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Although actinomycin D (AMD) is known to induce apoptotic cell death to various cell lines, the mechanism of

apoptosis induced by AMD is still unclear. Understanding this mechanism may improve its therapeutic efficacy. The
present study has been performed to elucidate expression of Bel-2 and Caspase-3 proteins related to apoptosis in human
leukemia K-562 cells. Five different assays were performed in this study; DNA fragmentation analysis by agarose gel

electrophoresis, quantitative assay of fragmented DNA, morphological assessment of apoptotic cells, quantification of
apoptosis by annexin V (AV) and propidium iodide (PI) staning, and expression of Bcel-2 and Caspase-3 proteins by the
western blot analysis. The number of apoptotic cells and amount of fragmented DNA in this cell line treated with AMD
was increased at 6 hour. DNA ladder pattern was also appeared at 6 hour. The expression of Bcl-2 was decreased, and
disappeared from 12 hours after AMD treatment. Precursor of Caspase-3 was degraded, and 20 kDa cleavage products
were detected. These results suggest that AMD induced apoptosis of K-562 cells is Caspase-3-dependent fashion, and

this apoptosis is related to the degradation of Bcl-2 proteins.
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INTRODUCTION

Appropriate cell number and organ size in a multicellular
organism are determined by coordinated cell growth, proli-
feration and apoptosis. Disruption of these processes can
cause cancer. Cells under normal conditions undergo apo-
ptosis when exposed to a variety of cytotoxic agents for
anticancer therapies (Barry et al., 1990; Lennon et al., 1991).
Apoptosis is a normal physiological process in cell death
characterized by cytoplasmic blebbing, cell shrinkage, nu-
clear condensation and DNA fragmentation prior to cell
death. Dead cells are rapidly degraded by neighboring cells
or macrophage (Cohen, 1992). Morphological changes of

apoptosis are associated with double strand cleavage of
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nuclear DNA at the linker regions between nucleosomes.
The resulting oligonucleosomal fragments can be detected
as a ladder by agarose gel electrophoresis (Wyllie et al.,
1984; Arends et al., 1990).

Actinomycin D (AMD), antineoplastic antibiotics, is a
potent inducer of apoptosis in many cell lines. It was also
shown to suppress programmed cell death in the PC12
(pheochromocytoma cell line) cells induced by etoposide
(Batistatou et al., 1993; Martin et al., 1993). AMD induced
apoptosis and Poly(ADP-ribose) polymerase-1 proteolysis
in Hep-2 cells (Soldani et al., 2001), and increases caspase
activity in a Drosophila neuronal cell line (Nagano et al.,
2000).

The oncogenic protein Bel-2 which is expressed in mem-
branes of different subcellular organelles protects cells from
apoptosis induced by endogenic stimuli (Rudner et al., 2002).
Abnormal gene expression of Bcl-2 that inhibits apoptosis
is found in a wide variety of human cancers. It contributes
to the resistance of tumor cells to conventional therapies
through interfering cell death signals triggered by chemo-
therapeutic agents (Liu et al., 2001). Caspase-3 has been
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studied the most intensively, which is activated proteoly-
tically when cells are signalled to undergo apoptosis (Yuan
et al., 1996). Several substrates of Caspase-3 have been
demonstrated, including PARP. The purpose of this study
is to elucidate expression of Bcl-2 and Caspase-3 proteins
related to apoptosis in K-562 cells.

MATERIALS AND METHODS
1. Cell culture

Human leukemia K-562 cells were used throughout this
investigation. Suspension cultures of this cell line were
grown at 37°C in humidified 5% CO, incubator using Dul-
becco's modified eagle medium (DMEM, GIBCO) supple-
mented with 10% newborn calf serum and gentamycin (50

pg/ml).
2. AMD treatment

AMD was dissolved in the serum free medium prior to
use and exposed to cells at 37°C for desired times. Cells
were cultured for more than 12 hours in tissue culture
petridishes prior to AMD the cells washed three times with
phosphate buffered saline (PBS, pH 7.4).

3. Morphological assessment of apoptosis

Nuclear morphology was assessed by fluorescent micro-
scopy after Hoechst 33258 staining. Five hundred micro-
liter of cell suspensions (5<10°~ 1>X10%ml) were incu-
bated with 5 ul Hoechst 33258 (1 mg/ml in ddH,0) for 10
minutes. The samples were taken to microcentrifuge tubes
and were centrifuged at 500 rpm for 2 minutes. After air-
drying, coverslips were placed over cells to reduce light
diffraction and 300~400 cells were counted in a fluore-
scence microscope equipped with a DAPI filter.

