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p53-Independent induction of Fas and apoptosis in leukemic cells
by an adenosine derivative, CI-IB-MECA
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Abstract

Aj adenosine receptor (A3AR) agonists have been reported to influence cell death and survival. The effects of an A;AR agonist,
1-[2-chloro-6-[[(3-iodophenyl)methyl]amino]-9H-purin-9-yl]-1-deoxy-N-methyl-B-p-ribofuranonamide (C1-IB-MECA), on apoptosis in
two human leukemia cell lines, HL-60 and MOLT-4, were investigated. CI-IB-MECA (>30 uM) increased the apoptotic fractions, as
determined using fluorescence-activated cell sorting (FACS) analysis, and activated caspase 3 and poly-ADP-ribose-polymerase. Known
messengers coupled to A3AR (phospholipase C and intracellular calcium) did not seem to play a role in the induction of apoptosis. Neither
dantrolene nor BAPTA-AM affected the Cl-IB-MECA-induced apoptosis. Cl-IB-MECA failed to activate phospholipase C in HL-60 cells,
while UTP activated it through endogenous P2Y, receptors. Induction of apoptosis during a 48 hr exposure to Cl-IB-MECA was not
prevented by the A;AR antagonists [S-propyl-2-ethyl-4-propyl-3-(ethylsulfanylcarbonyl)-6-phenylpyridine-5-carboxylate] (MRS 1220)
or N-[9-chloro-2-(2-furanyl)[1,2,4]triazolo[1,5-c]quinazolin-5-yl]benzeneacetamide (MRS 1523). Furthermore, higher concentrations
of MRS 1220, which would also antagonize A and A;4 receptors, were ineffective in preventing the apoptosis. Although CI-IB-MECA
has been shown in other systems to cause apoptosis through an A;AR-mediated mechanism, in these cells it appeared to be an adenosine
receptor-independent effect, which required prolonged incubation. In both HL-60 and MOLT-4 cells, CI-IB-MECA induced the expression
of Fas, a death receptor. This induction of Fas was not dependent upon p53, because p53 is not expressed in an active form in either HL-60
or MOLT-4 cells. Cl-IB-MECA-induced apoptosis in HL-60 cells was augmented by an agonistic Fas antibody, CH-11, and this increase
was suppressed by the antagonistic anti-Fas antibody ZB-4. Therefore, CI-IB-MECA induced apoptosis via a novel, p53-independent
up-regulation of Fas. Published by Elsevier Science Inc.
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1. Introduction

Following the introduction of A3zAR-selective ligands
[1-3], the A3AR has been demonstrated to have diverse
physiological functions, including its effects on inflamma-
tion [4], hypotension [5], mast cell degradation [6], protec-
tion of brain and heart [7-9], and apoptosis [10-15].
Specifically, potent A3AR agonists showed dual effects
leading to either cellular protection or death. In rat astro-
glial and human astrocytoma cells, micromolar concentra-
tions of A3AR agonists reduced the cell number, while

* Corresponding author. Tel.: 41-301-496-9024; fax: +1-301-480-8422.

E-mail address: kajacobs @helix.nih.gov (K.A. Jacobson).

Abbreviations: A3;AR, Aj; adenosine receptor; FACS, fluorescence-
activated cell sorting; PLC, phospholipase C; PARP, poly-ADP-ribose-
polymerase.

0006-2952/02/$ — see front matter Published by Elsevier Science Inc.
PII: S0006-2952(02)00839-0

nanomolar concentrations promoted cytoskeletal changes
that were associated with cytoprotection [13,16]. In chick
ventricular myocyte culture [14] and in the isolated rabbit
heart [17], the activation of the A;AR showed a precondi-
tioning-like effect that improved the outcome following an
ischemic injury. Similar effects were observed in vivo in a
gerbil model of global ischemia [8]. In promyelocytic human
leukemia HL-60 cells [11], the A;AR agonists IB-MECA
(1-[6-[[(3-iodophenyl)-methyl]amino]-9H-purin-9-yl]-1-
deoxy-N-methyl-B-p-ribofuranuronamide) and CI-IB-
MECA induced apoptosis at high concentrations. At lower
concentrations, they protected the cells from apoptosis
induced by A3AR antagonists. In CHO cells transfected
with the human A3AR, effects on the cell cycle were
induced with high concentrations of CI-IB-MECA in those
cells expressing the A3AR, but not in control cells [18].
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This study sought to probe the mechanism of the apop-
totic cell death induced by CI-IB-MECA in the HL-60 and
MOLT-4 leukemic cell lines.

