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We isolated, cultured and transplanted odontogenetic human dental pulp-derived (HDP) cells for

the dental tissue regeneration study.  In this study, we observed that the differentiation of 13th

passage HDP cells was induced by glycerol 2-phosphate disodium salt hydrate ( -GP) to initiate

calcification in two-dimensional (2-D) monolayer cultures in vitro.  Immunohistological and fine-

structure studies of transplantation of the nude mouse backs by 3-D culture of HDP cells with an

alginate scaffold identified synthesis of a specific matrix resembling dentin in the transplants in

vivo.  The expression of dentin sialophosphoprotein (DSPP) mRNA on day 13th passage HDP cells

added with -GP was observed by the reverse transcription polymerase chain reaction (RT-PCR).

The results indicated that the sub-cultured 13th passage HDP cells were able to differentiate into

odontoblast-like cells to initiate dentinogenesis in the transplants with the alginate scaffold.

Key words dentin sialophosphoprotein, odontoblast-like cell, dental pulp, human, cell culture,

transplantation.
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There have been several studies on tissue

stem cells for the regenerative medicine.  It

was elucidated that cultured mesenchymal cells

differentiated the bone, cartilage, muscle,

tendon, fatty tissue and the bone marrow stroma

(1~5).  On the other hand, some studies have

demonstrated the appearance of odontoblast-

like cells in the human dental pulp (HDP) cell

culture (6).  Previously we subcultured dental

pulp-derived cells for several passages, trans-

planted the cells with alginate scaffold under

the skin of nude mice, and observed the hard

tissue formation in the transplants (6, 7).

Dentin phosphoprotein (DPP), a highly

acidic protein and the major non-collagenous

component of dentin, is expressed by the

ectomesenchymal derived odontoblast cells of

the tooth.  It is suggested that deficiency of

the DPP is a causative factor in dentinogen-

es is  imparfecta .   DPP is  the  major

noncollagenous dentin extracellular matrix

(DECM) protein, while dentin sialoprotein

(DSP) is a 95-kDa glycoprotein in the DECM

(8).  It has been elucidated that both the two

major non-collagenous dentin matrix proteins -

DSP and DPP (also known as phosphophoryn)-

were encoded by a single gene the dentin

sialophos-phoprotein (DSPP) (9,10).  DSPP is in

particular mapped to human chromosome 4

using a somatic cell hybrid panel (8).  Whereas

most of the previous regenerative medicine

studies were designated on primary and young

subcultured cells, in the present study we ex-

amined the expression of DSPP mRNA, the

relation between the expression and the cell

differentiation to identify the property of the

sub-cultured HDP cells.  We studied cultures

and transplants containing HDP cells for fur-

ther elucidation of the mechanisms of odonto-

blast differentiation and the mineralization pro-

cess (11).

The human dental pulp was sterilely dis-

sected from teeth removed for treatment pur-

pose at the Hospital of Osaka Dental

University.  The protocol was approved by the

Ethics Review Board at Osaka Dental Uni-

versity (No. 050355: culture of human dental

pulp stem cells).  The cells were isolated by

collagenase type (4mg/ml; Wako Pure

Chemical Industries, Osaka Japan) and dispase

(4mg/ml; Gibco Laboratories, Grand Island, NY,

USA) at 37  for 40 minutes.  The solution

with isolated cells was filtrated with the Cell

Strainer (70 m; BD Falcon, Bedford, MA,
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USA), centrifuged (1,500rpm, 3min) and added

with Dulbecco's Modified Eagle Medium

(DMEM, Nacalai Tesque, Inc., Kyoto, Japan)

containing penicillin (100 units/ml; Gibco),

streptomycine (100 g/ml; Gibco) and Fetal

Bovine Serum (20%; FBS, Hyclone, Logan,

UT, USA).  The primary culture was seeded

on dishes (35mm; BD Falcon) and cultured

under 5% CO
2
 gas at 37 .  While confluent

occurred, the HDP cells were seeded conse-

quently at 5,000/cm2 cell concentration by gra-

dient reduction of 10% FBS every 3rd day in

every succeeding passage.  After 2 months of

cell subculture, the 13th passage HDP cells

were obtained.

