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Case report: ETS1 gene
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low number of recent thymic
emigrants in three patients
with Jacobsen syndrome
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Jacobsen syndrome is a rare genetic disorder associated with a terminal

deletion in chromosome 11. The clinical presentation is variable. Although

immunodeficiency has been described in patients with Jacobsen syndrome, a

clear genotype-phenotype correlation has not yet been established. Here, we

report on the immunologic phenotypes of four patients with Jacobsen

syndrome. All four patients showed one or more atypical immunologic

features. One patient suffered from recurrent viral infections, two patients

had experienced a severe bacterial infection and one had received antibiotic

prophylaxis since early childhood. One patient had experienced severe,

transient immune dysregulation. Hypogammaglobulinemia and low B cell

counts were found in two patients, while the number of recent thymic

emigrants (CD31+CD45RA+ CD4 cells) was abnormally low in three. When

considering the six immune-related genes located within the affected part of

chromosome 11 (ETS1, TIRAP, FLI1, NFRKB, THYN1, and SNX19), only the ETS1

gene was found be deleted in the three patients with low numbers of recent

thymic emigrants and non-switched memory B cells. Our findings support the

hypothesis whereby Jacobsen syndrome is associated with a combined

immunodeficiency with variable presentation. Further investigations of

potential genotype-phenotype correlations are warranted and might help to

personalize patient management in individuals lacking immune-related genes.

In addition, we recommend immunologic follow-up for all patients with

Jacobsen syndrome, as immune abnormalities may develop over time.
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Introduction

Jacobsen syndrome was first described in 1973 by the Danish

geneticist Petra Jacobsen (1). This rare genetic disorder is

associated with partial deletion of the distal arm of

chromosome 11 (deletion size: 7–20 Mb, with a breakpoint at

11q23.3 in 70 to 80% of cases) (2). Over 200 cases have been

reported to date, with a female:male ratio of 2:1.

Jacobsen syndrome encompasses a broad spectrum of

clinical phenotypes (Supplementary Figure 1). About half of

the patients are diagnosed in the first 12 months of life, whereas

individuals with milder, less obvious signs and symptoms may

be diagnosed at an older age (3). The most frequently present

clinical features include facial and skeletal anomalies, cognitive

impairment, and congenital malformations of the central

nervous system, heart, urogenital tract, and gastrointestinal

tract. Some patients also present thrombocytopenia, impaired

platelet function, and endocrine, ocular or hearing disorders.

To date, immunologic abnormalities have been reported in

43 patients with Jacobsen syndrome (4–19). While 35 patients

had abnormal immunoglobulin (Ig) levels (IgG, IgA, or IgM),

only 17 had low IgG levels (6–9, 14–16) and some of the patients

were receiving Ig replacement therapy. A low total B cell count

was found in 28 patients, and seven had low numbers of

switched memory B cells (CD27+IgD-) (6, 9), suggesting a

defective germinal center function. Poor antibody responses to

vaccines in some patients show further evidence that Jacobsen

syndrome is not only associated with B-cell, but also T-cell

dysfunction. A more detailed immunological evaluation of

twelve patients with Jacobsen syndrome was reported by

Baronio et al., showing that all the main lymphocyte

compartments, including T cells, show alterations in cell

differentiation (15). In-depth analyses of T and B cell

phenotypes in Jacobsen syndrome and their correlation to

deletions of individual genes located in the 11q region are scarce.

The following immune-related genes are located within the

part of chromosome 11 that is potentially deleted in patients

with Jacobsen syndrome (9): erythroblast transformation-

specific 1 (ETS1), Toll/interleukin-1 receptor domain-

containing adapter protein (TIRAP), Friend leukemia

integration 1 (FLI1), nuclear factor related to kappa B binding

protein (NFRKB), thymocyte nuclear protein 1 (THYN1), and

sorting nexin 19 (SNX19). Lymphopenia, low B cell, T cell and

natural killer (NK) subpopulation counts, and inadequate T cell

responses to mitogens or antigens have variously been reported

in Jacobsen syndrome (4–16), but there is disagreement on the

correlation between immunodeficiency and deleted genes on 11q

like ETS1.

Here, we describe the immunologic phenotypes and the

deletion of immune-related genes in four patients with

Jacobsen syndrome followed up at our institution.
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Case description

Four patients with Jacobsen syndrome were followed up

between 2010 and 2021 in the Division of Immunology at the

University Children’s Hospital Zurich (Zurich, Switzerland).

