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Regulation of telomerase activity in camptothecin-induced
apoptosis of human leukemia HL-60 cells!
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ABSTRACT

AIM: To explore the regulation of telomerase activity in
camptothecin induced apoptosis of human leukemia HL-60
cells,. METHODS: Apoptosis of HL-60 cells was in-
duced by camptothecin {1 mg/L) for 2, 4, and 6 h.
Apoptosis was determined by agarose electrophoresis and
flow cytometry analysis. To assess telomerase activity,
a PCR-based telomeric repeat amplification protocol assay
(TRAP) was used. RT-PCR was performed to examine
the mRNA levels of KTR (human telomerase RNA com-
ponent) , hEST2/hTERT (human telomerase reverse tran-
scriptase ), TLP1/TPL ( telomerase association protein
1}, and bcl-2 (B cell leukemia’lymphoma 2 gene) in
HL-60 cells before and after camptothecin treatment.
RESULTS: Telomerase activity was decreased in a time-
dependent manner during the camptothecin induced apop-
tosis of HL-60 cells. However, no difference in expres-
sion of each telomerase subunit was detected, while ex-
pression of bcl-2 was progressively down-regulated.
CONCLUSION: These lines of evidences indicated that
down-regulation of the telomerase activity in HL-60 cells
was closely related to camptothecin-induced apoptosis,
and the telomerase activity was not blocked at the tran-
scriptional levels of the genes of the known ribonucleo-
protein { RNP) complex components. We also found
that bcl-2 did not regulate the mRNA expressions of
telomerase subunits directly.
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INTRODUCTION

Most chemotherapeutic drugs exert their anti-tumor
effects by inducing apoptosis. Apoptosis, the physiolog-
ical mode of cell death, is representative of an endoge-
nous mechanism which can be selectively triggered by
cells in response to largely unknown stimuli. It has been
described as programmed, as opposed to accidental, cell
death. Deregulation of apoplosis has been shown to con-
tribute to the pathogenesis of a number of human diseases
including cancer!’’.

In addition to deregulation of apoptosis, the process
of neoplasia is characterized by reactivation of teloinerase
(which synthesizes TTAGGG telomeric DNA onte chro-
mosomal end de nove). Telomeres consist of tandem
repeats of the hexanucleotide 5'-TTAGGG-3" at the end of
chromosomes.  Putative functions of telomeres include
protecting the ends of the chromosomes against exonucle-
ases and ligases, and preventing the activation of the
DNA damage checkpoint. In normal diploid somatic
cells, telomeres are progressively shortened with each di-
vision (150 — 200 nucleotides/cell division) due to the
inability of DNA polymerase to completely replicate the
end parts of linear chromosomes, finally to critical length
and lead to cell senescence and death. In contrast, most
immortal cell lines ¢an maintain their telomeres at a con-
stant length due 10 the activity of telomerase. Telom-
erase activation has been reported in 98 % of established
immortal cell lines and in about 90 % of tumor tissues
tested , but not in most somatic cells> %), suggesting that
activation of telomerase may play an important role in
carcinogenesis and immortalization

Although both activation of telomerase activity and
deregulation of apoptosis have been widely reported in
human tumor cells, little is known about specific links
between regulation of telomerase activity and drug-
induced apoptosis. Recently, accumulating evidences
indicated that telomerase activity was mechanistically in-
volved in the regulation of apoplosists' I In this com-
munication, camptothecin (CPT), a topoisomerase I in-
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hibitor, was used to induce apoptosis of human leukemia
HL-60 cells according to previous report'® . The telom-
erase activity during the apoptosis was measured by an
advanced TRAP ( telomeric repeat amplification protocol )
assay, and the mRNA levels of telomerase ribonucleopro-
tein (RNP) components and B cell leukemia/tymphoma 2
gene { bel-2) were also analyzed to determine whether
their expressions correlated with telomerase activity.

MATERIALS AND METHODS

Agents Camptothecin (CPT) was obtained from
Feiyun Pharmaceutical Factory (Hubei, China); 3-{4,5
dimethyl-2-thiazolyl )-2, 5-diphenyl tetrazolium bromide
{MTT), propidium iodide (PI) and RNase were purchased
from Sigma Chemical Co; 3-[( 3-cholamidapropyl )
dimethy! ammonio ]-1-propane-sulphonate ( CHAPS ),
TRIzo! and RPMI-1640 medium were the products of
GIBCO. SYBR green I was from FMC Bioproducts,
All other reagents were of analytical reagent.

