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Dihydrotestosterone induces SREBP-1 expression
and lipogenesis through the phosphoinositide
3-kinase/Akt pathway in HaCaT cells
Bing-rong Zhou, Qiu-hong Huang, Yang Xu, Di Wu, Zhi-qiang Yin and Dan Luo*
Abstract

Background: The purpose of this study was to investigate the effects and mechanisms of dihydrotestosterone
(DHT)-induced expression of sterol regulatory element binding protein-1 (SREBP-1), and the synthesis and secretion
of lipids, in HaCaT cells. HaCaT cells were treated with DHT and either the phosphoinositide 3-kinase inhibitor
LY294002 or the extracellular-signal-regulated kinase (ERK) inhibitor PD98059. Real time-PCR, Western blot, Oil Red
staining and flow cytometry were employed to examine the mRNA and protein expressions of SREBP-1, the gene
transcription of lipid synthesis, and lipid secretion in HaCaT cells.

Findings: We found that DHT upregulated mRNA and protein expressions of SREBP-1. DHT also significantly
upregulated the transcription of lipid synthesis-related genes and increased lipid secretion, which can be inhibited
by the addition of LY294002.

Conclusions: Collectively, these results indicate that DHT induces SREBP-1 expression and lipogenesis in HaCaT
cells via activation of the phosphoinositide 3-kinase/Akt Pathway.
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Introduction
Excessive secretion of sebum on skin is an important
factor in various skin diseases, including acne and sebor-
rheic dermatitis [1,2]. Besides sebaceous glands, kerati-
nocytes are another important source of lipid on skin
surface (2). Although the epidermis is certainly affected
by steroid hormones, little is known about the effects of
androgens on human keratinocytes. Previous studies
demonstrated that in sebaceous glands androgens regu-
lates the synthesis of sebum lipids through the sterol
regulatory element-binding protein (SREBP) pathway [3].
Nevertheless, results of investigations on androgens re-
ceptor expression in keratinocytes are controversial: some
groups have demonstrated that the androgens receptor is
expressed in the epidermis [4], while others reported its
absence [5]. Although nothing in the literature so far sug-
gests that testosterone or its analog dihydrotestosterone
* Correspondence: daniluo2005@yahoo.com.cn
Department of Dermatology, First Affiliated Hospital of Nanjing Medical
University, Nanjing 210029, China

© 2012 Zhou et al.; licensee BioMed Central L
Commons Attribution License (http://creativec
reproduction in any medium, provided the or
(DHT) effect the growth of keratinocytes, we found that
these hormones were associated with SREBP-1 expression
in cells of the immortalized keratinocyte cell line HaCaT,
which are quite similar to primary normal keratinocytes
in steroid-metabolizing activity and responsiveness to
steroid hormones [6].
The SREBP transcription factors bind sterol response

elements, and three members of the SREBP family have
been identified: SREBP-1a, SREBP-1c, and SREBP-2 [7].
In spite of the partial functional overlap between
SREBP-1 and SREBP-2, SREBP-1 typically regulates
genes in the fatty acid biosynthesis pathway, whereas
SREBP-2 modulates the transcription of genes asso-
ciated with cholesterol biosynthesis [8]. DHT has been
reported to regulates SREBP-1 expression in various
cell lines and organs [3,9,10]. Besides that, SREBP-1
was also found to be expressed in keratinocytes and
played an important role in its lipid synthesis [11].
However, little is known of how DHT impacts the
function of SREBP-1 in keratinocyte HaCaT cells. The
aim of this study was to dissect the molecular signaling
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pathways by which DHT stimulation increases the
mRNA and protein levels of SREBP-1 in HaCaT cells.

Materials and methods
Materials
Dihydrotestosterone (DHT) powder was bought from
Sigma Co. Ltd. DHT was diluted with DMSO just before
use, and prepared in serum-free medium at required
concentrations, subpackaged by Filtration sterilization.
Anti SREBP-1 (polyclonal) was bought from Beijing
Bo’ao Bio-tech Co. Ltd.; Rabbit anti phospho-Akt
(Ser473) and anti-total Akt was bought from Cell Signal-
ing; Mouse anti phospho-p44/42 MAPK, anti total p44/
42 MAPK, Mouse anti phospho-JNK/SAPK, Rabbit anti
phospho-P38 MAPK, Mouse/Rabbit anti Actin, PI3K in-
hibitor LY294002, MEK inhibitor PD98059, BCA Protein
Assay Kit were all bought from Beyotime Institute of
Biotechnology; Trizol was bought from Invitrogen; Real-
time PCR Assay Kits were bought from Nanjing KGI
Bioteknologi Development Co, Ltd.; Nile red powder
was bought from Shanghai XinRan Bio-tech Co, Ltd,
diluted with methanol and stored at a concentration of
10μg/mL at 4°C, away from light.