The patients were enrolled in an ongoing study of monogenic

diseases. Written informed consent was provided by each patient

and/or his/her legal guardian. The study was approved by the

hospital’s institutional review board (reference: PB_2016_02280)

and was registered at ClinicalTrials.gov (NCT02735824).

The oldest patient (P1) is now a 17-year-old male who was

diagnosed with Jacobsen syndrome at the age of 7 years. A 6.4

Mb deletion (11q24.2 to 11q25) was found (Supplementary

Table 1). He had typical facial features, cognitive impairment,

a ventricular septal defect (VSD), which closed spontaneously,

mild caliectasis of the renal pelvis (which also regressed

spontaneously), and abnormal platelet function (a surface

receptor defect). Regarding immunologic features, P1’s medical

history showed no recurrent infections other than occasional

rhinit is . The immunologic work-up revealed mild

hypogammaglobulinemia (IgG, IgG1, IgA, and IgM;

Supplementary Table 2). Although the anti-tetanus antibodies

were adequate, antibodies against pneumococci were absent.

However, P1 had never been vaccinated against pneumococci.

He presented with mild lymphocytopenia and low numbers of

naive T cells, and recent thymic emigrants (RTEs) (Figure 1). It

is noteworthy that the patient’s total T cell count had been

normal during preschool age, but deteriorated over time. The

NK- and B-cell counts (non-switched and switched B cells) were

low. Upon T cell stimulation with mitogen (phorbol myristate

acetate (PMA), staphylococcal enterotoxin B (SEB), and

phytohemagglutinin (PHA)), CD69 expression was normal.

An overview of the patient’s immunological features in

synopsis with the patients reported in the literature is given in

Supplementary Table 2.

P2 is an 11-year-old girl with partial Jacobsen syndrome, the

genetic diagnosis of which was established at the age of 3 years. A

9.8 Mb deletion (11q21 to 11q22.3) was found. She had

dysmorphic facial features, cognitive impairment, a small atrial

septum defect, and a horseshoe kidney that required pyeloplasty

(due to outlet stenosis). The hematological work-up showed

normal platelet function. At 1 year of age, P2 became ill with a

pneumococcal pleuropneumonia; the course of disease was

severe, and she required mechanical ventilation for 6 days and

drainage of pleural effusion. After recovery from this infection,

she developed a prolonged episode of fever with typical clinical

features of Kawasaki syndrome, including dilatation of the left

coronary artery. The patient was treated with acetylsalicylic acid

and intravenous Ig, which rapidly resolved the fever. However,

five days after the intravenous Ig infusion, P2’s general

condition deteriorated again, and she developed fever and
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hepatosplenomegaly. Several specific laboratory findings were

noted, including anemia, thrombocytopenia, elevated ferritin,

hypofibrinogenemia, and hemophagocytosis documented after a

bone marrow aspirate. Overall, the patient’s clinical and

laboratory features met the diagnostic criteria for

hemophagocytic lymphohistiocytosis (HLH). The patient’s

condition improved markedly after treatment with

methylprednisolone. Primary HLH was ruled out by an

immunologic, functional, and genetic work-up. After recovery

from the inflammatory episode and after treatment had ceased,

the patient developed alopecia universalis. Her immunologic

results revealed mild B cell lymphopenia but otherwise normal

lymphocyte counts. Naive T cell count and RTEs were normal,

except during episodes of stress (such as during pneumonia and

HLH at the age of 1 year and after heart surgery at the age of 6,

cf. Figure 1 and Supplementary Table 2).

P3 is a 5-year-old girl who was diagnosed with Jacobsen

syndrome immediately after birth. Molecular karyotyping showed

a 15.1 Mb deletion (11q23 to 11qter). She had typical dysmorphic

facial features, a perimembranous VSD, hexadactyly, and cognitive

impairment. Although the platelet aggregation test was abnormal,

P3 did not have an abnormal bleeding tendency. Her medical

history showed recurrent pulmonary infections, most of which

(except for a severe episode of bacterial pneumonia) were viral

(Supplementary Table 1). Her immunologic work-up showed a low

RTE count (Figure 1 and Supplementary Table 2), otherwise

normal T cell counts, normal levels of immunoglobulins and
Frontiers in Immunology 03
anti-vaccine antibody titers, normal B- and NK-cell counts, and a

normal T cell stimulation response after exposure to mitogens.

