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Abstract There exists a general recognition of the fact
that LXR-a, being a member of the nuclear receptor family,
plays a crucial role in the biological process that connects
inflammation, cholesterol homeostasis, and cellular deci-
sions. In this context the present study was addressed to
understand the role of LXR-a gene in the selective and
specific reprogramming of cancer cells into a state of
apoptosis leaving the normal cells unaffected. The results
of this study revealed that LXR-o gene when activated in
cancerous cells of diverse origin results in the regulation of
genes coding for Bcl-2, AATF, and Par-4 in a fashion,
forcing these cells to enter into the state of apoptosis
leaving the normal cells unaffected. On the basis of this
study we propose that in near future LXR-oo agonist
(Withaferin A) may definitely find its use in the therapeutic
interventions directed towards the treatment of cancer.

Keywords Withaferin A - LXR-o - AATF - T cell
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Introduction

There has been forging evidence indicating a tantalizing

link between cholesterol and cancer. More than a century
ago, it was suggested that cancer was due to crystallization
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of cholesterol from living cells [1]. With due course of
time, cholesterol was observed to accumulate in tumors [2],
which suggested that cholesterol may in some way or the
other, be associated with the regulation of proliferation.
Similarly, there is growing evidence for a crucial connec-
tion between inflammation and carcinogenesis. There is an
age old dictum by Rudolf Virchow, which suggests that the
“lymphoreticular infiltrate” reflects the origin of cancer at
the sites of chronic inflammation [3]. It can then be rightly
said that if genetic damage is the “match that lights the
fire” of cancer, some types of inflammation may provide
the “fuel that feeds the flames”. Nuclear factor kappa B
(NF-kappa B) transcription factors are important in inte-
grating multiple stress stimuli and regulate innate and
adaptive immune responses seen at the states of inflam-
mation [4]. With the recognition that inflammatory condi-
tions are often associated with or precede cancer, it is
natural to suspect a link between NF-kappa B and cancer
[5, 6]. After integrating the two phenomenon common to
a cancerous cell such as cholesterol homeostasis and
inflammation, an important ligand activated nuclear
receptor/transcription factor gains significance, called
LXR-o which stands at the crossroads of both inflammation
(by regulating NF-kappa B) [7] and cholesterol homeo-
stasis (by regulating SREBP-1c) [8].

It is in this respect, it becomes pertinent enough to
understand the molecular link which might exist linking
LXR-o with inflammation and cholesterol homeostasis in
respect to cancer in general and to derive a mechanistic
procedure which a cancerous cell might adopt to repro-
gramme it into apoptotic state, by selectively activating
LXR-u« in the cancerous cells, using a specific ligand, i.e.,
Withaferin A [9]. Recent evidences have suggested that
Withaferin A, a dietary steroidal lactone specifically
induces apoptosis in cancer cells, leads to inhibition of
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NF-kappa B and also acts as a specific ligand for LXR-«
[9-11]. So it might be that it is through LXR-o that its
specific ligand can specifically target cancer cells. In order
to get a holistic view of LXR-o regulating the apoptotic
arm of cell cycle, it is imperative to understand how LXR-a
nuclear receptor/transcription factor exert its control on the
genes recognized to play crucial role in the control of
cellular apoptosis, proliferation and quiescence processes
in general.

Our recent investigations have clearly proposed path-
ways linking cell cycle with apoptosis based on the inter-
action between AATF, c-myc, Rb, and E2F [12] and the
other linking cell cycle with quiescence based on the
interaction between E2F-1 and Mxil which is known to
maintain the cell in the quiescent state [13]. In accordance
with the fact that Liver X Receptors (LXRs) are nuclear
transcription factors which dimerize with the retinoid X
Receptor (RXR) and, upon ligand binding, might regulate
the expression of target genes such as the genes involved in
cell cycle progression through NF-kappa B, our study was
addressed to understand the following issues: (i) What is
the effect of specific ligand activated LXR-a on the cellular
state of various cancer specific cell lines? (ii) How ligand
activated LXR-o affects the expression of genes coding for
c-myc, par-4, AATF, Mxil, Bcl-2, and E2F-1? (iii) Whe-
ther specific and selective downregulation of LXR-o gene
within T cell leukemia cell line (Jurkat) can lead to
opposite phenotypes to that observed with the specific
activation of LXR-o in Jurkat cells by means of ligands
used such as Withaferin A. Withaferin A is a bioactive
steroidal lactone purified from the medicinal plant Witha-
nia somnifera (commonly known as ashwagandha or
Indian winter cherry) [14] which has been recently recog-
nized to be a ligand for LXR-« activation along with the
known natural ligand such as 22(R) hydroxycholesterol
[15].

Methods
Cell line and reagents

Human T cell leukemic cell line Jurkat, cervical cancer
specific epithelial cell line Hela-229, human glioblastoma
cells line U87, human B lymphoblastic cell line, human T
cell leukemia cell line Molt-4, human monocytic cell line
THP-1, and human neuroblastoma cell line IMR-32
(obtained from National centre for cell science, Pune) were
maintained in RPMI-1640 medium supplemented with
10% fetal calf serum (FCS), cells were counted in hemo-
cytometer chamber and viability was determined by Try-
pan Blue dye exclusion. For morphological assessment of
cells, the cytospin slides were subjected to Leishman stain
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and differential counts were performed under light
microscopy on a minimum of hundred cells for each
experiment. Withaferin A was obtained from Merck, Ger-
many and Revert Aid™ first strand cDNA synthesis kit
was obtained from Fermentas, Maryland. siRNA specific
for LXR-o was obtained from Santa Cruz, California and
lipofectamine 2000 Transfection reagent was obtained
from Invitrogen, California.

