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The constitutively active Bcr-Abl tyrosine kinase plays a crucial role in chronic myelogenous leukemia (CML) pathogenesis. The Bcr-Abl
protein induces the upregulation of proto-oncogene c-Jun, which is involved in Bcr-Abl transforming activity in Bcr-Abl positive cells.
Recent studies reported that c-Jun inhibited hemoglobin synthesis in human CML cell line K562. However, c-Jun also plays a critical role in
cell proliferation and apoptosis. In this study, we investigated the physiological roles of c-Jun in cell proliferation, apoptosis and erythroid
differentiation of K562 cells. Firstly, we generated K562 cell lines stably overexpressing c-Jun. These clones have the same proliferation
rate as the parental cell line in general culture medium. Endogenous c-Jun expression was analyzed to determine the effective
concentration of STI571 for inhibiting Bcr-Abl signaling. Western blots show that STI571 inhibited c-Jun expression in a dose-dependent
manner, reaching a maximum inhibition at 1mM. STI571 could inhibit c-Jun expression in K562 cells, but not in c-Jun-overexpression cells.
c-Jun did not alter growth inhibition and apoptotic induction by STI571 treatment, but inhibited STI571-induced erythroid differentiation.
Moreover, c-Jun did not alter growth inhibition and apoptotic induction by histone deacetylase (HDAC) inhibitors (apicidin, sodium
butyrate, and MS275) treatment, but inhibited HDAC inhibitors-induced erythroid differentiation. These results suggest that c-Jun may
modulate anticancer drugs-induced cell differentiation but not growth inhibition and apoptosis in CML cells.
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Chronic myelogenous leukemia (CML) is a cancer of the
hematopoietic stem/progenitor cells caused by reciprocal
translocation of chromosomes 9 and 21 in human, resulting in
the formation of the Philadelphia (Ph) chromosome (Nowell
and Hungerford, 1960; Rowley, 1973). The Ph chromosome
produces an oncogenic Bcr-Abl fusion protein, which is a
constitutive active tyrosine kinase and underlies the
development of most CML cases (Shtivelman et al., 1986;
Ben-Neriah et al., 1986). Bcr-Abl signaling allows cells to
proliferate in the absence of growth factors, protects cells from
apoptosis in the absence of external survival factors, and may
block cell differentiation (Era, 2002; Steelman et al., 2004; Jagani
et al., 2008). STI571 is a specific inhibitor of Abl tyrosine kinase
(Buchdunger et al., 1996) that inhibits cell proliferation and
induces apoptosis of Bcr-Abl-positive cells (Druker et al., 1996;
Carroll et al., 1997). Significantly, treatment with STI571 has
been proven to be effective for CML patients (Druker et al.,
2001). It has been reported that STI571 induces the hemoglobin
synthesis of human CML cell line K562 (Druker et al., 1996;
Kohmura et al., 2004). The histone deacetylase (HDAC)
inhibitors, apicidin, sodium butyrate and MS275, were also
reported to induce erythroid differentiation and growth
inhibition of K562 cells (Witt et al., 2003; Chen et al., 2008).

The proto-oncogene c-Jun is a major component of
activating protein-1 (AP-1) transcription factor that forms
homo- or hetero-dimers with other AP-1 family members.
c-Jun is involved in many cellular processes including cell
proliferation, apoptosis, differentiation and cell transformation
(Karin et al., 1997). c-Jun is a downstream target gene of Bcr-Abl
signaling and plays an important role in Bcr-Abl-mediated cell
transformation (Raitano et al., 1995) and differentiation
(Druker et al., 1996; Kohmura et al., 2004). However, the
involvement of c-Jun in cell proliferation and in apoptosis
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of CML cells is not clear. In the present study, we have
examined the roles of c-Jun in STI571-induced and HDAC
inhibitors-induced growth inhibition, apoptotic induction and
cell differentiation of K562 cells.

