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Abstract

Purpose: Large-scale genome-wide association studies have identified TREM2 variants to be significantly associated with
Alzheimer’s disease (AD) in caucasian population. The goal of this systematic study and meta-analysis was to assess the
association between Triggering receptor expressed on myeloid cells 2 (TREM2) variants and AD in East Asian population.
Methods: In this study, literatures were searched in PubMed, MEDLINE, EMBASE, and the Cochrane library to screen citations
from January 1990 to June 2014. Data analysis was done by using the Stata |2 software. Results: Twelve studies were considered
for analysis. A total of |3 535 patients with AD and 22 976 healthy controls were studied. The results showed that rs75932628
variant was significantly associated with AD in caucasian population (P < .001, odds ratio = 3.17, 95% confidence interval 2.45-
4.09). However, the association was not found in East Asian population. Conclusion: In our study, we found that TREM2 variant

is likely not associated with AD in East Asian population.
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Introduction

Alzheimer’s disease (AD), the most common form of demen-
tia in the elderly patients, is a complex neurodegenerative dis-
order characterized by a slow but progressive loss of cognitive
function. To date, genome-wide association studies have
revealed several new genes associated with AD, including
APOE, CRI, CLU, PICALM, MS444/MS446E, CD2AP,
CD33, EPHAI, TREM2, and ABCA7."-> Among these loci, the
rare variants in TREM?2 were recently identified to be associ-
ated with AD in caucasian.’

TREM? encodes a transmembrane glycoprotein consisting
of 230 amino acid residues that is mainly expressed on osteo-
clasts and microglia, regulating inflammatory and phagocytic
processes.” The rare missense variant p.R74H (rs75932628)
of TREM?2 was found to be associated with risk of AD in
Iceland, Dutch, German, and American populations.6 With
regard to Asian population, only 4 studies have investigated
TREM? in patients with AD; however, none of them have
found any association between AD and TREM?2 variants
including p.R47H. Because it is a possibility that TREM?2
may be an ethnic-specific AD susceptibility variant, we carried
out a meta-analysis to investigate the association between
TREM? variants and AD in East Asian population.

Materials and Methods

Search Strategy and Inclusion Criteria

Four databases (PubMed, EMBASE, MEDLINE, and the
Cochrane library) were screened to obtain citations from Jan-
uary 1990 to June 2014 for inclusion in this study. The key
words Alzheimer’s disease and TREM?2 were used to search
relevant citations. We included those studies meeting the
following 2 criteria: (1) studies evaluated the association
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Figure |. Flow diagram of the studies identified.

between TREM?2 variants and AD by a case—control design
and (2) studies provided the numbers of TREM?2 genotype
data. The search results were downloaded to a reference data-
base and were further screened by 2 authors.

Data Extraction

For the case—control genetics studies, the following informa-
tion was extracted from each study: (1) name of the first author,
(2) year of publication, (3) ethnicity of the studied population,
and (4) number of TREM?2 variants genotypes (rs75932628,
rs2234255, and rs2234256) in cases and controls.

Data Analysis

Data analysis was performed by using the Stata 12 (Stata
Corp, College Station, Texas). For each individual study,
dichotomous data were reported as odds ratio (OR) with
95% confidence interval (CI). Meta-analysis was conducted
using a fixed effect model. Heterogeneity between studies
was evaluated by using Cochrane Q statistics and /> test. Sub-
group meta-analysis was conducted by single-nucleotide
polymorphism (SNP) and ethnicity.

In Silico Prediction

The effects of TREM?2 variants were predicted by Polymorph-
ism Phenotyping v2 (Polyphen-2), Sorting Intolerant From

Table |. Characteristics of the Trials Included in the Study.

