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Enhancement of differentiation induction and upregulation
of CCAAT/enhancer-binding proteins and PU.1 in NB4 cells
treated with combination of ATRA and valproic acid
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Abstract. The effects of all-frans retinoic acid (ATRA)
and valproic acid (VPA), alone and in combination, on the
human acute promyelocytic leukemia (APL) cell line NB4
were investigated in view of differentiation induction and
growth inhibition. After 48 h of treatment, not only ATRA
but also VPA induced differentiation in NB4 cells, and their
combination further augmented the differentiation activity.
Furthermore, the upregulation of transcription factors
including CCA AT/enhancer-binding proteins (CEBPa, f, €)
and PU.1, which are known to be critical factors for normal
myelopoiesis, granulocytic maturation and being repressed
in APL, concurred with the differentiation induction. A
significant cell growth inhibition was observed after the
treatment with VPA, which was further strengthened by the
addition of ATRA. Given the importance of C/EBPs and
PU.1 in myeloid development, these results, thus, suggest
that restoration of the normal function of the myeloid cell
transcriptional machinery is a major molecular mechanism
underlying the differentiation induction in NB4. Therefore,
these results may provide novel insights into a possible
combinational therapeutic approach for APL patients.
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Introduction

The majority of acute promyelocytic leukemia (APL) patients
harbor the t(15;17) translocation leading to the expression
of the fusion protein promyelocytic leukemia-retinoic acid
receptor o (PML-RARa) (1,2). The oncogenic fusion protein
PML-RARa can recruit corepressor (CoR) complexes
containing nuclear receptor CoR, histone deacetylases
(HDAC:S), resulting in myeloid differentiation arrest observed
in APL (3,4). All-trans retinoic acid (ATRA) induces differen-
tiation of APL cells through not only dissociating CoR from
PML-RARa oncoprotein, but also recruiting coactivators
that possess histone acetylase activity (3-5). Due to its good
clinical outcomes, ATRA is used as a first-line administration
for de novo APL patients. Nevertheless, an approximately
30% of the patients relapse and often become resistant to the
conventional treatment (6).

Recent clinical studies have demonstrated that following
remission induction with arsenic trioxide (ATO)-based
regimens in patients with relapsed APL, consolidation with
autologous stem cell transplantation (SCT) is associated
with a significantly superior clinical outcome as compared
with other maintenance regimens (7,8). However, relapsed
APL patients ineligible for autologous SCT usually have
poor prognosis (8). Therefore, it would be logical to consider
more efficacious treatment strategy employing ATRA in
combination with other drugs to cure the disease in the initial
treatment. Since HDACs play a key role in transcriptional
regulation and pathogenesis of cancer (9,10), its inhibi-
tors (HDAC:I) are currently being developed for therapy of
several types of cancer including leukemia (11). Valproic
acid (VPA) belongs to the class I HDACi and shows potential
anti-leukemic activities either alone or in combination with
other anti-leukemic agents (9,10,12,13). Furthermore, aberrant
recruitment of HDACs through expression of PML-RARa
has been implicated as an initiating tumorigenic event in
APL (3-5). Therefore, there is a logical rationale for use of
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HDAC: such as VPA in combination with ATRA in the initial
treatment of APL. However, the efficacy of the combination
therapy has been investigated mostly in non-APL AML and
myelodysplastic syndromes (MDS) (10,13-15), and remains
largely unexplored in APL.

Transcription factors, including members of CCAAT/
enhancer-binding proteins (C/EBPs) and PU.1, are critical
for normal myelopoiesis, granulocytic maturation and being
repressed in APL (4,16-21). Although a number of studies
have been conducted to explore the molecular mechanism
underlying the effects of ATRA on these transcription factors
associated with differentiation induction (16,18,19,22), the
effects of VPA alone or in combination with ATRA on human
APL cell line harboring PML-RARa remain largely unclear.

