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Abstract

Telomere stabilisation is a critical step in tumorigenesis and telomerase, an enzyme which counteracts telomeric DNA loss, is
active in most tumours. Conflicting evidence has been published concerning the potential use of telomerase activity as a measure-

ment of drug-induced tumour cell killing. In this study, the time courses of telomerase loss and induction of apoptosis were inves-
tigated in two testicular cell lines, Susa CP and 833 K, following 4-h exposure to cisplatin, melphalan or doxorubicin. Telomerase
activity was only affected in both cell lines at 20 h following exposure to high concentrations of cisplatin (100� the drug con-
centrations causing 50% growth inhibition (IC50 values)). The time course of melphalan-induced telomerase loss, which was again

only apparent at 100� IC50 concentrations, varied between the cell lines and doxorubicin (100� IC50) did not induce telomerase
loss in either of the cell lines. Importantly, the levels and rates of appearance of apoptotic cells (nuclear morphology and annexin V
staining) were similar for all three drugs in both cell lines; i.e. cisplatin, melphalan and doxorubicin (100� IC50) caused similar

frequencies of apoptosis in Susa CP cells at 24 h whereas telomerase activities were 65, 123 and 96% of the control, respectively.
The possibility that telomerase activity was lost following cisplatin treatment through a direct interaction of cisplatin with telo-
merase was discounted. Additionally, the relative levels of the RNA component of telomerase (hTR) and mRNA for the telomerase

catalytic subunit (hTERT) were not related to the observed decreases in telomerase activity. These data indicate that telomerase
activity is not a reliable indicator of chemosensitivity in human testicular cancer cells. Furthermore, cisplatin-induced loss of telo-
merase activity is not due to a direct reaction with the enzyme or decreased hTR levels. # 2002 Elsevier Science Ltd. All rights

reserved.
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1. Introduction

The termini of linear chromosomes, telomeres, are
specialised structures that are essential for chromosome
integrity [1,2] and extensive loss of telomeric repeat
sequences, can lead to cellular senescence [3]. Telomer-
ase, a ribonucleoprotein reverse transcriptase, uses an
internal RNA template to add telomeric repeats onto
the ends of chromosomes [4,5]. Telomerase activity
shows a strong association with cancer [6–8] and, although
telomerase activation alone is not sufficient for malignant
transformation, telomere stabilisation, primarily by

telomerase, is a component of tumorigenesis [9]. The
usefulness of measuring telomerase activity for diag-
nostic and prognostic purposes is under investigation
[6,10].
Telomerase activity has also been proposed as a mar-

ker for tumour cell killing in vitro [11–13] and has
potential as an indicator in chemosensitivity assays. A
correlation between telomerase activity and chemo-
sensitivity has been reported in human oesophageal
cancer and in several human cancer cell lines [14,15]. In
addition, a correlation between loss of telomerase
activity and loss of cell membrane integrity in drug-
treated leukaemic cells has been described [16]. How-
ever, other reports have shown a lack of correlation
between drug-induced cell killing and loss of telomerase
activity [17–19]. In this study, we report experiments
examining loss of telomerase activity and cytotoxicity.
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2. Material and methods

2.1. Cell lines and drug preparation

The testicular teratoma cell lines Susa CP [20] and
833K [21] were kindly provided by Professor J.W.R.
Masters (University College, London, UK). Cells lines
were cultured in Roswell Park Memorial Institute
(RPMI) 1640 complete medium supplemented with
10% (v/v) fetal calf serum (Gibco-BRL, Paisley, UK) at
37 �C in air containing 5% CO2. For drug treatments,
100 mM solutions of cisplatin (Johnson Mathey, Read-
ing, UK) and melphalan (Sigma-Aldrich Ltd, Poole,
UK) were prepared in dimethylsulphoxide (DMSO) and
acidified ethanol (5 M HCl:ethanol, 1:49 v/v), respec-
tively. These solutions were immediately diluted into
medium to give the required drug concentrations. The
final concentrations of DMSO or acidified ethanol were
41% (v/v). Solvents at this concentration were added
to all control cultures and lysates. A 300-mM stock
solution of doxorubicin (Sigma-Aldrich Ltd, UK) was
prepared in water and stored at �80 �C.

