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Background: Loss of function mutations in the genes encoding the pancreatic β-cell
ATP-sensitive potassium (KATP) channel are identified in approximately 80% of patients
with diazoxide unresponsive hyperinsulinemic hypoglycemia (HH). For a small number of
patients HH can occur as part of a multisystem disease such as Beckwith–Wiedemann
syndrome (BWS). In approximately 20% of patients, BWS results from chromosome 11
paternal uniparental disomy (UPD), which causes dysregulation of imprinted growth regula-
tion genes at 11p15.5.There is a considerable range in the clinical features and phenotypic
severity associated with BWS which is likely to be due to somatic mosaicism. The cause
of HH in these patients is not known. Research Design and Methods: We undertook
microsatellite analysis of 12 markers spanning chromosome 11p in two patients with severe
HH and diffuse disease requiring a pancreatectomy. In both patients mutations in the KATP
channel genes had not been identified. Results: We identified segmental paternal UPD
in DNA extracted from pancreatic tissue in both patients. UPD was not observed in DNA
extracted from the patient’s leukocytes or buccal samples. In both cases the UPD encom-
passed the differentially methylated region at chromosome 11p15.5. Despite this neither
patient had any further features of BWS. Conclusion: Paternal UPD of the chromosome
11p15.5 differentially methylated region limited to the pancreatic tissue may represent a
novel cause of isolated diazoxide unresponsive HH. Loss of heterozygosity studies should
therefore be considered in all patients with severe HH who have undergone pancreatic
surgery when KATP channel mutation(s) have not been identified.
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INTRODUCTION
Hyperinsulinemic hypoglycemia (HH) is a heterogeneous disorder
characterized by dysregulated insulin secretion. A range in clinical
severity is observed with some patients presenting with mild tran-
sient hypoglycemia whilst others have persistent HH that requires
medical management. In the most severe cases where euglycemia
is not achieved despite intensive therapy, pancreatic surgery may
be required.

For approximately 80% of patients who require pancreatic
surgery, HH is due to inactivating mutation(s) in genes encoding
the SUR1 (ABCC8) and Kir6.2 (KCNJ11) subunits of the pan-
creatic β-cell ATP-sensitive potassium (KATP) channel (Thomas
et al., 1995; Thomas et al., 1996; Bellanne-Chantelot et al., 2010).
A genetic diagnosis is clinically important for these patients as
the mode of inheritance provides information on the histo-
logical subtype. Typically, diffuse disease affects all the β-cells
and is most commonly due to recessive mutations in KCNJ11
or ABCC8. Patients with diazoxide unresponsive diffuse disease
often require a near total pancreatectomy. In contrast, in focal
disease, the affected area is localized to a single region of the
pancreas.

The genetic etiology of focal HH is distinct from that of the
diffuse form and involves a paternally inherited ABCC8/KCNJ11
mutation and paternal uniparental isodisomy (UPD) within the
focal lesion (de Lonlay et al., 1997; Damaj et al., 2008). The
UPD unmasks the recessive mutation and causes a dysregula-
tion of imprinted genes at chromosome 11p15.5. For patients
with a paternally inherited mutation a 18FDOPA-PET CT scan is
required to confirm and localize the focal lesion following which
the patient may undergo a curative lesionectomy (de Lonlay et al.,
1997; Otonkoski et al., 2006).

Medically unresponsive HH has also been reported in patients
with Beckwith–Wiedemann syndrome (BWS; MIM #130650;
Debaun et al., 2000; Munns and Batch, 2001). In these patients
BWS can result from multiple genetic mechanisms, including
mosaic paternal UPD, which causes a dysregulation of imprinted
genes at chromosome 11p15.5 (reviewed in Weksberg et al., 2005).
A range of clinical features and severity of phenotype is observed
in BWS with typical features including macrosomia, macroglos-
sia, abdominal wall defects, hemihyperplasia, embryonal tumors,
adrenocortical cytomegaly, ear anomalies, visceromegaly, renal
abnormalities, cleft palate, and neonatal HH. Hypoglycemia
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occurs in approximately 50% of cases and is highly variable in
terms of duration and clinical severity. In some patients HH may
be transient, resolving within the first few days of life, whilst
in approximately 5% of children the HH is persistent and may
require pancreatic surgery (Debaun et al., 2000; Munns and Batch,
2001). Although the underlying mechanism leading to HH in
these patients is unclear, the variability in clinical phenotype has
been attributed to the level of mosaicism for the somatic mutation
within the various affected tissues (Smith et al., 2007).

