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1. Introduction

1. Costello syndrome

Costello syndrome [Faciocutaneoskeletal syndrome (OMIM 218040)] was initially reported in
1971 and 1977 (Costello, 1971 and 1977; for a recent review see Hennekam, 2003). It is a
distinct syndrome with multiple congenital anomalies (MCA) characterized by increased
prenatal growth, followed by postnatal growth deficiency, coarse face, loose skin, mental
retardation, and cardiac abnormalities. Costello syndrome (CS) is likely to be very rare,
Hennekam refers to 115 cases described to date. Nonetheless, it has been suggested that the
syndrome is underdiagnosed (Say et al., 1993). The genetic cause of the syndrome has not yet

been defined and the diagnosis is made based on the clinical phenotype.

1.1 Clinical features

In about 60% of the patients, pregnancy was complicated by polyhydramnios (Hennekam,
2003). At birth, patients with Costello syndrome have normal or relatively high weight and
normal length followed by a severe early postnatal growth retardation. All children have
severe feeding problems and occasionally swallowing difficulties were reported (reviewed in
van Eeghen et al., 1999). The major facial signs are absolute or relative macrocephaly, curly
and sparse hair, thick eyebrows, epicanthal folds, strabismus, low set ears, depressed nasal
bridge and bulbous nose, full cheeks, and thick lips. In total, the face gives a coarse
impression (Fig. 1A). Patients with Costello syndrome have short neck and loose skin of
hands and feet with deep creases (Fig. 1B). The skin is thickened, soft and velvety in feel, and

has a darker (olive) color.

Fig. 1: Drawing of face and palm of a
patient with Costello syndrome

(A) Coarse face. (B) Palm of hand with
redundant, thickened skin with deep
creases and persistent fetal pads. Figures
were taken from Hennekam (2003).
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The 1Q of patients with CS is ranging from less than 25 to 85, usually it is between 25 and 50
(Hennekam, 2003). Most of the patients have a warm social personality. Ventricular dilatation
is observed in more than 40% of cases. Other reported CNS anomalies are brain atrophy,
Chiary malformation, and syringomyelia (Delrue et al., 2003). Lin and colleagues (2002)
reviewed the cardiovascular abnormalities present in 63% of patients with Costello syndrome
including cardiac malformation (typically pulmonary stenosis), hypertrophic cardiomyopathy,
and rhythm disturbances (usually atrial tachycardia). The cardiomyopathy may already be
present at birth or develop at later age (Hennekam, 2003). Children with CS tend to develop
benign tumors of ectodermal origin such as papillomata that may occur at various ages in
nasal, perioral, and anal areas (Kerr et al., 1998). Recently, malignant tumors have also been
described in a significant number of patients with CS: seventeen cases with solid tumors
[10 rhabdomyosarcomas (RMSs), 3 neuroblastomas, 2 bladder carcinomas, 1 vestibular
schwanoma, and 1 epithelioma] were reported by surveying about 100 patients with Costello
syndrome. Thus, the tumor frequency in Costello syndrome could be as high as 17%
(Gripp et al., 2002). Recently, a patient with Costello syndrome, prolactinoma, and
parathyroid adenoma was described (Cakir et al., 2004). A patient with CS and growth
hormone deficiency was also reported. After supplementation with recombinant growth
hormone he developed osteofibrous dysplasia of the tibia, a benign lesion consisting of
fibrous tissue with woven bone formation (Kamoda et al., 2003). Because of the coarse facial
appearance of the patients, it has been speculated that Costello syndrome is a metabolic
disease, e.g. a lysosomal storage disorder. Di Rocco and colleagues (1993) reported two
patients with CS and sialuria. In Salla disease and infantile sialic storage disease, sialic acid is
increased in urine and in fibroblasts due to a defect in lysosomal transport (Gahl et al., 1989;
Mancini, 1991). Several patients with Costello syndrome and hypoglycaemia have also been
reported, but an enzyme defect has not been found. In 2002, Kaji and colleagues reported a
case with CS and hypoglycaemia due to glycogen storage disease type III. Nevertheless, no
other case of Costello syndrome and a storage disease-like disorder has been reported.

The typical clinical signs and symptoms seen in patients with Costello syndrome are listed in

Table 1.
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Typical clinical findings in patients with Costello syndrome %"
coarse face with full cheeks, depressed nasal bridge, and low set ears ~97
loose and wrinkled skin 99
skin is thickened, soft, and velvety in feel ~99
short neck 88
thick lips 97
sparse and curly hair 82
macrocephaly 84
high birth weight 89
failure to thrive 96
moderate to severe mental retardation 100
congenital heart defect 63°

Tab. 1: Main characteristics of patients with Costello syndrome and their prevalence

? Values were taken from Hennekam (2003).
® Taken from Lin et al. (2002).

1.2  Differential diagnosis

There is a phenotypic overlap between Costello syndrome, Noonan syndrome [NS (OMIM
163950)] and cardiofaciocutaneous (CFC) syndrome (OMIM 115150). However, in patients
with CS typical phenotypic features exist that help to distinguish Costello syndrome from
these two syndromes including papillomata, a history of poor feeding, redundant olive-
colored skin that is thickened and soft, and full lips. Although myocardial diseases are seen
both in Noonan and CFC syndromes, tachyarrhythmias are not that may help to consider
Costello syndrome (Siwik et al., 1998). Some of the clinical symptoms of Costello syndrome
are similar to those of cutis laxa (e.g. OMIM 219200), such as loose skin, dysmorphic face,
herniae, growth retardation, and psychomotor delay. However, different distribution of loose
skin and the disease specific patterns of destruction of elastic fibers suggest that the two
conditions represent distinct disorders (Mori et al., 1996). Numerous other diagnoses
including Donohue and Leprechaun syndromes, Berardinelli-type lipodystrophy (Zampino et
al., 1993), and ectodermal dysplasias (van Eeghen et al., 1999) have been initially considered

for patients showing the clinical features of Costello syndrome.
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1.3 Mode of inheritance

The genetic cause of Costello syndrome has not yet been identified. Most of the patients with
CS are sporadic providing no indication of the pattern of inheritance. Nevertheless, loan and
Fryns (2002) described two siblings both presenting numerous main clinical signs and
symptoms of Costello syndrome. The mother of the patients, too, showed mild to moderate
mental retardation, short stature, full cheeks, macrostomia, thick lips, and a hyperlaxed and
dark colored skin. It has been suggested that the observation of three affected members in a
family provides evidence for an autosomal dominant inheritance with variable expression of
the disease. In line with this assumption, Bodkin and colleagues (1999) described a father of a
Costello patient who presented with many features of the disorder in an asymmetric pattern
suggesting that he was a mosaic for Costello syndrome, probably as the result of a post-
zygotic mutation. Similarly, Lurie (1994) concluded that affected sib pairs might result from
germline mosaicism in one of the parents. A significantly higher mean paternal age (38 years)
and paternal-maternal age difference (7.36 years) also suggest that autosomal dominant de
novo mutations may be the likely cause for Costello syndrome. Yet, genetic heterogenity with

a small proportion of recessively inherited cases can not be excluded either.

1.4  Pathogenesis and candidate genes

To date, the causative gene for Costello syndrome has not been yet identified although
numerous candidate genes were analysed for mutations in patients with CS. To gain insights
into the pathogenesis of Costello syndrome, autopsy tissues of two patients were examined.
The major pathological findings were thin, disrupted, and loosely constructed elastic fibers
indicating that pathology of elastic fibers might be involved in the pathogenesis of CS
(Mori et al., 1996). Destruction of elastic fibers has also been reported in cutis laxa where it is
widely distributed, while affected elastic fibers in Costello syndrome were found in the skin,
tongue, pharynx, and larynx (Mori et al., 1996). While Mori and colleagues (1996) found no
difference in elastin mRNA levels in Costello patients, elastin expression was decreased in
fibroblasts of patients with cutis laxa (Olsen et al., 1988; Sephel et al., 1989; Hatamochi et al.,
1991). In 2000, Hatamochi and colleagues also found a reduced amount of elastin fibers in a
Costello patient, though the level of elastin mRNA also reduced to 1/5. These contradictory
findings can be due to different severity of the skin lesion where biopsies were taken from.

Considering the involvement of elastin in the cutis laxa pathogenesis, the elastin (ELN) gene
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was good candidate for Costello syndrome. By mutation analysis of ELN in four patients with
CS, no causative mutation was identified (Tandoi et al., 2001). These data implied that a later
step of elastogenesis might be altered. In a more comprehensive study, Hinek and colleagues
(2000) showed that cultured skin fibroblasts of patients with Costello syndrome did not
assemble elastic fibers although they produce normal levels of tropoelastin and deposit
properly the microfibrillar scaffold. They also found that impaired production of elastic fibers
by these fibroblasts is associated with a functional deficiency of the 67-kDa elastin-binding
protein (EBP) that may be due to an abnormal accumulation of chondroitin sulfate-bearing
proteoglycans. It has been speculated that cell-surface chondroitin sulfate moieties may be
responsible for shedding EBP from fibroblasts of patients with CS (Hinek et al., 2000).
Remarkably, Costello syndrome, Hurler disease, Morquio B disease, and GMI-
gangliosidosis, all show deficiencies in EBP-mediated transport of tropoelastin that might
impair elastogenesis. These disorders belong to a growing list of human elastic-fiber diseases
in which the pathomechanism lies probably in the transport mechanisms secondary to fiber
assembly (Urban and Boyd, 2000).

Four other candidate genes have been analysed for mutations in patients with CS. In five
selected exons of the fibroblast growth factor receptor 3 (FGFR3) gene, no mutation was
found in four patients with CS (Mancini et al., 2003). Somatic mutations in FGFR3 were
frequently found in bladder carcinoma (Cappellen et al., 1999; Billerey et al., 2001;
Kimura et al., 2001) that was present in two patients with Costello syndrome. Moreover, a
recent study excluded the protein tyrosine phosphatase, non-receptor type 11 (PTPN11) gene,
mutated in about 50% of patients with Noonan syndrome, as the major causative gene for
Costello syndrome (Tartaglia et al., 2003; Troger et al., 2003). In addition, no mutation was
found in the PTPNII gene in patients with CFC syndrome indicating that these three
syndromes are distinct entities (Ion et al., 2002).

Kerr and colleagues (2003) proposed that the increasing number of reports of childhood
malignancies in patients with CS suggest an involvement of a tumor suppressor gene in the
molecular etiology of this syndrome. Loss of heterozygozity at 11p15.5 was shown to be
present in embryonal rhabdomyosarcoma tumor samples of five patients with Costello
syndrome. A constitutional deletion or uniparental disomy at 11pl15.5 was excluded by
analysis of this region in a cohort of Costello patients. Subsequently, the solute carrier
family 22 (organic cation transporter) member 1-like (SLC2241L) gene and the stromal
interaction molecule 1 (STIM1) gene located at 11p15.5 were screened for mutations in three

patients with CS and no mutation was identified. So far, the hypothesis that a germline
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mutation in a tumor suppressor gene (first hit) leading to Costello syndrome and an alteration
of the second copy of the tumor suppressor gene in somatic tissue (second hit) leading to
malignant tumors in patient with Costello syndrome has not been proven (Kerr et al., 2003).

In 1995, a girl with presumed Costello syndrome and an apparently balanced de novo
translocation, t(1;22)(q25;q11), was described providing a first possible hint for the
chromosomal location of the gene (Czeizel and Timar, 1995) (Fig. 2). Moreover, the presence

of a translocation in a patient with CS is consistent with the proposed autosomal dominant

inheritance.
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In an attempt to identify the gene for Costello syndrome, both breakpoint regions of the 1;22
translocation were delineated by fluorescence in situ hybridization and thereby, the breakpoint
on chromosome 22 was refined to q13.1. A cosmid clone that overlaps the breakpoint on
chromosome 22 was identified and analysis of the DNA sequence deposited at the NCBI
database revealed that the gene encoding the platelet-derived growth factor beta (PDGFB) is
located on the insert of the cosmid (Maréti et al., 2002). Support for the assumption that the
gene for Costello syndrome is located on the long arm of chromosome 22 was provided by a
report of Suri and Garrett (1998) describing a patient with Costello syndrome, vestibular
schwannoma, and cataract. These latter are features of neurofibromatosis type 2 [NF2 (OMIM
101000)] mapped to 22q12.2 opening the possibility that a single chromosomal rearrangement

in the patient is responsible for both traits.
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In summary, the identification of PDGFB in one breakpoint region of the 1;22 translocation in
a patient with presumed Costello syndrome suggested that PDGFB could be considered a

good candidate gene for Costello syndrome.