Cell culture and cytotoxicity assay in vitro
Human leukemia HIL-60 cell line kept in the cell collec-
tion of Shanghai Institute of Materia Medica, Chinese
Academy of Sciences was used. Cells were cultured in
RPMI-1640) medium supplemented with 10 % heat-inacti-
vated calf serum, streptomycin 100 mg-L ™!, benzylpeni-
cillin 100 kU-L~tin a 5 % CQ, humidified incubator at
37 C.

The cytotoxicity of CPT on HL-60 cells was tested
by MTT assay with minor modification™ . Briefly, ex-
ponentially growing HL-60 cells were seeded in 96-well,
flat-botiomed plates at 5 x 10° cells*1,71(90 pL). CPT
(10 pL per well) was added immediately to achieve de-
sired concentration of 1 mg-L.~!, The plates were incu-
bated for 2, 4, and 6 h respectively and each period was
tested in triplicate wells. At the end of each exposure,
MTT (5 g-L~") 20 pL was put imo each well and the
plates was incubated at 37 C for 4 h. After that 50 uL
“triplex solution {10 % SDS - 5 % isobutanol-HCI 12
mmol<L~")" was added and the cells were incubated at
37 C for an additional 12 h. The absorbance Agy was
read with a plate reader. The cell viability (percentage
of growth) was calculated for each well. % viahility =
As20 reated celts” As7o control cens X 100 % .

Apoptosis assay DNA fragmentation assay in
agarose gel was performed as follows. The HL-60 cells
were lyzed in a 0.5 mL buffer consisting of Tris-HCI 10
mmol- L™! (pH 8.0), edetic acid 25 mmol - L' (pH

8.0), NaCl 100 mmol - L~!, 0.5 % SDS, and pro-
teinase K 200 mg+L™!'. After incubation at 37 C over
12 h, the lysate was extracted with phenol, phenol:chio-
roform (1:1), and chloroform respectively. The ague-
ous phase was made up to NaCl 300 mmol-L~"; nucleic
acids were precipitated with 2 vol of ethanol and then dis-
solved in 50 pL water. After digestion of RNA with
RNase A (50 mg-L~") ar 37 C for 15 min, the sample
was electrophoresed in a 1.8 % agarose gel with (0.5 x
TBE ( Tris-borate edetic acid). DNA was visualized
with ethidium bromide staining.

Cellular DNA content was analyzed by flow cytome-
try using PI staining. HL-60 cell sample was collected
and washed by phosphate-buffered saline (PBS) once,
then it was fixed by 70 % ethanol at — 20 T over 12 h
and followed by PBS washing. The pellet was dissolved
in PI solution (PI 100 mg-L~!, RNase 20 mg-L~' in
PBS) in the dark at room temperature for 30 min. For
each sample, at least 1 x 10* cells were analyzed by flow
cytometry (FACsalibur, Becton Dickinson, USA). Re-
sults were analyzed by software of CELLQUEST and
ModFIT LT for macV1.01 {Becton Dickinson, USA).

