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1. Introduction

Systemic sclerosis (SSc) is one of the autoimmune 
disorders characterized by tissue fibrosis of the skin as 
well as internal organs. The activation of fibroblasts 
is thought to be responsible for the tissue fibrosis via 
the abnormal accumulation of extracellular matrix 
(ECM), mainly collagen (1,2). Although the mechanism 
of fibroblast activation is still unknown, many of 

the characteristics of SSc fibroblasts resemble those 
of transforming growth factor (TGF)-β1 stimulated 
normal fibroblasts (3,4). The principal effect of TGF-β1 
on mesenchymal cells including fibroblasts is ECM 
production. Cultured SSc fibroblasts overexpress 
various ECM components, mainly type I collagen 
(5,6), as well as display constitutively up-regulated 
phosphorylation and promoter-binding activity of Smad, 
a mediator of TGF-β signaling (7-9). Also, our previous 
findings described below suggest that the activation 
of dermal fibroblasts in SSc is due to stimulation by 
'autocrine TGF-β signaling'; (i) The blockade of TGF-β 
signaling with neutralizing antibody abolished the 
overexpression of collagen mRNA in cultured SSc 
fibroblasts (10), and (ii) the TGF-β-responsive element 
of α2(I) collagen promoter in normal fibroblasts and 
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the sequence involved in the intrinsic up-regulation of 
α2(I) collagen promoter activity in SSc fibroblasts are 
both bp −376 ~ −108 sites (11,12). Thus, the intrinsic 
up-regulation of collagen genes seen in SSc fibroblasts 
utilizes a TGF-β1/Smad-dependent pathway. 
 Recently, hepatocyte growth factor (HGF) has 
attracted attention for its therapeutic value in treating 
various diseases. HGF regulates cell growth, motility 
and morphogenesis by binding to the receptor called 
c-met (13). HGF may also have an anti-fibrotic effect 
inducing the expression of matrix metalloproteinase 
(MMP)-1 in dermal fibroblasts (14,15). We previously 
compared the direct effect of HGF on the expression of 
type I collagen and MMP-1 in normal and SSc cultured 
dermal fibroblasts. HGF reduced type I collagen 
expression in SSc fibroblasts, but not in normal cells 
(14). On the other hand, MMP-1 expression was 
increased by HGF in both cells, but HGF had stronger 
effects in SSc fibroblasts than normal fibroblasts. 
We concluded that HGF reduces type I collagen 
accumulation only in SSc fibroblasts by the effective 
induction of MMP-1 in these cells, because of the 
overexpression of c-met. C-met overexpression in SSc 
fibroblasts was demonstrated by immunohistochemistry 
in vivo and immunoblotting in vitro (14,16). Thus, 
c-met overexpression in SSc fibroblasts is likely to be 
the key event to express the anti-fibrotic effect of HGF 
in this disease. However, its mechanism has not been 
investigated well. Clarifying the regulatory mechanisms 
of HGF/c-met signaling in SSc may contribute to 
further understanding of this disease and lead to a new 
therapeutic approach. We hypothesized that such c-met 
overexpression is also caused by autocrine TGF-β/
Smad signaling. This study was undertaken to evaluate 
the hypothesis, and to clarify its mediators. 

2. Materials and Methods

2.1. Cell culture

Human dermal fibroblasts were obtained by skin 
biopsy from the affected areas (dorsal forearm) of 4 
patients with diffuse cutaneous SSc and < 2 years of 
skin thickening as described previously (17). Control 
fibroblasts were obtained by skin biopsy from 4 healthy 
donors (18). Institutional review board approval and 
written informed consent were obtained according to 
the Declaration of Helsinki. Primary explant cultures 
were established in 25-cm2 culture flasks in modified 
Eagle's medium (MEM) supplemented with 10% 
fetal calf serum (FCS) and an Antibiotic-Antimycotic 
(Invitrogen, Carlsbad, CA, USA). Monolayer cultures 
independently isolated from different individuals 
were maintained at 37ºC in 5% CO2 in air. Fibroblasts 
between the third and sixth subpassages were used for 
experiments. Before experiments, cells were serum-
starved for 12-24 h.

