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Abstract
Objects: This study aimed to investigate the immunoprotection of the recombinant Eg.
myophilin (rEg.myophilin) and tentatively analyze mechanism of this protection.
Materials and Method: Three groups of female mice were immunized subcutaneously with
rEg.myophilin and contrasts, after two boosters, mice were challenged with Eg
protoscoleces (PSCs) intraperitoneally, and then analyzed the humoral immune response
with specific IgG, IgG1, IgG2a, IgG2b, IgG3 and IgE, and also evaluated the cellular
immune with IFN-γ, IL-4, IL-10.
Results: Mice immunized with rEg.myophilin produced effective immunity protection
(reductions in cyst load more than 86.11%). Mice immunized with rEg.myophilin showed
specific IgG, IgG1, IgG2a and IgE accompanied by IFN-γand IL-4 significantly increased
after one or more times of immunization, but neither IgG2b nor IgG3 increased. Nevertheless,
IL-10 significantly increased in the control groups but a decline trend in rEg.myophilin group.
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Conclusions: rEg.myophilin showed a effectively protective immunity, which may attribute
to: (1) IgGs and IgE-mediated humoral immune response, as well as cell-mediated
immunity which was marked by IFN-γ. (2) IL-4 assists to stimulate type transformation of
IgE which plays an important role in Eosinophils-related anti-parasite immunity. (3)
Immunosuppressive effect (marked by IL-10), the key obstacle to clean of parasites in the
patient, was inhibited in the rEg.myophilin group compared with control groups.

Keywords Cystic echinococcosis (CE) . rEg.myophilin . Immunoprotection . Vaccine
candidate . Immunity response

Introduction

Cystic echinococcosis, caused by the larval form of the cestode Echinococcus granulosus,
is one of the most serious emerging zoonotic parasitic diseases throughout the world.
Despite efforts to educate persons at risk and the success of control programs in a few
countries, cystic echinococcosis continues to be a substantial cause of morbidity and
mortality in many parts of the world (Eckert et al. 2000; Torgerson and Heath 2003).

Vaccine of livestock may provide an additional approach to the control of echinococcosis. It
was observed that the intermediate hosts of Eg are long-lived and infection by eggs provokes a
high degree of protective immunity. This important characteristic has been used for the
development of highly effective vaccines. Any success in recognizing the immunologic
reactions of intermediate hosts and finally in producing an effective vaccine could lead to a
decline in human infections and also in economic loss of animals. In addition, most grazing
animals are already vaccinated successfully against viral or bacterial diseases, and it indicated
that vaccine against parasitic diseases can greatly helpful to normal farm practice (Heath et al.
2003). Ongoing investigations will be emphasized on the biological roles played by the
proteins within the parasites and the mechanism by which they make the parasites vulnerable
to vaccine-induced immune responses (Lightowlers et al. 2003). Vaccination to intermediate
host is a burgeoning area that has moved forward considerably in recent years following the
development of a recombinant vaccine against Taenia ovis infection in sheep (Lightowlers et
al. 2000). Recombinant Eg proteins and synthetic peptides have been proven to be more
reliable for immunodiagnostic purposes than native antigens and their purified subunits/
fractions (Carmena et al. 2006). So we want to found a recombinant protein as a vaccine
candidate to prevent Eg infection. Myophilin antigen of Eg proteins was reported to be
essential for signal transduction and regulating cells shapes (ncbi conserved domain web site.
2009). In our preliminary studies, we successfully constructed plasmid Eg.myophilin/pET28a
and transformed it into E. coli BL21(DE3) pLysS(Ma et al. 2008). In the present study, rEg.
mophilin was expressed in E.coli and purified for antigen preparation, then immunoprotection
and immunity mechanism after vaccination of mice with rEg.myophilin were investigated and
analyzed to assess the value of its vaccine potential.

