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Arsenic Trioxide Induces Erythroid Differentiation and
Apoptosis of K562 Human Leukemia Cells through the
Down-Regulation of Bcl-2
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Background: Arsenic trioxide (As;Os) has been identified as an effective drug for the treatment of acute
promyelocytic leukemia (APL). However, the role of As;Os3 during the erythroid differentiation of human
leukemic cells remains unknown. In this study, we investigated the in vitro effects of As;O; on the
erythroid differentiation of the K562 cell line and also on the expression and regulation of the apoptotic
modulators of this process.

Methods: The K562 cells were cultured in the presence of 0.1, 0.5 and 1.0 yM As;Os, or they were
cultured in the presence of 1.0 and 10 £ M all trans retinoic acid (ATRA). The expression of glycophorin
A before and after treatment with As,Os; or with ATRA in the K562 cells was assessed by flow cytometry
and western blotting. The expressions of Bcl-2 and caspase-3 were determined by western blotting.
Results: The viability of the K562 cells was not decreased after treating with 0.1 and 0.5 yM of As;Os,
but the viability was significantly reduced at a dose of 1.0 #M. Caspase 3 activation was not observed
at 0.1 and 0.5 uM of As,O; until 12 days, but Caspase 3 was activated by 1.0 yM of As;O3 from day
3. The expression of glycophorin A was increased in dose dependent manner by As;Os treatment, but
this was not changed in the ATRA treated K562 cells. The expression of Bcl-2 was increased by 0.1
and 0.5 uM of As;Os, but it was abruptly reduced by 1.0 M of As;Os.

Conclusion: These results suggest that As;Os induces the erythroid differentiation of K562 cells and that
1.0 uM of As;O3 induces apoptosis through the down-regulation of Bcl-2. (Korean J Hematol 2005;
40:93-100.)

Key Words: Arsenic trioxide, Differentiation, Apoptosis, ATRA, K562

A4 12005 49 149, 4 12005 59 19¢Y Correspondence to : Jong-Ho Won, M.D., Ph.D.
%91 : 20053 6¥ 8d Division of Hematology-Oncology, Soon Chun Hyang University
WAAA : AFS, AEA] AT EE 657-58 Hospital
@7140-743, A FHFwE A AT FH I 657-58 Hannam-dong, Yongsan-gu, Seoul 140-743, Korea
Tel: 02-709-9182, 9203, Fax: 02-709-9200 Tel: +82-2-709-9182, 9203, Fax: +82-2-709-9200
E-mail: jhwon@hosp.sch.ac.kr E-mail: jhwon@hosp.sch.ac.kr

This study was supported by a grant of the Korea Health 21
R&D Project, Ministry of Health & Welfare, Republic of Korea
(02-PJ1-PG10-20699-0001) and Soon Chun Hyang University
Research Fund (20040152).

93



94 Korean J Hematol Vol. 40, No. 2, June, 2005

INTRODUCTION

Although arsenic compounds are known poi-
sons, they have been used in traditional oriental
medicine for centuries. Recently arsenic com-
pounds, such as arsenic trioxide (As;Os) and
arsenic disulfide, have proven to be effective in
the treatment of relapsed acute promyelocytic
leukemia (APL). Moreover, toxicities were found
to be acceptable, neither bone marrow depression
nor other severe clinical side effects were obser-
ved. The mechanisms of action were shown to
exert dose dependent- dual effects in APL cells,
1.e., by triggering apoptosis and inducing partial
differentiation.”™ These effects were associated
with the modulation and degradation of the
t(15:17)-specific fusion protein PML-RAR o .*”
However, recent reports suggest that the apoptotic
effect of As;O; is not specific for APL cells, and
that it can be observed in non-APL leukemia and

% as well as in other tumor

lymphoma cell lines™
cell lines.'®™ As,03 can induce the activation of
caspases, > the downregulation of Bcl-2,"" the
16)

modulation of p53,™ as well as the uncoupling of

the mitochondrial potential."'”

The induction of tumor cell differentiation
represents an attractive strategy for the treatment
of a wide range of malignancies. Differentiation
of HL-60 promyelocytic leukemia cells towards
neutrophils or monocytes have been shown to
induce apoptotic cell death. This differentiation-
induced apoptosis was found to be coupled by the

1819 Because little is

downregulation of Bcl-2.
known about As;O; in tumor models of erythroid
differentiation, we investigated the in vitro effect
of As;Os on the erythroid differentiation of K562
cell line using glycophorin A, a marker for
erythroid differentiation and upon the expressions

and regulations of the Bcl-2 and caspase 3.

