
Abstract. The telomerase is specifically activated in most
malignant tumors but is usually inactive in normal somatic
cells. It has been reported that telomerase has an anti-apoptotic
role and up-regulation of telomerase helps cancer cells to be
resistant to chemotherapeutic agent-induced cell death. The
effect of cisplatin on telomerase activity is complex, and the
exact mechanism remains largely unknown. In this study, we
found that cisplatin activated telomerase activity and human
telomerase reverse transcriptase (hTERT) expression in
SMMC7721 human hepatocellular carcinoma cell line. Low-
dose cisplatin up-regulated hTERT and NF-κB p65 expression
and increased telomerase and NF-κB activity. Inhibition of
NF-κB attenuated the hTERT expression and telomerase
activity exposed to cisplatin, suggesting that NF-κB is
responsible for the cisplatin-induced activation of the hTERT.
Furthermore, preincubation of low-dose cisplatin which
induced high expression of hTERT help hepatocellular
carcinoma SMMC7721 cells survive under the high concen-
tration of anti-cancer drugs. Inhibition of hTERT increased
sensitivity of SMMC7721 cells to chemotherapy. Taken
together, these results suggested that up-regulation of hTERT
expression by low-dose cisplatin is NF-κB-dependent and

contributes to chemotherapy resistance in human hepatocellular
cancer cells.

Introduction

Telomerase is a cellular reverse transcriptase that catalyses the
synthesis and extension of telomeric DNA (1,2). This enzyme
is specifically activated in most malignant tumors but is usually
inactive in normal somatic cells (3,4). The catalytic core of
human telomerase is composed of an RNA subunit known as
hTER (human telomerase RNA) and a protein subunit named
as hTERT (human telomerase reverse transcriptase). Although
the RNA subunit (hTR) of the human telomerase complex is
constitutively expressed in both tumor and normal somatic
tissues, expression of the catalytic subunit (hTERT) correlates
with telomerase activity and is a key step of activation of
telomerase (5-7). Substantial experiments demonstrate that the
transcriptional regulation of hTERT expression represents the
primary and rate-limiting step in the activation of telomerase
activity in most cells (8-11). Several studies have indicated that
hTERT has an anti-apoptotic activity in addition to its role in
telomere length maintenance (12,13).

Chemotherapeutic drugs have complex effects on
telomerase activity and these complex effects are cell type-
dependent (14-19). Cisplatin is a DNA cross-linking agent used
in the treatment of various tumors including hepatocellular
carcinoma (20,21). Human testicular cancer cells treated with
lethal doses of cisplatin exhibit decreased telomerase activity
(22). In leukemic cells, telomerase activity was also down-
regulated after treatment with cisplatin (23). Additionally,
long-term exposure of colorectal carcinoma cells to cisplatin
results in increased telomerase activity (18). However, the
exact mechanism of the complex effect of cisplatin on
telomerase activity remains largely unknown.

In this study, we examined the effect of low-dose cisplatin
on telomerase activity in the human hepatocellular cancer
(HCC) cell line, SMMC7721. We treated SMMC7721 cells
with various doses of cisplatin and examined telomerase
activity and hTERT expression. A dose-dependent up-
regulation of telomerase activity and hTERT expression were
observed. Preincubation with low-dose cisplatin reduced
chemosensitivity of SMMC7721 cells to chemotherapeutic
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agents. Furthermore, inhibition of hTERT increased chemo-
sensitivity of SMMC7721 cells to chemotherapeutic agents.
Thus we concluded that up-regulation of hTERT expression by
low-dose cisplatin contribute to chemotherapy resistance in
human hepatocellular cancer cells.