2.2. Measurement and quantification of telomerase
activity

Following drug exposure and any subsequent incuba-
tion, all the cells in the culture flasks were harvested by
trypsinisation and washed twice with phosphate-buf-
fered solution (PBS) by centrifugation (350g�5 min).
After enzyme extraction [17], telomerase activity was
measured using the telomeric repeat amplification pro-
tocol (TRAP) using 1 and 2 mg protein per assay [8,17].
Telomerase activity was also measured using the TRAP-
ezeTM kit (Oncor Inc, MD, USA) following the man-
ufacturers’ protocol using 0.3 and 1 mg protein per
assay. Protein concentrations were determined using the
‘Bio-Rad protein detection kit’ (Bio-Rad, Munich,
Germany). Radioactivity was detected using a phos-
phorimagerTM (Molecular Dynamics Inc, Buckingham-
shire, UK). Protein extracts incubated with RNase A
(Gibco-BRL, 5 mg/ml) for 30 min/37 �C prior to the TRAP
assay were always negative for telomerase activity.
Both telomerase assays were based on the same princi-

ple and for both, the activity was expressed as a percent of

Fig. 1. Telomerase activity in Susa CP and 833K cells at various time points following a 4-h exposure to cytotoxic drugs. Each point represents the

integrated intensities of telomeric repeat amplification protocol (TRAP) bands determined as percentages of the intensities of bands produced by

control cell extracts. Horizontal lines represent the mean telomerase activity at each time point. P=probability that mean <100%. (a) Susa CP cells

treated with 100 mM cisplatin; (b) Susa CP cells treated with 100 mM melphalan; (c) Susa CP cells treated with 1.3 mM doxorubicin; (d) 833 K cells

treated with 100 mM cisplatin. Closed and open symbols represent TRAPeze and TRAP assays, respectively.
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the control activity. Equivalence of the two assays was
shown by Holt and colleagues [22] and also the data in
Fig. 1. Intensities of bands resulting from both TRAP
assay methods were quantified using phosphorimager
software (Image QuantTM). The band intensities for the
drug-treated cells were expressed as percentages of the
intensities for control (untreated) cells for assays using
the same protein concentrations. The percent inhibition
of telomerase was independent of the amount of cell
lysate protein added to the TRAP assay over the range
used (0.01–1.0 mg).

2.3. Cell growth inhibition following drug treatment

The sensitivities of the cell lines to drug treatment
were assessed by the Sulphorhodamine B (SRB) growth
inhibition assay [23]. 104 cells were plated into each well
of 96-well plates. After 24 h, the drugs were added and
removed after 4 h. Cells were fixed after incubation for a
further 5 days (a period over which the control cells
remained in active growth). The drug concentrations
causing 50% growth inhibition (IC50) were calculated
by fitting the Hill equation (Prism, GraphPad Software
Inc., San Diego, USA) (Table 1).

2.4. Measurement of apoptotic cells

2.4.1. Using Hoechst 33258 staining
At each time point, cells suspended in medium were

fixed with formaldehyde (2% (v/v) final concentra-
tion) and stained with Hoechst 33258 (5 mM). At
least 300 cells per sample were scored for normal and
apoptotic nuclear morphology under a fluorescence
microscope.

2.4.2. Using annexin V labelling
Measurements were performed using the ‘Apoptosis

detection kit’ (R&D Systems, Abingdon, UK) in accor-
dance with the manufacturer’s protocol.

2.5. Incubation of cell extracts with cisplatin prior to the
telomerase analysis

Aliquots (10 ml) from untreated Susa CP and 833K
cells extracts were incubated with cisplatin (30 min,
30�C). Following incubation, cell extracts were diluted
with lysis buffer to give 0.5 mg protein/ml and 2 ml was
analysed using the TRAPeze assay.

2.6. Measurement of platinum concentrations

Platinum was analysed using an atomic absorption
spectrometer (AAS) fitted with a graphite tube atomiser
(PU 9100X, ATI Unicam, Cambridge, UK) as pre-
viously described in Ref. [24]. Samples were analysed in
duplicate.

2.7. Measurement of platinum bound to macromolecules
in cisplatin-treated cells

Cells exposed to 100 mMcisplatin for 4 h were harvested
and lysed using the TRAPeze extraction method. Cell
extract (300 ml) was mixed with an equal volume of 10%
(w/v) trichloroacetic acid (TCA) and kept on ice for 10
min. After centrifugation (8000g�5 min), the pellet was
hydrolysed by incubation with 40 ml of 1 M NaOH at
60 �C overnight. The hydrolysate was acidified with
HCl before the AAS analysis.

