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ABSTRACT 
 

Objective: To explore the effects of neuregulins on ErbB2 receptor signal transduction pathway activation, and 
invasion and metastasis of non-overexpression ErbB2 breast cancer cell MDA-MB-231.  

Methods: The expressions of neuregulin were detected by immunocytochemistry and Western blot. MDA-MB-231 
cells were treated with ErbB2 kinase inhibitor AG825. Proliferations were measured with MTT assay. Invasion and 
metastasis of MDA-ME-231 cells were evaluated with transwell chamber. The enzyme activities of MMP-2 and 
MMP-9 were detected by gelatin zymography. The expressions of MMP-2 and HIF-1α were detected by Western blot. 

Results: MDA-MB-231 cells expressed a relatively higher level of neuregulin. In Western blot, the positive 
reaction band was found at 44KD which coincides with the molecular weight of NRG. When MDA-MB-231 cells were 
treated with AG825, the proliferation was inhibited in a time-dose-dependent manner (P<0.01), invasion and 
metastasis were also depressed (P<0.05). The enzyme activities of MMP-2 and MMP-9 were lower (P<0.05). The 
expression levels of MMP-2 and HIF-1α were decreased (P<0.05). 

Conclusion: Our study indicates that neuregulins are synthesized in MDA-MB-231 cells as transmembrane 
proteins, neuregulins could activate ErbB2 receptor signal transduction pathway by autocrine or paracrine secretion, 
and induce invasion and metastasis of MDA-MB-231 cells. 
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INTRODUCTION 
 

ErbB2 (HER2 & neu) gene is a proto-oncogene 
closely related with the pathogenesis and development 
of breast cancer. It encodes a protein highly 
homologous with human epidermal growth factor. 
ErbB2 belongs to “orphan receptor”. It can be 
activated by its own proliferation or overexpression 
and induces the formation of homo- or hetero- dimers 
directly, which can activate the receptor tyrosine 
kinase domain and enhance the downstream signal 
pathways that govern proliferation and migration of 
tumor cells[1]. Overexpression of ErbB2 is closely 
related to high aggressiveness, poor prognosis, high 
recurrence rate and low survival rate. ErbB2 
⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
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overexpression is defined by immunohistochemical 
method as ErbB2 (+++) or ErbB2 (++) or by 
fluorescence in situ hybridization as ErbB2 (+) in 
clinical pathology[2]. With the increasing concernment 
about the pivotal effect of ErbB2-induced signal 
pathways, an monoclonal anti-ErbB2 antibody has 
already been used to treat ErbB2 overexpression 
breast cancer. However, there is approximately 70% 
breast cancers that do not overexpress ErbB2, most 
part of which is extremely aggressive. The mechanism 
needs to be clarrified in order to look for effective 
therapies. 

Neuregulins(NRGs), which belong to epidermal 
growth factors, are the ligands of ErbB3 & ErbB4. 
They are expressed in many histiocytes and play an 
important role in the regulation of the development of 
organs such as the neurvous system and heart[3]. 
NRGs bind either ErbB3 or ErbB4 directly and induce 
activation of ErbB2 through the formation of 
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ErbB2:ErbB3 or ErB2:ErbB4 heterodimers. As we 
know so far, it is the only or principal mechanism to 
activate ErbB2 receptor[4]. Recent evidences suggest 
that NRGs are overexpressed in nearly 30% of breast 
cancers which do not overexpress ErbB2[4,5]. Thus, 
the ErbB2 receptor signal transduction pathway 
probably is activated by NRGs. It is crucial that the 
proliferation, invasion and metastasis of non- 
overexpression breast cancer cells are regulated via 
NRGs/ErbB2 intracellular signal pathways. There has 
been some reports on the effect of NRGs in tumors at 
present[6-8].  