2. Materials and methods
2.1. Materials

HL-60 and MOLT-4 cells were obtained from the ATCC.
RPMI 1640 medium, fetal bovine serum, penicillin, strep-
tomycin, and glutamine were purchased from Gibco BRL.
CI-IB-MECA and MRS 1220 (N-[9-chloro-2-(2-furanyl)-
[1,2,4]triazolo[1,5-c]quinazolin-5-yl]benzeneacetamide)
were obtained from RBI-Sigma. MRS 1523 [5-propyl-2-
ethyl-4-propyl-3-(ethylsulfanylcarbonyl)-6-phenylpyri-
dine-5-carboxylate] was synthesized as described pre-
viously [19]. A TACS™ 2 TdT-DAB in situ apoptosis
detection kit was obtained from Trevigen. Dowex AG 1-X8
resin was purchased from Bio-Rad. Anti-Fas (C20), anti-
Bcl-2 (100), anti-Bax (B-9), and anti-TRAIL (C-19) were
purchased from Santa Cruz Biotechnology. Anti-Fas anti-
bodies (CH-11 and ZB-4) were purchased from Upstate
Biotechnology. Anti-Cpp32 and anti-PARP (C2-10) were
purchased from Pharmingen. All other reagents were pur-
chased from Sigma.

2.2. Cell culture and preparation

HL-60 or MOLT-4 cells were grown at 37° in a humi-
dified incubator with 5% CO,/95% air in RPMI 1640
medium supplemented with 10% fetal bovine serum,
100 units/mL of penicillin, 100 mg/mL of streptomycin,
and 2 mM L-glutamine. The culture was maintained by
splitting every third day. For each experiment, the cells
undergoing log phase growth were collected and resus-
pended in growth medium to 0.5 x 10° cells/mL, and 3 mL
aliquots were placed into the individual wells of several
6-well culture plates. Test compounds dissolved in DMSO
at the appropriate concentration (or only DMSO as control)
were added to each well. The final concentration of DMSO
in each sample did not exceed 0.2%.

2.3. Cell viability analysis

Cell viability was measured using the Trypan blue
exclusion test. Trypan blue was mixed with the cell sus-
pension (final concentration of dye was 0.2%), and the
numbers of unstained (live) and stained (dead) cells were
counted between 5 and 7 min after the dye was added.

2.4. Apoptosis analysis by flow cytometry
After treating HL-60 or MOLT-4 cells with various

reagents, the cells were washed twice with cold PBS by
centrifugation (500 g for 5 min at room temperature),

washed again with cold citrate buffer (250 mM sucrose,
5% DMSO, 40 mM trisodium citrate, pH 7.5), and fixed
with 2% paraformaldehyde at 4°. The cells were washed,
resuspended in 100 pL of cold citrate buffer, and treated
with 900 pL of trypsin solution (500 units/mL of trypsin,
3.4 mM trisodium citrate, 0.1% Tergitol (type NP-40,
Sigma), 1.5 mM spermine, 0.5 mM Tris (pH 7.5)) for
10 min at room temperature. Then 750 pL of RNase solu-
tion (500 pg/mL of trypsin inhibitor, 100 pg/mL of RNase
A, 3.4 mM trisodium citrate, 0.1% NP-40, 1.5 mM sper-
mine, 0.5 mM Tris (pH 7.5)) was added. After a 10 min
incubation at room temperature, cells were stained by the
addition of 750 pL of propidium iodide solution (0.6 mM
propidium iodide, 3 mM spermine, 3.4 mM trisodium
citrate, 0.1% NP-40, 0.5 mM Tris (pH 7.5)). The apoptotic
fraction was quantified for 10* cells by analyzing the sub-
G (sub-diploid) population by measuring the fluorescence
activity of propidium iodide-stained DNA of fixed cells on
a FacsCalibur (Becton Dickinson).