2.2. Cell Lysis and immunoblotting

Fibroblasts were cultured until they were confluent, then 
cell lysates (normalized for protein concentration) were 
analyzed by immunoblotting as described previously 
(19). The antibodies for c-met and β-actin were 
purchased from Santa Cruz Biotechnology (Santa Cruz, 
CA, USA).

2.3. RNA isolation and quantitative real-time polymerase 
chain reaction (PCR)

Total RNA was extracted from culture cells with 
ISOGEN (Nippon Gene, Tokyo, Japan). First-strand 
cDNA synthesis and quantitative real-time PCR with 
Takara Thermal Cycler Dice (TP800) were performed as 
described previously (19).
 Primer sets for c-met and GAPDH were purchased 
from SABiosciences (Frederick, MD). DNA was 
amplified for 40 cycles of denaturation for 5 sec at 95°
C and annealing for 30 sec at 60°C. The relative fold 
changes of c-met and GAPDH were calculated by a 
standard curve method. For each gene of interest, we 
used at least 3 independent samples.

2.4. Transient transfection

The cells were transfected with TGF-β1 siRNA or 
control siRNA (Santa Cruz Biotechnology) mixed with 
Lipofectamine RNAiMAX (Invitrogen, Carlsbad, CA, 
USA) as a transfection reagent when cells were plated, 
and incubated for 96 h at 37°C in 5% CO2 (18). Control 
experiments showed > 80% knockdown efficiency (data 
not shown).

2.5. DNA affinity precipitation assay

Three oligonucleotides containing biotin on the 5' 
nucleotide of the sense strand were prepared as described 
previously (20). The sequences of these oligonucleotides 
are as follows: (i) c-met promoter oligo, 5'-ACAGCACG
CGAGGCAGACAGACACGTGCTGGGGCGG, which 
corresponds to bp −364 to −329 positions of the human 
c-met promoter; (ii) positive control CAGA oligo, 5'-TC
GAGAGCCAGACAAGGAGCCAGACAAGGAGCC
AGACACTCGAG, positive control with a trimer of the 
CAGA motif; (iii) negative control TATA oligo, 5'-ACA
GCACGCGAGGTATATATATACGTGCTGGGGCGG, 
which has a mutated CAGA motif of the c-met promoter 
oligo. These oligonucleotides were annealed to their 
respective complementary oligonucleotides, and double-
stranded oligonucleotides were gel-purified and used. 
Cell lysates were obtained using lysis buffer (21). Poly 
(dI-dC) competitor was incubated with the cell lysates, 
followed by incubation with each double-stranded 
oligonucleotide. After incubation, streptavidin-agarose 
(Sigma, Saint Louis, MS) was added to the reaction 
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fibroblasts by immunoblotting and confirmed the 
previous results (14). C-met is known to consist of an 
α- and β-subunit. The results showed that the amount of 
both subunits in the cell lysates from SSc fibroblasts was 
increased compared with that from normal cells (Figure 
1a). When quantitated, the protein expression of α- or 
β-subunit was significantly increased about 2.0-fold or 
4.3-fold in SSc fibroblasts compared to normal cells, 
respectively (Figure 1b). These data indicated that c-met 
protein synthesis was significantly and constitutively 
increased in cultured SSc dermal fibroblasts, as described 
previously (14).

3.2. C-met protein expression induced by stimulation 
with TGF-β

If autocrine TGF-β stimulation is the main cause of the 
constitutive up-regulation of c-met in SSc fibroblasts, 
exogenous TGF-β1 may increase c-met expression in 
normal fibroblasts. To test this possibility, we investigated 
the effect of exogenous TGF-β1 on the expression of 

and incubated. The protein-DNA-streptavidin-agarose 
complex was washed and loaded onto a sodium dodecyl 
sulfate-polyacrylamide gel. Detection of Smad2/3 was 
performed by immunoblotting with monoclonal Smad2/3 
antibody (BD Biosciences, Franklin Lakes, NJ, USA).

2.6. Statistical analysis

Data are expressed as the mean ± S.D. of at least three 
independent experiments. Statistical analysis was 
carried out with a Mann-Whitney U-test for comparison 
of medians. p values less than 0.05 were considered 
significant.