Materials and methods

Cell culture and reagents. Human HCC SMMC7721 cells
were maintained in RPMI-1640 containing 10% fetal bovine
serum. The cells were incubated at 37˚C and 5% CO2.
Cisplatin, 5-FU and epirubicin were purchased from QILU
PHARMA (Jinan, Shandong, China). PDTC was obtained
from TOCRIS (Ballwin, MO, USA). The anti-GAPDH and
anti-H3 were obtained from Cell Signaling Technology
(Beverly, MA, USA). The anti-TERT and anti-p65 antibodies
were purchased from Santa Cruz Biotechnology, Inc. (Santa
Cruz, CA, USA). The anti-ß-actin was obtained from Sigma
(St. Louis, MO, USA).

Plasmids. hTERT promoter luciferase reporter plasmid
(pGL3B-TRTP) was a gift from Dr Jiyue Zhu (24). NF-κB
plasmid, IKK-KM (a kinase inactive mutant of murine IKKß)
plasmid were kind gifts from Dr Chuanshu Huang (25).

Cell viability and cell apoptosis. The measurement of viable
cell mass was performed with a Cell Counting Kit (Dojin
Laboratories, Kumamoto, Japan) to count living cells by
WST-8. Cells were seeded (0.5x104 cells per well) on a 96-well
plate and the cells were treated with indicated concentration
of 5-FU and epirubicin for 24 h with or without preinfection
with AD-si/hTERT. For quantitative analysis of cell viability,
10 μl of a Cell Counting Kit-8 solution was added to each
well, and, after incubation at 37˚C for 2 h in a humidified
CO2 incubator, absorbance at 450 nm was monitored with a
microplate reader (Synergy HT, Bio-Tek, USA). The values
obtained were normalized to those of control cells incubated
with vehicle only. Assessment of apoptosis based on nuclear
morphology using DAPI staining. Briefly, cells in which the
nucleus contained clearly condensed chromatin or cells
exhibiting fragmented nuclei were scored as apoptotic.
Apoptotic data are reported as percentage apoptosis, obtained
by determining the numbers of apoptotic cells vs. the total
number of cells. For each sample, a minimum of 5 counts
involving a minimum of 100-200 cells/count were scored.
Apoptotic data are presented as the mean ± SD for three
independently performed experiments.

Luciferase assay. Plasmids were transiently transfected using
Lipofectamine 2000 reagent (Invitrogen, Carlsbad, CA, USA),
according to the manufacturer's protocol. The IKK-KM
plasmid was cotransfected with pGL3B-TRTP plasmid to
determine the effect of NF-κB inhibition on the activation of
hTERT. Cells were harvested and subjected to luciferase
assays using the Dual Luciferase Reporter Assay System
(Promega, WI, USA). A Renilla luciferase plasmid was
also cotransfected in each experiment to serve as an internal
control for transfection efficiency. The relative luciferase
activity reported herein is the average of the three resultant
values.

Telomerase activity assay. Telomerase activity was measured
using a PCR-based telomeric repeat amplification protocol
(TRAP) enzyme-linked immunosorbent assay (ELISA) kit
(Boehringer Mannheim, Mannheim, Germany) according to
the manufacturer's description. In brief, cells were lysed in
200 μl lysis reagent and incubated on ice for 30 min. For the
TRAP reaction, 2 μl of cell extract (containing 2 μg protein)
was added to 25 μl of reaction mixture with the appropriate
amount of sterile water to make a final volume of 50 ml. PCR
was performed in a Mastercycler as follows: primer elongation
(30 min, 25˚C), telomerase inactivation (5 min, 94˚C) and
product amplification by the repeat of 30 cycles (94˚C for
30 sec, 50˚C for 30 sec, 72˚C for 90 sec). Hybridization and
the ELISA reaction were carried out following the manu-
facturer's instructions. As positive control for the assay, extracts
from HEK293 cells were used and cell lysates were heat-
inactivated for 10 min at 85˚C also used as negative controls.
Absorbance values are reported as the A450 nm reading after
subtraction of the control value.