In our study, we chose the MDA-MB-231 breast 
cancer cells which express NRGs and do not 
overexpress ErbB2[4], used the functional inhibitor of 
ErbB2 receptor AG825 to explore the effects of 
neuregulins on activation of ErbB2 receptor signal 
transduction pathways and the invasion and metastasis 
of non-overexpression ErbB2 breast cancer cells.  
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MATERIALS AND METHODS 
 
Materials and Reagents 

 
Breast cancer cells MDA-MB-231 and mouse 

fibroblasts NIH3T3 were supplied by the department 
of pathophysiology of Chongqing Medical University. 
RPMI-1640 （ Dry Powder Culture Medium ） was 
purchased from Gibco Company, USA. Fetal bovine 
serum was the product of SiJi Qing Company, 
Hangzhou. 3-(4,5-demethy-2-thiazolyl)-2, 5-dephenyl 
-2h-tetrazolium-bromide (MTT) was obtained from 
Sigma Company, USA. Matrigel was from BD 
Company, USA. Transwell Chamber (8 μm) was 
purchased from Costar Company, USA. The 
monoclonal mouse anti-human neuregulin antibody 
was the product of Thermo Company, USA. The 
monoclonal mouse anti-human HIF-1α antibody, 
mouse anti-human MMP-2 antibody, mouse 
anti-human β-actin antibody and horseradish 
peroxidase(HRP)-labelled goat anti-mouse IgG were 
obtained from Santa Cruz Company. ABC Kits and 
DAB were supplied by Boster Biological Company, 
Wuhan. BeyoECL, Western fluorescence detection 
reagents were from Beyotime Institute of 
Biotechnology. Automatic ELIASA, PAGE Gel 
Electrophoresis System, Vertical Electrophoresis Cell 
and Electrophoresis Gel Image Analysis System were 
all from Bio-Rad Company, USA. 
 
Cell Culture 

 
Breast cancer cells MDA-MB-231 and mouse 

fibroblasts NIH3T3 were routinely cultured in 

RPMI-1640 medium containing 10% newborn bovine 
serum, 100KU/L penicillin and 100mg/L streptomycin 
at  37°C in a humidified atmosphere with 5% CO2. 
 
Immunocytochemistry  

 
MDA-MB-231 cells were cultured at a cell 

density of 5×104/ml. After reaching to optimal density 
the cells were washed with phosphate-buffered saline 
(PBS) and then fixed by 75% ethanol. Following SP 
method, immunocytochemistry staining was 
undergone according to the directory of SP box. The 
concentration of the monoclonal anti-NRG antibody 
was 1:40. For negative control PBS solution was used 
instead of primary antibody. Cells were subjected to 
hematoxylin staining after DAB coloration and were 
observed under light microscope. 

 
MTT Assay 

 
Cell proliferation was measured by a modified 

MTT assay. MDA-MB-231 cells were plated at a 
density of 5×104/well in 96-well plates and incubated 
for 24h. Cells were grouped as the control group, the 
AG825 experimental group and the group without 
reagents. Cells of experimental group were treated 
with 30,40,50,60 and 70μmol/L of AG825, and 
cultured in an incubator at 37°C in a humidified 
atmosphere with 5% CO2. The supernatant was 
removed after 24, 48 and 72 h respectively. Then 20 
μl MTT and serum-free RPMI-1640 200μl were added 
to each well and the cells were further incubated at 
37°C for 4h. Then cells were centrifuged at 2000r/min 
for 10min, the supernatant was discarded and 200 μl 
DMSO was added to each well and mixed for 10min. 
The absorbance at wave length of 570nm (A570) was 
measured by ELIASA. All MTT assay were repeated 
three times and the mean was taken. The inhibition 
rates of MDA-MB-231 cells at different doses and 
different times were calculated.  

 
Inhibition rate[%]＝1-(Atreated /Auntreated )×100% 

 
Where Atreated is the average absorbance in wells 

treated with AG825 and Auntreated is the average absorbance 
in wells without AG825. 
 