Materials and Methods
Cell culture, reagent, and antibodies

The human CML cell line K562 was cultured in RPMI-1640 medium
supplemented with 10% fetal bovine serum (FBS), 4 mM
L-glutamine, 100 U/ml penicillin, and 100 mg/ml streptomycin.
STI571 was kindly provided by Novartis Pharma AG (Basel,
Switzerland). Apicidin and MS275 were purchased from
Calbiochem (La Jolla, CA). Sodium butyrate and benzidine were
purchased from Sigma-Aldrich Co. (St. Louis, MO). Anti-c-Jun
antibody was purchased from Santa Cruz Biotechnology (Santa
Cruz, CA). Anti-a-tubulin monoclonal antibody, anti-mouse and
anti-rabbit IgG-horseradish peroxidase (HRP) conjugated



Fig. 1. c-Jun overexpression did not affect cell proliferation of K562
cells. A: c-Jun was overexpressed in stable clones. K562 cells were
transfected with empty vector or c-Jun cDNA, followed by G418
selection. Single clones were then picked and maintained in the
culture medium containing 200mg/ml of G418 for c-Jun expression by
Western blot. a-tubulin was used as loading control. B: K562, K562/
mock, K562/c-Jun-1 and K562/c-Jun-3 cells were maintained in general
culture medium. Viable cells were determined by trypan blue
exclusion assay every day, cell numbers were normalized to day 0
(100%). Values are mean W SEM from four experiments.
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secondary antibodies were purchased from Amersham Pharmacia
Biotech, Inc. (San Francisco, CA).

Transfection of K562 cells

For the establishment of stable K562 cell lines overexpressing
c-Jun, K562 cells (2� 106 cells) were cotransfected with plasmids
pCMV-c-Jun (1.5 mg) (Alani et al., 1991; Brown et al., 1992)
and pcDNA3 (0.5 mg, Invitrogen) using lipofectamine reagent
(Invitrogen) according to the manufacturer’s instructions. Because
pCMV-c-Jun does not carry neomycin resistant gene, pcDNA3 was
used as a G418 selection vector. Twenty-four hours after
transfection, cells were diluted to about 0.5 cell/well in 96-well
plates and selected with 800 mg/ml G418. Multiple monoclonal
cultures were screened for c-Jun expression by Western blot
analysis. pCMV-c-Jun was kindly provided by Dr. Michael J. Birrer
(Alani et al., 1991; Brown et al., 1992).

For the luciferase reporter assay, transient transfections of
K562 cells and stable clones (1� 106 cells) were also performed by
lipofection. Reporter plasmids containing pHS40-a590 Luc or
pHS40-z597 Luc (1 mg, Huang et al., 2006) and pRL-TK internal
control vector (0.05 mg) were cotransfected with or without
pCMV-c-Jun (1 mg), pCMV-TAM-67 (1 mg) or its control vector
(1 mg). For STI571 treatment, 1 mM STI571 was added to the
culture medium at 5 h post-transfection. The cells were then
incubated for 24 h then harvested. The luciferase activities were
measured by using the Dual Luciferase Reporter Assay System
(Promega, Madison, WI). The luciferase activity was adjusted for
transfection efficiency by normalizing firefly luciferase activity to
the renilla luciferase activity generated by pRL-TK (Promega).
Human c-Jun mutant cDNA had been generated by deletion of the
transactivation domain (transactivation domain mutant TAM-67,
Grant et al., 1996). pCMV-TAM-67 was kindly provided by
Dr. Michael J. Birrer (Grant et al., 1996).

Western blot analysis

Total cell extracts were prepared as described (Huang et al., 2006).
Protein lysate (50 mg) was resolved using SDS–polyacrylamide
gel electrophoresis (PAGE), transferred to PVDF membranes
(Millipore, Bedford, MA), then probed with primary antibodies.
After binding with HRP-conjugated secondary antibodies, the blots
were visualized with an enhanced chemiluminescence (ECL)
detection system (PerkinElmer Life and Analytical Sciences,
Waltham, MA). The protein expression levels were quantified with
the Quantity One software (Bio-Rad Laboratories, Hercules, CA).