RT-PCR for hTERT. Expression of hTERT was analyzed by
RT-PCR. Briefly, total RNA was isolated from the cells using
TRIzol (Invitrogen) according to the manufacturer's protocol.
cDNA was synthesized from 2 μg total RNA using the
Moloney murine leukemia virus reverse transcriptase
(Promega) with Oligo(dT)18. Two-microliter aliquots of
cDNA were used for PCR amplification employing the
following setting: 30 sec at 94˚C, 30 sec at 58˚C and 30 sec
72˚C for hTERT and ß-actin with 32 cycles. The primer
pairs were used: 5'-CGGAAGAGTGTCTGGAGCAA-3'
(LT5) and 5'-GGATGAAGCGGAGTCTGGA-3' (LT6) for
hTERT (26) and 5'-TGACGGGGTCACCCACACTGTGCC
CATCTA-3' and 5'-CTAGAAGCATTGCGGTGGACGAT
GGAGGG-3' for ß-actin.

Western blot analysis. Protein extracts were prepared with
the Active Motif nuclear extract kit (Active Motif, Carlsbad,
CA, USA). Protein concentrations were estimated using
Bradford Protein Assay. Equal amounts of proteins (30 μg)
were separated by SDS-polyacrylamide gel electrophoresis
(PAGE) and transferred onto nitrocellulose membranes. After
blocking with 5% non-fat dry milk in TBS containing 0.2%
Tween-20, membranes were incubated at 4˚C overnight with
various primary antibodies. The immunoblots were visualized
with horseradish peroxidase-conjugated goat anti-rabbit or
anti-mouse immunoglobulin by using ELC chemiluminescence
substrate system (Amersham Biosciences, Piscataway, NJ,
USA).

Construction of Ad-si/hTERT. RNA polymerase III H1-RNA
gene promoter was used in our study. Designation of siRNA
was modified base on the published data by Masutomi. The
64 nt oligo nucleotides encoding hTERT-specific siRNA
were 5'-GATCCCCTTTCATCAGCAAGTTTGGATTCAA
GAGATCCAAACTTGCTGATGAAATTTTTGGAA-3' and
5'-GGGAAAGTAGTCGTTCAAACCTAAGTTCTCTAGG
TTTGAACGACTACTTTAAAAACCTTTTCGA-3'. These
oligonucleotides were annealed and ligated into the BglII/
HindIII sites of pSUPER-EGFP (gift from Dr Li Lin) and the
targeted sequence in the recombined vector was confirmed
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by automatic sequence analysis. The fragment carried H-1
promoter and the target sequence was inserted into the
XbaI/HindIII site of pAd-TRACK to generate TRACK-si/
hTERT after adjusting the enzyme cutting site in pCDNA3.1
(+). Then TRACK-si/hTERT was linearized with PmeI and
transfected into BJ-5183 cells which carry the adenovirus
backbone vector pAd-Easy1. Recombined viral genome was
linearized with PacI and transfected into HEK-293 cells in a
6-well plate using lipofectamine 2000 (Invitrogen). Seven days
after transfection, the recombinant viruses were collected
and subjected to the first round of amplification in a T-25
flask and then purified by Cscl after two further rounds of
amplification. The titer was then determined by Plaque
Formation Assay.

Statistical analysis. Values were expressed as the mean ±
standard deviation (SD). Differences in luciferase activity were
analyzed by Student's t-test. A p-value <0.05 was considered
to be significant.

Results

Low-dose cisplatin induces up-regulation of telomerase activity
and hTERT expression. Cisplatin is a widely used anti-cancer
agent. To examine the effects of cisplatin on telomerase

activity, human HCC cells SMMC7721 were treated with
various concentrations of cisplatin for 24 h. Telomerase activity
was found to reach a plateau at 1 μg/ml and declined
thereafter (Fig. 1A). Western blot analysis and semi-
quantitative RT-PCR assay were performed to examine
whether activation of telomerase by cisplatin was due to
up-regulation of the hTERT expression. Treatment of
SMMC7721 cells with indicated concentrations of cisplatin
for 24 h led to up-regulation of hTERT protein and hTERT
mRNA (Fig. 1B and C). To examine the effect of cisplatin
on the transcriptional activity of the hTERT promoter,
luciferase assay in which hTERT luciferase reporter plasmid
(pGL3B-TRTP) was transfected into SMMC7721 cells was
performed. Cisplatin increased the transcriptional activity
of the hTERT promoter for up to 3.5-fold (Fig. 1D). These
results suggest that cisplatin can induce the hTERT expression
at transcriptional level.