In the current study, the effects of ATRA and VPA,
alone and in combination, were investigated by focusing on
differentiation and cell viability in the APL cell line NB4
(PML-RARa positive). The expression profiles of transcrip-
tion factors, C/EBP(a, B, €) and PU.1 were further evaluated in
the cells after treatment with ATRA and VPA.

Materials and methods

Reagents. ATRA was purchased from Sigma (St. Louis, MO,
USA) and dissolved in ethanol to obtain a final concentration
of 2 mM and stored at -20°C in the dark. The vehicle reagent,
ethanol (final concentration <0.05%), did not affect cell viability
and differentiation. VPA was purchased from Wako Pure
Chemical Industries (Miyazaki, Japan) and dissolved in phos-
phate-buffered saline (PBS) to obtain a final concentration of
1 M, sterilized by filtration (0.22 uM filter), and used as the stock
solution. Primary antibodies [phycoerythrin (PE)-conjugated
mouse anti-human CD11b IgG, fluorescein isothiocyanate
(FITC)-conjugated mouse anti-human CDI10 IgG], and control
antibodies [non-binding mouse IgG-PE isotype antibody and
non-binding mouse IgG-FITC isotype antibody] were obtained
from BD Transduction Laboratories (San Diego, CA, USA)
and were used for assessment of differentiation induction.
Rabbit polyclonal antibodies against human C/EBPa, C/EBP,
C/EBPe and PU.1 were purchased from Abnova (Taipei,
Taiwan). FITC-conjugated goat anti-rabbit polyclonal IgG
secondary antibody was obtained from Kirkegaard and Perry
Laboratories (Gaithersburg, MD, USA).

Cell culture and treatment. NB4, a human APL cell line
with t(15;17), was purchased from Deutsche Sammalung von
Mikroorganismen und Zellkulturen GmbH (Braunschweig,
Germany) and cultured in RPMI-1640 medium (Sigma,
St. Louis, MO, USA) supplemented with 10% heat-inactivated
fetal bovine serum (FBS) (Gibco-BRL, Rockville, MD, USA),
100 U/ml penicillin, and 100 gg/ml streptomycin (Gibco-BRL,
Gaithersburg, MD, USA) at 37°C in a humidified atmosphere
(5% CO, in air). Cells were seeded at a density of 1x10° cells/ml
and treated with 1 uM ATRA and various concentrations of
VPA (0.1,0.3, 1, 3, 10 mM), alone or in combination.

Trypan blue exclusion assay. After the treatment with ATRA
and/or VPA, cell viability of NB4 cells was investigated by
trypan blue exclusion assay. Trypan blue negative and positive
cells were considered as viable and dead cells, respectively.
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The number of total cells was calculated as the sum of viable
and dead cells. The percent of viable cells were expressed as
the ratio of the number of viable cells of each treatment group
against those of control group. The percent of trypan blue
positive cells were calculated using the following formula: the
percent of trypan blue positive cells = the number of trypan
blue positive cells/the number of total cells.

Growth inhibition assay. Cell growth inhibition by ATRA
and/or VPA was investigated by XTT dye-reduction assays
according tothe method previously described with slight modi-
fications (23). Briefly, the cells were seeded in 96-well plates
(Iwaki, Tokyo, Japan) at a density of 1x10* cells per well in
0.1 ml cell culture medium. Cultures in triplicate were treated
with 1 uM ATRA, 1 mM VPA, alone or in combination. After
48 h of treatment, 2,3-bis(2-methoxy-4-nitro-5-sulfophenyl)-
5-[(phenylamino)carbonyl]-2H-tetrazolium hydroxide (XTT)
(Sigma, MD, USA) and phenazine methosulfate (Wako
Pure Chemical Industries, Osaka, Japan) were added into
each well at final concentrations of 0.2 mg/ml and 1 mM,
respectively. After incubation at 37°C for 2 h, the plates were
mixed, and the absorbance at 450 nm was measured with a
microplate reader (Safire, Tecan, Switzerland). The relative
cell viability was expressed as the ratio of the absorbance
of each treatment group against those of the corresponding
untreated control group.