Materials and methods

Animals and parasite

111 male ICR mice (4–6 weeks old, obtained from the Experimental Animal Centre of
Ningxia Medical University, Yinchuan, China which was proved by science and technology
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department of Ningxia Hui Autonomous Region, China) were randomly allocated into 3
groups (5 mice/group was killed in every time point, and 2 mice for accidental death in
each group ). Eg protoscoleces (PSCs) were collected aseptically from fertile Eg cysts from
the livers and lungs of infected sheep. The collected PSCs were washed in phosphate
buffered saline (PBS-1%) and Hanks’ balanced salt solution (Sigma, St. Louis, USA)
containing 100 U/ml of penicillin G and 100 mg/ml of streptomycin sulfate. The viability of
PSCs was determined by trypan blue exclusion assay. Only those batches containing more
than 90% viable PSCs were used for mice infection.

Preparation of antigens

Plasmid Eg.myophilin/pET28a was transformed into E. coli BL21 (DE3) pLysS and
recombinant E.coli was constructed in our preliminary studies. Protein expression was
induced at 37°C for 5 h in the presence of isopropyl-b-D-thiogalactoside (IPTG, Promega) at
a final concentration of 0.4 mM. The recombinant His6-tagged Eg Myophilin was purified
from the extract of transformed E.coli BL21(DE3) by nickel chelate affinity chromatography
(Novagen) according to the manufacturer’s instructions. The purified His6-tagged protein was
analyzed on a 12% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
gel. Protein concentration was determined by Bradford method (Bradford 1976).

Vaccination and challenge infection

Mice in group A were vaccinated subcutaneously with 100 μl PBS and group B with 50 μl
FCA in 50 μl PBS respectively and group C vaccinated with 50 μg of rEg.myophilin
emulsified with an equal volume FCA. Two additional boosters were manipulated with the
same preparation except that FCA was replaced by Freund’s incomplete adjuvant (FIA) at
the 2nd and 4th week. Two weeks after the third vaccination, mice were challenged with
1000 PSCs intraperitoneally.

Determination of cytokines

Spleen cells were isolated from mice before and after challenge infection for in vitro assays.
5 * 106 lymphocytes per ml were maintained at 37°C with 5% CO2 in RPMI 1640 medium
containing 10% heat inactivated fetal calf serum, 2 mM L-glutamine, and 25 mM 2-
mercaptoethanol. Cells were stimulated with concanavalin A 5 mg/ml. Supernatants from
72 h cultures were collected and frozen until cytokine determination.

Optical density value of cytokine was determined by ELISA (Jingmei Biotech
Company). Supernatant of lymphocytes cultures was added into the coated wells of 96-
well plates, and maintained at 37°C for 2 h. After washed with PBS–0.05% Tween 20,
50 ng of biotin-conjugated antibody was added to each well for another 2 h at 37°C. Then
washed again, after which peroxidase-labeled streptavidin was added and incubated for
1.5 h at 37°C. This was followed by washings and substrate addition and incubation for
0.5 h at 37°C. Finally, the reaction was stopped by addition of 100 ml of 2 M sulphuric
acid. The optical density was measured at 490 nm in ELISA reader (Bio-Rad).

Determination of specific antibodies

Serum antibody responses were quantified by ELISA at 0, 2, 4, 6, 7, 10 and 31 week from
the commencement of experiments which covered the stages of immunization and post-
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challenge. 96-well microplates (Sino-American Biotechnology Company) were coated with
rEg.myophilin (10 μg/100 μl/well) by overnight incubation in 0.1 M carbonate buffer
(pH 9.6) at 4°C. Serum samples were diluted 1:100 in PBST (PBS with 0.05% Tween-20)
and tested in duplicate. Bound antibody was detected by HRP-conjugated goat anti-mouse
IgG and IgG subclass (Novagen) at a 1:1000 dilution in PBST, and OD values of antibody
were read at 490 nm in ELISA reader (Bio-Rad).

