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Effects of 173-Estradiol on Estrogen Receptor oo and 8 mRNA
Expression in Tissues of the Olive Flounder
(Paralichthys olivaceus)

Cheol Young Choi*

Division of Marine Environment and BioScience, Korea Maritime
University, Busan 606-791, Korea

This study examined the effects of an injection of 173-estradiol (E2) on the expression of estrogen
receptor (ER) o and 3 subtypes in the olive flounder (Paralichthys olivaceus). Time- and dose-related
effects of E2 on ERo and ER3 mRNA expression were determined by RT-PCR. In the liver of males,
the two ER transcripts were up-regulated at 24 h. In the liver of females, ERo. and ERj were up-
regulated at 36 h with the highest dose. After E> treatment, increases in ERa and ERp expression
were observed in the testis and ovary at 36 h; RT-PCR analysis showed that this increase was dose-
dependent. After E2 treatment, the brain tissue of males showed lower levels of ERo. and ERj3 com-
pared with the untreated control group, whereas the brain tissue of females showed no significant
difference compared with controls. The results confirm the hypothesis that ER regulation is tissue-
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specific and may be involved in E2-mediated regulation of reproduction in the olive flounder.

Key words: estrogen receptor o, estrogen receptor 3, dose response, olive flounder, RT-PCR, time

course, tissue distribution

INTRODUCTION

Estrogen plays important roles in vertebrate physiologi-
cal processes, including the regulation of oogenesis and
vitellogenesis. The actions of estrogen are mediated via
estrogen receptors (ERs) (Nilsson et al., 2001). ERs belong
to a large nuclear receptor superfamily of ligand-activated
transcription factors, which also includes receptors for other
steroid hormones, thyroid hormone, and vitamin D as well
as several orphan receptors (Mangelsdorf et al., 1995).

Two isoforms of ER, designated ERo. and ERB, have
been described in vertebrates, and recent sequence align-
ments have shown the existence of ERo and ERP subtypes
in fish (Chang et al., 1999; Tchoudakova et al., 1999; Ma et
al., 2000; Choi and Habibi, 2003). Also, a third type, ERYy,
expressed in reproductive organs was found to be present
in the Atlantic croaker, Micopogonias undulates (Hawkins et
al., 2000) and largemouth bass, Micropterus salmoides
(Sabo-Attwood et al., 2004). Many studies have shown that
the expression of ER subtypes differs according to develop-
mental stage and reproductive season (Pakdel et al., 1991;
Mosconi et al., 2002; Sabo-Attwood et al., 2004). Further-
more, exposure to 17B-estradiol (E2) up-regulated ERo
expression in the liver in various fish species (Pakdel et al.,
1991; MacKay et al., 1996; Mosconi et al., 2002). Neverthe-
less, much is unknown about ER regulation in lower verte-
brates and fish.

According to Sabo-Attwood et al. (2004), different ER
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subtypes were expressed in the largemouth bass (Micopterus
salmoides), depending on the time of year. It was reported
that the ERP level was not affected by Ez stimulation,
although the ERa level increased. Similarly, it was also
reported that E» increased the generation of ERao,
decreased ERpI levels, and did not affect ERBIl (Menuet et
al., 2004). In mammalian systems, ERp tended to counter-
act the effects of ERa at the estrogen response element
(ERE) (Hall and McDonnell, 1999; Weihua et al., 2000).

Differential responses of ERs to pharmacological agents
such as tamoxifen have been well studied in mammals
(Hanstein et al., 2004). Whether the ERa. and ER subtypes
function in a redundant fashion or play different roles is still
unclear. ER subtypes are expressed in the brain, gonads,
and liver of both sexes in fish.

In this study, we investigated the in vivo effects of E»
stimulation on ER subtype expression as a step to towards
understanding the molecular mechanisms of ER action in
the brain, gonads, and liver of male and female olive floun-
der.