Telomeric repeat amplification protocol
(TRAP) assay Preparation of telomerase extracts and
the TRAP assay were performed as described previous-
1y'2'9) with minor modification. To prepare telomerase
extract, about 5 x 10° HL-60 cells were washed once in
ice cold PBS, pelleted at 5000 x g for 5 min at 4 T,
then re-suspended in 100 pL. CHAPS based telomerase ly-
sis buffer [ Tris-HCl 10 mmol -L™' (pH 7.5), MgCl, 1
mmol* L™, egtazic acid 1 mmol+L~!, PMSF 0.1 mmol
.71, -ME 5 mmol-L"!, 0.5 % CHAPS, 10 % glyc-
erol], The suspension was kept on ice for 30 min, then
centrifuged at 15 000 x g for 30 min at 4 C. The su-
peratant was removed carefully and snap frozen in liquid
nitrogen, then stored at — 80 .  Protein extracts were
diluted appropriately, and an aliquot of 0.5 pg protein
was assayed in 46 pl of reaction mixture composed of
[ Tris-HCI 20 mmol* L~ (pH 8.3), MgCly 1.5 mmol-
L%, KC163 mmol-L™!, 0.005 % Tween-20, egtazic
acid 1 mmol-L~!, 10 mmol-L~'of each deoxynucleotide
triphosphate, 0.1 pg TS primer (5-AAT CCG TCG
AGC AGA GTT-3"), 2 pL telomerase extract]. Each
TRAP reaction mixture was placed in a preheated thermo-
cycler block and incubated at 30 T for 30 min. After
heating at 85 C for 5 min to inactivate telomerase, 0.1
pg ACX retumn primer [ 5-GCG COGG (CTT ACC)3
CTA ACC-3'], 0.0l amol internal control template
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TSNT(5'-AAT CCG TOG AGC AGA GIT AaA AGG
OCG AGA AGC GAT-3"), 0.1 jug intemal control return
primer NT(5-ATC! GCT TCT CGG CCT TIT-3'), and
3 unit Tag DNA polymerase were added in the mixtume,
and telomerase products were amplified for 29 PCR cycles
at 94 T for 30 s, 60 T for 30 s. The PCR products
were examined by electruphoresis on 10 % non-denatured
acrylamide gel in 0.5 x TBE, and vispalized by SYBR
green T Nuocleic Acid Gel Stain for 30 mm.  Relative
telomerase activities were quantilated by Gel Document
System GDS8000 (UVP, USA).

RNA isolation and RT-PCR  Total RNA was
prepared from HL-60 cells by TRIzol. PCR primers
were a5 follows; hEST2/hTERT { human telomerase
catalytic subunit) , 5'-06GG AAG AGT GIC TGG AGC
AA-3" (sense) and 5-GGA TGA AGC GGA GTC TGG
A ‘8'( antsense), amplicon 145 bp; TLP1/TP1 (human
telomerass associated protein}, 5'-TCA AGC CAA ACC
TGA ATC TGA G-3' (sense}, 5'-00C GAG TGA AAA
TCT TTC TAC GC-3' {antsense ), amplicon 264 bp;
KWTR { buman tslomerase RNA camponent), 5-TCT AAC
OUT AAC TCA GAA GGG OGT AG-3' (sense), 5'-
GIT TGC TCT AGA ATG AAC GGT GGA AG-3' (an-
tisemse), amplicon 136 bp; bel-2, §'-TGC ACC TGA
CGC OCT TCA € -3 (sense), 5-AGA CAG OCA GGA
QAA ATC AAA CAG-3' (antiscnse), amplicon 283 bp.
GAPDH { plyceral-dehyde-3-phosphate dehydrogenase ),
5'-0CA TGG AGA AGG CTG GGG-3' (semse), 5'-
CAA AGT TGT CAT GGA TGA CC-3" { antisense ),
amplicon 208 bp. The cIINA was synthesized vsing ran-
dom hexamers: from 1 ug of RNA.  To amplify the eD-
NA, 2 uL aliquot of the reverse-transcribed cDNA was
subjected to 29 cycles of PCR in 50 pL of 1 x buffer
[Tris-HCI 10 mmol - L~' (pH 8.3}, MgCly 1.5 mmol
L-', KC1 50 mmol' L™, dNTPx 50 pmol+L~", 3 units
of Taq DNA polymerase, and 0.2 pmol+L ™" of specific
primers], Fach cycle consisted of denaturation at 94 T
for 30 &, annsaling at 60 C for 40 s, and extension at
72 T for 40 s. 'Ihe amplified products were separated
by electrophoresis on 3 % agarose gel and visualized by
staining the pgel with ethidium bromide. Each RT-PCR
was repeated thrice using different preparations of RNA.
Internal control GAPHI? RT-FCR was done on all of the
samples simultancously

RESULTS
Cytotoxic effect of CPT on HL-60 cells CPT

at the concentration of 1 mg- 1.~ demonstrated a potent
cytotoxic activily against HL-60 cells even in short expo-
sure periods.  Following the addition of CPT o incuba-
tion medium for 2, 4, and 6 h, HL-G0 viability progres-
sively decreased by 82.6 %, 48,7 %, and 38.9 %, re-
spectively (Fig 1).
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Fig 1. Flow cytometry analysis of CPT 1 mg-L~'on via-
bility and apoptosis of HL-60 cells, n=3. x 5. (O]
Viability of control cells; (@) Viability of HL-60 cells
treated with CPT; { ¥} Apoptodc HL-60 cells treated
with CPT.

