
Zhao et al. Cancer Cell International 2013, 13:23
http://www.cancerci.com/content/13/1/23
PRIMARY RESEARCH Open Access
RNAi silencing of c-Myc inhibits cell migration,
invasion, and proliferation in HepG2 human
hepatocellular carcinoma cell line: c-Myc silencing
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Abstract

Background: Hepatocellular carcinoma (HCC) is the most common type of liver cancer. Although much is known
about both the cellular changes that lead to HCC and the etiological agents responsible for the majority of HCC
cases, the molecule pathogenesis of HCC is still not well understood. We aimed to determine the effect of c-Myc
gene expression on the proliferative, invasive, and migrative capabilities of hepatocellular carcinoma HepG2 cells.

Methods: A plasmid- based polymerase III promoter system was used to deliver and express short interfering RNA
targeting c-Myc to reduce its expression in HepG2 cells. Western blot analysis was used to measure the protein
level of c-Myc in HepG2 cells. The effects of c-Myc silencing on the invasion, motility, and proliferation of HepG2

cells were assessed using a Transwell chamber cell migration assay system and a growth curve assay, respectively.

Results: The data showed that plasmids expressing siRNA against c-Myc significantly decreased its expression in
HepG2 cells by up to 85%. Importantly, pSilencer-c-Myc transfected cells showed a significantly reduced potential in
migration, invasion, and proliferation.

Conclusion: C-Myc plays an important role in the development of hepatocellular carcinoma. The data show that
down-regulating the c-Myc protein level in HepG2 cells by RNAi could significantly inhibit migration, invasion and
proliferation of HepG2 cells. Thus, c-Myc might be a potential therapeutic target for hepatocellular carcinoma.
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Background
Hepatocellular carcinoma (HCC) is the most common
type of liver cancer. Most cases of HCC are secondary to
either a viral hepatitis infection (hepatitis B or C) or
cirrhosis (alcoholism being the most common cause of
hepatic cirrhosis) [1]. Although much is known about
both the cellular changes that lead to HCC and the
etiological agents responsible for the majority of HCC
cases (hepatitis B virus, hepatitis C virus, alcohol), the
molecule pathogenesis of HCC is still not well under-
stood [2,3].
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Myc (c-Myc) is a regulator gene that encodes for a
transcription factor. A mutated version of Myc is found
in many cancers, which causes Myc to be constitutively
(persistently) expressed. This further induces an unregu-
lated expression of several genes, some of which are
involved in cell proliferation [4]. A frequent genetic
abnormality seen in HCC is the overexpression of c-Myc
[5,6]. The importance of c-Myc expression in HCC is
demonstrated both by studies of transgenic mice [7,8] and
clinical research which has indicated that overexpression
of c-Myc is found in most HCC patients and correlated
with poor prognosis [9].
A recent study demonstrates that temporary inhibition

of Myc selectively kills mouse lung cancer cells or induces
apoptosis, making it a potential cancer drug target [10,11].
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In the human genome, Myc is located on chromosome 8
and is believed to regulate expression of 15% of all
genes [12] through binding on Enhancer Box sequen-
ces (E-boxes) and recruiting histone acetyltransferases
(HATs). This means that in addition to its role as a clas-
sical transcription factor, Myc also functions to regulate
global chromatin structure by regulating histone acety-
lation both in gene-rich regions and at sites far from any
known genes [13]. In this study, we aimed to investigate
whether specific down-regulating the protein level of
c-Myc in a HepG2 cell line might result in the inhibition
of cell growth.
RNA interference (RNAi) is a process in which

