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Background : Human telomerase reverse transcriptase (WTERT) is a catalytic enzyme that is required
for telomerase activity (TA) and cancer progression. Telomerase inhibition or inactivation increases
cellular sensitivity to UV irradiation, DNA-damaging agents, the tyrosine kinase inhibitor, imatinib, and
pharmacological inhibitors, such as BIBR1532. hTERT is associated with apoptosis. Some patients
show drug-resistance during anti-cancer drug treatment and the cancer cell acquire anti-apoptotic
mechanism. Therefore, we attempted to study correlation between hTERT and drug-resistance.

Methods : To study the correlation between protein level and activity of hTERT and drug-resis-
tance, Western blotting and telomerase repeat amplification protocol (TRAP) assays were performed.
To investigate whether hTERT contributes to drug resistance in tumor cells, we transiently decreased
hTERT levels using small interfering RNA (siRNA) in T24/R2 cells.

Results : hTERT knockdown increased Bax translocation into the mitochondria and cytochrome
C release into the cytosol. Caspase inhibitors, especially Z-VAD-FMK, rescued this phenomenon,
suggesting that the stability or expression of hTERT might be regulated by caspase activity.

Conclusions : These data suggest that hTERT might be a target molecule for drug-resistant tumor
therapy. (Korean J Lab Med 2008;28:430-7)
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and bladder [1]. Cisplatin induces DNA damage, inhibits DNA
synthesis, suppresses RNA transcription, blocks the cell
cycle, and induces apoptosis in cancer cells [2] and cisplatin—
based combination chemotherapy is a mainstay treatment
for metastatic bladder cancer. However, the efficacy of cis—
platin—based chemotherapy is limited by de novo drug resis—
tance during chemotherapy [3]. The exact level of cisplatin
resistance in patients can be inferred from clinical studies,
since responses have been observed when the standard clin—
ical dose of cisplatin was doubled in drug—intensive proto—
cols [4]. In general, resistance to cisplatin may be substan—
tially greater, as judged from studies of tumor cell lines
established from clinically refractory tumors, which require
cytotoxic concentrations as much as 50-100 fold in excess
of those needed for sensitive tumor cells [5].

Telomerase is a potential diagnostic and prognostic mark—
er in human tumors consisting of a specialized ribonucle—
oprotein polymerase composed of the RNA subunit, human
telomerase RNA (hTR), and a catalytic protein component,
human telomerase reverse transcriptase (WTERT), which
can elongate telomeric DNA using its own RNA subunit as
a template [6]. hTR is ubiquitously and equivalently expressed
in both normal and tumor tissues, but the hTERT subunit
is selectively expressed in a small subset of normal cells,
tumor tissues, and tumor—derived cell lines, indicating that
hTERT is the rate—limiting component of telomerase activ—
ity (TA) [7-12].

With few exceptions, TA and hTERT are found in sam—
ples obtained from bladder carcinoma, but not in normal
controls. In addition, the hTR template is detected more
often and at higher levels in samples obtained from blad—
der carcinomas than normal controls. Therefore, telomerase
can identify both well-differentiated and early—stage blad—
der tumors [13-16]. Telomerase inhibition or inactivation
increases cellular sensitivity to UV irradiation, DNA—dam—
aging agents, the tyrosine kinase inhibitor, imatinib, and
pharmacological inhibitors, such as BIBR1532 [17-20]. Telom—
erase inhibition is usually achieved via gene knockout, anti—
sense oligonucleotides, or dominant—negative forms of the
telomerase enzyme.,

In this study, we investigated the role of hTERT in cis—
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platin—resistant bladder cancer cells. Acute hTERT deple—
tion using a specific small interfering RNA (siRNA) induced
Bax translocation into the mitochondrial membrane and
cytochrome C release into the cytosol. Therefore, hTERT
inhibition facilitates the induction of apoptosis via the mito—
chondrial pathway, and suggests that h'TERT is critical in

chemotherapy of cisplatin—resistant cells.

