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Abstract

Purpose To characterize resistance mechanisms to the
nucleoside analog 9-f-D-arabinofuranosylguanine (AraG)
in the T-cell acute lymphoblastic leukemia cell line MOLT-4
and its AraG-resistant variant.

Methods A gene expression microarray analysis was per-
formed, as well as gene expression and enzyme activity
measurements of key enzymes in the activation of AraG.
Cytotoxicity of AraG and cross-resistance to other com-
pounds were evaluated using a standard cytotoxicity assay.
Results Gene expression microarray analysis revealed
that fetal hemoglobin genes and the multidrug resistance
ABCBI gene, encoding the drug efflux pump P-gp, were
the most highly upregulated genes in the resistant cells,
while genes traditionally associated with nucleoside analog
resistance were not. Fetal hemoglobin and ABCB1 induc-
tion can be due to global DNA hypomethylation. This phe-
nomenon was studied using AraG during a period of
4 weeks in MOLT-4 cells and the lung adenocarcinoma cell
line A549, leading to up-regulation of hemoglobin gamma
and ABCBI1 as well as DNA hypomethylation. Inhibiting
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P-gp in the AraG-resistant MOLT-4 cells led to decreased
proliferation, reduced hemoglobin expression, and highly
induced ABCBI1 expression.

Conclusions We show that AraG can cause hypomethyla-
tion of DNA and induce the expression of the fetal hemo-
globin gamma gene and the ABCB1 gene. We speculate
that the induction of ABCB1/P-gp may occur in order to
help with excretion of hemoglobin degradation products
that would otherwise be toxic to the cells, and we present
data supporting our theory that P-gp may be linked to the
induction of hemoglobin.

Keywords 9-f-D-arabinofuranosylguanine - Fetal
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Introduction

The antileukemic drug 9--D-arabinofuranosylguanine (AraG)
was synthesized in the 1950s but only recently brought into
clinical use for the treatment of relapsed or refractory T-cell
acute lymphoblastic leukemia (T-ALL) or lymphoblastic
lymphoma [1-3]. The drug is used clinically as a prodrug,
nelarabine (Atriance®) which is more water soluble than
AraG and is demethylated in blood to AraG [2]. AraG is
then activated intracellularly by the cytosolic enzyme deox-
ycytidine kinase (dCK) and the mitochondrial enzyme
deoxyguanosine kinase [4, 5]. The high content of mito-
chondria in neurons can partially explain why severe side
effects of AraG treatment include life-threatening neurotox-
icity [1]. Inherited or acquired resistance to nucleoside
analog treatment is a common phenomenon leading to
treatment failure. In order to study possible resistance
mechanisms to AraG, we performed a gene expression
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microarray analysis of the human leukemic T-ALL cell line
MOLT-4 and its AraG-resistant variant.

In this study, we show that traditional nucleoside analog
resistance genes were only moderately affected in the resis-
tant MOLT-4/AraG cells compared with parental cells.
However, we could see a massive induction of fetal hemo-
globin genes and the multidrug resistance gene ABCBI1
coding for the drug efflux pump P-glycoprotein (P-gp). We
suggest that AraG induces the expression of hemoglobin,
ABCBI, and other genes by hypomethylation of DNA and
that P-gp may be induced to help excrete fetal hemoglobin
waste products from the cells since AraG is not considered
a substrate of this pump.

Materials and methods
Reagents and drugs

9-f-D-arabinofuranosylguanine (AraG) was obtained
from R.I. Chemical (Orange, CA, USA), 6-mercaptopurine
(6-MP, Puri-Nethol®) was from GlaxoSmithKline (Solna,
Sweden) 2-chloro-2'-arabino-fluoro-2'-deoxyadenosine (clof-
arabine, CAFdA, Evoltra®) was a kind gift from
Dr. Howard Cottam, University of California (San Diego,
CA. USA), 2-fluoroarabinosyladenine (FaraA) was a gift
from Dr. Zéev Shaked, Berlex (Alameda, CA, USA), gem-
citabine (dFdC, Gemzar®) was from Eli Lilly (Solna,
Sweden), daunorubicin (Dnr, Cerubidin®) was from Rhéne-
Poulenc Rorer (Bristol, UK), cladribine (CdA, Leustatin®)
and laniquidar were from Johnson & Johnson (Schaffhau-
sen, Switzerland), cytarabine (AraC, Cytosar®) was from
Pharmacia & Upjohn (Stockholm, Sweden), and cyclo-
sporin A (Sandiummun®) was from Novartis (Stockholm,
Sweden). Radioactive substances were from Moravek Bio-
chemicals (Brea, CA. USA), Western blot equipment and
reagents were from Bio-Rad Laboratories (Hercules, CA,
USA), cell-culturing reagents were from Gibco, Life Tech-
nologies (Paisley, UK), real-time PCR equipment and
reagents were from Applied Biosystems (Foster City, CA,
USA), and additional chemicals were purchased from
Sigma—Aldrich (Stockholm, Sweden).

Cell lines

Cell lines used in this study were the T-cell acute lympho-
blastic leukemia cell line MOLT-4 (American Type Culture
Collection, ATCC) and variants made resistant to AraG
(0.9 uM) or 6-MP (5 uM) as earlier described [4] and the
human chronic myelogenous leukemia cell line K562
(ATCC). The human lung adenocarcinoma epithelial cell
line A549 was a gift from Dr. S A Coulthard (Newcastle
University, Northern Institute for Cancer Research,
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Newcastle upon Tyne, UK). Cells were cultured in RPMI-
1640 media supplemented with 10% fetal calf serum,
100 IU/ml penicillin, 100 pg/ml streptomycin, and 2 mM
L-glutamine. Cells were kept at 37°C with 5% CO, in a
humidified atmosphere and were subcultured twice weekly.