P4 is a 2-year-old girl who was diagnosed with Jacobsen

syndrome immediately after birth, following the observation of

intrauterine growth retardation and congenital heart

malformations (aortic isthmus stenosis, aortic arch hypoplasia,

and malalignment VSD). Molecular karyotyping showed a 12.9

Mb deletion (11q24.1 to 11q25). Other de novo problems were

subsequently noted: short stature, underweight, cognitive

impairment, and abnormal platelet function. Although P4 did

not suffer from recurrent infections, immunologic monitoring

revealed a progressive decline in IgG, IgG1, and IgM levels. The

patient had adequate anti-vaccine antibody titers against tetanus

and pneumococci, although the anti-H. influenzae antibody titer

fell swiftly. P4 developed lymphopenia, with a very low total T

cell count and low numbers of naive T cells and RTEs (Figure 1).

Her B cell counts had started to fall in first few months of life.

The NK cell count remained within the normal range. T cell

marker expression after stimulation with mitogens (PMA, SEB

and PHA) was also normal. Despite an uneventful clinical course

of P4, who was kept in home isolation by her parents, the

significant deterioration in immunologic parameters prompted

us to administer immunoglobulin replacement therapy and

cotrimoxazole prophylaxis from the age of 21 months

onwards. Lastly, P4 has not been given any live vaccines.

To establish whether the patients’ immunodeficiencies

might have an association with the 11q genotype, we
A B
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FIGURE 1

Longitudinal lymphocyte values of P1-4 with Jacobsen syndrome during their follow-up between 2 and 10 years: total T cells counts (A), recent
thymic emigrants, RTE (B), CD19+ B cells (C) and CD16+CD56+ NK cells (D). Gray lines delineate age-specific upper and lower reference values
of the cell counts.
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determined which immune-related genes were located in the

deleted segment of chromosome 11. Chromosomal microarray

analysis using an Affymetrix Cytoscan HD array with 2.65

million probes at a 20 kb resolution was used for all 4 patients.

Whole exome sequencing (WES) was not performed in our

cohort. We found that the ETS1 gene had been deleted in the

three patients (P1, P3 and P4) with low RTE counts and low

non-switched memory B cell (CD27+IgD+) counts. Only P1 and

P4 showed additional T and B cell abnormalities. TIRAP, FLI1,

NFRK, THYN1, and SNX19 were located in the 11q deletion

found in P3 and P4.
Discussion

Here, we describe the immunologic and genetic features of

four patients with Jacobsen syndrome monitored at our

institution. All four showed some peculiar immunologic

features. Although none had experienced recurrent bacterial

infections, two suffered from an episode of severe bacterial

pneumonia and another had been on antibiotic prophylaxis in

early childhood. Only one patient showed recurrent viral

infections. One of the patients showed signs of immune

dysregulation, with Kawasaki syndrome and secondary HLH.

Hypogammaglobulinemia was observed in two patients, and low

total B cell counts with variable, low titers of vaccine-specific

antibodies were observed in two patients. Low numbers of RTEs

were found in three patients, two of whom also had overall T

cell lymphopenia.

All three patients with a low RTE count had heterozygous

loss of ETS1, whereas the patient with a normal (but borderline)

RTE count did not. The low numbers of RTEs could not be

attributed to surgical removal of the thymus, since one of the

three patients had undergone cardiac surgery with preservation

of the thymic tissue and the other two had not undergone

cardiac surgery. Lastly, none of the patients with a low RTE

count had been treated with steroids (another possible factor

influencing the number of RTEs).

The low RTE counts in our patients with Jacobsen syndrome

were always associated with low numbers of non-switched

memory B cells, which is consistent with a low thymic output

and a functional T cell impairment. One of the patients with loss

of ETS1 (P3) did not show any other immunologic abnormalities

apart from the low numbers of RTEs and non-switched memory

B cells. However, this patient is currently only 5 years old and so

the subsequent development of other immunologic

abnormalities cannot be ruled out. In two patients,

immunologic variables deteriorated with age. Delayed onset of

increased susceptibility to infections and immune abnormalities

in older patients with variable immune deficiency phenotype has

been described previously in patients with Jacobsen syndrome

(4, 9, 17).
Frontiers in Immunology 04
ETS1 is a strong candidate for the T cell defect in Jacobsen

syndrome (4, 10, 12–14, 20). A growing body of evidence shows

that erythroblast transformation specific (ETS) factors are

essential immune system regulators. Nine of the 29 known

ETS factors might regulate genes involved in immunity,

including ETS1, ETS2, GABP, FLI1, ELF1, MEF, ESE1, PU.1,

and SpiB (21). ETS1 knockout and hypomorphic mice show

aberrant thymic differentiation, abnormally low peripheral T cell

numbers, an abnormal Th1 immune response, and aberrant

Th17 differentiation (22–24).