3. Results

3.1. C-met protein synthesis in cultured SSc dermal 
fibroblasts

As an initial experiment, we compared c-met protein 
expression levels between cultured normal and SSc 

Figure 1. Levels of c-met protein synthesis in cultured dermal SSc fibroblasts. (a) The representative results of 
immunoblotting for lysates from 4 normal and 4 systemic sclerosis (SSc) fibroblasts. Cells were cultured until they were 
confluent, and then incubated for an additional 24 h under serum starvation conditions. Cell lysates were subjected to 
immunoblotting with antibodies against c-met or β-actin. The α- and β-subunits are indicated. (b) Expression of the α-subunit 
(left) or β-subunit (right) quantitated by scanning densitometry and corrected for levels of β-actin in the same samples are shown 
relative to those in normal fibroblasts (1.0). * p < 0.05 as compared with the values in samples from normal fibroblasts. 
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c-met protein and mRNA. Normal fibroblasts were 
cultured until they were confluent, and then incubated 
for an additional 24 h under serum starvation conditions. 
Cells were subsequently incubated for 24 h with or 

without 2 ng/mL TGF-β1 treatment. As shown in Figure 
2a, the expression of c-met was increased by exogenous 
TGF-β1 stimulation in normal fibroblasts. In addition, the 
densitometric analysis revealed that overexpression of 

Figure 2. The effect of TGF-β1 on c-met expression in cultured dermal fibroblasts. (a) Cells were cultured until they were 
confluent, and then incubated for an additional 24 h under serum starvation conditions. Cells were incubated in the presence or 
absence of 2 ng/mL TGF-β1 for 24 h. Cell lysates were subjected to immunoblotting with antibodies against c-met or β-actin. (b) 
Expression of the α-subunit (left) or β-subunit (right) quantitated by scanning densitometry and corrected for levels of β-actin 
in the same samples are shown relative to those in untreated fibroblasts. Values in untreated fibroblasts were set at 1. * p < 
0.05 as compared with the values in untreated fibroblasts. (c) Relative amounts of c-met transcripts (normalized with GAPDH) 
in fibroblasts stimulated with or without TGF-β1 (2 ng/mL) for 24 h were determined by real-time PCR. Values in untreated 
fibroblasts were set at 1. (d) SSc fibroblasts were transfected with control or TGF-β1 siRNA. After 96 h, c-met mRNA levels 
were determined by real-time PCR. * Values in fibroblasts transfected with control siRNA were set at 1. * p < 0.05 as compared 
with the value in cells transfected with control siRNA.
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the α- and β-subunit protein was statistically significant 
(Figure 2b). Also, quantitative real-time PCR showed 
c-met mRNA was elevated significantly by treatment 
with 2 ng/mL TGF-β1 (Figure 2c). Thus, stimulation 
of exogenous TGF-β increases the expression of c-met 
protein and mRNA in normal fibroblasts.
 Moreover, to prove the involvement of TGF-β1 
stimulation in c-met overexpression seen in SSc 
fibroblasts, we determined the effect of TGF-β1 
siRNA. SSc fibroblasts treated with the siRNA showed 
a significant reduction in c-met mRNA expression 
(Figure 2d), which is consistent with normalization of 
abnormally increased collagen expression by TGF-β1 
neutralizing antibody in SSc fibroblasts as described 
in the introduction (10). These results indicate that the 
overexpression of c-met as well as type I collagen in SSc 
fibroblasts is a result of stimulation by autocrine TGF-β 
activation.

3.3. The promoter binding activity of Smad to c-met 
promoter in normal dermal fibroblasts treated with 
TGF-β1 and in SSc fibroblasts 

