
ONCOLOGY REPORTS  29:  2362-2368,  20132362

Abstract. A close correlation between the cytocidal effects 
of arsenic trioxide (ATO) and aquaporin-9 (AQP9) expression 
levels has been proposed, yet detailed studies are still needed 
to confirm this association. Thus, in the present study, the 
correlation between the expression levels of AQP9 and sensi-
tivity to ATO was investigated using two acute promyelocytic 
leukemia (APL) cell lines, NB4 and HT93A, as well as primary 
APL cells from newly diagnosed and relapsed APL patients. 
A substantially higher sensitivity to ATO-mediated induction 
of apoptosis was observed in the NB4 cells when compared to 
that in the HT93A cells. In addition, markedly higher expres-
sion levels of AQP9, as assessed using flow cytometry, along 
with more intracellular arsenic accumulation, were observed 
in the NB4 cells. More importantly, similar to APL cell lines, 
the trend of expression levels of AQP9 correlated closely 
with the differential sensitivity to ATO-mediated induction 
of apoptosis in primary APL cells. In contrast, no correlation 
was observed between ATO sensitivity associated with AQP9 
expression levels and the expression profiles of cell surface 
markers as well as chromosomal alterations. These results 
provide direct evidence that the expression levels of AQP9, 
rather than other biomarkers such as cell surface markers and 
chromosomal alterations, correlate closely with the sensitivity 
to ATO in both APL cell lines and primary blasts. These 
findings suggest that the AQP9 expression status of APL 

patients is a predictive marker for the successful outcome of 
ATO treatment, since AQP9 plays a pivotal role in various 
arsenite-mediated biological effects on normal and cancer 
cells. Moreover, flow cytometry may be a new convenient and 
valuable tool for analyzing the AQP9 status of APL patients 
compared to current methods such as western blotting.

Introduction

Acute promyelocytic leukemia (APL) is characterized by 
a balanced reciprocal translocation between chromosome 
15 and 17, generating the PML/RARα fusion gene, which is 
thought to play a central role in the initiation of leukemogen-
esis (1-3). Conventional therapy comprising all-trans retinoic 
acid (ATRA), alone or in combination with chemotherapy, 
has dramatically improved the clinical outcome of this 
disease (4,5). Nevertheless, ~30% of patients relapse and often 
become resistant to conventional therapy (5). In this regard, a 
new breakthrough arsenic-based regimen has been established 
as a result of successful clinical outcomes showing that 90% of 
relapsed patients have been remitted by treatment with arsenic 
trioxide (ATO) (6-8). These results have led to the exploration 
of potential treatment applications for other malignancies, 
including solid tumors (9,10). In order to understand the mode 
of actions of ATO and provide an effective treatment protocol 
for individual APL patients, detailed studies concerning 
the pharmacokinetics of ATO in APL patients have been 
conducted  (7,11). In fact, we clarified the distribution of 
arsenic metabolites, not only in peripheral blood and cerebro-
spinal fluid, but also in bone marrow from APL patients who 
received consecutive administration of ATO (12-14). These 
findings concerning the pharmacokinetics of ATO in APL 
patients provide a new insight into the clinical applications of 
ATO, and may contribute to better therapeutic protocols (15).

It is quite logical to consider that intracellular arsenic accu-
mulation (As[i]) is critical for the control of various biological 
functions, and that its levels are tightly associated with arsenic 
uptake and efflux (16-21). Of note, aquaporin 9 (AQP9), a 
member of the aquaporin superfamily, has been proposed to 
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be responsible for arsenite transport (16,18‑21). It was demon-
strated that As[i] in the K562 chronic myeloid leukemia cell 
line, transfected with AQP9, was significantly higher than 
the level in untransfected K562 cells, resulting in increased 
ATO-induced cytotoxicity (16,18). Moreover, a retrospective 
study demonstrated that the expression level of AQP9 was 
significantly higher in bone marrow aspirate samples from 
APL patients compared to other subtypes of acute myeloid 
leukemia (AML) (18). We recently demonstrated that AQP9 
and multidrug resistance-associated protein 2 contributed to 
the differential sensitivity of primary human-derived normal 
cells to arsenite (20) using a unique in vitro primary cell culture 
system (22-24). These findings indicate that sensitivity to ATO 
correlates with the expression levels of AQP9 in leukemia cells 
as well as normal cells, suggesting a close relationship between 
the cytocidal effect of ATO and the expression levels of AQP9. 
However, direct evidence for this correlation in primary APL 
cells from newly diagnosed and relapsed APL patients who 
have never received ATO therapy has not yet been provided.