4. Quantitative and DNA fragmentation analysis

The apoptotic nature of cells was examined by agarose
gel electrophoresis of their nuclear DNA, using the method
of Waring (1990). The quantification of DNA fragmenta-
tion was carried as described by McConkey et al. (1989)
with slight modifications. Cells treated with apoptosis in-
ducer in a 100 mm culture dish were lysed in 0.33 ml of
buffer containing 5 mM Tris, pH 8.0, 20 mM ethylenedia-
minetetraacetic acid (EDTA) and 0.5% Triton X-100. After
incubation for 15 minutes on ice, samples were centrifuged

for 10 minutes at 10,000 rpm to separate the intact chroma-
tin (pellet) from the fragmented DNA (supernatant). Pellets
were resuspended in 0.33 ml of a buffer containing 10 mM
Tris, pH 8.0 and 1 mM EDTA. Pellet and supernatant frac-
tions were separately assayed for DNA content using the
diphenylamine reagent containing 1.5% diphenylamine,
1.5% sulfuric acid and 0.008% acetaldehyde in glacial
acetic acid. DNA fragmentation was quantified by measur-
ing the ratio of the DNA content in supernatant fraction to
the total DNA content (supernatant plus pellet). For visuali-
zation of fragmented DNA, the supematant fraction conta-
ining fragmented DNA was extracted two times with phenol

~ and once with chloroform. Extracted DNA fragments was

precipitated in 67% ethanol, 0.3 M sodium acetate at -70C
for overnight, and then resuspended in a buffer containing
10 mM Tris, pH 8.0, I mM EDTA and 30 pg/ml RNase,
prior to electrophoresis in 1.8% agarose gel as described by
Jones et al. (1989).

5. Quantification of apoptosis by annexin V (AV)
and propidium iodide (PI) staning

The Annexin V-FITC apoptosis detection kit (BD Phar-
Mingen) was used to measure apoptosis (Vermes et al.,
2001). Cells were harvested by centrifugation at 2,000 rpm
and the pellet was washed with cold PBS. Washed cells
were resuspended in the binding buffer and stained with
both AV-FITC and PI, according to the manufacturer's pro-
tocol, and analyzed by flow cytometry (FACScan, Becton
Dickinson, San Jose, CA, USA). Cells unaffected by apo-
ptosis and/or necrosis were defined as AV-/PI- (lower left
quadrant). Early apoptotic cells were defined as AVp/PI-
(lower right quadrant), whereas late apoptotic and necrotic
cells were defined as AVp/PIp (upper right quadrant). Fin-
ally, necrotic cells were defined as AV-/Plp (upper left qua-
drant).

6. Western Blot analysis of Bel-2 and Caspase-3 pro-
teins

Cells were washed three times in cold PBS. Samples
were then diluted with an equal volume of 2>X SDS sample
buffer and heated for 5 minutes at 100°C. Samples were
loaded to equivalent amount (30 pg/lane) on one-dimen-
sional SDS-polyacrylamide gel and subjected to electro-
phoresis. After electrophoresis, western blot analysis was
done according to the technique of Towbin et al. (1979)
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Fig. 1. Percentage of apoptotic cells assay in K-562 cells. Cells were treated with AMD, followed by incubation for 3, 6, 9, 12, 18, 24,
48 and 72 hours. The level of apoptosis was determined using fluorescence microscopy as described in methods and expressed as percen-

tage of apoptotic cells. At least 400 cells were scored in each treatment.
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Fig. 2. DNA fragmentation pattern during apoptosis induced by
AMD in K-562 cells. After treatment with AMD, cells were incu-
bated for 6, 9, 12, 18, 24, 36, 48 and 72 hours at 37 C. Nuclear
DNA was extracted with phenol and analyzed by 1.8% agarose
gel electrophoresis.

with slight modifications. Membrane was soaked in me-
thanol for 10 seconds and washed in distilled water for 5
minutes. Blotting was performed at 0.35 A for 1 hour. And
the membrane was dried by air drying. The membrane was
treated with primary antibody (monoclonal anti-Bel-2 and
Caspase-3 proteins) for 1 hour, washed three times with
PBS-Triton-X 100 (PBST). That was treated with secon-
dary antibody (polyclonal anti-mouse/rabbit) was for 1 hour,
followed by three times with PBST. The membrane was
treated with Enhanced Chemileuminescence Liquid (ECL),
and expose to X-ray film.
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Fig. 3. Quantitative assay of fragmented DNA during apoptosis
induced by AMD, in K-562 cells. After treatment with AMD, the
cells were incubated for 6, 9, 12, 18, 24, 36, 48 and 72 hours at
37C.