2.5. Immunoblotting analysis

Proteins from the treated HL-60 or MOLT-4 cells were
extracted using a lysis buffer (0.5% NP-40, 120 mM NacCl,
40 mM Tris (pH 8.0)). After SDS-PAGE, the protein bands
were transferred to nitrocellulose paper, and were blocked
with 5% powdered non-fat milk. They were incubated
overnight with the primary antibodies and for 1 hr with
the horseradish peroxidase linked secondary antibodies.
Immunoblots were developed with enhanced chemilumi-
nescence (ECL) reagents (Pierce).

2.6. Phospholipase C assay

The amount of inositol phosphates was measured by a
modification of the method of Baek et al [20]. After
labeling with myo-[*H]-inositol (1 uCi/ 10° cells) for
24 hr at 37°, LiCl was added (final concentration was
20 mM). Then the cells were resuspended to a density
of 2 x 107 cells/mL in RPMI 1640 medium containing
0.5% fetal bovine serum, 20 mM HEPES (pH 7.2),
20 mM LiCl, and 1 mg/mL of bovine serum albumin.
An aliquot (150 puL) of cell suspension was transferred
to each well of a 96-well plate that contained either CI-I1B-
MECA or UTP. The plates were incubated for 30 min at
37°. The reaction was terminated by the addition of 100 pL
of ice-cold 180 mM formic acid. After centrifugation
(2000 g for 10 min at 4-6°), the supernatants were neu-
tralized with 300 pL of 60 mM NH4OH and applied to Bio-
Rad Dowex AG 1-X8 anion exchange columns. The
columns were washed with water followed by a 60 mM
sodium formate solution containing 5 mM sodium tetra-
borate. Total inositol phosphates were eluted with 1 M
ammonium formate containing 0.1 M formic acid, and the
amounts of radioactivity were measured using a liquid
scintillation counter (Beckman).
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2.7. HPLC analysis of MRS 1220 stability

To the culture medium used in the experiments, 2 vol. of
acetone was added and the mixture was centrifuged (500 g
for 10 min at room temperature). The supernatant was
removed and concentrated under a stream of N,. This
method was shown to recover the MRS 1220 efficiently
from the growth medium. The amount of MRS 1220 in the
concentrate was analyzed with a Hewlett-Packard 1090
HPLC apparatus equipped with a Phenomenex™ RP-C18
analytical column (250 mm x 4.6 mm, linear gradient sol-
vent system: 0.1 M triethylammonium acetate/CH;CN
from 0/100 to 60/40 in 20 min, flow rate 1 mL/min).
UV detection at 260 nm was used. Under these conditions,
MRS 1220 had a retention time of 4.8 min.
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3. Results
3.1. Induction of apoptosis by CI-IB-MECA

HL-60 or MOLT-4 cells were treated with 0-30 uM CI-
IB-MECA for 24 or 48 hr, and the fraction of cells under-
going apoptosis was determined using FACS. Significant
apoptosis was induced by 30 uM CI-IB-MECA in both cell
lines (36 and 58% in HL-60 cells, and 29 and 48% in
MOLT-4 cells, at 24 and 48 hr, respectively), as indicated
in Fig. 1. This apoptosis rate was confirmed using the
terminal deoxynucleotide transferase-mediated dUTP-bio-
tin nick-end labeling (TUNEL) method (TACS™ 2 TdT-
DAB in situ apoptosis detection kit; data not shown). The
degree of cell death determined using the dye exclusion

