Experimental Oncology 24, 105-107, 2002 (June)

105

ETOPOSIDE ACTIVATES CASPASE-3 VIA A CASPASE-1
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It is known that caspase-1 is activated before caspase-3 activation when the cells were treated with anti-Fasantibody. In present study the activities of these two proteases in etoposide-treated cells were examined. It has
been shown that whilst treatment of U937 and Jurkat cells with etoposide results in caspase-3 activation it did not
influence caspase-1 activity. At the same time treatment of U937 cells with anti-Fas antibody induces caspase-1
activity. These results demonstrate that etoposide transmits the death signal to caspase-3 directly, suggesting that
caspase-3 was activated by a caspase-1 independent mechanism during etoposideinduced apoptosis.
Key Words: caspase-1, caspase-3, apoptosis, etoposide.
Èçâåñòíî, ÷òî ïðè îáðàáîòêå êëåòîê àíòè-Fas-àíòèòåëàìè àêòèâàöèÿ êàñïàçû-1 ïðåäøåñòâóåò àêòèâàöèè
êàñïàçû-3. Ìû îïðåäåëÿëè àêòèâíîñòü óêàçàííûõ ïðîòåàç â êëåòêàõ, â êîòîðûõ ñ ïîìîùüþ îáðàáîòêè ýòîïîçèäîì
áûë èíäóöèðîâàí àïîïòîç. Áûëî óñòàíîâëåíî, ÷òî èíêóáàöèÿ êëåòîê ëèíèé U937 è Jurkat ñ ýòîïîçèäîì ïðèâîäèëà
ê àêòèâàöèè êàñïàçû-3, íî íå îêàçûâàëà âëèÿíèÿ íà èíäóêöèþ àêòèâíîñòè êàñïàçû-1. Â òî æå âðåìÿ àíòè- Fasàíòèòåëà èíäóöèðîâàëè àêòèâíîñòü êàñïàçû-1 â êëåòêàõ ëèíèè U937. Ïîëó÷åííûå äàííûå ïðîäåìîíñòðèðîâàëè,
÷òî ïðè ýòîïîçèä-èíäóöèðîâàííîì àïîïòîçå ïðîèñõîäèò ïðÿìàÿ àêòèâàöèÿ êàñïàçû-3, íå òðåáóþùàÿ
ïðåäâàðèòåëüíîé àêòèâàöèè êàñïàçû-1.
Êëþ÷åâûå ñëîâà: êàñïàçà-1, êàñïàçà-3, àïîïòîç, ýòîïîçèä.

Apoptosis, a morphologically distinguished form of
programmed cell death, is critical not only during development and tissue homeostasis, but also in the pathogenesis of a variety of diseases, including cancer, autoimmune disease, viral infection, and neurodegenerative
disorders [1]. Whereas numerous genes that control
apoptosis have been identified and partially characterized, the precise mechanisms by which these genes interact to execute the apoptotic program remains poorly
understood [2]. In mammals, a family of cysteine proteases that is designated as caspases appears to represent the effector arm of the apoptotic program. Up to
date, more than 14 caspases have been identified and
partially characterized [3, 4]. Each caspase contains
characteristic conserved sequences important for proteolytic activity and induction of apoptosis. During apoptosis, many cellular proteins undergo caspase-dependent degradation [5, 6]. It is well known that caspase-3
is responsible for the cleavage of their substrates at the
final onset of apoptosis. Caspase activation is induced
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by a wide array of death signals and leads to precipitous
cleavage of protein substrates and execution of the apoptotic program. Some substrates of these caspases including polyadenosyl ribose polymerase (PARP), inhibitor of caspase-activated deoxyribonuclease (ICAD),
DNA fragmentation factor (DFF), actin, gelsolin, fodrin,
and lamin were cleaved by caspases during apoptosis
[7], and the cleaved products can accelerate further activation of apoptotic transducers, although the activation
mechanism remains unclear.
In this study, we examined the peculiarities of etoposide-induced apoptotic signaling in cancer cells. The
major finding is that etoposide activates caspase-3 via
a caspase1-independent mechanism in U937 cells,
whereas anti-Fas antibody triggers caspase-1 activation prior to caspase-3 activation.