2.8. Measurement of platinum bound to macromolecules
in cisplatin-treated cell extracts

Immediately following the 30-min incubation of cell
extracts with cisplatin, NaCl (140 mM final concentra-
tion, to reduce the rate of further reaction) and bovine
serum albumin (BSA)) (0.1 mg/ml final concentration)
were added. After 10 min at 0 �C, the samples were
centrifuged (8000g�5 min). The pellet was washed twice
with 10% (w/v) TCA, hydrolysed with 40 ml of 1M
NaOH (60 �C�18 h) and then acidified with HCl before
the AAS analysis. Unbound platinum carried over into
the precipitate was corrected for by adding cisplatin to
cell extracts immediately before adding the TCA.

2.9. Reverse transcriptase-polymerase chain reaction
(RT-PCR)

Cells were harvested and washed twice with PBS.
Total RNA was extracted from pellets of 1�106 cells
using the ‘RNeasy Mini’ Kit (Qiagen, West Sussex,
UK). All cDNA syntheses were carried out using the
SUPERSCRIPTTM Preamplification System for First
Strand cDNA synthesis (GibcoBRL, Life Technolo-
gies). For each amplification, 10% of the cDNA reac-
tion mixture was used in a total reaction volume of 50 ml
(1.5 mM MgCl2, 0.2 mM deoxynucleotide triphosphates
(dNTPs), 0.2 mM of each primer, 2U Taq-DNA poly-
merase and 1� PCR reaction mix (GibcoBRL, Life
Technologies)). Depending on the primers being used, a
total of 22–31 cycles of PCR, (94 �C/30 s, 60 �C/30 s
and 72 �C/90 s) were performed. The primer sequences
for hTERT, telomerase-associated protein (TEP1), and
hTR were those previously reported by Takakura and
colleagues [25]. hTERT and TP1.1 cDNAs were amplified

Table 1

Concentrations of drugs that caused 50% growth inhibitiona

Cell line Cisplatin (nM) Melphalan (nM) Doxorubicin (nM)

Susa CP 797�101 725�158 13.6�2.3

833K 324�31 763�106 19.3�3.6

a Following a 4-h drug exposure, cells were incubated for 5 days

and then assayed using the sulphorhodamine B (SRB) method.
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using 28 cycles and hTR was amplified using 25 cycles.
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
cDNA was amplified using primers previously described
in Ref. [26] using 22 PCR cycles. The PCR products
were analysed on a 2% (w/v) agarose gel containing
ethidium bromide (0.25 mg/ml) and viewed under ultra-
violet (UV) transillumination.

3. Results

3.1. Telomerase activity in Susa CP and 833K cells
treated with cytotoxic drugs

Exponentially growing Susa CP cells were incubated
for 4 h with cytotoxic drugs, and telomerase activity was
measured after further incubation in drug-free medium.
Quantification of band intensities at 1 or 10� IC50 con-
centrations showed no significant loss of telomerase
activity at 20 or 44 h following drug exposure (data not
shown). At higher drug concentrations (100� IC50), a
significant reduction in telomerase activity was observed
in the cisplatin-treated cells (mean�standard deviation
(S.D.)=56�24%, P<0.0001) at 20 h (Fig. 1a), whereas
no reduction in telomerase activity was observed at 20 h
in melphalan- or doxorubicin-treated cells. A cisplatin-
specific loss of telomerase activity at 20 h was in accor-
dance with the data of Burger and colleagues [17];
however, by extending the post-drug incubation time to
44 h, the loss of telomerase activity was found not to be
entirely specific to cisplatin. At this time point, although
a further loss of activity was observed with cisplatin to
9�5% of the control (P<0.0001), telomerase activity
had also declined markedly after melphalan exposure
(Fig. 1b). However, even at 44 h, no loss of telomerase
activity was observed in doxorubicin-treated cells
(Fig. 1c). None of the drug treatments induced a sig-

nificant loss of activity at 6 h (Fig. 1). As with the Susa
CP cells, telomerase activity in the 833 K cells following
a 4-h exposure to 100� IC50 concentrations of cisplatin
showed a significant reduction at 20 and 44 h (Fig. 1d
and data not shown). Again, incubation for more than 6
h following exposure to 100 mM cisplatin was required
before significant loss of telomerase was observed
(Fig. 1d). Overall, a differential loss of telomerase
activity was observed following exposure to cisplatin,
melphalan and doxorubicin.

