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Abstract

Holoprosencephaly (HPE) is a frequent congenital malformation of the brain characterized
by impaired forebrain cleavage and midline facial anomalies. Heterozygous mutations in

14 genes have been identified in HPE patients that account for only 30% of HPE cases,
suggesting the existence of other HPE genes. Data from homozygosity mapping and
whole-exome sequencing in a consanguineous Turkish family were combined to identify a
homozygous missense mutation (c.2150G>A; p.Gly717Glu) in STIL, common to the two af-
fected children. STIL has a role in centriole formation and has previously been described in
rare cases of microcephaly. Rescue experiments in U20S cells showed that the STIL
p.Gly717Glu mutation was not able to fully restore the centriole duplication failure following
depletion of endogenous STIL protein indicating the deleterious role of the mutation. In situ
hybridization experiments using chick embryos demonstrated that expression of Stil was in
accordance with a function during early patterning of the forebrain. It is only the second time
that a STIL homozygous mutation causing a recessive form of HPE was reported. This re-
sult also supports the genetic heterogeneity of HPE and increases the panel of genes to be
tested for HPE diagnosis.

Introduction
Holoprosencephaly (HPE) (#236100) is the most frequent congenital malformation of the

brain (1 in 10,000 live births; 1 in 250 conceptuses). HPE is characterized by impaired forebrain
cleavage, midline facial anomalies and wide phenotypic spectrum. The clinical spectrum ranges
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from alobar HPE to semilobar and lobar HPE generally associated with facial anomalies [1].
HPE is a severe pathology with mental retardation and developmental delay in all affected live
newborns, with poor or symptomatic treatment. In addition, the midline malformation affects
the development of the hypothalamus and the pituitary gland, leading to frequent endocrine
disorders like temperature, heart rate and respiration instabilities, hypogonadism, thyroid hy-
poplasia or diabetes insipidus. The oromotor dysfunction is also affected, with feeding and
swallowing difficulties [2]. Only 20% of children with alobar HPE survive after the first year of
life, and 50% of infants with semi-lobar HPE are alive after 12 months [3]. Isolated HPE pres-
ents a high genetic heterogeneity and to date heterozygous mutations in 14 genes have been
identified in HPE patients, 4 major genes (Sonic hedgehog or SHH, ZIC2, SIX3, TGIF1) and

10 genes considered as minor genes (PTCHI, TDGF1, FAST1, GLI2, DISP1, FGF8, GASI,
CDON, NODAL and DLLI) [4-7]. These genes encode proteins playing a role in early develop-
ment, belonging mostly to signaling pathways like Sonic Hedgehog (SHH) or Nodal [8]. How-
ever, many patients remain without a molecularly confirmed diagnosis. In 70% of isolated
cases, mutations in SHH, SIX3 and TGIFI are inherited from a parent unaffected or harboring
a microform of HPE [1], suggesting that other events are necessary to develop the disease.
Thus, the mode of inheritance described as autosomal dominant with an incomplete pene-
trance and a variable expression has evolved to the assumption of a multi-hit pathology requir-
ing two or more events involving several genes from the same or different signaling pathways.

The existence of rare consanguineous families suggests the possibility that autosomal reces-
sive inheritance may account for a substantial part of this disorder. In the case of a rare reces-
sively inherited disorder and known consanguinity, the initial assumptions are that the disease
is caused by a homozygous variant inherited from both parents and that this variant resides
within a large homozygous region.

To test this hypothesis and to improve the genetic basis of HPE, we have employed homozy-
gosity mapping in two affected siblings and their mother issued from a Turkish consanguine-
ous family (parents were first cousins), coupled with a next-generation sequencing approach
on DNA from the mother and only one of the affected siblings (Fig. 1A). DNA of the father
was not available.

Material and Methods

All patient samples in this study were obtained with informed consent according to the proto-
cols approved by the local ethics committee (Rennes hospital).

Homozygosity Mapping

Genome-wide genotyping was undertaken using Illumina 300K single nucleotide polymor-
phism (SNP) mapping array beadchip (Illumina), on DNA of individuals I2 (mother), II3 (sib-
ling—girl) and II5 (sibling—boy). The BlueFuse Multi software v3.3 (BlueGnome) was used to
identify homozygous regions in all the family members. Only the regions longer than 1Mb and
carrying at least 100 consecutive homozygous SNPs were selected. In parallel, homozygous re-
gions and inbreeding coefficients were estimated/analyzed using FSuite pipeline [9].