Low-dose cisplatin-induced hTERT expression is NF-κB-
dependent. It has been reported that the regulation at the
transcriptional level plays an important role in hTERT gene
expression. Sequence analysis has revealed that the hTERT
promoter contains many transcriptional factor binding sites
including c-Myc, Spl, NF-κB and others (8,9,11). Cisplatin
was reported to induce activation of NF-κB in various cancer
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Figure 1. Cisplatin induces telomerase activity and hTERT expression in human HCC cells. (A) HCC SMMC7721 cells were treated with different
concentrations of cisplatin for 24 h and subjected to TRAP-ELISA assays to assess telomerase activity. A representative example of an experiment that was
repeated three times is shown. (B) HCC SMMC7721 cells were incubated with different concentration of cisplatin for 24 h and then harvested to prepare cell
lysates. The lysates were subjected to SDS-PAGE and blotted with anti-TERT antibody. (C) RT-PCR assays to examine the effects of cisplatin on the
expression of hTERT. HCC SMMC7721 cells were incubated with indicated concentration of cisplatin. After 24 h, RNA was extracted and RT-PCR assays
were performed to detect hTERT mRNA. A representative example of an experiment that was repeated three times is shown. (D) HCC SMMC7721 cells were
transfected with pGL3B-TRTP plasmid and incubated with indicated concentration of cisplatin. After 24 h, the cells were collected and luciferase assays were
performed. The luciferase activity in control samples was normalized to 1.0. Error bars indicate standard deviations. The values shown represent the mean of
at least three separate experiments. Significant differences are indicated by asterisks. *P<0.05. Neg, negative control and pos, positive control.
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cells (27-29). Therefore, we examined whether NF-κB is
involved in cisplatin-induced hTERT expression. First, we
examined whether NF-κB can be activated by low-dose
cisplatin. SMMC7721 cells were treated with indicated
concentrations of cisplatin for 24 h and then used to prepare
lysates for Western blot analysis with anti-p65. As shown in
Fig. 2A, cisplatin can induce nuclear translocation of NF-κB
p65 protein. We then tested the effect of cisplatin on NF-κB
activity. SMMC7721 cells were transfected with the NF-κB
luciferase reporter plasmid and incubated with indicated
concentrations of cisplatin for 24 h. The luciferase assays
revealed that the NF-κB activity can be significantly
enhanced by cisplatin in a dose-dependent manner. There is
a 2.2-fold increase at 1 μg/ml of cisplatin (Fig. 2B). These
results suggested that cisplatin can activate NF-κB.

We next examined whether NF-κB is involved in the
induction of hTERT expression by cisplatin. To test the
role of NF-κB in the cisplatin-induced activation of hTERT