Cell Invasion Assay 

 
To obtain chemotactic factors, NIH3T3 cells 

were cultured routinely, washed with PBS three times 
and treated with serum-free RPMI-1640 medium 
when 80% of them grew to the confluent state. After 
24h, the supernatant was collected and centrifuged at 
2000r/min and kept at -20°C. 
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For the invasion experiment, Matrigel was well- 
distributed on the Transwell Chamber at the 
concentration of 40μl/well and treated with ultraviolet 
ray overnight. Both cultured MDA-MB-231 cells in 
AG825 experimental group and control group were 
harvested and washed with PBS. The density was 
regulated at 4×105/ml after cells was lysed and 
centrifuged. And then, 0.2ml was planted in congealed 
Transwell Chamber. The Transwell Chamber was 
located in 24-well plates and 0.6ml NIH3T3 cell 
supernatant was added under it. Transwell Chamber 
was taken out after 48h, the Matrigel was wiped off, 
and the chamber was washed three times with PBS 
and fixed with 95% ethanol. Finally it was subjected 
to HE staining and Transwell Chamber was unveiled 
and stuck to the glass slide. Under the high-power 
field (×200), random observations were performed in 
3 fields of each Transwell Chamber membrane and the 
experiment was repeated three times. The mean was 
taken as the final result for analysis. 
 
Cell Migration Assay 

 
The steps of this experiment are similar to the 

cell invasion, except without the Matrigel. 
 
Gelatin Zymography  

 
The enzyme activities of MMP-2 and MMP-9 

were detected by gelatin zymography. MDA-MB-231 
cells were planted at the density of 2×105 in the 
culture flask. Cultured for 24h, they were incubated in 
the absence or presence of AG825 for 48 h. The 
supernatant was collected after further culturing in 
serum-free medium for 24 h. After centrifugation at 
2000 r/min for 10 min, the supernatant was reserved 
at -20°C. 5% stacking gel and 10% SDS-PAGE 
separating medium containing 1.0 mg/ml gelatin were 
prepared. The samples from different groups were 
mixed with Sample Loading Buffer without 
β-Mercaptoethanol and electrophoresis in ice water 
bath. The gel was eluted and rinsed in the fluid after 
electrophoresis and incubated at 37°C for 42 h. Then 
the gel was stained and decolored until the white 
bands were come into view. The results were 
displayed as photos by Bio-Rad gel imaging system, 
and gray value of the bands were measured by 
Quantity-One image analysis software. 

 
Western Blot  
 

The expressions of MMP-2, HIF-1α and NRGs 
were detected by Western blot. Cells were routinely 
cultured for 24 h and treated with reagent for the 
following 48 h. The cells from experimental groups 

and control groups, were collected and lysed. The 
total protein quantification was performed using 
Brodford method and the protein was immersed onto 
SDS-PAGE, and then transferred to PVDF membrane. 
The PVDF membrane was blocked with fat-free dried 
milk for 1 h and incubated overnight with the 
monoclonal mouse anti-human NRGs antibodies at a 
dilution of 1:150, mouse anti-human HIF-1α antibody 
at a dilution of 1:300 and mouse anti-human MMP-2 
antibody at a dilution of 1:300 at 4°C. The membranes 
were washed with TBST and then the goat anti-mouse 
IgG/HRP at a dilution of 1:2000 was added for further 
incubation at 37°C for 2h. NRGs were visualized 
using DAB. MMP-2 and HIF-1α were observed using 
ECL. Photos could be taken using Bio-Rad system 
and the densitometry was performed by Quantity-One 
image analysis Software. Β-actin was used as an 
internal standard to normalize the protein expressions. 
Band intensities were expressed as the percentage of 
the β-actin band intensity, which was set at 100%. 
 
Statistical Analysis 

 
The data were analyzed by SAS 8.0 software and 

expressed as ⎯x±s. Multiple-factor ANOVA was used 
for inhibition of AG825 on MDA-MB-231 cell growth 
and other all data were performed with the student’s 
t-test. P<0.05 was considered to be statistically 
significant.  

 
 

RESULTS 
 
The Expression of NRG in MDA-MB-231 Cells 

 
The expression of NRG in MDA-MB-231 cells is 

shown in Figure 1 as brown granules distributed in the 
cytoplasm and membrane, also a few in the nucleus of 
MDA-MB-231 cells. 
 
The Expression of NRG Protein in MDA-MB-231 
Cells 

 
The expression of NRG protein in MDA-MB- 

231 cells was detected by Western blot and were 
shown in Figure 2 as the positive reaction band with a 
molecular weight of 44KD.  
 