Whole exome sequencing and variants filtering

Exome sequencing was performed on DNA of the boy II5 and of the mother I2 by Integragen
using SureSelect V5 capture kit (Agilent) on HiSeq system (Illumina). The mean coverage was
80x, 95% of sequences had at least 10-times coverage and 91% of sequenced bases had a quality
score greater than or equal to Q30. Bioinformatics analysis has been conducted with the Illu-
mina pipeline analysis CASAVA v1.8. The sequenced reads were aligned to the hg19 human
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Fig 1. Pedigree of the consanguineous family, brain MRI of the affected siblings, Sanger validation of the ¢.2150G>A (p.Gly717Glu) STIL mutation,
and schematic report of all STIL mutations reported so far. (A) Pedigree of the inbred family. Closed symbols indicate individuals affected with
holoprosencephaly. Family members marked with an asterisk were analyzed by whole exome sequencing. (B) Coronal (on the left) and axial (on the right)
brain MRl in individuals 113 and 115 at 12 and 5 years old respectively. l13: lobar HPE, the arrow in the coronal section shows the corpus callosum, and the
arrows in the axial section show the absence of visualization of frontal horns, and a partial agenesis of the corpus callosum; 115: semi-lobar HPE, the arrow on
axial MRI shows the absence of occipital lobe and a large unilateral temporal and occipital fluid cavity communicating. (C) Sanger validation was performed for
the 3 available individuals 12, 113 and 115. The ¢.2150G>A mutation in STIL revealed a segregation with HPE in the two affected children. (D) Distribution of
mutations previously reported in the literature on STIL protein. All mutations were present in a homozygous state [21,23,29] except those represented under
the protein, which were two compound heterozygous mutations [28]. The p.Leu1218* mutation was found twice in two different families. The mutation reported
in this study is p.Gly717Gilu (in red) and is located in the central domain of the protein. Three important domains were represented here, the CPAP binding
domain from amino acid 429 to 448, the coiled-coil domain (CC) from amino acid 720 to 750 and the KEN box, located between amino acids 1243-1245.

doi:10.1371/journal.pone.0117418.9001

reference genome with Eland v2 before variant calling (SNV and INDEL) with the CASAVA
suite. The variants were then integrated into the Integragen proprietary online tool ERIS v2.0
(http://eris.integragen.com/) and filtered according to their genotype, allele frequency, and var-
iant position within the gene. Based on the assumption that the mutation underlying the HPE
was recessive in this inbred family, only mutations at a homozygous state in the boy (l15) and at
a heterozygous state in the mother (12) were retained. Resulting variants were annotated using
a February 2014 build of ANNOVAR [10]. This software maps variants to RefSeq genes,
known variations and frequencies from dbSNP137; it also annotates the predicted functional
consequences of missense variants using six prediction algorithms (SIFT, Polyphen2, LRT,
Mutation Taster, Mutation Assessor and FATHMM) and three conservation scores (PhyloP,
GERP++ and SiPhy) from the dbNSFP v2.0 [11]. Predictions by two new ANNOVAR in-
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house prediction scores were also performed. These algorithms, MetaSVM and MetaLR, use a
radial Support Vector Machine (SVM) model that is based on multiple other scores, and ac-
cording to the ANNOVAR website, the model outperforms other algorithms (developed by
Coco Dong and Dr. Xiaoming Liu, University of Southern California, http://www.
openbioinformatics.org/annovar/annovar_filter html). Complementary annotations were per-
formed using Condel v2.0 [12], Alamut v2.3 (Interactive Biosoftware) and Ingenuity Variant
Analysis (www.ingenuity.com/variants) softwares.

Sanger sequencing

The STIL mutation ¢.2150G>A was confirmed in the mother I2 and the boy II5, and searched
for in the girl II3 by classic Sanger sequencing. This was done using the BigDye terminator
cycle sequencing kit (Applied Biosystems) on an ABI3130xl sequencer (Applied Biosystems)
and analyzed using SeqScape software v2.6 (Life Technologies).

Centriole duplication assay

The plasmid expressing GFP-STIL p.Gly717Glu was obtained by site-directed mutagenesis
from a pEGFP-CI plasmid containing cDNA of GFP-STIL, kindly provided by Alwin Kramer
(German Cancer Research Center, Heidelberg, Germany). These plasmids were resistant to the
siRNA used for depletion of endogenous STIL. The sequence of the siRNA used was 5’
CAGUAACUCUAGCAAAUAA-3". U20S cells (human osteosarcomas cells) were grown at
37°C in DMEM media containing 10% fetal calf serum and 100 U/ml of streptomycin and pen-
icillin. Rescue experiments were performed as described in Franck et al [13]. Cells were trans-
tected using JetPRIME transfection reagent (Polyplus Transfection), first with 100 pmol/ml of
siRNA, and 24h later with 600 ng/ml of plasmids pEGFP-STIL WT or pEGFP-STIL p.Gly717-
Glu. At the same time, cells were synchronized in G1/S phase with aphidicolin at 4 ul/ml. Cells
were fixed 36h after plasmid transfection with methanol. For counting, centrioles were labeled
using a mouse anti-centrin antibody (Millipore, clone 20H5) and GFP-STIL was labeled using
a rabbit anti-GFP antibody (Abcam, ab-89314). The experiments were repeated at least three
time and a minimum of 50 cells were counted for each experiment.

In Situ Hybridization

Fertilized chicken (Gallus gallus) eggs were obtained from EARL Les Bruyeres (France). For
the required developmental stages Hamburger and Hamilton (HH) 8, HH10 and HH16, eggs
were incubated in a humidified incubator at 38°C [14]. After harvesting, chick embryos were
fixed with 4% paraformaldehyde in phosphate buffered saline. The Stil probe was generated by
PCR using the Gallus gallus NCBI Stil sequence, and subcloned in the pCRII-TOPO vector
(Invitrogen, Cergy Pontoise, France). The recombinant plasmid was used to transcribe the
sense and antisense RNA probes, labeled with digoxygenin. Whole-mount in situ hybridization
was performed as previously described [15].

Results and Discussion

The two HPE affected children (born alive) and their three healthy siblings were seen in France,
the girl (II3) was 12 years of age and the boy (II5) was 5 years of age (Fig. 1A, B).

