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Abstract

AlIM: To investigate the anti-tumor mechanism of antisense
oligodeoxynucleotide cantide against hTERT.

METHODS: Tumor cells were cultured overnight and grown
to 50-60 % confluence. HepG2 and SMMC-7721 were treated
with cantide mixed with lipofectin, or lipofectin alone. After
inducted for 6 h at 37 'C, 10 % FCS in DMEM was replaced
in each well. After the treatment repeated twice to three
times in each concentration of cantide, hTERT mRNA and
protein expression were measured by RT-PCR and Western
blot analysis, respectively. Telomerase activity was determined
by TRAP-ELISA assay. CPP32- and ICE-like activity was also
investigated using CasPACE assay system at 48 h after
cantide treatment, and apoptosis was evaluated using the
DeadEnd assay at 24, 48 and 72 h after cantide treatment.

RESULTS: Compared to the control cells, the cells treated
with cantide showed a dose-dependent decrease in hTERT
mRNA levels at 24 h and in protein levels at 48 h respectively.
The telomerase activity was decreased as the concentration
of cantide increased at 48 h. At the concentration of 800 nM,
the telomerase activity in the treated HepG2 and SMMC-
7721 cells was only 17.1 % (P<0.01) and 20.3 % (P<0.01)
of that in untreated cells. The levels of CPP32-like protease
activity in HepG2 and SMMC-7721 increased by 2.8- and
3.0-fold (P<0.05) at 48 h, and the levels of ICE-like protease
activity also increased by 2.6- and 3.2-fold (P<0.05)
respectively. The percentage of apoptosis in HepG2 and
SMMC-7721 cells treated with 800 nM cantide at 72 h was
63 % and 52 % (P<0.01), respectively. By contrast, 8 %
and 9 % of the cells were apoptosis after 72 h treatment
with lipofectin alone.

CONCLUSION: Cantide can decrease telomerase activity
by inhibiting the expression of hTERT gene and has a rapid
anti-tumor effect through inducing the Caspase-dependent
apoptosis. The rapid inhibitory effect of cantide on tumor
growth demonstrates its feasibility in cancer treatment.
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INTRODUCTION

Telomerase is a unique ribonucleoprotein enzyme responsible
for adding the telomeric repeats onto the 3' ends of
chromosome!. Telomerase plays an important role in the
development of cellular immortality and oncogenesisi??,
Previous studies have shown that telomerase activity isfound
in85-90 % of all human tumors, but not in their adjacent normal
cellg*9, This makes telomerase a good target not only for
cancer diagnosis, but also for the development of novel
therapeutic agents®”.

The research of antisense oligodeoxynucleotides (ODN) is
an area of heightened interest in the field of telomerase
inhibition®. Antisense ODNs have been investigated on the
inhibition of telomerase and suppression of tumor growth. But
most of these antisense ODNswere designed to target the hTR
template, and they did not reduce telomerase activity and tumor
growth effectively®*2, |t has been shown that expression of
hTERT isclosely associated with tel omerase activity in human
tumor cellswhile all human somatic cellscongtitutively contain
hTR. Therefore, to significantly inhibit telomerase activity,
hTERT might be more attractive as a target than hTRI*34, A
series of antisense oligonucleotides were designed based on
hTERT mRNA secondary structure. It has been demonstrated
that an antisense oligonucleotide cantide has astrong inhibitory
effect on tumor cell growth. The cytotoxic effect of a specific
cantide antisense was al so assessed by using the sense, random
and mismatched ODN, only cantide had potent inhibitory effect
on proliferation of tumor cells*, and in vivo treatment of
HepG2 tumor xenografts with cantide antisense ODN
significantly retarded the growth of these tumors (data
unpublished). To investigate the possible mechanism of
antitumor effect of cantide, an in vitro study was performed in
this report.