Inhibition of AG825 on MDA-MB-231 Cell Growth 
 

Cell growth was measured by MTT assay. The 
result demonstrated that the proliferation of MDA- 
MB-231 cells was inhibited in a time-dose- dependent 
manner(Table 1). The median-effect concentration 
(IC50) was calculated using the Linear Regression 
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Equation Y=1.11X-12.94. Since the median-effect 
concentration IC50 was 56.59 μmol/ L when cells were 
treated with AG825 for 48 h, we chose the 

concentration of 40 μmol/L in the following 
experiments. 
    

 
Figure 1. The expression of NRG in MDA-MB-231 cell (IHC：SP-DAB) 

A. Control group (×100)；B. Control group (×200)；  
C. Experimental group (×100)；D. Experimental group (×200) 

 
 

 
Figure 2. Expression of NRG protein in MDA-MB-231 

cell. 

 
Invasion and Metastasis of MDA-MB-231 Cells  

 
As shown in Figure 3, the invasion and metastasis 

of MDA-MB-231 cells were depressed after being 
treated with 40 μmol/ L AG825 for 48h. In the AG825 
experimental groups, invasion was reduced by 34.27% 
and metastasis was reduced by 32.62%, when 
compared with the control groups. P<0.05 was 
considered to be statistically significant. 

 
Table. 1 Inhibition of AG825 on MDA-MB-231 cell growth 

（%, n=15, x ±s）  
 

AG825 
concentration 24h Inhibition rate (%) 

48h 72h F 

30μmol/L 14.74±3.33 17.32±1.76 30.99±2.66 32.74## 
40μmol/L 18.23±1.91 33.58±1.59 43.98±2.97 46.41** 
50μmol/L 26.26±0.98 40.53±1.94 54.64±1.01  
60μmol/L 33.24±2.22 54.52±1.72 65.67±1.53  
70μmol/L 39.27±1.23 62.14±3.40 75.03±2.28  

##: analysis of variance, P<0.01, among different time group;    **: analysis of variance, P<0.01, among different 
concentration group 
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Figure 3. Invasion and metastasis of MDA-MB-231 cells(HE×200) 

A: Control group(Invasion); B: AG825 group(Invasion)；  
C: Control group (metastasis)；D: AG825 group (metastasis) 
 
 

Detection of MMP-2 and MMP-9 Enzyme 
Activities 

 
MMP-2 and MMP-9 could be detected in the 

supernatant of cultured MDA-MB-231 cells. The 
enzyme activities of MMP-2 and MMP-9 are shown in 
Figure 4. It is shown that the enzyme activity in 
experimental groups was lower when compared to the 
control groups, since MDA-MB-231 cells has been 
treated with AG825. P<0.05 was considered to be 
statistically significant. 

 
 

Figure 4. Enzymatic activities of MMP-2 and MMP-9.  
A: Control group；B: AG825 group 

 
Expressions of MMP-2 and HIF-1α Proteins in 
MDA-MB-231 Cells 

 
The expressions of MMP-2 and HIF-1α protein 

are detected by Western blot. The results were shown 
in Figure 5. Compared with control groups, the 
expressions of MMP-2 and HIF-1α protein were 
decreased by 40.76% and 41.27% respectively. 
P<0.05 was considered to be statistically significant. 

 

Figure 5. Expressions of MMP-2 and HIF-1α proteins 

in MDA-MB-231 cells. 

A: Control group；B: AG825 group 

 
 