To further elucidate the detailed mechanisms involved 

in activation of c-met transcription by autocrine TGF-β 
signaling in SSc fibroblasts, we compared the DNA 
binding ability of endogenous Smad to the c-met 
promoter in normal and SSc fibroblasts using a DNA 
affinity precipitation assay. 
 We found that the c-met promoter has 2 tandem of 
CAGA sequences, known as the Smad binding element 
(SBE) (22), at the bp −351 ~ −344 position (Figure 3a). 
Fibroblasts were serum-starved for 24 h and treated with 
2ng/mL TGF-β1 for 1 h. C-met promoter oligos were 
designed to correspond to bp −364 to −329 positions 
of the human c-met promoter, containing the putative 
SBE. As a positive control, we used the positive control 
CAGA oligo, which also contains the trimer of SBE 
(8). We also used a negative control (TATA oligo), in 
which the CAGA motif of c-met promoter oligo was 
mutated to TATA. As shown in Figure 3b, the results 
showed that Smad2/3 bound to the c-met promoter 
oligo strongly after TGF-β1 treatment in normal cells 
(lanes 1 and 2). SSc fibroblasts showed constitutive 
binding of Smad2/3 even without exogenous TGF-β 
stimulation (lanes 3-5). The positive control CAGA 
oligo could bind Smad2/3 as reported previously (23), 
whereas the negative control TATA oligo did not 

Figure 3. DNA-binding activity of Smad2/3 to c-met promoter in SSc fibroblasts. (a) Nucleotide sequence of c-met promoter 
region from bp −423 to −304 position. Putative Smad binding elements (SBE) which consisted of 2 CAGA motifs are boxed. 
(b) Comparison of the binding activity of Smad2/3 to the c-met promoter between normal and SSc fibroblasts by DNA affinity 
precipitation assay. Cells were incubated in presence or absence of 2 ng/mL TGF-β1 for 1 hour. Cell lysates were prepared and 
incubated with biotin-labeled oligonucleotides as described in Materials and Methods. Proteins bound to each nucleotide were 
isolated with streptavidin-agarose beads, and Smad2/3 was detected using immunoblotting. c-met; c-met promoter oligo, CAGA; 
positive control CAGA oligo containing CAGA motif, TATA; negative control TATA oligo with mutated putative SBE of c-met 
promoter.
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show Smad2/3 binding. These results suggest that 
Smad2/3 bound to this site of the c-met promoter in an 
inducible and specific manner and supports the notion 
that TGF-β1/Smad mediates c-met overexpression in 
SSc fibroblasts. 

4. Discussion

In this study, we have presented two major findings. 
First, as reported previously (14), SSc fibroblasts 
constitutively overexpress c-met. Exogenous TGF-β 
induces c-met expression in cultured human dermal 
fibroblasts at the mRNA level. Additionally, TGF-β 
knockdown by TGF-β1 siRNA decreased c-met 
mRNA in cultured SSc dermal fibroblasts which have 
autocrine TGF-β signaling. These results suggest that 
TGF-β plays a major role in c-met overexpression in 
SSc dermal fibroblasts. 
 Secondly,  our  repor t  f i r s t  ind ica ted  such 
overexpression of c-met in SSc fibroblasts is 
mediated by the Smad pathway. The DNA affinity 
precipitation assay revealed that c-met promoter 
contains a putative SBE, and the binding activity of 
Smad2/3 to the c-met promoter was constitutively 
increased in SSc fibroblasts, to a similar degree to 
that in normal fibroblasts treated with exogenous 
TGF-β1. As described above, the binding activity 
of endogenous Smad to α2(I) collagen promoter 
was also up-regulated remarkably in SSc fibroblasts 
compared with normal fibroblasts (24). Signals of 
TGF-β1 from the receptor to the nucleus are mediated 
by Smad proteins. The activated TGF-β receptor type 
I directly phosphorylates Smad2/3. Once activated, 
Smad2/3 associates with Smad4 and translocates to 
the nucleus, where the complex binds to the SBE in 
the promoter of target genes, resulting in modulation 
of their transcriptional activities. Thus, increased 
Smad binding to the c-met promoter in SSc fibroblasts 
without exogenous stimulation indicates that c-met 
overexpression in SSc fibroblasts results from 
stimulation of autocrine TGF-β signaling. Considering 
that HGF has an anti-fibrotic effect, such c-met 
overexpression in SSc fibroblasts may be a negative 
feedback against fibrosis of the skin.
 Although a therapeutic effect of cyclophosphamide, 
prednisolone,  or  methotrexate therapy on the 
fibrosis of SSc (25,26) has been reported, various 
and considerable adverse effects of these treatments 
have to be a concern (27). On the other hand, as 
described above, the anti-fibrotic effect of HGF may 
be limited to fibrotic lesions of SSc because of c-met 
overexpression (14), indicating a less adverse effect. 
Clarifying the mechanisms of c-met overexpression 
and controlling the HGF/c-met pathway may lead to a 
novel therapeutic approach for this disease. The effect 
of other cytokines including TGF-β2 or -β3 on c-met 
expression should be examined in the future.