Normal peripheral blood mononuclear cell isolation

Human normal peripheral blood mononuclear cells
(PBMCs) were obtained from normal healthy volunteers,
who were fasting for 12 h or were abstained from any
medication for 2 weeks before blood donation. Blood was
drawn through venipuncture into heparinized tubes and
PBMCs were isolated using density gradient centrifugation
method. Briefly, 5 ml of heparinized blood was gently
layered onto 4 ml of Histopaque (Sigma-Aldrich, Missouri;
solution containing polysucrose and sodium diatrizoate,
adjusted to a density of 1.077 £ 0.001 g/ml) and centri-
fuged at 400x g in swinging bucket rotor, for 30 min at
room temperature. After centrifugation, the layer of
mononuclear cells formed as an opaque ring at the plasma-
Histopaque interface was carefully picked up with a Pas-
teur pipette. These PBMCs were washed twice with
phosphate buffered saline at 250xg for 10 min and then
subjected to purification and enrichment of T lymphocytes.

T cell purification

T cells from PBMCs were purified using Pan T cell iso-
lation kit by depletion of non-T cells (negative selection).
Non-T cells, i.e., B cells, NK cells, dendritic cells, mono-
cytes, granulocytes, and erythroid cells were indirectly
magnetically labeled by using a cocktail of biotin-conju-
gated antibodies against CDI14, CDI16, CDI19, CD36,
CD56, CD123 and glycophorin A and Anti-Biotin Micro-
beads. Isolation of highly pure T cells was achieved by
depletion of magnetic labeled cells.

Cell culture and transfection experiments

In the first set of experiment, Jurkat CD4+ T cells and
human peripheral blood mononuclear cells separated by
histopaque obtained from sigma, were seeded in 24-well
culture plates at an initial density of about 0.5 x 10 cells
per well in RPMI-1640 medium containing 10% FCS at
37°C in 5% CO, atmosphere. After 24 h synchronization
these cells were treated with the addition of Withaferin A
(10 M) obtained from Merck and 22(R) hydroxycholes-
terol (10 uM) obtained from Sigma. These treated cells
were incubated at 37°C for 24 h in 5% CO, atmosphere.
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At the end of this incubation period the cells from each
well were harvested and processed further for apoptosis
assay. Each experiment was done in triplicate to assess the
reproducibility of results.

In second set of experiment, Jurkat CD4+ T cells and
normal T cells separated as explained earlier along with
Jurkat, Hela-229, MOLT-4, EB-3, and human glioblastoma
U87 cell lines were seeded in 24-well culture plates as
described earlier. After 24 h synchronization these cells
were harvested and processed further for the isolation of
total RNA to check the transcriptional expression of LXR-
o gene in all the cell lines studied.

In the third set of experiment, cancerous cells from all
the cell lines mentioned were seeded in 24-well culture
plates as described earlier. After 24 h synchronization
these cells were treated with the addition of Withaferin A
(10 uM) obtained from Merck, Germany. These treated
cells were incubated at 37°C for 24 h in 5% CO, atmo-
sphere. At the end of this incubation period the cells from
each well were harvested and processed further for apop-
tosis assay.

In fourth set of experiment, Jurkat CD4+ T cells were
seeded in 24-well culture plates as described earlier. After
24 h synchronization these cells were treated with the
addition of Withaferin A (0-12 pM) obtained from Merck,
Germany. At the end of 24 h incubation period the cells
from each well were harvested and processed further for
apoptosis assay.

In fifth set of experiment, Jurkat CD4+ T cells were
seeded in 24-well culture plates as described earlier. After
24 h synchronization these cells were treated with the
addition of Withaferin A (10 uM) obtained from Merck,
Germany. At the end of this incubation period the cells
from each well were harvested and processed further for
the apoptosis assay.

In sixth set of experiment, Jurkat CD4+ T cells were
seeded in 24-well culture plates as described earlier. After
24 h synchronization these cells were treated with the
addition of Withaferin A (10 uM) obtained from Merck,
Germany. At the end of 24 h incubation period the cells
from each well were harvested and processed further for
the isolation of total RNA and protein.

In the seventh set of experiment, Jurkat CD4+ T cells
were seeded in 24-well culture plates as described earlier.
After 24 h synchronization these cells were transfected
with the siRNA specific for LXR-a. At the end of 36 h
incubation period the cells from each well were harvested
and processed further for the isolation of total RNA and
protein as well as cell cycle analysis. Also in order to
perform the growth curve analysis the LXR-o siRNA
transfected cells were harvested at different time intervals
(0-36 h) and processed for FACS analysis by staining the
cells with propidium iodide (I mg/ml).

Each of these experiments were done in triplicate to
assess the reproducibility of results.