2. Platelet-derived growth factor

2.1 Platelet-derived growth factor isoforms and receptors

Platelet-derived growth factor (PDGF) is a major mitogen for fibroblasts, smooth muscle
cells, and other cells of mesenchymal origin that was originally purified from human platelets
(Heldin and Westermark, 1999). PDGF is a dimeric molecule consisting of disulfide-bonded,
structurally similar A- and B-polypeptide chains (PDGFA and PDGFB), which combine to
homo- and heterodimers. Recently, two novel members of the PDGF family, PDGFC and -D,
have been identified (Li et al., 2000; Bergsten et al., 2001; LaRochelle et al., 2001). The

biological effects of PDGFs are initiated via two related receptor tyrosine kinases, the o- and

B-PDGF receptors (Fig. 3).

Classical PDGFs Fig. 3: Specificities of the PDGF ligand-receptors

PDGF-CC PDGF-AA PDGF-AB PDGF-BB PDGF-DD ) )
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\
\ /% / \ / DD) bind to o- and B-PDGF receptors with different
specificities that are indicated by arrows. Receptors are

drawn schematically to illustrate that their extracellular
part consists of five Ig-like domains whereas the
intracellular part contains the tyrosine kinase domains.

‘ ‘ The figure was modified after that of Betsholtz et al.
o o o B B B
(2001).

The human PDGFA, PDGFB, PDGFC, and PDGFD genes are located on chromosome 7p22,
22ql13.1, 4932, and 11qg22.3, respectively. PDGFRA and PDGFRB are located on
chromosome 4q12 and 5q33.1, respectively. Two PDGFB isoforms (241 aa and 227 aa) are
generated by alternative splicing of exon 1. Similarly, there are two biologically active forms
of the A-chain, the long (PDGF-Ay; 211 aa) and the short isoforms (PDGF-Ag; 196 aa), that
are produced by alternative splicing of exon 6 (Raines and Ross, 1992). Proteins of the PDGF
family are synthesized as precursor molecules that undergo proteolytic processing before they
can act on their target cells. Thus the A- and B-chain precursors are cleaved at their N-

terminus whereas the B-chain is cleaved at its C-terminus as well (Ostman and Heldin, 2001).
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2.2 Invivo function of platelet-derived growth factor

Genetic analyses in mice revealed that PDGFs and PDGFRs have important roles during
embryonic and postnatal development. PDGFB- or PDGFRB-deficient mice die during late
gestation due to cardiovascular complications. Histological findings include abnormal kidney
glomeruli, capillary microaneurysms, cardiac muscle hypotrophy, and placenta defects
(Levéen et al., 1994; Soriano, 1994; Lindahl et al., 1997 and 1998; Hellstrom et al., 1999;
Ohlsson et al., 1999). Similarly, both PDGFA and PDGFRA knock-out animals are
embryonic or early after birth lethal (Bostrom et al., 1996; Soriano, 1997). It is of interest to
note that while homozygous deletions of either PDGFRB or PDGFB in mice result in similar
phenotypes, the phenotypes of mice lacking PDGFA or PDGFRA are different. This can be
explained by the fact that PDGF receptors o and B bind the PDGFA and -B ligands with
different affinities (Fig. 3). Thus, whereas PDGFR signaling is completely interrupted in the
receptor knock-out mice, PDGFB ligand can still activate the o-receptor in PDGFA null mice
and may therefore partially compensate for the lack of the A chain. In contrast, deletion of the
PDGFB gene can not be compensated by PDGFA since the A chain is unable to bind to the 8
receptor (reviewed in Rosenkranz and Kazlauskas, 1999). PDGF has an important function
during embryogenesis, in particular for the development of kidneys, blood vessels, lungs, and
the CNS. The role of PDGF in the formation of connective tissue is also important during

wound healing in adults (Heldin and Westermark, 1999).

2.3  Platelet-derived growth factor in disease

Overactivity of PDGF has been implicated in the pathogenesis of a number of diseases
including cancer as well as disorders characterized by excessive cell growth such as
atherosclerosis and various fibrotic conditions (Ostman and Heldin, 2001). In human
tumorigenesis, PDGF autocrine loops have been implicated in the development of
mesenchymal tumors such as sarcomas and gliomas. In addition, PDGF is also involved in
paracrine stimulation of stroma cells in solid tumors, e.g. mammary carcinoma, colorectal
cancer, and small cell lung carcinoma (Heldin and Westermark, 1999; Ostman and Heldin,
2001). Analysis of PDGFB expression in human soft tissue tumors showed that 60 and 82%
of the tumors had demonstrable amounts of PDGFB mRNA and protein, respectively.
Additionally, strong correlation was found between PDGFB expression and increasing

malignant tumor grade (Wang et al., 1994).



Introduction 9

2.4  Attachment of platelet-derived growth factor to the extracellular matrix

The extracellular matrix (ECM) is a network of proteins surrounding the cells and providing
mechanical support for them. It also influences embryonic development, cellular migration,
and sequesters important growth factors. Three major classes of molecules are located in the
ECM: structural proteins (e.g. collagen, elastin), adhesive glycoproteins (e.g. fibrillin,
fibronectin, and laminin), and proteoglycans. Proteoglycans contain a protein core to which a
long chain of repeating disaccharide units (glycosaminoglycans) is attached. Various
glycosaminoglycans are known such as hyaluronan, chondroitin, dermatan, and keratan
sulfate, as well as heparin and heparan sulfate that vary in their disaccharide content (Pollard
and Earnshaw, 2002).

The majority of the PDGFB and PDGF-A; molecules is associated with the cell (Ostman et
al., 1988; Ostman et al., 1992). The domain responsible for this association was located to the
carboxyl terminus of both PDGF proteins. Retention of the growth factor is necessary for its
action on the same or adjacent cells or it may possibly function as migratory anchor for cells
expressing the appropriate receptors (LaRochelle et al., 1991; Ostman et al., 1991; Pollock
and Richardson, 1992; Raines and Ross, 1992; Kelly et al., 1993). In both the PDGFA and
PDGFB proteins, there is a stretch of basic amino acid residues, encoded by exon 6, that
mediates the interaction with components of the extracellular matrix, mainly with negatively

charged groups in the heparan sulfate proteoglycan (Raines and Ross, 1992) (Fig. 4).

Enzyme
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Fig. 4: Proposed model of compartmentalization of PDGFB

Exon 6 of PDGFB encodes a stretch of amino acids known as retention domain (upper box). Basic amino acids,
arginine (R), lysine (K), and histidine (H), are underlined in red. A potential proteolytic cleavage site is shown
by the arrow. Attachment of PDGFB to heparan sulfate proteoglycans of the extracellular matrix mediated by the
retention motif is shown schematically. The figure was modified after Raines and Ross (1992).
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Three research teams mapped the retention motif of PDGFB and ended up with minor
differences in the region covering this domain. LaRochelle and colleagues (1991) localized
the retention properties to residues 212-226, Ostman and colleagues (1991) between amino
acids 219-229, and Raines and Ross (1992) to 212-230 (Fig. 5A). A structural motif similar to
the retention motif of PDGFA and -B was also identified in the longer splice variants of
vascular endothelial growth factor (VEGF) and placental growth factor (PIGF) that are
structurally related to PDGF and potent mitogens for endothelial cells (Fig. 5B; references in

Andersson et al., 1994).

A
PDGFB 212-230 TVRVRRPPKGKHRKFKHTH
PDGFB 212-226 TVRVRRPPKGKHRKEF
PDGEFB 219-229 PKGKHRKFKHT
B

PDGFB 217-230
PDGF-A; 196-209
VEGF 120-133
P1GF 144-157

IR K GKHRKIYKHETH]

Fig.S: Presumed retention motifs of various growth factors

(A) Alignment of the carboxyl-terminal sequences of PDGFB described by Raines and Ross (1992; first line),
LaRochelle and colleagues (1991; second line) and Ostman and colleagues (1991; third line). The arrows
indicate potential proteolytic cleavage sites. (B) Alignment of the homologous sequences of the carboxyl
terminus of PDGFB, the long variant of PDGF-A|, VEGF, and PIGF. Identical amino acids are shaded in black
whereas similar amino acids are shaded in grey. The alignment was made using programs ClustalW and
BOXSHADE.

In summary, the precursor molecule of PDGFB may be retained at the surface of the cell.
After maturation, when the retention motif has been cleaved off, the molecule becomes
diffusible. Thus, proper matrix association of the platelet-derived growth factor beta is
required for its regulated action on receptors (Raines and Ross, 1992; Kelly et al., 1993; Field
et al., 1996).
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3. Balanced chromosomal translocations as tools for disease gene
identification

Balanced chromosomal rearrangements associated with a Mendelian disorder that truncate,
delete, or otherwise inactivate genes are powerful tools for mapping novel disease genes
(Bugge et al., 2000). Various chromosomal translocations segregating in a family with an
autosomal dominantly inherited trait have been described. For example, mapping the gene for
Rieger syndrome (PITX2), an autosomal dominant disorder characterized by malformation of
the anterior eye chamber and teeth, or aniridia (PAX6), the bilateral complete or partial
absence of the iris, was significantly facilitated by molecular characterization of translocation
breakpoints (Gessler et al., 1989; Datson et al., 1996). Similarly, in the case of Greig
syndrome, an autosomal dominant disorder affecting limb and craniofacial development,
analysis of two balanced translocations in different families showed disruption of the GLI3
gene (Vortkamp et al., 1991). In all cases, a single gene is expected to be disrupted in its
integrity or expression and therefore leading to a disease phenotype.

An autosomal dominant disorder can be caused either by a gain-of-function mutation on one
of the alleles or by loss-of-function on one homologue (haploinsufficiency). Chromosomal
rearrangements associated with an autosomal dominant disorder are usually expected to cause
haploinsufficiency since disruption of the coding region of a gene may lead to a functional
null-allele (Vortkamp et al., 1991; Fahsold et al., 1995).

In the majority of cases, chromosomal aberrations occur sporadically and do not segregate
within a family. As described above, one can assume that the phenotype of a patient with
a de novo chromosomal rearrangement is due to the chromosome aberration. If a gene is
located in the breakpoint region that is disrupted, it can be considered a candidate gene for the
disease observed in the patient. Mutation screening of this candidate gene can be performed in
patients presenting with the same disorder and having a normal karyotype. The identification
of mutations in the gene will prove that mutations in this gene are causative for this particular
disease. For example, Kutsche and colleagues (2000) characterized an X;21 translocation in a
patient with severe mental retardation. The ARHGEF6 gene in Xq26 was found to be directly
disrupted by the rearrangement. Mutation analysis of 119 patients with nonspecific mental
retardation revealed a second mutation in the ARHGEF6 gene in all affected members of a

large family (Kutsche et al., 2000).
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4. Aim of the study

Chromosomal rearrangements associated with a Mendelian disorder provide a powerful tool
for identification of novel disease genes. Molecular analyses of the breakpoint regions may
help to identify the gene(s) that is/are interrupted and find a possible correlation between
genotype and phenotype of the patient. Moreover, DNA sequence analysis of the breakpoints
may shed light on the putative molecular mechanism by which various rearrangements
occurred.

As a primary aim, an apparently balanced de novo chromosome 1;22 translocation, detected in
a patient with a phenotype resembling Costello syndrome, should be analysed to identify the
gene(s) affected by the rearrangement. By fluorescence in situ hybridization (FISH), both
breakpoint regions should be delineated. Subsequent database searches using the DNA
sequence of clones containing the breakpoints may reveal known or putative gene(s) located
in or near the critical regions. Mutation screening of such candidate gene(s) in patients with
Costello syndrome and normal karyotype will show whether mutations of any of the genes are
causative for the syndrome.