No. of No. of
Study Population Ethnicity = Case Control Method
rs75932628
Yu et al’ Chinese East Asian |133 1159 PCR
Ma et al® Chinese East Asian 279 346 PCR
Jiao et al’ Chinese East Asian 360 400 PCR
Miyashita Japanese East Asian 2190 2498 Tagman
etal'®
Gonzalez American Caucasian 427 2540 Tagman
Murcia et al''
Cuyvers Belgian Caucasian 1216 1094 PCR
etal'?
Benitezetal'® Spanish Caucasian 504 550 PCR
Ruiz et al"* Spanish Caucasian 3172 2169 Tagman
Guerreiro European and Caucasian 1091 1105 Tagman
etal North American
Jonsson et al® Icelandic Caucasian 3759 11 050 Tagman
Norwegian Caucasian 117 2484 Tagman
American Caucasian 399 402 Tagman
German Caucasian 517 1891 Tagman
Dutch Caucasian 944 4950 Tagman
Pottier et al'® French Caucasian 726 783 PCR
rs2234255
Miyashita Japanese East Asian 2190 2498 Tagman
etal'®
Chung et al'® Korean East Asian 400 605 Exome
array
Cuyvers Belgian Caucasian 1216 1094 PCR
etal'
Guerreiro European and Caucasian 28l 504 Tagman
etal® North American
rs2234256
Miyashita Japanese East Asian 2190 2498 Tagman
etal'®
Chung et al ' Korean East Asian 400 605 Exome
array
Cuyvers Belgian Caucasian 1216 1094 PCR
etal'?
Guerreiro European and Caucasian 28I 503 Tagman
etal® North American

Abbreviation: PCR, polymerase chain reaction.

Tolerant (SIFT), and SNPs&Go. The impacts of amino acid
substitutions on structure and function were predicted using
Polyophen-2 and SIFT. SNPs&Go was used to predict human
disease-related mutations in functionally annotated proteins.

Results

Search Results and Characteristics

A total of 585 citations were obtained via database searches,
among which 12 met the inclusion criteria for this study
(Figure 1). Among the 12 studies identified, 5 studies were
about Asian population and 7 studies were about caucasian
population. A total of 8365 Asians have been involved, in
which 3962 participants were patients with AD and 4403
participants were healthy controls. All 12 studies were pub-
lished in full-text form. The information in these citations
are summarized in Table 1.
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rs75932628

Caucasian

OR(95%CI)  Weight %

Murcia (Amerncan) ———— 3.50(1.30, 8.80) 7.08
Cuyvers (belgian) e — 3.01(083, 1094) 388
Benitez (spanish) 16.37 (092, 287.31) 0.78
Guemeiro (European&north american) —_— 450(1.70,11.90) 681
Jonsson (Icelandic) — 2.92(2.09,4.09) 57.18
Jonsson (Norwegian) I I c— 352(054,17.21) 215
Jonsson (American) + 3.03(0.33,7835) 086
Jonsson (Geman) — 3.15(1.06, 1040) 494
Jonsson (Dutch) — 245(0.94, 6.35) 7.06
Pottier (French) 4.07(1.29,1689) 3.90
Ruiz (spanish) 4.12(1.21,1400) 430
Subtotal 3.17(245,409) 98.90
East Asina
Miyashita (Japanese) 0.57 (0,05, 6.30) 1.10
Subtotal —_— [T 057 (005 640) 110

T T

5 1 20
rs2234255 OR(95%Cl)  Weight %
Caucasian
Cuyvers (Belgian) e 0,60 (0.10,3.59) 2564
Guerreiro (European&north american) 537 0.27,13242) 856
Subtotal <> 1230.16,921) 3420
East Asina
Akinori {(Japanese) —_— 1.730.49,6.13) 51.49
Chung (Korean) 1.66 (0.15,18.09) 1431
Subtotal <:> 1.71 (056,5.24) 65.80

T T

5 1 20
rs2234256 .

OR (95%Cl) Weight %
Caucasian
Cuyvers (Belgian) 090(0.13,6.40) 799
Guerreiro (European&north american) 026(001,4.97) 315
Subtotal <: 063(0.12,3.30) 11.14
East Asina
Akinori (Japanese) — 071(039,1.28) 8592
Chung (Korean) 005(002,12.40) 294
Subtotal —C 031(003,345) 8885
T T
5 1 20

Figure 2. Forest plots for meta-analysis of the studies of TREM2 missense mutations in Alzheimer’s disease.
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Table 2. The rs75932628 Variant in East Asian Population.