MATERIALS AND METHODS

1. Cell lines and culture conditions

The human bladder cancer cell line, T24, was purchased
from the American Type Culture Collection (Benethda, MA,
USA), and the cisplatin—resistant subcell line, T24/R2, was
previously established by the stepwise exposure of T24 cells
to 2 ug/mL of cisplatin [21]. These cell lines were maintained
in RPMI-1640 medium (Hyclone, Road Logan, UT, USA)
containing 10% FBS and antibiotics at 37°C, in a humidi—

fied incubator with an atmosphere of 5% COx.

2. Antibodies and reagents

Anti-hTERT and anti—caspase 3 antibodies were pur—
chased from Calbiochem (La Jolla, CA, USA); anti—bax,
anti—bcl-2, and anti—bcl-XL antibodies from Santa Cruz
Biotechnology (Santa Cruz, CA, USA): anti-PARP antibody
from Cell Signaling Technology (Danvers, MA, USA); and
anti—F1FO ATPase and anti—alpha—tubulin antibodies from
Molecular Probes Inc (Eugene, OR, USA). Anti—bak and anti—
cytochrome C antibodies, a caspase—8 inhibitor (Z-IETD-
FMK), and a caspase—9 inhibitor (Z-LEHD-FMK) were from
BD Biosciences (Pharmingen, San Diego, CA, USA), and the
general caspase inhibitor (Z-=VAD-FMK) was purchased
from Promega (Madison, WI, USA). Other reagents were
purchased from Sigma (St. Louis, MO, USA) unless other—

wise indicated.

3. Cytotoxicity assay

The percentage of viable cells was determined using the
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cell proliferation reagent, MTS (Promega). T24 and T24/R2
cells were plated in 96—well plates at 1x10* cells/well in
200 pL of medium. After overnight incubation, media con—
taining cisplatin (0.1-10 zg/mL) were added. After further
incubation for 24 hr, 50 uL of MTS solution was added to
each well and incubated for about 30 min at 37°C . The opti-
cal absorbance at 490 nm was measured using a microplate

reader.

4. Telomerase repeat amplification protocol (TRAP)
PCR-based assay

TA was detected by the TRAPeze kit (Intergen, Purchase,
NY, USA) according to the manufacturer's instructions. In
brief, cisplatin—treated cells were lysed in 1x CHAPS (3[(3-
Cholamidopropyl)dimethylammonio]-propanesulfonic acid)
buffer, and the lysates were left on ice for 30 min followed
by centrifugation at 12,000 rpm (14,000 g) for 20 min. Pro—
tein concentrations were measured with a Bio—Rad protein
assay kit (Bio—Rad Laboratories, Hercules, CA, USA), and
1.5 ug of extracts were used in the presence of an internal
TRAP assay standard (36 bp) to allow quantification of activi—
ty. The telomere was extended by incubation for 30 min at
30°C in a water bath, with products amplified by a two—
step PCR (94°C for 30 sec and 60°C for 30 sec) for 30 cycles.
TRAP products were run on a 15% non—denaturing poly—
acrylamide gel electrophoresis (PAGE) gel, and 6 bp telom—

eric ladder bands were measured by silver staining.
5. Western blot analysis

For Western blot analysis, cisplatin—treated cells were
harvested and lysed in lysis buffer (20 mM Tris, pH 7.4, 2
mM EDTA, 150 mM sodium chloride, 1 mM sodium deoxy—
cholate, 1% Triton X-100, 10% glycerol, 1 mM PMSF, 5 ug/
mL aprotinin, and 10 zg/mL leupeptin). Protein concentra—
tions were determined using the Bio—Rad protein assay kit,
subjected to 8-15% SDS—PAGE, and transferred onto PVDF
membranes (Hybond—P, Amersham Bioscience, Bucking-
hamshire, England). Subsequently, the membrane was incu-

bated for 2 hr at room temperature in a 5% skim milk solu—
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tion, and probed overnight at 4C with primary antibod—
ies. The bound antibodies were visualized with a suitable
secondary antibody conjugated to horseradish peroxidase
using Immobilon™ Western Chemiluminescent HRP sub—
strate (Millipore Corp, Billerica, MA, USA).