Evidence on T cell abnormalities, especially RTEs, and

deletion in ETS1 is scarce. There is only one description of a

16-year-old patient with Jacobsen syndrome with recurrent

infections and low RTEs where genetic investigation on gene

ETS1 was performed. In this patient, ETS1 was deleted (4). A

more recent publication of a 46-year-old patient with recurrent

infections showed deletion of ETS1 and FLI1. Low T cell counts

were seen, but no investigation on RTEs was performed (14). A

cohort of 12 pediatric patients with profound lymphocyte

alteration revealed low RTEs in all patients. But in this cohort

no genetic investigation on ETS1 was reported (15). On the other

hand, there is a report of a 26-year-old patient with Jacobsen

syndrome without any T-cell abnormality in spite of a loss of

ETS1 (17). Likewise, a more recent report of a cohort comprising

14 patients with 11q deletion did not find any correlation of

immunodeficiency of B or T lymphocytes and ETS1 or FLI1 (16).

In both investigations, RTEs were not assessed (16, 17).

In addition to ETS1 deletion, we found heterozygous

deletions of TIRAP, FLI1, NFRKB, THYN1, and SNX19 in two

of our patients. TIRAP codes for an adapter protein involved in

the Toll-like receptor (TLR)2 and TLR4 innate immune

response signaling pathways (25). FLI1 encodes a transcription

factor containing an ETS DNA-binding domain. Heterozygous

deletion of FLI1 may lead to a lack of T helper cells and a low

serum IgM level (5). NFRKB encodes the DNA-binding protein

R-kB, which regulates IL2R a-chain gene expression and is

essential for T cell activation (13). THYN1, encoding a

thymocyte nuclear protein found in CD34+ hematopoietic

stem and progenitor cells, may have a role in apoptosis (12).

SNX19 is involved in intracellular vesicle trafficking and

exocytosis (26). The patients with a heterozygous deletion of

all six immune-related genes showed different immunologic

phenotypes. One of the patients already had a profound

primary immunodeficiency at a very early age, with

hypogammaglobulinemia, a decreasing anti-Haemophilus

influenza antibody titer, a decreasing total B cell count, and

low numbers of non-switched memory B cells, total T cells, naive

T cells, and RTEs. The other patient with heterozygous deletion

of all the 6 immune-related genes had experienced a severe

bacterial infection and displayed low numbers of non-switched

memory B cells and RTEs but no other severe immunologic

changes. Although heterozygous gene deletions offer an

explanation for these findings, additional de novo imbalances
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in the patient with the most profound immunologic

abnormalities might have contributed to the phenotype.

In one patient with severe immune dysregulation with

Kawasaki syndrome and secondary HLH, who later developed

alopecia universalis, none of the six immune-related genes was

deleted. Immune dysregulation might either have occurred

sporadically in this patient, without any genetic predisposition

for immune-related disorders, or hitherto not yet described

genetic abnormalit ies could be responsible for the

immunological phenotype in this patient.

In conclusion, our data support the notion that Jacobsen

syndrome is associated with a combined immunodeficiency with

variable presentation. The genetic causes of the T and B cell

defects in our four patients remain elusive. Although ETS1might

be a promising candidate for T cell abnormalities in patients

with Jacobsen syndrome, genotype-phenotype analyses of larger

cohorts are warranted. The variable phenotype-genotype may be

due to incomplete penetrance, but also due to other genes of

interest located on 11q such as TIRAP, FLI1, NFRKB, THYN1,

and SNX19, together with other as-yet poorly characterized

genes in the deleted segment (27). It could be hypothesized

that a whole gene cluster is involved in cell proliferation and

differentiation and could play a role in the development of the

combined immunodeficiency in 11q patients. Genes of interest

that might act as modifier are ATM, CD3, and CBL, which are

also located on chromosome 11. Moreover, sequence variants in

genes involved in other inborn errors of immunity may

contribute to the clinical phenotype in patients with interstitial

or terminal deletions of 11q.