MATERIALS AND METHODS
1. Cell culture

The K562 human leukemia cell line was obta-
ined from the American Type Culture Collection
(Rockville, MD, USA). Cells were grown in RPMI
1640 (GIBCO-BRL, Gaithersburg, MD, USA)
supplemented with 10% heat-inactivated fetal
bovine serum (FBS; GIBCO-BRL) and 1% peni-
cillin-streptomycin. To induce differentiation, cells
were cultured in the presence of 0.1 uM, 0.5 M,
and 1M As;O; (Sigma, St. Louis, MO, USA), or
1M and 10 zM all trans retinoic acid (ATRA).
Fresh medium containing the differentiation
inducers was added to the cultures every 72 hours.
Cell viability was assessed at 3, 6, 9, and 12 days
after culture by the trypan blue exclusion assay.

2. Reagents

As;O3 and ATRA were purchased from the
Sigma Chemical Co. (St. Louise, MO, USA).
Monoclonal mouse antibody for glycophorin A
was obtained from Biogenesis Ltd (Poole, UK)
and PE-conjugated anti-human glycophorin A was
obtained from BD Pharmingen (Mountain view,
CA, USA). Monoclonal mouse anti-human bcl-2
and polyclonal rabbit anti-caspase 3 were obtained
from BD Pharmingen.

3. Flow Cytometric Analysis

Flow cytometry was performed on a FACScan
flow cytometer (Becton-Dickinson, Mountain View,
CA, USA). The expression of glycophorin A
before and after treatment with As;Os; or ATRA
in K562 cells was assessed by PE-conjugated
anti-human glycophorin A. PE- conjugated anti-
mouse IgGl was used as a negative control and
10,000 events were counted for each analysis.

4. Western Blot Analysis

Expression of glycophorin A, Bcl-2, and caspase-3
were determined by western blot analysis. Cells
were lysed in ice-cold PBS containing 1% Nonidet
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Fig. 1. Viability of K562 cells after treatment with As,03 or ATRA. (A) The percentage of viable K562 cells after treatment with
1uM of As;,03 began to decrease significantly 9 days after treatment. (B) The viabilities of K562 cells were 97%, 91%, and
74.5% by day 12 of treatment with 0.1 zM, 0.5 zM, and 1 uM of As;03, respectively (*P <0.05, P< 0.05). The viability of K562
cells was not changed by adding 1 M and 10 uM of ATRA until day 12.

P-40, 0.5% sodium deoxycholate, 0.1% SDS, 2.0
g/mL aprotinin and protease inhibitor cocktail
(Roche Diagnostics GmbH, Mannheim, Germany)
by passing them through a 21 gauge needle. Lysed
cells were centrifuged at 12,000 rpm to remove
cellular debris, and the protein concentrations of
the extracts were determined by colorimetric
bicinchoninic acid analysis (Pierce, Rockford, IL,
USA). 30 ug of proteins were separated by 10%
SDS-PAGE, and the proteins were electrophor-
etically transferred to a polyvinylidene difluoride
membrane. The membrane was blocked with 8%
non-fat dry milk in TTBS (50 uM Tris-Hcl (pH
7.5), 150 uM NaCl, 0.1% (v/v) Tween 20) for 1
hour at room temperature and incubated in
primary antibody diluted to 1 : 1,000 in TTBS/
8% non-fat dry milk for 4 hours at room tem-
perature. The membrane was then washed three
times with TTBS for 15 minutes and subse-
quently incubated in HRP-conjugated goat anti-
rabbit IgG (DAKO, Glostrup, Denmark) or HRP-
conjugated goat anti-mouse IgG (Bio-Rad, Her-
cules, CA, USA) diluted to 1 : 3,000 in TTBS/ 8%
non-fat dry milk for 1 hour at room temperature.
The membrane was then washed three times, as
described above and developed using the ECL
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Fig. 2. Caspase 3 activation in K562 cells after treatment
with As,03. Activation of cleaved caspase-3 (17kDa) was
observed in K562 cells treated with 1 M of As,03. Caspase-3

was not activated in K562 cells treated with a low dose As,03
(0.1 uM and 0.5 uM).

detection system (Amersham, Arlington Heights,
IL, USA).

S. Statistical Analysis

All of the assays were conducted in triplicate.
The results are expressed as means*=SD. Statis-
tical analysis for the viability assay was determined
by students t-test. Values of P less than 0.05 were
considered statistically significant.

