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Parkin is a protein known to have tumor suppressive functions. In a previous study, we determined that Parkin expression 
restores susceptibility to TNF-α-induced death in HeLa cells. β-catenin is a key protein in the Wnt signaling pathway 
and excessive activation of the β-catenin pathway can promote cancer development. In this study, we found that β-catenin 
levels decreased dramatically in Parkin over-expressing HeLa cells treated with TNF-α. We used chemical inhibitors of 
cell signaling pathways to identify the signaling molecules involved in β-catenin down-regulation. Our results indicate 
that the PKC inhibitor (RO-31-7549) blocked parkin-induced down-regulation of β-catenin. We also show that Parkin-induced 
decrease in cell viability in TNF-α-treated HeLa cells is alleviated upon treatment with a PKC inhibitor. Taken together, 
these results suggest the possibility that β-catenin reduction may be associated with Parkin-induced decrease of cell viability 
in TNF-α treated HeLa cells. 
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INTRODUCTION

The Parkin gene (PARK2) was first described by Kitada 
et al. to cause autosomal recessive juvenile parkinsonism 
(Kitada et al., 1998). PARK2 is located on chromosome 
6q25.2-6q27 which is implicated as a common fragile site 

(Denison et al., 2003b). In many cancers including 
hepatocellular carcinoma, ovarian, breast, lung, and squamous 
cell lung cancers, loss of heterozygosity (LOH) on 
chromosome 6q26 can be found (Oates et al., 1998, Shridhar 
et al., 1999; Kong et al., 2000) In addition, alternative 
transcripts of Parkin gene were found in various cancers 
resulted from deletion or duplication of the gene (Denison 
et al., 2003a; Denison et al., 2003b; Wang et al., 2004; 
Poulogiannis et al., 2010; Tay et al., 2010; Veeriah et al., 
2010). In acute lymphoblastic leukemia, chronic myeloid 
leukemia, and colorectal cancers, hypermethylation of the 
Parkin gene promoter region diminished the expression of 
Parkin (Agirre et al., 2006; Poulogiannis et al., 2010). 
Moreover, it was reported that Parkin over-expression 
resulted in growth inhibition of cancer cells (Picchio et al., 
2004; Wang et al., 2004; Poulogiannis et al., 2010; Tay 
et al., 2010; Veeriah et al., 2010). In MCF7, a breast cancer 
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cell line, Parkin stabilized microtubules, increased 
sensitivity to anti-cancer agents, and induced growth arrest 
(Tay et al., 2010). Ubiquitination of cyclin E by Parkin 
resulted in cyclin E degradation and subsequent cell cycle 
arrest in a glioblastoma cell line (Veeriah et al., 2010). 
Simultaneous mutation in both Parkin and APC gene 
accelerated development of colorectal carcinoma 
(Poulogiannis et al., 2010). Collectively, these reports 
strongly implicate Parkin as a tumor suppressor. However, 
the mechanism by which Parkin acts as a tumor suppressor 
remains to be fully elucidated.

The β-catenin signaling pathway plays an important role 
in regulating gene transcription involved in embryonic 
development and cellular proliferation. Moreover, activation 
of β-catenin signaling is involved in the development and 
progression of many cancers (Beachy et al., 2004). The β
-catenin pathway is promoted by Wnt signals in 
developmental and physiological processes or by mutations 
in degradation complex during tumor formation. In the 
absence of Wnt signal, a complex which includes the 
adenomatous polyposis coli (APC) phosphorylates and 
degrades β-catenin. In the presence of a Wnt signal, β
-catenin is hypophosphorylated and accumulated by 
activation of the pathway and it is followed by increased 
target gene expression (Heeg- Truesdell and LaBonne, 2006; 
Kimelman and Xu, 2006). Increased cytosolic β-catenin level 
and subsequent nuclear import permits its interaction with 
Tcf/Lef family that controls the expression of genes which 
contribute to cancer progression such as cyclin D1, VEGF, 
and survivin (Altieri, 2004; Nagy et al., 2007).

In this study, we investigated the implication of β
-catenin during Parkin mediated suppression of cancer 
progression. We report that Parkin reduces β-catenin via 
protein kinase C (PKC)-dependent signaling pathway. 