Cytotoxicity assay

Sensitivity of the cells to various drugs was determined by
the methyl thiazole tetrazolium (MTT) assay as previously
described [6]. Triplicate analyses of 20,000 cells per well
for MOLT-4 cells and 10,000 cells/well for A549 in 100 pl
aliquots in 96-well microtiter plates with 5 pl of drug dilu-
tions were performed. Sensitivity to the different sub-
stances, expressed as an ICs, value, was calculated as the
percent survival compared with control cells.

RNA extraction, reverse transcriptase PCR,
and real-time PCR

RNA was extracted using the RNeasy Mini Kit (Qiagen,
Solna, Sweden), and complementary DNA was produced
using the High Capacity Archive kit (Applied Biosystems).
Details of PCR primers and Tagman probes for dCK and
dGK have been published previously [7, 8]. To measure the
expression of hemoglobin gamma (Hs00361131_gl) and
ABCB1 (Hs00184500_ml), Taqman® Gene Expression
Assays (20X) were used, and the glyceraldehyde-3 phos-
phate dehydrogenase (GAPDH) gene (Hs00266705_gl)
was used as a housekeeping control by dividing the mean
quantity of the gene studied with the mean quantity of
GAPDH expression after analysis with the Sequence
Detection Software 1.3.1 (Applied Biosystems). The reac-
tion mixture contained 1X Taqman Universal Mastermix,
forward and reverse primers (800 nM), and a probe
(200 nM) or 1X Gene Expression Assay mix. Reaction con-
ditions were 2 min at 50°C, 10 min at 95°C, and 40 cycles
with 15 s at 95°C and 1 min at 60°C in an ABI Prism 7500
Sequence Detection System.

Protein extraction and enzyme activity measurements

Cells were centrifuged and washed in cold PBS, and the
pellets were resuspended in a protein extraction buffer con-
taining 50 mM Tris—HCI (pH 7.6), 4 mM dithiothreitol,
0.5 mM phenylmethylsulfonyl fluoride, 20% glycerol, and
0.5% Nonidet P40 and then disrupted using liquid nitrogen.
After a final 15-min centrifugation at 15,000 x g, the cell
supernatants were collected and assayed for dCK and dGK
activities.

Enzyme activities were measured by a method published
previously based on a modified radiochemical method [6].
Concentrations of the substrates were 10 tM deoxycytidine



Cancer Chemother Pharmacol (2011) 68:583-591

585

([8-*H]-2'-deoxycytidine, specific activity 8.3 Ci/mmol)
for dCK and 20 pM 9-f-D-arabinofuranosylguanine ([8-
3H]-guanine-$-D-arabinofuranoside, specific activity 6.7 Ci/
mmol) for dGK. To inhibit the activity of thymidine kinase
2, 1 mM thymidine was added to the dCK reaction and to
inhibit the activity of dCK, 50 mM deoxycytidine was
added to the dGK reaction. Total radioactivity was mea-
sured in a liquid scintillation counter (RackBeta, LKB Wal-
lac, Turku, Finland).

Enzyme activities were expressed as pmol of formed
product/min/mg of protein, and the method of Lowry was
used to determine protein content in the individual samples
using the DC protein assay (Bio-Rad Laboratories).

Western blot

Hemoglobin gamma protein was visualized using western
blot. Criterion Precast 4-15% Tris—HCI gels were loaded
with 40 pg of protein and run in a sodium dodecyl sulfate
(SDS) running buffer containing 0.4 M glycine, 50 mM Tris—
HCI, and 14 mM SDS, pH 8.5 at 100 V for 2 h. The proteins
were transferred onto an Immune Blot PVDF membrane in a
transfer buffer (25 mM Tris—HCI, 192 mM glycine, 20%
methanol, pH 8.3) at 50V for 1 h. Mouse antihemoglobin
gamma antibody (1:200, Santa Cruz Biotechnology Inc,
Santa Cruz, CA, USA) and rabbit anti-f-actin antibody
(1:1,000, Abcam, Cambridge, UK) were used. All secondary
peroxidase-labeled antibodies (1:1,000) were from Amer-
sham Biosciences (Little Chalfont, UK). The blots were
developed using Supersignal® West Pico Chemiluminescent
Substrate (Pierce Biotechnology, Rockford, IL, USA).

Microarray analysis

Microarray analyses were performed with RNA from four
MOLT-4 samples and four MOLT-4/AraG900 samples
using Human Genome Focus Array (Affymetrix, Buckin-
hamshire, UK) containing more than 8,500 of the most
well-characterized human genes. Samples were prepared
according to the manufacturer’s instructions. Chip data
were analyzed using Genespring GX 11.0 (Agilent Tech-
nologies, Inc, Santa Clara, CA, USA). Samples were sub-
jected to baseline transformation and thereafter background
correction, normalization, and probe summarization were
done using the robust multichip averaging (RMA) algo-
rithm [9]. Significantly differentially expressed genes were
found using Welch's #-test, followed by the Benjamin-
Hochberg post hoc test. Samples were filtered on expres-
sion, P-value computation was asymptotic, and the cutoff
limit was drawn at 0.05. Data were also analyzed by
ALMAC Diagnostics (ALMAC Group Ltd, Graigavon,
UK) with essentially the same genes found significantly
affected.