We report two cases with severe, medically unresponsive HH
and diffuse histological disease in whom paternal UPD of the chro-
mosome 11p15.5 imprinted region was found within pancreatic
tissue. Neither patient has any other feature associated with BWS.

MATERIALS AND METHODS
CLINICAL STUDIES
The study was conducted in accordance with the Declaration
of Helsinki 2000 and informed consent was obtained from the
parents on behalf of their children.

MOLECULAR GENETICS
Genomic DNA was extracted from peripheral leukocytes of the
patients and parents and from resected pancreatic tissue and
buccal cells (when available) from the patients using standard
procedures. The coding regions, intron exon/boundaries, and the
minimal promoter regions of the ABCC8 and KCNJ11 genes
were amplified and sequenced as previously described (Flana-
gan et al., 2007; primers for minimal promoter regions available
on request). Sequences were compared to published sequences
(NM_000525.3 and NM_000352.2) using Mutation Surveyor soft-
ware (SoftGenetics, State College, PA, USA). When no coding
mutation was identified dosage analysis of the ABCC8 gene was
undertaken using mulitplex ligation-dependent probe amplifica-
tion (MLPA) as per the manufacturer’s instructions (Kit P117,
MRC Holland, Amsterdam, Netherlands). Products were analyzed

using GeneMarker software v1.85 (SoftGenetics, State College, PA,
USA).

Loss of heterozygosity of chromosome 11 was investigated by
the analysis of 12 microsatellite makers on chromosome 11p.
Details of the microsatellite markers are provided in Figure 1.
The 12 markers were amplified by PCR using DNA extracted from
the patient and parental leukocytes and DNA from the patients
resected pancreatic tissue and when available buccal cells (details of
primers available on request). The fluorescently tagged PCR prod-
ucts were run on an ABI 3100 (Applied Biosystems, Warrington,
UK) and the allele peak heights were compared using GeneMarker
software v1.85 (SoftGenetics, State College, PA, USA).

RESULTS
CASE REPORTS
Proband 1
The male patient was born at 40 weeks gestation with a birth
weight of 3900 g to unaffected parents. He was noted to be hypo-
glycemic on the first day of life (blood glucose of 1.1 mmol/l) with
biochemical evidence of HH. An intravenous glucose infusion of
24 mg/kg/min was required to maintain normoglycemia. He was
unresponsive to diazoxide and hence was stabilized on a subcu-
taneous infusion of octreotide while awaiting surgery. Pancreatic
biopsy performed in the 7th week of life revealed enlarged clus-
ters of islet tissue without nuclear enlargement or hyperchromasia
and arranged in ribbon-like pattern. Very little exocrine tissue was
apparent. He underwent a near total pancreatectomy at 9 weeks
of age following which he achieved normoglycemia. The resected
pancreas showed the same histological changes as the biopsy. These
appearances are those seen in focal HH but involved the entire pan-
creas. Currently, at 6 years of age, he remains normoglycemic and
is neurodevelopmentally appropriate for his age.

Proband 2
The male patient was born at term with a birth weight of 3870 g to
healthy parents. Symptomatic hypoglycemia was noted at 7 h of life

FIGURE 1 | Results of microsatellite analysis of markers on

chromosome 11p amplified from leukocyte DNA of the probands

and their parents and from the pancreatic DNA from the

probands. Red text represents markers which are informative for

paternal UPD, green text represents markers which show no
evidence of UPD, and blue texts represents markers which are
uninformative. The distance between the marker and the telomere at
11p is provided.
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and HH was confirmed biochemically. He required an intravenous
glucose infusion of 25 mg/kg/min to maintain normoglycemia
and did not respond to a trial of medical treatment (diazoxide,
octreotide, and nifedipine). At 8 weeks of age, he underwent 50%
resection of his pancreas, followed by a near total pancreatec-
tomy as hypoglycemia persisted post-operatively. Histology of the
resected pancreas revealed excess of enlarged islets with endocrine
cells forming ribbons. The amount of exocrine tissue was greatly
reduced. These histological appearances are seen in focal HH but
the pathology involved the entire pancreas.

Following a near total pancreatectomy, he was managed on oral
diazoxide and regular gastrostomy feeds (continuous overnight
and daytime bolus feeds) to maintain normoglycemia. The patient
is currently 6.8 years of age and is on minimal doses of diazox-
ide (6 mg/kg/day) and daytime gastrostomy feeds to maintain

normoglycemia along with pancreatic enzyme supplementation
for exocrine insufficiency. There are no neurodevelopmental
concerns.

