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Abstract: Platelet-derived growth factor alpha-receptor (PDGFaR) mediated signaling plays a key role in the develop-
ment of glial cells of the central nervous system. In vivo and in vitro studies show that PDGFaR is actively expressed
in proliferative and motile oligodendrocyte type-2 astrocyte (O-2A) glial progenitor cells. However, PDGFaR expression
is barely detectable in mature glial cells. The exact mechanism underlying the loss of PDGFaR expression is un-
known. In this study, we employed a rat brain-derived O-2A glial progenitor cell line, CG4 as a culture model to investi-
gate signals capable of inhibiting PDGFaR gene expression. PDGFaR mRNA levels decreased significantly as CG4
cells differentiated into both oligodendrocyte and astrocyte lineages. We showed that inhibition of PDGFaR expres-
sion was promoted by prostaglandin E2 via protein kinase A activation. Both cAMP analogs (db-cAMP and 8’bromo-
cAMP) and adenylate cyclase activator (forskolin) were potent suppressors of PDGFaR expression in CG4 cells. This
inhibitory effect resulted from an increased destabilization of PDGFaR mRNA instead of a decreased PDGFaR gene
transcription. Importantly, db-cAMP failed to reduce PDGFaR mRNA levels in several PDGFaR over-expressing human
glioma cell lines. Together, these results suggest that cAMP-dependent pathway played a key regulatory role in con-
trolling PDGFaR mRNA levels during normal glial development, and that a breakdown in the cross talk between cAMP
and PDGF pathways may underlie the uncontrolled proliferation and immature differentiation state in the glial tu-

mors.

Keywords: PDGF, cyclic AMP, mRNA turnover, glioma

Introduction

Platelet-derived growth factor (PDGF) is a potent
mitotic factor acting principally on mesoderm-
derived cells. Biologically active PDGF consists
of selective homo- or hetero-dimers of four sub-
units, A, B, C, and D [1-5]. The most common
dimeric subtypes detected in vivo are PDGF-AA, -
AB, -BB, -CC, and -DD. PDGF-AA, -AB, and -BB
dimers are active upon dimerization, whereas
PDGF-CC and -DD dimers are inactive until
cleaved by extracellular proteases. PDGF dimers
elicit their biological activities by binding to spe-
cific cell surface membrane receptors. Unlike
the ligands, only two receptor subunits, the o-
and the B-, have been identified [6-9]. The o-
receptor subunit can interact with all four PDGF
subunits, whereas the B-receptor subunit only
interacts with PDGF B and D subunits. Like the
ligands, biologically active PDGF receptors can

be homo- or hetero-dimers of the a- and f-
receptor subunits. The recognition specificity of
the PDGF receptors leads to responses that are
specific for different PDGF isoforms, which ac-
count, in part, for the tissue-specificity and the
control of the distinct biological functions of
PDGF action.

While cells of mesenchymal origin are the first
known targets of PDGF, subsequent studies
have demonstrated that PDGF also regulates a
restricted set of ectoderm-derived cell types
[10, 11]. The best-characterized ectodermal
model is in the study of gliogenesis in the cen-
tral nervous system [12-16]. PDGFA and o-
receptor are the major ligand and receptor sub-
units expressed in embryonic brain tissues [17-
19]. The major source of PDGFA in developing
brain is thought to be Type | astrocytes and neu-
rons [14, 16, 20]. By contrast, PDGFaR expres-
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sion is first detected in the sub-ventricular zone
(SVZ) where glial progenitor cells originate. Their
subsequent migration towards neurons to form
mature myelin forming oligodendrocytes is
thought to be in response to the PDGF secreted
from neurons and/or type 1 astrocytes. Hyper-
proliferation of glial progenitor cells is observed
in transgenic mice that overexpress PDGF A in
neurons [21] whereas glial cell differentiation is
severely impaired in PDGFA null mice [22]. Col-
lectively, these data support the importance of
the PDGF signal pathway in the regulatory com-
munication between the differentiated neuro-
genic cells and the undifferentiated glial pro-
genitor cells.

The bipolar motile oligodendrocyte and type-2
astrocyte (0-2A) progenitor cells represent the
major glial precursor type that expresses
PDGFaR in the central nervous system. It has
been proposed that PDGF-mediated signaling
controls an array of biological activities includ-
ing proliferation, motility, survival, and timed
differentiation of the O-2A progenitor cells. The
in vivo level of PDGFaR expression peaks
around birth when the 0-2A progenitors cells
are rapidly dividing [13, 14, 23, 24]. As these
precursor cells begin to differentiate, they be-
come non-responsive to PDGF stimulation, a
physiological change that coincides with the
disappearance of PDGFaR expression in mature
glial cells. The underlying cause for the loss of
PDGFoR gene expression during glial cell differ-
entiation remains unknown. In this study, we
show that elevated cAMP level inhibits the tran-
script expression of PDGFaR in O-2A progenitor
cells, thus establishing a role for a cross talk
between cAMP- and PDGF signaling pathways in
glial cell differentiation. We also found a break-
down of this cross talk in human glioma cells,
providing an explanation for the continued ex-
pression of PDGFaR and the uncontrolled
growth in these cancer cells.