Patients With Alzheimer’s disease Controls
Study Population No. of Alleles No. of Case No. of Alleles  No. of Controls P Value OR (95% ClI)
Yuetal’ Chinese 0 1133 0 1159 NA NA
Ma et al® Chinese 0 279 0 346 NA NA
Jiao et al’ Chinese 0 360 0 400 NA NA
Miyashita et al'®  Japanese | 2190 2 2498 I 0.57 (0.05-6.30)
Chung et al'® Korean 0 400 0 605
Total | 4362 2 5008
Abbreviations: Cl, confidence interval; OR, odds ratio; NA, not applicable.
The Meta-Analysis of TREM2 Polymorphism in
East Asian and Caucasian Populations R i

P.A192T  p.HISTY p.DS7N p.R47TH

We performed a meta-analysis of the TREM?2 polymorphism in
both East Asian and caucasian populations with 3 SNPs,
namely, 1rs75932628, rs2234255, and rs2234256 (Figure 2).
There was a significant association between rs75932628 and
AD with P <.001 (OR = 3.17, 95% CI 2.45-4.09) in cauca-
sian population. We did not observe either rs2234255 or
rs2234256 associated with AD in both East Asian and cauca-
sian populations.

The Analysis of rs75932628 Polymorphism in
East Asian Population

According to the meta-analysis results, the rs75932628 variant
showed a strong association with AD in caucasian population.
By pooling the data from Asian studies together, it was found
that rs75932628 variant was rarer in East Asian population than
in caucasian population. However, none of the studies has
found the association between rs75932628 and AD (Table 2).

The Variants in TREM2 Protein

In total, 9 nonsynonymous mutations have been identified in
TREM?2 protein (NP_061838.1) by Asian studies (Figure 3).
According to Polyphen-2 results, 6 variants (p.R47H, p.D87N,
p-A105V, p.G115S, p.HI57Y, and p.A192T) were considered
probably damaging or possibly damaging the structure or func-
tion of the TREM2 protein (Table 3).

Discussion and Conclusion

TREM?2 is a transmembrane glycoprotein regulating immune
system. The exact function of TREM2 remained unknown.
Recently, TREM?2 was identified as a novel susceptibility
gene for AD in caucasian population, while there was absence
of studies reporting association between TREM2 and AD in
East Asian population. Consistent with previous studies, the
results of our meta-analysis showed rs75932628 variant was
significantly associated with AD in caucasian population,
while rs2234255 and rs2234256 were not associated with
AD. A total of 9370 Asians were tested for rs75932628 var-
iant, of which only 3 cases were detected. The mutation

230 195 175 128 23 18 1
Transmembrane region immunoglobulindomain sig-peptide
| cytoplasmic domain € extracellular domain——>|

Figure 3. Schematic position of variants in TREM2 protein.

frequency of rs75932628 in humans was lower in East Asian
than in caucasian population.

To date, 5 studies have investigated TREM?2 variants in
East Asian population, including 3 Chinese studies, 1 Japa-
nese study, and 1 Korean study. Yu et al’s’ study, which con-
sisted of 1133 AD cases and 1159 healthy controls, examined
TREM? variants in Han Chinese population. They discovered
a nonsynonymous mutation located on exon2 of TREM?2 that
leads to amino acid substitution (p.Gly115Ser) in patients
with AD. However, it was not associated with increasing
AD risk. Jiao et al’ found 2 patients with AD having missense
variant rs201280312 in TREM2 with P = .13. None of the 3
studies from China have detected the rs75932628 variant.
Chung et al'® used Axiom Exome Genotyping Array to iden-
tify novel genetic variants in Korean patients with AD. Six
TREM? variants were found but none of them showed a sig-
nificant association with AD. Only 3 cases of rs75932628 var-
iant (I AD case and 2 healthy controls) were detected in
Japanese population. Unfortunately, the variant did not asso-
ciate with AD. So far, there is still not enough evidence to
prove that TREM? variants increase risk of AD in East Asian
population. Consistent with our study, a recent study on cau-
casians reported that due to the low frequency of R47H and
overall modest effects on risk of AD, TREM2 variant would
not possess clinical utility as a predictor or diagnostic marker
for AD."”