MATERIALS AND METHODS

Materials

Recombinant adenoviral vector including parkin gene 
(Parkin virus) was produced as previously described by 
Kim et al. (Kim et al., 2006). Recombinant human TNF-
α was purchased from R&D System (Minneapolis, MN, 

USA). RO-31-7549, PD 98059, Ly 294002, SB 203580, 
GW 5074 were purchased from Calbiochem (Darmstadt, 
Germany). BAY 11-7085 was purchased from Enzo Life 
Science (New York, NY, USA).

Cell lines and cell culture

HeLa (Human cervical adenocarcinoma cells) (ATCC, 
Manassa, CO, USA) was grown in Dulbecco’s modified 
Eagle’s medium (DMEM) (Gibco BRL, Grand Island, 
NY, USA) supplemented with 10% fetal bovine serum 
(FBS) (Gibco BRL) and streptomycin-penicillin (Gibco 
BRL). The cells were maintained at 37℃ in humidified 
atmosphere with 5% CO2.

Parkin gene expression 

HeLa cells (2 × 105) were seeded into each well of 
a 6-well plate and 24 h later infected with different 
concentrations of Parkin virus and Mock virus in 
serum-free DMEM. After an additional 90 min 10% 
FBS-DMEM was added to each well. In Parkin virus 
dose-dependent experiments, cells were infected with 
Parkin virus at different multiplicity of infection (M.O.I.) 
(0, 19, 38, 75, 150). To compensate for the effect of the 
viral vector, Mock virus was added with the Parkin virus 
to maintain equal concentration of 150 M.O.I. A 
non-infected group was added as a negative control.

Trypan blue dye exclusion assay

The cell culture medium was removed and treated with 
trypsin-EDTA (Gibco BRL) for 2 min. Cells were 
dislodged and an equal volume of cell suspension mixed 
with 0.4% trypan blue stain solution (Gibco BRL). Viable 
cells were enumerated using a hematocytometer 
(Marienfeld, Lauda- Königshofen, Germany).

RT-PCR(Reverse transcriptase - polymerase chain 
reaction)

Total RNA was extracted from cultured cells 
using Trizol reagent (Invitrogen, Grand Island, NY, 
USA) according to the manufacturer’s instructions. 
cDNA was synthesized by reverse transcription 
with 2 μg total RNA, 0.25 μg of random hexamer 
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Fig. 1.  Parkin expression reduces viable cells of TNF-α 
treated cervical cancer HeLa cells. Cells were infected with 
either Mock or Parkin (150 M.O.I. respectively) for 24h and 
then treated with TNF-α (0, 5 ng/ml) for 24 h. Viable cells 
were counted by trypan blue exclusion assay. Number of 
viable cells in 150 M.O.I. Mock-infected group without TNF-
α treatment was set as 100%. Data are from three independent 
experiments. Values are shown as mean and standard error. 
P-values were determined by the Student’s t -test. ***P <
0.001

(Invitrogen) and 200 U of Moloney Murine Leukemia 
Virus- Reverse Transcriptase (MMLV-RT; Invitrogen) 
for 50 min at 37℃ and 15 min at 70℃ Subsequent 
PCR amplification using 0.2 U of Taq polymerase 
(Cosmogenetech, Seoul, Korea) was performed in a 
thermocycler using specific primers. 

The sequences of the PCR primers are as follows: 5′ - 
TTGAAGTATACCATACAACTG - 3′ (forward) and 5′-
GCAGCATCAAACTGTGTAGAT - 3′ (reverse) for β -
catenin and 5′ - CGGGAAGCTTGTCATCAATGG - 3′ 
(forward) and 5′ - GGCAGTGATGGCATGGACTG -
3′ (reverse) for GAPDH. PCR products were 
electrophoresed on 1.5% agarose gels, stained for 10 
min with ethidium bromide and destained for 20 min. 
Product size were determined by comparing to a 100 
bp DNA ladder marker (Bioprince, Atlanta, GA, 
USA). The intensity of each band was quantitated using 
a Gel Doc (Bio-Rad, Hercules, CA, USA).