activation of an intracellular pathway modulated by
small-interfering RNA (siRNA) composed of 21–23 nu-
cleotides (nt) leads to degradation of a specific, targeted
mRNA [14]. The selective and robust effect of RNAi on
gene expression makes it a valuable research tool, both
in cell culture and in living organisms because synthetic
dsRNA introduced into cells can induce suppression of
specific genes of interest [15,16]. RNAi has been used to
inhibit diseases induced by virus (for instance, HIV [17]
and influenza [18]), tumorigenesis caused by oncogenic
K-ras, and H-ras [19,20], activation of oncogenes resulting
from chromosomal translocations (for example bcr/abl in
chromic myeloid leukemia [21]), cancers caused by viral in-
fections, and others. Recently, retroviral-based approaches
to deliver siRNA into tissue cultured mammalian cells have
been proved to be powerful, and doxycycline-regulated in-
ducible gene expression by RNAi has been shown to be
particularly useful for the analysis of genes that are neces-
sary for cellular survival (22,23). These studies have
established a new area in the genetic manipulation of hu-
man cancer development by allowing oncogenes to be
down regulated by RNAi. For this purpose, RNAi directed
against c-Myc was used here.
In this study, HepG2 cell was transfected with a plas-

mid which was under the control of the U6 promoter to
deliver and express siRNA targeting c-Myc to determine
whether this technique could be used for the specific in-
hibition of oncogene overexpression and whether this
inhibition resulted in antitumor effects. Our results
showed that specific down-regulation of c-Myc by RNAi
was sufficient to inhibit the proliferative, invasive, and
migrative capabilities of HepG2 cell, and that c-Myc
might serve as a therapeutic target for HCC.

Results
Selection of siRNA transfectants
HepG2 cells were co-transfected with pSILENCER 1.0-U6
generating short hairpin siRNA and with pEF6/V5-His
TOPO expression vector carrying selectable blasticidin
marker as described in the Materials and Methods section.
Transfected cells were selected for blasticidin resistance
and characterized by the presence of the insert in the ge-
nomic DNA (data not shown).

Suppression of c-Myc expression in HepG2 cells by RNAi
One pair of oligonucleotides encoding short hairpin
trans cripts directed against a portion of the c-Myc
mRNA was designed and synthesized. This pair of oligo-
nucleotide was then ligated into pSilencer. The plasmid
of pSilencer–c-Myc contains a U6 promoter that directs
the synthesis of oligonucleotides in an inverted repeat
with 9 nt for its loop, with six T bases added at the end
to serve as a termination signal for RNA polymerase III.
The RNA is expected to fold back to form a hairpin loop
structure after being transcribed; the hairpin dsRNA can
then be further cleaved by Dicer to generate a 21-
nucleotide siRNA, the active form for the RNAi effect,
which will form dsRNA–endonuclease complexes and
will bind and destroy c-myc mRNA inside cells [17]
(Figure 1).
PSilencer–c-Myc was transfected into HepG2 cells and

its effects on c-Myc protein levels were determined by
comparison with pSilencer-transfected cells by western
blot at the time points indicated. We found that the
c-Myc expression levels were suppressed by up to 85%
in HepG2 cells at day 4 after transfection. Actually the
levels of c-Myc were decreased as early as 24 hours after
transfection and remained at low levels until 8 days after
transfection (Figure 2). Our obtained inhibition rate by
siRNA seemed to be higher than that in previous report
(67%), which demonstrated better cell transfection effi-
ciency in our study [11]. The inhibitory effect was shown
to be specific because transfection with pSilencer did
not alter c-Myc levels. In addition, RNAi did not cause a
nonspecific down-regulation of gene expression, as de-
termined by the β-actin control (Figure 2). These data
indicated that vector-based RNAi could effectively sup-
press c-Myc overexpression and resulted in prolonged
decreases in specific cellular gene expression without
marked effects on other cellular proteins.