Global methylation assay

Cells were incubated with AraG (5 or 10 uM) or 6-MP (5
or 10 uM) for 4 weeks (eight passages) and then pulse-
labeled to measure the global methylation status. They were
maintained at 0.5 x 10° cells/ml for MOLT-4 cells and
approximately 70% confluency for A549 cells. Cells were
washed in pre-heated PBS (37°C) in order to wash out all
traces of drugs and then resuspended in pulse-labeling
media containing 1.5 mmol/I L-[methyl->H]methionine
(37 MBgq, specific activity 75.6 Ci/mmol, Perkin Elmer,
Waltham, MA, USA) as methyl donor, and 0.2 pmol/l
[methyl-'*C]thymidine (1.85 MBq, specific activity
61 mCi/mmol, Amersham Biosciences, Little Chalfont,
UK) to be incorporated into newly synthesized DNA. After
4 h of incubation, the cells were harvested and DNA
extracted using the QIAamp® DNA Blood Mini Kit
(Qiagen, Solna, Sweden) according to the manufacturer’s
instructions. A ratio between *H and '*C was then used to
estimate methylation, and the results were compared to the
results from cells cultured with no drug.

Statistical analysis

Additional statistical analyses were performed using the
GraphPad Prism, version 4.00, for Windows (GraphPad
Software, San Diego, CA, USA). Data were expressed as
mean and standard deviation and analyzed using Student’s
t-test with a P-value of < 0.05 being considered significant.

Results

Cytotoxicity of nucleoside analogs and expression
and activity of activating enzymes

We have previously described the MOLT-4/AraG900-
resistant subclone and compared it to the parental MOLT-4
cell line [4]. We reported then on resistance to AraG but
also cross-resistance against other nucleoside analogs and
to anthracyclines. Once again, we investigated the pattern
of nucleoside analog cytotoxicity and expression and activ-
ity of nucleoside analog—activating enzymes in these two
cell lines. The AraG-resistant cells showed the highest
resistance to AraG, Dnr, and AraC (350-, 1,400-, and
1,500-fold less sensitivity, respectively) compared with the
parental cells. They also showed resistance to CdA,
CAFdA, and FaraA, although moderately (10- to 70-fold
less sensitivity), while the effect of dFdC was slightly
increased in the resistant cells as was also shown before by
us [4].

The resistant AraG900 subclone had reduced dCK
expression and activity (less than half of control cells).
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Table 1 Gene regulation assessed by expression microarray analysis

Gene name Gene ID Gene description Gene ontology Chr FC
HBZ NM_00S332 Hemoglobin zeta Oxygen transport 16p13.3 433
HBG1/2 NM_000184 Hemoglobin gamma Oxygen transport 11p15.5 411
ABCB/1 NG_011513 P-glycoprotein multidrug resistance Membrane transporter 7q21.12 225
DLK NM_003836 Delta-like 1 homolog Tumor marker 14q32 195
HBA1/2 T50399 Hemoglobin alpha 1/2 Oxygen transport 16p13.3 183
PRAME NM_206954 Preferentially expressed antigen in melanoma Inhibits myeloid differentiation 22q11.22 147
MS4A3 NM_001031809 Membrane-spanning 4-domains Hematopoietic cell specific 11ql12.1 137
HBEI1 NM_005330 Hemoglobin epsilon 1 Oxygen transport 11pl5.5 136
KLF1 U65404 Kruppel-like factor 1 (erythroid) Involved in f-and g-globin expression 19p13.13  29.0
BLVRB NM_000713 Biliverdin reductase B Hemoglobin degradation 19q13.1 18.8
ABCB6 NM_005689 ATP-binding cassette. subfamily B. member 6 Porphyrin heme synthesis 2q36 3.7
BCL11B NM_138576 B-cell CLL lymphoma 11B Hematopoietic cell development 14g32.2 —12
BCL11A NM_022893 B-cell CLL lymphoma 11A (zinc finger protein) Hematopoietic cell development 2pl6.1 -9.6
DCK NM_000788 Deoxycytidine kinase Nucleotide and nucleic acid metabolism 4q13.3 —4.3
DGUOK NM_001929 Deoxyguanosine kinase Nucleotide and nucleic acid metabolism 2p13 1.6

The expression of more than 8,500 well-characterized genes was investigated using the Human Genome Focus Array in the drug-sensitive T-ALL
MOLT-4 cell and AraG-resistant variant MOLT-4/AraG900. Data were analyzed using GeneSpring GX11.0 and the robust multichip averaging
algorithm. Differentially expressed genes were found using Welch’s r-test, followed by the Benjamin-Hochberg post hoc test, with a cutoff
limit < 0.05. Table shows the eight most significantly up-regulated genes as well as genes involved in nucleoside analog resistance (DCK,
DGUOK (dGK), ABCB1), genes known to be involved in fetal hemoglobin regulation (BCL11A and BCL11B, KLF1), and genes involved in
hemoglobin degradation or transportation (BLVRB, ABCB6). F'C fold change

However, the expression of dGK was elevated twofold
compared with parental cells, while the activity of dGK
measured with AraG as substrate was approximately 10%
of the activity in parental cells.

Microarray expression data analysis

The data analysis revealed 1,223 genes with an at least two-
fold differential expression between the MOLT-4 and
MOLT-4/AraG900 cells. On considering the most up-regu-
lated genes, several fetal hemoglobin genes were repre-
sented, as well as the ABCB1 gene (Table 1) encoding for
the membrane transporter P-gp involved in multidrug resis-
tance [10]. Up-regulated genes also included KLF1, involved
in hemoglobin gamma expression [11], and BLVRB, encod-
ing biliverdin reductase B, which is involved in hemoglobin
degradation. The genes BCL11A and BCL11B, probably
involved in the regulation of fetal hemoglobin gene expres-
sion [12], were 10- and 12-fold down-regulated, respectively
(Table 1). The expression of the nucleoside analog—metabo-
lizing enzyme, dCK, was moderately down-regulated, and
the expression of dGK was 1.6-fold elevated and was not
included in the list of significantly altered genes. The list of
significantly altered genes did not reveal any changes in
other genes traditionally involved in the resistance mecha-
nisms against AraG or any other nucleoside analogs.
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Hemoglobin induction and hypomethylation