Differentiation analysis. Differentiation induction was
confirmed by morphology and expression of surface markers.
For morphological assessment, cytospin preparations of
treated cells stained with Wright-Giemsa were evaluated by
light microscopy as previously described (24). Furthermore,
the numbers of cells with differentiation-associated
morphological changes such as apparent lobulated nuclei,
multi-lobulated nuclei were counted and presented as the
percent of differentiated cells. Myeloid maturation with cell
surface marker was analyzed by FACSCanto flow cytometer
(BD Immunocytometry System) using antibodies for CD11b
and CDI10 as previously described with minor modifica-
tions (24). In brief, approximately 1x10° cells were washed
with PBS containing 2.5% FBS and 0.5% NaN; (PBSF) and
stained with PE-conjugated mouse anti-human CD11b IgG or
FITC-conjugated mouse anti-human CDI10 IgG for 30 min at
4°C in the dark. Cells were then washed three times with PBSF
and analyzed by flow cytometry with a minimum acquisition
of 10,000 events. Non-binding mouse IgG-PE isotype anti-
body or non-binding mouse IgG-FITC isotype antibody was
used as controls.

Expression profiles of transcription factors in NB4 cells. The
expression levels of transcription factors, including C/EBPa,
C/EBPp, C/EBPe and PU.1 were evaluated by flow cytometry
(Cyto ACE-150, Jasco) using antibody for each as previously
described with minor modifications (24). In brief, approxi-
mately 1x10° cells were washed with PBS, and fixed with
4% formaldehyde for 10 min at 37°C. Then, cells were permea-
bilized with 90% ice-cold methanol for over 2 h at -20°C. After
washing with PBS, cells were stained with primary antibodies
against C/EBPa, C/EBPf, C/EBPe and PU.I for 30 min at
4°C, followed by staining with FITC-conjugated secondary
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antibody for 30 min at 4°C in the dark. Cells were then washed
three times with PBS and analyzed by flow cytometry with a
minimum acquisition of 10,000 events.

Western blot analysis. Protein samples were separated on
an SDS-PAGE, followed by transferring to a nitrocellulose
membrane as described previously (25). Proteins bands were
detected using the following primary antibodies: rabbit poly-
clonal antibodies against human C/EBPa, C/EBPf, C/EBPe
and PU.1 (1:1,000 dilution). Blotted protein bands were
detected with horseradish peroxidase-conjugated secondary
antibody and an enhanced chemiluminescence (ECL)
western blot analysis system (Amersham Pharmacia Biotech,
Buckinghamshire, UK).

Statistical analysis. Experiments were independently repeated
at least three times and results are shown as mean + standard
deviation (SD). Data were analyzed using Student's t-test and
p<0.05 was considered as statistically significant.

Results

Cell viability of NB4 cells treated with ATRA and VPA, alone
or in combination. Since 1 yM ATRA has been commonly
used to induce differentiation of NB4 cells (16,18,26), the
concentration was used in the current study to evaluate the
differentiation-inducing activity of a combination of ATRA
and VPA. In order to determine the appropriate concentration
of VPA for the combinatorial treatment with 1 uM ATRA, cell
viability was first determined by trypan blue exclusion assay
after treatment with 1 uM ATRA and various concentrations
of VPA (0.1,0.3, 1,3 and 10 mM), alone or in combination, for
48 h. No alteration was observed in the number of viable cells
after treatment with 1 uM ATRA and relatively low concen-
trations of VPA (0.1 and 0.3 mM), alone or in combination,
as compared to control (Fig. 1A). A slight but not significant
decrease in the number of viable cells was observed when NB4
cells were treated with 1 mM VPA alone or in combination
with 1 uM ATRA (Fig. 1A). Furthermore, analysis of growth
inhibition by the XTT dye-reduction assay demonstrated that
treatment with 1 mM VPA alone, instead of 1 uM ATRA
alone, significantly inhibited growth of NB4 cells, and that
treatment with 1 mM VPA in combination of 1 uM ATRA
further strengthened the growth inhibition as compared to
each alone (Fig. 1C). On the other hand, treatment with rela-
tively high concentrations of VPA (3 and 10 mM) alone or in
combination with 1 M ATRA resulted in substantial decrease
in the number of viable cells along with a marked increase
in the number of trypan blue positive cells (Fig. 1A and B).
Therefore, the concentrations of VPA (3 and 10 mM) were not
used for further investigation of differentiation induction.