Effect of siRNA c-Myc on cell invasion, motility, and
proliferation
The in vitro invasion assay was designed to test
whether transfection of siRNA c-Myc altered the in-
vasive potential of tumor cells in Matrigel-coated
transwell chamber. Considering as 100% in the un-
treated HepG2 cells which are able to invade to the
filters in 24 hours, the invasive percentage of vector
alone–transfected cells was 83% and that of siRNA c-
Myc–transfected cells was 27% (Figure 3a). The inva-
sive potential of pS siRNA c-Myc cells significantly
decreased (P < 0.05).
To study the effect of siRNA c-Myc transfection on

migration, parental and transfected cells were seeded



Figure 1 Schematic drawing of the pSliencer 1.0-U6 vector. The U6-RNA promoter was cloned in front of the gene-specific targeting
sequence (19-nucleotide sequences from the target transcript separated by a short spacer from the reverse complement of the same sequence)
and six thymidines (T6) as a termination signal.
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on transwell chambers with uncoated filters. After
24 hours of incubation, the motility potential of
pS siRNA c-Myc cells was significantly reduced
(Figure 3b; P < 0.05).
To determine changes in the growth pattern of

HepG2 cells stably transfected with siRNA c-Myc, a
growth curve was done on them along with parental
cells and the cells transfected with the empty vector.
c-Myc inhibition by siRNA c-Myc transfection
modulated the proliferation of hepatocellular carcin-
oma cells; in fact, the proliferation of pS siRNA c-
Myc cells was markedly decreased compared with
parental and vector-alone–transfected cells (P < 0.05)
(Figure 3c), indicating that c-Myc is involved in the
proliferative potential of hepatocarcinoma cells.
In summary, inhibition of endogenous c-Myc using

siRNA technology could reduce the motility, invasion,
and proliferation of HCC cells. Although we obtained
comparable c-Myc inhibition with plasmid expressing
antisense c-Myc mRNA, the advantages provided by
siRNA technology should be relevant for in vivo stu-
dies avoiding nonspecific defense responses against
duplex RNA longer than 30 nt [18-20]. In addition,
future studies should be performed to test the effect
of c-Myc silencing on the other HCC cells.
Figure 2 Time course of the reduction in c-Myc protein levels by pSil
transfected with pS–c-Myc or pSilencer (pS) and whole cell lysates were pre
SDS–PAGE and immune blotted with an antibody against c-Myc; expressio
Conclusions
Our findings confirm that down-regulation of c-Myc may
be an effective way of achieving a significant reduction in
the malignant properties of HCC-derived cells and imply
the therapeutic potential of RNAi on the treatment of
hepatocellular carcinoma by targeting overexpression on-
cogenes such as c-Myc.

Materials and methods
Reagents
RPMI 1640 medium (Life Technologies, Inc., Gaithersburg,
MD); pEF6/V5-HisvTOPO vector (Invitrogen; the plasmid
containing the blasticidin-selectable marker gene); DOTAP
Liposomal transfection reagent according to the manufac-
turer’s instructions (Invitrogen); anti-c-Myc (9E10; 1:1000
dilution; Santa Cruz) and anti-β-actin (AC-15; 1:5000
dilution; Sigma), anti-mouse IgG–horseradish peroxidase
conjugate antibody (Zhongshan Company); Luminol
chemiluminescence detection kit (Santa Cruz).

Cell line and cell culture
The HepG2 human cell line was provided by the Shanghai
Cell Research Institution of Chinese Academy of Sciences.
The cells were cultured with RPMI 1640 medium
supplemented with 100 mL/L fetal calf serum, 1*105 U/L
encer-c-Myc (pS-c-Myc). Exponentially proliferating HepG2 cells were
pared at the time points indicated. Total cell lysates were separated by
n levels were normalized for loading by probing for β-actin.



Figure 3 Invasion (a), motility (b) and proliferation (c) of parental, vector, and siRNAi-vector transfected cells. The percentages of
invading (t=24 hours) and migrating (t=24 hours) cells were calculated as reported in Materials and Methods. The pictures highlighted the
differences in number between HepG2, pS, and pS-c-Myc cells able to invade (a) or migrate (b) to the lower surface of transwells. RNAi directed
against c-Myc led to a reduced cellular growth rate after 24, 48 and 72 hours. Columns, averages of three independent experiments; error bars,
SD. *P <0.05.
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penicillin and streptomycin at 37°C in a 5% CO2

incubator.

