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Oncogene products, c-myc and bcl-2 protein, play
an important role in the decision of the fate of cells,
such as proliferation, differentiation and apoptosis.
Terminaly differentiated HL-60 human leukemia
cells express low levels of both c-myc and bcl-2
protein, and die by apoptosis. We have previously
reported that down-regulation of c-myc protein was
sufficient for the induction of apoptosis in HL-60
cells, while down-regulation of bcl-2 protein was not
the case. To understand regulatory mechanism be-
tween c-myc and bcl-2 protein expression, we exam-
ined the effects of c-myc or bcl-2 antisense
oligonucleotides on the expression levels of bcl-2 or
c-myc protein, respectively. Our experiments showed
that c-myc antisense down-regulated bcl-2 protein
expression, whereas bcl-2 antisense did not change
the levels of c-myc protein expression. These results
suggest that bcl-2 protein is regulated sequentialy at
downstream of the decrease in c-myc protein expres-
sion during the process of differentiation induction
program. Our study identified c-myc protein as a
possible primary candidate rather than bcl-2 in the
gene targeting therapy of leukemia.
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INTRODUCTION

Terminally differentiated hematopoietic cells have
a short life-span and subsequently undergo apoptotic
cell death (1, 2). We have previously reported that

Correspondence:  Shunichi Kumakura MD, PhD., Division of
Blood Transfusion, Shimane Medical University, 89-1 Enya
cho, 1zumo, Shimane 693-8501, Japan

Tel: 853-23-2111

Fax: 853-20-2423

E-mail: kumakura@shimane-med.ac.jp

terminally differentiated HL-60 human leukemia cells
die by apoptosis, closely associated with marked
down-regulation of both c-myc and bcl-2 protein ex-
pression (3, 4). Although c-myc gene is usualy im-
plicated in cell-cycle progression, its centra role in
the induction of apoptosis is aso demonstrated (5).
These opposing roles of c-myc protein in the deter-
mination of cell fate require the presence of modify-
ing gene whose products block apoptosis at the
tumorigenesis. Thus, cooperative interaction between
c-myc and bcl-2 protooncogenes, in which bcl-2 spe-
cifically abrogates c-myc-induced apoptosis without
affecting the c-myc mitogenic function, has been
proposed (6). This proposal raises the question
whether down-regulation of bcl-2 alone could induce
the apoptosis of HL-60 cells, which express constitu-
tive bcl-2 and amplified c-myc proteins. We have
previously demonstrated that bcl-2  antisense
oligonucleotides did not induce apoptosis in HL-60
cells during the early time of treatment, whereas c-
myc antisense could induce apoptosis (3). This re-
sult further asks the relationship between the c-myc
and bcl-2 protein in the apoptosis induction program.
To address this, we examined the effects of c-myc
or bcl-2 antisense oligonucleotides on the expression
levels of bcl-2 or c-myc protein, respectively. Both
protein expressions were investigated by flow cyto-
metry using an indirect immunofluorescence method,
in which HL-60 cells were specifically stained by
monoclona antibodies against c-myc and bcl-2 pro-
tein.

MATERIALS AND METHODS

Cell culture

HL-60 cells were cultured in RPMI 1640 medium
(Flow Laboratories) containing 10% heat-inactivated
fetal calf serum supplemented with penicillin (100
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[U/ml) and streptomycin (100 mg/ml) at 370 in a
humidified atomsphere containing 5% CO,. The ex-
periments were performed on exponentially prolifer-
ating HL-60 cells.

Antibodies

Anti c-myc protein antibody (1gGl), a mouse
monoclona antibody to human c-myc protein, was
purchased from Cambridge Research Biochemicals
(Clone 6E10). Anti-bcl-2 monoclonal antibody was
also purchased from Cambridge Research Bio-
chemicals (Clone 124; a mouse 1gG1). Mouse 1gGl,
which was used as a control to the anti c-myc and
bcl-2 protein antibodies, was obtained from Cappel
(MOPC 21). These reagents were dissolved in
physiologic saline and stored until use at -200 .
Fluorescein isothiocyanate (FITC)-conjugated goat
anti mouse 1gG was purchased from Becton
Dickinson.

Flow cytometric analysis

The levels of c-myc and bcl-2 protein expression
were analyzed by flow cytometry using an indirect
immunofluorescence method, as previously described
(3, 4, 7). In this method, 2x10° treated HL-60 cells
were fixed with 100% ethanol for 1 h a 40 and
permeabilized with phosphate-buffered salines (PBS)
containing 0.05% Tween 20 and 0.5% bovine serum
albumin (BSA). Then, the cells were incubated with
anti-c-myc monoclonal antibody (1:160 dilution),
anti-bcl-2 monoclonal antibody (1:80 dilution) or a
control antibody (MOPC-1, equivalent dilution, re-
spectively) for 1 h at 40 . The cells were then
washed with cold PBS/0.05% Tween 20/0.1% BSA
and incubated with FITC-conjugated anti-mouse 1gG
antibody (Becton Dickinson, 1:10 dilution) for 30
min a 40 . Finally the cells were analyzed on a
Coulter; EPICS flow cytometer. Excitation wave-
length was 488 nm, and the power output was 200
mW. FITC-fluorescence signals were measured at
500 nm through band-pass filters and amplified loga-
rithmically.