Trypan blue exclusion assay

Cells were cultured at a starting density of 1� 105 cells/ml and
treated with or without 1 mM STI571, 0.1 mM apicidin, 0.3 mM
sodium butyrate or 0.1 mM MS275. Viable cells were stained with
0.2% trypan blue (Sigma-Aldrich Co.). The numbers of viable cells
were counted under microscope at different time points.

Analysis of DNA fragmentation

The DNA fragmentation was analyzed as previously described
(Huang et al., 2005). In brief, 1� 106 cells were cultured for 72 h in
the indicated medium, then washed, resuspended in 50 ml of
Williams lysis buffer (50 mM Tris–HCl, pH 8.0, 10 mM EDTA, 0.5%
Sarkosyl, and 500 mg/ml proteinase K), and incubated at 508C for
3 h. The samples were incubated for 1 h at 378C after addition of
10 ml of RNase A (2 mg/ml). After addition of 1 ml of ethidium
bromide (10 mg/ml), the samples were extracted with an equal
volume of phenol/chloroform (1:1), and stored at 48C after the
addition of 10 ml of 1% low melting agarose solution containing
10 mM EDTA (pH 8.0). Samples were melted at 708C and allowed
to solidify inside the wells of agarose gel before electrophoresis
was initiated.
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Annexin V/propidium iodide (PI) staining and flow cytometry

The level of cell apoptosis was measured by Annexin V-FITC and PI
staining. Cells were cultured in the indicated medium for 72 h,
collected by centrifugation, and washed with PBS. The cells were
stained with Annexin V-FITC and PI (Apoptosis Kit, MBL Medical
and Biological Laboratories, Nagoya, Japan) and incubated for
15 min at room temperature in the dark. Samples were acquired on
a FACScan flow cytometer (Becton Dickinson, Mountain View,
CA) and analyzed with Cellquest software (Becton Dickinson);
10,000 cells were analyzed. Results are shown as the percentage of
early apoptotic cells (Annexin Vþ PI�) and late apoptotic cells
(Annexin Vþ PIþ).

Benzidine staining assay

Cell differentiation was determined by hemoglobin synthesis
in K562 cells using the benzidine staining assay as previously
described (Huang et al., 2004). Cells were cultured in the indicated
medium at a density of 1� 105 cells/ml for 72 h. Cells were
suspended in a staining solution of 49:1 ratio of benzidine solution
(0.2% benzidine in 0.5% acetic acid) to 30% H2O2, and then
subjected to cytospin centrifugation after 10 min of incubation
at room temperature. The black benzidine-stained
hemoglobin-positive cells were determined microscopically.
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Statistics

Qualitative data are presented as the mean and the standard error
of the mean (SEM). Statistically significant differences between
groups were analyzed with Student’s t-test. A P-value of <0.05 was
considered significant.

Results
c-Jun overexpression did not alter cell proliferation
of K562 cells

To investigate the role of c-Jun in CML cells, we generated
stable clones overexpressing c-Jun in K562 cells (Fig. 1A). c-Jun
protein level in the stable clones were analyzed by Western
blot. The results showed that the c-Jun stable clones
(K562/c-Jun-1 and K562/c-Jun-3) had four- to fivefold higher
c-Jun expression compared with parental K562 cells and empty
vector-transfected cells (K562/mock) (Fig. 1A). The influence
of c-Jun on cell proliferation of K562 cells was studied. Ectopic
expression of c-Jun did not alter cell proliferation under general
culture condition, as measured by trypan blue exclusion assay
(Fig. 1B).

c-Jun overexpression did not alter STI571-induced
growth inhibition and apoptosis