Glycerol 2-phosphate disodium salt hy-

drate ( -GP; Sigma-Aldrich GmbH,

Steinheim, Germany) was added to the experi-

mental group cultures.  Each culture was

seeded with 10,000 cells/cm2 using 24-well

plates (Asahi Technoglass Co., Chiba, Japan).

1. Alkaline phosphatase activity

The alkaline phosphatase (ALP) enzyme

activity, of 3, 7, 14, and 21 days subcultured

HDP cells was examined using an Alkaline

Phosphatase Substrate  Kit  (Bio-Rad

Laboratories, Hercules, CA, USA) following

the directions.  Afterward, the specimens were

stained with fluorescence dye Bisbenzimide H

33258 (Wako), and the fluorescent intensity

(excitation wave length: 355nm, emission wave

length: 460nm) was scored using the multilabel

counter (Wallacoy).  The ALP activity was

corrected by the DNA amount.

2. Formation of calcifying loci

For examination of calcification loci on

the 3, 7, 14, and 21 days subcultures, they were

fixed with formalin (10%) and then stained with

alizalin red S (1%; Sigma-Aldrich Japan).

13th passage HDP cells (1.5 107 cells/

well) were made to be a cluster by mixture

with alginate solution (1.5%, 0.3ml; Protanal

FL 10/60 Sodium Alginate; FMC Bio Polymer,

Drammen, Norway) and CaSO
4
 (21%, 40

l). The cell clusters were transplanted subcu-

taneously and epi-fascically into the dorsolum-

bar portion of KSN/Slc-nu/nu nude mice

(7week-old,  male;  Japan SLC, Inc. ,

Hamamatsu, Japan).  After 6 weeks of the

transplantation, Softex (soft X-ray) photogra-

phy was conducted for detection of hard tis-

sue formation (25kVp, 20mA, 10sec; Indus-

trial X-Ray Film FR, Fuji Film Co., Ltd.).

Subsequently, the mice were fixed by intra-

cardiac perfusion with paraformaldehyde

(4%), the back tissue with implants were dis-
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sected and processed for light and transmis-

sion electron microscopy purpose, respectively.

H-E staining of the samples was routinely

processed. For the immunological staining,

mouse monoclonal collagen type antibody

(COL-1) (Abcom Limited, Cambridgeshire,

UK) and Rabbit Anti (bovine) type Collagen

(LSL Co., LTD., Tokyo, Japan) were used.

Tunel method was conducted on paraffin sec-

tions using ApopTag Plus Fluorescein in Situ

Apoptosis Detection Kit (Chemicon Intl, Inc.,

Temecula, CA, USA) and observed under a

confocal laser scanning microscopy (CLSM).

The transplants with surrounding tissues were

dissected, embedded with epon-812, ultrathin-

sectioned and observed with conventional

transmission electron microscope (CLSM).

Reverse Transcriptase Polymerase Chain Re-

action (RT-PCR)

The examination was performed on the

10th day after adding -GP.  First-strand

cDNA synthesis was performed by using

SuperScriptTM  CellsDirect cDNA Synthe-

sis System (Invitrogen life technologies,

Cattahad, CA, USA).  Specific primers were

designed according to the previous study (Table

1) (12, 13).  First-strand cDNA (concertration)

was diluted in a PCR reaction mixture (10

PCR ExTaq Buffer, 1.5mM MgCl
2
 , 0.2mM

each of dNTP, 0.25units of TaKaRa ExTaqTM

; TaKaRa BIO, 10pmol of each human spe-

cific primer sets; Sigma-Aldrich Japan).  Am-

plification was performed in a thermal cycler

(TaKaRa PCR Thermal Cycler Personal).
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This amplification system for DSPP included

94  (2 min), 40 cycles of 94  (45 sec), 55

(45 sec) and 72  (1 min), followed by 10 min

at 72 .  Amplified sample (5 l) was

analysed by 1.5% agarose gel electrophoresis

at 100V for 30 min.  After electrophoresis, the

gel was stained with ethidium bromide solution

(0.2 g/ml) for 30 min.  Stained gels were

observed under ultraviolet light (ATTO

Printgraph; ATTO, Tokyo, Japan).

