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ABSTRACT

AIM: To sudy desipramine (Des)-induced apoptosisand regul ation of caspase 3 gene expression and [ Ca'];
homeogtasisin rat glioma C6 cells. METHODS: Apoptotic DNA breaks were quantified by propidiumiodide (Pl)
incorporation using flow cytometry (FCM) and were detected by DNA agarose gel eectrophoresis. Expresson of
apoptotic effector gene caspase 3 was assessed by reverse transcription polymerase chain reaction (RT-PCR).
Single cell [Ca*], was measured using fluorescence indicator Fura-3/AM with confocal |aser scanning microscopy.
RESULTS: Desinduced apoptotic DNA breaksin a concentr ation-dependent manner evidenced by hypodiploid
peak on FCM histogram and the apoptotic cell percentage induced by Des 10, 20, and 40 nmol/L for 24 h was
5.2 %, 21.9 % , and 41.9 %, respectively. Apoptotic DNA breaks were further confirmed by atypicd “ DNA
ladder” on agarose gel dectrophoresisafter exposure to Des40 mmol/L for 24 h. Meanwhile, expresson of caspase
3 gene was observed following Des 20 mmol/L treatment. Des 40 mmol/L resulted in an early sustained increase in
[Ca*], over 28 min and the elevation magnitude was greatly decreased by removal of extracdlular free [Ca?*], with
calcium-chel ator egtazic add, suggeding that Des dicited [Ca’*], influx rather than intracel lular cal cium mobilization.
CONCLUSION: Up-regul ation of cagpase 3 gene expresson and disturbance of homeostassin cacium signaling
sysem might play pivota rolesin Des-induced apoptotic DNA bresks of C6 cells.

INTRODUCTION indicatesthat tricydic antidepressants have been shown

Tricyclic antidepressants are the mainstay of man-
agement in the treatment of depress ve symptoms that
usually happen in cancer patients®!. Recent evidence

! Project supported by the Science and Technology Develop-
ment Foundation of Shangha (e S990208).

2 Correspondenceto Prof CHEN Hong-Zhuan.

Phn 86-21-6384-6590, ext 776451.

Recei ved 2002-01-17 Accepted 2002-05-30

to be cytotoxic to most malignant cells both in vitro
and in vivo and synergigtic with certain chemothera
peutic agents*?. The inhibition of camodulin and in-
duction of apoptosis are consdered being related to this
antineopl agtic effect of tricyclic antidepressants*?.
Since tricyclic antidepr essants readily pass the bl ood-
brain barrier and accumulate in the brain, they are very
atractive candidatesfor auxiliary use against tumors of
the central nervoussysem. Rat gliomaC6 cellsrepre-
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sent asuitable modd of human gliomafor chemothera
peutic studies. Our previous studies have demongtrated
that acute exposure of rat gliomaCeé cellsto desipramine
(Des), an active metabolizer of tricyclic anti depressant
imipramine could result in odlular proliferation inhibi-
tion in aconcentration-and time-dependent manner and
apoptotic cell death with bcl-2 protein down-regul &
tion'®”. Other studies alsodemongtrated that i mipramine
could activate the apoptoss process undergoing
downregulation of bcl-2 gene expression®®. Although
it iswidely accepted that intracellular cdcium signaling
and DNA damage might bethe common triggers impli-
cated in denomination of apoptosis, gene caspase 3 may
play an important role in the executive phase of
apoptoss. Some widey used antidepressants such as
imipramine and clomipramine have been found to pos
sess antineopladtic eff ects and induce apoptossvia a
caspase 3-dependent pathway in human acute myeloid
leukemiacdl lind™. In thisstudy, we further charac-
terize C6 cell apoptosisinduced by Des and explore
whether cagpase 3 gene expresson and the cal cium-
messenger system areinvolved in the regulation of Des-
induced apoptoss.