To determine the effective concentration of STI571 for
inhibiting c-Jun expression in K562 cells, cells were exposed to
STI571 at various concentrations for 72 h, and then cell extracts
were subjected to Western blot analysis. As shown in
Figure 2A, STI571 acted in a dose-dependent manner to inhibit
the protein expression of c-Jun, reaching maximum inhibition at
Fig. 2. Effect of c-Jun on STI571-induced growth inhibition. A: K562
cells were treated without (control) or with STI571 at various
concentrations for 72 h (left part). K562/mock, K562/c-Jun-1, and
K562/c-Jun-3 cells were treated with 1mM STI571 for 72 h (right part).
Prepared cell lysates were subjected to Western blot analysis for the
c-Jun using anti-c-Jun antibody, and then reprobed with anti-a-tubulin
antibody as loading controls. B: K562, K562/mock, K562/c-Jun-1, and
K562/c-Jun-3 cells were treated without (control) or with 1mM STI571
for 72 h. Viable cells were determined by trypan blue exclusion assay,
cell numbers were normalized to control (100%). Values are
mean W SEM from four experiments.
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1 mM (left part). The 1mM STI571 treatment did not inhibit the
protein expression of c-Jun in K562/c-Jun-1 and K562/c-Jun-3
cells compared with K562/mock cells (right part). We used
1 mM STI571 to perform the subsequent experiments; this
concentration also seems to be clinically relevant and has
been previously shown to inhibit growth of Bcr-Abl-positive
cells (Druker et al., 2001). To study the roles of c-Jun in
STI571-mediated growth inhibition, cells were cultured in 1mM
Fig. 3. Effect of c-Jun on STI571-induced cell apoptosis. A: K562/
mock, K562/c-Jun-1, and K562/c-Jun-3 cells were treated without
(control) or with 1 mM STI571 for 72 h. DNA fragmentation was
examined by gel electrophoresis. B: K562/mock, K562/c-Jun-1, and
K562/c-Jun-3 cells were treated without (control) or with 1mM STI571
for 72 h. Cells were stained with annexin V-FITC and PI and analyzed
by flow cytometry. Values are mean W SEM from four experiments.
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STI571 for 72 h. The cell viability of K562, K562/mock,
K562/c-Jun-1 and K562/c-Jun-3 cells were inhibited by STI571,
indicating that c-Jun overexpression does not affect STI571
inhibition of cell proliferation (Fig. 2B).

It has been reported that c-Jun overexpression may induce
or inhibit apoptosis by different apoptotic stimuli in murine
erythroleukemia cells (Poindessous-Jazat et al., 2002). We
next examined whether c-Jun overexpression is involved in
STI571-induced CML cell apoptosis. As shown in Figure 3A,
DNA fragmentation of K562, K562/mock, K562/c-Jun-1, and
K562/c-Jun-3 cells were observed after 72 h incubation with
STI571. The rate of apoptosis was quantified by flow cytometry
after staining with annexin V and PI. Exposure of these cells to
STI571 resulted in increased number (percentage) of apoptotic
cells, the ectopic expression of c-Jun failed to induce or inhibit
apoptosis induced by STI571 (Fig. 3B). These results indicated
that c-Jun overexpression did not alter STI571-induced
apoptosis.