Plasmid transfection experiment

Bioinformatics analysis of Mxil gene promoter (using
JASPAR and TF search software) revealed the existence of
SREBP-1c response elements. In order to ascertain whether
or not Withaferin A, which is a ligand for LXR-« finally
leading to the activation of SREBP-1c [8] could affect
Mzxi-1 gene expression, the reporter cassette comprising of
SREBP-1c response element (present on Mxil promoter)
with the following sequence 5 GTGGGGGGAT 3’ was
designed and incorporated in f-gal reporter plasmid with
the help of TOPO-cloning reaction as per manufacturer’s
instructions. TOPO vector containing scrambled sequence
was used as control. Jurkat CD4+ T cells were seeded in
24-well culture plates at an initial density of about
0.5 x 10 cells per well in RPMI-1640 medium containing
10% FCS at 37°C in 5% CO, atmosphere. After 24 h
synchronization these cells were transfected with the
reporter plasmid using Lipofectamine 2000 transfection
reagent from Invitrogen, California. These transfected cells
were exposed to medium containing either no stimulus or
Withaferin A (10 uM) up to 24 h at 37°C in 5% CO,
atmosphere. At the end of incubation period, the cells were
lysed and supernatants were assayed for f-gal reporter
activity as per the procedure reported earlier [16]. To fur-
ther provide an evidence that Withaferin A effect on Jurkat
cells apoptosis is through LXR-o another reporter assay
was performed using TOPO® Reporter Kit (Invitrogen).
This time, LXR-a response element was amplified by PCR
and was incorporated into the pBlue TOPO® TA cloning
vector by the manufacturer protocol. This vector containing
the LXR-o response element was transfected to the cul-
tured Jurkat cells as described earlier. After 6 h of trans-
fection, cells were exposed to Withaferin A (10 uM) for
24 h. p-galactosidase activity was measure by f-Gal Assay
Kit (Invitrogen). The experiments were repeated thrice and
results reported as relative f-gal activity.

In another set of experiment, Jurkat CD4+ T cells were
seeded in 24-well culture plates at an initial density of about
0.5 x 10° cells per well in RPMI-1640 medium containing
10% FCS at 37°C in 5% CO, atmosphere. After 24 h syn-
chronization these cells were transfected cells with the
reporter plasmid using Lipofectamine 2000 transfection
reagent (Invitrogen). In order to validate the finding that
E2F-1 gene has a direct role in regulating Mxil expression
[13] the plasmid transfected Jurkat cells were co-transfected
with E2F-1 specific siRNA from Santa Cruz also by again
using Lipofectamine 2000 (Invitrogen). After this the cells
were incubated for 24 h at 37°C in 5% CO, atmosphere. At
the end of incubation period, the cells were lysed and
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supernatants were assayed for 5-gal reporter activity as per
the procedure reported earlier [16]. The experiments were
repeated thrice and results reported as relative f-gal activity.

Gene expression at transcriptional level

Total RNA was extracted by using standard method [17].
The integrity of RNA was verified by electrophoretic size
separation in 1% ethidium bromide stained agarose gels.
cDNA for total RNA was synthesized using Revert Aid Tm
cDNA synthesis kit (Fermentas, Maryland). Genes coding
for AATF, Par-4, c-myc, LXR-«, and ff-actin were ampli-
fied using oligonucleotide primers:

GACACGGACAAAAGGTATTGCG and AGACCCA
GTCCCTCTGAATCT for AATF gene, CTCTGGTTTCA
AGTAGCACACTG and TGACCCACAACTTTCAAAA
GAGT for Par-4 gene, CCAGCAGCGACTCTGAGG and
CCAAGACGTTGTGTGTTC for cmyc gene, CAGATTG
CCCTGCTGAAGAC and GAACTCGAAGATGGGGT
TGA for LXR-o, and CATGTACGTTGCATCCAGGC
and CTCCTTAATGTCACGCACGAT for f-actin gene
with Taq PCR core kit (Qiagen) along with standardized log
phase amplification programmes. -Actin gene expression
was used as a control for RNA loading and RT efficiency.
Reaction products were resolved on 2% ethidium bromide
stained agarose gels followed by densitometric scanning of
each band on the gels. Intensity ratio of target mRNA to
f-actin mRNA for each gene was expressed as percentage of
that in untreated Jurkat cells. All the oligonucleotide primers
were designed using Primer 3 software.

Gene expression at translational level

In order to assess the translational profile of the cells, the
control as well as Withaferin A treated Jurkat cells were
harvested in Laemmli sample buffer (10% 2-mercap-
toethanol, 6% SDS, 20% glycerol, 0.2 mg/ml bromophenol
blue). After lysis the proteins from the above cellular
extracts were separated by SDS-PAGE on 12.5% poly-
acrylamide gels. Proteins were then transferred electro-
phoretically onto nitrocellulose membranes (0.45 pM).
Non-specific sites were blocked by incubating membranes
(1 h, room temperature) in 5% (w/v) non-fat milk powder
in phosphate-buffered saline (PBS) containing 0.05%
Tween 20. Membranes were probed with primary anti-
bodies against o-actin, c-Myc, Mxil, Bcl-2, LXR-a, and
E2F-1 using standardized dilutions for 2 h at 37°C. All the
antibodies were obtained from Santa Cruz Biotechnology,
California. Membranes were then washed with PBS con-
taining 0.05% Tween 20 and incubated with alkaline
phosphatase conjugated secondary IgG antibody (1:2500)
for 1 h at 37°C. After this membranes were washed with
PBS containing 0.05% Tween 20 and followed with the
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addition of BCIP/NBT substrate for alkaline phosphatase
activity. Bands visualized on addition of substrate were
analyzed semi-quantitatively using SCION IMAGE anal-
ysis software involving densitometric variations.