CPT-induced apoptosis of HL-60 cells To de-
termine whether CPT-treated HL-60 cells demonstrated the
characteristic TINA ladder of apoptosis, we examined DNA
prepared from HL-60 cells treated with CPT 1 mg* L for
different time periods by agarose pel electrophoresis.  The
typical nucleosme spacing ladder was detected in HL-60
cells treated with CPT for 4 h and the extent of ladder be-
came mome abundant after a 6-h exposure (Fig 2). The
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Fig 2. Agarose gel electophoresis of DNA extract from
HL40 cells. Lane 1: DNA marker, Lane 2; antreated
HL-60 cells, Lane 3-5: HL-60 cells treated by CPT 1 mg

*L-1for 2, 4, and 6 h, respactively.
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number of apoptotic cells was quantitared simultaneously
by flow cylometry analysis. The nuclear DNA of apop-
totic cells was cleaved into regulady sized fragments hy
activated nucleases and some of these fragments might es-
cape the cells before it lost membrane integrity.  The hy-
podiploid population formed by cells having a reduced
DNA content in DNA content frequency histograms ob-
tained by Mow cytometry analysis represented the presence
of apoptotic cells, which allowed quantitative comparison
of the degree of apoptosis induced by exposure to CPFT 1
mg*L™" for different time periods. As shown in Fig 1,
the apoptotic population in fhe conmol was 3.8 %. It
increased by 16.14 %, 68.4 %, and 77.8 %, respec-
tively atter co-incubaled with CPT 1 mg+L-! for 2, 4,
and 6 b,

Down-regulation of mRNA expression level
of bcl-2  To better undemitand the mechanism of CPT-
induced  apoptosis of HL-G0 cells, wce examined the
mBRNA expression of apoptosis-modulating gepe  bel-2.
The mRNA leval of bel-2 in control cells was high, and
it was pnmouncedly down-regulated parallel with in-
creased proportion of apoptote cells {Fig 3).
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Fig 3. Analysic of mRNA expressiion in sach of talom-
erasc subunits und spoptosis-moduleting gene bel-2 in
HL-60 cells undergoing CPT-induced apoptosis. Lane
1: wmreated cells. Lane 2 - 4: HL-50 cells treated
with CPT 1 mg'L! for 2, 4, and 6 h.

Doewn-regulation of telomerase activity dur-
ing CPT-induced apoptosis We next examined
whether level of telomerase activity changed in HL-60
cells undergoing CPT-induced apoptasis.  Relative
telomerase activities were guantitated by comparing the
signal intensity of each lane with that of positive contral.

The telomerase activity value of positive ( untrsated HL-
6D cells) was negarded as 100 % . Following EXRisuTe
to CPT | mg-L~', there was u propressive decrsase in
telomerase activity of HL-60 cells. Telomerasw activity
decreased 10 82.3 %, 31.0 % and 20.2 % of the con-
trol levels respectively after being exposed to CPT for 2,
4, and 6 h (Fig 4).

We also examined the effect of CPT on telomerase
activity in & cell free system. CPT did pot directly in-
hibit the telomerase activity at & concentration of | mg -
L™'(Fig 5). These resulis indicated that the down-regu-
lation of tslomerase activity in HL-60 cells was due
CPT-inductd apoptosis.

Induction of apoptosis by CPT in HL-60 cells
did not affect the mRNA expression of the RNP
complex components To determine whether the inac-
tivation of the telomerase occurmed at the mRNA levels of
the components of the RNP complex, RT-PCR was per-
formed 10 examine the mRNA axpression of cach telom-
erase subunit in HL-G0 cells hefore and after CPT trear-
ment. The mRMA levels of FTR, hEST2/hTERT, and
TLP1/TPl were unchangesble during the apoptotic pro-
coxs (Fig 3).