expression, we pretreated SMMC7721 cells with PDTC
(100 μM), a known pharmacological inhibitor of NF-κB for
1 h. In the present of PDTC, the cisplatin-induced the
increasing in hTERT protein (Fig. 2C) was attenuated. The
activity of hTERT promoter was also impaired by PDTC
(Fig. 2D). In addition, we co-transfected SMMC7721 cells
with pGL3B-TRTP and IKK-KM plasmid and then
incubated with indicated concentration of cisplatin. After
24 h, the cells were collected and luciferase assays were
performed. As shown in Fig. 2E, cotransfecting with IKK-KM
plasmid, the activity of hTERT promoter was dramatically
decreased. These results further verify that NF-κB is
involved in cisplatin-induced hTERT expression. As c-Myc
is a downstream target of NF-κB and has been reported to
up-regulate hTERT transcription (30), we investigated the
effect of cisplatin on c-Myc. As shown in Fig. 3, c-Myc was
not affected by cisplatin, indicating that c-myc is not involved
in cisplatin-dependent up-regulation of hTERT.
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Figure 2. NF-κB involves in cisplatin-induced telomerase activation. (A) HCC SMMC7721 cells were incubated with indicated concentration of cisplatin for
24 h and then harvested to prepare cell lysates. The lysates were subjected to SDS-PAGE and blotted with anti-p65 antibody. H3 (Histone H3), as loading
control of nuclear protein. (B) HCC SMMC7721 cells were transfected with NF-κB luciferase reporter plasmid and incubated with indicated concentration of
cisplatin. After 24 h, the cells were collected and luciferase assays were performed. The luciferase activity in control samples was normalized to 1.0. Error
bars indicate standard deviations. The values shown represent the mean of at least three separate experiments. Significant differences are indicated by
asterisks. *P<0.05. (C) HCC SMMC7721 cells were incubated with indicated concentration of cisplatin for 24 h with or without pretreatment of PDTC (100 μM)
for 1 h and then harvested. The cell lysates were subjected to SDS-PAGE and blotted with anti-TERT antibody. A representative example of an experiment that
was repeated three times is shown. (D) HCC SMMC7721 cells were transfected with pGL3B-TRTP plasmid and incubated with indicated concentration of
cisplatin with or without pretreatment of PDTC (100 μM) for 1 h. After 24 h, the cells were collected and luciferase assays were performed. The luciferase
activity in control samples was normalized to 1.0. Error bars indicate standard deviations. The values shown represent the mean of at least three separate
experiments. Significant differences are indicated by asterisks. *P<0.05 (E) HCC SMMC7721 cells were cotransfected with pGL3B-TRTP plasmid and IKK-KM
plasmid and then incubated with indicated concentration of cisplatin. After 24 h, the cells were collected and luciferase assays were performed. The luciferase
activity in control samples was normalized to 1.0. Error bars indicate standard deviations. The values shown represent the mean of at least three separate
experiments. Significant differences are indicated by asterisks. *P<0.05.
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Telomerase contribute to chemotherapy resistance in
SMMC7721 cells. Several studies have indicated that hTERT
had an anti-apoptotic activity in addition to its role in telomere
length maintenance. Thus, it is of interest to investigate whether
SMMC7721 cells can acquire inducible resistance to certain
chemotherapeutic agents when preincubated with low-dose
cisplatin. SMMC7721 cells were preincubated in 1 μg/ml
cisplatin for 24 h and then treated with 5-FU (65 μg/ml) and
epirubicin (1 μg/ml) for another 24 h, respectively. The
morphology of cells was observed and pictures were taken
under a microscope. Then, the cells were harvested and used to
prepare cell lysates. The lysates were subjected to SDS-
PAGE and blotted with anti-PARP antibody. As shown in
Fig. 4A, control cells, but not preincubated cells, show
significant cell death. Control cells revealed morphologic
features typical of apoptosis, including cytoplasmic conden-
sation, nuclear fragmentation and blebbing. These results were
confirmed by immunoblotting, where control cells resulted in
increased level of cleaved PARP (Fig. 4B).