RESULTS
1. Apoptosis induced by actinomycin D

The percentage of apoptotic cells in K-562 cells treated
with actinomycin D (AMD) is shown in Fig. 1. Hoechst
33258 stains nuclei of both live and dead cells blue when
examined by fluorescence microscopy. Untreated normal
cells showed homogenous staining of their nuclei. Apo-
ptotic cells treated with AMD represented irregular staining
of their nuclei as a result of chromatin condensation and
nuclear fragmentation. The percentage of apoptotic cells in
cells treated with 10 ug/m! AMD continuously increased up
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to 12 hours after incubation and then gradually decreased.
DNA fragmentation during apoptosis in cells treated with
AMD is shown in Fig. 2. After treatment with 10 pg/ml
AMD, cells were incubated for various times. DNA ladder
patten treated with AMD was shown at 12 hour.
Quantitative assay of fragmented DNA in cells is shown
in Fig. 3. The amount of nucleosomal DNA fragment in
cells treated with 10 pg/m! AMD most increased at 12 hour
incubation and then gradually decreased as the incubation

Quantification of apoptosis by annexin V (AV) and pro-
pidium iodide (PI) staning in cells is shown in Fig. 4. Treat-
ment with 10 pg/ml AMD induced apoptosis in K-562 cells.
As showed in the FACS plots (left panel), low-dose treat-
ment (B) induces cell death through apoptosis, demon-
strated by the increased numbers of AV single positive cells
(lower right quadrant), without changes in the numbers of
PI single positive cells (upper left quadrant), compared to
control treatment (A). High-dose treatment (C), on the other
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Fig. 4. Treatment with 10 pg/ml AMD induced apoptosis in K-562 cells. As showed in the FACS plots (left panel), low-dose treatment
(B) induces cell death through apoptosis, demonstrated by the increased numbers of AV single positive cells (lower right quadrant), without
changes in the numbers of PI single positive cells (upper left quadrant), compared to control treatment (A). High-dose treatment (C), on the
other hand, induces cell death through both apoptosis and necrosis, demonstrated by the increase in the number of both AV single positive
and PI single positive cells. Double positive cells (upper right quadrant) represent late apoptotic and necrotic cells. The immunofluorescent
detection of DNA breaks by the TUNEL technique (right panel) demonstrates a dose-dependent increase of the number of apoptotic cells.
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Fig. 5. Western blot analysis of Bcl-2 (A) and Caspase-3 (B)
expression in K-562 cells. Cells were treated with AMD followed
by incubation for various times. Lane C: control. Lane 1: cells in-
cubated for 3 hours after treatment with AMD. Lane 2, 3, 4, 5, 6,
7, and 8: cells incubated for 6, 12, 18, 24, 36, 48 and 72 hours
after treatment with AMD.

sis, demonstrated by the increase in the number of both AV
single positive and PI single positive cells. Double positive
cells (upper right quadrant) represent late apoptotic and
necrotic cells. The immunofluorescent detection of DNA
breaks by the TUNEL technique (right panel) demonstrates
a dose-dependent increase of the number of apoptotic cells.

2. Expression of Bcl-2 and Caspase-3 proteins

Cells were treated with AMD, and the level of Bcl-2 and
Caspase-3 proteins expression was detected by western blot
analysis. Fig. 4A shows the western blot analysis of the
expression of Bcl-2 proteins in K-562 cells treated AMD
and then incubated for 3, 6, 9, 12, 18, 24, 36 48 or 72 hours
at 37°C. The expression of Bcl-2 proteins was persisted
until 3 hours with elevated level, and thereafter was disap-
peared after 12 hours incubation. When the same experi-
ment was performed with K-562 cells, level of Caspase-3
expression was gradually increased from incubation for 6
hours (Fig. 5B). These results suggest that AMD induced
apoptosis of K-562 cells via Caspase-3-dependent fashion,
and this apoptosis is related to disappearance of Bcl-2 pro-