1. ALP activity

No significant ALP activity was detected

in the 3 and 7 days subcultured human dental

pulp-derived (HDP) cells between control

( -GP(-)) and experimental ( -GP(+))

groups.  However, ALP activity was observed

in both groups on the 14th day.  Furthermore,

we observed that the ALP activity of -GP

(+) group became distinct as twice as higher

than the -GP(-) group on the 21st day of

subculture (Fig.1).

Fig.1 ALP activity of the cultured cells

On the day 21 of subculture, ALP activity in -GP(+) group is twice as high as in -(-) group.

Fig.2 Calcification loci of the cultured cell (Alizarin Red

staining)

Occurrence and concrescence of calcification loci

(arrow) was observed since day 14 of subculture.



20

Taiwan J Oral Med Sci 2006; 22:15-28

Printed in Taiwan, All rights reserved

2. Observation of calcification loci

Occurrence and concrescence of calci-

fication loci had been observed since the 14th

day of subculture composed of isolated prolif-

erating and differentiating HDP cells (Fig.2).

1. Softex radiography revealed radio-opaque

calcified bodies in the subcutaneously trans-

planted cell/alginate clusters.  We dissected

the transplant with surrounding tissue and ob-

served some whitish hard granules in the

transplant.

2. Histology of the tranplants

1) Light microscopy

a. Control group: transplantation of algi-

nate scaffold into the backs of nude

mice

Histological findings of the H-E stained

specimens showed a network of fibro-

blast strands extending between the

cutis and transplant.  By using mouse

monoclonal collagen type I antibody,

distribution of Type I collagen immuno-

reactivity was evident in the cell-strand

network in the transplants, based on

mouse monoclonal collagen type I an-

tibody staining.

b. Experimental group: transplantation of

the cell cluster (HDP cells with the al-

ginate scaffold) into the backs of nude

mice

a) Routine H-E staining of the speci-

mens showed extracellular matrix

(ECM) formation in transplants con-

taining sub-cultured 13th passage

HDP cells and alginate scaffold (Fig.

3).

b) Immuno-reactivities of mouse mono-

clonal collagen type I antibody and

Rabbit Anti (bovine) Type III Col-

lagen was evident in the transplants

(Fig.4).

c) Monoclonal Antibody to Bovine

Osteocalcin localized osteocalcin in

the ECM.  No vascular system ex-

Fig.3 Photomicrograph of a transplant and surrounding

tissue (H-E staining; an arrow head: cutis)

Extracellular matrix (ECM) formation is identi-

fied in the subcutaneous transplant containing 13th

passage cells/alginate scaffold in situ (arrows).
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tension between the cutis and the

ECM was  demons t ra ted  by

Polyclonal Rabbit anti-human Von

Willebrand factor (factor VIII),

which stains endothelial cells.

2) CLSM

Cell turnover by the occurrence of Tunel

(+) cells in the experimental group was

evident in the calcifying transplant con-

taining HDP cells and the alginate scaf-

fold (Fig.5).  Non-collagenous protein DSP

(+) reaction was observed in the trans-

plants (Fig.6).

3) TEM

Fine structure study of the ultrathin-sec-

tioned demineralized specimens revealed

isolated spindle-shaped, elongated and

polarized fibroblast-like cell in the

transplants; the intercellular junctional

apparatuses of the cells were not well

Fig.4 Immunohistochemistry of type collagen

(arrow head: epidermis)

Type collagen is observed in the transplant

(arrows)

Fig.5 DSP (+) reaction was observed in the transplant

by confocal laser scanning microscopy

DSP (+) reaction suggests the dentin-like tissue

formation.

Fig.6 The transplant in situ Tunel (+) cells were ob-

served in the calcifiying transplant by confocal

laser scanning microscopy.
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developed.  The polarized odontoblast-like

cells were abundant in cytoplasm having

a distal extending main cellular process.