Totally, 9 variants of TREM2 protein have been identified
in East Asian population by current studies with minor allele
frequency (MAF, < 1%).” To evaluate the impact of these
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Table 3. In Silico Prediction of TREM2 Variants in East Asian Population.

Genomic Protein SNP SNP&Go  Reliability
Position Position Number Polyphen-2 SIFT Predicion Index Probability
Exon 2 41129252C>T  p.Arg47His rs75932628  Probably damaging(l) Tolerated(0.11)  Neutral 6 .187
41129133C>T  p.Asp87Asn  rs142232675 Probably damaging(l) Tolerated(0.059) Neutral 9 .054
41129078G>A p.AlalO5Val  rs14508091 Probably damaging(l) Damaging(0.005)  Neutral 8 .089
41129049G>A  pglyl15Ser — Probably damaging(|) Tolerated(0.15) Neutral 8 .108
41129003C>T p.Alal30Val  rs201280312 Benign(0.1) Tolerated(1) Neutral 7 .28
Exon 3 41127543G>A  p.HisI57Tyr  rs2234255 Possibly damaging(0.73)  Tolerated(0.11)  Neutral 8 114
Exon 4 41126713C>T p.Alal92Thr rs150277350 Possibly damaging(0.65) Tolerated(0.14)  Neutral 8 121
41126655A>G  p.Leu2lIPro rs2234256 Benign(0.001) Tolerated(0.3) Neutral 10 0lé
41126619G>A  p.Thr223lle  rs138355759 Benign(0.005) Tolerated(0.52)  Neutral 9 .028

Abbreviations: Cl, confidence interval; OR, odds ratio; SIFT, Sorting Intolerant From Tolerant; SNP, single-nucleotide polymorphism.

variants, we used the online prediction softwares. The results
showed that 6 variants were considered to damage the struc-
ture of TREM2 protein, of which 4 variants in immunoglobu-
lin domain involved in a wide variety of functions usually
require an interaction of the intact domain with another pro-
tein or molecule.” The variants located in TREM2 immuno-
globulin domain were detected in 2 patients with AD and 6
healthy controls. The results indicated that TREM?2 was more
rare variant in East Asia population compared to caucasian
population. Possible explanations for this discrepancy may
be that (1) variant frequency may be affected by the ethnic
differences in genetic and epigenetic backgrounds. (2) Studies
included in our meta-analysis were conducted in 3 major East
Asian countries, thus the results seemed to be insufficient to
reflect the real association in general East Asian population.
(3) Lacking relevant unpublished results may lead to unex-
pected bias.

It was also noted that there were some limitations in our
study. First, a potential weakness of this meta-analysis was
caused by the fact that the included trials from Asian were
different in study design. For example, Yu et al’ screened var-
iants on exon 2 of TREM2, while Miyashita et al'® just chose
10 variants to investigate. This may result in some potential
variants not to be detected. Second, considering the very low
MAF of variants, the small sample size of our study had lim-
ited power to identify the association between TREM?2 and
AD. Third, the other races (eg, Latin American and African
American) in the studies we included for analysis of caucasian
may influence the results, as not all of these studies described
the population composition. However, we think the influence
is limited because the main population of the United States
and European countries is caucasian.

In conclusion, we were not able to find association between
TREM? variants and AD in East Asian population. Consider-
ing the studies about caucasian, TREM2 may contribute to
susceptibility of AD only in caucasians, while the association
seems much weaker in East Asians. TREM?2 may not be one of
the risk genes for Chinese patients with AD. Large-scale stud-
ies about Asian population and other ethnicities are needed to
evaluate whether TREM? is associated with AD in Asian or
only in caucasian population.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The authors disclosed receipt of the following financial support for the
research, authorship, and/or publication of this article: This work was
supported by National Natural Science Foundation of China (Grant
No.81271200).