For 113, her weight was 21.7 kg (-2.5 Standard Deviation, SD), height 1.24 m (-3SD), and
occipitofrontal circumference (OFC) 41 cm (microcephaly <-7SD). Although the OFC was
not recorded at birth, microcephaly was reported to be congenital. She had a severe intellectual
disability, said only a few words, with a good understanding. Her walk was normal and she had
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no behavioral or sleep defects. Brain MRI showed lobar HPE, absence of ventricular frontal
horns, partial agenesis of the corpus callosum, both anterior and of the splenium (Fig. 1B).

For II5, his weight was 14 kg (-2SD), height 1 m (-2SD), and OFC 41.5 cm (microcephaly
<-8SD). Microcephaly was also congenital. He had hypotelorism, major behavioral disorders,
with episodes of self-aggression and sleep disorders. He had no language or acquired sphincter
control. His walk was normal. He developed generalized tonic clonic seizures. Brain MRI re-
vealed a semi-lobar HPE, atrophy of the vermis, partial agenesis of the corpus callosum, ab-
sence of occipital lobe and a large temporal and occipital fluid cavity communicating with the
right ventricular junction (Fig. 1B). Both karyotype and Comparative Genomic Hybridization
(CGH) Array detected no chromosomal abnormalities for both 113 and 115.

The homozygosity mapping identified 11 identical by descent regions larger than 1Mb,
shared by the two affected siblings and heterozygous in the mother. Exome sequencing of the
boy (115) and the mother (12) revealed homozygous mutations in 7 genes located in these re-
gions, among which 6 were on the same largest region of 18Mb located on 1p23 between
rs230280 and rs12402927 (CTRC, SPEN, WDR65, STIL, ORCI1, LCCR?7), and 1 was located on
12q24 (PGAMS).

Frequencies of these mutations in public databases, bioinformatics predictions, conserva-
tion properties and physico-chemical gap between the wild-type and mutated amino acid were
analyzed (Table 1). Regarding these elements, the 3 mutations presenting the most deleterious
criteria were those located in CTRC, ORCI and STIL. The CTRC gene encoded the serine prote-
ase chymotrypsin C, a protein produced in small quantities by pancreatic cells that degrades
trypsin. Mutations in CTRC have been associated with hereditary pancreatitis [16]. CTRC was
not expressed in the mouse adult brain (Expression Atlas, European Molecular Biology Labora-

tory), and the only known link with development is its association with enamel development,
the hard mineralized surface of teeth [17]. The combination of these elements permitted the
CTRC mutation to be discarded. The ORCI mutation was intriguing because mutations in this

Table 1. Characteristics of homozygous candidate mutations.

Gene Mutation Amino acid Physico- Minor allele Bioinformatics predictions
conservation chemical frequency
gap
1000G ESP6500 Condel SIFT PolyPhen2 MetaSVM  MetalLR

CTRC p. very conserved low MAF = no deleterious  deleterious probably deleterious deleterious
Glu96Lys 0,0005 damaging

SPEN p. no data low no no neutral tolerated probably tolerated tolerated
Arg672GIn damaging

WDR65 p. poorly conserved low no no neutral tolerated benign tolerated tolerated
Arg891Gin

STIL p. very conserved high no no deleterious  deleterious probably deleterious tolerated
Gly717Glu damaging

ORC1 p. very conserved low MAF = no deleterious deleterious probably tolerated tolerated
Arg728His 0,0005 damaging

LRRC7 p. moderately high no no neutral tolerated benign tolerated tolerated
Pro755Ser conserved

PGAM5 p. very conserved low MAF = MAF = deleterious tolerated possibly tolerated tolerated
Arg118His 0,0005 0,000308 damaging

The amino acid conservation and physico-chemical gap come from Alamut software. Minor Allele Frequency (MAF) in the 1000 Genomes Project (1000G,
April 2012), in the Exome Sequencing Project (ESP6500, October 2012) and bioinformatics predictions by SIFT, PolyPhen2, MetaSVM and MetalLR were
performed using ANNOVAR.

doi:10.1371/journal.pone.0117418.t001
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gene were previously associated with Meier-Gorlin syndrome, a microcephalic primordial
dwarfism [18]. ORCI encodes the subunit 1 of the origin recognition complex, a multi-subunit
DNA binding complex, which is a key component of the DNA replication licensing machinery,
and also plays a role in controlling centriole and centrosome copy number in human cells [19].
Except for microcephaly, the phenotype of Meier-Gorlin patients does not match with the phe-
notype of the affected siblings II3 and II5. In fact, the Meier-Gorlin syndrome has been charac-
terized by a proportional short stature and microcephaly, with mean heights of approximately-
5,5SD and-6SD at 5 and 12 years old [20]. Mean heights of II5 and II3 were-2SD and-2,5SD,
which was significant but not major and did not correlate with their severe microcephaly.
Moreover, the ORCI mutation found in the family was already described in the 1000 Genomes
Project (1000G, April 2012), and predicted tolerated both by MetaSVM and MetaLR from
ANNOVAR.