6. Synthesis of siRNA specific for hnTERT and
transfection

An siRNA for hTERT was chemically synthesized (Sam—
chully Pharm, Seoul, Korea). The siRNA sequences were as
follows: hTERT-siRNA (position 1,983-2,001 bp) sense, 5 -
GAA CGU UCC GCA GAG AAA ATT-3'; antisense, 5-UUU
UCU CUG CGG AAC GUU CTT-3"; siRNA—control (GL2)
sense, 5-CGU ACG CGG AAU ACU UCG ATT-3'; antisense,
5-UCG AAG UAU UCC GCG UAC GTT-3', The transient
transfection of synthetic siRNA was accomplished using
Lipofectamine Plus™ reagent (Invitrogen, Grand Island,
NY, USA).

7. Flow cytometry analysis of apoptosis

To measure cell death induced by cisplatin, the cells were
harvested and washed with PBS one time, After fixing with
75% ethanol for 30 min at 4°C, the cells were washed with
PBS three times and stained with the propidium iodide (20
wg/mL PI 0.1 ug/mL RNase A in PBS) for 30 min in the
dark. The proportion of apoptotic cells was determined by
flow cytometric analysis using FACS Calibur (Becton Dick—
inson, Franklin Lakes, NJ, USA) and Cell Quest software

(Becton Dickinson),

8. Subcellular fractionation

Cytosolic and membrane—bound organelle fractions were
prepared by selective plasma membrane permeabilization
with digitonin, In brief, cells were exposed to 0.05% digi—
tonin in an isotonic sucrose buffer (250 mM sucrose, 10 mM
HEPES, 10 mM KCl, 1.5 mM MgClp, 1 mM EDTA, and 1 mM
EGTA, pH 7.1) for 5 min at room temperature to collect the

soluble fraction as cytosolic extract. The digitonin—insolu—
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ble fraction was washed with isotonic sucrose buffer and
was further exposed to ice—cold 0.5% Triton X—100 in iso—
tonic sucrose buffer for 10 min to collect the membrane—
bound organelle fraction. Aliquots of each fraction were
resolved by SDS—-PAGE and were immunoblotted for bax
and cytochrome C. This method routinely generates pure
cytosolic and membrane fractions, as verified by immu—
noblotting with anti—F1FO ATPase and alpha—tubulin anti—

bodies.

RESULTS

1. TA and hTERT protein levels are associated with
cisplatin-resistance

The T24/R2 cell line had been established by stepwise
exposure of T24 cells to 2 ug/mL of cisplatin to induce resis—

tance to cisplatin [22, 23]. We first performed MTS assays
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to elucidate the effect of cisplatin—induced apoptosis in T24
and T24/R2 cells. Cisplatin treatment of exponentially grow—
ing T24 and T24/R2 cells rapidly decreased the cell viability
of T24 cells in a dose—dependent manner but did not affect
T24/R2 cells (Fig. 1A). To test whether hTERT activity is
correlated with drug resistance, we exposed T24 and T24/
R2 cells to cisplatin (10 xg/mL) and measured TA, which
requires hTERT. Exposure to cisplatin decreased TA in the
TRAP assay of T24 parental cells but not that of T24/R2
cells (Fig. 1B) and decreased hTERT protein levels over
time in T24 cells but not T24/R2 cells (Fig. 1C). Cisplatin
also induced bel—2 expression in T24/R2 cells, as previous
shown [23], but not T24 cells, and did not affect the other
bel-2 family members, bel-xL, bax, or bak. Thus, hTERT
levels and TA might be involved in cisplatin resistance in
T24/R2 cells.