ATO exerts a dual effect on APL cells (15,25). Under high 
concentrations ranging from 1 to 2 µM, ATO induces apop-
tosis mainly through activation of a mitochondrial-mediated 
intrinsic apoptotic pathway. While under low concentrations 
ranging from 0.1 to 0.5 µM with a longer treatment period, 
ATO tends to promote differentiation of APL cells. In order to 
evaluate the clinical efficiency of ATO in APL patients, flow 
cytometric analysis has been routinely performed to assess the 
expression levels of cell surface markers related to differentia-
tion status, such as CD11b, CD15 and CD34 (12,26,27). It is 
well known that CD13 and CD56 are positively associated with 
the poor prognosis of APL patients treated with ATRA and/
or chemotherapy (28-32). However, whether these biological 
markers are appropriate to predict the efficacy of ATO in APL 
patients without a medication history of ATO still remains 
unclear.

In the present study, we hypothesized that AQP9 is a prom-
ising candidate biomarker with which to predict the efficacy 
of ATO in APL patients prior to ATO-based treatment. Our 
results provide initial direct evidence that the expression level 
of AQP9, rather than other biomarkers, correlates closely with 
sensitivity to ATO in both APL cell lines and primary blasts. 
Our findings suggest that the AQP9 status of patients with 
APL may be predictive of the success of ATO treatment.

Materials and methods

Materials. ATO was purchased from Sigma (St. Louis, MO, 
USA) and dissolved in 1 M sodium hydroxide solution, diluted 
with phosphate-buffered saline (PBS), sterilized by filtra-
tion (0.22 µm), and stored as a stock solution. The Apoptosis 
Detection Kit  I, including Annexin V-fluorescein isothio-
cyanate (FITC), propidium iodide (PI), and 10X Annexin V 
binding buffer [0.1 M HEPES/NaOH (pH 7.4), 1.4 M NaCl, 
25 mM CaCl2], was purchased from Becton-Dickinson (San 
Jose, CA, USA). Rabbit anti-rat AQP9 antibody (primary 
antibody) and FITC-labeled goat anti-rabbit IgG (secondary 
antibody) were purchased from Alpha Diagnostic (San 
Antonio, TX, USA) and Kirkegaard and Perry Laboratories 
(Gaithersburg, MD, USA), respectively, and dissolved in PBS 
as a stock solution and stored at 4˚C until use.

Cell cultures and treatment. Two APL (NB4, HT93A), a 
myeloid leukemia (HL-60), a chronic myeloid leukemia (K562), 
and a T-cell leukemia (Jurkat) cell line were studied. The cells 
were cultured in RPMI-1640 medium (Gibco-BRL, Rockville, 
MD, USA) supplemented with 10% heat-inactivated fetal 
bovine serum (FBS) (Gibco-BRL) and antibiotics [100 U/ml 
of penicillin and 100 µg/ml of streptomycin (Gibco-BRL)] at 
37˚C in a humidified atmosphere (5% CO2 in air). Cells were 
cultured at a density of <1x106 cells/ml.

Bone marrow aspirates and peripheral blood were 
obtained from 5 newly diagnosed APL patients and 1 relapsed 
APL patient, who had never received ATO therapy. Prior to 
clinical therapy, mononuclear cell fractions were isolated from 
freshly collected bone marrow aspirates or peripheral blood 
using Lymphoprep™ (Cosmo Bio Co., Ltd., Tokyo, Japan), 
and the cell fractions were then cryopreserved until use. Prior 
to conducting the experiment, aliquots of the APL cells were 
rapidly thawed at 37˚C, washed with RPMI-1640, and resus-
pended at 1x106 cells/ml in RPMI-1640 supplemented with 
10% FBS. Cell viability was assessed by trypan blue exclusion 
assay to ensure that cells were >80% viable before the experi-
ment. A written informed consent was obtained from the study 
patients before cell collection, and the study was approved by 
the Internal Review Committee of Nihon University Itabashi 
Hospital, Tokyo, Japan.