Materials and methods
Cell culture

CG4, a rat brain-derived 0-2A progenitor cell line
was kindly provided by Dr. Randy McKinnon
(UMDNJ-RWJ Medical School, New Jersey). All
experiments were carried out using early pas-
sage cells (<12 passages). CG4 cells were
maintained as proliferating progenitors in serum
-free growth medium (GM) containing a mixture
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of 80% Sato’s medium (Dulbecco modified Ea-
gle's high glucose medium DMEM containing
200 units/ml penicillin, 50 ug/ml streptomycin,
1 mM glutamine, 200 pg/ml sodium pyruvate,
120 ng/ml progesterone, 5 pyg/ml insulin, 50
pyg/ml transferrin, 60 ng/ml triiodothyronine,
and 1 mM sodium selenium) and 20% condi-
tioned medium collected from B104 neuroblas-
toma cells. To prepare B104 conditioned me-
dium, 4 X 108 B104 cells were plated onto 150
mm culture dish in DMEM containing 10% fetal
calf serum (FCS). On the next day, the medium
was changed to serum-free DMEM containing
200 units/ml penicillin, 50 ug/ml streptomycin,
1 mM glutamine, 200 pg/ml sodium pyruvate,
120 ng/ml progesterone, 200 ng/ml insulin,
and 0.5 pg/ml BSA. B104 conditioned medium
was collected after 72 hours incubation, clari-
fied by slow speed centrifugation, and filtered
through 0.45 mM membrane. Aliquots were
stored at —-20°C until use.

CG4 cells were induced to differentiate into oli-
godendrocytes when cultured in 100% Sato’s
medium (referred to as DM) with changes every
two days. Under this condition, cells with oli-
godendrocyte morphology could be observed
between 48 to 72 hours. Expression of myelin
basic protein was used as the molecular probe
in Western analysis to confirm oligodendrocyte
differentiation. CG4 cells were induced to differ-
entiate into astrocytes when cultured in 90%
Sato’s medium supplemented with 10% FCS.
Expression of glial fibrillary acidic protein was
used as the molecular probe in Western analy-
sis to confirm astrocyte differentiation.

RNA analysis

Total RNAs were prepared from cells by Trizol-
RNA extraction method according to the manu-
facturer’s (InVitrogen) recommendations. For
Northern blot analysis, 10 ug total RNA isolated
from cells was denatured, electrophoresed on a
0.8% formaldehyde-style agarose gel, and trans-
ferred to nylon membrane. Nucleic acids were
covalently linked to the nylon membrane by bak-
ing at 80°C for 2 hours. Membrane was pre-
incubated at 42°C overnight in buffer containing
50% formamide, 0.1% sodium dudocyl sul-
phate, 5X Denhardt, 6X SSC, and 100 pg/ml
heat denatured salmon sperm DNA before the
addition of 32P-radiolabeled DNA probe. DNA
probes were radiolabeled using nick-translation
kit (Invitrogen) under condition recommended
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by the manufacturer. Membrane was washed
twice at room temperature at low stringency (2
X SSC and 0.1% SDS; SSC= 0.15 M NaCl and
0.015 M sodium citrate) followed by two addi-
tional washes at high stringency at 42°C (0.2 X
SSC and 0.1 % SDS) before exposed to X-films
for autoradiography or to phosphoimager cas-
settes for quantitative analysis. For normalizing
sample loading, membrane was stripped with
boiling water and re-hybridized with radio-
labeled GAPDH cDNA.

Nuclear run-on

The rate of gene transcription was measured by
nuclear run-on assay under conditions previ-
ously described [25]. In brief, nuclei were pre-
pared from a total of five 150 mm tissue culture
dishes per condition tested. Transcription was
initiated and propagated by incubating nuclei
with a mixture of ribonucleotides containing 32P-
UTP to allow incorporation of radiolabel into
newly synthesized RNA. After incubation, nuclei
were treated with DNase | and Proteinase K.
RNA was isolated by extraction with phenol-
chloroform-isoamyl alcohol followed by isopro-
panol precipitation. Equal amount of radioactiv-
ity corresponding to labeled nascent RNA from
each run-on reaction was used in hybridization
with nylon membrane strips that contained 10
pg of linearized DNA samples of interest for 48
hours at 65°C. Membrane strips were washed
three times in 2X SSC at 65°C and once in the
presence of 10 ug/ml RNase A at 37°C before
exposure to X-ray film for autoradiography.

Transient transfection and CAT assays

CG4 cells were seeded at 70% confluent a day
prior to transfection. Transient transfection was
carried out using DNA-CaPO4 precipitate
method. Beta-galactosidase (LacZ) DNA driven
by CMV promoter was co-transfected along with
the CAT reporter construct to monitor transfec-
tion efficiency. After removing DNA-CaP04, cells
were replenished with GM with or without 1 mM
db-cAMP for 48 hours before harvest. Cell lys-
ates for lacZ and CAT assays were prepared as
previously described [26]. The amount of cell
lysate used in CAT assay was standardized by
the lacZ activity. Quantitation of CAT activity was
determined by scintillation counting.

Results and discussion

PGE2 suppresses PDGFaR mRNA expression in
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0-2A progenitor cells

Studies on the role of PDGF in gliogenesis have
been greatly facilitated by the ability to establish
oligodendrocyte and type-2 astrocyte (0-2A)
progenitor cell cultures from either rat optic
nerve or cerebral cortex. The 0-2A progenitor
cells represent the major glial precursor type
that expresses PDGFaR. In this study, we used
CG4, a well-characterized O-2A progenitor cell
line derived from rat brain to study PDGFaR
regulation [27]. CG4 cells can be maintained
and propagated for unrestricted periods as un-
differentiated progenitors in growth medium
(GM) containing serum-free Sato’s culture me-
dium supplemented with growth factor-enriched
medium conditioned by B104 neuroblastoma
cells. Upon removal of the B104 conditioned
medium, CG4 cells differentiate into oligoden-
drocytes or astrocytes, depending on the ab-
sence or presence of fetal calf serum, respec-
tively. In both cases, differentiated cells become
unresponsive to PDGF with a progressive de-
cline in PDGFaR mRNA levels (Figure 1A).