T24  T24/R2

- - LB TSR8  Cisplatin
TRAP PCR
ladder

b4

Fig. 1. TA and hTERT expression in cisplatin-resistant T24/
R2 cells. (A) T24 and T24/R2 cells were treated with cisplatin
(0.1-10 ug/mL) for 24 hr. Cell cytotoxicity (%) was measured
by an MTS assay. The optical density (OD) values are mean
+38D of triplicates. *, P<0.01 by t-test. (B) Exponentially grow-
ing T24 and T24/R2 cells were treated with 10 zg/mL of cis-
platin for 24 hr. Telomerase activity was analyzed with a PCR-
based TRAPeze kit (Intergen, Purchase, NY, USA) in the
presence of cell extracts following the protocols provided

by the manufacturer. (C) T24 and T24/R2 cells were treated with cisplatin (10 «g/mL) for the periods indicated. Forty g aliquots of cell lysate
were immunoblotted with anti-hTERT, bcl-2, bcl-xL, bax, bak, and alpha-tubulin antibodies.
Abbreviations: TA, telomerase activity; hTERT, human telomerase reverse transcriptase; TRAP, a polymerase chain reaction-based telom-

ere repeat amplification protocol assay.
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2. Knock-down of hTERT accelerates Bax translocation
and cytochrome C release in a caspase-dependent
manner

TA is regulated by bcl-2, and overexpression of bcl—2

leads to reduced bax translocation and cytochrome C release
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Fig. 2. Effects of hTERT knock down on bax translocation and
cytochrome C release. (A) T24/R2 cells were transfected with
hTERT siRNA using Lipofectamine. After 24 hr, the cells were treat-
ed with cisplatin for an additional 24 hr and western blot analysis
was performed. (B) T24/R2 cells transfected with hTERT siRNA
were separated into cytosolic and membrane fractions. The extracts
were subjected to 15% SDS-PAGE and immunoblotted with anti-
bax, cytochrome C, F1F0 ATPase, and alpha-tubulin antibodies.
Abbreviations: hTERT, See Fig. 1.
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[23, 24]. To test whether hTERT expression affected Bax
translocation, we transfected T24/R2 cells with hTERT
SiRNA using Lipofectamin (Fig. 2A). Cisplatin treatment of
cells transfected with the siRNA increased bax levels in the
mitochondrial membrane fraction and cytochrome C in the
cytosol compared to control siRNA cells (Fig. 2B), suggest—
ing that hTERT depletion affects the membrane perme—
abilization of mitochondria via increasing bax transloca—
tion and inducing cytochrome C release, which activates
the caspase cascade to induce apoptosis.

To investigate whether the caspase cascade modulated
the role of hTERT, we treated si—hTERT T24/R2 cells with
cisplatin in the presence of caspase inhibitors. While hTERT
knock down increased membrane—bound bax and cytosolic
cytochrome C, these effects were inhibited by caspase 8, 9,
and particularly Z-VAD-FMK inhibitors (Fig. 3A). Caspase
inhibitors also blocked the increase in cisplatin—induced
apoptosis induced by hTERT deficiency (Fig. 3B).

DISCUSSION

Bladder cancer is the most common malignant neoplasm
of the urinary system, with increasing morbidity and mor—
tality. Most cases of bladder cancer initially respond to cis—
platin—based combination chemotherapy, but acquired resis—

tance usually occurs during disease progression [1]. Measuring

Cisplatin alone Z-IETD-FMK
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Fig. 3. Caspase inhibitors block the effects of hTERT knock down in cisplatin-induced apoptosis of T24/R2 cells. (A) T24/R2 cells were
transfected with hTERT siRNA and pre-treated with caspase inhibitors before cisplatin treatment. After further incubation for 24 hr, the cells
were fractionated and the locations of Bax and cytochrome C were evaluated by western blotting. (B) Treatment as in (A). Cells were fixed
with ethanol and stained with Pl solution in the dark for 30 min. Apoptotic cell death was determined by flow cytometry.

Abbreviations: hTERT, See Fig. 1; PI, propidium iodide.
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TA in the voided urine of patients with bladder cancer
may be useful in cancer diagnosis, prognosis, and moni—
toring of residual disease [16], since the abnormal expres—
sion of telomerase is related to the occurrence and devel—
opment of malignant neoplasms. hTERT, one of the three
components of telomerase, is the rate—limiting factor of
TA. hTERT is expressed in over 92% of bladder cancers and
may be a reasonable therapeutic target to suppress blad—
der cancer growth [24, 25].