The mutation that presented the most deleterious criteria was the STIL homozygous muta-
tion ¢.2150G>A (p.Gly717Glu). Indeed, almost all bioinformatic tools used predicted that this
mutation was likely to affect the protein function. This mutation was located in exon 12 of the
gene STIL (or SIL; SCL/TALI interrupting locus) (RefSeqNG_012126.1), encoding a pericen-
triolar and centrosomal protein. It was absent in 1000G and the Exome Sequencing Project
(ESP6500, October 2012) databases, and in the Genome Management Application (University
of Miami Health System) that contains genomic data of about 200 Turkish families.

This mutation concerned a highly conserved nucleotide and amino acid through 12 species
including Tetraodon and Xenopus, and the physico-chemical gap between Glycine and Glu-
tamic acid is high.

Segregation analysis by Sanger sequencing in the 3 available family members (12, 113 and 1I5)
confirmed the recessive inheritance of the ¢.2150G>A (p.Gly717Glu) mutation in the STIL
gene, with consistent genotypes (Fig. 1C).

STIL mutations have been described in rare cases of autosomal recessive primary micro-
cephaly (MCPH) [21-23]. MCPH is a genetically heterogeneous disease characterized by an in-
tellectual deficit and a pronounced reduction in brain volume, with or without architectonical
anomalies, depending of the mutated gene. Eleven genes have been identified so far as being in-
volved in the cause of this disease and most of these genes encode either centrosomal proteins
or proteins associated with the poles of the mitotic spindle [24]. Several clinical and molecular
genetic studies on microcephaly have been published. These studies have shown that in typical
microcephaly, mutations in the ASPM gene were the most prevalent (14.1%) and mutations in
STIL were less frequent (2.2%). They described several truncating mutations in the C terminus
of the protein STIL (Fig. 1D) [21]. These truncating mutations deleted a motif involved in pro-
teasomal degradation, called the KEN box, which would make STIL resistant to proteasomal
degradation and cause centriole amplification. The mutation found in our HPE patients
(p.Gly717Glu) was located in a conserved central part of the protein near a coiled-coil domain
of the protein, but not in the regions interacting with the CPAP protein required for centriole
assembly (Fig. 1D) [25].

Mouse embryos homozygous for the mutated Stil allele displayed multiple abnormalities,
including forebrain midline defects and die by embryonic day (E) 10.5 [26]. These defects were
reminiscent to a HPE phenotype and led Karkera et al. to look for an association with HPE and
STIL mutations; however no causative mutations were noted in the 83 HPE patients studied
[27]. We sequenced STIL in a series of 21 patients presenting HPE and microcephaly with 8 of
them born from consanguineous parents, but we did not identify any mutations (data not
shown). Among these patients, 12 have a European origin, 7 have a North-African origin, and
2 have a Middle-Eastern origin. Recently, two papers reported the implication of recessive
STIL mutations, in a family with microcephaly associated with some midline defect [28], and
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in a consanguineous family with microcephaly and HPE [29] (Fig. 1D). Altogether, these re-
sults suggest that STIL complements the already long list of genes involved in HPE.

The STIL gene comprises 18 exons, and the protein was identified as being required for cell-
cycle mitotic entry as well as for centriole formation and duplication [30]. Depletion of STIL
blocks centriole duplication, while overexpression results in the generation of extra centrioles,
an event known as centrosome amplification. These results suggest that the expression levels of
STIL needs to be precisely controlled and this was achieved by proteasomal degradation during
mitotic exit [25,30,31].

In order to test the deleterious role of the STIL mutation p.Gly717Glu, we implemented tran-
sitory rescue experiments in U20S cells (Fig. 2). Cells were first transfected with a siRNA target-
ing endogenous STIL, and 24h later with plasmids expressing RNAI resistant GFP-STIL WT or
GFP-STIL p.Gly717Glu (Fig. 2A). Centrioles were counted 36h after transfection of GFP-STIL
plasmids, allowing expression of the WT and the mutant GFP-tagged variants of STIL, and de-
pletion of the endogenous STIL by RNAI. In order to have a homogeneous cell population, cells
were synchronized in G1/S phase by aphidicolin treatment that blocked DNA synthesis but al-
lowed centrioles to continue to replicate. In control U20S cells, we observed approximately 93%
of cells containing 4 centrioles and 7% contained less than 4 centrioles (Fig. 2B). As described in
the literature [30], in absence of plasmid, the number of centrioles per cell decreased when cells
were transfected with the STIL siRNA, with a majority of cells (80%) displaying less than 4 cen-
trioles (Fig. 2B). When cells were transfected with GFP-STIL WT and siRNA, the GFP-STIL
WT was able to rescue the duplication of centrioles, and after 36h, about 60% of cells had 4 or
more centrioles. By contrast, when cells were transfected with siRNA and GFP-STIL p.Gly717-
Glu, the rescue was less efficient. Indeed, after 36h, 67% of the cells still had less than 4 centrioles
(Fig. 2B) as illustrated in synchronized G1/S phase cells (Fig. 2C). However, we observed a par-
tial rescue, suggesting a reduced but not null activity of STIL p.Gly717Glu on centriole duplica-
tion. The same result was observed in non-synchronized U20S cells (S1 Fig.), suggesting a
deleterious role of the mutation p.Gly717Glu for STIL in our patients.

The Stil gene, highly conserved among vertebrates, has been described to be widely express-
ed in the developing mouse embryo [26]. However no data is currently available about the
early expression of Stil during vertebrate forebrain patterning. In situ hybridization (ISH) was
used to determine whether the expression of Stil coincides with a regulatory function during
ventral forebrain development when HPE arises.