In order to define the translocation breakpoints at the nucleotide level, various PCR
techniques, like RACE-, RT-, and genomic PCR, should be applied. It is possible that two
genes originally located on different chromosomes are now fused by the 1;22 translocation. If
this is indeed the case, overexpression of the corresponding fusion protein in eukaryotic cells
may allow investigating the potential functional consequences/effects of this novel protein on
subcellular localization, cell proliferation, migration etc.

In an alternative approach, functional candidate genes for Costello syndrome should be
investigated for the presence of pathogenic mutations in patients with no chromosomal

aberrations to identify the genetic cause of this malformation syndrome.
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II. Material and Methods
1. Subjects

The karyotype and early phenotype of the patient with the translocation were described previously
(Selypes et al., 1992; Czeizel and Timar, 1995). She was born at 38 weeks of gestation with a birth
weight of 3100 g. Head circumference was 32 cm at birth (3" percentile) and 47 cm (-3 SD) at the age
of 6 years. At age 12, she showed normal body height (-1 SD), while weight was >97" percentile.

We collected DNA or blood samples from 18 patients clinically diagnosed as Costello syndrome.

Clinical data of these patients were described previously (Troger et al., 2003).

2. DNA isolation

2.1 Isolation of genomic DNA from blood

Genomic DNA was isolated from 200 ul or 2 ml of whole blood by QIAamp DNA Blood Mini or
Midi Kit (Qiagen, Hilden) according to the manufacturer’s protocol. In case of Midi Kit, 2 ml of blood
was mixed with 200 ul Proteinase K (20 mg/ml), then 2.4 ml Buffer AL (lysis buffer) was added and
the sample was mixed thoroughly by vortexing. Blood cells were lysed for 10 min at 70°C. After
addition of 2 ml 100% (v/v) ethanol, the sample was vortexed and half of the sample was transferred
onto QIAamp Midi column and centrifuged at 3.000 rpm for 3 min. This step was repeated with the
other half of the sample. After addition of 2 ml Buffer AW1 to the QlAamp Midi column, DNA was
washed through centrifugation [4.000 rpm, 5 min (when not stated differently, all centrifugation steps
were performed at room temperature)]. In the next step, the column was washed with Buffer AW2 by
centrifugation at 4.000 rpm for 25 min. After adding 300 ul Buffer AE to the column and incubation at
room temperature (RT) for 5 min, DNA was eluted during centrifugation at 4.000 rpm for 8 min. For
maximum DNA vyield, fresh 300 ul Buffer AE was added to the column and the previous step was
repeated. All solutions were reduced accordingly for isolation of genomic DNA from smaller amounts
of blood. DNA concentration was determined by UV spectrophotometry (I.4.7) and quantitative
analysis on agarose gel (I1.4.2). Genomic DNA was stored at 4°C.

2.2 Isolation of plasmid and cosmid DNA in small scale

For isolation of plasmid and cosmid DNA, the mini-preparation method of Birnboim and Doly (1979)
was used that is based on alkaline lysis. One single colony was inoculated in 2 ml LB-medium
containing the appropriate selective antibiotic and incubated over night (ON) at 37°C with constant

agitation (220 rpm) . The culture was transferred into a 1.5 ml Eppendorf tube and the cells were
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pelleted by centrifugation (8.000 rpm, 4 min). The pellet was resuspended in 100 pl Solution I by
vortexing. Then, 200 pl Solution II was added and the sample was mixed by inverting and incubated
for 3-5 min at RT to lyse the bacterial cells and denature genomic DNA. 300 pl Solution III was added
to precipitate genomic DNA and most of the proteins. The suspension was mixed again by inverting
and incubated for 5-10 min on ice. Afterwards the sample was centrifuged at 13.000 rpm for 5 min.
The plasmid/cosmid DNA that is contained in the supernatant was precipitated by adding 350 ul
isopropanol and subsequent centrifugation (13.000 rpm, 5 min). RNA was removed by digestion with
100 pl 1 x TE-buffer containing 100 pg/ml RNase for 20 min at 37°C. The plasmid/cosmid DNA was
precipitated by adding 120 pl 88% (v/v) isopropanol / 0.2 M potassium acetate and incubation of the
sample for 10 min at RT. After a final centrifugation step at 13.000 rpm for 5 min, the pellet was
resuspended in 50 pl HPLC water and plasmid DNA was kept at -20°C.

2.3  Isolation of plasmid and cosmid DNA in large scale

Large and pure amounts of plasmid and cosmid DNA used for either transfection of eukaryotic cells or
fluorescence in situ hybridization (FISH) were isolated by using the QIAGEN Plasmid Midi- or Maxi-
Kit (Qiagen, Hilden) according to the manufacturer’s instructions. The protocol is based on the
modified alkaline lysis procedure, followed by binding of plasmid/cosmid DNA to a column under
appropriate conditions. RNA, proteins etc. were removed by medium-salt wash. Plasmid DNA was
eluted in high-salt buffer and then concentrated and desalted by isopropanol precipitation. The DNA
pellet was redissolved in HPLC water and DNA was stored at -20°C. The concentration of DNA was
determined by UV spectrophotometry (11.4.7).

3. RNA isolation from blood

Total RNA from peripheral blood cells was isolated by High Pure RNA Isolation Kit (Roche,
Mannheim) according to the supplier’s instructions. The quality of RNA was controlled on agarose gel

(II. 4.2) and the concentration was determined by spectrophotometry (I1.4.7). RNA was kept at -80°C.

4. DNA and RNA standard methods
4.1 Restriction of DNA by restriction endonucleases
Plasmid/cosmid DNA and PCR products were incubated with 0.5-1 U of restriction enzymes and in

appropriate buffers (Promega, Mannheim) in the presence of 1 x BSA (bovine serum albumin)

according to the manufacturer’s protocol. When necessary, restriction was terminated by heat
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inactivation at 65°C for 20 min or by freezing the sample at -20°C. The DNA restriction was examined

by electrophoretic separation on agarose gel.

4.2  Agarose gel electrophoresis

The separation of DNA fragments was performed on non-denaturing agarose gels in a horizontal
chamber (BioRad, Miinchen). Agarose gel was prepared by heating 0.8-2.5% (w/v) agarose
(Invitrogen, Karlsruhe) in 1 x TBE buffer, depending on the size of DNA fragments to be separated.
5 pl DNA-loading buffer I was mixed with the probe and the gel was run at constant voltage between
100-120 Volts (V). Afterwards, the agarose gel was stained in an ethidium bromide solution (Merck,
Darmstadt; 1 ml/2 1 water) for 5 min and washed in water for 10 min. Finally, the gel was documented
under UV-light using Herolab UVT-28M Videosystem (Wiesloch). For determination of the size of
DNA fragments, 100 bp and 1 Kb DNA Ladder (Invitrogen, Karlsruhe) were used. Low and High
DNA Mass Ladder (Invitrogen, Karlsruhe) were used to estimate the quantity of DNA samples. The
separation of RNA molecules was also done by non-denaturing horizontal agarose gel electrophoresis
in 0.8-1% (w/v) agarose gel. The equipment used for electrophoresis of RNA was treated with RNase
ERASE (ICN Biomedicals, USA) to render it ribonuclease-free.

4.3  Polyacrylamide gel electrophoresis

Non-denaturing polyacrylamide gels (PAA-gel) were used for separation of DNA fragments during
single strand conformation analysis (SSCP). PCR products (5-10 pl) were mixed with 5 ul SSCP-
loading buffer, denatured at 95°C for 10 min, placed on ice, and loaded on PAA-gel. Two different
types of PAA-gels were used (Tab. 2). Polyacrylamide gel electrophoresis (PAGE) was performed in
1 x TBE buffer ON at 5-8 Watts (W) for 8% PAA-gels, or at ~18 W for 8% PAA-gels with glycerol
depending on the size of PCR amplicons. To visualise the bands, silver-staining technique was used

(IL9).

PAA-gel (8%) PAA-gel (8%) with glycerol

ddH,0O 80.0 ml 67.5 ml
Acrylamide/bisacrylamide (30%) 33.0 ml 33.0 ml
10 x TBE 12.5 ml 12.5 ml
Glycerol (100%) - 12.5 ml
10% APS 1.0 ml 1.0 ml
TEMED 24.0 pul 24.0 ul

Tab. 2: Composition of the PAA-gels used for SSCP technique
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Under denaturating conditions, proteins can be electrophoretically separated by SDS-PAGE due to
their molecular weight (Laemmli, 1970). Sodium dodecyl sulfate (SDS) is an anionic detergent that
binds quantitatively to proteins and gives them linearity and negative charge, so that they can be
separated solely on the basis of their size. Gel electrophoresis was performed in a mini-gel apparatus
(BioRad, Miinchen) in 1 x SDS-running buffer. For the separation of proteins in the size of 50-55 kDa,
a 12.5% PAA-gel was used. 3.9% PAA concentration was used for the stacking gel (Tab. 3). The
protein lysates (II.11.1) were mixed in ratio 3:1 with protein loading buffer and pressed through a
20 G syringe needle. Finally, the protein lysates were denaturated at 95°C for 5 min and 20-30 pl were
loaded on the SDS-PAA-gel. The electrophoresis of the stacking gel was performed at 90 V and of
separating gel at 120-130 V. As a marker, Precision Plus Protein" Standards- All Blue (BioRad,

Miinchen) was used.

Separating gel (12.5%) Stacking gel (3.9%)
ddH,O 1.65 ml 2.10 ml
Separating gel buffer (4 x) 1.25 ml -
Stacking gel buffer (4 x) - 0.84 ml
Acrylamide/Bis (30%) 2.10 ml 0.45 ml
APS (10%) 70.0 pl 70.0 pl
TEMED 4.0 ul 4.0

Tab. 3: Composition of the separating and stacking SDS-PAA-gels

4.4  Purification of DNA fragments

For purification of DNA fragments, the JETquick PCR Purification Spin Kit (Genomed, Léhne) was
used according to the manufacturer’s protocol. The DNA was eluted from the column in 30 ul HPLC

water.

4.5 Precipitation of DNA

To eliminate oligonucleotides, PCR products were precipitated before sequencing reaction. Therefore,
1 volume of 4 M ammonium acetate and 6 volumes of absolute ethanol were added to the sample and
the samples were centrifuged at 13.000 rpm for 25 min. The pellet was washed with 70% (v/v)
ethanol, centrifuged again for 10 min, dried, and resuspended in 20 pl HPLC water.

After sequencing reaction (11.4.6), DNA was precipitated by addition of 1/10 volume of 3 M natrium
acetate (pH 5.2) and 2.5 volumes of absolute ethanol. After 25 min centrifugation at 13.000 rpm, the
pellet was washed with 70% (v/v) ethanol, centrifuged, and dried.
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4.6 Cycle sequencing

DNA sequencing was performed at the Institute of Human Genetics by the dideoxy method (Sanger
et al., 1977). Automatic sequencing analysis was done using ABI Prism Dye Terminator Kit and an

ABI Prism 377 DNA Sequencer (PE Applied Biosystems, Weiterstadt) according to the supplier’s

instructions.
Sequencing reaction: Program:
5 ul PCR product or 1-3 ul plasmid DNA 1.96°C 5 min
2 ul Big Dye Terminator (BDT) 2.96°C 30s
1 pl primer (10 pmol/ul) 3.55°C 155
ad 10 ul HPLC H,O 4.60°C 4 min

5. step 2-4 repeat 24-29 times

4.7 Determination of DNA concentration

DNA concentration was determined by UV spectrophotometry using photometer Ultrospec® 2000
(Pharmacia Biotech, Freiburg). The absolute volume necessary for measurement was 500 pul and DNA
was diluted 1:100 with water. Concentration was determined by measuring the absorbance at 260 nm

(Axeo). A ratio Asg/Aggo between 1.8 and 2 showed a sufficient purity of the DNA preparation.