They were morphologically pre-

odontoblasts.  Some scattered autolyzing

cells were found in the transplants (Fig.

7).

1. RT-PCR

No expression of DSPP mRNA was

found in the -GP (-) primary passage cells

or succeeding 12 passages of HDP cells on

the 10th day culture.  However, in the -GP

(+) group expression of DSPP mRNA was de-

tected in the 13th passage HDP cells on the

10th day of culture.

In the present RT-PCR study, positive

control amplifications were performed using a

primer set for the housekeeping gene, glycer-

aldehydes 3-phosphate dehydrogenase

(G3PDH).  Negative controls were performed

using each specific primer set with the added

cDNA target being replaced by sterile water.

Expression of DSPP mRNA was not found in

the -GP(-) primary and succeeding 13

passages.  On the contrary, by adding -GP

into the media, DSPP mRNA expression was

Fig.7 Transmission electron microscopic appearance of

a transplant

Isolated and polarized cells with a distal cell pro-

cess (arrow) contain abundant cytoplasm; the in-

tercellular junctional apparatuses are not well

developed.

Fig.8 RT-PCR analysis of expression of DSPP mRNA

on day 10

DSPP mRNA was expressed in the -GP (+)

group, but not in the -GP (-) group.
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observed on the 10th day after subculture (Fig.

8).  In the control group, DSPP mRNA ex-

pression was observed on the 23rd day after

subculture.  But in the -GP(+) group, DSPP

mRNA expression was not observed on the

23rd day after subculture (Fig.9).

Several studies have shown that the dif-

ferentiation of odontoblast-like cells with

matricial calcification by culture of dental pulp-

derived cells from the rat, human and cattle

teeth (11, 14 ~16).  The odontoblast-like cells were

characterized by cell polarization and distal

extension of  the  main cel l  process .

Additionally, the expression of DSPP that en-

codes DSP and DPP relating to the dentin spe-

cific protein was observed in these differenti-

ated cells found in dentin (14, 17, 18).  On the other

hand, many studies have conducted on factors

inducing mesenchymal stem cells to initiate

calcifying tissue.  The studies indicated that

the bone formation was induced by

dexamethasone, -GP, vitamin D, ascorbic

acid and bone morphogenetic proteins (BMP),

while the cartilage formation was induced by

dexamethasone, ascorbic acid, TGF-  (11).  A

previous study has reported that -GP was

particularly essential in inducing the cultured

dental pulp-originated cells to acquire the od-

ontoblast property (14).

In tooth formation, the odontoblasts, highly

specialized cells aligned in a single layer at the

periphery of the dental pulp, are responsible

for secretion and mineralization of the fibrillar

extracellular matrix of dentin.  They originated

from mesenchymal dental papilla cells show-

ing different degrees of differentiation.  Some

of the cells withdraw from the cell cycle, pro-

liferate to show cellular polarization with for-

mation of a main cellular process, and contrib-

ute to synthesis and secretion of specific

Fig.9 RT-PCR analysis of expression of DSPP mRNA

on day 23

DSPP mRNA was expressed in the -GP (-)

group, but not in the -GP (+) group.
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proteins.  Among those proteins, DSP and

DPP are dentin specific and others like type

and type trimer collagen, osteocalcin,

osteopontin, dentin matrix protein (DMP1) are

common to both dentin and bone (19).

DSPP gene encodes two dentin-specific

proteins: DSP and DPP.  In a previous study

of rodent incisors, a small amount of DSPP

mRNA has been detected in young odontoblasts

secreting predentin.  Immunolo-calization of

DSP and DPP in either young or mature odon-

toblasts and the dentin suggested that DSP and

DPP are important in initial dentinogenesis and

dentin mineralization (19).  Some experiments

in vitro has found that DPP appeared to be

secreted at the mineralization front, bond to

collagen fibers in the gap regions, and initiated

apatite crystal formation, but its function in vivo

remains unclear (11).  We performed RT-PCR

to investigate DSPP mRNA expression, as a

differentiation marker of odontoblasts, in HDP

cells in the presence of -GP.  The expres-

sion of DSPP mRNA was detected on the 10th

day of culture.  Also, DSP was detected within

the transplants with a dentin-like hard tissue

formation.  The findings indicate the dentin-

like formation in the transplants containing cul-

tured HDP cells.