GENETICS
Sequencing analysis of the KCNJ11 and ABCC8 genes did not iden-
tify a mutation in leukocyte DNA from either patient and MLPA
analysis of the ABCC8 gene confirmed normal gene dosage in
leukocyte and pancreatic tissue from both cases.

In proband 1 microsatellite analysis of four markers span-
ning the chromosome 11p15.5 region (2.23 Mb) demonstrated a
reduced peak height for the maternal allele in the pancreatic tissue
when compared to the leukocyte and buccal cell DNA (Figures 1
and 2, results from buccal cells not shown). One marker was
uninformative and four markers were heterozygous in all three

FIGURE 2 | A region of chromosome 11 has been expanded to

demonstrate the area of UPD in relation to the location of the imprinted

locus at 11p15.5 and the ABCC8 and KCNJ11 genes. IC denotes the
imprinted control regions 1 and 2. Red text represents markers which are
informative for paternal UPD, green text represents markers which show no
evidence of UPD, and blue texts represents uninformative markers. Directly

below are electropherograms that demonstrate the results of microsatellite
analysis for one of the markers (D11S1318 and D11S1397) which are
informative for UPD in pancreatic tissue for each of the probands. The x -axis
indicates the size of the product (base pairs) and the y -axis denotes the
product quantity (arbitrary units). In each example mosaic paternal UPD is
illustrated by a larger peak for the paternal allele compared to the maternal.
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samples. These results confirmed segmental loss of the short arm
of the maternal chromosome 11 (maximum size 5.89 Mb) within
the pancreatic tissue but not within the buccal or leukocyte DNA
(Figure 2).

In proband 2, six markers spanning 17.68 Mb on chromo-
some 11p15.5–11p15.1 demonstrated a reduced peak height for
the maternal allele in the pancreatic tissue when compared to
the leukocyte DNA (Figures 1 and 2). Three markers were unin-
formative and four markers were heterozygous in the leukocyte
and pancreatic samples defining the maximum region of loss of
heterozygosity as 35.92 Mb.

DISCUSSION
Microsatellite analysis revealed a loss of the maternal chromo-
some 11p15.5 allele in DNA extracted from pancreatic tissue in
two patients with diazoxide unresponsive HH and diffuse pancre-
atic disease. In one patient the region was limited to chromosome
11p15.5 whilst in the second patient the loss of heterozygosity
extended over ABCC8 and KCNJ11. In this patient sequencing of
the coding regions, intron/exon boundaries, and minimal promot-
ers of the KATP channel genes and ABCC8 gene dosage studies did
not identify a mutation, although this does not exclude a mutation
in the non-coding regions of these genes.

In both patients the maximum shared region of maternal
loss of heterozygosity spanned 5.89 Mb which encompassed the
genes IGF2, H19, KCNQ1, KCNQ10T1, CDKN1C, PHLD1, and
SLC22A18, and the imprinted control regions which have been
implicated in BWS and growth regulation (Figure 2). In proband
2, where the loss of heterozygosity extended over the KATP chan-
nel genes, ABCC8 gene dosage studies confirmed normal diploid
copy number within the pancreatic tissue which suggests that
the loss of heterozygosity is likely to be due to mosaic segmental
paternal UPD.

Paternal UPD of chromosome 11p15.5 accounts for approxi-
mately 20% of BWS cases and in the vast majority of cases patients
exhibit somatic mosaicism (Henry et al., 1991). The presence
of mosaicism implies that in these patients UPD arises post-
zygotically as a result of somatic recombination and therefore the
tissues that will be affected will depend on the timing at which
this event occurs during embryogenesis. As severe HH requir-
ing pancreatectomy has been reported in patients with BWS it
seems likely that paternal UPD over the BWS locus within the
pancreatic tissue is responsible for the severe HH observed in our
patients (Debaun et al., 2000; Munns and Batch, 2001; Smith et al.,
2007). In addition, the histopathology in these patients is similar

to that reported in BWS (Hussain et al., 2005). Further studies are
required to elucidate the mechanism of HH in these patients.

Despite extensive clinical examination no further features of
BWS were detected in either patient which is likely to reflect the
absence of UPD in other tissues. This hypothesis is supported
by previous reports which identified chromosome 11p15 UPD in
patients with isolated hemihyperplasia with or without embryonal
tumors (Grundy et al., 1991; Weksberg et al., 2005). It has been
suggested that these patients reflect the milder end of the BWS
spectrum (Weksberg et al., 2005). Whilst it would be interesting
to have investigated the presence/level of UPD in other “unaf-
fected” tissues in these two cases the only sample in addition to
leukocyte and pancreatic DNA that was available for testing was
buccal cells from one patient. Microsatellite analysis using DNA
extracted from buccal cells demonstrated heterozygosity for all
markers tested which is in keeping with the absence of, or low
level UPD.

