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may effectively inhibit multiple areas of neuronal 
excitability (20).
In this study the spinal fluid and blood concentrations 
of fentanyl were not measured. It seems that 
it is advantageous to measure onset time of 
block objectively, with computer–assisted infrared 
thermography camera. Further work is required to 
define the role of peripherally acting opioids in this 
situation.  

CONCLUSION
From the results of this study , it appears that addition 

Fentanyl supplement expedites…

of 75 µg fentanyl to 1.5% lidocaine solution shorten 
the onset times of sensory and motor blocks during 
the interscalene brachial plexus block without any 
increase in side effects.
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ABSTRACT
Background and the purpose of the study: Experimental and preclinical observations have 
indicated that combination therapy with all-trans-retinoic acid (ATRA) and arsenic trioxide 
(ATO) may strongly enhance their therapeutic effects in the treatment of acute promyelocytic 
leukemia (APL). Whilst dexamethasone (Dex) is routinely used for the control of APL-
differentiation syndrome, its effect on the pharmacodynamics of ATO is not clear. Therefore, 
in this study, effects of therapeutic concentrations of ATO, ATRA and Dex and their sequential 
usages on the proliferation, differentiation and apoptosis in t(15;17)-positive NB4 cells was 
investigated.
Methods: Cells were treated with therapeutic concentrations of ATO, ATRA and Dex either 
as single or in combination and cell proliferation was assessed by XTT assay. Expression of 
CD11b as an indicator of cell differentiation and the percentage of 7-AAD positive cells as a 
marker of apoptosis were determined by flow cytometry.
Results: ATO, but not ATRA and Dex, decreased proliferation of the cells dose-dependently. 
Pre-treatment of the cells with any of the drugs did not alter the effects of other drugs on the 
proliferation. Pre-treatments with Dex blocked the apoptotic effect of ATO (1 µM). 
Conclusion: No improvement or antagonistic effects was observed with the pretreatment/
combination of the ATO and ATRA on the differentiation and apoptosis of the cells. It is 
possible that concomitant usage of Dex with apoptotic doses of ATO in APL patients counteract 
therapeutic effects of ATO.
Keywords: ATO, ATRA, Dexamethasone, Combination therapy, Apoptosis.
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INTRODUCTION
Acute myeloid leukemia (AML) is a disease 
characterised by abnormalities in the proliferation/
differentiation coupling. The exact cause of 
leukemia is not yet well known; however, family 
history, smoking, long term exposure to chemicals 
such as benzene, prolonged exposure to radiation 
(1) and abnormalities in the processes of cell 
proliferation, differentiation and apoptosis (2-
4) have been mentioned for this disease. Acute 
promyelocytic leukemia (APL) is a well-defined 
subtype of leukemia which accounts for 10-15% of 
acute myeloid leukemias. The APL is characterized 
by PML/RARα fusion protein resulting from a 
reciprocal translocation between the retinoic acid 
receptor-α (RARα) gene on the chromosome 17 and 
the PML gene on the chromosome 15. The PML/
RARα is leukemogenic and blocks the differentiation 

and apoptosis of promyelocytes. All-trans retinoic 
acid (ATRA) has therapeutic effect in APL due to its 
capability to induce the differentiation of leukaemia 
cells into mature granulocytes. 
Recently, arsenic trioxide (ATO) has been used to 
treat relapsed and newly diagnosed APL patients (5, 
6). At the molecular level, ATO exerts a number of 
dose-dependent dual effects on APL cells such as 
induction of apoptosis and partial differentiation 
at concentrations of 0.5-2.0 µM and 0.1-0.5 µM, 
respectively (7). Recently we have shown the role of 
Bax, p38 and ERK1 proteins in differentiation and 
apoptosis of promyelocytes in APL patients during 
treatment with ATO (6). There are controversial 
in vivo and in vitro reports on the preference of 
ATRA/ATO combination therapy for APL and non-
APL over monotherapy with each of them (5, 8-10). 
Also there are  contradictory reports  on in vitro 
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pre-treatment and combination therapy of ATO and 
ATRA (8, 11). 
APL-differentiation syndrome is a life threatening 
adverse effect of differentiating agents like ATO and 
ATRA used for the treatment of APL. Administration 
of high doses of corticosteroids especially Dex 
have proved to be very effective treatment for 
prevention of this syndrome (6, 12). Highdoses of 
methylprednisolone has been shown to induce in 
vivo and in vitro differentiation of myeloid leukemia 
cells to mature granulocytes in patients with APL and 
other subtypes of AML (13). However, an important 
question is whether the prophylactic and concomitant 
corticosteroid treatment could potentially affect the 
efficacy and potency of ATO and ATRA therapy. 
This study was undertaken to delineate the possible 
interferences of Dex with the therapeutic actions 
of ATO and ATRA to address the aforementioned 
question.
In this study effects of pre-treatment with ATRA 
and Dex on ATO-induced apoptosis, effects of 
Dex on ATO and ATRA-induced differentiation 
and effects of combination of these drugs on 
proliferation and/or toxicity of NB4-APL cell line 
were investigated.  