® 100 -

904 [mOuMCHB-MECA
B 15 uM CI-IB-MECA
801 |@30 uM CHIB-MECA

70 4

60

50 A

apoptosis %

40

30 4

20 A

10 A

40 -
30 A
20 -
10 -
0 e ]
0 24

T e
48
Hr

24 48
Hr

Fig. 1. Induction of apoptosis by CI-IB-MECA in HL-60 (A) and MOLT-4 (B) cells. After treatment with 0, 15, or 30 pM CI-IB-MECA for 24 or 48 hr, the
cells were collected and then analyzed by flow cytometry as described in Section 2. Data shown are means £ SD of at least three independent experiments.
Key: significantly different with respect to the 0 hr value, P < 0.01 (Student’s t-test).
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technique was also consistent with the degree of apoptosis.
In HL-60 cells, no significant apoptosis was observed at a
concentration of CI-IB-MECA of <10 uM or at exposure
times shorter than 24 hr. Therefore, a 30 pM concentration
was used to study the mechanism of apoptosis induced by
CI-IB-MECA in subsequent experiments. Apoptosis was
not observed at 48 hr when the cells were treated for only 4
or 8 hr with CI-IB-MECA.

3.2. Effects of calcium modifiers on apoptosis
induced by CIl-IB-MECA

The role of intracellular calcium in CIl-IB-MECA-
induced apoptosis was examined, since it has been reported
that Cl-IB-MECA increases intracellular calcium levels

[10,15]. Fig. 2 shows that the Cl-IB-MECA-induced apop-
tosis and cell death were not affected when the release of
calcium from intracellular sources was blocked by dan-
trolene (25 or 50 uM), or when the intracellular calcium
was chelated following preincubation with BAPTA-AM
(0.1 or 0.2 uM). Since the apoptosis rates were not affected
by the addition of calcium modifiers, any potential change
in intracellular calcium levels by CI-IB-MECA would not
likely be involved in apoptosis induced by CI-IB-MECA.

3.3. Effects of A3AR antagonists on apoptosis
induced by CI-IB-MECA

Two human Aj;AR-selective antagonists, MRS 1523
(also selective in rat) and MRS 1220, were examined
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Fig. 2. Effects of calcium modifiers on CI-IB-MECA-induced cell death and apoptosis. HL-60 (A) or MOLT-4 (B) cells were incubated for 48 hr in culture
medium containing calcium modulators (Dan: dantrolene, BAP: BAPTA-AM) with or without 30 uM CI-IB-MECA. The degree of cell death was determined
by the Trypan blue exclusion test. Results are means = SD from the combined data of two independent experiments performed in triplicate. Percent

apoptosis, as determined by flow cytometry, is shown in parentheses.
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Fig. 3. Effects of the A;AR antagonist MRS 1523 on CI-IB-MECA-induced cell death. HL-60 (A) or MOLT-4 (B) cells were incubated for 48 hr in
culture medium containing 0—10 pM MRS 1523 with or without 30 uM CI-IB-MECA. Cell viability was determined by the Trypan blue exclusion test as
described in Section 2. Data are means & SD of three independent experiments. Key: significantly different with respect to 0 pM MRS 1523, P < 0.01

(Student’s #-test).

for their ability to block CIl-IB-MECA-induced apoptosis
in HL-60 and MOLT-4 cells. As shown in Fig. 3, a 48 hr
incubation with MRS 1523 (0-10 uM) did not improve cell
viability, which was reduced by 30 pM Cl-IB-MECA. At
the highest concentration (10 pM), MRS 1523 slightly
augmented the effect of 30 uM CI-IB-MECA in HL-60
cells. MRS 1220 (0-5 pM) also did not affect the apo-
ptotic rate induced by 30 uM CI-IB-MECA (data not
shown). At 5 uM, MRS 1220 would be expected to block
A and A, receptors [1]. Thus, the action of 30 pM CI-IB-
MECA at 48 hr appeared to be adenosine receptor-inde-
pendent.