Differentiation of NB4 cell induction by ATRA and VPA,
alone or in combination. NB4 cells have been demon-
strated to differentiate toward granulocytic lineages after
exposure to retinoic acid (19,27). Morphological changes
such as condensation of chromatin, lobulation of nuclei, and
increased expression of CD11b and CDI10 have been used
as markers of the differentiation of NB4 cells (16,28-30).
Therefore, the differentiation-inducing activity of 1 M
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Figure 1. Cell viability of NB4 cells treated with ATRA and VPA, alone or
in combination. After the treatment with 1 xM ATRA and various concen-
trations of VPA (0.1,0.3, 1, 3 and 10 mM), alone or in combination, for 48 h,
cell viability [(A) viable cells, and (B) dead cells] and (C) growth inhibition
were investigated by trypan blue exclusion assay and XTT dye-reduction
assay, respectively, as described in Materials and methods. Experiments
were independently repeated at least three times and results are shown
as mean * SD. "p<0.05 vs. control; p<0.01 vs. control; 'p<0.01 vs. 1 uM
ATRA; *p<0.01 vs. VPA.

ATRA alone or in combination with various concentrations
of VPA (0.1,0.3 and 1.0 mM) was first assessed by examining
the alterations in CD11b expression level in NB4 cells. A
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Figure 2. Expression profiles of CD11b in NB4 cells treated with ATRA and
VPA, alone or in combination. After the treatment with 1 yM ATRA and
various concentrations of VPA (0.1, 0.3 and 1 mM), alone or in combination,
for 48 h, alterations of the expression level of CD11b were evaluated by flow
cytometry as described in Materials and methods. Experiments were inde-
pendently repeated at least three times and results are shown as mean + SD.
“p<0.01 vs. control; *p<0.01 vs. 1 uM ATRA; 'p<0.01 vs. 1 mM VPA.

significant upregulation of the expression level of CD11b was
observed in NB4 cells when treated with 1 mM VPA alone,
but not 0.1 and 0.3 mM VPA alone, for 48 h (Fig. 2). Much
higher level of CD11b expression was observed in NB4 cells
treated with 1 M ATRA alone as compared to that observed
when treated with 1 mM VPA alone (Fig. 2). Furthermore, a
significant increase in differentiation-inducing activity was
observed only in NB4 cells treated with a combination of
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1 uM ATRA and 1 mM VPA when compared with the other
two combinatorial treatment groups (Fig. 2). Therefore, the
following experiments on morphological changes, the altera-
tions in CD11b and CD10 expression levels were subsequently
conducted by exposing NB4 cells to the combination of 1 M
ATRA and 1 mM VPA for 48 h.