S. Cloning of DNA fragments in plasmid vectors

5.1 Generation of competent Escherichia coli cells for chemical transformation

Competent cells (DH10B) were prepared by the rubidium method (Sambrook and Russell, 2001). One
single colony was inoculated in 2 ml yB-medium and incubated ON at 37°C with constant agitation at
220 rpm. 1 ml from this culture was inoculated in 100 ml yB-medium and incubated until the optical
density at 550 nm (ODsso) was 0.3-0.4. To generate 500 ml final volume, five times 5 ml from the
100 ml culture were inoculated in 100 ml fresh wB-medium and incubated at 37°C until ODss, 0.3-0.4.
The bacterial suspension was transferred in 50 ml tubes and incubated in ice water for 5 min, then
centrifuged at 4°C and 2.500 rpm for 8 min. The supernatant was decanted and the pellet was
resuspended in 15 ml cold TfBI. The cells were incubated in ice water for 30 min. After another
centrifugation step at 4°C and 2.500 rpm for 8 min, the cells were resuspended in 2 ml cold TfBIIL.
200 pl aliquots were made and the bacterial cells were immediately frozen in liquid nitrogen.
Competent cells were kept at -80°C and thaw on ice directly before use.

One Shot® TOP10 Chemically Competent cells were supplied with TOPO TA Cloning® Kit

(Invitrogen, Karlsruhe).
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5.2  Cloning of PCR products

PCR amplicons were cloned in pCR*2.1-TOPO® vector from TOPO TA Cloning® Kit according to the

manufacturer’s instructions.

5.3 Ligation of DNA fragments

T4 DNA ligase combines covalent double stranded DNA fragments with blunt- or cohesive-
compatible ends. The linearized vector DNA was mixed with 3 to 5-fold molar excess of restricted
DNA insert. The ligation was catalyzed by 1 U T4 DNA Ligase (Invitrogen, Karlsruhe) in ligation
buffer at RT for 4-6 h or at 16°C ON, or with 1 U Quick T4 DNA Ligase (New England Biolabs,
USA) in ligase buffer at RT for 5 min. Half of the ligation mix (10 ul) was used directly for

transformation.

5.4  Transformation of competent cells with plasmid DNA

For transformation of competent E.coli cells (Hanahan, 1983), one vial of TOP10 or 100 ul DH10B
cells was gently mixed with 2 ul of the TOPO TA cloning reaction (II.5.2) or 10 ul of ligation mix
(I1.5.3), respectively, and incubated on ice for 20-30 min. After a heat-shock at 42°C for 0.5-1.5 min
and incubation on ice for 5 min, 250-700 ul SOC-medium was added and the suspension was
incubated at 37°C for 1 h. Then, different volumes of the suspension were plated on prewarmed agar
plates containing the appropriate antibiotic (eventually also X-gal) and incubated ON at 37°C. Due to
the insertion of foreign DNA into the multiple cloning site of the TOPO vector, the /acZo gene
encoding N-terminal part of f-galactosidase is disrupted. Due to the inactivation of the lacZa gene in
recombinant clones, X-gal is not degraded. Bacteria carrying recombinant plasmids therefore form

white colonies.
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6. Polymerase chain reaction

6.1 DNA amplification by PCR

Polymerase chain reaction (PCR; Mullis and Faloona, 1987) was performed in 25 ul reaction volume
containing 50-100 ng genomic DNA, 0.5 U Tag DNA Polymerase (Qiagen, Hilden), 5 pmol of each
primer, 0.2 mM of each dNTP (Invitrogen, Karlsruhe) and 1 X PCR Buffer containing 1.5 mM MgCl,
(Qiagen, Hilden). PCR conditions were optimized and addition of 6% (v/v) DMSO or MgCl, was done
if necessary. FailSafe"™ PCR System (Biozym, Hess. Oldendorf) was used for amplification of certain
PCR products. PCR amplification was done in thermocycler PTC-200 (MJ Research, USA) using the
following programs. After initial denaturation (95°C, 4 min) amplification was performed at 95°C for
15 s, 48-68°C for 10 s and 72°C for 20 s - 3 min (35 cycles). Final elongation was performed at 72°C
for 4-10 min. Annealing temperature depends on the average melting temperature (Tm) of both
primers. To enhance specificity in certain PCRs, the so-called “touch-down PCR” was used. Here, the
starting annealing temperature was relatively high (e.g. 68°C) for the first 3 cycles. For the next 3
cycles the temperature was 2°C lower (e.g. 66°C) and for the final 30 cycles again 2°C lower (e.g.
64°C). The quality of the PCR product was examined by agarose gel electrophoresis.

Junction fragments of the derivative chromosome 1 were amplified with primers PDGFB5-1 and
AL355520-5. Nested PCR was performed with primers PDGFBS5-2 and AL355520-6. For
amplification of the junction fragment of the derivative chromosome 22, primer AL355520-8 was
combined with primer PDGFBin6-1. PCR products were cloned into TA cloning vector and

sequenced.

6.2 Colony PCR of E.coli cells

To screen a large amount of bacterial colonies for a desired insert, single colonies were picked from a
transformation plate with a sterile tooth picker and spotted on a selective agar plate. The rest of the
colony on the tooth picker was used as template for a PCR reaction. Primers m13uni and m13rev were

used for the amplification of fragments cloned into TA cloning vector.

Single colony PCR: Program:

0.5 ul dNTPs (10 mM) 1.95°C 5 min

0.5 ul primer 1 (10 pmol/ul) 2.95°C 45s

0.5 pl primer 2 (10 pmol/pl) 3.55°Cc 30s

3.25 ul 10 x PCR Buffer 4.72°C  30-90s

0.1 pl Tag DNA Polymerase 5. steps 2-4 repeat 34 times

20.15 pl HPLC H,0O 6.72°C 10 min
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6.3 Rapid amplification of 5’ cDNA ends (5’RACE-PCR)

To obtain the complete 5’-end sequence of a novel gene, the GeneRacer™ Kit (Invitrogen, Karlsruhe)
was used according to the supplier’s protocol. The kit ensures amplification of only full-length

transcripts via elimination of truncated messages from the amplification process.

6.4  Generation of expression vector pMT2SM™

Plasmid pMT2SM-HA was restricted with Ps¢l and Sall and purified (I11.4.4). Subsequent degradation
of 3’ and 5’ extensions was done by Mung Bean Nuclease (New England Biolabs, USA) generating
blunt ends. After a second purification step, the plasmid was ligated and transformed into competent

E.coli cells DH10B. The clones obtained represent vector pMT2SM™ that was sequenced for integrity.

6.5 Megaprime PCR

Megaprime PCR was used for the generation of EGFP/DsRed2 fusion constructs. Various PCR
products were generated comprising the 5°- and the 3’-end coding region of PDGFB wild-type and of
the two fusion transcripts, respectively, as well as the coding region of the EGFP or DsRed2 gene. For
generation of EGFP fusion constructs, the coding region of EGFP without ATG start and TAG stop
codon was amplified using plasmids pEGFP-N3 or pEGFP-C3 as template, and primers EGFP-F and
EGFP-R. For amplification of the 5’- ends of the PDGFB wild-type coding region, pMSU42 was used
as template with primers PDGFB-Notl and PDGFBex1-4EGFP. In case of EGFP inserted in exon 5,
primer PDGFBex1-5EGFP was used instead of PDGFBex1-4EGFP. For amplification of the 3’-end of
the wild-type PDGFB coding region, pMSU42 was used as template with primers PDGFBex4-6EGFP
(insertion in exon 4) or PDGFBex5-6EGFP (insertion in exon 5) with primer PDGFB-EcoRI. To
amplify the 3’-end of the coding region of the first fusion transcript, template pMSU11 and primer
PDGFBex4-6EGFP or PDGFBex5-6EGFP in combination with primer AL355520-1-EcoRI were
used. To amplify the 3’-end of the coding region of the second fusion transcript, pMSU77 was used as
template with primer PDGFBex4-6EGFP or PDGFBex5-6EGFP and primer AL355520-2-EcoRI. For
generation of DsRed2 fusion constructs, the coding region of DsRed2 without ATG start and TAG
stop codon was amplified using plasmid pDsRed2-N1 or pDsRed2-C1 as template and primers
DsRed2-up and DsRed2-dn. For amplification of the 5’- ends of the PDGFB wild-type coding region,
pMSU42 was used as template with primers PDGFB-Notl and PDGFBex1-4 (insertion in exon 4) or
PDGFBex1-5 (insertion in exon 5). For amplification of the 3’-end of the wild-type PDGFB coding
region, pMSU42 was used as template with primers PDGFBex4-6 or PDGFBex5-6 with primer
PDGFB-EcoRI. To amplify the 3’-end of the coding region of the first fusion transcript, template
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pMSU11 and primer PDGFBex4-6 or PDGFBex5-6 in combination with primer AL355520-1-EcoRI
were used. To amplify the 3’-end of the coding region of the second fusion transcript, pMSU77 was
used as template with primer PDGFBex4-6 or PDGFBex5-6 and primer AL355520-2-EcoR1.

Each of the PCR amplicons was amplified twice, PCR products were pooled and purified (I1.4.4).
Then, 6.6 pl of the purified PCR was taken to set up the megaprime PCR. During first three PCR
cycles (program 1), the overlapping DNA fragments annealed and overhanging single strands were
filled-up. Then two oligonucleotides (PDGFB-Notl and PDGFB-EcoRI for wild-type PDGFB,
PDGFB-Notl and AL355520-1-EcoRI for the first fusion transcript, PDGFB-Notl and
AL355520-2-EcoRlI for the second fusion transcript) were added and the PCR proceeded for 20 cycles
(program 2). All amplifications were done by the Pfu Turbo DNA Polymerase (Stratagene,
Netherlands). The megaprime PCR products were purified (I11.4.4), restricted with Notl and EcoRI
(IL.4.1), and ligated into vector pMT2SM™ (I11.5.3). All constructs were sequenced for integrity.

Megaprime-PCR: Program 1:

6.6 ul PCR product 1 1.95°C 3 min

6.6 ul PCR product 2 2.95°C  15s

6.6 ul PCR product 3 3.40°C 20s

0.5 ul dNTPs (10 mM) 4.72°C 5 min

2.5 ul Pfu 10 x Bufter 5. steps 2-4 repeat 2 times

0.2 pl Pfu Turbo DNA Polymerase

Addition of the primers: Program 2:

1 pl primer 1 (10 pmol/ul) 1.95°C 3 min

1 pl primer 2 (10 pmol/ul) 2.95°C 155
3.55°C 10s
4.72°C 3 min

5. steps 2-4 repeat 19 times
6.72°C 10 min

7. Reverse transcription and RT-PCR

First-strand cDNA was synthesized using 1 pg total RNA and SuperScript™ II RNase H Reverse
Transcriptase (Invitrogen, Karlsruhe) and oligo dT or random hexanucleotides (both Invitrogen,
Karlsruhe) according to the manufacturer’s protocol. Of each first-strand reaction, 2 pl was taken as
template in PCR reactions using ¢cDNA Advantage Polymerase (BD Biosciences Clontech,
Heidelberg). For amplification of 3’RACE-PCR products (III.1.2), cDNA from the translocation
patient and an unaffected person was used with forward primers located in PDGFB exons 1-6
(PDGFB1A-1, PDGFB2-1, PDGFB3-1, PDGFB4-1, PDGFB5-1, or PDGFB6-1) and the reverse
primer S-ag3’El. Nested PCR reactions were performed with forward primers PDGFB1A-2,
PDGFB2-2, PDGFB3-2, PDGFB4-2, PDGFB5-2, or PDGFB6-2 and the reverse primer S-ag3’E.
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For amplification of the coding region of wild-type PDGFB (11.6.5 and 111.2.1), cDNA derived from
human testis poly A" RNA (BD Biosciences Clontech, Heidelberg) was used with primers PDGFB-10
and PDGFB-7R. PCR products were cloned into TA cloning vector and sequenced.

Human testis poly A" RNA and human brain total RNA (both BD Biosciences Clontech, Heidelberg)
were used for RT-PCR.

8. Fluorescence in situ hybridization (FISH)

PAC and cosmid DNA, and Sacl/HindlIll restriction fragments of cosmid LL22NC03-10C3 were
labeled with biotin-16-dUTP (Roche, Mannheim) by nick translation (Nick Translation Mix; Roche,
Mannheim) for 1 h at 16°C.