MATRIALS AND METHODS

Fish

Cultured olive flounder (Paralichthys olivaceus) purchased
from fishermen in the Gijang area (Busan, Korea) ranged from 22
to 25 cm in length. The fish were maintained in recirculation tanks
with a 12:12 h light/dark cycle at a temperature of 15—17°C. Exper-
imental fish were killed, and then separated by sex. There were at
least five males and five females. The gonads were weighed for
calculation of the gonadosomatic index (GSl=gonad weight/body
weightx100). Gonadal tissues were removed from males (GSI 0.6—
0.8) and females at early stages of gonadal recrudescence (GSI
1.6-2.1), immediately frozen, and stored at —80°C until use. No food
was provided during the experimental period.
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Time-course experiment

Olive flounders were lightly anesthetized with a 200 mg/L solu-
tion of tricaine methane sulphonate (MS-222). 173-estradiol was ini-
tially dissolved in ethanol and was then diluted in physiological
saline. Each fish was given an injection of 17B-estradiol (5 pg/g
body weight (BW)). At 12, 24, or 36 h post-injection, fish were anes-
thetized and killed. The brain, liver, and gonads were removed and
stored at —80°C until analysis by reverse transcriptase-polymerase
chain reaction (RT-PCR).

825

Dose-response experiment

Olive flounders were injected intraperitoneally with 173-estradiol
at 0.05, 0.5, or 5 ug/g BW, as described above for the time-course
experiment. At 36 h post-injection, the fish were separated by sex
and killed, and the tissues were removed and frozen at —80°C for
further analysis by RT-PCR.

Validation of semi-quantitative RT-PCR
Total RNA, extracted using TRIzol reagent (Invitrogen, Carlsbad,
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Time-related effects of 17f3-estradiol (E2) on ERo. () and ERp (L) mRNA expression in the liver, brain, and testis of male olive floun-

ders, as determined by RT-PCR. The fish were treated with E2 (5 ng/g) in a time-course experiment. Control fish were injected with saline. The
expression of B-actin mRNA was evaluated in each RT reaction as a loading control. The expression level in each tissue is expressed relative
to the B-actin expression level (mean+SEM). Values indicated by dissimilar letters are significantly different (P<0.05). Each experimental group

consisted of five olive flounders.
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Fig. 2. Dose-related effects of 17B-estradiol (E2) on ERc. () and ERB ([]) mRNA expression in the liver, brain, and testis of male olive floun-
ders, as determined by RT-PCR. The fish were treated with Ez at concentrations of 0.05, 0.5, and 5 ug/g for 36 h. The expression of B-actin
mRNA was evaluated in each RT reaction as a loading control. The expression level of each tissue is expressed relative to the B-actin expres-
sion level (meantSEM). Values indicated by dissimilar letters are significantly different (P<0.05). Each experimental group consisted of five

olive flounders.
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CA, USA) according to the manufacturer’s protocol, was reverse
transcribed (1 pg) with an oligo (dT) primer and SuperScript reverse
transcriptase (Invitrogen) according to the manufacturer’s instruc-
tions.

ERa-specific primers for RT-PCR were 5-TGGCTGAGATCTTC-
GACATGC-3 and 5-TGTCCTGAACTGGCTGAAGA-3’; ERp-specific
primers were 5-AAGTGCTACGAAGTCGGCAT-3 and 5-AAGCAA-
CTTGGAGCGACTGT-3'. These primers were based on the sequ-
ences of olive flounder ERo (accession number AB070629) and ERP
(accession number AB070630).

Amplication of cDNA was carried out at cycling conditions of
94°C for 45 s, 55°C for 45 s, and 72°C for 1 min. To optimize the
cycle number used for semi-quantitative PCR analysis, RT reaction
products (1 ul) from the brain, liver, ovary or testis were used as
templates for PCR amplification.

B-actin mRNA was amplified in each RT reaction as a loading
control. B-actin primers were 5-TCGAGCGTATTGTGACC-3' for the
forward primer and 5-ACGGAACCTCTCATTGCCGA-3’ for the
reverse primer.

The PCR products from different numbers of amplification
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Fig. 3. Time-related effects of 17p-estradiol (E2) on ERc. () and ERpB ([]) mRNA expression in the liver, brain, and ovary of female olive
flounders, as determined by RT-PCR. The fish were treated with E2 (5 ng/g) in a time-course experiment. Control fish were injected with saline.
The expression of B-actin mMRNA was evaluated in each RT reaction as a loading control. The expression level in each tissue is expressed rel-
ative to the B-actin expression level (mean+SEM). Values indicated by dissimilar letters are significantly different (P<0.05). Each experimental
group consisted of five olive flounders.
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Fig. 4. Dose-related effects of 17pB-estradiol (E2) on ERc. () and ERp (LJ) mRNA expression in the liver, brain, and ovary of female olive
flounders, as determined by RT-PCR. The fish were treated with E» at concentrations of 0.05, 0.5, and 5 pg/g for 36 h. The expression of -
actin mRNA was evaluated in each RT reaction as a loading control. The expression level of each tissue is expressed relative to the B-actin
expression level (mean+SEM). Values indicated by dissimilar letters are significantly different (P<0.05). Each experimental group consisted of
five olive flounders.
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cycles were visualized on a UV-transilluminator after electrophore-
sis on 1.0% agarose gel containing ethidium bromide, and the sig-
nal intensity was quantitated with the Gel-Doc System and Gelpro
3.1 Software (KBT, Korea). The cycle numbers that generated half-
maximal amplification were used for subsequent semi-quantitative
analysis of gene expression; cycle numbers were 30 cycles for ERa
and ERp, and 27 cycles for B-actin.