Here we used a cisplatin—resistant bladder cell line to
clarify the role of hTERT in cisplatin resistance. T24 parental
cells showed decreased TA compared to T24/R2 cells in the
presence of cisplatin, Cisplatin treatment reduced the via—
bility of T24 cells by 80% in dose—dependent manner, but
did not affect that of T24/R2 cells. Cisplatin treatment sig—
nificantly reduced hTERT levels in T24 cells after more
than 12 hr' exposure but not in T24/R2 cells.

The inhibition of telomerase in tumor cells represents a
promising anticancer strategy, leading to telomere desta—
bilization and consequent growth inhibition and cell death
[18, 20, 26]. However, its effectiveness could be impaired
by a lag phase, depending on the initial telomere length [27].
Telomerase inhibition may take weeks or months of treat—
ment to affect tumor cell growth [26, 28-30]. However, other
studies show an immediate cellular response to telomerase
inhibition regardless of telomere length [31-35]. Therefore,
targeting telomerase expression could regulate cell prolif—
eration and apoptosis independent of reducing telomere
length.

We next explored whether hTERT could modify mitochon—
drial function using an siRNA specific for hTERT and mea—
suring the localization of bax and cytochrome C. Knock
down of hTERT increased cisplatin—induced cell death and
accelerated the translocation of bax into the mitochondrial
membrane and the release of cytochrome C, both of which
could be blocked by caspase inhibitors, hTERT has a crucial
role in mitochondria during intrinsic apoptosis. Moreover,
hTERT deficiency increased apoptosis through bax translo—
cation and cytochrome C release via caspase activity. In
conclusion, hTERT knock down with an siRNA increased

the cisplatin sensitivity in cisplatin—resistant tumor cells,
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suggesting that h"TERT may be a suitable target molecule
for drug—resistant bladder cancers,

o OF
o =

H{ZA : Human telomerase reverse transcriptase (W\TERT)
+ telomerase®] /3t F42] 2 aHyof Telo] Qlrkar oF
HA] Qlr}, Telomerase HA| T H|ZY3}= UV £AE, DNA
ERE oF=, Blo]2Al 7olylo]=9] JAA, imatinib, BI-
BR1832¢} =2 o=l gt 43S 57 XItt. 53] hTERT
= AlZANE7 | Ao 283ttt So“%}xﬂ A &5 Foto] A
WA714s Hol= Sk TS 4= glow, 71 oAl = 3eF

Al tgt AlszAPd el A3k4] 712-s gl 551A Flot, whebA
Aol A= hTERTSF Al A 712k ke) B ds Atsl
A} sheict,

diH : hTERT w2 2 telomerase?] EA4J3} oFEo gt
W/3712He] Ta/dS Atst7] 918l Western blotting® TRAP
< oFlth hTERTZF A0 oRs iAol 214 o2 ko]
st=A15 A7 $all T24/R2 A0l siRNAE ARE-5Ho]
hTERT 2&& AT,

Zat @ hTERTS] Hd A= BAXO ARIAl W29 o5&
Z7MHLL, AEEA R 9] cytochrome CO) WS F7HA1H L)
7~vad-FMK2} Z-2 caspase?] AIAIE o2sh A4S o
8901 o= hTERTY 43} Wrdo] caspase| 4ol
943]1 2449 5 35S Hojerh

AE : Telomerase® /g9 A 2] 7|52 #4421 hTERT

FUA WAMZE o2 sk X =of QlofA Zesta

At 54 A 2 AbrEch

> 8

m[o

JZi rlr

REFERENCES

1. Chu G. Cellular responses to cisplatin. The roles of DNA-binding
proteins and DNA repair. ] Biol Chem 1994;269:787-90.