Design and preparation of constructs
To design siRNA targeting c-Myc, one annealed set of
oligonucleotides (for 3 minutes at 90°C and for 1 hour
at 37°C) encoding short hairpin transcripts correspond-
ing to 1906–1926 nt of c-Myc mRNA (GenBank acces-
sion no. NM-002467) [21] were cloned into pSilencer
1.0-U6 (containing ampicillin resistance gene and the
human U6 RNA Polymerase III promoter). The short-
hairpin-RNA-encoding complementary single-stranded
oligonucleotides, which hybridized to give overhangs
compatible with ApaI and EcoRI, were designed with a
computer program available on the Internet (http://
www.ambion.com/techlib/misc/psilencerconverter.html.)
Oligonucleotides encoding short hairpin RNAs were
then ligated into pSilencer. Bacterial colonies were
pooled and used for plasmid preparation. The positive
clones were confirmed by sequencing. The resulting
plasmid was designated as pSilencer–c-Myc. The se-
quence of the insert was confirmed by automated se-
quencing and analyzing the fragments generated from
digestion with HindIII.

Transfection of cells
HepG2 cells were grown to 60% to 80% confluency
(in 6- cm-diameter Petri dishes) and then co-transfected
with 10 ug of pSILENCER 1.0-U6 and 1 ug of pEF6/V5-
HisvTOPO vector using DOTAP Liposomal transfection
reagent. Transfected cells were selected for blasticidin
resistance (6 ug/mL; pS: cells transfected with vector-
alone; pS siRNA C-Myc: cells transfected with siRNA
against C-Myc).

Western blot analysis
The 24-hour serum-free conditioned media (2 mL/6-cm
diameter Petri dish) were collected from confluent cul-
tures of parental, pS, and pS siRNA c-Myc transfected
cells. Constant amounts of proteins from conditioned
media of transfected and non-transfected cells were
loaded in SDS-PAGE, under non-reducing conditions, on
a polyacrylamide gel composed of three layers, containing
different acrylamide concentrations. Gel was blotted on
nitrocellulose membranes and immune reacted with anti-
bodies. The antibodies and dilutions used were anti-
c-Myc (9E10; 1:1000 dilution; Santa Cruz) and anti-β-actin
(AC-15; 1:5000 dilution; Sigma). After being washed
extensively, the membranes were incubated with anti-
mouse IgG–horseradish peroxidase conjugate antibody
(Zhongshan Company) for 1 hour at room temperature
and developed with Luminol chemiluminescence detec-
tion kit (Santa Cruz). Membranes probed for β-actin was
used to normalize for loading and/or quantification errors
and to allow comparisons of target protein expression.
Protein expression was quantified with a Gel EDAS analysis
system (Cold Spring USA Corporation) and Gel-Pro
Analyzer 3.1 software (Media Cybernetics).

Invasion and motility
Invasion assay was done in a 24-well transwell chamber.
Cells were added to coated filters in 100 μL of serum-
free medium in triplicate wells. In the lower compart-
ments of the chambers, 600 μL of human fibroblast-
serum-free-conditioned media was used as chemo
attractant. After 24 hours at 37°C in a 5% CO2 incubator,
the Matrigel coating on the upper surface of the filter
was wiped off using a cotton swab. Cells that migrated
through the filters were fixed, stained with Hema-3,
photographed, and counted. The motility assay was
conducted in a similar procedure. Cells were loaded on
transwell polycarbonate membrane inserts in triplicate
wells. The plates were incubated for 24 hours at 37°C in
a 5% CO2 incubator, the cells in the lower wells were
fixed, stained with Hema-3, and counted. The cells that
had migrated to the lower compartment of the chambers
were trypsinized and counted. Each experiment was car-
ried out in triplicate. The statistical significance of the
results was calculated using the ANOVA procedure. The
data were considered to be significant when P < 0.05.