3.2. Comparison of the levels of apoptosis and
telomerase activity following exposure of Susa CP and
833K cells to cisplatin, melphalan or doxorubicin

The levels of apoptosis following drug treatment were
determined in Susa CP cells using nuclear morphology
to measure apoptosis. Following 4-h treatments with
100� IC50 concentrations of cisplatin, melphalan or
doxorubicin, the frequencies of cells with apoptotic
morphology increased at similar rates (Fig. 2a). Drug-
induced changes in both the telomerase activity and
levels of apoptosis (by annexin V labelling and nuclear
morphology) were then studied in both Susa CP and
833K using samples collected from the same cultures.
The proportion of Susa CP cells that had undergone
apoptosis at 20 h after a 4-h exposure to 100� IC50

concentrations of cisplatin, melphalan or doxorubicin
were similar (Fig. 2b). However, in the same cultures
telomerase activity at 24 h following treatment with cis-
platin was reduced whilst after treatment with melpha-
lan or doxorubicin, telomerase activity was the same as
in control cells (Fig. 2b). Following exposure to 100�
IC50 concentrations of each drug, higher proportions of
833 K cells exhibited apoptotic morphology compared
with Susa CP cells. In 833 K cells, both cisplatin and
melphalan caused a significant loss of telomerase activity

Fig. 2. (a) Decline in the number of Susa CP cells showing normal nuclear morphology (assessed by staining with Hoechst 33258 dye) following a

4-h exposure to; –&– cisplatin (100 mM), - -~- - melphalan (100 mM) or -.!.- doxorubicin (1.3 mM). In control cultures, the levels of cells with normal

morphology was >95% at all time points. Each point represents the mean�standard deviation (S.D.) of three independent experiments. (b) Levels

of telomerase activity and frequencies of apoptotic cells measured in the same cultures of Susa CP cells following a 4-h exposure to cisplatin, mel-

phalan or doxorubicin (100� the IC50) and 20 h in drug-free medium Solid bars: telomerase activity as percentage of control cells (P=probability

that mean telomerase activity <100%). Apoptotic cells were scored by nuclear morphology (open bars) and by annexin V staining (hatched bars).
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(P<0.0001 and P=0.002, respectively), whereas doxo-
rubicin had no significant effect (Fig. 3a and b). As
observed in Susa CP cells cisplatin, melphalan and
doxorubicin caused similar high levels of apoptosis in
833 K cells (Fig. 3b). On the basis of these data, it was
concluded that the differential loss of telomerase activity
observed in Susa CP and 833K cells following exposure
to cisplatin, melphalan and doxorubicin was not related
to the levels of drug-induced apoptosis. Alternative
mechanisms for the loss of telomerase activity following
cisplatin treatment were therefore investigated.

3.3. Direct effect of cisplatin on telomerase activity in
Susa CP and 833 K cell extracts

To investigate the possibility that cisplatin-induced
loss of telomerase was due to a direct reaction with the
enzyme, cell extracts were incubated with cisplatin
before measuring telomerase activity. Ideally, Susa CP
and 833K cell extracts would have been exposed to cis-
platin under the conditions used for whole cells (i.e. 100
mM�4 h, 37 �C). However, this was not feasible because
of the instability of telomerase in cell extracts under

these conditions. Instead, Susa CP and 833K cell
extracts were incubated with cisplatin (1000 or 100 mM)
for 30 min at 30 �C, and in the absence of cisplatin there
was no detectable loss of enzyme activity. Results from
three replicate experiments (Table 2) show that cisplatin
caused a small, but not significant, reduction in the telo-
merase activity of the Susa CP extracts, and no
detectable loss in the 833K extracts. As a measure of
the overall extent of platinum reactivity in these experi-
ments, the amounts of platinum that became bound to
macromolecules in the cell extracts were determined
(Table 2) for comparison to equivalent measurements
on drug-treated cells. The amount of platinum bound to
macromolecules in the extracts from Susa CP and 833K
cells exposed to 100 mM cisplatin for 4 h were 19�2 pg
Pt/mg and 51�5 pg Pt/mg protein, respectively. Thus,
for both cell lines the level of platinum that bound to
macromolecules following incubation of cell extracts,
with even the lowest concentration of cisplatin used,
were several-fold higher than the levels which occurred
during the drug treatment of cells. Since these high
levels of binding of platinum to macromolecules in cell
extracts were not associated with a significant loss of