The first detailed description of Stil expression in the developing vertebrate forebrain has
been presented here (Fig. 3A, C, D and E). Stil was expressed during the first stages of chick
brain development (HH8) consistent with Stil having a role in ventral forebrain patterning
(Fig. 3A). Significantly, the ventral view of the corresponding flat-mounted neural tube re-
vealed the ventral neurectodermal surface specifically expressing Stil (Fig. 3C). Stil was express-
ed in the ventral forebrain in a domain that overlaps with the anterior expression domain of
Shh (Fig. 3B), the main HPE gene [1]. Similarly, Sufu, a repressor of Shh pathway, was also ex-
pressed in this area [32]. Remarkably, in vitro experiments have shown that STIL interacts in
the cytoplasm with SUFU to regulate Shh signaling [33-35]. This role may also be disturbed by
the abnormal behavior of the mutated GFP-STIL (p.Gly717Glu) protein. Later between HH10
and HH16 (Fig. 3D, E), when patterning of the dorso-ventral forebrain has already initiated,
Stil was expressed in all the neurectoderm tissue. When using a Stil sense probe as control, no
staining was observed (data not shown). This expression study suggested that STIL may have a
function during early patterning of the forebrain that could be linked to Shh signaling. An ab-
normal STIL protein would lead to a disturbed Shh signaling which could explain the HPE
phenotype. Subsequently, the ubiquitous expression of STIL during brain growth could be re-
sponsible for microcephaly appearance through its implication in centriole formation [24].
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Fig 2. p.Gly717Glu cannot fully restore STIL depletion in synchronized U20S cells. (A) Protocol used to
assay the centriole duplication potential of WT and mutant STIL proteins. U20S were treated with STIL RNAI,
and transfected 24h later with GFP-STIL WT or GFP-STIL p.Gly717Glu constructs in aphidicolin containing
medium (4 pg/ml). Cells were fixed and counted 36h later to allow centriole duplication. (B) Percentages of S
phase cells containing <4 or >4 centrioles following control RNAi (scrambled) and STIL RNAI, followed or not
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by transfection with GFP-STIL WT or GFP-STIL p.Gly717Glu (p<0,001***). (C) Examples of S phase-
arrested cells following different treatments. A control cell with 4 centrioles (top left panel), a STIL RNAi
treated cell with 2 centrioles (top right panel), a STIL-depleted cell expressing GFP-STIL WT with 4 centrioles
(bottom left), and a STIL-depleted cell expressing GFP-STIL p.Gly717Glu with 2 centrioles are displayed
(bottom right). Centrin is shown in red (and in monochrome in the insets), DNA is blue (top panels) and GFP
is green (bottom panels). The white arrowheads indicate the centriole region. The bar represents 10 um.

doi:10.1371/journal.pone.0117418.9002

Forebrain Midbrain__ Hindbrain HH8 HH10

Fig 3. Stil was specifically expressed in the developing chick forebrain. /n situ hybridization analysis of Stil (A, C-E) was performed on whole-mount
chick embryos at developmental stages HH8, HH10 and HH16. Expression of Shh (B) was analyzed at HH8. A, B and D are dorsal views, E is a lateral view.
(C) Flat-mounted preparation of the forebrain of the above embryo (A). Brackets indicate the compartments of the brain. d, dorsal border of the forebrain; fp,
floor plate; n, neurectoderm; ot, otic vesicle; op optic vesicle, sp; spinal cord.

doi:10.1371/journal.pone.0117418.g003

This study confirms that homozygosity mapping associated with next generation sequenc-
ing in consanguineous families can be of great interest to identify new genes in heterogeneous
pathologies. In fact, the results presented here confirm that mutations in STIL can cause HPE
associated with microcephaly, with a recessive mode of inheritance. These findings have clini-
cal application since this new gene will increase the panel of genes already tested for
holoprosencephaly diagnosis.

Supporting Information

S1 Fig. GFP-STIL p.Gly717Glu failed to complement STIL-dependent centriole duplication
in U20S cells. U20S cells were subjected to control RNAi and STIL RNAi together with ex-
pression of siRNA resistant GFP-STIL or GFP-STIL p.Gly717Glu for 48h. The cells were then
fixed and stained for GFP (green), tubulin (blue) and centrin (red, and monochrome in the
lower panels). (A) Control cell with 4 centrioles (left), STIL-depleted cell expressing GFP-STIL
WT with 4 centrioles (middle), STIL-depleted cell expressing GFP-STIL p.Gly717Glu with 3
centrioles (right) during mitosis. Centrioles were indicated by the triangles and the insets show
the centriole regions. Bar represents 10 pm. (B) Percentages of the interphase and mitotic cells
containing 1, 2, 3, 4 or >4 centrioles following control RNAi (scrambled) and STIL RNAi with
or without co-transfection with GFP-STIL WT or GFP-STIL p.Gly717Glu. The number of cen-
triole was quantified in the GFP positive cells. Most STIL-depleted cells (70%) expressing GFP-
STIL WT displayed 4 or more centrioles against only 30% for GFP-STIL p.Gly717Glu express-
ing cells (p<0,00Lss:).