Cell cycle and apoptosis assay

The LXR-a knockdown as well as control Jurkat cells were
subjected to cell cycle analysis for which the cells were
harvested and washed with PBS and kept in 70% ethanol
overnight at —20°C. After this the cells were centrifuged at
1000 rpm for 5 min, suspended in PBS and treated with
propidium iodide (1 mg/ml, Sigma-Aldrich, Missouri).
After an incubation period of 30 min in dark, the cells were
proceeded for analysis using Becton—Dickinson FACS
caliber using Cell quest software upon the acquisition of
10,000 cells for the final analysis. In order to study the
growth curve of Jurkat cells after LXR-o siRNA transfec-
tion, the same protocol for cell cycle analysis was followed
as mentioned above at different time intervals (0-36 h).

For studying the survival and apoptosis of the control
(1% DMSO treated), Withaferin A treated cells and 22(R)
hydroxycholesterol treated cells, the cells were harvested
and washed with PBS followed by suspension of cells in
1x binding buffer containing Annexin-V FITC conjugated
and propidium iodide for 20 min. After the incubation
period the cells were proceeded for analysis on the FACS
caliber with an acquisition of 10,000 cells.

Cellular ultrastructural study

In order to explore the ultrastructural features within the
Jurkat cells derived from the control and Withaferin A
treated culture wells, the cells were processed for trans-
mission electron microscopic examination using the fol-
lowing method:

The cells were fixed in 3% buffered glutaraldehyde, and
put in Sorensen’s buffer with sucrose for 15 min. Later the
sections were post-fixed in 1% osmium tetroxide for 1 h and
dehydrated in 50, 70, 90, and 100% alcohol for 30 min each.
After this the cells were given two changes of propylene
oxide for 15 min each after which the cells were embedded in
Epon resin. Ultrathin sections were cut from the resin molds
and the best representative sections were mounted on copper
grids, stained with uranyl acetate and lead citrate and
examined with Zeiss 906 electron microscope. Ultrathin
sections were made using a Reichert ultramicrotome. For the
analysis of these ultrathin sections, 12 respective cells from
different representative fields were chosen to access the
apoptotic features of chromatin fragmentation along with
nuclear and plasma membrane disintegration processes
characteristic of an apoptotic cell in both the control and
Withaferin A (10 uM) treated Jurkat cells.
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Statistical analysis

Data were expressed as mean £ S.D. of each experiment
done in triplicate. The P value <0.05 was considered sta-
tistically significant.

Results

Ligand activated LXR-o and its effect on the cellular
survival/apoptosis

The first set of experiments were designed to assess whe-
ther or not Withaferin A, a newly recognized ligand for
LXR-o has similar effects on Jurkat cells as the known

ligand 22(R) hydroxycholesterol has. For this Jurkat cells
were individually treated with Withaferin A and 22(R)
hydroxycholesterol and the results revealed that the amount
of apoptosis analyzed in both the cases was nearly the same
which amounted to approximately 50% in case of With-
aferin A treated cells and to about 43% in case of 22(R)
hydroxycholesterol treated Jurkat cells (Fig. 1). Further
treatment of normal peripheral blood mononuclear cells
with the same concentrations of 10 uM each of Withaferin
A and 22(R) hydroxycholesterol revealed that both the
ligands for LXR-a activation specifically and selectively
affected only the cancerous cells but not the normal cells,
i.e., the PBMCs containing both the lymphocytic and
monocytic populations, respectively (Fig. 1), where there
was no appreciable change in the apoptotic index of control
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as well as treated cells. Also LXR-a expression when
compared with normal T cells and T cell Leukemia Jurkat
cells revealed no marked difference in the expression level
in both the cells studied (Fig. 2). Also in order to compare
LXR-o protein expression in normal T cells and Jurkat
cells after treatment with Withaferin A, Fig. 3 revealed that
after treatment there was a relative increase in LXR-o at
protein level in Jurkat cells, when compared with T cells
(Fig. 3). In order to access the relative mRNA expression
level of LXR-« in the various cell lines studied irrespective
of the type of cancer, Fig. 4 demonstrated that, however,
the expression of LXR-a in glioblastoma U87 cells is much
higher than that found in other cell lines employed in the
study.

In the second set of experiments cells from various
unrelated cancer cell lines such as Hela-229, U87 glio-
blastoma cells, EB-3, Molt-4, THP-1, IMR-32, and Jurkat
cells were individually treated with Withaferin A at 10 pM
concentration and analyzed for apoptotic index of these
cells. The results of this particular experiment revealed that
irrespective of the cancerous cell line being employed in
the present study the effect of Withaferin A was almost
similar in all the cancerous cells in question. There was a
marked increase in the apoptotic percentage of cells in the
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graphs showing ethidium bromide stained RT-PCR products in
normal T cells and Jurkat cells. ¢ Translational expression of gene
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various cell lines treated with Withaferin A as compared to
control cells in each case (Fig. 5).

In another set of experiments, a dose-dependent (Fig. 6)
and time-dependent (Fig. 7) study was conducted with
respect to Withaferin A taking Jurkat cells as archetype
cellular model systems. The results of such an experiment
unambiguously revealed that increasing doses (0—12 uM)
of Withaferin A will lead to increasing apoptotic percent-
age of cells with maximum apoptosis occurring with
10 uM  concentration (Fig. 6). Also a time-dependent
analysis revealed that with increasing time intervals
(648 h) of cells treated with 10 uM concentration of
Withaferin A there was found to be a large percentage of
cells (approximately 75% at 48 h) in apoptotic phase
of cell cycle (Fig. 7).

Since, the above-mentioned findings indicated a
potential role of ligand (Withaferin A) activated LXR-«
gene in cellular apoptotic process an attempt was made to
perform a cytometric analysis of the control as well as
Withaferin A treated Jurkat cells at ultrastructural level.
The electron microscopic analysis of these cells revealed
that almost every cell in the Withaferin A treated Jurkat
cells showed typical features associated with apoptotic
process but in contrast the control cells showed normal
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phenotypes based upon the pictures captured under the
same magnification from different fields of each ultrathin
section (Fig. 8a, b).