One-way ANOVA followed by a post-hoc multiple comparison
test (Tukey’s test; Zar, 1984) was used for the analysis of differ-
ences in expression levels.

RESULTS

In male flounders, expression of the two ER subtypes
increased substantially in the liver by 24 h after E> treatment
and further increased by 36 h (Fig. 1). The expression of the
two ER subtypes also increased significantly in the testis by
36 h (Fig. 1). In the dose-response experiment, RT-PCR
revealed significant increases in ERa and ERp transcript
levels in the liver and testis of males after a 5 ug/g BW dose
of E2 (Fig. 2). Expression of ERa. and ERB mRNA decre-
ased in the brain of males in response to E> doses of 0.05
and 0.5 pg/g BW (Fig. 2).

In females, expression of ERo. and ERB mRNA signifi-
cantly increased in the liver and ovary by 36 h after E, treat-
ment; expression of ERB mRNA increased in the brain by 12
h but was normal at 36 h after treatment with E> (Fig. 3). In
the dose-response experiment, the liver and ovary showed
significantly increased transcript levels for both ER subtypes
in response to E2 at 5 ug/g BW (Fig. 4). In contrast, the ERa
and ERJ transcript levels were not changed significantly in
the brain at 36 h after any dose tested (Fig. 4). Thus, the
dose-response results from RT-PCR were generally consis-
tent with the findings of the time-course experiment.

DISCUSSION

In this study, | investigated the expression of two ER
subtypes in response to doses of Ez and found that the
response was sex- and tissue-specific.

In male and female olive flounders, ERo and ERp
mRNA levels increased in the liver and gonads by 24 and
36 h after Ez treatment (Figs. 1, 3). This finding is consistent
with a previous report (Laurenzana et al., 2002) that the
ERo mRNA level increased in the liver of male rats in
response to an oral dose of the estrogenic compound ethy-
nyl estradiol.

The expression of ERs after E> treatment has been
examined in the liver of various fish species, including rain-
bow trout (Pakdel et al., 1989), sea bream (Mosconi et al.,
2002), zebrafish (Menuet et al., 2004), and largemouth bass
(Sabo-Attwood et al., 2004). However, most of these studies
looked only at ERa or failed to differentiate between the ER
subtypes. Sabo-Attwood et al. (2004) demonstrated that the
expression of ERa and ERYy increased, whereas ERP was
not up-regulated, in male largemouth bass after E> treat-
ment. Menuet et al. (2004) reported that E» stimulated ERo.
expression, down-regulated ERPI, and had no effect on
ERBII in zebrafish.

An estrogen response element (ERE) has been docu-
mented in the promoter of the ERo. gene in rainbow trout (Le
Drean et al., 1995) and zebrafish (Menuet et al., 2002). In
zebrafish, AP-1 and AP-4 sites were located in the promoter
region of the ERo. gene (Menuet et al., 2004). In the olive

flounder, it is believed that an increase in ERa mRNA is
caused by an ER-dependent mechanism mediated through
ERE or AP sites, although this remains untested.

The expression of ERo and ERp increased in males by
24 h after E, treatment and increased in the liver of females
by 36 h, depending on the dose (Figs. 1, 3). It is possible
that in vivo, E; interacts with different EREs or interacts with
other components of the endocrine system that regulate
expression without involving an ERE of the ER gene pro-
moter. Alternatively, it may be that E»> up-regulates other
transcription factors or even down-regulates RNAses. All of
these mechanisms may play roles in the specific regulation
of ER subtypes.