(TTF)

PLOS ONE | DOI:10.1371/journal.pone.0117418 February 6, 2015 9/11


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0117418.s001

@’PLOS | ONE

STIL: A New Gene for Holoprosencephaly

Acknowledgments

This work was supported by the Agence de la Biomédecine (to V. David) and the Agence
Nationale de la Recherche (grant no. ANR-12-BSV1-0007-01 (to V. Dupé). The funders had
no role in study design, data collection and analysis, decision to publish, or preparation of the
manuscript. The authors acknowledge the Centre de Ressources Biologiques (CRB)-Santé
(http://www.crbsante-rennes.com) of Rennes for managing patient samples and Michelle
Ware for critical reading of the paper and providing the Shh chick embryo.

Author Contributions

Conceived and designed the experiments: V. David MDT RG V. Dupé CD MCB. Performed
the experiments: CM SR HHR. Analyzed the data: WC MDT CM SR. Contributed reagents/
materials/analysis tools: BHL LA SO. Wrote the paper: V. David CM RG V. Dupé.

References

1. Mercier S, Dubourg C, Garcelon N, Campillo-Gimenez B, Gicquel |, et al. (2011) New findings for phe-
notype-genotype correlations in a large European series of holoprosencephaly cases. J Med Genet 48:
752-760. doi: 10.1136/jmedgenet-2011-100339 PMID: 21940735

2. Dubourg C, Bendavid C, Pasquier L, Henry C, Odent S, et al. (2007) Holoprosencephaly. Orphanet J
Rare Dis 2: 8. PMID: 17274816

3. Solomon BD, Gropman A, Muenke M (1993) Holoprosencephaly Overview. In: Pagon RA, Adam MP,
Ardinger HH, Bird TD, Dolan CR et al., editors. GeneReviews(R). Seattle (WA).

4. Bendavid C, Dupé V, Rochard L, Gicquel |, Dubourg C, et al. (2010) Holoprosencephaly: An update on
cytogenetic abnormalities. Am J Med Genet C Semin Med Genet 154C: 86—92. doi: 10.1002/ajmg.c.
30250 PMID: 20104602

5. DupéV, Rochard L, Mercier S, Le Petillon Y, Gicquel |, et al. (2011) NOTCH, a new signaling pathway
implicated in holoprosencephaly. Hum Mol Genet 20: 1122—1131. doi: 10.1093/hmg/ddg556 PMID:
21196490

6. Pineda-Alvarez DE, Roessler E, Hu P, Srivastava K, Solomon BD, et al. (2012) Missense substitutions
in the GAS1 protein present in holoprosencephaly patients reduce the affinity for its ligand, SHH. Hum
Genet 131: 301-310. doi: 10.1007/s00439-011-1078-6 PMID: 21842183

7. Bae GU, Domene S, Roessler E, Schachter K, Kang JS, et al. (2011) Mutations in CDON, encoding a
hedgehog receptor, result in holoprosencephaly and defective interactions with other hedgehog recep-
tors. Am J Hum Genet 89: 231-240. doi: 10.1016/j.ajhg.2011.07.001 PMID: 21802063

8. Mercier S, David V, Ratié L, Gicquel I, Odent S, et al. (2013) NODAL and SHH dose-dependent double
inhibition promotes an HPE-like phenotype in chick embryos. Dis Model Mech 6: 537-543. doi: 10.
1242/dmm.010132 PMID: 23264560

9. Gazal S, Sahbatou M, Babron MC, Génin E, Leutenegger AL (2014) FSuite: exploiting inbreeding in
dense SNP chip and exome data. Bioinformatics 30: 1940-1941. doi: 10.1093/bioinformatics/btu149
PMID: 24632498

10. WangK, Li M, Hakonarson H (2010) ANNOVAR: functional annotation of genetic variants from high-
throughput sequencing data. Nucleic Acids Res 38: e164. doi: 10.1093/nar/gkq603 PMID: 20601685

11.  Liu X, Jian X, Boerwinkle E (2011) dbNSFP: a lightweight database of human nonsynonymous SNPs
and their functional predictions. Hum Mutat 32: 894-899. doi: 10.1002/humu.21517 PMID: 21520341

12. Gonzalez-Perez A, Lopez-Bigas N (2011) Improving the assessment of the outcome of nonsynon-
ymous SNVs with a consensus deleteriousness score, Condel. Am J Hum Genet 88: 440—449. doi: 10.
1016/j.ajhg.2011.03.004 PMID: 21457909

13. Franck N, Montembault E, Romé P, Pascal A, Cremet JY, et al. (2011) CDK11(p58) is required for cen-
triole duplication and Plk4 recruitment to mitotic centrosomes. PLoS One 6: €14600. doi: 10.1371/
journal.pone.0014600 PMID: 21297952

14. Hamburger V, Hamilton HL (1992) A series of normal stages in the development of the chick embryo.
1951. Dev Dyn 195: 231-272. PMID: 1304821

15. Chapman SC, Schubert FR, Schoenwolf GC, Lumsden A (2002) Analysis of spatial and temporal gene
expression patterns in blastula and gastrula stage chick embryos. Dev Biol 245: 187-199. PMID:
11969265