The results of our case series emphasize the importance of

immunologic follow-up in all patients with Jacobsen syndrome,

since immune abnormalities and greater susceptibility to

infections may develop over time. Further investigations of

putative genetic predictors of immunodeficiency in patients

with Jacobsen syndrome are required.
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Morphological and genetic abnormalities in a Jacobsen syndrome. Romanian J
morphol embryol = Rev roumaine morphol embryol (2018) 58: 1531–4.

19. Rabbat JC, Moy JN. Specific antibody deficiency in a patient with Jacobsen
syndrome and Paris-trousseau syndrome. J Allergy Clin Immunol (2011) 127:AB19.
doi: 10.1016/j.jaci.2010.12.085

20. Favier R, Akshoomoff N, Mattson S, Grossfeld P. Jacobsen Syndrome:
Advances in our knowledge of phenotype and genotype. Am J Med Genet C
Semin Med Genet (2015) 169:239–50. doi: 10.1002/ajmg.c.31448

21. Gallant S, Gilkeson G. ETS transcription factors and regulation of immunity.
Arch Immunol Ther Exp (Warsz) (2006) 54:149–63. doi: 10.1007/s00005-006-0017-z

22. Garrett-Sinha LA. Review of Ets1 structure, function, and roles in immunity.
Cell Mol Life Sci (2013) 70:3375–90. doi: 10.1007/s00018-012-1243-7

23. Eyquem S, Chemin K, Fasseu M, Bories J-C. The ets-1 transcription factor is
required for complete pre-T cell receptor function and allelic exclusion at the T cell receptor
beta locus. Proc Natl Acad Sci U.S.A. (2004) 101:15712–7. doi: 10.1073/pnas.0405546101

24. Grenningloh R, Kang BY, Ho I-C. Ets-1, a functional cofactor of T-bet, is
essential for Th1 inflammatory responses. J Exp Med (2005) 201:615–26.
doi: 10.1084/jem.20041330

25. Horng T, Barton GM, Medzhitov R. TIRAP: an adapter molecule in the toll
signaling pathway. Nat Immunol (2001) 2:835–41. doi: 10.1038/ni0901-835

26. Saric A, Freeman SA, Williamson CD, Jarnik M, Guardia CM,
Fernandopulle MS, et al. SNX19 restricts endolysosome motility through
contacts with the endoplasmic reticulum. Nat Commun (2021) 12:4552.
doi: 10.1038/s41467-021-24709-1

27. Anzick S, Thurm A, Burkett S, Velez D, Cho E, Chlebowski C, et al.
Chromoanasynthesis as a cause of Jacobsen syndrome. Am J Med Genet (2020)
182:2533–9. doi: 10.1002/ajmg.a.61824
frontiersin.org

https://doi.org/10.1159/000152624
https://doi.org/10.1186/1750-1172-4-9
https://doi.org/10.1002/ajmg.a.37859
https://doi.org/10.1002/ajmg.a.20592
https://doi.org/10.1007/s10875-015-0211-z
https://doi.org/10.1007/s10875-015-0211-z
https://doi.org/10.1111/j.1440-1754.2011.02136.x
https://doi.org/10.1016/S1081-1206(10)60192-5
https://doi.org/10.1007/s10875-013-9966-2
https://doi.org/10.1016/S0929-693X(99)80052-9
https://doi.org/10.1016/j.anai.2018.09.307
https://doi.org/10.1016/j.anai.2018.09.307
https://doi.org/10.3390/genes12081197
https://doi.org/10.3390/genes12081197
https://doi.org/10.1002/ajmg.10284
https://doi.org/10.18176/jiaci.0777
https://doi.org/10.1007/s10875-021-01169-2
https://doi.org/10.1007/s10875-022-01303-8
https://doi.org/10.1101/mcs.a004010
https://doi.org/10.1016/j.jaci.2010.12.085
https://doi.org/10.1002/ajmg.c.31448
https://doi.org/10.1007/s00005-006-0017-z
https://doi.org/10.1007/s00018-012-1243-7
https://doi.org/10.1073/pnas.0405546101
https://doi.org/10.1084/jem.20041330
https://doi.org/10.1038/ni0901-835
https://doi.org/10.1038/s41467-021-24709-1
https://doi.org/10.1002/ajmg.a.61824
https://doi.org/10.3389/fimmu.2022.867206
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Case report: ETS1 gene deletion associated with a low number of recent thymic emigrants in three patients with Jacobsen syndrome
	Introduction
	Case description
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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 false
  /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 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /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 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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /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 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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /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
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