2. Siddik ZH. Cisplatin: mode of cytotoxic action and molecular basis
of resistance. Oncogene 2003,22:7265-79.

3. Roth BJ and Bajorin DF. Advanced bladder cancer: the need to iden-
tify new agents in the post-M-VAC (methotrexate, vinblastine, dox-
orubicin and cisplatin) world. ] Urol 1995;153:894-900.

4. Ozols RF, Corden BJ, Jacob J, Wesley MN, Ostchega Y, Young RC.
High-dose cisplatin in hypertonic saline. Ann Intern Med 1984;100:
19-24.



436

5. Hagopian GS, Mills GB, Khokhar AR, Bast RC Jr, Siddik ZH. Expres-
sion of p53 in cisplatin-resistant ovarian cancer cell lines: modula-
tion with the novel platinum analogue (IR, 2R-diaminocyclohex-
ane)(trans-diacetato)(dichloro)-platinum(IV). Clin Cancer Res 1999;
5:655-63.

6. Levy MZ, Allsopp RC, Futcher AB, Greider CW, Harley CB. Telom-
ere end-replication problem and cell aging. ] Mol Biol 1992,225:951-60.

7.Feng ], Funk WD, Wang SS, Weinrich SL, Avilion AA, Chiu CP, et
al. The RNA component of human telomerase. Science 1995;269:
1236-41.

8. Meyerson M, Counter CM, Eaton EN, Ellisen LW, Steiner P, Cad-
dle SD, et al. hEST2, the putative human telomerase catalytic sub-
unit gene, is up-regulated in tumor cells and during immortaliza-
tion. Cell 1997,90:785-95.

9. Nakamura TM, Morin GB, Chapman KB, Weinrich SL, Andrews
WH, Lingner J, et al. Telomerase catalytic subunit homologs from
fission yeast and human. Science 1997,277:955-9.

10. Lingner J and Cech TR. Telomerase and chromosome end mainte-
nance. Curr Opin Genet Dev 1998;8:226-32.

11. Nugent CI and Lundblad V. The telomerase reverse transcriptase:
components and regulation. Genes Dev 1998;12:1073-85.

12. Bodnar AG, Ouellette M, Frolkis M, Holt SE, Chiu CP, Morin GB,
et al. Extension of life-span by introduction of telomerase into nor-
mal human cells. Science 1998;279:349-52.

13. Muller M. Telomerase: its clinical relevance in the diagnosis of blad-
der cancer. Oncogene 2002;21:650-5.

14. Heine B, Hummel M, Muller M, Heicappell R, Miller K, Stein H.
Non-radioactive measurement of telomerase activity in human blad-
der cancer, bladder washings, and in urine. ] Pathol 1998;184:71-6.

15.1to H, Kyo S, Kanaya T, Takakura M, Koshida K, Namiki M, et al.
Detection of human telomerase reverse transcriptase messenger
RNA in voided urine samples as a useful diagnostic tool for blad-
der cancer. Clin Cancer Res 1998;4:2807-10.

16. Dettlaff-Pokora A, Matuszewski M, Schlichtholz B. Telomerase
activity in urine sediments as a tool for noninvasive detection of
bladder cancer. Cancer Lett 2005;222:83-8.

17. Wong KK, Chang S, Weiler SR, Ganesan S, Chaudhuri ], Zhu C, et
al. Telomere dysfunction impairs DNA repair and enhances sensi-
tivity to ionizing radiation. Nat Genet 2000;26:85-8.

18. Chen Z, Koeneman KS, Corey DR. Consequences of telomerase

inhibition and combination treatments for the proliferation of can-

Yuk Pheel Park, Kwang Dong Kim, Seong Ho Kang, et al.

cer cells. Cancer Res 2003;63:5917-25.

19. Tauchi T, Nakajima A, Sashida G, Shimamoto T, Ohyashiki JH, Abe
K, et al. Inhibition of human telomerase enhances the effect of the
tyrosine kinase inhibitor, imatinib, in BCR-ABL-positive leukemia
cells. Clin Cancer Res 2002;8:3341-47.