In order to determine whether AraG could induce fetal
hemoglobin and ABCB1 expression in the short-term
perspective and whether that was associated with global
DNA hypomethylation, MOLT-4 cells and A549 cells
were incubated for eight passages with AraG and 6-MP,
the latter being known to hypomethylate DNA [13].
Pulse-labeling of DNA was then performed to assess
global methylation, and RNA was prepared to measure
hemoglobin gamma expression. Since the MOLT-4 and
MOLT-4/AraG900 cell lines had been cultured for a
long period of time (up to 6 months during resistance
development), new MOLT-4 cells (cultured less than 10
passages since received from ATCC) were used for these
experiments. As shown in Table 2, hemoglobin gamma
was induced in both MOLT-4 and A549 cells treated
with AraG or 6-MP, and so was the ABCBI1 gene in both
cell lines treated with AraG. The same was seen in the
MOLT-4/AraG900 cell line used in the microarray
experiment and in a 6-MP-resistant variant generated
previously by us (Table 2).

Global methylation was significantly decreased in both
cell lines incubated with AraG but only significantly
decreased in the A549 cells when incubated with 6-MP

(Fig. 1).
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Table 2 Hemoglobin gamma and ABCB1 gene expression

Cell line Treatment  Hb-gamma ABCBI1
(uM) . . . .
FC induction  FC induction

MOLT-4 AraG (5) 30 Induced*
MOLT-4 6-MP (5) 15 n.d.

A549 AraG(10) 5 74

A549 6-MP (10) 48 n.d.
MOLT-4 parental** None n.d. n.d.
MOLT-4/AraG900**  AraG (0.9) Induced* Induced*
MOLT-4/6-MP 6-MP (5) Induced* Induced*

MOLT-4 and A549 cell lines were incubated with AraG or 6-MP dur-
ing 4 weeks, and the expression of hemoglobin gamma and ABCB1
was measured using real-time PCR (mean value from two individual
experiments). The expression of these two genes was also evaluated in
MOLT-4 parental cells and MOLT-4 AraG900-resistant cells used in
microarray experiments, and in MOLT-4 cells resistant to 6-MP. * not
detectable in parental cells, **cell lines used in the microarray experi-
ment. FC fold change
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Fig. 1 Global methylation status was investigated in MOLT-4 cells
and A549 cells cultured without drug and with AraG or 6-MP. Meth-
ylation was assessed using a DNA pulse-labeling technique with thy-
midine and methionine measuring methylated cytosine in newly
synthesized DNA

Western blot analysis of hemoglobin gamma

In the MOLT-4/AraG900 samples used in the gene expres-
sion microarray analysis, hemoglobin gamma protein
expression was induced as well as in the 6-MP-resistant
MOLT-4 cells (Fig. 2). We have previously shown that the
P-gp protein expression is induced in these cells as well [4].
These alterations could not be detected in the MOLT-4 and
A549 cells that had been incubated with drugs for a short
period of time. This is probably due to the shorter induction
time and the fact that these proteins are not normally
expressed in these cells, and so it may take a higher amount
of protein in order for them to be detectable using these
antibodies.

MOLT-4 MOLT-4/AraG MOLT-4/6-MP

o,

Hby~18kDa | “Ea.“-

B-actin~ 47 kDa h—

Fig. 2 Protein expression of hemoglobin gamma (Hby) was investi-
gated in the MOLT-4 and MOLT-4 AraG and 6-MP-resistant cells us-
ing western blot. Hemoglobin gamma protein was highly induced in
the resistant cells and compared with f-actin expression

-

Altered ABCB1 and hemoglobin gamma expression
after P-gp inhibition

Several cytotoxic drugs can induce P-gp expression even
though they are not substrates of this efflux pump, and
many drugs also induce fetal hemoglobin. To investigate
whether there is a connection between P-pg and fetal hemo-
globin induction, AraG-resistant MOLT-4 cells and K562
cells, the latter known to constitutively express both fetal
hemoglobin [14] and low amounts of P-gp [15], were incu-
bated with two inhibitors of this pump. The cells were incu-
bated with cyclosporin A or laniquidar at different
concentrations for 96 h in order to see whether the P-gp
efflux pump might be involved in the excretion of hemoglo-
bin or its degradation products. Cells were then counted in
an automated Beckman Coulter Counter (Beckman Coulter,
Inc., Brea, CA, USA), and the expression of hemoglobin
gamma and ABCB1 was measured.

All three concentrations tested reduced cell growth of
the two cell lines (Fig. 3). RNA was extracted from the
cells incubated with the highest concentration of the drugs
(10 uM) and analyzed for hemoglobin gamma and ABCB1
expression. We speculated that inhibiting P-gp would lead
to toxic concentrations of hemoglobin or waste products of
hemoglobin and slow cell proliferation and possibly affect
the expression of these genes. On inhibiting P-gp, hemoglo-
bin gamma expression decreased to 5% of control in
MOLT/AraG900 cells and to 15-21% in K562 cells
(Table 3), while the expression of ABCB1 was markedly
increased in the MOLT-4/AraG900 cells, possibly as a
compensation for the inhibition.