Method
Cell culture
Keratinocyte line HaCaT cells were cultured in a cell in-
cubator at 37°C, 5% CO2, in DMEM medium containing
10% fetal bovine serum and 1% penicillin and strepto-
mycin. After cells became polygon arranging as a single
layer, they were vaccinated at the density of 1*10 9/L
with 0.25% trypsin solution. The cultured cells were used
for experiment when they adhered to the culture plat
and the confluence reached 70%~80%.

Experiment grouping and treatment of cells
To examine the effect of DHT on the expression of
SREBP-1 and the activation of the phosphoinositide
3-kinase (PI3k)/Akt and mitogen-activated protein kin-
ase (MAPK) pathways in HaCaT cells, the cells were
first randomly divided into 4 groups based on DHT
treatment concentrations: 0 (control), 10, 100, and 1000
nM. DHT at a concentration of 100 nmol/L was taken
as the stimulus quantity, and random groups were cre-
ated: �a control group; α a DHT group at a concentra-
tion of 100nmol/L; βPD98059 group, pretreated with
PD98059 at 50μM for 40 min; χ LY294002 group, pre-
treated with LY294002 at 50μM for 40min; δPD98059
+DHT group, pretreated with PD98059 at 50μM for 40
min, then with DHT added at concentration of 100
nmol/L; ε LY294002+DHT group, pre-treated with
LY294002 at 50μM for 40min, then with DHT added at
concentration of 100nmol/L. Every group was cultured
for 24 hours before further tests.
Real-time PCR detection of the expression of SREBP-1 mRNA
and the expression of lipogenic enzyme (FAS, ACS, SCD,
HMGCR) mRNA in HaCaT cells
Cells were grouped according to experimental grouping
requirements. Trizol was added to break down the cells,
followed by extraction of total RNA, measurement of
concentration and then measurement of purity. After
ensuring that the quality met the requirements of the
experiment, cDNA was obtained by reverse transcrip-
tion. It was diluted 10 times and amplified according to
a 20μL reaction system. Primers were synthesized by
Nanjing Kaiji Bio-tech Co, Ltd (Additional file 1 Table S1).
Amplification conditions: pre-degeneration at 95°C for
5 min, entering reaction circles, degeneration at 95°C for
15 min, annealing for 30s at 60°C, extending for 30s at
72°C, keeping at 72°C for 10 min after 40 circles.

Western blotting tests for the protein expression of SREBP-1,
p-AKT, p-P38 and p-JNK
The cells were treated according to experiment grouping
methods, the culture solution was discarded, the cells
were washed 3 times with PBS solution pre-cooled to 4°C,
300ul cell degradation solution containing protease inhibi-
tor was added, the mixture was placed on ice for 15min,
cells were detached and centrifugal separation was con-
ducted at 4°C at 12000rpm. The upper layer solution was
taken for protein testing by the BCA method. A 30μg
sample of protein was taken from each group for SDS-
PAGE electrophoresis testing, and protein was transferred
onto PVDF films, covered with a 5% BSA blocking buffer
at 37°C for 1 hour. The primary antibody was added
according to the experiment requirements (Rabbit anti-
body SREBP-1, dilutedat 1:500, Rabbit antibody phospho-
AKT, diluted at 1:1000, Rabbit antibody total-AKT, diluted
at 1:1000; mouse antibody phospho-ERK, diluted at
1:1000, mouse antibody total-ERK, diluted at 1:1000;
Rabbit antibody phospho-P38, diluted at 1:1000; mouse
antibody phospho-JNK, diluted at 1:1000; Actin antibody
diluted at 1:1000), kept in incubation at 4°C throughout
the night, washed before being incubated with the second-
ary antibody, which was diluted at 1:1000 and marked by
horseradish peroxidase, at 37°C for 40 min. ECL detection
reagent was added for 5min, and finally squash, develop-
ment and fixation were conducted.