c-Jun blocked STI571-induced erythroid differentiation

Several studies have demonstrated that c-Jun may regulate the
differentiation of hematopoietic progenitor cells (Gaynor et al.,
1991; Rosson and O’Brien, 1998). STI571 has been reported to
induce hemoglobin synthesis in K562 cells (Druker et al., 1996).
We investigated the erythroid differentiation-inducing effect of
STI571 on K562, K562/mock, K562/c-Jun-1 and K562/c-Jun-3
cells; benzidine staining was used after 72 h of incubation with
the drug. Benzidine-positive cells induced under STI571
treatment were referenced to benzidine-positive cells under
untreated control (normalized as 1). STI571 induced the
appearance of about 9- to 10-fold benzidine-positive K562 and
K562/mock cells versus untreated control. c-Jun overexpression
Fig. 4. Effect of c-Jun on STI571-induced erythroid differentiation. A: K5
without (control) or with 1 mM STI571 for 72 h. Intracellular hemoglobin
hemoglobin-positive cells were determined microscopically. B: The perce
relative to the control value (normalized as 1). Values are mean W SEM fr
K562/c-Jun-3 R STI571 to K562 R STI571 or K562/mock R STI571.
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resulted in about 3.5-fold increase of benzidine-positive K562/
c-Jun-1 and K562/c-Jun-3 cells versus untreated control
(Fig. 4A,B). These results show that K562/c-Jun-1 and
K562/c-Jun-3 cells expressed lower levels of benzidine-positive
cells than those of K562 and K562/mock cells, indicating that
c-Jun blocked STI571-induced hemoglobin synthesis.

c-Jun inhibited STI571-induced activation of a-globin
and z-globin promoters

To study the effect of c-Jun on STI571-induced erythroid
differentiation, the erythroid genes,a-globin and z-globin, were
analyzed. To examine the transcriptional activity of a-globin
and z-globin genes, we used transient transfection of K562 cells
with reporter constructs expressing the luciferase gene under
the control ofa-globin or z-globin promoters, pHS40-a590Luc
or pHS40-z597Luc (Huang et al., 2006). The relative luciferase
activities of the reporters activated under STI571 treatment
were referenced to the reporter activity under untreated
control (normalized as 1). Results in Figure 5A,B show that a
24-h exposure to STI571 significantly induced promoter
activities ofa-globin and z-globin genes in K562 and K562/mock
cells. c-Jun overexpression in K562/c-Jun-1 and K562/c-Jun-3
cells resulted in the inhibition of promoter activities of a-globin
and z-globin genes by STI571 compared with K562 and K562/
mock cells (P< 0.05) (Fig. 5A,B). Additionally, transient
cotransfection analysis shows that the inhibition of c-Jun
transcriptional activity by c-Jun dominant-negative mutant,
TAM-67, resulted in the enhancement of promoter activities of
a-globin and z-globin genes in K562 cells by STI571 compared
with vector transfected cells (data not shown). These results
suggest that c-Jun is involved in blocking STI571-induced
promoter activation of a-globin and z-globin genes.
62, K562/mock, K562/c-Jun-1 and K562/c-Jun-3 cells were treated
was detected by benzidine staining. The black benzidine-stained
ntage of benzidine-positive cells is shown. The values were expressed
om four experiments. MP < 0.05 comparing K562/c-Jun-1 R STI571 or



Fig. 5. Effects of c-Jun on STI571-induced promoter activation of the
erythroid genes. A: K562, K562/mock, K562/c-Jun-1, and K562/c-Jun-3
cells were transfected with plasmid pHS40-a590 Luc. B: K562, K562/
mock, K562/c-Jun-1, and K562/c-Jun-3 cells were transfected with
plasmid pHS40-z597 Luc. pRL-TK plasmid was included in each
transfection as an internal control of transfection. After 5 h of
transfection, cells were subsequently treated without (control) or
with 1mM STI571. Luciferase activity was measured 24-h after STI571
addition and was normalized to RL expression. The values were
expressed relative to the activity of the control value (normalized
as 1). Values are mean W SEM from four experiments. MP < 0.05
comparing K562/c-Jun-1 R STI571 or K562/c-Jun-3 R STI571 to
K562 R STI571 or K562/mock R STI571 (A,B).

Fig. 6. Effect of c-Jun on HDAC inhibitors-induced growth
inhibition, apoptosis and cell differentiation. K562, K562/mock, K562/
c-Jun-1, and K562/c-Jun-3 cells were treated without (control) or with
0.1 mM apicidin, 0.3 mM sodium butyrate (butyrate) or 0.1 mM MS275
for 72 h. A: Viable cells were determined by trypan blue exclusion
assay, cell numbers were normalized to control (100%). B: Cells were
stained with annexin V-FITC and PI and analyzed by flow cytometry.
C: Intracellular hemoglobin was detected by benzidine staining. The
values were expressed relative to the control value (normalized as 1).
Values are mean W SEM from four experiments. MP < 0.05 comparing
K562/c-Jun-1 R HDAC inhibitor or K562/c-Jun-3 R HDAC inhibitor to
K562 R HDAC inhibitor or K562/mock R HDAC inhibitor.