Currently for around 20% of patients with severe HH which
requires a pancreatectomy sequencing and dosage analysis of the
ABCC8 and KCNJ11 genes does not identify a mutation (Bellanne-
Chantelot et al., 2010). Our finding that mosaic paternal UPD of
chromosome 11p15.5, limited to pancreatic tissue, can cause HH
without features of BWS suggest that loss of heterozygosity stud-
ies should be undertaken when pancreatic tissue is available. This
genetic diagnosis is clinically important as it provides information
regarding recurrence risk and also, in the absence of other tissue
available for testing, these patients should be monitored closely
as they may be at high risk of embryonal tumors (Henry et al.,
1991).

In conclusion, we have demonstrated paternal UPD of the
chromosome 11p15.5 differentially methylated region within the
pancreatic tissue in two patients with isolated HH. The absence of
UPD in other tissues tested is in keeping with the lack of features
associated with BWS. This mechanism may represent a novel cause
of isolated diazoxide unresponsive HH and should be considered
in all patients without a KATP channel mutation where pancreatic
tissue is available.

ACKNOWLEDGMENTS
S. E. Flanagan was the Sir Graham Wilkins Peninsula Medical
School Research fellow. R. R. Kapoor is a NIHR-BRC Clinical
Research Associate. Sian Ellard is a member of the core staff within
the NIHR funded Peninsula Clinical Research Facility. We thank
Annet Damhuis for technical assistance. This study was funded by
the Wellcome Trust (081188/A/06/Z) and Diabetes UK.

REFERENCES
Bellanne-Chantelot, C., Saint-Martin,

C., Ribeiro, M. J.,Vaury, C.,Verkarre,
V., Arnoux, J. B., Valayannopou-
los, V., Gobrecht, S., Sempoux, C.,
Rahier, J., Fournet, J. C., Jaubert,
F., Aigrain, Y., Nihoul-Fekete, C.,
and De Lonlay, P. (2010). ABCC8
and KCNJ11 molecular spectrum
of 109 patients with diazoxide-
unresponsive congenital hyperin-
sulinism. J. Med. Genet. 47, 752–759.

Damaj, L., Le Lorch, M., Verkarre,
V., Werl, C., Hubert, L., Nihoul-
Fekete, C., Aigrain, Y., De Keyzer, Y.,
Romana, S. P., Bellanne-Chantelot,
C., De Lonlay, P., and Jaubert,
F. (2008). Chromosome 11p15
paternal isodisomy in focal forms
of neonatal hyperinsulinism.
J. Clin. Endocrinol. Metab. 93,
4941–4947.

de Lonlay, P., Fournet, J. C., Rahier, J.,
Gross-Morand, M. S., Poggi-Travert,

F., Foussier,V., Bonnefont, J. P., Brus-
set, M. C., Brunelle, F., Robert, J. J.,
Nihoul-Fekete, C., Saudubray, J. M.,
and Junien, C. (1997). Somatic dele-
tion of the imprinted 11p15 region
in sporadic persistent hyperinsuline-
mic hypoglycemia of infancy is spe-
cific of focal adenomatous hyperpla-
sia and endorses partial pancreatec-
tomy. J. Clin. Invest. 100, 802–807.

Debaun, M. R., King, A. A., and
White, N. (2000). Hypoglycemia

in Beckwith-Wiedemann syndrome.
Semin. Perinatol. 24, 164–171.

Flanagan, S. E., Patch, A. M., Mackay,
D. J., Edghill, E. L., Gloyn, A. L.,
Robinson, D., Shield, J. P., Tem-
ple, K., Ellard, S., and Hatters-
ley, A. T. (2007). Mutations in
ATP-sensitive K+ channel genes
cause transient neonatal diabetes
and permanent diabetes in child-
hood or adulthood. Diabetes 56,
1930–1937.

Frontiers in Endocrinology | Genomic Endocrinology November 2011 | Volume 2 | Article 66 | 4

http://www.frontiersin.org/Endocrinology
http://www.frontiersin.org/Genomic_Endocrinology
http://www.frontiersin.org/Genomic_Endocrinology/archive


Flanagan et al. Hyperinsulinaemic-hypoglycaemia and chromosome 11 UPD

Grundy, P., Telzerow, P., Paterson, M.
C., Haber, D., Berman, B., Li, F.,
and Garber, J. (1991). Chromosome
11 uniparental isodisomy predispos-
ing to embryonal neoplasms. Lancet
338, 1079–1080.