Observing the DHT-induced lipid droplet changes in HaCaT
cells by the Oil Red staining method
HaCaT cells were inoculated at exponential phase in
12-well plates, 3×104 for each well, and cultured for
24 hours. HaCaT cells were treated according to experi-
ment grouping methods, and after the culture medium
solution was carefully discarded were washed with PBS
solution 3 times, then fixed with 4% paraformaldehyde
for 10min. The cells were colored with Oil Red staining
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solution for 20min,washed with 60% isopropanol solu-
tion for 30s, washed with distilled water for 30s until
the background was clear, and then the culture plates
were placed upside down under a microscope and
photographed with Leica Qwin Plus (plain light).
Detecting the synthesis of lipid in HaCaT cells by flow
cytometer
HaCaT cells at exponential phase of growth were inocu-
lated in 6-well plates, 3×104 for each well, and cultured for
24 hours. The HaCaT cells were treated according to
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Figure 1 The effects of the PI3K inhibitor (LY294002) and ERK inhibito
cells. (A) LY294002 and PD98059 distinctly inhibited the DHT-induced prot
inhibited the DHT-induced expression of SREBP-1 mRNA, while PD98059 ha
SREBP-1. (C) LY294002 inhibited the DHT-induced protein expression of SRE
expression of protein SREBP-1. Data are means±SD of three independent e
DHT group.
experiment grouping methods, and 0.25% trypsin solution
containing 0.02%EDTA was added. The degradation
process was ended with10% fetal calf serum medium. The
cells were washed 2 times with PBS, single cell suspension
was prepared (in PBS), 100ng/mL nile red fluorescent dye
was added, samples were incubated at room temperature
for 15min, filtered with 300 mesh nylon membrane, and
then flow cytometry was used to test 10000 cells of each
sample . The average fluorescence intensity of every cell
was calculated, with excitation wavelength at 485nm and
emission wavelength at 565nm, and 3 well plates in each
group.
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Statistical analysis
SPSS13.0 software was used for data analysis, and the
form of average±standard deviation �xþsð Þ was used to
indicate measurement data. ANOVA was used for inter-
group comparison, P<0.05 was considered statistically
significant.

Results and discussion
DHT treatment increased SREBP-1a and SREBP-1c
mRNA levels and SREBP-1 protein expression in HaCaT
cells in a dose-dependent manner (Additional file 2 Figure
S1a-b). p-AKT in the PI3k/Akt pathway and p-ERK path-
way were also significantly upregulated by DHT in a
dose-dependent manner. However, DHT has no effect
on the p-P38 and p-JNK expression in the MAPK
pathways (Additional file 2 Figure S1-C). The PI3k/Akt
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Figure 2 The effect of LY294002 on DHT-induced expression of lipid
(A) The effect of LY294002 on the synthesis of lipids, as shown using Oil Re
tested using flow cytometry. (C) The effect of LY294002 on DHT-induced e
Data are means±SD of three independent experiments. * P < 0.01 vs. untre
inhibitor LY294002 and the ERK inhibitor PD98059
could reverse the activation of p-Akt and p-ERK
(Figure 1-A), respectively, and their effects on DHT-
induced SREBP-1c expression were different: LY294002
inhibited the DHT-induced activation of SREBP-1, but
PD98059 had little effect (Figure 1, B, C). Compared with
the control group, DHT stimulated HaCaT cells to
synthesize more lipid droplets. After pretreatment with
LY294002, the droplets were significantly abolished
(Figure 2a), which was consistent with the results from
flow cytometry analysis of Nile Red fluorescent dye in-
tensity (Figure 2b). FAS, ACS, SCD, and HMGCR are all
important enzymes with a role in lipid synthesis, whose
gene transcription is regulated by SREBP-1 [12]. When
DHT was introduced, the mRNA levels of FAS, ACS,
SCD, and HMGCR were significantly increased. However,
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synthetase-related genes and lipid synthesis in HaCaT cells.
d staining. (B) The effect of LY294002 on the synthesis of lipids, as
xpression of lipid synthetase related genes, as tested by real-time PCR.
ated control group; # P < 0.05 vs. DHT group.
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the addition of LY294002 disrupted these DHT-mediated
effects (Figure 2c).
Abundant secretion of lipid in epidermis and sebaceous