Discussion

In the present study, using gene expression microarray
analysis, we have demonstrated that fetal hemoglobin genes
as well as the drug efflux pump, ABCB1, involved in multi-
drug resistance are up-regulated in the AraG-resistant vari-
ant of the human leukemic MOLT-4 cell line. We expected
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Fig. 3 The resistant MOLT-4/AraG900 and K562 cells were incu-
bated during 96 h with the P-gp inhibitors cyclosporin A (cyc A) and
laniquidar (laniq) at different concentrations (1, 5, 10 pM). Cells were
then counted, and a graph was plotted showing growth inhibition of
both drugs at all concentrations. Y-axis showing amount of million
cells/ml

Table 3 Hby and ABCBI expression after P-gp inhibition

MOLT-4/AraG900
(% of control)

K562
(% of control)

Treatment

Hby ABCBI Hby ABCBI
cyc A 10 pM 5 >300 21 93
laniq 10 uM 5 >300 15 140

MOLT-4/AraG900 and K562 cells, both expressing fetal hemoglobin
and the drug efflux pump P-gp, encoded by ABCB1 were incubated for
96 h with two P-gp inhibitors, cyclosporin A (cyc A), and laniquidar
(laniq). mRNA expression of hemoglobin gamma (Hby) and ABCB1
was then assessed using real-time PCR and presented as the percent of
controls (cells cultured with no drug). Data show the mean from two
experiments

major changes in genes involved in nucleoside analog resis-
tance, such as nucleoside analog—metabolizing enzymes,
and hoped to obtain information about additional genes
involved in the mechanisms of resistance. However, genes
known to be involved in resistance development were only
moderately affected together with changes in more than
1,000 additional genes. The reason for these unexpected
results is not entirely clear. It may be due to the fact that the
cells were selected for resistance during several months and
that the mechanisms for resistance change over time. It may
also be because the concentrations used for resistance
induction are of such a nature that low concentrations
induce certain resistance mechanisms and higher concen-
trations induce other mechanisms. Also, the resistance
mechanisms may not be reflected by the mRNA expression
of the genes. The fact that the mRNA expression of dGK,
which is known to phosphorylate and activate AraG, was,
in fact, slightly induced, while the enzymatic activity was
one-tenth of that in control cells, suggests post-translational
changes not seen at the mRNA level.

Fetal hemoglobin [16] and ABCB1 gene induction [17,
18] is correlated with hypomethylation of DNA, and we
speculated that AraG has hypomethylating properties since
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these genes were induced in AraG-resistant cells. This was
investigated in MOLT-4 cells and the lung adenocarcinoma
cell line A549 by means of a four-week drug induction with
AraG and the antimetabolite 6-MP, a drug known to
hypomethylate DNA [13] and, like AraG, is incorporated
into DNA. We used the A549 as a control cell line since
many nucleoside analogs, and particularly AraG, have a
very modest effect on solid tumors, and we wanted to see
whether the effects of AraG were applicable to other cells
than leukemic. Fetal hemoglobin gamma was induced in
both cell lines, while ABCB1 was induced in cells treated
with AraG only. The global methylation of DNA was also
significantly decreased in both cell lines treated with AraG.
Drug concentrations that inhibited approximately 50% cell
growth in the cultured cells were used since we wanted to
mimic the development of resistance when some cells more
tolerant to the treatment survive and expand into a less
drug-sensitive population. The effect on DNA methylation
may depend on drug concentrations, exposure times, and
cell lines used.

The gamma-globin gene is silenced through methylation
shortly after birth, a process known as the fetal switch, but
can easily be re-expressed after treatment with demethylat-
ing agents [19, 20]. Substances shown to induce fetal
hemoglobin in cell lines include sodium butyrate, cisplatin,
imatinib, cytosine arabinoside, and hydroxyurea [14, 21—
27], S-azacytidine, and decitabine [28-31]. Two genes,
BCL11A and BCL11B, working as transcriptional repres-
sors of the fetal hemoglobin genes [12, 32] were down-reg-
ulated in the resistant cells. Therefore, transcriptional
repression of these two genes may also be one explanation
for the massive fetal hemoglobin induction.

The expression of the nucleoside analog—activating
enzymes dCK and dGK was only moderately altered
according to the microarray analysis and real-time PCR
measurements, while enzymatic activities were reduced.
However, we have previously demonstrated a lack of corre-
lation between mRNA expression and the enzymatic activ-
ity of these enzymes [33]. The multidrug resistance gene,
ABCBI, was one of the most up-regulated genes. We have
shown before that this gene is induced in MOLT-4 cells
selected for resistance to AraG [4] and is probably respon-
sible for the cross-resistance to daunorubicin seen in these
cells. We have also studied the K562 cell line and a variant
resistant to vincristine, a substrate of P-gp [34]. The pres-
ence of ABCB1 and P-gp expression after drug withdrawal
was evaluated over 11 months. These levels remained
unchanged for 5 months without vincristine, but then rap-
idly decreased, at which time cells also became more sensi-
tive to P-gp substrates [34]. However, these cells remained
highly resistant to AraG. It was shown that after 11 months
of drug withdrawal, some cells still contained low levels of
ABCB1/P-gp which were easily re-induced, [34] and we



Cancer Chemother Pharmacol (2011) 68:583-591

589

showed that AraG had the ability to re-induce P-gp during
short-term incubations. Like other nucleoside analogs,
AraG is not considered to be a substrate of P-gp [35] but
can yet induce P-gp expression. Prenkert et al. showed that
10-min incubation with 0.5 pM of the nucleoside analog
cytarabine induced a 1.7-fold increase in ABCB1 expres-
sion in human HL60 cells, while, for daunorubicin, which
is a P-gp substrate [35], a 1.6-fold increased ABCB1 induc-
tion was not seen until after 24 h [36]. It has previously
been shown that HL60 cells resistant to the anthracycline
doxorubicin had increased P-pg expression and showed
cross-resistance to AraC, and upon inhibition of P-gp with
cyclosporine A, the intracellular retention of AraC was
increased [37]. The authors therefore speculated that resis-
tance to AraC in these cells was due to both decreased
AraC activation by dCK which was slightly reduced and
efflux of AraC by P-gp. This may be the reason for AraG
and nucleoside analog resistance in general, in the present
study as well. Studies have also shown that AraC can acti-
vate the protein kinase C (PKC) signaling pathway [38, 39]
and the mitogen-activated protein (MAP) kinase p38, [39]
eventually leading to activation of AP-1 which is the tran-
scription factor for the ABCBI1 gene and the hemoglobin
gene locus [40, 41]. Activation of p38 kinase is also acti-
vated by the hypomethylating cytosine analog decitabine,
[42] and this intracellular pathway seems to be a common
mechanism for hypomethylating drugs and possibly shared
by AraG as well.