MATERIALSAND METHODS

Chemicals Trizol agent, SuperScript™One-
Step™RT-PCR Sysem was purchased from Gibco.
Caspase3 primers (5 CCACTCCCAGTCATTCCTTT-
AGTG3' ,5 ATGGACAACAACGAAACCTCCGTG3)
were obtained from SaiBa Sheng Co. Fura-3/AM was
purchased from Gene.

Cell culture C6 cells were cultured in DEME
containing 10 % fetal calf serum. Cultureswere main-
tained at 37 T in a humidified incubator under an at-
mosphere of 90 % air and 10 % CO..

FCM analyssaof DNA content C6 apoptoticDNA
breskswere quantitated as the percent of cells with
hypaodiploid DNA assessed by Pl incorporation by FCM.
Cellswere fixed with ice-cold 70 % methanol for 30
min, treated with RNase solution at 37 1 for 30 min,
and stained with Pl for 30 min. The minimum of 1x10°
events was collected and andyzed by sof tware Cell
Quest (FACScan, Becton Dickson, USA).

DNA gd eectrophoresis Lysed cell sampleswere
centrifuged for 15 min at 13 000xg. The supernatants
were extracted with equal volumes of phenol/ chloro-
form/isoamyl alcohol (25:24:1). The DNA sampleswere
loaded onto 1.8 % agarose gels and e ectrophoresis was
performed at 50 mV. Gelswere visuaized by ultravio-
let light after staining with ethidium bromide.

RT-PCR Total RNA was extracted by Trizol
agents. The following conditions were used for 35
cycles of PCR amplification: 30 s denaturation at
94 12, 30 sannealing at 50 T, and 2 min extension at
72 T. The amplified products were resolved by gel
electrophoresison 1.8 % agarose.

Measurement of [Ca®]; in single cells After an
overnight period of attachment, the medium wasre-
moved and the cells were loaded for 30 min at 37 TC
with Fura-3/AM in PBS. The cedlswere then washed
to remove extrace lular Fura-3/AM and placed on mi-
croscope stage then calcium concentration of individua
C6 cedl was determined by the fluorescence (L SM510,
Zeiss, USA).

Statistics Data wereexpressed asmeantSD. Sta
tistica anayss of apoptotic cell percentage was per-
formed with two factor analysis of variance and
[Ca"], increase percentage was perf ormed by two fac-
tor analyss of variance with replication. Duncan test
was used to compare two groups.

RESULTS

Quantitation of apoptoss FCM anayses showed
classical hypodiploid peak that appeared on the
hisogram. The average apoptotic cell percentage was
about 5.2 %, 21.9 %, and 41.9 % when exposed to Des
10, 20, and 40 mmol/L for 24 h, indicating that Des
induced apoptotic DNA breaks in a concentration-de-
pendent manner. Only 0.3 % untreated C6 cells were
induced to undergo apoptoss (Fig 1).

Analyssof DNA gel electrophoresis After ad-
dition of Des(40 nmol/L) in C6 odlsfor 24 h, atypica
“DNA ladder” appears on agarose gel electrophoress
indi cating internucleosomal degradation of DNA into
segment of regular 180 bp interval (Fig 2).

Expression of cagpase 3 Due to the decomposi-
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Fig 1. The effect of Des on apoptotic percentage (%) of C6
cdls. n=3 experiments (each of 1 X 10°cells). Mean+SD.
°P<0.01 vs control.

Fig 2. Agarosegd dectrophoresis for detecting DNA frag-
mentation induced by Des40 mmol/L. Lane 1: control; Lane
2: Des 40 mmol/L ; Lane 3: 100 bp Marker.

tion of alarge number of C6 cellsfollowing exposure
to Des 40 nmol/L for 24 h, the expresson of gene
cagpase 3 was detected in low concentration of Des 20
mmol/L. It increased Sgnificantly following exposure
to Des20 nmol/L for 24 h, whereas no expresson of
caspase 3 was detected in the untreated C6 cells (Fig
3).