Since PDGF is present at all times in vivo during
gliogenesis, it is most likely that other factors
are required to block PDGFaR expression. To
investigate this, we aimed to identify signaling
molecules that could suppress PDGFaR mRNA
content in CG4 cells under growth conditions.
We first focused on factors that have been
shown to play a role in glial cell differentiation or
to negatively regulate PDGFaR expression in
other cell types. For example, TGF( is known to
down regulate expression of PDGFaR in fibro-
blasts and smooth muscle cells [28, 29], and to
enhance oligodendrocyte differentiation [18].
Responses of PDGFa&R mRNA expression to in-
terleukins could either be positive or negative
depending on the cell types [30, 31]. In glial
progenitor cells, IL-1p is reported to inhibit pro-
liferation and to enhance oligodendrocyte differ-
entiation [32], whereas IL-6 works as a survival
factor for oligodendrocytes [33, 34]. As shown
in Figure 1B, none of these factors affected
PDGFaR mRNA levels in growing CG4 cells. Our
finding with IL-1p differed from that reported by
Vela et al [32], which shows that IL-1B down
regulates PDGFaR expression in CG4 cells. We
suspect that the cause of this discrepancy is
attributed to the different GM used in the two
studies. Unlike our study that used a complex
medium containing growth factor supplements
from B101 cell conditioned medium, Vela’ study
used a more defined medium containing only
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Figure 1. Regulation of PDGFxR mRNA levels in O-2A progenitor cells
under growth (GM) and differentiation (DM) conditions. (A) CG4 cells
were induced to differentiation into oligodendrocytes (left panel) or into
astrocytes (right panel) under the condition described in Materials and
Methods. Total RNA was prepared from CG4 cells at indicated times of
differentiation. (B) Growth factors and chemokines known to promote
oligodendrocyte differentiation did not affect PDGF&R mRNA levels in O-
2A progenitor cells. CG4 cells grown at 70% confluence in GM (lane 1)
either were switched to DM (lane 2) or were treated in GM with TGF( (10
ng/ml, lane 3), IL-1a (10 ng/ml, lane 4), IL-18 (10 ng/ml, lane 5), and IL-
6 (10 ng/ml, lane 6) for 48 hours before harvesting for RNA preparation
and analysis. (C) PGE2 suppressed PDGFaR mRNA levels in a concentra-
tion-dependent manner. Proliferating CG4 cells in GM were treated with
the indicated concentrations of PGE2 for 48 hours. RNA was collected
and analyzed. (D) PGE2 accelerated the rate of decline of PDGFaGR mRNA
levels in differentiating oligodendrocytes. CG4 cells grown in oligodendro-
cyte-inducing DM were treated with (right panel) or without (left panel)
PGE2 (1x10¢ M) for the time indicated. RNA was collected and analyzed.
Northern blot analysis was used to assess the steady state level of
PDGFaR mRNA expressed from samples collected under specified condi-
tions. GAPDH mRNA was used as an internal control for normalizing sam-
ple loading.

PDGFxR mRNA expression in
CG4 cells (Figure 1C). When
PGE2 was tested in CG4 cells
grown in oligodendrocyte differ-
entiation medium, we found that
PGE2 accelerated the decline of
PDGFaR mRNA (Figure 1D). The
action of PGE2 was effective
under either growth or differen-
tiation conditions, suggesting
that it triggered glial cell differen-
tiation independent of growth
factor signaling.

PDGFaR expression is inhibited
by agents that elevates cCAMP
level and activates protein
kinase A

In many cell types, PGE> exerts
its effects through G protein-
coupled prostaglandin receptors
that principally lead to cAMP- or
IP3/DAG-dependent activation of
protein kinase A (PKA) or protein
kinase C (PKC) pathway, respec-
tively [35]. In CG4 cells, we
found that H-89, an inhibitor of
PKA, blocked the reduction in
PDGFoR mRNA induced by PGE2
(Figure 2A), suggesting a role for
the PKA pathway in suppressing
PDGFoR expression during O-2A
cell differentiation. In support of
this idea, we found that PDGFaR
MRNA level was reduced in cells
treated with forskolin that in-
creases endogenous CAMP lev-
els through activation of ade-
nylate cyclase (Figure 2B, lane
3). We also showed that cAMP
analogs such as non-
metabolizable db-cAMP and
8’bromo-cAMP, reduced PDGFaR
MRNA in proliferating CG4 cells
(Figure 2B, lanes 2 and 4). The

PDGF and FGF as growth factor supplement to
maintain CG4 cell proliferation. The B104 cell
derived conditioned medium in our test system
likely contained many more “growth” promoting
factors that counteracted IL-1B activity. Despite
the higher complexity in our GM, we were able
to identify one bioactive material, prostaglandin
E2 (PGE2), that overcame the growth promoting
activities from the B104 cells and reduced
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effect of db-cAMP on PDGFaR mRNA levels was
both time- and dose-dependent (Figure 2C-D). At
1 mM, a standard concentration used by others
in this system, the PDGFaR mRNA level was
maximally reduced between 18-24 hours
(Figure 2C). At a fixed 24 hour-treatment, a sig-
nificant reduction of PDGFaR mRNA was ob-
served at 0.25 mM db-cAMP (Figure 2D). A
maximal reduction in PDGF&R mRNA level at

Int J Clin Exp Med 2011;4(4):241-251



Post-transcriptional regulation of PDGFa-receptor

[=2]
9
T o
+ =
& & 3
e 2 6 £2
S 8 ES3
s68 6 s S P
o T o S o 8 T
S S e PDGFaR =
- e @ GAPDH - =g e
db-cAMP
db-cAMP %%
= nowmo
GrRIBY (hrs) S~
COocoococr~
... . PDGFaR - PDGFaR

HERENe caroH

0.25 mM db-cAMP was reached after 72 hours
treatment (data not shown). This rate was simi-
lar to the rate of decline observed during stan-
dard oligodendrocyte differentiation procedure
(see Figure 1A).