Proliferation assay
HepG2 and HepG2-transfected cells were seeded in tripli-
cate in 3-cm-diameter Petri dishes. After 24, 48, and
72 hours of incubation at 37°C, the cells were trypsinized
and counted using a Burker chamber.

Abbreviations
HCC: Hepatocellular carcinoma; RNAi: RNA interference; HATs: Histone
acetyltransferases.

Competing interests
This project is supported by Grants from the National Natural Science
Foundation of China (No.30872510, 81200320, 81272534, 81260349), the
Natural Science Foundation of Hubei Province (No.2008CDB127), and the
Natural Science Foundation of Shanghai (No.064119620 10411968400). This
work is funded by the Health System Key Discipline Group of Pudong New
District (PWZXKQ2010-5), and funded by the Foundation of Shanghai Tenth
People Hospital (12XSGG105). There are no any conflicts of interests.

Authors’ contributions
Yan Zhao and Jian Wang participated in the design of this study, and they
both performed the statistical analysis. Wei Gao carried out the study,
together with Ya-Xin Zheng, Yong-Kun Wang collected important
background information, and drafted the manuscript. Zhu-Qing Zhou, Cong-
Jun Wang and Hui Zhang conceived of this study, and participated in the
design and helped to draft the manuscript. All authors read and approved
the final manuscript.

Author details
1Department of Gastroenterology, Shanghai Tenth People Hospital, Tongji
University School of Medicine, Shanghai 200072, PR. China. 2Department of
General Surgery, Shanghai East Hospital, Tongji University School of
Medicine, Shanghai 200120, PR. China.

http://www.ambion.com/techlib/misc/psilencerconverter.html
http://www.ambion.com/techlib/misc/psilencerconverter.html


Zhao et al. Cancer Cell International 2013, 13:23 Page 6 of 6
http://www.cancerci.com/content/13/1/23
Received: 28 July 2012 Accepted: 29 January 2013
Published: 8 March 2013

References
1. Vinay K, Abbas A, Fauston N: Robbins and Cotran pathologic basis of disease.

New York: Saunders; 2004:623–625.
2. Dawe RS: Hepatocellular carcinoma. Lancet 2004, 363(9412):899.
3. Thorgeirsson SS, Grisham JW: Molecular pathogenesis of human

hepatocellular carcinoma. Nat Genet 2002, 31(4):339–346.
4. Hunecke D, Spanel R, Länger F, Nam SW, Borlak J: MYC-‐regulated genes

involved in liver cell dysplasia identified in a transgenic model of liver
cancer. J Pathol 2012, 228(4):520–533.

5. Möröy T, Marchio A, Etiemble J, Trépo C, Tiollais P, Buendia MA:
Rearrangement and enhanced expression of c-myc in hepatocellular
carcinoma of hepatitis virus infected woodchucks. Nature 1986,
324(6094):276–279.

6. Lin CP, Liu CR, Lee CN, Chan TS, Liu HE: Targeting c-Myc as a novel
approach for hepatocellular carcinoma. World J Hepatol 2010, 2(1):16.

7. Terradillos O, Billet O, Renard CA, Levy R, Molina T, Briand P, Buendia MA:
The hepatitis B virus X gene potentiates c-myc-induced liver
oncogenesis in transgenic mice. Oncogene 1997, 14(4):395.

8. Cao Z, Fan-Minogue H, Bellovin DI, Yevtodiyenko A, Arzeno J, Yang Q,
Gambhir SS, Felsher DW: MYC phosphorylation, activation, and
tumorigenic potential in hepatocellular carcinoma are regulated by
HMG-CoA reductase. Cancer Res 2011, 71(6):2286–2297.