DISCUSSION 
 

Neuregulins (NRGs), which belong to the 
epidermal growth factors (EGF), include 4 subtypes: 
neuregulin 1 (NRG1, NRG), NRG2, NRG3 and 
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NRG4. NRG is the main member of NRGs family. It 
has different names such as neu differentiation factor 
(NDF), heregulin (HRG), glial growth factor (GGF), 
acetylcholine receptor-inducing acticity (ARIA) and 
sensory and motor neuron-derived factor (SMDF)[3]. 
NRGs receptors belong to ErbB receptor which has 
intrinsic tyrosine kinases activities, including 
ErbB3/HRG3 and ErbB4/HRG4. NRGs directely bind 
either to ErbB3 or ErbB4 receptors and indirectely 
induce activation of ErbB2 through the formation of 
ErbB2:ErbB3 or ErbB2: ErbB4 heterodimers, which 
activate the receptor tyrosine kinases and enhance the 
downstream signal that governs cell proliferation and 
migration[9]. ErbB2 can be activated by its own 
overexpression and induces the formation of heter- or 
homo- dimers directely, which activate receptor 
tyrosine kinases and downstream signal transduction 
pathways. It can also be activated through ligand- 
binding when NRG exists[10]. NRGs/ErbB2 can 
activate the signal transduction pathways including 
mitogen-activated protein kinases (MAPK) as well as 
phosphatidylinostiol 3-linases (PI3K/AKT), and 
promote cell proliferation and differentiation by 
regulating myc, jun and fosb genes et al[9,11]. Previous 
studies showed that NRGs were widely expressed in 
many human malignancies such as prostate and lung 
cancers. They regulate the expressions of genes which 
control proliferation and invasiveness through signal 
transduction pathways, and play an important role in 
tumor cell growth and carcinogenesis[4].  

AG825 is an inhibitor of ErbB2 receptor function. 
It inhibits the phosphorylation of ErbB2 tyrosine 
kinases selectively and blocks ErbB2 receptor 
activation, thereby hinders the ErbB2-induced 
intracellular signal transduction pathways and the 
corresponding effects[12]. Using AG825, we can study 
the ErbB2 receptor activation state and function of the 
relevant signal transduction pathways. 

In our study, non-overexpression ErbB2 breast 
cancer cells MDA-MB-231 were selected, the 
expression of NRGs was detected by immunocyto- 
chemistry and Western blot. It was observed that 
MDA-MB-231 cells expressed a relatively higher 
level of neuregulin and the positive reaction bands 
were found at the location of NRG. Our study 
indicates that the NRGs are synthesized and secreted 
in MDA-MB-231 cells. They are localized in the 
cytoplasm mainly and also can be found in nucleus. 
Madlaina Breuleux, et al[13]. considered that NRG 
slice variant was located in nucleus and nuclear 
NRGα1-241 could interact with the nuclear transcription 
factors. They pointed out that NRG may also act as a 
nuclear growth factor despite being the extracellular 
signal molecule, potentially participating in gene 
regulation, while the biological effects are still open 

to further research and investigation. 

When MDA-MB-231 cells were treated with 
AG825, the proliferation was notably decreased. The 
findings suggests that ErbB2 receptor signal 
transduction pathways are in activated state and it 
probably exists that NRGs active ErbB2 receptor 
signal transduction pathways via autocrine or 
paracrine action, and induce invasion and metastasis 
of MDA-MB-231 cells. The inhibition of AG825 to 
the proliferation of MDA-MB-231 cells was in a 
time-dose-depending manner.  

The invasion and metastasis process of tumors 
includes tumor cells departing from primary foci, 
passing through basal lamina and extracellular matrix 
into vessels, arriving at the distance via blood 
circulation, and finally forming the micrometastasis. 
It is a key step that the tumor cells depart from 
primary foci and get through the obstructions. Both 
MMP-2 and MMP-9 which belong to collagenase type 
IV, promote the tumor cell breaking through the 
obstruction by dissolving the extracellular matrix that 
plays a key role in the tumor invasion and metastasis. 
HIF-1α is a factor related with tumor aggressiveness. 
Hypoxia-induced factor-1 (HIF-1) is made from 
HIF-1α: HIF-β heteromider, the activity of which is 
determined by HIF-1α. HIF-1 can regulate the 
expression of vascular endothelial growth factor 
(VEGF) gene and promote angiogenesis process[14]. 
We found that both the ability of invasion and 
metastasis of MDA-MB-231 cells and the enzyme 
activities of MMP-2 and MMP-9 were depressed after 
ErbB2 was blocked. The expressions of MMP-2 and 
HIF-1α proteins were detected further. Using AG825, 
we found that the expressions decreased. It pointed 
out that NRGs can active ErbB2 receptor signal 
transduction pathways, upregulate the expressions of 
MMP-2 and HIF-1α proteins, increase the power to 
penetrate the extracellular matrix and angiogenesis 
and promote the ability to invade and metastasis of 
tumor cells.  