Oligodendrocyte differentiation of freshly iso-
lated glial cells is reported to be accelerated by
CAMP [36], although, it remains unclear what
factors or mechanisms are involved in the re-
sponse to CAMP. PGE2 is one of the major pros-
taglandins produced in the brain and is thought
to play critical roles in CNS development and
the regulation of many neural properties includ-
ing synaptic activity and plasticity. Based on our
finding, we propose that PGE2 might be a bio-
logical ligand for promoting gliogenesis in vivo
through cAMP-dependent down regulation of
PDGFoR expression.

Cyclic-AMP regulates mRNA stability, not tran-
scription of the PDGFaR in O-2A progenitor cells

The effects of PGE2 (or cAMP) on the steady
state level of PDGFaR mRNA could result from
changes in synthesis or degradation rate of the
PDGFaR mRNA, or both. To investigate this, we
carried out experiments to differentiate be-
tween the two mechanisms. In the first set of
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Figure 2. Suppression of PDGFaR gene expression in
CG4 cells involved cAMP-dependent protein kinase A
pathway. (A) Inhibition of protein kinase A abrogated
PGE2-induced decrease in PDGFaR mRNA content.
CG4 cells grown in GM were treated without (lanes 1
and 3) or with PGE2 (lanes 2 and 4) in the absence
(lanes 1 and 2) and presence (lanes 3 and 4) of 10
UM protein kinase A inhibitor H-89 for 48 hours be-
fore harvesting for RNA preparation. (B) Cyclic AMP
analogs and forskolin suppressed PDGFaR expres-
sion in O-2A progenitor cells. CG4 cells grown in GM
were treated without (lane 1) or with 1 mM 8’bromo-
CAMP (lane 2), 50 uM forskolin (lane 3), or 1 mM db-
cAMP (lane 4) for 48 hours before harvesting for
RNA preparation. Time (C) and concentration (D)
dependent regulation of PDGFaR gene expression by
db-cAMP. For determining dose dependence of db-
cAMP on PDGFaR mRNA content, CG4 cells in GM
were treated with the indicated concentration of db-
cAMP for 24 hours. For determining time depend-
ence, CG4 cells were treated with 1 mM db-cAMP for
the indicated times.

experiments, we used promoter analysis and
nuclear run-on assay to measure PDGFaR gene
transcription in CG4 cells with or without db-
CAMP treatment (Figure 3). We tested two
PDGFaR promoter-reporter constructs:
pGEMO.9aCAT and pGEMG6.0aCAT that con-
tained 912-bp and 6-kb of the PDGFaR pro-
moter, respectively. We have previously shown
that the 912-bp sequence contains a retinoic
acid responsive element (RARE) that responds
to co-treatment with a combination of retinoic
acid and cAMP in F9 teratocarcinoma cells [37],
and that the 6kb sequence contains key ele-
ments for driving spatial- and temporal-specific
PDGFaR expression in transgenic mice [38]. As
shown in Figure 3A, both constructs showed
strong promoter activity in proliferating CG4
cells, but neither responded to db-cAMP regula-
tion, indicating that transcriptional regulation
was not the primary cause for the reduced
PDGFaR mRNA content induced by db-cAMP. In
support of this idea, we used a nuclear run-on
assay (Figure 3B) to show that only minimal
change (<10% reduction) in the transcription
rate of the PDGFaR gene was detected after 24
hours of 1 mM db-cAMP treatment as compared
to several control genes (c-kit, c-fos and beta-
actin) whose steady state expression was not

Int J Clin Exp Med 2011;4(4):241-251
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Figure 3. Cyclic-AMP treatment did not affect the rate
of PDGFaR gene transcription in O-2A progenitor cells
as determined by promoter (A) and nuclear run-on (B)
analyses. (A) CG4 cells were transiently transfected in
duplicates, each with a total of 10 ug DNA containing
8 ug CAT reporter DNA containing without promoter
sequence (pGEMCAT) or with PDGFaR promoter se-
quences (PGEMO.9aCAT and pGEM6.0aCAT) and 2
ug of CMV-lacZ. After transfection, cells were treated
with or without 1 mM db-AMP for 48 hours before
harvesting for LacZ and CAT assays. LacZ assay was
used to correct for variable transfection efficiency.
Fold induction in CAT activity was defined as the level
of PDGFaR promoter-CAT activity over that of pGEM-
CAT promoterless construct measured in the absence
of 1 mM db-cAMP. The pGEMCAT activity from un-
treated cells was given an arbitrary value of 1. Values
were calculated based on minimum of three experi-
ments. (B) Nuclei were prepared from CG4 cells with
or without treatment of 1 mM db-cAMP for 24 hours.
Equal amount of radioactivity corresponding to la-
beled nascent RNA from each transcription reaction
was hybridized to the nylon strip containing indicated
DNA templates. The strips were processed under
condition described in Materials and methods.
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affected by db-cAMP. Thus, the modest change
in transcription of the PDGFaR gene could not
account for the large decrease in the steady
state levels of PDGFaR mRNA induced by db-
CAMP.