Effectsof Deson [Ca?],in cultured C6 cdls
Spontaneous oscillations exi sted in untreated C6 célls.
Addition of Des 10 and 20 nmol/L only caused atran-

Fig 3. Caspase 3 mRNA levd in C6 cdls treated with Des
20mmol/L for 24 h. Lane1: b -actin; Lane2: marker; Lane
3: Des 20 mmol/L; Lane 4: control.

dent or dight increasein [Ca*],. Des 40 nmol/L could
elicit an early marked elevation in [C&], over 28 min
(Tab 1). The eevation of [Ca™], caused by Des 40
mmol/L was largely diminished by adding calcium ch-
eator egtazicacid 0.2 mmol/L and perfusing cells with
Ca*-free buffer PBS, demongtrating that Des dicited
[Ca®],influx rather than intracellular calcium
mohilization.

Tab 1. Time courseof [Ca®]; increase (%) at different
concentrations of Des in cultured C6 cells. n=7 cells.
Mean+SD. 2P>0.05, °P<0.05, °P<0.01 vs control.

1.0 0,
Timeimin [C&t*]; increase/%

0 10 20 40 nmol/L

4 8+4 18+7° 2145° 133+49°
8 2745 3719 50+9°? 291+170°
12 32+2 44+9* 60+12° 436+240°
16 38+7 50+9° 68+17% 746+463°
20 2445 49+8* 50+21° 895+598°
24 34+4 3372 59+28° 993+698°
28 3445 29+9% 62+29° 1017+£757°

DISCUSSION

In recent years, there have been major insights
into the mechanisms by which apoptosisistriggered in
cells. Thenuclear dterations, which are the pre-emi-
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nent ultrastructural changes of apoptosis, are often as-
soci ated wi th internucleosoma cleavage of DNA rec-
ognized as a“ DNA ladder” on conventional agarose gel
electrophoresis and long considered as a biochemica
hallmark of apoptosis. Des-induced apoptotic DNA
break s were confirmed by a typical “DNA ladder” on
agarose gel electrophoress as well as evidenced by
hypodiploid peak on FCM histogram. However,
internucleosomal cleavage of DNA appearsto bearda
tively late event in the apoptotic process, which in some
models may be dissociated from early critical seps.
Cell death protease designated as caspase may play an
esential rolein apoptotic cell death and act upstream
of DNA fragmentation!*l. Caspases release
proapoptotic factors known to serve asboth sgnal trans-
ducers and effective components thus initiate a caspase
cascade. Activation of caspase-8 has been shown to
recruitdownstream “ amplifier” proteases, whilecaspase
3isregarded as ultimately “ effector” in the execution
phase of apoptotic cell death™. Activation of caspases
during apoptosis may result in the cleavage of critica
cdlular subdgrates, including poly (ADP-ribose)
polymerase, S0 precipitating the dramatic morphol ogi-
ca changes of apoptoss. Our results showed sgnifi-
cant increase in the expresson of gene caspase 3 fol-
lowing exposure to Des, suggesting Des induced-
apoptosis in the C6 cells via caspase 3 dependent
pathway. Thisis coherent with our previousresults
that Des could down-regulate the expresson of bcl-2
protein in the C6 cells”. Gene bdl-2, as the negative
regulator of caspase 3, exerts anti-apoptoss action at
or before the processng of certain caspases to their
cataytically active forms™.

Changesin [C&*], provide a chemicad signd for
early cdll death pathway. 1f [Ca?*], can be elevated for
asudained period, cells areinduced to undergo apopto-
s Our experiment demonstrated that Des eicited a
sugtained increase of [Ca"], which was a very early
effect compared to morphologica changes (ie cdl
rounding and shrinkage) and DNA fragmentation ow-
ing to the activation of Ca*/Mg*-dependent
endonuclease. Thus, we concluded that [ Caf*], might
be another early initiator i n connection with apoptosis.

Although the precise mechanism needs further sudy,
our findings provide the evidence for animportant role
of cagpase 3 and homeostas s of calcium signaling sys-
tem in theregulation of Des-induced apoptoss.
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