Ella Atlas, et al[15].  reported that NRGs play an 
especially important role in tumor invasion and 
metastasis. Our researches confirms their views. It is 
possible that NRGs are important activators in the 
deteriorations produced by non-overexpression ErbB2 
breast cancer cells and NRGs-targeting strategies 
would be the ideal therapies to non-overexpression 
ErbB2 breast cancer.  

 
 

REFERENCES 
 
[1] Cuiling Ma, Hong Lin, Stephen S, et al. Overexpress 

of ErbB2 enhances ethanol-stimulated intracellular 
signaling and invasion of human mammary epithelial 



www.springerlink.com/Chin J Cancer Res 21(2): 115-121, 2009                                                                     121

and breast cancer cells in vitro [J]. Oncogene 2003; 
22: 5281-90. 

[2] Fabao Tang, Yong Xia. Effect of Overexpression 
C-erbB2 to Selecting Postoperative Chemotherapy 
Regimen of Breast Cancer Cell [J]. Chin Gen Surg(in 
Chinese) 2006; 21: 901-2. 

[3] Douglas L, Falls. Neuregulins: functions, forms, and 
signaling strategies [J]. Experi Cell Res 2003; 284: 
14-30. 

[4] M.S. Tsai, Lisa A, Shamon-Taylor, et al. Blockage of 
heregulin expression inhibits tumorigenicity and 
metastasis of breast cancer [J]. Oncogene 2003; 22: 
761-8. 

[5] Marshall C, Blackburn E, Clark M, et al. Neuregulins 
1-4 are expressed in the cytoplasm or nuclei of ductal 
carcinoma {in situ} of the human breast [J]. Breast 
Cancer Res Treat 2006; 96: 163-8. 

[6] Yuste L, Montero JC, Esparis-Ogando A, et al. 
Activation of ErbB2 by overexpression or by 
transmembrane neuregulin results in differential 
signaling and sensitivity to herceptin [J]. Cancer Res 
2005; 65: 6801-10. 

[7] Khaleque MA, Bhari A, Sawyer D, et al. Induction of 
heat shock proteins by heregulin betal leads to 
protection from apoptosis and anchorage 
-independent growth [J]. Oncogene 2005; 24: 6564- 
73. 

[8] Vellon L, Menendez JA, Lupu R. AlphaVbeta3 
integrin regulates heregulin (HRG)-induced cell 

proliferation and survival in breast cancer [J]. 
Oncogene 2005; 24: 3759-73. 

[9] Amin DN, Tuck D, Stern DF, et al. Neuregulin- 
regulated gene expression in mammary carcinoma 
cells [J]. Exp Cell Res 2005; 309: 12-23. 

[10] Aguilar Z, Dennis J. Slamon. The transmembrane 
heregulin precursor is functional active [J]. Bio Chem 
2001; 276: 44099-107. 

[11] Li Q, Ahmed S, Loeb JA. Development of an 
autocrine neuregulin signaling loop with malignant 
transformation of human breast epithelial cells [J]. 
Cancer Res 2004; 64: 7078-85. 

[12] Murillo H, Schmidt LJ, Tindall, DJ. Tyrphostin 
AG825 trigger p38 mitogen-activatied protein 
kinase-dependent apoptosis in androgen- independent 
prostate cancer cells C4 and C4-2 [J]. Cancer Res 
2001; 61: 7408-12. 

[13] Breuleux M, Schoumacher F, Rehn D, et al. 
Heregulins Implicted in Cellular Functions Other 
Than Receptor Activation [J]. Mol Cancer Res 2006; 
4: 27-37. 

[14] Land SC, Tee AR. Hypoxia-inducible factor1 {alpha} 
is regulated by the mammalian target of rapamcin 
(mTOR) via an mTOR dignaling motif [J]. Bio Chem 
2007; 282: 20534-43. 

[15] Atlas E, Cardillo M, Mehimi I, et al. Heregulin Is 
Sufficient for the Promotition of Tumorigenicity and 
Metastasis of Breast Cancer Cells in vito [J]. Mol 
Cancer Res 2003; 1: 165-75. 

 
 
 
 



<<
  /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
  /CreateJDFFile false
  /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 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