Fig. 3. (a) Representative result from a TRAPeze assay for telomerase activity in 833K cells following a 4-h exposure to cisplatin, melphalan or

doxorubicin (100� the IC50) and 20 h in drug-free medium. Lane 1: lysis solution only; lane 2: TRAPeze quality control cell lysate (HeLa cells); lane

3: heat treated extract of control cells (equivalent to lane 4); lanes 4 and 5: control cells; lanes 6 and 7: cells treated with cisplatin; lanes 8 and 9: cells

treated with melphalan; lanes 10 and 11: cells treated with doxorubicin. Protein concentration per assay were 0.3 mg (lanes 3, 4, 6, 8 and 10) and 1.0

mg (lanes 5, 7, 9 and 11). Mw: molecular weight marker with 10 base pair increment. (b) Levels of telomerase activity and apoptotic cells measured in

the same cultures of 833K cells following a 4-h exposure to cisplatin, melphalan or doxorubicin (100� the IC50) and 20 h in drug-free medium. Solid

bars: telomerase activity as percentage of control cells (P=probability that mean telomerase activity <100%). Apoptotic cells were scored by

nuclear morphology (open bars) and by annexin V staining (hatched bars). IC50, drug concentrations causing 50% growth inhibition.

Table 2

Telomerase activity and the amount of platinum bound to macromolecules (expressed per mg of protein) in Susa CP and 833K cell extracts following

either a 1000 mM or 100 mM cisplatin treatment for 30 min at 30 �Ca

Telomerase activity and platinum bound to macromolecules in cell lysates

Susa CP 833K

Drug: 1000 mM cisplatin 100 mM cisplatin 1000 mM cisplatin 100 mM cisplatin

Telomerase activity 67�21% 85�12% 98�8% 97�6%

pg Pt/mg protein 1200�200 70�40 2300�700 150�40

a The mean�standard deviation (S.D.) of pg Pt/mg protein was calculated using atomic adsorption spectrometer (AAS) from three replicate

experiments. The results are corrected for any carry over of platinum.
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telomerase activity, the results were not consistent with
the cisplatin-induced loss of telomerase activity in Susa
CP and 833K cells being a direct effect of the drug on
the enzyme.

3.4. Effect of drug exposure on the expression of
telomerase components

To evaluate possible effects of cisplatin on the tran-
scription of genes coding for telomerase, and associated
components, the effects of cisplatin, melphalan and
doxorubicin (4 h at 100� IC50 concentrations) on levels
of the telomerase catalytic subunit (hTERT) mRNA,
RNA component (hTR), TEP1 mRNA and the telo-
meric protein, tankyrase mRNA were investigated in
exponentially growing Susa CP cells by RT-PCR. Three
separate experiments each showed that all three drugs
reduced the level of hTERT mRNA to a similar extent
at 24 h, compared with the level of hTERT mRNA in
untreated cells (Fig. 4a). No reduction in the levels of
the telomerase RNA component at 24 h after cisplatin,
melphalan or doxorubicin treatment was observed
(Fig. 4b). Interestingly, cisplatin, melphalan and doxo-
rubicin treatment showed differential effects on TEP1
and tankyrase mRNA at 24 h (Fig. 4c and d). In cis-
platin-treated cells, there was a decrease in TEP1 and
tankyrase mRNA compared with control cells, whereas
the levels of TEP1 mRNA following doxorubicin treat-
ment increased compared with control cells. The effi-
ciency of the cDNA synthesis from each sample was

estimated by PCR with GAPDH-specific primers
(Fig. 4e). Overall, the expression of essential telomerase
components necessary for activity (hTERT and hTR)
was not related to the telomerase activity in Susa CP
cells following drug-induced cell killing.

4. Discussion

The aim of the studies described in this paper was to
determine the utility of telomerase activity as a marker
of cytotoxic drug-induced apoptosis, with a view to
using telomerase activity as an endpoint in chemosensi-
tivity studies. Previous studies [11–13,17–19] have pro-
vided conflicting evidence of the relationship between
telomerase activity and cytotoxic drug-induced activity
or apoptosis, and to address this question the current
investigation compared the effects of three cytotoxic
drugs (cisplatin, melphalan and doxorubicin) in two cell
lines (Susa CP and 833K) using two methods to
measure apoptosis (nuclear morphology and annexin V
staining). The three cytotoxic drugs used all produced
similar levels of apoptosis at equal multiples of growth
inhibitory concentrations, and induced apoptosis over a
similar time course. Cisplatin did induce loss of telo-
merase activity in Susa CP cells at 20 and 44 h, but not 6
h, after a 4-h exposure, and only when a concentration
equivalent to approximately 100� the IC50 (i.e. 100 mM
cisplatin) was used. Loss of telomerase activity in the
Susa CP cells was not observed following a 4-h exposure
to cisplatin at either 1 or 10� IC50 concentrations.
Similar results were obtained at 6 and 20 h in the 833 K
cells with telomerase loss only being observed following
exposure to a cisplatin concentration equivalent to
approximately 100� the IC50 (100mMcisplatin). Following
exposure to melphalan, loss of telomerase activity was
again only observed following exposure to a 100� IC50