In the olive flounder testis and ovary, there was signifi-
cant and dose-dependent up-regulation of the transcripts for
the two ER subtypes following an E» dose of 5 ug/g BW
(Figs. 2, 4). Ez is involved in the functioning and mainte-
nance of the testis through processes such as androgen
activation via the androgen receptor and aromatization of
androgen to E> (Thomas and Benjamin, 1988; Chowen et
al., 1990). The physiological significance of ER up-regulation
in the testis is as yet undetermined, although it may be
involved in amplifying the estrogenic response before the
reproductive season. It would be interesting to monitor the
expression of ER subtypes in the testis, under the regulation
of androgens.

In both the testes and ovaries, the increases in ERa and
ERB mRNA were generally preceded by a slight decrease in
expression (Figs. 1, 3). This finding is consistent with the
report of lhionkhan et al. (2002) that ERo decreased in rat
uterus and sheep endothelium.

The ER subtypes remained relatively unchanged in the
olive flounder brain of either sex after Ez treatment, with ERo
and ERB mRNA levels initially decreasing and then recover-
ing (Figs. 1, 3). The small down-regulations of the ERa tran-
script observed in the male and female olive flounder brain
were time- and dose-dependent. Whereas whole brain was
taken for these experiments, future studies of specific brain
areas may reveal that the effects of E> vary among brain
regions, as has been suggested in previous reports. Greco
et al. (2001) reported decreases in ERoc mRNA expression
in the medial amygdala and ERp expression in the periven-
tricular preoptic area of the forebrain of rats treated with Ex.
Rune et al. (2002) reported that only ERo. was generated in
rat hippocampus treated with Eo.

Although injection of Ez into the flounders differs from
natural secretion, E» injection did not result in any differ-
ences between males and females, except in the brain. In
the time-course experiment, there was a difference in the
expression of the ERs in the brain of both sexes by 36 h
after E2 treatment. However, as the fish were in the early
stages of gonadal recrudescence, it is possible that low con-
centrations of E» present in the pituitary already differed
between the sexes. Further studies will be required to inves-
tigate the effects of Ez treatment in both sexes in the period
after 36 h post-injection.

The present study demonstrated that the ERo. and ER
subtypes are both affected by E>. To our knowledge, this is
the first study in fish to simultaneously examine the regula-
tion of ER isoforms across three tissues. Although the pre-
cise regulatory mechanism(s) and physiological context
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remain to be investigated, this study provides additional evi-
dence for Ex-mediated regulation of reproduction in fish.

REFERENCES

Chang X, Kobayashi T, Todo T, Ikeuchi T, Yoshiura M, Kajiura-
Kobayashi H, Morrey C, Nagahama Y (1999) Molecular cloning
of estrogen receptor o and B in the ovary of a teleost fish, the
tilapia (Oreochromis niloticus). Zool Sci 16: 653—-658

Choi CY, Habibi HR (2003) Molecular cloning of estrogen receptor
alpha and expression pattern of estrogen receptor subtypes in
male and female goldfish. Mol Cell Endocrinology 204: 169—
177

Chowen JA, Argente J, Vician L, Clifton DK, Steiner RA (1990) Pro-
opiomelanocortin messenger RNA in hypothalamic neurons is
increased by testosterone through aromatization to estradiol.
Neuroendocrinology 52: 581-588

Greco B, Allegretto EA, Tetel MJ, Blaustein JD (2001) Co-expres-
sion of ER beta with ER alpha and progestin receptor proteins
in the female rat forebrain: effects of estradiol treatment. Endo-
crinology 142: 5172-5181

Hawkins MB, Thornton JW, Crews D, Skipper JK, Dotte A, Thomas
P (2000) Identification of a third distinct estrogen receptor and
reclassification of estrogen receptors in teleosts. Proc Natl
Acad Sci USA 97: 10751-10756

Hall JM, McDonnell DP (1999) The estrogen receptor beta-isoform
(ER beta) of the human estrogen receptor modulates ER alpha
transcriptional activity and is a key regulator of the cellular
response to estrogens and antiestrogens. Endocrinology 140:
5565-5578

Hanstein B, Djahansouzi S, Dall P, Beckmann MW, Bender HG
(2004) Insights into the molecular biology of the estrogen
receptor define novel therapeutic targets for breast cancer. Eur
J Endocrinol 150: 243-255

lhionkhan CE, Chambliss KL, Gibson LL, Hahner LD, Mendelsohn
ME, Shaul PW (2002) Estrogen causes dynamic alterations in
endothelial estrogen receptor expression. Circ Res 91: 814—
820