Biotin labeling: BIO-MIX:
4 ul cosmid or PAC DNA, or 1 ug of each Sacl/HindlIll restr. fragment 10 ul 0.4 mM dATP
10 pl BIO-MIX 10 pl 0.4 mM dCTP
4 ul Nick Translation Mix 10 pl 0.4 mM dGTP
ad 20 pl H,O 2 ul 0.4 mM dTTP

15 ul biotin-16-dUTP

To precipitate DNA, 2 ul 0.5 M EDTA (pH 8.0), 2 ul 3 M NaAc (pH 5.2), 4 pl Cot 1-DNA, 0.5 ul
salmon sperm (both Invitrogen, Karlsruhe) and 60 pul absolute ethanol were added and mixed, the
sample was kept at -20°C for 1 h. The following centrifugation was carried out at 4°C and 13.000 rpm
for 20 min. The pellet was washed twice with 70% (v/v) ethanol and dried. Then, the pellet was
resuspended in 10 pl deionized formamide (pH 7.0) at 37°C for 5 min and 10 pl master mix
[20% (w/v) dextran sulfate in 2 X SSC] was added. The probe was denatured at 95°C for 5 min, placed
on ice, and incubated at 37°C for 1 h. During the incubation Cot 1-DNA binds to repetitive sequences
in genomic DNA to prevent unspecific hybridization signals on the chromosomes. The TEL 1q DNA
probe labeled by Texas Red (Appligene Oncor, France) was used to identify the long arm of
chromosome 1. The TEL 1q DNA probe was incubated at 73°C for 5 min and put on ice. In the next
step, 10 ul probe labeled by biotin was combined with 1 ul TEL 1q DNA probe. Metaphase spreads
from peripheral blood lymphocytes of the translocation patient were made by standard procedure. The
chromosomal DNA on the slides was denatured in 70% (v/v) deionized formamide (in 2 x SSC) at
70°C for 4 min. The slides were immediately transferred to ice-cold 2 X SSC for 5 min and dehydrated
in an ethanol row [ice-cold 70%, 80%, and 95% (v/v) ethanol; 2 min for each step] to fixate the
material. Then the slides were air dried. The biotin labeled probe was pipetted on the slide and covered
by a coverslip that was fixated with Fixogum (Marabu, Germany). Hybridization was performed in
humid chamber ON at 37°C. After that, the slide was washed first in 2 x SSC for 5 min, then, to
eliminate unspecific bounded probes, in 50% (v/v) deionized formamid (in 2 x SSC) at 43°C for

5 min, and finally to eliminate the rest of the formamid, in 2 X SSC/ 0.1% (v/v) Tween 20 for 5 min.
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Fluorescein isothiocyanate (FITC) labeled avidin diluted in blocking solution (I1.13.5) was used for
detection of biotin labeled probe. Signal was amplified with anti-avidin (II.13.6) by the sandwich
principle. The chromosomes were counterstained with DAPI. Slides were analysed with the Zeiss

Axioplan fluorescence microscope equipped with Smart Capture Software (Vysis).

0. Single strand conformation polymorphism

SSCP analysis was originally described by Orita et al. (1989). The principle is to take a PCR
amplicon, denature it, and electrophorese it through a non-denaturing polyacrylamide gel. Thus, as the
PCR product moves into and through the gel, it will regain a secondary structure that is sequence
dependent. The mobility of single-stranded PCR products will depend upon their secondary structure.

PAGE was performed as described in 11.4.3. To detect the single and double strands alleles a silver-
staining technique was used. First, the gel was fixed with 10% (v/v) ethanol for 5-10 min followed by
1% (v/v) nitric acid for 3 min. Then, the gel was rinsed two times with water and was left in silver
nitrate solution for 20 min. After washing the gel two times with water, reducer solution was added.
Developing needed few minutes, when the bands started to appear, the solution was discarded, and
fresh reducer solution was added. Finally, the reaction was stopped with 10% (v/v) acetic acid and the

gel was rinsed with water. All staining steps were performed in glass dishes with constant agitation.

10. Cell biology methods

10.1 Culture of adherent cells

COS-7 and CHO-K1 cells were cultured in Dulbecco’s Modified Eagle Medium (D-MEM) or F-12
Nutrient Mixture (Ham), respectively, supplemented with 10% (v/v) fetal calf serum (FCS) and
1% (v/v) penicillin-streptomycin (P/S) (all Gibco, Karlsruhe) at 37°C, with relative humidity of 95%
and with 5% CO, concentration (NUaire™ CO, Water Jacketed Incubator; Zapf, Sarstedt). Cells were
passaged until they were 90-95% confluent. Medium was removed, cells were washed in PBS (without
MgCl, and CaCl,), and detached by incubation with Trypsin-EDTA-Solution (2 ml/10-cm plate;
Gibco, Karlsruhe). Redundant trypsin was inactivated by addition of 8 ml fresh pre-warmed complete
medium. Then, the resuspended COS-7 and CHO-K1 cells were split either 1/10 or 1/20 for

maintenance, or the cells were seeded in 24-, 6-well or 10-cm plates for transfection experiments.
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10.2 Freezing and thawing of adherent cells

Freezing medium was composed of 9 volumes of medium and 1 volume of dimethyl sulfoxide
(DMSO). Cells were grown in 10-cm plates or flasks until they were 90-95% confluent. After
trypsination, 10 ml fresh pre-warmed medium was added and the cell suspension was centrifuged at
950 rpm for 5 min. Pellet was carefully resuspended in 3 ml chilled freezing medium and 1 ml aliquots
of the cell suspension were pipetted in cryovials. Cells were frozen in steps (4°C, -80°C) and for long-
term storage kept in liquid nitrogen.

Thawing of the cells was done by incubation in water bath at 37°C, then the cell suspension was

immediately transferred to pre-warmed medium.

10.3 Transient transfection by liposome mediated DNA-transfer

Negatively loaded nucleic acids and synthetic, positively loaded liposomes build up a complex that is
brought near to the cells and fuses with the cell membrane.

24 h before transfection, 3 x 10" or 1.2 x 10° cells were seeded on coverslips in a 24- or 6-well plate.
COS-7 or CHO-K1 cells grown on coverslips in D-MEM or Ham medium, respectively, were
transfected with the PDGFB-EGFP fusion constructs using Lipofectamine™ 2000 (Invitrogen,
Karlsruhe) according to the manufacturer’s instructions. The plasmids and Lipofectamine™ 2000 were
separately diluted with serum- and antibiotic-free medium Opti-MEM" I (Gibco, Karlsruhe) (Tab. 4),
incubated 5 min at RT, combined, and left at RT for 20-30 min. Meanwhile, the cells were washed
with PBS (without MgCl, and CaCl,) and left in Opti-MEM® I medium until transfection.
DNA-Lipofectamine™ 2000 complexes were carefully added to each well and incubated for 5-6 h at
37°C, then the COS-7 or CHO-K1 cells were washed once with pre-warmed complete medium

(D-MEM or Ham) and cultivated in the medium ON.

Culture . . M Dilution volume of Volume of
vessel DNA Lipofectamine 2000 Opti-MEM® I plating medium
24-well 50 ng / well 1 ul/ well 50 ul 500 ul
6-well 0.25-1 pg / well 5-6 ul / well 250 wl 2 ml
10-cm 4 g 10 pl 400 wl 10 ml

Tab. 4: Reagent quantities for transient transfection with Lipofectamine™™ 2000

CHO-K1 cells that were cultured on coverslips in 6-well plates in Ham were transfected with the
PDGFB-DsRed2 fusion constructs using Lipofectamine™ 2000 according to the manufacturer’s

protocol and as described above.
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10.4 Immunofluorescence and EGFP/DsRed2-fluorescence

20-21 h after transfection, the coverslips with COS-7 cells transfected with the PDGFB-EGFP fusion
constructs were rinsed with PBS +/+ (4°C) and fixed in filtrated 4% (w/v) paraformaldehyde (in
PBS +/+, 4°C) for 10 min. After washing with PBS +/+ three times for 10 min, cells were incubated
with 2% (w/v) BSA, 3% (v/v) goat serum, and 0,5% (v/v) Nonidet P40 in PBS +/+ for 60 min. For
detection of laminin, cells were incubated with rabbit anti-laminin antibody followed by incubation
with anti-rabbit secondary antibody (II.13.5 and II.13.6). After washing twice with high salt PBS +/+
and three times with PBS +/+, cells on coverslips were mounted in glycerol gelatin containing
1% (w/v) phenol (Sigma, Taufkirchen). Cells were examined with the fluorescence microscope Leica
DM RA (Leica Mikrosysteme, Bensheim) and the CytoVision™-Software (Applied Imaging, GB).

24 h after transfection, the coverslips with CHO-K1 cells transfected with the PDGFB-DsRed2 fusion
constructs were rinsed with PBS, put on slides without fixation and mounted with nail enamel. Living

cells were examined by fluorescence microscopy.

11. Standard protein methods

11.1 Extraction of proteins

20-21 h after transfection, COS-7 cells were washed with PBS and lysed with ice-cold cell lysis buffer
(1 ml/dish) and then scraped off. Cell lysates were incubated on ice for 5 min and then half of the cell
lysates was stored at -20°C (whole cell lysate). The other half of the cell lysates was centrifuged at
4°C and 14.000 rpm for 10 min to remove cell debris, supernatant was kept again at -20°C (cytosolic

fraction).

11.2 Western blotting

Protein lysates were mixed with loading buffer and separated by SDS-PAGE (11.4.3). After
electrophoresis, the SDS-gel as well as filter papers (Gel Blotting Paper; Schleicher & Schuell, Dassel)
were equilibrated in semi dry transfer buffer. A western blotting PVDF membrane (Roche,
Mannheim) was shortly equilibrated in ddH,O, methanol, and finally in semi dry transfer buffer. Then,
a sandwich containing filter papers, PVDF membrane, SDS-gel, and filter papers was assembled from
the bottom. The proteins were transferred from the SDS-gel to the PVDF membrane using a semi dry

blotting apparatus (Biometra, G6ttingen) at 300 mA for 20-25 min.
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11.3 Immunological detection of proteins on nitrocellulose membrane

After electrophoretic transfer, the membrane was removed from the sandwich and placed (protein-
binding side up) in glass vessels. The membrane was blocked with 4% non-fat dry milk powder in
1 x TBST for 1 h at RT or ON at 4°C. After two times washing with antibody solution, the membrane
was incubated in a Falcon tube for 2 h in 5 ml of antibody solution containing the primary antibody
(I1.13.5). Then, the membrane was washed three times for 10 min with 1 x TBST and incubated for
1 h with the secondary antibody coupled to horseradish peroxidase (I1.13.6). The membrane was again

washed three times for 15 min with 1 x TBST.

11.4 Detection of bounded antibodies using enhanced chemiluminescence (ECL)

Immunoreactive signals were visualized using ECL plus Western Blotting Detection System
(Amersham Biosciences, Freiburg) according to the supplier’s instructions. The membrane was soaked
for 1 min in the mixture of detection solutions, then the mixture was removed and the blot was
wrapped in a foil. The membrane was exposed to Hyperfilm ECL X-ray film (Amersham Biosciences,

Freiburg) for several time periods, starting from 15 s to 10 min.