3.4. Phospholipase C activity

It has been reported that the A3;AR is coupled to
phospholipase C (PLC) [21-23], considered one of the
main second messenger systems coupled to the A;AR. As
shown in Fig. 4, however, the production of inositol
phosphates was not increased by up to 60 uM CI-IB-
MECA in either HL-60 or MOLT-4 cells. To ascertain
that a functional PLC system was present, we examined the
effect of UTP, which activates endogenous P2Y, nucleo-
tide receptors in HL-60 cells. Treatment of HL-60 cells
with UTP-activated PLC with an approximately 2-fold
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Fig. 4. Production of inositol phosphates by CI-IB-MECA. HL-60 (A) or MOLT-4 (B) cells were labeled with nyo-[*HJinositol (1 pCi/lO(’ cells) for 24 hr.
Then the cells were treated for 30 min at 37° with CI-IB-MECA or UTP in RPMI 1640 medium containing 0.5% fetal bovine serum, 20 mM HEPES (pH 7.2),
20 mM LiCl, and 1 mg/mL of bovine serum albumin. [*H]-Inositol phosphates were extracted and separated by Dowex AG 1-X8 as described in Section 2.

Results are means + SD from the combined data of two independent experiments performed in triplicate.

increase at 10 uM. Therefore, HL-60 cells seemed to either
lack the A3AR or at least its ability to couple to PLC. UTP
had no effect in MOLT-4 cells.

3.5. Western blot analysis

To understand the mechanism of apoptosis induced by
CI-IB-MECA (30 uM), several apoptotic biomarkers were
investigated by means of immunoblotting (Fig. 5). Caspase 3
and poly-ADP-ribose-polymerase (PARP) were activated
in both leukemic cell lines in a time-dependent manner,
showing that Cl-IB-MECA-induced apoptosis through the
caspase pathway. We also observed a significant increase
of Fas following 24 and 48 hr exposures to CI-IB-MECA.

There were no changes in the expression of TRAIL, Bcl-2,
or Bax (data not shown).

3.6. Effects of agonistic (CH-11) and antagonistic (ZB-4)
anti-Fas antibodies on apoptosis induced by CI-IB-MECA

Due to its pronounced up-regulation in these cell lines,
the involvement of Fas expression in Cl-IB-MECA-
induced apoptosis was investigated further. HL-60
(Fig. 6A) and MOLT-4 (Fig. 6B) cells were treated for
24 hr with CI-IB-MECA and/or CH-11, an agonistic Fas
antibody [24], and apoptosis was determined using FACS.
The apoptosis rate in both cell lines was not changed
significantly by CH-11 alone during 24 hr, although there
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Fig. 5. Activation of caspase 3 and PARP and increase of Fas expression in HL-60 and MOLT-4 cells. After treating cells with 30 uM CI-IB-MECA for 24
and 48 hr, proteins were extracted, separated, and analyzed by Western blotting as described in Section 2. Antibody detection of actin bands demonstrated
that the same amount of protein was present in each lane. Blots shown are representative of at least three independent experiments.

were slight increases of cell death at 1 pg/mL, using the
Trypan blue exclusion test (data not shown). Apoptosis
induced by CI-IB-MECA (30 uM) in HL-60 cells (Fig. 6A)
was augmented to 130 and 180% of control with 0.25 and
1.0 pg/mL of CH-11, respectively. Augmentation effects
by CI-IB-MECA and subthreshold doses of CH-11 were
observed in MOLT-4 cells (Fig. 6B). A Fas antagonist was
also used to demonstrate that this increase in CI-IB-
MECA-induced apoptosis elicited by CH-11 was depen-
dent upon Fas. The pretreatment of HL-60 cell cultures
with the Fas antagonistic antibody ZB-4 (4 or 8 pg/mL) for
| hr, and its continued presence during the subsequent
incubation, reduced the degree of apoptosis induced by
prolonged (24 hr) exposure to CI-IB-MECA (30 pM) and
CH-11 (1 pg/mL) to the control level of approximately
30% (data not shown). These results implied that increased
Fas expression mediated the apoptotic effect of CI-IB-
MECA.