There are studies showing that bone mor-

phogenetic protein (BMP) and dexametha-

sone induce tissue formation and up-regulate

the expression of DSPP mRNA (20, 21).  In the

present study, we cultured 13 passages of HDP

cells and obtained certain fibroblast-like cells.

ALP activity was not found except in succeed-

ing -GP (+) cultures.  We also noted that

ALP activity and the expression of DSPP

mRNA induced by -GP were indicative for

the differentiation of odontoblast-like cells in

the 13th passage HDP cells.   The expression

of DSPP mRNA on the 23rd day in the -GP

(-) group suggested that -GP accelerated

the differentiation of odontoblast-like cells.

Furthermore, we found that the ALP ac-

tivity expressed in both -GP (-) and -GP

(+) groups between the 10th and 14th day of

HDP cell cultures, and in the experimental -

GP (+) group, it became evident on the 21st

day of culture.  On the other hand, calcifying

loci were demonstrated in the day 14 mono-

layer cultures; they showed similar histologi-

cal findings as previously described (21).

Additionally, in the present results, we observed

that transplants 3-dimensionally contained

strands of intermingled HDP cells in different

turn-over phases; the cell proliferated, differ-

entiated to odontoblast-like cells and some of

them died.
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In summary, the present study observed

differentiation of odontoblast-like cells and den-

tin-like tissue formation in the transplants.  The

results indicated that alginate scaffold sup-

ported the differentiation of cultured cells in

transplants.  However, the cultured HDP cells

initiated dentin-like tissue formation in a spe-

cific environment -transplantation of the nude

mice back skin- which is so different from the

usual dentinogenesis.  Further studies to clarify

the mechanism of dentin-like tissue formation

and succedent remolding of the transplants are

next question we should address.

1. Tuan RS, Boland G. and Tuli R. Adult

mesnchymal stem cells and cell-based tissue

engineering. Arthritis Res Ther Ther 2003; 5:

32-45.

2. Pittenger MF, Mackay AM, Beck SC, Jaiswal

RK, Douglas R, Mosca JD, Moorman MA,

Simonetti DW, Craig S, and Marshak DR.

Multi l ineage potential  of  adult  human

mesenchymal stem cells. Science 1999; 284:

143-147.

3. Awad HA, Butlar DL, Harris MT, Ibrahim RE,

Wu Y, Young RG, Kadiyala S, and Bovin GP. In

vitro characterization of mesenchymal stem cell-

seeded collagen scaffolds for tendon repair:

Effects of initial seeding density on contraction

kinetics. J Biomed Mater Res 2000; 51: 233-240.

4. Wakitani S, Saito T, and Caplan AI. Myogenic

cells derived from rat bone marrow mesenchymal

stem cells exposed to 5-azacytidine. Muscle &

Nerve 1995; 18: 1417-1426.

5. Majumdar MK, Yhiede MA, Haynesworth SE,

Bruder SP, and Gerson SL. Human marrow-

derived mesenchymal stem cells (MSCs) express

hemetopoietic cytokines and support long-term

hematopoiesis when differentiated toward

stromal and osteogenic lineages. J Hematother

Stem Cell Res 2000; 9: 841-848.

6. Kim GS, Kumabe S, and Iwai Y. An experimental

study on transplantation of human dental pulp-

derived cells using alginate scaffold. J Jpn

Assoc Regenerative Dent 2005; 3: 41-56.

7. Gronthos S, Mankani M, Brahim J, Robey PG,

and Shi S. Postnatal human dental pulp stem

cells (DPSCs) in vitro and in vivo, PNAS 2000;

97: 13625-13630.