572 H U A N G A N D L I U
c-Jun blocked HDAC inhibitors-induced erythroid
differentiation but not growth inhibition and apoptosis

Our and other studies have demonstrated that HDAC
inhibitors, apicidin, sodium butyrate and MS275, could induced
growth inhibition and hemoglobin synthesis in K562 cells (Witt
et al., 2003; Chen et al., 2008). To examine the roles of c-Jun in
HDAC inhibitors-modulated cell proliferation, apoptosis and
differentiation of K562 cells, K562, K562/mock, K562/c-Jun-1,
and K562/c-Jun-3 cells were treated with apicidin, sodium
butyrate or MS275 for 72 h. Results in Figure 6 show that c-Jun
overexpression did not alter HDAC inhibitors-induced growth
inhibition and cell apoptosis (Fig. 6A,B). The relative benzidine-
positive cells induced under HDAC inhibitor treatments were
referenced to the benzidine-positive cells under untreated
control (normalized as 1). These results show that c-Jun
overexpression significantly blocked HDAC inhibitors-induced
hemoglobin synthesis (Fig. 6C).

Discussion

In this study, we seek to clarify the role played by c-Jun
overexpression in cell proliferation, apoptosis and
differentiation of CML cells. We show that c-Jun may block
STI571-induced and HDAC inhibitors-induced erythroid
JOURNAL OF CELLULAR PHYSIOLOGY
differentiation but not growth inhibition and apoptosis of K562
cells.

The process of differentiation of progenitor cells into more
specialized cells involves inhibiting their proliferative capacity.
We found that c-Jun overexpression blocked erythroid
differentiation but did not simultaneously interrupt growth
inhibition caused by STI571 or HDAC inhibitors, suggesting
that cell proliferation and differentiation of CML cells can be
separately modulated. Consistent with these findings, c-Jun
blocked hemoglobin synthesis of DMSO-treated murine
erythroleukemia cells but not growth inhibition (Francastel
et al., 1994; Poindessous-Jazat et al., 2002). Of interest, STI571
induces not only erythroid differentiation but also myeloid
differentiation in K562 cells (Kohmura et al., 2004). It will
be interesting to know whether c-Jun can inhibit myeloid
differentiation in CML cells. In addition to acting as an inhibitor
of erythroid differentiation, c-Jun also acts as an inducer of
differentiation of hematopoietic progenitor cells. Notably,
c-Jun level increases during macrophage differentiation of
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HL-60 cells (Gaynor et al., 1991), and during monocytic
differentiation of M1 cells (Lord et al., 1993); furthermore,
exogenous c-Jun induces partial monocytic differentiation in M1
and U937 cells (Lord et al., 1993; Szabo et al., 1994). A recent
report (Choi et al., 2004) showed that c-Jun induces monocytic
differentiation by orphan nuclear receptor SHP. c-Jun inhibits
erythroid differentiation through HERP2 to repress key
erythroid transcription factor GATA-1 (Elagib et al., 2004).
These results suggest that c-Jun transcription factor regulates
the different target genes to modulate the cell differentiation of
specific hematopoietic lineages. In addition to HERP2, the other
downstream target genes of c-Jun will be screened and studied
further to decipher how c-Jun inhibits the erythroid
differentiation of hematopoietic progenitor cells.