We next examined whether inhibition of telomerase
restored chemosensitivity of SMMC7721 cells when these
cells were preincubated with low-dose cisplatin. SMMC7721
cells were infected with Ad-si/hTERT virus for 24 h and then
preincubated in 1 μg/ml cisplatin for another 24 h. After
preincubation, cells were treated with 5-FU (65 μg/ml) and
epirubicin (1 μg/ml) for 24 h, respectively. WST-8 assay and
DAPI staining were performed to detect cell death. As shown
in Fig. 5A and B, Ad-si/hTERT can significantly inhibit
hTERT expression and telomerase activity. Meanwhile,
SMMC7721 cells infected with Ad-si/hTERT showed
dramatic sensitivity to chemotherapeutic agents (Fig. 5C-E).
Taken together, these results suggest that inducible resistance
to certain chemotherapeutic agents can be acquired in
SMMC7721 when telomerase is up-regulated by preincu-
bation with low-dose cisplatin. Inhibition of telomerase can
restore chemosensitivity of SMMC7721 cells to chemo-
therapeutic agents. Thus, telomerase contributed to chemo-
therapy resistance in SMMC7721 cells.

Discussion

The hTERT promoter contains binding sites for many
transcription factors, including c-Myc, Sp1 and NF-κB and
transcriptional regulation of hTERT is believed to be one of
the major mechanisms of telomerase regulation in human

cells. However, there is little information on the regulation of
telomerase by cisplatin and the relationship between
telomerase and chemosensitivity in cancer cells. We report
here that low-dose cisplatin induces hTERT expression and
up-regulation of telomerase contributed to chemotherapy
resistance in hepatocellular carcinoma cell line SMMC7721.

We first demonstrated that low-dose cisplatin induces
hTERT expression in SMMC7721 cells at the transcriptional
level (Fig. 1), as it was reported previously that long-term
exposure of colorectal carcinoma cells to cisplatin results in
increased telomerase activity (18). We also observed that
NF-κB was responsible for the cisplatin-induced trans-
criptional activation of hTERT (Fig. 2), as cisplatin can
induce nuclear accumulation of NF-κB p65 and NF-κB
activation. Inhibition of NF-κB (PDTC or cotransfected with
IKK-KM plasmid) significantly impaired cisplatin-induced
up-regulation of telomerase activity. Therefore, cisplatin up-
regulates hTERT expression via NF-κB activation. This is
supported by previous studies that transcriptional activation of
hTERT is through the NF-κB pathway in HTLV-I-transformed
cells (31). In addition, our results were in line with a previous
study that NF-κB could be activated by cisplatin in HCC cells
(27). C-Myc is a downstream target of NF-κB that up-
regulates hTERT transcription (30), it remains to be
elucidated whether NF-κB may regulate hTERT expression
via c-Myc. Our results suggest that c-Myc did not affect
cisplatin-induced hTERT expression (Fig. 3). Thus, our
results clearly show that transcriptional level regulation of
hTERT is one of the major mechanisms of telomerase
activation. NF-κB was responsible for the cisplatin-induced
transcriptional activation of hTERT.

What is the functional relevance for cisplatin-induced
telomerase up-regulation? Most cytotoxic agents including
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Figure 3. C-Myc has no effect on cisplatin-induced telomerase activity and
hTERT expression in human HCC cells. HCC SMMC7721 cells were
incubated with indicated concentration of cisplatin for 24 h. Western botting
and RT-PCR assays were performed to examine the effects of cisplatin on
the expression of c-Myc. A representative example of an experiment that
was repeated three times is shown.

Figure 4. Low-dose cisplatin-induced HCC cells were more resistant to
chemotherapy. HCC SMMC7721 cells were pre-incubated in 1 μg/ml cisplatin
for 24 h and then treated with 5-FU (65 μg/ml) and epirubicin (1 μg/ml) for
another 24 h, respectively. (A) The morphology of cells was observed and
pictures were taken under the microscope. (B) Western blotting was carried
out using specific antibodies against PARP and ß-actin, respectively. ß-actin
was used as the protein loading control.
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cisplatin induce apoptosis in tumor cells and reduced apoptosis
induction is associated with drug resistance (32). In the present
study, SMMC7721 cells were preincubated with 1 μg/ml for
24 h and then followed by treatment with high concentration
of 5-FU (65 μg/ml) and epirubicin (1 μg/ml), respectively.