References

1. Hollingworth P, Harold D, Sims R, et al. Common variants at
ABCA7, MS4A6A/MS4A4E, EPHAIL, CD33 and CD2AP are
associated with Alzheimer’s disease. Nat Genet. 2011;43(5):
429-435.

2. Naj AC, Jun G, Beecham GW, et al. Common variants at MS4A4/
MS4A6E, CD2AP, CD33 and EPHA1 are associated with late-
onset Alzheimer’s disease. Nat Genet. 2011;43(5):436-441.

3. Guerreiro R, Wojtas A, Bras J, et al. TREM2 variants in Alzhei-
mer’s disease. N Engl J Med. 2013;368(2):117-127.

4. Benitez BA, Jin SC, Guerreiro R, et al. Missense variant in
TREML2 protects against Alzheimer’s disease. Neurobiol Aging.
2014;35(6):1510. e1519-e1526.

5. Abduljaleel Z, Al-Allaf FA, Khan W, et al. Evidence of TREM2
variant associated with triple risk of Alzheimer’s disease. PLoS
One. 2014;9(3):€92648.

6. Jonsson T, Stefansson H, Steinberg S, et al. Variant of TREM2
associated with the risk of Alzheimer’s disecase. N Engl J Med.
2013;368(2):107-116.

7. YuJT, Jiang T, Wang YL, et al. Triggering receptor expressed
on myeloid cells 2 variant is rare in late-onset Alzheimer’s dis-
ease in Han Chinese individuals. Neurobiol Aging. 2014;35(4):
937. ¢931-e933.

8. Ma J, Zhou Y, Xu J, et al. Association study of TREM2 poly-
morphism rs75932628 with late-onset Alzheimer’s disease in
Chinese Han population. Neurol Res. 2014;36(10):894-896.

9. Jiao B, Liu X, Tang B, et al. Investigation of TREM2, PLD3,
and UNCS5C variants in patients with Alzheimer’s disease from
mainland China. Neurobiol Aging. 2014;35(10):2422. €9-2422.
ell.



546 American Journal of Alzheimer’s Disease & Other Dementias® 30(6)
10. Miyashita A, Wen Y, Kitamura N, et al. Lack of genetic associa- 14. Ruiz A, Dols-Icardo O, Bullido MJ, et al. Assessing the role of the
tion between TREM2 and late-onset Alzheimer’s disease in a TREM2 p.R47H variant as a risk factor for Alzheimer’s disease
Japanese population. J Alzheimers Dis. 2014;41(4):1031-1038. and frontotemporal dementia. Neurobiol Aging. 2014;35(2):444.

11. Gonzalez Murcia JD, Schmutz C, Munger C, et al. Assessment of e441-e444.

TREM2 rs75932628 association with Alzheimer’s disease in a  15. Pottier C, Wallon D, Rousseau S, et al. TREM2 R47H variant as a
population-based sample: the Cache County Study. Neurobiol risk factor for early-onset Alzheimer’s disease. J Alzheimers Dis.
Aging. 2013;34(12):2889. ¢2811-¢2883. 2013;35(1):45-49.

12. Cuyvers E, Bettens K, Philtjens S, et al. Investigating the role of  16. Chung SJ, Kim MJ, Kim J, et al. Exome array study did not iden-
rare heterozygous TREM2 variants in Alzheimer’s disease and fron- tify novel variants in Alzheimer’s disease. Neurobiol Aging.
totemporal dementia. Neurobiol Aging. 2014;35(3):726.¢e711-e729. 2014;35(8):1958. e1913-e1954.

13. Benitez BA, Cooper B, Pastor P, et al. TREM2 is associated with ~ 17. Hooli BV, Parrado AR, Mullin K, et al. The rare TREM2 R47H

the risk of Alzheimer’s disease in Spanish population. Neurobiol
Aging. 2013;34(6):1711. e1715-1717.

variant exerts only a modest effect on Alzheimer disease risk.
Neurology. 2014;85(13):1353-1358.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /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 false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /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 false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