Statistical analysis

Statistical analysis for differences among groups was done using the non-parametric
(Mann–Whitney) t test or Student’s t-test. Results were considered significant at P<0. 05.

reduction in cyst load ¼ 1� average of cysts in test group

average of cysts in control group
� 100%

Results

REg.myophilin immunization reduced the numbers and sizes of developing cysts

Significant reduction in cyst load was found in the group immunized with rEg.Myophilin,
compared with the control groups which immunized with PBS or FCA in PBS at 6 months
post-infection (Table 1). The reduction in cyst load is 89.86%and 86.11%(compared with
group A and group B).

REg.myophilin immunization effectively induced humoral response

The immunization of mice with rEg.myophilin induced higher level of specific IgG,
IgG1, IgG2a and IgE (Fig. 1 a, b, c and f), but it didn’t induce higher level of specific
IgG2b and IgG3 (Fig. 1 d and e). Surprisingly, despite a higher level of IgG2a was
induced, it showed no persistence high after secondary infections, which is contrary to
other rEg.myophilin-induced antibodies (Fig. 1 c). The level of rEg.myophilin specific
IgG2b didn’t increased until after 1 week of infection of PSCs (Fig. 1 d). There was no

Table 1 Numbers of hydatid cysts in vaccinated and control groups

Group No. of cysts in individual mice Mean ± SD

Group A 3 4 0 2 3 6 5 3. 29±1. 976 *C

Group B 4 0 3 2 3 2. 40±1. 517 *C

Group C 0 1 1 0 0 0 0. 33±0. 516 *AB

*AB shows significantly different from group A and group B by Student’s t-test, *C shows Significantly
different from group C by Student’s t-test, (P<0. 05). We planed to obtain the material each time at the
expense of five mice, and two more for in case of accidental death. Finally, 7, 5, 6 mice in 3 groups lasted in
order to determine the reduction in cysts load. Mice infected with 1, 000 PSCs after immunization with rEg.
myophilin in group C, with PBS or FCA in PBS in group A or group B as control. The peritoneal cavity was
inspected for cysts in each mouse at the termination of experiment (6 months after infection). Cysts count
were determined, and statistically significant difference (P<0. 05) was found compared with the two control
groups.
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significant difference in specific IgG3 level between rEg.myophilin group and control
groups (Fig. 1 e).

Cytokine response caused by rEg.myophilin immunization

IFN-γand IL-4 were measured in the supernatant of spleen cells 6 months after the infection
as indicators of Th1 and Th2 immune responses, and IL-10 as indicators of immunosup-
pression. Cells taken from rEg.myophilin-immunized mice and stimulated with same
antigen secreted higher Th1 cytokines (IFN-γ) compared with those from group A or B
(Fig. 2, a). IL-4 secretion in cells of mice immunized with rEg.myophilin significant
increased before PSCs challenge (2 weeks after the 3 rd immunization). IL-10 showed a
decreasing tendency after infection. However, IL-10 was significantly higher in group A
and B compared with group C after infection (Fig. 2, c).

Discussion

The present study explored the effect of immunization of mice with rEg.myophilin on the
outcome of subsequent secondary hydatidosis and the associated immune response. In this