MATERIALS AND METHODS

Cell culture

Human hepatocellular carcinomacells (HepG2, SMMC-7721)
were obtained from Chinese National Cancer Institute, Chinese
Academy of Medical Sciences, Beijing. Cellswere culturedin
Dulbecco’ smodified Eagle’ smedium supplemented with 10 %
fetd bovine serum (GIBCO BRL, Grand Idand, NY), 100 U/ml
penicillin and 100 ng/ml streptomycin at 37 “C with 5% CO..

Synthesis of oligonucleotides

The following specific PCR primers were synthesized by an
applied biosystems 391 DNA synthesizer and purified by
OPC (Perkin-Elmer, Foster city, CA). For b,-microglobulin,
sense (5’ -TTCAGGTTTACTCACGTCATCC-3') and
antisense (5 -CCAAATGCGGCATCTTCAAACCC-3'),
amplification of 317 bp DNA fragment. For hTERT, sense
(5" -TCTACCGGAAGAGTGTCTGGAGCAA-3') and
antisense (5 -GCGCCCACGACGTAGTCCATGTTCA-3'),
amplification of 202 bp DNA fragment. The selection of
antisense ODNs against hTERT was described previously!®.
The sequence of the cantidewas5 -ACTCACTCAGGCCTC
AGACT-3' . The phosphorothioate cantide was synthesized
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on solid supports using Oligo Pilot I| DNA (Amersham-
Pharmacia, Piscataway, NJ) and purified by HPLC (Waters Delta
Prep 4000) with SOURCE 15Q (Amersham-Pharmacia), and the
purity of cantide was over 95 %.

Analysis of hTERT mRNA by RT-PCR

A total of 1.5x10° cells were seeded in a 6-well plate, and
treated with 50, 100, 200, 400 or 800 nM cantide respectively
mixed with 4 m lipofectin (Invitrogen, Carlsbad, CA) according
to the manufacturer’ sinstructions. The first day of treatment
was designated as day 0. After 24 h, total RNA was isolated
using TRIZOL (Invitrogen) by asingle-step phenol-extraction
method as templates. Subsequent RT-PCR reaction was
performed using areverse transcription system (RT-PCR kit,
Promega, Madison, WI.). Briefly, first strand cDNA was
synthesized using a Oligo (dT)s primer at 42 "C for 30 min.
PCR reaction for hTERT and b,-microglobulin was performed
in asingle reaction of 20 ni volume. The latter served as a
control following 28 cycles of denaturing at 95 °‘C for 45 s,
annedling at 58 “C for 40 s, and extending at 72 “C for 40 s. At
this PCR condition, the amplification showed linearity aswas
determined experimentally (data not shown). PCR products
were run on a 2.0 % agarose gel and visualized by ethidium
bromide staining, and the intensities were then measured by
scanning the gel with Gel Doc 1000 (Bio-Rad, Hercules, CA).
Inhibition of hnTERT mRNA was calculated by normalized
intensity ratio hTERT: b,-microglobulin of control sample
according to the following formula:

AmplexAO control

Inhibition percentage (%0)=(1- )x100.

control >(AO sample

Asmpe: theintensity of hTERT PCR product in cellstreated
with cantide and lipofectin, Ao smpie: the intensity of hTERT
PCR product in cellstreated with lipofectin alone, Ao the
intensity of b-actin product in cells treated with cantide and
lipofectin, Ao o, the intensity of b-actin product in cells
treated with lipofectin alone.