MATERIAL AND METHODS

Reagents 
Arsenic trioxide (As2O3; ATO) was purchased from 
Sigma Chemical Co (St Louis, MO, USA) and 
dissolved in NaOH alkalinized deionized water in 
the stock concentration of 1 M and then diluted 
with PBS to a working concentration of 50 µM. All-
trans retinoic acid was purchased from Sigma and 
dissolved in 100% ethanol to a stock concentration 
of 1 M, stored light protected at -20°C. For every 
experiment the fresh working solution of 500 µM 
of ATRA was prepared in absolute ethanol. Water 
soluble Dex (Dexamethasone dihydrogenphosphate; 
Dexa-rattiopharm®, Germany) was diluted to 
working solution of 500 µM with phosphate-buffered 
saline (PBS, 137 mM NaCl, 2.7 mM KCl, 10 mM 
Na2HPO4, 2 mM KH2PO4, pH of 7.4).

Cell culture
The NB4 promyelocytic cell line was maintained in 
complete medium containing RPMI 1640 medium 
(Sigma, USA) with 10% FBS (Gibco, USA),            
100 U/ml penicillin and 100 mg/ml streptomycin 
(Gibco, USA) in a humidified atmosphere with 5% 
CO2 at the concentration of 1×105/ml - 1×106/ml 
cells.

Pre-treatment and treatment of cells
For pre-treatment, cells were cultured in four 
groups using complete medium in 25 cm2 tissue 
culture flasks. The first group was pre-treated with 
ATO (0.25 µM), the second with ATRA (1 µM), the 

third with Dex (1 µM) and the forth with no pre-
treatment. After 24 hrs, all groups of cells were 
washed with PBS and re-suspended in complete 
medium containing the same reagents as above. 
Then, all cells were subjected to further treatments 
as follows: Group 1 was divided in three subgroups 
receiving ATRA (0.5 and 1 μM respectively) and 1 
μM of Dex; group 2 was divided in three subgroups 
receiving ATO (0.25 and 1 μM respectively) and 1 
μM of Dex; three subgroups of group 3 received ATO 
(0.25 and 1 μM) and 1 μM of ATRA respectively. 
Group 4 was divided in four subgroups receiving 
ATRA (0.5 and 1 μM respectively), 0.25 μM of ATO 
and 1 μM of Dex.
In co-treatment experiments, each of the four main 
groups of cells were each treated for 24 hrs with 
one main drug and various concentrations of other 
drug partners as outlined in the legends of respective 
graphs. 

XTT assay for cellular proliferation
Aliquots of 100 µl of the cell suspension containing 
30,000 cells were dispensed into 96-well flat-
bottomed microplates. The proliferation of the cells 
was assessed using XTT Cell Proliferation Kit II 
(Roche, Germany) according to the manufacturer’s 
guideline. Eexperiments were performed in 
triplicates and repeated three times. Absorbance at 
450 nm (A450nm) of the formazan was measured using 
a microplate reader adjusted to zero by the reagent 
blanks to correlate the colored product with the 
number of cells, and the results were expressed as a 
ratio of the treated cells over the untreated cells.

Flow cytometric analysis of differentiation
Cells were incubated for 30 min with PE-
conjugated mouse anti-human CD11b antibody 
(Becton Dickinson, USA). Control studies were 
performed with non-binding control mouse IgG2a 
isotype antibodies (Becton Dickinson, USA). The 
percentage of CD11b positive cells was determined 
by measurement of the fluorescence intensity using 
FAC Scan (Becton Dickinson, USA)