Western blot analysis

Cells were lysed with a PBS buffer containing 1% 
Triton X-100 and protease inhibitor cocktail and then 
centrifuged at 19,000g for 10 min at 4℃. The supernatant 
was collected and the total protein concentration 
quantified using the Lowry protein assay (Bio-Rad). 
Protein samples (15 μg per lane for β-actin, parkin, and; 
30 μg per lane for β-catenin) were mixed with loading 
buffer and the proteins separated by SDS-polyacrylamide 
gel electrophoresis (10% SDS- PAGE for detection of β
-actin, Parkin, and β-catenin). The proteins were then 
transferred to a nitrocellulose membrane. The membrane 
was then incubated optimal concentrations of primary 
antibody at 4℃ overnight and then with the appropriate 
secondary antibody (anti-mouse or anti-rabbit) for 1 h at 
room temperature. The immunolabeled proteins were 
visualized using ECL (Thermo, Waltham, MA, USA). β
-actin was used as an internal control.

RESULTS

Parkin induces cell death in TNF-α-treated HeLa cells

The human cervical cancer cell line, HeLa, is 

resistant to TNF-α-induced cell death (Franco et al., 
2002). In a previous study, we found that expression 
of Parkin induces cell death in TNF-α-treated HeLa 
cells (Lee et al., 2012). To reconfirm whether Parkin 
influences susceptibility of HeLa cells to TNF-α, 
HeLa cells were infected with mock adenovirus 
(Mock) or Parkin-expressing adenovirus (Parkin) and 
then treated with TNF-α. TNF-α treatment alone did 
not significantly affect HeLa cell viability (Fig. 1A, 
white bar). However, Parkin expression reduced 
viability of TNF-α-treated HeLa cells (Fig. 1A, black 
bar). These results show that expression of Parkin in 
HeLa cells results in decrease of cell viability in TNF-α
-treated HeLa cells.

Parkin reduces protein level of β-catenin in TNF-α 

treated HeLa cells.

Activation of the β-catenin pathway results in 
expression of multiple genes that contributes to cancer 
progression. We found that expression of Parkin reduced 
β-catenin protein levels in TNF-α treated HeLa cells in 
a TNF-α dose- dependent manner (Figure 2A). Likewise, 
β-catenin protein levels were reduced in TNF-α treated 
HeLa cells in a Parkin dose-dependent manner (Figure 
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Fig. 2. Parkin expression decreases β-catenin protein levels.
(A)Cells were infected with either Parkin or Mock (150 M.O.I.
respectively) for 24 h and then treated with TNF-α (0, 0.2,
0.5, 1, 2, 5 ng/ml) for 24 h. (B) Cells were infected with 
indicated concentrations(0, 19, 38, 75, 150 M.O.I.) of Parkin
for 24h and then treated with TNF-α (5ng/ml) for 24 h. Cell
extracts were separated on 10% SDS-polyacrylamide gel and
transferred to nitrocellulose membranes. Protein level of β
-catenin was detected by Western blot. Levels of β-actin were
analyzed as internal controls.

Fig. 3. Parkin expression-induced reduction of β-catenin 
was restored by protein kinase C (PKC) inhibitor. HeLa cells
were infected with either Parkin virus or Mock virus (150 
M.O.I. each) for 24 h. Parkin expressing cells were treated 
with 0.5 mM RO-31-7549 (PKC inhibitor), 2.5 mM PD 98059
(MEK1 inhibitor), 10 mM BAY 11-7085 (NF-κB inhibitor),
2.5 mM LY 294002 (PI3K inhibitor), 2.5 mM SB 203580 (p38 
MAPK inhibitor), or 0.5 mM GW 5074 (c-Raf-1 kinase 
inhibitor). After 1 h, cells were treated with TNF-α(5ng/ml) 
for 24 h. Cell extracts were separated on 10% 
SDS-polyacrylamide gel and transferred to nitrocellulose 
membranes. Expression of β-catenin was detected by Western
blot. Levels of β-actin were analyzed as internal controls. PK
or MO indicates Parkin or Mock infected group respectively.
RO, PD, BAY, LY, SB, or GW indicates the name of inhibitors
that are RO-31-7549, PD 9805, BAY 11-7085, LY 294002, 
SB 203580, or GW 5074 respectively.

2B). However, the mRNA level of β-catenin remained 
unchanged by Parkin expression suggesting that β-catenin 
transcription is similar (Figure 2C). These results suggest 
that Parkin-induced reduction of β-catenin is due to either 
a decrease in β-catenin protein translation or an increase 
in β-catenin protein degradation. 