NB4 cells treated with 1 uM ATRA alone underwent
remarkable differentiation-associated changes with conden-
sation and lobulation of nuclei (jelly bean-shaped nuclei,
known as a stage before multi-lobulated nuclei) (control:
5.3+£0.6 vs. 1 uM ATRA: 17.3+4.2, p<0.01) (Fig. 3), and a
significant increase in CDI11b expression concurred with the
morphological changes (Fig. 4A and B). Treatment with 1 mM
VPA alone also induced significant morphological changes
(control: 5.3£0.6 vs. 1 mM VPA: 16.3+2.5, p<0.01) (Fig. 3)
and upregulation of CD11b expression levels (Fig. 4A and B).
Furthermore, the number of cells containing multi-lobulated
nuclei prominently increased when the cells were treated
with the combination of ATRA and VPA as compared to that
treated with each alone (1 uM ATRA: 17.3+4.2; 1 mM VPA:
16.3+2.5 vs. 1 uM ATRA + 1 mM VPA: 57.7+1.2, p<0.01)
(Fig. 3). The increase in differentiation-inducing activities
due to combination treatment was further confirmed by a
significant increase in CD11b and CDI10 expression level as
compared to each alone (Fig. 4).

Expression profiles of C/EBPs and PU.I in NB4 cells treated
with ATRA and VPA, alone or in combination. After the
treatment with 1 yM ATRA and 1 mM VPA, alone or in combi-
nation, for 48 h, the expression levels of C/EBPs and PU.1
were evaluated using FACS and western blot analysis. ATRA
alone significantly upregulated C/EBP 3 and €, whereas VPA
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Figure 3. Morphological changes in NB4 cells treated with ATRA and VPA, alone or in combination. After the treatment with 1 xM ATRA and 1 mM VPA,
alone or in combination, for 48 h, morphological changes were evaluated by Wright-Giemsa staining as described in Materials and methods. (A) Representative
photomicrographs are shown from three independent experiments. (B) The number of cells with apparent lobulated nuclei and multi-lobulated nuclei were counted
and presented. Experiments were independently repeated at least three times and results are shown as mean + SD. “p<0.01 vs. control; $p<0.001 vs. ATRA; 'p<0.001

vs. VPA).
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Figure 4. Expression profiles of CD11b and CD10 in NB4 cells treated with ATRA and VPA, alone or in combination. After treatment with 1 uM ATRA and
1 mM VPA, alone or in combination, for 48 h, alterations of the expression level of CD11b and CD10 were evaluated by flow cytometry as described in Materials
and methods. (A) Flow cytometry profiles of CD11b and CDI0. (B and C) Percent of CD11b and CDI10 positive cells were calculated, respectively, based on
flow cytometry profiles shown in (A). Experiments were independently repeated at least three times and results are shown as mean + SD). “p<0.001 vs. control;

$p<0.05 vs. ATRA; 'p<0.001 vs. VPA.

alone significantly upregulated C/EBP a, (3 and ¢ (Figs. 5-7).
Of note, the degree of upregulation in C/EBP f§ and ¢ induced
by ATRA and VPA is almost the same (Figs. 6 and 7). It is of
note that both ATRA and VPA significantly upregulated PU.1
expression (Fig. 8). Furthermore, combinational treatment
of ATRA and VPA significantly upregulated the expression
level of C/EBP «a, 3, € and PU.1 as compared to that treated
with each alone (Figs. 5-8). Moreover, the expression levels
of these transcription factors demonstrated by western blot
analysis are in good agreement with those demonstrated by
FACS analysis (Fig. 9).

Discussion

It has been demonstrated that VPA inhibits the growth of
NB4, HL-60 and U937 cells by causing cell cycle arrest at