MATERIALS AND METHODS
Cell culture. Human hematopoietic Jurkat cells and
human histiocytic lymphoma U937 cells were cultured
at 37 °C in a humidified atmosphere of 5% CO2 and
95% air in RPMI 1640 medium supplemented with 10%
heat-inactivated fetal bovine serum, 100 mg/ml of penicillin and streptomycin.
Chemicals. The fluorogenic substrates of proteases
(acetyl-L-tyrosyl-L-valyl-L-alanyl-L-aspart-7-ami-
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no-4-methylcoumarin (YVAD-AMC) and acetyl-Laspartyl-L-glutamyl-L-valyl-L-aspart-7-amino-4methylcoumarin (DEVD-AMC) as well as Z-VAD, a
general caspase inhibitor, were obtained from Bachem
AG (Bubendorf, Switzerland). Etoposide (VP-16) was
commercially available.
MTT assay. MTT assay was carried out as follows:
cells (5 · 105 cells/ml) were plated in 96-well plates and
incubated for 24 h in 100 ml of RPMI medium. Various
concentrations of drugs were added, and the cells were
incubated for additional 48 h. Then, 10 ml of MTT solution (5 mg/ml MTT in PBS) were added to each well and
incubated for 4 h at 37 °C. In order to stop the reaction,
100 ml of 0.04 M HCl in isopropanol were then added
with vigorous mixing. The absorbance was determined
in a microtiter plate reader at wave length 564 nm.
Protease activity. The death protease activities were
measured by modified method [8, 9]. Briefly, the cells
were incubated with medium alone or medium containing etoposide (Sigma Chemical Co., St. Louis, USA) or
anti-Fas monoclonal antibody (Clone CH-11, MBL Co,
Nagoya, Japan) for 06 h. Then the cells were harvested and lysed with the lysis buffer (10 mM HEPES, pH
7.4, 2 mM EDTA, 0.1% CHAPS, and 5 mM dithiothreitol). The cell lysate was then incubated with 20 mM of
the fluorogenic substrate of protease (YVAD-AMC or
DEVD-AMC) in ICE buffer (20 mM HEPES, pH 7.5, 10%
glycerol, and 2 mM dithiothreitol) for 15 min at 37 °C.
The AMC released from the fluorogenic substrates was
measured with the excitation at 380 nm and the emission at 460 nm using a spectrophotometer [8, 9].
DNA fragmentation. The DNA fragmentation assay was carried out as previously described [811]. In
brief, cells (1 · 105 cells/ml) were seeded in 24 wells,
and cultured with or without etoposide (2, or 20 mg/ml).
The cells were suspended in 20 ml of 50 mM Tris-HCl,
pH 8.0, 10 mM EDTA, and 0.5 mg/ml proteinase K (Sigma, USA). After incubation at 50 °C for 1 h, 10 ml aliquot of 0.5 mg/ml RNase A solution was added to a
mixture of 10 ml of the 70 °C-preheated solution containing 10 mM EDTA, pH 8.0, 1% (w/v) low-melting
point agarose (Sigma, USA), 0.25% bromophenol blue,
and 40% sucrose. The DNA was analyzed by electrophoresis in 2% agarose gels followed by ethidium bromide staining and photographing on an UV illuminator.

RESULTS AND DISCUSSION
In this study we examined whether or not etoposide
activates caspase-1. It is known that anti-Fas antibody
triggers the induction of caspase-1 activation, and sequentially activates other caspases [1214] and that caspase-3
is the universal death executioner regulated by various stimuli. Because some anticancer drugs act through activation
of the death proteases in cancer cells, we assume that, by
activating other protease that is upstream of caspase-3,
we can get the important data concerning mechanisms of
apoptosis control. By MTT assay different anticancer drugs
(etoposide, UCN-01, and staurosporine (protein kinase C
inhibitors), camptothecin and cisplatin) were screened for
ability to induce apoptosis in U937 and Jurkat cells. Finally,
etoposide was selected and optimal concentration of that

drug and time course of apoptosis induction was determined. When Jurkat and U937 cells were treated with etoposide at a concentration of 1 mg/ml the cell viability was
about 14.5% and 20.0%, respectively (Fig. 1, a). The research of DNA fragmentation in the cells treated with 2 and
20 mg/ml of etoposide has shown (Fig. 1, b, lanes 813)
that 0.56 h treatment with 2 mg/ml of etoposide did not
induce apoptosis, but 46 h long treatment with 20 mg/ml
of etoposide induced apoptosis in the U937 cells (Fig. 1, b,
lanes 27) and in Jurkat cells (Fig. 1, c). It is well known
that caspases are playing a pivotal role in stimuli- or druginduced apoptosis. Caspase activation is a universal event
in apoptosis and consists in cleavage of cellular substrates,
for example, PARP, actin, lamin, and fodrin [10, 11]. Therefore, we have examined the caspase-3 activity by a substrate cleavage assay. It is known that caspase-3 specifically cleaves aspartic residue of DEVD-AMC, whereas
caspase-1 cleaves YVAD-AMC. Our data have shown
that in etoposide-treated cell lysates DEVD-AMC cleavage activity is increased (closed triangles) whereas in
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Fig. 1. VP-16 induces apoptosis in cancer cells. MTT-assay of
U937 (open circles) or Jurkat cells (closed circles) treated with
various concentrations (0.00110 mg/ml) of etoposide (a). Time
course of DNA fragmentation in Jurkat (b) or U937 (c) cells, cultured with etoposide (20 mg/ml) for 0 (lane 2), 0.5 (lane 3),
1 (lane 4), 2 (lane 5), 4 (lane 6), or 6 (lane 7) h
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independent mechanism in U937 cells, while anti-Fas
antibody activates caspase-1.
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Fig. 2. Caspase-3 and caspase-1 substrate cleavage assay.
AMC cleavage activity of caspase-3 in the lysates of U937 cells
treated with etoposide (closed triangles) or Z-VAD (open triangles).
Etoposide alone (without cell lyzates, open circles) and Z-VAD alone
(closed circles) did not show any activities (a). AMC-cleavage activity of caspase-1 in the lysates of U937 cells treated with etoposide (closed triangles) or anti-Fas antibody (open circles) (b)

Z-VAD treated cell lysates its activity is decreased (open
triangles). These results suggested that etoposide induces apoptosis via a caspase-3-dependent mechanism.
Next, specific caspase-1 activity in etoposide-treated U937
cells has been studied. We have shown (Fig. 2) that treatment with anti-Fas antibody (open circles) resulted in quick
induction of caspase-1 activity, but etoposide did not induce caspase-1 activation in U937 cells (Fig. 2, b, closed
triangles). These results suggest that the signal pathway
of etoposide is different from that of anti-Fas antibody [12].
In conclusion, we have demonstrated that etoposide
activates caspase-3 death protease via a caspase-1-
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