0

1

2

3

4

5

PBS FCA rEg.myophilin

0
1
2
3
4
5
6

0

0.4

0.8

1.2

1.6

2

0

0.5

1

1.5

2

2.5

0

0.5

1

1.5

2

2.5

OD value of IgG OD value of IgG1

OD value of IgG2a OD value of IgG2b

OD value of IgG3
OD value of IgE

0

1

2

3

4

5

0 W 2nd W 4th W 6th W 7th W 10th W 31st W

31st W

31st W

31st W

31st W

0 W 2nd W 4th W 6th W 7th W 10th W

0 W 2nd W 4th W 6th W 7th W 10th W 0 W 2nd W 4th W 6th W 7th W 10th W

0 W 2nd W 4th W 6th W 7th W 10th W 0 W 2nd W 4th W 6th W 7th W 10th W 31st W

a

c

e f

d

b

Fig. 1 O.D. value profiles of IgGs and IgE in immunized mice before and after infection Different stages
were selected for antibodies examination: 0 week(before immunization), 2nd(2 weeks after first
immunization), 4th(2 weeks after 2nd immunization), 6th(2 weeks after 3 rd immunization), 7th(1 week
after infection), 10th(4 weeks after infection) and 31st(25 weeks after infection)
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way, the present approach referenced and improved not only previous studies that
investigated the immune response generated by inoculation of mice with live or dead PSC
(Zhang et al. 2003; Hernandez-Pomi et al. 1997; Severi et al. 1997; Dematteis et al. 1999;
Al-Qaoud and Abdel-Hafez 2005) but also the immunoprotection studies of recombinant
protein in recent years (Li and Wang 2007; Shi et al. 2009; Lin and Ding 2004). Evidently,
immunization with rEg.myophilin leads to effective immunity protection compared with the
other two control groups, between which there is no significant difference in cyst load
reduction. That will provide a foundation for rEg.myophilin to be a valuable vaccine.

REg.myophilin specific IgG, IgG1, IgG2a and IgE were significantly elevated in mice
immunized with rEg.myophilin compared with the control groups which showed a delayed
increase of these antibodies, indicating that all or some of these antibodies are relative with
immunoprotection. IgG2a was induced to a higher level before infection, but it decreased
after the first week of infection. Explanation for the decline in IgG2a is the neutralization of
this antibody subclass by parasitic antigens (Al-Qaoud and Abdel-Hafez 2005). There is no
significant difference in IgG2b and IgG3 between rEg.mophilin group and the other two
groups, one possible explanation is either rEg.myophilin could not induce higher level of
specific IgG2b and IgG3 or rEg.myophilin-induced-specific IgG2b and IgG3 didn’t show a
high affinity to native myophilin antigen. The other explanation is these antibodies don’t
distribute mainly in serum, but in body cavities (Baz et al. 1999).
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Cytokines study in patients indicates that the comparison of Th1/Th2 production shows
that the induction of these mediators is related to the cystic localization, the clinical stage
and clinical evolution. Generally speaking Th1 cytokines are related to the protective
immunity; in contrast Th2 cytokines are responsible to the susceptibility to disease and
associated with chronicle stage, clinical complications and secondary locations (Mezioug
and Touil-Boukoffa 2009). In our study, both IFN-γand IL-4 showed a peak at the 7th week
(1 week after infection) in rEg.myophilin group, but IL-4 showed an significant increase at
the 6th week(2 weeks after the 3rd immunization and before infection) and IFN-γappeared
this sign at 7th week(1 week after infection). In addition, IFN-γdominated at the first week
of post-infection in rEg.myophilin-immunized mice, and this can be seen as an indicator of
greater Th1 than Th2 response. IL-4 level was significantly elevated before infection, and it
suggests that IL-4 is mainly induced by rEg.myophilin but not pathogens PSCs in this
study. This is inconsistent with observations made before which showed a significant
increase in early post-infection (Li and Wang 2007). The elevated IL-4 may be related to
stimulating the proliferation and differentiation of mature B cell and assists to drive class
switching to IgE which plays a key role in parasite immunity (He 2005a, b). IL-10
increasing, a general feature of chronic infections by helminthes, can polarize the host
immune response toward Th2. In our research IL-10 didn’t show an increasing before or
after infection in rEg.myophilin group compared with control groups which appeared
significantly increasing from early infection to experiment termination. The similar results
are reported by earlier research about effects of IL-10 in studies of Eg. infection or other
recombinant vaccine candidate tests (Rigano et al. 2007; Baz et al. 2006; Fraize et al. 2005;
Ortona et al. 2003). It indicated cell immunity is further polarized into Th1 after vaccination
of rEg.myophilin, but how rEg.myophilin inhibits secretion of IL-10 in PSCs challenged
mice, need further studies.

In summary, effective protection rate was reached in mice immunized with rEg.
myophilin. rEg.myophilin has been selected as a vaccine candidate. Humoral and cytokine
response played an important role in this protection. However, this immunoprotection is
due to suppression of the immune escape induced by Eg or direct role played by specific
antibodies or both need further investigation.