PKC mediates parkin-induced decrease of β-catenin

To identify the signaling pathways by which parkin 
reduces β-catenin, Parkin and TNF-α-treated HeLa cells 
were co-cultured with various chemical inhibitors of 
signaling pathways and β-catenin protein levels were 
assessed by Western blot analysis. We found that β
-catenin level was recovered completely in Parkin and 
TNF-α-treated HeLa cells treated with RO-31-7549, a 
chemical inhibitor of the PKC pathway (Fig. 3). The 
chemical inhibitor PD 98059 (MEK inhibitor) and BAY 
11-708598 (NF-κB inhibitor) did not show a significant 
effect. These results suggest that Parkin expression 
reduces β-catenin level via PKC signaling pathway.

Inhibition of PKC recovers parkin-induced cell death 
in TNF-α-treated HeLa cells

Thus far, Parkin expression on TNF-α-treated HeLa 

cells resulted in reduction of β-catenin which positively 
correlates with decreased cell viability. It is inferred from 
these data that reduction of β-catenin may contribute to 
Parkin-induced decreased cell viability of HeLa cells. If 
this hypothesis is true, then treatment with PKC inhibitor 
should induce recovery of cell viability in Parkin + TNF-
α-treated HeLa cells, since PKC inhibitor induced 
recovery of β-catenin protein level. To test our 
hypothesis, Parkin + TNF-α-treated cells were pre-treated 
with the PKC inhibitor. We found that Parkin expression 
induced marked decrease in cell viability (57.1% viable 
cells) in TNF-α-treated HeLa cells but Parkin + TNF-α 
cells treated with PKC inhibitor showed an increase in 
cell viability to ~74.1% (Fig. 4). These results suggest a 
positive correlation between β-catenin levels and cell 
viability in Parkin + TNF-α-treated HeLa cells.
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Fig. 4. PKC inhibition restores cell viability in parkin- 
expressed TNF-α-treated HeLa cells. HeLa cells were infected 
with either Parkin virus or Mock virus (150 M.O.I.) for 24 
h. Parkin expressing cells were treated with DMSO alone or 
0.5 mM of RO-31-7549 (PKC inhibitor). After 1 h, cells were 
treated with TNF-α (5 ng/ml) for 24 h. Viable cells were 
enumerated by trypan blue dye exclusion assay. Number of 
viable cells in mock-infected group was set as 100%. Data 
are from three independent experiments. Values are shown as 
mean and standard error. P-values were determined by the 
Student’s t-test. *P < 0.001

DISCUSSION

Tumor suppressive role of Parkin has been frequently 
reported, but the mechanism by which it acts remains to 
be further investigated. In this study, we studied the 
implication of β-catenin in Parkin-induced decrease of 
cell viability in TNF-α-treated HeLa cells. We found 
that adenovirus- mediated expression of Parkin protein 
reduces β-catenin which is mediated through PKC 
signaling pathway and blockade of PKC signaling 
pathway alleviates decrease of cell viability in 
Parkin+TNF-α-treated HeLa cells. TNF-α is a potent 
activator of apoptosis, and a defect in this apoptotic 
pathway can lead to uncontrolled cell proliferation 
resulting in cancer progression (Balkwill, 2009). It has 
been reported that the HeLa cell line is resistant to TNF-
α-induced cell death (Franco et al., 2002). We previously 
reported that Parkin induces apoptotic cell death in TNF-
α-treated HeLa cells via activation of the apoptotic 
cascade (Lee et al., 2012). However, the mechanistic 

details by which Parkin regulates the apoptotic signaling 
remain to be investigated.
β-catenin is associated with many cancers and 