Analysis of hTERT protein

Thelevelsof hTERT protein in cellstreated with cantide were
measured by scanning the density of bands on Western blot.
Thetreatment of cantide was performed using the same method
asfor the hnTERT mRNA level analysis described above. After
48 h of transfection, cellswere collected by trypsinization and
lysed in alysis buffer containing 9.1 mM NaHPO,, 1.7 mM
NaH,PO, (pH 7.4), 150 mM NaCl, 1 % NP-40, 0.5 % sodium
deoxycholate, 0.1 % SDS, 100 ng/ml PMSF, 1 mg/ml aprotinin
and 1 mM sodium orthovanadate for 30 min on ice. Equal
amount (60 ng) of proteinswas run on a6 % SDS-PAGE gel,
and transferred onto Hybond-polyvinylidene difluoride
membranes (Amersham, Arlington Heights, IL). The
transferred membrane was incubated first with primary
antibodies against hTERT (Santa Cruz Biotechnology, Santa
Cruz, CA) or primary antibodies against actin, and followed
with peroxidase-linked secondary antibody, and finally the
ECL Western blot system (Promega) was used for developing
the bands. The intensity of the bands was scanned by Gel Doc
1 000 (Bio-Rad), and the inhibition percentage (%) was
calculated according to the following formula: inhibition
percent=(1-Awmpie A contra) X100.

Telomerase activity (TRAP-ELISA) assay

TRAP-ELISA was performed using the TeloTAGGG and
Telomerase PCR ELISA kit (Roche, Indianapolis, IN)
following the manufacturer’ sinstructions. Telomerase levels
were determined after 48 h treatment of cantide (400 nM)

transfected using the method as for the hTERT mRNA level
analysis described above. These cells were grown in 24-well
plates. Cells were homogenized in 200 mi lysis buffer and
incubated on ice for 30 min. To determine the specificity of
the assay, all protein samples were preheated for 10 min at
70 °C toinactivate telomerase and tested in parallel inthe assay.
5 nyg of each extract was assayed in 50 ni reaction mixture
containing 25 m of reaction mixture and 5 ni of the internal
standard. After incubated at 25 “C for 30 min, the reaction
mixture was then subjected to PCR amplification in athermal
cycler for 20 cyclesat 94 °C for 30 s, at 50 C for 30 s, and at
72 °C for 90 s. Subsequently, ELISA reaction was performed
following the manufacturer’ sinstructions.

DeadEnd assay

Apoptosis of treated tumor cells was detected using TUNEL
technique. Cells (5x10%well) were plated in 96-well dishes
and treated with cantide at afinal concentration of 400 nM. At
24, 48, and 72 h after transfection, modified TUNEL assay
was performed using DeadEnd col orimetric apoptosis detection
system (Promega) according to the manufacturer’ sinstructions.
Briefly, cells were harvested, washed and fixed on silanized
microscope slides. Biotinylated nucleotide was incorporated
at the 3' -OH DNA ends using terminal deoxynucleotidy!
transferase (TdT). Streptavidin-HRP was then bound to these
biotinylated nucleotides, which were detected using hydrogen
peroxide and diaminobenzidine (DAB). With this procedure,
apoptotic cell nuclei were stained dark brown. Stained cells
were observed under alight microscope.

Caspase activity assay

Caspase (CPP32-like and ICE-like) activity was evaluated
using CaspACE assay system fluorometry (Promega)
according to the protocol provided by the manufacturer. Cells
were plated in flasks and treated with 400 nM cantide mixed
with lipofectin. At 48 h after cantide treatment, cells were
harvested and washed, lysed by subjecting to four cycles of
freezing and thawing, and centrifuged at 16 000 g for 20 min
at 4 ‘C. The same amount of supernatant was pipetted into a
96-well plate, then the following items were added into each
well, namely 32 mi buffer, 2m DMSO, 100 m DTT (100 mM),
2 m of appropriate substrate (2.5 mM). The final volume was
100 m. Blank (without cellsextracts) and negative control (with
inhibitor) reaction mixtureswere a so prepared smultaneoudly.
After incubated at 30 ‘C for 60 min, the fluorescence of the
reactions at an excitation wavelength of 355 nm and emission
wavelength of 460 nm was measured. Caspase activity was
determined in duplicate cells. Relative fluorescence units

(AFU) were calculated according to the formula: AFU=(FU sqy-
FUbIank)'(FUnegative' FU blank) .