In the second set of experiments, we deter-
mined the half-life of PDGFoaR mRNA by inhibit-
ing transcription with actinomycin D, and meas-
uring PDGFaR mRNA levels at various time
points. As shown in Figure 4A, the half-life of
PDGFaR mRNA decreased drastically from ~16-
18 hours in proliferating cells to less than 6
hours in db-cAMP-treated cells. The experiments
were repeated at two additional actinomycin D
concentrations, 1 yg/ml and 15 yg/ml, and in
each case, the half-life of PDGFaR mRNA was
measured to ~4-6 hours in the presence of db-
cAMP (data not shown). The half-life of GADPH
was rather long (>24 hours) and stayed rela-
tively unchanged irrespective of the db-cAMP
treatment. It should be noted that there was
some cell death (~10-15%) after 24 hours of
actinomycin D treatment, especially at the high-
est concentration in both untreated and db-
CAMP treated cells. However, since there was
no dramatic difference the turnover rate of
GADPH mRNA under these conditions, the
nearly 3-fold reduction of the PDGF&R mRNA
half-life in the presence of db-cAMP was unre-
lated to cell death. We used protein synthesis
inhibitor, cycloheximide, to determine if on-
going protein synthesis was required for the
cAMP effect on PDGFaR mRNA degradation
(Figure 4B). CG4 cells were treated with cyclo-
heximide up to 18 hours since significant toxic-
ity was noted with longer exposure to the drug.
At 18 hours of cycloheximide treatment, about
85% of cells were viable as determined by try-
pan blue staining. Although there was some cell
death during the course of this experiment, the
treatment itself did not affect the basal level of
PDGFoR gene expression in untreated cells
(Figure 4B, lane 3). We found that cyclo-
heximide did not block the inhibitory effect of db
-CAMP, suggesting that cAMP-induced degrada-
tion of PDGFaR mRNA did not require on-going
protein synthesis.

We hypothesize that the destabilization process
may be promoted through mechanisms involv-
ing two general modes of action: cAMP destabi-
lizes PDGFaGR mRNA by either inactivating a
stabilizing factor(s) or activating a destabilizing
factor(s). The stabilizing and destabilizing fac-

Int J Clin Exp Med 2011;4(4):241-251
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Figure 4. Cyclic-AMP treatment altered the rate of
PDGFaR mRNA degradation in O-2A progenitor cells.
(A) Effect of db-cAMP on the half-lives of PDGF&R and
GADPH mRNAs. Because the db-cAMP effect was not
immediate, CG4 cells were pre-treated with 1 mM db-
cAMP for 12 hours before the addition of actinomycin
-D (5 pg/ml). Total RNA was collected from actinomy-
cin-D treated cells at indicated time intervals and
analyzed for PDGFaR and GAPDH expression. Radio-
active signals were quantified using phosphoimager.
The levels of PDGFaR and GAPDH mRNAs in cells
treated with or without db-cAMP prior to actinomycin
D addition were assigned an arbitrary number of
100%. (B) The effect of cycloheximide on db-cAMP
regulated PDGFaR expression in O-2A progenitor
cells. CG4 cells grown in GM were treated without
(lanes 1 and 3) or with (lanes 2 and 4) 1 mM db-
CcAMP in the absence (lanes 1 and 2) or presence
(lanes 3 and 4) of 5 pg/ml cycloheximide for 18
hours.

tors likely involve direct interaction between the
cis-acting element such as sequence-specific
primary sequence or secondary structure of
PDGFaR mRNA, and the trans-acting factor such
as cAMP-regulated RNA binding protein that
recognizes the cis-acting element. Such regula-
tion can also be indirect. MicroRNAs could po-
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tential serve as mediators for an indirect action
of the trans-acting factor. MicroRNAs are small,
non-coding RNA molecules expressed in many
organisms, which regulate gene expression by
post-transcriptional (mMRNA degradation) and
translational mechanisms. MicroRNAs have
been indicated as important regulators for the
initiation of oligodendrogenesis [39, 40], and a
few microRNAs have recently been shown to
down regulate PDGFaR expression during this
process. It will be important to examine whether
these known microRNAs or other microRNAs
with predicted binding sites in PDGFaR tran-
script can lead to PDGFaR mRNA degradation in
0-2A progenitor cells following PEG2 and cAMP
stimulation.

Loss of cross talk between cAMP and PDGF
signaling in brain tumors

Gliomas are brain tumors derived from oli-
godendrocytes, astrocytes, and ependymocytes,
and are characterized by uncontrolled cell prolif-
eration and infiltrative growth into the brain
[41]. The majority of gliomas harbor genetic or
molecular alterations in growth factor signaling
pathways that provide proliferative advantages
to these tumor cells. PDGF signaling is one of
the most commonly over-activated growth factor
pathways detected in human gliomas. Over-
expression of PDGFoR is found in glial cells of
both low- and high-grade tumors [42]. Inhibition
of PDGF signaling in PDGFaR overexpressing
human glioma cell lines has been shown to
block their tumorogenicity in animals [43].
These studies support the notion that aberrant
PDGFaR signaling is important determinant of
gliomagenesis. Although both accumulation of
PDGFaR mRNA and enhanced tyrosine protein
kinase activity are shown to occur in glioma, the
cause of these aberrations in the development
of glioma tumors remains undetermined. Ampli-
fication and rearrangement in PDGFoR gene
have been reported sporadically in some highly
aggressive forms of glioma [42-45], but the fre-
quency of these genetic aberrations is so low
that additional mechanisms must be involved.

Since cAMP appears to control PDGFoR expres-
sion during normal gliogenesis as suggested in
this study, we wanted to determine if a defect in
the cAMP-signaling might lead to glial cell prolif-
eration and transformation due to PDGFaR over
-expression. This is an attractive idea since db-
CAMP treatment of human glioma cells does not

Int J Clin Exp Med 2011;4(4):241-251
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Figure 5. Human glioma cells were resis-
tant to cAMP-induced PDGFoR mRNA deg-
radation. (A) Northern blot analysis on the
levels of PDGFaR mRNA in CG4 and a
human glioma cell line (U373) upon 24-
hour treatment with DM (upper panel) or 1
mM db-cAMP (lower panel). (B) Quantita-
tive analysis of the effect of db-cAMP on
PDGFaxR mRNA levels in CG4 and four
human glioma cell lines (U373, U1242,
U343-MGa31L, U343-MGa35L) over a
period of 72 hours. The levels of PDGFaR
mRNA corrected for the GAPDH mRNA are
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scribed in Figure 4A legend.