Acknowledgements The authors warmly thank teachers of Medical Sci-tech Research center of Ningxia
University for affording their time and help. This work was supported by the grants from the National
Natural Science Foundation of China (No. 30260105 and No. 30660176) and the Ningxia Natural Science
Foundation (No. NZ0540).

Open Access This article is distributed under the terms of the Creative Commons Attribution
Noncommercial License which permits any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are credited.

References

Al-QaoudKM,Abdel-Hafez SK (2005) Humoral and cytokine response during protection of mice against secondary
hydatidosis caused by Echinococcus granulosus. Parasitol Res 98:54–60. doi:10.1007/s00436-005-0004-z

Baz A, Ettlin GM, Dematteis S (2006) Complexity and function of cytokine responses in experimental
infection by Echinococcus granulosus. Immunobiology 211:3–9. doi:10.1016/j.imbio.2005.09.001

Baz A, Richieri A, Puglia A, Nieto A, Dematteis S (1999) Antibody response in CD4-depleted mice after
immunization or during early infection with Echinococcus granulosus. Parasite Immunol 21:141–150

Vet Res Commun

http://dx.doi.org/10.1007/s00436-005-0004-z
http://dx.doi.org/10.1016/j.imbio.2005.09.001


Bradford MMA (1976) rapid and sensitive method for the quantitation of microgram quantities of protein
utilizing the principle of protein–dye binding. Anal Biochem 72:248–254

Carmena D, Benito A, Eraso E (2006) Antigens for the immunodiagnosis of Echinococcus granulosus
infection: an update. Acta Trop 98:74–86. doi:10.1016/j.actatropica.2006.02.002

Dematteis S, Baz A, Rottenberg M, Fernandez C, Örn A, Nieto A (1999) Antibody and Th1/Th2-type
responses in BALB/c mice inoculated with live or dead Echinococcus granulosus protoscoleces. Parasite
Immunol 21:19–26

Eckert J, Conraths F, Tackmann K (2000) Echinococcosis: an emerging or re-emerging zoonosis? Int J
Parasitol 30:1283–1294. doi:10.1016/S0020-7519(00)00130-2

Fraize M, Sarciron ME, Azzouz S, Issaadi N, Bosquet G, Petavy AF (2005) Immunogenicity of two
Echinococcus granulosus antigens EgA31 and EgTrp in mice. Parasitol Res 96:113-120

He W (2005a) medical immunology. People’s Medical Publishing House. 103–113. (in Chinese)
He W (2005b) medical immunology. People’s Medical Publishing House. 62–85. (in Chinese)
Heath DD, Jensen O, Lightowlers MW (2003) Progress in control of hydatidosis using vaccination—a

review of formulation and delivery of the vaccine and recommendations for practical use in control
programmes. Acta Trop 85:133–143

Hernandez-Pomi A, Borras-Salvador R, Mir-Gisbert A (1997) Analysis of cytokine and specific antibody
profiles in hydatid patients with primary infection and relapse of disease. Parasite Immunol 19:553–561

Li WG, Wang H (2007) Change of splenocyte lymphokines in mice induced by recombinant BCG-Eg95
vaccine against Echinococcus granulosus. Zhongguo Ji Sheng Chong Xue Yu Ji Sheng Chong Bing Za
Zhi 25:109–13

Lightowlers MW, Flisser A, Gauci CG, Heath DD, Jensen O, Rolfe R (2000) Vaccination against
cysticercosis and hydatid disease. Parasitol Today 16:191–196. doi:10.1016/S0169-4758(99)01633-6

Lightowlers MW, Colebrook AL, Gauci CG, Gauci SM, Kyngdon CT, Monkhouse JL, Vallejo Rodriquez C,
Read AJ, Rolfe RA, Sato C (2003) Vaccination against cestode parasites: anti-helminth vaccines that
work and why. Vet Parasitol 115:83–123. doi:10.1016/S0304-4017(03)00202-4