Statistics

The data were expressed as means + standard deviation (SD),
statistical analysis was performed by Student’ s-t-test (two-
tailed).All datarepresented at | east two independent experiments.

RESULTS

Effect of cantide on hTERT mRNA expression

It has been suggested antisense ODNs may inhibit gene
expression through diverse effects on transcription and
trandation, inhibition of MRNA transcription can occur through
formation of triple helixes with complementary regions in
DNA, and/or mRNA can be cleaved by recruitment of the
endogenous nuclease RNase-H to catalyze the degradation of
ODN-RNA dimmerd*®. Therefore, the mRNA level of hTERT
was determined by semi-quantitative RT-PCR. A 202 bp DNA
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fragment of hTERT gene and a 317 bp DNA fragment of b,-
microglobulin gene were amplified by RT-PCR with specific
primers, respectively. Figure 1A shows that the mRNA
expression level of hTERT was decreased as the concentration
of cantide treatment increased at 24 h when compared to the
untreated cells, while the mRNA level of b,-microglobulin as
acontrol was almost unchanged. As shown in Figure 1B, after
treatment with 800 nM cantide normalized according to the
levelsof b,-microglobulin, therdativeinhibition rateof hTERT
MRNA expression was 74.4 % (P<0.01) and 68.4 % (P<0.01)
in treated tumor cells HepG2 and SMMC-7721, respectively.
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Figure 1 Inhibitory effects of cantide on mRNA level of hnTERT.
A Electrophoresis of PCR products of hTERT gene and b,-
microglobulin gene in HepG2 cells treated with cantide. B:
Quantitation of inhibitory percentage of hTERT mRNA in
treated cells. Each level of PCR product of hTERT gene was
guantitated and normalized by the level of b,-microglobulin.
Inhibitory rate was calculated by comparing to the control cells.
The results were expressed as means + SD from three inde-
pendent experiments. 2P<0.05 vs the cells treated with lipofectin
alone, "P<0.01 vs the cells treated with lipofectin alone.

Western blot analysis was performed to determine the effect
of cantide treatment on hTERT protein level in tumor cells.
Figure 2A showsthat the proteinlevel of hTERT was decreased
as the concentration of cantide increased at 48 h compared to
theuntreated cells. Therelativeinhibition percentage of hnTERT
protein was 67.8 % (P<0.01) and 66.2 % (P<0.01) in HepG2
and SMMC-7721 cells treated with 800 nM cantide,
respectively (Figure 2B).

These results indicated that cantide inhibited hTERT gene
expression in a dose-dependent manner after 48 h treatment.

Down-regulation of telomerase activity

It was shown that the expression of hTERT gene appeared to
correlate with the level of telomerase enzymatic activity in
many human tumor cells*"¥. To investigate whether the
telomerase activity was affected in tumor cells treated with
cantide, a TRAP-EL I SA assay was performed. Figure 3 shows
that the decrease of telomerase activity was observed after 48 h
of treatment at various concentrations of cantide. Moreover,
the decrease of telomerase activity was approximately correlated
with the concentration of cantide. At the concentration of
800 nM, the relative telomerase activity in the treated HepG2
and SMMC-7721 cellswas only 17.1 % (P<0.01) and 20.3 %
(P<0.01) of that in untreated cells at 48 h, respectively. These
findings suggested that treatment of cantide decreased the

telomerase activity in a dose-dependent manner by direct
inhibition of the hTERT gene expression.
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Figure 2 Inhibitory effects of cantide on protein level of hnTERT.
A: Western blot analysis of hTERT protein in HepG2 cells
treated with cantide. B: Inhibitory percentage of hTERT pro-
tein in treated cells compared to the control cells. Each level of
hTERT protein was quantitated. Inhibitory rate was calculated
by comparing to the control cells. The results were expressed
as means + SD of two independent experiments. ?P<0.05 vs the
cells treated with lipofectin alone, "P<0.01 vs the cells treated
with lipofectin alone.
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Figure 3 Comparison of telomerase activity in HepG2 and
SMMC-7721 cells treated with cantide. 48 h after treatment with
cantide, cells extract was tested for telomerase activity by TRAP-
ELISA assay. The results were expressed as means + SD from
three independent experiments. 2P<0.05 vs the cells treated with
lipofectin alone, °P<0.01 vs the cells treated with lipofectin alone.