| A N T N R R B B |
2 46 8 101214 16 18 20

Actinomycin D treatment (hrs.)

affect their responses to differentiation and
mitogens such as PDGF [46], indicating the nor-
mal interplay between cAMP and PDGF path-
ways might be disrupted in the cancer cells. To
investigate this, we compared the levels of
PDGFaR mRNA between CG4 and human
glioma U373 cells in response to 24-hour treat-
ment with DM (Figure 5A, top panel) and 1 mM
db-cAMP (Figure 5A, bottom panel). As ex-
pected, the PDGFaR mRNA level was reduced
under both culture conditions (Figure 5A, left
panel) in control CG4 cells whereas the PDGFaR
MRNA level was not changed in U373 cells
(Figure 5A, right panel). To verify the observa-
tion in U373 cells, we repeated the experiment
in three additional human glioma cell lines
(U1242, U343-MGa31L, and U343-MGa35L),
all of which over-express PDGFoR in the ab-
sence of gene amplification. As shown in Figure
5B, we found the level of PDGFaR mRNA in all
four glioma cell lines remained the same even
after 72 hours of db-cAMP exposure. Under the
same experimental condition, the level of
PDGFaR mRNA in CG4 cells was reduced by
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80% within the first 24 hours. The same result
was obtained when the experiment was per-
formed with 5 mM db-cAMP and for up to a
week of drug treatment (data not shown). We
further demonstrated that the half-life of
PDGFaR mRNA in the four tumor cell lines re-
mained the same (~14-16 hours) in the pres-
ence or absence of db-cAMP, equivalent to the
half-life of PDGFaR mRNA in the proliferating
CG4 cells (Figure 4A). An example of this result
obtained from U373 cell line is presented in
Figure 5C.

As previously reported, we noticed a marginal
reduction in the proliferation rate without pro-
moting differentiation in all four glioma cell lines
with prolonged or higher doses of db-cAMP ex-
posure. It has been known for sometime that
brain tumors have a much lower level of CAMP
compared to the normal counterpart, suggest-
ing an intrinsic defect in cAMP production in
brain tumor cells [47. 48]. This study shows that
human glioma cells harbor multiple cellular de-
fects in the CAMP pathway as raising CAMP level
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was insufficient to arrest growth and promote
post-mitotic cell differentiation. It will important
in future work to determine what downstream
effectors of CAMP are able to restore the normal
reduction in PDGFaR expression and how re-
storing these impaired effectors might enhance
CAMP activity in promoting glioma cell differen-
tiation.

Conclusion

Glial cells serve critical roles in nervous system.
It is important to understand molecular events
that influence glial cell growth and differentia-
tion as defects in either process can result in a
variety of pathological disorders. Here, we ex-
amine the molecular mechanism involved in the
interaction between two key players, PDGFaR
and cAMP, in CNS signal transduction pathways.
In fact, the crosstalk between PDGF and cAMP
signaling pathways might be a more general
mechanism throughout the nervous system for
controlling normal function and development.
For example, it has been previously reported
that the PDGFaR expression is regulated by
CAMP in the myelin-forming Schwann cells in
the peripheral nervous system [49]. This study
points to prostaglandin E2 acting through the
cAMP-dependent protein kinase A pathway as a
key regulator of PDGF activity during normal
gliogenesis. Aberrant levels of both molecules
have been linked to the etiology of malignant
brain tumors. Our data show that a disruption in
the communication between these PDGFaR and
CcAMP signal transduction pathways could be a
key trigger for the initiation and development of
glioma, the most common malignancy of the
adult brain. Thus, Future studies will be needed
to identify mechanisms for reduced responses
to intracellular cAMP levels in glioma cells and
into the dynamic interaction between cAMP and
PDGF signaling that could lead to new therapeu-
tic strategies for treating this deadly disease.

Acknowledgements

We would like to thank Dr. Reed Graves for his
helpful suggestions in the preparation of this
manuscript. This work is supported by grants
from the American Institute for Cancer Research
(96A015) and the National Institutes of Health
(NS-36366). The authors declare no conflict of
interest.

Address correspondence to: Dr. Chiayeng Wang, Cen-
ter for Molecular Biology of Oral Diseases, 801 South

249

Paulina Street, University of lllinois at Chicago, Chi-
cago, IL 60612 Tel: 312-996-4530; Fax: 312-413-
1604; E-mail: chiayeng@uic.edu

References

[1] Bergsten E, Uutela M, Li X, Pietras K, Ostman
A, Heldin CH, Alitalo K and Eriksson U. PDGF-D
is a specific, protease-activated ligand for the
PDGF beta-receptor. Nat Cell Biol 2001; 3:
512-516.

[2] Bowen Pope DF, Hart CE, and Seifert RA. Sera
and conditioned media contain different iso-
forms of platelet-derived growth factor (PDGF)
which bind to different class of PDGF receptor.
J Biol Chem 1983; 254: 2502-2508.

[3] Doolittle RF, Hunkapiller MW, Hood LE, Devare
SG, Robbins KC, Aaronson SA and Antoniades
HN. Simian sarcoma virus oncogene, v-sis, is
derived from the gene (or genes) encoding a
platelet-derived growth factor. Science 1983;
221:275-277.

[4] LaRochelle WJ, Jeffers M, McDonald WF, Chil-
lakuru RA, Giese NA, Lokker NA, Sullivan C,
Boldog FL, Yang M, Vernet C, Burgess CE,
Fernandes E, Deegler LL, Rittman B, Shimkets
J, Shimkets RA, Rothberg JM and Lichenstein
HS. PDGF-D, a new protease-activated growth
factor. Nat Cell Biol 2001; 3: 517-521.