12. Computer based analysis

Accession numbers and URLSs for data presented herein are as follows:
BLAST: http://www.ncbi.nlm.nih.gov/BLAST (for homology searches)

GenBank: http://www.ncbi.nlm.nih.gov/GenBank/ [for sequence of the breakpoint region on
chromosome 22q13.1 (accession numbers Z81010.2 and NT 011520.9), for sequence of the
breakpoint region on chromosome 1q24.3 (accession number AL355520.8 and NT_004487.16), for
PDGFA mRNA sequence (accession number NM 002607) and genomic sequences (accession
numbers M20488, M20489, M20490, M20491, M20492, and M20493), for PDGFB mRNA
sequences (accession numbers M12783, NM 002608, and NM 033016) and genomic sequence
(accession number Z81010), for PDGFC mRNA sequences (AF091434 and NM 016205) and
genomic sequences (accession numbers AC093325 and AC092608), for PDGFD mRNA sequences
(AF113216 and NM_025208) and genomic sequences (accession numbers AP004551 and AP003043),
for PDGFRA mRNA sequences (accession numbers M21574 and NM_006206), and genomic
sequences (accession numbers ACI138799 and AC098587), for PDGFRB mRNA sequences
(accession numbers J03278 and NM_002609) and genomic sequences (accession numbers AC005895
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and ACO011382), for TGFBI mRNA sequence (accession number NM 000660) and genomic
sequence (accession number NT 011109), for FOX0I1A mRNA sequences (accession numbers
U02310 and NM_002015) and genomic sequences (accession numbers AL355132 and AL133318),
and for LMNA mRNA sequences (accession numbers NM_ 170707, NM_005572, and NM_170708)

and genomic sequence (accession number AL135927)]

Online Mendelian Inheritance in Man (OMIM): http://www.ncbi.nlm.nih.gov/Omim [for Costello
syndrome (OMIM 218040), Noonan syndrome (OMIM 163950), cardiofaciocutaneous syndrome
(OMIM 115150), cutis laxa (e.g. OMIM 219200), neurofibromatosis type 2 (OMIM 101000),
Hutchinson-Gilford progeria syndrome (OMIM 176670)]

GENESCAN: http://genes.mit.edu/GENSCAN.html and GrailEXP: http://compbio.ornl.gov/grailexp/

(for gene prediction)

ClustalW, http://searchlauncher.bcm.tmc.edu/multi-align/multi-align.html and BOXSHADE,

http://www.ch.embnet.org/software/BOX _form.html (for alignment of homologous sequences)

Peptide Mass (ExPASYy), http://us.expasy.org/tools/peptide-mass.html (to predict size of the PDGFB-
EGFP fusion proteins)

13. Reagents and Materials

13.1 Buffers and Solutions

Agar plates 15 g select agar
in 1000 ml LB-medium; autoclave
add antibiotic and/or X-gal

Antibody solution [western blotting (WB)] 0.2% (w/v) non-fat dry milk in 1 x TBST

Antibody solution [immunofluorescence (IF)] 3% (v/v) goat serum
0.1% (v/v) Nonidet P40
in 1 xPBS +/+

Blocking solution 2 x SSC
[fluorescence in situ hybridization (FISH)] 1% (w/v) BSA
0.1% (v/v) Tween 20

Cell lysis buffer 50 mM Tris-HCl, pH 7.5
1% (v/v) Nonidet P40
2 mM MgCl,
150 mM NaCl
10% (v/v) glycerol
add 1 tablet complete mini and 1 mM PMSF per 10 ml
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DNA-loading buffer I 25 ml glycerol 100 %

25ml 1 x TBE

~ 20 mg orange G
DNA-loading buffer II (6 x) 30% (v/v) glycerol in ddH,O

0.25% (w/v) bromphenol blue
0.25% (w/v) xylene cyanol FF

LB-medium 10 g trypton
5 g yeast extract
10 g NaCl
in 1000 ml ddH,O; pH 7.0

PBS (20 x) 160 g NaCl
4 g KCl
21.49 g NazHPO4
1.725 g KH,PO,
in 1000 ml ddH,O; pH 7.3
for PBS +/+ add 0.5 mM MgCl, and 1 mM CaCl,

PBS +/+ high salt add 500 mM NaCl

Protein loading buffer 4 volumes of NU Page LDS Sample Buffer 4 x
(Invitrogen, Karlsruhe)
1 volume of mercaptoethanol

yB-medium 5 g yeast extract
20 g bactotryptone
0.75 g KCl1
pH 7.6 with KOH; autoclave
add 34 ml sterile IM MgSO, /1

Reducer solution 29.6 g sodium carbonate anhydrous
540 pl formaldehyde solution 36.5%
in 1000 ml ddH,O

SDS-running buffer (10 x) 40 g SDS
50.6 g Tris
288.4 g glycin
in 2000 ml ddH,O; pH 8.3

Semi dry transfer buffer 25 mM Tris-HCL; pH 8.3
150 mM glycin
10% (v/v) methanol

Separating gel buffer (4 x) 2 g SDS
91 g Tris
in 500 ml ddH,0O
pH 8.8 adjust with H;PO,

Silver nitrate solution 2.02 g silver nitrate
in 1000 ml ddH,O
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SOC-medium

Solution I

Solution II

Solution 111

SSC (20 x)

SSCP-loading buffer

Stacking gel buffer (4 x)

TBE-buffer (10 x)

TBST (10 x)

TE-buffer (1 x)

T{BI

20 g trypton

5 g yeast extract

0.5 g NaCl

in 980 ml ddH,O; pH 7.0; autoclave
10 ml sterile 1 M MgSO,

10 ml sterile 1 M MgCl,

10 ml sterile 40% glucose

50 mM glucose
25 mM Tris-HCI, pH 8.0
10 mM EDTA

0.2 M NaOH
1% (w/v) SDS

29.4 g potassium acetate resusp. in 50 ml ddH,O

11.5 ml acetic acid (glacial)
fill up to 100 ml with ddH,O

3 M NacCl
0.3 M sodium citrate
pH 7.0

98% (v/v) formamid

10 mM EDTA

0.025% (w/v) bromphenol blue
0.025% (w/v) xylene cyanol FF

2 g SDS

30.3 g Tris

in 500 ml ddH,O

pH 6.8 adjust with H;PO4

216 g Tris

110 g boric acid
14.9 g EDTA

in 2000 ml ddH,O

200 mM Tris-HCI, pH 7.4
1500 mM NaCl

1% (v/v) Tween 20

in 1000 ml ddH,O; pH 7.8

10 mM Tris
1 mM EDTA
pH 8.0

1.47 g potassium acetate

4.95 g MnCl,

6.05 g RbCl

0.74 g CaCl,

75 ml glycerol

pH 5.8 with 0.2 M acetic acid
filter sterilize and store at +5°C
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TBII 10 ml 100 mM MOPS (pH 7.0)
1.10 g CaCl,
0.12 g RbCl
15 ml glycerol
filter sterilize and store at +5°C in the dark

X-gal 2% (w/v) X-Gal in dimethylformamid
storage at -20°C

13.2 Chemicals

All basic chemicals were purchased from Sigma (Taufkirchen) or Merck (Darmstadt). The source of

some chemicals was already described in the text.

Acrylamide/Bis BioRad (Miinchen)
Acrylamide/bisacrylamide Severn Biotech Ltd. (USA)
Ammonium persulfate Sigma (Taufkirchen)
Ampicillin Sigma (Taufkirchen)
Bacto™ Tryptone BD (France)

Blotting Grade Blocker Non-Fat Dry Milk BioRad (Miinchen)
Bovine serum albumin Sigma (Taufkirchen)
Bromphenol blue Sigma (Taufkirchen)
Chloramphenicol Sigma (Taufkirchen)
Complete Mini Protease Inhibitor Cocktail Tablets Roche (Mannheim)
DAPI Sigma (Taufkirchen)
Dimethyl Sulphoxide (DMSO) Hybri-Max® Sigma (Taufkirchen)
Formaldehyde solution 36.5% Fluka (Steinheim)
Formamide Merck (Darmstadt)
Glucose Sigma (Taufkirchen)
Glycerol Fluka (Steinheim)
Glycin Merck (Darmstadt)
Goat serum Sigma (Taufkirchen)
HPLC water LiChrosolv” (Merck, Darmstadt)
Kanamycin sulfate Fluka (Steinheim)
Mercaptoethanol Merck (Darmstadt)
MOPS Sigma (Taufkirchen)
Nonidet P40 / Igepal ICN (Eschwege)
Orange G Sigma (Taufkirchen)
Paraformaldehyde Sigma (Taufkirchen)
Phenol Roth (Karlsruhe)
Phenylmethyl sulphonyl fluoride Roche (Mannheim)
Restore™ Western Blot Stripping Buffer Pierce/Perbio (Bonn)
Select agar Invitrogen (Karlsruhe)
Sodium dodecyl sulfate Sigma (Taufkirchen)
TEMED Sigma (Taufkirchen)
Tetracycline Sigma (Taufkirchen)
Titriplex® III (ethylenedinitrilo tetraacetic acid) Merck (Darmstadt)
TRIZMA® BASE (Tris) Sigma (Taufkirchen)
Tween 20 (polyoxyethylenesorbitan monolaurate) Sigma (Taufkirchen)
Yeast extract Oxoid (England)
X-Gal Invitrogen (Karlsruhe)
Xylene cyanol FF Sigma (Taufkirchen)
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13.3 Plasmids
13.3.1 Vector plasmids

Name Characteristics Source/Reference
Cloning pACYC184 Cm' T¢' Chang and Cohen, 1978
vectors
pBluescript-Cm Cm' R. Waldschiitz
pCR®2.1-TOPO®  Km' Amp', lacZo Invitrogen (Karlsruhe)
Eukaryotic
expression pMT2SM-HA Amp', HA-tag Kaufman et al., 1987
vectors
pEGFP-N3 Km'/Neo', EGFP Prasher et al., 1992
pEGFP-C3 Km'/Neo', EGFP Prasher et al., 1992
pDsRed2-N1 Km'/Neo', DsRed?2  Matz et al., 1999
pDsRed2-C1 Km'/Neo', DsRed?2  Matz et al., 1999

13.3.2 Hybrid plasmids

Name Characteristics Source/Reference
PMSUL 11500051003 i pBiuesript Cm this work
PMSU2 {1 aRC03-10C3 i pBluesrip this work
s F1SAtn St fmamenromcosmid s o
puisus S48 St fmamentromcosmid i o
pisus (TSI B I i
pMSU7 5201 bp HindlIll fragment from cosmid this work

LL22NC03-10C3 in pACYC184
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Name Characteristics Source/Reference

4889 bp Hindlll fragment from cosmid .

PMSU8 4 1 29NC03-10C3 in pACYC184 this work

2070 bp Hindlll fragment from cosmid .

PMSU9 1 1 29NC03-10C3 in pACYC184 this work

6139 bp Hindlll fragment from cosmid .

PMSUIO 11 5)NC03-10C3 in pACYC184 this work
pMSUI11 first fusion transcript in pCR*2.1-TOPO® this work
pMSU42  wild type PDGFB in pCR*2.1-TOPO" this work
pMSU49  second fusion transcript in pCR*2.1-TOPO" this work
pMSU62  second fusion transcript in pCR*2.1-TOPO® this work
pMSU77  second fusion transcript in pCR*2.1-TOPO® this work
13.4 Bacterial strains and eukaryotic cell lines

Name Source Reference
F- merA A(mrr-hsdRMS-mcrBC)

Bacterial DHI10B ®80dlacZAM1S5 AlacX74 deoR recAl Invitrogen
strains endAl araD139 A(ara, leu)7697 galU  (Karlsruhe)
galK \- rpsL (Str™) nupG
F- A(mrr-hsdRMS-mcrBC)

TOP10 ®80dlacZAM15 AlacX74 deoR recAl Invitrogen
araD139 A(ara, leu)7697 galU galK  (Karlsruhe)
rpsL (Str™) endA1 nupG

Cell African green monkey kidney; DSMZ
lilfes COS-7 fibroblast-like cells growing as (Braunschweig) Gluzman, 1981

monolayers

Chinese hamster ovary cells;

CHO-KI adherent, fibroblastoid cells

ACC 60

DSMZ
(Braunschweig) Puck, 1965
ACC 110
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13.5 Primary antibodies

Name Species Antigen Concentration Source
. o . ] Vector Laboratories,
Fluorescein avidin DN - biotin FISH 1:200 Tnc. (USA)
laminin from
basement
. .. . membrane of ] .
Anti-laminin rabbit Englebreth Holm- IF 1:100 Sigma (Darmstadt)
Swarm (EHS)
mouse sarcoma
.. ® BD Biosciences
]I;QVI‘[Iil(%eCXi(t)irso dA'V' rabbit  GFP WB 1:100 Clontech
P Y (Heidelberg)
13.6 Secondary antibodies
Name Species Konjugat Concentration Source
o L Vector Laboratories,
Biotinylated anti-avidin D goat — FISH 1:200 fnc. (USA)
® Molecular Probes /
Alexa Fluor™ 546 goat o 0 Alexa Fluor 546 IF 1:1500 MoBiTec
anti-rabbit IgG s
(Gottingen)
Anti rabbit Ig, Horseradish Horseradish Amersham
Peroxidase linked F(ab’);  donkey . WB 1:5000 Biosciences
peroxidase .
fragment (Freiburg)