concentration in both Susa CP (at 44 h, Fig. 1b) and
833K cells (at 20 h, data not shown). Most notably,
exposure to 100� IC50 concentrations of doxorubicin
failed to induce loss of telomerase activity in either cell
line at any of the time points studied, despite the presence
of similar levels of apoptosis to those seen following
cisplatin or melphalan treatment. On the basis of these
data, we concluded that loss of telomerase activity is not
consistently associated with cytotoxic drug-induced
apoptosis. Furthermore, even when loss of telomerase
activity is observed highly toxic drug concentrations are
required to demonstrate such an effect.
The conclusions of this study are consistent with those

of Burger and colleagues [17] in relation to the differ-
ential effects of the three drugs studied on telomerase
activity in Susa CP cells, and to the results of Lin and
colleagues [19] and Multani and colleagues [18] con-
cerning the lack of a relationship between cytotoxic
drug-induced growth inhibition/apoptosis and loss of

Fig. 4. Representative reverse transciptase-polymerase chain reaction

(RT-PCR) results from three separate experiments for levels of

(a) mRNA for the catalytic subunit component of telomerase (hTERT);

(b) the RNA component of telomerase (hTR): (c) mRNA for the tel-

omerase-associated protein (TEP1); (d) mRNA for tankyrase and

(e) mRNA levels for glyceraldehyde-3-phosphate dehydrogenase

(GAPDH) in Susa CP cells exposed to 100� IC50 concentrations of

cisplatin, melphalan or doxorubicin for 4 h followed by 20 h in drug-

free medium. Lane 1: control cells exposed to solvent only (1% (v/v)

dimethylsulphoxide (DMSO); lane 2: cells treated with 100 mM cis-

platin; lane 3: cells treated with 100 mMmelphalan; lane 4: cells treated

with 1.3 mM doxorubicin.
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telomerase activity. However, the results presented here
are not in accord with those of Faraoni and colleagues
[11], who reported a relationship between growth inhi-
bition and telomerase loss. As suggested by Akiyama
and colleagues [16], the different experimental protocols
and cell lines used may explain the discrepancies in the
results of the different studies, a suggestion which rein-
forces the restricted utility of telomerase loss as a basis
for chemosensitivity testing.
In both of the testicular teratoma cell lines studied

here, cisplatin treatment produced loss of telomerase
activity, albeit only after exposure to supra-toxic con-
centrations. As discussed above, the lack of a clear
relationship to apoptosis and the differential effects of
cisplatin, melphalan and doxorubicin suggests that the
loss of telomerase activity is due to a compound-specific
mechanism as opposed to a non-specific effect of cell
death. Direct reaction with the enzyme or reduced telo-
merase RNA component (hTR) levels were excluded as
the mechanism underlying cisplatin-induced telomerase
loss, the latter observation being consistent with the
results of Akiyama and colleagues [16]. However, Akiyama
and colleagues [16] did report that loss of telomerase
activity was associated with reduced catalytic domain
(hTERT) mRNA levels, whereas in the current study
reduced hTERT mRNA was produced by all three drug
treatments despite the lack of any effect of doxorubicin
on telomerase activity over the time period studied.
In conclusion, the present results for testicular ter-

atoma together with other reports [18,19] indicate that
loss of telomerase activity is not a universal marker of
cytotoxic drug-induced apoptosis. Thus, its utility will
have to be established for any given cell type. In addi-
tion, loss of telomerase was only produced by highly
toxic drug concentrations. Treatment with cisplatin at
high concentrations did result in the loss of telomerase
activity in both of the cell lines studied, and the
mechanism was not related to direct inactivation of the
enzyme, or reduced hTR RNA levels. The usefulness of
telomerase activity as a reliable indicator of chemosensi-
tivity in other cell types requires further investigation.
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