Lin RY, Ding JB (2004) Transient expression of Echinococcus granulosus Eg95 DNA vaccine and induction
of immune response in mice. Zhongguo Ji Sheng Chong Xue Yu Ji Sheng Chong Bing Za Zhi 22:204–8

Ma R, Wang YN, Shi ZY, Zhao W (2008) Protective immunity of myophilin antigen of Echinococcus
granulosus in mice. Int J Med Parasitic Dis 35:194–200

Mezioug D, Touil-Boukoffa C (2009) Cytokine profile in human hydatidosis: possible role in the
immunosurveillance of patients infected with Echinococcus granulosus. Parasite 16:57–64

Ncbi conserved domain web site, 2009. http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi?INPUT_TYPE=
precalc&SEQUENCE=110558966&itool=EntrezSystem2.PEntrez. Sequence.Sequence_ResultsPanel.
Sequence_RVDocSum&ordinalpos=2

Ortona E, Margutti P, Delunardo F, Vaccari S, Rigano R, Profumo E, Buttari B, Teggi A, Siracusano A
(2003) Molecular and immunological characterization of the C-terminal region of a new Echinococcus
granulosus Heat Shock Protein 70. Parasite Immunol 25:119–26

Rigano R, Buttari B, Profumo E, Ortona E, Delunardo F, Margutti P, Mattei V, Teggi A, Sorice M,
Siracusano A (2007) Echinococcus granulosus antigen B impairs human dendritic cell differentiation
and polarizes immature dendritic cell maturation towards a Th2 cell response. Infect Immun 75:1667–78.
doi:10.1128/IAI.01156-06

Severi MA, Ferragut G, Nieto A (1997) Antibody response of Echinococcus granulosus infected mice:
protoscolex specific response during infection is associated with decreasing specific IgG1/IgG3 ratio as
well as decreasing avidity. Parasite Immunol 19:545–552

Shi ZY, Wang YN, Ma R, Zhao W (2009) Cloning, expression, and protective immunity in mice of a gene
encoding the diagnostic antigen P-29 of Echinococcus granulosus. Acta Biochimica et Biophysica Sinica
(Shanghai) 41:79–85. doi:10.1093/abbs/gmn009

Torgerson PR, Heath DD (2003) Transmission dynamics and control options for Echinococcus granulosus.
Parasitology 127:143–158

Zhang W, You H, Li J, Zhang Z, Turson G, Aili H, Wang J, McManus DP (2003) Immunoglobulin profiles in
a murine intermediate host model of resistance for Echinococcus granulosus infection. Parasite Immunol
25:161–8

Vet Res Commun

http://dx.doi.org/10.1016/j.actatropica.2006.02.002
http://dx.doi.org/10.1016/S0020-7519(00)00130-2
http://dx.doi.org/10.1016/S0169-4758(99)01633-6
http://dx.doi.org/10.1016/S0304-4017(03)00202-4
http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi?INPUT_TYPE=precalc&SEQUENCE=110558966&itool=EntrezSystem2.PEntrez.Sequence.Sequence_ResultsPanel.Sequence_RVDocSum&ordinalpos=2
http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi?INPUT_TYPE=precalc&SEQUENCE=110558966&itool=EntrezSystem2.PEntrez.Sequence.Sequence_ResultsPanel.Sequence_RVDocSum&ordinalpos=2
http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi?INPUT_TYPE=precalc&SEQUENCE=110558966&itool=EntrezSystem2.PEntrez.Sequence.Sequence_ResultsPanel.Sequence_RVDocSum&ordinalpos=2
http://dx.doi.org/10.1128/IAI.01156-06
http://dx.doi.org/10.1093/abbs/gmn009

	Echinococcus...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Animals and parasite
	Preparation of antigens
	Vaccination and challenge infection
	Determination of cytokines
	Determination of specific antibodies
	Statistical analysis

	Results
	REg.myophilin immunization reduced the numbers and sizes of developing cysts
	REg.myophilin immunization effectively induced humoral response
	Cytokine response caused by rEg.myophilin immunization

	Discussion
	References



<<
  /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 0.0000
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. 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 on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