13.7 Synthetic oligonucleotides

Oligonucleotides were supplied from Sigma (Taufkirchen) or Metabion (Planegg-Martinsried),

lyophilizated and desalted. Only primers used for amplification of the coding region of PDGFB wild-

type and of the two fusion transcripts, were purified by HPLC. All oligonucleotides were resuspended

in 1 x TE to 100 pmol/ul concentration before use. When needed, aliquots from this stock solution

were diluted with HPLC water to 10 pmol/pl.
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General primers

m13uni:
ml3rev:

GeneRacer™ 5’ Primer:

5’-GTAAAACGACGGCCAG-¥’
5’-CAGGAAACAGCTATGAC-3’
5’-CGACTGGAGCACGAGGACACTGA-¥’

GeneRacer™ 5°Nested Primer: 5°-GGACACTGACATGGACTGAAGGAGTA-3’

Primers used for 3’ RACE-PCR

PDGFBI1A-1:
PDGFB1A-2:
PDGFB2-1:
PDGFB2-2:
PDGFB3-1:
PDGFB3-2:
PDGFB4-1:
PDGFB4-2:
PDGFB5-1:
PDGFBS5-2:
PDGFB6-1:
PDGFB6-2:
S-ag3’El:
S-ag3’E:

5’-GAATCGCTGCTGGGCGCTCTTC-3’
5’-GTCTCTCTGCTGCTACCTGCTTCTG-3’
5’-GACCCCATTCCCGAGGAGCTTTATG-3’
5’-GAGATGCTGAGTGACCACTCGATC-3
5’-GGAAGATGGGGCCGAGTTGGACCTG-3’
5’-CATGACCCGCTCCCACTCTGGAG-3’
5’-GTTCCCTGACCATTGCTGAGC-3
5’-CCATGATCGCCGAGTGCAAGACG-3’
5’-GTGAGAAAGATCGAGATTGTGC-3’
5’-GGAAGAAGCCAATCTTTAAGAAG-3’
5’-CAAAACGCCCCAAACTCGGGTGAC-3’
5’-GACCATTCGGACGGTGCGAGTCC-3’
5’-GCATGCGCGCGGCCGCGGAGGCCTTTTTTTTTITTITTTT-3”
5’-GCATGCGCGCGGCCGCGGAGGCC-3°

Primers located on the insert of clone LL22NC03-10C3 (accession number Z.81020.2)

PDG-Ex5L2:

PDGFBin-5-2:
PDGFBin-5-3:

PDGFBIin5-9:

PDGFBIin5-10:

PDGFBin6-1:
PDGFB-7R:
PDGFB-10:

5’-CTCCTGGCTGTGTGGTCTCTAC-3’
5’-CAGCGCCATTTCCAGTCTTGCTACC-3°
5’-TAGCCCCCTGCTTTGTTGGATGTGG-3’
5’-GAATCATACTCCCACCATGAAGCTG-¥’
5’-TCCTTAGCTTGACCTACTATTGAGG-3’
5’-CATCCCATGTTCATATGTCCCCGATG-3’
5’-CAATATTATCACTCCAAGGACCCCATG-3’
5’-GGAGTCGGCATGAATCGCTGCTG-3’

Primers located on the insert of clone RP4-595C2 (accession number AL355520.8)

AL355520-5:
AL355520-6:
AL355520-8:

AL355520-12:
AL355520-13:
AL355520-14:
AL355520-17:
AL355520-20:
AL355520-21:
AL355520-27:
AL355520-28:

5’-CTGTTTACACCTGGCTCAATGC-3’
5’-GTACATCAAACACGTATTTCAAAC-3
5’-GTAGTTAAGAGGAGCTGCTCTTTATG-3’
5’-AGCGTGGAAGATTGATGCTGCGGTC-3’
5’-CAGGAGGGGACTTTGGGGAACAGAG-3’
5’-CTGGAGGCTAGAAAATCCAACATCAAG-3’
5’-CAAAGAAGACAGACCATTATCAAC-3’
5’-CTGGGACTACAGGCATGCACCACCACG-3’
5’-AGGAAACAATCAGAATGGGTCTGGAAC-3
5’-GATGACCCTGCAAACAGCTACTGG-3’
5’-GAGCATGGAGACAGGGGGTTGAG-3’
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Primers for megaprime PCR

Recognition sequences for restriction endonucleases are shadowed. Start and stop codons are

underlined.

EGFP-F:
EGFP-R:
PDGFB-Notl:

PDGFBex1-4EGFP:

PDGFBex1-5SEGFP:

PDGFBex4-6EGFP:

PDGFBex5-6EGFP:

PDGFB-EcoRI:

AL355520-1-EcoRI:
AL355520-2-EcoRI:

DsRed2-up:
DsRed2-dn:
PDGFBex1-4:
PDGFBex1-5:
PDGFBex4-6:

PDGFBex5-6:

5’-GTGAGCAAGGGCGAGGAGCTGTTC-3’
5’-CTGGGCCCGGATCCTCTTGTACAG-3’
5’-AAGGAAAAAAGCGGCCGCGCAGCCATGAATCGCTGCTGGGCGC
TCTTC-3’
5’-AGCTCCTCGCCCTTGCTCACCGGCTCAGCAATGGTCAGGG
AACC-3°
5’-AGCTCCTCGCCCTTGCTCACACACTTGCATGCCAGGTGGT
CTTC-3’
5’-ACAAGAGGATCCGGGCCCAGGCCATGATCGCCGAGTGCAA
GACG-¥
5’-ACAAGAGGATCCGGGCCCAGGAGACAGTGGCAGCTGCACG
GCCTG-3’
5’-CCGGAATTCTTACTAGGCTCCAAGGGTCTCCTTCAG-3’
5’-CCGGAATTCTTACTACAAAATACAGTATATTAAAAAAAC-3’
5’-CCGGAATTCTTATCAGGAGGGGACTTTGGGGAACAG-3’

5’-GCCTCCTCCGAGAACGTCATCACC-3’
5’-CAGGAACAGGTGGTGGCGGCCCTC-3
5’-ATGACGTTCTCGGAGGAGGCCGGCTCAGCAATGGTCAGGG
AACC-3°
5’-ATGACGTTCTCGGAGGAGGCACACTTGCATGCCAGGTGGT
CTTC-3’
5’-GCCGCCACCACCTGTTCCTGGCCATGATCGCCGAGTGCAA
GACG-¥
5’-GCCGCCACCACCTGTTCCTGGAGACAGTGGCAGCTGCACG
GCCTG-3’

Primers for mutation screening

PDGFA

PDGA-1F:
PDGA-1R2:
PDGA-2F3:
PDGA-2R2:
PDGA-3F:
PDGA-3R:
PDGA-4F2:
PDGA-4R:
PDGA-5F:
PDGA-5R:
PDGA-6F:
PDGA-6R:

PDGFB

PD-Ex1L2:
PD-Ex1R2:
PDG-Ex1BL:
PDG-Ex1BR:

5’-GCCACAGGAGACCGGCTGGAG-3’
5’-AGGAACCAAAACGCTCTCTGCAGAG-3’
5’-GGCCGCGGGCGCTGACCGTG-3
5’-GATTGGATTCTGACCTTTCGGTG-3’
5’-ACAGCGCACGGGGCATTCAC-3
5’-ATCGCGGCCTCCTGGACTCAC-3’
5’-CTGGCCTGTGGGTTACCCTGGTTGC-3’
5’-CACCTTGACGCTGCGGTGGTG-3’
5’-CGAAGCTCCATGCAGGCATTC-3’
5’-CACCCCAAAAGCAAGGCTCTG-3’
5’-TGCCGTAGGTATTTGTTGCTTC-3’
5’-CTTGCATGCCTAGCAGGACTC-3’

5’-CCCCCGGCCGTGGATGCT-3’
5’-GGAGAGGAGGGGGCGGTCAGAAG-3’
5’-AGAGCCCTGGAGGTGTGCAAG-3’
5’-TCACAGAAGAGGCTCCTCAATGTG-3’
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PDG-Ex2L:
PDG-Ex2R:
PDG-Ex3L:
PDG-Ex3R:
PD-Ex4L2:

PD-Ex4R2:

PDGFB-5F:
PDG-Ex5R:
PDG-Ex6L:
PDG-Ex6R:

PDGFC

PDGFC-ex1-F:

PDGFC-ex1-R2:
PDGFC-ex2-F2:
PDGFC-ex2-R2:

PDGFC-ex3-F:
PDGFC-ex3-R:

PDGFC-ex4-F2:
PDGFC-ex4-R2:
PDGFC-ex5-F2:

PDGFC-ex5-R:
PDGFC-ex6-F:
PDGFC-ex6-R:

PDGFD

PDGFD-ex1-F:
PDGFD-ex1-R:

PDGFD-ex2-F2:
PDGFD-ex2-R2:

PDGFD-ex3-F:
PDGFD-ex3-R:

PDGFD-ex4-F2:

PDGFD-ex4-R:

PDGFD-ex5-F2:

PDGFD-ex5-R:
PDGFD-ex6-F:
PDGFD-ex6-R:
PDGFD-ex7-F:
PDGFD-ex7-R:

PDGFRA

PDGFRA-2F:
PDGFRA-2R:
PDGFRA-3F:
PDGFRA-3R:
PDGFRA-4F2:
PDGFRA-4R:
PDGFRA-SF:
PDGFRA-5R:
PDGFRA-6F:
PDGFRA-6R:
PDGFRA-7F:

5’-GGAGACAGCCATGCTGGAAAG-3’
5’-GCTGCCATGGGCCTCTAGTTC-3’
5’-CCTCCCGCCTGCCCAGACAC-¥’
5’-GCCCGCCCCCGTTCTCTTTC-3
5’-TGAAGGGCGTGAGAAAGAGCAGTC-3’
5’-GAGCCCAGGAACAAATCAGGAATG-3’
5’-TTGCTGCAGGGGACACCGGGGTG-3’
5’-CTGCAGGGGAAGGGGGCTGAG-3’
5’-GGTCCACATGCTGACGAGGTC-3
5’-GCCCTCACCTGCCCACACACTC-3

5’-GGATGGGATTATGTGGAAACTACC-3’
5’-CATACCAACGCACAATGCCAACG-3’
5’-CACTCAGCACTTGTCTGAGGTAAAG-3’
5’-CTTCAAATAAAACATAGCTTCAATAAG-3’
5’-CACAGACATGAAACTTGTAATTGC-3’
5’-TTCTGATTCTCATGTGTAAGAGG-3’
5’-CTTCACACATATTTCCAGCCTCAG-3’
5’-AGCTGTGGCAGAAGAATCTGAAAC-3’
5’-GAGCTTAATGAAATACATTCAGGCTC-3’
5’-ACGCATTTCAGATTCACTGTTITTG-3’
5-TTGTTTATAAAAGCCAGTCATAGAC-3’
5’-GGATGGAGATAACGCATACGTTCTC-3’

5’-AGCCCGAGTTCACATTCAAGATTC-3’
5’-TCGGAAAGTTCAGCATGCAGGAAG-3’
5’-CTTTCCTGTAATTGGAGCAACATAC-3’
5’-CTATCTTGTCTGTTAGGGTCTTTAG-3’
5’-CAGTGAAAGTATGAATTTCAAAATC-3’
5’-AATTGATCTCTACACTTCATGAAAC-3’
5’-CAGAAGGCTGAGATGTTGAAACTGTG-3’
5’-GGTTGACCTTAGCTGTTCCATCC-3’
5’-GTTCCTTCCGTATAGTTGAATGACTG-3’
5’-GGATAAGGGATACTCAGCTTGTAC-3
5’-CAAAACACATGCTGAGCAATTGTGC-3
5’-CAATGGCCCTGTCTTCCTGAATCC-3’
5’-GGTAATAAGTAGGTGGCATCTGAC-3’
5’-GCTGAGACTCAGCAACCACTTGTG-3’