Induction of apoptosis with cantide

The DeadEnd colorimetric apoptosi s detection system labeled
fragmented DNA in situ and was used for detecting apoptosis,
which was used to investigate whether cantide induced
apoptosis in tumor cells. Figure 4A shows the staining of
HepG2 cells 72 h after treatment. The cells treated with
lipofectin alone showed very few stained cells (Figure 4 Aa).
In contrast, most of the cells treated with cantide were
intensively stained (Figure 4 Ab). To quantify the extent of
apoptosis, the percentage of stained cells from atotal of 200
cells was determined in each treatment group. As shown in
Figure 4B, the percentage of apoptotic cells after cantide
treatment wasincreased both in atime-dependent manner and
in a dose-dependent manner. The percentage of stained cells
in HepG2 and SMMC-7721 cellstreated with 800 nM cantide
a 72 hwas 63 % and 52 % (P<0.01), respectively. By contrast,
8 % and 9 % cells were stained after 72 h treatment with



Du QY et al. Antitumor mechanism of cantide

2033

lipofectin alone. These results suggested that the cytotoxic
effect of cantide was mainly due to induction of apoptosis.
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Figure 4 Apoptotic features of tumor cells. The DeadEnd kit
was utilized for the assay. A: staining of the cells treated with
(a) lipofectin alone and (b) cantide in combination with
lipofectin. The arrows showed the representative cells with
dark brown staining, 100x. B: the percentage of TUNEL-posi-
tive cells treated with cantide. c: HepG2 cells, d: SMMC-7721
cells. The results were expressed as means = SD from three
independent experiments.

Activation of Caspase

It was shown that Caspaseswere the main factor in the apoptotic
pathway!*2%, We investigated whether Caspase was involved
in the anti-tumor effect by utilizing a Caspase activity detection
assay. We observed that | CE- and CPP32-like protease activity
in tumor cell treated with cantide reached the highest point at
48 h (data not shown). The levels of CPP32-like protease
activity in HepG2 and SMMC-7721 were increased 2.8- and

3.0-fold respectively at 48 h (P<0.05) compared to the cells
treated with lipofectin alone, and the levels of | CE-like protease
activity were also increased 2.6- and 3.2-fold (P<0.05) at 48 h,
respectively (Figure 5). These results clearly indicated the
involvement of Caspases family (at least ICE- and CPP-like)
in the induction of apoptosis by cantide treatment.
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Figure 5 Measurement of CPP32- and ICE-like protease
activities in tumor cells treated with cantide. Two days after
treatment with cantide, cell lysates were tested for CPP32-
and ICE-like protease activities.The results were expressed
as means + SD from three independent experiments. A: HepG2
cells, B: SMMC-7721 cells. ?P<0.05 vs the cells treated with
lipofectin alone.

DISCUSSION

The hypothesis of telomerase mechanism is supported by the
idea that progressive shortening of telomeres regulates the
lifespan of cells, with each cdll division, telomeres are shortened
by 50-200 bp.When telomeres become critically short, the cells
turn to growth arrestt®#, The rate of telomere DNA shortening
isregulated by telomerase expression and activity®®. Therefore,
telomerase inhibitors might be useful as anticancer agents, but
there will be an expected log phase between the time when
telomerase is inhibited and the time when telomere of cancer
cellsis shortened sufficiently to produce detrimental effects
on cell proliferation’?4, It takes approximately 1 month to
induce cell death intumor cellsfollowing telomeraseinhibition
by transfection of antisense hTR vector®!, Our previous study
has shown that cantide has a rapid inhibitory effect on tumor
growth 3 days after in vitro treatment!®®, and this striking effect
isunlikely to be interpreted by the hypothesis that cantide is
acting specifically through a telomere-dependent mechanism
because the cells have not undergone sufficient cell divisions
to significantly shorten their telomeres. It islikely that there
might be other mechanisms for the antitumor effect of cantide.