4. Discussion

It has been reported that A;AR agonists induce cell
death in leukemic and other cells [10-15], while the
mechanisms remain unknown. The present study was
undertaken to determine how CI-IB-MECA, an A3;AR
agonist, induced apoptosis in leukemic cells.

Intracellular calcium has been known to modulate
or transduce many intracellular signals including those
of programmed cell death or apoptosis. The increase in
intracellular free calcium following the activation of the
A3AR has been reported in HL-60 cells and in cardiac
myocytes [10,15]. We have investigated whether CI-IB-
MECA caused apoptotic cell death through an increase of

intracellular calcium levels. As shown in Fig. 2, the
induction of cell death by CI-IB-MECA was not affected
when the calcium release from sarcoplasmic reticulum was
inhibited by dantrolene, or when the free intracellular
calcium was removed by chelation. Therefore, the change
of intracellular calcium did not seem to play a role in the
CI-IB-MECA-induced apoptosis.

The A3AR increases intracellular calcium levels through
the coupling to PLC [1]. Therefore, we tested the activity
of PLC in these leukemic cells upon treatment with CI-IB-
MECA (Fig. 4). Inositol phosphates were not increased by
CI-IB-MECA in either HL-60 or MOLT-4 cells. However,
inositol phosphates were increased by UTP used as a
positive control that acts through P2Y, receptors known
to be expressed in HL-60 cells (Fig. 4). When UTP was
added to HL-60 cells, it increased the production of inositol
phosphates in a concentration-dependent manner, demon-
strating the existence of purinergic receptors coupled to
PLC. However, MOLT-4 cells appear to lack P2Y, or P2Y,
receptors, which are normally activated by UTP, although
the presence of P2Y receptors in MOLT-4 cells has been
reported [25]. Therefore, CI-IB-MECA did not act through
a PLC-coupled A3;AR.

Additional evidence that the apoptotic effect of CI-IB-
MECA was not exerted through A3AR activation was
obtained using the selective A3;AR antagonist MRS
1523. The presence of this antagonist in the medium
throughout the incubation did not block or diminish the
Cl-IB-MECA-induced cell death (Fig. 3). Another antago-
nist of adenosine receptors, MRS 1220 (at 1 and 5 pM),
also had no effect (data not shown). Since no antagonism
was observed, the stability of MRS 1220 in the experi-
mental conditions was investigated. It was demonstrated
by HPLC analysis that MRS 1220 remained intact during a
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Fig. 6. Effect of CH-11 on CI-IB-MECA-induced apoptosis. HL-60 (A) or MOLT-4 (B) cells were incubated for 24 hr in culture medium containing various
concentrations of CH-11 with or without 30 uM CI-IB-MECA. The apoptotic rate was determined by the Trypan blue exclusion test and by flow cytometry as
described in Section 2. Data are means =+ SD of three independent experiments. Key: significantly different with respect to 0 pg/mL of CH-11, P < 0.01

(Student’s #-test).

48 hr incubation in the presence of HL-60 cells (data not
shown). Therefore, a mechanism other than activation of
adenosine receptors seems to be responsible. In rat cardiac
myocytes [26], a lower concentration of antagonist (MRS
1523, 1 pM) was reported to antagonize apoptosis induced
by 20 uM IB-MECA, but only when the agonist was
present for a short period, i.e. 2 hr. In the leukemic cells,
however, we observed that the short periods of treatment
with antagonists (2, 4.5, 9, 18 hr) also did not prevent the
apoptosis induced by CI-IB-MECA (24 hr). Under condi-
tions similar to those of Fig. 1, a newly reported Aj agonist
[27], MRS 1898 (30 uM), did not induce apoptosis sig-
nificantly (5% at 48 hr compared with 60% for CI-IB-
MECA), which is additional evidence that the CI-IB-