c-Jun has been shown to be not necessary for apoptosis to
occur in a variety of cell types in vivo (Roffler-Tarlov et al., 1996;
Herzog et al., 1999). We observed similar results and showed
that STI571 and HDAC inhibitors induced apoptosis of K562
cells but that this induction could not be increased or decreased
by c-Jun overexpression. On the other hands, several evidences
implicate c-Jun as an apoptotic inducer of leukemia cells (Qian
et al., 1997; Kondo et al., 2000; Poindessous-Jazat et al., 2002).
For example, the studies by Poindessous-Jazat et al. (2002)
revealed that c-Jun overexpression induced and c-Jun
knockdown with antisense construct inhibited anticancer
drugs-induced apoptosis in murine erythroleukemia cells.
Contrary to those observations, Poindessous-Jazat et al. (2002)
also showed that c-Jun overexpression inhibited serum
deprivation-induced apoptosis in these cells. In addition, the
studies of apoptosis induced in other cell types have implicated
c-Jun protects cells against serum deprivation-induced or
anticancer drug-induced cell death (Huang et al., 2000; Duan
et al., 2007). These results suggest that c-Jun does not affect
apoptosis or may function to modulate apoptosis either
positively or negatively, depending on the microenvironment
and the cell type.

STI571 is an effective therapy for Bcr-Abl-positive leukemia,
but many patients are resistant to STI571 treatment. The major
mechanisms of STI571 resistance are either by increased
expression of the Bcr-Abl protein through gene amplification
(Gorre et al., 2001) or by Bcr-Abl mutation, especially mutation
sites located on ATP binding site where STI571 compete for
binding (Shah et al., 2002; Branford et al., 2003). Hence, Bcr-Abl
still upregulate and activate c-Jun in STI571-resistant CML cells
treated with STI571. The K562 cells was sensitive to STI571,
and its growth inhibition was accompanied by the
down-regulation of c-Jun expression (Fig. 2) that provided
for understanding the role of c-Jun in CML cells with STI571
treatment. When overexpressed in K562 cells, c-Jun has been
determined to be an inhibitor of the erythroid differentiation,
including inhibition of hemoglobin synthesis and erythroid
gene promoter activities in STI571 treatment, whereas
STI571-induced growth inhibition and apoptosis were not
influenced. These results probably reflect the fact that c-Jun
plays a role in both cell transformation (Raitano et al., 1995) and
differentiation arrest in CML cells, including STI571-resistant
CML cells.

Histone deacetylase (HDAC) inhibitors cause cell
differentiation, cell-cycle arrest, and apopotic effects on
different cells and are being explored for use as anticancer
drugs. Previous studies showed that different structural classes
of HDAC-inhibitors (apicidin, sodium butyrate and MS275)
exhibited erythroid differentiation inducing activity and growth
inhibition in K562 cells (Witt et al., 2003; Chen et al., 2008).
We also studied the effects of these inhibitors on c-Jun
overexpressing K562 cells and found that c-Jun inhibited HDAC
inhibitors-induced erythroid differentiation but not growth
inhibition and apoptosis. These results are consistence with
studies using STI571 treatment. HDAC inhibitors acted as
JOURNAL OF CELLULAR PHYSIOLOGY
inducers of acetylation of histones, which is different from the
actions of STI571. However, apicidin and sodium butyrate have
been reported to downregulate the expression of Bcr-Abl
(Nishimura et al., 1988; Cheong et al., 2003). So far, we do
not know whether the MS275 also downregulate Bcr-Abl. In
addition, our and other studies have demonstrated that STI571
and HDAC inhibitors (apicidin, sodium butyrate and MS275)
induce erythroid differentiation and growth inhibition in K562
cells by deactivating ERK pathway and activating p38 MAPK
pathway (Kohmura et al., 2004; Chen et al., 2008). Thus, that is
why STI571 and HDAC inhibitors have the similar effect on
CML K562 cells.

In summary, the physiological function of c-Jun is to block cell
differentiation but do not affect cell proliferation and apoptosis
in CML cells. Thus, our findings raise the possibility that
differentiation arrest, one of c-Jun functions, may play an
important role in CML progression.
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