regulated by Wnt signaling. Increased cytosolic β
-catenin results in translocation of β-catenin into the 
nucleus and forms a complex with the transcription 
factors of the Lef/Tcf family. β-catenin/Tcf-mediated 
transcription regulates many oncogenic genes, 
including c-myc, cyclin D1, and metalloproteinases 
(Chen et al., 2001). A previous study reported that 
stabilized β-catenin promotes hepatocyte proliferation and 
inhibits TNF-α-induced apoptosis (Shang et al., 2004). In 
the current study we investigated the expression of β
-catenin during reduction of cell viability in Parkin + 
TNF-α-treated HeLa cells. In this study, we revealed that 
expression of parkin in HeLa cells induces decrease in β
-catenin protein level which decreases further when 
treated with TNF-α (Fig. 2).  This result suggests the 
correlation between decrease of β-catenin and cell 
viability both of which are induced by Parkin expression. 
A minor decrease in β-catenin by TNF-α was found 
consistent with reports that TNF-α inhibits epithelial cell 
proliferation through suppression of β-catenin/TCF 
signaling (Capaldo et al., 2012). To determine the 
mechanism by which Parkin decreases β-catenin protein 
levels, we investigated signaling pathways by using 
chemical inhibitors specific for PKC, MAPK, NF-κB, 
PI3K, p38 MAPK, c-Raf. Our data indicate that 
inhibition of PKC pathway restores β-catenin expression 
dramatically (Fig. 3A), thus the mechanism of β-catenin 
reduction by Parkin may be mediated by the PKC 
signaling pathway. Here, we used a pan-PKC inhibitor 
therefore it remains to be seen which PKC isoform is 
involved in decrease of β-catenin. Furthermore, we found 
that inhibition of PKC signaling pathway partially 
restores Parkin-induced decrease of cell viability in TNF-
α-treated HeLa cells (Fig. 4). These results indirectly 
show that reduction of Parkin-induced reduction of β
-cateninis implicated in cell death in TNF-α-treated HeLa 
cells. Nevertheless, how PKC pathway signaling affect β
-catenin expression and decrease of cell viability in 
Parkin+TNF-α-treated HeLa cells remains to be 
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elucidated. In conclusion, we report that parkin 
expression reduces β-catenin protein levels via the PKC 
pathway.

  Acknowledgements
This research was supported by Basic Science 

Research Program through the National Research 
Foundation of Korea (NRF) funded by the Ministry of 
Education, Science and Technology (2010-0024063).

REFERENCES

Agirre X, Roman-Gomez J, Vazquez I, Jimenez-Velasco A, 
Garate L, Montiel-Duarte C, Artieda P, Cordeu L, 
Lahortiga I, Calasanz MJ, Heiniger A, Torres A, Minna 
JD, Prosper F. Abnormal methylation of the common 
PARK2 and PACRG promoter is associated with 
downregulation of gene expression in acute lymphoblastic 
leukemia and chronic myeloid leukemia. Int J Cancer. 
2006. 118: 1945-1953.

Altieri DC. Molecular circuits of apoptosis regulation and cell 
division control: the survivin paradigm. J Cell Biochem. 
2004. 92: 656-663.

Balkwill F. Tumour necrosis factor and cancer. Nat Rev 
Cancer. 2009. 9: 361-371.

Beachy PA, Karhadkar SS, Berman DM. Tissue repair and 
stem cell renewal in carcinogenesis. Nature. 2004. 432: 
324-331.

Capaldo CT, Beeman N, Hilgarth RS, Nava P, Louis NA, 
Naschberger E, Sturzl M, Parkos CA, Nusrat A. IFN-γ and 
TNF-α-induced GBP-1 inhibits epithelial cell proliferation 
through suppression of β-catenin/TCF signaling. Mucosal 
Immunol. 2012. 5: 681-690.

Chen S, Guttridge DC, You Z, Zhang Z, Fribley A, Mayo 
MW, Kitajewski J, Wang CY. Wnt-1 signaling inhibits 
apoptosis by activating β-catenin/T cell factor-mediated 
transcription. J Cell Biol. 2001. 152: 87-96.

Denison SR, Callahan G, Becker NA, Phillips LA,Smith DI. 
Characterization of FRA6E and its potential role in 
autosomal recessive juvenile parkinsonism and ovarian 
cancer. Genes Chromosomes Cancer. 2003a. 38: 40-52.

Denison SR, Wang F, Becker NA, Schule B, Kock N, Phillips 
LA, Klein C, Smith DI. Alterations in thecommon fragile 
site gene Parkin in ovarian and other cancers. Oncogene. 

2003b. 22: 8370-8378.
Franco DL, Nojek IM, Molinero L, Coso OA, Costas MA. 

Osmotic stress sensitizes naturally resistant cells to TNF-α
-induced apoptosis. Cell Death Differ. 2002. 9: 1090-1098.

Heeg-Truesdell E, LaBonne C. Wnt signaling: a shaggy dogma 
tale. Curr Biol. 2006. 16: R62-64.