Apoptosis assay
For staining of apoptotic and dead cells, the 7-
amino-actinomycin D (7-AAD) method was used 
(14). Briefly, after culture of NB4 cells to 24-well 
plate, the cells were incubated with ATO (0.25 µM), 
ATRA (1 µM) or Dex (1µM). After 24 hrs incubation 
in a CO2 incubator, the second drug (ATO, ATRA or 
Dex) was added to the corresponding well, then after 
6, 12 and 24 hrs an aliquot of cells was harvested 
by centrifugation and incubated with 20 µg of 7-
AAD per ml in PBS containing 2% calf serum and 
0.1% sodium azide (Sigma, USA) (PBSAz) and in 
the absence of Ca2+ and Mg2+, for 20 min at 4°C 
protected from light. The cells were then analyzed 

on a FACScan flow cytometer (Becton Dickinson) in 
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pre-treatment and combination therapy of ATO and 
ATRA (8, 11). 
APL-differentiation syndrome is a life threatening 
adverse effect of differentiating agents like ATO and 
ATRA used for the treatment of APL. Administration 
of high doses of corticosteroids especially Dex 
have proved to be very effective treatment for 
prevention of this syndrome (6, 12). Highdoses of 
methylprednisolone has been shown to induce in 
vivo and in vitro differentiation of myeloid leukemia 
cells to mature granulocytes in patients with APL and 
other subtypes of AML (13). However, an important 
question is whether the prophylactic and concomitant 
corticosteroid treatment could potentially affect the 
efficacy and potency of ATO and ATRA therapy. 
This study was undertaken to delineate the possible 
interferences of Dex with the therapeutic actions 
of ATO and ATRA to address the aforementioned 
question.
In this study effects of pre-treatment with ATRA 
and Dex on ATO-induced apoptosis, effects of 
Dex on ATO and ATRA-induced differentiation 
and effects of combination of these drugs on 
proliferation and/or toxicity of NB4-APL cell line 
were investigated.  

MATERIAL AND METHODS

Reagents 
Arsenic trioxide (As2O3; ATO) was purchased from 
Sigma Chemical Co (St Louis, MO, USA) and 
dissolved in NaOH alkalinized deionized water in 
the stock concentration of 1 M and then diluted 
with PBS to a working concentration of 50 µM. All-
trans retinoic acid was purchased from Sigma and 
dissolved in 100% ethanol to a stock concentration 
of 1 M, stored light protected at -20°C. For every 
experiment the fresh working solution of 500 µM 
of ATRA was prepared in absolute ethanol. Water 
soluble Dex (Dexamethasone dihydrogenphosphate; 
Dexa-rattiopharm®, Germany) was diluted to 
working solution of 500 µM with phosphate-buffered 
saline (PBS, 137 mM NaCl, 2.7 mM KCl, 10 mM 
Na2HPO4, 2 mM KH2PO4, pH of 7.4).

Cell culture
The NB4 promyelocytic cell line was maintained in 
complete medium containing RPMI 1640 medium 
(Sigma, USA) with 10% FBS (Gibco, USA),            
100 U/ml penicillin and 100 mg/ml streptomycin 
(Gibco, USA) in a humidified atmosphere with 5% 
CO2 at the concentration of 1×105/ml - 1×106/ml 
cells.

Pre-treatment and treatment of cells
For pre-treatment, cells were cultured in four 
groups using complete medium in 25 cm2 tissue 
culture flasks. The first group was pre-treated with 
ATO (0.25 µM), the second with ATRA (1 µM), the 

third with Dex (1 µM) and the forth with no pre-
treatment. After 24 hrs, all groups of cells were 
washed with PBS and re-suspended in complete 
medium containing the same reagents as above. 
Then, all cells were subjected to further treatments 
as follows: Group 1 was divided in three subgroups 
receiving ATRA (0.5 and 1 μM respectively) and 1 
μM of Dex; group 2 was divided in three subgroups 
receiving ATO (0.25 and 1 μM respectively) and 1 
μM of Dex; three subgroups of group 3 received ATO 
(0.25 and 1 μM) and 1 μM of ATRA respectively. 
Group 4 was divided in four subgroups receiving 
ATRA (0.5 and 1 μM respectively), 0.25 μM of ATO 
and 1 μM of Dex.
In co-treatment experiments, each of the four main 
groups of cells were each treated for 24 hrs with 
one main drug and various concentrations of other 
drug partners as outlined in the legends of respective 
graphs. 

XTT assay for cellular proliferation
Aliquots of 100 µl of the cell suspension containing 
30,000 cells were dispensed into 96-well flat-
bottomed microplates. The proliferation of the cells 
was assessed using XTT Cell Proliferation Kit II 
(Roche, Germany) according to the manufacturer’s 
guideline. Eexperiments were performed in 
triplicates and repeated three times. Absorbance at 
450 nm (A450nm) of the formazan was measured using 
a microplate reader adjusted to zero by the reagent 
blanks to correlate the colored product with the 
number of cells, and the results were expressed as a 
ratio of the treated cells over the untreated cells.