Comparing with un-preincubated control cell, those pre-
incubated cells showed more resistance to chemotherapeutic
agent-induced apoptosis (Fig. 4). Inhibition of telomerase
increased chemosensitivity of those pre-incubated cells to
chemotherapeutic agents (Fig. 5). Thus, in this experiment
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Figure 5. Inhibition of telomerase significantly increased cell sensitivity to chemotherapeutic agents. (A) To examine the effect of AD-si/hTERT on hTERT
expression, cell lysates were subjected to SDS-PAGE and blotted with anti-TERT antibody. (B) TRAP-ELISA assay was used to assess the effect of AD-
si/hTERT on telomerase activity. (C) SMMC7721 cells were infected with Ad-si/hTERT virus for 24 h and then preincubated in 1 μg/ml cisplatin for another
24 h. After preincubation, cells were treated with 5-FU (65 μg/ml) and epirubicin (1 μg/ml) for 24 h, respectively. Cell viability was determined by WST-8
assay. The viability of the untreated cells was regarded as 100%. Points, mean of three independent experiments. (D) DAPI staining was used to identify
morphological features of cell death such as nuclear condensation and fragmentation. (E) Quantitative analysis of chemotherapy-induced apoptosis. DAPI-
stained cells were counted in 5 fields (n=5, P<0.05).
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up-regulation of telomerase induced by low-dose cisplatin
may reduce chemosensitivity of SMMC7721 cells to the high
concentration of chemotherapeutic agents. It has been reported
that up-regulation of telomerase elongated telomeres and
protected cancer cells from chemotherapeutic agent-induced
cell death. Long-term exposure of colorectal carcinoma cells
to cisplatin results in increased telomerase activity and drug
resistance with elongated telomeres (18) and hTERT-
transfected K562 cells had elongated telomeres, and were
significantly more resistant to double-stranded DNA break-
induced apoptosis by IR and VP-16 (33). Furthermore,
previous studies have shown that telomerase has an anti-
apoptotic role and conferred cancer cells resistance to
chemotherapeutic agents and stress-induced apoptosis, which
is distinct from its telomere-maintenance function (34).
Moreover, it was previously reported that telomerase activity
can be induced in the response to DNA damage agents (18,35)
and has roles in helping cell survive and enhancing genomic
stability (36). Some studies have shown that shortened
telomeres impair double-strand DNA break repair and enhance
sensitivity to IR and doxorubicin in telomerase RNA null
mice (37,38). Thus, in this experiment, up-regulation of telo-
merase may have advantage to maintain telomere integrity
and stabilize damaged chromosomes and to protect cells
from stress-induced apoptosis dependent or independent of
telomerase enzymatic activity.

Resistance of tumor cells to chemotherapy treatment
represents one of the major causes of failure in cancer therapy
and appears to be the result of the increased expression of
defense factors, as well as the alterations of factors involved
in cellular response to DNA damage. These factors include
decreased cellular accumulation of drugs (39), increased
DNA repair (40) and impaired susceptibility to apoptosis
(41). Decreased cellular accumulation of the drug will cause
low concentration of chemotherapeutic agents. Up-regulation
of telomerase may enhance genomic stability and protect
cells from apoptosis induction. It has been previously
reported that that hTERT expression in telomerase-negative
cells decreases their sensitivity to topoisomerase inhibitors
such as etoposide (42). In our experiment, pre-incubation with
low-dose cisplatin reduced chemosensitivity of SMMC7721
cells to the high concentration of anti-cancer drugs, very likely
due to increased telomerase activity. This alteration
modulates the effects of the chemotherapeutic agents. The
potential roles of telomerase induced by low-dose cisplatin in
the development of cancer chemotherapeutic resistance need
future experimental and clinical examination. Our results
also demonstrate that combination of telomerase inhibition
and traditional treatment with cancer therapeutic agents is a
potent new approach to treating hepatocarcinoma.
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