Determination of apoptosis. Induction of apoptosis was 
analyzed using the Apoptosis Detection Kit I according to the 
manufacturer's instructions. Briefly, cells were washed twice 
with cold PBS and then resuspended in 1X Annexin V binding 
buffer. Cells were then double stained with Annexin V-FITC 
and PI for 15 min at room temperature in the dark, followed 
by analysis within 1 h. Apoptotic cells were determined by 
flow cytometry (Cyto ACE-150) with a minimum acquisition 
of 10,000 events for NB4 and HT93A cells, and 2,000-5,000 
events for APL cells prepared from patients. The ratio of 
the number of early apoptotic cells [Annexin V(+)PI(-)] plus 
the late apoptotic cells [Annexin V(+)PI(+)] to the total cell 
number was consider as the total apoptotic cell percentage. 
Cells were considered viable if they lacked both Annexin V 
and PI staining.

Analysis of intracellular As[i]. After exposure to 0.5 µM 
ATO for the indicated time periods, cells were harvested and 
counted to provide accurate viable cell numbers, which were 
used to normalize As[i]. After washing three times with PBS, 
the cells were pelleted by centrifugation and stored at -20˚C 
until analysis. After transfer to 15-ml polypropylene centri-
fuge tubes, cell pellets were mixed with HNO3 (0.1 ml) at room 
temperature for 10 min, and incubated at 80˚C on a hot plate 
for 90 min. The samples were diluted with Milli-Q water to 
3 ml, followed by analysis using inductively coupled plasma 
mass spectrometry (ICP-MS) (ELAN® DRC-e; Perkin-Elmer 
SCIEX, Concord, ON, Canada) for total arsenic determina-
tion, as described previously (14).

Reverse transcription-polymerase chain reaction (RT-PCR) 
analysis for AQP9 mRNA expression. Total RNA and 
complementary DNA were prepared as described previ-
ously (22). Total RNA was extracted from cells using an RNA 
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extraction kit (Isogen). Complementary DNA was synthesized 
from 1 µg of RNA using 100 pmol random hexamers and 
100 units Moloney murine leukemia virus reverse transcrip-
tase (Invitrogen, Carlsbad, CA, USA) in a total volume of 
20 µl, according to the manufacturer's instructions. PCR was 
performed according to the method described previously (33), 
using a Takara Thermal Cycler MP (Takara Shuzo, Osaka, 
Japan). DNA primers for RT-PCR were purchased from Sigma-
Aldrich (Tokyo, Japan): sense (5'-CTC AGT GTC ATC ATG 
TAG TG-3') and antisense primer (5'-GAC TAT CGT CAA 
GAT GCC G-3') for AQP9 mRNA; sense primer (5'-CCT 
TCC TGG GCA TGG AGT CCT G-3') and antisense primer 
(5'-GGA GCA ATG ATC TTG ATC TTC-3') for β-actin 
mRNA. PCR was carried out at the indicated cycles for AQP9 
mRNA (30 sec at 94˚C for denaturation, 30 sec at 60˚C for 
annealing and 40 sec at 72˚C for extension); and 21 cycles for 
β-actin mRNA (1 min at 94˚C for denaturation, 1 min at 55˚C 
for annealing and 1 min at 72˚C for extension) using a Takara 
Thermal Cycler MP. PCR products and Ready-Load™ 100-bp 
DNA ladder marker were electrophoresed, respectively, on 
a 2.0% UltraPure™ agarose gel (both from Invitrogen), and 
visualized by ethidium bromide staining, followed by viewing 
under UV Light Printgraph (ATTO Corp, Tokyo, Japan).

Expression profiles of AQP9 protein expression. After washing 
with PBS containing 2.5% FBS and 0.5% NaN3 (PBSF), APL 
cells from patients and non-stimulated cultured leukemia 
cell lines were stained with rabbit anti-rat AQP9 antibody at 
a concentration of 10 µg/ml for 30 min at 4˚C in the dark. 
After washing three times with PBSF, the cells were further 
stained with FITC-labeled goat anti-rabbit antibody, followed 
by analysis using flow cytometry (Cyto ACE-150). The rela-
tive expression level of AQP9 was shown as mean fluorescence 
intensity (MFI) and was calculated by subtracting the mean 
fluorescence of the unstained cells from that of the stained 
cells, as previously described (34). The specificity of FITC-
labeled secondary antibody for AQP9 analysis was confirmed 
based on no apparent observations of non-specific immunos-
taining by omitting the primary antibody.

Flow cytometric immunophenotypic analysis of APL cells 
from patients and NB4 and HT93A cell lines. A flow cyto-
metric immunophenotypic analysis of the expression levels 
of CD11b, CD13, CD15, CD34 and CD56 in APL cells from 
patients and unstimulated cultured NB4 and HT93A cells 
was routinely conducted at Bio Medical Laboratories (BML, 
Tokyo, Japan).