Bioinformatic analysis of the promoter region of Mxil
gene (using JASPAR and TF search software) revealed
the presence of SREBP-1c response element binding site

on it. In order to analyze the functionality of SREBP-1c
response element which is directly regulated by LXR-o
gene [8], on Mxil promoter, a reporter plasmid assay was
performed which revealed that SREBP-1c response ele-
ment positively regulates Mxil gene expression as on
Withaferin A treatment there was found to be an increase
in the Mxil reporter activity (Fig. 9). Similar was the
case observed on co-transfection of the Jurkat cells with
E2F-1 siRNA and the plasmid containing SREBP-1c
sequence conjugated to a reporter gene (Fig. 9) which
clearly reveals that E2F-1 gene has an intrinsic down-
regulatory effect towards the SREBP-1c response element
present on Mxil promoter sequence. Also in order to
provide a direct evidence of the apoptotic effect of
Withaferin A on Jurkat cells through LXR-o another
reporter assay was performed. In this we found a signif-
icant increase in the LXR-a response element dependent
f-galactosidase activity in response to Withaferin A
(Fig. 10).

In another set of experiments, when siRNA specific for
LXR-o was transfected into Jurkat cells, the LXR-«
knockdown cells exhibited increased proliferative potential
as indicated by the cell cycle analysis of the LXR-«
knockdown as well as control cells. It was indicated that
when control Jurkat cells exhibited about 30% of the total
cells in S phase of the cell cycle, the LXR-a knockdown
Jurkat cells were about 62% in the S phase of cell cycle
(Fig. 11). Also in order to support the fact that knocking
down LXR-u« increases cells proliferation we performed a
time-dependent assay of LXR-a siRNA transfection
(0-36 h) and then harvested the cells after every interval
for cell cycle analysis. Figure 12 clearly reveals the per-
centage of cells in S phase of cell cycle with respect to each
time interval showing maximum proliferation at 36 h of
transfection of siRNA.

Cellular reprogramming of the genes involved
in quiescence, apoptosis, or proliferation by ligand
activated LXR-o

As compared to control cells, the LXR-a activated Jurkat
cells exhibited significant decrease in the translational
profile of genes coding for c-myc, E2F-1, and Bcl-2 which
was accompanied by a marked increase in Mxil expression
(Fig. 13). Furthermore, transcriptional profile of genes
coding for AATF and c-myc showed a significant decrease
in ligand activated LXR-o Jurkat cells as compared to
control cells (Fig. 14) which was accompanied by a
marked increase in transcriptional profile of genes coding
for LXR-x and Par-4 gene (Fig. 14). The relative protein
levels of Bcl-2 and c-myc after treatment with Withaferin
A in normal PBMCs indicated that after LXR-o activation
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Fig. 5 Representative FACS analysis of cellular survival coupled
with apoptosis in Withaferin A treated cell lines (Hela-229, U87
glioblastoma, EB-3, Molt-4, THP-1, IMR-32, and Jurkat) as com-
pared to that observed in their respective control cells. Each
experiment was done in triplicate for reproducibility. The percentage
values indicated in the figure represent the percentage of cells present

via Withaferin A treatment there was no effect on c-myc
expression but Bcl-2 protein level increased significantly
(Fig. 15).

In another set of experiments, LXR-o expression was
found to be significantly downregulated at translational
level in LXR-a siRNA transfected Jurkat cells as compared
to control cells (Fig. 16a). Similarly, the transcriptional
profile of genes coding for AATF and c-myc also showed a
marked increase in the LXR-o knockdown cells as com-
pared to control cells (Fig. 16b).
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in the quadrants representative of the apoptotic stage of a cell. The
upper right quadrant represents the percentage of cells in late
apoptotic phase; the lower right quadrant represents the percentage of
cells in the early apoptotic phase; the upper left indicates the
percentage of cells which are only propidium iodide stained, i.e.,
necrotic or dead cells

Discussion

With due pertinence to the fact that in spite of all the
treatment regimens available with medical sciences, still
various developmental diseases such as cancer have not
found a sure cure and the number of people getting
afflicted by this particular disease are increasing day by
day. A key treatment regimen to circumvent all the
problems faced with the current protocols is to deal with
the disease right at the basic cellular level. There have
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Fig. 6 Representative FACS analysis of cellular survival coupled
with apoptosis in Withaferin A treated (dose-dependent manner: 2, 4,
6, 8, 10, and 12 pM) Jurkat cells as compared to that observed in their
respective control cells. Each experiment was done in triplicate for
reproducibility. The percentage values indicated in the figure
represent the percentage of cells present in the quadrants

been reported evidences of the fact that a nuclear
receptor/transcription factor, LXR-a on its activation
reduced the proliferation and caused growth arrest in
vascular smooth muscle cells [18]. Also there have been
evidences suggesting the antiproliferative role of LXR-«
in breast cancer cell lines [19]. In this study, we provide
an evidence for a strong antiproliferative and apoptotic
effect of LXR-o on specifically cancer cells irrespective
of the type of cancer leaving the normal cells unaffected.
This study with further experimental evidences can in
near future provide the basis for the new treatment
regimen which would be specifically against the

representative of the apoptotic stage of a cell. The upper right
quadrant represents the percentage of cells in late apoptotic phase; the
lower right quadrant represents the percentage of cells in the early
apoptotic phase; the upper left indicates the percentage of cells which
are only propidium iodide stained, i.e., necrotic or dead cells

cancerous cells without harming the normal cells in
question.