Ma CH, Dong KW, Yu KL (2000) cDNA cloning and expression of a
novel estrogen receptor beta-subtype in goldfish (Carassius
auratus). Biochim Biophys Acta 1490: 45—-152

MacKay ME, Raelson J, Lazier CB (1996) Up-regulation of estrogen
receptor mRNA and estrogen receptor activity by estradiol in
liver of rainbow trout and other teleostean fish. Comp Biochem
Physiol 115: 201-209

Mangelsdorf DJ, Thummel C, Beato M, Herrlich P, Schutz G,
Umesono K, Blumberg B, Kastner P, Mark M, Chambon P,
Evans RM (1995) The nuclear receptor superfamily: the second
decade. Cell 83: 835-839

Menuet A, Le Page Y, Torres O, Kern L, Kah O, Pakdel F (2004)
Analysis of the estrogen regulation of the zebrafish estrogen
receptor (ER) reveals distinct effects of ER alpha, ER beta1 and
ER beta2. J Mol Endocrinol 32: 975-986

Mosconi G, Carnevali O, Habibi HR, Sanyal R, Polzonetti-Magni AM
(2002) Hormonal mechanisms regulating hepatic vitellogenin
synthesis in the gilthead sea bream, Sparus aurata. Am J Phys-
iol Cell Physiol 283: C673-678

Nilsson S, Makela S, Treuter E, Tujague M, Thomsen J, Andersson
G, Enmark E, Pettersson K, Warner M, Gustafsson JA (2001)
Mechanisms of estrogen action. Physiol Rev 81: 1535-1565

Laurenzana EM, Weis CC, Bryant CW, Newbold R, Delclos KB
(2002) Effect of dietary administration of genistein, nonylphenol
or ethinyl estradiol on hephatic testosterone metabolism, cyto-
chrome P-450 enzymes, and estrogen receptor alpha expres-
sion. Food Chem Toxicol 40: 53-63

Le Drean Y, Lazennec G, Kern L, Saligaut D, Pakdel F, Valotaire Y
(1995) Characterization of an estrogen-responsive element
implicated in regulation of the rainbow trout estrogen receptor
gene. J Mol Endocrinol 15: 37-47

Pakdel F, Le Guellec C, Vaillant C, Le Roux MG, Valotaire Y (1989)
Identification and estrogen induction of two estrogen receptor
(ER) messenger ribonucleic acids in the rainbow trout liver:
sequence homology with other ERs. Mol Endocrinol 3: 4451

Pakdel F, Feon S, Le Gac F, Le Menn F, Valotaire Y (1991) In vivo
estrogen induction of hepatic estrogen receptor mRNA and cor-
relation with vitellogenin mRNA in rainbow trout. Mol Cell Endo-
crinol 75: 205-212

Rune GM, Wehrenberg U, Prange-Kiel J, Zhou L, Adelmann G,
Frotscher M (2002) Estrogen up-regulates estrogen receptor
alpha and synaptophysin in slice cultures of rat hippocampus.
Neuroscience 113: 167-175

Sabo-Attwood T, Kroll KJ, Denslow ND (2004) Differential expres-
sion of largemouth bass (Micropterus salmoides) estrogen
receptor isotypes alpha, beta, and gamma by estradiol. Mol Cell
Endocrinol 218: 107-118

Tchoudakova A, Pathak S, Callard GV (1999) Molecular cloning of
an estrogen receptor beta subtype from the goldfish, Carassius
auratus. Gen Comp Endocrinol 113: 388—400

Thomas WT, Benjamin JD (1988) Developmental changes in and
hormonal regulation of estrogen and androgen receptors
present in the rabbit epididymis. Biol Reprod 39: 818-828

Weihua Z, Saji S, Makinen S, Cheng G, Jensen EV, Warner M,
Gustafsson JA (2000) Estrogen receptor (ER) beta, a modula-
tor of ER alpha in the uterus. Proc Natl Acad Sci USA 97:
5936-5941

Zar JH (1984) Biostatistical Analysis. 2nd ed, Prentice-Hall,
Engleawood Cliffs, NJ, pp 186—190

(Received October 14, 2006 / Accepted March 6, 2007)




<<
  /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 /CMYK
  /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 250
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50222
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /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.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /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 [1200 1200]
  /PageSize [596.000 795.000]
>> setpagedevice