c-myc and bcl-2 antisense oligonucleotides

Sense and antisense 18-mer nuclease-resistant
phosphorothioate oligodeoxynucleotides directed to
trandlation initiation site of c-myc or bcl-2 transcripts

were prepared using an Applied Biosystems (Foster
City, CA, USA) 392 DNA/RNA synthesizer. The se-
guences of oligonucleotides were; 5-CCCCTCAAC-
GTTAGCTTC-3 (sense) and 5-GAAGCTAACGTT-
GAGGGG-3' (antisense) (codons 2-7) for c-myc,
and 5-GCGCACGCTGGGAGAACG-3' (sense) and
5-CGTTCTCCCAGCGTGCGC-3' (antisense) (codons
2-7) for bcl-2. These oligonucleotides were purified
by Sephadex G-25 (DNA grade) gel filtration chro-
matography, and then the purity was checked by re
versed-phase high-performance liquid chromatography.
HL-60 cells were cultured with 50 p g/ml of c-myc
or bcl-2 sense or antisense oligonucleotides for 48 h
and expression levels of c-myc and bcl-2 protein
were analyzed by flow cytometric method as de-
scribed above.

RESULTS AND DISCUSSION

As shown in Figure 1, exposure of HL-60 cells to
c-myc antisense resulted in down-regulation of bcl-2
protein expression, however, c-myc sense did not
alter bcl-2 protein expression. On the other hand,
both bcl-2 sense and antisense did not change the
levels of c-myc protein expression. Since we demon-
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Fig. 1. Effects of sense or antisense oligonucleotides on
c-myc or bcl-2 protein expression. HL-60 cells were
exposured to c-myc or bcl-2 sense (S), or antisense (AS)
oligonucleotides for 48 h. After the harvest, c-myc or bcl-
2 protein expression was anayzed by flow cytometry
using an indirect immunofluorescence method. Both
oncoproteins were constitutively stained with specific
monoclonal antibodies in the control culture cells (the dot-
ted curve: - ) as compared with negative control stain-
ing with MOPC-1 19gG: (the vertical dotted line). The
solid curve (- ) corresponds to the fluorescence intensity
of the cells stained with monoclonal antibodies against c-
myc or bcl-2 protein after the treatment with S or AS
oligonucleotides.



c-myc and bcl-2 11

strated the antisense-specific decrease in expression
of each oncoprotein previously (3), our results pre-
sented here suggest that inhibition of c-myc protein
expression mediates down-regulation of bcl-2 protein
expression in HL-60 cells. Although c-myc is known
as transcription factor, there is no evidence that bcl-2
is the target gene of its transcriptional activity.

It is well established that HL-60 cells are induced
to terminally differentiate along granulocytic pathway
with retinoic acid or dimetylsulfoxide, or monocytic/
macrophagic pathway with 1,25-dihydroxyvitamine
D3 or tumor necrosis factor-a (8). During treatment
of HL-60 cells with either of these inducers, c-myc
protein was rapidly down-regulated as early as 3 h
of treatment, which was followed by down-regulation
of bcl-2 protein after 24 h (3, 4). When the cells
were terminaly differentiated (at 72 h), both pro-
teins were markedly down-regulated and apoptosis
was subsequently induced (3). Thus, down-
regulation of both c-myc and bcl-2 protein expres-
sion is specifically involved in the induction of dif-
ferentiation-associated apoptosis in HL-60 cells.
Taken together, down-regulation of c-myc protein ex-
pression may be differentiation-specific molecular
event at the initial phase of differentiation program.
Our results presented here suggest that down-
regulation of bcl-2 protein observed during terminal
differentiation of HL-60 cells is, at least in part, trig-
gered by the down-regulation of c-myc protein,
namely, the sequential regulation between c-myc and
bcl-2 protein in the induction of differentiation-
associated apoptosis of HL-60 cells.

On the other hand, we have previously demon-
strated that serum-depleted or over-growth cultivation
resulted in the induction of apoptosis in HL-60 cells
(3). These apoptotic cells expressed the decreased
levels of c-myc protein while the expression of bcl-2
protein remained at relatively high levels, suggesting
that bcl-2 expression is affected by various pathways
and that down-regulation of bcl-2 protein via c-myc
can be prevented by other anti-apoptotic signal.
Further examinations should be needed to clarify the
molecular mechanism regulating these oncogenes.

In this study, we suggest a regulatory mechanism
of bcl-2 expression by c-myc protein during the

process of differentiation. Recognition of this regula-
tory mechanism of these oncogene products is very
important in terms of the gene targeting as the new
field of leukemia therapy, in which suppression of
bcl-2 aone is not enough for the induction of
apoptosis, but suppression of c-myc might be rational
for the targeting therapy.
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