RESULT

1. Viability of K562 cells after treatment with As;O;
or ATRA

In the first set of experiments, we investigated
the viability of K562 cells after treatment with
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Fig. 3. Expression of glycophorin A in K562 cells after treatment with As,O3 or ATRA by using the flow cytometry and western
blot analysis. (A) Flow cytometric analysis showed that the intensity of glycophorin A expression was increased in a dose
dependent fashion in K562 cells after 3 days incubation with As,03; but was unchanged in K562 cells incubated with ATRA.
(B) Western blot analysis showed that treatment with As,0; induced upregulation of glycophorin A in a dose dependent fashion,
whereas glycophorin A remained unaltered when treated with ATRA.

As;03; or ATRA by using the trypan blue exclu-
sion assay (Fig. 1). The percentage of viable K562
cells after treatment with 1.0 uM of As,Os began
to decrease significantly 9 days after treatment.
The viabilities of the K562 cells were 97%, 91%,
and 74.5% by day 12 of treatment with 0.1 uM,
0.5uM, and 1.0uM of As;Os, respectively (P
<0.05). The viability of K562 cells was not
changed by adding 1.0 M and 10 M of ATRA

until day 12.

2. Induction of apoptosis by As;O;

To determine whether the cytotoxic effect
induced by As;O3 is induced by apoptosis, we
examined the expression of caspase-3, which plays
an essential role in the induction of apoptosis,
during the treatment of K562 cells with As,Os or
ATRA by a western blot analysis (Fig. 2). After
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Fig. 4. Expression of Bcl-2 in K562 cells after treatment with As,03 or ATRA. The expression of Bcl-2
was increased in a time and dose dependent fashion in K562 cells treated with 0.1 ¢M or 0.5 uM of
As,0; but abruptly decreased in K562 cells from 9 days after incubation with 1.0 uM of As,03. Bcl-2
expression was not changed in K562 cells incubated with ATRA.

treatment, cleaved caspase-3 (17kDa) activation
was observed in K562 cells treated with 1.0 yM of
As203. Caspase-3 was not activated in K562 cells
treated with 0.1 M and 0.5¢M of As,O; or
ATRA (1 ¢M and 10 uM).

3. Erythroid differentiation of K562 cells

We next assessed the expression of glycophorin
A in K562 cells after treatment with As;O; or
ATRA by flow cytometry and western blot. Flow
cytometric analysis showed that glycophorin A
expression was increased in a dose dependent
fashion in K562 cells after 3 days of incubation
with As;0;, but was unchanged in K562 cells
incubated with ATRA (Fig. 3A). Western blot
analysis showed that treatment with As,O; induced
the upregulation of glycophorin A in a dose
dependent fashion, whereas glycophorin A remai-
ned unaltered when treated with ATRA (Fig. 3B).

4. Expressions of Bcl-2

Although, ATRA resistant K562 cells can undergo
erythroid differentiation in the presence of 0.1 yM
and 0.5 #M of As;Os, apoptosis was observed only
at 1.0 uM of As;O;. To investigate whether abno-
rmal expressions of apoptotic modulators are
involved during erythroid differentiation and
apoptosis, we examined the expressions of Bcl-2
in K562 cells after treatment with As;Os; or ATRA.
The expression of Bcl-2 was increased in a time
and dose dependent fashion in K562 cells treated
with 0.1 uM or 0.5uM of As;Os but abruptly

decreased in K562 cells treated with 1.0 uM of
As;0s;. Bcl-2 expression was unchanged in K562
cells incubated with ATRA (Fig. 4).