It is tempting to speculate that ABCB1 expression is
induced in response to AraG and other hypomethylating
drugs due to the increased hemoglobin concentration in the
cells since when hemoglobin is degraded and excreted,
different P-gp transporters are expected to be involved in its
transportation [43] and also since inhibitors of P-gp
increase bilirubin entry into the rat brain [44]. In that case,
this would explain why nucleoside analog—resistant and
other resistant cells show a multidrug-resistant phenotype
overexpressing P-gp. On analyzing the gene expression
microarray analysis data, we also found up-regulated genes
involved in hemoglobin synthesis and degradation. The
ABCB6 gene encodes a mitochondrial transporter required
for mitochondrial porphyrin uptake necessary for hemoglo-
bin synthesis [45], and this gene was slightly up-regulated,
as well as ABCG2 (not shown) also involved in this trans-
port [46]. On inhibiting P-gp in the MOLT-4/AraG900 and
the K562 cells, the expression of hemoglobin gamma was
decreased, and in the MOLT-4/AraG900 cells, the expres-
sion of ABCBI1 was greatly induced. K562 cells constitu-
tively express low levels of P-gp [15, 47] and fetal
hemoglobin, [15] and this is probably the reason for the
modest effect on ABCB1 and hemoglobin gamma expres-
sions after P-gp inhibition in this cell line. We speculate
that this may occur due to increased retention of hemoglobin

and its degradation products in the cells when inhibiting
P-gp, with decreased hemoglobin production and increased
P-gp expression in order to try to compensate for the
decreased efflux of hemoglobin or hemoglobin waste prod-
ucts. The P-gp inhibitors slightly affected the cell growth in
the parental MOLT-4 cells at the highest concentrations
used, but since these cells do not express P-gp this effect
must be due to some other actions of the drugs or possibly
off-target effects due to the high concentration used.

One study showed that short-term treatment (96 h) with
different cytotoxic drugs induced ABCB1 mRNA expres-
sion in K562 cells, but that this was due to mRNA stabiliza-
tion which did not lead to P-gp expression at the membrane
surface, but that long-term selection for drug resistance did
lead to mRNA association with polyribosomes and transla-
tion of P-pg [47]. We have previously characterized
the MOLT-4 and the MOLT-4/AraG900 cells with regard
to P-gp expression. These experiments demonstrated an
absence of P-gp in MOLT-4 cells, but a high expression in
the AraG-resistant cells measured by western blot, [4] and
we therefore assume that the massive up-regulation of
ABCBI seen in this study is accompanied by an increased
P-pg expression. However, the fact that AraG induced
ABCBI expression in both MOLT-4 and A549 cells during
short-term treatment, along with hemoglobin gamma
expression, suggests that AraG and other DNA-hypomethy-
lating drugs should be used with caution together with P-gp
substrate drugs due to the ABCB1 induction.

Leukemia arises partly due to inactivation of genes control-
ling differentiation and growth [48], and this may be a conse-
quence of epigenetic silencing of the genes. These genes may
become reactivated by such inhibitors of DNA methylation as
5-aza-2'-deoxycytidine or, possibly, AraG. It would be inter-
esting to find out what genes are hypomethylated and re-
expressed in patients after short-term AraG treatment and
whether these genes could be used for targeted therapies, or if
they only render the patients less susceptible to therapy by
inducing genes involved in nucleoside analog resistance.

Acknowledgments This work was supported by grants from the
Swedish Cancer Foundation, the Swedish Childhood Cancer Founda-
tion, the Signe and Olof Wallentin Foundation, Capio’s Research
Foundation, the County Council of Ostergétland, and the Swedish
Fund for Research without Animal Experiments.

References

1. Kurtzberg J (2007) The long and winding road of the clinical
development of Nelarabine. Leuk Lymphoma 48:1-2

2. DeAngelo DJ, Yu D, Johnson JL, Coutre SE, Stone RM, Stopeck
AT et al (2007) Nelarabine induces complete remissions in adults
with relapsed or refractory T-lineage acute lymphoblastic leuke-
mia or lymphoblastic lymphoma: cancer and leukemia Group B
study 19801. Blood 109:5136-5142

@ Springer



590

Cancer Chemother Pharmacol (2011) 68:583-591

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Cohen MH, Johnson JR, Massie T, Sridhara R, McGuinn WD Jr,
Abraham S et al (2006) Approval summary: nelarabine for the
treatment of T-cell lymphoblastic leukemia/lymphoma. Clin Can-
cer Res 12:5329-5335

. Lotfi K, Mansson E, Peterson C, Eriksson S, Albertioni F (2002)

Low level of mitochondrial deoxyguanosine kinase is the domi-
nant factor in acquired resistance to 9-beta-D-arabinofurano-
sylguanine cytotoxicity. Biochem Biophys Res Commun
293:1489-1496

. Zhu C, Johansson M, Karlsson A (2000) Incorporation of nucleo-

side analogs into nuclear or mitochondrial DNA is determined by
the intracellular phosphorylation site. J Biol Chem 275:26727-
26731

. Fyrberg A, Albertioni F, Lotfi K (2007) Cell cycle effect on

the activity of deoxynucleoside analogue metabolising enzymes.
Biochem Biophys Res Commun 357:847-853

. Chandra J, Mansson E, Gogvadze V, Kaufmann SH, Albertioni F,

Orrenius S (2002) Resistance of leukemic cells to 2-chlorodeoxy-
adenosine is due to a lack of calcium-dependent cytochrome c
release. Blood 99:655-663