Acknowledgements

We thank Mr. Keitaro Yamane, Ms. Junko Suzuki, 
and Ms. Chiemi Shiotsu for their valuable technical 
assistance. This study was supported in part by a grant 
for scientific research from the Japanese Ministry of 
Education, Science, Sports and Culture, and by project 
research on intractable diseases from the Japanese 
Ministry of Health, Labour and Welfare. 

References

1. Mauch C, Kreig T. Fibroblast-matrix interactions and 
their role in the pathogenesis of fibrosis. Rheum Dis Clin 
North Am. 1990; 16:93-107.

2. Korn JH. Immunologic aspects of scleroderma. Curr 
Opin Rheumatol. 1989; 1:479-484.

3. Massagué J. The transforming growth factor β family. 
Annu Rev Cell Biol. 1990; 6:597-641.

4. LeRoy EC, Smith EA, Kahaleh MB, Trojanowska M, 
Silver RM. A strategy for determining the pathogenesis 
of systemic sclerosis. Is transforming growth factor β the 
answer? Arthritis Rheum. 1989; 32:817-825.

5. LeRoy EC. Increased collagen synthesis by scleroderma 
skin fibroblasts in vitro: A possible defect in the 
regulation or activation of the scleroderma fibroblast. J 
Clin Invest. 1974; 54:880-889.

6. Jimenez SA, Feldman G, Bashey RI, Bienkowski R, 
Rosenbloom J. Co-ordinate increase in the expression of 
type I and type III collagen genes in progressive systemic 
sclerosis fibroblasts. Biochem J. 1986; 237:837-843.

7. Mori Y, Chen SJ, Varga J. Expression and regulation 
of intracellular SMAD signaling in scleroderma skin 
fibroblasts. Arthritis Rheum. 2003; 48:1964-1978.

8. Asano Y, Ihn H, Yamane K, Jinnin M, Mimura Y, Tamaki 
K. Phosphatidylinositol 3-kinase is involved in α2(I) 
collagen gene expression in normal and scleroderma 
fibroblasts. J Immunol. 2004; 172:7123-7135.

9. Asano Y, Ihn H, Yamane K, Kubo M, Tamaki K. 
Impaired Smad7-Smurf-mediated negative regulation 
of TGF-β signaling in scleroderma fibroblasts. J Clin 
Invest. 2004; 113:253-264.

10. Ihn H, Yamane K, Kubo M, Tamaki K. Blockade of 
endogenous transforming growth factor β signaling 
prevents up-regulated collagen synthesis in scleroderma 
fibroblasts: Association with increased expression of 
transforming growth factor b receptors. Arthritis Rheum. 
2001; 44:474-480.

11. K i k u c h i K , H a r t l C W, S m i t h E A , L e R o y E C , 
Trojanowska M. Direct demonstration of transcriptional 
activation of collagen gene expression in systemic 
sclerosis fibroblasts: insensitivity to TGF-β1 stimulation. 
Biochem Biophys Res Commun. 1992; 187:45-50.

12. Jinnin M, Ihn H, Mimura Y, Asano Y, Tamaki K. 
Potential regulatory elements of the constitutive up-
regulated α2(I) collagen gene in scleroderma dermal 
fibroblasts. Biochem Biophys Res Commun. 2006; 
343:904-909.

13. Naldini L, Vigna E, Narsimhan RP, Gaudino G, Zarnegar 
R, Michalopoulos GK, Comoglio PM. Hepatocyte 
growth factor (HGF) stimulates the tyrosine kinase 

141



www.biosciencetrends.com

BioScience Trends. 2012; 6(3):136-142.

activity of the receptor encoded by the proto-oncogene 
c-Met. Oncogene. 1991; 6:501-504.

14. Jinnin M, Ihn H, Mimura Y, Asano Y, Yamane K, 
Tamaki K. Matrix metalloproteinase-1 up-regulation by 
hepatocyte growth factor in human dermal fibroblasts via 
ERK signaling pathway involves Ets1 and Fli1. Nucleic 
Acids Res. 2005; 33:3540-3549.