Flow cytometric analysis of differentiation
Cells were incubated for 30 min with PE-
conjugated mouse anti-human CD11b antibody 
(Becton Dickinson, USA). Control studies were 
performed with non-binding control mouse IgG2a 
isotype antibodies (Becton Dickinson, USA). The 
percentage of CD11b positive cells was determined 
by measurement of the fluorescence intensity using 
FAC Scan (Becton Dickinson, USA)

Apoptosis assay
For staining of apoptotic and dead cells, the 7-
amino-actinomycin D (7-AAD) method was used 
(14). Briefly, after culture of NB4 cells to 24-well 
plate, the cells were incubated with ATO (0.25 µM), 
ATRA (1 µM) or Dex (1µM). After 24 hrs incubation 
in a CO2 incubator, the second drug (ATO, ATRA or 
Dex) was added to the corresponding well, then after 
6, 12 and 24 hrs an aliquot of cells was harvested 
by centrifugation and incubated with 20 µg of 7-
AAD per ml in PBS containing 2% calf serum and 
0.1% sodium azide (Sigma, USA) (PBSAz) and in 
the absence of Ca2+ and Mg2+, for 20 min at 4°C 
protected from light. The cells were then analyzed 

on a FACScan flow cytometer (Becton Dickinson) in 

Mandegary et al / DARU 2010 18 (4) 303-309

٨ 
 

Dex (1 μM) (Figure 1). Combined treatment of Dex with 1μM of ATO counteracted the 

antiproliferative effect of ATO, but not significantly. 

 

Figure 1. Proliferation of NB4 cells in response to therapeutic concentrations of ATO, ATRA 

and Dex alone or in combination. Cell proliferation was assessed by XTT assay for cellular 

proliferation. *** p< 0.001 compared to NB4 without any treatment, ¶¶¶ p<0.001 compared to 

ATRA at 0.5 μM, § p<0.05 and §§§ p<0.001 compared to ATRA at 1μM and †† p>0.01 

compared to Dex. at 1μM, One-way ANOVA.

Effect of pre-treatment of NB4 cells with ATO on the anti-proliferation of cells by ATRA 

and Dex 

Figure 2 shows that the antiproliferative profile of ATRA (0.5 and 1 μM) and Dex (1 

μM) didn’t change when the NB4 cells were pre-treated with low concentration of ATO 

(0.25 μM). 
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compared to ATRA at 0.5 μM, § p<0.05 and §§§ p<0.001 compared to ATRA at 1 μM and †† p>0.01 compared to Dex, at 1 μM, One-way 
ANOVA.
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Figure 2. Proliferation of pre-treated NB4 cells with 0.25 μM of ATO in response to therapeutic 

concentrations of ATRA and Dex. The cells were pre-treated with 0.25 μM of ATO for 24hrs 

and then second drugs namely ATRA and Dex were added to cells. Normal NB4 cells weren’t 

pre-treated with ATO.  

Effect of Dex pre-treatment on the anti-proliferation of cells by ATO  

Pre-teatment of NB4 cells with 1μM of ATRA did not change the anti-proliferative 

effects of ATO ( 0.25 and 1μM) and 1μM of Dex (Fig 3). Pre-treatment with 1μM of 

Dex also didn’t change the anti-proliferative effect of ATO and ATRA at concentration 

of 1μM (Fig 3).  
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to ATO, ATRA and Dex. NB4 cells pre-incubated with ATRA (1μM) and 1μM Dex 24hrs 

before addition of the second drug. Cell proliferation was assessed by XTT assay for cellular 
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the manufacturer’s staining solution. All data were 
collected, stored and analyzed by Lysis II software 
(Becton Dickinson, USA). 

Statistical analyses
Data were expressed as Means ± SEM of percentage 
of control. One-way analysis of variance (ANOVA) 
followed by the Tukey HSD was used to assess 
significant differences between treatment groups. 
Differences were considered as significant when 
p<0.05. 

RESULTS

Effects of ATO, ATRA and Dex on proliferation of 
NB4 cells 
ATO decreased the proliferation of NB4 cells 
significantly (p<0.001) at the concentration of           
1 µM. In contrast, ATRA (0.5 and 1 µM) and Dex                   
(1 µM) only increased the proliferation of NB4 cells 
insignificantly.