9. Peng S, Lai P, Hsu H: Amplification of the c-myc gene in human
hepatocellular carcinoma: biologic significance. J Formos Med Assoc 1993,
92(10):866.

10. Soucek L, Whitfield J, Martins CP, Finch AJ, Murphy DJ, Sodir NM, Karnezis
AN, Swigart LB, Nasi S, Evan GI: Modelling Myc inhibition as a cancer
therapy. Nature 2008, 455(7213):679–683.

11. Xu Y, Wang Y, Gao J, Ye J, Zhu H, Xu N, Wang X, Sun Z: Suppression of c-
myc expression by interference RNA in HepG2 hepatocellular carcinoma
cells. Zhonghua Zhong Liu Za Zhi 2004, 26:458–460.

12. Gearhart J, Pashos EE, Prasad MK: Pluripotency redux—advances in stem-
cell research. N Engl J Med 2007, 357(15):1469–1472.

13. Cotterman R, Jin VX, Krig SR, Lemen JM, Wey A, Farnham PJ, Knoepfler PS:
N-Myc regulates a widespread euchromatic program in the human
genome partially independent of its role as a classical transcription
factor. Cancer Res 2008, 68(23):9654.

14. Chiu YL, Ali A, Chu C, Cao H, Rana TM: Visualizing a correlation between
siRNA localization, cellular uptake, and RNAi in living cells. Chem Biol
2004, 11(8):1165–1175.

15. Iorns E, Lord CJ, Turner N, Ashworth A: Utilizing RNA interference to
enhance cancer drug discovery. Nat Rev Drug Discov 2007, 6(7):556–568.

16. Yan B, Wang ZH, Guo JT: The research strategies for probing the function
of long noncoding RNAs. Genomics 2011, 99(2):76–80.

17. Dykxhoorn DM, Novina CD, Sharp PA: Killing the messenger: short RNAs
that silence gene expression. Nat Rev Mol Cell Biol 2003, 4(12):7–17.

18. Elbashir SM, Harborth J, Lendeckel W, Yalcin A, Weber K, Tuschl T: Duplexes
of 21-nucleotide RNAs mediate RNA interference in cultured mammalian
cells. Nature 2001, 411(6836):494–498.

19. Caplen NJ, Parrish S, Imani F, Fire A, Morgan RA: Specific inhibition of gene
expression by small double-stranded RNAs in invertebrate and
vertebrate systems. Proc Natl Acad Sci USA 2001, 98(17):9742–9747.

20. Niu XY, Peng ZL, Duan WQ, Wang H, Wang P: Inhibition of HPV 16 E6
oncogene expression by RNA interference in vitro and in vivo. Int J
Gynecol Cancer 2006, 16(2):743–751.

21. Williams NS, Gaynor RB, Scoggin S, Verma U, Gokaslan T, Simmang C,
Fleming J, Tavana D, Frenkel E, Becerra C: Identification and validation of
genes involved in the pathogenesis of colorectal cancer using cDNA
microarrays and RNA interference. Clin Cancer Res 2003, 9(3):931–946.

doi:10.1186/1475-2867-13-23
Cite this article as: Zhao et al.: RNAi silencing of c-Myc inhibits cell
migration, invasion, and proliferation in HepG2 human hepatocellular
carcinoma cell line: c-Myc silencing in hepatocellular carcinoma cell.
Cancer Cell International 2013 13:23.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Results
	Selection of siRNA transfectants
	Suppression of c-Myc expression in HepG2 cells by RNAi
	Effect of siRNA c-Myc on cell invasion, motility, and proliferation

	Conclusions
	Materials and methods
	Reagents
	Cell line and cell culture
	Design and preparation of constructs
	Transfection of cells
	Western blot analysis
	Invasion and motility
	Proliferation assay

	Abbreviations
	Competing interests
	Authors’ contributions
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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 /LeaveColorUnchanged
  /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 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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