[5] Li X, Ponten A, Aase K, Karlsson L, Abramsson
A, Uutela M, Backstrom G, Hellstrom M,
Bostrom H, Li H, Soriano P, Betsholtz C, Heldin
CH, Alitalo K, Ostman A and Eriksson U. PDGF-
C is a new protease-activated ligand for the
PDGF alpha-receptor. Nat Cell Biol 2000; 2:
302-309.

[6] Claesson Welsh L, Hammacher A, Westermark
B, Heldin CH and Nister M. Identification and
structural analysis of the A type receptor for
platelet-derived growth factor. J Biol Chem
1989; 264: 1742-1747.

[7] Gronwald RGK, Grant FL, Haldeman BA, Hart
CE, O'Hara PJ, Hagen FS, Ross R, Bowen Pope
DF and Murray MJ. Cloning and expression of
a cDNA coding for the human platelet-derived
growth factor receptor: evidence for more than
on e receptor class. Proc Natl Acad Sci 1988;
85: 3435-3439.

[8] Hammacher A, Mellstrom K, Heldin CH and
Westermark B. Isoform-specific induction of
actin reorganization by platelet-derived growth
factor suggests that functionally active recep-
tors is a dimer. EMBO J 1989; 8: 2489-2495.

[9] Yarden Y, Escobedo JA, Kuang WJ, Yang Feng
TL, Daniel TO, Tremble PM, Chen EY, Ando ME,
Harkins RN, Francke U, Fried VA, Ullrich A and
Williams. LT Structure of the receptor for
platelet-derived growth factor helps define a
family of closely related growth factor recep-
tors. Nature 1986; 323: 226-232.

[10] Morrison Graham K, Schatteman GC, Bork T,
Bowen Pope DF and Weston JA. A PDGF recep-

Int J Clin Exp Med 2011;4(4):241-251



[11]

(12]

(13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

250

Post-transcriptional regulation of PDGFa-receptor

tor mutation in the mouse (Patch) perturbs the
development of a non-neuronal subset of neu-
ral crest-derived cells. Development 1992;
115: 133-142.

Orr Urtreger A, Bedford MT, Do MS, Eisenbach
L and Lonai P. Developmental expression of
the a receptor for platelet-derived growth fac-
tor, which is deleted in the embryonic lethal
Patch mutation. Development 1992; 115:
289-303.

Pringle NP, Mudhar HS, Collarini EJ and
Richardson WD. PDGF receptors in the rat
CNS: during late neurogeneisis, PDGF alpha
receptor expression appears to be restricted
to glial cells of the oligodendrocyte lineage.
Development 1992; 115: 535-551.

Pringle NP, Richardson WD. A singularity of
PDGF alpha receptor expression in the
dorsoventral axis of the neural tube may de-
fine the origin of the oligodendrocyte lineage.
Development 1993; 117: 525-533.
Richardson WD, Pringle N, Mosley MJ, Wester-
mark B and Dubois-Dalcg M. A role for platelet
-derived growth factor in normal gliogenesis in
the central nervous system. Cell 1988; 53:
309-319.

Sasahara M, Fries JWU, Raines EW, Gown AM,
Westrum LE, Frosch MP, Bonthron DT, Ross R
and Collins T. PDGF B-chain in neurons of the
central nervous system, posterior pituitary,
and in a transgenic model. Cell 1991; 64: 217
-227.

Yeh HJ, Rutt KG, Wang YX, Parks WC, Snider
WD and Deuel TF. PDGF A-chain gene is ex-
pressed by mammalian neurons during devel-
opment and in maturity. Cell 1991; 64: 209-
216.

Hart IK, Richardson WD, Heldin CH, Wester-
mark B and Raff MC. PDGF receptors on cells
of the oligodentrocyte-type 2 astroctye (02A)
cell lineage. Development 1989; 105: 595-
603.

McKinnon RD, Piras G, Ida JA and Dubois
Dalcg M. A role for TGF-B in oligodendrocyte
differentiation. J Cell Biol 1993; 121: 1397-
1407.

Richardson WD, Raff M and Noble M. The
oligodendrocyte-type2-astroctye lineage.
Semin Neurosci 1990; 2: 445-454.

Pringle N, Cllarini EJ, Mosley MJ, Heldin CH,
Westermark B and Richardson WD. PDGF A
chain homodimers dirve prliferation of bipo-
tential (O-2A) glial progenitor cells in the devel-
oping rat optic nerve. EMBO J 1989; 8: 1049-
1056.

Calver AR, Hall AC, Yu WP, Walsh FS, Heath
JK, Betsholtz C and Richardson WD. Oligoden-
drocyte population dynamics and the role of
PDGF in vivo. Neuron 1998; 20: 869-882.
Fruttiger M, Karlsson L, Hall AC, Abramsson A,
Calver AR, Bostrom H, Willetts K, Bertold CH,
Heath JK, Betsholtz C and Richardson WD.

(23]

[24]

[25]

[26]

(27]

(28]

[29]

(30]

(31]

(32]

[33]

[34]

(35]

Defective oligodendrocyte development and
severe hypomyelination in PDGF-A knockout
mice. Development 1999; 126: 457-467.
Eccleston PA, Funa K and Heldin CH. Expres-
sion of platelet-derived growth factor (PDGF)
and PDGF o- and B-receptors in the peripherial
nervous system: analysis of sciatic nerve and
dorsal root ganglia. Dev Biol 1993; 155: 459-
470.

Pringle NP, Mudhar HS, Collarini EJ and
Richardson WD. PDGF receptors in the rat
CNS: during late neurogenesis, PDGF alpha
receptor expression appears to be restricted
to glial cells of the oligodendrocyte lineage.
Development 1992; 115: 535-551.
Greenbergg M, Ziff E. Stimulation of 3T3 cells
induces transcription of the c-fos proto-
oncogene. Nature 1984; 311: 433-438.
Zhang L, Wang C. Identification of a new class
of PAX3-FKHR target promoters: a role of the
Pax3 paired box DNA binding domain. Onco-
gene 2007; 26: 1595-1605.