Effects of combination treatment with ATRA and Dex 
on the antiproliferative activity of ATO 
The antiproliferative profile of ATO in 
concentrations of 0.25 and 0.5 μM was not changed 
when ATO used with therapeutic concentrations 
of ATRA (0.5 and 1 μM) and Dex (1 μM)  (Fig 1). 
Combined treatment of Dex with 1 μM of ATO 
counteracted the antiproliferative effect of ATO, but 
not significantly.

Effects of pre-treatment of NB4 cells with ATO on 
the anti-proliferation of cells by ATRA and Dex
Figure 2 shows that the antiproliferative profile 
of ATRA (0.5 and 1 μM) and Dex (1 μM) didn’t 
change when the NB4 cells were pre-treated with 
low concentration of ATO (0.25 μM).

Effects of Dex pre-treatment on the anti-proliferation 
of cells by ATO 
Pre-teatment of NB4 cells with 1 µM of ATRA did 
not change the anti-proliferative effects of ATO 
(0.25 and 1 µM) and 1 µM of Dex (Fig 3). Pre-
treatment with 1 µM of Dex also didn’t change 
the anti-proliferative effects of ATO and ATRA at 
concentration of 1 µM (Fig 3). 

Effects of Dex on differentiation of NB4 cells by 
ATRA 
Pre-treatment with ATO at 0.25 µM induced 
differentiation to nearly 25% in NB4 cells 
as measured by expression of the CD11b 
marker. Addition of ATRA to the cells induced 
CD11b expression to 100% after 24 hrs but Dex 
insignificantly decreased CD11b expression (Fig 
4). ATRA induced the expression of CD11b, which 
its pattern of expression was unaffected by ATO or 
Dex. CD11b expression was low (10%) with Dex 
and its presence didn’t counteract CD11b expression 

after addition of ATO and ATRA.

Effects of pre-treatment with Dex on the apoptotic 
effects of ATO and ATRA
NB4 cells were pre-treated with 1 μM of Dex, 0.25 
μM of ATO or 1 μM of ATRA for 24 hrs before 
exposure to 1 μM of ATO or 1 μM of ATRA. The 
results showed that pre-treatment with Dex could 
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the manufacturer’s staining solution. All data were 
collected, stored and analyzed by Lysis II software 
(Becton Dickinson, USA). 

Statistical analyses
Data were expressed as Means ± SEM of percentage 
of control. One-way analysis of variance (ANOVA) 
followed by the Tukey HSD was used to assess 
significant differences between treatment groups. 
Differences were considered as significant when 
p<0.05. 

RESULTS

Effects of ATO, ATRA and Dex on proliferation of 
NB4 cells 
ATO decreased the proliferation of NB4 cells 
significantly (p<0.001) at the concentration of           
1 µM. In contrast, ATRA (0.5 and 1 µM) and Dex                   
(1 µM) only increased the proliferation of NB4 cells 
insignificantly.

Effects of combination treatment with ATRA and Dex 
on the antiproliferative activity of ATO 
The antiproliferative profile of ATO in 
concentrations of 0.25 and 0.5 μM was not changed 
when ATO used with therapeutic concentrations 
of ATRA (0.5 and 1 μM) and Dex (1 μM)  (Fig 1). 
Combined treatment of Dex with 1 μM of ATO 
counteracted the antiproliferative effect of ATO, but 
not significantly.

Effects of pre-treatment of NB4 cells with ATO on 
the anti-proliferation of cells by ATRA and Dex
Figure 2 shows that the antiproliferative profile 
of ATRA (0.5 and 1 μM) and Dex (1 μM) didn’t 
change when the NB4 cells were pre-treated with 
low concentration of ATO (0.25 μM).

Effects of Dex pre-treatment on the anti-proliferation 
of cells by ATO 
Pre-teatment of NB4 cells with 1 µM of ATRA did 
not change the anti-proliferative effects of ATO 
(0.25 and 1 µM) and 1 µM of Dex (Fig 3). Pre-
treatment with 1 µM of Dex also didn’t change 
the anti-proliferative effects of ATO and ATRA at 
concentration of 1 µM (Fig 3). 

Effects of Dex on differentiation of NB4 cells by 
ATRA 
Pre-treatment with ATO at 0.25 µM induced 
differentiation to nearly 25% in NB4 cells 
as measured by expression of the CD11b 
marker. Addition of ATRA to the cells induced 
CD11b expression to 100% after 24 hrs but Dex 
insignificantly decreased CD11b expression (Fig 
4). ATRA induced the expression of CD11b, which 
its pattern of expression was unaffected by ATO or 
Dex. CD11b expression was low (10%) with Dex 
and its presence didn’t counteract CD11b expression 

after addition of ATO and ATRA.