Henry, I., Bonaiti-Pellie, C., Chehensse,
V., Beldjord, C., Schwartz, C., Uter-
mann, G., and Junien, C. (1991).
Uniparental paternal disomy in
a genetic cancer-predisposing syn-
drome. Nature 351, 665–667.

Hussain, K., Cosgrove, K. E., Shep-
herd, R. M., Luharia, A., Smith,
V. V., Kassem, S., Gregory, J. W.,
Sivaprasadarao, A., Christesen, H.
T., Jacobsen, B. B., Brusgaard, K.,
Glaser, B., Maher, E. A., Lindley,
K. J., Hindmarsh, P., Dattani,
M., and Dunne, M. J. (2005).
Hyperinsulinemic hypoglycemia in
Beckwith-Wiedemann syndrome
due to defects in the function
of pancreatic beta-cell adenosine
triphosphate-sensitive potassium

channels. J. Clin. Endocrinol. Metab.
90, 4376–4382.

Munns, C. F., and Batch, J. A. (2001).
Hyperinsulinism and Beckwith-
Wiedemann syndrome. Arch.
Dis. Child. Fetal Neonatal Ed. 84,
F67–F69.

Otonkoski, T., Nanto-Salonen, K., Sep-
panen, M., Veijola, R., Huopio,
H., Hussain, K., Tapanainen, P.,
Eskola, O., Parkkola, R., Ekstrom,
K., Guiot, Y., Rahier, J., Laakso,
M., Rintala, R., Nuutila, P., and
Minn, H. (2006). Noninvasive diag-
nosis of focal hyperinsulinism of
infancy with [18F]-DOPA positron
emission tomography. Diabetes 55,
13–18.

Smith, A. C., Shuman, C., Chitayat, D.,
Steele, L., Ray, P. N., Bourgeois, J.,
and Weksberg, R. (2007). Severe pre-
sentation of Beckwith-Wiedemann
syndrome associated with high lev-
els of constitutional paternal uni-
parental disomy for chromosome

11p15. Am. J. Med. Genet. A 143A,
3010–3015.

Thomas, P., Ye, Y., and Lightner, E.
(1996). Mutation of the pancreatic
islet inward rectifier Kir6.2 also leads
to familial persistent hyperinsuline-
mic hypoglycemia of infancy. Hum.
Mol. Genet. 5, 1809–1812.

Thomas, P. M., Cote, G. J., Wohllk,
N., Haddad, B., Mathew, P. M.,
Rabl, W., Aguilar-Bryan, L., Gagel,
R. F., and Bryan, J. (1995). Muta-
tions in the sulfonylurea receptor
gene in familial persistent hyperin-
sulinemic hypoglycemia of infancy.
Science 268, 426–429.

Weksberg, R., Shuman, C., and Smith,
A. C. (2005). Beckwith-Wiedemann
syndrome. Am. J. Med. Genet. C
Semin. Med. Genet. 137C, 12–23.

Conflict of Interest Statement: The
authors declare that the research was
conducted in the absence of any
commercial or financial relationships

that could be construed as a potential
conflict of interest.

Received: 22 September 2011; accepted:
14 October 2011; published online: 02
November 2011.
Citation: Flanagan SE, Kapoor RR,
Smith VV, Hussain K and Ellard S
(2011) Paternal uniparental isodisomy
of chromosome 11p15.5 within the pan-
creas causes isolated hyperinsulinemic
hypoglycemia. Front. Endocrin. 2:66. doi:
10.3389/fendo.2011.00066
This article was submitted to Frontiers
in Genomic Endocrinology, a specialty of
Frontiers in Endocrinology.
Copyright © 2011 Flanagan, Kapoor,
Smith, Hussain and Ellard. This is an
open-access article subject to a non-
exclusive license between the authors and
Frontiers Media SA, which permits use,
distribution and reproduction in other
forums, provided the original authors and
source are credited and other Frontiers
conditions are complied with.

www.frontiersin.org November 2011 | Volume 2 | Article 66 | 5

http://dx.doi.org/10.3389/fendo.2011.00066
http://www.frontiersin.org
http://www.frontiersin.org/Genomic_Endocrinology/archive

	Paternal uniparental isodisomy of chromosome 11p15.5 within the pancreas causes isolated hyperinsulinemic hypoglycemia
	Introduction
	Materials and Methods
	Clinical studies
	Molecular Genetics

	Results
	Case reports
	Proband 1
	Proband 2

	Genetics

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 0.1000
  /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 true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