G,/G, phase (12). VPA has also been demonstrated to induce
apoptosis in other human leukemia cells by stimulating both
caspase-dependent and -independent apoptotic signaling path-
ways (12,31). In the current study, we first demonstrated that
a slight but not significant decrease in the number of viable
cells was observed when NB4 cells were treated with 1 mM
VPA alone or in combination with 1 uM ATRA (Fig. 1A).
We further demonstrated that a significant growth inhibition
was observed after treatment with 1 mM VPA, and that the
growth inhibition was strengthened by the addition of 1 yM
ATRA (Fig. 1C). Furthermore, no alteration in the number of
trypan blue positive cells was observed in the same treatment,
whereas treatment with relatively high concentrations of VPA
(3 and 10 mM) alone or in combination with 1 uM ATRA
resulted in substantial increase in the number of trypan
blue positive cells (Fig. 1B). Taken together, results suggest
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Figure 5. Flow cytometry analysis of C/EBPa in NB4 cells treated with ATRA
and VPA, alone or in combination. After the treatment with 1 uM ATRA and
1 mM VPA, alone or in combination, for 48 h, alterations of the expression
level of C/EBPa were evaluated by flow cytometry as described in Materials
and methods. (A) Flow cytometry profiles of C/EBPa. (B) Percent of C/EBPa
positive cells were calculated based on flow cytometry profiles shown in (A).
Experiments were independently repeated at least three times and results are
shown as mean + SD. “p<0.01 vs. control; *p<0.05 vs. ATRA; p<0.05 vs. VPA).

that proliferation arrest, rather than apoptosis, is a plausible
mechanism responsible for the growth inhibition induced
by VPA or VPA/ATRA. Furthermore, it is possible that
ATRA-mediated differentiation contributes to the enhance-
ment of the growth inhibition, although further investigation
is still needed to draw a concrete conclusion.

Next, we demonstrated that not only ATRA but also
VPA induced differentiation in NB4 cells (Figs. 2-4). The
combination of ATRA and VPA further augmented the differ-
entiation activity as compared to that treated with each alone.
Similar to our results, a previous report demonstrated that
VPA induced differentiation in not only NB4 cells but also
HL-60 and U937 cells, although there were some differences
in the degree of differentiation among these leukemia cells
(12). Kosugi et al has also demonstrated that trichostatin A,
another HDACI, synergistically induced differentiation
in NB4 and HL-60 cells as well as their ATRA-resistant
sublines in combination with ATRA (26). Furthermore, it
has been demonstrated that VPA per se induced differentia-
tion in PML-RARa and promyelocytic leukemia zinc-finger
protein (PLZF)-RARa-transformed mouse hematopoietic
progenitor cells, and enhances ATRA-induced differen-
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Figure 6. Flow cytometry analysis of C/EBPf in NB4 cells treated with ATRA
and VPA, alone or in combination. After the treatment with 1 M ATRA and
1 mM VPA, alone or in combination, for 48 h, alterations of the expression
level of C/EBPf3 were evaluated by flow cytometry as described in Materials
and methods. (A) Flow cytometer profiles of C/EBPf. (B) Percent of C/EBPJ
positive cells were calculated based on flow cytometry profiles shown in (A).
Experiments were independently repeated at least three times and results are
shown as mean + SD. "p<0.01 vs. control; $p<0.05 vs. ATRA; "p<0.05 vs. VPA.

tiation in these cells (32). These findings thus suggest that
differentiation-inducing activities of these reagents do not
appear to be associated with a specific cytogenetic subtype
of AML, and that a larger scale study must be launched in
order to draw a solid conclusion.

We further demonstrated that treatment with ATRA alone
resulted in the upregulation of C/EBP(f, €), but not C/EBPa
in NB4 cells (Figs. 5-7), suggesting that C/EBP(p, ¢) play
more critical roles in the ATR A-induced differentiation. The
notion was supported by several previous reports showing
that ATRA-induced differentiation of APL cells might be
mediated by C/EBP factors, most notably C/EBPf and C/
EBPe (19,22). Indeed, electrophoretic mobility shift assay
of nuclear extract from NB4 cells after ATRA stimulation
revealed an increase in the binding activity of C/EBP(p, ¢),
but not that of C/EBPa (16). Interestingly, VPA alone
significantly upregulated C/EBP(a, B, €) expression levels
(Figs. 5-7). Data are scarce on whether C/EBPs or PU.1
are involved in VPA-induced differentiation of NB4 cells
(PML-RARa positive), although a considerable amount of
studies dealing with the differentiation-inducing activity of
VPA in non-APL HL-60 cells (PML-RARa negative) has
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Figure 7. Flow cytometry analysis of C/EBPe in NB4 cells treated with ATRA
and VPA, alone or in combination. After the treatment with 1 uM ATRA and
1 mM VPA, alone or in combination, for 48 h, alterations of the expression
level of C/EBPe were evaluated by flow cytometry as described in Materials
and methods. (A) Flow cytometry profiles of C/EBPe. (B) Percent of C/EBPe
positive cells were calculated based on flow cytometer profiles shown in (A).
Experiments were independently repeated at least three times and results are
shown as mean + SD. "p<0.01 vs. control; p<0.01 vs. ATRA; "p<0.01 vs. VPA.