Effects of pre-treatment with Dex on the apoptotic 
effects of ATO and ATRA
NB4 cells were pre-treated with 1 μM of Dex, 0.25 
μM of ATO or 1 μM of ATRA for 24 hrs before 
exposure to 1 μM of ATO or 1 μM of ATRA. The 
results showed that pre-treatment with Dex could 
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counteract the apoptotic effects of ATRA and ATO 
(Fig 5). These effects were even maintained after 
withdrawal of each pre-treatment (data are not 
shown). Meanwhile pre-treatment with ATO did not 
change the apoptotic effect of ATRA and vice versa.

DISCUSSION
There are contradictory reports about the potential 
advantages of ATRA ATO combination therapy for 
APL over monotherapy with each of them (5, 8-10, 
15). Gianni et al (8) have reported that combination 
therapy with ATRA ATO gives better results than 
therapy with either of the two drugs in terms of 
complete remission and status of the disease-
free survival. However ATRA did not improve 
the response to ATO in relapsed APL patients in 
another study (9). Also in agreement with Gianni’s 
report, better results for ATRA/ATO combination 
therapy than monotherapy has been reported (15). On 
the other hand, Ghavamzadeh et al (5) have shown 
that ATO, with or without ATRA, can yield complete 
remission rate of 86.3% in the newly diagnosed and 
relapsed APL patients. Recently, Ravandi et al (10) 
have concluded that combination of ATO and ATRA 
as first line therapy for APL was effective and safe.
The finding that ATRA promotes in vivo ATO-
dependent efficacy, prompted us to perform further 
studies to define whether the sequence of these drugs’ 
administration influence their therapeutic effects, 
namely induction of differentiation and apoptosis. 
In addition, the effect of Dex, which is typically 
used to control the symptoms of differentiation of 
APL cells to mature cells, on the effects of ATO and 
ATRA treatment in the NB4 cells were investigated. 
In general aim of this study was to determine if there 
were any effects that could potentially have impact 
on safety and efficacy of this treatment regimen.
Treatment of NB4 cells with therapeutic 

concentrations of ATO (0.5-1 μM), ATRA (1 μM) 
and Dex (1 μM) for 24 hrs showed that only ATO 
decreased the proliferation of NB4 cells in a dose-
dependent manner leading to significant changes at 
1 μM concentration. Conversely, ATRA and Dex 
increased the proliferation of cells after 24 hrs to an 
insignificant level (Fig 1).
Results of the evaluation of pre-treatment efficacy 
showed that the proliferation of pre-treated NB4 
cells did not change under the effect of the second 
added drug as compared to unpretreated cells (Figs 
2 and 3). 
It was also investigated whether pre-treatment 
with ATO, ATRA and Dex would interfere with 
differentiation induced by each of them separately. 
ATO at 0.25 μM slightly increased differentiation of 
NB4 cells but did not potentiate the expression of 
CD11b induced by ATRA (Fig 4-A). Dex by itself 
neither induced NB4 cell differentiation nor affected 
the immunophenotypic parameter associated with 
the granulocytic differentiation induced by ATO 
and ATRA (Fig 4-C). This finding does not support 
the reports on the inductive effects of Dex on 
differentiation of acute myeloid leukemia and APL 
(16). 
To evaluate the effect of pre-treatment/combination 
therapy on the induction of apoptosis, after treatment 
of cells similar to previous experiments, frequency 
of apoptotic cells were assessed. 
The observation that ATO-induced apoptosis 
in NB4 cells was not changed by pre-treatment 
with ATRA (Fig 5) is consistent with the result 
of experiments published by Chen et al (17) and 
Gianni et al (8). However, Jing et al (11) have 
shown that pre-treatment with ATRA decreased 
ATO-induced apoptosis in ATRA-sensitive NB4 
but not ATRA-resistant cells. Notably, pre-
treatment of cells with Dex significantly decreased 
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the apoptosis induced by 1 μM of any of ATO and 
ATRA (Fig 5). Evidences demonstrate that ATO 
and ATRA exert some of their anti-leukemic effects 
through production of reactive oxygene species 
(ROS) (18, 19). NADPH oxidase has a major role 
in arsenic and ATRA-induced reactive oxygen 
species production, cytotoxicity and maturation of 
APL cells (18, 20). Condino-Neto et al (21) have 
shown that Dex down-regulates the components of 
NADPH oxidase and their activities. Therefore one 
can translate the suppressive effect of Dex on the 
apoptotic effects of ATO and ATRA to the decrease 
in the activity of NADPH oxidase.