PLOS ONE | DOI:10.1371/journal.pone.0117418 February 6, 2015 10/ 11


http://www.crbsante-rennes.com
http://dx.doi.org/10.1136/jmedgenet-2011-100339
http://www.ncbi.nlm.nih.gov/pubmed/21940735
http://www.ncbi.nlm.nih.gov/pubmed/17274816
http://dx.doi.org/10.1002/ajmg.c.30250
http://dx.doi.org/10.1002/ajmg.c.30250
http://www.ncbi.nlm.nih.gov/pubmed/20104602
http://dx.doi.org/10.1093/hmg/ddq556
http://www.ncbi.nlm.nih.gov/pubmed/21196490
http://dx.doi.org/10.1007/s00439-011-1078-6
http://www.ncbi.nlm.nih.gov/pubmed/21842183
http://dx.doi.org/10.1016/j.ajhg.2011.07.001
http://www.ncbi.nlm.nih.gov/pubmed/21802063
http://dx.doi.org/10.1242/dmm.010132
http://dx.doi.org/10.1242/dmm.010132
http://www.ncbi.nlm.nih.gov/pubmed/23264560
http://dx.doi.org/10.1093/bioinformatics/btu149
http://www.ncbi.nlm.nih.gov/pubmed/24632498
http://dx.doi.org/10.1093/nar/gkq603
http://www.ncbi.nlm.nih.gov/pubmed/20601685
http://dx.doi.org/10.1002/humu.21517
http://www.ncbi.nlm.nih.gov/pubmed/21520341
http://dx.doi.org/10.1016/j.ajhg.2011.03.004
http://dx.doi.org/10.1016/j.ajhg.2011.03.004
http://www.ncbi.nlm.nih.gov/pubmed/21457909
http://dx.doi.org/10.1371/journal.pone.0014600
http://dx.doi.org/10.1371/journal.pone.0014600
http://www.ncbi.nlm.nih.gov/pubmed/21297952
http://www.ncbi.nlm.nih.gov/pubmed/1304821
http://www.ncbi.nlm.nih.gov/pubmed/11969265

@’PLOS | ONE

STIL: A New Gene for Holoprosencephaly

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Rosendahl J, Witt H, Szmola R, Bhatia E, Ozsvari B, et al. (2008) Chymotrypsin C (CTRC) variants that
diminish activity or secretion are associated with chronic pancreatitis. Nat Genet 40: 78-82. PMID:
18059268

Lacruz RS, Smith CE, Smith SM, Hu P, Bringas P Jr, et al. (2011) Chymotrypsin C (caldecrin) is associ-
ated with enamel development. J Dent Res 90: 1228—-1233. doi: 10.1177/0022034511418231 PMID:
21828354

Bicknell LS, Walker S, Klingseisen A, Stiff T, Leitch A, et al. (2011) Mutations in ORC1, encoding the
largest subunit of the origin recognition complex, cause microcephalic primordial dwarfism resembling
Meier-Gorlin syndrome. Nat Genet 43: 350—355. doi: 10.1038/ng.776 PMID: 21358633

Hemerly AS, Prasanth SG, Siddiqui K, Stillman B (2009) Orc1 controls centriole and centrosome copy
number in human cells. Science 323: 789-793. doi: 10.1126/science.1166745 PMID: 19197067

de Munnik SA, Otten BJ, Schoots J, Bicknell LS, Aftimos S, et al. (2012) Meier-Gorlin syndrome: growth
and secondary sexual development of a microcephalic primordial dwarfism disorder. Am J Med Genet
A 158A: 2733-2742. doi: 10.1002/ajmg.a.35681 PMID: 23023959

Kumar A, Girimaji SC, Duvvari MR, Blanton SH (2009) Mutations in STIL, encoding a pericentriolar and
centrosomal protein, cause primary microcephaly. Am J Hum Genet 84: 286-290. doi: 10.1016/j.ajhg.
2009.01.017 PMID: 19215732

Darvish H, Esmaeeli-Nieh S, Monajemi GB, Mohseni M, Ghasemi-Firouzabadi S, et al. (2010) A clinical
and molecular genetic study of 112 Iranian families with primary microcephaly.  Med Genet 47: 823-828.
doi: 10.1136/jmg.2009.076398 PMID: 20978018

Papari E, Bastami M, Farhadi A, Abedini SS, Hosseini M, et al. (2013) Investigation of primary micro-
cephaly in Bushehr province of Iran: novel STIL and ASPM mutations. Clin Genet 83: 488—490. doi: 10.
1111/.1399-0004.2012.01949.x PMID: 22989186

Marthiens V, Rujano MA, Pennetier C, Tessier S, Paul-Gilloteaux P, et al. (2013) Centrosome amplifi-
cation causes microcephaly. Nat Cell Biol 15: 731-740. doi: 10.1038/ncb2746 PMID: 23666084

Arquint C, Nigg EA (2014) STIL microcephaly mutations interfere with APC/C-mediated degradation
and cause centriole amplification. Curr Biol 24: 351-360. doi: 10.1016/j.cub.2013.12.016 PMID:
24485834

Izraeli S, Lowe LA, Bertness VL, Good DJ, Dorward DW, et al. (1999) The SIL gene is required for
mouse embryonic axial development and left-right specification. Nature 399: 691-694. PMID: 10385121

Karkera JD, Izraeli S, Roessler E, Dutra A, Kirsch |, et al. (2002) The genomic structure, chromosomal
localization, and analysis of SIL as a candidate gene for holoprosencephaly. Cytogenet Genome Res
97: 62—-67. PMID: 12438740