glands caused by androgen contributes in a major way to
the occurrence of diseases like acne and seborrheic
dermatitis. The process of lipid synthesis involves the acti-
vation of lipid synthesis related enzyme genes in combin-
ation with regulatory factors. SREBPs were discovered to
be the major nuclear transcription factors contributing to
the regulation of lipid synthesis and secretion, being able
to activate the transcription process of such enzyme genes
as FAS, ACS, SCD, HMGCR, and in this way stimulating
lipid synthesis and secretion [11,13-15]. In recent years,
much attention has been focused on intracellular signal
transduction mediating the activation of the SREBP path-
way, which plays a role in lipogenesis. The PI3K/Akt sig-
naling and MAPK pathways both play important roles in
mediating the activation of the SREBP pathway [16]. With
differences in tissue and cell types and different stimula-
tion factors there are differences in the signaling pathways
which activate the SREBP pathway. Yang YA et al. [17]
found that P13k/Akt and ERK/MAPK signaling pathways
may play a role in regulation of the expression of SREBP-1
and the transcription of FAS in breast cancer. KGF can in-
duce the expression of SREBP-1 in H292 lung cancer cells
through two pathways (JNK and PI3K/Akt), so enhancing
the expression of SCD-1 and FAS [18]. Smith TM et al.
[12] studied the effects of PI3k/Akt and MAPK pathways
on the IGF-1-induced expression of SREBP-1 in sebocytes
and found that PI3k/Akt played an important role in this
process. Our results shows that whether the PI3k/Akt
pathway is activated or not has a close bearing on the
expression of SREBP-1 induced by DHT, which may be
important and specific in DHT treated keratinocyte
HaCaT cells.
Recent reports indicate that activation of Akt is involved

in the transport of the SREBP cleavage-activating protein
(SCAP)/SREBP complex from the endoplasmic reticulum
to the Golgi [19]. This is a major regulatory step in SREBP
activity. Our data indicate that DHT increases the amount
of cleaved (mature) SREBP protein and that this increase
is inhibited in the presence of LY294002 (Figure 1b,c).
This suggests that, in addition to possible transcriptional
and translational control, Akt activation may also affect
SREBP processing in HaCaT cells. Akt activation has been
shown to increase the expression of lipogenic genes [16].
The conclusion is further supported by our observation
that inhibition of Akt activation by LY294002 blocks the
increase in mRNA expression of lipogenic genes and lipo-
genesis induced by SREBP-1 (Figure 2c).

Conclusions
In conclusion, our investigations suggest that DHTcan ac-
tivate SREBP-1 and lipogenesis in HaCaT cells and that
the PI3k/Akt signaling pathway has important regulatory
effects on lipid synthesis and secretion induced by DHT.

Additional files

Additional file 1: Table S1. Primers and amplified products.

Additional file 2: Figure S1. The effects of DHT on the expressions of
SREBP-1, p-P38 and p-JNK in HaCaT cells.

Abbreviations
ACS: Acyl-Coa Synthetase; AKT: v-Akt murine Thymoma viral oncogene
homolog; DHT: DiHydroTestosterone; ERK: Extracellular-signal-Regulated
Kinase; FAS: Fatty Acid Synthase; HMGCR: HMG-CoA reductase;
MAPK: Mitogen-Activated Protein Kinase; p-ERK: Phosphorylated ERK;
p-AKT: Phosphorylated AKT; PI3K: Phosphoinositide 3-kinase; SCAP: SREBP
cleavage-activating protein; SCD: Stearoyl-Coa Desaturase; SREBP-1: Sterol
Regulatory Element Binding Protein-1.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
BRZ conceived, designed and coordinated the work, as well as prepared the
manuscript. DL was involved in the co-design of the work as well as the
draft of the manuscript. HQH, YX, DW and ZQY carried out analytical work
and contributed in drafting the manuscript. All authors read and approved
the final manuscript.

Authors’ information
BRZ is a medical scientific researcher. YX, DW and ZQY are Ph.D. students;
HQH is a M.Sc. student; DL is a full professor of dermatology.

Acknowledgement
This work was supported by grant from the China National Natural Science
Foundation (81000700 and 81171518), science project from traditional
Chinese medicine Bureau of Jiangsu Province (LZ11084) and Jiangsu
National Natural Science Foundation (BK2012877).

Received: 8 September 2012 Accepted: 27 October 2012
Published: 15 November 2012

References
1. Zouboulis CC: Acne and sebaceous gland function. Clin Dermatol 2004,

22:360–366.
2. Plewig G: How acne vulgaris develops. Hautarzt 2010, 61:99–100. 102–104, 106.
3. Rosignoli C, Nicolas JC, Jomard A, Michel S: Involvement of the SREBP

pathway in the mode of action of androgens in sebaceous glands
in vivo. Exp Dermatol 2003, 12:480–489.

4. Pelletier G, Ren L: Localization of sex steroid receptors in human skin.
Histol Histopathol 2004, 19:629–636.

5. Inui S, Itami S, Pan HJ, Chang C: Lack of androgen receptor transcriptional
activity in human keratinocytes. J Dermatol Sci 2000, 23:87–92.

6. Gingras S, Turgeon C, Brochu N, Soucy P, Labrie F, Simard J:
Characterization and modulation of sex steroid metabolizing activity in
normal human keratinocytes in primary culture and HaCaT cells. J Steroid
Biochem Mol Biol 2003, 87:167–179.