MECA-induced apoptosis in HL-60 cells does not occur
through the A3;AR (data not shown). Nevertheless, the
presence of A;AR mRNA in HL-60 cells has been shown
[10] by reverse transcription-polymerase chain reaction
(RT-PCR). It was not possible, using '>’I-AB-MECA, to
detect radioligand binding to the A3AR in HL-60 cell
membranes [10]. There may be an insufficient amount
of A3AR on the cell membrane to transduce the signal. Cl-
IB-MECA may induce apoptosis through a pathway dif-
ferent from A3;AR activation. However, there is also a
possibility that the A;AR may contribute to apoptosis by
activating a pathway different from the second messenger
signals tested above or that prolonged agonist exposure
may have desensitized the A3;AR. The G proteins that
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function in coupling to the A3AR may be involved in the
apoptotic process. For example, the activation of Akt,
which leads to an anti-apoptotic cascade, by the ml or
m2 muscarinic receptors, both of which are G protein-
coupled receptors, seems to be signaled through Ga, Go,
and By without activation of protein kinase C (PKC) [28].

When apoptosis was induced in HL-60 and MOLT-4
cells by CI-IB-MECA, activation of caspase 3 and PARP
was observed (Fig. 5). There was also an increase of Fas
expression, which may mediate the apoptotic cell death
(Fig. 5). Fas induction was not observed when apoptosis
was induced by 10 uM camptothecin, a topoisomerase I
inhibitor, for 5 hr (data not shown). Thus, CI-IB-MECA-
induced apoptosis occurred through a pathway different
from camptothecin, and the activation of the Fas signal is
an important step in the pathway.

Fas, a member of the tumor necrosis factor (TNF)
receptor family, has been considered to have an important
role in the regulation of death in many cell types, especially
in mediating signals to induce lymphocytic apoptosis and
to prevent autoimmune disease [29,30]. Liver cells infected
with hepatitis C virus showed up-regulation of Fas, which
is thought to be activated by the Fas ligand (FasL) on the T
cells in an inflamed lesion of the liver [31]. It was also
suggested that the induction of Fas expression may be one
of the mechanisms of action of chemotoxic drugs and thus
might enhance the cell susceptibility to Fas-mediated
apoptosis [32].

The importance of p53 in Fas expression has been
reported recently. In human vascular smooth muscle cells,
p53 activation transiently increased surface Fas expression
[33]. Fas was up-regulated in p53™", but not in p53 '~
human leukemic cells when apoptosis was induced by
irradiation [34,35]. The transfection of wild-type p53 into
a p53-null adenocarcinoma induced the marked up-regula-
tion of Fas [36]. In human colon cancer cell lines, the
induction of Fas by 5-fluorouracil and leucovorin was also
found to be pS3-dependent [37]. It was suggested that Fas
enhanced p53-mediated apoptosis [38], and that pS3 sen-
sitized cells to Fas-induced apoptosis [33]. According to
the data that we have shown, the increased expression of
Fas by CI-IB-MECA seems to be a novel mechanism for
the induction of apoptosis in human leukemia cells, which
do not have functional p53. HL-60 cells are known to be
p53-null [39], and MOLT-4 cells have a mutated p53 that
cannot be expressed [40]. Therefore, our results suggest a
deviation from previously characterized pathways of apop-
tosis. It would be intriguing to understand how CI-IB-
MECA induced the expression of Fas and if the pathway is
related to that of p53 signals. Although it is uncertain how
Cl-IB-MECA induced the expression of Fas in these cells,
we have shown that Fas can be up-regulated independently
of p53.

Since Fas-mediating signaling plays an important part in
the regulation of lymphocyte populations, the intervention
by bisindolmaleimide VIII, which facilitates Fas-induced

apoptosis signaling processes, was suggested as a possible
strategy for the treatment of autoimmune disease, by
enhancing apoptosis to eliminate self-reactive T cells
[41]. Widely used anticancer drugs, such as methotrexate
and doxorubicin, have been known to act through the up-
regulation of FasL expression, leading to apoptosis of Fas-
sensitive tumor cells [42]. Here we suggest that the up-
regulated Fas expression by CI-IB-MECA may also be a
good candidate strategy for autoimmune disease or for
cancer treatment in combinations with those applications.
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