As outlined in the “Introduction” section, cancer cells
have been marked with increased cholesterol uptake
required for the membrane biogenesis and LXR-o is an
established sensor of intracellular cholesterol and lipid
metabolism (important attributes of a cancerous cell),
which become activated transcriptionally upon binding of
certain oxysterols such as 22R(OH) cholesterol and With-
aferin A, a steroidal lactone, the results reported here
assume importance in relating LXR-a specifically with
cancer cells and not affecting normal cells. It is through
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Fig. 7 Representative FACS analysis of cellular survival coupled
with apoptosis in Withaferin A treated (time-dependent manner: 6,
12, 24, 48 h) Jurkat cells as compared to that observed in their
respective control cells. Each experiment was done in triplicate for
reproducibility. The percentage values indicated in the figure
represent the percentage of cells present in the quadrants

this study only that the various decisions pertinent to a
cell such as proliferation, apoptosis, and quiescence
become evident through the ligand activated LXR-o tar-
geted genes.

In accordance with the fact that 22(R) hydroxycho-
lesterol is a well known natural ligand of LXR-« and
Withaferin A is also a ligand for LXR-o [9, 20], we for

@ Springer

representative of the apoptotic stage of a cell. The upper right
quadrant represents the percentage of cells in late apoptotic phase; the
lower right quadrant represents the percentage of cells in the early
apoptotic phase; the upper left indicates the percentage of cells which
are only propidium iodide stained, i.e., necrotic or dead cells

the first time demonstrated that 22(R) hydroxycholesterol
and Withaferin A both have similar activities in cancerous
cells driving them towards the apoptotic state through
LXR-o without having any appreciable effect on the
normal monocytes and lymphocytes gated from the nor-
mal human peripheral blood mononuclear cells (Fig. 1).
Thus, it emerged as an important observation in the
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Fig. 8 Representative ultrastructural analysis of control and Withaferin A treated Jurkat cells, respectively, by Transmission Electron

Microscopy (TEM)
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Fig. 9 Identification of SREBP-1c response element in the promoter
region of Mxil gene using Bioinformatics tools and exploitation of
these elements in understanding the regulation of Mxil gene using
reporter plasmid and Jurkat T cell leukemia cell line as a cellular
model. The representative figure shows the Mxil reporter activity
within Jurkat cells exposed to either no stimulus or Withaferin A
(10 M) or E2F-1 siRNA. Each experiment was performed in
triplicate for assessing the reproducibility

context of this particular study that these ligands for
LXR-o show the specific apoptotic activity towards only
the cancer cells without affecting the normal cells in
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Fig. 10 LXR-o promoter dependent f-galactosidase reporter activity
in Jurkat cells exposed to Withaferin A (10 pM). Each bar represents
mean + S.D. of the experiments done in triplicate (statistical
significance is shown by *P < 0.05)

question. In fact there was no marked difference in the
relative expression level of LXR-a in normal T cells
when compared with T cell leukemia cell line, Jurkat
(Fig. 2), also LXR-a expression was evident in all the
cancer cell lines studied with U87, Glioblastoma cells
showing maximum LXR-o expression when compared
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Fig. 11 Representative FACS

cell cycle analysis of control Table3 Contral Knockdown
and LXR-o siRNA Fransfected MGGl  49% 20%
Jurkat cells, respectively. The M3/G2 21% 18%
percentage values indicated in M2IS 0% 62%
the figure represent the
percentage of cells in various Centrel LXR-asRNA
stages of cell cycle Jurkat cells traskecied
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Fig. 12 Growth curve representing the percentage of cells in S phase
of cell cycle after LXR-« siRNA transfection at different time
intervals. Each marked line represents mean + S.D. of the experi-
ments done in triplicate

with all the other cells lines employed (Fig. 4). This
might be an indication to the fact that though LXR-o was
expressed in all the cancer specific cell lines but it was
not activated intrinsically due to the absence of specific
ligands such as oxysterols in case of cancer cells per-
taining to hypoxic conditions and absence of cholesterol
oxidation. It was also evident from the results that irre-
spective of the various unrelated cancer cell lines used,
Withaferin A had a devastating apoptotic effect on all the
cancer cell lines studied especially in T cell leukemic
Jurkat cells which were taken as archetype cellular
models both in a dose- and time-dependent fashion,
respectively (Figs. 5, 6, 7). We have recently demon-
strated the RNomic control exerted by E2F-1 targeted
genes on cellular quiescence of cells destined to undergo
unbridled proliferation where E2F-1 knockdown Jurkat
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Percent proteln expression