7. Sato R: Sterol metabolism and SREBP activation. Arch Biochem Biophys
2010, 501:177–181.

8. Shimano H, Yahagi N, Amemiya-Kudo M, Hasty AH, Osuga J, Tamura Y,
Shionoiri F, Iizuka Y, Ohashi K, Harada K, et al: Sterol regulatory element-
binding protein-1 as a key transcription factor for nutritional induction
of lipogenic enzyme genes. J Biol Chem 1999, 274:35832–35839.

9. Schirra F, Richards SM, Liu M, Suzuki T, Yamagami H, Sullivan DA:
Androgen regulation of lipogenic pathways in the mouse meibomian
gland. Exp Eye Res 2006, 83:291–296.

10. Huang WC, Li X, Liu J, Lin J, Chung LW: Activation of androgen receptor,
lipogenesis, and oxidative stress converged by SREBP-1 is responsible
for regulating growth and progression of prostate cancer cells.
Mol Cancer Res 2012, 10:133–142.

http://www.biomedcentral.com/content/supplementary/1476-511X-11-156-S1.doc
http://www.biomedcentral.com/content/supplementary/1476-511X-11-156-S2.doc


Zhou et al. Lipids in Health and Disease 2012, 11:156 Page 6 of 6
http://www.lipidworld.com/content/11/1/156
11. Harrison WJ, Bull JJ, Seltmann H, Zouboulis CC, Philpott MP: Expression of
lipogenic factors galectin-12, resistin, SREBP-1, and SCD in human
sebaceous glands and cultured sebocytes. J Invest Dermatol 2007,
127:1309–1317.

12. Smith TM, Gilliland K, Clawson GA, Thiboutot D: IGF-1 induces SREBP-1
expression and lipogenesis in SEB-1 sebocytes via activation of the
phosphoinositide 3-kinase/Akt pathway. J Invest Dermatol 2008,
128:1286–1293.

13. Horton JD, Shimomura I: Sterol regulatory element-binding proteins:
activators of cholesterol and fatty acid biosynthesis. Curr Opin Lipidol
1999, 10:143–150.

14. Shimano H: Sterol regulatory element-binding proteins (SREBPs):
transcriptional regulators of lipid synthetic genes. Prog Lipid Res 2001,
40:439–452.

15. Eberle D, Hegarty B, Bossard P, Ferre P, Foufelle F: SREBP transcription factors:
master regulators of lipid homeostasis. Biochimie 2004, 86:839–848.

16. Porstmann T, Griffiths B, Chung YL, Delpuech O, Griffiths JR, Downward J,
Schulze A: PKB/Akt induces transcription of enzymes involved in
cholesterol and fatty acid biosynthesis via activation of SREBP. Oncogene
2005, 24:6465–6481.

17. Yang YA, Han WF, Morin PJ, Chrest FJ, Pizer ES: Activation of fatty acid
synthesis during neoplastic transformation: role of mitogen-activated
protein kinase and phosphatidylinositol 3-kinase. Exp Cell Res 2002,
279:80–90.

18. Chang Y, Wang J, Lu X, Thewke DP, Mason RJ: KGF induces lipogenic
genes through a PI3K and JNK/SREBP-1 pathway in H292 cells. J Lipid Res
2005, 46:2624–2635.

19. Du X, Kristiana I, Wong J, Brown AJ: Involvement of Akt in ER-to-Golgi
transport of SCAP/SREBP: a link between a key cell proliferative pathway
and membrane synthesis. Mol Biol Cell 2006, 17:2735–2745.

doi:10.1186/1476-511X-11-156
Cite this article as: Zhou et al.: Dihydrotestosterone induces SREBP-1
expression and lipogenesis through the phosphoinositide 3-kinase/Akt
pathway in HaCaT cells. Lipids in Health and Disease 2012 11:156.
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
	Findings
	Conclusions

	Introduction
	Materials and methods
	Materials
	Method
	Cell culture
	Experiment grouping and treatment of cells
	Real-time PCR detection of the expression of SREBP-1 mRNA and the expression of lipogenic enzyme (FAS, ACS, SCD, HMGCR) mRNA in HaCaT cells
	Western blotting tests for the protein expression of SREBP-1, p-AKT, p-P38 and p-JNK
	Observing the DHT-induced lipid droplet changes in HaCaT cells by the Oil Red staining method
	Detecting the synthesis of lipid in HaCaT cells by flow cytometer

	Statistical analysis

	Results and discussion
	Conclusions
	Additional files
	Abbreviations
	Competing interests
	Authors’ contributions
	Authors’ information
	Acknowledgement
	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