Taken together, results of this study showed 
that pre-treatment of NB4 cells with therapeutic 
concentrations of ATO and ATRA did not improve 
the differentiation and apoptotic effects of each 
of them. Moreover, using Dex with higher 
concentrations of ATO may counteract therapeutic 
effects of ATO.
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the apoptosis induced by 1 μM of any of ATO and 
ATRA (Fig 5). Evidences demonstrate that ATO 
and ATRA exert some of their anti-leukemic effects 
through production of reactive oxygene species 
(ROS) (18, 19). NADPH oxidase has a major role 
in arsenic and ATRA-induced reactive oxygen 
species production, cytotoxicity and maturation of 
APL cells (18, 20). Condino-Neto et al (21) have 
shown that Dex down-regulates the components of 
NADPH oxidase and their activities. Therefore one 
can translate the suppressive effect of Dex on the 
apoptotic effects of ATO and ATRA to the decrease 
in the activity of NADPH oxidase.

Taken together, results of this study showed 
that pre-treatment of NB4 cells with therapeutic 
concentrations of ATO and ATRA did not improve 
the differentiation and apoptotic effects of each 
of them. Moreover, using Dex with higher 
concentrations of ATO may counteract therapeutic 
effects of ATO.

ACKNOWLEDGEMENTS
The authors would like to thank Dr. Bagher Amir-
Heidari for revising the text. This study was 
financially supported by the Deputy of Research, 
Kerman University of Medical Sciences. 

REFERENCES
1. Beutler E, Lichtman M, Coller B, Kipps T, Seligsohn U. Williams Hematology. 7th edition ed: McGraw-

Hill Professional, 2000.
2. Wang ZY, Chen Z. Acute promyelocytic leukemia: from highly fatal to highly curable. Blood, 2008; 111: 

2505-2515.
3. Akbari M, Saki G, Sobhani A, Abolhassani F, Salehnia M. The effect of recombinant human leukemia 

inhibitory factor (rhlif) on in vitro development of mouse 2-cell embryos and their isolated blastomeres. 
DARU, 2004; 12: 159-164.

4. Ghaffari M.A, Kadkhodaei-Elyaderani M, Saffari M.R, Pedram M. Monitoring of serum nitric oxide in 
patients with acute leukemia. Iranian Journal of Pharmaceutical Research, 2005; 4: 233-237.

5. Ghavamzadeh A, Alimoghaddam K, Ghaffari SH, Rostami S, Jahani M, Hosseini R, Mossavi A, Baybordi 
E, Khodabadeh A, Iravani M, Bahar B, Mortazavi Y, Totonchi M, Aghdami N. Treatment of acute 
promyelocytic leukemia with arsenic trioxide without ATRA and/or chemotherapy. Ann Oncol, 2006; 17: 
131-134.

6. Mandegary A, Hosseini R, Ghaffari SH, Alimoghaddam K, Rostami S, Ghavamzadeh A, Ghahremani MH. 
The expression of p38, ERK1 and Bax proteins has increased during the treatment of newly diagnosed 
acute promyelocytic leukemia with arsenic trioxide. Ann Oncol, 2010; 21: 1884-1890.

7. Chen GQ, Shi XG, Tang W, Xiong SM, Zhu J, Cai X, Han ZG, Ni JH, Shi GY, Jia PM, Liu MM, He KL, 
Niu C, Ma J, Zhang P, Zhang TD, Paul P, Naoe T, Kitamura K, Miller W, Waxman S, Wang ZY, de The 
H, Chen SJ, Chen Z. Use of arsenic trioxide (As2O3) in the treatment of acute promyelocytic leukemia 
(APL): I. As2O3 exerts dose-dependent dual effects on APL cells. Blood, 1997; 89: 3345-3353.

8. Gianni M, Koken MH, Chelbi-Alix MK, Benoit G, Lanotte M, Chen Z, de The H. Combined arsenic and 
retinoic acid treatment enhances differentiation and apoptosis in arsenic-resistant NB4 cells. Blood, 1998; 
91: 4300-4310.

9. Raffoux E, Rousselot P, Poupon J, Daniel MT, Cassinat B, Delarue R, Taksin AL, Rea D, Buzyn A, 
Tibi A, Lebbe G, Cimerman P, Chomienne C, Fermand JP, de The H, Degos L, Hermine O, Dombret 
H. Combined treatment with arsenic trioxide and all-trans-retinoic acid in patients with relapsed acute 
promyelocytic leukemia. J Clin Oncol, 2003; 21: 2326-2334.