Fig. 13 a Translational expression of genes coding for E2F-1,
c-Myc, Mxil, and Bcl-2 in control and Withaferin A treated Jurkat
cells. Protein expression of every gene was normalized by the
expression of o-actin protein expression via western blotting. Each
bar represents mean £+ S.D. of the experiment done in triplicate;
*statistical significance at P < 0.05. b Representative western blot
showing translational expression of genes coding for E2F-1, c-Myc,
Mxi, and Bcl-2 in control and Withaferin A treated Jurkat cells

cells exhibited a significant increase in the translational
profile of Mxil gene known to maintain the cell in the
quiescent state [13, 21, 22]. The results reported here by
means of reporter assay unambiguously reveal that it is
through SREBP-1c response element present on the Mxil
promoter sequence that E2F-1 can directly regulate Mxil
expression (Fig. 9). Also ligand (Withaferin A) activated
LXR-o known to induce SREBP-1c expression [8] can
regulate Mxil expression level via SREBP-1c response
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Fig. 14 a Transcriptional expression of AATF, c-myc, LXR-o, and
Par-4 gene in control and Withaferin A treated Jurkat cells. mRNA
expression of all the genes was normalized by f-actin mRNA
expression. Each bar represents mean £ S.D. of the experiment done
in triplicate; *statistical significance at P < 0.05. b Representative
agarose gel photographs showing ethidium bromide stained RT-PCR
products in control and Withaferin A treated Jurkat cells
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Fig. 15 a Translational expression of genes coding for Bcl-2 and
c-myc in Withaferin A treated (10 pM) normal PBMCs. Protein
expression of every gene was normalized by the expression of «-actin
protein expression via western blotting. Each bar represents
mean + S.D. of the experiment done in triplicate; *statistical
significance at P < 0.05. b Representative western blot showing
translational expression of genes coding for Bcl-2 and c-myc in
Withaferin A treated (10 pM) normal PBMCs

element present on its promoter sequence (Fig. 9). It is
also confirmed from the reporter assay (Fig. 10) that
Withaferin A effect on Leukemic cells apoptosis is

through LXR-a. The observed huge amount of apoptosis
as observed by FACS and also at ultrastructural level
(Fig. 1, 5, 6, 7, 8) in the ligand activated LXR-o can be
accounted to the fact that LXR-o activation leads to sig-
nificantly high expression of Par-4 gene in the ligand
treated when compared with untreated control Jurkat cells
(Fig. 14) which in turn leads to a decreased translational
profile of gene coding for Bcl-2, basically involved in
inhibiting apoptotic process in a cell (Fig. 13). Further
ligand activated LXR-o in Jurkat cells exhibited a dra-
matic loss of c-myc and E2F-1 gene expression at
translational level (Fig. 13) followed by a significant
decrease in the transcriptional expression of gene coding
for AATF (Fig. 14) which is basically responsible for
maintaining the proliferative potential of a cancerous cell
[12]. The findings with LXR-o knockdown in Jurkat cells
further strengthened the relationship which might exist
between LXR-o biology and quiescence or apoptotic
stages in cell cycle machinery. The results of this par-
ticular set of experiment actually mimicked opposite
phenotypes as that obtained on LXR-o activation. Here
the LXR-a knockdown Jurkat cells, taken as archetype
cellular models, exhibited most of the cells in S phase/
proliferative phase of cell cycle (Fig. 11) as compared to
control Jurkat cells. Also the transcriptional profile of
genes coding for c-myc and AATF showed a marked
increase in the LXR-o knockdown cells as compared to
control cells (Fig. 16) thus explaining the reason for an
increased percentage of cells in the proliferative phase of
cell cycle in this case as demonstrated by cell cycle
analysis (Fig. 11). Hence, we propose that LXR-a gene
may have the inherent ability to activate the genes
responsible for quiescence (through SREBp-1c) as well as
apoptotic processes of the cell cycle (Fig. 17). Also it is a
well-known fact that LXR-a suppresses the master regu-
lator NF-kappa B [7] which has the capacity to regulate
many important genes involved in cell cycle so on the
basis of these results, we propose a gene-regulatory
pathway that might be responsible for regulating the
cellular fate by the three important destinies of a cell, i.e.,
proliferation, apoptosis, and quiescence and also for
devising a molecular link in relation to LXR-o with
cholesterol homeostasis and inflammation (Fig. 17). Thus,
oxysterol receptors in general and LXR-o in particular are
well-suited targets for drug development as they are
transcription factors easily activated/deactivated by small
compounds that can penetrate the cell membrane and
modulate receptor activity in vivo. LXR-« is an interest-
ing drug target for pharmacological intervention of vari-
ous metabolic disorders. The present and other recent
reports establishing LXRs as regulators of cell growth
indicate that LXR signaling may also be a potential target
for anticancer drugs.
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Fig. 16 a Representative
western blot showing
translational expression of gene
coding for LXR- in control and
LXR-a knockdown Jurkat cells. A
Bar represents mean + S.D.

of the experiment done in
triplicate; *statistical
significance at P < 0.05.

b Transcriptional expression of
c-myc and AATF genes in
control and LXR-a knockdown
Jurkat cells. mRNA expression
of c-myc and AATF were
normalized by f-actin mRNA
expression. Each bar represents
mean £ S.D. of the experiment
done in triplicate; *statistical
significance at P < 0.05
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Fig. 17 Proposed LXR-o. dependent gene-regulatory pathway that
can induce T cell leukemic cells to enter into states characteristic of
quiescence and apoptosis. LXR-a nuclear receptor/transcription factor
regulates transcriptional expression of genes coding for NF-kappa B
and SREBP-1c which in turn regulate the important genes involved in
cell cycle regulation. This epigenetic phenomenon dictates the cancer
cells specifically to decide to go for apoptosis and quiescence

Acknowledgments This study was funded by fellowship grant from
the Indian Council of Medical Research (ICMR), New Delhi, India.
The funders had no role in study design, data collection and analysis,
decision to publish, or preparation of the manuscript.

References

1. Webb JH (1901) Cancer, its nature and treatment. Lancet ii:976

2. White C (1909) On the occurrence of crystals in tumours. J Pathol
Bacteriol 13:3-10

3. Balkwill F, Mantovani A (2000) Inflammation and cancer: back
to Virchow? Lancet 357:539-545

@ Springer

10.