20. Ward R] and Autexier C. Pharmacological telomerase inhibition
can sensitize drug-resistant and drug-sensitive cells to chemothera-
peutic treatment. Mol Pharmacol 2005;68:779-86.

21. Lee ES, Min KJ, Kim SW, Lee HW, Cho KS, Kim KM, et al. Change
of chemosensitivity and cellular characteristics of cisplatinum resis-
tant human bladder cancer cells induced by long-term cisplatinum
treatment. Korean ] Urol 1998;39:305-10. (0] 4] W17 743, ©|
s, 2774, 49 5. Clisplatinum Fol2 WA $=8 4590 A
Eol A P 744 @ A EA0) wig, ohghul ] et
2] 1998;39:305-10.

22.Kim JK, Kim KD, Lee E, Lim JS, Cho HJ, Yoon HK, et al. Up-regu-
lation of Bfl-1/A1 via NF-kappaB activation in cisplatin-resistant
human bladder cancer cell line. Cancer Lett 2004;212:61-70.

23. Cho HJ, Kim JK, Kim KD, Yoon HK, Cho MY, Park YP, et al. Upreg-

ulation of Bcl-2 is associated with cisplatin-resistance via inhibition
of Bax translocation in human bladder cancer cells. Cancer Lett
2006,237:56-66.

24. Mandal M and Kumar R. Bcl-2 modulates telomerase activity. ] Biol
Chem 1997,272:14183-7.

25. Melissourgos N, Kastrinakis NG, Davilas I, Foukas P, Farmakis A,
Lykourinas M. Detection of human telomerase reverse transcrip-
tase mRNA in urine of patients with bladder cancer: evaluation of
an emerging tumor marker. Urology 2003;62:362-7.

26. Zou L, Zhang P, Luo C, Tu Z. shRNA-targeted hTERT suppress cell
proliferation of bladder cancer by inhibiting telomerase activity.
Cancer Chemother Pharmacol 2006;57:328-34.

27. Herbert B, Pitts AE, Baker SI, Hamilton SE, Wright WE, Shay JW,
et al. Inhibition of human telomerase in immortal human cells leads
to progressive telomere shortening and cell death. Proc Natl Acad
Sci U'S A 1999,96:14276-81.

28. White LK, Wright WE, Shay JW. Telomerase inhibitors. Trends
Biotechnol 2001;19:114-20.

29. Hahn WG, Stewart SA, Brooks MW, York SG, Eaton E, Kurachi A,
et al. Inhibition of telomerase limits the growth of human cancer
cells. Nat Med 1999;5:1164-70.

30. Schindler A, Fiedler U, Meye A, Schmidt U, Fussel S, Pilarsky C, et



hTERT Function in the Drug-resistance

al. Human telomerase reverse transcriptase antisense treatment
downregulates the viability of prostate cancer cells in vitro. Int J
Oncol 2001;19:25-30.

31. Damm K, Hemmann U, Garin-Chesa P, Hauel N, Kauffmann I, Priep-
ke H, et al. A highly selective telomerase inhibitor limiting human
cancer cell proliferation. EMBO ] 2001;20:6958-68.

32.Kondo Y, Koga S, Komata T, Kondo S. Treatment of prostate cancer
in vitro and in vivo with 2-5A-anti-telomerase RNA component.

Oncogene 2000;19:2205-11.

437

33.Koga S, Kondo Y, Komata T, Kondo S. Treatment of bladder cancer
cells in vitro and in vivo with 2-5A antisense telomerase RNA. Gene
Ther 2001;8:654-8.

34. Saretzki G, Ludwig A, von Zglinicki T, Runnebaum IB. Ribozyme-
mediated telomerase inhibition induces immediate cell loss but not
telomere shortening in ovarian cancer cells. Cancer Gene Ther 2001;
8:827-34.

35.Cao Y, Li H, Deb S, Liu JP. TERT regulates cell survival indepen-
dent of telomerase enzymatic activity. Oncogene 2002;21:3130-8.



