 30.1+2.8 19.242.6
Anti-hTR 55.042.3 30.142.5 14.941.9
Anti-hTERT 492434 28.843.1 21.9+2.8°
Anti-hTR+anti-hTERT ~ 63.8+2.3 24.9+1.6 12.342.9

P<0.01 vs control group.

activity.

Telomerase is a ribonucleoprotein DNA polymerase that
synthesizes telomeric repeats de novo and is involved in
multiple cellular processes, including cell differentiation,
proliferation, inhibition of apoptosis, tumorigenesis, and
possibly DNA repair and drug resistance!"* . Telomerase
activity has recently been implicated in the control of the
proliferative capacity of normal and malignant cells®. In
the present study, it has been shown that ASODNs against
hTR component and h"TERT significantly suppressed SW480
cell growth. In contrast, no significant proliferation inhibition
in SW480 cells by sense hTR or sense h"TERT was observed.
In addition, combination of anti-hTR and anti-hTERT had
synergistic inhibitory effects. We suppose that combination
of anti-hTR and anti-hTERT augmented the effect on
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telomerase repression, thus enhanced the inhibitory effect
on cell growth.

Some experiments showed that telomerase inhibitors led
to cell death probably because progressive telomerase
shortening was responsible for decreased cell proliferation.
However, a number of studies have documented that
telomerase inhibitors resulted in proliferation inhibition likely
via induction of apoptosis™!. Kondo ¢ a/**! demonstrated
that treatment with antisense telomerase inhibited telomerase
activity and subsequently induced ecither apoptosis or
differentiation. Regulation of these two distinct pathways
may be dependent on the expression of interleukin-1 beta-
converting enzyme (ICE) or cyclin-dependent kinase
inhibitors (CDKIs). In the present study, it showed that
anti-hTR and anti-h TERT induced apoptosis in SW480 cells.
Apoptotic rates in combination group were markedly
increased than that in the single group. It was established
that anti-hTR and anti-hTERT inhibited the growth of
SW480 cells through the induction of apoptosis.
Combination of anti-hTR and anti-hTERT has synergistic
induction of apoptosis.

Some human tumor cells without any telomerase activity
are able to maintain the length of their telomeres, indicating
the existence of one or more non-telomerase mechanisms
for telomere maintenance which have been termed
alternative lengthening of telomeres (ALT)®*. ALT has
been detected in a variety of human tumors, including
sarcomas, glioblastomas, and cancers of the lung, kidney,
adrenal, breast, and ovary®?”. An implication of the existence
of ALT is that tumors using this telomere maintenance
mechanism (including mixed telomerase-positive/ALT-
positive tumors) will be resistant to telomerase inhibitors.
Also, telomerase inhibitors will put tumors that are initially
telomerase-positive under strong selection pressure for
activation of ALT. Therefore, combination therapy using
ALT and telomerase inhibitors may help prevent the
emergence of drug resistance. A novel telomerase inhibitor,
telomestatin, is a clinical candidate as a dual inhibitor of
ALT and telomerase®. Lee ef a/f*”! reported that neoplastic
cells from telomerase RNA null mice (mTERC-/-) showed
enhanced chemosensitivity to doxorubicin or related double
strand DNA break-inducing agents. Telomere dysfunction,
rather than telomere inhibition, is proposed to be the
principal determinant governing chemosensitivity specifically
to double strand DNA break-inducing agents™. In this
study, we detected apoptosis in tumor cells just 24 h after
the combination of anti-hTR and anti-hTERT treatment in
a dose-dependent manner. It is likely to raise the possibility
that antitumor effect of the combination of anti-h'TR and
anti-hTERT occurs through the following two pathways:
(1) A short-term effect on apoptosis was induced rapidly
by the combination of anti-hTR and anti-hTERT. (2) A
long-term inhibitory effect on telomerase activity was
provoked, and cell death was caused when telomere length
was critically shortened by telomeric DNA.

Zhu et al’ have reported that telomerase activity was
likely to be regulated in a cell cycle-dependent manner. As
the cell progresses through the cell cycle, telomerase activity
gradually increased through the G;/S phase, teached its
maximum level in S phase, and decteased through the G,/M

phase. These observations may be consistent with the
present experimental results showing that inhibition of
telomerase by the combination of anti-hTR and anti-hTERT
led to increased Go/G; phase cells. Although SW480 cells
treated with ant-hTERT were arrested in G,/M phase, we
speculated that combination of anti-hTR and anti-hTERT
augmented retardation, causing cells to accumulate in Go/Gq
phase.

In conclusion, in this study, it has been shown that anti-
hTR and anti-hTERT have specific inhibition on SW480
cells. There is no significant difference between anti-hTR
and anti-hTERT, but the combination of anti-h' TR and anti-
hTERT has significant synergistic action. Our data suggest
that the strategy of telomerase ASODNSs simultaneously
targeting h'TR and hTERT may offer a potential antitumor
tool against human colon cancer and other telomerase-
positive tumors.
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