teins.
DISCUSSION

The exposure to DNA damaging stress like mutagenic
and clastogenic agents is known to induce an apoptosis in
eukaryotic cells (Wolff et al.,, 1991, Ames et al., 1995).
Many DNA damaging agents including radiation and anti-
cancer drugs are known to induce apoptosis and some efforts

were made to elucidate the mechanism of DNA damaging
agent induced apoptosis (Marks and Fox, 1991; Martin et
al., 1993). DNA damaging agents produce single or double
strand breaks, and morphological changes of apoptosis are
associated with double strand breaks of nuclear DNA at the
linker regions between nucleosomes. This breaks produces
ladders of DNA fragmentation that are the sizes of integer
multiples of a nucleosome length (180~200 bp), and these
nucleosomal DNA ladders are widly used as biochemical
markers of apoptosis (Wyllie et al., 1980; Fesus et al., 1991;
Dedera et al., 1993). DNA ladder pattern shown in fish OCP
13 cells at 6 hour after treated with 20 J/m? UV (Nishigaki
et al., 1999), and in human monoblastoid U937 cells treated
with 5 pg/ml actinomycin D for 1 hour (Samali and Cotter,
1996). And DNA ladder pattern was evident when the HL-
60 (human leukemia) cells were heated at 42°C for 1 hour,
and then incubated at 37°C for 3 hours (Takasu et al., 1998).
In the present study, DNA fragmentation induced by treat-
ment with 10 pg/ml AMD was shown at 6 hour. These
results are generally consistent with others' reports. Thus,
the inidence of apoptosis is variable depending on the cell
type or DNA damaging agents. This may imply that the
machineries involved in DNA repair and other sensing
machineries to external apoptotic stimuli are variable in
different cell type and also with other apoptosis-inducing
agents.

In an effort to elucidate mechanisms underlying the di-
fferent incidences of apoptosis in K-562 cells, expression
levels of Bcl-2 and Caspase 3 proteins, were measured.
The Bcl-2 proteins, originally described in lymphoma cells
(Tsujimoto et al., 1987) and then found to be widely di-
stributed in a variety of cancerous tissues (Reed JC et al.,
1995) (Adams JM et al., 2001), is a potent inhibitor of cell
death, both programmed and accidental (Kane DJ et al.,
1993) (Kroemer G et al., 1998). Overexpression of Bcl-2
and Bcl-XL inhibits apoptosis induced by a variety of
stimuli, in particular those that utilize the mitochondria-
dependent pathway (Gross A et al., 1999). Overexpression
of Bcl-2 is known to convey resistance to apoptosis in-
duced by many agents (Adams JM et al., 1998). In human
promyeloid leukemia cells and B-cell lymphoma cells, Bcl-2
overexpression results in up-regulation of capacitative Ca”"
entry and resistance to apoptosis induced by the inhibitor
of capacitative Ca”" entry. By Nancy et al., was demon-
strated acute Bcl-2 overexpression by transient transfection
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can induce apoptosis in HEK 293 and MDA-MB-468 cells
(Wang NS et al, 2001). In this study, we found that the
expression of Bcl-2 proteins was persisted until 3 hours
with elevated level, and thereafter was disappeared after 12
hours incubation. Considering, previous reports by other
and the present data, the Bcl-2 proteins, when overexpre-
ssed, are able to block DNA fragmentation associated with
apoptosis.

Mamalian caspases are a family of cysteine proteases
that plays a critical role in apoptosis (Thornberry NA et al.,
1998). Caspase is known to be essential for apoptosis in a
variety of species and model. Because Caspase activities
can be detected in all cells undergoing apoptosis, regardless
of their origin or death stimuli, and they bring about most
of visible changes that characterize apoptotic cell death,
Caspases can be thought as the central executioners of apo-
ptosis. During apoptosis, activation of Caspases is a com-
mon feature that leads to the cleavage of specific substrates
including many signaling proteins (Thornberry NA et al,,
1998). Caspase-3 also plays a central role in the execution
of the apoptotic program. Caspase-3 is one of the earliest
identified caspase, but the mechanism of Caspase-3 induced
apoptosis remains unknown. Considering, previous reports
by other and the present data, the increment of Caspase-3
proteins can activaties DNA fragmentation associated with
apoptosis in K-562 cells. These results suggest that AMD
induced apoptosis of K-562 cells via Caspase-3-dependent
fashion, and this apoptosis is related to disappearance of
Bcl-2 proteins. To elucidate the detailed molecular mecha-
nisms of DNA fragmentation associated with apoptosis fur-
ther studies are necessary.
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