11.

12.

13.

14.

15.

10

100

Percent mRNA Expression

0 T

L
S §

. Michael K (2006) NF-kB and cancer: mechanisms and targets.

Mol Carcinog 45:355-361

. Karin M, Cao Y, Greten FR, Li ZW (2002) NF-kB in cancer: from

innocent bystander to major culprit. Nat Rev Cancer 2:301-310

. Gilmore TD (2003) The Rel/NF-kB/IkB signal transduction

pathway and cancer. Cancer Treat Res 115:241-265

. Joseph SB, Castrillo A, Laffitte BA, Mangelsdorf DJ, Tontonoz P

(2003) Reciprocal regulation of inflammation and lipid metabo-
lism by liver X receptors. Nat Med 9:213-219

. Repa JJ, Liang G, Ou J, Bashmakov Y, Lobaccaro JM, Shi-

momura I, Shan B, Brown MS, Goldstein JL, Mangelsdorf DJ
(2000) Regulation of mouse sterol regulatory element- binding
protein-1c gene (SREBP-1c) by oxysterol receptors, LXR alpha
and LXR beta. Genes Dev 14:2819-2830

. Dave VP, Kaul D, Sharma Y, Bhattacharya R (2009) Functional

genomics of blood cellular LXR-a gene in human coronary heart
disease. J Mol Cell Cardiol 46:536-544

Maitra R, Porter MA, Huang S, Gilmour BP (2009) Inhibition of
NF-kappaB by the natural product Withaferin A in cellular
models of cystic fibrosis inflammation. J Inflamm 6:15. doi:
10.1186/1476-9255-6-15

Mandal C, Dutta A, Mallick A, Chandra S, Misra L, Sangwan RS
(2008) Withaferin A induces apoptosis by activating p38 mito-
gen-activated protein kinase signaling cascade in leukemic cells
of lymphoid and myeloid origin through mitochondrial death
cascade. Apoptosis 13:1450-1464

Kaul D, Mehrotra A (2007) Functional characterization of AATF
transcriptome in human leukemic cells. Mol Cell Biochem
297:215-220

Mehrotra A, Joshi K, Kaul D (2010) E2F-1 RNomics is critical
for reprogramming of cancer cells to quiescent state. Int J Cancer
127(4):849-858

Mishra LC, Singh BB, Dagenais S (2000) Scientific basis for the
therapeutic use of Withania somnifera (ashwagandha): a review.
Altern Med Rev 5:334-346

Schultz JR, Tu H, Luk A, Repa JJ, Medina JC, Li L, Schwendner
S, Wang S, Thoolen M, Mangelsdorf DJ, Lustig KD, Shan B
(2000) Role of LXRs in control of lipogenesis. Genes Dev
14:2831-2838


http://dx.doi.org/10.1186/1476-9255-6-15

Mol Cell Biochem (2011) 349:41-55

55

16.

17.

19.

Kaul D, Anand PK (2003) Regulation of PPAR-gamma gene in
human promyelocytic HL-60 cell line. Leuk Res 27:683-686
Chomczynski P, Sacchi N (1987) Single step method of RNA
isolation by acid guanidinium thiocyanate—phenol chloroform
extraction. Anal Biochem 162:156-159

. Blaschke F, Leppanen O, Takata Y, Caglayan E, Liu J, Fishbein

MC, Kappert K, Nakayama KI, Collins AR, Fleck E, Hsueh WA,
Law RE, Bruemmer D (2004) Liver X receptor agonists suppress
vascular smooth muscle cell proliferation and inhibit neointima
formation in balloon-injured rat carotid arteries. Circ Res 95:
el10-e123

Lise-Lotte V, Sebastian AL, Paolo P, Jan-Ake G, Steffensen KR
(2009) The oxysterol receptor LXR inhibits proliferation of

20.

21.

22.

human breast cancer cells. Carcinogenesis 30:575-579. doi:
10.1093/carcin/bgp029

Janowski BA, Willy PJ, Devi TR, Falck JR, Mangelsdorf DJ
(1996) An oxysterol signalling pathway mediated by the nuclear
receptor LXR-«. Nature 383:728-731

Engstrom LD, Youkilis AS, Gorelick JL, Zhen D, Ackley V,
Petroff CA, Benson LQ, Coon MR, Zhu X, Hanash SM, Wechsler
DS (2004) Mxi-1, an alternatively transcribed Mxi-1 isoform is
overexpressed in glioblastomas. Neoplasia 6:660-673

Linda QB, Melissa RC, Leslie MK, Grace CH, Amod A, Sarnaik
K, Weschler DS (1999) Expression of Mxil, a myc antagonist, is
regulated by Spl and AP2. J Biol Chem 274:28794-28802

@ Springer


http://dx.doi.org/10.1093/carcin/bgp029

	LXR- alpha selectively reprogrammes cancer cells to enter into apoptosis
	Abstract
	Introduction
	Methods
	Cell line and reagents
	Normal peripheral blood mononuclear cell isolation
	T cell purification
	Cell culture and transfection experiments
	Plasmid transfection experiment
	Gene expression at transcriptional level
	Gene expression at translational level
	Cell cycle and apoptosis assay
	Cellular ultrastructural study
	Statistical analysis

	Results
	Ligand activated LXR- alpha and its effect on the cellular survival/apoptosis
	Cellular reprogramming of the genes involved in quiescence, apoptosis, or proliferation by ligand activated LXR- alpha 

	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