10. Ravandi F, Estey E, Jones D, Faderl S, O’Brien S, Fiorentino J, Pierce S, Blamble D, Estrov Z, Wierda 
W, Ferrajoli A, Verstovsek S, Garcia-Manero G, Cortes J, Kantarjian H. Effective treatment of acute 
promyelocytic leukemia with all-trans-retinoic acid, arsenic trioxide, and gemtuzumab ozogamicin. J Clin 
Oncol, 2009; 27: 504-510.

11. Jing Y, Wang L, Xia L, Chen GQ, Chen Z, Miller WH, Waxman S. Combined effect of all-trans retinoic 
acid and arsenic trioxide in acute promyelocytic leukemia cells in vitro and in vivo. Blood, 2001; 97: 
264-269.

12. Larson RS, Tallman MS. Retinoic acid syndrome: manifestations, pathogenesis, and treatment. Best Pract 
Res Clin Haematol, 2003; 16: 453-461.

13. Hicsonmez G. The effect of steroid on myeloid leukemic cells: the potential of short-course high-dose 
methylprednisolone treatment in inducing differentiation, apoptosis and in stimulating myelopoiesis. 
Leuk Res. 2006; 30: 60-68.

14. Sternsdorf  T, Puccetti E, Jensen K, Hoelzer D, Will H, Ottmann OG, Ruthardt M. PIC-1/SUMO-1-
modified PML-retinoic acid receptor alpha mediates arsenic trioxide-induced apoptosis in acute 
promyelocytic leukemia. Mol Cell Biol, 1999; 19: 5170-5178.

15. Shen ZX, Shi ZZ, Fang J, Gu BW, Li JM, Zhu YM, Shi JY, Zheng PZ, Yan H, Liu YF, Chen Y, Shen Y, Wu 
W, Tang W, Waxman S, De The H, Wang ZY, Chen SJ, Chen Z. All-trans retinoic acid/As2O3 combination 

Mandegary et al / DARU 2010 18 (4) 303-309

yields a high quality remission and survival in newly diagnosed acute promyelocytic leukemia. Proc Natl 
Acad Sci U S A. 2004; 101: 5328-5335.

16. Yuksel S, Saydam G, Uslu R, Sanli UA, Terzioglu E, Buyukececi F, Omay SB. Arsenic trioxide and 
methylprednisolone use different signal transduction pathways in leukemic differentiation. Leuk Res, 
2002; 26: 391-398.

17. Chen GQ, Zhu J, Shi XG, Ni JH, Zhong HJ, Si GY, Jin XL, Tang W, Li XS, Xong SM, Shen ZX, Sun 
GL, Ma J, Zhang P, Zhang TD, Gazin C, Naoe T, Chen SJ, Wang ZY, Chen Z. In vitro studies on cellular 
and molecular mechanisms of arsenic trioxide (As2O3) in the treatment of acute promyelocytic leukemia: 
As2O3 induces NB4 cell apoptosis with downregulation of Bcl-2 expression and modulation of PML-RAR 
alpha/PML proteins. Blood, 1996; 88: 1052-1061.

18. Chou WC, Jie C, Kenedy AA, Jones RJ, Trush MA, Dang CV. Role of NADPH oxidase in arsenic-
induced reactive oxygen species formation and cytotoxicity in myeloid leukemia cells. Proc Natl Acad 
Sci U S A, 2004; 101: 4578-4583.

19. Kumar S, Khanduja KL, Verma N, Verma SC, Avti PK, Pathak CM. ATRA promotes alpha tocopherol 
succinate-induced apoptosis in freshly isolated leukemic cells from chronic myeloid leukemic patients. 
Molecular and cellular biochemistry, 2008; 307: 109-119.

20. N’Diaye EN, Vaissiere C, Gonzalez-Christen J, Gregoire C, Le Cabec V, Maridonneau-Parini I. Expression 
of NADPH oxidase is induced by all-trans retinoic acid but not by phorbol myristate acetate and 1,25 
dihydroxyvitamin D3 in the human promyelocytic cell line NB4. Leukemia, 1997; 11: 2131-2136.

21. Condino-Neto A, Whitney C, Newburger PE. Dexamethasone but not indomethacin inhibits human 
phagocyte nicotinamide adenine dinucleotide phosphate oxidase activity by down-regulating expression 
of genes encoding oxidase components. J Immunol, 1998; 161: 4960-4967.