DISCUSSION

As;O; at a dose of 1~2 M was shown to have
therapeutic effect against APL cells, even in
patients resistant against ATRA or conventional
chemotherapy, with minimal toxicity by induction
of apoptosis of APL cells®****Y The success of
As;O;3 in inducing high rates of complete remis-
sion in patients who have relapsed with this
aggressive, acute disease provides an impetus for
uncovering its specific mechanisms of action that
underlie these dramatic clinical responses. Al-
though there has been considerable focus on
PML- RARa and PML in terms of response to
arsenic, recent investigation has yielded consider-
able data on the mechanisms by which arsenic
acts on other cellular pathways. Arsenic acts on
cells through a variety of mechanisms, influencing
numerous signal transduction pathways, and this
results in a vast range of cellular effects that
include apoptosis induction, growth inhibition,
promotion or inhibition of differentiation, and
angiogenesis inhibition.”? These cellular effects
suggest a rationale for the evaluation of As;O; as
a possible therapy in other hematologic malig-
nancies. Therefore, we investigated the in vitro
effect of As;O3; on the K562 erythroid leukemia
cell line.
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In this study, we examined the in vitro effect
of As;Os on the erythroid differentiation of K562
cells and upon the expressions and regulations of
the apoptotic modulators of this process. We used
low doses of As;O3; (0.1~1 M) because 1~2 uM
of the plasma concentration of As,O; is thought
to be a safe range in human.” K562 cells undergo
erythroid differentiation after treatment with
As;Os. We found that the erythroid differentia-
tion of K562 cells was observed from 0.1 u M of
As;Os but significant loss of cell viability by
activation of an apoptotic process was only
observed at 1.0 uM of As;Os. Activation of cleaved
caspase-3 was also observed in K562 cells treated
with 1.0 z M of As;Os. Caspase-3 was not activated
in K562 cells treated with 0.1 # M and 0.5 4 M of
As;Os. Moreover, the apoptosis of K562 cells was
associated with the diminished expression of Bcl-2
protein. The expression of Bcl-2 increased in a
time and dose dependent fashion in K562 cells
treated with 0.1 M and 0.5uM of As;Os but
abruptly decreased in K562 cells treated with 1.0
M of As;Os. As;Os has been shown to exert
dose-dependent dual effects in APL cells, i.e., by
triggering apoptosis and inducing partial differ-
entiation.”? Low dose As;0: (0.1~0.5 uM)-
induced differentiation might be mediated dire-
ctly or indirectly by RARa-related signaling
pathways in APL cells. On the other hand, high
dose As;O; (1.0 uM)- induced apoptosis involves
collapse of the mitochondrial transmembrane
potential, triggers the release of pro-apoptotic
factor from mitochondria to cytoplasm, which is
followed by caspase activation and the degradation
of specific substrates.” Although As;Os; induced
differentiation has been selectively observed in
APL cells previously, in this study, we demons-
trate the As;O; induced erythroid differentiation
of K562 erythroid leukemic cells. 0.1~0.5 uM of
As;O3; induced glycophorin A expression without
a loss of cell viability in K562 cells. These results
suggest that low dose As;O; induces erythroid
differentiation in K562 cells, and that the activa-
tion of Bcl-2 was found to inhibit apoptosis.

Benito et al.'"¥ demonstrated the erythroid differ-
entiation of K562 and HEL cells after treatment
with retinoic acid, hemin, or TGF-5. The
erythroid differentiation of both HEL and K562
cells led to progressive loss of cell viability by
activating an apoptotic process. In our study, the
apoptosis of K562 cells was associated with the
diminished expression of Bcl-2 protein. The
expression of Bcl-2 increased in a time and dose
dependent fashion in K562 cells treated with 0.1
oM and 0.5 M of As;Os but abruptly decreased
in K562 cells treated with 1.0 yM of As,;Os;. These
results indicate that apoptosis and erythroid
differentiation proceed simultaneously, but that
they can be uncoupled by the expression of Bcl-2.
This data is in agreement with that reported for
HL-60 myeloid leukemic cells, in that the overex-
pression of Bcl-2 cells did not affect their
maturation, but prevented the apoptosis induced
by myeloid differentiation.'”*** Thus, the dose
dependent dual effects in K562 cells treated with
As;O; can be explained by a decreased Bcl-2
expression. These results suggest that 0.1~0.5 M
of As;Os; induced erythroid differentiation in
K562 cells and up-regulate Bcl-2 inhibited apo-
ptosis. On the other hand, 1.0 yM of As,Os poten-
tially down-regulates Bcl-2 gene expression. There
are some arguments for the change of Bcl-2
expression in K562 cells treated with As;Os;. Zhu
et al.”® reported Bel-2 expression did not change
in K562 cells after incubation with 1.0 M of
As;O; for 2 days but other investigators showed
down-regulation of the Bcl-2 after incubation for
4 days with 2.0 uM of As;0:.”” In our data, we
found definite down-regulation of the Bcl-2 expre-
ssion from 9 days after incubation with 1.0 yM of
ASzOg.

Our study suggests that As;O; can induce K562
erythroid leukemic cell differentiation and apop-
tosis. 0.1~0.5 uM of As;O; induced the erythroid
differentiation of K562 cells but only 1.0 uM of
As;O; induced apoptosis. Dose dependent dual
effects in K562 cells treated with As,Os can be
explained partly by a decreased Bcl-2 expression,
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although the precise roles and mechanisms involved
require further investigation.
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