Cytogenetic studies. Metaphase chromosomes were prepared 
and G-banded using trypsin and Giemsa (GTG) on bone 
marrow cell after a 48-h unstimulated culture. Twenty meta-
phases were counted and analyzed routinely according to 
International System for Human Cytogenetic Nomenclature 
(ISCN 2005) at our hospital.

Statistical analysis. Experiments were independently repeated 
three times, and the results are shown as means ± standard devi-
ation (SD) of three assays. A two-tailed, paired Student's t-test 
was applied, and a P-value <0.05 was considered to indicate a 
statistically significant result. The correlation in two factors 
was evaluated with Pearson product-moment correlation coef-
ficient.

Results

Induction of apoptosis in the NB4 and HT93A cells by ATO. 
After treatment with ATO (1 or 2 µM) for 48 h, a significant 
induction in apoptosis was observed in both NB4 and HT93A 
cells (Fig. 1). Furthermore, after treatment with 1 µM ATO, 
a much higher percentage (~90%) of apoptotic cells was 
observed in the NB4 cells when compared with the apoptotic 
rate of ~30% cells in the HT93A cells (Fig. 1). These results 
indicate that NB4 cells are more sensitive to the apoptotic 
activity of ATO as compared to HT93A cells.

As[i] in NB4 and HT93A cells. After exposure to 0.5 µM ATO 
for 30, 60, 120 and 240 min, As[i] was measured by ICP-MS. 
As shown in Fig. 2, the levels of As[i] increased with time in 
both cell lines. Furthermore, the levels of As[i] were ~4-7 times 
higher in the NB4 cells when compared to levels in the HT93A 
cells. Furthermore, the levels of As[i] in both untreated cell 
lines were less than the detection threshold (data not shown).

Figure 1. Induction of apoptosis in NB4 and HT93A cells by ATO. After 
treatment with ATO (1 or 2 µM) for 48 h, apoptosis induction was determined 
using the Apoptosis Detection Kit I as described in Materials and methods. 
Significant differences were observed between control groups and ATO 
treatment groups (*P<0.01 vs. control), and between NB4 and HT93A cells 
(§P<0.05, NB4 vs. HT93A).

Figure 2. As[i] in NB4 and HT93A cells. The cell lines were treated with 
0.5 µM of ATO for 30, 60, 120 and 240 min, followed by the assessment of 
As[i] using ICP-MS. Significant differences were observed between the NB4 
and HT93A cells (*P<0.01, NB4 vs. HT93A).
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Expression profiles of AQP9 mRNA in NB4 and HT93A cells. 
The expression profile of AQP9 mRNA was analyzed by 
RT-PCR. PCR was carried out for 21, 24, 27, 30, 33, 36 and 
39 cycles, and the respective PCR products were harvested 
and subjected to agarose gel electrophoresis analysis. In NB4 
cells, the expression of AQP9 mRNA was observed at a low 
but measurable level at cycle 33, and increased quickly and 
linearly with the amplification (Fig. 3). In contrast, only a 
measurable level of AQP9 was observed in the HT93A cells 
at cycle 39, indicating much higher expression levels of AQP9 
mRNA in NB4 cells when compared with levels in the HT93A 
cells (Fig. 3).

Expression profiles of AQP9 protein in NB4 and HT93A and 
other leukemia cell lines. The expression levels of AQP9 protein 
in NB4 and HT93A cells were assessed using flow cytometry. 
Consistent with the expression level of AQP9 mRNA (Fig. 3), 
a much higher expression level of its protein was also observed 
in the NB4 cells when compared to the level in the HT93A 
cells (Fig. 4). Furthermore, the expression level of AQP9 was 

investigated in other leukemia cell lines, such as K562, Jurkat 
and HL-60. The rank order for the expression levels of AQP9 
protein was NB4 > K562 > Jurkat > HL‑60 > HT93A (Fig. 4), 
a result which is similar to previous experimental results 
determined by western blotting (18). Furthermore, the expres-
sion levels of AQP9 in primary APL cells from patients were 
evaluated as described above and are summarized in Table I.