15. Bogatkevich GS, Ludwicka-Bradley A, Highland KB, 
Hant F, Nietert PJ, Singleton CB, Silver RM. Down-
regulation of collagen and connective tissue growth 
factor expression with hepatocyte growth factor in 
lung fibroblasts from white scleroderma patients 
via two signaling pathways. Arthritis Rheum. 2007; 
56:3468-3477.

16. Kawaguchi Y, Harigai M, Hara M, Fukasawa C, Takagi 
K, Tanaka M, Tanaka E, Nishimagi E, Kamatani N. 
Expression of hepatocyte growth factor and its receptor 
(c-met) in skin fibroblasts from patients with systemic 
sclerosis. J Rheumatol. 2002; 29:1877-1883.

17. Ihn H, LeRoy EC, Trojanowska M. Oncostatin M 
stimulates transcription of the human α2(I) collagen 
gene via the Sp1/Sp3-binding site. J Biol Chem. 1997; 
272:24666-24672.

18. Makino T, Jinnin M, Muchemwa FC, Fukushima S, 
Kogushi-Nishi H, Moriya C, Igata T, Fujisawa A, Johno 
T, Ihn H. Basic fibroblast growth factor stimulates the 
proliferation of human dermal fibroblasts via the ERK1/2 
and JNK pathways. Br J Dermatol. 2010; 162:717-723.

19. Igata T, Jinnin M, Makino T, Moriya C, Muchemwa 
FC, Ishihara T, Ihn H. Up-regulated type I collagen 
expression by the inhibition of Rac1 signaling pathway 
in human dermal fibroblasts. Biochem Biophys Res 
Commun 2010; 393:101-105.

20. Yagi K, Furuhashi M, Aoki H, Goto D, Kuwano 
H, Sugamura K, Miyazono K, Kato M. c-myc is a 
downstream target of the Smad pathway. J Biol Chem. 

2002; 277:854-861.
21. Asano Y, Ihn H, Jinnin M, Mimura Y, Tamaki K. 

Involvement of alphavbeta5 integrin in the establishment 
of autocrine TGF-β signaling in dermal fibroblasts 
derived from localized scleroderma. J Invest Dermatol. 
2006; 126:1761-1769.

22. Dennler S, Itoh S, Vivien D, ten Dijke P, Huet S, 
Gauthier JM. Direct binding of Smad3 and Smad4 to 
critical TGF-β-inducible elements in the promoter of 
human plasminogen activator inhibitor-type 1 gene. 
EMBO J. 1998; 17:3091-3100.

23. Chen SJ, Yuan W, Mori Y, Levenson A, Trojanowska M, 
Varga J. Stimulation of type I collagen transcription in 
human skin fibroblasts by TGF-β: Involvement of Smad 
3. J Invest Dermatol. 1999; 112:49-57.

24. Ihn H, Yamane K, Asano Y, Jinnin M, Tamaki K. 
Constitutively phosphorylated Smad3 interacts with Sp1 
and p300 in scleroderma fibroblasts. Rheumatology. 
2006; 45:157-165.

25. Pope JE, Bellamy N, Seibold JR, Baron M, Ellman M, 
Carette S, Smith CD, Chalmers IM, Hong P, O'Hanlon 
D, Kaminska E, Markland J, Sibley J, Catoggio L, Furst 
DE. A randomized, controlled trial of methotrexate 
versus placebo in early diffuse scleroderma. Arthritis 
Rheum. 2001; 44:1351-1358.

26. Apras S, Ertenli I, Ozbalkan Z, Kiraz S, Ozturk MA, 
Haznedaroglu IC, Cobankara V, Pay S, Calguneri M. 
Effects of oral cyclophosphamide and prednisolone 
therapy on the endothelial functions and clinical findings 
in patients with early diffuse systemic sclerosis. Arthritis 
Rheum. 2003; 48:2256-2261.

27. Haustein UF. Systemic sclerosis-scleroderma. Dermatol 
Online J. 2002; 8:3.

 (Received August 20, 2011; Revised June 24, 2012; 
Accepted June 28, 2012)

142



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments 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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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 [612.000 792.000]
>> setpagedevice