Louis JC, Magal E and Varon S. Receptor-
mediated toxicity of norepinephrine on cul-
tured catecholaminergic neurons of the rat
brain stem. J Pharmacol Exp Thera 1992;
262:1274-1283.

Battegay EJ, Raines EW, Seifert RA, Bowen
Pope DF and Ross R. TGF-beta induces bi-
modal proliferation of connective tissue cells
via complex control of an autocrine PDGF
loop. Cell 1990; 63: 515-524.

Gronwald RG, Seifert RA and Bowen Pope DF.
Differential regulation of expression of two
platelet-derived growth factor receptor sub-
units by transforming growth factor-beta. J Biol
Chem 1989; 264: 8120-8125.

Lindroos PM, Coin PG, Osornio Vargas AR and
Bonner JC. Interleukin 1 beta (IL-1 beta) and
the IL-1 beta-alpha 2-maroglobulin complex
upregulate the platelet-derived growth factor
alpha-receptor on rat pulmonary fibroblasts.
Am K Respir Cell Mol Biol 1995; 13: 455-465.
Yeh YL, Kang YM, Chaibi MS, Zie JF and
Graves DT. IL-1 and transforming growth fac-
tor-B inhibit platelet-derived growth factor-AA
binding to osteoblastic cells by reducing plate-
let-derived growth factor o-receptor expres-
sion. J Immunol 1993; 150: 5625-5632.

Vela JM, Molina Holgado E, Arevalo Martin A,
Alamazan G and Guaza C. Interleukin-1 regu-
lates proliferation and differentiation of oli-
godendrocyte progenitor cells. Mol Cell Neuro-
sci 2002; 20: 489-502.

Barres BA, Hart IK, Coles SR, Burne JF, Woy-
vodic JT, Richardson WD. Cell death and con-
trol of the cell survival in the oligodendrocyte
lineage. Cell 1992; 70: 31-46.

Barres BA, Raff MC. Control of oligodendrocyte
number in the developing rat optic nerve. Neu-
ron 1994; 12: 935-942.

Andreasson K. Emerging roles of PGE2 recep-

Int J Clin Exp Med 2011;4(4):241-251



(3€]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

251

Post-transcriptional regulation of PDGFa-receptor

tors in models of neurological disease. Pros-
taglandins & other lipid mediators 2010; 91:
104-112.

Raible DS, McMorris FA. Oligodendrocyte dif-
ferentiation and progenitor cell proliferation
are independently regulated by cyclic AMP. J
Neurosci Res 1993; 34: 287-294.

Wang C, Kelly J, Bowen Pope DF and Stiles
CD. Retinoic acid promotes transcription of
the platelet-derived growth factor a-receptor
gene. Mol Cell Biol 1990; 10: 6781-6783.
Reinertsen KK, Bronson RT, Stiles CD and
Wang C. Temporal and spatial specificity of
PDGF alpha receptor promoter in transgenic
mice. Gene expression 1997; 6: 301-314.
Dugas JC, Cuellar TL, Scholze A, Ason B, lbra-
him A, Emery B, Zamanian JL, Foo LC,
McManus MT and Bares BA. Dicerl and miR-
219 are required for normal oligodendrocyte
differentiation and myelination. Neuron 2010;
65: 597-611.

Zheng K, Li H, Huang H and Qiu M. MicroRNAs
and glial cell development. Neurosci Update
2011; DOI: 10. 1177/1073858411398322.
Lund Johansen M, Engebraaten O, Bjerkvig R
and Laerum OD. Invasive glioma cells in tissue
culture. Anticancer Res 1990; 10: 1135-
1152.

Nister M, Claesson Welsh L, Eriksson A, Heldin
CH and Westermark B. Differntiatial expres-
sion of PDGF receptors in human malignant
glioma cell lines. J Biol Chem 1991; 266:
16755-16763.

Shamah SM, Stiles CD and Guha A. Dominant
negative mutants of platelet-derived growth
factor revert the transformed phenotype of
human astrocytoma cells. Mol Cell Biol 1993;
13: 7203-7212.

[44]

[45]

[46]

[47]

(48]

[49]

Fleming TP, Saxena A, Clark WC, Robertson JT,
Oldfield EH, Aaronson SA and Ali IU. Amplifica-
tion and/or overexpression of platelet-derived
growth factor receptors and epidermal growth
factor receptor in human glial tumors. Cancer
Res 1992; 52: 4550-4553.

Smith JS, Wang XY, Qian J, Hosek SM,
Scheithauer BW, Jenkins RB and James CD.
Amplification of the platelet-derived growth
factor receptor-A (PDGFRA) gene occurs in
oligodendrogliomas with grade IV anaplastic
features. J Neuropathol Exp Neurol 2000; 59:
495-503.

Ghiani CA, Eisen AM, Yuan X, DePinho RA,
McBain CJ and Gallo V. Neurotransmitter re-
ceptor activation triggers p27(Kipl) and p21
(CIP1) accumulation and G1 cell cycle arrest
in oligodendrocyte progenitors. Development
1999; 126: 1077-1090.

Rosenberg PA. Functional significance of cy-
clic AMP secretion in cerebral cortex. Brain
Res Bulletin 1992; 29: 315-318.

Furman MA, Shulman A. Cyclic AMP and ade-
nylate cyclase in brain tumors. J Neurosurgery
1977; 46: 477-484.

Weinmaster G, Lemke. Cell specific cyclic
AMP-mediated induction of the PDGF recep-
tor. EMBO J 1990; 9: 915-920.

Int J Clin Exp Med 2011;4(4):241-251




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