Correlation of AQP9 expression with ATO sensitivity. The 
expression levels of AQP9 protein in NB4, HT93A and 
primary APL cells from patients (Pt) showed the following 
trend: NB4 > Pt6 > Pt1 > Pt2 > Pt3 > Pt4 > Pt5 > HT93A 
(Table I). Furthermore, the cytocidal effects of ATO on these 
cells were evaluated after treatment with 1 µM ATO for 48 h. 
As expected, the expression levels of AQP9 were found to be 
positively correlated with ATO-induced cytotoxicity not only 
in the APL cell lines but also in the primary APL cells from 
patients (P=0.0049) (Fig. 5).

Immunophenotypic analysis of NB4 and HT93A cells and 
APL patient-derived cells. As summarized in Table I, NB4 
cells demonstrated CD11b+CD15+, whereas HT93A cells 
showed CD11b- and the number of CD15+ cells was as low as 
24.3%. Moreover, HT93A cells exhibited an expression level 
of CD34 as high as 88.1%; however, NB4 cells were CD34-, 
indicating the high differentiation degree of NB4 cells when 
compared to HT93A. A diverse range of expression profiles 
of CD11b, CD13, CD15, CD34 and CD56 was observed in the 
primary blasts from individual patients; however, unlike the 
strong correlations between AQP9 expression levels and ATO 
sensitivity, no correlation was observed between the expres-
sion profiles of these cell surface markers and ATO sensitivity. 
Apart from t(15;17), other additional chromosomal changes 
were also identified in individual patients, as shown in Table I. 

Figure 3. Expression profiles of AQP9 mRNA in NB4 and HT93A cells. The 
expression profiles of AQP9 mRNA were analyzed by RT-PCR, followed 
by an agarose gel electrophoresis as described in Materials and methods. 
Experiments were carried out in three independent experiments, and repre-
sentative electrophoretic profiles are shown. 

Figure 4. Expression profiles of AQP9 protein in leukemia cell lines. The expression levels of AQP9 protein in the NB4, K562, Jurkat, HL-60 and HT93A 
cells were assessed using flow cytometry as described in Materials and methods. The relative expression level of AQP9 is shown as the mean fluorescence 
intensity (MFI) and was calculated by subtracting the mean fluorescence of unstained cells from that of the stained cells, as previously described (34). Three 
independent experiments were carried out, and representative histogram profiles are shown.
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Again, no correlation was observed between chromosomal 
alterations and ATO sensitivity associated with AQP9 expres-
sion level.

Discussion

The present study clarified that relatively high concentrations 
of ATO (1 to 2 µM) triggered the induction of apoptosis in 
APL cell lines, NB4 and HT93A, as previously demonstrated 
by other researchers (26,27,35,36). Furthermore, a substan-
tially higher sensitivity to the apoptotic activity of ATO, along 
with more As[i], was observed in NB4 cells when compared 
to these values in HT93A cells. These results suggest that the 
sensitivity to ATO correlates closely with As[i].

Substantially high expression levels of AQP9 have been 
observed in NB4 cells, which results in high sensitivity to 
ATO (18). In agreement with this previous finding, we found 
markedly higher expression levels of AQP9 in NB4 cells when 

compared to levels in HT93A cells. It is noteworthy that in 
the present study, flow cytometry was used to investigate the 
expression profiles of AQP9 in leukemia cells, whereas PCR 
and/or western blotting have been used in the past. In fact, 
we recently applied this technique successfully to demon-
strate time- and dose-dependent increases in the expression 
of AQP9 induced by ATRA in HT93A cells (37), similar to 
the phenomena observed in NB4 and HL-60 cells  (18,21). 
Moreover, flow cytometric analysis showed that the expres-
sion levels of AQP9 protein in all leukemia cells revealed the 
following trend: NB4 > K562 > Jurkat > HL-60 > HT93A, the 
results of which are in good agreement with previous experi-
mental results determined by western blotting (18). Therefore, 
flow cytometry is a convenient and valuable tool for analyzing 
the AQP9 status of patients with APL, and the results of this 
analysis can be used to predict the response of patients with 
cancer to ATO.

Although a close relationship between the cytocidal 
effect of ATO and the expression level of AQP9 has been 
suggested (15,18), there is no direct evidence to date concerning 
a correlation between the AQP9 expression level and the sensi-
tivity to ATO based on research using primary APL cells. In 
this regard, our findings revealed a strong positive correlation 
between the AQP9 expression level and ATO sensitivity in 
primary APL cells from 6 patients, as well as in NB4 and 
HT93A cells. To the best of our knowledge, this is the first 
report to correlate the sensitivity to ATO with the AQP9 status 
of APL patients who have never received ATO therapy.