Kim YS, Patel S, Lee SJ. Lack of direct role of parkin in 
the steady-state level and aggregation of α-synuclein and 
the clearance of pre-formed aggregates. Exp Neurol. 2006. 
197: 538-541.

Kimelman D, Xu W. β-catenin destruction complex: insights 
and questions from a structural perspective. Oncogene. 
2006. 25: 7482-7491.

Kitada T, Asakawa S, Hattori N, Matsumine H, Yamamura 
Y, Minoshima S, Yokochi M, Mizuno Y, Shimizu N. 
Mutations in the parkin gene cause autosomal recessive 
juvenile parkinsonism. Nature. 1998. 392: 605-608.

Kong FM, Anscher MS, Washington MK, Killian JK, Jirtle 
RL. M6P/IGF2R is mutated in squamous cell carcinoma 
of the lung. Oncogene. 2000. 19: 1572-1578.

Lee KH, Lee MH, Kang YW, Rhee K-J, Kim TU, Kim YS. 
Parkin induces apoptotic cell death in TNF-α-treated 
cervical cancer cells. BMB Rep. 2012. 45: 526-531.

Nagy JA, Dvorak AM, Dvorak HF. VEGF-A and the induction 
of pathological angiogenesis. Annu Rev Pathol. 2007. 2: 
251-275.

Oates AJ, Schumaker LM, Jenkins SB, Pearce AA, DaCosta 
SA, Arun B, Ellis MJ. The mannose 6-phosphate 
/insulin-like growth factor 2 receptor (M6P/IGF2R), a 
putative breast tumor suppressor gene. Breast Cancer Res 
Treat. 1998. 47: 269-281.

Picchio MC, Martin ES, Cesari R, Calin GA, Yendamuri S, 
Kuroki T, Pentimalli F, Sarti M, Yoder K, Kaiser LR, 
Fishel R, Croce CM. Alterations of the tumor suppressor 
gene Parkin in non-small cell lung cancer. Clin Cancer Res. 
2004. 10: 2720-2724.

Poulogiannis G, McIntyre RE, Dimitriadi M, Apps JR, Wilson 
CH, Ichimura K, Luo F, Cantley LC, Wyllie AH, Adams 
DJ, Arends MJ. PARK2 deletions occur frequently in 
sporadic colorectal cancer and accelerate adenoma 
development in Apc mutant mice. Proc Natl Acad Sci U 
S A. 2010. 107: 15145-15150.

Shang XZ, Zhu H, Lin K, Tu Z, Chen J, Nelson DR, Liu C. 
Stabilized β-catenin promotes hepatocyte proliferation and 
inhibits TNF α-induced apoptosis. Lab Invest. 2004. 84: 



- 89 -

332-341.
Shridhar V, Staub J, Huntley B, Cliby W, Jenkins R, Pass 

HI, Hartmann L, Smith DI. A novel region of deletion on 
chromosome 6q23.3 spanning less than 500 Kb in high 
grade invasive epithelial ovarian cancer. Oncogene. 1999. 
18: 3913-3918.

Tay SP, Yeo CW, Chai C, Chua PJ, Tan HM, Ang AX, Yip 
DL, Sung JX, Tan PH, Bay BH, Wong SH, Tang C, Tan 
JM, Lim KL. Parkin enhances the expression of 
cyclin-dependent kinase 6 and negatively regulates the 
proliferation of breast cancer cells. J Biol Chem. 2010. 285: 
29231-29238.

Veeriah S, Taylor BS, Meng S, Fang F, Yilmaz E, Vivanco 
I, Janakiraman M, Schultz N, Hanrahan AJ, Pao W, 
Ladanyi M, Sander C, Heguy A, Holland EC, Paty PB, 
Mischel PS, Liau L, Cloughesy TF, Mellinghoff IK, Solit 
DB, Chan TA. Somatic mutations of the Parkinson's 
disease-associated gene PARK2 in glioblastoma and other 
human malignancies. Nat Genet. 2010. 42: 77-82.

Wang F, Denison S, Lai JP, Philips LA, Montoya D, Kock 
N, Schule B, Klein C, Shridhar V, Roberts LR, Smith DI. 
Parkin gene alterations in hepatocellular carcinoma. Genes 
Chromosomes Cancer. 2004. 40: 85-96.



<<
  /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