8. MacDougall M, Simmons D, Luan X, Nydegger

J, Feng J, and Gu TT. Dentin phosphoprotein

and dentin sialoprotein are cleavage products

expressed from a single transcript coded by a

gene on human chromosome 4:  dentin

phosphoprotein DNA sequence determination.

J. Biol Chem 1997; 272: 835-842

9. Papagerakis P, Berdal A, Mesbah M, Peuchmaur

M, Malaval L, Nydegger J, Simmer J, and



26

Taiwan J Oral Med Sci 2006; 22:15-28

Printed in Taiwan, All rights reserved

Macdougall M. Investigation of osteocalcin,

osteonectin, and dentin sialophosphoprotein

in developing human teeth. Bone 2002; 30: 377-

385.

10. Narayanan K, Ramachandran A, Peterson MC,

Hao J, Kolsto AB, Friedman AD, and George A.

The CCAAT enhancer -binding protein(C/EBP)

and Nrf1 interact to regulate dentin

sialophosphoprotein(DSPP) gene expression

during odontoblast differentiation. J Biol Chem

2004; 279: 45423-45432.

11. Couble ML, Farges JC, Bleicher F, Perrat-

Mabillion B, Boudeulle M, and Magloire H.

Odontoblast differentiation of human dental

pulp cells in explant cultures. Calcif Tissue Int

2000; 66: 129-138.

12. Kamata N, Fujimoto R, Tomonari M, Taki M,

Nagayama M, and Yasumoto S. Immortalization

of human dental papilla, dental pulp, periodontal

ligament cells and gingival fibroblasts by

telomerase areverse transcriptase. J Oral Pathol

Med 2004; 33: 417-23.

13. Fujimoto R, Kamata N, Yokoyama K, Ueda N,

Satomura K, Hayashi E, and Nagayama M.

Expression of telomerase components in oral

keratinocytes and squamous cell carcinomas.

Oral Oncology 2001; 37: 132-140.

14. Kasugai S, Shibata S, Suzuki S, Susami T, and

Ogura H. Characterization of a system of

mineralized-tissue formation by rat dental pulp

cells in culture. Arch Oral Biol 1993; 38: 769-77.

15. Seux D, Couble ML, Hartmann DJ, and Gauthier

J P ,  M a g l o i r e  H .  O d o n t o b l a s t - l i k e

cytodifferentioation of human dental pulp cells

in vitro in the presence of a calcium hydroxide-

containing cement. Arch Oral Biol 1991; 36: 117-

128.

16. Nakashima M. Establishment of primary

cultures of pulp cells from bovine permanent

incisors. Arch Oral Biol 1991; 36: 655-663.

17. James MJ, J rvinen E, and Thesleff I. Bono 1: A

gene associated with regions of deposition of

bone and dentin. Gene Expression patterns

2004; 4: 595-599.

18. B gue-Kirn C, Krebsbach PH, Bartlett JD, and

Butler WT. Dentin sialoprotein, dentin

phosphoprotrin, enamelysin and ameloblastin:

tooth-specific molecules that are distinctively

expressed during murine dental differentiation.

Eur J Oral Sci 1998; 106: 963-970.

19. Saito T, Ogawa M, Hata Y, and Bessho K.

Acceleration effect of human recombinant bone

morphogenetic protein-2 on differentiation of

humanPulp cells into odontoblasts. J Endod,

2004; 30(4); 205-208.

20. Ritchie HH, Park H, Liu J, Bervoets TJ, and



27

Bronckers AL. Effects of dexamethasone,

vitamin A and vitamin D3 DSP-PP mRNA

expression in rat organ culture. Biochem

Biophys Acta 2004; 1679: 263-271.

21. Tsukamoto Y, Fukutani S, Shin-Ike T, Kubota

T, Sato S, Suzuki Y, and Mori M. Mineralized

nodule formation by cultures of human dental

pulp-derived fibroblasts. Arch Oral Biol 1992;

37: 1045-1055.



28

Taiwan J Oral Med Sci 2006; 22:15-28

Printed in Taiwan, All rights reserved



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 true
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