Furthermore, our results clearly demonstrated a relatively 
high degree of differentiation in the NB4 cells when compared 
to HT93A cells. Based on the results and the differences in 
the expression level of AQP9 and the sensitivity to ATO 
between the two cell lines, we suggest that there is a good 
correlation between the degree of differentiation associated 
with the expression level of AQP9 and ATO sensitivity. In 
other words, the cells with a relatively high degree of differ-
entiation are more likely to express AQP9, which ultimately 
affects their sensitivity to ATO. However, a similar correla-
tion was not observed in primary APL cells from patients. In 

Figure 5. Correlation of AQP9 expression with ATO sensitivity. The 
expression level of AQP9 protein in primary APL cells from patients was 
investigated using flow cytometer as described in Fig. 4. After treatment with 
1 µM of ATO for 48 h, apoptosis induction in these primary APL cells was 
determined by apoptosis detection kit I as described in Fig. 1. The relation-
ship between the expression level of AQP9 and apoptosis-inducing activity 
of ATO was investigated among primary APL cells and APL cell lines, NB4 
and HT93A. The Pearson product-moment correlation coefficient equals to 
0.0049. Pt, patient; MFI, mean fluorescence intensity.

Table I. Characteristics of the NB4 and HT93A cells and APL patient-derived cells.

	 AQP9	 CD11b	 CD13	 CD15	 CD34	 CD56	 Additive
Samples	 (MFI)	 (%)	 (%)	 (%)	 (%)	 (%)	 chromosome

NB4	 95.7	 48.2	 97.8	 61.7	 0.5	 8.2	 Complex
HT93A	 7.3	 1.2	 6.4	 24.3	 88.1	 99.5	 t(1;21)(q25;p13)
Patient 1	 54.8	 0.5	 12.7	 65.2	 0.1	 0.1	 Add(11)q(25)
Patient 2	 48.6	 0.5	 42.8	 52.7	 0.1	 0.6	 (-)
Patient 3	 39.5	 0.3	 43.1	 19.9	 0.1	 1.8	 (-)
Patient 4	 36.9	 1.9	 90.0	 13.0	 0.3	 0.1	 (-)
Patient 5	 33.1	 1.6	 97.5	 78.8	 8.2	 86.2	 -10, -12
Patient 6	 94.3	 23.7	 97.5	 19.1	 0.1	 27.8	 (-)

A flow cytometric immunophenotypic analysis of the expression levels of CD11b, CD13, CD15, CD34 and CD56 in NB4, HT93A and 
primary APL cells from patients was routinely conducted at Bio Medical Laboratories (BML, Tokyo, Japan). A specific antigen was considered 
positive when >20% of tested cells were stained compared to negative control. Cytogenetic studies were carried out according to International 
System for Human Cytogenetic Nomenclature (ISCN 2005). MFI, mean fluorescence intensity; APL, acute promyelocytic leukemia; AQP9, 
aquaporin-9.
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addition, the expression levels of CD13 and CD56, known as 
prognostic factors for APL patient treated with ATRA and/
or chemotherapy (28-32), did not appear to be correlated with 
ATO sensitivity. Similarly, it appears that there is no correla-
tion between chromosomal alterations and ATO sensitivity in 
all tested cells. Taken together, AQP9 plays a vital role in the 
differential sensitivity to ATO of APL cell lines and primary 
blasts. Therefore, monitoring both the expression level of 
AQP9 and the distribution of arsenic metabolites should be 
essential for better clinical outcome.

In conclusion, AQP9 is a vital clinical parameter with 
which to predict clinical achievement in APL patients prior 
to ATO-based treatment, although a larger scale study must 
be launched in order to draw a solid conclusion. Indeed, our 
hypothesis was strongly supported by a previous study (18), 
showing that APL patients expressed significantly higher 
AQP9 levels than patients with all other subtypes of AML 
among 80 cases of leukemia, yet the authors did not test the 
sensitivity of these primary APL cells to ATO. Furthermore, 
we recently demonstrated the contribution of AQP9 and 
multidrug resistance-associated protein 2 to the differential 
sensitivity of primary human-derived normal cells to arse-
nite (20). Given that these arsenic transporters play pivotal 
roles in various arsenite-mediated biological effects on normal 
and cancer cells, monitoring their expression levels has impor-
tant implications for predicting not only clinical efficacy but 
also the risks of side effects in patients with cancer prior to 
ATO therapy.
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