. Fyrberg A, Mirzaee S, Lotfi K (2006) Cell cycle dependent regu-

lation of deoxycytidine kinase, deoxyguanosine kinase, and cyto-
solic 5’-nucleotidase I activity in MOLT-4 cells. Nucleosides
Nucleotides Nucleic Acids 25:1201-1204

. Irizarry RA, Hobbs B, Collin F, Beazer-Barclay YD, Antonellis

K1, Scherf U et al (2003) Exploration, normalization, and summa-
ries of high density oligonucleotide array probe level data. Biosta-
tistics 4:249-264

Lofgren C, Hjortsberg L, Blennow M, Lotfi K, Paul C, Eriksson S
et al (2004) Mechanisms of cross-resistance between nucleoside
analogues and vincristine or daunorubicin in leukemic cells.
Biochem Biophys Res Commun 320:825-832

Perrine SP, Mankidy R, Boosalis MS, Bieker JJ, Faller DV (2009)
Erythroid Kruppel-like factor (EKLF) is recruited to the gamma-
globin gene promoter as a co-activator and is required for gamma-
globin gene induction by short-chain fatty acid derivatives. Eur J
Haematol 82:466-476

Sankaran VG, Menne TF, Xu J, Akie TE, Lettre G, Van Handel B
et al (2008) Human fetal hemoglobin expression is regulated by
the developmental stage-specific repressor BCL11A. Science
322:1839-1842

Lambooy LH, Leegwater PA, van den Heuvel LP, Bokkerink JP,
De Abreu RA (1998) Inhibition of DNA methylation in malignant
MOLT F4 lymphoblasts by 6-mercaptopurine. Clin Chem 44:556—
559

Bianchi N, Chiarabelli C, Borgatti M, Mischiati C, Fibach E,
Gambari R (2001) Accumulation of gamma-globin mRNA and
induction of erythroid differentiation after treatment of human
leukaemic K562 cells with tallimustine. Br J Haematol 113:951—
961

Arora A, Seth K, Shukla Y (2004) Reversal of P-glycoprotein-
mediated multidrug resistance by diallyl sulfide in K562 leukemic
cells and in mouse liver. Carcinogenesis 25:941-949

Enver T, Zhang JW, Anagnou NP, Stamatoyannopoulos G,
Papayannopoulou T (1988) Developmental programs of human
erythroleukemia cells: globin gene expression and methylation.
Mol Cell Biol 8:4917-4926

Kantharidis P, El-Osta A, deSilva M, Wall DM, Hu XF, Slater A
et al. (1997) Altered methylation of the human MDR1 promoter is
associated with acquired multidrug resistance. Clin Cancer Res
3:2025-2032

Nakayama M, Wada M, Harada T, Nagayama J, Kusaba H, Ohshi-
ma K etal (1998) Hypomethylation status of CpG sites at the
promoter region and overexpression of the human MDR1 gene in
acute myeloid leukemias. Blood 92:4296-4307

@ Springer

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Saunthararajah Y, Hillery CA, Lavelle D, Molokie R, Dorn L,
Bressler L et al (2003) Effects of 5-aza-2’-deoxycytidine on fetal
hemoglobin levels, red cell adhesion, and hematopoietic differen-
tiation in patients with sickle cell disease. Blood 102:3865-3870
Koshy M, Dorn L, Bressler L, Molokie R, Lavelle D, Talischy N
et al (2000) 2-deoxy 5-azacytidine and fetal hemoglobin induction
in sickle cell anemia. Blood 96:2379-2384

Jacquel A, Herrant M, Legros L, Belhacene N, Luciano F, Pages
G et al (2003) Imatinib induces mitochondria-dependent apoptosis
of the Ber-Abl-positive K562 cell line and its differentiation to-
ward the erythroid lineage. FASEB J 17:2160-2162

Huang M, Wang Y, Collins M, Graves LM (2004) CPEC induces
erythroid differentiation of human myeloid leukemia K562 cells
through CTP depletion and p38 MAP kinase. Leukemia 18:1857—
1863

Bianchi N, Ongaro F, Chiarabelli C, Gualandi L, Mischiati C,
Bergamini P et al (2000) Induction of erythroid differentiation of
human K562 cells by cisplatin analogs. Biochem Pharmacol
60:31-40

Cortesi R, Gui V, Gambari R, Nastruzzi C (1999) In vitro effect on
human leukemic K562 cells of co-administration of liposome-
associated retinoids and cytosine arabinoside (Ara-C). Am J
Hematol 62:33-43

Park JI, Choi HS, Jeong JS, Han JY, Kim IH (2001) Involvement
of p38 kinase in hydroxyurea-induced differentiation of K562
cells. Cell Growth Differ 12:481-486

Witt O, Monkemeyer S, Ronndahl G, Erdlenbruch B, Reinhardt D,
Kanbach K et al (2003) Induction of fetal hemoglobin expression
by the histone deacetylase inhibitor apicidin. Blood 101:2001-
2007

Witt O, Sand K, Pekrun A (2000) Butyrate-induced erythroid
differentiation of human K562 leukemia cells involves inhibition
of ERK and activation of p38 MAP kinase pathways. Blood
95:2391-2396

Charache S, Dover G, Smith K, Talbot CC Jr, Moyer M, Boyer S
(1983) Treatment of sickle cell anemia with 5-azacytidine results
in increased fetal hemoglobin production and is associated with
nonrandom hypomethylation of DNA around the gamma-delta-
beta-globin gene complex. Proc Natl Acad Sci U S A 80:4842—
4846

Lowrey CH, Nienhuis AW (1993) Brief report: treatment with
azacitidine of patients with end-stage beta-thalassemia. N Engl J
Med 329:845-848