In this study, we detected apoptosisin tumor cellsjust 3
days after cantide treatment in a dose-dependent manner.
Taking previous reports on antisense hTR vector and our
studies together into consideration, it is likely to raise the
possibility that antitumor effect of cantide occurs through
following two pathways: 1) A short-term effect on apoptosis
is induced rapidly by cantide. 2) A long-term effect on
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Figure 6 Two possible pathways of antitumor effect of cantide. |
inhibitors, Apafs: apoptotic protease activating factors.

telomerase activity isinhibited, and cell death is caused when
telomere length is critically shortened by telomeric DNA.

It has been demonstrated that Caspase is a central
executioner of apoptosis machinery, and over-expression and
activation of Caspasesin human cells lead to apoptosig?#7.
To date, fourteen mammalian Caspases have been described.
Among them, two subfamilies have been categorized based
on amino acid sequence, substrate and inhibitor specificities.
They are | CE-like proteases and CPP32-like proteased®!. In
this study, we found that both CPP32- and | CE-like proteases
were increased 2 or 3-fold in tumor cells compared to the
control cells 2 days after cantide treatment. Based on this
evidence, the rapid antitumor effect of cantide may be dueto
active induction of Caspase-dependent apoptosis. Cantide can
activate Caspase activity and lead to rapid cell death via
apoptotic pathways, and might be a potential therapeutic agent
for the treatment of cancer.

It has been found that 2-5A antisense ODN could cause
profound cell death in prostate cancer cells and ovarian cancer
cells, but not in fibroblast cells and normal ovarian epithelial
cellswithout telomerase activity™> 2, Furthermore, suppression
of TERT levelsand function in embryonic mouse hippocampal
neurons in culture could significantly increase their
vulnerability to cell death induced by amyloid beta-peptide,
and over-expression of TERT in pheochromocytoma cells
could result in decrease of vulnerability to amyloid beta-
peptide-induced apoptosis®®. In addition, hTERT gene could
be transfected into telomerase negative human embryo lung
fibroblasts, the telomerase-expression cells could elongate
telomeres and increase resistance to apoptosis induced by
hydroxy! radicals®. We detected the down-regulation of
hTERT mRNA gene expression, and found a significant
decrease in telomerase activity after cantide treatment. The
decrease was correlated with the concentration of cantide.
Based on the observation above, we specul ate that telomerase
plays another role in addition to maintaining the telomere
length, disturbance of thisfunction will cause arapid cell death
by activating the Caspases. In accordance to that hypothesis,
Cao et al®™ have also reported that telomerase plays roles not
only in up-regulating cell proliferative life span, but also in
supporting cell proliferative rate by a mechanism involving
telomere lengthening-independent activity. Therefore, there
should be some proteins that deliver messages between
telomerase and Caspase, and further studies using techniques
such as biochip or yeast two-hybrid system are necessary to
find certain associated molecules.

In summary, our results have shown that cantide can
effectively inhibit hnTERT gene expression, decreasetelomerase

AP: inhibitors of apoptosis, CDKIs: cycin-dependent kinase

activity, and trigger apoptosis through activation of Caspase
family. Apoptosis induction may be one of the potential
mechanisms of cantide-medicated inhibition for tumor cell
growth. Continuous cantide treatment might shorten the
telomereto asize that leadsto cell senescence (Figure 6). The
treatment with cantide may be a potential strategy for cancer
with telomerase activity.
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