Bennett H, Presti A, Adams D, Rios J, Benito C, et al. (2014) A Prenatal Presentation of Severe Micro-
cephaly and Brain Anomalies in a Patient With Novel Compound Heterozygous Mutations in the STIL
Gene Found Postnatally With Exome Analysis. Pediatr Neurol. doi: 10.1016/j.pediatrneurol.2014.11.
008 PMID: 25595574

Kakar N, Ahmad J, Morris-Rosendahl DJ, Altmuller J, Friedrich K, et al. (2014) STIL mutation causes
autosomal recessive microcephalic lobar holoprosencephaly. Hum Genet. doi: 10.1007/s00439-014-
1519-0 PMID: 25543539

Vulprecht J, David A, Tibelius A, Castiel A, Konotop G, et al. (2012) STIL is required for centriole dupli-
cation in human cells. J Cell Sci 125: 1353-1362. doi: 10.1242/jcs.104109 PMID: 22349705

Tang CJ, Lin SY, Hsu WB, Lin YN, Wu CT, et al. (2011) The human microcephaly protein STIL interacts
with CPAP and is required for procentriole formation. EMBO J 30: 4790-4804. doi: 10.1038/emboj.
2011.378 PMID: 22020124

Aglyamova GV, Agarwala S (2007) Gene expression analysis of the hedgehog signaling cascade in
the chick midbrain and spinal cord. Dev Dyn 236: 1363—1373. PMID: 17436280

Izraeli S, Lowe LA, Bertness VL, Campaner S, Hahn H, et al. (2001) Genetic evidence that Sil is re-
quired for the Sonic Hedgehog response pathway. Genesis 31: 72—77. PMID: 11668681

SunlL, Carr AL, Li P, Lee J, McGregor M, et al. (2014) Characterization of the human oncogene SCL/
TALT1 interrupting locus (Stil) mediated Sonic hedgehog (Shh) signaling transduction in proliferating
mammalian dopaminergic neurons. Biochem Biophys Res Commun 449: 444-448. doi: 10.1016/j.
bbrc.2014.05.048 PMID: 24853807

Kasai K, Inaguma S, Yoneyama A, Yoshikawa K, lkeda H (2008) SCL/TAL1 interrupting locus dere-
presses GLI1 from the negative control of suppressor-of-fused in pancreatic cancer cell. Cancer Res
68: 7723-7729. doi: 10.1158/0008-5472.CAN-07-6661 PMID: 18829525

PLOS ONE | DOI:10.1371/journal.pone.0117418 February 6, 2015 11/11


http://www.ncbi.nlm.nih.gov/pubmed/18059268
http://dx.doi.org/10.1177/0022034511418231
http://www.ncbi.nlm.nih.gov/pubmed/21828354
http://dx.doi.org/10.1038/ng.776
http://www.ncbi.nlm.nih.gov/pubmed/21358633
http://dx.doi.org/10.1126/science.1166745
http://www.ncbi.nlm.nih.gov/pubmed/19197067
http://dx.doi.org/10.1002/ajmg.a.35681
http://www.ncbi.nlm.nih.gov/pubmed/23023959
http://dx.doi.org/10.1016/j.ajhg.2009.01.017
http://dx.doi.org/10.1016/j.ajhg.2009.01.017
http://www.ncbi.nlm.nih.gov/pubmed/19215732
http://dx.doi.org/10.1136/jmg.2009.076398
http://www.ncbi.nlm.nih.gov/pubmed/20978018
http://dx.doi.org/10.1111/j.1399-0004.2012.01949.x
http://dx.doi.org/10.1111/j.1399-0004.2012.01949.x
http://www.ncbi.nlm.nih.gov/pubmed/22989186
http://dx.doi.org/10.1038/ncb2746
http://www.ncbi.nlm.nih.gov/pubmed/23666084
http://dx.doi.org/10.1016/j.cub.2013.12.016
http://www.ncbi.nlm.nih.gov/pubmed/24485834
http://www.ncbi.nlm.nih.gov/pubmed/10385121
http://www.ncbi.nlm.nih.gov/pubmed/12438740
http://dx.doi.org/10.1016/j.pediatrneurol.2014.11.008
http://dx.doi.org/10.1016/j.pediatrneurol.2014.11.008
http://www.ncbi.nlm.nih.gov/pubmed/25595574
http://dx.doi.org/10.1007/s00439-014-1519-0
http://dx.doi.org/10.1007/s00439-014-1519-0
http://www.ncbi.nlm.nih.gov/pubmed/25543539
http://dx.doi.org/10.1242/jcs.104109
http://www.ncbi.nlm.nih.gov/pubmed/22349705
http://dx.doi.org/10.1038/emboj.2011.378
http://dx.doi.org/10.1038/emboj.2011.378
http://www.ncbi.nlm.nih.gov/pubmed/22020124
http://www.ncbi.nlm.nih.gov/pubmed/17436280
http://www.ncbi.nlm.nih.gov/pubmed/11668681
http://dx.doi.org/10.1016/j.bbrc.2014.05.048
http://dx.doi.org/10.1016/j.bbrc.2014.05.048
http://www.ncbi.nlm.nih.gov/pubmed/24853807
http://dx.doi.org/10.1158/0008-5472.CAN-07-6661
http://www.ncbi.nlm.nih.gov/pubmed/18829525


<<
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
  >>
  /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