Ley TJ, DeSimone J, Noguchi CT, Turner PH, Schechter AN,
Heller P et al (1983) 5-Azacytidine increases gamma-globin syn-
thesis and reduces the proportion of dense cells in patients with
sickle cell anemia. Blood 62:370-380

DeSimone J, Heller P, Hall L, Zwiers D (1982) 5-Azacytidine
stimulates fetal hemoglobin synthesis in anemic baboons. Proc
Natl Acad Sci U S A 79:4428-4431

Miccio A, Blobel GA. The role of the GATA-1/FOG-1/NuRD
pathway in the expression of human {beta}-like globin genes. Mol
Cell Biol

Lotfi K, Karlsson K, Fyrberg A, Juliusson G, Jonsson V, Peterson
C et al (2006) The pattern of deoxycytidine- and deoxyguanosine
kinase activity in relation to messenger RNA expression in blood
cells from untreated patients with B-cell chronic lymphocytic leu-
kemia. Biochem Pharmacol 71:882-890

Green H, Lotfi K, Zackrisson AL, Peterson C (2003) Spontaneous
reversal of p-glycoprotein expression in multidrug resistant cell
lines. Pharmacol Toxicol 93:297-304

Litman T, Druley TE, Stein WD, Bates SE (2001) From MDR
to MXR: new understanding of multidrug resistance systems,
their properties and clinical significance. Cell Mol Life Sci
58:931-959



Cancer Chemother Pharmacol (2011) 68:583-591

591

36.

37.

38.

39.

40.

41.

42.

Prenkert M, Uggla B, Tina E, Tidefelt U, Strid H (2009) Rapid
induction of P-glycoprotein mRNA and protein expression by cyt-
arabine in HL-60 cells. Anticancer Res 29:4071-4076

Mansson E, Paul A, Lofgren C, Ullberg K, Paul C, Eriksson S et al
(2001) Cross-resistance to cytosine arabinoside in a multidrug-
resistant human promyelocytic cell line selected for resistance to
doxorubicin: implications for combination chemotherapy. Br J
Haematol 114:557-565

Kharbanda S, Datta R, Kufe D (1991) Regulation of c-jun gene
expression in HL-60 leukemia cells by 1-beta-D-arabinofurano-
sylcytosine. Potential involvement of a protein kinase C dependent
mechanism. Biochemistry 30:7947-7952

Kharbanda S, Emoto Y, Kisaki H, Saleem A, Kufe D (1994)
1-beta-D-arabinofuranosylcytosine activates serine/threonine pro-
tein kinases and c-jun gene expression in phorbol ester-resistant
myeloid leukemia cells. Mol Pharmacol 46:67-72

Ikuta T, Papayannopoulou T, Stamatoyannopoulos G, Kan YW
(1996) Globin gene switching. In vivo protein-DNA interactions
of the human beta-globin locus in erythroid cells expressing the
fetal or the adult globin gene program. J Biol Chem 271:14082—
14091

Guo X, Ma N, Wang J, Song J, Bu X, Cheng Y etal (2008)
Increased p38-MAPK is responsible for chemotherapy resistance
in human gastric cancer cells. BMC Cancer 8:375

Lavelle D, DeSimone J, Hankewych M, Kousnetzova T, Chen YH
(2003) Decitabine induces cell cycle arrest at the G1 phase via

43.

44,

45.

46.

47.

48.

p21(WAF1) and the G2/M phase via the p38 MAP kinase path-
way. Leuk Res 27:999-1007

Beukeveld GJ, In ‘t Veld G, Havinga R, Groen AK, Wolthers BG,
Kuipers F (1996) Relationship between biliary lipid and protopor-
phyrin secretion; potential role of mdr2 P-glycoprotein in hepatob-
iliary organic anion transport. J Hepatol 24:343-352

Hanko E, Tommarello S, Watchko JF, Hansen TW (2003) Admin-
istration of drugs known to inhibit P-glycoprotein increases brain
bilirubin and alters the regional distribution of bilirubin in rat
brain. Pediatr Res 54:441-445

Krishnamurthy PC, Du G, Fukuda Y, Sun D, Sampath J, Mercer
KE et al (2006) Identification of a mammalian mitochondrial por-
phyrin transporter. Nature 443:586-589

Tamura A, Watanabe M, Saito H, Nakagawa H, Kamachi T, Okura
I et al (2006) Functional validation of the genetic polymorphisms
of human ATP-binding cassette (ABC) transporter ABCG2: iden-
tification of alleles that are defective in porphyrin transport. Mol
Pharmacol 70:287-296

Yague E, Armesilla AL, Harrison G, Elliott J, Sardini A, Higgins
CF et al (2003) P-glycoprotein (MDR1) expression in leukemic
cells is regulated at two distinct steps, mRNA stabilization and
translational initiation. J Biol Chem 278:10344-10352

Lotem J, Sachs L (1974) Different blocks in the differentiation of
myeloid leukemic cells. Proc Natl Acad Sci U S A 71:3507-3511

@ Springer



	Induction of fetal hemoglobin and ABCB1 gene expression in 9- beta -D-arabinofuranosylguanine-resistant MOLT-4 cells
	Abstract
	Introduction
	Materials and methods
	Reagents and drugs
	Cell lines
	Cytotoxicity assay
	RNA extraction, reverse transcriptase PCR, and real-time PCR
	Protein extraction and enzyme activity measurements
	Western blot
	Microarray analysis
	Global methylation assay
	Statistical analysis

	Results
	Cytotoxicity of nucleoside analogs and expression and activity of activating enzymes
	Microarray expression data analysis
	Hemoglobin induction and hypomethylation
	Western blot analysis of hemoglobin gamma
	Altered ABCB1 and hemoglobin gamma expression after P-gp inhibition

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