been conducted (12,26,33). To the best of our knowledge, this
is the first report to demonstrate the effects of VPA on the
PML-RARa positive APL cells by focusing on differentia-
tion associated with the expression of transcription factors,
C/EBPs and PU.1.

We also demonstrated that both ATRA and VPA signifi-
cantly induced PU.1 expression level (Fig. 8). It has been
demonstrated that ATRA resolves the differentiation block in
APL cell lines and primary blasts by restoring PU.1 expres-
sion (18). Furthermore, ATRA-induced activation of PU.1
in these cells is mediated by upregulation of the C/EBPs,
especially C/EBPB (18). In agreement with our results,
Zapotocky et al also demonstrated that VPA increased the
expression of PU.1, resulting in differentiation induction
in t(8;21)/AMLI1-ETO-positive leukemic cells (34). More
importantly, we further demonstrated that combination treat-
ment with ATRA and VPA resulted in the upregulation of
C/EBP(a, B, &) and PU.1 (Figs. 5-8) as compared to that treated
with each alone, suggesting that synergistic or additive effects
of these reagents on differentiation induction are attributed
to the restoration of the normal function of the myeloid
cell transcriptional machinery. Given the importance of C/
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Figure 8. Flow cytometry analysis of PU.I1 in NB4 cells treated with ATRA
and VPA, alone or in combination. After treatment with 1 uM ATRA and
1 mM VPA, alone or in combination, for 48 h, alterations of the expression
level of PU.1 were evaluated by flow cytometry as described in Materials and
methods. (A) Flow cytometry profiles of PU.1. (B) Percent of PU.1 positive cells
were calculated based on flow cytometry profiles shown in (A). Experiments
were independently repeated at least three times and results are shown as
mean + SD. “p<0.01 vs. control; $p<0.001 vs. ATRA; 'p<0.01 vs. VPA).
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Figure 9. Western blot analysis of C/EBPs and PU.1 protein expression levels
in NB4 cells treated with ATRA and VPA, alone or in combination. After
the treatment with 1 M ATRA and 1 mM VPA, alone or in combination, for
48 h, the expression profiles of C/EBP(a, 8, €), PU.1 and B-actin proteins were
evaluated by western blot analysis as described in Materials and methods.

EBP(a, B, ¢) and PU.1 in myeloid development, these studies
suggest that restoring the expression of these transcriptional
factors may represent a possible therapeutic modality leading
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to differentiation of APL cells. Therefore, efforts to clarify the
potential clinical significance of the combination of ATRA
and VPA in patients with not only non-APL AML and MDS
but also APL are warranted.

In conclusion, our findings demonstrating growth inhibi-
tion, enhanced differentiation and upregulation of transcription
factors in NB4 cells treated with combination of VPA and
ATRA provide novel insight into a possible combinational
therapeutic approach to APL patients. It has been suggested
that ATO/ATRA degrade PML-RARa oncoprotein, resulting
in eradication of leukemia-initiating cells (32,35,36). Therefore,
as a new therapeutic approach, a multi-target therapy based on
a combination of ATRA, ATO and VPA would be useful and
worth evaluating further for its beneficial clinical effects.
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