5’-CAAAGAGAACTAGGCTCCAGGGTTG-3’
5’-GTAAAAAACCCATGCAGCACAAAGC-3’
5’-CTCTCAGTTGTCGGGATGAGACTGTC-3’
5’-GTTTAAAACCTTAGTACATTTAACAG-3
5’-CATACCTAATATCAATAATGCCAG-3
5’-CCTACACGCACCTTATGATTTTGC-3”
5’-CCTTTATAAGATCCTGGCTATCCTG-3’
5’-GAGCTCAAATGCAGGTCTTCTGAGC-3’
5’-GTTTATCTTAGAGTTCACTCCTAG-3’
5’-ATGATTACCACATATGGATCCCGAG-3’
5’-GTCAGTTGTCCATGCTGCTCGGGATC-3’
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PDGFRA-7R:
PDGFRA-8F:
PDGFRA-8R:
PDGFRA-9F:
PDGFRA-9R:
PDGFRA-10F:
PDGFRA-10R:
PDGFRA-11F2:

PDGFRA-11R2:

PDGFRA-12F:
PDGFRA-12R:
PDGFRA-13F2:
PDGFRA-13R:
PDGFRA-14F:
PDGFRA-14R:
PDGFRA-15F:
PDGFRA-15R:
PDGFRA-16F:
PDGFRA-16R:
PDGFRA-17F:
PDGFRA-17R:
PDGFRA-18F:
PDGFRA-18R:
PDGFRA-19F2:
PDGFRA-19R:
PDGFRA-20F:
PDGFRA-20R:
PDGFRA-21F:
PDGFRA-21R:
PDGFRA-22F:
PDGFRA-22R:
PDGFRA-23F:
PDGFRA-23R:

PDGFRB

PDGFRB-2F:
PDGFRB-2R:
PDGFRB-2R2:
PDGFRB-3F:
PDGFRB-3R:
PDGFRB-4F:
PDGFRB-4R:
PDGFRB-5F:
PDGFRB-5R:
PDGFRB-6F:
PDGFRB-6R:
PDGFRB-7F:
PDGFRB-7R:
PDGFRB-8F:
PDGFRB-8R:
PDGFRB-9F:
PDGFRB-9R:
PDGFRB-10F:
PDGFRB-10R:
PDGFRB-11F:

5’-CACACACAAACCTCAGTCCGCCTCTG-3°
5’-GAGTACAATTGTTTAAACAATTGGAAC-3’
5’-GTGCCAGGCTTTCCTTGGAAGACAC-3’
5’-CCACTTTGTAGTCTCATATGTTCTG-3’
5’-GTATTTGACATCATTTGTGTCAAGGGAG-3’
5’-GTGTTCCCGTGGCTCCACTCATTGC-3’
5’-GGATTCAAAGTTCCGCCTGGGGCAG-3’
5’-CCACACTACCTTGCTGCCCCTGTGC-3°
5’-GTTCACTCCACATGTAATTGCTGAG-3’
5’-CTGCTTCAGTGAAGCTCTGGTGCAC-3’
5’-CTGCCAAGGCCTATAAATTGTAAAG-3’
5’-TGGCTACGGTGCAGAAAGCTGAGGAG-3’
5’-GAAATTCCCTTAATATCCCCATGCTC-3’
5’-CAATCACAGGATTAGTCATATTCTTG-3’
5’-CTGATTGAACAGTTTTCACAACCAC-3
5’-GCAGGACAATTCATGGCTTTTCTGTTC-3’
5’-GACATGGGTCTTTCCATTTGTGATGC-3’
5’-CATCTACTGAAAGTGGAATGACCAC-3
5’-CTTACCATCCCTATACACTTCCCTC-3
5’-CTTTGGGCATGCCTCTGCAACCTGATG-3’
5’-CTAGCATCTCCTTCCACACTCCACTC-3’
5’-GTCTTGCAGGGGTGATGCTATATCAG-3’
5’-TCTGCTGCCAAGGCAGTGTACTGAC-3’
5’-CACTCAAATGGGACAAGATAATTAG-3
5’-GAAAGAACACATTTTCCTTCCAGTG-3’
5’-CATGCCAAGTGTTTCACCGATGCAC-3’
5’-CTCAGGGCCCCTCCCTCCCCCTAGAC-3’
5’-CTGTGTTCACAGTCTGTGGGTCTAG-3’
5’-GAACAGCACAGCTCACTGGTATAAC-3’
5’-CTGAGTGTCTCTATTCATTTTTGAG-3’
5’-CGGGAAAATGGGTCCTCTCCTTCAG-3’
5’-GAATGCCAAAGGCTTTCGTTTGTCTC-3
5’-CTGGGAACTTCTCTTTAAACATCAAC-3’

5’-CAAGCTGGGGCTCATTCTGCAGGAGC-3’
5’-CTAAAGCTGAAGGGCAGGGCAGTGTG-3’
5’-CTGAAGGGCAGGGCAGTGTGCCTG-¥’
5’-CAAGGACCTGAGGGCTGTGCATACG-3
5’-CTTTTCTAGGATGGCTGCATTTCAC-3’
5’-GATGGCAAATGACTTGCCACACAGC-3’
5’-CTGTAAAGGGCTATTCCTCTGTGGAG-3’
5’-CATCAGTCATCCTTTCCCTCTCTAG-3’
5’-GAAATCAGCCTGCAAGCCAGATATC-3’
5’-GATATCTGGCTTGCAGGCTGATTTC-3’
5’-GCAACTCTCACCATCACTCTGCACC-3°
5’-CAGGCTGGCCTCCTTTGGGATTCAG-3’
5’-CTGGGCCTAGGTTTGTGGCTGAAAG-3’
5’-GTTCCTCTTTATACCAGGAGGGTG-3’
5’-CTAGAATCCATCTCCTGAGTTCCAG-3’
5’-GTTCACCTGCAGTCTACAGCCCTC-3’
5’-GAACGGGCGGGACTAGATAACCTTC-3
5’-CTTCCACCAGTTTCTCCTCAGTTTC-3’
5’-CATGGGCACATTACCAATTAGGCAG-3
5’-GAGGGATCTATGATGCCAAAGATG-3’
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PDGFRB-11R:
PDGFRB-12F:
PDGFRB-12R:
PDGFRB-13F2:
PDGFRB-13R:
PDGFRB-14F:
PDGFRB-14R:
PDGFRB-15F:
PDGFRB-15R:
PDGFRB-16F:
PDGFRB-16R:
PDGFRB-17F:
PDGFRB-17R:
PDGFRB-18F:
PDGFRB-18R:
PDGFRB-19F:
PDGFRB-19R:
PDGFRB-20F:
PDGFRB-20R:
PDGFRB-21F:
PDGFRB-21R:
PDGFRB-22F:
PDGFRB-22R:
PDGFRB-23F:
PDGFRB-23R:

TGFBI

TGFBI1-1F:
TGFBI1-1R:
TGFB1-2F:
TGFB1-2R:
TGFB1-3F:
TGFBI1-3R:
TGFB1-4F:
TGFB1-4R:
TGFB1-5F:
TGFBI1-5R:
TGFBI1-6F:
TGFB1-6R:

FOX0I4

FKHR-1AF:
FKHR-1AR:
FKHR-1BF:
FKHR-1BR:
FKHR-2AF2:
FKHR-2AR:
FKHR-2BF:
FKHR-2BR:
FKHR-2CF:
FKHR-2CR:

5’-GATCACGCAGCATTCAAGGAGGGCAG-3’
5’-GTGTCCTAGACGGACGAACCTAATG-¥
5’-CAAGACACCAGCCCTAGGTCTCATAG-3’
5’-GCAGCTGGGGGAGCGGTGCAGCTTC-3
5’-CTCTAGTGCCTGCAAATCAGCATCAG-3’
5’-GCAGAAGAGTCAGAATAGGCTCCTG-3’
5’-CAGCAGGAGTGTGCTGTTGTGCAAG-3
5’-CTAGCCGTCATGCCAAAGTGTCTC-3’
5’-CTGCCCTGTCACAGCCTCAGCTTC-3’
5’-GATGAGTGAGTGTGTGAGTGAGAG-3’
5’-CAAGGCTGGGCATGTGAAGAGCATC-3’
5’-CACCTGTCTTGGACATTCAGTCTC-3’
5’-CTGGTGTGCTCTTGGAGGATGCTG-3’
5’-GCACATGGGCAGTGTTGTATTTTC-3’
5’-CACAGATTTCCTATGAGCTGCAGC-3’
5’-CACAGGGAATGGGACGGAGAAGTG-3’
5’-CCTGAACCAGGATCCCTGTATCAG-3
5’-CTTACCCATACCAGGGCCAGCATG-3’
5’-CCAAGGCTTTCTAGATCTCTGAGC-3’
5’-CCATGGCTCACCTTGTTCTGAGAG-3’
5’-CTAAATGCCAGCCCATCACGCAGAG-3’
5’-CTCAACCATGTGGCTTGGGCAAATC-3’
5’-GTAACTTACCTCTGAGGCAAACCTG-3
5’-ACACCGAAGGCTCTTCATGACTGC-3’
5’-CAGCTGATAAGGGCAGCCTGGCTG-3°

5’-CCCACCACACCAGCCCTGTTC-3’
5’-CTACCCGTGGCCCCGGCACTC-3’
5’-TCACCTCTGCCAAACCCCTGATC-3’
5’-CTTGGTCACAGCTCACCCTCTC-3
5’-TGAAGGATTCAGTTAGTGTATGTG-3’
5’-AGAGGGGTCCTAGGCAAAGTGAC-3
5’-GTGAGCTGCACTCTCAGACTG-3
5’-CACACGTCACAACTGGGCATGG-3’
5’-GTGTGTGTGTATGTCCCCTATC-3’
5’-CTGGTCAGCAGATGGCAGTCATG-3’
5’-GCATGTGGCTTCTATGGTGGTAG-3’
5’-TCCTGGCTCCCCCCAAGCGCATC-3

5’- GTCCGCCCCCAGTGCTGCGTTCTC-3’
5’-CAAGCTCAGGTTGCTCATGAAGTC-3
5’-GTCAGCGCCGACTTCATGAGCAAC-3
5’-CAAACCTGCACAGCTGCGCCCTCG-3’
5’-CTGTTCAGATGGAAATCTGTAGCAC-3’
5’-GAATGCACATCCCCTTCTCCAAG-3’
5’-GACTCTCACCCATTATGACCGAAC-3’
5’-GATTCATCATTTTGTTATGAGATG-3’
5’-GTCATGTCAACCTATGGCAGCCAG-3’
5’-CCATGGCAAGTTACTGTGTTCCTC-3’
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LMNA

LMNA-IF:
LMNA-IR:
LMNA-2F:
LMNA-2R:
LMNA-3F:
LMNA-3R:
LMNA-4F:
LMNA-4R:
LMNA-SF:
LMNA-5R:
LMNA-6F:
LMNA-6R:
LMNA-7F:
LMNA-7R:

LMNA-8+9F:
LMNA-8+9R:
LMNA-10F:
LMNA-10R:
LMNA-11F:
LMNA-11R:
LMNA-12F:
LMNA-12R:

5’-GACTCCGAGCAGTCTCTGTCCTTC-3’
5’-CAGGCCCTCTCACTCCCTTCCTG-3’
5’-GAGCCTGGCACTGTCTAGGCAC-3’
5’-CCTAGGTAGAAGAGTGAGTGTAC-3’
5’-CCTCTCAGCTTCCTTCCAGTTC-3’
5’-CTAGGGCAAGGGACTCAGGAAG-3’
5’-CTTGGCCTCCCAGGAACTAATTC-3
5’-CAGAAGGCATAGCCCAGCGTGG-3
5’-CAGTGATGCCCAACTCAGGCCTG-3’
5’-TGGTTGTGGGGACACTTTTCATCC-3’
5’-CGTCCCTCCTTCCCCATACTTAG-3’
5’-GGTCTAGTCAAGGCCAGTTGC-3’
5’-AGACGTCGGGGAGGTGCTGGCAG-3
5’-CCACATGCCATCCTTCTGTCTTG-3
5’-CTTTGAGCAAGATACACCCAAGAG-3’
5’-CTGGCTCCGATGTTGGCCATCAG-3’
5’-GTAGACATGCTGTACAACCCTTC-3’
5’-CAGGCCAGCGAGTAAAGTTCC-3°
5’-GGTTGGGCCTGAGTGGTCAGTC-3’
5’-CCTCGTCCTACCCCTCGATGACC-3
5’-GGAGATGCTACCTCCCTTCTAGG-3’
5’-TAAGGCAGATGTGGAGTTTCCTG-3’
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