DISCUSSION

Apoptosis, an orderly process thal uscs mitracellular
signal transductiom pathways and digestive enzymes to de-
grade the cell in an organized way, is different from
necrosis.  The mechanism of necrsis is relatively well
understond , whereas that of apoptosis is presently subject
to intense investigaliom. Recent accumulating reports
sugpest that telomerase might be playing an important nle
in suppressing apoplolic signaling cascades.  'L'reatment
of pheochromocytoma cells with telomerase  inhibiuw
( oligodeoxynucleotide TTAGGG or 3, 3'-diethvloxadi-
carbocyanine) has besn shown to enhance mitochondrial
dysfunction and apoplosis induced by staurosporine ,
Fe** , and amyloid f-peptide™ . Other reporis also Te-
vealed thal an incresse in apoptosis has besn associated
with a decrease in telomersse activity in quiescent and ter-
minally differentiated cells'™-!2! | purthermore, glioblas-
toma cell lines with high levels of wlomoemase activity ex-
hibited reduced sensitivity to cisplatin-induced apopto-
sis! , and stable overexpression of hel-2 has heen report-
ed tw result in increased telomerase activity and decrease
in apoptosis’™ . All these dats suggested that telomerase
maybe an important factor in modulating cell death. T
determine whether induction of apoptosis down-regulatas
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Fig 4. Telomerase activity in HL-60 cells imdergoing CI'T-induced apoptosis. (A) Lane 1: negative control, no telom-
erare added. Lane 2: positive control, extract from untreated HL-60 cells. Lane 3-5: telometase activity in HL-60

cells treated with CPT for 2, 4, and 6 h.
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Fig 5. Eifect of CPT on telomerase activity in cell free
gystem. Lane 1: negative lysiv buffer conorol. Lane
2: positive contrel [ extract from umtreated HIL-60
cells), Lane 3; effect of CPT 1 mg- L~ oo untreated
HI-B0 cell exleact.

the telomerase activity, we examined the telomeruse ac-
tivity in CP1-induced apoptosis n human leukemia HL-60
We found that an increased apoptotic populalion
caused by CPT treatment was accompanied by a pro-
nounced down-regulation of telomerase activily; and CPT
did not inhibit telomerase activity directly, demonstrating
that the down-regulation of telomerase activity was due
CPT-induced apoptosis.

Tt is still unclzar whether the inactivation of the
telomemmse ocows at the transcriptional levels of the com-
ponents of the RNP complex. Some of the pepes in-
volved in the RNP complex bave been cloned, include
WTR, which contains the template for reverse transcrip-

cells.

(B} Relative telomernse activities in CPT-treated HL-60 cells.

tiont™® ; TLP1/TP1, the p8D homologue of the Tetrahy-
mena telomerase gmam‘m: and hEST2/hTERT, which
is thought o be the enzyme’s catalytic subunit'®', Us-
ing the RT-PCR method we analyzed the mRNA level of
cach component of the RNP complex. All the mRNA
levels of WTR, hEST2/hTERT, and TLP1/TP]1 remained
unchangeahle afier CPT-treatment. This indicates that
telomersse activity in apoptotic HL-60 cells is not regulat-
ed at transcriptional levels of its subunits, and we proposs
thal it might be getting inhibited by patural repressors in
apoptotic HL-60 cells. Some recent studies have provid-
ed valoable evidences twwards this notion. Since verte-
braie lelomerase is a ribonucleoprotein complex with two
protein components containing multiple potential phospho-
rylation sites, prolein phosphorylation was supgested to
play a role in telomerase regulation. Protein phosphatase
2A (PPZA) has been proposed to be a telomerase in-
hibitory factor in the nucleus of human breast cancer
eells*'™, and its inhibitory action on telomerase activity
was both concentration- and time-dependency and can be
preventzd by the protein phosphatase inhibitor okadaic
acid. Additionally, Santoro er ai'™® have reported an
increase of protem phosphatase 2A activity by caspase-3
i anli-Fas antibody induced apoptosis in Jurkat cells.
The above data establish a close relationship among
PP2A, telomemse, and apoptosis. 'Whether the protein
phosphatase has some influences on telomerase regulation
in drug-induced apoptosis remains to be further explored.,
a more detailed study s underway in our lab,

The report that stable over-expression of hol-2 re-
sults in up-regulation of both the telomerase activity and
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resistance to apoptosis, establishes a link between bel-2
expression and telomerase activity["'J . This seems to be
confirmed by our observation that decreased telomerase
activity was accompanied by down-regulation of bel-2.
However, as bel-2 had no effect on the expression of the
telomerase RNP complex components, our results suggest
that the telomerase activity may be regulated by bcl-2 in
an indirect manner.
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